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Gastrointestinal Surgery and Laboratory of Gastric Cancer, State Key Laboratory of Biotherapy, West China Hospital,
Collaborative Innovation Center for Biotherapy, Sichuan University, Chengdu, China, 3 Department of Abdominal Cancer,
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Background: Signet ring cell containing gastric cancer (SRCGC) is a rare subtype of
gastric cancer, and its adjuvant therapy is based on general gastric cancer. However, the
effectiveness of radiotherapy for those SRCGC patients remains unknown.

Purpose: The purpose of the study was to analyze whether the addition of radiotherapy
to adjuvant chemotherapy (CT) can benefit survival in resected SRCGC patients.

Methods: Patients with SRCGC, who underwent D2 gastrectomy followed by adjuvant
chemotherapy or chemoradiotherapy (CRT), were retrospectively collected. According to
the proportion of signet ring cells, patients were histologically classified as pure SRCGC
(pSRCGC) containing 100% of signet ring cells, mixed SRCGC (mSRCGC) containing
>50% of signet ring cells, and contaminated SRCGC (cSRCGC) containing <50% of
signet ring cells. Among the 272 patients, 156 were treated by CT alone and 116 by CRT.
The primary endpoint was 3-year overall survival rate (3-year OS rate).

Results: With a median follow-up of 80.5 months, the 3-year OS rate was significantly
higher in the CT group (70.5% vs. 58.6%, HR = 0.633, P = 0.017) compared with CRT
group. Three independent characteristics were predictive of a poor overall survival: CRT
treatment (P = 0.019), tumor size ≥5 cm (P < 0.001), and the presence of vessel invasion
(P = 0.009). Subgroup analyses showed CRT significantly impaired prognosis in SRCGC
patients in the cSRCGC subset, as well as lesions located in lower-middle sites, subtotal
gastrectomy, male, <60 year, and no vessel invasion. Peritoneal was the most common
recurrence site in SRCGC patients. The adverse events leukopenia and neutropenia were
more common in the CRT group (P = 0.007).

Conclusions: Adjuvant chemoradiotherapy was associated with poor survival compared
with adjuvant chemotherapy in SRCGC patients with D2 gastrectomy.

Keywords: signet ring cell carcinoma, gastric cancer, adjuvant therapy, chemotherapy, chemoradiotherapy
November 2020 | Volume 10 | Article 57026817
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INTRODUCTION

Gastric cancer (GC) is the fifth most common cancer and the third
leading cause of cancer-related death worldwide, with an estimated
783,000 deaths in GLOBOCAN 2018 (1). GC is a heterogeneous
disease with various histological classifications. According to the
World Health Organization (WHO) classification, specimen
composed of more than 50% signet ring cells is histologically
defined as signet ring cell carcinoma (2). Almost all signet ring cell
containing gastric cancers (SRCGCs) were diffuse type by the Lauren
classification (3). The incidence of SRCGC increased 10-fold between
the 1970s and 2000s, mainly in Western countries (4), varying from
15.1% to 34.9% of gastric cancer in recent researches (5–7).Moreover,
SRCGC has attracted more attention in recent years (8). Patients with
SRCGC tend to be the younger and female, and the tumor is usually
in the middle-third part of stomach (7, 9–11). Furthermore, SRCGC
is associated with more advanced diseases, a higher histological grade
(9, 11), and worse survival outcome than non-SRCGC, due to a
higher rate of peritoneal carcinomatosis and lymph node invasion,
and a lower rate of curative resection and chemoresistance (11–14).

Perioperative chemotherapy became a standard treatment for
local advanced resectable gastric cancer in Western countries (15,
16). In a retrospective study of 924 resected SRCGC patients,
perioperative chemotherapy was associated with a significantly
impaired prognosis (6). As for adjuvant therapy for gastric cancer
patients, the ARTIST and the ACTS-GC trials proved that adjuvant
chemotherapy was a standard of management for D2-resected GC
patients (17–19). The Intergroup 0116 (INT-0116) trial demonstrated
a strong and persistent benefit from adjuvant chemoradiotherapy for
D1-resected GC (20). However, the ARTIST trial noted that the
addition of radiotherapy to standard chemotherapy did not
significantly reduce the rate of recurrence in D2-resected GC
patients (21). Thus the effect of radiotherapy is still controversial in
certain GC patients. As a subset of GC, SRCGC was found to have
chemoresistance (10, 12, 13) andmight not benefit from preoperative
chemotherapy (6, 7). However, data of adjuvant therapy for SRCGC
were rare and there were no prospective studies of adjuvant treatment
on resected SRCGC only. It was supposed that primary resection
should be proposed for patients with SRCGC and followed by
adjuvant chemotherapy (CT) or chemoradiotherapy (CRT). But the
optimal adjuvant treatment strategy for resected SRCs is still pending.

The purpose of this retrospective study was to confirm whether
the addition of radiotherapy to adjuvant chemotherapy could
benefit survival in patients with radically resected SRCGCs. We
analyzed the overall survival for SRCGC patients in correlation
with adjuvant CT and CRT. We also explored the characteristics
related to poor prognosis and the pattern of recurrence in the
SRCGC population. We hypothesized that SRC status may serve as
a potential indicator for adjuvant treatment, therefore a tailored
adjuvant treatment should be considered for patients with SRCGC.
MATERIALS AND METHODS

Patient Collection
The medical records of patients were retrospectively collected in
a central teaching hospital (West China Hospital, Sichuan
Frontiers in Oncology | www.frontiersin.org 28
University) between August 2007 and December 2014. This
study was based on the Surgical Gastric Cancer Patient
Registry of West China Hospital (id: WCH-SGCPR-2019-01)
(22). The inclusion criteria were (1) histologically confirmed GC
containing signet ring cell, regardless of the proportion of signet
ring cells; (2) underwent D2 or D2+ gastrectomy with the
intention of R0 resection; (3) received adjuvant systematic
chemotherapy or chemoradiotherapy; 4) clinicopathological
TNM stage of Ib–IIIc; and (5) no limitation on sex, age, and
ethnicity. The exclusion criteria were (1) received neoadjuvant
therapy; (2) R1–R2 resection; (3) double primary tumors; (4)
distant metastasis; (5) recurrence; (6) received chemotherapy
fewer than two cycles; and (7) other than adenocarcinoma.
Surgery
All the patients underwent operations at West China Hospital.
Distal or total gastrectomy was performed based on the location of
the tumor, and a standard D2 or D2+ lymphadenectomy was
generally performed according to the Japanese Gastric Cancer
Treatment Guidelines (23). There was no limitation on the pattern
of digestive tract reconstruction, Billroth-2 gastrojejunostomy, as
well as Roux-en-Y gastrojejunostomy or Bil lroth-1
gastroduodenostomy; Roux-en-Y esophagojejunostomy, as well
as with jejunal pouch were also accepted.
Pathology
Tumor staging was assessed according to the American Joint
Committee on Cancer/Union International Control Center
TNM Staging Manual, 7th edition (24). According to WHO
classification, signet ring cell gastric cancer is defined as a
predominant component (>50% signet ring cells) of isolated
carcinoma cells with intracellular mucin (2). However, in the
present study, we analyzed those so-called “signet ring cell
containing gastric cancer (SRCGC),” with the intention to
investigate the influence of different signet ring cell proportion.
We histologically divided the patients into three SRC statuses:
pure SRCGC (pSRCGC), containing 100% of signet ring cells;
mixed SRCGC (mSRCGC), containing >50% of signet ring cells;
and contaminated SRCGC (cSRCGC), containing ≤50% of signet
ring cells.
Adjuvant Chemotherapy
Criteria for patients receiving adjuvant therapy are based on the
NCCN Guidelines, including stage IB with high-risk factors,
stages II and stage III. Patients were administered adjuvant
treatment postoperative 3–8 weeks. The following primary
chemotherapy schemes were accepted in our study: (1) S-
1mono-regimen [body-surface area (BSA) <1.25 m2, 80 mg
daily; BSA ≥1.25 m2 but <1.5 m2, 100 mg daily; BSA≥1.5 m2,
120 mg daily, d1-28, every 6 weeks]; (2) mFOLFOX6 (oxaliplatin
85 mg/m2, d1; CF 400 mg/m2, 2h, d1; 5-fluorouracil 400 mg/m2,
iv, d1, and 2400 mg/m2, civ 48 h, every 2 weeks); (3) SOX (S-1 40
mg/m2/day, d1-14; oxaliplatin 130 mg/m2, d1, every 3 weeks). A
less common regimen DCF (docetaxel 75 mg/m2, d1, cisplatin 20
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mg/m2, d1, CF 200mg/m2, d1, 5-Fu 400 mg/m2, iv, d1 and 600
mg/m2, civ 48h, every 3 weeks) was also included. Among them,
29 patients received a single regimen, 235 patients received a
double-agent combination, and 8 patients received triple-
drug chemotherapy.
Adjuvant Chemoradiotherapy
For postoperative chemoradiotherapy, patients received one
cycle of adjuvant FOLFOX, SOX, S-1 mono-regimen, or DCF
before starting radiotherapy. The 3D-CRT or IMRT technique
was selected by the physician according to the complexity of the
target volume and the organs at risk (OAR). Patients received CT
simulation using helical CT scan and were treated in a supine
position. The criterion of clinical target volume (CTV) was the
gastric bed, anastomoses and stumps, and the draining lymph
nodes. The planning target volume (PTV) comprised a 1.0 cm
margin around the CTV. A total irradiation dose of 50.4 Gy was
administered in 28 fractions of 1.8 Gy, 5 days per week. Dose
constraints of critical organs were as follows: spinal cord Dmax <
40 Gy; liver V30 < 30%; two-thirds of one kidney less than 18 Gy
or 30% of each kidney volume of each kidney less than 25 Gy.
During the process of radiotherapy, S-1 (40 mg/m2/day) was
orally given twice daily from day 1 to 5 per week. Two or four
weeks after the completion of radiotherapy, additional cycles of
regimen were given.
Follow-Up and Outcome Measure
Follow-up lasted until June 30, 2018. The toxicity, survival status,
follow-up duration, and loss were recorded. The primary
endpoint was 3-year overall survival rate (3-year OS rate),
referred to as the proportion of resected SRCGC patients who
were alive 3 years after the primary surgery date. Treatment
toxicity was graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events (CTCAE,
version 3.0) (25).
Ethics
The collection of medical information for the surgical gastric
cancer patients was approved by the Biomedical Ethical
Committee of West China Hospital, Sichuan University. The
participants were not required to sign written informed consent
in this retrospective study. However, the records were
anonymized and de-identified before analyses. The study
complied with the World Medical Association Declaration of
Helsinki regarding the ethical conduct of research involving
human subjects.
Statistics
Statistical analysis was performed using the Statistical Package for
Social Science (SPSS), version 23.0. In the baseline comparisons,
the ranked variables were compared by the Mann-Whitney U test,
while continuous variables were compared by the Mann-Whitney
U test or one-way ANOVA test, where applicable. Categorical
variables were compared by Pearson’s chi-square test or Fisher’s
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exact test. The survival rates were calculated by the Kaplan-Meier
method, median survival times (MST) were not reached, and the
3-year OS rate was expressed. Univariate survival analyses were
performed by the log-rank test. Multivariable analysis of
prognostic factors was conducted by the Cox proportional
hazards model. Hazard ratios (HRs) with 95% confidence
intervals (CIs) were estimated. Cox models in multivariate
analyses were adjusted for clinicopathologic features, and
surgical and adjuvant treatment, without selection procedure.
P < 0.05 was considered to be statistically significant.
RESULTS

Patient Characteristics
A total of 272 patients met the inclusion criteria between August
2007 and December 2014 (Figure 1). Data on gender, age, tumor
location, gastrectomy, tumor size, vessel invasion, perineural
invasion, tumor–lymph node–metastasis (TNM) classification, T
category, N category, SRC status, and adjuvant therapy strategies
were collected for analysis. Baseline characteristics were
summarized in Table 1. Among the participants, 123 (45.2%),
99 (36.4%), and 50 (18.4%) were diagnosed as cSRCGC,
mSRCGC, and pSRCGC, respectively. Patients were divided into
the chemotherapy (CT) group or chemoradiotherapy (CRT)
group according to their adjuvant treatment strategies. There
were 156 patients in the CT group and 116 in the CRT group.
Patients in CT group tend to have earlier N category than those in
the CRT group, p = 0.001.
Recurrence
By the end of the follow-up date (June 30, 2018), 165 (60.7%)
patients had recorded disease free survival (DFS), and 88 (53.3%)
of them had local recurrence and metastases. To compare the
FIGURE 1 | Flow chart. SRCGC, Signet ring cell containing gastric cancer;
CT, chemotherapy; CRT, chemoradiotherapy.
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pattern of recurrence more accurately in the different groups, we
calculated the rates and sites of recurrence in those patients who
had known DFS (Table 2). The frequencies of recurrence were
comparable in the pSRCGC, mSRCGC, and cSRCGC groups
(45.5% vs. 46.0% vs. 47.8%, p = 0.9671). In the whole cohort, the
most common site of recurrence was peritoneal (22.4%),
followed by lymph node (21.2%), liver (5.5%), and other sites
(11.5%) (including remnant stomach, lung, gallbladder, ovary,
and bone). Overall, there were no significant different sites of
recurrence in the three groups (p = 0.0690). The median time to
recurrence was 19.0 months, and no significant difference was
found in time to recurrence in the three groups (21.8 months vs.
17.5 months vs. 19.0 months, p = 0.6724).

Toxicity
The hematologic toxicities were gathered and are shown inTable 3.
The most frequent grade 3 or 4 adverse events were leukopenia
(13.6%), anemia (11.8%), thrombocytopenia (9.6%), and
neutropenia (9.6%). Grade 3/4 leukopenia (19.0% vs. 9.6%, P =
0.026), leukopenia with any grade (74.1% vs. 57.7%, P = 0.005), and
total neutropenia (65.5% vs. 51.3%, P = 0.019) were more common
in the CRT group than in the CT group.

Survival Outcomes
The median follow-up duration was 85.0 months (range 5.0–121.0
months), except for 8 patients with inadequate follow-up (3 in the
CRT group and 5 in the CT group). A total of 108 (39.7%) of the
272 participants had died by the end of data accumulation on June
30, 2018. The 3-year OS was higher in the CT group than in the
CRT group (70.5% vs. 58.6%, HR = 0.633, P = 0.017; Figure 2A).

In univariate analyses, several factors were statistically
associated with poor survival: advanced TNM stage (P < 0.001),
advanced T category (P < 0.001), advanced N category (P < 0.001),
tumor size ≥5 cm (P < 0.001), total gastrectomy (P = 0.007), vessel
invasion (P = 0.013), and CRT treatment (P = 0.017).

Variables with P values of <0.05 in the univariate analysis
were included in the multivariate analysis (Table 4). Three
independent variables were predictive of a poor outcome: CRT
TABLE 1 | Patient characteristics (N = 272).

Variables Total
N = 272 (%)

CT group
N = 156 (%)

CRT group
N = 116 (%)

P

Gender 0.710
Male 163 (59.9) 92 (59.0) 71 (61.2)
Female 109 (40.1) 64 (41.0) 45 (38.8)

Age 0.347
<60 213(78.3) 119 (76.3) 94 (81.0)
≥60 59 (21.7) 37 (23.7) 22 (19.0)

Tumor location 0.321
Cardia/GEJ 25 (9.2) 12 (7.7) 13 (11.2)
Non-cardia/GEJ 247 (90.8) 144 (92.3) 103 (88.8)

Gastrectomy 0.283
Subtotal 174 (64.0) 104 (66.7) 70 (60.3)
Total 98 (36.0) 52 (33.3) 46 (40.0)

Tumor size 0.208
<5 cm 141 (51.8) 86 (55.1) 55 (47.4)
≥5 cm 131 (48.2) 70 (44.9) 61 (52.6)

Vessel invasion 0.396
No 204 (75) 114 (73.1) 90 (77.6)
Yes 68 (25) 42 (26.9) 26 (22.4)

Perineural invasion 0.748
No 202 (74.3) 117 (75.0) 85(73.2)
Yes 70 (25.7) 39 (25.0) 31(26.7)

TNM stage 0.066
I 20 (7.4) 15 (9.6) 5 (4.3)
II 65 (23.9) 42 (26.9) 23 (19.8)
III 187 (68.8) 99 (63.5) 88 (75.9)

T category 0.552
T1 27 (9.9) 19 (12.2) 8 (6.9)
T2 41 (15.1) 23 (14.7) 18 (15.5)
T3 76 (27.9) 43 (27.6) 33 (28.4)
T4 128 (47.1) 71 (45.5) 57 (49.1)

N category 0.001
N0 25 (8.8) 23 (14.7) 2 (1.7)
N1 45 (16.5) 27 (7.3) 18 (15.5)
N2 66 (24.2) 35 (22.4) 31 (26.7)
N3 136 (50.4) 71 (45.5) 65 (56.0)

SRC status 0.573
cSRCGC 123 (45.2) 69 (44.2) 54 (46.6)
mSRCGC 99 (36.4) 55 (35.3) 44 (37.9)
pSRCGC 50 (18.4) 32 (20.5) 18 (15.5)
CT, chemotherapy; CRT, chemoradiotherapy; cSRCGC, contaminated signet ring cell
containing gastric cancer; mSRCGC, mixed signet ring cell containing gastric cancer;
pSRCGC, pure signet ring cell containing gastric cancer.
TABLE 2 | Pattern of recurrence (N = 165).

Variables TotalN = 165 (%) pSRCGCN = 33 (%) mSRCGCN = 63 (%) cSRCGCN = 69 (%) P

Recurrence 0.9671
No 77 (46.7) 15 (45.5) 29 (46.0) 33 (47.8)
Yes 88 (53.3) 18 (54.5) 34 (54.0) 36 (52.2)
Sites of recurrence 0.0690
Peritoneal 37 (22.4) 8 (24.2) 14 (22.2) 15 (21.7)
Lymph nodes# 35 (21.2) 9 (27.3) 15 (23.8) 11 (15.9)
Liver 9 (5.5) 0 1 (1.6) 8 (11.6)
Other sites* 19 (11.5) 3 (9.1) 10 (15.9) 6 (8.7)
Median time to recurrence (months) 19.0 21.8 17.5 19.0 0.6724
[range min–max] [1–117.5] [3–108.5] [2–97.5] [1–117.5]
Novembe
r 2020 | Volume 10 | Article
#Some patients had both nodal and extranodal sites of recurrence.
*Other sites including remnant stomach, lung, gallbladder, ovary, and bone.
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treatment (P = 0.019), tumor size ≥5 cm (P < 0.001), and the
presence of vessel invasion (P = 0.009) (Figures 2A–C).

Subgroup Analysis
Subgroup analyses were performed to identify patients who may
benefit from chemotherapy (Figure 3). Overall, the 3-year OS
rate was higher in the CT group than that in the CRT group
among all SRCGC patients. For the SRCGC subsets, a higher 3-
year OS rate (72.5% vs. 61.1%, P = 0.018) in the CT group
compared to the CRT group was found particularly in cSRCGC.
Additionally, adjuvant chemoradiotherapy obviously weakened
survival in SRCGC patients whose lesions were located in the
middle-lower third of the stomach (58.3% vs. 70.1%, P = 0.026).
Meanwhile, another four independent variables were predictive
of a poor prognosis in the CRT group: subtotal gastrectomy
(62.9% vs.76.0%, P = 0.015), male (56.3% vs. 66.7%, P = 0.013),
<60 year (58.5% vs. 69.7%, P = 0.040), and none vessel invasion
(61.1% vs. 74.6%, P = 0.023).
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DISCUSSION

Despite considerable advances in treatment, the prognosis in GC
patients is still poor, especially in cases of diffuse subtype or SRC
adenocarcinoma. Adjuvant chemotherapy is a recommendable
treatment for resectable GC, with the potential of improving
survival outcome (17). The ACTS-GC trial suggested that 1-year
adjuvant chemotherapy with S-1 had a better improvement in OS
than gastrectomy alone (19). TheCLASSIC study found a betterDFS
with adjuvant chemotherapy, and a capecitabine and oxaliplatin
(XELOX) regimen afterD2 gastrectomy versusD2 gastrectomy only
(18). However, after a curative gastrectomy with D2
lymphadenectomy, the effect of radiotherapy is still controversial.

The ARTIST trial compared the adjuvant capecitabine and
cisplatin (XP) regimen to chemoradiotherapy (XP plus
radiotherapy with capecitabine) in patients with D2 gastrectomy,
while the addition of radiotherapy did not improve the DFS andOS
significantly (21). Subgroup analysis showed additional
TABLE 3 | Hematologic toxicity (NCI-CTCAE v3.0)* (N = 272).

CT group (N = 156) CRT group (N = 116) P

Toxicity All grades N (%) Grade III/IV N (%) All grades N (%) Grade III/IV N (%) All grades Grade III/IV

Leukopenia 90 (57.7) 15 (9.6) 86 (74.1) 22 (19.0) 0.005 0.026
Anemia 118 (75.6) 20 (12.8) 86 (74.1) 12 (10.3) 0.777 0.531
Thrombocytopenia 71 (45.5) 12 (7.7) 60 (51.7) 14 (12.1) 0.311 0.225
Neutropenia 80 (51.3) 13 (8.3) 76 (65.5) 13 (11.2) 0.019 0.425
Elevated AST or ALT level 69 (44.2) 6 (3.8) 54 (46.6) 5 (4.3) 0.704 0.848
November 2020
 | Volume 10 | A
*All adverse events were graded according to National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE version 3.0).
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FIGURE 2 | Overall survival curves for patients grouped according to (A) treatment, (B) tumor size, and (C) vessel invasion. CT, chemotherapy; CRT, chemoradiotherapy.
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radiotherapy did not improve outcome of patients with diffuse
subtype compared to chemotherapy in the Intergroup 0116 (INT-
0116) trial (20). Similarly, the ARTIST and CRITICS trials
demonstrated that adjuvant chemoradiotherapy did not have
additional effects than chemotherapy in the diffuse subtype either
(21, 26). Consistent with these findings, our study showed the 3-
year OS rate was higher in the CT group compared to the CRT
group despite the proportion of SRC. Instead of bringing additional
survival benefit in SRCGC, adjuvant chemoradiotherapy might
even impair the survival outcome in patients with cSRCGC, a
tumor located in the middle-lower gastric, subtotal gastrectomy,
male, <60 years old, and no vessel invasion patients. Tumor size ≥
5cm and the presence of vessel invasion were also the independent
prognostic markers for poor prognosis.

Together with our and previous research results, adjuvant
chemoradiotherapy might not benefit patients with SRCGC. It
may be due to the fact that diffuse gastric cancer appears to have
decreased intracellular adhesion as a result of E-cadherin
mutation and/or hypermethylation (27), which may further
promote the ability of early metastases and to form peritoneal
metastases. Our results also indicated the most common
recurrence sites was peritoneal metastasis in SRCGCs. As
suggested by Brooks et al. (28), if the decreased efficacy of
chemoradiotherapy in diffuse subtype is confirmed, future trials
may consider different adjuvant approaches based on histology.
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Not only is the benefit of additional radiotherapy for SRCGCs
still controversial, but there is no currently recognized standard
regimen for SRCGCs in adjuvant setting due to poor tumor
differentiation and lower chemosensitivity (10, 11). Chen et al.
(29) evaluated docetaxel-based and oxaliplatin-based regimens
as adjuvant chemotherapy in 991 GC patients. In the pSRCGC
subgroup, OS had no significant improvement with
chemotherapy against surgery only. However, in the mSRCGC
subgroup, those treated with docetaxel-based regimens obtained
a better OS, as well as a lower risk of recurrence and cancer-
related death compared to oxaliplatin-based regimens. Pernot
et al. (30) administrated untreated advanced SRCGC triplet
chemotherapy, with docetaxel, 5-fluorouracil, and oxaliplatin
(TEFOX). TEFOX appeared to be more effective as first-line
treatment in advanced SRCGC. Therefore, regarding ideal
regimens for resectable SRC as adjuvant chemotherapy, both
oxaliplatin-based and docetaxel-based regimens are the top
candidates, and the docetaxel-based regimen may specially
benefit mSRCGC. In China, regimens based on docetaxel,
oxaliplatin, capecitabine, cisplatin, or 5-fluorouracil, as well as
those modifications, were the considered options by Chinese
oncologists (29). In our present research, oxaliplatin-based
regimes (mFOLFOX6 and SOX) were more often used than
docetaxel-based schemes, and no adverse event incidences were
found different among those schemes. Instead, the only
discrepancy was between CT and CRT. Patients in the CRT
group tended to more frequently have leukopenia and
neutropenia, which may be explained by concurrent
radiotherapy and chemotherapy doing more harm to the
hematological system than chemotherapy alone. Further
comparison on adjuvant therapy between docetaxel-based and
oxaliplatin-based regimen in SRCGC patients after surgical
resection would be necessary.

Our study has several limitations. First, the nature of
retrospective design without randomized allocation made
selection bias unable to be avoided. Patients in the CT group
tended to have earlier N category than those in the CRT group.
However, the differences between the number of N0 and N3
categories in the CT and CRT groups were not obvious. In
multivariate analyses, the N category was not proven to be an
independent factor of poor survival, which may have little effect
on the final results. Second, similarly due to the retrospective
nature, the variation of regimens might introduce potential
performance bias. Third, the definite SRCGC only contains
pSRCGC (100%) and mSRCGC (>50%) according to WHO
classification, thus cSRCGC (≤50%) may partially function as a
negative control. In our study, 44.3% of patients were cSRCGC,
which may lead to the lower power of definite SRCGC (pSRCGC
and mSRCGC) subgroup to gain robust conclusion. Finally, it
must be considered that the classification of SRCGC subtypes
may differ among pathologists. Nevertheless, there are some
advantages we have to mention. To our knowledge, it might be
the first data of SRCGC patients comparing adjuvant
chemotherapy with chemoradiotherapy.

In conclusion, our study might be the first data of SRCGC
patients comparing adjuvant chemotherapy with chemo-
TABLE 4 | Survival prediction by multivariate analysis of variables for patients
with gastric SRC.

Variables Total No. events Hazard ratio 95%CI P

Gender
Male 163 68
Female 109 49 0.946 0.638–1.405 0.784

Age
<60 213 88
≥60 59 29 1.245 0.783–1.979 0.354

Tumor location
Cardia/GEJ 25 11
Non-cardia/GEJ 247 106 0.670 0.340–1.320 0.247

Gastrectomy
Subtotal 174 65
Total 98 52 0.364 0.555–1.241 0.830

Tumor size
<5 cm 141 39
≥5 cm 131 78 2.281 1.487–3.499 <0.001

Vessel invasion
No 204 81
Yes 68 36 1.740 1.148–2.639 0.009

T category
T1,T2 68 15
T3,T4 204 102 0.564 0.301–1.056 0.074

N category
N0,N1 70 20
N2,N3 202 97 0.932 0.547–1.591 0.797

SRC status
cSRCGC 123 48
mSRCGC 99 48 1.243 0.721–2.142 0.434
pSRCGC 50 21 1.446 0.959–2.181 0.078

Treatment
CT 156 57
CRT 116 60 1.574 1.079–2.295 0.019
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radiotherapy. Adjuvant chemoradiotherapy may not bring
additional survival benefits compared to adjuvant chemotherapy
in SRCGC patients with D2 gastrectomy. Specially, chemo-
radiotherapy should be considered with caution in patients with
signet ring cell proportion less than 50%, lower-middle site tumor,
partial gastrectomy, male, <60 years old, and have no vessel
invasion. Therefore, adjuvant chemoradiotherapy shouldn’t be
performed routinely for SRCGC patients in general practice. We
suggest that a tailored adjuvant scheme could be further
investigated based on SRC status, and high-qualified prospective
trials are required to obtain more robust evidence.
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Gastric cancer is the fifth most common malignant tumor and second leading cause of
cancer-related deaths worldwide. With the improved understanding of gastric cancer, a
subset of gastric cancer patients infected with Epstein–Barr virus (EBV) has been
identified. EBV-positive gastric cancer is a type of tumor with unique genomic
aberrations, significant clinicopathological features, and a good prognosis. After EBV
infects the human body, it first enters an incubation period in which the virus integrates its
DNA into the host and expresses the latent protein and then affects DNA methylation
through miRNA under the action of the latent protein, which leads to the occurrence of
EBV-positive gastric cancer. With recent developments in immunotherapy, better
treatment of EBV-positive gastric cancer patients appears achievable. Moreover,
studies show that treatment with immunotherapy has a high effective rate in patients
with EBV-positive gastric cancer. This review summarizes the research status of EBV-
positive gastric cancer in recent years and indicates areas for improvement of
clinical practice.

Keywords: Epstein–Barr virus, gastric cancer, miRNA, DNA methylation, immune checkpoint
INTRODUCTION

Epstein–Barr virus (EBV) is the main pathogenic factor for nasopharyngeal carcinoma. However,
studies find that EBV infection is also associated with the development of T-cell lymphoma and
EBV-associated gastric cancer (1, 2). In 1990, Burke et al. (3) detected EBV in gastric
lymphoepithelial carcinoma, and this was the first report on histopathological features of EBV-
positive gastric cancer. Furthermore, Shibata and Weiss (4) find EBV to be associated with gastric
adenocarcinoma. They demonstrate the presence of the EBV genome specifically in gastric cancer
cells and adjacent dysplastic epithelium, but not in surrounding normal cells. Studies find EBV-
positive and -negative gastric cancer to have different pathogens and that EBV may play an
important role in its pathogenesis (5, 6). In 2004, van Beek et al. (7) analyzed the clinicopathological
features of EBV-positive and -negative gastric adenocarcinomas. The results show that EBV-
positive gastric cancer has a unique genomic aberration, obvious clinicopathological features, and
good prognosis. In 2009, Murphy et al. (8) found EBV-positive gastric cancer to be different from
other gastric cancers in terms of patients’ sex, tumor anatomical site, and surgical anatomical
structure. In 2014, Liang et al. (9) studied the mechanism of occurrence and development of EBV-
positive gastric cancer. The comprehensive epigenomic and transcriptomic analysis identified 216
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genes downregulated by EBV-induced hypermethylation; in
EBV-positive tumors, the methylation of ACSS1, FAM3B, IHH,
and TRABD was significantly increased. Moreover, five signaling
pathways (axon guidance, local adhesion formation, interaction
between cytokines and receptors, mitogen-activated protein
kinase signal transduction, and actin cytoskeleton regulation)
were significantly affected by EBV-related genomic and
epigenomic changes. However, no specific treatment has been
found for EBV-positive gastric cancer, and the EBV-titer is not
associated with the risk of gastric cancer (10, 11). Several recent
studies find a close relationship between EBV-positive gastric
cancer and immune checkpoints (12). In 2018, Panda et al. (13)
found EBV-positive gastric cancer with low mutation burden to
be a subset of microsatellitestable (MSS) gastric cancer, which
may respond to immune checkpoint therapy. Thus, EBV-
positive gastric cancer is now considered a unique molecular
subtype of gastric cancer (14) and is associated with good
prognosis in patients (15). At present, there is no article to
summarize and analyze the characteristics, mechanisms, and
treatment of EBV-positive gastric cancer, including latency
proteins. MicroRNAs (miRNAs) and DNA methylation have
important effects on EBV-positive gastric cancer; there is a close
relationship between them, and it may reveal potential
treatments for EBV-positive gastric cancer. Here, we review
recent advances in EBV-positive gastric cancer research to
improve the current understanding of this disease and aid in
development of newer treatment modalities for this cancer type.
CHARACTERISTICS OF EBV-POSITIVE
GASTRIC CANCER

Gastric cancer is normally classified on the basis of its
histomorphological characteristics (16). The Cancer Genome
Atlas reports a comprehensive identification of genetic changes
associated with gastric cancer and further divides this form of
cancer into four subtypes: EBV-positive tumors (9%),
microsatellite unstable tumors (22%), genetically stable tumors
(20%), and chromosome unstable tumors (50%). Moreover,
EBV-positive and MSI gastric cancers have the capability to
respond to newer immunotherapy drugs (17). However, as
opposed to general gastric cancer, EBV-positive gastric cancer,
despite having unique pathological characteristics, has no
specific clinical manifestations. A few studies have found
higher incidences of EBV-positive gastric cancer in men and
patients below the age of 60 years. Camargo et al. (18) find that
the average age of EBV-positive gastric cancer patients is 58 years
old, and 71% of them are men. EBV-positive gastric cancer often
occurs in the proximal stomach (cardia and gastric body), where
it forms lumps or ulcers that are accompanied by lymphocyte
infiltration. Another noteworthy feature of EBV-positive gastric
cancer is the ease of invasion into the submucosa with a low rate
of lymph node metastasis. A majority of patients were diagnosed
in the advanced stage (52%, stage III and IV), and 2247 (49%)
patients died during the median follow-up period of 3 years. An
unadjusted Cox regression analysis indicates that the median
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survival duration of EBV-positive gastric cancer patients is 8.5
years although that of EBV-negative patients is only 5.3 years. It
is evident that the prognosis and effective treatment rate of
gastric cancer patients with positive EBV is more desirable. We
studied the proper treatment to prolong the survival time in
EBV-positive gastric cancer patients considering the curable
nature of EBV-positive gastric cancer.
HOW TO TEST EBV-POSITIVE
GASTRIC CANCER

Immunohistochemistry and In Situ
Hybridization
The principles of immunohistochemistry and in situ
hybridization (ISH) are different, and detection results vary.
The EBER-1 probe used in ISH is a base sequence that can
specifically anneal to the small mRNA encoded by the EBV. The
probe can detect gastric cancer specimens fixed by formaldehyde
and embedded in paraffin, enabling detection of EBV in tumor
cells in situ with accurate localization and strong specificity.
However, the gastric cancer tissue is often selected to avoid
wasting reagents as the EBER-1 probe is expensive. Occasionally
the fixation of gastric cancer tissue is poor, the nucleic acid in the
tissue is denatured and diffused, the effective binding sites are
reduced, and the staining may appear as weak positive or false
negative markers. Immunohistochemical detection is based on
the LMP-1 membrane protein encoded by EBV, which cannot
detect the location or transcriptional quantity of the virus.
However, compared with ISH, immunohistochemical methods
have the advantage of simple steps, convenient operation, high
sensitivity, and low price, making it a reliable primary screening
method for EBV. Immunohistochemical positives can be
followed up by ISH to exclude the possibility of false positives.
The combination of the two methods might improve the
accuracy of detection by reducing the chances of false positives
and negatives.

Genome Sequencing
EBV-positive gastric cancer is traditionally identified by ISH of
viral nucleic acid (19). However, genome sequencing is a
potential alternative. Camargo et al. (20) determine the
normalized EBV readings in 295 fresh gastric cancer samples
by whole genome, whole exome, mRNA, and miRNA
sequencing. Formalin-fixed, paraffin-embedded tissue sections
were obtained and used for ISH confirmation in 13 cases with
high EB viral load and 11 cases with low EBV. In pairwise
comparisons, individual samples are uniformly either high or
low in all genomic methods for which data are available. The
empirical cutoff value of sequencing count confirmed 26 (9%)
tumors to be EBV-positive. EBV was either positive or negative
based on molecular detection. Conversely, the Epstein–Barr
encoding region (EBER)-ISH was either positive or negative in
all samples except for one, which was evaluated by the two
methods (kappa=0.91). Thus, EBV-positive gastric tumors can
be accurately identified by quantifying virus sequences in
December 2020 | Volume 10 | Article 583463
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genomic data. Moreover, simultaneous analysis of human and
viral DNA, mRNA, and miRNA can simplify the tumor profile of
clinical nursing and research.

Detection of Anti-EBV and
Anti-p53 Antibodies
Tumor protein p53, or simply p53, is closely related to the
occurrence of gastric cancer, and many studies find EBV
infection to be associated with p53 methylation (21–23). In
2019, Camargo et al. found that EBV-positive gastric cancer
cases lack the TP53 mutation, suggesting that serological
characteristics may provide information for viral carcinogenesis.
Consistent with the prevalence of EBV, 99% of patients tested
positive for the anti-Epstein–Barr virus nuclear antigen 1 (EBNA)
antibody, and 98% of the patients tested positive for the antiviral
capsid antigen antibody regardless of the EBV status of the tumor.
The levels of p53 antibody and EBV-positivity were negatively
correlated. The positive rate of anti-p53 staining was 15% in the
literature. However, the results suggest dissimilar correlations
between anti-EBV antibody, anti-p53 antibody and tumor
EBV-positivity.

Droplet Digital PCR
Droplet digital PCR (ddPCR) is the latest method that can be
used in the detection of Plasmodium falciparum (24), multiple
viruses (25), nervous system lymphomas (26), etc. A ddPCR-
based screening method for detection of EBV–associated gastric
carcinoma was established in 2019 (27, 28). This method uses the
ddPCR method to calculate EBV-DNA load according to the
copy number of EBV BamH1-W fragments and sets the cutoff
value of the EBV-DNA load.
WHAT IS THE MECHANISM OF
OCCURRENCE AND DEVELOPMENT
OF EBV-POSITIVE GC?

Epstein and Barr discovered the EBV in 1964 and identified its
original host as the human body; the virus had the capability to
infect B-lymphocytes, epithelial cells, and fibroblasts (29, 30).
EBV infection in the human body does not immediately lead to
gastric cancer. Although the infection rate of EBV in adults is
90%, the incidence rate of gastric cancer remains low; the
majority of individuals only carry the virus during the
incubation period (31). At present, there are two theories
about the mechanisms of EBV infection. The first is that EBV
infects B-lymphocytes and oral epithelial cells. As the saliva
containing EBV enters the digestive tract, EBV directly infects
the epithelial cells. The second theory is that EBV is reactivated
in some way in B-lymphocytes in the stomach and then released
to infect the epithelial cells (32). Moreover, lymphocytes infected
by EBV can encounter epithelial cells through integrin b-1/b-2
and promote cell-to-cell contact by translocating intracellular
adhesion molecule-1 to the cell surface. Finally, the virus
particles are transmitted through the endocytosis pathway
mediated by reticular proteins (33). After phagocytosis, EBV-
Frontiers in Oncology | www.frontiersin.org 317
DNA is transported to the nucleus, where the exposed linear
DNA genome is assembled into a functional, small, circular
chromosome. After circularization, the viral genome
chromatinization can effectively protect it from DNA damage
and ensure strict regulation of gene expression (34). The CpG
motif of the viral genome is widely methylated, thus successfully
establishing latent infection. EBV primarily infects host cells in
two ways: lytic and latent infection. However, the virus mostly
remains in the latent infection state without replication (19).
After entering the incubation period in human bodies, the EBV
prompts methylation of the host genome, imbalance of the
cellular signaling pathway, abnormal gene expression,
generation of a tumor microenvironment of infected gastric
epithelial cells, and initiation and development of gastric
cancer. Moreover, latent EBV gene products, such as EBERs,
BARF-0, EBNA-1, and LMP2A, are involved in the
downregulation of the miR-200 family, resulting in reduced E-
cadherin expression, which is a key step in the carcinogenesis of
EBV-associated gastric cancer (EBVaGC) (35).

Virus Latency Gene Product
EBV has three types of latent phases. As EBV-positive gastric
cancer is type I latency, EBERs, EBNA-1, miR-BARTS, and
LMP2A are highly expressed and play an important role in
viral replication (36, 37). EBER1 upregulates the expression of
insulin growth factor-1, thus promoting proliferation of
EBVaGC cells (38). EBERs associate with IL-6-STAT3
signaling pathway to induce chemotherapy resistance and
promote cell migration (39).

EBNA-1 is an important molecule for EBV latent infection
(40, 41). It binds to the viral ORIP sequence in a sequence-
dependent manner and aids in EBV attachment to the host cell
chromosome (42). EBNA-1 is also a transactivator of viral genes
that may induce accumulation of reactive oxygen species (ROS)
mediated by miR-34a and NOX2, regulating the activity of tumor
cells (43). Additionally, EBNA-1 can lead to the loss of
promyelocytic leukemia protein nuclear bodies in the
nucleosome of promyelocytic leukemia and weaken the cellular
response to DNA damage (44).

BARF-0 and BARF-1 are also involved in the latent state of
EBV infection. BARF-0 downregulates the expression of TET2
(45). BARF-1 gene silencing triggers caspase-dependent
mitochondrial apoptosis (46). It can also induce alteration in
the NF-kB/miR-146a/Smad4 pathway and expression of cyclin-
D1 protein in gastric cancer cells (47–49). Moreover, BARF-1
can activate the cell cycle regulator bcl-2 (50). These processes
promote proliferation of gastric cancer cells.

LMP2A is the most important molecule in the incubation
period of EBV. It can activate the NF-kB-Survivin pathway (51,
52), regulate the expression of cyclin-E and proportion of cells in
the S phase (53), mediate Notch signaling, and promote
mitochondrial division and cell migration (54). Additionally, it
can upregulate miR-155-5p through the NF-kB pathway and
inhibit the activation of Smad2 and p-Smad2 (55, 56). LMP2A
can also initiate gastric cancer by upregulating or downregulating
other genes. For instance, LMP2A downregulates the expression
of TET2, COX-2, and HLA (45, 57, 58) and upregulates FOXO1
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and FOXO3 (59). LMP2A activates the PI3K/AKT pathway to
mediate the transformation process and inhibits apoptosis-induced
proliferation by transforming growth factor b1 (60). LMP2A induces
STAT3 phosphorylation, resulting in DNMT1 transcriptional
activation and PTEN promoter methylation (61). LMP2A also
activates CpG island methylation of the AQP3 promoter, induces
ERK phosphorylation, and activates DNMT3a transcription, which
results in the loss of AQP3 expression (Table 1) (55).

MicroRNAs
EBV is a ubiquitous human carcinogenic virus and is also the first
human virus to express miRNAs. The EBV genome contains two
regions that encode more than 40 miRNAs that regulate the
expression of viral and human genes, such as ebv-miR-BART-1-
3p, -2-5p, -3-3p, -4-5p, -5-5p, -7-3p, -9-3p, -10-3p, -17-5p, -10-3p,
-18-5p, BART11, etc. (62–67). Studies suggest that EBV miRNAs
affect immune response and antigen presentation and recognition,
alter the communication between T- and B-cells, drive the
production of antibodies during infection, and play a role in
Frontiers in Oncology | www.frontiersin.org
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apoptosis. Additionally, EBV can induce B-cell transformation
and participate in the mechanism of human tumorigenesis.
Although EBV infection is related to the occurrence of several
diseases, the role of miRNAs remains unclear. Extensive data
describes the role of EBV miRNAs in nasopharyngeal carcinoma,
and several studies have attempted to evaluate their role in gastric
cancer and lymphoma. Song et al. (68) find that the EBV miRNA
BART11 downregulates Foxp1 transcription factor, which
promotes epithelial-mesenchymal transition by directly affecting
gastric tumor cells or indirectly affecting the tumor
microenvironment. BART11 also accelerates tumor invasion and
metastasis, affecting survival and prognosis in patients. Dong et al.
(69) find that BART10-3p and BART22 activate the Wnt signaling
pathway by targeting APC and Dkk1, which play an important
role in promoting EBVaGC metastasis, thus providing new
prognostic biomarkers and potential therapeutic targets in
EBVaGC. Wang et al. (70) report that BART3-3p promotes
growth and inhibits senescence of gastric cancer cells induced by
oncogenes (RAS) or chemotherapy (irinotecan). BART3-3p
inhibits the senescence of gastric cancer cells in nude mice by
modifying the aging-related SP (SASP) and the infiltration of
natural killer cells and macrophages in tumors. BART3-3p directly
targets the inhibition of the tumor suppressor gene and leads to
the downregulation of p21, the downstream target of p53. The
clinical analysis of EBV-positive gastric cancer also displays a
negative correlation between the expression of BART3-3p and
p21. This study suggests that the expression of BART3-3p is
important in the carcinogenesis of EBV-positive gastric cancer.
Other miRNAs also play an important role in this process. For
instance, miR-BART5 upregulates p53 with PUMA as the target,
promoting the survival of host cells (71, 72); miR-BART3-5p
targets DICE1 tumor suppressor, and promotes the growth and
transformation of cancer cells (73); miR-BART9 specifically
inhibits E-cadherin to induce a mesenchymal-like phenotype
(74, 75); miR-BART9, -11, and -12 downregulates Bim
expression (76); EBV-miR-BART4-5p has an antiapoptotic role
that regulates Bid expression in EBV-associated gastric carcinoma
(77); EBV-miR-BART20-5p regulates cell proliferation and
apoptosis by targeting BAD (78); and miR-BART16 abrogates
the production of IFN-stimulated genes in response to IFN-a
stimulation and inhibits the antiproliferative effect of IFN-a in
latently infected cells (79). Modulation of expression of LMP2A by
newly identified EBV-encoded miRNAs, miR-BART22 (80) and
miR-BART17-5p, promotes migration and anchorage-
independent growth by targeting kruppel-like factor 2 in gastric
cancer (81, 82). EBV-miR-BART15-3p targets the anti-apoptotic
TAX1BP1 and NLRP3 genes in cancer cells, thus increasing
apoptosis (Table 2) (84–86).

DNA Methylation
DNA methylation is arguably the most important mechanism in
EBV-positive gastric cancer (87). Liang et al. (9) find that 216
genes were downregulated by EBV-related hypermethylation. It
was also found that five signaling pathways—axon guidance, local
adhesion formation, interaction between cytokines and receptors,
mitogen-activated protein kinase signal transduction, and actin
cytoskeleton regulation—were jointly affected by EBV-related
TABLE 1 | Summary of EBV proteins expressed during latency period.

EBV latency gene
products

Summary of findings References

EBERs High expression in EBV positive gastric
carcinoma

(36, 37)

upregulates the expression of insulin growth
factor-1

(38)

cooperate with IL-6-STAT3 signaling pathway (39)
downregulation of miR-200 family (35)

EBNA-1 High expression in EBV-positive gastric
carcinoma

(40, 41)

Assist EBV in binding to host chromosomes (42)
Protect EBVDNA (44)
Adjust the miR34a-NOX2-ROS signal. (43)
Downregulation of miR-200 family (35)
Change the expression of p53 gene (21)

LMP-2A Expression in EBV-positive gastric carcinoma (36, 37)
Downregulation of miR-200 family (35)
Activates NF-k B-Survivin pathway (51, 52)
Regulates the expression of cyclin E and the
proportion of S phase cells

(53)

Mediates Notch signal (54)
Downregulates HLA (58)
Activates PI3K/AKT pathway (60)
Upregulates miR155-5p thus inhibiting
smad2 and p-smad2.

(55, 56)

Induces STAT3 phosphorylation (61)
Up-regulate FOXO1 and FOXO3 (59)
Suppresses COX-2 by reducing TRAF2 (57)
Activates CpG island methylation of AQP3
promoter

(55)

Downregulates the expression of TET2 (45)

BARF0 Downregulation of miR-200 family (35)
Downregulates the expression of TET2 (45)

BARF1 Induces NFkB/miR-146a/SMAD4 alterations (47)
Triggers caspase-dependent mitochondrial
apoptosis

(46)

Activates NF-k B-Survivin pathway (48)
Induces the expression of CyclinD1 protein (49)
Activates the cell-cycle regulator bcl-2. (50)
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genomic and epigenomic changes. Thus, with advances in high-
throughput sequencing technology, it is possible to fully describe
the mechanism of EBV-induced DNA methylation. Zhao et al.
(88) displayed that the promoters of 886 genes involved in cancer-
related pathways were abnormally hypermethylated in EBV-
positive AGS cells, including p14ARF, AQP3, p15, p16INK4A,
DLC-1, p73, Rec8, ACSS1, WWOX, FAM3B, BCL7A, IHH, BLU,
TRABD, TFF1, TIMP3, FHIT, DAPK, FSD1, GSTP1, APC, SSTR1,
CRBP1, Mark1, SCRN1, etc. (55, 89–95). Two of these genes,
PIK3CA and ARID1A, presented with the highest methylation rate
(96–100). Yu et al. (92) find that methylation levels of the
promoter of the meiosis-specific gene, Rec8, were significantly
higher in EBV-positive than EBV-negative gastric cancer tissues,
and methylation levels in both these subtypes were significantly
higher than that in, e.g., tissue uninfected by EBV. It is a newer
tumor suppressor that is downregulated by promoter methylation
in gastric cancer, especially in the EBV-related subtypes. The
antitumor effect of Rec8 can be partially explained by the
downregulation of cell growth–related genes (G6PD, SLC2A1,
NOL3, MCM2, SNAI1, and SNAI2) and upregulation of
apoptosis or migration inhibitors (Gadd45G and LDHA) and
tumor inhibitors (PinX1, IGFBP3, and ETS2). The results
suggest that methylation of the Rec8 gene promoter is an
independent risk factor for reducing the survival in patients with
gastric cancer. Further, Zhao et al. (91) indicate that SSTR1 is a
Frontiers in Oncology | www.frontiersin.org 519
newer methylated gene in gastric cancer cells in response to EBV
infection, which may act as a potential tumor suppressor.
Additionally, proteins expressed during the incubation period
can directly affect the methylation of multiple gene promoters.
For example, Wang et al. (55) find that LMP2A induces ERK
phosphorylation. LMP2A also increases transcription ofDNMT3a
by activating CpG island methylation of AQP3 promoter in
EBVaGC; resulting in the loss of AQP3 expression. Qi et al. (57)
find that the overexpression of LMP1 and LMP2A inhibits COX-2
expression, mediated through the reduction of TRAF2; p-ERK
aids LMP1-inhibition of COX-2 in gastric cancer. Hino et al. (61)
find that LMP2A induces phosphorylation of STAT3 and activates
transcription of DNMT1, leading to the CpG island methylation
of PTEN promoter and loss of PTEN expression in EBV-related
gastric cancer. Additionally, LMP2A plays an important role in
epigenetic abnormalities in host gastric cells and occurrence and
maintenance of EBV-related cancers (Table 3).

Helicobacter pylori
Simultaneous infection with EBV and Helicobacter pylori can
occur (102). Helicobacter pylori and EBV infection are associated
with IL-10 and IL-1RN polymorphisms (103). However,
evidence for the possible interaction or antagonism of these
infectious factors in carcinogenesis of gastric cancer is limited.
Camargo et al. (18) compare the serological characteristics of
Helicobacter pylori in 58 EBV-positive and 111 EBV-negative
gastric cancer patients at the National Cancer Institute’s
International EBV-Gastric Cancer Consortium, United States.
The results suggest that the overall serum positive rate for an
individual’s five immunogenic proteins is as high as 90%.
Moreover, catalase antibodies were marginally associated with
EBV-positive tumors. Taken together, these results suggest that
infection withHelicobacter pylori is related to the occurrence and
development of EBV-positive gastric cancer.
WHAT IS THE RELATIONSHIP BETWEEN
EBV-POSITIVE GASTRIC CANCER AND
IMMUNOTHERAPY?

Statistical analysis reveals that EBV-positive gastric cancer with a
low mutation burden is a subset of MSS gastric cancer and may
TABLE 2 | Summary of EBV-miRNAs expressed during gastric cancer
pathogenesis.

EBV related
MIRNA

Summary of findings References

miR-BART5 upregulates p53 (71, 72)
miR-BART3-3p leads to the downregulation of p21 (70)
miR-BART3-5p targets DICE1 tumor suppressor (73)
miR-BART9 inhibits E-cadherin to induce a

mesenchymal-like phenotype
(74, 75)

miR-BART5-3p inhibits p53 Expression, (62)
miR-BART5-5p/
BART7-3p/BART9-
3p/BART14-3p

regulates ATM activity in response to DNA
damage

(63)

miR-BART1 activates PTEN-dependent pathways
including PI3K-Akt, FAK-p130 (Cas),, and
Shc-MAPK/ERK1/2 signaling

(64)

miR-BART7-3p targets human major tumor suppressor
gene PTEN, regulates PI3K/Akt/GSK-3 b
signal transduction

(65, 77, 83)

miR-BART10-3p promotes Cell Proliferation and Migration by
Targeting DKK1.

(66)

miR-BART10-3p/
BART22

activates the canonical Wnt signaling
pathway.

(69)

miR-BART11 promotes inflammation-induced
carcinogenesis by targeting FOXP1.

(67, 68)

miR-BART9/
BART11/BART12

downregulate Bim expression (76)

miR-BART4-5p regulates Bid Expression (77)
miR-BART20-5p targets BAD (78)
miR-BART16 abrogates the production of IFN-stimulated

genes
(79)

miR-BART22 regulates LMP2A expression (80)
miR-BART17-5 targets Kruppel-Like Factor 2 (81, 82)
miR-BART15-3p targets the anti-apoptotic TAX1BP1

targets NLRP3 inflammasome
(84)

(85, 86)
TABLE 3 | Summary of methylated genes in gastric cancer.

DNA methylation References

PIK3CA (96–98)
ARID1A
Rec8
SSTR1
EPHB6, MDGA2, SCARF2
AKT2, FAM3B, TGFBR1, CCNA1, MAP3K4

(97, 99, 100)
(88, 92)
(88, 91)
(88)
(9)

Tp73 (90, 93)
AQP3 (55, 101)
BLU, FSD1, BCL7A, Mark1,SCRN1, NKX3.1
p16, FHIT, CRBP1, WWOX,

(93)

DLC-1 (94)
WIF1, NLK, APC (95)
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respond to immune checkpoint therapy. In 2019, Roh et al. (104)
comprehensively analyzed the status of SPC (specificity), MSI, and
EBV. The results validate that the combined application of SPC,
MSI, and EBV statuses could predict the efficacy and prognosis of
adjuvant chemotherapy in stage II or III gastric cancer.

Gene expression profile analysis of EBVaGC patients
indicates significant changes in immune response genes, which
may allow recruitment of reactive immune cells to better survival
outcomes in patients (105). Moreover, EBVaGC is characterized
by high and low density of CD8+ T-cells and CD204+
macrophages, respectively (106, 107). Both the infiltrating
immune cells and specific immune microenvironment
contribute to antitumor immunity (108). However, tumor cells
in EBVaGC evade immune responses via a variety of strategies. It
is reported that indoleamine-pyrrole 2,3-dioxygenase (IDO1) is
an effective immunosuppressive enzyme, which is upregulated in
EBVaGC to resist tumor immune responses (109).

EBVaGC was found to express high levels of programmed death
ligand 1 (PD-L1) in cancer and infiltrating immune cells (110). As
tumor cells recruit PD-L1 to interact with programmed cell death
protein 1 (PD-1) on the surface of T-cells to escape from antitumor
immunity, the high expression of PD-L1 in EBVaGC can be
considered to be related to tumor progression (111). Additionally,
several studies have also found PD-L1 expression to be increased in
patients with EBV-positive gastric cancer; patients with MSI gastric
cancer showed better prognosis (112, 113).

In 2018, Kim et al. (114) reported on the molecular
characterization of tissue and circulatory tumor DNA (ctDNA)
in 61 patients with metastatic gastric cancer who received rescue
treatment with perbrolizumab in a prospective phase 2 clinical trial.
The results indicate that the objective effective rate (ORR) of
perbrolizumab in the treatment of EBV-positive metastatic
gastric cancer was 100%, significantly higher than the ORR of
85.7% in the treatment ofmetastatic microsatellite instability gastric
cancer. There is a high correlation between PD-L1 positive and EBV-
Frontiers in Oncology | www.frontiersin.org 620
positive/MSI-H, suggesting that immunotherapy may be as effective
in EBV-positive gastric cancer patients as it is in MSI-H patients.

In 2020, Kim et al. verified the effectiveness of immunotherapy
in the treatment of EBV-positive gastric cancer (115). A total of
300 gastric cancer patients (Asian) were included in this study, of
which PD-L1Cps ≥1 was positive in 178 cases (59.3%) and PD-
L1Cps <1 in 122 cases (40.7%). PD-L1Cps ≥1 was significantly
associated with stage I tumor (P=0.022), high microsatellite
instability (MSI-H) (P<0.001), positive EBV status (P=0.008),
and positive Helicobacter pylori status (P=0.001). In the gene
expression profile, PD-L1CPs were highly positively correlated
with mutation load (P<0.001), EBV (P<0.001), and microsatellite
subtype (P<0.001). PD-L1 was expressed in 59.3% of gastric
cancer patients and was associated with positive MSI and EBV
status. These results suggest that patients with EBV-positive
gastric cancer can benefit from immunotherapy. Research
regarding the treatment of EBV-positive gastric cancer is
currently under way, and we eagerly await the results.

DISCUSSION

This paper reviews articles dating back to the discovery of EBV-
positive gastric cancer throughmore recent studies.We collected and
read 1632 articles on Pubmed and finally selected 113 representative
articles for collection (Figures 1 and 2). We comprehensively and
systematically review EBV-positive gastric cancer, its pathological
features, detection methods, pathogenesis, and potential treatment.
We also describe how EBV infects the human body and affects the
host’s miRNA through the expression of proteins in the latent period
until it results in DNA methylation and the onset of gastric cancer.
With the developments in scientific research and improvements in
detection technology, our understanding of EBV-positive gastric
cancer has improved. We are gradually beginning to comprehend
how DNA methylation contributes to the occurrence and
development of gastric cancer due to EBV infection. Moreover,
FIGURE 1 | The process of searching documents by Pubmed.
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recent studies have helped to understand the occurrence and
development of EBV-positive gastric cancer from the perspective
of gene mutations, miRNA expression, and biology. However, these
details are still insufficient for improved treatment of EBV-positive
gastric cancer. Although the prognosis in patients with EBV-positive
gastric cancer is significantly better than other types of cancer, there
is still no unified treatment regimen. On the basis of several
pathogenic mechanisms, we anticipate the use of therapies that
target miRNAs, DNA methylation, or immunotherapy to manage
this cancer type. Furthermore, recent studies indicate that
immunotherapy can help achieve complete remission in EBV-
positive gastric cancer. Thus, it would be possible to decide
whether to administer surgical treatment or immunotherapy in
patients with early EBV-positive gastric cancer, whether anti-
Helicobacter pylori therapy imparts significant therapeutic effects in
EBV-positive gastric cancer patients, and whether these treatment
modalities can also be administered in EBV-negative gastric cancer
patients. Additionally, we may be able to address the issue regarding
treatment of patients infected with EBV, but whose gastric cancer is
not caused by EBV. In summary, we have reviewed the detection and
pathogenesis of EBV-positive gastric cancer and its correlation with
immunotherapy. We are in the initial stages of understanding the
pathogenesis of EBV-positive gastric cancer; several unknown
challenges and treatment options remain to be explored and
discovered. We believe that further research and a better
understanding of EBV will play a vital role in the treatment and
prognosis of patients with gastric cancer.
SEARCH STRATEGY AND SELECTION
CRITERIA

Data for this review were identified by searching the PubMed and
references from relevant articles using the search terms “EBV,”
Frontiers in Oncology | www.frontiersin.org 721
“EBV Gastric cancer,” “miRNA EBV,” “DNA methylation,”
“immunotherapy,” and “Helicobacter pylori.” Abstracts and reports
from meetings were included only when they related directly to
previously published work. Only articles published in English
between 1987 and 2020 were included (Figures 1 and 2).
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Regenerating islet-derived type 4 (REG4), a member of the calcium-dependent lectin gene
superfamily, is abnormally expressed in various cancers, such as colorectal, gastric,
gallbladder, pancreatic, ovarian, prostate, and lung cancer. REG4 is associated with a
relatively unfavorable prognosis and clinicopathologic features in cancers, including
advanced tumor and nodal stage, histological differentiation, and liver and peritoneal
metastasis. Moreover, REG4-positive cancer cells show more frequent resistance to
chemoradiotherapy, especially 5-FU-based chemotherapy. REG4 participates in many
aspects of carcinogenesis, including cell proliferation, apoptosis, cell cycle, invasion,
metastasis, and drug resistance. The underlying mechanisms are complex and involve a
series of signaling mediators and multiple pathways. Thus, REG4 may be a potential
diagnostic and prognostic biomarker as well as a candidate therapeutic target in cancer
patients. In this review, we systematically summarize the advances about the clinical
significance, biological functions, and mechanisms underlying REG4 in cancer to provide
new directions for future cancer research.
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INTRODUCTION

The regenerating islet-derived (REG) family genes belong to the calcium-dependent lectin (C-type
lectin) gene superfamily. There are five REG members expressed in humans: REG1A, REG1B,
REG3A, REG3G, and REG4. All of these are located on the second chromosome, except REG4,
which is located on chromosome 1 (1). REG members are identified to be essential for cell
proliferation, regeneration, inflammation, tumor formation, and formation of immune system (1).
Of these, REG4 is the most frequently observed member and has been characterized as a key
regulator in the initiation, differentiation, and progression of various human cancer cell types.

REG4was originally identified by a high-throughput sequence analysis of a cDNA library derived
from patients with inflammatory bowel disease (2). It is located on the long arm of chromosome 1,
contains six introns and seven exons, and encodes 158 amino acids that include a signal peptide of
22 amino acids and a conserved calcium-dependent hydrocarbon recognition domain (CRD). CRD
is located at amino acid positions 30–155 in the REG4 protein and is critical for the biological
function of REG4, especially in its promotion of invasion and migration abilities (3). Unlike other
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C-type lectins, REG4, in the absence of calcium, can bind
heparin, polysaccharides and mannan mediated by CRDs and
shows a potential role in specific carbohydrate recognition (4).
These findings may provide clues to understanding the
molecular interactions with currently uncertain receptors and
the sugar-binding role of REG4 protein.

REG4, a small secretory protein sized about 18-kD, is also
referred to as regenerating protein-like protein (RELP) (5).REG4 is
expressed in parietal cells of the gastric mucosa and epithelial
neuroendocrine cells of the small intestine (5, 6), and inflammatory
bowel disease (6–9). REG4 may be involved in the metaplastic
responses and inflammation of the gastrointestinal epithelium.
The expression levels in cancerous tissues, such as the stomach,
pancreatic, colorectal, prostate, gallbladder, ovarian and lung
cancers are much higher than that in normal tissues (6, 9–13).
As a secretory protein, REG4 shows two mucin-like and
perinuclear patterns with immunohistochemical staining (14)
Frontiers in Oncology | www.frontiersin.org 227
and promotes carcinogenesis in tumor cells via both autocrine
and paracrine manners (15). The expression of REG4 was
associated with clinical characteristics, such as histologic
differentiation, invasion depth, and TNM stage in cancer patients
and is recommended to be a promising biomarker for predicting
metastasis, combined with S100A4 and MACC1 (16). The
combination of VEGF-C and REG4 has been characterized as a
promising factor for clinical staging to supplement the TNM
classification system (17). High expression of REG4 predicts
poor prognosis and drug-resistance by promoting cancer cell
proliferation, invasion and anti-apoptosis (18).

Kumar et al. reported that REG4 promotes cell proliferation in
colon adenocarcinoma cells via the EGFR/Akt/AP-1 pathway (19).
The mechanisms involved are far more complex than perceived.
The understanding of mechanisms of REG4 in many cancer types
has increased in the recent years (Tables 1 and 2). The current
review will focus on the clinical significance and underlying
TABLE 1 | The role and clinical significance of REG4 in human cancers.

Cancer
type

Results Reference

Colorectal Associated with aggressive phenotype, unfavorable clinical parameters such as advanced tumor and nodal status, also the drug-resistance (5, 8, 20,
21)

cancer Upregulated in adenomas with dysplasia, inflamed epithelium. (22, 23)
Favorable clinical parameters and favorable prognosis for non-mucinous colorectal cancers. (24)
Serum level increased in patients with liver metastasis (25)
Increased resistance to IR-induced apoptosis. (8)
Also expressed in in the neoplastic goblet cells of appendiceal mucinous cystadenomas and epithelial implants of pseudomyxoma peritonei (26)
Promote proliferation and resistance to apoptosis (8, 9, 19,

27),
Associated with advanced T and N status, poor therapeutic response and poor prognosis for neoadjuvant CCRT in rectal cancer patients. (20, 28)

Gastric
cancer

Associated with intestinal and neuroendocrine differentiation of gastric carcinoma, expressed in the goblet cells of intestinal metaplasia and
neuroendocrine cells at the base of intestinal metaplasia; signet ring cell carcinoma more frequently expressed.

(6, 29, 30)

Highly expressed in peritoneum-metastasis cases than in negative cases; promote peritoneal metastasis. (31)
Showed more frequently neuroendocrine differentiation: serotonin, somatostatin; coexpressed with gastrin, serotonin and pancreatic
polypeptide.

(32)

Correlated with advanced stage; Predicts poor prognosis (33, 34)
Serum levels elevated (34)
Serum level predicts resistance to 5-Fu-based chemotherapy, involved in apoptosis-related genes Bcl-2 and dihydropyrimidine
dehydrogenase.

(18, 33)

Pancreatic Serum level or tissue protein elevated in pancreatic cancer (35–37)
cancer Elevated in intestinal-type IPMNs (11)

REG4-overexpressing cancer cells resistant to chemoradiotherapy and more frequently local recurrence (38, 39)
Pro-proliferation (40)
Not independent prognostic factor; Just used in differential diagnosis between pancreatic malignant cancer and chronic pancreatitis (41)

Ovarian
cancer

Elevated in cancer tissues, especially mucinous carcinomas, intestinal-type; REG4 expression was enhanced by transfection of CDX2 (42–44)

Higher expression was observed in well-and moderately differentiated carcinomas than poorly differentiated carcinomas (45)
Poor prognosis (45)
Inhibited cell apoptosis, enhanced G2/S progression, proliferation, migration and invasion (45)

Prostate Independent prognostic indicator of relapse after radical prostatectomy (46)
cancer Candidate marker for hormone refractory metastatic prostate cancer (9)
Gallbladder
carcinoma

More frequently expressed in well to moderately differentiated than in poorly differentiated caners; Involved in carcinogenesis through
intestinal metaplasia; Favorable prognosis

(12)

Elevated in cancer tissues (12, 47)
Lower expression in well-differentiated adenocarcinoma; Poor prognosis (47)

Salivary
grands

Expressed in adenoid cystic carcinomas but not in oral squamous cell carcinomas. (48)

Lung cancer Elevated in KRAS mutant lung adenocarcinoma with low expression of TTF-1; Seliencing REG4 reduced cancer cell proliferation and
tumorigenesis via blocking G2/M transition.

(13)
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mechanisms of REG4 in various human cancers and highlight its
potential applicability for diagnostic, prognostic and
therapeutic approaches.
REG4 EXPRESSION PATTERN AND
CLINICAL SIGNIFICANCE IN HUMAN
CANCERS

Colorectal Cancer
REG4 is expressed in colorectal adenomas with dysplasia (22) or
inflamed epithelium (23). Xiao et al. explored the physiological
functions of REG4 in intestinal inflammation and found that
REG4 altered the colonic bacterial composition and reduced the
number of the bacteria adhering to the colonic epithelium in vivo
and promoted the growth of colonic organoids via activation of
signal transducer and activator of transcription 3 (STAT3) in
vitro (56). REG4 was upregulated in colorectal cancer tissues
than in adjacent normal mucosa (7, 10), indicating that REG4
overexpression may be an early event in colorectal carcinogenesis.
Kukka et al. also observed robust expression of REG4 in the
epithelial implants of pseudomyxoma peritonei and neoplastic
goblet cells of appendiceal mucinous cystadenomas (26). REG4
overexpression is frequently associated with aggressive
phenotypes, unfavorable clinical parameters such as advanced
tumor and nodal status, and drug-resistance (5, 8, 20, 21).
Moreover, REG4 was useful in predicting response to
neoadjuvant chemoradiotherapy in patients with rectal cancer
(20, 28). Kumar et al. identified a relationship of REG4 with the
increased resistance to irradiation-induced apoptosis (8). Kobunai
et al. found that REG4 gene expression was 12-fold higher in
radioresistant cells andmight be a useful predictor of the sensitivity
of rectal cancer patients to radiotherapy (57). Additionally,
colorectal cancer patients with metastatic recurrence in the liver
showed more frequent REG4 immunostaining and serum levels
than in thosewithout recurrence. SerumREG4 levels canbeused to
predict liver recurrence (25). Survival analysis revealed that high
REG4 expression could be correlated with shortened survival time
and emerged as an adverse prognostic factor (13, 45). Jared et al.
showed that REG4-postive tumors, but not at a high risk of
Frontiers in Oncology | www.frontiersin.org 328
recurrence, were associated with decreased survival in established
recurrent colon adenocarcinoma, possibly via activation of REG4-
CD44/CD44ICD pathway (58). The above evidence indicates that
REG4 may be a potential therapeutic target in colorectal cancer.
However, Kaprio et al. performed immunohistochemistry analysis
in 840 consecutive surgically treated colorectal cancer patients and
found that REG4 expression was associated with favorable
clinicopathological characteristics. REG4 expression indicates
higher overall survival rates in non-mucinous colorectal cancer
patients (24). Whereas, studies have suggested that REG4 can
promote colorectal cancer cell proliferation and elevate resistance
to drug-induced apoptosis, in vivo and in vitro (8, 9, 19, 27). The
conflicting results may be attributed to the different cancer
phenotypes included in the study or the use of different methods
to measure RNA or protein levels, which may result in
varied conclusions.

Gastric Cancer
The expression of REG4 is elevated in goblet cells of intestinal
metaplasia and neuroendocrine cells at the base of intestinal
metaplasia (6). Zheng et al. showed that REG4 mRNA or protein
expression was upregulated in the intestinal metaplasia and
adenoma than in paired normal mucosa (29). Signet ring cell
carcinoma, an aggressive phenotype of gastric cancer, expressed
more REG4 than other types of gastric cancer (29, 30). Another
study reported that REG4-positive cases showed more frequent
neuroendocrine differentiation than REG4-negative cases.
Double immunofluorescence staining revealed REG4 may be
co-expressed with gastrin, serotonin and pancreatic polypeptide,
and REG4-positive cells expressed more neuroendocrine
hormones than REG4-negative cells (32). These results suggest
that REG4 plays an important role in intestinal metaplasia and
neuroendocrine differentiation.

REG4 expression in gastric cancer positively correlates with
the cell invasive depth, clinical stages, diffuse type, poor
differentiation, distant metastasis and intrinsic drug resistance
to 5-FU (33, 34). Moreover, REG4 positivity in metastasized
human gastric cancer was significantly higher than that in
negative cases (31). REG4-positive group showed significantly
less survival time than REG4-negative group (34). Zheng et al.
also reported that the serum levels of REG4 in gastric carcinoma
TABLE 2 | The mechanisms of REG4 involved in human cancers.

Cancer type Related pathway or molecules Reference

Colon
adenocarcinoma

REG4 activates EGFR/Akt/AP1 pathway and downstream genes (Bcl-2 Bcl-XL, survivin and MMPs), changes. (19)

Pancreatic cancer REG4 promotes the polarization macrophages to M2 phenotype relying on EGFR/AKT/CREB pathway. (49)
Colorectal cancer REG4 promotes colorectal cancer cell division through Akt/GSK-3b/b-catenin/TCF-4 pathway. (50)
Colorectal cancer MiR-363 downregulates REG4 via suppressing GATA6 and promotes cancer cells growth. (51)
Prostate cancer ADAM9 induced REG4 expression indirectly and upregulated p21 level which negatively regulates Cyclin D1 and blocks G1/S

transition.
(52)

Gastric cancer GPR37 is identified as an interactive partner of REG4; positive feedback loop triggered by REG4 and consisting of GPR37,
ADAM17, TGF-a, EGFR, SP1 and REG4.

(21)

Colon and prostate
cancer

REG4 modulates multiple RTK activation and downstream factors, such as Hsp27, Bcl-2, p21, p27. (53)

Gastric cancer REG4 enhanced 5-FU-based resistance through MAPK/Erk/Bim pathway. (54)
Cancer Stem cell REG4 promotes cancer stem cells properties via Wnt/b-catenin pathway. (55)
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patients were significantly higher than those in healthy
individuals. Additionally, REG4 may be a better serum marker
than carbohydrate antigen 19-9 (CA199) and carcinoembryonic
antigen (CEA) for early diagnosis and as a prognostic indicator
of gastric cancer (34). Patients with high serum REG4 level were
less sensitive to 5-FU-based chemotherapy, possibly due to
REG4-induced Bcl-2 and dihydropyrimidine dehydrogenase
(18, 33). Zheng et al. showed that as the protein expression of
REG4 in intestinal metaplasia, adenoma, carcinoma and gastritis
graduallydecreasedaccording tocombined immunohistochemistry
and in situ hybridization on tissue microarray, indicates that REG4
may be suitable to distinguish gastric benign disease andmalignant
tumors (29).

REG4 expression upregulates SRY-box transcription factor 9
(SOX9) and promotes invasiveness and migration in gastric
tumor cells (59). Kuniyasu et al. observed increased number
and size of peritoneal tumors and decreased apoptosis in vitro,
along with worsened mice survival after transfection with REG4
(31). Antibody against REG4 significantly inhibited proliferation
in gastric cancer cells (MKN45 and AGS) and synergistically
enhanced the lethal effect of 5-FU via the MAPK/ERK/Bim
pathway (54, 60). Zhou et al. also revealed that knockdown of
REG4 decreased stemness properties in gastric cancer stem cells
and increased the effectiveness of cell death following
chemoradiation treatment, indicating that the inhibition of
endogenous REG4 may be a promising therapeutic strategy in
human gastric cancer (61).

Pancreatic Cancer
REG4 is overexpressed in pancreatic cancer tissues than in adjacent
normal tissues at either the mRNA or protein level (35–37). Kohei
et al. found that intestinal-type intraductal papillary mucinous
neoplasms of the pancreas (IPMNs) showed frequent moderate
and severe dysplasia. Of the 125 IPMNs, 43 (34%)were positive for
REG4 and almost all of the intestinal-type IPMNs (35/38)
expressed REG4, suggesting that REG4 was involved in the
‘intestinal’ carcinogenesis pathway in IPMNs (11). Serum REG4
levels could be correlated with REG4 expression in cancer tissues,
and they were elevated in patients with pancreatic cancer than in
healthy individuals and those with chronic pancreatitis (35, 41).
Patients with higher REG4 levels showed unfavorable histologic
response to chemoradiation and experienced more frequent local
recurrence postoperatively (38, 39). Akio et al. found that
knockdown of REG4 resulted in a significant decrease in cell
viability in pancreatic ductal adenocarcinoma. Conversely,
treatment with recombinant REG4 enhanced cell growth in a
dose-dependent manner, indicating that targeting REG4 may be
a potential targeted therapy in pancreatic cancer (40). A 2018
revealed that REG4 was not independent prognostic factor by
multivariate analysis, although serumREG4 levels could be used in
the differential diagnosis of pancreatic malignant cancers and
chronic pancreatitis (41).

Tumor of Reproductive System
REG4 is frequently expressed in mucinous ovarian cancer
subtype (42, 43), especially intestinal-type, and is absent in the
Frontiers in Oncology | www.frontiersin.org 429
endocervical-like form (44). Higher expression was observed in
well- and moderately- differentiated than poorly-differentiated
carcinomas (45). REG4 plays an essential role in early ovarian
carcinogenesis and is closely linked with mucinous ovarian
carcinomas, histologic differentiation and adverse prognosis
(45). REG4, with cytokeratin (CK) 7, contributes to the
differential diagnosis between primary and metastatic ovarian
mucinous carcinomas (44). REG4 overexpression and treatment
with recombinant REG4 both inhibited apoptosis, and enhanced
G2/S progression, cell proliferation, migration and invasion in
SKOV3 ovarian cancer cells (45).

There are only two studies about the clinical role of REG4 in
prostate cancer. Shinya et al. demonstrated that high expression
of REG4 predicts relapse risk after radical prostatectomy (46).
Another study revealed that REG4 is overexpressed in prostate
tumors after neoadjuvant hormone ablation therapy, especially
in hormone-refractory metastatic prostate cancer tissues (9).
Moreover, high expression of REG4 in prostate cancer
correlated with tumor recurrence, metastasis and therapy failure.

Some Other Cancer Types
There are also studies revealing REG4 overexpression in
gallbladder adenocarcinomas (12, 47). However, the role and
clinical significance of these findings in different studies
are controversial. Yang et al. analyzed 108 gallbladder
adenocarcinomas samples using immunohistochemical analysis
and elucidated that the frequency of REG4-positive cases is lower
in well-differentiated adenocarcinoma and that high expression
predicts poor prognosis (12). Hidehiko et al. analyzed the mRNA
and protein levels in 31 gallbladder carcinoma samples using
quantitative reverse transcription-polymerase chain reaction
and immunohistochemical staining, and demonstrated that
REG4 expression was more frequent in well- and moderately
differentiated than in poorly differentiated gallbladder
adenocarcinoma samples. REG4 expression in gallbladder
adenocarcinoma is associated with a relatively favorable
prognosis in patients after surgery (47). However, elucidating
the exact role in gallbladder carcinoma requires comprehensive
analysis of in a larger cohort.

Further, Sun et al. analyzed 55 clinical samples and combined
GEO and TCGA database information, and found that both
mRNA and protein levels of REG4 were significantly upregulated
in KRAS mutant lung adenocarcinoma samples with low
expression of the transcription termination factor 1 (TTF-1)
(identified as the KS subgroup). REG4 promotes the progression
in KRAS mutant lung adenocarcinoma cells progression and can
be used as a novel biomarker in lung adenocarcinoma subtype
(13). Another study also reported overexpression of REG4
in invasive mucinous lung adenocarcinoma of gastric
differentiation-type (62).

Finally, REG4 was also found to be expressed in adenoid
cystic carcinomas in the salivary gland (17/41), but not in oral
squamous cell carcinomas. The expression of REG4 could be
correlated with nodal metastasis, poor prognosis, and pEGFR
levels and that cell growth could be inhibited by anti-REG4
treatment in vitro (48).
January 2021 | Volume 10 | Article 559230
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MECHANISMS INVOLVED IN HUMAN
CANCERS

Promoting Proliferation and Resistance
to Apoptosis
Overexpression and oncogenic role of epidermal growth factor
receptor (EGFR) in malignant tumors are commonly identified
(63, 64). The activator protein-1 (AP-1) complex, which is
predominantly composed of proteins in the Jun and Fos
families, is one of the most important transcription factors
triggered by EGFR signaling (65). Akt is reported to be a
specific upstream kinase regulating AP-1 transcription activity
(66, 67). Bishnupuri et al. revealed that REG4 activates EGFR/
Akt/AP-1 pathway and contributes to the increased invasiveness
and resistance to apoptotic cell death in colon adenocarcinomas.
Treatment with recombinant REG4 induced a remarkable
increase in the phosphorylation of EGFR at Tyr992 and
Tyr1068 and the activation of downstream Akt at Thr308 and
Ser473, coupled with increased AP-1 transcriptional activity:
quantitative increase in expression of Jun B, Jun D, and Fos B
(19). Furthermore, the expression of their downstream anti-
apoptotic genes (Bcl-2, Bcl-XL, survivin, and MMPs) was
significantly increased (19, 68). Huang et al. also reported that
REG4 promotes cell proliferation and migration in gastric cancer
via activation of Akt (69).

REG4 can also promote cancer cell proliferation and anti-
apoptosis via other mechanisms. Kathryn et al. revealed that
REG4 can modulate phosphorylation of multiple additional
receptor tyrosine kinases (RTKs), including insulin receptor,
insulin-like growth factor receptor, as well as their downstream
effectors, EGFR, mitogen-activated protein kinase, and
phosphatidylinositol-3-kinase pathways. Knockdown of REG4
affects the ability of insulin and EGF to phosphorylate
downstream tyrosine kinase in human colon and prostate
cancer cells (53). Jin et al. revealed that REG4 inhibits
apoptosis by regulating the MAPK/ERK/Bim signaling
pathway, thereby enhancing resistance of gastric cancer cells to
5-FU, based on the western blotting results (54). However, the
precise mechanism by which REG4 mediates the phosphorylation
of other RTKs and their downstream proteins and the precise role
of REG4 in the MAPK pathway is still unclear and requires
further research.

Involved in Cell Cycle Regulation
Growth and development of cancer depends on the ability of
cancer cells to escape the normal controls and check points of cell
division cycle. The division of mammalian cells is mainly
regulated at specific points in the cell cycle, particularly at the
G1/S and G2/M transitions. Mammalian D-type cyclins and
associated cyclin-dependent kinases (CDKs) are essential for
driving each cell cycle phase. Misregulated CDKs induce
unscheduled proliferation and chromosomal and genomic
instability (70). Furthermore, REG4 mediates increased Akt
kinase activity and inactivates glycogen synthase kinase 3b
(GSK-3b) by increasing phosphorylation of Ser9 residue.
Decreased GSK-3b activity induces an increased nuclear
Frontiers in Oncology | www.frontiersin.org 530
translocation of b-catenin by decreasing its phosphorylation
at Ser33/37/Thr41 and sequentially increasing TCF-4
transcriptional activity, which promotes the expression of
cyclin D1 and D3 coupled with CDK4 and CDK6. REG4
treatment accelerates G1/S and G2/M phase transition, coupled
with increased mitotic index of colorectal cancer cells. The use of
REG4 antagonists or Akt inhibitors decreased, while GSK-3b
antagonist significantly increased mitotic index and proliferation
in colorectal cancer cells (50). These results indicated the key role
of REG4 in regulating colorectal cancer cell division via the Akt/
GSK-3b/b-catenin/TCF-4 signaling pathway (Figure 1).
Moreover, the mechanism by which REG4 mediates Akt
kinase activity may be attributed to the REG4-mediated
phosphorylation of EGFR, as mentioned above.

Mutations in both adenomatous polyposis coli (APC) and
KRAS synergistically increase tumorigenesis and enhance the
induction of colorectal stem cells (71). As per the microassay-
based transcriptional analysis and knockout of all the
representative KRAS-inducible genes, knockout of REG4
showed the most significant reduction in spheroid-forming
capability in stem cells harboring mutations in both KRAS and
APC. Expression of REG4 was significantly upregulated in a
mutant KRAS-dependent manner in both colorectal stem cells
and cancer tissues harboring APC mutation, consistent with
another study with REG4 overexpression in KRAS mutant lung
adenocarcinoma (13). Protein levels of p-LRP6, b-catenin, and p-
GSK-3b were increased upon treatment with recombinant REG4
in a dose-dependent manner. REG4-induced activation of the
GSK-3b/b-catenin signaling pathway promotes colorectal stem
cell properties induced by KRAS mutation with loss of APC (55).
Another study also indicated that targeting REG4 in aldehyde
dehydrogenase 1 (ALDH1) positive cancer-initiating cells
regulates the tumorigenic capacity of diffuse-type gastric
carcinoma-initiating cells inhibited by GSK-3b (72). Moreover,
REG4 was also upregulated in KRAS-mutant lung carcinoma
and thus, is a novel biomarker in the lung adenocarcinoma
subtype. Silencing REG4 reduced cancer cell proliferation and
tumorigenesis in vivo and in vitro by blocking G2/M transition
(13), suggesting an important role of REG4 in KRAS-driven lung
cancer pathogenesis. However, further studies are needed to
clarify the role and underlying mechanisms of REG4 in cell
proliferation and division and its potential therapeutic value in
lung cancer.

A disintegrin and metalloproteinase 9 (ADAM9) encoded
protein regulates prostate cancer proliferation and invasion by
interacting with a variety of cell surface proteins in prostate
cancer (73–75). Expression of ADAM9 correlates with poor
prognosis, recurrence risk and therapy-resistance (75, 76).
Radioactive and chemical pharmaceutics or the tumor
microenvironment itself can induce endogenous oxidative
responses which induce ADAM9 expression (76). Liu et al.
found that knockdown of ADAM9 decreases expression of
REG4 and upregulates expression of p21Cip1/WAF1 and p27Kip1

which negatively regulates the expression of cyclin D1 and blocks
the G1/S transition (52). Radiochemotherapy could induce the
endogenous superoxide and upregulation of ADAM, followed by
January 2021 | Volume 10 | Article 559230
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activation of REG4/p21Cip1/WAF1 pathway activation. The
ADAM9/REG4/p21Cip1/WAF1 pathway contributes to cancer
cell division and drug resistance. Furthermore, Liu et al. also
reported that ADAM9 may indirectly induce REG4 expression
via activation of EGFR by cleaving HB-EGF (52). Further
investigation of the correlation between ADAM9 and REG4
may help to understand the underlying mechanism of therapy-
resistance in prostate cancer. Additionally, Wang et al. revealed
that REG4 promotes the phosphorylation of ADAM17 and
amplifies itself via a positive feedback (21) which indicates that
ADAM family members may be involved in the progression of
REG4-induced pathological changes.

Promoting the Polarization Macrophages
to M2 Phenotype
Another study demonstrated that REG4-induced EGFR/Akt
pathway activation promotes cancer cell progression directly
and polarization of macrophages to M2 phenotype. Several
reports suggest that M2 tumor-associated macrophages
(TAMs) can provide a favorable microenvironment to promote
tumor angiogenesis, progression and suppress adaptive
immunity (77–79). Ma et al. demonstrated that treatment with
Frontiers in Oncology | www.frontiersin.org 631
recombinant REG4 and the culture medium of REG4-positive
pancreatic cancer cells induced the expression of some M2-
related genes in macrophages, such as IL10 and CD163 (49).
TAMs are often recruited to tumors by growth factors or
chemokines produced by tumor cells themselves (80). EGFR
and cAMP response element-binding protein (CREB) are
reported to contribute to M2 polarization of macrophages (81).
Further study showed that overexpression of REG4 promotes
phosphorylation-mediated activation of EGFR and Akt, which
subsequently induce the phosphorylation of CREB at Ser133.
However, knockdown of CREB blocked the M2 macrophage
polarization mediated by REG4 (49). Tumor-secreted REG4 can
change the tumor microenvironment to facilitate cancer cell
growth and metastasis by promoting macrophage polarization to
M2 via activation of the EGFR/Akt/CREB pathway.

Molecules Regulating the Expression
of REG4
The receptor of REG4 is always a problem that has been confused
by researchers. Wang et al. demonstrated a positive feedback
loop triggered by REG4, amplifying itself via EGFR, comprising
EGFR, ADAM17, G protein-coupled receptor 37 (GPR37),
FIGURE 1 | Schematic representation of REG4 signaling pathway. GPR37 as the interactive partner of REG4 complex.REG4 can transactivate RTKs including
EGFR. EGFR phosphorylates Akt and activates downstream AP-1, GSK-3b/b-catenin/TCF-4, p21Cip1/WAF1/p27Kip1 pathway regulating cancer cells apoptosis,
proliferation and invasiveness. EGFR and Akt can also induced the phosphorylation of CREB and promote TAMs polarization to M2 phenotype. REG4 can amplify
itself by a positive feedback loop consisting of GPR37, ADAM17, TGF-a, EGFR, SP1 and REG4. CDX2 was identified as the transcription factor of REG4. REG4,
Regenerating islet-derived type 4; GPR37, G protein-coupled receptor 37; RTKs, receptor tyrosine kinases; EGFR, Epidermal growth factor receptor; Akt, serine/
threonine kinase 1; AP-1, activator protein-1; GSK-3b, glycogen synthase kinase 3 beta; TCF-4, transcription factor 4; CREB, cAMP response element-binding
protein; TAMs, tumor-associated macrophages; ADAM17, a disintegrin and metallopeptidase domain 17; TCF-a,transforming growth factor alpha; CDX2, caudal
type homeobox 2.
January 2021 | Volume 10 | Article 559230
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TGF-a, REG4, and transcription factor SP1 (21), as shown in
Figure 1. They also demonstrated that GPR37 is a partner of
REG4 and promotes peritoneal metastasis in gastric cancer cells
by mediating the signal transduction of REG4 (21). However,
there is still no study elucidating the exact receptor or the
complete complex partners of REG4. Apichat et al. also
showed that the expression of REG4 in colon cancer cells can
be enhanced by stimulation from transforming growth factor-a
(TGF-a), epidermal growth factor (EGF), fibroblast growth
factor, and hepatocyte growth factor (23).

The glutamyl-tRNA amidotransferase (GATA) family, a group
of evolutionarily conserved zinc finger-containing transcription
factors, is essential for proliferation, differentiation and
development in many organs (82). Among them, GATA6 is
expressed throughout the gastrointestinal epithelium and is
essential for the tumorigenicity and cell invasion in colorectal
cancer (83). Yoshihiro et al. showed that miR-363 represses
transcription of REG4 via suppression of GATA6. GATA6
simultaneously induces expression of leucine-rich repeat
containing G-protein-coupled receptor 5 (LGR5) and is
presented as a stem cell marker (84, 85). Cooperation between
the GATA6/LGR5 and GATA6/REG4 pathways plays an
important role in the tumorigenicity in colon cancer cells (51).
Yoshihiro et al. also reported that the expression levels of REG4
and LGR5 may not be directly influenced by miR-363 and
GATA6. GATA6 usually acts in combination with other
transcriptional factors, including TCF-4 and caudal type
homeobox 2 (CDX2) (86, 87). CDX2 was frequently found to
bind directly to the 5′-flanking promoter of REG4 and positively
regulate its expression (11, 42, 44, 88, 89). CDX2 may be involved
in the process of inducing upregulation of REG4 viamiR-363 and
GATA6, which needs further research.

Another study revealed that miR-24 directly downregulated
REG4 expression by binding its 3′ untranslated region and
restrained gastric cancer progression (90). Moreover, gliotactin
(GLI), a transcription factor in the hedgehog signaling pathway,
was also identified to bond to REG4 promoter region and induce
REG4 expression in pancreatic cancer (36).
CONCLUSION AND PERSPECTIVE

REG4 is upregulated not only in various human cancers,
including colorectal, gastric, pancreatic, ovarian, prostate,
gallbladder, and lung cancer (Table 1), but also in some
benign diseases, such as ulcerative colitis, intestinal metaplasia,
adenoma, and atypical hyperplasia, suggesting a significant role
of REG4 in tumorigenesis. Most studies have revealed that REG4
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overexpression is positively associated with unfavorable clinical
parameters, resistance to therapy and poor prognosis, indicating
that REG4 is a promising prognostic biomarker and potential
therapeutic target in cancer patients. Serum levels of REG4 were
also found to be elevated in several cancer types and could
predict metastasis and recurrence, suggesting that serum REG4
levels can potentially be used as a screening and diagnostic serum
biomarker similar to carcinoembryonic antigen (CEA).

The mechanism of action of REG4 in human cancers is
complex and involves multiple pathways (Table 2). REG4 is
upregulated in cancer stem cells and participates in the
promotion of colorectal stem cell properties via the Wnt/b-
catenin pathway. The REG4/Akt/GSK-3b/b-catenin/TCF-4
pathway was also shown to regulate cell cycle progression and
promote colorectal cancer cell proliferation. REG4-induced
EGFR/Akt phosphorylation promotes not only cancer cell
proliferation directly via increased AP-1 transcriptional
activity, but also the polarization of macrophages to M2
phenotype, changing the microenvironment to facilitate cancer
cell growth and metastasis via activation of CREB. Additionally,
REG4 can amplify its expression via a positive feedback
consisting of EGFR, ADAM17, TGF-a, SP1, and GPR37 was
identified as an interactive partner of the REG4 complex. Some
other molecules such as ADAM9, microRNAs and MAPK
pathways were also found to be involved in the process of
REG4 promoting cancer cell proliferation and invasion

In this article, we specifically reviewed the expression and role
of REG4 in various human cancers. The mechanisms involve
promoting proliferation, apoptosis-resistance, cell cycle
regulation, and TAMs. However, research on REG4 is still at a
preliminary stage, and inhibition of endogenous REG4 or its
downstream signaling warrants further investigation to delineate
its potential and limits for cancer diagnosis and treatment.
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Purpose: Hepatitis B virus reactivation (HBVr) in patients with gastrointestinal stromal
tumors (GISTs) have not been sufficiently characterized. This study aimed to review the
possible mechanism of HBVr induced by imatinib and explore appropriate measures for
patient management and monitoring.

Methods: The clinical data of GIST patients who experienced HBVr due to treatment with
imatinib at Xiangya Hospital (Changsha, Hunan, China) were retrospectively analyzed. A
literature review was also conducted.

Results: Five cases were analyzed, including 3 cases in this study. The average age of the
patients was 61.8 y, with male preponderance (4 of 5 vs. 1 of 5). These patients received
imatinib as adjuvant treatment (n=4) or as neoadjuvant treatment (n=1). Primary tumors
were mostly located in the stomach (n=4) or rectum (n=1). High (n=3) or intermediate (n=1)
recurrence risk was categorized using the postoperative pathological results (n=4).
Imatinib was then started at 400 (n=4) or 200 mg (n=1) daily. Patients first reported
abnormal liver function during the 2th (n=1),6th (n=3), or 10th (n=1) month of treatment with
imatinib. Some patients (n=4) discontinued imatinib following HBVr; notably, 1 month after
discontinuation, 1 patient experienced HBVr. Antivirals (entecavir n=4, tenofovir n=1),
artificial extracorporeal liver support (n=1), and liver transplant (n=1) were effective
approaches to treating HBVr. Most patients (n=3) showed favorable progress, 1 patient
underwent treatment, and 1 patient died due to severe liver failure induced by HBVr.

Conclusions: Although HBVr is a rare complication (6.12%), HBV screening should be
conducted before starting treatment with imatinib in GIST patients. Prophylactic therapy
for hepatitis B surface antigen positive patients, prompt antiviral treatment and cessation
of imatinib are also necessary.
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INTRODUCTION

Gastrointestinal stromal tumors (GISTs) are the most common
mesenchymal neoplasms located in the digestive tract, with an
estimated annual incidence of 1–2 per 100,000 globally (1, 2).
Most cases of GIST have activated mutations in KIT and platelet-
derived growth receptor alpha (PDGFRA). Since 2000, imatinib
has been found to target KIT changes in GIST cells (3). More
than 80% of GIST patients have benefited from treatment with
imatinib (4). This therapy has become one of the standard
treatments for GIST (5).

Hepatitis B virus reactivation (HBVr) is a common complication
in tumor patients with chronic HBV infection and simultaneously
undergoing cytotoxic chemotherapy or immunosuppressive
therapy (6). HBV is a major global health problem chronically
affecting more than 257 million people worldwide (7). However,
HBVr in tumor patients may lead to liver function injury or fatal
liver failure. This occurrence can interrupt therapy, delaying the
effective treatment of tumor patients and consequently
affecting prognosis.

However, the risk for HBVr during the treatment of GISTs by
using imatinib is poorly understood. To the best of our
knowledge, only 2 cases have been reported worldwide (8, 9).
Thus, it is urgent to clarify the mechanism and summarize such
cases in order to draw attention from the medical community
and provide clinical guidance for patient management.
METHODS AND MATERIALS

We retrospectively reviewed the data of 869 patients with GIST
from January 2007 to June 2020 through the hospital
information system of Xiangya Hospital of Central South
University (Changsha, Hunan, China). A total of 440 patients
received imatinib as adjuvant treatment (n=428) or neoadjuvant
treatment (n=12); 49 patients tested positive for hepatitis B
surface antigen (HBsAg), whereas 391 tested negative. Finally,
3 cases (6.12%) of HBVr due to imatinib for GIST were recorded.
This study protocol was approved by the Medical Ethics
Committee of Xiangya Hospital, Central South University
(Changsha, Hunan, China).
RESULTS

Case 1
A50-year-oldwomanwith ahistory ofHBVinfectionover 20years
presented with abdominal pain, hematemesis, hematochezia, and
even syncope on December 29, 2018. The patient had no
experience using antivirals for HBV or hepatotoxic drugs. She
Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; CT,
computed tomography; GISTs, gastrointestinal stromal tumors; HBcAg, hepatitis
B core antigen; HBeAb, hepatitis B e-antibody; HBeAg, hepatitis B e-antigen;
HBsAb, hepatitis B surface antibody; HBsAg, hepatitis B surface antigen; HPF,
high-power field; HBVr, hepatitis B virus reactivation; NIH, National Institutes of
Health; PDGFRA, platelet-derived growth receptor alpha.
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was diagnosed with GIST by gastroscopy and abdominal-pelvic
computed tomography (CT) scan. At the time of diagnosis, the
patienthadanormal liver function. Serologic tests forHBVshowed
that the patient was positive for HBsAg, hepatitis B e-antibody
(HBeAb), hepatitis B core antigen (HBcAg) but negative for
hepatitis B e-antigen (HBeAg) and hepatitis B surface antibody
(HBsAb). TheHBVDNA level was 3.10 × 104 IU/mL (normal, <10
IU/mL). The patient underwent resection of two tumors with
partial resection of the stomach on January 11, 2019. Postoperative
pathology confirmed the diagnosis of two gastric GISTs [size,
10.5 cm × 7 cm × 6 cm and 4 cm × 2.5 cm × 2 cm; mitosis,
both>5/50 high-power field (HPF)]. Immunohistochemistry
indicated that the tumors were positive for CD34, CD117, Dog1,
and Ki-67 (3%). Mutational analysis demonstrated a mutation in
KIT exon 11. The patient was classified as high-risk under the
modified National Institutes of Health (NIH) classification system
(2008) (10). To reduce the risk of tumor recurrence, administration
of imatinib 400 mg daily was started postoperatively in
January 2019.

On June 25, 2019, the patient presented with nausea,
vomiting, and jaundice. Liver function tests showed elevated
aspartate transaminase (AST) at 434.0 U/L (normal, 13.0–35.0
U/L), alanine transaminase (ALT) at 407.0 U/L (normal, 7.0–40.0
U/L), total bilirubin at 24.5 umol/L (normal, 1.7–17.1 umol/L),
and direct bilirubin at 12.4 umol/L (normal, 0.0–6.8 umol/L). No
change in serum HBV serology was indicated, and the HBV
DNA level increased to 3.57 × 106 IU/mL. With the exclusion of
other causes of liver injury such as infection with hepatitis A, C,
or E virus, cytomegalovirus, Epstein-Barr virus, and autoimmune
hepatitis, a diagnosis of imatinib-related chronic HBV
reactivation was established. Thus, the patient immediately
received entecavir (0.5 mg/d), discontinued imatinib, and took
artificial extracorporeal liver support 3 times for severe liver
damage. After 1 month, the symptoms and liver function
abnormalities resolved. The HBV DNA level decreased to
6.59 × 102 IU/mL. After discharge, the patient continued to
take entecavir (0.5 mg/d) (up to present). In January 2020, the
patient resumed taking low-dose imatinib (100 mg/d), with doses
increased to 200 mg/d in February 2020 and 300 mg/d from
March up to present. Patient recovery was uneventful. In April
2020, her liver function subsequently remained within normal
ranges, No HBV DNA was detected, and no evidence of GIST
recurrence was found in the abdominal–pelvic CT scan.

Case 2
A 59-year-old man without any symptoms was diagnosed with
GIST by physical examination including gastroscopy in
November 2018. He was diagnosed with HBV infection 20
years ago without undergoing antiviral therapy. After
admission to the local hospital, he tested positive for HBsAg,
HBeAb, and HBcAg but negative for HBsAb, HBeAg, hepatitis C
virus, and normal liver function. He underwent laparoscopic
complete stomach resection of the tumor with an uncomplicated
postoperative course. The mass was diagnosed as a gastric GIST
and categorized as high-risk in accordance with the modified
NIH classification system (2008) (10). (size, 7 cm × 5 cm × 4 cm
mitosis, >5/50 HPF). Immunohistochemistry showed the
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following: CD117(+), CD34(+), Dog-1(+), and Ki-67 (<8%).
Adjuvant treatment with imatinib (400 mg/d) was started on
December 23, 2018.

In January 2019, the patient manifested abdominal pain.
Laboratory and imaging tests showed normal results. The
abdominal pain resolved after symptomatic treatment. In
February 2019, the patient presented with edema of eyelids,
hands, and ankles as side effects of imatinib. On May 15, 2019,
the patient was admitted to a local hospital because of increasing
systemic edema. Owing to serious side effects, imatinib
administration was stopped. From November 2018 to May
2019, the patient received imatinib (400 mg/d), and his liver
function was normal. No other hepatotoxic medication, except
for imatinib, was taken.

However, after discontinuing imatinib, the patient reported
dizziness, body weakness, and weight loss in June 2019. The
patient was immediately admitted to Xiangya hospital.
Laboratory findings showed the following measurements: ALT,
977.1 U/L (normal, 7.0–40.0 U/L); AST, 1382.0 U/L (normal,
13.0–35.0 U/L); total bilirubin, 20.5 umol/L (normal, 1.7–17.1
umol/L); and direct bilirubin, 11.3 umol/L (normal, 0.0–6.8
umol/L). Serology results indicated no change in serum HBV;
moreover, HBV DNA was 6.11 × 107 IU/mL (normal < 10 IU/
mL), and the tumor marker CA125 was 82.73U/mL (normal, 0–
35.00 U/mL). However, positron emission tomography–
computed tomography did not indicate recurrence or
metastasis of GIST and other tumors. Thus, HBVr was
identified as the potential cause of liver damage, and the
patient was immediately administered entecavir (0.5 mg/d).
However, the clinical condition of the patient progressively
deteriorated because of severe hepatitis caused by HBVr. The
patient ultimately developed severe liver failure leading to death.

Case 3
A 51-year-old man was found to have multiple hepatic masses
and a gastric mass after a physical examination in September
2019. The patient subsequently underwent radical surgical
resection for the gastric mass and palliative resection for the
hepatic masses in a local hospital. The patient had a history of
HBV infection of over 10 years but received no antiviral therapy
for HBV. During hospitalization, the patient showed normal
liver function, tested positive for HBsAg, HBeAb, and HBcAb,
and tested negative for HBsAb, HBcAb, and hepatitis C virus.
Pathological examination revealed that the gastric mass was a
high-risk gastric GIST (size, 4.5 cm × 3.5 cm × 3 cm; mitotic
index>10/50 HPF), which stained positive for CD117, CD34,
DOG1, and ki-67 (20%). The liver mass was a metastatic GIST
(the maximum tumor diameter was 1.5 cm), which stained
positive for DOG1; one lymph node was metastatic (1/1).
Additional molecular analysis confirmed the mutation in KIT
exon 11. The liver metastases were only partly removed,
requiring lifetime treatment with imatinib (400 mg/d), which
the patient started to receive in January 2020.

Regular laboratory examination after treatment with imatinib
for 3months showed that thepatient hadmildly elevatedALT, 80.0
U/L (normal, 9.0–50.0 U/L), but no symptoms and signs.
Laboratory examination after treatment with imatinib for 6
Frontiers in Oncology | www.frontiersin.org 338
months showed further increases in ALT to 282.6 U/L (normal,
9.0–50.0 U/L), AST to 154.0 U/L (normal, 15.0–40.0 U/L), total
bilirubin to 19.9 umol/L (normal, 1.7–17.1 umol/L), and direct
bilirubin to 10.5 umol/L (normal, 0.0–6.8 umol/L). HBVDNAwas
4.99 × 108 IU/ml (normal, < 10 IU/ml). Serology testing results
showed that HBsAg and HBcAb were positive, whereas HBsAb,
HBeAb, andHBeAgwere negative. After excluding other causes of
hepatitis, we considered that hepatitis could be attributable to
HBVr. Thus, entecavir (0.5 mg/d) was administered, and imatinib
was discontinued immediately. The patient now was followed up
under close observation.
LITERATURE REVIEW

We performed a literature search in PubMed for other reported
cases by using the terms “Hepatitis B virus reactivation”,
“Gastrointestinal stromal tumors,” and “imatinib” and
identified only 2 case reports (8, 9). The aforementioned cases,
together with the 3 cases presented in the current study, complete
the 5 cases currently reported (Table 1).

In the 5 cases, the average age of the patients was 61.8 y (range:
50–87 y), with amale-to-female ratio of 4:1. Four patients received
imatinib as adjuvant treatment for intermediate—(n=1) or high-
risk (n=3) recurrence based on the modified NIH classification
system (2008) (10), and 1 patient received neoadjuvant treatment.
Primary tumors were located in the stomach (n=4) or rectum
(n=1), and one of our patients with a gastric GIST had liver
metastasis. Imatinib at 400 mg daily was started in accordance
with consensus-based medication (10) in 4 patients and 200 mg
daily in 1 patient suffering from chronic kidney disease (stage 3b).
Abnormal liver function was reported in 3 patients during the 6th

month of treatment with imatinib at 400 mg/d and in 1 patient
during the 2nd month of the same treatment at the same dose.
Meanwhile 1 patient was diagnosed with HBVr during the 10th

monthof treatmentwith6dose adjustments of imatinib, as follows:
200mg/d for10d, held for 2weeks; 100mg/d for3months; and400
mg/d for 40 d, held for 2weeks, and restarted at 200mg/d imatinib.
We observed the change inHBVDNA (3.10 × 104 IU/mL to 3.57 ×
106 IU/mL) before and after HBVr in 1 patient, which was
attributed to treatment with imatinib, as well as the high level of
HBV DNA following HBVr in 4 patients.

Treatment with imatinib was stopped in all patients following
HBVr. Four patients received entecavir as antiviral treatment,
and 1 patient received tenofovir. Two patients accepted liver
transplant or artificial extracorporeal liver support to reverse the
deterioration of their liver function. Three patients successfully
recovered, 1 patient underwent treatment, and 1 patient died due
to severe liver failure.
DISCUSSION

Imatinib has indeed changed the fate of patients with GIST and
Philadelphia chromosome-positive chronic myeloid leukemia by
targeting the oncogenic drivers of these diseases—BCR–ABL1 and
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KIT and/or PDGFRA—mutations that promote the function of
tyrosine kinase activities (11). The importance of imatinib, as the
mainstay of treatment for GIST, has been emphasized in various
clinical guidelines (10, 12, 13). The side effects of imatinib are
usually mild and generally well tolerated by most GIST patients
(14). HBVr rarely occurs in patients infected with chronic HBV.
However, when GIST patients with chronic HBV infection receive
imatinib, the risk for HBVr is present. Without timely adequate
recognition and treatment, HBVr can lead to an unfavorable
prognosis or even death, such as that in Case 2, or increase the
risk of tumor recurrence and progression, such as that in Case 3.
GIST patients with chronic HBV infection and treated with
imatinib rarely suffer from HBVr; regardless, these cases need to
be consolidated to raise awareness of complications.

Definition of HBVr
No unified diagnostic criteria for HBVr have been established
worldwide; however, a consensus has been reached for patients
with HBsAg(+)/HBcAb(-) or HBsAg(-)/HBcAb(+) receiving
immunosuppressive therapy or chemotherapy. HBVr is defined
as the occurrence of any of the following: a hundredfold increase in
the HBV DNA level, the recurrence of detectable HBV DNA or
positive HBsAg, or HBV DNA > 105 IU/mL without a previously
known HBV DNA level baseline (7, 15). Imatinib-induced
hepatotoxicity has been reported and the incidence is less than
2.5% in patients with GIST (16); however, liver dysfunction usually
resolves with either dose reduction or the discontinuation of the
drug,whichclearly contradictsCase2 in the current study.Thus, the
3 cases presented meet the definition of HBVr. Notably, HBVr
occurs not only in patients with overt chronic HBV infection but
also in patients with resolved HBV infection (17).

HBVr is usually divided into two stages: (i) immediately after
immunosuppressive therapy with the induction of HBV
replication, reflecting a sharp increase in serum HBV DNA,
and (ii) during withdrawal or a decrease in immune suppression.
In stage (ii), patients tend to develop immune reconstitution that
may lead to hepatocellular injury and even liver failure (18).

Mechanism of Imatinib-Induced HBVr
The mechanism by which imatinib induces HBVr has yet to be
determined.However, a review of the relevant literature suggests that
imatinib is directly and/or indirectly (by immunosuppressive
function) involved in HBVr (Table 2). HBV covalently closed
circular DNA and low levels of HBV DNA and RNA can be
detected in host hepatocytes even in patients who have recovered
from HBV and produced HBsAg after complete clearance of serum
HBsAg and HBV DNA from a recent infection (26). When the
immunity of the body, particularly the cellular immune function, is
inhibited, viral replication increases, inducing an imbalance in the
mechanisms that lead to HBVr (27). The imbalance between host
immune response and HBV replication seem to indirectly
cause HBVr. Although imatinib was not defined as an
immunosuppressant, evidence has suggested that it exhibits an
immunoregulatory effect. Imatinib at 400–800 mg/d inhibits the
differentiation and function of dendritic cells (DCs), reducing the
efficiency of priming cytotoxic T cell lymphocytes (CTLs) (19, 20). It
also reducesmemoryB-cell frequencies and the secondary expansion
T
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ofmemoryCTLs, resulting in impairedprotection against reinfection
(21, 22). Moreover, several in vitro studies using T cells isolated from
human peripheral blood have demonstrated a dose-dependent
reduction in T-cell proliferation and activation in the presence of
imatinib (23, 24). Imatinib also inhibits immunity to several disease,
such as herpes zoster infection (28), tuberculosis (29), Epstein Barr
Virus-positive lymphoproliferative disease (30), and sclerotic-type
chronic graft-versus-host disease, in addition to HBVr (31).
However, imatinib can stimulate anticancer responses mediated by
T cells, interferon-producing killer DCs andNK cells in patients (11,
32–34). Thus, further research is needed to distinguish the difference
in effect of imatinib between viral immunity regulation and tumor
immunity regulation.

In addition to indirect reactivation by immunosuppression,
imatinib can directly activate HBV. Moreover, c-Abl kinase
promotes the CRL4Cdt2 mediated ubiquitination of HBV
polymerase and further suppresses HBV replication. However,
inhibiting c-Abl kinase activity with imatinib can lead to the
accumulation of HBV polymerase protein and release of HBV,
and consequently to HBVr (25). Clinical HBV replication in
patients with chronic HBV may be activated via direct and
indirect pathways; however the exact mechanism of HBVr
induced by imatinib is unknown and needs further study.

Prevention and Treatment
With the introduction of imatinib, GIST patients often have a
good prognosis of long-term survival and quality of life.
However, some patients develop HBVr, causing acute fatal
liver failure and even death. According to the guideline (35),
imatinib is associated with a moderate risk (1% to 10% incidence
rate of HBVr). Therefore, early prevention, diagnosis, and
treatment of HBVr are extremely significant for GIST patients
receiving imatinib therapy.

Prompt identification of HBV-infected patients is mandatory
before administering imatinib to prevent HBVr (36). HBV
prophylaxis, identification of HBV patients, or reactivation
monitoring can effectively prevent imatinib discontinuation.
Conducting HBsAg and HBcAb tests is widely recommended
before administering immunosuppressors (37, 38). If chronic
HBV infection is evident, HBsAb, HBeAg, HBeAb, and HBV
DNA may be tested selectively for risk stratification (39). HBsAg-
positive tumor patients are suggested to undergo antiviral therapy 1
Frontiers in Oncology | www.frontiersin.org 540
week before receiving immunosuppressors or are given antivirals
and imatinib simultaneously and continue to suppress the risk for
HBVrduring treatment. The reason is thatHBVr-inducedhepatitis
is more difficult to control and cure (37). Prophylactic therapy can
potentially reduce the incidence ofHBVr (40). ALT, AST andHBV
DNA should be tested every 3 to 6 months during prophylaxis (6).
Moreover, HBcAb-positive and HBsAg-negative GIST patients
should be monitored every 1-3 months for their ALT, HBV DNA
andHBsAg levels during treatment (6, 41). If the tests turn positive
under close surveillance, antiviral treatment is started immediately
(42). In principle, both therapy for HBV patients with normal
immunity function and therapy forHBVrpatients should reach the
same therapeutic endpoint (43). GIST patients receiving antivirals
during treatment with imatinib need to continue their antivirals for
6–12 months after treatment with imatinib (37, 44).

WhenGIST patients experienceHBVr, treatment with imatinib
should be stopped, and antiviral treatment should be immediately
initiated to avoid unfavorable outcomes. As soon as HBVr was
evident, imatinib was instantly discontinued in 4 (except Case 2) of
the 5 cases presented.Most patients had a goodprognosis.Owing to
its efficacy in reducing the occurrence of HBVr, lamivudine is
widely used in the treatment of cancer patients undergoin g
chemotherapy (45). However, long-term use of lamivudine may
lead to HBV resistance mutations and drug resistance. Compared
with lamivudine, some more recent drugs such as entecavir may
reduce the risk of drug resistance (46). Numerous studies (47, 48)
have shown that entecavir can effectively inhibit viral replication
and improve liver inflammation; moreover, it has an adequate
safety index. Thus, entecavir is often considered as a first-line agent.
Tenofovir disoproxil fumarate and tenofovir alafenamide fumarate
also provide alternatives (49, 50).

One patient had artificial extracorporeal liver support and
another patient had a liver transplant, and each had a good
prognosis. Although some GIST patients with HBVr underwent
antiviral and supportive treatment, their liver function still
deteriorated. If liver injury could not be controlled by antivirals
and liver-protective drugs, prompt artificial extracorporeal liver
support as treatment choice would save the patient as inCase 1. For
a favorable prognosis, a liver transplant is also a therapeutic choice
(the case inWalker’s study) for patientswith tumors (such asGIST)
and suffering acute liver failure.

However, our study has several limitations. First, a small
number of cases was included in the review, and the follow-up
period was short. Second, this study is a retrospective study with
possible selection bias. Third, the management and monitoring
of HBVr in patients with GIST were not based on research
concerning GIST patients with HBVr induced by imatinib but
were merely suggested as feasible by current clinical evidence.
More prospective clinical random control trials are needed to
improve clinical understanding of severe complications.
CONCLUSION

HBVr has a relatively low incidence rate (6.12%). Regardless, the
occurrence of HBVr in GIST patients undergoing treatment with
TABLE 2 | Mechanism of Hepatitis B virus reactivation induced by imatinib.

Reactivation
modes of
HBV

Activation mechanisms Reference

Indirect
reactivation of
HBV

Inhibiting the differentiation and function of dendritic
cells

(19, 20)

Inhibiting memory cytotoxic T cell expansion (21)
Reducing memory B-cell and impairing humoral
immune responses

(22)

Reducing T-cell proliferation and activation (23, 24)
Direct
reactivation of
HBV

Inhibiting c-Abl kinase to downregulate CRL4
activity, suppress CRL4cdt2-mediated ubiquitination
of HBV polymerase, and further promote HBV
reactivation

(25)
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imatinib cannot be ignored, particularly in China, which has a
high rate of HBV infection. HBVr prophylaxis and monitoring
seem effective and safe for the management of these patients.
Thus, serology testing for HBsAg and HBcAb in GIST patients
and prophylactic therapy for patients at high risk for HBVr needs
to be conducted prior to the initiation of treatment with imatinib.
Meanwhile, cessation of treatment with imatinib and initiation of
antiviral therapy are mandatory following HBVr.
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Targeted miR-193a, by Constitutive
Activation of JAK/STAT Signaling,
Leads to Tumor Progression Through
Overexpression of YWHAZ
in Gastric Cancer
Kuo-Liang Wei1, Jian-Liang Chou1,2,3, Yin-Chen Chen1, Jie-Ting Low1,2, Guan-Ling Lin2,
Jing-Lan Liu4, Te-Sheng Chang1, Wei-Ming Chen1, Yung-Yu Hsieh1, Pearlly S. Yan5,
Yu-Ming Chuang2, Jora M. J. Lin2, Shu-Fen Wu2,6, Ming-Ko Chiang2, Chin Li2,6,
Cheng-Shyong Wu1* and Michael W. Y. Chan2,6,7*

1 Division of Gastroenterology, Chang Gung Memorial Hospital, Chiayi, Taiwan, 2 Department of Biomedical Sciences,
National Chung Cheng University, Chiayi, Taiwan, 3 Instrument Center, Department of Research and Development, National
Defense Medical Center, Taipei, Taiwan, 4 Department of Anatomical Pathology, Chang Gung Memorial Hospital, Chiayi,
Taiwan, 5 Division of Hematology, Department of Internal Medicine, Comprehensive Cancer Center, The Ohio State
University, Columbus, OH, United States, 6 Epigenomics and Human Disease Research Center, National Chung Cheng
University, Chiayi, Taiwan, 7 Center for Innovative Research on Aging Society (CIRAS), National Chung Cheng University,
Chiayi, Taiwan

Purpose: The purpose of this study was to identify genes that were epigenetically
silenced by STAT3 in gastric cancer.

Methods: MBDcap-Seq and expression microarray were performed to identify genes
that were epigenetically silenced in AGS gastric cancer cell lines depleted of STAT3. Cell
lines and animal experiments were performed to investigate proliferation and metastasis of
miR-193a and YWHAZ in gastric cancer cell lines. Bisulfite pyrosequencing and tissue
microarray were performed to investigate the promoter methylation of miR-193a and
expression of STAT3, YWHAZ in patients with gastritis (n = 8) and gastric cancer (n = 71).
Quantitative methylation-specific PCR was performed to examine miR-193a promoter
methylation in cell-free DNA of serum samples in gastric cancer patients (n = 19).

Results: As compared with parental cells, depletion of STAT3 resulted in demethylation of
a putative STAT3 target, miR-193a, in AGS gastric cancer cells. Although bisulfite
pyrosequencing and epigenetic treatment confirmed that miR-193a was epigenetically
silenced in gastric cancer cell lines, ChIP-PCR found that it may be indirectly affected by
STAT3. Ectopic expression of miR-193a in AGS cells inhibited proliferation and migration
of gastric cancer cells. Further expression microarray and bioinformatics analysis identified
YWHAZ as one of the target of miR-193a in AGS gastric cancer cells, such that depletion
of YWHAZ reduced migration in AGS cells, while its overexpression increased invasion in
MKN45 cells in vitro and in vivo. Clinically, bisulfite pyrosequencing revealed that promoter
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methylation of miR-193a was significantly higher in human gastric cancer tissues (n = 11)
as compared to gastritis (n = 8, p < 0.05). Patients infected with H. pylori showed a
significantly higher miR-193a methylation than those without H. pylori infection (p < 0.05).
Tissue microarray also showed a positive trend between STAT3 and YWHAZ expression
in gastric cancer patients (n = 60). Patients with serum miR-193a methylation was
associated with shorter overall survival than those without methylation (p < 0.05).

Conclusions: Constitutive activation of JAK/STAT signaling may confer epigenetic
silencing of the STAT3 indirect target and tumor suppressor microRNA, miR-193a in
gastric cancer. Transcriptional suppression of miR-193a may led to overexpression of
YWHAZ resulting in tumor progression. Targeted inhibition of STAT3 may be a novel
therapeutic strategy against gastric cancer.
Keywords: STAT3, epigenetics, miR-193a, YWHAZ, gastric cancer
INTRODUCTION

Gastric cancer is the third leading cause of cancer deaths
worldwide. Despite the advance in cancer therapy, the 5-year
survival rate of gastric cancer is still less than 30% (1). Gastric
cancer usually developed progressively from several histological
stages including gastritis, and intestinal metaplasia (2, 3). These
lesions are highly related to the infection of Helicobacter pylori
(H. pylori), a Gram-negative bacteria that colonizes human
stomach, and is also one of the risk factors for gastric cancer.
Particularly, patients infected with cytotoxin-associated gene A
(CagA)-positive strain of H. pylori, in comparison with CagA-
negative strain, have increased risk of developing atrophic
gastritis, as well as gastric cancer (4, 5). This may be attributed
to the increased cytokine expression and activation of JAK/STAT
signaling, resulting in robust inflammatory responses in the
tumor microenvironment (6, 7).

JAK/STAT signaling is known to be involved in cancer
development. Upon binding of IL-6 to its receptor, Janus
kinase (JAK) is then activated for phosphorylation of STAT3,
which is then dimerized and translocated into the nucleus,
together with cofactors, to regulate transcription of its target
genes. Previous studies including ours demonstrated that
phosphorylated STAT3 can also suppress gene expression, by
recruitment of DNMT1 (7–9). However, the role of STAT3 in
epigenetic modifications of tumor suppressors is less explored.

MicroRNAs (miRNAs), small non-coding RNAs (approximately
22 nucleotide lengths), recognize 3’-untranslated regions (3’-UTR),
open reading frame (ORF), or 5’-UTR of targeted mRNA to inhibit
gene expression at post-transcriptional level. Numerous studies have
demonstrated that miRNAs are aberrantly expressed in gastric
cancer and play an important role in gastric cancer progression
(10–12). The miR-193a that generates two mature miRNAs, miR-
193a-3p, and miR-193a-5p was indicated as a tumor suppressor in
various cancer, such as acute myeloid leukemia, thyroid carcinoma
(13–15). Indeed, previous study showed that downregulation of
miR-193a enhances Myeloid cell leukemia-1 (MCL1) expression
and promotes gastric cancer proliferation, confirming the tumor
suppressive role of miR-193a (16). However, the role of JAK/STAT3
244
signaling on epigenetic silencing of tumor suppressive miR-193a in
gastric cancer has never been explored.

In this study, by high-throughput screening, we found that
expression of miR-193a was epigenetic silenced by STAT3
activation. Epigenetic silencing of miR-193a led to overexpression
of the adapter protein and metastatic regulator YWHAZ, resulting
in gastric cancer progression.
MATERIALS AND METHODS

Patient Samples
Ninety patient samples including gastritis (n = 9), tumor
adjacent normal (n = 11), and cancer (n = 71) were obtained
from Chang Gung Memorial Hospital, Chiayi, Taiwan (Table 1).
For this cohort of gastric cancer patient samples, the median age
at the time of diagnosis was 69 years (range, 47~87 years). Serum
samples from 19 cancer patients were also obtained for
February 2021 | Volume 11 | Article 575667
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TABLE 1 | Summary of clinico-pathological data of patients’ samples.

Gastritis (n = 8) Adjacent normal (n = 11) Cancer (n = 71

Age
Median 43 53 69
Range 26~77 23~78 46~87
Sex
Male 5 5 50
Female 3 6 21

H. pylori
infection
Positive 3 2 43
Negative 5 9 28

Stage
I 13
II 14
III 31
IV 13

Metastasis
Yes 48
No 23
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methylation analysis of cell-free DNA (Table 2). All human
subject assessments were approved by the Institutional Review
Board (IRB) of the Chang Gung Memorial Hospital, Chiayi,
Taiwan. The study was carried out in strict accordance with
approved guidelines. Written informed consent was obtained
from all participants.

Cell Culture
Gastric cancer cell lines (AGS, KATO III, MKN28, MKN45,
SNU1, and SNU16, purchased from ATCC, Manassas, VA, USA)
were propagated in RPMI-1640 (Invitrogen, Carlsbad, CA, USA)
containing 10% fetal bovine serum and incubated at 37°C under
a humidified atmosphere containing 5% CO2. For DNA
demethylation treatment, cells were treated with 0.5 mM 5’-
aza-2’-deoxycytidine (5aza, Sigma, St. Louis, MO, USA) for
72 h, with or without 0.5 mM histone deacetylase (HDAC)
inhibitor, trichostatin A (TSA, Sigma) for 12 h, or in
combination. Cells were also treated with 2.5 mM of a STAT3
inhibitor RHD6 (9) for 72 h.

Methyl-CpG Binding Domain-Based
Capture and Sequencing (MBDCap-Seq)
Control and STAT3 depleted AGS cells were subjected to
MBDCap-Seq to identify differentially methylated regions as
previously described (17, 18). In brief, one microgram of
sonicated DNA was incubated at room temperature on a
rotator mixer in a solution containing 3.5 mg of MBD-Biotin
Protein coupled to M-280 Streptavidin Dynabeads (Methyl
Miner Kit, Invitrogen). Methylated DNA was enriched by
collecting magnetic beads and washing three times with Bind/
Wash Buffer. Library generation and 50-bp single-ended
sequencing were performed on the Illumina HiSeq 2500
system according to the manufacturer’s standard protocol. All
sequencing was performed at the sequencing core of the Ohio
State University, Columbus, OH, USA. The sequencing data has
been deposited in the Gene Expression Omnibus database
(accession number: GSE154080).
Frontiers in Oncology | www.frontiersin.org 345
DNA Extraction, RNA Extraction, and
Quantitative Reverse Transcription-PCR
The DNA was extracted using the Tissue & Cell Genomic DNA
Purification Kit (Genemark, Taiwan). The DNA was eluted in
50 µl distilled water and stored at –20°C until use. Total RNA
from cell lines was extracted using Trizol (Invitrogen) in
accordance with the manufacturer’s protocol. Briefly, 1.0 mg of
total RNA was treated with DNase I (Amplification Grade,
Invitrogen), prior to reverse transcription. RNA was then
reverse-transcribed, using oligo dT primers or a TaqMan
microRNA reverse transcription kit (Applied Biosystems,
Foster City, CA, USA) with primer specific to miR-193a
(Applied Biosystems) or RNU48 (Applied Biosystems).
Quantitative real-time RT-PCR was then performed using ABI
Stepone real-time PCR system (Applied Biosystems). GAPDH
and snoRNA (RNU48) were used as normalization controls for
mRNA and miRNAs expression, respectively. All RT-PCR
primer sequences are shown in Table 3. Relative expression
levels were calculated using the comparative Ct method.

Bisulfite Conversion and Pyrosequencing
Bisulfite pyrosequencing was performed as described previously
(19). Briefly, 0.5 µg of genomic DNA was bisulfite-modified
using the EZ DNA Methylation Kit (Zymo Research, Orange,
CA, USA), according to the manufacturer’s protocol. The
bisulfite-modified DNA was subjected to PCR amplification
using a tailed reverse primer in combination with a biotin-
labeled universal primer. PCR and sequencing primers were
designed using PyroMark Assay Design 2.0 (Qiagen GmbH,
Hilden, Germany). The CpG site of miR193a was PCR amplified
with specific primers (Table 3) in a 25 ml reaction using
Invitrogen Platinum™ DNA Polymerases (Invitrogen). Prior to
pyrosequencing, 1.5 ml of each PCR reaction was analyzed on 1%
agarose gel. Pyrosequencing was performed on the PyroMark
Q24 instrument (Qiagen) using Pyro Gold Reagents (Qiagen),
according to the manufacturer’s protocol. The methylation level
of 11 CpG sites, which are located +5 to +11 was measured. The
methylation percentage of each cytosine was determined by
dividing the fluorescence intensity of cytosines with the sum of
the fluorescence intensity of cytosines and thymines at each CpG
TABLE 2 | Summary of clinico-pathological data of 19 gastric cancer patients
with serum samples.

Cancer (n = 19)

Age
Median 67

Range 51~82
Sex
Male 13
Female 6

H. pylori infection
Positive 14
Negative 5

Stage
I 5
II 3
III 9
IV 2

Metastasis
Yes 12
No 7
TABLE 3 | Primer sequence used in this study.

RT-PCR Sequence 5’-3’

GAPDH forward CCCCTTCATTGACCTCAACTACAT
GAPDH reverse CGCTCCTGGAAGATGGTGA
Pri-miR193a forward GTCTTTGCGGGCGAGAT
Pri-miR193a reverse TTGATGTCTGGGTCTTGGTTCT
YWHAZ forward GTTTCCATGTCCCATGATCC
YWHAZ reverse GGAAGCCACAATGTTCTTGG

Pyrosequencing
mir193a forward GGGTGTAGGATTAATTGGTTTATAAAGT
mir193a reverse AACCCACCTCACCACTCCTTCTC
mir193a sequencing ATTAATTGGTTTATAAAGTTTTAGT

UNIV biotin primer AGCTGGACATCACCTCCCACAACG
Methylation Specific PCR
mir193a MF GGTGTATAGAGTCGGCGATC
mir193a MR CGAAAACCGAAAAAAAAACG
Feb
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site. In vitro methylated DNA (Merck Millipore, Billerica, MA,
USA) was included as a positive control for pyrosequencing.

Quantitative Methylation-Specific
PCR (qMSP)
Bisulfite-modified DNA was subjected to qMSP for miR-193a
methylation analysis using ABI StepOne real time PCR system
(Applied Biosystems) as previously described (20). Primers
targeting the miR-193a promoter region were shown in Table 3.
The amount of methylated miR-193a were determined by the
threshold cycle number (Ct) for each sample against a standard
curve generated by SssI treated DNA (Millipore, Billerica, MA,
USA)-MSP cloned fragment of miR-193a.

Chromatin Immunoprecipitation-PCR
(ChIP-PCR)
Chromatin immunoprecipitation was performed according to
Abcam X-ChIP protocol. In brief, AGS cells at 2 × 107 were fixed
with 1% formaldehyde for 10 min at room temperature. Cross-
linking was stopped by the addition of glycine to a final concentration
of 125 mM followed by a 5 min incubation. Cells were harvested and
lysed with ChIP lysis buffer. DNA was then sheared by sonication
(Diagenode Bioruptor) to 300–700 bp fragments. The cross-linked
protein-DNA complex was immunoprecipitated using mouse anti-
STAT3 (Cell Signaling, 124H6, #9139). DNA was purified using
Qiaquick PCR purification kit (Qiagen). The amount of DNA was
quantified by a SYBR green based real-time PCR (Applied
Biosystems, StepOne), and the relative enrichment fold-change was
calculated using delta Ct.

Knockdown YWHAZ by shRNA
The shRNA of YWHAZ were acquired from the RNAi Core
Facility (Academia Sinica, Taiwan). Briefly, 293T cells were
transfected with shRNA (TRCN0000029093), pMDG, and
pCMV-dR8.91 using ProFection Mammalian Transfection
System (Promega) to prepare the shYWHAZ lentivirus.
Infected gastric cancer cells were selected by incubating with
2 µg/ml puromycin (Sigma) for at least 2 days.

Colony Formation Assay
Trypsinized cells (1,000 cells) were seeded and mixed in 1.5 ml of
0.35% top layer agar supplemented with DMEM with 10% FBS.
This suspension was overlaid on the bottom layer of 0.5% agar in
DMEM with 10% FBS in a six-well plate. Plates were allowed to
solidify and then incubated at 37°C for around 3 weeks. Colony
formation was monitored daily by microscopic observation. At
the end of the experiments, the plates were stained with
Iodonitrotetrazolium (INT) stain (Sigma) at 37°C for 48 h. The
number of colonies were counted.

Wound Healing Assay
For cell motility assay, the transfected cells were seeded in 6-cm
plates and cultured to confluency. A single wound was created by
scratching the cell by using a 20 µl sterile pipette tip. The cells
were washed two times with PBS and incubated in culture
medium. Images were taken at 0 and 12 h after wounding.
Frontiers in Oncology | www.frontiersin.org 446
Transwell Invasion Assay
Transwell chamber inserts with coated matrigel (Invitrogen)
were used for cell invasion assays. The transfected cells (5 ×
103 cells) were seeded into the upper chamber of the 24 well with
500 µl serum free medium. Then 500 µl complete medium with
10% FBS was added to the bottom of the inserts, allowing cells to
invade for 48 h. After incubation, the cells on the upper surface of
the membrane were removed, whereas those on the lower filter
surfaces were fixed and stained with Giemsa stain (Sigma). The
number of migrated cells was counted under a microscope.

Immunohistochemical Analysis on Gastric
Cancer Tissue Microarray
Paraffin-embedded gastric cancer patients tissue microarray was
prepared and retrieved from Chang Gung Memorial Hospital,
Chiayi, Taiwan. The tissue microarray contained 60 samples of
gastric cancer patients. The immunohistochemistry procedure
followed a standard protocol, using an anti-human STAT3 and
YWHAZ antibody (Cell signaling). All tissue microarray slides
were examined and scored by pathologist.

In Vivo Tumorigenicity Assay
A total of three, 6-week-old, NOD-SCID mice were obtained
from the National Laboratory Animal Center, Taiwan. MKN45
cells (5 × 106 for intraperitoneal injection and 1 × 106 for
subcutaneous injection) stably transfected with pcDNA3.1/
YWHAZ or pcDNA3.1 were re-suspended in 0.1 ml of medium
or medium/Matrigel (BD Bioscience, San Jose, CA, USA) mixture
(1:1). For metastatic analysis, cells were intraperitoneally injected,
and sacrificed after 5 weeks. Tumor nodules were observed in
internal organs such as lung, liver, and stomach, for metastasis.
For subcutaneous injection, cell suspension was injected
subcutaneously into the flank of each mouse (day 0). Tumor
size was measured daily with calipers in length (L) and width (W).
Tumor volume was calculated using the formula (L × W2/2). At
the end of experiment, all mice were sacrificed by cervical
dislocation. All mice were kept under specific pathogen-free
conditions using a laminar airflow rack, with free access to
sterilized food and autoclaved water. All experiments were
performed under license from Animal Experimentation Ethics
Committee of the National Chung Cheng University.

Statistical Analysis
Unpaired t-test was also used to compare parameters of the
different groups. Overall survival was assessed using Kaplan-
Meier analysis with the log-rank test. All statistical calculations
were performed using GraphPad Prism 5 software (version 5.01).
P values < 0.05 was considered to be statistically significant.
RESULTS

STAT3-Mediated Epigenetic Silencing of
miR-193a in Gastric Cancer Cell Line
To identify genes that were epigenetically silenced by STAT3
activation, we performed a sequencing based method (MBD
February 2021 | Volume 11 | Article 575667
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Cap-Seq) in AGS gastric cancer cell line (an adenocarcinoma
with constitutive STAT3 activation), depleted of STAT3 by viral-
based shRNA (9), to compare methylation changes in this cell
and the control cells (Figure 1A). There were 1,107 genes
showing hypomethylation in AGS/shSTAT3 cells, as compared
Frontiers in Oncology | www.frontiersin.org 547
to control (AGS/shGFP), including GATA6 in which its
promoter methylation has already been confirmed in AGS
gastric cancer cells and patients samples in our previous study
(9). Out of these 1,107 genes, 142 genes predicted to have at least
one STAT3 binding elements (SBE, Supplementary Table S1).
A B

D EC

G HF

FIGURE 1 | Identification of miR-193a as a STAT3-mediated hypermethylated target in gastric cancer cells. AGS gastric cancer cells infected with lentivirus
expression control (AGS/shGFP) or shRNA against STAT3 (AGS/shSTAT3) were used to perform methylation and expression analysis. (A) Global methylation
analysis of the parental AGS/shGFP or AGS/shSTAT3, by MBDcap-Seq. Left panel, heatmap showing differential methylated regions (DMR) in AGS/shSTA3 and
AGS/shGFP cells. Right panel, representative histogram showing methylation level of chromosome region around miR-193a (chr17:29886200-29888000) in AGS
control and STAT3 depleted cells. (B) Bisulfite sequencing of miR-193a methylation in AGS control and STAT3 depleted cells. Upper panel, schematic diagram
showing the genomic map of miR-193a promoter, with the corresponding locations of CpG sites and the putative STAT3 binding site (SBE, blue box). The location
of miR-193a (red line) and region for bisulfite pyrosequencing analysis (enlarged region) is also shown. Lower panel, scatter plot showing the methylation level of the
seven CpG sites being interrogated in AGS control (AGS/shGFP) and STAT3 depleted cells (AGS/shSTAT3). (C) ChIP-PCR showing the binding of STAT3 to SBE1,
SBE2 of the promoter region of miR-193a. Negative control region (Ctrl, -400 upstream of TSS) and positive control (GATA6) were also shown. Relative expression
and methylation level of mature miR-193a in a panel of gastric cancer cell lines was also determined by (D) quantitative RT-PCR and (E) bisulfite pyrosequencing.
Relative expression level of miR-193a in AGS cells treated with (F) epigenetic modifiers (DNMT inhibitor, 5aza, and/or HDAC inhibitor, TSA), (G) shRNA against
STAT3 (shSTAT3), or (H) a specific STAT3 inhibitor (JSI-124). Each bar represents mean ± SD of duplicate experiments (*p < 0.05, **p < 0.01; ***p < 0.005).
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Interestingly, miR-193a, with two predicted SBE (Figure 1B
upper panel), was found to be among our list of 1,107 genes.
Although previous studies, including ours, have described the
epigenetic control and function of miR-193a in several human
cancers (20–22), its role in gastric cancer is less explored. We
therefore set to examine the functional role of miR-193a in
gastric cancer.

Bisulfite pyrosequencing was first performed to validate our
sequencing results, showing a hypermethylation at miR-193a
promoter region in AGS control (AGS/shGFP), while a decrease
of methylation level at the same region was observed in AGS cells
depleted of STAT3 (AGS/shSTAT3, Figure 1B lower panel).
Next, we first investigated the role of STAT3 in the epigenetic
silencing of miR-193a. Unexpectedly, ChIP-PCR (Figure 1C)
revealed that STAT3 did not bind to either SBE1 or SBE2, as
compared to control region (Ctrl, 400 bp upstream of miR-193a
TSS); while STAT3 binding was noted in GATA6, as we
previously described (9).

To further investigate the expression and methylation ofmiR-
193a, a lower expression of miR-193a was observed in AGS, as
well as Kato III and MKN28 gastric cancer cell lines (Figure 1D).
In agreement with expression data, hypermethylation of miR-
193a promoter was only observed in these cell lines (Figure 1E).
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Combination treatment by DNMT inhibitor (5-aza) and HDAC
inhibitor (TSA) restored miR-193a expression (Figure 1F).
Importantly, depletion of STAT3 (Figure 1G) and treatment of
a STAT3 inhibitor, JSI-124 (Figure 1H) (23) could also restore
miR-193a expression. Taken together, our results demonstrated
that miR-193a was silenced by STAT3-mediated epigenetic
mechanism in gastric cancer cells.

Overexpression of miR-193a Inhibits
Proliferation and Migration in AGS Cells
To examine the function ofmiR-193a in gastric cancer,miR-193a
was overexpressed in AGS cell line (Figure 2A). Overexpression
of miR-193a in AGS cells reduced proliferation in colony
formation assay (Figure 2B) and repressed migration in
wound healing assay (Figure 2C). These results suggested that
miR-193a might be a tumor suppressor in gastric cancer.

YWHAZ Is a Novel Target Gene of
miR-193a in Gastric Cancer
Next, we aim to identify genes that are repressed by miR-193a
and involved in the metastasis of gastric cancer, expression
microarray was performed to identify genes showing at least
A

B

C

FIGURE 2 | Overexpression of miR-193a inhibits cell proliferation and migration in AGS gastric cancer cells. AGS cells were transfected with control or miR-193a
overexpressing plasmid. (A) Relative expression of mature miR-193a in control (AGS/Control) or miR-193a (AGS/miR-193a) overexpressing AGS cells, as determined
by quantitative real-time PCR. Proliferation and migration of AGS/Control and AGS/miR193a cells were determined by (B) colony formation assay and (C) wound
healing assay. Right panel shows the quantitative analysis of the assay. Each bar represents mean ± SD of duplicate experiments (**p < 0.01).
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1.5-fold change of RNA expression in AGS/shSTAT3 cell line, as
compared to the knockdown control. There were 1,125 genes
with expression change, either upregulation or downregulation
in STAT3 knockdown AGS cells (Figure 3A). Combination of
three microRNA databases found that there are 97 common
targets with predicted miR-193a binding site. One of the
downregulated targets, YWHAZ, which has been previously
found to be involved in metastasis (24, 25), was chosen for
further investigation.

We then overexpressed miR-193a in AGS cells, resulting in
downregulation of YWHAZ, as compared to transfection control
(Figure 3B). Further 3’UTR luciferase assay confirmed thatmiR-
Frontiers in Oncology | www.frontiersin.org 749
193a targeted YWHAZmRNA in AGS and MKN28 cells (Figure
3C). Taken together, these results suggested that miR-193a
targets YWHAZ in gastric cancer cell lines.

YWHAZ Enhances Invasion in Gastric
Cancer Cell Line
To validate function of YWHAZ, we then examined the
expression of YWHAZ in a panel of gastric cancer cell lines.
Expression of YWHAZ partially coincided with the expression of
miR-193a in those cancer cell lines, such that MKN45 cells
showing higher expression of miR-193a also showed lowest
expression of YWHAZ; while AGS cells showing modest
A

B D

C1 C2

FIGURE 3 | Identification of YWHAZ as a novel miR193a target gene in gastric cancer. (A) Schematic diagram showing the experimental scheme of this study. AGS
knockdown control (AGS/control) or STAT3 depleted cells (AGS/shSTAT3) were used to perform Illumina expression microarray. The scatter plot shows the
fluorescence signal of each gene on the array in AGS/control vs AGS/shSTAT3. There were 1,125 genes showing expression changes of ≥1.5-fold. In additional,
bioinformatic analysis using three microRNA databases was performed to predict potential miR-193a targets. There are 97 potential miR-193a targets. YWHAZ, a
potential miR-193a target showing downregulation in AGS/shSTAT3 cells (as compared to control) and has been shown to be involved in metastasis, was selected
for further analysis. (B) Relative expression of YWHAZ in AGS gastric cancer cells overexpressed with control or miR-193a-expressing plasmid. 3’UTR luciferase
confirmed that miR-193a targets YWHAZ in (C1) AGS and (C2) MKN28 cells. (D) Relative expression of YWHAZ in a panel of gastric cancer cell lines. Each bar
represents mean ± SD of duplicate experiments (*P < 0.05, **p < 0.01).
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expression of miR-193a and a relatively higher expression of
YWHAZ (Figures 1C and 3D). These two cell lines were then
chosen for further functional validation of YWHAZ.

We first depleted YWHAZ in AGS cells, showing a reduced
migration ability as compared to knockdown control (Figure 4A).
For reciprocal experiments, overexpression of YWHAZ increased
proliferation (Figure 4B) and invasion in MKN45 (Figure 4C).
Interestingly, overexpression of YWHAZ further enhanced the
ability of TGF-b-induced invasion in MKN45 cells. Taken
together, these results suggested that YWHAZ, a miR-193a
target, induced cell proliferation and invasion in gastric cancer
cell lines.

YWHAZ Increases Metastasis of Gastric
Cancer Cell In Vivo
To examine the function of YWHAZ in vivo, we subcutaneously
injected MKN45 control and YWHAZ overexpressing cells into
Frontiers in Oncology | www.frontiersin.org 850
athymic nude mice. Surprisingly, overexpression of YWHAZ in
MKN45 cells had no effect on tumor size (Figures 5A, B) and
weight (Figures 5C, D), as compared to vector control.
Intriguingly, overexpression of YWHAZ resulted in a liver
metastasis of MKN45 cells, intravenously injected into NOD-
SCID mice (Figure 5E). These results suggested that YWHAZ
may affect metastasis of gastric cancer in vivo.
Hypermethylation of miR-193a and
Expression of YWHAZ in Human
Gastric Cancer
To confirm the role of miR-193a and YWHAZ in gastric
carcinogenesis, we analyzed promoter methylation of miR-193a
in tissue samples obtained from gastritis (n = 8), and paired
tumor adjacent normal and gastric cancer (n = 11) by bisulfite
pyrosequencing. Significant higher miR-193a methylation was
A

B

C

FIGURE 4 | YWHAZ regulates proliferation, migration and invasion in gastric cancer cells. (A) Migration of AGS cells were infected with shRNA against GFP (shGFP,
control) or YWHAZ (shYWHAZ) in AGS gastric cancer cells, as determined by wound healing assay. Right panel shows the quantitative analysis of the assay. MKN45
transfected control (pcDNA, MKNB45/Control) or YWHAZ expressing plasmid (MKN45/YWHAZ), were used to perform (B) colony formation assay, and (C) transwell
invasion assay. Addition of TGF-b further enhanced the invasion ability of YWHAZ-overexpressing MKN45 cells. Quantitative analysis was shown in the right panel.
Each bar represents mean ± SD of duplicate experiments (*P < 0.05, **p < 0.01; ***p < 0.005).
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observed in adjacent normal and cancer tissues, as compared to
gastritis (Figure 6A). Importantly, gastritis and adjacent normal
with H. pylori infection demonstrated a higher miR-193a
methylation than those without H. pylori infection (Figure
6B). We also performed tissue microarray to determine the
Frontiers in Oncology | www.frontiersin.org 951
correlation between STAT3 and YWHAZ expression in gastric
cancer tissue samples (n = 60), showing a positive trend of
STAT3 and YWHAZ (Figure 6C, r = 0.208, and Figure 6D).
Whereas, slightly higher YWHAZ expression was also found in
gastric cancer tissues infected with H. pylori (Figure 6E).
A B

D

E

C

FIGURE 5 | YWHAZ enhanced metastasis in MKN45 cells in vivo. MKN45 cells transfected with control (MKN45/Control) or plasmid expressing YWHAZ (MKN45/
YWHAZ) were injected subcutaneously (s.c.) into nude mice (A–D) or intraperitoneally into NOD-SCID mice (E). (A) Representative images showing the tumor in an
s.c. xenograft mouse model. Overexpression of YWHAZ demonstrated a similar tumor size (B, C) and weight (D) of the xenograft, as compared to control. (E)
However, MKN45/YWHAZ cells demonstrated more intraperitoneal nodules (red arrow) as compared to control, after 5 weeks of injection (red arrow). H&E stain
presented tumor cells obtained from the liver of NOD-SCID mice.
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GivenmiR-193a is involved in tumor metastasis, we therefore
investigated if miR-193a methylation can be a biomarker for
predicting patient outcomes using cell-free DNA obtained from
serum samples. Gastric cancer patients with higher serum miR-
193a methylation is associated with shorter overall survival than
those with lower serum miR-193a methylation (Figure 6F, p =
0.04). Taken together, these results suggested that infection of H.
pylori was associated with higher miR-193a methylation and
YWHAZ expression, probably due to activation of JAK/STAT
Frontiers in Oncology | www.frontiersin.org 1052
signaling. Methylation of miR-193a can be a minimal-invasive
biomarker for predicting patient outcomes in gastric cancer.
DISCUSSION

Aberrant activation of JAK/STAT signaling could contribute to
gastric carcinogenesis, partially due to alteration of the
epigenome (26, 27). In the current study, by methylomic
A B

D

E F

C

FIGURE 6 | Infection of H. pylori is associated with miR-193a hypermethylation and increased YWHAZ expression in gastric cancer. (A, B) Scatter plot showing
miR-193a methylation in patient tissue samples with gastritis (n = 8), and paired tumor adjacent normal and gastric cancer (n = 11). Red lines denote median.
Infection of H.pylori is associated higher miR-193a methylation in gastritis and tumor adjacent normal. Immunohistochemistry of STAT3 and YWHAZ in gastric
cancer tissue (n = 60) was performed using tissue microarray. (C) Scatter plot showing a positive trend between expression score of STAT3 and YWHAZ. (D)
Tissues infected with H. pylori showed a higher expression of YWHAZ than those without H. pylori infection. (E) Representative photos showing low (STAT3Lo,
YWHAZLo) and high (STAT3Hi, YWHAZHi) expression of STAT3 and YWHAZ in tissue microarray. (F) Kaplan-Meier analysis showed that patients with serum miR-
193a methylation is associated with shorter overall survival as compared to samples without methylation (p < 0.05).
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analysis, we identified thatmiR-193a, a potential STAT3 target, is
epigenetically silenced by DNA methylation in gastric cancer
cells. However, combination treatment of both DNMTi (5aza)
and HDACi (TSA) only resulted in robust reexpression of miR-
193a, suggesting that other mechanisms such as histone
modifications are also responsible for the transcriptional
regulation of miR-193a.

Depletion of STAT3 and treatment of STAT3 inhibitor in
AGS cells partially restored miR-193a expression, suggesting that
miR-193a is epigenetically suppressed by STAT3 activation.
Bioinformatic analysis found that there are two STAT3
binding sites at the upstream promoter region of miR-193a;
however, ChIP-PCR showed that STAT3 did not bind to these
regions. These results suggested that epigenetic silencing of miR-
193a is indirectly affected by STAT3, probably through STAT3-
mediated upregulation of DNMT (28) and EZH2 (29). We have
previously demonstrated that E2F6-mediated EZH2 repression is
responsible for the epigenetic silencing of miR-193a in ovarian
cancer. Whether E2F6 also participates in the epigenetic
silencing of miR-193a requires further investigation.

Furthermore, restoration of miR-193a in gastric cancer cell
suppressed proliferation and migration in vitro, probably due to
suppression of YWHAZ, which is found to be a target of miR-
193a. In this regard, epigenetic silencing of miR-193a could
result in upregulation of YWHAZ and tumor invasion in vitro
and in vivo. As YWHAZ was previously found to be involved in
cancer metastasis (24, 25), overexpression of YWHAZ could
enhance gastric cancer invasion in vitro and in vivo. Clinically,
higher miR-193a methylation, and YWHAZ expression, was
observed in patient tissue samples with H. pylori infection,
suggesting that H. pylori mediated STAT3 activating might be
responsible for this phenomenon. Interestingly, miR-193a
methylation can also be served as a biomarker for predicting
patient outcomes in serum of gastric cancer patients.

YWHAZ, also knowns as 14-3-3z, belongs to the 14-3-3
protein family and are highly conserved regulatory proteins in
both plants and mammals (30, 31). 14-3-3 proteins participate in
a wide range of signaling pathways through binding to specific
phosphoserine/phosphothreonine (pSer/Thr) containing motifs
in target protein (32). A critical role of 14-3-3 protein family has
been described in breast, lung, and head and neck cancers,
suggesting that YWHAZ plays a pro-oncogenic role in
multiple tumor types (33). Previous studies also showed that
YWHAZ could form a complex with b-catenin to activate Wnt
pathway, thus enhancing metastatic potentials in cancers (34,
35). This result is in agreement with our study that YWHAZ
could increase metastasis in vitro and in vivo, probably through
STAT3-mediated epigenetic silencing of miR-193a.

Several studies showed thatmiR-193a plays an important role
in the progression of human cancer, such as lung and colorectal
cancer (36, 37). Studies found that miR-193a could be sponged
and suppressed by long non-coding RNA, via a competing
endogenous RNA (ceRNA) mechanism, resulting in the
proliferation of gastric cancer cells (16). This phenomenon
may partially explain the in-concordance between the
expression level of miR-193a and YWHAZ in some of the cell
Frontiers in Oncology | www.frontiersin.org 1153
lines. Specifically, high level of miR-193a in SNU1 and SNU16
cells may be suppressed by ceRNA mechanism resulting in a
higher expression of YWHAZ in these cells. However, further
experiment is required to confirm this phenomenon.

In conclusion, aberrant JAK/STAT signaling might participate
in the epigenetic silencing of miR-193a, via promoter
hypermethylation, in gastric cancer. Suppression of miR-193a
might induce YWHAZ overexpression, resulting in gastric
cancer metastasis. Inhibition of STAT3 could restore miR-193a
expression and subsequent inhibition of metastasis. Methylation
of miR-193a could also act as a biomarker for the prediction of
patient outcome. The therapeutic potential of targeting STAT3 in
the treatment of gastric cancer deserves further investigation.
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Background: According to the 8th edition AJCC staging manual, a least of 16 lymph
nodes retrieval (LNRs) is the minimal requirement for lymph nodes (LNs) dissection of
gastric cancer surgery. Previous studies have shown that increasing the number of LNRs
(≥30) prolongs survival for selected patients. However, the necessity of retrieving 30 or
more LN for stage II gastric cancer patients is still under debate.

Aim: This study aims to explore the impact of retrieving 30 or more lymph nodes on the
survival of stage II cancer patients.

Methods: A total of 1,177 patients diagnosed with stage II gastric cancer were enrolled in
this study. The clinicopathological parameters and the impact of different LNRs (<30 or
≥30) and positive lymph node ratio (NR) on overall survival (OS) were retrospectively
analyzed.

Results: The mean number of LNRs was 34 ± 15. A total of 44% (518/1,177) of patients
had an LNRs <30, while 56% (659/1,177) of patients had an LNRs ≥30. The 5-year
survival rate was 81% for all patients, 76% for the LNRs <30 group, and 86% for LNRs
≥30 group, respectively (P = 0.003). The survival benefit of retrieving 30 lymph nodes was
significant in certain subgroups: age >60 years/male/underwent total gastrectomy/stage
IIB. For N+ patients, higher NR was significantly correlated with poor survival.

Conclusion: The survival benefit of retrieving 30 LNs varies in different subgroups. An
LNRs of 30 is mandatory for selected stage II gastric cancer patients.
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INTRODUCTION

Gastric cancer is the fourth most common malignant tumor in
the world and is one of the most common causes of cancer-
related death (1). Lymphatic metastasis is a major metastatic
pathway for gastric cancer. Extended lymph node dissection is
an important part of radical gastrectomy. According to the 8th

edition of the AJCC staging manual, the retrieval of at least 16
lymph nodes is the minimal requirement for lymph node
dissection, and retrieval of 30 lymph nodes is more desirable
(2). Studies have found that an increase in the number of
lymph nodes retrieved is associated with prolonged survival
(3–10) because more lymph nodes retrieved may indicate more
extended lymph node dissection and may help avoid tumor
migration to a lower stage than the actual stage. Thus, some
studies have proposed an argument that the minimal number
of LNRs should be improved to a higher standard. However,
there are also some studies stating that an increase in the LNRs
only benefits certain groups of patients. Macalindong et al.
found in a high-volume gastric cancer data set that retrieving
30 or more LNs did not influence the survival of stage II GC
patients (4). Vuong et al. also found that retrieving 30 or more
LNs only benefited those with a more advanced N stage (11).
The attempt to harvest more LNs may bring forth more
postoperative complications (6, 12). To date, the necessity of
retrieving 30 or more LNs for stage II gastric cancer patients is
still debatable.

In our opinion, the minimal requirement for lymph node
retrieval should be individualized according to the characteristics
of the patients and the tumor.

This study aims to explore the impact of retrieving 30 or more
lymph nodes on the survival of selected stage II cancer patients.
MATERIALS AND METHODS

Study Population and Data Collection
A total of 1,177 patients who received curative surgery from
April 2008 to May 2017 were identified from the gastrointestinal
malignancy cancer database of The Sixth Affiliated Hospital of
Sun Yat-Sen University, Fujian Medical University Union
Hospital, and Sun Yat-Sen University Cancer Center.

The inclusion criteria were as follows: (i) patients with
histologically confirmed adenocarcinoma of the stomach or
esophagogastric junction; (ii) patients who underwent
gastrectomy with standardized D2 lymphadenectomy; and (iii)
a post-surgery pathological stage of II according to the 8th edition
of the AJCC staging manual. The exclusion criteria were as
follows: (i) patients with insufficient information; (ii) patients
who received preoperative neoadjuvant therapy.

After initial screening, a total of 1,177 patients were included in
this study. All available clinical information was retrieved from the
database, including general patient demographics, tumor location,
differentiation, tumor size, resection extent, LNRs, tumor stage,
and survival. The patient information is listed in Table 1. The
primary endpoint of this study is overall survival. Post-operative
Frontiers in Oncology | www.frontiersin.org 257
Surveillance followed the recommendation of the National
Comprehensive Cancer Network guideline (13). Follow-up visits
for all three institutions generally consist of clinic visits every 6
months for the first 2 years and annually up to 5 years. Most
routine patient follow-up appointments include a physical
examination, laboratory tests, chest-abdominal computed
tomography scan, and an annual endoscopic examination. In all
the three institutions involved in this study, patients’ follow-up
was conducted by the staff of the follow-up offices. After the
surgery, the follow-up office generally contacts the patients or the
patients’ families every 6 months, by telephone calls or mails, to
gather information on the patients’ condition and survival. This
retrospective study was approved by the Institutional Review
Board of all three centers.

Surgery
All patients received total or subtotal gastrectomy with D2
lymphadenectomy following the guidelines of the Japanese
Gastric Cancer Association (14) (open or laparoscopic surgery
depending on the surgeon ’s preference). A thorough
examination of the abdominal cavity was routinely
performed to determine the status of peritoneal metastasis.
Peritoneal washing cytology tests were not routinely
conducted. The extent of gastric resection was determined
by the anatomical location of the tumor. Proximal or total
gastrectomy with esophagogastrostomy or Roux-en-Y
esophagojejunostomy reconstruction was performed for
tumors located in the upper or middle third part of the
stomach; distal subtotal gastrectomy with Billroth I, Billroth
II, or Roux-en-Y gastrojejunostomy reconstruction was
performed for tumors located in the distal third part of
the stomach.

Specimens Assessment
Retrieval of lymph nodes from the gross specimens was by
manual method, which means operators identified suspicious
lymph nodes by sight and palpation and reconfirmed them
under microscopic view. Station labeling was determined
according to the anatomical sites and their relationship to
the perigastric vessels. This procedure was performed by the
surgeons on the fresh specimens instantly after surgical
resection. Lymph nodes removed individually during
surgery are labeled for stations by the surgeons and
inspected separately. Pathological staging was determined
according to the AJCC TNM staging system (2). In the final
analysis, the patients were divided into two subgroups:
patients with less than 30 lymph nodes retrieved (LNRs <30
group) and patients with 30 or more lymph nodes retrieved
(LNRs ≥30 group).

Data Analysis
The clinicopathological characteristics were compared using c2
tests for categorical variables and analysis of variance (ANOVA)
for continuous variables, as appropriate. Patients were divided
into different subgroups according to the clinicopathological
features (age, sex, the extent of gastrectomy, tumor location,
April 2021 | Volume 11 | Article 593470
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tumor differentiation, T stage, and N stage). For each subgroup,
the Kaplan-Meier method and log-rank test were used to assess
the survival impact of different lymph node retrievals (LNRs <30
versus LNRs ≥30). The hazard ratio (HR) and the 95%
confidence interval (95% CI) were calculated by the Cox
proportional hazards model, upon which a forest plot was built
to visualize the impact on survival. A P value < 0.05 was
considered statistically significant. Statistical analysis was
performed with SPSS version 25.0 for Windows (IBM,
Armonk, NY, USA).
RESULTS

Patient Characteristics
A total of 1,177 patients were enrolled in this study. The majority
of patients were male. The patients’ median age at diagnosis was
59 years (range, 16 to 91 years). Nearly half of the tumors were
located in the distal part of the stomach, also half of the tumors
were poorly differentiated, other details are depicted in Table 1.
The spectrum of the specific pTNM stage is shown in Figure 1,
different pTN stages were roughly balanced in the LNRs ≥30 and
<30 subgroups.
Frontiers in Oncology | www.frontiersin.org 358
Lymph Node Retrieval
The mean number of LNRs was 34 ± 15, with a range from 3 to
101. Numbers of patients with LNRs <30 (518/1,177, 44%) and
LNRs ≥30 (659/1,177, 56%) were roughly balanced. The
distribution of LNRs and numbers of positive lymph nodes are
shown in Figures 2, 3, respectively. The numbers of positive
lymph nodes showed a tendency of increasing as the LNRs
increased. In the LNRs ≥30 subgroups, with the increase in the
numbers of total LNRs, the numbers of positive lymph nodes
were slightly higher, but the positive lymph nodes ratio (NR) was
significantly lower than the LNRs <30 subgroup.

Survival Analyses
Up to January 2020, in a median follow-up time of 44 months, a
total of 168 tumor-related death events were observed in the
1,177 patients. The 5-year survival rate was 81% for all patients,
76% for the LNRs <30 group, and 86% for LNRs≥30 group,
respectively (P = 0.003). The survival and hazard ratios adjusted
by subgroups are depicted in Figures 4, 5. Although overall
speaking, survival was significantly improved in the LNRs ≥30
group, it was clear that the survival benefit of retrieving 30 LNs
varied in different subgroups. Patients aged >60 years/male/who
underwent total gastrectomy/stage IIB tended to benefit from an
TABLE 1 | Patient characteristics and P value of univariate analysis.

Subgroups Lymph nodes retrieved <30 (n = 518) Lymph nodes retrieved ≥30 (n = 659) Total (n = 1,177) P-value

Sex (%)
Male 377 (72.8) 474 (71.9) 851 (72.3) 0.796
Female 141 (27.2) 185 (28.1) 326 (27.7)

Age (years) 60.7 ± 11.8 58.6 ± 11.5 59.5 ± 11.7 0.002
Tumor location (%)
Upper third 178 (34.4) 184 (27.9) 362 (30.8) 0.007
Middle third 63 (12.2) 123 (18.7) 186 (15.8)
Lower third 251 (48.5) 314 (47.6) 565 (48.0)
Whole stomach 26 (5.0) 38 (5.8) 64 (5.4)

Tumor size(cm) 4.26 ± 2.22 4.41 ± 2.15 4.34 ± 2.18 0.22
Tumor differentiation (%)
Poorly 255 (49.2) 344 (52.2) 599 (50.9) 0.158
Moderately 231 (44.6) 291 (44.2) 522 (44.4)
Well 5 (1.0) 6 (0.9) 11 (0.9)
Data missing 27 (5.2) 18 (2.7) 45 (3.8)

Extend of gastrectomy (%)
Distal 271 (52.3) 338 (51.3) 609 (51.7) 0.001
Proximal 65 (12.5) 42 (6.4) 107 (9.1)
Total 177 (34.2) 274 (41.6) 451 (38.3)
Data missing 5 (1.0) 5 (0.8) 10 (0.8)

Adjuvant chemotherapy (%)
Yes 372 (71.8) 456 (69.2) 828 (70.3) 0.336
No 146 (28.2) 203 (30.8) 349 (29.7)

Lymph node retrieved 21 ± 6 44 ± 12 34 ± 15 <0.001
Positive lymph node 1.1 ± 0.08 1.5 ± 0.09 1.3 ± 0.06 0.007
NR 5.7 ± 0.4 3.7 ± 0.2 4.60 ± 0.2 <0.001
Stage IIA (%)
pT1N2M0 27 (5.2) 47 (7.1) 74 (6.3) 0.206
pT2N1M0 64 (12.4) 73 (11.1) 137 (11.6) 0.546
pT3N0M0 155 (29.9) 193 (29.3) 348 (29.6) 0.861

Stage IIB (%)
pT1N3M0 7 (1.4) 22 (3.3) 29 (2.5) 0.03
pT2N2M0 33 (6.4) 52 (7.9) 85 (7.2) 0.352
pT3N1M0 113 (21.8) 166 (25.2) 279 (23.7) 0.288
pT4aN0M0 119 (23.0) 106 (16.1) 225 (19.1) 0.01
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FIGURE 1 | Cases and proportion of different pTN stages.
FIGURE 2 | The distribution of patients according to the number of LNRs.
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increase in the number of LNRs. The impact of NR on survival is
not statistically significant in the total sample, but in the
subgroup analysis, NR is significantly correlated with worse
survival in the pN+ subgroup, especially for the N+ patients
with LNRs <30, as depicted in Figure 6.
DISCUSSION

According to the 8th edition of the AJCC staging manual,
retrieval of at least 16 LNs is the minimal requirement after
curative resection surgery (14, 15). However, gastric cancer is a
malignancy with great heterogeneity, and applying the same
standard to all patients in different conditions may lead to
treatment bias. Previous studies have shown that increasing the
Frontiers in Oncology | www.frontiersin.org 560
LNRs number is significantly correlated with prolonged
survival for patients (3–10). Some researchers believe that
retrieval of at least 16 LNs is not sufficient to warrant adequate
lymphadenectomy extension and accurate pathological staging.
Retrieval of more LNs (>25 or 30) is mandatory, while some
researchers argue that retrieving more LNs only benefits those at
more advanced stages (stage III), and attempting to retrieve 30
LNs for all patients is unnecessary. For example, Macalindong
et al. found that the 5-year disease-free survival rate was not
significantly different between the LNRs <30, LNRs 30–45, and
LNRs >45 groups (72.9 vs 79.2 vs 76.2%, P value = 0.566) in stage
II patients (4). Vuong et al. also found that retrieving 30 or more
LNs only resulted in a benefit for patients with pT1N3 and
pT2N3 GC (11). Thus, the benefit of 30 LNRs is still
controversial for stage II GC patients.
FIGURE 4 | Forest plot showing the impact of LNRs (<30 or LNRs ≥30) on survival in different subgroups.
FIGURE 3 | Increasing pattern of mean numbers of positive LNs according to the number of LNRs.
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FIGURE 5 | Kaplan-Meier curves of survival comparing LNRs <30 and LNRs ≥30 stratified by sex, age, extend of gastrectomy, different pTN stage.
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In this study, we analyzed the survival impact of retrieving 30
or more LNs on the largest stage II gastric cancer cohort ever
reported. A total of 88.7% (1,155/1,302) of patients had an LNRs
≥16, and 53.4% (695/1,302) had an LNRs ≥30, which is superior
to previous reports, in which only 23–45% of patients had an
LNRs >16 (5, 16). Our finding is that retrieving 30 or more LNs is
beneficial for stage II gastric cancer patients as a total group.

Increasing the number of LNRs benefits patients by providing
a more accurate N stage and more extended lymphadenectomy.
If hypothetically, we assume that the N stage is accurate when the
number of LNRs is more than 16, then the mean number of
positive LNs should remain steady when the LNRs are above 16.
However, our data show that the mean number of positive LNs is
still increasing when the LNRs are above 16, indicating that the N
stage is still not reliable even if a minimum of 16 LNRs is met
according to the AJCC staging manual. An insufficient LNRs will
lead to stage migration, affecting the expected prognosis,
sequential adjuvant therapy, and monitoring. Our data showed
that the survival impact of NR was not significant in the total
sample, but further subgroup analysis showed that higher NR
was correlated with poor survival in pN+ subgroup, especially in
the pN+ subgroup with LNRs <30. This could be explained by
the constitution of stage II patients. As depicted in our data,
approximately half of the stage II patients are with pN0 stage and
a NR of 0%, thus, the prognosis predictive value of NR is limited.
But for the pN+ patients with insufficient LNRs, introducing an
index of positive lymph node ratio (NR) could potentially
Frontiers in Oncology | www.frontiersin.org 762
overcome the bias of inaccurate N staging, which is in
concordance with the previous reports (17, 18). Nevertheless,
the efforts by the surgeons and pathologists to retrieve more
lymph nodes were important for avoiding false pN staging (19).
To retrieve more lymph nodes, continuous cooperation between
surgeons and pathologists is necessary. Surgeons should make
their efforts to retrieve more lymph node during surgery
following the standard of D2 regional lymphadenectomy (20).
Adopting operative lymphatic tracer such as indocyanine green
or carbon nanoparticles during lymphadenectomy had shown a
great potential of increasing lymph node retrieval (21, 22). After
surgery, it is highly recommended that the surgeons should
handle the procedure of separating lymph node stations
instantly on the fresh specimen, to improve LNRs and
accuracy of station labeling (23–25).

Another important finding of our study is that the survival
benefit of LNRs ≥30 varies between different subgroups. For
patients who underwent total gastrectomy, lymphadenectomy
must be more extended according to the Japanese gastric cancer
treatment guidelines (14). Thus, patients who receive total
gastrectomy should undergo harvest of more LNRs than those
who receive subtotal gastrectomy (6, 26). Bouvier et al. reported
that the LNRs in total gastrectomy was higher than that of
subtotal gastrectomy (10.4 in total gastrectomy; 7.2 in proximal
gastrectomy; 7.4 in distal gastrectomy, P value < 0.0001), which is
in line with our findings (34.7 in total gastrectomy; 32.7 in
subtotal gastrectomy, P value = 0.024). Patients with stage IIB
FIGURE 6 | Kaplan-Meier curves showing the impact of node ratio on survival in the total sample (A), N+ subgroups (B) stratified by LNRs (C, D).
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disease were associated with a more advanced disease stage in the
stage II group; thus, a more thorough and extended
lymphadenectomy is warranted (27, 28), and an LNRs ≥30 is
mandatory. Additionally, an LNRs ≥30 also benefits male/
age >60 elderly subgroups of patients.

There are a few limitations to our research. First, owing to the
nature of the retrospective study design and the different origins
of the data sets, treatment bias was inevitable. Second, the effect
of confounding factors could not be eliminated in the subgroup
analysis. Third, selection bias was also not neglectable because all
patients enrolled were from three high-volume gastric cancer
centers, and the high number of LNRs and ideal OS may not be
easily reproducible in all centers.
CONCLUSION

Retrieval of 30 lymph nodes is mandatory for selected stage II
gastric cancer patients.
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Background: There is controversy about the characteristics and prognostic implications

of signet ring cell gastric cancers and non-signet ring cell gastric cancers.

Objective: This study aims to evaluate clinicopathological characteristics and

prognoses of signet ring cell carcinoma (SRCC) and non-signet ring cell carcinoma

(NSRCC) of stomach.

Methods: Studies compared between SRCC and NSRCC of the stomach after

gastrectomy and published before September 1st, 2020, in the PubMed, Cochrane, and

Embase databases, were identified systematically.

Results: A total of 2,865 studies were screened, and 36 studies were included, with

19,174 patients in the SRCC group and 55,942 patients in the NSRCC group. SRCC

patients were younger in age (P < 0.001), less likely to be male patients (P < 0.001),

more afflicted with upper third lesions (P < 0.001), and presenting with more Borrmann

type IV tumors (P = 0.005) than NSRCC patients. Lymph nodes metastasis was similar

between SRCC and NSRCC patients with advanced tumor stage (OR: 0.86, 95% CI:

0.67–1.10, P = 0.23), but lower in the SRCC than NSRCC patients with early tumor

stage (OR: 0.73; 95% CI: 0.56–0.98, P = 0.02). SRCC patients had comparable survival

outcomes with NSRCC patients for early gastric cancers (HR: 1.05, 95% CI: 0.65–1.68,

P < 0.001) but had significantly poor prognosis for patients with advanced tumor stage

(HR: 1.50, 95% CI: 1.28–1.76, P < 0.001).

Conclusions: Signet ring cell carcinomas of the stomach are an increasingly common

histopathological subtype of gastric cancers. These kinds of patients tend to be younger

in age and more often female. Although, signet ring cell gastric cancer is a negative

prognostic factor for patients with advanced stage. The difference is that for early stage

of signet ring cell gastric cancers, it has low lymph nodesmetastasis rate and comparable

prognosis with non-signet ring cell cancers.
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INTRODUCTION

As one of the most common malignancies of the world, gastric
cancer has a higher incidence in East Asian countries (1–4).
The signet ring cell carcinoma (SRCC) of the stomach is one
of histological subtypes of gastric adenocarcinomas. According
to the World Health Organization (WHO) histological
classification, the SRCC is an adenocarcinoma in which
more than 50% of the tumor cells are scattered malignant cells
containing intracytoplasmic mucin (5, 6). Besides, in the other
histological classification of gastric cancers, SRCC is also can
be classified as “diffused type” by Lauren classification and
“undifferentiated type” by Japanese Gastric Cancer Classification
(7, 8). Some studies reported that the SRCC of the stomach has
unique and distinct clinicopathological characteristics with other
types of carcinomas of the stomach (9–11). Some scholars have
stated that the SRCC patients are further younger and include
more female patients, while easily have lymph nodes metastasis
and distal metastasis than non-signet ring cell carcinoma
(NSRCC) patients (11–13). Besides, the prognostic implication
of SRCC is still with controversies. Some studies reported

FIGURE 1 | Flow chart of literature selection.

that SRCC has better survival outcomes than NSRCC patients
(14–16). Also, some studies have presented that the survival
outcomes of SRCC were similar and even poorer than NSRCC
patients (17–19). With respect to these controversies, some
scholars attribute the differences to the different components of
the tumor stage between SRCC and NSRCC patients (20).

In view of the foregoing, we performed this study aiming
to systematically ascertain and comprehensively clarify the
characteristics of signet ring cell gastric cancers. The primary
outcomes of this study were the survival outcomes of SRCC
patients. Other clinical characteristics, such as age, sex, and tumor
stage, were also analyzed.

METHODS AND MATERIALS

Search Strategy and Study selection
A comprehensive literature search was performed in the
Web of Knowledge, PubMed/Medline, Cochrane Collaborative
Central Register of Controlled Trials, and Embase databases on
September 1st, 2020, using the terms “gastric cancer,” “gastric
carcinoma,” “gastric neoplasm,” “signet ring cell,” and restricted to
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TABLE 1 | Characteristics of the included studies.

References Period Country No. of Patients SRCCN = (%) NSRCC N = (%) Stage Pathological Comparative group NOS

Maehara et al. (14) 1965–1985 Japan 1,500 51 (3.4) 1,449 (96.6) I–IV WHO NSRCC 8

Kim et al. (24) 1981–1991 Korea 3,702 450 (12.1) 3,252 (87.9) I–IV WHO WD, MD, PD 8

Otsuji et al. (15) 1970–1994 Japan 1,498 154 (10.3) 1,344 (89.7) I–IV WHO NSRCC 7

Yokota et al. (17) 1985–1995 Japan 683 93 (13.6) 590 (86.4) I–IV Japanese* NSRCC 5

Theuer et al. (25) 1984–1994 USA 3,020 464 (15.3) 2,556 (84.7) I–III WHO NSRCC 5

Kim et al. (18) 1982–1999 Korea 2,358 204 (8.7) 2,154 (91.3) I–IV WHO NSRCC 8

Kunisaki et al. (26) 1980–1998 Japan 1,113 174 (15.6) 939 (84.4) I–IV WHO NSRCC 8

Li et al. (19) 1987–2003 Korea 4,759 662 (13.9) 4,097 (86.1) AGC WHO NSRCC 9

Park et al. (27) 1983–2002 Korea 2,275 251 (11) 2,024 (89) I–IV WHO WMD, PD, MC 9

Piessen et al. (28) 1996–2007 Fance 159 59 (37.1) 100 (62.9) I–IV WHO NSRCC 9

Lee et al. (29) 2001–2008 Korea 1,362 448 (32.8) 914 (67.2) EGC WHO NSRCC 7

Zhang et al. (30) 1993–2003 China 1,439 218 (15.1) 1,221 (84.9) I–IV WHO NSRCC 8

Zheng et al. (31) 1993–2006 China 511 39 (7.6) 472 (92.4) I–IV WHO WD, MD, PD 6

Chiu et al. (32) 1994–2006 China 2,439 505 (20.7) 1,934 (79.3) I–IV WHO NSRCC 9

Jiang et al. (13) 1980–2004 China 2,315 211 (9.1) 2,104 (90.9) I–IV WHO NSRCC 9

Taghavi et al. (10) 2004–2007 USA 10,246 2,666 (26) 7,580 (74) I–IV WHO NSRCC 8

Gronnier et al. (16) 1997–2010 Fance 421 104 (24.7) 317 (75.3) EGC WHO NSRCC 7

Huh et al. (33) 1999–2005 Korea 2,052 540 (26.3) 1,512 (73.7) EGC WHO NSRCC 7

Nafteux et al. (34) 1990–2009 Belgium 920 114 (12.3) 806 (87.7) I–IV WHO NSRCC 8

Shim et al. (20) 1998–2005 Korea 2,643 377 (14.2) 2,266 (85.8) I–III WHO NSRCC 9

Bombat et al. (11) 1990–2009 USA 569 210 (36.9) 359 (63.1) I–III WHO WMD, PD 8

Kim et al. (12) 1989–2000 Korea 2,050 345 (16.8) 1,705 (83.2) EGC WHO WD, MD, PD 7

Kwon et al. (9) 1999–2009 Korea 769 108 (14) 661 (86) I–IV WHO WMD, PD 9

Zu et al. (35) 1997–2007 China 741 44 (5.9) 697 (94.1) AGC WHO WD, MD, PD 7

Liu et al. (36) 2000–2008 China 1,464 138 (9.4) 1,326 (90.6) I–III WHO NSRCC 9

Postlewait et al. (37) 2000–2012 USA 768 312 (40.6) 456 (59.4) I–III WHO NSRCC 9

Wang et al. (38) 1994–2008 China 334 115 (34.4) 219 (65.6) EGC WHO NSRCC 7

Guo et al. (39) 2002–2013 China 1,067 198 (18.5) 869 (81.5) EGC WHO WMD, PD 7

Kong et al. (40) 1996–2012 China 480 90 (18.7) 390 (81.3) I–III WHO NSRCC 7

Lu et al. (41) 1994–2013 China 2,199 354 (16.1) 1,845 (83.9) I–IV WHO NSRCC 7

Voron et al. (42) 1997–2010 Fance 1,799 899 (49.9) 900 (50.1) I–IV WHO NSRCC 9

Imamura et al. (43) 2006–2012 Japan 746 190 (25.4) 556 (74.6) EGC WHO NSRCC 7

Lai et al. (44) 1987–2005 China 2,873 745 (25.9) 2,128 (74.1) EGC WHO WD, MD, PD 6

Chon et al. (45) 2001–2010 Korea 7,667 1,646 (21.4) 6,021 (78.6) I–III WHO WMD, PD 9

Chen et al. (46) 2002–2015 China 112 28 (25.0) 84 (75.0) EGC WHO NSRCC 6

Chu et al. (47) 2004–2015 China 6,063 5,968 (98.4) 95 (1.6) I–IV WHO NSRCC 9

SRCC, signet ring cell carcinoma; NSRCC, non-signet ring cancer cell; AGC, advanced gastric cancer; EGC, early gastric cancer; WD, well differentiated; MD, moderately differentiated;

PD, poorly differentiated; WMD, well-moderately differentiated.

WHO, Histologic type of stomach cancer by WHO classification (5, 6).

*Japanese, The general rules for the gastric cancer study in surgery and pathology. Part I. Clinical classification (48).

title, abstract, and keywords. Previously published meta-analysis
and systematic reviews were searched as well. Relevant articles
were manually checked from the reference lists of the retrieved
articles. Titles, abstracts, and subsequently full-text articles were
screened by two authors (C Zhang and R Liu) based on the
inclusion and exclusion criteria of this study.

Inclusion and Exclusion Criteria
The present study included those studies comparing SRCC
with NSRCC (either well-controlled, moderated, and or/poorly
differentiated cancers) on at least one outcome of interest.

Exclusion criteria included the following: (1) cancers compared
only with mucinous carcinoma patients; (2) patients without
gastrectomy; (3) patients with endoscopic mucosal resection
(EMR) and endoscopic submucosal dissection (ESD); (4) review
articles or case reports; (5) articles in other languages than
English; and (6) incomplete or duplicate data.

Data Extraction
The data were independently extracted by two authors (C Zhang
and R Liu) from the studies included. For each study, we recorded
the name of first author, year of publication, country, study
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TABLE 2 | The meta-analysis of clinicopathological characteristics between SRCC and NSRCC patients.

Characteristics No. of study No. of SRCC No. of NSRCC Test of heterogeneity Model Meta-analysis

I2 (%) P-value OR or MD (95% CI) P-value

Age (years) 17 10,590 32,739 95 <0.001 Random −4.90* −5.96, −3.82 <0.001

Sex (male) 36 16,386 56,013 82 <0.001 Random 0.55 0.50, 0.61 <0.001

Locations (upper) 25 10,902 48,408 89 <0.001 Random 0.62 0.50, 0.76 <0.001

Borrmann type (type-IV) 9 2,447 11,416 92 <0.001 Random 2.47 1.32, 4.64 0.005

R0 resection 11 3,182 14,903 90 <0.001 Random 0.81 0.56, 1.16 0.25

Tumor size (cm) 17 8,915 28,036 97 <0.001 Random −0.03* −0.36, 0.30 0.87

Advanced stage (T2–T4 stage) 17 7,602 30,718 97 <0.001 Random 0.74 0.51, 1.08 0.12

Serosa invasive (T4 stage) 19 8,527 35,167 87 <0.001 Random 1.04 0.84, 1.28 0.71

Lymph nodes metastasis (N+ stage) 29 14,352 44,271 94 <0.001 Random 0.82 0.62, 1.02 0.07

Distal metastasis (M1 stage) 8 6,543 14,222 18 0.29 Random 1.17 1.08, 1.26 <0.001

SRCC, signet ring cell carcinoma; NSRCC, non-signet ring cancer cell; OR, odds ratio; MD, mean difference.
*Mean difference (MD) was used to evaluated.

TABLE 3 | The meta-analysis of clinicopathological characteristics between SRCC and NSRCC patients based on tumor stage (EGC and AGC).

Characteristics No. of study No. of SRCC No. of NSRCC Test of heterogeneity Model Meta-analysis

I2 (%) P-value OR or MD 95% CI P-value

Age (years)

EGC 9 1,588 4,879 85 <0.001 Random −7.95* −9.68, −6.16 <0.001

AGC 7 1,419 11,202 84 <0.001 Random −3.89* −5.99, −1.76 <0.001

Sex (male)

EGC 16 3,460 11,411 90 <0.001 Random 0.57 0.43, 0.75 <0.001

AGC 9 1,744 14,440 82 <0.001 Random 0.57 0.44, 0.74 <0.001

Tumor location (upper)

EGC 10 2,908 10,180 64 0.0006 Random 0.57 0.41. 0.79 0.007

AGC 14 1,788 15,137 9 0.36 Fixed 0.75 0.64, 0.87 <0.001

R0 resection

AGC 4 802 6,446 60 0.06 Random 0.80 0.65, 0.99 0.04

Tumor size (cm)

EGC 7 1,433 4,287 71 0.002 Random −0.02* −0.25, 0.20 0.83

AGC 6 1,362 10,816 58 0.04 Random 0.17* −0.16, 0.50 0.32

Serosa invasive (T4 stage)

AGC 17 5,507 22,323 81 <0.001 Random 1.22 0.99, 1.49 0.06

Lymph nodes metastasis (N+ stage)

EGC 13 2,368 7,984 54 0.01 Random 0.73 0.56, 0.95 0.02

AGC 10 1,788 15,137 74 <0.001 Random 0.86 0.67, 1.10 0.23

Distal metastasis (M1 stage)

AGC 5 933 7,737 57 0.05 Random 1.08 0.91, 1.27 0.37

SRCC, signet ring cell carcinoma; NSRCC, non-signet ring cancer cell; AGC, advanced gastric cancer; EGC, early gastric cancer; OR, odds ratio; MD, mean difference.
*Mean difference (MD) was used to evaluated.

design, the time period of the included patients, classification
of SRCC, sample size of SRCC and NSRCC and the definition
of NSRCC. The following clinicopathological characteristics
were also extracted: age, sex, tumor location, tumor size (cm),
differentiated degree of NSRCC group, Borrmann type, invasive
depth of tumor (T stage), status of lymph nodes metastasis (N
stage), distal metastasis (M stage), TNM stage and postoperative
5-year overall survival. For those studies with more than one

article and with duplicated data, only the article having the most
complete data was included for analysis.

Quality Assessment
The quality of studies included was independently assessed by
two authors (C Zhang and R Liu), according to the Newcastle-
Ottawa Scale (NOS) (21). If there existed disagreement on the
assessment, the consensus was reached by a discussion with
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FIGURE 2 | Forest plots showing the results of meta-analysis compared between SRCC patients and NSRCC patients.

supervisors (WHZhang and JKHu). All of those studies included
were ranked with a maximum of 9 points, studies with a
Newcastle–Ottawa Scale score lower than 6 were considered as
a moderate or low-quality study.

Statistical Analysis
The meta-analysis was performed according to the Cochrane
guidelines (22). Category data were analyzed using the Mantel-
Haenszel method. Continuous data were presented as the mean
± standard deviation (SD) and analyzed by the inverse variance
method. For those studies which only reported median values
and ranges for continuous variables, the means and standard
deviations were converted according to the method reported by
Hozo et al. (23). The odds ratio (OR), mean difference (MD),
and hazard ratio (HR) were used to evaluated dichotomous
data, continuous data, and survival outcomes, respectively. All
of the OR, HR, and MD were reported with 95% confidence
intervals (CIs).

Egger’s regression and the funnel plot were used to
test the publication bias. Heterogeneity was assessed using
by the I2 statistic. When I2 < 30%, it was considered
to be low heterogeneity; 30 and <50% were considered
to be moderate heterogeneity, and ≥50% was considered to

be considerable heterogeneity. In the case of considerable
heterogeneity, the random-effects model was used. For data
with low or moderate heterogeneity, the fixed-effects model
was used. Subgroup analyses based on different tumor stages
were performed to identify potential differences between
SRCC and NSRCC patients. The source of heterogeneity
was explored with the meta-regression analysis. Possible
parameters (publication year, sample size, study region, and
tumor stage) were tested to explore potential origin of
heterogeneity. All of the statistical analysis was performed by
the “metafor” and “meta” packages of R software, version 3.2.4
(R Foundation for Statistical Computing, Vienna, Austria) and
Review Manager software, version 5.3 (Cochrane, London, UK).
A P-value < 0.05 was considered statistically significant in the
present study.

RESULTS

Characteristics of the Studies
According to the selection criteria, a total of 36 studies (9–
20, 24–47) with 75,116 patients (19,174 patients in the SRCC
group and 55,942 patients in the NSRCC group) were included
in the final meta-analysis (Figure 1). The general characteristics
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FIGURE 3 | Forest plots showing the survival outcomes of meta-analysis comparing the early gastric cancers and advanced gastric cancers between SRCC and

NSRCC patients. (A) Early gastric cancer. (B) Advanced gastric cancer.

of those 36 studies included are presented in Table 1. These
studies were from six countries and published from 1992 to
2020 and include gastric cancer patients underwent surgical
treatment from 1965 to 2015. Only 9 studies included early
gastric cancer (EGC) patients (12, 16, 29, 33, 38, 39, 43, 44, 46),
2 studies included only advanced gastric cancer (AGC)
patients (19, 35), 18 studies included Stage I–IV patients
(9, 10, 13–15, 17, 18, 24, 26–28, 30–32, 34, 41, 42, 47),
and 7 studies included stage I–III gastric cancer patients
(11, 20, 25, 36, 37, 40, 45). The majority of these studies
adopted the WHO histological classification of gastric
cancer in the diagnosis of SRCC (5, 6), whereas only one
study (17) used the Japanese classification (48). For the
comparative group, 10 studies grouped the NSRCC gastric
cancer patients according to the tumor-differentiated degree
(9, 11, 12, 24, 27, 31, 35, 39, 44, 45), and the other 26 studies
did not specify the composition-differentiated degree of
NSRCC group. Besides, there were only one study presented

that mucinous cancer was also included in the NSRCC
group (27).

Clinicopathological Characteristics
We performed pooled analysis to compare the
clinicopathological characteristics between the SRCC and
NSRCC patients (Table 2). Finally, we found that SRCC patients
have younger age (MD: −4.90, 95% CI −5.99 to −3.82; P <

0.001), fewer male patients (OR: 0.55, 95% CI: 0.50–0.61, P <

0.001), less upper1 third lesions (OR: 0.62, 95% CI: 0.50–0.76,
P < 0.001), more Borrmann-type IV tumors (OR: 2.47, 95% CI:
1.32–4.64, P = 0.005), and patients with distal metastasis (OR:
1.17, 95% CI: 1.08–1.26, P < 0.001) with the comparison with
NSRCC patients. There was no significant difference between
SRCC and NSRCC patients with regard to radical surgical
resection (R0) rate (P = 0.25), tumor size (P = 0.87), proportion
of advanced gastric cancers (P = 0.12), serosa invasive tumors
(P = 0.71) and with lymph nodes metastasis (P = 0.07).
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FIGURE 4 | Forest plots showing the survival outcomes of meta-analysis comparing different TNM stages been SRCC and NSRCC patients. (A) TNM Stage I.

(B) TNM Stage II. (C) TNM Stage III. (D) TNM Stage IV.

Due to consideration that tumor stage may have interaction
with the clinicopathological characteristics, subgroup analyses
were performed based on the clinicopathological characteristics
of early gastric cancer (EGC) and advanced gastric cancer (AGC)
(Table 3). The results of meta-analysis were that SRCC patients
were of significantly younger age (EGC, MD: −7.95, 95% CI:
−9.68 to −6.16, P < 0.001; AGC, MD: −3.89, 95% CI: −5.99
to −1.76, P < 0.001), fewer male patients (EGC, OR: 0.57, 95%
CI: 0.43–0.75, P < 0.001; AGC, OR: 0.57, 95% CI: 0.44–0.74,
P < 0.001), fewer upper third tumors (EGC, OR: 0.57, 95%
CI: 0.41–0.79, P = 0.007; AGC, OR: 0.75, 95% CI: 0.64–0.87,

P < 0.001) than NSRCC patients in both early and advanced
gastric cancers. However, with regard to tumor size, there is no
significant difference between SRCC andNSRCC patients in both
EGC and AGC groups (P = 0.83 and P = 0.32, respectively).
We also found that there was no significant difference in lymph
node metastasis between SRCC and NSRCC in advanced-stage
patients (OR: 0.86, 95% CI: 0.67–1.10, P = 0.23), but SRCC
patients had significantly fewer lymph nodes in metastasis than
NSRCC patients with early tumor stage (OR: 0.73; 95% CI:
0.56–0.98, P = 0.02). Moreover, there is no difference in the ratio
of serosa invasion (OR: 1.22, 95% CI: 0.99–1.49, P = 0.06) and
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TABLE 4 | Meta-regression for all included studies.

Characteristics Univariate

analysis

Multivariate

analysis

P-value P-value

Publication year 1992–2020 0.043 0.039

Sample size <1,000, ≥1,000 but

<3,000, ≥3,000

0.407

Region China, Korea and Japan,

Europe and North America

0.042 0.427

Tumor stage EGC and other 0.008 0.002

OR, odds ratio; CI, Confidence interval; EGC, early gastric cancer.

distal metastasis (OR: 1.08; 95% CI: 0.91–1.27, P= 0.37) between
SRCC and NSRCC of advanced stage patients.

Survival Outcomes
A total of 28 studies (9, 11, 13–20, 24–28, 30–34, 36–38, 40–
42, 45, 47) reported data of survival outcomes and included
prognostic meta-analysis (Figure 2). In the pooled analysis, we
found that there was a positive survival difference in SRCC
patients compared with NSRCC patients (HR: 1.14, 95% CI:
0.96–1.34, P < 0.001) and with significant heterogeneity (I2 =

95%, P < 0.001). In view of the effect of the tumor stage on
prognosis and different stage composition of different studies,
subgroup survival analysis based on the different tumor stages
was performed. For early gastric cancer patients, the meta-
analysis included results of 13 studies (9, 13–18, 24, 26, 32, 33,
38, 45), and the results have shown that SRCC patients had
similar survival outcomes with the NSRCC patients (HR: 1.05,
95% CI: 0.65–1.68, P < 0.001) (Figure 3A). For the pooled
analysis of advanced gastric cancer patients (9, 13–15, 17, 18, 24,
32, 45), SRCC patients had significantly more negative survival
outcomes than NSRCC patients (HR: 1.50, 95% CI: 1.28–1.76,
P < 0.001) (I2 = 71%, P < 0.001) (Figure 3B).

Meanwhile, we conducted subgroup survival analysis
according to the TNM stage systems (Figure 4). SRCC and
NSRCC had no significant difference in survival outcomes for
stage I patients (HR: 0.93, 95% CI: 0.58–1.48, P = 0.75) and
stage IV patients (HR: 1.08, 95% CI: 0.76–1.54, P = 0.21). There
were significantly poorer survival outcomes of SRCC patients
than NSRCC patients with TNM stage II (HR: 1.22, 95% CI:
1.03–1.45, P = 0.02) and TNM stage III (HR: 1.42, 95% CI:
1.21–1.67, P < 0.001).

Publication Bias
Meta-regression was performed to illuminate the origin of
heterogeneity. We examined the year of publication, sample size,
region of study, and tumor stage in a meta-regression model.
The resulting analyses indicated that publication year (P= 0.039)
and stage of the tumor (P = 0.002) were significant sources of
heterogeneity for overall survival outcomes (Table 4).

The publication bias is evaluated by Funnel plots and
Egger’s test. The result found there was no publication
bias for the early gastric cancer subgroup (P = 0.667)
or the advanced gastric cancer subgroup (P = 0.629) for

overall survival outcomes. The funnel plot and results
of Egger’s test of the early gastric cancer and advanced
gastric cancer subgroup are presented in Figures 5A,B and
Figures 6A,B.

DISCUSSION

Gastric cancer is one of the most common malignant diseases
of the digestive system all over the world, and East Asian
countries, such as Japan, Korea, and China have the highest
incidence (1–4). Although the incidence of gastric cancer is
declining, an increasing trend of signet ring cells in gastric
cancer was obvious in recent decades (49). According to the
previous report, signet ring cell carcinoma of the stomach has
significantly different clinicopathological characteristics from
other histological subtypes of gastric cancer (11–13). However,
the prognostic meaning of SRCC is still controversial; for
example, SRCC is a poor prognostic risk factor for overall
survival outcomes (9–11). In the results of the present study,
SRCC patients tended to be younger, more proportionally female,
and more afflicted with middle and lower third tumors than
NSRCC. As for survival outcomes, there were entirely different
long-term survival outcomes of different tumor stages of SRCC
when compared with NSRCC.

It is an acknowledgment that the SRCC patients are lower in
age thanNSRCC patients, and only a few studies reported that the
mean age was similar between SRCC andNSRCC patients (19, 30,
40). In the pooled analysis, age was significantly lower for SRCC
patients than NSRCC patients. Besides, we also found early-
stage cancer patients have greater age variance than advanced
stage patients between the SRCC and NSRCC groups. Younger
cohorts, tend to have a greater proportion of female patients,
which is another clinicopathological characteristic of SRCC
patients. However, the essential reason for a high proportion
of female patients is unclear. Some studies have concluded
that this phenomenon is due to the sex hormones of SRCC
patients (50, 51).

We conducted an analysis of lymph node metastasis of
SRCC and NSRCC patients. The results were that there was
no significant difference for advanced gastric cancer patients
between SRCC and NSRCC patients (OR: 0.86, 95% CI:
0.67–1.10, P = 0.23). However, for early gastric cancer patients,
the results showed that SRCC patients had significantly lower
incidence of lymph node metastasis than NSRCC patients.
These results are consistent with results of the previous clinical
study, in which Korean scholars deemed that the lymph node
metastasis risk is low when the SRCC tumor was confined in the
mucosa layer, but the risk of lymph node metastasis increases
significantly, once the tumor penetrates the submucosa layer to
the deep layers (52, 53).

The dispute about survival outcomes of SRCC patients is a
major controversy when compared with NSRCC patients. During
recent decades, scholars generally consider that SRCC patients
have poorer survival outcomes than NSRCC patients, due to
poor tumor behavior. However, the studies published in recent
years have reported that the survival outcomes of SRCC patients
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FIGURE 5 | Funnel plots of the overall survival outcomes. (A) Early gastric

cancers. (B) Advanced gastric cancers.

should be evaluated and adjusted by tumor stage (20). For early
gastric cancer, majority studies reported that SRCC was a good
prognostic factor (15, 24, 43, 45). Besides, some also reported
that the survival outcomes were comparable between SRCC
and NSRCC patients (13, 17). In the pooled analysis of our
study, SRCC patients have similar survival outcomes to those of
NSRCC patients in both early gastric cancer patients and stage-
I patients and with low heterogeneity. At least we can show
that, for early gastric cancers, the long-term prognosis of SRCC
patients is not worse than that of NSRCC patients. It needs to
be mentioned that the present study only included patients who
underwent surgical treatment. Those SRCC and NSRCC patients
who had endoscopic mucosa resection or endoscopic submucosa
dissection are not included in this study.

For advanced gastric cancer patients, the prognostic meaning
of signet ring cancer cell content is controversial. The general
consensus is that the SRCC patients had poorer survival
outcomes than the NSRCC patients (19). But does the evidence
support this consensus? Some scholars claimed that SRCC
patients had similar survival outcomes as NSRCC patients, and

FIGURE 6 | Egger’s test results showing that there is no publication bias of

early gastric cancer subgroup and advanced gastric cancer subgroup for

overall survival outcomes. (A) Early gastric cancers. (B) Advanced gastric

cancers.

the survival evaluation between SRCC and NSRCC patients
should adjust the differentiated degree and tumor stage (11,
45). A Korean study found that SRCC and NSRCC patients
had similar survival outcomes after adjusting for the tumor
stage by propensity score matching (20). In the pooled survival
outcomes of advanced tumor stage patients, we found SRCC
patients had significantly poorer survival outcomes than NSRCC
patients (HR 1.27, 95% 1.04–1.55). However, according to the
TNM staging system of gastric cancer, advanced gastric cancers
included tumors with T2–4, N–/+, Mx stages. Therefore, we
performed a survival analysis according to the TNM stage, and
we found that SRCC patients had similar survival outcomes in
stage I and stage IV patients, and poorer survival outcomes in
stage II and stage III SRCC patients with the comparison with
NSRCC patients. Therefore, the prognosis of stage I and stage IV
SRCC patients can be considered almost equal to that of NSRCC
patients; but for the locally advanced stage (stages II–III) patients,
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the prognosis of SRCC patients is significantly poorer than for
NSRCC patients.

Most of the studies included were retrospective studies.
The quality of different retrospective studies varies, which is
inevitable. Because of this, we use the NOS scoring system
to evaluate the quality of each study included. Among the 36
retrospective studies included, two had a NOS score of 5. We
eliminated these two studies with relatively poor quality and
conducted a subgroup analysis. In the end, we found that the
results were not statistically different from those before the
elimination. Through careful statistical analysis, 36 studies were
finally included.

There is no consistent evidence about the appropriate
chemotherapy treatment strategies for signet ring cell gastric
carcinoma to improve prognosis. In previous studies, signet
ring cell gastric carcinoma of the stomach was generally
considered to be insensitive to chemotherapy, but there was
no definite clinical evidence to support it. The comparison
of chemosensitivity between signet ring cell gastric carcinoma
and non-signet ring cell gastric carcinoma is still limited.
Our previous study found that not all signet ring cell
gastric cancers were insensitive to chemotherapy, and its
chemosensitivity was related to the CLDN18-ARHGAP26/6
fusion gene (54). Li explored the survival of stage II–
III primary signet ring cell gastric carcinoma by adjuvant
chemoradiotherapy (55). In this study, SRCC patients with
stage II–III experienced improved overall survival after receiving
adjuvant chemoradiotherapy, which provides several treatment
implications. Therefore, more clinical trials will be needed to
verify the conclusion.

However, there were several limitations in the present meta-
analysis. First, all studies included are associated with long
time spans and different versions of tumor stage classification.
The stage migration and corresponding outcomes bias were
exactly included among these studies and may result in the
high heterogeneity in the pooled analysis. Second, the studies
included were from different countries, the different treatment
strategies from eastern and western countries were bias factors.
Besides, different stage compositions between eastern and
western countries also have an influence on the survival analysis.
Third, all of the studies included are retrospective studies. The
natural limitation and quality of the retrospective studies were
another factor resulting in bias. Fourth, there is no indication
of radical surgery for stage IV gastric cancer. And the reason
for surgery is mostly because of complications caused by tumors
such as bleeding and obstruction, rather than the tumor itself.
So fewer patients with stage IV gastric cancer were included.

The heterogeneity test has been completed, and its purpose is to
minimize the impact that heterogeneity may have on the quality
of research and results.

CONCLUSIONS

Signet ring cell carcinoma of the stomach is one of the specific
histological types of gastric carcinomas. The signet ring cell
gastric cancer is predominantly found among younger people
and females than non-signet ring cell gastric cancer. The
prognostic features of signet ring cell carcinoma are significantly
correlated with tumor stage. For gastric cancer patients with
T1 stage or TNM stage-I, the prognosis of SRCC patients is
comparable to that of NSRCC patients. For patients with T2–T4
stages and TNM stages II–III, the prognosis of SRCC patients is
significantly worse than for NSRCC patients.
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Autophagy plays a complex role in tumors, sometimes promoting cancer cell survival and
sometimes inducing apoptosis, and its role in the colorectal tumor microenvironment is
controversial. The purpose of this study was to investigate the prognostic value of
autophagy-related genes (ARGs) in colorectal cancer. We identified 37 differentially
expressed autophagy-related genes by collecting TCGA colorectal tumor transcriptome
data. A single-factor COX regression equation was used to identify 11 key prognostic
genes, and a prognostic risk prediction model was constructed based on multifactor COX
analysis. We classified patients into high and low risk groups according to prognostic risk
parameters (p <0.001) and determined the prognostic value they possessed by survival
analysis and the receiver operating characteristic (ROC) curve in the training and test sets
of internal tests. In a multifactorial independent prognostic analysis, this risk value could be
used as an independent prognostic indicator (HR=1.167, 95%CI=1.078-1.264, P<0.001)
and was a robust predictor without any staging interference. To make it more applicable to
clinical procedures, we constructed nomogram based on risk parameters and parameters
of key clinical characteristics. The area under ROC curve for 3-year and 5-year survival
rates were 0.735 and 0.718, respectively. These will better enable us to monitor patient
prognosis, thus improve patient outcomes.
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INTRODUCTION

Colorectal cancer (CRC) is one of the most common
malignancies in the world. In 2018, there were nearly 881,000
deaths related to colorectal tumors (1). Current studies have
shown that in addition to familial aggregation and hereditary
CRC syndrome, colorectal cancer is associated with tissue
inflammation, intestinal immune regulation, hormones, dietary
habits, and intestinal flora composition (2).

Autophagy is an intracellular self-degradation process that
can be stimulated under a variety of stressful conditions, such as
organelle damage, protein abnormalities, and nutritional
deficiencies. During autophagy, some cellular material is
delivered to the lysosome for degradation in order to ensure
the basic cellular functioning. In cancer, autophagy plays a dual
role and its inhibition in advanced tumor stages may be an
effective therapeutic approach, but targeting of autophagy still
requires an understanding of its environmental and contextual
dependence (3, 4). On the other hand, autophagy regulation is
also important for the intestinal flora, and the interaction of this
process with nuclear receptor signaling can modulate the
inflammatory response (5). More importantly, autophagy also
has a major impact on multidrug resistance after chemotherapy,
and autophagy induced by anticancer drugs can activate
apoptosis of drug-resistant cells, thereby reversing drug
resistance (6).

Autophagy is known to be an important component of the
integrative stress response, and Liu et al. (7) found that BRG1
affects colonic inflammation and tumors through autophagy-
dependent oxidative stress isolation, suggesting that autophagy
site could be a potential therapeutic target. In terms of drug
therapy, Ping Jin et al. (8) found that autophagy inhibition
enhanced the effect of ositinib-induced tumor cell apoptosis
and growth inhibition. Thus, exploring molecular biomarkers
of autophagy could help us understand more about the impact of
autophagy in cancer, and could even be a way to discover
new targets.

In our study, autophagy-related gene (ARG) expression
profiles of colorectal cancer patients were obtained using The
Cancer Genome Atlas (TCGA), prognostic impact genes were
obtained by single-factor COX analysis, and a prognostic risk
prediction model was constructed using multifactor COX
minutes. The risk value is a characteristic parameter that
allows us to robustly predict patient survival and to facilitate
the clinical process, we have developed nomogram based on risk
characteristic and clinical characteristics, which will help us to
provide strong support for improving patient outcomes.
MATERIALS AND METHODS

Data Sources
We downloaded FPKM data on gene expression of colorectal
cancer transcripts from TCGA-GDC (https://portal.gdc.cancer.
gov/) and obtained a total of 612 cases of colorectal cancer
transcripts, including 44 normal samples and 568 tumor
Frontiers in Oncology | www.frontiersin.org 278
samples, as well as patient clinical data in XML format. HADb
(http://www.autophagy.lu/clustering/) is a human autophagy
public database that stores information on genes that have
been reported to be associated with human autophagy. We
obtained a total of 232 autophagy-related genes (ARGs) from
HADb and extracted the expression of 232 ARGs from TCGA
transcriptome data to obtain the autophagy-related gene
expression matrix. The 363 samples from the GSE87211
dataset were used as the validation set. Since all data were
collected from publicly available data in the HADb, GEO and
TCGA databases, ethics committee approval was not required.

Differential Expression ARGs
Enrichment Analysis
We used R language for data analysis and extracted 222
autophagy-related genes expression profiles from the
transcriptome data obtained by TCGA, and screened and
evaluated whether they were differentially expressed in tumor
and normal samples. SCREENING METHODS: Using the R
language “Limma” package for data variance analysis. Wilcox
test was used to identify differentially expressed ARGs, and 37
autophagy-differentiated genes were obtained by determining
cut-off values based on FDR<0.05 and |log (FC)|>1 criterion. To
obtain high-dimensional information, we used the enrichplot
package of R and the ggplot2 package to visualize these different
genes for GO analysis. The z-score method was used to obtain
the cut-off values and the GOplot package was used to visualize
the KEGG analysis to identify the main biological properties of
these genes.

Establishing a Risk Profile Associated
With CRC Patient Survival
At the matching of TCGA transcriptomic tumor data with
clinical data, by reducing some of the sample data with
incomplete information, we obtained 540 cases and split them
into a training set and a test set in a 7:3 ratios, with 378 case
counts in the training set and 162 case counts in the test set. In
the training set, we used single-factor Cox analysis to select
ARGs that were significantly associated with the prognosis of
CRC patients, multivariate Cox analysis to obtain the final
prognostic ARGs, and established a prognostic model
consisting of these genes. The prognostic model we
constructed was based on a linear combination of relative
expression levels of genes multiplied by regression coefficients,
and the relative weights of the genes were represented in the
multivariate Cox analysis, with the prognostic risk value as the
final presented outcome. We used the median prognostic risk
value as a risk cut-off value to classify CRC patients into high-risk
and low-risk groups. To verify whether the prognostic risk value
had a valid predictive efficiency, we combined the training and
test sets and performed survival analysis and ROC curve analysis
on the training set, test set and combined set, respectively. In
addition, the GSE87211 dataset was downloaded from the GEO
database as an external validation set, the risk score for each
patient was calculated using the same formula as the training set,
Kaplan-Meier curves were used to assess the predictive power of
May 2021 | Volume 11 | Article 595099
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the model, and the expression levels of five key genes were
examined in cancer and normal samples.

After determining that the risk parameter as an indicator
already had predictive power, we further explored whether
autophagy-related prognostic risk value could be used as an
independent predictor of OS in the TCGA cohort of
CRC patients.

We performed univariate Cox regression analysis and
multivariate Cox regression analysis using the R language “
survival” package, and the characteristic of P<0.05 was
considered significant for independent prognosis. In survival
analysis, we used the “ survival” and “ survminer” software
packages for survival analysis and picture plotting, and the
Kaplan-Meier method was used to identify high and low risk
groups by median, and the difference of P<0.05 was considered
statistically significant. For the ROC curve analysis, we used the
R language “survivalROC” package for the analysis and the
Kaplan-Meier method for the 3-year ROC curve.

GSEA Analysis and the Construction
of Nomogram
We performed a GSEA enrichment analysis of the five key genes
constituting the predicted risk values using GSEA 3.0 (http://
www.broad.mit.edu/gsea/) and JAVA program (http://software.
broadinstitute.org/gsea/downloads.jsp), after performing 1,000
permutations using the c2.cp.kegg.v7.4.symbols pathway gene set
collection (containing 186 gene sets), and differences of P < 0.05
and FDR < 0.25 were considered statistically significant. To aid
clinical procedures, we constructed nomogram combining risk
profile parameters and clinic pathological risk factors as a
quantitative predictive tool to assess clinical outcomes.

Statistical Analysis
All statistical analyses, including single and multifactorial Cox
regression analysis, survival analysis and ROC curve analysis,
were performed using Rstudio (version 3.6.1). Quantitative data
are shown as mean ± standard deviation, and statistical
differences between the two groups were compared with
Wilcox test. Heat maps, box line maps and forest maps were
drawn using R. P < 0.05 was considered statistically significant.
RESULTS

Differentially Expressed Autophagy-
Related Genes
The flowchart of our designed study is shown in Figure 1A. We
identified 37 differentially expressed genes from transcriptomic
data of normal and tumor samples of the colorectal obtained
from the TCGA database. The 21 genes that were significantly
down-regulated in expression were HSPB8, NRG2, NKX2-3,
TP53INP2, TMEM74, CCR2, NRG3, MAP1LC3C, BCL2,
TNFSF10, PINK1, FKBP1B, PRKN, ITPR1, NRG1, FAS,
GABARAP, GRID2. CAPN2, SESN2, and CDKN1A; the 16
genes whose expression was up-regulated were CAPN10,
IFNG, BCL2L1, BID, ERO1A, ATIC, CD46, HSP90AB1,
Frontiers in Oncology | www.frontiersin.org 379
EIF4EBP1, BIRC5, VEGFA, SPHK1, MYC, TP73, CDKN2A,
and ATG9B. In the heat map (Figure 1B) and box line plot
(Figure 1D), we observed the expression of 37 genes in normal
and tumor samples, while the volcano plots (Figure 1C) show
the genetic screening.

Functional Validation of Differential
Autophagy-Related Genes
To further understand the biological functions of differential
autophagy genes, we performed GO and KEGG analyses on these
genes. In the GO enrichment analysis, the biological functions of
these 37 differential autophagy genes focused on the inherent
regulation of apoptosis, oxygen content response, and muscle
cartilage changes, in addition to the regulation of cellular
autophagy. They mainly play a role in the composition of
cellular components such as autophagosome membranes,
autophagosomes, and complex TOR functions. In molecular
functions they mainly play the role of ubiquitin protein ligase
binding, ubiquitin-like protein ligase binding, protein kinase
regulator activity, etc. (Figure 2A). We learned from the
KEGG analysis that these genes are mainly involved in the
regulation of p53 signaling pathway, albumin resistance,
apoptosis, EGFR tyrosine kinase inhibitor resistance, ErbB
signaling pathway, and other signaling pathways (Figure 2B).

Autophagy Gene Prognosis Analysis and
Risk Model Construction
In the training set sample, we assessed the relationship between
232 autophagy-related genes and overall survival (OS) by
univariate Cox regression analysis (Figure 3A), yielding 11
prognosis-related genes, including three low-risk genes:
HSPA8, CANX, and MAPK9; and eight high-risk genes:
WDR45, ATG13, CX3CL1, TP63, ULK3, CDKN2A, CTSL,
and MAP1LC3C.

To determine whether these OS-related genes act non-
independently, we performed a multifactorial COX analysis of
these 11 genes to identify the characteristic parameters that could
truly influence OS. In the multifactorial COX analysis, we
identified five genes that were used to construct the risk model:
HSPA8, TP63, ULK3, MAPK9, and CTSL. We used these five
genes to construct the prognostic prediction model:
(-0.5319×HSPA8 expression value) + (1.4333×TP63 expression
value) + (0.5014×ULK3 expression value) + (-0.7018×MAPK9
expression value) + (0.3298×CTSL expression value) = patient
risk value. HSPA8 and MAPK9 were low-risk genes, and TP63,
ULK3, and CTSL were high-risk genes (Table 1). To gain a better
understanding of these five genes, we performed survival analysis
on them (Figures 3B–F).

Validation of Risk Parameters
We combined the training and test sets and calculated the risk
values for each patient in the 3 sets, categorized patients into
high- and low-risk groups according to the median, and analyzed
them for OS to see if the predicted risk values were significant.
The results showed that both in the training set (Figure 4A), the
test set (Figure 4B) and merged set (Figure 4C), the low-risk
May 2021 | Volume 11 | Article 595099
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patients had better OS. Similarly, in the observation of patient
survival status, the number of deaths increased as the patient’s
risk value increased, and both the training set (Figure 4G), the
test set (Figure 4H) and merged set (Figure 4I) were significant
for the number of deaths on the side with the highest risk value.
In addition, to test the stability predictive ability of the risk
parameter, we performed ROC analysis in the training set
(Figure 4D) , the test set (Figure 4E) and merged set Figure
4F) with the area under the curve of AUC=0.694, AUC=0.668
and AUC=0.671, respectively.

To further validate the predictive power of the risk parameters,
the risk scores of patients were calculated in GSE87211 using the
same formula, and patients were divided into high-risk and low-risk
groups according to the median risk score. In the validation set, the
trends of the distribution of survival curves (Figure 4J) and survival
status (Figure 4K) of patients were similar to the trends in the
training set, and OS was significantly lower in the high-risk group
(P <.001) (Figure 4J). Meanwhile, we extracted five key gene
expressions in this set to detect the expression trends of these
genes in normal and tumor samples (Figure 4L), and the differences
were considered statistically significant in CTSL (P = 0.015),
HAPA8 (P = 0.016), and ULK3 (P < 0.01), while MAPK9 (P =
A B

C D

FIGURE 1 | Differential expression of ARGs between colorectal cancer and normal ti
37 autophagy differential genes. Green is normal tissue; Orange is tumor tissue. Red
of ARGs expression, with green indicating low expression and yellow indicating high
paired non-tumor samples. Red represents tumor samples and blue represents non-
FC, Fold Change; TCGA, The Cancer Genome Atlas.
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0.666) and TP63 (P = 0.929) were not considered significant. Also,
inconsistent with the previous results, we previously found TP63,
ULK3 and CTSL to be high-risk genes, whereas in this pooled result,
TP63 appears to be a low-risk gene and ULK3 and CTSL continue
to be high-risk genes.

Prognostic Value of Risk Parameters
To further assess the role of the risk parameter in predicting the
prognosis of patients with colorectal cancer, we extracted the clinic
pathological characteristics of patients’ age, sex, Stage and TNM stage
and performed a multifactorial independent prognostic analysis with
them and risk parameter.We found that risk parameter (HR = 1.167,
95% CI = 1.078-1.264, P < 0.001) and age (HR = 1.051, 95% CI =
1.028-1.073, P < 0.001) could be used as prognostic parameter in the
multifactorial analysis of colorectal cancer patients. Independent
prognostic indicator for patients with colorectal cancer (Figure
5A). This result confirms that the risk parameter as an indicator
will be independent of other clinic pathological characteristics and
that stable predictions can be obtained. Next, we stratified patients
according to Stage, T stage, N stage and M stage to examine the
prognostic value of risk parameter for different grades. The ability to
predict survival in a high- and low-risk group of patients based on
ssues. (A) Research Flowchart. (B) Clustered heat map of expression levels of
indicates high expression, blue indicates low expression. (C) Volcano diagram
expression. (D) Expression of 37 ARGs in colorectal cancer tumor tissues and
tumor samples. ARGs, Autophagy-Related Genes; FDR, false discovery rate;
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the risk parameter of the autophagy signature genes was not affected
by any staging (Figure 5B).

GSEA Analysis of 5 Genes
We already understand the significance of the risk parameter for
prognosis, but are there certain pathways in which the key genes
that make up this parameter also influence tumor development?
A

B

FIGURE 2 | Functional analysis of differential autophagy genes. (A) GO analysis: top
end indicates low correlation. BP, CC and MF, biological function, cellular componen
enrichment pathways. Red circles indicate up-regulation and blue circles indicate dow
genes clustered in this category. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of

Frontiers in Oncology | www.frontiersin.org 581
To answer this query, we performed GSEA analysis on each of
these five key genes to observe their high and low expression
groups on the KEGG pathway, and we focused on observing the
relationship between these genes and the cancer pathway. In
CTSL, its high expression was involved in several cancer
pathways (Figure 6A), such as JAK signaling pathway and
cancer signaling pathway (Supplementary Table 1). High and
10 gene functions for each category. Red end indicates high correlation; blue
t composition and molecular function. (B) KEGG analysis: top 10 gene
nregulation. Different colors of the inner circles indicate the overall expression of
Genes and Genomes.
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low expression of HSPA8 was closely associated with the
development of multiple cancer pathways (Figure 6B), such as
theWNT signaling pathway, thyroid cancer and Parkinson’s disease
(Supplementary Table 2). High and lowMAPK9 expression is also
involved in multiple cancer pathways (Figure 6C), such as
colorectal and bladder cancers (Supplementary Table 3) .High
and low TP63 expression is involved in various diseases such as
Parkinson’s disease and pancreatic cancer (Figure 6D and
Supplementary Table 4). High expression of ULK3 is involved in
bladder cancer and MTOR signaling pathway, among others
(Figure 6E and Supplementary Table 5). In short, the results of
GSEA analysis imply that these genes are associated with the
development and progression of tumors.

Create and Validate Nomogram
To further extend the applicability of the risk parameter, we
combined the risk parameter with three clinical characteristics:
A

B

D

F

FIGURE 3 | Autophagy gene prognosis analysis. (A) Forest plot: Univariate COX reg
risk genes: HR<1. (B–F) Survival analysis of HSPA8, TP63, ULK3, MAPK9 and CTSL
rates, while the other genes were not significantly different. HR, Hazard Ratio.
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sex, age and T stage to construct nomogram, which can directly
predict the survival status of CRC patients. Survival of CRC
patients at 1, 3, and 5 years was predicted by calculating the total
nomogram score (Figure 7A). We applied ROC curves to assess
the accuracy of this scoring system, with a 3-year predicted AUC
of 0.735 (Figure 7B) and a 5-year predicted AUC of 0.718
(Figure 7C). This suggests that the Nomogram prediction
model we developed is of high value for the postoperative
prognosis of CRC patients. In addition, in the Nomogram
calibration curves, both the 3-year (Figure 7D) and 5-year
(Figure 7E) calibration curves are close to the reference line.

Prognostic Model for All Genes
After obtaining the autophagy-related gene prognostic model, we
screened all genes with the aim of constructing a non-ARG
prognostic risk model for comparison with existing models. We
used the method described previously for constructing the
C

E

ression analysis yielded prognosis-related genes, high risk genes: HR>1, low
genes. The HSPA8 and MAPK9 high expression groups had better survival
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TABLE 1 | Risk prognosis model table. HSPA8 and MAPK9 are low-risk genes and TP63, ULK3, and CTSL are high-risk genes.

ID Coef HR HR.95L HR.95H P value

HSPA8 -0.53187368 0.587503146 0.408231369 0.845500796 0.004189771
TP63 1.433268924 4.192381391 1.804266321 9.741389908 0.000862622
ULK3 0.50141811 1.651060998 0.99830923 2.730619268 0.050775569
MAPK9 -0.70179156 0.495696439 0.234641897 1.047191327 0.065897061
CTSL 0.329839978 1.390745561 1.076044679 1.797484114 0.011738924
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autophagy-related gene prognostic model to construct a new model
in which differential gene screening we filtered according to |log FC|
>7, FDR<0.05 and obtained 43 differential genes. After performing
univariate COX regression analysis on these differential genes, we
obtained 7 prognosis-related genes: LINC02474, VGLL1,
AC117386.2, SFTA2, LINC01234, RNU6-403P, LINC01602
(Figures 8A, B). Finally, this model was validated by survival
analysis and ROC curves (Figures 8C, D). Of interest to us, the
ROC curve of this all differential gene prognostic model with
AUC=0.649 was not better than the model we constructed with
autophagy-related genes (AUC=0.694).
A

B

C

D G

H

I

L

E

F

FIGURE 4 | Validation of risk parameters. (A–C) Training set, test set and combined
the high and low risk groups, with shorter overall survival time in the high risk group c
ROC curves with AUC=0.694, AUC=0.668 and AUC=0.671. (G–I) Survival status of
are shown in blue for survival and red for death. (J) GSE87211 survival curves. The lo
(L) Expression of 5 genes in normal and tumor samples. OS, overall survival; ROC, re
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DISCUSSION

Colorectal cancer is one of the world’s deadliest cancers, and
although new treatments have been developed to increase the
overall survival of advanced patients, improving early detection
can better reduce the incidence and mortality of colorectal cancer
because it only causes symptoms in the middle and late stages.
Currently, targeted therapy is a new approach in the treatment of
colorectal cancer and has been successful in prolonging the
overall survival of CRC patients (1). And in the direction of
molecular targeting, the development of potential biomarkers
J

K

set survival curves. Kaplan-Meier plots indicate the survival status of patients in
ompared to the low risk group. (D–E) Training set, test set and combined set
training set, test set and combined set. Death cases in high and low risk groups
wrisk group has better OS performance. (K) GSE87211 survival status.
ceiver operating characteristic; AUC, The area under the curve.
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A

B

FIGURE 5 | The role of risk parameters in predicting the prognosis of patients with colorectal cancer. (A) Multifactor independent prognostic analysis. Age and risk
value had a statistically significant effect on prognosis, p<0.001. (B) Survival analysis of pathological parameters based on risk values. In the survival analysis of
patients at M0, M1, N0, N1&2, Stage I&II, Stage III&IV, T1-2, T3-4, the low-risk group had a more significant survival rate.
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not only improves the early detection rate of CRC, but is
also necessary for the development of drugs that can improve
patient survival (9, 10). Autophagy has been found to play
an important role in cancer development and has been
explored as a potential therapeutic target in a variety of
malignancies (11). And because of the complex role that
autophagy has in cancer, it makes deciphering autophagy
crucial (12). In colorectal cancer, inhibition of autophagy has
been found to be a promising therapeutic strategy to increase the
cytotoxicity of chemotherapeutic agents, and inhibition of
autophagy through the use of digitizing can sensitize CRC cells
to 5-fluorouracil, significantly reducing the viability of cancer
cells (13). In most of the previous studies, autophagy was mainly
explored with autophagy signaling pathways or signaling genes,
and autophagy genes themselves were less studied, so we wanted
Frontiers in Oncology | www.frontiersin.org 884
to link autophagy-related genes to colorectal cancer and seek the
impact of autophagy-related genes on the prognosis of colorectal
cancer patients, and these genes will provide new possibilities to
improve the treatment and prognosis of colorectal cancer. We
screened and identified key prognostic ARGs from autophagy-
related genes and developed a risk prediction model based on
these genes, and patients in the high-risk group were strongly
associated with poor prognosis.

In this study, we dug deeper into the TCGA database to
analyze the expression profile of ARGs using its transcriptomic
data, aiming to find suitable molecular markers for predicting
the prognosis of colorectal cancer patients. First, we screened
for 37 differentially expressed ARGs between colorectal tumors
and non-tumor tissues. Second, to better understand the
function of these genes in CRC, we performed GO and
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FIGURE 6 | Single gene GSEA analysis of 5 genes. (A–E) High and low expression groups of CTSL, HSPA8, MAPK9, TP63 and ULK3 genes, respectively, showed
enrichment in the KEGG pathway associated with cancer.

Zhao et al. Prognosis Study of Colorectal Cancer
KEGG analyses on them. Notably, in the KEGG analysis, these
genes were mainly enriched in the p53 signaling pathway,
platinum resistance and apoptosis pathway. In a previous
report, the initiation of autophagy in sorafenib-resistant
Frontiers in Oncology | www.frontiersin.org 985
hepatocellular carcinoma cells enhanced the resistance of
cancer cells to sorafenib (14). In addition, it has also been
found that when autophagy dies, it reduces the proliferation
and migration of lung adenocarcinoma cells to the extent that
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D

E

FIGURE 7 | Nomogram construction. (A) Nomogram. Predictive characteristic factors consisted of sex, age, T-stage and risk parameters. (B–C) Time-dependent
ROC curves. Assessment of model accuracy, 3-year AUC = 0.735 and 5-year AUC = 0.718. (D–E) Nomogram calibration curves. 3-year and 5-year calibration
curves are close to the standard curve.
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reducing increased tumor autophagy may be an effective
therapeutic strategy (15). Based on these findings, we
speculate that ARGs play a multifaceted effect in cancer. To
further understand the role these genes play in colorectal
cancer, we divided the TCGA data into a training set and a
test set. In the training set we performed a single factor COX
regression analysis and obtained 11 autophagy-related genes
that were associated with prognosis. In the multivariate COX
analysis, we obtained five key genes that had independent
effects on patient prognosis without interference from other
factors, namely HSPA8, TP63, ULK3, MAPK9, and CTSL.
Using these prognostic genes we developed a prognostic risk
model, and the risk parameter obtained may be used as an
independent prognostic indicator for CRC patients.
Subsequently, we identified a significant correlation between
this risk value and prognosis through a multifactorial
independent prognostic analysis. To test the reliability of this
risk model, we further clarified the usability of this model by
performing survival and ROC analyses on them in the training
and test sets. The risk value is a stable predictor regardless of
the clinical stage. Finally, we have extended this model by
developing nomogram so that it can be more clinically
applicable. The good level of prediction in the time-
Frontiers in Oncology | www.frontiersin.org 1086
dependent ROC curves and cal ibration curves was
demonstrated in our developed nomogram with sex, age, T-
stage and risk parameter as test parameters, proving that this
nomogram can effectively assess patient prognosis.

The five key genes obtained in our study, HSPA8 and
MAPK9 were low-risk genes and TP63, ULK3, and CTSL
were high-risk genes. In a previous study, HSPA8 was found
to be important for glioblastoma, and knockdown of HSPA8
interferes with the tumorigenic properties of glioblastoma cells
ectopically overexpressing nesting proteins (16). In gastric
cancer, HSPA8 interacts with GKN2 to promote oxidative
stress-induced apoptosis, inhibit the NF-kB signaling
pathway, and activate the JNK signaling pathway (17).
MAPK9 is a member of the MAP kinase family and acts as an
integration point for a variety of biochemical signals involved in
various cellular processes such as proliferation, differentiation,
transcriptional regulation and development. It has been found
that MAPK8/9 has a non-essential role in starvation-induced
autophagy and that its regulated gene expression may lead to an
increase in autophagy, but may lead to a decrease in autophagy
under different circumstances (18). MAPK8 also known as c-
Jun N-terminal kinase, is a key factor in JNK activation, which
generates anti-apoptotic signals during the initial phase of JNK
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FIGURE 8 | Non-ARG gene prediction model. (A) Forest plot of Univariate COX analysis. (B) Forest plot of multi-factor independent prognostic analysis. (C) Non-
ARG gene prediction model ROC validation curve. (D) Survival curves.
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activation in the early stages of the endoplasmic reticulum stress
response (19). The transcription factor TP63 is a member of the
p53 family and plays a key role in epidermal development. In
the development of squamous cell carcinoma, TP63 plays an
important role in chromatin remodeling and enhancer
reprogramming and epidermal differentiation (20). In
esophageal squamous cell carcinoma, Jiang et al. (21) found
that TP63, SOX2 and KLF5 are part of a core regulatory
network that determines cellular chromatin accessibility,
epigenetic modifications and gene expression patterns.
ADUK, the orthologue of Drosophila Ulk3, is an autophagy-
induced Atg1 independent pathway. Loss of ADUK attenuates
the autophagy response to complex stressors, whereas it has no
effect on the induction of autophagy in response to known
Atg1-dependent stimuli (22). In squamous cell carcinoma,
inhibition of the ULK3 gene inhibits fibroblast effector gene
expression as well as GLI2 activation, while inhibiting the
growth-enhancing and oncogenic properties of these cells of
neighboring cancer cells (23). CTSL is a lysosomal cysteine
protease that plays a major role in the metabolism of
intracellular proteolysis. CTSL can contribute to ionizing
radiation-induced EMT in lung cancer through the mut-p53/
Egr-1 signaling pathway, and the expression level of CTSL is
Frontiers in Oncology | www.frontiersin.org 1187
significantly higher in tumor tissues than in adjacent tissues,
positively correlating with the grade of the tumor (24). In the
study by Mao et al. (25) CTSL was significantly associated with
autophagy and played a key role in degrading the extracellular
matrix to promote metastasis.

Currently, there have been significant advances in the
development of public databases, and an increasing number of
expression profiling-based studies have been generated with the
support of public databases, such as Qiu et al. (26) using the
TCGA and GEO public databases to obtain seven immune-
related genes that could help provide potential therapeutic
targets for bladder cancer. Wang et al. (27) established an
autophagy-associated multi-gene expression signature network,
which provides direction for the individualized prognosis of
glioblastoma patients. Our research focuses on the link
between molecular biomarkers and clinical signature
parameters so that these prognostic parameters can be
translated into the clinic. However, our study also has some
limitations, being a retrospective study based on TCGA data with
a limited number of cases and clinical characteristic parameters
available, so more prognostic variables are not yet found in
relation to risk indices, and these will need to be determined by
further studies.
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CONCLUSION

In conclusion, by mining the TCGA database ARGs expression
profile, we constructed a risk scoring model and identified risk
parameter value with independent prognostic value, and this risk
value can help us effectively predict the survival status of
colorectal cancer patients. We have also developed a
nomogram for predicting patient survival index, which will
provide strong support for assessing patient prognosis.
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Purpose: The aims of this study were to develop and validate a novel nomogram to

predict thromboembolism (TE) in gastric cancer (GC) patients receiving chemotherapy

and to test its predictive ability.

Methods: This retrospective study included 544 GC patients who received

chemotherapy as the initial treatment at twomedical centers. Among the 544GC patients

who received chemotherapy, 275 and 137 patients in the First Affiliated Hospital of

Nanchang University from January 2014 to March 2019 were enrolled in the training

cohort and the validation cohort, respectively. A total of 132 patients in the Beilun branch

of the First Affiliated Hospital of Zhejiang University from January 2015 to August 2019

were enrolled in external validation cohorts. The nomogram was based on parameters

determined by univariate and multivariate logistic analyses. The prediction performance

of the nomogram was measured by the area under the receiver operating characteristic

curve (AUROC), the calibration curve, and decision curve analysis (DCA). The applicability

of the nomogram was internally and independently validated.

Results: The predictors included the Eastern Cooperative Oncology Group

Performance Status (ECOG), presence of an active cancer (AC), central venous catheter

(CVC), and D-dimer levels. These risk factors are shown on the nomogram and verified.

The nomogram demonstrated good discrimination and fine calibration with an AUROC of

0.875 (0.832 in internal validation and 0.807 in independent validation). The DCA revealed

that the nomogram had a high clinical application value.

Conclusions: We propose the nomogram for predicting TE in patients with GC

receiving chemotherapy, which can help in making timely personalized clinical decisions

for different risk populations.

Keywords: thromboembolism, gastric cancer, chemotherapy, nomogram, prediction

INTRODUCTION

Thromboembolism (TE) is a common complication of malignant tumors, with an incidence of
up to 20% in cancer patients (1), and is usually accidentally diagnosed during cancer treatment
(2, 3). Cancer-associated TE is a common condition, which includes thromboembolism (VTE),
arterial thromboembolism (ATE), and pulmonary embolism (PE). Cancer-associated TE, whether
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symptomatic or incidental, is a significant predictor of poor
prognosis (4). For example, the occurrence of cancer-associated
VTE is a significant predictor of death within 1 year of cancer
diagnosis (5). In addition, TE is one of the leading causes of death
in cancer patients receiving chemotherapy (6), and TE diagnosis
can delay or interrupt chemotherapy initiation (6). TE occurring
during antineoplastic treatment is a preventable complication
causing a high economic burden (7). Therefore, early detection
of high-risk factors for malignant tumors combined with TE is
clinically significant and helps to improve the quality of life and
prolong the survival in these patients.

Gastric cancer (GC) is one of the most common malignancies
in the world and one of the common causes of cancer-related
death (8, 9). Surgery is the main treatment for patients with
early gastric cancer, while neoadjuvant/adjuvant chemotherapy
and radiotherapy can improve the prognosis of advanced gastric
cancer (8, 9). Among various cancer types, GC is a malignant
diseases at high risk for TE (10). TE is a serious complication
in GC patients undergoing chemotherapy. Preventing the
occurrence of TE is very important since it is associated
with huge medical and economic costs. Although prophylactic
anticoagulant therapy can be used, there is an inherent risk of
bleeding which may offset its clinical benefits. Therefore, there is
an urgent need for new tools to accurately predict the risk of TE
in patients with GC undergoing chemotherapy and to assess the
benefits of prophylactic anticoagulant therapy.

In recent years, the nomogram is a simple and personalized
visualization tool, which has been widely used in the diagnosis
and prognosis of diseases (11). The nomogram is a complex
calculation formula, which integrates multiple prediction indexes
and then uses the line with scale to draw on the same
plane according to a certain proportion, so that the prediction
probability can be simply determined. Some studies have
reported that nomogram prediction models have good value
in disease diagnosis (12–14). In addition, the nomogram has
been used to predict the risk of thromboembolism in cancer
patients. For example, a recent study reported the application
of nomogram in the risk of VTE in hospitalized patients with
post-operative breast cancer (15). However, there is no report on
using nomogram to predict venous thrombosis in gastric cancer
patients receiving chemotherapy.

A predictive model is needed to determine the risk of TE
in patients with GC undergoing chemotherapy in order to
reduce the possibility of current overtreatment and not alter the
prognosis of patients. The aim of this study was to establish
a new predictive model for the probability of TE in patients
with GC receiving chemotherapy, which can help determine the
occurrence of TE and provide personalized early anticoagulant
therapy strategies.

PATIENTS AND METHODS

Patients
We retrospectively collected GC patients who received
chemotherapy in the First Affiliated Hospital of Nanchang
University from January 2014 to March 2019. Clinical data
including age, gender, histological subtype, primary lesion

resection, cancer type, and the Eastern Cooperative Oncology
Group performance status (ECOG PS) scale were collected
by viewing electronic medical records and using adjuvant
chemotherapy and single or multiple main veins and by central
vein catheter (CVC) placement. We selected cases clearly
diagnosed as primary GC and receiving chemotherapy.

The inclusion criteria were 1) all primary gastric malignant
tumors confirmed by pathological examination and 2) TE
diagnosed by ultrasound or CT/MRI (16).

The exclusion criteria were as follows: 1) incomplete data;
2) TE occurring before chemotherapy; 3) those who had taken
anticoagulant drugs within 1 month before chemotherapy;
4) prophylactic anticoagulation before TE occurring during
chemotherapy; and 5) concomitant diseases such as atrial
fibrillation, abnormal liver and kidney function, and malignant
blood diseases.

From January 2015 to August 2019, an independent validation
study was conducted on GC patients who received chemotherapy
in the Beilun branch of the First Affiliated Hospital of Zhejiang
University using the same standards as the primary study.
Figure 1 summarizes the patient inclusion/exclusion process.

Statistical Analysis
SPSS version 25.0 (IBM, USA) and R software (version 3.6.1;
https://www.r-project.org/) were used for statistical analysis.
Continuous variables were expressed as mean and standard
deviation (mean ± SD). Independent sample t-test or one-way
ANOVA was used to compare differences. A P < 0.05 was
considered statistically significant, and all tests were two-tailed
unless otherwise indicated. For continuous variables, data were
presented as median and interquartile range [M (P25, P75)]
or mean ± SD. Categorical variables were presented as whole
numbers and proportions.

Construction and Validation of the
Nomogram
Patients with GC receiving chemotherapy in the primary study
were randomly divided into a training and internal validation
group with a proportion of 2:1. Through binary multiple logistic
regression analysis, a model was developed in the training
dataset (17). Internal validation and independent validation were
performed in the internal validation dataset and independent
validation dataset, respectively. The logistic regression formula
from the training set was used in all the patients in the internal
and external validation sets, and the probability risk of TE in each
GC patient was calculated.

Univariate and multivariate logistic regression analyses were
used to calculate and validate the effect of variables in the
training, internal validation, and external validation cohorts (18).
Variables with a P < 0.05 in the univariate model were included
in the multivariate logistic regression analysis. The measure of
the effect of each variable on TE was presented as an odds ratio
(OR) to identify independent risk factors. The significance of
each variable in the primary cohort was assessed by univariate
logistic regression to investigate the independent risk factors for
TE in GC patients who received chemotherapy.
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FIGURE 1 | Flowchart of inclusion and exclusion of GC patients who received chemotherapy. NU, Nanchang University; ZU, Zhejiang University.

All variables with a P < 0.05 in the univariate logistic analysis
were evaluated bymultivariable logistic regression with backward
stepwise selection, and the Akaike information criterion was
used as a termination rule for the likelihood ratio test (19).
According to the results from the final multivariate logistic
regression, the nomogram was constructed to visually score
individual risk probabilities of TE in GC patients receiving
chemotherapy (11, 20).

The Calibration Curve and Area Under the
Receiver Operating Characteristic Curve
We evaluated the calibration of the nomogram by the Hosmer–
Lemeshow test and presented it using a calibration curve. The
accuracy of the nomogramwas presented as a ROC curve, and the
area under the receiver operating characteristic curve (AUROC)
was used to quantitatively express the ability of the nomogram to
predict TE in patients with GC undergoing chemotherapy.

Clinical Use of the Nomogram
Decision curve analysis (DCA) is a new approach to appraise
the potential clinical value of a risk prediction model, which
can directly show the potential benefits of the new model once
applied in clinical practice (21). Thus, the DCAmethod was used
to compare the clinical consequences of the predictive nomogram
in the current research.

RESULTS

Demographic and Clinical Characteristics
of the Patients
A total of 544 patients were collected in our final study
cohort, with 412 and 132 patients assigned to the
primary and independent validation cohorts, respectively
(Figure 1). The rate of TE was 18.7 and 16.6% in the
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primary and independent validation sets, respectively
(P = 0.068). The clinical characteristics of the patients
in the primary and independent validation sets are given
in Table 1.

Predictor Selection and Model
Development
Patients in the primary study were randomly divided into the
training (275 cases) and internal validation sets (137 cases). We

TABLE 1 | Characteristics of patients in the primary and validation cohorts.

Primary set Independent validation set

TE (+) TE (–) P TE (+) TE (–) P

Age (mean ± SD, years) 67.1 ± 10.2 67.4 ± 10.5 0.866 70.3 ± 9.3 69.4 ± 9.7 0.670

Gender [n (%)] 0.041 0.062

Male 53 (68.8) 188 (56.1) 15 (68.2) 51 (46.4)

Female 24 (31.2) 147 (43.9) 7 (31.8) 59 (53.6)

TE [n (%)]

DVT 47 (61.0) – – 10 (45.5) – –

PE 10 (13.0) – – 7 (31.8) – –

ATE 6 (7.8) – – 2 (9.1) – –

PVT 3 (3.9) – – 0 (0) – –

DVT + PE 8 (10.4) – – 2 (9.1) – –

DVT + ATE 3 (3.9) – – 1 (4.5) – –

ECOG [n (%)] <0.001 0.035

0 24 (31.1) 191 (57.0) 4 (18.2) 28 (25.4)

1 33 (42.9) 118 (35.2) 12 (54.5) 73 (66.4)

2 20 (26.0) 26 (7.8) 6 (27.3) 9 (8.2)

Histological subtype [n (%)] 0.197 0.209

Well and mod 10 (13.0) 32 (9.6) 22 (100) 96 (87.3)

Others 67 (87.0) 292 (87.2) 0 (0) 9 (8.2)

Unknown 0 (0) 11 (3.3) 0 (0) 5 (4.5)

Adj or non-Adj setting [n (%)] 0.005

Non-Adj 18 (23.4) 136 (40.6) 2 (9.1) 50 (45.5) 0.001

Adj 59 (76.6) 199 (59.4) 20 (90.9) 60 (54.5)

Resection of primary site [n (%)] 0.542 0.165

Yes 62 (80.5) 259 (77.3) 19 (86.4) 104 (94.5)

No 15 (19.5) 76 (22.7) 3 (13.6) 6 (5.5)

CVC [n (%)] 0.068 0.005

Yes 29 (37.7) 91 (27.2) 1 (4.5) 38 (34.5)

No 48 (62.3) 244 (72.8) 21 (95.5) 72 (65.5)

Patients with active cancer (AC) [n (%)] <0.001 0.003

Non-AC 5 (4.5) 107 (31.9) 1 (4.5) 40 (36.4)

AC 72 (93.5) 228 (68.1) 21 (95.5) 70 (63.6)

Khorana score [n (%)] 0.850 0.280

High 28 (36.4) 217 (64.8) 17 (77.3) 72 (65.5)

Low 49 (63.6) 118 (35.2) 5 (22.7) 38 (34.5)

Single or multiple primary [n (%)] 0.751 0.956

Single 68 (88.3) 300 (89.6) 21 (95.5) 105 (95.5)

Multiple 9 (11.7) 35 (10.4) 1 (4.5) 5 (4.5)

D-dimer [n (%)] <0.001 0.002

<500 µg/L 23 (29.9) 262 (78.2) 8 (36.4) 78 (70.9)

≥500 µg/L 54 (70.1) 73 (21.8) 14 (63.6) 32 (29.1)

P-value is derived from the univariate association analyses between the TE (+) group and the TE (–) group.

TE, thromboembolism; TE (+), TE-positive; TE (–), TE-negative; Adj, adjuvant; PE, pulmonary embolism; DVT, deep vein thrombosis; ATE, arterial thrombosis; PVT, portal

vein thrombosis; CVC, central venous catheter; mod, moderately differentiated adenocarcinoma; ECOG, Eastern Cooperative Oncology Group Performance Status; Well, well-

differentiated adenocarcinoma.
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evaluated the association between TE and clinicopathological
variables. The results of the univariate logistic and multivariate
analyses are presented in Table 2. Univariate binary logistic
regression analyses showed that the ECOG, the presence of
an AC, CVC, and D-dimer levels were significant risk factors
for TE in GC patients receiving chemotherapy (P < 0.05).
According to the multivariate logistic analysis, the results showed
that the ECOG [3.233 (0.484–1.863)], AC [47.954 (2.112–
5.628)], CVC [9.383 (1.232–3.246)], and D-dimer level [8.136

(1.206–2.987)] were independently associated with TE in GC
patients receiving chemotherapy. The model that incorporated
the above independent predictors was developed into the
nomogram (Figure 2).

Performances of Prediction and Calibration
The discrimination ability and prediction performance of the
nomogram were represented by the ROC curve (Figure 3). The
nomogram demonstrated good valuable prediction performance

TABLE 2 | Results of univariate and multivariate analyses for the prediction of incidence of TE.

Univariate Multivariate

β P-value OR (95% CI) β P-value OR (95% CI)

Age (mean ± SD, years) −0.004 0.785 0.996 (0.967–1.025)

Gender −0.514 0.115 0.598 (0.316–1.133)

ECOG 0.937 0.001 2.551 (0.552–1.321) 1.406 0.001 3.233 (0.484–1.863)

Histological subtype −0.577 0.169 0.562 (−1.399–0.245)

Adj or non-Adj setting 0.767 0.028 2.153 (0.083–1.450) −0.366 0.550 0.693 (0.209–2.299)

Resection of primary site 0.293 0.464 1.341 (0.611–2.942)

CVC 1.078 0.001 2.940 (0.455–1.701) 2.239 <0.001 9.383 (1.232–3.246)

Patients with active cancer (AC) 1.757 0.001 5.797 (0.699–2.815) 3.870 <0.001 47.954 (2.112–5.628)

Khorana score −0.603 0.853 0.941 (0.498–1.781)

Single or multiple primary −0.587 0.190 0.556 (0.231–1.338)

D-dimer 1.979 <0.001 7.236 (1.311–2.647) 2.096 <0.001 8.136 (1.206–2.987)

OR, odds ratio; CI, confidence interval.

FIGURE 2 | The nomogram model for quantifying individual risk of TE in GC patients who received chemotherapy. For the pretreatment of patients with GC who

received chemotherapy, the risk of TE according to the nomogram is the probability in “Risk of TE” corresponding to “Total Points” of all four indicator points summing

gastric cancer patients who received chemotherapy.
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with an AUROC of 0.875 (0.832 in the internal validation
and 0.807 in the independent validation, respectively). The
calibration curves of the nomogram showed a good agreement
between prediction and observation (Figure 4). We obtained
a good calibration curve in the nomogram and the Hosmer–
Lemeshow test was not significant in each set (P > 0.05), which
indicated a high reliability of the nomogram’s prediction ability.

Presentation of the Nomogram and Clinical
Risk Management
The results of the DCA for the nomogram are presented in
Figure 5. The decision curve of the net benefit showed a superior
risk threshold probability to the baseline, ranging from 6.1 to
80%. If the threshold probability was 10%, the net benefit was
0.135 superior to the treatment-all of 0.117 and treatment-none,
and if the risk threshold probability was 5% (<6%) and 85%
(>80%), the net benefit of 0.152 and −0.016 is not superior to
the reference strategies of treatment-all of 0.185 and treatment-
none, respectively.

DISCUSSION

Early prediction of TE is important to improve the quality
of life of patients with GC receiving chemotherapy. In this
study, we developed and validated a simple prediction model
based on four clinical indicators to quantify the risk of TE
in patients with GC after chemotherapy, which can be used
by clinicians for the individualized risk management of TE
in patients with GC after chemotherapy. To the best of our
knowledge, this study was the first to use a nomogram in TE
in GC patients who received chemotherapy based on large-scale
multicentric datasets including 544 patients. The easy-to-use
nomogram contains four clinical risk factors (ECOG, AC, CVC,
and D-dimer) to predict the risk of thrombosis in GC patients
receiving chemotherapy.

Various risk factors for cancer-related TE have been
previously reported, such as age, histological subtype, stage, and
chemotherapy (7, 22). Certain cancers have also been identified
as high risk factors for TE, including lung cancer, pancreatic
cancer, and gastric cancer (23–25). To best of our knowledge,

FIGURE 3 | Prediction performance of the model. Receiver operating characteristic (ROC) curve plot in the training set (A); ROC curve plot in the internal validation

set (B); ROC curve plot in the independent validation set (C). AUROC, the area under the receiver operating characteristic; CI, confidence interval.

FIGURE 4 | Calibration curve plot in each set. (A) The training set; (B) the internal validation set; (C) the independent validation set.
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FIGURE 5 | Decision curve analysis for the classification of different risk

populations.

few studies have developed or validated risk prediction models
for TE in cancer patients receiving chemotherapy. The Khorana
score is a predictive risk assessment model for TE in cancer
patients (10). Sanfilippo et al. (26) developed and validated a
risk score to assess the risk of patients with multiple myeloma
starting chemotherapy, with an area under the curve value
of 0.66.

Active cancer is associated with an increased TE risk with
an overall four- to seven-fold increased risk (27). Compared
with cancer patients without distant metastases, patients with
distant metastases have a higher risk of TE (5, 28). Cancer-
associated TE is associated with biological invasiveness of tumors,
as the pathways of coagulation and fibrinolysis intersect with
those of tumor growth and metastasis (29, 30). Aggressive
tumors grow faster and are more likely to metastasize and
spread, leading to a higher risk of TE (31). In this study, active
cancer was associated with a higher incidence of TE, suggesting
that both distant metastasis and early recurrence reflect
tumor invasiveness.

Central venous catheterization (CVC), including PICC, has
become a common way of infusion. Although CVC has the
advantages of safety and convenience, the complications of
CVC represented by CVC-related thrombosis have also been
reported (32). The incidence of PICC-related thrombosis is
closely related to the type of central venous catheter (33). In
addition, the incidence of TE is related to the thickness of the
catheter; the thicker the central venous catheter, the higher the
incidence of VTE, and the more serious the damage to the
vascular epidermis (32, 33). Ten et al. (34) found that the risk
of VTE was different when CVC was carried out at different
sites. The incidence of TE in patients with left arm puncture
was significantly higher than that in patients with right arm

puncture and could be related to the distance between left arm
puncture point and superior vena cava. In addition, the depth of
the CVC catheter placement was associated with the incidence of
VTE (33).

Plasma D-dimer levels have been identified as a predictive
biomarker of TE, but its specificity is not high. Increased
levels of plasma D-dimer have also been associated with
pregnancy, surgery, inflammation, infection, and various types
of cancer (35, 36). D-dimer levels are elevated in patients
with ovarian cancer after surgery and have been recommended
as a predictor of thrombosis in patients (37, 38). According
to previous studies, the threshold of D-dimer for predicting
thrombosis is still controversial. According to the receiver
operating characteristic curve, we found that the optimal critical
level of plasma D-dimer to distinguish the thrombus group
from the non-thrombus group was 500 ng/ml. This is similar
to that after lung cancer surgery (39). The critical D-dimer
plasma level in GC patients undergoing chemotherapy was
500 µg/L, which requires further consideration and research.
In addition, false-positive increases in D-dimer levels are
common in cancer patients. Therefore, the specificity and
positive predictive value of the assay are likely to be reduced in
cancer patients.

The ECOG is amethod to evaluate the functional performance
status of patients. Performance status is an important indicator
of activities of daily living of cancer patients (40). Performance
status has been repeatedly demonstrated in most studies to
predict the clinical outcomes of cancer patients, including the
quality of life, chemotherapy toxicity, response to chemotherapy,
and overall survival (41–43). Most studies have shown that the
ECOG is closely related to the prognosis of cancer patients
receiving chemotherapy (44–46). Compared with patients with
an ECOG of 0–1, patients with a higher score (ECOG ≥

2) generally had poorer tolerance to chemotherapy (47–49).
However, in daily clinical practice, patients with an ECOG
≥ 3 do not often receive chemotherapy (50). In our study,
the vast majority of GC patients who received chemotherapy
scored <2. Interestingly, a recent clinical study showed that
the ECOG was independently associated with TE in Japanese
gastric and colorectal cancer (GCC) patients who received
chemotherapy (51).

Our nomogram only contained four variables, which
represented a simple and visual tool for the risk probability of
venous thrombosis in GC patients undergoing chemotherapy.
This study shows that this simple risk assessment model based
on four clinical indicators can reliably predict the risk of TE
in patients with GC at the beginning of chemotherapy. TE is a
frequent occurrence in GC patients undergoing chemotherapy,
and it can be prevented by effective anticoagulant therapy.
This predictive model can be used by clinicians to assess the
risk of TE in patients with GC undergoing chemotherapy
in clinical practice and can also be used to design future
clinical trials involving cancer patients who will benefit
from thromboprophylaxis.

The most important issue in this model is the individual needs
for anticoagulation in GC patients receiving chemotherapy.
Although the nomogram has a better risk prediction
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performance, calibration, and resolution, it still cannot
capture the clinical consequences of a certain level of
discrimination or misalignment (52–54). Therefore, in order
to confirm its clinical application, decision curve analysis
was used to evaluate whether the decision-making based
on the nomogram was helpful. The decision curve shows
that the model has a positive net income for threshold
probabilities between 6.1 and 80%. For example, if the
personal threshold probability is 10%, the net benefit is
0.135 superior to the treatment-all of 0.117 and treatment-
none when using the nomogram to decide whether to
conduct anticoagulation.

This study has limitations. First of all, this study used a
retrospective analysis, and the underlying bias could not be
avoided. Therefore, the reliability and stability of the nomogram
still need to be further verified. In addition, the sample size
of this study is not very large, and the samples are all from
the same country and race. Whether, the model is suitable for
patients of other races and countries is unknown. Finally, further
prospective multicenter clinical studies are needed to prove its
clinical efficacy.

Conclusion
This study systematically developed and validated a novel
nomogrammodel for predicting TE in patients with GC receiving
chemotherapy. With this easy-to-use scoring system, physicians
could perform pretreatment of TE management, facilitating
timely individualized clinical decision-making for different risks
in patients with GC receiving chemotherapy.
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Background: Optimal prognostic biomarkers for patients with gastric cancer who
received immune checkpoint inhibitor (ICI) are lacking. Inflammatory markers including
lymphocyte-to-monocyte ratio (LMR), platelet-to-lymphocyte ratio (PLR), and systemic
inflammation index (SII) are easily available. However, its correlation with ICI is unknown in
gastric cancer. Here, we evaluated the potential association between LMR, PLR, and SII
with clinical outcomes in gastric cancer patients undergoing ICI therapy.

Methods:We examined LMR, PLR, SII at baseline, and 6 (± 2) weeks later in 139 patients
received ICI therapy between August 2015 and April 2019 at Peking University Cancer
Hospital (Beijing, China). Landmark analysis at 6 weeks was conducted to explore
the prognostic value of LMR, PLR, and SII on progress-free survival (PFS), and
overall survival (OS). A Cox proportional hazards model was used to compute mortality
hazard ratios (HRs) for LMR, adjusting for potential confounders including age, sex,
ECOG, tumor location, tumor differentiation, tumor stage, line of therapy, and type of
anti-PD-1/PD-L1 therapy.

Results: Among 139 patients, 103 (74.1%) were male, median age was 60 years. Median
duration of therapy was 6 cycles. We observed that both LMR at baseline and week 6
were independent prognostic factors. Patients with a higher LMR (≥ 3.5) at baseline
or week 6 had superior PFS [baseline: HR 0.58, 95% confidence interval (CI): 0.38–0.91;
week 6: HR 0.48, 95% CI: 0.29–0.78] and OS (baseline: HR 0.38, 95% CI: 0.24–0.62;
week 6: HR 0.52, 95% CI: 0.31–0.88) compared with patients with a lower LMR (< 3.5).
Furthermore, for patients with both LMR ≥ 3.5 at baseline and LMR ≥ 3.5 at week 6 were
estimated to have much better PFS (HR 0.41, 95% CI: 0.23–0.72) and OS (HR 0.34, 95%
CI: 0.18–0.64) than patients with both LMR < 3.5 at baseline and LMR < 3.5 at week 6.
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Conclusions: Baseline and early changes in LMR were strongly associated with survival
in gastric cancer patients who received ICI therapy, and may serve to identify patients
most likely to benefit from ICI.
Keywords: lymphocyte-to-monocyte ratio, PD-1/PD-L1, immunotherapy, gastric cancer, prognostic biomarker
INTRODUCTION

Gastric cancer (GC) is the fifth most common cancer and the
third leading cause of cancer death worldwide, especially with a
high incidence in East Asia (1). Immune checkpoint inhibitors
(ICI), represented by antibodies targeting programmed cell death
protein-1 (PD-1), or PD-1 ligand 1 (PD-L1), have revolutionized
the treatment strategy of advanced gastric cancer (2).
Pembrolizumab (a PD-1 inhibitor) monotherapy demonstrated
promising activity with objective response rate (ORR) of 11.6%
(95% CI: 8.0%–16.1%) in advanced gastric or gastroesophageal
junction cancer (GEJ) who had previously received at least two
lines of treatment (3). The ATTRACTION-2 study showed a
significant survival advantage with nivolumab (a PD-1 inhibitor)
compared with placebo (HR 0.63, 95% CI: 0.51–0.78) in
advanced gastric or GEJ cancer patients after two or more lines
of therapy (4).

Although ICI elicits durable antitumor effects, immunotherapy
could cause serious toxicities and high treatment cost, thus there is
an urgent need to identify patients most likely to benefit from ICI
(5). However, biomarkers for prognosis of immunotherapy remain
largely unidentified. PD-L1 has been proved to reflect therapeutic
outcomes of ICI in several types of cancer, yet the predictive value of
PD-L1 expression in GC is controversial (6). KEYNOTE-061 trial
showed a trend towards better overall survival (OS) with
pembrolizumab in patients with PD-L1 positive tumors
[combined positivity score (CPS) ≥ 1, HR 0.81, 95% CI: 0.66–
1.00; CPS ≥ 5, HR 0.72, 95% CI: 0.53–0.99; CPS ≥ 10, HR 0.69, 95%
CI: 0.46–1.05] (7). In KEYNOTE-062 study, pembrolizumab
monotherapy showed a significant improvement in OS (HR 0.69,
95% CI: 0.49–0.97) compared with chemotherapy in patients with
strong PD-L1 positive (CPS ≥ 10) (8). However, data from
JAVELIN Gastric 300, CheckMate032, and ATTRACTION-2 did
not support the concept of PD-L1 positivity as a predictive response
marker to ICIs (4, 9, 10). Additionally, higher tumor mutation
burden (TMB) has been correlated with better ORR and superior
overall survival (OS) in patients treated with pembrolizumab in
KEYNOTE-061 trial (11). However, both PD-L1 expression and
TMB are limited by dynamic changes over treatment, tumor
heterogeneity and different test methods. Previous studies
reported that microsatellite instability-high (MSI-H) and Epstein-
Barr virus (EBV)-positive gastric cancer prone to have a better
response from ICI therapy, but there appear to be a significant
portion of patients who do benefit from immunotherapy with
microsatellite stable (MSS) or EBV-negative status (12). Therefore,
we need to identify biomarkers which could be readily available and
easy to monitor the ICI treatment response in GC patients.

Cancer-related inflammation plays a critical role in
tumorigenesis, angiogenesis and disease progression (13, 14).
2101
Therefore, inflammatory biomarkers reflecting response to ICI
treatment may help clinical decision-making. Systemic
inflammation could be reflected with alterations in peripheral
blood cell composition (lymphocytes, monocytes, neutrophils,
platelets) that can be presented by neutrophils-to-lymphocytes
ratio (NLR), lymphocyte-to-monocyte ratio (LMR), platelet-to-
lymphocyte ratio (PLR), and systemic immune-inflammation
index (SII) (15). Our group previously reported that higher
derived NLR level was correlated with reduced OS in non-
colorectal gastrointestinal cancer patients receiving immune
checkpoint blockades (16). In addition, a few studies showed
that low pretreatment LMR is a significant prognostic biomarker
for poor survival in GC patients received curative resection or
chemotherapy (17, 18). However, the utility of LMR in the
context of immunotherapy for GC has not been well-studied.

We hypothesized that the LMR at baseline and 6 weeks later
might be associated with prognosis in advanced gastric cancer
patients received ICI therapy. To test this hypothesis, we utilized
a retrospective cohort of advanced gastric cancer patients treated
with ICI in Peking University Cancer Hospital and examined
survival in relation to the time-scaled changes of LMR.
MATERIALS AND METHODS

Study Population and Design
We performed a retrospective analysis of advanced gastric cancer
patients treated with anti-PD-1/PD-L1-based treatment regimens
recruited by the Department of Gastrointestinal Oncology, at
Peking University Cancer Hospital and Institute from August
2015 to April 2019. Written informed consent was signed by the
patient or their legal guardian before receiving ICI treatment. All
blood tests and treatments were performed in accordance with
institutional guidelines. Clinical doctors collected demographic
information, histology, and laboratory tests from patients’
electronic medical records. The inclusion criteria were:
1) pathologically confirmed GC; 2) initial stage III or IV;
3) administration at least one dose of anti-PD-1/PD-L1-based
treatment regimens. The exclusion criteria were: 1) incomplete
hematological data; 2) lost to follow-up.

Patients were observed until death or end of follow-up (April 2,
2020), whichever came first. Dates of death were obtained from
telephone calls by follow-up center in the hospital. The study
protocol was approved by the Ethics Committee of the Peking
University Cancer Hospital and Institute.

Assessment of Hematological Parameters
Blood samples were routinely collected prior to therapy (Day 0
or 1) and every 7 days. Inflammatory markers were calculated
June 2021 | Volume 11 | Article 589022
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based on lymphocytes (L), monocytes (M), platelets (P), and
neutrophils (N): lymphocyte-to-monocyte ratio (LMR) defined
as L/M, platelet-lymphocyte ratio (PLR) defined as P/L, SII
defined as P× N/L. We included L, M, P, N at the initiation of
ICI and at 6 (± 2) weeks after therapy. OS was defined as the time
from initial ICI treatment to death. Progression-free survival
(PFS) was defined as the time from initial ICI treatment to
disease progress or death. Censoring occurred if patients were
still alive at last follow up. The cutoff values of LMR, PLR, SII
were determined by time-dependent receiver operating
characteristics (t-ROC) analysis to maximize differences of OS.
Mismatch repair (MMR) status and EBV status are routinely
tested for gastric cancer in our hospital.

Assessment of MMR Status
The status of major mismatch repair (MMR) was routinely
examined by immunohistochemistry (IHC) staining of four
proteins (MLH1, PMS2, MSH2 and MSH6). Tumors with a
deficient MMR (dMMR) phenotype were defined as showing loss
of expression of 1 or more MMR proteins. Proficient MMR
(pMMR) phenotype tumors were defined as showing intact
MMR protein expression.

Assessment of EBV Infection Status
EBV infection was detected by chromogenic in situ hybridization
with EBV-encoded small RNA (EBER) using fluorescein-labeled
oligonucleotide probes (INFORMEBER Probe; Ventana).
Positive EBER nuclear expression in tumor cells with negative
signals in normal tissue was considered to be positive results.

Statistical Analysis
Primary outcome endpoints were PFS and OS. Our primary
hypothesis was the assessment of an association of LMR, PLR,
SII at baseline/week 6 with mortality in multivariable-adjusted Cox
proportional hazards regression model. We initially included the
variables of age (< 60 vs. ≥ 60), sex (male vs. female), Eastern
Cooperative Oncology Group Performance Status (ECOG PS) (1–
2 vs. 0), tumor location (GEJ vs. Non-GJE), tumor differentiation
(well-moderate vs. poor), Lauren classification (intestinal type vs.
diffused type vs. mixed type), HER2 expression (positive vs.
negative), PD-L1 expression (positive vs. negative), MMR status
[proficient MMR (pMMR) vs. deficient MMR (dMMR)], EBV
status (positive vs. negative), line of therapy (1 vs. 2 vs. ≥3), and
type of therapy (monotherapy vs. combination therapy). We
conducted a backward elimination with a threshold of P = 0.05
to select variables for the final models. Disease stage (stage III vs.
stage IV) was used as a stratifying variable using the “strata” option
in the “SPSS” COX model. For cases with missing information in
any of the categorical covariates [tumor differentiation (8.6%),
Lauren classification (9.4%), HER2 expression (4.3%), MMR status
(9.4%), PD-L1 expression (10.8%), and EBV status (18.0%), we
included these cases in the majority category of a given
covariate. We implemented Kapan-Meier method to estimate the
distribution of progression-free survivals and overall survivals, and
log-rank test into our analyses. A landmark analysis at 6 weeks
was conducted to explore the prognostic value of LMR, PLR, SII at
6-weeks. All statistical analyses were performed using SPSS
Frontiers in Oncology | www.frontiersin.org 3102
(Version 20). All P values were two-sided and statistical
significance was considered at P < 0.05.
RESULTS

We included 139 advanced gastric cancer patients who received
anti-PD-1/PD-L1–based treatment at Peking University Cancer
Hospital retrospectively. Among 139 patients, 103 (74.1%) were
male, median age was 60 years. Median duration of therapy was 6
cycles. Considering line of therapy, 70 patients (50.4%) received
treatment in the first-line, 34 (24.5%) in the second-line, and 35
(25.1%) in the third-line or later. As for type of therapy, 51
patients received ICI monotherapy, and 88 patients received
anti-PD-1/PD-L1–based combination therapy (Table 1). One
hundred patients were treated as part of a clinical trial. Median
PFS and OS after therapy initiation were 4.3 (95% CI: 3.3–5.3)
and 11.7 (95% CI: 8.3–15.1) months, respectively. During the
median follow-up time of 23.8 (95% CI: 20.7–26.8) months, there
were 91 deaths. For landmark analysis, we included 121
advanced gastric cancer patients with L, M, P, N available at 6
(± 2) weeks after initial therapy.

Optimal cut-off values for baseline LMR, PLR and SII were
calculated and applied to categorized patients into high LMR (≥3.5,
n=71, 51.1%) and low LMR (<3.5, n=68, 48.9%); high PLR
(≥173.7, n=63, 45.3%) and low PLR (<173.7, n=76, 54.7%); high SII
(≥665.3, n=75, 54.0%) and low SII (≥665.3, n=64, 46.0%) groups,
respectively. As baseline LMR level (< 3.5 vs. ≥3.5) was associated
with lineof therapyand typeof anti–PD-1/PD-L1 therapy,we further
evaluated prognostic value of LMR stratified by line of therapy and
type of therapy (SupplementaryTable 1). TheORR for patientswith
lowerbaselineLMR(<3.5)was38%(20/53cases),whereas thosewith
higher LMR (≥ 3.5) was 48% (30/63 cases; P = 0.13). The disease
control rate (DCR) for patients with lower baseline LMR (< 3.5) was
62% (33/53 cases), whereas those with higher LMR (≥ 3.5) was 83%
(52/63 cases; P = 0.012). Patients with higher LMR achieved a higher
DCR rate, predicting good survival benefit. Patients with higher PLR
or SII at week 6were associatedwith lower DCR rate and lowerORR
rate (P < 0.05) (Supplementary Table 2).

Baseline LMR and LMR at week 6 later were independent
prognostic factors. Higher baseline LMR (≥ 3.5) was associated
with superior PFS (adjusted HR = 0.58, 95% CI: 0.38–0.90, P =
0.014), and OS (adjusted HR = 0.38, 95% CI: 0.24–0.62, P <
0.001) compared with lower baseline LMR (< 3.5). Higher LMR
at week 6 (≥ 3.5) was also correlated with better PFS (adjusted
HR = 0.48, 95% CI: 0.29–0.78, P = 0.004), and OS (adjusted HR =
0.52, 95% CI: 0.31–0.88, P = 0.016) compared with lower LMR at
week 6 (< 3.5) (Table 2). Figure 1 shows Kaplan-Meier curves
for progression-free survival and overall survival according to
LMR at baseline and week 6. Baseline PLR and SII were
associated with OS in advanced gastric cancer treated with ICI
in univariate analysis (Supplementary Figure 1). In addition,
patients with a higher SII (≥ 665.3) at week 6 had inferior PFS
(HR 2.05, 95% CI: 1.27–3.30) and OS (HR 2.78, 95% CI: 1.64–
4.70) compared with patients with a lower SII (< 665.3).

In the exploratory analysis, continuous LMR was also strongly
associated with survival. A higher LMR at baseline and week 6 were
June 2021 | Volume 11 | Article 589022
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independently associated with superior PFS (LMR at baseline:
adjusted HR per 1 unit increase in LMR = 0.87, 95% CI: 0.77–0.99;
LMR at week 6: adjusted HR per 1 unit increase in LMR = 0.78, 95%
CI: 0.67–0.91), and OS (LMR at baseline: adjusted HR per 1 unit
increase in LMR = 0.81, 95% CI: 0.69–0.95; LMR at week 6: adjusted
HR per 1 unit increase in LMR = 0.78, 95% CI: 0.66–0.94)
(Supplementary Table 3). We also tried to delineate whether the
prognostic value of LMR was predominantly due to a higher
lymphocytes or lower monocytes. We found that the prognostic
value of baseline LMR was due to a ratio of both immune cells
(Supplementary Table 3). Previous studies reported differential
associations between patient’s survival and type of therapy, line of
therapy and PD-L1 expression. Therefore, we additionally examined
the prognostic value of LMR stratified by these above factors as
sensitivity analyses. The correlation of LMR at baseline and week 6
with survival were consistent stratified by type of ICI therapy
(monotherapy or combination therapy), by line of therapy
(1, 2, ≥3), or by PD-L1 expression (positive or negative)
(Supplementary Tables 4–6).

Furthermore, we categorized patients into four groups
according to both baseline LMR and LMR at week 6 as
follows: (i) low-low (LMR-baseline < 3.5 and LMR-6 weeks <
3.5); (ii) low-high (LMR-baseline < 3.5 and LMR-6 weeks ≥ 3.5);
(iii) high-low (LMR-baseline ≥ 3.5 and LMR-6 weeks < 3.5); and
(iv) high-high (LMR-baseline ≥ 3.5 and LMR-6 weeks ≥ 3.5).
Patients with both LMR ≥ 3.5 at baseline and LMR ≥ 3.5 at week-
6 were estimated to have much better PFS (HR 0.41, 95% CI:
0.23–0.72, median PFS: 9.8 vs. 4.2 months) and OS (HR 0.34,
95% CI: 0.18–0.64, median OS: 19.0 vs. 9.8 months) than patients
with both LMR < 3.5 at baseline and LMR < 3.5 at week 6 (Tables
3, 4 and Figure 2), suggesting that the combination of baseline
and week 6 information strengthened the prognostic value of
LMR in ICI therapy of GC.
DISCUSSION

Immunotherapy is revolutionizing the treatment strategy in GC
(19). Nonetheless, given the severe adverse events and high
health care burden, easily accessible prognostic markers will be
of great help for clinical decision-making (20). To our
knowledge, it is the first study to demonstrate that high LMR
at baseline and week 6 are independent predictors for superior
PFS and OS in advanced GC patients treated with ICI.
Importantly, higher LMR predicted better clinical outcome
regardless of PD-L1 expression, type of therapy, or line of
TABLE 1 | Characteristics of advanced gastric cancer patients.

Characteristic* N = 139

Age
Median, IQR 60 (51–67)

Sex (male/female)
Male 103 (74.1%)
Female 36 (25.9%)

ECOG PS
0 63 (45.3%)
1–2 76 (54.7%)

Prediagnosis body mass index
Median, IQR 21.8 (19.6–23.9)

Location
GEJ 23 (16.5%)
Non-GEJ 116 (83.5%)

Differentiation
Well-moderate 23 (16.6%)
Poor 104 (74.8%)
Unknown 12 (8.6%)

Lauren classification
Intestinal type 43 (30.9%)
Diffused type 40 (28.8%)
Mixed type 43 (30.9%)
Unknown 13 (9.4%)

Stage
III 11 (7.9%)
IV 128 (92.1%)

HER2 expression
Positive 9 (6.5%)
Negative 124 (89.2%)
Unknown 6 (4.3%)

PD-L1 expression
Positive (TC/TIC) 56 (40.3%)
Negative 68 (48.9%)
Unknown 15 (10.8%)

MMR status
pMMR 112 (80.6%)
dMMR 14 (10.1%)
Unknown 13 (9.4%)

EBV status
Positive 10 (7.2%)
Negative 104 (74.8%)
Unknown 25 (18.0%)

Line of therapy
1 70 (50.4%)
2 34 (24.5%)
≥3 35 (25.1%)

Type of anti-PD-1/PD-L1 therapy
Monotherapy 51 (36.7%)
Combination therapy

chemotherapy 57 (41.0%)
VEGF-targeted therapy 13 (9.4%)
CTLA-4 15 (10.8%)
HER2-targeted therapy 3 (2.2%)

LMR-baseline
Median, IQR 3.54 (2.17–4.47)

LMR-week 6
Median, IQR 3.00 (2.13–4.32)

PLR-baseline
Median, IQR 161.8 (120.3–240.7)

PLR-6 weeks
Median, IQR 175.0 (123.0–258.7)

SII-baseline
Median, IQR 694.5 (424.3–1166.3)

(Continued)
TABLE 1 | Continued

Characteristic* N = 139

SII-6 weeks
Median, IQR 545.2 (278.9–1126.7)
June 2021 | Volum
*Percentage indicates the proportion of patients with a specific clinical, pathologic, or
molecular characteristic among all patients.
dMMR, deficient mismatch repair; pMMR, proficient mismatch repair; IQR, interquartile
range; TC, tumor cells; TIC, tumor-infiltrating immune cells.
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therapy. Our results demonstrate that routine clinical tests of
peripheral immune cells might provide further insight into the
evaluation of treatment response.

Our findings are consistent with previous studies on a
superior survival for higher LMR compared with lower LMR
in GC patients underwent surgery or received chemotherapy.
Several studies have reported that higher preoperative LMR
(cut-off values for LMR ranged from 3.15 to 5.15) were
associated with better disease-free survival (DFS), or OS in
gastric cancer patients who underwent surgical resection (17,
19–22). Similarly, unfavorable prognostic impact of low LMR
on OS was observed in 4908 gastric cancer patients of different
disease stages in a meta-analysis (23). Although changes in
LMR could reflect patients’ response to therapy, there were few
studies focused on dynamic changes of LMR in advanced GC.
In non-small cell lung cancer patients who treated with
nivolumab, increasing of LMR was significantly associated
with higher ORR, prolonged PFS and OS (24). In gastric
cancer patients who underwent surgery, an increased post-
operative peripheral monocyte count compared with the pre-
operative monocyte count was a marker of poor prognosis (25).
Our study, for the first time, showed that patients with both
higher baseline LMR and higher week 6 LMR were associated
Frontiers in Oncology | www.frontiersin.org 5104
with much better PFS and OS compared with patients who had
both lower baseline LMR and lower week 6 LMR in GC patients
underwent ICI therapy. This could further identify patients
who are mostly benefit from treatment.

Apart from all clinical implications, it is interesting to
speculate potential mechanisms for the prognostic value of
LMR. To achieve a positive response from PD-1/PD-L1–based
therapy, a favorable host immune balance is needed (26). The
higher LMR reflects sufficient lymphocyte inflammation and/or
lower monocyte count. Experimental evidence shows that the
higher LMR or fewer monocytes was related to the larger number
of CD3+ T cells in the tumor site in 240 colorectal cancer
patients (27). In addition, systemic inflammation markers
included NLR and prognostic nutritional index are associated
with the density of CD4+T cells in the tumor microenvironment
of 288 gastric cancer patients (28). Thus, we can assume that the
peripheral lymphocyte count and monocyte count may be
indicators for lymphocyte infiltration in the tumor site.
Tumor-infiltrating lymphocytes (TILs) are thought to be
necessary for immune reinvigorating when treated with ICI,
low lymphocyte counts might cause insufficient immunological
activation. TILs are strong positive predictors of survival in many
tumor types, including GC (29). Several studies report that high
TABLE 2 | Association of LMR, PLR, SII at baseline, and at week 6 (± 2 weeks) with survival in multivariable Cox regression models in advanced gastric cancer
patients.

No. of cases No. of events PFS No. of events OS

Univariate HR
(95% CI)

Multivariate HR*
(95% CI)

Univariate HR
(95% CI)

Multivariate HR*
(95% CI)

LMR-baseline
< 3.5 68 57 1 (reference) 1 (reference) 51 1 (reference) 1 (reference)
≥ 3.5 71 46 0.62 (0.42–0.91) 0.58 (0.38–0.90) 40 0.55 (0.36–0.83) 0.38 (0.24–0.62)

P value 0.015 0.014 0.005 <0.001
LMR-6 weeks†
< 3.5 74 59 1 (reference) 1 (reference) 54 1 (reference) 1 (reference)
≥ 3.5 47 28 0.53 (0.34–0.84) 0.48 (0.29–0.78) 24 0.57 (0.35–0.93) 0.52 (0.31–0.88)
P value 0.006 0.004 0.024 0.016

PLR-baseline
< 173.7 76 53 1 (reference) 1 (reference) 43 1 (reference) 1 (reference)
≥ 173.7 63 50 1.27 (0.86–1.87) 1.25 (0.81–1.93) 48 1.52 (1.01–2.29) 1.58 (1.00–2.50)
P value 0.22 0.30 0.047 0.051

PLR-6 weeks†
< 173.7 60 38 1 (reference) 1 (reference) 31 1 (reference) 1 (reference)
≥ 173.7 61 49 1.82 (1.19–2.79) 1.54 (0.95–2.51) 47 1.96 (1.25–3.10) 1.85 (1.10–3.09)
P value 0.006 0.08 0.0036 0.020

SII-baseline
< 665.3 64 47 1 (reference) 1 (reference) 35 1 (reference) 1 (reference)
≥ 665.3 75 56 1.30 (0.88–1.92) 1.37 (0.90–2.09) 56 1.79 (1.17–2.73) 1.99 (1.23–3.23)
P value 0.19 0.14 0.007 0.005

SII-6 weeks†
< 665.3 65 42 1 (reference) 1 (reference) 34 1 (reference) 1 (reference)
≥ 665.3 56 45 2.17 (1.42–3.32) 2.05 (1.27–3.30) 44 2.49 (1.58–3.92) 2.78 (1.64–4.70)
P value <0.001 0.003 <0.001 <0.001
J
une 2021 | Volume 1
*The multivariable, stage (stage III vs. stage IV)-stratified Cox regression model initially included age (< 60 vs. ≥ 60), sex (male vs. female), ECOG PS (1–2 vs. 0), tumor location (GEJ vs. Non-
GJE), tumor differentiation (well-moderate vs. poor), Lauren classification (intestinal type vs. diffused type vs. mixed type), HER2 expression (positive vs. negative), PD-L1 expression
(positive vs. negative), MMR status (pMMR vs. dMMR), EBV status (positive vs. negative), lines of therapy (1 vs. 2 vs. ≥3), and types of therapy (monotherapy vs. combination therapy).
A backward elimination with a threshold of P = 0.05 was used to select variables in the final models.
†Landmark approach was used where OS and PFS were calculated from 6 weeks after therapy initiation. Patients who progressed before the 6 week landmark time were excluded for
PFS analysis.
CI, confidence interval; HR, hazard ratio; PFS, progression-free survival; OS, overall survival.
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CD3, or CD8 expression in primary tumor are favorable
prognostic factors in GC treated with chemotherapy and/or
targeted therapy (30). Similarly, higher density of pretreatment
tumor infiltrating CD8+ T cell is also a predictor of better clinical
response to anti–PD-1 therapy in melanoma (31). In addition, an
increased CD8+T cell density in primary tumor was associated
with tumor regression in responders (32). Another study showed
that high percentage of CD8+ TILs that were PD-1+TIM-3−LAG-
3− correlated with high levels of T-cell activation and was
associated with better PFS and OS in metastatic clear cell renal
cell carcinoma treated with nivolumab (33). Even in MSI-H
metastatic colorectal cancer treated with ICI, cases with high
number of TILs were observed with better PFS and OS,
increased number of TILs was correlated with higher TMB (34).
Furthermore, a higher density of B-lymphocytes was also found to
be associated with better PD-1/PD-L1 blockade response and
longer survival in sarcoma and melanoma (35, 36). Taken
together, the density and phenotype of TILs were correlated
Frontiers in Oncology | www.frontiersin.org 6105
with clinical outcome and patients’ survival in ICI therapy, and
these predictions warrant further investigation in future work.

Monocytes are of great importance in regulating cancer
progression, angiogenesis, metastasis, and suppression of
immunity (37). High baseline CD14+HLA-DRlo/neg monocyte
were associated with poor clinical outcomes in studies involving
immunotherapy (38). Classical monocytes recruited to tumor
site by chemokines, including colony-stimulating factor 1 (CSF-
1), chemokine (C-C motif) ligand 2 (CCL2), and chemokine (C-
C motif) ligand 5 (CCL5), then polarized into M2 tumor-
associated macrophages (TAMs) (39). The cytokines, such as
CCL5 and IL10, will also recruit regulatory T cells (Treg) to the
tumor site, and appears to be negatively associated with CD8 + T
cell infiltration (40). Experimental studies showed that TAMs
could accelerate angiogenesis, tumor cell invasion and metastasis
through the upregulation and release of various chemokines,
such as vascular endothelial growth factor A (VEGF-A), urokinase
plasminogen activator (uPA), matrix metalloproteinases (MMPs),
A B

C D

FIGURE 1 | Kaplan-Meier curves of progression-free survival (PFS) and overall survival (OS) according to LMR at baseline (A, B) or week 6 (C, D). The P values
were calculated using log-rank test (two-sided).
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and transforming growth factor beta (TGFb) (41). High levels of
CD68+ TAMs in GC were associated with metastasis and poor
prognosis (42). CD163+ M2 macrophages are also independent
significant poor prognostic factors in GC (43). Additionally,
Frontiers in Oncology | www.frontiersin.org 7106
in vivo experiment showed that TAM mediated resistance in
anti-PD1 therapy in melanoma (44, 45). Furthermore, as CSF-1
is an important regulator of monocytes differentiation into TAMs,
blocking CSF-1/CSF-1R axis could be an attractive therapeutic
TABLE 3 | Association of changes in LMR with PFS in multivariable Cox regression models of advanced gastric cancer patients.

LMR groups† No. of cases No. of events Median PFS (95% CI), month Univariate HR (95% CI) P value Multivariate HR* (95% CI) P value

Low-Low 48 41 4.2 (2.2–6.2) 1 (reference) 1 (reference)
Low-High 9 6 6.4 (0.6–12.2) 0.61 (0.26–1.44) 0.26 0.56 (0.23–1.38) 0.21
High-Low 26 18 4.3 (2.1–6.5) 0.82 (0.47–1.42) 0.47 0.75 (0.39–1.41) 0.37
High-High 38 22 9.8 (3.8–15.7) 0.47 (0.28–0.80) 0.005 0.41 (0.23–0.72) 0.002
Ju
ne 2021 | Volume 11 | Article
*The multivariable, stage (stage III vs. stage IV)-stratified Cox regression model initially included age (< 60 vs. ≥ 60), sex (male vs. female), ECOG PS (1–2 vs. 0), tumor location (GEJ vs. Non-
GJE), tumor differentiation (well-moderate vs. poor),Lauren classification (intestinal type vs. diffused type vs. mixed type), HER2 expression (positive vs. negative), PD-L1 expression
(positive vs. negative), MMR status (pMMR vs. dMMR), EBV status (positive vs. negative), lines of therapy (1 vs. 2 vs. ≥3), and types of therapy (monotherapy vs. combination therapy).
A backward elimination with a threshold of P = 0.05 was used to select variables in the final models.
†Four groups of LMR changes: (i) low-low (LMR-baseline < 3.5 and LMR-6 weeks < 3.5); (ii) low-high (LMR-baseline < 3.5 and LMR-6 weeks ≥ 3.5); (iii) high-low (LMR-baseline ≥ 3.5 and
LMR-6 weeks < 3.5); and (iv) high-high (LMR-baseline ≥ 3.5 and LMR-6 weeks ≥ 3.5).
CI, confidence interval; HR, hazard ratio; PFS, progression-free survival; OS, overall survival.
TABLE 4 | Association of changes in LMR with OS in multivariable Cox regression models of advanced gastric cancer patients.

LMR groups† No. of cases No. of events Median OS (95% CI), month Univariate HR (95% CI) P value Multivariate HR* (95% CI) P value

Low-Low 48 37 9.8 (6.6–12.9) 1 (reference) 1 (reference)
Low-High 9 5 15.3 (6.6–24.0) 0.62 (0.24–1.57) 0.31 0.55 (0.21–1.45) 0.23
High-Low 26 17 16.9 (8.1–25.6) 0.69 (0.39–1.23) 0.21 0.43 (0.22–0.84) 0.013
High-High 38 19 19.0 (14.5–23.5) 0.48 (0.28–0.84) 0.010 0.34 (0.18–0.64) 0.001
*The multivariable, stage (stage III vs. stage IV)-stratified Cox regression model initially included age (< 60 vs. ≥ 60), sex (male vs. female), ECOG PS (1–2 vs. 0), tumor location (GEJ vs. Non-
GJE), tumor differentiation (well-moderate vs. poor), lines of therapy (1 vs. 2 vs. ≥3), Lauren classification (intestinal type vs. diffused type vs. mixed type), HER2 expression (positive vs.
negative), PD-L1 expression (positive vs. negative), MMR status (pMMR vs. dMMR), EBV status (positive vs. negative), and types of therapy (monotherapy vs. combination therapy).
A backward elimination with a threshold of P = 0.05 was used to select variables in the final models.
†Four groups of LMR changes: (i) low-low (LMR-baseline < 3.5 and LMR-6 weeks < 3.5); (ii) low-high (LMR-baseline < 3.5 and LMR-6 weeks ≥ 3.5); (iii) high-low (LMR-baseline ≥ 3.5 and
LMR-6 weeks < 3.5); and (iv) high-high (LMR-baseline ≥ 3.5 and LMR-6 weeks ≥ 3.5).
CI, confidence interval; HR, hazard ratio; PFS, progression-free survival; OS, overall survival.
A B

FIGURE 2 | Kaplan-Meier curves of progression-free survival (A) and overall survival (B) according to LMR at baseline and week 6. (A) The median PFS of group “high-high,”
“high-low,” “low-high,” and “low-low”were 9.8 months (95% CI: 3.8–15.7), 4.3 months (95%CI: 2.1–6.5), 6.4 months (95%CI: 0.6–12.2), and 4.2 months (95%CI: 2.2–6.2),
respectively. (B) The median OS of group “high-high,” “high-low,” “low-high,” and “low-low”were 19.0 months (95% CI: 14.5–23.5), 16.9 months (95%CI: 8.1–25.6), 15.3
months (95%CI: 6.6–24.0), and 9.8 months (95% CI: 6.6–12.9), respectively. The P values were calculated using log-rank test (two-sided).
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target for immunotherapy. Blocking CSF1R results in remarkably
reduced TAMs, enhanced antitumor T cell responses, and
enhanced efficacy of ICI for the treatment of several cancer
types (46–48). In summary, a higher proportion of monocytes
may reflect a higher density of TAMs and could serve as an
indicator of poor clinical outcomes in ICI therapy.

Still, limitations existed in our study. First, this was a
retrospective analysis conducted in a single-center, which might
cause bias andhavepotential confounders.Weattempted to control
for bias by utilizing multivariable analysis to adjust for GC-specific
prognostic variables, including age, sex, stage, tumor location,
tumor differentiation, Lauren type, and ECOG PS. Second, our
cohort included patients who are lack of tumor mutation burden
information. However, previous studies reported that tumor
mutation burden related to MSI-H status, or PD-L1 expression.
We adjusted molecular pathology biomarkers in the COX model
including HER2 expression, EBV status, MMR status, and PD-L1
expression. Furthermore, we validated our results in stratified
analysis. In summary, the above limitations did not significantly
affect our main findings. Although our results would benefit from
prospective validation, the LMR prognostic value at baseline and 6
weeks could allow early identification of responders of ICI therapy
in GC. Ultimately, LMR is a helpful prognostic biomarker but also
should be considered in the context of all clinical informationwhen
making clinical-decision for each individual patient.
CONCLUSION

In our cohort of GC patients treated with PD-1/PD-L1–based
immune checkpoint inhibitor, higher baseline and 6-week LMR
were independently associated with a superior PFS and OS.
The LMR appears to be an available, affordable, prognostic
marker in GC patients treated with ICI and warrants larger,
prospective validation.
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Diagnosis and Treatment of Digestive System Tumors of Zhejiang Province, HwaMei Hospital, University of Chinese
Academy of Sciences, Ningbo, China, 4 Ningbo University School of Medicine, Ningbo, China, 5 The Second Clinical Medical
College, Zhejiang Chinese Medical University, Hangzhou, China, 6 Department of Nutrition, HwaMei Hospital, University of
Chinese Academy of Sciences, Ningbo, China, 7 Department of Radiology, HwaMei Hospital, University of Chinese Academy
of Sciences, Ningbo, China, 8 Department of Thoracic Surgery, HwaMei Hospital, University of Chinese Academy of
Sciences, Ningbo, China

Background: This is a study aimed at exploring the relationship between pretreatment
overweight/obesity, adipose tissue distribution, and long-term prognosis of gastric cancer.

Methods: A total of 607 gastric cancer patients were involved in the retrospective cohort
study. Overweight/obese patients were defined as body mass index (BMI) greater than 25
kg/m2, and adipose tissue distribution parameters, including visceral adipose tissue (VAT),
subcutaneous adipose tissue (SAT), and VAT/SAT ratio were measured at the level of the
third lumbar vertebra using computerized tomography images within 15 days before the
surgery. Multiple Cox regression models were applied to evaluate the association
between overweight/obesity and disease-specific survival (DSS) of gastric cancer, and
covariates including age, gender, T stage, N stage, and chemotherapy were adjusted.
Furthermore, multiple Cox regression models were performed to evaluate the association
between adipose tissue distribution parameters and DSS of gastric cancer; except for
covariates mentioned above, overweight/obesity was adjusted additionally.

Results: Overweight/obesity was a predictive factor (HR = 0.61, 95% CI: 0.37–0.99) for
the prognosis of gastric cancer. After additionally adjusting for overweight/obesity, high
SAT percentage was an independent protective factor (HR = 0.59, 95% CI: 0.36–0.96),
while high VAT percentage (HR = 1.68, 95% CI: 1.06–2.68) and high VAT/SAT ratio (HR =
1.99, 95% CI: 1.19–3.34) were independent risk factors for DSS of gastric cancer.
Compared with other patients (overweight/obesity with low VAT/SAT ratio group, non-
overweight/obesity or high VAT/SAT ratio group), patients in the non-overweight/obesity
with high VAT/SAT ratio group had a worse prognosis (HR = 1.89, 95% CI: 1.28–2.77).
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Conclusion: These results suggest that overweight/obesity is a predictive factor for the
prognosis of gastric cancer. The VAT/SAT ratio could be used as a promising prognostic
factor for gastric cancer. Therefore, in preoperative evaluation of gastric cancer patients,
attention should be paid not only to BMI but also to adipose tissue distribution.
Keywords: overweight, obesity, adipose tissue distribution, gastric cancer, prognosis
INTRODUCTION

Gastric cancer is the fifth most commonly diagnosed malignancy
and the fourth leading cause of death from cancer worldwide (1).
At present, the main treatment for resectable gastric cancer is
surgery combined with adjuvant therapy, especially
chemotherapy (2). However, the long-term prognosis of
advanced gastric cancer is not satisfactory (3). The correlation
between obesity and the prognosis of gastric cancer has always
been controversial (4). Previous studies have shown that obese
patients with gastric cancer have better long-term survival than
non-overweight/obese patients (5, 6). However, several studies
have shown that obesity is not associated with survival in gastric
cancer (7–9). In most studies, obesity was used as an adjuvant
parameter and was not further analyzed. Besides, when
considering the association between obesity and the prognosis
of gastric cancer patients, we should not only consider “obesity”
defined by body mass index (BMI), but also consider the
relationship between the adipose tissue distribution and gastric
cancer, including the relationship between the content or
distribution of adipose tissue and gastric cancer.

There are certain differences in the adipose tissue distribution;
even in the same BMI population, the adipose tissue distribution
in the body is not the same. However, studies on the effect of
adipose tissue distribution on the long-term prognosis of gastric
cancer are largely lacking. Human adipose tissue mainly includes
visceral adipose tissue (VAT) and subcutaneous adipose tissue
(SAT), and their effects on tumors vary (10). Although obesity
was initially found to confer a survival advantage in cancer
patients, mounting evidence suggests that increased visceral
adipose tissue may negatively influence survival in patients
with numerous cancers (11, 12). In contrast, current studies
have found that SAT is protective and associated with the
prognosis of various tumors, including colorectal cancer (13),
prostate cancer (14), head and neck cancer (15), and
hepatocellular carcinoma (16).

In recent years, increased visceral adiposity has been
associated with the prognosis of various tumors (17–19).
However, the association between visceral adiposity and the
prognosis of gastric cancer involves retrospective studies with
small sample sizes, and the results remain controversial (20).
Computed tomography (CT) scan is routinely used in the
diagnosis and treatment of gastric cancer. Besides, CT is the
gold standard method for adipose tissue component analysis due
VAT, visceral adipose tissue; SAT,
ase-specific survival; CT, computed
; SMA, skeletal muscle area; IGF-1,
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to its accuracy (21). However, few studies have used CT to
evaluate the adipose tissue distribution and its correlation with
prognosis in gastric cancer patients. Therefore, this study used
CT to evaluate the preoperative adipose tissue distribution of
patients with resectable gastric cancer and explored the
relationship between adipose tissue distribution and long-term
prognosis in gastric cancer.
METHODS

Participants
A total of 607 patients who underwent radical gastrectomy
from January 2013 to December 2017 at HwaMei Hospital,
University of Chinese Academy of Sciences, were included in
this retrospective observational cohort study. The inclusion
criteria were as follows: (1) histologically proven primary
adenocarcinoma of the stomach; (2) no previous history of
gastrectomy or other malignant tumors; (3) pathologically
negative resection margins (R0 resection) and lymphadenectomy
(D1 or more). Exclusion criteria include the following: (1) The
patient had received neoadjuvant chemotherapy or chemo-
radiotherapy before surgery; (2) The patients had postoperative
survival time less than 30 days; (3) Patients were followed up for
less than 36 months. This study was approved by the Ethics
Committee of the HwaMei Hospital, University of Chinese
Academy of Sciences (approval NO. PJ-NBEY-KY-2019-153-
01). Written informed consent was obtained from all
the participants.

Histological Examination
The surgical specimens were assessed according to the handling
guideline of the 3rd edition of the Japanese classification of
gastric carcinoma (22) and confirmed by three senior
pathologists, specialists in gastric cancer. Routine pathology in
the department of pathology included the use of pro forma
reports and whole-mount slides. Information on pathological
variables, including tumor location, differentiation, perineural
invasion, lymph vascular invasion, and tumor size, were obtained
from the histopathological reports. T and N stages were classified
according to the 8th edition of the (Union for International
Cancer Control/American Joint Committee on Cancer) UICC/
AJCC TNM staging system (23).

Demographic and Clinical Parameters
Demographic and clinical characteristics, including age, gender,
gastrectomy, and postoperative chemotherapy, were retrieved
within 24 h after hospitalization. Weight and height were
June 2021 | Volume 11 | Article 680190
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measured with participants without shoes and were recorded to
the nearest 0.1 kg and 0.1 cm, respectively. BMI was calculated as
body weight/height squared (kg/m2). In general, Asian
populations have a smaller physique than Western individuals
and tend to suffer from metabolic complications of obesity at a
lower BMI than others, thus overweight/obese patients were
defined as BMI ≥25 kg/m2 in the present study (24).

Measurement of Adipose Tissue
Distribution Parameters
CT images were taken within 15 days before surgical resection and
then analyzed. The level of the third lumbar vertebra landmark
was independently identified by two experienced radiologists. The
corresponding single axial image was extracted and saved as a
DICOM image file. ABACS Auto Segmentation module in
SliceOmatic software (ver. 5.0) was used to measure the patient’s
adipose tissue distribution parameters, including the cross-
sectional area of VAT, SAT, and intramuscular adipose tissue
(Figure 1). The total fat area was equal to the sum of VAT, SAT,
and intramuscular adipose tissue areas. Percentages of VAT and
SAT were calculated by dividing VAT area and SAT area divided
by total fat area (cm2/cm2), respectively. The VAT/SAT ratio was
calculated by dividing the VAT area by SAT area.

Follow-Up
All patients were followed up every 3–6 months for the first 2
years and annually thereafter until death or at least 5 years after
the surgery. Disease-specific survival (DSS) was defined as the
time from surgery to death of gastric cancer. Cases in which
patients were lost during follow-up or died of other diseases were
regarded as censored, and the date of their last known contact
was recorded. The median follow-up period for the present
cohort was 50 months (range 3–95 months) and the follow-up
was closed in December 2020.

Statistical Analysis
The characteristics of the patients are presented as median
(interquartile range) for continuous variables and frequency
Frontiers in Oncology | www.frontiersin.org 3112
(percentages) for categorical variables. The differences between
overweight/obese and non-overweight/obese patients were tested
using the Wilcoxon rank-sum test for continuous variables
and chi-squared tests or Fisher’s exact test for categorical
variables. The optimal cutoff points for VAT and SAT
percentages and VAT/SAT ratio were determined using
maximally selected log-rank statistics [R packages (maxstat)].
The DSS rate was analyzed using the Kaplan–Meier method and
the log-rank test was used to determine significant differences
between groups. The association between overweight/obesity
and DSS was examined using multiple Cox regression models
after adjusting for age, gender, T stage, N stage, and
chemotherapy. The relationships between adipose tissue
distribution parameters, and DSS were analyzed after
additionally adjusting for overweight/obesity. We further
divided patients into three subgroups based on overweight/
obesity and VAT/SAT ratio categories: 1) Overweight/obese
patients with low VAT/SAT ratio, 2) non-overweight/obese
patient with low VAT/SAT ratio or overweight/obese patients
with high VAT/SAT ratio, and 3) non-overweight/obese
patient with high VAT/SAT ratio. The differences among these
groups were tested using analyses of variance for continuous
variables and chi-squared tests or Fisher’s exact test for
categorical variables. The multiple Cox regression model was
reconducted to analyze the association between overweight/
obesity and VAT/SAT ratio categories and DSS. All p-values
were two-tailed, and statistical significance was defined as
p <0.05. Statistical analyses were performed using STATA 15.1.
RESULTS

Patient Characteristics Based on
Overweight/Obesity
The baseline characteristics and classification of patients in the
entire cohort are summarized in Table 1. Among the 607
patients, the number of male patients was more than twice that
of female patients. The tumors in the distal stomach accounted
FIGURE 1 | Measurement of body composition parameters with cross-sectional CT images at the third lumbar level. (A) A cross-sectional CT image at the third
lumbar level. (B) Body composition automatically calculated using the ABACS Auto Segmentation module in SliceOmatic software (ver. 5.0). Visceral adipose tissue,
subcutaneous adipose tissue, intramuscular adipose tissue, and muscle were targeted as yellow, blue, green, and red, respectively.
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for 80% of all the tumors. Patients with gastric cancer stages I, II,
and III were 197, 112, and 298, respectively. The 5-year disease-
specific survival rates of patients in the present study was 79.9%,
and were 97.6, 86.1, and 68.0% for patients in stages I, II, and III,
respectively (data not shown).

There were no significant differences in demographic and
clinical parameters except for T staging distribution between
overweight/obesity groups. Compared with non-overweight/
obese patients, overweight/obese patients had a low SAT
percentage (p = 0.002), high VAT percentage (p < 0.001), and
high VAT/SAT ratio (p < 0.001).

Overweight/Obesity and DSS
The optimal cutoff values of SAT percentage, VAT percentage,
and VAT/SAT ratio were 64, 30, and 44%, respectively
(Figure S1).
Frontiers in Oncology | www.frontiersin.org 4113
Kaplan–Meier curves of DSS based on overweight/obesity are
shown in Figure 2. Compared with non-overweight/obese
patients, overweight/obese patients had a significantly better
prognosis (p = 0.009). Furthermore, a multiple Cox regression
model was conducted to examine the relationship between
overweight/obesity and DSS (Table 2). After adjusting for age,
gender, T categories, N categories, and chemotherapy, overweight/
obesity was an independent protective factor for long-term DSS in
gastric cancer patients (HR = 0.61, 95% CI: 0.37–0.99).

Adipose Tissue Distribution and DSS
Kaplan–Meier curves of DSS based on adipose tissue distribution,
including SAT and VAT percentages and VAT/SAT ratio are
shown in Figure 3. Compared with patients with a low VAT/SAT
ratio, patients with a high VAT/SAT ratio had a significantly
worse prognosis (p = 0.049). Multiple Cox regression models were
TABLE 1 | Characteristics of entire cohort and classified by overweight/obesity.

Total Overweight/obesity Non-overweight/obesity
(N = 493)

P value
(N = 607) (N = 114)

Age (>65 years) 268 (44.15) 46 (40.35) 222 (45.03) 0.365
Male 428 (70.51) 77 (67.54) 351 (71.20) 0.441
BMI 22.1 (19.79, 24.2) 26.79 (25.71, 27.7) 21.28 (19.20, 23.03) <0.001
Tumor location 0.058
Upper third 60 (9.88) 18 (15.79) 42 (8.52)
Middle third 78 (12.85) 12 (10.53) 66 (13.39)
Lower third 461 (75.95) 84 (73.68) 377 (76.47)
Two-thirds or more 8 (1.32) 0 (0.00) 8 (1.62)

Gastrectomy 0.541
Distal 488 (80.40) 88 (77.19) 400 (81.14)
Total 118 (19.44) 26 (22.81) 92 (18.66)
Proximal 1 (0.16) 0 (0.00) 1 (0.20)
Tumor size (>5 cm) 148 (24.38) 28 (24.56) 120 (24.34) 0.961
Differentiated 313 (51.57) 66 (57.89) 247 (50.10) 0.133
Perineural invasion 239 (39.37) 47 (41.23) 192 (38.95) 0.653
Lymph vascular invasion 283 (46.62) 55 (48.25) 228 (46.25) 0.700

T category 0.022
T1 171 (28.17) 31 (27.19) 140 (28.40)
T2 72 (11.86) 12 (10.53) 60 (12.17)
T3 12 (1.98) 6 (5.26) 6 (1.22)
T4a 339 (55.85) 60 (52.63) 279 (56.59)
T4b 12 (2.14) 5 (4.39) 8 (1.62)

N category 0.960
N0 255 (42.01) 48 (42.11) 207 (41.99)
N1 94 (15.49) 18 (15.79) 76 (15.42)
N2 120 (19.77) 20 (17.54) 100 (20.28)
N3a 106 (17.46) 22 (19.30) 84 (17.04)
N3b 32 (5.27) 6 (5.26) 26 (5.27)

Chemotherapy 401 (66.06) 82 (71.93) 319 (64.71) 0.142
Adipose tissue distribution parameters
SAT area 91.72 (56.35,126.60) 130.85 (100.70,163.00) 81.89 (49.92, 114.30) <0.001
VAT area 94.17 (45.00,149.40) 171.55 (114.90, 222.70) 80.88 (36.17,130.20) <0.001
Total fat area 205.47 (118.86,292.48) 321.52 (261.11,286.37) 183.53 (99.90, 252.02) <0.001
SAT percent 0.47 (0.38, 0.58) 0.43 (0.34, 0.55) 0.48 (0.39, 0.60) 0.002
High SAT percent 88 (14.50) 14 (12.28) 74 (15.01) 0.456
VAT percent 0.47 (0.35, 0.58) 0.55 (0.43, 0.63) 0.46 (0.33, 0.56) <0.001
High VAT percent 505 (83.20) 106 (92.98) 399 (80.93) 0.002
VAT/SAT ratio 1.01 (0.60, 1.50) 1.27 (0.79, 1.83) 0.96 (0.56, 1.44) <0.001
High VAT/SAT ratio 529 (87.15) 108 (94.74) 421 (85.40) 0.007
June 2021 | Volume 11 | Article
BMI, body mass index; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue.
P value for difference between groups in percentages (chi-square test or Fisher’s exact test) or rank sum (Kruskal–Wallis test).
Bold values represent statistically significant differences (P < 0.05).
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conducted to evaluate the relationship between adipose tissue
distribution parameters and DSS (Table 3). After additionally
adjusting for overweight/obesity, high SAT percentage was an
independent protective factor (HR = 0.59, 95% CI: 0.36–0.96),
while high VAT percentage (HR = 1.68, 95% CI: 1.06–2.68) and
high VAT/SAT ratio (HR = 1.99, 95% CI: 1.19–3.34) were
independent risk factors for DSS of gastric cancer.

Overweight/Obesity and VAT/SAT
Categories and DSS
The patients were subclassified into three subgroups based on
overweight/obesity and VAT/SAT categories. The characteristics
of patients of each group are shown in Table 4. Compared with
patients in the non-overweight/obesity with high VAT/SAT ratio
group, most patients in the overweight/obesity with low VAT/SAT
Frontiers in Oncology | www.frontiersin.org 5114
ratio were female and younger. Kaplan–Meier curves of DSS based
on overweight/obesity and VAT/SAT categories are shown in
Figure 4. There was a significant difference in DSS among the
overweight/obesity and VAT/SAT categories groups (p = 0.003).
Multiple Cox regression models were performed to explore the
relationship between overweight/obesity and VAT/SAT categories
and DSS (Table 5). Compared with patients in the other two
groups, patients in the non-overweight/obesity with high VAT/SAT
ratio group had a worse prognosis (HR = 1.89, 95% CI: 1.28–2.77).
DISCUSSION

In the present study, we observed that in addition to the well-
established T and N stages, BMI was an independent risk factor for
the prognosis of resectable gastric cancer. The result showed
overweight/obesity was a predictive factor for the prognosis of
patients with gastric cancer. Subsequently, the adipose tissue
distribution analysis showed that VAT was negatively correlated
with the prognosis of gastric cancer, while SAT was protective
correlated with the prognosis of gastric cancer. Moreover, the VAT/
SAT ratio was an independent risk factor for the prognosis of
gastric cancer. To the best of our knowledge, this is the first study
documenting how different types of body adipose tissue distribution
differentially influence the prognosis of patients with gastric cancer.

Meanwhile, our study showed that overweight/obese patients
(BMI ≥25 kg/m2) had a better prognosis than non-overweight/
obese patients (BMI <25 kg/m2) with gastric cancer. This
phenomenon has been reported in some previous studies,
although the sample size was small in those retrospective studies
(25). However, a randomized controlled trial from Korea
demonstrated that BMI was not associated with the prognosis of
gastric cancer (26). Only 136 patients were included in the trial,
including 27 obese cases, and the small sample size may be one of
the reasons for the lack of statistically significant difference in the
results. Meanwhile, Rodrigues reported that obesity was not
associated with gastric cancer prognosis in the Western
population, although the obesity threshold was BMI = 30 kg/m2

in the study (7). It is noteworthy that there are several differences
in the study of gastric cancer between Eastern and Western
countries. Firstly, compared with Western countries, Asian
countries had a high incidence of gastric cancer, especially in
China (27). Secondly, in Rodrigues’ study, obese gastric cancer
patients in China accounted for less than 20% of the total number
of cases, but over 60% accounted for Western obese gastric cancer
patients, which may be the reason for the inconsistent results (7).
Obese patients also have better physical and nutritional status than
non-obese patients (28, 29). As a result, obese patients are more
likely to receive adjuvant treatment, including chemotherapy,
which may improve prognosis.

Although obesity (BMI ≥30 kg/m2) and overweight (BMI, 25–
30 kg/m2) are not suitable for combined analysis, because the
former is a real disease and the latter is only a risk factor.
However, overweight and obesity were studied together in this
study for two reasons. On the one hand, obesity accounts for a
relatively small proportion of gastric cancer in Asian population.
In this study, there were only seven obese patients. On the
FIGURE 2 | Disease-specific survival of patients with gastric cancer
according to overweight/obesity.
TABLE 2 | Association between overweight/obesity and disease-specific survival
by multivariate Cox analysis in patients with gastric cancer.

HR (95%CI) P value

Overweight/obesity 0.61 (0.37, 0.99) 0.044
Age (>65 years) 1.59 (1.14, 2.2) 0.006
Female 0.89 (0.63, 1.26) 0.506
T category
T1
T2 2.51 (0.88, 7.15) 0.084
T3 2.97 (0.57, 15.55) 0.197
T4a 3.81 (1.54, 9.42) 0.004
T4b 10.76 (3.47, 33.33) <0.001

N category
N0
N1 2.34 (1.19, 4.63) 0.014
N2 2.33 (1.24, 4.38) 0.009
N3a 6.24 (3.37, 11.55) <0.001
N3b 8.28 (4.12, 16.62) <0.001

Chemotherapy 0.80 (0.53, 1.21) 0.294
BMI, body mass index; HR, hazard ratios; CI, confidence interval.
Bold values represent statistically significant differences (P < 0.05).
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other hand, the target population was further divided into obese
and overweight groups for subgroup analysis, and the trend
obtained was consistent with the current results (Table S1).
Therefore, obese and overweight patients were combined. In
addition, skeletal muscle index (SMI) was analyzed, which is the
ratio between skeletal muscle area (SMA) and height squared. In
univariate analysis, HR = 1.024 (0.744, 1.409); p = 0.884, SMI was
not associated with the prognosis of gastric cancer.

Obese patients may also have tumors that are sensitive to
chemotherapy. Campbell et al. found that overweight and obese
patients were more likely to havemicrosatellite instability-stable and
low-microsatellite instability tumors than normal-weight patients in
colorectal cancer (30). Evidence suggests that microsatellite
instability-stable and low-microsatellite instability tumors are
more susceptible to fluorouracil treatment than high-microsatellite
instability tumors (31). This informationmay support the protective
effect observed in overweight/obese patients. Therefore, the effect
of obesity on cancer is complex and seemingly paradoxical.
Frontiers in Oncology | www.frontiersin.org 6115
Most studies may use BMI to define overweight/obesity, which
does not reflect adipose tissue distribution.

We further investigated the correlation between adipose tissue
distribution and the prognosis of gastric cancer. The adipose
tissue distribution was still associated with gastric cancer
prognosis after adjusting for BMI. Consistent with our results,
previous reports have shown the negative effect of visceral fat on
the prognosis of cancer patients (11, 19). Similarly, Dong et al.
included over 1,000 cases of gastric cancer and showed that low
subcutaneous fat was a risk factor for the prognosis of gastric
cancer, including overall survival and disease-free survival (32).
However, some studies have suggested that visceral fat is not
associated with the prognosis of gastrointestinal tumors. These
studies had a sample size of less than 100 and most patients had
received neoadjuvant chemotherapy (33–35). Neoadjuvant
chemotherapy may affect the judgment of the influence of
adipose tissue on the prognosis of gastric cancer. Besides, it is
well known that TNM staging is the most important tool for
A B C

FIGURE 3 | Disease-specific survival of patients with gastric cancer according to adipose tissue distribution parameters. (A) High SAT percentage; (B) High VAT
percentage; (C) High SAT/VAT ratio. VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue.
TABLE 3 | Associations between adipose tissue distribution parameters and disease-specific survival by multivariate Cox analysis in patients with gastric cancer.

High SAT percent High VAT percent VAT/SAT ratio

HR (95%CI) P value HR (95%CI) P value HR (95%CI) P value

Adipose tissue distribution parameter 0.59 (0.36, 0.96) 0.032 1.68 (1.06, 2.68) 0.028 1.99 (1.19, 3.34) 0.009
Overweight/obesity 0.56 (0.34, 0.91) 0.021 0.55 (0.34, 0.91) 0.019 0.55 (0.33, 0.90) 0.017
Age (>65 years) 1.56 (1.13, 2.17) 0.008 1.54 (1.11, 2.14) 0.010 1.56 (1.12, 2.16) 0.008
Female 0.98 (0.69, 1.4) 0.929 0.93 (0.66, 1.32) 0.696 0.95 (0.67, 1.35) 0.794
T category
T1 1 1 1
T2 2.51 (0.88, 7.13) 0.085 2.49 (0.87, 7.08) 0.880 2.49 (0.88, 7.07) 0.087
T3 2.77 (0.52, 14.66) 0.230 2.86 (0.54, 15.09) 0.216 2.81 (0.53, 14.77) 0.223
T4a 3.59 (1.45, 8.88) 0.006 3.61 (1.46, 8.95) 0.006 3.63 (1.47, 8.95) 0.005
T4b 10.44 (3.35, 32.47) <0.001 10.39 (3.34, 32.31) <0.001 10.73 (3.47, 33.20) <0.001

N category
N0 1 1 1
N1 2.38 (1.21, 4.68) 0.012 2.31 (1.17, 4.57) 0.016 2.33 (1.18, 4.60) 0.015
N2 2.45 (1.3, 4.61) 0.005 2.35 (1.25, 4.43) 0.008 2.42 (1.29, 4.54) 0.006
N3a 6.74 (3.63, 12.51) <0.001 6.55 (3.53, 12.14) <0.001 6.65 (3.60, 12.30) <0.001
N3b 9.01 (4.47, 18.15) <0.001 8.65 (4.3, 17.4) <0.001 8.96 (4.46, 18.01) <0.001

Chemotherapy 0.82 (0.54, 1.25) 0.356 0.81 (0.54, 1.23) 0.329 0.82 (0.54, 1.24) 0.340
June
 2021 | Volume 11 | Article
BMI, body mass index; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue; HR, hazard ratios; CI, confidence interval.
Bold values represent statistically significant differences (P < 0.05).
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prognostic stratification in gastric cancer. The TNM stage
(ypTNM stage) of the patients after neoadjuvant therapy and
the TNM stage (pTNM stage) of the patients who did not receive
neoadjuvant therapy are not suitable to be combined for analysis,
because the predictive value of the two for prognosis is
inconsistent. Therefore, gastric cancer patients receiving
neoadjuvant chemotherapy were not included in this study.
Similarly, an observational study of 447 gastrointestinal tumors
showed that pretreatment of subcutaneous adiposity was not
associated with the prognosis of esophageal and gastric cancer
(36). The study was limited in that it included only 65 cases of
gastric cancer and did not perform a subgroup analysis of gastric
cancer patients. A randomized controlled trial showed that
preoperative visceral fat and subcutaneous fat areas were not
associated with the prognosis of gastric cancer, although it had a
small sample size (26). Conversely, Feng believed that low visceral
fat was an independent risk factor for the prognosis of gastric
cancer; however, only 46 cases of metastatic gastric cancer
Frontiers in Oncology | www.frontiersin.org 7116
patients without surgery were included in the study (25).
Therefore, these conclusions warrant further investigation.

VAT is an important metabolic tissue that secretes factors that
systemically alter the immunologic, metabolic, and endocrine
milieu. Excess VAT promotes chronic systemic inflammation
with associated insulin resistance and dysmetabolism (37).
Therefore, we further analyzed VAT and inflammatory
markers, and the results showed that there was an association
between the two. However, there was still a correlation between
VAT and the prognosis of gastric cancer after adjusting
inflammatory markers, suggesting that there could be other
mechanisms by which VAT affects the prognosis of gastric cancer.

Furthermore, early studies suggested that patients with
differentiated early gastric cancer had higher subcutaneous fat
TABLE 4 | Characteristics of entire cohort and classified by overweight/obesity
and VAT/SAT ratio.

Overweight/
obesity with
low VAT/
SAT ratio
(N = 6)

Non-
overweight/

obesity or high
VAT/SAT ratio

(N = 180)

Non-
overweight/
obesity with
high VAT/SAT

ratio
(N = 421)

P
value

Age (>65 years) 1 (16.67) 65 (36.11) 202 (47.98) 0.008
Female 5 (83.33) 74 (41.11) 100 (23.75) <0.001
Tumor location 0.283
Upper third 0 (0) 24 (13.33) 36 (8.55)
Middle third 2 (33.33) 21 (11.67) 55 (13.06)
Lower third 4 (66.67) 134 (74.44) 323 (76.72)
Two-thirds or
more

0 (0) 1 (0.56) 7 (1.66)

Gastrectomy 0.863
Distal 5 (83.33) 142 (78.89) 341 (81)
Total 1 (16.67) 38 (21.11) 79 (18.76)
Proximal 0 (0) 0 (0) 1 (0.24)

Tumor size
(>5 cm)

1 (16.67) 43 (23.89) 104 (24.7) 0.970

Differentiated 4 (66.67) 101 (56.11) 208 (49.41) 0.252
Perineural invasion 3 (50.0) 69 (38.33) 167 (39.67) 0.791
Lymph vascular
invasion

4 (66.67) 80 (44.44) 199 (47.27) 0.493

T category 0.304
T1 2 (33.33) 54 (30.0) 115 (27.32)
T2 1 (16.67) 20 (11.11) 51 (12.11)
T3 0 (0) 7 (3.89) 5 (1.19)
T4a 3 (50.0) 93 (51.67) 243 (57.72)
T4b 0 (0) 6 (3.33) 7 (1.66)

N category 0.340
N0 4 (66.67) 78 (43.33) 173 (41.09)
N1 0 (0) 26 (14.44) 68 (16.15)
N2 2 (33.33) 27 (15.0) 91 (21.62)
N3a 0 (0) 39 (21.67) 67 (15.91)
N3b 0 (0) 10 (5.56) 22 (5.23)

Chemotherapy 3 (50.0) 124 (68.89) 274 (65.08) 0.428
SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue.
P value for difference among three groups in percentages (chi-square test or Fisher’s exact
test) or rank sum (Kruskal–Wallis test).
Bold values represent statistically significant differences (P < 0.05).
FIGURE 4 | Disease-specific survival of patients with gastric cancer
according to overweight/obesity and VAT/SAT ratio category. VAT, visceral
adipose tissue; SAT, subcutaneous adipose tissue.
TABLE 5 | Association between non-overweight/obesity with high VAT/SAT
ratio and disease-specific survival by multivariate Cox analysis in patients with
gastric cancer.

HR (95%CI) P value

Non-overweight/obesity with high VAT/SAT ratio 1.89 (1.28, 2.77) 0.001
Age (>65 years) 1.57 (1.13, 2.17) 0.007
Female 0.95 (0.67, 1.34) 0.755
T category
T1 1
T2 2.44 (0.86, 6.94) 0.094
T3 2.88 (0.56, 14.93) 0.208
T4a 3.64 (1.48, 8.97) 0.005
T4b 10.78 (3.48, 33.36) <0.001

N category
N0 1
N1 2.33 (1.18, 4.60) 0.015
N2 2.38 (1.27, 4.47) 0.007
N3a 6.62 (3.58, 12.24) <0.001
N3b 8.93 (4.44, 17.94) <0.001

Chemotherapy (Yes) 0.82 (0.54, 1.24) 0.351
June 2021
 | Volume 11 | Article
SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue; HR, hazard ratios; CI,
confidence interval.
Bold values represent statistically significant differences (P < 0.05).
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and visceral fat content than those with undifferentiated early
gastric cancer and the researchers speculated that lower fat
content was conducive to the occurrence and development of
undifferentiated gastric cancer (38). Recently, visceral fat has
been implicated in the promotion of carcinogenesis and cancer
progression through several pathways, including adipocytokine-
related inflammation and insulin resistance. The latter is
associated with disturbances in insulin-like growth factor-1
(IGF-1) and hypoxia (39). Adipocytokines secreted by visceral
adiposity attract inflammatory cells, particularly macrophages
and T cells, which produce cytokines, such as the tumor necrosis
factor-a and interleukin-6, thereby creating a proinflammatory,
insulin-resistant, protumorigenic environment. Excess visceral
fat decreases adiponectin. Adiponectin inhibits the proliferation,
angiogenesis, and inflammatory properties of tumor cells and
promotes their apoptosis (40). It also induces chronic
hyperinsulinemia followed by insulin resistance, which reduces
the expression of IGF-binding protein, subsequently increasing
IGF-1 expression. IGF-1 has protumorigenic properties and is
linked to increased malignancy and progression of several
gastrointestinal malignancies (41).

Other studies reported that the VAT/SAT ratio is associated
with surgical site infections in patients with gastric cancer (42).
Subcutaneous fat is associated with a postoperative incisional
hernia for gastric cancer (43). Higher visceral fat was associated
with higher postoperative complications of gastric cancer (44).
However, there is growing evidence that postoperative
complications are associated with the long-term prognosis of
gastric cancer. A possible explanation is that cell-mediated
immunity is compromised by surgical stress and excessive
catecholamine and prostaglandin responses adversely affect the
immune system, contributing to metastatic progression and
worse survival outcomes (45).

Finally, we grouped patients with resectable gastric cancer using
the VAT/SAT ratio and BMI as stratification factors. The results
showed that overweight/obese patients with a low VAT/SAT ratio
had the best prognosis, although only six cases were involved. In
contrast, non-overweight/obese patients with a high VAT/SAT
ratio had the worst prognosis. The latter accounted for the highest
percentage of the entire cohort. Therefore, we believe that besides
BMI, the adipose tissue distribution should also be considered
during preoperative evaluation of gastric cancer patients.

This study comprehensively elaborated on the influence of
different adipose tissue distributions on the prognosis of gastric
cancer. We believe that BMI is a prognostic factor, and VAT and
SAT have different effects on the prognosis of gastric cancer.
However, this study has some shortcomings. First, we did not
subdivide overweight/obese patients into subgroups according to
severity of obesity, such as super-obese patients. However, super
obesity is rare in patients with gastric cancer, especially in Asian
populations. Secondly, because data on changes in adipose tissue
distribution after surgery are not available, we did not analyze the
changes in adipose tissue distribution after surgery and their
association with prognosis, which merit further exploration.
Finally, due to the initial stage of relevant research, the threshold
value was not uniformly standardized. However, our method to
Frontiers in Oncology | www.frontiersin.org 8117
establish an optimal cutoff value is adopted by most of the current
studies. Further research is warranted to verify our conclusions.
CONCLUSIONS

Prognostic factors for resectable gastric cancer include
overweight/obesity. Further, VAT and SAT have different
effects on the prognosis of gastric cancer. Our results showed
that overweight/obesity is a protective factor for the prognosis of
gastric cancer. The VAT/SAT ratio could be a promising
prognostic factor for gastric cancer. Therefore, in preoperative
evaluation of gastric cancer patients, attention should be paid not
only to BMI but also to adipose tissue distribution.
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Gastric cancer (GC) is one of the digestive tract malignancies with high invasion and
mortality rates. Recent studies have reported that non-coding RNAs (ncRNAs) seem to
play a crucial part in many tumors. Due to their high stability, ncRNAs may used as novel
biomarkers to predict the occurrence and prognosis of GC. Here, we measured miRNA,
lncRNA and cirRNA expression profiles of GC patients by using microarray and RNA-
sequencing data from tissue samples. The diagnosis prediction model based on the
ncRNA signatures and clinical features was evaluated by circulating and tissue validation
and ROC analysis. Nine miRNAs and eight lncRNAs were obtained from the microarray
analysis. Six miRNAs (miR-550a-5p, miRNA-936, miR-1306-3p, miR-3185, miR-6083,
miR-6792-3p) and three lncRNAs (lnc-MB21D1-3:5, lnc-PSCA-4:2 and lnc-ABCC5-2:1)
were abnormally expressed in circulating and tissue samples compared with normal
control (NC), which was closely related to clinical pathology and survival time of GC
patients; circRNA sequencing and qRT-PCR revealed four circRNAs (circASHL2,
circCCDC9, circNHSL1 and cirMLLT10) were abnormally expressed in GC tissues and
parts of them were negative relationship with their predicted binding miRNAs. These
ncRNAs might act as promising molecular markers for the diagnosis and prognosis of
gastric cancer.

Keywords: gastric cancer, noncoding RNAs, biomarker, microarray, diagnosis
INTRODUCTION

Gastric cancer (GC) is the sixth among the most common malignancies and the second leading
cause of deaths by cancer in the world, with nearly 1,033,701 new cases and 782,685 deaths in 2018
(1). The recent cancer statistics in China demonstrated that GC is ranked the second in new cancer
occurrence amount and the third leading cause for cancer mortality (2). Without obvious initial
symptoms, most of GC patients were diagnosed with advanced gastric carcinoma. In spite of the
improvement of surgery, chemotherapy, radiotherapy and targeted therapy strategies, the overall
prognosis for GC patients remained dissatisfactory (3, 4). Nowadays, gastroscopy is still the golden
criterion for diagnosing gastric cancer. In part of East Asian countries, like Japan and Korea, they
carried out a screening program based on endoscopy to detect early gastric cancer for many years.
The rate of early detection of GC had increased to 50% by 2009 due to government-sponsored
July 2021 | Volume 11 | Article 6067641120
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screening programs. Therefore, 5 year survival of GC patients is
high in Japan (64.6%) and South Korea (71.5%) (5, 6). However,
endoscopy screening is too expensive and invasive tobepopularized
in China. Thus, noninvasive or minimally invasive markers are
widely used in clinical. Currently, the traditional GC-associated
serologic markers, like carcinoembryonic antigen (CEA),
carbohydrate antigen 19-9 (CA19-9), carbohydrate antigen 50
(CA50), and carbohydrate antibody 72-4 (CA72-4), had no
adequate sensitivity and specificity to achieve early detection (7–
9). As a result, it is urgent to further develop novel biomarkers with
high potential clinical value for early detection and to improve the
prognosis of patients for gastric carcinoma.

NoncodingRNAs (ncRNAs) always bedivided intomicroRNAs
(miRNAs), long noncoding RNAs (lncRNAs), circular RNAs
(circRNAs), pRNA, and tRNA. Among the ncRNAs, miRNAs are
the most studied, they can transcriptionally regulated gene
expression by repression of the target mRNA with 22 nucleotides
in length. Multiple studies have demonstrated that miRNA was
stable and could be easily detected in different tissue, blood, feces,
saliva and ascites (10–12).

Compared to miRNAs, lncRNAs, which are 200 nt-100kb long
transcripts are less conserved (13, 14). Recent studies indicated that
the relationship between lncRNA and miRNA was complicated,
and a regulatory network came into being, in which lncRNA
affected miRNA levels, miRNA triggered lncRNA decay, and
lncRNA competed with miRNA for mRNA interaction (15–17).
Except for these linearmiRNAs and lncRNAs, circRNAs, which are
a kind of novel noncoding RNA without 5′ caps or 3′ tails (18).
Recently, emerging evidence indicated that circRNAs might play a
crucial role in cancer, in which they could be served as competing
endogenous (ceRNA)RNA to compete formiRNA-binding sites by
sponging miRNA (19, 20). Accumulating increasing evidence
indicated that ncRNAs were widely involved in various cancer,
especially GC (21–23). However, a comprehensive and in-depth
researchofncRNAs inGChasnotbeenreported,which isworthyof
further investigation.

In this study, we investigated the potential use of circulating
ncRNAs in plasma as biomarkers ofGC. First, we identified aberrant
expression of ncRNAs by microarray and bioinformatics
approaches which included GO and KEGG enrichment analysis.
Second, we employed quantitative reverse transcription
polymerase chain reaction (qRT-PCR) to confirm and validate
the selected ncRNAs signatures and clinical features. Furthermore,
receiver operator characteristic (ROC) curve analysis was run to
evaluate the diagnostic value of the differentially expressed
ncRNAs as biomarkers of GC. Ultimately, we explored these
ncRNAs survival curves based on their expression level. The
result revealed that these differentially expressed ncRNAs might
serve as novel biomarkers for the diagnosis and prognosis of GC.
MATERIALS AND METHODS

Ethics Statement
This study was authorized by the human ethics committee of the
Shanghai General Hospital affiliated of Shanghai Jiaotong
Frontiers in Oncology | www.frontiersin.org 2121
University, People’s Republic of China (2017SQ018). Informed
consent from these patients has been obtained before
specimen collection.

All patients received primary tumor resection at Shanghai
General Hospital and were diagnosed with GC based on
histopathology after surgery. There was no preoperative
radiotherapy or chemotherapy among these patients. 6 GC
tissues with N0 (with no lymph node metastasis) and 6 GC
tissues with N3 (with more than 7 lymph node metastasis) were
used for miRNA microarray. 6 paired specimens were used for
microarray analysis of lncRNAs and circRNAs. 60 paired tissues
were used for validation by real-time PCR. Collected from 52 GC
patients and 30 healthy people respectively in 2016-2017,
peripheral blood were obtained before the operation and then
the plasmas were isolated.

Sample Collection and RNA Isolation
All the GC specimens including tissues and blood, were obtained
from patients who received surgical resection for GC at Shanghai
General Hospital affiliated of Shanghai Jiaotong University.
Before RNA extraction, all specimens were snap-frozen
instantly and stored at −80◦C. Blood samples (5 mL) were
collected from all subjects in EDTA tubes and centrifuged at
3,000 rpm for 10 min at 4◦C, then the plasma was cautiously
collected and also keep it at −80◦C until use. Total RNA
extraction from tissues and plasma samples used TRIzol
reagent (Invitrogen, Carlsbad, CA, USA) and TRNzol A+
(TIANGEN, Beijing, China). miRNA used miRcute Serum/
plasma miRNA isolation kit (TIANGEN, Beijing, China)
according to the manufacturer’s protocols. After adding
denaturing solution (Ambion) for normalization of the
sample-to-sample variation, 1 ul of synthetic external control
(1 umol/L; TIANGENN) was spiked into each sample.

MiRNA, lncRNA, and circRNA Microarray
Expression Profiling
The laboratory of the OE Biotechnology Company (Shanghai,
China) was in charge of the microarray profiling. NanoDrop
ND-2000 (Thermo Scientific) was used for quantified analysis of
total RNA. Agilent Bioanalyzer 2100 (Agilent Technologies) was
used for the assessment of RNA integrity. Following the
manufacturer’s standard protocols, the sample labeling,
microarray hybridization and washing were performed. 6 GC
tissues with N0, 6 GC tissues with N3 samples were transcribed
to double-stranded cDNA, which was synthesized into the
labeled cDNA and hybridized onto the Human miRNA array
V4.0 (4×180 K, Agilent). Then t-test and p-value correction for
False Discovery Rate (FDR) were applied to evaluating different
expressions of miRNAs. 6 paired tissues samples were
transcribed to double-stranded cDNA and hybridized onto the
Human lncRNA array V4.0. Check the size and purity of the
sample, and achieve the original data. To profile GC circRNA
expression in the discovery cohort, total RNA was treated with
RNase R for linear RNA removal and circRNA enrichment; then
a random primer was in deployment and reverse-transcribed to
fluorescence-labeled cRNA. Last, the fluorescent cRNAs were
July 2021 | Volume 11 | Article 606764
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hybridized onto the Arraystar Human circRNA Array. The
lncRNAs and circRNAs primary analysis of the raw data was
concluded with Genespring software (Version 12.5, Agilent
Technologies). Additionally, t-test and p-value correction for
FDR were applied to evaluating different expressions of lncRNAs
and circRNAs. The value of fold change was ≥2 and FDR p < 0.05
was statistically significant.

Bioinformatics Analysis
To compare the noncoding RNAs and mRNA expression, we
conducted Hierarchical Clustering in this study. Using the limma
package in the Bioconductor package (http://www.bioconductor.
org/), and R was used to run the instruction code. For each
differentially expressed RNAs (DERs), the Pearson Correlation
Coefficient (PCC) of its expression value with expression value of
each mRNA were calculated. When the absolute value of PCC
was <0. 8 and that of P-value was <0. 05, they were statistically
relevant. Gene Ontology (GO) function and Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway enrichment analyses
were applied to predict the biological function of mRNAs. We
performed GO annotations by using a DAVID online tool on the
screened DERs. KEGG pathway analysis of DERs was performed
using the KOBAS online analysis database (http://kobas.cbi.pku.
edu.cn/). Furthermore, hypergeometric cumulative distribution
function was performed to calculate the enrichment of functional
terms in annotation of co-expressed mRNAs. Logically, the core
transcription factors (TFs), which could trans-regulate the
specific lncRNAs, involve certain biological pathways. It was
predicted that differentially expressed lncRNAs possibly had
participated in pathways regulated by TFs using Pearson
correlation analyses and have calculated the correlation
between TFs and lncRNAs. The TF-lncRNA-gene network was
constructed by using hypergeometric cumulative distribution
function of MATLAB 2012b and Cytoscape software (http://
www.cytoscape.org). In addition, we constructed circRNA-
miRNA network based on the binding capacity of circRNA
on miRNA.

Quantitative Reverse Transcription
Polymerase Chain Reaction Analysis
The cDNAs were acquired by reverse transcription from total
RNA with a PrimeScriptTM RT kit (Takara Bio Inc, Japan) and
miRNA RT Enzyme Mix (TIANGEN, Beijing, China). The
quantification of PCR product was evaluated by the level of
fluorescence emitted by QuantiNova SYBR Green PCR Kit
(Qiagen, Germany). GAPDH worked as an internal control for
lncRNAs and circRNAs. U6 used as an internal control for
miRNAs in tissues. Considering these synthetic miRNAs were
exogenous references, which could not fully reflect the
degradation degree of different samples. Thus, we added
consensus external control as an internal reference in plasma.
qRT-PCR primers from ShengGong (Shanghai, China) and
RiboBio (Guangzhou, China) are listed in Supplementary
Table 1. The qRT-PCR was conducted on LightCycler 480
RealTime PCR System (Roche Diagnostics) in 96-well plates at
95°C for 120 seconds, followed by 40 cycles of 95°C for 5 seconds,
Frontiers in Oncology | www.frontiersin.org 3122
60°C for 10 seconds, and then 70°C for 10 seconds. The relative
levels of noncoding RNAs in tissue specimens and plasma were
calculated using the comparative 2-△△CT method, which was related
to internal reference (GAPDH or U6) and endogenous reference.

Statistical Analysis
Statistical analyses were performed by SPSS 21.0 software (IBM,
Armonk, NY, USA). Fisher’s exact/chi-squared test and FDR
were used for significance detection, where p-value denotes the
significance of GO term and pathway correlated to the
conditions. The smaller FDR indicates smaller error in judging
the p-value. To compare two groups with normally distributed
variables, we used student’s t-test in this investigation. For
abnormally distributed variables, median and interquartile
range (IQR) was used as the standard for comparisons.
Student’s t-test and chi-square tests of variance were used to
evaluate clinicopathological characteristics. The receiver
operating characteristics (ROC) was applied to determine
whether these ncRNAs had the capability for early diagnosis.
Youden’s index was used to generate the optimal cut-off value for
each ncRNA. In this study, survival analysis refers to the Overall
Survival Kaplan-Meier Estimate.
RESULT

MiRNA Expression Profiles in GC
Progression and Bioinformatics
Prediction Analysis
High-throughput sequencing was processed using tissue samples
from 6 patients with N0 and the other 6 patients with N3 to
assess miRNA expression profiles in GC progression. The
primary data were showed in the manner of Heat maps and
Volcano plot (Figures 1A, B). Among the 42 differentially
expressed miRNAs, 36 were upregulated and 6 were
downregulated in GC tissues relative to normal tissues
Databases. Then, we predicted the potential targets gene by
miRNA target prediction tools including TargetScan, PITA,
and microRNAorg (Figure 1C). Overlapping the results of
three prediction tools, we used them for subsequent GO and
KEGG analysis. GO analysis was divided into three functional
groups, including molecular function, biological processes, and
cell composition. For the biological process, DNA-dependent
transcriptional regulation were significantly enriched; For the
cell composition, cytoplasm and nucleus were still dominant,
and for the molecular function, protein binding was more
abundant (Figure 1D). KEGG analysis results indicated that
the MAPK signaling pathway and Pathways in cancer pathway
were more abundant (Figure 1E), and these two pathways played
an vital role in the occurrence and development of gastric
carcinoma. Through GO and KEGG pathway analysis results,
we selected 9 miRNAs (miR-509-3-5p, miR-550a-5p, miR-660-
5p, miR-936, miR-1306-3p, miR-3185, miR-6083, miR-659-3p
and miR-6792-3p) which were the most relevant to gastric
cancer for subsequent validation.
July 2021 | Volume 11 | Article 606764
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Validation of Selected miRNAs by
qRT-PCR
We explored the clinical value of these miRNAs using 30 pairs of
fresh gastric cancerous and paracancerous tissues. The results of
qRT-PCR showed that 6 miRNAs were consistent with the chip
results among the 9 miRNAs screened by GO analysis and
KEGG analysis. The levels of miRNA-550a-5p, miRNA-936
and miRNA-1306-3p expression in gastric carcinoma were
dramatically lower than those in pericarcinomatous tissue,
while the levels of miRNA-3185, miRNA-6083 and miRNA-
6792-3p expression were observably higher in GC tissues than
NCs (Figures 1F, G). In-depth analysis of qRT-PCR data, it was
Frontiers in Oncology | www.frontiersin.org 4123
found that miRNA-6792-3p expression level has obviously
positive correlation with gastric cancer disease (TNM) stage
and lymphatic metastasis (Supplementary Figures 1A, B).
Meanwhile, miRNA-1306-3p expression level has negative
correlation with gastric cancer disease (TNM) stage and
lymphatic metastasis (Supplementary Figures 1C, D).

Next, our team detected the expression levels of the nine
miRNAs previous mentioned in the plasma of 52 patients with
gastric cancer and 30 normal group (Figure 2). We found that
the expression of miRNA-936, miRNA-1306-3p, miRNA-3185,
miRNA-6083 and miRNA-6792-3p in plasma was consistent
with that of GC tissues, in which the expression of miRNA-936
A

D E

F G

B C

FIGURE 1 | Profiling of miRNAs in the tissues from GC patients with N0 and N3 group and the expressions of miRNAs GC tissues. (A) Heat map shows the
upregulated and down-regulated miRNAs in N0 vs N3 group. (N0 for no lymph node metastasis, and N3 for at least 7 lymph node metastasis). Each column
represents the expression profile of a tissue sample, and each row corresponds to a miRNA. High expression level is indicated by “red” and lower levels by “blue”.
(B) Volcano plot shows tp-regulated and down-regulated circRNAs in cancer vs normal group. Higher expression levels are indicated by “red”, lower expression
levels are indicated by “green”, and no significant difference is indicated by other colors. (C) TargetScan, PITA, microRNAorg database for target gene prediction of
differential miRNAs. (D) GO analysis of miRNAs in N0 vs N3 group. (E) KEGG analysis of miRNAs in N0 vs N3 group. (F, G) Expression of nine miRNAs in GC
tissues compared to normal controls. *P < 0.05.
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and miRNA-1306-3p were lower in circulating samples than that
in NCs, and miRNA-3185, miRNA-6083, miRNA-659-3p and
miRNA-6792-3p were highly expressed in plasma comparing the
healthy group. From the depth analysis of qRT-PCR data and
clinic pathological character of GC patients, it was found that the
expression of miRNA-936, miRNA-1306-3p and miRNA-659-3p
was linked with TNM stage and lymphatic metastasis, while
miRNA-3185 was only related with TNM staged, miRNA-6792-
3p was positively correlated lymphatic metastasis in patients. In
addition, the expression of miRNA-1306-3p, miRNA-659-3p
and miRNA-6083 were closely connected with vascular
invasion of GC patients (Table 1). Furthermore, we explored
the relationship between these miRNAs and traditional tumor
markers including CA724, CA199 and CEA, and we found
miRNA-6083 was positively correlated with CEA, and miRNA-
6792-3p was positively correlated with CA724 (Supplementary
Figures 1G, H). These data suggest that these miRNAs can serve
as a cancer biomarker in GC.

In addition, we explored the expression levels of the sixmiRNAs
expression in portal vein serum and thirty matched peripheral
serumof30patientswithGC to identify the comparisonofmiRNAs
expression between the portal andperipheral serum.We speculated
that circulating miRNAs released from portal venous blood might
present a higher expression level than those in peripheral venous
Frontiers in Oncology | www.frontiersin.org 5124
blood. But all the six miRNAs showed no difference of expression
levels in the portal andperipheral serum totally, the results were not
statistically significant (Supplementary Figure 2).

LncRNA Expression Profiles and
Bioinformatics Data Analysis
High-throughput lncRNAmicroarray was performed using 6 GC
tissues compared with non-cancerous matched tissues to
determine lncRNA expression profiles in gastric cancerous
progression. The data were revealed in the way of Heat maps
and Volcano plots (Figures 3A, B), 760 remarkable upregulated
and 739 downregulated lncRNAswere detected inGC tissues (>2-
fold change; P-value<0. 05). KEGG and GO pathway annotations
were adopted to predict the functions of the top 200 abnormal
expressed lncRNAs.GObiological process displayed that themost
relevant biological process of differentially expressed lncRNAs
were rRNA processing, B cell receptor signaling pathway, and
digestion (Figure 3D). GO cellular component showed that
nucleoplasm, nucleus and membrane were enriched. GO
molecular function analysis suggested that some functional
pathways involved in the pathogenesis were enriched, such as
poly(A) RNA binding, protein binding, RNA binding and so on.
KEGGpathway analysis indicated that 38 pathways corresponded
to these lncRNAs and the most enriched network were primary
FIGURE 2 | The expressions of nine miRNAs in GC bloods compared to healthy controls. The correlation of their -DCt value was determined. n.s., no significant.
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immunodeficiency, composed of 19 lncRNAs (Figure 3C).
Among these pathways, the lncRNA category ‘Chemical
carcinogenesis’ and ‘Spliceosome’, were possibly involved in the
carcinogenesis of GC. The lncRNA category “PI3K-Akt” signaling
pathway, is involved in proliferation migration and angiogenesis
of GC. The correlation analysis of lncRNAs and mRNAs showed
that the differentially expressed lncRNAs are closely associated
with lots of mRNAs.
Frontiers in Oncology | www.frontiersin.org 6125
Many studies have reported that some lncRNAs involved in
a few biological pathways might have associated with TFs (24,
25). The top 200 lncRNAs were summarized to predict the
possibly relevant TFs using Pearson correlation analyses and to
calculate the correlation between TFs and lncRNAs, in which
the most frequently predicted TFs were E2F4, MYC, EBF1,
TAF1 and TAF7 (Supplementary Figure 3). To further
explore the trans-regulating functions of lncRNAs, we
TABLE 1 | Correlation between clinicopathological features and expression levels of miRNA in plasma with gastric adenocarcinoma.

Characteristic Case miR-936 miR-1306 miR-659-3P

Median (range), △CT p-vaule Median (range), △CT p-vaule Median (range), △CT p-vaule

Gender
Male 36 17.81 (15.87-20.48) 0.677 17.33 (15.18-19.54) 0.439 17.07 (14.24-20.10) 0.500
female 16 17.90 (15.69-19.65) 17.50 (14.53-19.96) 16.96 (13.39-19.27)
Age (years)
≤65 26 17.84 (16.22-20.48) 0.487 17.57 (15.52-19.96) 0.370 17.09 (13.39-20.10) 0.819
>65 26 17.81 (15.69-19.65) 17.32 (14.53-19.43) 17.07 (14.35-18.34)
Tumor size (cm)
<5 25 17.61 (15.87-19.72) 0.318 17.29 (15.18-19.96) 0.447 17.06 (13.39-20.10) 0.949
≥5 27 17.94 (15.69-20.48) 17.42 (14.53-19.43) 17.08 (14.24-19.10)
Differentiation
Moderate/ well 18 17.87 (15.56-20.48) 0.887 17.70 (14.53-19.96) 0.393 17.10 (14.35-20.10) 0.375
Poor 29 18.02 (16.31-19.59) 17.31 (16.22-19.54) 16.93 (13.39-18.34)
TNM stage
I, II 20 17.35 (15.69-19.72) 0.049 17.22 (14.53-18.50) 0.042 16.38 (13.39-20.10) 0.022
III, IV 32 17.99 (15.87-20.48) 17.45 (15.18-19.96) 17.42 (14.24-19.27)
Lymph node metastasis
Negative 14 17.26 (15.69-18.08) 0.004 17.01 (14.53-17.89) 0.004 16.07 (13.39-18.31) 0.002
Positive 38 17.99 (15.87-20.48) 17.59 (15.18-19.96) 17.42 (14.24-20.10)
Nerve invasion
Yes 29 17.88 (15.87-20.48) 0.543 17.70 (15.18-19.96) 0.072 17.39 (14.24-19.27) 0.085
No 23 17.64 (15.69-19.72) 17.32 (14.53-19.54) 16.76 (13.39-20.10)
Vessel invasion
Yes 34 17.91 (15.87-20.25) 0.538 17.59 (15.18-19.96) 0.023 17.46 (14.24-20.10) 0.001
No 18 17.69 (15.69-20.48) 17.08 (14.53-19.16) 16.31 (13.39-17.60)
Characteristic Case miR-3185 miR-6083 miR-6792-3P

Median (range), △CT p-vaule Median (range), △CT p-vaule Median (range), △CT p-vaule
Gender
Male 36 15.19 (10.92-18.43) 0.178 16.37 (13.85-19.73) 0.929 16.89 (14.56-20.03) 0.774
female 16 15.82 (14.17-17.26) 16.49 (14.29-18.08) 16.78 (15.00-17.89)
Age (years)
≤65 26 16.04 (10.92-18.43) 0.018 16.37 (14.47-19.73) 0.528 16.89 (14.56-20.03) 0.784
>65 26 15.13 (13.26-16.59) 16.55 (13.85-17.73) 16.78 (14.68-18.35)
Tumor size (cm)
<5 25 16.05 (13.26-18.43) 0.058 16.35 (13.85-19.73) 0.798 16.89 (14.56-20.03) 0.776
≥5 27 15.27 (10.92-17.57) 16.51 (14.29-18.32) 16.86 (14.68-18.35)
Differentiation
Moderate/well 18 15.60 (14.07-18.43) 0.710 16.38 (13.85-19.73) 0.810 16.49 (14.56-20.03) 0.504
Poor 29 15.93 (10.92-17.57) 16.41 (14.69-17.73) 17.02 (15.00-18.35)
TNM stage
I, II 20 16.28 (13.50-17.99) 0.016 16.12 (13.85-19.73) 0.011 16.86 (14.56-20.03) 0.296
III, IV 32 15.30 (10.92-18.43) 16.72 (14.47-18.32) 16.89 (14.68-18.35)
Lymph node metastasis
Negative 14 16.05 (13.50-17.57) 0.208 15.85 (13.85-17.23) 0.006 16.44 (14.56-17.52) 0.041
Positive 38 15.57 (10.92-18.43) 16.63 (14.47-19.73) 16.89 (14.68-16.89)
Nerve invasion
Yes 29 15.16 (10.92-18.43) 0.030 16.53 (13.85-18.32) 0.392 16.86 (14.68-18.35) 0.768
No 23 16.26 (13.50-17.99) 16.34 (14.29-19.73) 16.88 (14.56-20.03)
Vessel invasion
Yes 34 15.51 (10.92-18.43) 0.736 16.63 (13.85-19.73) 0.003 16.89 (15.16-20.03) 0.091
No 18 15.73 (13.50-16.74) 15.85 (14.29-17.64) 16.67 (14.56-18.25)
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constructed a core TF-lncRNA-target-gene network. The
network contained 155 network nodes including 3 core TFs
(E2F4, MYC and TAF7), 10 lncRNAs with aberrant expression
Frontiers in Oncology | www.frontiersin.org 7126
and 142 target genes (Figure 3E). The co-expression network
may suggest that the interregulation of lncRNAs and mRNAs
is involved in GC.
A

D

E

B C

FIGURE 3 | Profiling of lncRNAs in GC tissues compared to adjacent mucosa. (A) Heat map shows the upregulated and down-regulated lncRNAs in cancer vs
normal group. (C for cancer, and N for normal mucosa). Each column represents the expression profile of a tissue sample, and each row corresponds to a lncRNA.
High expression level is indicated by “red” and lower levels by “green”. (B) Volcano plot shows tp-regulated and down-regulated circRNAs in cancer vs normal
group. Higher expression levels are indicated by “red”, lower expression levels are indicated by “green”, and no significant difference is indicated by other colors.
(C) KEGG analysis of lncRNAs in cancer vs normal group. (D) GO analysis of lncRNAs in cancer vs normal group. (E) TF-lncRNA-targetgene network diagram.
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Evaluation of Candidate lncRNAs by
qRT-PCR
With the lncRNA microarray results, we selected the lowest and
highest abnormal expression and other critical lncRNAs in the
core lncRNA-target-gene network for verification. qRT-PCR
results showed that 5 lncRNAs were abnormally expressed in
30 pairs of fresh gastric carcinoma and matched adjacent tumor
tissues (Figures 4A, B), which were consistent with
bioinformatics analysis. GAS5:39 and lnc-MB21D1-3:5 were
high expressed in the identified gastric cancer tissues than
NCs. The expression of lnc-ABCC5-2:1, lnc-PSCA-4:2 and lnc-
RNF135-1:3 in gastric cancer tissues was significantly lower than
pericarcinomatous tissue. From an in-depth analysis of qRT-
PCR data, it was found that lnc-PSCA-4:2 was negatively
correlated with tumor differentiation, the higher level of lnc-
PSCA-4:2 expression, the lower the degree of differentiation. The
expression level of lnc-MB21D1-3:5 was positively correlated
with the clinical stage (Supplementary Figures 1E, F). The
above results demonstrated that these screened lncRNAs were
correlated with stage and tumor differentiation.

Furthermore, we detected the expression of these five
lncRNAs selected by microarray data in the plasma of 52 GC
patients and 30 healthy people. qRT-PCR results showed that the
Frontiers in Oncology | www.frontiersin.org 8127
expression of lnc-MB21D1-3:5, lnc-PSCA-4:2 and lnc-ABCC5-
2:1 in plasma was consistent with GC tissues. The expression of
lnc-PSCA-4:2 and lnc-ABCC5-2:1 in the plasma of gastric cancer
patients was lower than healthy control, and lnc-MB21D1-3:5
was up-regulated in the plasma samples compared with healthy
control (Figures 4C–G). Through the depth analysis of qRT-
PCR data and clinicopathological features of GC patients it was
found that the expression of lnc-PSCA-4:2 in the plasma was
closely connected to the disease(TNM)stage, vascular invasion
and lymphatic metastasis of GC patients, and lnc-MB21D1-3:5
was significantly associated with the degree of differentiation of
gastric cancer (Table 2). Notably, lncRNAs can be detected in
plasma and hold great promise as biomarkers.

Diagnostic Value of the Candidate miRNAs
and lncRNAs
Using the receiver operating curve (ROC) analysis, we explored
the possibility of these differentially expressed ncRNAs as
molecular markers in the blood of GC patients. The AUCs
were 0.675, 0.658, 0.775, 0.739, 0.777 and 0.711 for miRNA-
936, miRNA-1306-3p, miRNA-3185, miRNA-6083, miRNA-
659-3p and miRNA-6792-3p, respectively (Figures 5A, B).
Furthermore, when the two low and four high expression of
A

D E

F G

B

C

FIGURE 4 | The expressions of lncRNAs GC tissues and bloods. (A, B) Expression of eight lncRNAs in GC tissues compared to normal controls. The correlation of
their -DCt value was determined. *P < 0.05 (C–G) Expression of five lncRNAs in GC bloods compared to healthy controls. n.s., no significant.
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miRNAs were combined as a panel separately and the AUCs
were 0.730 (95% CI, 0.623-0.838) and 0.825 (95% CI, 0.732-
0.918) respectively, it showed a higher accuracy than an
individual miRNA in discriminating between GC patients and
healthy controls. Then we used ROC analysis to discover the
possibility of these aberrant expressed lncRNAs as molecular
markers. The AUCs were 0.746, 0.708 and 0.723 for lnc-
MB21D1-3:5, lnc-PSCA-4:2 and lnc-ABCC5-2:1, respectively
(Figure 5C). As expected, when the three lncRNAs were
merged as a panel, it demonstrated a higher sensitivity and
specificity than any individual lncRNA to discriminate gastric
cancer patients from healthy controls (AUC:0.904; 95% CI,
0.838–0.970). Additionally, Kaplan-Meier overall survival curve
revealed that patients with higher miR-6792-3p and miR-3185
expression showed a reduced survival time (Figures 5D, E).
Patients who had low levels of miR-1306-3p and lnc-PSCA-4:2 in
circulating of GC patients had significantly shorter overall
survival rate (Figures 5F, G).

Taken together, these findings suggested miRNA-936, miRNA-
1306-3p, miRNA-3185, miRNA-6083, miRNA-659-3p, miRNA-
6792-3p, lnc-MB21D1-3:5, lnc-PSCA-4:2 and lnc-ABCC5-2:1were
a suitable circulating biomarker in diagnosing GC.

CircRNAs Expression Profiles in GC
and Bioinformatics Prediction With
Clinical Implication
To determine the expression profiles of circRNAs in GC
progression, we conducted high-throughput human circRNA
microarray. Tissue samples from 6 GC tissues and 6 normal
controls were used in this study. The data were displayed in the
Frontiers in Oncology | www.frontiersin.org 9128
format of H Volcano plots (Figure 6A). Based on genomic origin,
there are five types of circRNAs, which include exon circRNA,
intron circRNA, antisense circRNA, sense overlapping circRNA
and intergenic circRNA, we found that the primary kind of
circRNAs was sense overlapping in our experiment.
Bioinformatics prediction analysis suggested that these aberrant
expressed circRNAs are connected with several significant
biological processes, molecular functions, cellular constituent, and
crucial signalingpathways (Figures 6B,C).Dysregulated circRNAs
were significantly enriched in nuclear speck and lamellipodium of
cellular component, negative regulation of RNA splicing and
erythrocyte maturation in biological process, calcium-dependent
phospholipid binding and RNA binding in molecular function.
Those circRNAs were significantly enriched in several KEGG
signaling pathways. Proteoglycan in cancer, chemical
carcinogenesis, adherens junction and ErbB signaling pathway
were the top pathways associated with GC. In order to reveal the
co-expression pattern of circRNA-miRNA, the circRNA-miRNA
co-expression networks were constructed based on the high-
throughput RNA sequencing results and bioinformatics
analysis (Figure 6D).

On the basis of circRNA bioinformatics predictions, we selected
4 circRNAs for further validation of the microarray consistency
usingqPCR.Since it couldnotbedetected inblood,we increased the
number of tissue samples to detect the expression of circRNAs.
Results showed that circASHL2 and circCCDC9 were observably
low expressed in tumor tissues, circNHSL1 and cirMLLT10 were
markedly increased in tumor tissues compared pair-matched non-
cancer adjacent tissues (Figures 7A–D). Clinic pathological
character showed that the down-regulated circCCDC9 was
TABLE 2 | Correlation between clinicopathological features and expression levels of lncRNA in plasma with gastric adenocarcinoma.

Characteristic Case lnc-MB21D1-3:5 lnc-PSCA-4:2 lnc-ABCC5-2:1

Median (range), △CT p-vaule Median (range), △CT p-vaule Median (range), △CT p-vaule

Gender
Male 36 2.62 (0.98-3.84) 0.488 6.36 (4.27-7.35) 0.751 6.07 (9.32-0.23) 0.960
female 16 2.36 (1.62-5.56) 6.35 (4.10-9.06) 6.45 (0.47-9.93)
Age (years)
≤65 26 2.43 (0.98-2.84) 0.840 6.52 (4.10-7.49) 0.227 6.44 (0.32-9.63) 0.370
>65 26 2.45 (1.14-5.65) 6.05 (4.27-9.06) 5.86 (0.47-9.93)
Tumor size (cm)
<5 25 2.59 (0.98-5.65) 0.985 6.36 (4.58-9.06) 0.356 6.45 (0.32-8.87) 0.679
≥5 27 2.36 (1.14-3.62) 6.23 (4.58-9.06) 5.74 (0.47-9.93)
Differentiation
Moderate/well 18 2.20 (1.14-3.62) 0.018 6.42 (4.10-9.06) 0.768 6.07 (1.74-9.93) 0.904
Poor 29 2.63 (0.98-5.62) 6.34 (4.58-7.49) 6.38 (0.32-9.23)
TNM stage
I, II 20 2.60 (0.98-5.65) 0.463 6.77 (4.29-9.06) 0.025 5.69 (0.32-8.87) 0.259
III, IV 32 2.36 (1.14-3.31) 6.13 (4.10-7.14) 6.27 (1.74-9.93)
Lymph node metastasis
Negative 14 2.66 (0.98-5.65) 0.004 6.88 (5.43-9.06) 0.025 5.12 (0.32-8.05) 0.259
Positive 38 2.36 (1.14-3.31) 6.13 (4.10-7.27) 6.38 (1.74-9.93)
Nerve invasion
Yes 29 2.44 (1.44-5.65) 0.706 6.22 (4.10-7.14) 0.077 6.38 (3.12-9.93) 0.176
No 23 2.46 (0.98-3.84) 6.55 (4.27-9.06) 5.14 (0.32-8.87)
Vessel invasion
Yes 34 2.47 (1.14-5.655) 0.729 6.13 (4.10-7.49) 0.036 6.31 (1.74-9.93) 0.281
No 18 2.45 (0.98-3.84) 6.60 (4.27-9.06) 5.12 (0.32-9.23)
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FIGURE 5 | Diagnostic potential of miRNA and lncRNA. (A) The area under the ROC curve (AUC) value of miRNA-936 and miRNA-1306-3p was 0.675 and 0.658
respectively. (B) The AUC value of miRNA-3185, miRNA-6083, miRNA-659-3p and miRNA-6792-3p was 0.775, 0.739, 0.777 and 0.711 respectively. (C) The AUC
value of lnc-PSCA-4:2, lnc-ABCC5-2:1 and lnc-MB21D1-3:5 was 0.746, 0.708, and 0.723 respectively. (D, E) Kaplan-Meier overall survival curve revealed patients
with higher miR-6792-3p and miR-3185 expression showed a reduced survival time. (F, G) Kaplan-Meier overall survival curve revealed patients with lower miR-
1306-3p and lnc-PSCA-4:2 expression showed a reduced survival time. *p < 0.05, **p < 0.01.
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FIGURE 6 | Profiling of circRNAs in GC tissues compared to adjacent mucosa. (A) Volcano plot shows tp-regulated and down-regulated circRNAs in cancer vs
normal group. Higher expression levels are indicated by “red”, lower expression levels are indicated by “green”, and no significant difference is indicated by other
colors. (B) KEGG analysis of circRNAs in cancer vs normal group. (C) GO analysis of lncRNAs in cancer vs normal group. (D) circRNA-miRNA target interaction
network diagram.
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negatively associatedwithTNMstage and lymphaticmetastasis, the
up-regulated circNHSL1 was positively associated with lymphatic
metastasis and vascular invasion (Figures 7E–H). Furthermore, it
was found that circCCDC9 was negatively correlated with the
expression level of miRNA-6792-3p, and circNHSL1 was
negatively correlated with miRNA-1306-3p (Figures 7I, J). There
was potential binding site on circCCDC9 and circNHSL1
respectively for those miRNAs which were detected before. We
will further detect the expression of circRNAs in plasma sample.
DISCUSSION

In spite of significantprogress in cancer early diagnosis and therapy,
the survival rate of patients with GC has not achieved satisfactory
Frontiers in Oncology | www.frontiersin.org 12131
improvement over the past few decades. So far, there are several
challenges in the diagnosis and treatment of gastric cancer. First,
there is difficulty in detecting early diagnosis. The pathological and
biological characteristics of gastric cancer for early symptoms lack
specificity, and the majority of GC cases are diagnosed in their
advanced stage (26). Second, the heterogeneity of gastric cancer
makes that it was difficult to cure. The whole-genome analysis of
gastric cancer shows that 10 core signaling pathways have genetic
changes. The change of multigene and various pathways increase
the difficulty of achieving effective treatmentswhichmay be leading
to poor prognoses (27, 28). Therefore, there is an urgent need to
develop novel, highly sensitive and specific molecular markers for
detection and diagnosis of GC to improve patient outcomes.

MiRNA was detected more than 20 years ago, which had not
been attached much importance until 2001. Many human
A
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FIGURE 7 | The expressions of circRNAs GC tissues and clinical information analysis. (A–D) Expression of circASHL2, circCCDC9, circNHSL1 and cirMLLT10 in
GC tissues compared to normal controls. (E, F) The expression of circCCDC9 was negatively associated with TNM stage and lymphatic metastasis. (G, H) The
expression of circNHSL1 was positively associated with vessel invasion and lymphatic metastasis. (I) The expression of circNHSL1 was negatively associated with
that of miR-1306-3p. (J) The expression of circCCDC9 was negatively associated with that of miR6792-3p.
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miRNAs were identified, and had been put into use for early
detection, which was aberrantly expressed frequently in tumor
tissues due to the relationship with tumor growth, invasion, and
metastasis (29–31). However, the miRNA in cancer tissues is not
ideal for invasive procedure involved obtaining tissue samples. It
was not until 2008 that an investigation discovered miRNA in
the plasma of tumor sufferer might be serve as biomarkers for
malignancy and they might be detected in other body fluids of
cancer patients successively (32). In contrast to intracellular
miRNA, humoral miRNAs were harmless biomarkers for early
cancer detection, including GC. For example, Tsujiura et al. (33)
found that five circulating miRNAs (miR-17-5p, miR-21, miR-
106a, miR-106b and let-7a) were verified to be differently
expressed in GC tissues and also changed circulating samples
from both of pre-operative GC patients and healthy people.
Contrary to the previous outline researches, Ren C et al. (34)
demonstrated that the expression of miR-16 and miR-451 was
associated with survival rate in GC patients, and high expression
of miR-16 and miR-451 displayed better survival rate. They
showed miR-16 and miR-451 might be applied to predict the
prognosis and provided a new treatment target for GC patients.
In addition, single miRNA in plasma of GC patients was not
optimal for diagnosis on account of heterogeneity of tumor.
Therefore, multiple merged miRNAs might enhance their
diagnostic value for GC effectively. Although several estimated
biomarkers for gastric cancer have been investigated, no single
blood-based biomarker with satisfactory sensitivity or specificity
has been introduced (35). In our study, we used N0 and N3 GC
tissues to pick out dysregulated miRNAs. As we know, lymph
node metastasis is one of the most important features of
malignant tumors, including GC. On the other hand, the
miRNA that associated with lymph node metastasis must be
serve as oncogene or tumor suppressor gene. More importantly,
we have never used this part of miRNA sequencing and
bioinformatics data. In our research, we selected six miRNAs
with microarray profiling followed by qRT-PCR validation.
miRNA-3185, miRNA- 6083, miRNA-659-3p and miRNA-
6792-3p were confirmed to be significantly upregulated in GC
plasma, whereas miRNA-936 and miRNA-1306-3p were
significantly downregulated in GC plasma. More importantly,
the expression of these miRNAs is closely related to the clinical
characteristics of GC patients. Surprisingly, miRNA-6083 was
positively correlated with CEA, and miRNA-6792-3p was
positively correlated with CA724 in the patient’s blood of GC.
The diagnostic value of the six miRNAs was verified in GC
plasma, and the encouraging results increasingly demonstrated
the important roles for the six miRNAs in tumorigenesis
and progression.

High-throughput sequencing has revealed that lncRNAs
could be new regulators of cancer progression. Recently, it was
found that circulating lncRNAs had the value of the detection of
various cancer types. The reason why they became biomarkers
was not only because specimen covered circulating lncRNA
could be easily and noninvasively gained from cancer patients
but also because these lncRNAs had high stability in body fluids
(36, 37). In a recent study, Zhang K et al. (38) designed a research
Frontiers in Oncology | www.frontiersin.org 13132
study to explore the possibility of lncRNA as a marker in GC.
They constructed two biomarker panels, containing lncRNA-
based Index I and CEA-based Index II based on logistic
regression, to compared the diagnostic performance of five
lncRNAs. The result showed that the Index I surpassed the
Index II in GC patients and healthy controls with an AUC value
of 0.90 (95% CI: 0.86-0.95). Interestingly, in contrast to
preoperative plasma samples from GC patients, the AUC value
of index I reduced notably by postoperative day 14, which
indicated the panel of five lncRNAs could monitor tumor
dynamics. The five-lncRNAs panel demonstrated a high
diagnostic precision for GC detection. Esfandia F et al. (39)
explored expression of a panel of lncRNAs including HULC,
OIP5-AS1 and THRIL in 30 GC tissues and paired adjacent non-
cancerous tissues, and ROC curve analysis showed diagnostic
power of 0.72, 0.69 and 0.68 for THRIL, HULC and OIP5-AS1,
respectively. The AUC value for combination of three lncRNAs
was higher than that of HULC and OIP5-AS1, but did not lead to
significant improvement of the diagnostic power. In our study,
we found that lnc-ABCC5-2:1 were less expressed in circulating
and tissue samples than normal controls, whereas lnc-MB21D1-
3:5 and lnc-PSCA-4:2 were higher expressed in circulating and
tissue samples than normal controls. Among them, the
expression of lnc-PSCA-4:2 in blood is closely related to stage,
vascular invasion and lymphatic metastasis of gastric cancer
patients, and lnc-MB21D1-3:5 was significantly correlated with
the differentiation degree of gastric cancer. Besides, the three
identified lncRNAs all have not been studied in tumors.
Moreover, both circulating lnc-MB21D1-3:5, lnc-ABCC5-2:1
and lnc-PSCA-4:2 were discovered for the first time to be
valuable biomarkers of GC in our study. ROC curve analysis of
the 3 lncRNAs showed that the AUC values of lnc-MB21D1-3:5,
lnc-PSCA-4:2 and lnc-ABCC5-2:1 were 0.723, 0.708 and 0.746,
respectively, while the combined diagnosis of 3 lncRNAs reached
0.902, which suggested that they could be function as promising
biomarkers for gastric cancer.

CircRNA, an emerging member of ncRNAs, which originates
from exons, introns or both and function as sponging miRNAs,
is to regulate RNA transcription sponging proteins, to interact
with proteins, and to translate proteins (40, 41). Nowadays, more
than 100,000 types of circRNAs are discovered from different
species, and the quantity of intracellular circRNA are ten-fold
more than that of homogenetic linear isomer RNA in humans
(42). Currently, numerous GC studies were concentrated on the
expression level of circRNAs in GC tissue, while most of them
were existed stably in plasma with an O-shaped closed structure
and were resistant to exonuclease and RNases (43). However,
several studies have already been proven the feasibility of
circulating circRNAs for detection of GC. Chen S et al. (44)
studied the expression of several circRNAs in blood and showed
that hsa_circ_0000190 has a low expression level in gastric
cancer plasma specimens. In particular, the expression of
hsa_circ_0000190 was associated significantly with tumor
diameter, lymph nodal metastasis, distal metastasis, tumor
stage, and CA19-9 levels. Hsa_circ_0000190 had potential
diagnostic performance for GC, with AUC of 0.775, specificity
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of 71.2% and sensitivity of 75.0%. Another study screened
plasma samples of circRNAs expression profiles from 10 GC
patients and 5 healthy individuals by using the microarray
technique; and demonstrated that the expression of circ-
KIAA1244 had decreased altogether in GC tissues, plasmas,
and cells. Moreover, the low plasma level of circ-KIAA1244
had a significant relationship with tumor stage, lymph nodal
metastasis and survival rate (45). Our study screened circRNAs
expression profiles from 6 pair GC and paracancer tissues by
using the microarray technique, and demonstrated that the
expression of four circRNAs (circASHL2, circCCDC9,
circNHSL1 and cirMLLT10) had dysregulated altogether in GC
tissues. Moreover, the level of circCCDC9 and circNHSL1 had a
significant relationship with tumor stage, lymph nodal metastasis
and vessel invasion. Even though circRNAs could be resistant to
exonuclease and RNases with an O-shaped closed structure, not
every circRNA can be detected in the plasma. In our research, we
tried to use different detection methods and these circRNAs still
cannot be detected in plasma.

As we known, the entry of tumor cells and their secretory
products into the portal system is a crucial step in the metastasis
of the digestive tract. It was speculated that circulating ncRNAs
released from portal venous blood might present a higher
expression level than those in peripheral venous blood.
Although no significant differences, our result might testify the
hypothesis to some extent. Further researches containing larger
samples are warranted.

Our study has some limitations. Firstly, due to time and
economic problems, the sample size was small. More substantial
and more diverse samples should be taken into consideration
and further exploration. Secondly, it was predicted that ncRNA
had functioned indirectly with GO and KEGG pathway analyses
of relevant mRNA based on the results of microarray data, with
unclear the roles of the ncRNAs in GC pathogenesis. We need to
perform further functional experiments of these ncRNAs which
we had validated on gastric cancer cell lines and xenograft
models to further demonstrate their roles in GC prognosis.
CONCLUSION

Taken together, we identified that several ncRNAs(miRNA-936,
miRNA-1306-3p, miRNA-3185, miRNA- 6083, miRNA-659-3p,
miRNA-6792-3p, lnc-ABCC5-2:1, lnc-MB21D1-3:5, lnc-PSCA-
4:2, circASHL2, circCCDC9, circNHSL1 and cirMLLT10) could
be useful to distinguish GC patients and also to predict the
prognosis and prognosis of GC patients. Further studies on a
larger cohort of patients are needed to validate our findings.
More prospective research are needed to explore the function of
Frontiers in Oncology | www.frontiersin.org 14133
circulating ncRNAs as reliable and effective biomarkers in gastric
carcinoma diagnosis and prognosis.
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Signet ring cell carcinoma (SRCC) was previously thought to have a worse prognosis than
differentiated gastric carcinoma (DC). However, recent studies have shown that its
prognosis is related to staging. Here, we analyzed the clinicopathological features and
the rate of lymph node metastasis (LNM) in 2166 patients with gastric cancer (605 early
and 1561 advanced cases) who underwent gastrectomy and lymph node dissection (D2)
from 2016 to 2019. The LNM rate for early and advanced cases was 18.0% and 74.2%,
respectively. Regarding early cases, the LNM rate in SRCC was similar to that in DC (10%
vs. 16.1%, p=0.224), and significantly lower than that in undifferentiated carcinoma (UDC;
10% vs. 23.3%, p=0.024). Tumor size, infiltration depth, pathological type, and mixed
type were risk factors for LNM in early cases. Regarding intramucosal cases, the LNM rate
in SRCC was similar to that in DC (4.3% vs. 3.7%, p=0.852), and significantly lower than
that in UDC (11.2%). The LNM rate was significantly higher in submucosal than
intramucosal cases (28.1% vs. 6.3%, p<0.001), and in early mixed cases than early
pure cases (23.2% vs. 12.4%, p<0.001). Regarding early pure cases, the LNM rate in
SRCC was similar to that in DC (9.3% vs. 7.2%, p=0.641), but significantly lower than that
in UDC (9.3% vs. 24.7%, p=0.039). In summary, the LNM rate in early SRCC was similar
to that in early DC but significantly lower than that in early UDC. Early SRCC fits with the
endoscopic submucosal dissection (ESD) indication related to undifferentiated cases, and
ESD may be effective. Additionally, the LNM rate was markedly higher for submucosal
cases than intramucosal cases, and for mixed cases than pure cases.

Keywords: early gastric cancer, signet ring cell carcinoma, lymph node metastasis, clinical features, endoscopic
submucosal dissection (ESD)
INTRODUCTION

Early gastric cancer refers to gastric cancer in which the tumor is limited to the mucosa and submucosa,
regardless of lymph node metastasis (LNM). Endoscopic submucosal dissection (ESD) is a first-line
treatment for early gastric cancer, enabling patients to avoid radical surgery, preserve organ integrity, and
maintain a good quality of life (1). As ESD does not involve lymph node dissection, it is suitable for cases
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of early gastric cancer with almost no risk of LNM. LNM in early
gastric cancer is mainly affected by tumor size, invasion depth,
pathological type, and the presence of ulcers (2).

Signet ring cell carcinoma (SRCC) is a type of gastric cancer in
which ≥50% of the tumor cells are signet ring cells (3). Laurén (4)
classified it as a diffuse type. For a long time, SRCC was considered
to be highly malignant with a poor prognosis (5, 6). However, this
was mainly based on cases of advanced SRCC. In recent years, with
the increased detection rate and deepened understanding of early
and advanced gastric cancer, it was found that the biological
behavior differed between early and advanced SRCC. Early SRCC
has low invasiveness and a similar prognosis to early differentiated
carcinoma (DC), and both early SRCC and DC have a superior
prognosis compared to early undifferentiated carcinoma (UDC) (2,
7). However, there are gaps in the literature regarding the difference
in the LNM rate between early SRCC and non-SRCC cases and
whether early SRCC can be treated with ESD (8–10). For these
reasons, we aimed to compare the LNM rate between early SRCC
and non-SRCC cases, intramucosal and submucosal cases, and pure
and mixed cases. Additionally, we aimed to analyze the risk factors
for LNM in early cases, advanced cases, undifferentiated type
(comprising poorly differentiated and mucinous carcinoma),
and SRCC.
METHODS

The Ethics Review Committee of the First Affiliated Hospital of
Zhejiang Chinese Medical University approved the study (2020-KL-
085-01). The Ethics Review Committee waived the need for written
informed consent as (1) the main risk in this study was loss of
subjects’ anonymity, and the informed consent forms would contain
the only identifiable information, and (2) the study did not involve
biological specimens so the risk of biological leakage was minimal.

We included patients with gastric cancer who underwent radical
gastrectomy and lymph node dissection (D2) or additional radical
gastrectomy and lymph node dissection (D2) after non-curative
dissection by ESD at the First Affiliated Hospital of Zhejiang
University of Traditional Chinese Medicine and Zhejiang Cancer
Hospital from 2016 to 2019. The non-curative dissection conditions
of ESD: (1) not included in the expanded ESD indications listed in
the Japanese gastric cancer treatment guidelines, (2) positive incisal
margin, and (3) lymphatic/vascular invasion. The exclusion criteria
were as follows: (1) gastric metastatic cancer; (2) two ormore lesions
in the stomach; (3) preoperative chemotherapy, radiotherapy, or
targeted biological therapy; and (4) other rare types of gastric cancer.

The clinical and pathological data of the included patients were
obtained. All specimens, including the resected stomach and
regional lymph nodes, were histologically examined by three
independent senior pathologists. The data included sex, age,
tumor size [≤2 or >2 cm, based on the ESD indications in the
Japanese gastric cancer treatment guidelines (11)], macroscopic
type (I, II a–c, or III), infiltration depth [early cases were divided
into intramucosal and submucosal types, based on the 8th
edition of the American Joint Committee on Cancer (AJCC)
tumor, node, metastasis (TNM) gastric cancer staging system],
distant metastasis status (based on the AJCC TNM system),
Frontiers in Oncology | www.frontiersin.org 2136
pathological type [DC, UDC, or SRCC, based on the Japanese
gastric cancer classification (12)], pure/mixed type, and LNM
status [LNM (+) or LNM (-)]. Regarding the pathological
types, DC comprised well and moderately differentiated
adenocarcinoma, while UDC comprised poorly differentiated
and mucinous adenocarcinoma. The early cases of each
pathological type were further divided into pure type (pure DC,
pure UDC, and pure SRCC) or mixed type [mixed DC, mixed
UDC, and mixed SRCC, the latter of which was defined as the
presence of other differentiated cells in SRCC tumors (13)],
according to the tumor cell composition and the Japanese gastric
cancer classification (12). Additionally, early SRCC was split into
the ESD indication and non-indication groups, according to the
Japanese gastric cancer treatment guidelines (11). In early and
advanced cases, we analyzed the associations of LNM with tumor
size, infiltration depth, pathological type, and pure/mixed type.We
also analyzed the LNM rate and other clinicopathological features
in early SRCC in the ESD indication or non-indication groups.

Statistical analysis was conducted using SPSS v25.0 software. The
continuous data are expressed as mean ± SD, and the categorical
data are expressed as frequency (%). We used the chi-square test,
Fisher’s exact test, and the Monte Carlo method to assess the
categorical variables, and binary logistic regression was used for
multivariate analysis, with p<0.05 indicating statistical significance.
RESULTS

Patient Characteristics and LNM Rate
We obtained data on 2166 patients with gastric cancer (1495 males
and 671 females), with a mean age of 62 ± 5.7 years. Of these
patients, 605 had early cancer, with 109 (18.0%) cases of LNM, and
1561 had advanced cancer, with 1158 (74.2%) cases of LNM. There
were 983 (45.4%), 1062 (49.0%), and 121 (5.6%) cases of DC, UDC,
and SRCC, respectively. There were 1079 (49.8%) pure and 1087
(50.2%) mixed cases.

Regarding the early cases, the LNM rate in SRCC was non-
significantly lower than that in DC (10.0% vs. 16.1%, p=0.224),
but significantly lower than that in UDC (10% vs. 23.3%,
p=0.024) (Table 1 and Figure 1). Regarding the advanced
cases, the LNM rate in SRCC was similar to that in UDC
(82.0% vs. 79.0%, p=0.580), but significantly higher than that
in DC (67.1%, p=0.017).

The results of univariate analysis of the risk factors for LNM
in early and advanced cases are shown in Table 1. The results of
multivariate regression analysis suggested that tumor size,
infiltration depth, pathological type, and mixed type were risk
factors for LNM in early cases, while tumor size, infiltration
depth, and pathological type were risk factors for LNM in
advanced cases (Table 2).

Difference in LNM Rate Between
Submucosal and Intramucosal Cases
Among the 605 early cases, there were 269 intramucosal and 320
submucosal cases, after excluding 16 cases with incomplete records
or unclear invasion depth (10 cases of DC, 6 cases of UDC). The
clinicopathological features (including LNM status) of early DC,
July 2021 | Volume 11 | Article 630675
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TABLE 1 | Univariate analysis of the risk factors for lymph node metastasis in early and advanced gastric cancer.

Risk factor Early (n = 605) Advanced (n = 1561)

n LNM (+) P n LNM (+) P

Sex

Male 374 63 (16.8%) 1121 839 (74.8%)
Female 231 46 (19.9%) 0.34 440 319 (72.5%) 0.341

Age (years)

<65 411 75 (18.2%) 816 606 (74.3%)
≥65 194 34 (17.5%) 0.829 745 552 (74.1%) 0.939

Tumor size (cm)

≤2 392 47 (12.0%) 127 55 (43.3%)
>2 213 62 (29.1%) <0.001 1434 1103 (76.9%) <0.001

T

T1a 269 17 (6.3%)

T1b 320 90 (28.1%)

T2 – – 289 127 (43.9%)
T3 – – 270 197 (73.0%)
T4 – – <0.001 1002 834 (83.2%) <0.001

Excluded 16 2 (12.5%) – –

M

M0 – – 1553 1151 (74.1%)
M1 – – 8 7 (87.5%) 0.688

Pathological type

SRCC 60 6 (10%) 61 50 (82.0%)
DC 335 54 (16.1%) 648 435 (67.1%)
UDC 210 49 (23.3%) 0.024 852 673 (79.0%) <0.001

Pure/mixed

Pure 291 36 (12.4%) 788 570 (72.3%)
Mixed 314 73 (23.2%) <0.001 773 588 (76.1%) 0.092

Total 605 109 (18.0%) 1561 1158 (74.2%)
Frontiers in Oncology | www.fron
tiersin.org 3137
 Ju
ly 2021 | Volume 11 | Article
DC, differentiated carcinoma; UDC, undifferentiated carcinoma; SRCC, signet ring cell carcinoma; PEarly SRCC vs. DC=0.224, PEarly DC vs. UDC=0.036, PEarly SRCC vs. UDC=0.024,
PAdvanced SRCC vs. DC=0.017, PAdvanced DC vs. UDC <0.001, PAdvanced SRCC vs. UDC=0.580.
FIGURE 1 | The difference of LNM between puremixed type in different pathological of EGC.
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UDC, and SRCC are shown in Table 3, and those of intramucosal
or submucosal DC, UDC, and SRCC are shown in Table 4. In
intramucosal (p=0.079) or submucosal (p=0.329) cases, there was
no significant difference in the LNM rate between the three
different pathological types. However, the LNM rate was
significantly higher in submucosal cases than intramucosal cases
of the same pathological type (p=0.008, p<0.001, and
p<0.001, respectively).

Difference in LNM Rate Between Pure
and Mixed Cases
Among the 605 early cases, there were 291 pure and 314 mixed
cases. The LNM rate was significantly higher in mixed cases than
pure cases (23.2% vs. 12.4%, p=0.001), and significantly higher in
mixed DC than pure DC (25.0% vs. 7.2%, p<0.001). However, in
early UDC or SRCC, the difference in LNM rate between mixed
and pure cases was not significant. The LNM rate was similar in
Frontiers in Oncology | www.frontiersin.org 4138
pure SRCC and pure DC (9.3% vs. 7.2%, p=0.641), and
significantly lower in pure SRCC than pure UDC (9.3% vs.
24.7%, p=0.039) (Figure 1).The LNM rate was significantly
higher in mixed cases than pure cases for both intramucosal
(9.9% vs. 2.9%, p=0.018) and submucosal (33.9% vs. 21.2%,
p=0.012) cases (Table 5) (after excluding 16 cases with unclear
invasion depth).

Difference in LNM Rate in Early SRCC,
Poorly Differentiated Carcinoma, and
Mucinous Carcinoma
Among the 605 early cases, 270 cases were undifferentiated type,
comprising 60 cases of SRCC (which is considered a subtype of
the undifferentiated type), 204 cases of poorly differentiated
carcinoma, and 6 cases of mucinous carcinoma. To determine
the risk factors for LNM, we conducted univariate and multivariate
analyses. The results suggested that tumor size and infiltration level
(submucosal) were independent risk factors for LNM (Table 6).
The LNM rate in early SRCC was 10%, which was significantly
lower than that in early poorly differentiated carcinoma
(24%, p=0.019).

Clinicopathological Features of
SRCC in the ESD Indication and
Non-Indication Groups
Among the 60 cases of early SRCC, there were 38 cases in the
ESD indication group. The clinicopathological features of
TABLE 3 | Clinicopathological characteristics of early cases of three pathological types.

DC (n = 335) UDC (n = 210) SRCC (n = 60) P

Sex
Male 235 (70.1%) 105 (50%) 34 (56.7%)
Female 100 (29.9%) 105 (50%) 26 (43.3%) <0.001

Age (years)
<65 204 (60.9%) 161 (76.7%) 46 (76.7%)
≥65 131 (39.1%) 49 (23.3%) 14 (23.3%) <0.001

Tumor size (cm)
≤2 198 (59.1%) 148 (70.5%) 46 (76.7%)
>2 137 (40.9%) 62 (29.5%) 14 (23.3%) 0.003

Macroscopic type
I 20 (6.0%) 0 (0%) 0 (0%)
IIa 14 (4.2%) 6 (2.9%) 1 (1.7%)
IIb 36 (10.7%) 20 (9.5%) 20 (33.3%)
IIc 175 (52.2%) 123 (58.6%) 30 (50.0%)
III 85 (25.4%) 61 (29.0%) 8 (13.3%)
IIa+IIb 1 (0.3%) 0 (0%) 0 (0%)
IIa+IIc 3 (0.9%) 0 (0%) 1 (1.7%)
IIb+IIc 1 (0.3%) 0 (0%) 0 (0%) <0.001

Pure/mixed
Pure 167 (49.9%) 81 (38.6%) 43 (71.7%)
Mixed 168 (50.1%) 129 (61.4%) 17 (28.3%) <0.001

Infiltration depth
Intramucosal 134 (40.0%) 89 (42.4%) 46 (76.7%)
Submucosal 191 (57.0%) 115 (54.8%) 14 (23.3%) <0.001
Excluded 10 (3.0%) 6 (2.8%) 0

LNM
+ 54 (16.1%) 49 (23.3%) 6 (10%)
- 281 (83.9%) 161 (76.7%) 54 (90%) 0.024
July 2021 | Volume 11 | Article
DC, differentiated carcinoma; UDC, undifferentiated carcinoma; SRCC, signet ring cell carcinoma.
TABLE 2 | Multivariate analysis of the risk factors for lymph node metastasis in
early and advanced gastric cancer.

Risk factor Early Advanced

P OR 95% CI P OR 95% CI

Tumor size <0.001 2.454 1.551-3.884 <0.001 2.612 1.749-3.902
T <0.001 4.859 2.767-8.531 <0.001 1.877 1.672-2.108
Pathological type 0.026 1.586 1.057-2.380 0.010 1.318 1.066-1.631
Pure/mixed 0.003 2.030 1.270-3.246 – – –
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SRCC in the ESD indication and non-indication groups are
shown in Table 7. Further analysis showed that 2 out of
the 38 cases (5.3%) of SRCC and 8 out of the 66 cases
(12.1%) of undifferentiated type (i.e., poorly differentiated and
mucinous carcinoma) in the ESD indication group exhibited LNM,
and the clinicopathological features of these cases are shown
in Table 8.
DISCUSSION

As the fifth most common cancer in the world, gastric cancer is a
significant threat to human health. Recently, its incidence
(mainly the intestinal type) in Asia has declined, which may be
related to the gradually increasing focus on and treatment of
Helicobacter pylori in Asia (14). However, the incidence of SRCC
is rising, which necessitates more attention. The biological
behavior of a case is very important when assessing whether
ESD is feasible or not. Our study showed that the LNM rate in
early SRCC was slightly but non-significantly lower than that in
early DC, but significantly lower than that in early UDC (i.e.,
poorly differentiated and mucinous carcinoma). Additionally,
early mixed cases had a higher LNM rate than early pure cases.
Regarding the biological behavior of LNM, our study verified the
feasibility of using ESD for early SRCC.

SRCC usually occurs in young women and is related to
estrogen. Yang et al. (15) reported that >80% of SRCC cases
could produce and secrete mucin and expressed estrogen
receptors, which affected tumor growth and invasion, and the
undifferentiated type is considered an independent risk factor for
Frontiers in Oncology | www.frontiersin.org 5139
LNM among early cases. SRCC, as a subtype of the
undifferentiated type, was previously considered to have
increased malignant behavior, poor prognosis, and a high risk
of LNM (5, 6). Compared to other gastric cancers, E-cadherin is
downregulated in SRCC, which decreases cell adhesion and
increases invasion of neighboring tissues (16–18). However,
recent studies have found that the prognosis and biological
behavior differ between early and advanced SRCC (7, 19).

Hyung et al. (7) studied 933 early gastric cancer cases and
found that the LNM rate in early SRCC was significantly lower
than that in early non-SRCC cases (5.9% vs. 16.0%, p<0.001), and
multivariate analysis of early cases showed that SRCC was an
independent protective factor against LNM, the 10-year survival
rate was significantly better for early SRCC than early non-SRCC
cases (89.7% vs. 79.1%, p=0.01). However, a large (n=2971) study
by Kao et al. (2) showed that the LNM rate in early SRCC was
similar to that in early non-SRCC cases (15.7% vs. 13.4%,
p=0.433), despite this, the 5-year overall and disease-free
survival rates were considerably higher for SRCC than non-
SRCC cases (90.7% vs. 83.2%, p=0.001; 87.4% vs 81.6%, p=0.003
respectively). We found that the LNM rate in early SRCC was
slightly but non-significantly lower than that in early DC, and
both LNM rates were significantly lower than that in early UDC
(p=0.024 and p=0.036, respectively). This shows that the LNM
rate in early SRCC is similar to the early DC; notably, the
absolute indication for ESD is DC without ulcerative findings
(UL0) and with an invasion depth clinically diagnosed as T1a
and a diameter ≤2 cm. Our other result was that, in advanced
cases, the LNM rate in SRCC was similar to that in UDC, and
both LNM rates were significantly higher than that in DC.
TABLE 5 | Lymph node metastasis in pure and mixed early gastric cancer.

Pure (n = 291) Mixed (n = 314) P

n LNM+ (%) n LNM+ (%)

Pathological type
SRCC 43 4 (9.3% ) 17 2 (11.8%) 1.0
DC 167 12 (7.2% ) 168 42 (25%) <0.001
UDC 81 20 (24.7%) 129 29 (22.5%) 0.712
All 291 36 (12.4%) 314 73 (23.2%) 0.001

Infiltration depth
Intramucosal 138 4 (2.9%) 131 13 (9.9%) 0.018
Submucosal 146 31 (21.2%) 174 59 (33.9%) 0.012
Excluded 7 1 (14.3%) 9 1 (11.1%) 1.0
July 2021 | Volume 11 | Article
DC, differentiated carcinoma; UDC, undifferentiated carcinoma; SRCC, signet ring cell carcinoma.
TABLE 4 | Lymph node metastasis in intramucosal and submucosal cases of three pathological types.

DC (N = 335) UDC (N = 210) SRCC (N = 60) P

n LNM (+) P n LNM (+) P n LNM (+) P

Intramucosal 134 5 (3.7%) 89 10 (11.2%) 46 2 (4.3%) 0.079
Submucosal 191 48 (25.1%) 0.008 115 38 (33.0%) <0.001 14 4 (28.6%) <0.001 0.329
Excluded 10 1 (10.0%) 6 1 (16.7%) 0 –
6

DC, differentiated carcinoma; UDC, undifferentiated carcinoma; SRCC, signet ring cell carcinoma.
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According to the invasion depth, early cases can be divided
into intramucosal and submucosal types. Previous research
showed that the LNM rates in intramucosal and submucosal
carcinoma were around 3.2% (0.0–20.3%) and 19.2% (10.2–
33.0%), respectively (20, 21). In our study, the LNM rates of
intramucosal and submucosal SRCC were 4.3% and 28.6%,
respectively. The LNM rates of intramucosal and submucosal
DCs were 3.7% and 25.1%, respectively, consistent with previous
research. However, the LNM rates of intramucosal and
submucosal UDC were 11.2% and 33.0%, respectively, which is
Frontiers in Oncology | www.frontiersin.org 6140
higher than in previous research (4.2% and 19.0%, respectively)
(22, 23). We analyzed the clinicopathological data of
intramucosal and submucosal UDC further, and we found that
the rates of mixed cases in intramucosal and submucosal UDC
were 68.5% (61/89) and 56.5% (65/115), respectively.
Additionally, according to multivariate analysis, mixed type
was a risk factor for LNM in early cases. This may explain the
differences in the LNM rates in intramucosal and submucosal
UDC between our study and the previous research. Our data also
showed that among intramucosal cases, the LNM rate in SRCC
TABLE 7 | Clinicopathological characteristics of SRCC according to ESD indication.

Yes (n = 38) No (n = 22) P

Sex
Male 23 (60.5%) 11 (50%)
Female 15 (39.5%) 11 (50%) 0.428

Age (years)
<65 31 (81.6%) 15 (68.2%)
≥65 7 (18.4%) 7 (31.8%) 0.237

Macroscopic type
IIa 1 (2.6%) 0 (0%)
IIb 16 (42.1%) 4 (18.2%)
IIc 20 (52.6%) 10 (45.5%)
III 0 (0%) 8 (36.4%)
IIa+IIc 1 (2.6%) 0 (0%) <0.001

Pure/mixed
Pure 31 (81.6%) 12 (54.5%)
Mixed 7 (18.4%) 10 (45.5%) 0.025

LNM
(+) 2 (5.3%) 4 (18.2%)
(-) 36 (94.7%) 18 (81.8%) 0.179
July 2021 | Volume 11 | Article
ESD, endoscopic submucosal dissection; SRCC, signet ring cell carcinoma.
TABLE 6 | Univariate and multivariate analyses of the risk factors for lymph node metastasis in early undifferentiated gastric cancer.

Risk factor Univariate analysis (n = 270) Multivariate analysis (n = 270)

n LNM (+) P P OR 95%CI

Sex
Male 139 25 (18.0%)
Female 131 30 (22.9%) 0.316

Age (years)
<65 207 44 (21.3%)
≥65 63 11 (17.5%) 0.512

Tumor size (cm) 0.005 2.519 1.313-4.829
≤2 194 28 (14.4%)
>2 76 27 (35.5%) <0.001

Infiltration depth <0.001 3.993 1.920-8.305
Intramucosal 135 12 (8.9%)
Submucosal 129 42 (32.6%) <0.001
Excluded 6 1 (16.7%)

Pathological type 0.617 1.225 0.553-2.712
SRCC 60 6 (10.0%)
PDC 204 49 (24.0%)
MGC 6 0 (0%) 0.027

Pure/mixed
Pure 124 24 (19.4%)
Mixed 146 31 (21.2%) 0.703

Total 270 55 (20.4%)
MGC, mucinous carcinoma; PDC, poorly differentiated carcinoma; SRCC, signet ring cell carcinoma.
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was similar to that in DC (4.3% and 3.7%, respectively), but
significantly lower than that in UDC (11.2%). Still, the LNM rate
increased if the cancer invaded the submucosa, so ESD is not
suitable for submucosal undifferentiated cases, including
submucosal SRCC.

In various pathological types of gastric cancer, having the
mixed type increases the LNM rate and worsens the prognosis.
Huh et al. (24) showed that the LNM rate was higher in early
mixed SRCC than in early pure SRCC (19.2% vs. 5.9%, p<0.001),
and mixed SRCC was an independent risk factor for LNM in
early cases (OR=2.30, p=0.001). Hu et al. (12) also showed that
mixed SRCC was more aggressive than pure SRCC. We found
that, among early cases, the LNM rate was significantly higher in
the mixed type than the pure type (23.2% vs. 12.4%, p=0.001).
Additionally, in intramucosal cases, submucosal cases, and DC,
the LNM rate was higher in the mixed type than pure type
(p=0.018, p=0.012, p<0.001, respectively). However, in UDC,
there was no significant difference between the mixed and pure
types. Reviewing the raw data on early UDC with LNM, we
found that pure UDC tended to be larger (>2cm: 55%) and
deeper (submucosa: 90%) and had more ulcers (type III: 55%)
than mixed UDC (>2 cm: 44.8%; submucosa: 69.0%; type III:
41.4%), and the tumor size, invasion depth, and presence of
ulcers were all risk factors for LNM in early cases. In early SRCC,
the LNM rate was lower in the pure type than the mixed type
(9.3% vs 11.8%), but not significantly, which may be attributable
to the small sample size.

We further analyzed the LNM in three undifferentiated types
(early SRCC, poorly differentiated carcinoma, and mucinous
carcinoma). The results suggested that tumor size and infiltration
level were independent risk factors for LNM. The pathological type
had a significant effect in univariate analysis, but not in the
multivariate analysis (Table 6). The sample size (i.e., the small
number of cases of mucinous carcinoma) may have influenced the
result, so we analyzed the difference between the SRCC and poorly
differentiated carcinoma.The formerhada significantly lowerLNM
rate. This indicates that SRCC is a pathological type with a lower
LNM rate. In the future, SRCC should be compared to mucinous
carcinoma using a larger sample.

In the most recent multicenter study in Japan, Takizawa et al.
analyzed 275 cases of early undifferentiated gastric cancer treated
with ESD. They showed that 71% of the patients were cured, with
Frontiers in Oncology | www.frontiersin.org 7141
a recurrence rate of 0% during the 5-year follow-up, while the
success rate of surgery after non-curative ESD was 98.9%. The 5-
year overall and recurrence-free survival rates were 99.3% and
98.9%, respectively, indicating the efficacy and safety of ESD for
early undifferentiated gastric cancer (25). Lee et al. (9) proposed
that endoscopic treatment was more suitable for early SRCC than
for moderately and poorly differentiated types. We found that the
LNM rate in SRCC in the ESD indication group was 5.3%, which
is lower than the 11.9% reported by Zhu et al. (10). Furthermore,
in the ESD indication group, 8 (12.1%) cases with poorly
differentiated type had LNM, while only 2 (5.3%) cases with
SRCC had LNM (Table 8). This suggests that treating SRCC with
ESD is safer than treating UDC with it. Unfortunately, the
clinicopathological characteristics of cases of SRCC with LNM in
the ESD indication group could not be analyzed further because of
the small sample size. However, regarding the cases of poorly
differentiated carcinoma in the ESD indication group, more
attention should be paid to LNM during follow-up after ESD
when the macroscopic type is IIc and the cancer is the mixed type.

According to the above results, we believe that early SRCC is a
special type of undifferentiated gastric cancer. The LNM rate was
consistent with that in early DC, and so early SRCC with ESD
indication can be treated endoscopically.

There are two major limitations in our study. First, as a
retrospective study, there may have been selection bias, and the
clinical and pathological data of some patients are incomplete.
Second, follow-up data on the surgical patients were not
obtained, so we did not perform a survival analysis; thus,
inferences related to prognosis need to be made with caution.
CONCLUSION

The LNM rate in early SRCC is similar to that in early DC, but
significantly lower than that in early UDC. Early SRCC fits with
the expanded ESD indication related to undifferentiated cases
and so ESD may be an effective treatment, indicating that early
SRCC is generally less dangerous than early UDC. The LNM rate
is significantly higher in submucosal than intramucosal cases,
and in early mixed cases than early pure cases. Tumor size,
infiltration depth, pathological type, and mixed type are risk
factors for LNM in early cases.
TABLE 8 | Pathological characteristics of cancers with ESD indication but with lymph node metastasis.

Pathological type Age Sex Size Infiltration depth Pure/mixed Macroscopic type

SRCC 54 F 0.9×0.5×0.3 Intramucosal Pure IIc
SRCC 66 F 1.5×1×0.5 Intramucosal Pure IIb
PDC 64 M 2×0.8×0.2 Intramucosal Mixed IIb
PDC 50 M 0.8×0.7×0.4 Intramucosal Pure IIc
PDC 58 F 1.2×1.0×0.3 Intramucosal Mixed IIc
PDC 61 F 1.8×0.6×0.2 Intramucosal Mixed IIc
PDC 54 M 1.0×1.0×0.2 Intramucosal Mixed IIc
PDC 57 M 0.9×0.9×0.3 Intramucosal Mixed IIc
PDC 58 F 1.5×1.0×0.2 Intramucosal Mixed IIc
PDC 64 M 2.0×2.0×0.3 Intramucosal Mixed IIc
July 2021 | Volume
ESD, endoscopic submucosal dissection; PDC, poorly differentiated carcinoma; SRCC, signet ring cell carcinoma.
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Background:Gastric carcinoma (GC), which contains signet ring cell (SRC) components

are frequently observed in postoperative pathological assessment. This study aims to

study the prognostic significance of SRC components in GC patients.

Methods: From 2003 to 2017, surgically resected primary GC patients were

retrospectively reviewed. All enrolled patients were divided into three groups according

to the proportion of SRC. The overall survival (OS) and disease-free survival (DFS) of GC

patients with different tumor stages were analyzed.

Results: Patients with SRC or mixed-SRC were more associated with female, younger

age, middle or lower third of the stomach, larger tumor, higher pN stage, and more

lymphovascular invasion. For GC patients in stage I, multivariate survival analysis showed

that age >60, SRC components >50%, and pT stage were independent prognostic

factors for OS (all p < 0.05). The 5-year OS of patients with SRC were higher than that of

patients with pure adenocarcinoma (p= 0.021). For GC patients in stage II/III, multivariate

survival analysis showed that age >60, SRC proportion, surgical types, Borrmann’s type,

pT stage, pN stage, and lymphovascular invasion were independent prognostic factors

for OS (all p < 0.05). The 5-year OS/DFS of patients with SRC were lower than that of

patients with pure adenocarcinoma (p < 0.001).

Conclusions: SRC seemed to be a favorable prognostic factor in GC patients in stage

I. However, for GC patients in stage II/III, the SRC components were associated with

poor prognosis, independent of other clinicopathological factors.

Keywords: gastric cancer, signet-ring cell adenocarcinoma, surgery, prognosis, treatment

INTRODUCTION

Gastric carcinoma (GC) contains a group of histopathological heterogeneous components, such
as adenocarcinoma, signet ring cell (SRC) carcinoma, neuroendocrine carcinoma, squamous cell
carcinoma, etc. In GC, adenocarcinoma is the most common pathological type, which accounts
for about 90% of all GC cases (1). The SRC carcinoma only account for only about 5–10% of all
GC cases (2). The malignant pathological features of SRC, including more lymph node metastasis,
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easier distant metastasis, and late staging have been widely
recognized (3). The 2010 World Health Organization
(WHO) pathological classification defines SRC based on
the proportion of the main components (>50%) (4). However,
gastric adenocarcinoma mixed with SRC components (mixed-
SRC) are frequently observed in the clinic, which refers to a
mixture of adenocarcinoma and SRC components of 50% or less.
However, clinicopathological characteristics and prognosis of
SRC components are yet to be fully clarified (5).

Some studies have revealed the different prognostic
significance of SRC in early or advanced GC patients. In
general, SRC implies worse prognosis in patients with advanced
GC (6). Interestingly, for early GC patients, SRC often means
favorable prognosis than common adenocarcinomas (7). It is still
unclear whether GC patients with mixed-SRC follow the same
principles. This study aims to investigate the clinicopathological
characteristics and prognostic significance of SRC components
in patients with GC of different stages.

MATERIALS AND METHODS

Patients
We retrospectively analyzed 21,327 GC cases in the Qilu Hospital

of Shandong University from January 2003 to December 2017.
The inclusion criteria were as follows: (1) pathological diagnosis
as primary GC and (2) patients underwent radical gastrectomy
with D2 lymphadenectomy. The exclusion criteria were as
follows: (1) patients received neoadjuvant chemotherapy or
radiotherapy before surgery, (2) patients had multiple gastric
primary tumors, and (3) adenocarcinoma with other pathological
types of differentiated tissues except for SRC, such as mucinous
adenocarcinoma, neuroendocrine differentiation, squamous cell
carcinoma, etc. In our study, most patients in stage II/III received
adjuvant chemotherapy after surgery. Patients who did not
received adjuvant chemotherapy were those of old age, poor
physical fitness, taboo cardiopulmonary function, or refusal of
treatment. The chemotherapy regimens we performed on these
patients included SOX (S-1+ oxaliplatin), XELOX (capecitabine
+ oxaliplatin), and FOLFOX (5-Fu + tetrahydrofolate +

oxaliplatin). All patients were followed-up by telephone or
outpatient after surgery. The following-up information included
the date of follow-up, date of tumor recurrence/metastasis,
and the date and cause of death. The final follow-up was
December 2019. The median follow-up period was 84.0 months
(range, 20.0–190.0 months). This study was approved by the
Ethics Committee of Qilu Hospital of Shandong University [No.
KYLL-2019(KS)-487]. The patients’ selection processing is shown
in Figure 1.

Histopathological Evaluation
We retrospectively reviewed pathology reports of all included
cases. The following data were collected: age, gender, tumor
location, pathological diagnosis, SRC differentiation proportion,
pathological tumor stage, surgical type, lymphovascular invasion,
and perineural invasion. For the pathology reports before the
year of 2010, which did not indicate exact proportion of SRC
components (n = 504, 12.2%), pathological slides were retrieved

and diagnosed by two experienced independent pathologists
(C.S.M. and L.L.) (8). Pathologic tumor staging was defined by
the American Joint Committee on Cancer (AJCC) eighth edition
tumor–node–metastasis (TNM) staging system. An SRC signifies
that cells secrete a large amount of mucus in the cytoplasm and
squeezes the nucleus to one side, and the nucleus is crescent
shaped (9). The cutoff value of 50% was based on the 2010 WHO
Classification of Tumors of the Digestive System, which defined
SRC as a carcinoma with more than 50% of SRC components.
Adenocarcinomas containing 1–50% SRC components were
defined as mixed-SRC (4).

Statistical Analysis
The Chi-square test and t-test are used in the comparison of
different subgroups for clinicopathological characteristics. The
Kaplan–Meier method was used to calculate the OS curves
based on the length of time between primary surgical treatment
and final follow-up or death, and DFS curves based on the
length of time between primary surgical treatment and final
follow-up or death or recurrence or metastasis. The log-rank
test was used to assess statistical differences between curves.
Univariate and multivariate Cox proportional hazards regression
model were used to identify independent prognostic factors. A
p < 0.05 was considered statistically significant. The statistical
analysis was performed using SAS 9.4 (SAS Institute Inc., Cary,
NC, USA).

RESULTS

Comparison of Clinicopathological
Characteristics in Three Subgroups
A total of 4,139 cases were enrolled in this study, including
1,640 laparoscopic gastrectomy. According to the proportion
of SRC components (0, 1–50, or >50%), all cases were
categorized into three groups: (1) 3,479 pure adenocarcinoma
cases (without SRC component), (2) 406 adenocarcinomas cases
mixed with SRC (SRC component 1–50%), and (3) 254 SRC cases
(SRC component >50%). Patients with mixed-SRC were more
associated with female, younger age, middle or lower third of the
stomach, total gastrectomy, higher pN stage, Borrmann’s type II,
and more lymphovascular invasion (all p < 0.05). Patients with
SRC were more associated with female, younger age, middle or
lower third of the stomach, larger tumor, higher pN stage, and
Borrmann’s type III/ IV (all p < 0.05). The 5-year OS rate of
pure adenocarcinoma, mixed-SRC, and SRC were 73.16, 69.32,
and 65.82%, respectively (p = 0.013). The 5-year DFS rate of
pure adenocarcinoma, mixed-SRC, and SRC were 75.65, 73.13,
and 66.63%, respectively (p = 0.048). Detailed data are listed in
Table 1 (p < 0.05 are in bold print).

Univariate and Multivariate Survival
Analysis of Overall Survival in Patients With
Stage I Gastric Cancer
We subsequently evaluated clinicopathological factors associated
with OS in GC patients in stage I. In univariate analysis,
age >60 (p = 0.001), SRC components >50% (p = 0.047),
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FIGURE 1 | Flowchart of patients’ selection process (GC, gastric cancer; SRC, signet ring cell).

and pT stage (p = 0.000) were prognostic factors for
OS (Table 2). However, parameters such as gender, tumor
location, surgical type, pN stage, lymphovascular invasion, and
perineural invasion were not prognostic factors for OS (all p
> 0.05, Table 2). In multivariate survival analysis, age >60
(p = 0.002), SRC components >50% (p = 0.040), and pT
stage (p < 0.001) were independent prognostic factors for
OS (Table 2).

Univariate and Multivariate Survival
Analysis of Overall Survival in Patients With
Stage II/III Gastric Cancer
To investigate whether the SRC components show different
significance in advanced GC patients, we subsequently evaluated
clinicopathological factors associated with OS in GC patients
in stage II/III. In univariate analysis, age >60 (p = 0.000),
whole stomach tumor (p = 0.004), SRC proportion 1–50%
(p = 0.021), SRC proportion >50% (p = 0.000), total or
combined organ gastrectomy (p = 0.000, 0.017, respectively),
Borrmann’s type IV (p= 0.000), pT stage (p= 0.029, 0.016, 0.002,

respectively), pN stage (p = 0.014, 0.000, 0.000, respectively),
pTNM stage (p = 0.000), lymphovascular invasion (p =

0.000), and perineural invasion (p = 0.015) were prognostic
factors for OS (Table 2). In multivariate survival analysis, age
>60 (p < 0.001), SRC proportion 1%−50% (p = 0.023),
SRC proportion >50% (p = 0.000), total or combined organ
gastrectomy (p < 0.001, 0.067, respectively), Borrmann’s type
II (p = 0.019), pT stage (p = 0.035, 0.020, 0.002, respectively),
pN stage (p = 0.016, 0.000, respectively), and lymphovascular
invasion (p < 0.001) were independent prognostic factors for
OS (Table 3).

Long-Term Outcomes of Different
Subgroups According to the Proportion of
Signet Ring Cell Components
As shown in Table 4, for GC patients in stage I, the 5-year OS
of patients with mixed-SRC was lower than that of patients with
pure adenocarcinoma (82.95 vs. 85.15%), but the difference was
not statistically significant (p = 0.867). However, patients with
SRC had significantly higher 5-year OS than patients with pure
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TABLE 1 | Clinicopathological characteristics of different groups according to the SRC proportion.

Variables Pure AC

(without SRC)

n = 3,479

Mixed-SRC

(1–50% SRC)

n = 406

SRC (SRC > 50%)

n = 254

t/χ2 p-value

Gender*# 59.33 <0.001

Male 2,769 (79.59) 277 (68.23) 160 (62.99)

Female 710 (20.41) 129 (31.77) 94 (37.01)

Age (years)*# 47.89 <0.001

≤60 1,523 (43.78) 244 (60.1) 140 (55.12)

>60 1956 (56.22) 162 (39.9) 114 (44.88)

Tumor location*# 150.07 <0.001

Upper third 1,559 (44.81) 93 (22.91) 58 (22.83)

Middle third 619 (17.79) 127 (31.28) 72 (28.35)

Lower third 1,259 (36.19) 167 (41.13) 113 (44.49)

Whole stomach 44 (1.27) 18 (4.36) 11 (4.33)

Tumor diameter (mean ± SD, cm)# 4.47 ± 2.57 4.70 ± 3.17 5.01 ± 3.17 5.84 0.003

Surgical type* 17.58 <0.001

Subtotal 2,799 (80.45) 297 (73.15) 191 (75.2)

Total 673 (19.34) 106 (26.11) 62 (24.41)

Combined organs 7 (0.2) 3 (0.74) 1 (0.39)

pT stage 9.88 0.130

T1 653 (18.77) 90 (22.17) 62 (24.41)

T2 437 (12.56) 50 (12.32) 21 (8.27)

T3 707 (20.32) 78 (19.21) 48 (18.9)

T4 1,682 (48.35) 188 (46.31) 123 (48.43)

No. of lymph node dissected [median (range)§] 19 (14–25) 22 (17–29) 20 (15–27) 7.23 0.115

pN stage*# 34.66 <0.001

N0 1,410 (40.53) 147 (36.21) 101 (39.76)

N1 606 (17.42) 44 (10.84) 33 (12.99)

N2 634 (18.22) 79 (19.46) 37 (14.57)

N3 829 (23.83) 136 (33.5) 83 (32.68)

pTNM 7.15 0.130

I 860 (24.72) 107 (26.35) 69 (27.17)

II 896 (25.75) 87 (21.43) 51 (20.08)

III 1,723 (49.53) 212 (52.22) 134 (52.76)

Borrmann’s type*# 154.61 <0.001

I 378 (13.37) 21 (6.65) 11 (5.73)

II 367 (12.98) 113 (35.76) 42 (21.88)

III 1,692 (59.83) 127 (40.19) 92 (47.92)

IV 391 (13.83) 55 (17.41) 47 (24.48)

Lymphovascular invasion* 10.43 0.010

Yes 508 (14.6) 84 (20.69) 39 (15.35)

No 2,971 (85.4) 322 (79.31) 215 (84.65)

Perineural invasion 1.88 0.390

Yes 142 (4.08) 20 (4.93) 7 (2.76)

No 3,337 (95.92) 386 (95.07) 247 (97.24)

Adjuvant chemotherapy 5.46 0.070

Yes 1,554 (63.17) 222 (69.81) 113 (64.94)

No 906 (36.83) 96 (30.19) 61 (35.06)

5-year OS rate (%) 73.16 69.32 65.82 8.64 0.013

5-year DFS rate (%) 75.65 73.13 66.63 6.09 0.048

AC, adenocarcinoma; SRC, signet ring cell; pT, pathological tumor; pN, pathological node; pTNM, pathological tumor–node–metastasis; OS, survival; DFS, disease-free survival.

*Represents statistically significant differences between pure AC and mixed-SRC groups.
#Represents statistically significant differences between pure AC and SRC groups.
§ Interquartile range.

All p < 0.05 are marked in bold print.
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TABLE 2 | Univariate and multivariate COX regression analysis for OS of patients with stage I GC.

Variables No. of patients

(n = 1,036)

Univariate analysis Multivariate analysis

Hazard ratio

(95% CI)

χ2 p-value Hazard ratio

(95% CI)

χ2 p-value

Gender

Male 790 (76.25) 0.89 (0.55–1.42) 0.24 0.624

Female 246 (23.75) 1.00

Age (years)

≤60 511 (49.32) 1.00 1.00

>60 525 (50.68) 1.95 (1.30–2.94) 10.27 0.001 1.91 (1.26–2.89) 9.23 0.002

Tumor location

Upper third 219 (21.14) 1.00

Middle third 217 (20.95) 0.83 (0.46–1.48) 0.41 0.521

Lower third 600 (57.92) 0.82(0.51–1.30) 0.72 0.397

SRC proportion

0% (pure AC) 860 (83.01) 1.00 1.00

1–50% (mixed-SRC) 107 (10.33) 1.26 (0.69–2.30) 0.56 0.455 1.27 (0.70–2.33) 0.61 0.434

51–100% (SRC) 69 (6.66) 0.14 (0.02–0.97) 3.95 0.047 0.14 (0.02–1.00) 3.75 0.040

Surgical type

Subtotal 936 (90.35) 1.00

Total 100 (9.65) 1.16 (0.60–2.24) 0.2 0.653

pT stage

T1 757 (73.07) 1.00 1.00

T2 279 (26.93) 3.54 (2.39–5.23) 40.11 <0.001 3.38 (2.28–5) 36.94 <0.001

pN stage

N0 976 (94.21) 1.00

N1 60 (5.79) 1.86 (0.97–3.57) 3.46 0.063

Lymphovascular invasion

Yes 57 (5.5) 1.50 (0.70–3.23) 1.07 0.302

No 979 (94.5) 1.00

Perineural invasion

Yes 11 (1.06) 1.19 (0.17–8.54) 0.03 0.862

No 1,025 (98.94) 1.00

GC, gastric carcinoma; AC, adenocarcinoma; SRC, signet ring cell; CI, confidence interval; pT, pathological tumor; pN, pathological node; pTNM, pathological tumor–node–metastasis.

All p < 0.05 are in bold print.

adenocarcinoma (97.73 vs. 85.15%, p = 0.021). There was no
statistical significance between the 5-year DFS of patients with
mixed-SRC/SRC and pure adenocarcinoma (p = 0.824, 0.204,
respectively). The trends in the Kaplan–Meier survival curves of
OS and DFS are shown in Figure 2.

For GC patients in stage II/III, there was no statistical
significance between the 5-year OS of patients with mixed-
SRC and pure adenocarcinoma (59.43 vs. 66.33%, p = 0.427).
However, patients with SRC had significantly lower 5-year OS
than patients with pure adenocarcinoma (51.61 vs. 66.33%, p
< 0.001). There was no statistical significance between the 5-
year DFS of patients with mixed-SRC and pure adenocarcinoma
(62.29 vs. 67.42%, p= 0.775). However, the 5-year DFS of patients
with SRC was significantly lower than in patients with pure
adenocarcinoma (52.75 vs. 67.42%, p < 0.001). The trends in
the Kaplan–Meier survival curves of OS and DFS are shown
in Figure 3.

DISCUSSION

Although the WHO pathological diagnostic standards define
SRC as the pathologic component of more than 50% of the whole
tumor, patients of gastric adenocarcinoma mixed with SRC of
<50% proportion can often be observed in the clinic, which
can be defined as mixed-SRC (10). It has been reported that
the SRCs constitute ∼5–10% of all GC cases (2). In our study,
the SRC accounted for 6.1% (254/4,139) in all GC cases. The
mixed-SRC accounted for 9.8% (406/4,139), even more common
than SRC. However, the clinicopathological characteristics and
long-term survival of patients with mixed-SRC are still unclear.

In this study, we analyzed clinicopathological features and
survival results of GC patients according to the proportion
of SRC components. Patients with different proportion of
SRC components had significant differences in age, gender,
tumor site, and pTNM stage (6). Patients with SRC/mixed-SRC
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TABLE 3 | Univariate and multivariate Cox regression analysis for OS of patients with stage II/III GC.

Variables No. of patients

(n = 3,103)

Univariate analysis Multivariate analysis

Hazard ratio

(95% CI)

χ2 p-value Hazard ratio

(95% CI)

χ2 p-value

Gender

Male 2,416 (77.86) 1.00

Female 687 (22.14) 0.95 (0.81–1.11) 0.45 0.503

Age (years)

≤60 1,396 (44.99) 1.00 1.00

>60 1,707 (55.01) 1.31 (1.15–1.50) 15.66 <0.001 1.41 (1.23–1.62) 23.84 <0.001

Tumor location

Upper third 1,480 (47.7) 1.00 1.00

Middle third 605 (19.5) 1.14 (0.96–1.36) 2.12 0.145 0.89 (0.73–1.09) 1.21 0.271

Lower third 946 (30.49) 1.05 (0.90–1.23) 0.44 0.507 1.1 (0.93–1.29) 1.30 0.255

Whole stomach 72 (2.32) 1.71 (1.18–2.48) 8.07 0.004 0.9 (0.6–1.35) 0.25 0.617

SRC proportion

0% (pure AC) 2,619 (84.4) 1.00 1.00

1–50% (mixed-SRC) 299 (9.64) 1.29 (1.04–1.61) 5.29 0.021 1.30 (1.04–1.62) 5.17 0.023

51–100% (SRC) 185 (5.96) 1.62 (1.27–2.05) 15.68 <0.001 1.60 (1.26–2.03) 14.56 <0.001

Surgical type

Subtotal 2,351 (75.77) 1.00 1.00

Total 741 (23.88) 1.71 (1.48–1.97) 52.93 <0.001 1.49 (1.25–1.77) 19.88 <0.001

Combined organs 11 (0.35) 2.66 (1.19–5.94) 5.71 0.017 2.16 (0.95–4.91) 3.37 0.067

Borrmann’s type

I 349 (11.42) 1.00 1.00

II 438 (14.33) 0.82 (0.62–1.09) 1.84 0.175 0.71 (0.53–0.95) 5.51 0.019

III 1,790 (58.55) 1.05 (0.85–1.29) 0.17 0.680 0.89 (0.72–1.1) 1.17 0.279

IV 480 (15.7) 1.67 (1.31–2.12) 17.28 <0.001 1.15 (0.9–1.48) 1.22 0.270

pT stage

T1 48 (1.55) 1.00 1.00

T2 229 (7.38) 4.82 (1.17–19.88) 4.75 0.029 4.58 (1.11–18.87) 4.43 0.035

T3 833 (26.84) 5.52 (1.37–22.19) 5.8 0.016 5.20 (1.29–20.91) 5.40 0.020

T4 1,993 (64.23) 9.21 (2.30–36.80) 9.87 0.002 8.73 (2.18–34.90) 9.39 0.002

pN stage

N0 682 (21.98) 1.00 1.00

N1 623 (20.08) 1.37 (1.07–1.76) 6.08 0.014 1.19 (0.85–1.67) 1.05 0.306

N2 750 (24.17) 2.06 (1.64–2.58) 38.61 <0.001 1.59 (1.09–2.31) 5.79 0.016

N3 1,048 (33.77) 3.14 (2.55–3.88) 115.07 <0.001 1.97 (1.35–2.86) 12.48 <0.001

pTNM stage

II 1,034 (33.32) 1.00 1.00

III 2,069 (66.68) 2.72 (2.29–3.22) 130.21 <0.001 1.41 (1.00–1.98) 3.83 0.050

Lymphovascular invasion

Yes 574 (18.5) 1.88 (1.61–2.19) 65.1 <0.001 1.45 (1.23–1.71) 20.10 <0.001

No 2,529 (81.5) 1.00 1.00

Perineural invasion

Yes 158 (5.09) 1.41 (1.07–1.87) 5.89 0.015 1.19 (0.89–1.59) 1.33 0.249

No 2,945 (94.91) 1.00 1.00

Adjuvant therapy

Yes 2,093 (67.45) 0.82 (0.62–1.09) 1.84 0.175

No 1,010 (32.55) 1.00

GC, gastric carcinoma; AC, adenocarcinoma; SRC, signet ring cell; CI, confidence interval; pT, pathological tumor; pN, pathological node; pTNM, pathological tumor–node–metastasis.

All p < 0.05 are in bold print.
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TABLE 4 | Comparison of the 5-year OS/DFS rate according to different subgroups.

5-year OS rate (%) χ2 p-value 5-year DFS rate (%) χ2 p-value

Stage I

Pure AC 85.15 93.54

Mixed-SRC 82.95 0.03 0.867 93.60 0.05 0.824

SRC 97.73 5.32 0.021 97.73 1.61 0.204

Stage II/III

Pure AC 66.33 67.42

Mixed-SRC 59.43 0.63 0.427 62.29 0.08 0.775

SRC 51.61 16.80 <0.001 52.75 16.87 <0.001

AC, adenocarcinoma; SRC, signet ring cell; OS, overall survival; DFS, disease-free survival.

All p < 0.05 are in bold print.

FIGURE 2 | The Kaplan–Meier survival curves of overall survival (OS) (A) and disease-free survival (DFS) (B) in gastric cancer patients in stage I.

FIGURE 3 | The Kaplan–Meier survival curves of OS (A) and DFS (B) in gastric cancer patients in stage II/III.

were more associated with female, younger age, higher pN
stage, and more lymphovascular invasion (all p < 0.05)
than pure adenocarcinomas. Studies have shown that SRCs
are more commonly seen in young female patients, which
is consistent with our results (11). It is believed that the
lymph node metastasis rate of SRC is higher than that
of pure adenocarcinoma (12). Our results showed that
the number of patients with SRC differentiation of pN
stage 2/3 was higher than that with pure adenocarcinoma
(p < 0.001). Moreover, lymphovascular invasion is also
proved to be associated with poor prognosis (13). In

general, patients with SRC differentiation showed more
aggressive behavior.

The clinical characteristics of gastric SRC were generally
considered as poor tumor differentiation and high malignancy
(1). However, recent studies implied that gastric SRC patients of
different tumor stages may have different long-term outcomes.
For early GC patients, many studies indicate that SRC showed
favorable prognosis (6, 14, 15). For example, Kao et al. (7) have
reported that the 5-year overall survival of early SRC patients
was significantly higher than that of non-SRC patients (90.7
vs. 83.2%, p = 0.001). In this study, the 5-year OS of SRC was
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97.73%, significantly higher than pure adenocarcinoma (85.15%,
p < 0.05) and mixed-SRC (82.95%, p < 0.05). Interestingly, early
GC patients with mixed-SRC seemed to be more aggressive than
patients with SRC or pure adenocarcinoma (10). Hwang et al.
(16) found that lymph node metastasis rate of mixed-type cases
was higher (20.2%) than cases of pure diffuse type (9.3%) and
predominantly intestinal type (12.2%) histology. In early GC,
the biological behavior of mixed SRC is more aggressive, with
worse prognosis than pure SRC (17). Our results suggested that
the 5-year OS of mixed-SRC is lower than pure adenocarcinoma
(82.95 vs. 85.15%, p > 0.05) and SRC (82.95 vs. 97.73%, p <

0.05). Multivariate analysis and stratified analysis also showed
that SRC components >50% were also independent risk factors
(p = 0.040). These results were consistent with the previous
studies, implying that different proportions of SRC components
may indicate completely opposite survival outcomes. There
is no clear reason to explain this phenomenon. Some
researchers speculated that the driver mutations controlling
the metastatic potential of SRC can occur late in the course of
disease (6).

It has been proven that the prognosis of SRC is worse
than pure adenocarcinoma in advanced GC patients. Due to
its highly malignant traits, our results showed that the SRC
had a greater impact on the prognosis of patients with stage
II/III, even if the SRC proportion is below 50% (mixed-SRC).
That means even a small proportion of SRC components also
has a significant impact for prognosis in advanced GC patients.
The results of this study showed that the adenocarcinomas with
SRC differentiation had lower 5-year overall survival rate than
pure adenocarcinoma in GC patients in stage II/III [51.61%
(SRC)/59.43% (mixed-SRC) vs. 66.33% (pure AC), p < 0.001].
The results showed that for patients with advanced GC, the
proportion of SRC components was closely associated with
prognosis. The results of this study suggest that proportion
of SRC components is also an independent risk factor in
advanced GC patients. Therefore, the SRC components has a
great influence on the prognosis of advanced GC patients because
of its high malignant trait (18). Therefore, GC harboring the
SRC components should be differentiated from conventional
adenocarcinomas (19, 20).

In recent years, endoscopic resection (ER) has become
an important option for patients with early gastric cancer
(EGC). According to the latest 2018 Japanese Gastric Cancer
Treatment Guidelines (5th edition), the main decisive factors
of ER criteria are histological types, depth of invasion (pT
stage), ulcerative findings, and tumor diameter (21). Well or
moderately differentiated EGC usually means low-risk lymph
node metastasis (LNM) and curative resection. Patients with
SRC were thought to be not suitable for ER, but recent studies
have shown the low risk of lymph node metastasis and favorable
prognosis of SRC, indicating that ER can be treated as a curative
resection for early SRC patients. Furthermore, according to
the endoscopic resection curability (eCura) criteria (22), EGC
patients who met the absolute or expanded criteria for ER,
receiving en-bloc ER with negative horizontal/vertical margin
and had no lymphovascular infiltration, should be regarded as
suitable candidates for endoscopic treatment (23). However, the

feasibility of ER in patients with histological mixed-SRC type
is still unclear. Horiuchi et al. (24) believed that mixed poorly
differentiated adenocarcinoma in EGC predicts endoscopic
noncurative resection. Our results suggested that there was no
statistical significance between patients withmixed-SRC andwith
pure adenocarcinoma (82.95 vs. 85.15%, p > 0.05). This may
indicate the suitability of mixed-SRC for ER in EGC patients (25).

For GC patients in stage II/III, radical resection is essential
for the treatment of GC, but even if tumors are completely
removed, there may be recurrence or distant metastasis of
the tumors in the following years (26). Studies have reported
the benefit of adjuvant chemotherapy based on fluorouracil
regimens in GC patients (27). In recent years, various large-
scale phase III clinical trials have confirmed the role of adjuvant
treatment for GC. However, the benefit of clinical trials based
on the S-1 and XELOX regimens was only seen in the Asiatic
population (28). In our study, 67.45% of the patients in stage
II/III received adjuvant chemotherapy after surgery. However,
those who received postoperative chemotherapy did not show
better survival than others (HR 0.82, 95% CI: 0.62–1.09, p =

0.175). There are some data in the literature demonstrating
that GC patients with SRC components might not benefit from
adjuvant chemotherapy (3). The absence of benefit of adjuvant
chemotherapy for advanced GC patients in our study might be
due to the inclusion of these cases. Recent research data show
that gastric SRCs are significantly more sensitive to mitomycin
C, doxorubicin, and docetaxel, but not sensitive to fluorouracil
and cisplatin (29). The future research direction of adjuvant
treatment of GC should gradually be individualized (30).

In conclusion, this study was designed to retrospectively
analyze the clinicopathological features and prognosis of
different proportions of SRC components in GC patients.
The results showed that the presence of SRC components
was related to favorable prognosis in GC patients in
stage I, but lower 5-year OS/DFS in GC patients in stage
II/III, independent of other clinicopathological features.
Therefore, GC patients with SRC components should draw
clinicians’ attention.
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Background: Gastric cancer (GC) is one of the most common causes of malignant
tumors in the world. Due to the high heterogeneity of GC and lack of specificity of available
chemotherapy regimens, these tumors are prone to resistance, recurrence, and
metastasis. Here, we formulated an individualized chemotherapy regimen for GC using
a modified individual conditional reprogramming (i-CR) system. We established a primary
tumor cell bank of GC cells and completed drug screening in order to realize individualized
and accurate GC treatment.

Methods: We collected specimens from 93 surgical or gastroscopy GC cases and
established a primary tumor cell bank using the i-CR system and PDX models. We also
completed in vitro culture and drug sensitivity screening of the GC cells using the i-CR
system. Whole-exome sequencing (WES) of the i-CR cells was performed using P0 and
P5. We then chose targeted chemotherapy drugs based on the i-CR system results.

Results: Of the 72 cases that were collected from surgical specimens, 26 cases were
successfully cultured with i-CR system, and of the 21 cases collected from gastroscopy
specimens, seven were successfully cultured. Among these, 20 cases of the PDX model
were established. SRC ± G3 had the highest culture success rate. The i-CR cells of P0
and P5 appeared to be highly conserved. According to drug sensitivity screening, we
examined the predictive value of responses of GC patients to chemotherapeutic agents,
especially in neoadjuvant patients.

Conclusion: The i-CR system does not only represent the growth characteristics of
tumors in vivo, but also provides support for clinical drug use. Drug susceptibility results
were relatively consistent with clinical efficacy.

Keywords: gastric cancer, individualized conditional reprogramming, chemotherapy, drug sensitivity,
individual treatment
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INTRODUCTION

Gastric cancer(GC)is one of the most common causes of
malignant tumors in the world. There were about 100,000 new
cases of GC, and 780,000 deaths worldwide in 2018, which ranks it
third in malignant tumors (1). The incidence of GC is significantly
higher in East Asia and South America than in other regions of the
world. However, more than 80% of advanced GC cases are found
in China, with large gaps between rates there and rates in South
Korea and Japan (2, 3). Additionally, the five-year survival rate for
GC is relatively low. At present, GC treatment still depends on
surgery, chemotherapy, and radiotherapy. Targeted therapy and
immunotherapy have brought benefits to some patients, but the
results are still not promising for most patients. There are many
chemotherapy options for GC because of its high degree of
heterogeneity, but the lack of specificity of available treatments
can lead to resistance, recurrence, and metastasis (4). Thus,
formulating individualized GC chemotherapy regimens is an
urgent problem for clinical treatment of GC.

At present, the most widely used methods for clinical drug
sensitivity detection are gene sequencing and immuno-
histochemistry. However, these methods are also limited by
indirectness and uncertainty. Chemosensitivity in cell culture
alone often cannot recreate microenvironments or tumor
heterogeneity in tumor tissues, so the results are often not
accurate. At present, the model of “human tumor tissue
xenotransplantation (PDX)” is the most recognized in the
world (5–7). In this model, a small piece of tumor tissue taken
from the patient is implanted into an experimental mouse to
simulate its original growth environment, thus preserving the
characteristics of the patient and the tumor to the maximum
extent. However, the PDX model has some disadvantages,
including low tumor formation rate, long methodological cycle,
and high costs (8, 9). Additionally, its benefits to patients have
not been demonstrated in a clinical environment.

Conditional reprogramming (CR) is a new in vitro culture
system that combines a feeding cell system and a Rho-associated
kinase (ROCK) inhibitor (10–12). The limitation of CR
technology is that it cannot distinguish between tumor cells
and normal epithelial cells, because both proliferate well in the
system. Recently, however, an improved individual CR (i-CR)
system has been developed, which is characterized by the
Frontiers in Oncology | www.frontiersin.org 2154
selective expansion of tumor cells cultured in vitro from
patients with colorectal cancer (CRC) (13). The i-CR system
can screen out effective individualized drugs in a short time using
the innovative technology of high connotation analysis and an
associated detection system, which is rapid, efficient and has the
capacity for high-throughput drug sensitivity detection in vitro.
This system can nominate individualized chemotherapy
regimens, which may both improve treatment effectiveness and
lower costs (14–16). Thus, the i-CR system has good prospects in
personalized cancer treatment and translational medicine (17),
but it has not been applied in GC.

Here, we successfully established a primary tumor cell bank of
GC cells, completed drug screening using the i-CR system, and
guided neoadjuvant and postoperative adjuvant therapy of GC
patients, realizing individualized and accurate treatment for GC.
PATIENTS AND METHODS

Combining the i-CR system and PDX platform and using GC
specimens obtained via surgical or gastroscopy methods, we
established a tumor chemotherapeutic drug sensitivity evaluation
system, formulated an individualized chemotherapy regimen,
and conducted a systematic evaluation of its efficacy. The specific
process and methods are shown in (Figure 1).

Collection of GC Specimens
We collected surgical or gastroscopy specimens according to
requirements for material collection, washed the specimens with
sterile physiological saline at 4°C several times to prevent
contamination, quickly placed the specimens into a 4°C
preservation liquid tube and molded the chain to the
technology platform.

Pretreatment of the Establishment of GC
Primary Tumor Cell Bank
The received GC specimens were washed twice with PBS at 4°C
and sectioned in a sterile Petri dish using surgical scissors.
Specimens were then subjected to enzymatic dissociation with
a combination of collagenase I, DNase and dispase. Final cell
suspensions were filtered through 100 mm cell strainers, followed
by pelleting and resuspension in the complete i-CR medium.
FIGURE 1 | Specific method and flow chart of the i-CR system and PDX platform.
July 2021 | Volume 11 | Article 709511
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Establishment of GC Primary Tumor
Cell Bank

1. Preparation of feeder cells: NIH3T3 fibroblasts were treated
with mitomycin C (MMC) at concentrations of 1–20 mg/ml
for 2 h at 37°C. The cells were then digested, and the cell
pellets were frozen for further testing.

2. Growth curve determination and plating of feeder cells: The
mitomycin C-treated cells were checked for their stalled
proliferation with standard MTT method. NIH3T3 cells
lethally irradiated at 40 Gy were used as a comparison. The
results were shown in Figure S1. As results from mitomycin
C treatment at concentrations above 5 mg/ml were
comparable to irradiation, 10 mg/ml was chosen for routine
use. After resuscitation, feeder cells that passed the
cryopreservation test were plated in a cell culture plate at a
certain density. They were used after being attached to the
wall for 24 h.

3. Collection of sample cells: Cultured sample cells from the
culture flask were digested with trypsin, and serum-
containing medium was added for neutralization. Cells
were collected in a 50ml centrifuge tube and centrifuged at
1,000 rpm for 5 min. After centrifugation, the supernatant
was removed, leaving the precipitate.

4. Resuspension of the sample cells: The collected cell pellet was
resuspended in the culture medium, pipetted evenly, and
centrifuged at 1,000rpm for 5min. After centrifugation, the
supernatant was removed, leaving the pellet, which was then
resuspended in a plating medium.

5. Counting of sample cells: A certain amount of cell suspension
was taken and diluted to a total volume of 100 ml (100 ml cell
fluid + 0.2 ml G + 1 ml H).

6. Sample cell plating: According to the obtained counting
results, the required number of cells was calculated and
added to the plating medium. This combination was mixed
well and spread added to feeder cells in the corresponding
wells. The next phase of the drug screening experiment
proceeded following next-day observation.
Establishment of PDX Models
The received GC specimens were subcutaneously inoculated into
immunodeficient mice. After the tumor grew to 1,000mm3 in the
mouse, the tumor tissue (P0) was surgically removed, and then
cut into small tumor pieces with a diameter of 3 mm × 3 mm
under sterile conditions. Each small piece of tumor tissue was
transplanted into a new immunodeficient mouse for in vivo
passage. All 1,000 mm3 tumor tissue pieces were passed through
5–10 mice. These passaged tumor tissues (P1) continued to be
passaged after growing to 1,000mm3 to ensure the integrity of the
model. When the passage of tumor cells reached P1, a part of the
tumor mass was permanently frozen with liquid nitrogen as a
model seed bank for subsequent project research.

Drug Screening With the i-CR System
After tumor cells were plated for 24 h, treatments—using
different concentrations and doses of drugs—began. The
Frontiers in Oncology | www.frontiersin.org 3155
original media were aspirated in the wells, and 200 ul of
fresh media containing drugs were added. After that, the cells
were returned to the incubator and continued to be cultured
for seven days. Then, after drug elution, proliferation
labeling, staining, and high content analysis, the total
number of tumor cells and the number of proliferating tumor
cells at each drug concentration were analyzed to obtain the
percentage of tumor cell proliferation in each condition
(Figure 2).

The effectiveness of each therapeutic regimen was evaluated
and quantified using the following formulas: 1) Maximum
Inhibition (MI) = N0/Nd, where N0 and Nd denote the number
of EpCAM + EdU + epithelial cells in control wells or in the wells
with drug concentrations at C0, respectively. A larger MI value
represents stronger inhibitory effects of the drug on tumor cell
growth at the area under the drug-time curve (AUC)
concentrations. 2) Drug Sensitivity Index (DSI) = 1/4Ln
(MIC0) + 1/2Ln(MI 1/2C0) + Ln(MI1/4C0), where MIC0, MI1/2C0,
andMI1/4C0 are the MI values observed when cells were treated at
drug concentrations C0,1/2C0 and 1/4C0, respectively (Figure 3).
The larger the DSI value, the better the inhibitory effect of the
drug compared with other drugs (14).

Whole-Exome Sequencing With
the i-CR Cells
P0 and P5 GC cells from i-CR system were analyzed using whole-
exome enrichment sequencing (WES). The outcomes were single
nucleotide variations (SNVs), copy number, and mutation
frequency. WES was performed as described previously (13).
Control-FREEC was used to detect somatic copy-number
variations (CNVs). It divided the genome into small
contiguous regions using sliding windows. The read count
profiles in each region for normal and tumor samples were
computed and normalized accounting for GC-content and
mappability. The read count ratios of tumors to matched
normal samples were calculated and used as the proxy of the
copy number ratios.

Clinical Validation of
Chemosensitivity Assays
This research was approved by the Shandong Cancer Hospital,
which is affiliated with Shandong First Medical University. All
specimens were collected from patients who gave written
informed consent.

The clinical data of 93 patients with advanced esophageal–
gastr ic junct ion adenocarc inoma or gastr ic cancer
from October 26, 2018 to December 11, 2020 were collected.
A l l p a t i en t s h ad unde r gon e MDT con su l t a t i on ,
which indicated either direct surgery or neoadjuvant
chemotherapy. Choice of chemotherapy drugs was based on
the i-CR system results.

For surgical patients, the serum levels of CEA, CA19-9,
CA74-2, and AFP were collected, and computed tomography
(CT) scans of the chest, abdomen, and pelvis were performed at
baseline. For neoadjuvant chemotherapy patients, the above tests
were performed at baseline and were then repeated at least once
July 2021 | Volume 11 | Article 709511
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FIGURE 2 | In vitro culture and drug sensitivity screening process of GC cells using the i-CR system and PDX model.
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every six weeks throughout the treatment regimen. Imaging
examination results were evaluated according to RECIST 1.1
standards (18). Surgical specimens were accurately evaluated by
experienced pathologists using American Joint Committee on
Cancer (AJCC) staging standards.

Inclusion criteria for patients included: 1) clinical staging
confirmed by CT, gastroscopy or ultrasound gastroscopy; 2) a
KPS score >80 points; an ECOG score between 0 and 1 point;
3) measurable lesions according to RECIST 1.1 standards;
4) before-treatment neutrophil count ≥1.5 × 109/L, platelet
count ≥100 × 109/L, hemoglobin ≥80 g/L, liver function <1.5
times the upper limit of normal, serum bilirubin ≤1.0 mmol/L,
serum creatinine <1.5 mmol/L, and PT-INR/PTT <1.7 times the
upper limit of normal.

Exclusion criteria included: 1) co-occurrence of serious liver,
kidney, cardiovascular, or other important organ system diseases
that could affect chemotherapy or surgery; 2) allergies to
chemotherapy drugs and/or adjuvants; 3) receipt of any form
of chemotherapy or other drugs; 4) women of childbearing age
who did not agree to use contraception, as well as pregnant or
lactating women; 5) patients with dysphagia, active peptic ulcers,
complete or incomplete intestinal obstruction, active
gastrointestinal bleeding, or perforations; 6) patients who had
difficulty taking Tiggio orally; 7) patients with other types
of tumors.
Frontiers in Oncology | www.frontiersin.org 5157
Statistical Analysis
Statistical analyses were performed using SPSS 22.0 and
Graphpad Prism version 6.0. Between-group differences were
evaluated using the Chi-square tests, unpaired two-tailed t-test,
or one-way analyses of variance (ANOVAs). A two-sided
P <0.05 was considered statistically significant.
RESULTS

Cultivation of GC Cells With the i-CR
System and PDX Model
Ninety-three cases of GC were collected from October 26, 2018
to December 11, 2020, of which 72 cases were collected from
surgical specimens (with twenty-six being successfully cultured),
and 21 cases were collected from gastroscopy specimens (with
seven being successfully cultured). Among these, 20 cases of the
PDX model were established with surgical specimens, but no
PDX model cases were established using gastroscopy specimens.
There was no statistically significant difference in the
establishment of the primary tumor cell bank between surgical
specimens and gastroscopy specimens (c2 = 0.055, P =
0.815; Table 1).

The GC primary cells were isolated and plated as shown in
Figure 4. The viability of the isolated cells is monitored by Casein
FIGURE 3 | In vivo drug sensitivity tests of different drug concentrations in the i-CR system. MI and DSI values were calculated using formulas. (The specimens were
from NYL-JN-129).
TABLE 1 | Cultivation of GC cells with the i-CR system and PDX model.

Material type Total number Success of cell bank (%) Success of PDX (%)

Surgical specimens 72 26 (36.11) 20 (27.78)
Gastroscopy specimens 21 7 (33.33) 0
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e 11 | Article 709511

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhao et al. Individualized Conditional Reprogramming System
AM staining (Figure S2A). The GC tumor cells were counted as
the EpCAM-positive epithelial cells (Figure S2B). As shown in
Figures S2C, D, during the drug sensitivity tests, total cell
numbers were marked by Hoechst staining, and living cells
were displayed with EdU staining. In both cases, only the
EpCAM-positive cells were figured in the final data analysis.

Genetic Analysis of i-CR Cells
To investigate whether i-CR cells maintained genetic
heterogeneity, two pairs of specimens were tested using WES.
We examined the SNVs of each specimen against the reference
genome (Figure 5). The i-CR P0 and P5 cells from two pairs of
samples (NYL-JN-049 and NYL-JN-051) shared 82.4 and 93.5%
of their SNVs, respectively (Figure 5A). The high concordance of
SNVs indicated the genomic heterogeneity was mostly
maintained in the i-CR cells. This observation was also
supported by comparing the SNVs of tumor-related genes
Frontiers in Oncology | www.frontiersin.org 6158
(Figure 5B). We further analyzed genes related to GC and
their expression profiles (Figure 5C). Next, we analyzed the
copy number variations (CNVs) of samples P0 and P5. Copy
number profiles of P0 and P5 were compared and summarized in
Table S1. The results showed that they were highly conserved
(<1% difference), indicating that GC i-CR cells largely
maintained the genomic heterogeneity of the primary tumors.
Taken together, P0 and P5 i-CR cells appeared to be highly
conserved and largely maintained the genomic heterogeneity of
the primary tumor cells.

MI and DSI Guide Clinical Medication
The MI and DSI values of the therapeutic regimens for each
patient are shown in (Table 2). MI is a more intuitive indication
of the inhibitory effect of each drug treatments. Higher MI values
represent more effective inhibition. DSI is a novel in vitro drug
sensitivity criteria used in this research. The calculation of DSI
FIGURE 4 | Photos of the GC primary tumor cell bank generated using the i-CR system. (A) Cell digestion for 30 minutes; (B) Cell culture for 5 days; (C) Cell culture
for 9 days; (D) Cell culture for 15 days.
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Specimens SNVs similarities of WES(%)

NYL-JN-049 82.4

NYL-JN-051 93.5

A

B

C

FIGURE 5 | Genetic analysis of the i-CR cells. (A) SNV similarities between P0 and P5 i-CR cells. (B) Venn diagrams of SNVs in cancer-related genes for P0 and P5
i-CR cells. (C) Heatmap of genetic profiles of cancer-related GC genes between P0 and P5 i-CR cells.
Frontiers in Oncology | www.frontiersin.org July 2021 | Volume 11 | Article 7095117159

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhao et al. Individualized Conditional Reprogramming System
incorporates the populational difference of tumor cells in
terms of drug sensitivity. We calculated the DSI values of
the drugs using the derived mathematical formula. We then
selected corresponding chemotherapy regimens based on
DSI values.

In order to quantify the culture results, the tumor stage of
patients, pathological differentiation, and chemotherapy
regimens were statistically compared across sources of culture
specimens (Table 3). In the surgical specimens, the degree of
pathological differentiation was a statistically significant driver of
culture success. SRC ± G3 had the highest culture success rate
and was statistically significant (P = 0.028). Other comparisons
did not reach statistical significance.

Comparison of i-CR Drug Sensitivity Tests
With Clinical Outcomes of GC Patients
WES suggested that i-CR system could be an excellent in vitro
tumor model for drug sensitivity. We next examined its clinical
predictive value for responses to chemotherapeutic agents of GC
patients. Four patients underwent neoadjuvant chemotherapy as
established by the i-CR system. Since the i-CR culture needed
about two weeks to complete, the first cycle of chemotherapy was
Frontiers in Oncology | www.frontiersin.org 8160
an empirical medication, but the second through fourth cycles
were based on the experimental drug sensitivity results.

According to analysis of tumor markers, CEA, CA19-9,
CA72-4, and AFP showed different degrees of decline, of
which CEA was the most sensitive (where 75% of patients had
a decline) (Table 4). Based on the imaging analysis, three cases
were evaluated as PR, and one case was SD. Based on the TRG
analyses, two cases were assigned degree 1, one case was assigned
degree 2, and one case was assigned degree 0 (Figure 6).
DISCUSSION

GC is a gastrointestinal malignant tumor that is common in
China. Current treatments are comprehensive and incorporate
surgery, chemotherapy, and radiotherapy. Due to the high degree
of heterogeneity of GC, however, individualization differences are
large, there are many chemotherapy options, and effective
biomarkers are lacking. Therefore, the effects of chemotherapy
are often poor, especially for neoadjuvant chemotherapy patients.
Because of these poor effects, chemotherapy resistance, tumor
progression, loss of radical surgery as an option, and resource
TABLE 2 | MI and DSI values of the therapeutic regimens for each patient.

Patients MI DSI

5-Fu OF DF 5-Fu OF DF

NYL-JN-035* 145.53 372.82 580.66 4.17 5.40 7.03
NYL-JN-036* 1.56 3.02 7.68 0.15 0.56 2.54
NYL-JN-038* 2063.75 2063.75 9.62 10.05
NYL-JN-039* 123.44 142.73 133.52 1.26 2.42 1.85
NYL-JN-040* 4.83 8.86 5.67 6.21 6.97 6.88
NYL-JN-042* 10.93 13.01 13.55 2.83 3.64 3.85
NYL-JN-043* 709.68 723.62 710.37 2.72 3.52 3.23
NYL-JN-049 18.98 30.46 20.97 2.76 4.23 4.03
NYL-JN-051 248.14 1,317.63 239.51 5.85 7.29 6.24
NYL-JN-055 10.56 15.65 17.86 3.28 3.69 3.48
NYL-JN-056 205.38 521.86 372.19 5.78 7.47 6.27
NYL-JN-066 101.42 65.99 5.80 4.59
NYL-JN-067 76.88 164.89 4.57 4.10
NYL-JN-071 17.35 17.35 1.18 1.69
NYL-JN-078 92.72 221.30 5.68 5.74
NYL-JN-079 18.24 27.27 3.62 3.79
NYL-JN-082 10.89 16.07 2.98 3.43
NYL-JN-085 6.55 13.62 1.80 3.28
NYL-JN-087 62.58 43.35 4.72 4.11
NYL-JN-095 6.97 15.79 1.03 2.16
NYL-JN-099 241.95 223.75 7.02 7.42
NYL-JN-110 27.80 65.35 3.30 4.16
NYL-JN-111 88.88 19.53 5.03 4.13
NYL-JN-112 3,366.08 1770.83 9.36 9.39
NYL-JN-113 335.90 336.34 7.15 7.53
NYL-JN-114 1,830.39 1422.81 8.65 9.80
NYL-JN-116 66.40 79.47 5.31 5.63
NYL-JN-117 63.74 61.16 5.54 5.64
NYL-JN-118 80.05 176.40 5.90 6.68
NYL-JN-120 44.50 21.12 5.02 5.67
NYL-JN-125 199.23 246.98 5.38 6.54
NYL-JN-128 557.60 557.6 7.42 7.13
NYL-JN-129 11.24 20.03 2.57 3.83
July 2021
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waste are all common (19). Patients often acquire chemotherapy
resistance after recurrence and metastasis, and choosing late-line
treatments is also difficult. Thus, formulating individualized GC
chemotherapy regimens is an urgent issue.

Sensitively and drug resistance of tumor chemotherapeutics are
related to many factors, including tumor heterogeneity, immune
depletion, tumor cell membrane proton pumps, and the emergence
of new phenotypes of tumor cell resistance (20). At present, the
most internationally recognized in vitro model for tumor growth is
the PDX model. This model implants a small piece of tumor tissue
taken from a patient into experimental mice to simulate its original
growth environment and retain the original tumor characteristics.
However, the PDX model has low tumor formation rate, long
methodological cycle, high cost, and low clinical patient benefit rate
(21, 22). CR of primary tumor cells is a new type of in vitro culture
system that combines a feeding cell system and ROCK inhibitors.
Research on the CR system, especially its application in colorectal
cancer, bladder cancer, and prostate cancer cells, suggests that it has
great potential for anti-tumor therapeutics (13, 23, 24). A former
study found that gene expression profiles of the cell banks in the
early stage of patient reprogramming were similar to those of the
tumor tissue of the patient, and that different subclones of tumor
cells could be amplified indiscriminately in a short time using this
system. Our research also showed that P0 and P5 cells showed
highly similar SNV and tumor-related gene expression. Genetic
Frontiers in Oncology | www.frontiersin.org 9161
analysis based on WES and CNVs suggested CR cells retained the
heterogeneity of the original tumor cells. These findings are
consistent with related WES and CNV reports that have shown
that CR cells maintain tumor heterogeneity (15, 24, 25).

With the optimization of a new generation of culture
technology, the emergence of i-CR system has improved the
culture efficacy and sensitivity of drug sensitivity applications.
Based on the use of this technology platform in colorectal cancer
culture and drug sensitivity screening, we learned that culture,
selection of culture media, optimization of drug sensitivity
formulas, and simulation of steady-state drug concentrations
were important factors when applying the system (14). Here, we
successfully applied the i-CR system to GC for the first time. Our
data suggest that the i-CR system gradually matured in GC
in vitro. We collected 93 GC specimens. Seventy-two of these
were surgical, and we cultured 26 of them successfully. The other
21 cases were gastroscopy specimens, and were cultured seven of
them successfully. Among these, 20 cases of the PDX model
were established using surgical specimens, and no PDX model
was established using gastroscopy specimens. We successfully
established a primary tumor cell bank and tested a total of 33
cases, with a success rate of 35.48%. A total of 20 cases of PDX
models were successfully established with a success rate of 21.51%.
SRC ± G3 had the highest culture success rate. This success may be
due to its high degree of malignancy, although the specific
TABLE 3 | Cultivation of GC cells using i-CR system across different specimens.

Surgical specimens P-value Gastroscopy specimens P-value

SN (%) NSN (%) SN (%) NSN(%)

Staging
I 2 (7.69) 5 (10.87) 0.768 1 (14.29) 0 (0.0) 0.438
II 8 (30.78) 9 (19.57) 0 (0.0) 0 (0.0)
III 16 (61.53) 31 (67.39) 4 (57.14) 8 (57.14)
IV 0 (0.0) 1 (2.17) 2 (28.57) 6 (42.86)

Pathological differentiation
Gx 0 (0.0) 0 (0.0) 0.028 3 (42.86) 3 (21.43) 0.176
G1 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
G2 5 (19.23) 11 (23.91) 2 (28.57) 1 (7.14)
G3 12 (46.15) 31 (67.39) 2 (28.57) 10 (71.43)
SRC ± G3 9 (34.62) 4 (8.70) 0 (0.0) 0 (0.0)

Chemotherapy regimen
5-FU 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
5-FU+ oxaliplatin 9 (34.62) 0 (0.0) 3 (42.86) 0 (0.0)
5-FU + docetaxel 17 (65.38) 0 (0.0) 4 (57.14) 0 (0.0)
July 2021 | Volume 11 | Article
SN, success number; NSN, no success number; G1, well-differentiated adenocarcinoma; G2, moderately differentiated adenocarcinoma; G3, poorly differentiated adenocarcinoma; SRC,
signet ring cell carcinoma. The choice of chemotherapy regimen was based on the MI and DSI results.
TABLE 4 | Efficacy of neoadjuvant chemotherapy on patients.

Patients Tumor Markers RESIST TRG

CEA CA19-9 CA72-4 AFP

BC AC BC AC BC AC BC AC

NYL-JN-039 189.2 111.4 17.0 28.68 2.51 2.72 1.94 3.44 SD 1
NYL-JN-040 12.71 4.19 3.28 12.11 3.26 3.83 3.08 3.43 PR 1
NYL-JN-042 1.17 1.63 <0.60 <0.60 5.13 3.96 4.34 3.57 PR 2
NYL-JN-043 3.21 2.70 7.39 10.80 3.72 2.53 4.58 4.36 PR 0
709
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mechanism is unknown. The main reasons for the low culture rate
of gastroscopy may include bacterial contamination, the
overgrowth of benign epithelial cells, and the lack of
proliferation caused by the small amount of specimens (23, 26, 27).

Based on the results of the drug susceptibility tests, we
performed systematic postoperative adjuvant chemotherapy
and neoadjuvant chemotherapy on 33 patients who were
successfully tested.

Based on these results, we may infer that adjuvant
chemotherapy is a preventive adjuvant chemotherapy.
Frontiers in Oncology | www.frontiersin.org 10162
However, there is no clear short term evaluation index, and
further evaluation is needed of the indicators of long-term
survival rates. For neoadjuvant chemotherapy patients, the
results of our treatment evaluation show that the effect is
definite. Other traditional evaluation methods (such as tumor
markers, imaging and TRG) will need to be used to confirm the
consistency of this technology, as well as its clinical utility.

There are also some problems inherent to neoadjuvant
chemotherapy. Because our testing cycle is two weeks, the
first cycle of neoadjuvant therapy may not align with the
FIGURE 6 | (A) CT before neoadjuvant chemotherapy; (B) CT after neoadjuvant chemotherapy; m, liver metastasis; (C) image pathology after neoadjuvant
chemotherapy.
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results of the drug sensitivity tests. Often the second cycle of
treatment is synchronized with the drug sensitivity test,
however. This may have impacted our research results. In
addition, the combined use of the two chemotherapy drugs
has a significantly better inhibitory effect on tumors than either
drug dose alone. In most test cases, 5-FU + docetaxel, a clinical
standard regimen, has the best inhibitory effects, but there are
also individual cases which are more sensitive to 5-FU +
oxaliplatin. This reflects the value of individualized precision
medicine for GC patients. In theory, the effects of three-drug
combination chemotherapy are better than those of two-drug
combination chemotherapy, but the general conditions of
patients are more demanding. If the interactions between
drugs can be further clarified, precision treatment may be
further improved. Additionally, there are significant
differences in the sensitivity of different patients to drugs
within the same tumor type. This “individual difference”
causes complexity within tumor drug treatment (28, 29). The
i-CR system used in this study is a drug susceptibility detection
technology that directly focuses on tumor cell functions. It
ignores genetic- and molecular-level changes and directly
investigates the response of tumor cells to drugs. The results
obtained are compared with the results of clinical medication,
which is more precise and accurate.

In summary, this research is based on the concept of
individualized and precise GC treatment. Here, for the first
time, we combined chemotherapy with an advanced drug
sensitivity test platform to provide each GC patient with an
effective individualized treatment plan.

There are many strengths to this approach. First, i-CR
technology does a good job of representing the growth
characteristics of tumors in vivo. Compared with conventional cell
line cultures, it allows different subtypes of tumor cells to proliferate
indiscriminately. This preserves tumor heterogeneity, helping to
obtain more accurate drug sensitivity results. Drug sensitivity results
based on the i-CR system can also provide accurate support for
clinical drug use, and drug susceptibility results are relatively
consistent with clinical efficacy. In subsequent research, we will
plan to optimize the methods of obtaining specimens, (and
particularly to increase the culture rate of gastroscopic specimens
and strive to establish a PDX model), and to expand the scope of
drug sensitivity (including incorporating three-drug combinations
or combinations of targeted therapy drugs). In addition, we will
expand in-depth research based on the PDX model, in vitro drug
screening data, clinical test results and high-throughput omics. This
will not only lead to individualized and precise treatments, but
will also help identify new biomarkers and drug targets. We
ultimately aim to establish a precision medicine research and
development platform.
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The association between the risk factors and long-term prognosis in patients with stage II
gastric cancer after radical gastrectomy has been fully revealed. The purpose of this study
was to investigate the independent risk factors for treatment failure in stage II gastric
cancer. Demographic, clinical, and pathological information of 247 stage II gastric cancer
patients who underwent radical D2 gastrectomy in our department between January
2011 and December 2014 were collected and retrospectively analyzed. The relationship
between and long-term clinical outcomes of stage II gastric cancer was analyzed using t-
tests, chi-square tests, receiver operating characteristic (ROC) analysis, time-dependent
ROC analysis, K–M curves, and a Cox regression model. The median follow-up of 247
stage II gastric cancer patients was 5.49 years (range: 0.12–8.62 years). The Kaplan–
Meier estimated 3-year and 5-year DSS rates of the study group were 92.7% (95% CI
89.4–95.9) and 88.7% (95% CI 84.7–92.7), respectively. Higher age (>70 vs. ≤70, log-
rank p = 0.0406), nerve invasion (positive vs. negative, log-rank p = 0.0133), and non-
distal gastrectomy (distal partial gastrectomy vs. other surgical methods, log-rank p =
0.00235) had worse prognoses compared to controls. Univariate and multivariate
analyses of disease-specific survival showed that these three factors were independent
prognostic factors for patients with stage II disease. The area under time-dependent ROC
curve (AUC) is 0.748 of 5-year survival and c-index is 0.696 based on the three-marker
model drawn for stage II patients. Subgroup analyses showed an interaction between
tumor location and nerve invasion. The age, perineural invasion, and surgical approach are
independent prognostic factors for disease-specific survival after radical gastrectomy.
Tumor location may be an important confounding factor for outcomes by affecting surgical
methods and the hazards of nerve invasion.
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INTRODUCTION

Gastric cancer is a common tumor, especially in East Asia, and
remains the second leading cause of cancer-related deaths in
China (1). As reported by the International Agency for Research
on Cancer, nearly 1,000,000 people develop gastric cancer every
year, and due to its poor prognosis, more than 760,000 people die
of this disease each year (2). An advanced stage at the time of
diagnosis is the main reason for high mortality, as more than
80% of gastric cancers could be cured if treated in a relatively
early stage, including stages I and II. In recent years, stage I
gastric cancer patients have received great attention because they
can be treated by endoscopic resection with a 5-year disease-free
survival rate of more than 90% (3). While other gastric cancer
patients are observed to have a later stage of stage III or IV gastric
cancer, approximately 70% of all gastric cancer patients in China
also cause serious concern for their high mortality. Several
clinical studies have been carried out in this population to
compare the effects of different surgical techniques and
chemotherapy regimens. Notably, stage II gastric cancer is
rarely considered, and the treatment method is less studied.
Although it is assumed that these patients have a relatively good
prognosis, up to 30% of the patients with stage II gastric cancer
relapse even after radical resection and adjuvant chemotherapy
(4–6).

According to the 8th TNM staging manual of gastric cancer
published by the Union for International Cancer Control/
American Joint Committee on Cancer (UICC/AJCC), stage II
gastric cancer consists of IIa (T1N2M0, T2N1M0, and T3N0M0)
and IIb (T1N3aM0, T2N2M0, T3N1M0, and T4aN0M0) (7). As
reported in large-scale studies, stage II accounts for
approximately 20% of all gastric cancers, with a 5-year survival
rate of 70% (4). The main reasons for treatment failure in
relapsed patients who received D2 radical resection plus
adjuvant chemotherapy remains unclear. Except for the TNM
system, we usually consider tumor-related factors, such as worse
differentiation, nerve invasion, blood vessel invasion, and
treatment-related factors, such as laparoscopy or open surgery,
excision extension, chemotherapy, or not as reasons for poor
prognosis; however, studies only concentrating on stage II gastric
cancer has rarely been carried out (8). To clarify the factors of
poor prognosis in stage II gastric cancer and improve survival,
we conducted this retrospective study in a single center.
MATERIALS AND METHODS

Patients
In total, 1,514 gastric cancer patients were treated at the Cancer
Hospital, Chinese Academy of Medical Sciences, from January
2011 to December 2014. We searched the clinicopathological
database for primary gastric cancer patients with pathological
TNM stage II, which were prospectively documented in the
medical records. The inclusion criteria for this study were as
follows: radical gastric gastrectomy with D2 dissection
performed by senior surgeons according to the Japanese
Frontiers in Oncology | www.frontiersin.org 2166
Gastric Cancer treatment guidelines; pathologically diagnosed
as stage II gastric adenocarcinoma; no other malignant tumor
history; postoperative survival time longer than 1 month; living
patients with at least 3 years of follow-up time; pathological
diagnosis report was confirmed by two or more senior
pathological doctors; and sufficient oral intake and adequate
organ function according to records at the first visit.
Additionally, patients who received preoperative adjuvant
chemotherapy were excluded because of their different
pathological diagnosis criteria.

This retrospective study was approved by the Ethics
Committee of Cancer Institute and Hospital, Chinese Academy
of Medical Sciences, and the need for informed consent
was waived.

Treatment Methods
Treatment methods for all patients were decided by a
multidisciplinary treatment (MDT) group including at least
radiologists, pathologists, medical oncologists, and surgeons.
According to contrast-enhanced chest–abdomen–pelvis
computed tomography, upper gastrointestinal endoscopy, and
judged by the MDT group, patients with clinical stage T1-3N0-
2M0 were recommended to undergo surgical resection, and the
need for postoperative adjuvant therapy was decided by medical
oncologists according to the pathological reports and the results
of immunohistochemical examination. Adjuvant chemotherapy
with a regimen of S-1 plus oxaliplatin (SOX) was suggested for all
pathological stage II patients. The resection extension of the
gastric mucosa was decided by surgeons according to the
treatment guidelines published by the Japanese Gastric Cancer
Association (JGCA).

Potential Risk Factors
Three aspects of parameters including the demographic
information, such as age and sex, treatment-related factors,
such as extension (distal gastrectomy, total gastrectomy, and
proximal gastrectomy), minimally invasive or open approaches,
adjuvant chemotherapy or not, tumor location (upper, middle,
or lower third of the stomach), and pathological information,
such as T stage, N stage, differentiation degree (well or poor),
Borrmann type (0–4), Lauren type (mix, diffuse, or intestinal),
vessel invasion (positive or negative), and nerve invasion
(positive or negative) were included in this study as potential
factors. Tumor-related factors were extracted from pathological
reports that were made by two or more senior pathologists in the
Department of Pathology, Cancer Hospital, Chinese Academy of
Medical Sciences, according to the WHO guidelines. Two
published nomograms for predicting disease-specific survival
(DSS, Zhao et al.) (9) and OS (Zheng et al.) (10) were
compared with the risk models in current dataset.

Follow-Up
All patients were advised to undergo contrast-enhanced
thoracic/abdominal/pelvic CT and blood testing every 3
months for the first 2 years and every 6 months thereafter. If
the patients did not return to receive the follow-up examination
July 2021 | Volume 11 | Article 671474
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at the scheduled time, the follow-up team of our hospital would
contact them and record the reason.

Statistical Analysis
The primary outcome was 5-year disease-specific survival (DSS,
survival time from diagnosis to death from the specific disease).
Categorical data were presented as absolute and relative
frequencies, calculated using a chi-square test. The associations
between these risk factors and DSS or relapse-free interval
(RFI, interval from diagnosis to disease recurrence) were
determined using the odds ratio (OR) and 95% confidence
interval (CI) derived from logistic regression models. The
Kaplan–Meier method was used to generate the survival
curves. All statistical tests were two-sided, and a P-value less
than 0.05, was considered as statistically significant. Analyses
were performed using SAS software (version 9.4; SAS Institute,
Cary, NC, United States).
RESULTS

Initially, 337 TNM stage II patients were extracted from the
database, consisting of 22.3% (337/1,514) of all gastric cancer
cases between January 2011 and December 2014. A total of 61
patients were lost to follow-up within 3 years. According to the
inclusion/exclusion criteria, a total of 29 patients were excluded
for tumor history (four cases), received preoperative
chemotherapy (three cases), perioperative death (within 1
month in hospital, two cases), missing information in medical
records (seven cases), and missing information in postoperative
pathological records (13 cases). Finally, 247 TNM stage II gastric
cancer patients (172 men, 75 women; mean age 57.5 years; range
25–81 years) were included in this study (Table 1). The median
follow-up time of 247 patients was 5.49 years (range: 0.12–8.49
years). In total, 13.8% (34/247) of the patients were elderly (≥70
years), and the male to female ratio was 2.3. Notably, 64.0% (158/
247) of the tumors were in the lower third part of the stomach,
and 71.3% (176/247) of the operations were open surgery. For
personal reasons, 19.4% (48/247) of the patients refused
postoperative adjuvant chemotherapy. Pathological T2-3
(76.5%, 189/247) was most of the T stage, and N0-1 (80.2%,
198/247) was the predominant N stage. The TNM stages IIa and
IIb were comparable (48.6% vs. 51.4%). Borrmann types 2–3
(81.7%, 201/246) were the most common macroscopic types.
Positive vessel invasion and nerve invasion were observed in
35.4% (87/246) and 40.5% (100/247), respectively. Poorly
differentiated tumors (81.0%, 200/247) were the most common.

In total, 39 patients (15.8%, 39/247) died after surgery in the
time range of 2 months to 7 years; additionally, eight patients
died of cordis and cerebral accidents (n = 4), other tumors (n = 2),
and intestinal obstruction (n = 2). At the time of the present
follow-up, 31 patients (12.6%, 31/247) died of cancer relapse or
distal metastasis. The Kaplan–Meier estimated 3-year and 5-year
DSS rates of the study group were 92.7% (95% CI 89.4–95.9) and
88.7% (95% CI 84.7–92.7), respectively (Figure 1A). The Kaplan–
Meier estimated 3-year and 5-year RFI rates of the study group
Frontiers in Oncology | www.frontiersin.org 3167
were 89.8% (95% CI 86.1–93.6) and 86.7% (95% CI 82.4–91),
respectively (Figure 1B). The DSS between the surgery alone
group and D2 gastrectomy plus adjuvant chemotherapy (log-rank
p = 0.526, Figure 1C). The patients of higher age (>70 years vs.
≤ 70 years, log-rank p = 0.0406, Figure 1D), nerve invasion
(positive vs. negative, log-rank p = 0.0133, Figure 1E), and non-
distal gastrectomy (distal partial gastrectomy vs. other surgical
methods, log-rank p = 0.00235, Figure 1F) had worse prognoses
compared to the controls.

Univariate and multivariate Cox analyses were performed to
identify the clinical risk models related to DSS (Table 2). The
results showed that age (>70 years vs. ≤70 years, HR 2.608, 95%
CI 1.125–6.048), surgical method (distal gastrectomy vs. others,
HR 0.458, 95% CI 0.218–0.962), and perineural invasion
(positive vs. negative, HR 2.454, 95% CI 1.129–5.334) were
independent risk factors for DSS of TNM stage II gastric
cancer. The pathological tumor stage (pT) and pathological
nodal stage (pN) did not significantly affect the prognosis
(both p >0.05).

A risk score formula was used to predict the DSS of stage II
gastric patients as follows: risk score = −0.7808*(surgical
method) + 0.8981*(perineural invasion) + 0.9590*(age). The
use of 0.1782 as the cut-off value in patients in the high-risk
group had a significantly worse prognosis compared with the
low-risk group (Figure 2A). The area under the curve (AUC)
values for time-dependent ROC analysis of the risk score model
is plotted in Figure 2B. The time-dependent ROC analysis
indicated that the AUC for the risk score signature was 0.888
(95% CI: 0.854–0.921) at 1 year, 0.674 (95% CI: 0.537–0.812) at 2
years, 0.706 (95% CI: 0.588–0.824) at 3 years, 0.722 (95% CI:
0.625–0.820) at 4 years, and 0.748 (95% CI: 0.632–0.844) at 5
years (Figure 2D). The c-index of the model is 0.696. The AUC
of the risk score model is obviously of this signature was
significantly larger than that of pathological tumor stage,
pathological nodal stage, the AJCC stage (Figure 2C). The p
values of the difference in the AUC between the risk score and
staging factors are less than 0.05 (risk score vs.pathological tumor
stage, p = 0.0381; risk score vs. pathological nodal stage = 0.005;
risk score vs. AJCC staging subgroup, p = 0.021). We discovered
that although the comprehensive model had the highest AUC
value of 0.748 in the stage II cohort, there were no statistical
differences between the risk score model and two well-accepted
nomogram staging systems for DSS (Zhao et al., p = 0.657) and
OS (Zheng et al., p = 0.558), respectively.

In the subgroup forest plot (Figure 3), the results showed that
nerve invasion in the lower third of the stomach tended to
promote recurrence and disease-specific death than the upper
and middle third parts (HR 3.717 for recurrence, 95% CI 1.456–
9.487, p for interaction = 0.015; HR 4.051 for DSS, 95% CI 1.482–
11.072, p for interaction = 0.037). In the surgical subgroup,
perineural invasion in the distal gastrectomy group would
promote recurrence compared to total gastrectomy (HR 3.068,
95% CI 1.248–7.543), whereas in the pathological N stage
subgroup, the forest plot showed that perineural invasion in
the N2–3a group would promote a relapse compared with the
N0–1 group (HR 12.039, 95% CI 2.186–66.314).
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DISCUSSION

There may arise a question regarding why we focused on stage II
gastric cancer. Several studies have reported on the prognostic
factors of gastric cancer, while in most of these studies, stages II
and III were analyzed together. Additionally, most patients were
stage III and the survival of this stage was poorer than stage II. In
addition, stage II gastric cancer is in a relatively early stage and
the disease is limited; hence, standard D2 radical gastrectomy
plus adjuvant chemotherapy should cure these patients. Failure
Frontiers in Oncology | www.frontiersin.org 4168
of treatment for this relatively early-stage disease should
be considered.

The TNM staging system is the most important prognosis
predicting method for gastric cancer, and currently, almost all
therapeutic strategies are based on this system. While JGCA
gastric cancer classification is also a widely accepted system
representing the view of the east. Previously, there existed
significant differences between the two systems, while now they
have reached an agreement. Therefore, the importance of the TNM
system is obvious. However, patients with the same TNM stage
TABLE 1 | Demographic and clinical characteristics of the patients at baseline.

Variables N (%) Disease-specific survival rate (5-year, 95% CI)

Age
≥70 34 (13.8) 75.8 (61.1–90.5)
<70 213 (86.2) 90.8 (86.9–94.8)
Gender
Women 75 (30.4) 85.1 (76.9–93.2)
Men 172 (69.6) 90.4 (85.9–94.9)
Tumor location
Upper 35 (14.2) 79.4 (65.7–93.1)
Middle 54 (21.9) 88.4 (79.6–97.1)
Lower 158 (64.0) 90.9 (86.4–95.5)
Mini-invasive approach
Laparoscopy or thoracoscopy 71 (28.7) 89.5 (82.1–96.9)
Open approach 176 (71.3) 88.4 (83.6–93.2)
Surgical ways
Transthoracic partial gastrectomy 6 (2.4) 66.7 (28.9–100)
Total gastrectomy 23 (9.3) 58.5 (37.4–79.5)
Distal gastrectomy 193 (78.1) 92.6 (88.9–96.3)
Proximal gastrectomy 25 (10.1) 91.4 (79.9–100)
Adjuvant chemotherapy
With chemotherapy 199 (80.6) 89.3 (85–93.6)
Without chemotherapy 48 (19.4) 86.1 (75.7–96.5)
Differentiation
Poorly differentiated 200 (81.0) 88.1 (83.6–92.7)
Well differentiated 47 (19.0) 91.5 (83.5–99.5)
Pathological tumor stage
T4 37 (15.0) 83.4 (71.2–95.6)
T3 119 (48.2) 87.9 (81.9–93.9)
T2 70 (28.3) 91.2 (84.4–97.9)
T1 21 (8.5) 95.2 (86.1–100)
Pathological nodal stage
N3a 6 (2.4) 83.3 (53.5–100)
N2 43 (17.4) 95.2 (88.8–100)
N1 91 (36.8) 87.2 (80.1–94.3)
N0 107 (43.3) 87.7 (81.4–94)
TNM
IIb 120 (48.6) 86.1 (79.7–92.4)
IIa 127 (51.4) 91.2 (86.2–96.2)
Macroscopic type
3-4 115 (46.7) 90.1 (84.5–95.7)
0-2 131 (53.3) 87.5 (81.8–93.2)
Lauren type
Mix 64 (26.2) 91.8 (84.9–98.7)
Diffuse 102 (41.8) 90 (84.1–95.9)
intestinal 78 (32.0) 85.4 (77.4–93.4)
Vessel invasion
Positive 87 (35.4) 89.5 (83.1–96)
Negative 159 (64.6) 88.3 (83.2–93.4)
Perineural invasion
Positive 100 (40.5) 82.6 (75.1–90.2)
Negative 147 (59.5) 92.9 (88.7–97.2)
July 2021 | Volume 11 | Article 671474

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zheng et al. DSS of Stage II GC
often have different clinical outcomes. In the same TNM stage II,
about 70% of patients would survive without recurrence, while the
other 30% patients would die of the disease; therefore, the TNM
stage system is not enough by itself and needs assistant factors. This
study aimed to identify the most effective factors for the additional
judgment of prognosis in patients with stage II gastric cancer. The
3-factor risk panel has shown not only a significant advantage in
stage II gastric cancer, and the non-inferior prediction efficacy
compared with two published models with fewer variables.

Age was not an independent risk factor when the cut-off age
was set at 60 years. However, if the cut-off was set at 70 years of
Frontiers in Oncology | www.frontiersin.org 5169
age, elderly patients presented a significantly poor DSS. This may
be because the basal metabolism of elderly people is lower and
the oral intake tends to be inadequate, and constipation is
common in the elderly population. Under the trauma of
operation and insufficient intake caused by digestive tract
reconstruction, the postoperative nutritional status and
immunity function of elderly patients tend to be more
dramatically impaired than in other populations. Current
published nomograms or other type risk models often include
the age, which may have a significant impact on patients’ long-
term survival.
A B

D

E F

C

FIGURE 1 | Kaplan–Meier curves of clinical and pathological risk factors. (A) Disease-free survival of the whole study group. (B) Relapse-free interval of the whole
study group. (C) Disease-free survival was not different among patients who underwent adjuvant chemotherapy or not. (D, E) Elderly patients and patients with
positive nerve invasion had shorter disease-specific survival. (F) Distal gastrectomy has better disease-specific survival than other surgical approaches (transthoracic
partial gastrectomy, proximal gastrectomy, and total gastrectomy).
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Like our results, several studies also showed that the tumor
location of gastric cancer was an independent prognostic factor;
additionally, the upper location was associated with worse
prognoses. Recently, Ma et al. (2020) reported that the 5-year
Frontiers in Oncology | www.frontiersin.org 6170
OS for patients with gastric cancer (stages I–III, 542 cases)
located in the upper, middle, and lower third of the stomach
were 35.0, 43.2, and 51.4%, respectively (11). With the tumor
stage similar to Ma’s, some studies with similar results were
TABLE 2 | Univariate and multivariable Cox analysis of disease-specific survival.

Parameter Univariate Multivariable

P-value Hazard Ratio 95% Hazard Ratio Confidence P-value Hazard 95% Hazard Ratio Confidence

Age in years (>70 vs.≤70) 0.0464 2.267 1.013 5.071 0.0255 2.608 1.125 6.048
sex (women vs. men) 0.5348 1.262 0.605 2.635
Location (upper + middle vs. lower) 0.2345 1.536 0.757 3.116
pT (T4a vs. T1–3) 0.4265 1.436 0.589 3.5
pN (N2–3 vs. N0–1) 0.3089 0.58 0.203 1.657
Vascular invasion (present vs. absent) 0.7855 0.901 0.424 1.914
Stage (IIb vs. IIa) 0.3968 1.358 0.669 2.755
Mini-invasive approach 0.8355 0.918 0.409 2.06
Surgical way (distal vs. other) 0.0037 0.347 0.17 0.709 0.0393 0.458 0.218 0.962
Borrmann classification (3–4 vs. 0–2) 0.3171 0.691 0.335 1.425
Differentiation (good vs. bad) 0.6718 1.23 0.472 3.206
Lauren classification 0.8355 0.918 0.409 2.06
Perineural invasion (present vs. absent) 0.0164 2.441 1.178 5.061 0.0234 2.454 1.129 5.334
Adjuvant chemotherapy (Yes vs. No) 0.5271 0.762 0.328 1.769
July 2
021 | Volume 11
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FIGURE 2 | Kaplan–Meier survival analysis and ROC curves of the clinical factor signature in stage II gastric cancer cohort. (A) Kaplan–Meier curves for disease-
specific survival of patients grouped by risk scores. (B) Time-dependent ROC analysis was performed to assess the prognostic accuracy, and P values were
calculated using the log-rank test. (C) The risk score model has better prediction value than staging factors in stage II gastric cancer (pathological tumor stage,
pathological nodal stage, and pathological AJCC stage). (D) Comparison of ROC curves of our risk model and others predicting survival. ROC, the receiver operating
characteristic; AUC, area under curve.
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published earlier. Yu et al. (964 cases) demonstrated that the 5-
year OS rates were 28.0 and 51.0% for upper part gastric cancer
and lower part gastric cancer patients, respectively (12). Liu et al.
(439 cases) found that the 5-year OS rates were 27.4 and 49.5%
for upper and lower gastric cancer patients, respectively (13).
Kim et al. (2,696 cases) reported that the 5-year OS for gastric
cancer patients located in the upper third and the middle third/
lower third was 49.3 and 57.3%, respectively (14). Even in stage
IA, a recent retrospective study of 1,707 cases of clinical T1N0
gastric cancer patients also showed that the prognosis of the
patients with cancer in the upper third of the stomach was
significantly worse than that of the patients with cancer in the
middle or lower third groups (15). The exact reason for the
survival difference among upper, middle, and lower locations
remains unclear; however, a hypothesis exists. This may be due
to the lack of visceral peritoneum for the intra-abdominal part of
the cardia and fundus, which would make the tumor infiltrate the
serosa more easily (16) or the plenty of large autonomic nerves in
the upper third of the stomach, which provides a path for the
spread of the tumor (17).

Several studies have been performed on the perineural
invasion (PNI) of gastric cancer. Hwang et al. (18) reported
that PNI accounted for 42.7% of all patients, which is similar to
the results of the present study (40.5%). However, the incidence
of PNI in the tumors of gastric cancer patients varied
dramatically according to the reports of different institutions,
Frontiers in Oncology | www.frontiersin.org 7171
from the possibly highest 75.6% (19) to the lowest (less than
10%) (20). The detection method and the experience of
pathologists may have contributed to this difference. Previous
studies have shown that PNI is strongly associated with a
number of unfavorable prognostic factors, such as larger tumor
size, vessel invasion, worse differentiation, advanced T and N
stage, and so on. Hence, PNI could be designated as a predictive
prognostic factor for gastric cancer patients and researchers have
proved that if PNI is incorporated into the TNM staging system,
the prognosis of stage III gastric cancer patients would be more
accurately predicted. The results of the present study showed that
although the survival of stage II lower part gastric carcinoma was
relatively better, PNI tended to promote recurrence and decrease
DSS (HR3.717 for recurrence, 95% CI 1.456–9.487, P interaction =
0.015; HR4.051 for DSS, 95% CI 1.482–11.072, P interaction =
0.037). Especially in stage II gastric cancer patients with advanced N
stage (N2–3a), PNI was a stronger predictor of disease recurrence
(HR 12.039, 95% CI 2.186–66.314, P interaction = 0.029).

Concerning postoperative chemotherapy, the inconsistency
of our results with those of two previous large-scale phase III
clinical studies showed some limitations of retrospective studies
(5, 21). In the present study, chemotherapy was routinely
recommended to all patients with stage II gastric cancer, while
19.4% (48/247) of the patients refused postoperative
chemotherapy for personal reasons, with a 5-year DSS 86.1%
slightly lower than those who received chemotherapy (5-year
FIGURE 3 | Subgroup forest analyses for nerve invasion. Hazard ratios for disease-specific death/relapse in the patients with nerve invasion are shown
with 95% CIs.
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DSS 89.3%). However, regarding the PNI and tumor location,
our results accorded with most of the previous studies, and at the
same time, we found that elderly patients with stage II gastric
cancer might show worse survival.

This study has limitations as it is a retrospective study with
small sample size and different treatment protocols may have
been applied. A sample size that is too small increases the
likelihood of a Type II error, which decreases the power of the
study. Some minor but valuable risk factors may be overlooked.
Moreover, the cohort were presented in a high-level center with
relatively better treatment results, and is not the representative of
the general population. Our results need to be further confirmed
by large-scale prospective randomized studies.
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Prognostic Value of Tumor
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Treated With Neoadjuvant
Chemotherapy Plus Surgery for
Gastric Cancer
Jian-Wei Xie1,2,3,4, Jun Lu1,2,3,4, Bin-bin Xu1,2,3,4, Chao-Hui Zheng1,2,3,4, Ping Li1,2,3,4,
Jia-Bin Wang1,2,3,4, Jian-Xian Lin1,2,3,4, Qi-Yue Chen1,2,3,4, Long-Long Cao1,2,3,4,
Mi Lin1,2,3,4, Ru-Hong Tu1,2,3,4, Ze-Ning Huang1,2,3,4, Ju-Li Lin1,2,3,4, Mark J. Truty5*
and Chang-Ming Huang1,2,3,4*

1 Department of Gastric Surgery, Fujian Medical University Union Hospital, Fuzhou, China, 2 Department of General Surgery,
Fujian Medical University Union Hospital, Fuzhou, China, 3 Key Laboratory of Ministry of Education of Gastrointestinal Cancer,
Fujian Medical University, Fuzhou, China, 4 Fujian Key Laboratory of Tumor Microbiology, Fujian Medical University,
Fuzhou, China, 5 Section of Hepatobiliary and Pancreatic Surgery, Division of Subspecialty General Surgery, Department of
Surgery, Mayo Clinic, Rochester, MN, United States

Objective: To validate the prognostic value of tumor regression grading (TRG) and to
explore the associated factors of TRG for advanced gastric cancer (AGC) with
neoadjuvant chemotherapy (NACT) plus surgery.

Methods: Two hundred forty-nine AGC patients treated with NACT followed by
gastrectomy at the Mayo Clinic, USA and the Fujian Medical University Union Hospital,
China between January 2000 and December 2016 were enrolled in this study. Cox
regression was used to identify covariates associated with overall survival (OS) and
recurrence-free survival (RFS). Logistic regression was used to reveal factors predicting
tumor regression grading.

Results: For patients with TRG 0-1, the 3- and 5-year OS rates were 85.2% and 74.5%,
respectively, when compared to 56.1% and 44.1% in patients with TRG 2 and 28.2% and
23.0% in patients with TRG 3, respectively (p<0.001). TRGs were independent risk factors
for OS. Similar findings were observed in RFS. Multivariable analysis revealed that an
oxaliplatin-based regimen (p=0.017) was an independent predictor of TRG. The
oxaliplatin-based regimen was superior to the nonoxaliplatin-based regimen for OS
(38.4 months vs 19.5 months, respectively; p=0.01). Subgroup analyses by histological
subtype indicated that the oxaliplatin-based regimen improved the OS in nonsignet ring
cell carcinoma compared to the nonoxaliplatin-based regimen (53.7 months vs 19.5
months, respectively; p=0.011). However, similar findings were not observed in RFS.
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Conclusion: TRG was an independent factor of AGC treated with neoadjuvant
chemotherapy plus surgery. Oxaliplatin-based neoadjuvant chemotherapy regimens
improve tumor response and may have an overall survival benefit for patients with
nonsignet ring cell carcinoma.
Keywords: gastric cancer, neoadjuvant chemotherapy, tumor regression grading, signet-ring cell carcinoma
(SRCC), recurrence-free survival (RFS) rate and overall survival (OS)
INTRODUCTION

Gastric cancer is a leading cause of cancer-related mortality
worldwide, with approximately 951,600 new cases diagnosed and
723,100 patients who succumb to the disease annually (1). The
use of neoadjuvant chemotherapy in the treatment of patients
with localized advanced gastric cancer has become more
prevalent over the past ten years. Several advantages have been
associated with this approach, including downgrading of the
tumor, increasing the likelihood of achieving an R0 resection,
and eradicating micrometastasis to reduce recurrence (2, 3).
Neoadjuvant chemotherapy followed by gastrectomy could
provide significant overall survival (OS) benefits over surgery
alone (4).

Tumor regression grade (TRG) is a descriptive measurement
defined as a histological response to neoadjuvant therapy and has
shown prognostic value for digestive system tumors (5, 6). In
2003, TRG was first used by Becker et al. to evaluate the
histological response in gastric cancer (7). TRG has been
reported to be a predictor of survival in patients with gastric
cancer in several studies (8, 9). A good tumor response rate
significantly improved the OS and recurrence-free survival (RFS)
(10). However, the factors associated with a better tumor
response rate and an optimal neoadjuvant chemotherapy
regimen that improved survival are uncertain.

Therefore, we investigated the role of TRG in neoadjuvant
chemotherapy for gastric cancer and analyzed the factors
affecting TRG to reveal the potential survival benefits of
neoadjuvant chemotherapy for patients.
METHODS

Patient Selection
Patients diagnosed with advanced clinical stage gastric cancer
(more than clinical T2 category or clinical stage N1) were
enrolled in this study. The exclusion criteria were as follows:
multiple primary gastric cancer tumors, gastric cancer combined
with other malignancies, history of radiotherapy or
radiochemotherapy, types I and II esophagogastric junction
tumors, and patients without tumor resection. Ultimately, a
total of 249 patients were analyzed. Of these patients, 131
patients were submitted from the Fujian Medical University
Union Hospital, and 118 patients were from the Mayo Clinic.
Tumor staging was evaluated by the eighth edition of the Union
for International Cancer Control (UICC) TNM classification
system (11). Because the survival of patients with ypT0 and ypT1
2175
was similar, we merged the patients with ypT0 into the
ypT1 group.

Variable and Definition
The RFS was calculated from surgery to the first event (i.e., local
recurrence, distant recurrence, or death from any cause). The OS
was calculated from when the disease was diagnosed to death or
the final follow-up date in December 2017. According to the
Japanese gastric cancer treatment guidelines (12), we divided the
extent of lymph node dissection into D1 or D2. Similarly, we
divided the resection margins into R0, R1 or R2. The score of
tumor response regression was defined according to the
recommendations of the College of American Pathologists as
follows: 0=No viable cancer cells (complete response);
1=Minimal residual cancer with single cells or small groups of
cancer cells (near complete response); 2=Residual cancer with
evident tumor regression, which is more than single cells or small
groups of cancer cells (partial response); and 3=Extensive
residual cancer with no evident tumor regression (poor or no
response) (13). The results were reviewed by two independent
pathologists who were blinded to the clinical data. If the results of
the same sample were discordant, then the pathologists would
discuss to reach a final score.

Treatment
Final decision to administer neoadjuvant chemotherapy, dose
and cycles were made after careful discussion between the
clinician and the patients. An oxaliplatin-based regimen was
defined as a neoadjuvant chemotherapy regimen containing
oxaliplatin. An epirubicin-based regimen was defined as a
neoadjuvant chemotherapy regimen containing epirubicin. A
total of 58 patients received the regimen containing both
oxaliplatin and epirubicin. The median number of cycles of
neoadjuvant chemotherapy was 3 (range 1-12).

Adjuvant chemotherapy: According to the patient’s wishes
and their physical condition, fluoride-based adjuvant
chemotherapy was recommended for most patients with
pathological stage II and III disease in our center, as previously
described. For patients who did not show histologic tumor
regression before surgery, the adjuvant regimen was given
different from the neoadjuvant regimen.

Surgery
In general, resection of the gastric tumor with D2
lymphadenectomy was performed within 4 weeks after the last
day of chemotherapy.
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Follow-up
Follow-up visits for both cohorts generally consist of clinic visits
every 3 months for the first 2 years and every 6 months for years
3 to 5. Most routine patient follow-up appointments include a
physical examination, laboratory tests, chest radiography,
abdominal ultrasonography or CT, and an annual or biannual
endoscopic examination for patients with a remnant stomach
(14, 15).
Frontiers in Oncology | www.frontiersin.org 3176
Statistical Analysis
Statistical analysis was performed using SPSS 20.0 software
(SPSS, Chicago, IL). Intergroup comparisons for discrete
variables were analyzed with the chi-squared test or Fisher’s
exact test. The Kaplan–Meier method was used to calculate OS
and RFS. A log-rank test was used to compare survival curves.
The reverse Kaplan–Meier method was used to calculate the
median follow-up time. A Cox regression model was used to
TABLE 1 | Baseline Characteristics.

Characteristic Total (n=249) China (N=131) USA (N=118) p value

Age(year) 0.376
<65 159 87 72
≥65 90 44 46

Sex 0.054
Male 181 102 79
Female 68 29 39

Site of tumor <0.001
Upper 93 55 38
Middle 83 46 37
Low 57 30 27
Diffuse 16 0 16

Margin status 0.012
R0 205 99 106
R1 35 26 9
R2 9 6 3

Surgical approach <0.001
Open 144 32 112
Laparoscopic 105 99 6

Gastrectomy type <0.001
Total 180 104 76
Subtotal 27 0 27
Distal 39 27 12
Proximal 3 0 3

Dissection of lymph nodes <0.001
D1 46 12 34
D2 203 119 84

Complications <0.001
No 200 117 83
Yes 49 14 35

TRG <0.001
0-1 47 15 32
2 74 28 46
3 128 88 40

ypTNM stage <0.001
I 52 13 39
II 63 29 34
III 108 65 43
IV 26 24 2

Adjuvant chemotherapy 0.184
No 101 48 53
Yes 148 83 65

Tumor size 0.366
<5cm 117 58 59
≥5cm 132 73 59

Lauren histotype 0.122
Diffuse 185 92 93
Intestinal 64 39 25

Construction after gastrectomy <0.001
Total/subtotal loux-en-y 199 105 94
B-II 34 13 21
B-I 13 13 0
Others 3 0 3
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calculate hazard ratios of ACT treatment. Ordinal regression was
performed for relationships of covariates with TRG. Two-sided
p-values < 0.05 were considered statistically significant.
RESULTS

Patient Demographics and
Neoadjuvant Treatment
The baseline characteristics of 249 patients are listed in Table 1.
One hundred seventy-two (69%) patients were administered the
oxaliplatin-based regimen, and 77 (31%) patients were
administered the nonoxaliplatin-based regimen. The median
number of cycles of neoadjuvant chemotherapy was 3 (range
1-12). Concerning histopathologic response evaluation, the TRG
results for patients treated with neoadjuvant chemotherapy were
as follows: TRG 0 (n = 12, 4.8%); TRG 1 (n = 35, 14.1%); TRG 2
(n = 74, 29.7%); and TRG 3 (n = 128, 51.4%). Because the
survival of patients with TRG 0 and TRG 1 was similar, the
cohort was divided into three groups: TRG 0 or TRG 1 (TRG 0-
1), TRG 2, and TRG 3 (Table 1). The patient demographics
among different TRG groups are listed in Supplementary Table 1.

Impact of TRG on Survival
After a median follow-up of 38.8 (95% CI: 34.1–43.6) months,
the overall survival rates at 3 and 5 years were 48.1% and
39.5%, respectively, in the total cohort. For patients with TRG
0-1, the 3- and 5-year survival rates were 85.2% and 74.5%,
respectively, when compared to 56.1% and 44.1% with TRG 2,
and 28.2% and 23.0% with TRG 3, respectively (p<0.001)
(Figure 1A). Univariable Cox analyses revealed sex (p=0.026),
margin status (p<0.001), TRG (p=0.001), ypTNM stage
(p<0.001), adjuvant chemotherapy (p=0.001), tumor size
(p=0.001), Lauren histotype (p=0.031), and construction
after gastrectomy (p=0.032) as significant risk factors for
Frontiers in Oncology | www.frontiersin.org 4177
overall survival. Multivariable Cox analyses revealed that
only margin status (p=0.001) and TRG (p=0.001) were
independent risk factors for overall survival (Table 2).
Overall survival curves adjusted by multivariate models was
shown in Figure S1A.

The recurrence-free survival rates at 3 and 5 years were 56.7%
and 44.3%, respectively. For patients with TRG 0-1, the 3- and 5-
year recurrence-free survival rates were 84.2% and 74.3%,
respectively, when compared to 54.2% and 40.6% with TRG 2
and 43.6% and 24.9% with TRG 3, respectively (p<0.001)
(Figure 1B). Univariable Cox analyses revealed country
(p=0.026), margin status (p=0.049), dissection of lymph nodes
(p=0.021), TRG (p<0.001), ypTNM stage (p<0.001), and tumor
size (p=0.001) as significant risk factors for recurrence-free
survival. Multivariable Cox analyses revealed that only TRG
(p=0.007) was an independent risk factor for recurrence-free
survival (Table 3). Recurrence-free survival curves adjusted by
multivariate models was shown in Figure S1B.

The analyses of disease-free survival and distant-metastasis-
free survival yielded the similar findings. (Figures S2A, B).

Factors Predicting Pathologic Response
Univariable Cox analyses revealed that country (p<0.001), cycles
of neoadjuvant chemotherapy (p=0.037), regimen (oxaliplatin-
based vs nonoxaliplatin based) (p=0.011), and regimen
(epirubicin-based vs nonepirubicin-based) (p=0.005) were
associated with TRG. Multivariable analysis revealed that only
oxaliplatin-based regimen (p=0.017) was the strongest predictor
of TRG (Table 4).

Effects of Oxaliplatin-Based Regimen
on Overall Survival and Recurrence-
Free Survival
Kaplan-Meier survival estimates comparing adjuvant
oxaliplatin-based regimens with nonoxaliplatin-based regimens
A B

FIGURE 1 | Overall survival and recurrence-free survival from TRG scores. (A) Overall survival, P<0.001; (B) Recurrence-free survival, P<0.001.
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are illustrated in Figure 2. The median OS of patients receiving
the oxaliplatin-based regimen was significantly better than those
receiving the nonoxaliplatin-based regimen (38.4 vs 19.5 months,
respectively; p=0.01) (Figure 2A). There was a trend toward
Frontiers in Oncology | www.frontiersin.org 5178
improving recurrence-free survival in patients receiving the
oxaliplatin-based regimen; however, this trend did not reach
statistical significance (48.4 vs 23 months, respectively;
p=0.178) (Figure 2B).
TABLE 2 | Univariate and Multivariate Analyses for Overall Survival (n=249).

Characteristic Univariable Multivariable

N (%) 5-year OS (%) P value HR 95% CI P value

Age (year) 0.876
<65 159 (63.9) 40.2
≥65 90 (36.1) 38.5

Sex 0.026 0.457
Male 181 (72.7) 45.3 reference
Female 68 (27.3) 23.5 0.859 0.576-1.282

Country 0.706
China 131 (52.6) 50.0
USA 118 (47.4) 34.0

Site of tumor 0.090
Upper 93 (37.4) 45.5
Middle 83 (33.3) 32.3
Lower 57 (22.9) 50.4
Diffuse 16 (6.4) 8.6

Margin status <0.001 0.036
R0 205 (82.3) 48.4 reference
R1 35 (14.1) 0.0 0.693 0.419-1.147 0.154
R2 9 (3.6) 0.0 1.498 1.015-2.211 0.042

Surgical approach 0.099
Open 144 (57.8) 33.1
Laparoscopic 105 (42.2) 56.1

Gastrectomy type 0.314
Total 180 (72.3) 34.0
Subtotal 27 (10.8) 50.7
Distal 39 (15.7) 56.4
Proximal 3 (1.2) 33.0

Dissection of lymph nodes 0.065
D1 46 (18.5) 22.0
D2 203 (81.5) 45.6

Complications 0.490
No 625 (80.3) 39.7
Yes 49 (19.7) 39.6

TRG <0.001 0.018
0-1 47 (18.9) 74.5 reference
2 74 (29.7) 44.1 2.772 1.020-7.533 0.046
3 128 (51.4) 23.0 5.326 1.640-17.292 0.005

ypTNM stage <0.001 0.171
I 52 (20.1) 70.7 reference
II 63 (25.3) 43.4 1.156 0.459-2.909 0.759
III 108 (42.2) 31.2 0.891 0.290-2.741 0.841
IV 26 (10.4) 0.0 1.96 0.496-7.745 0.337

Adjuvant chemotherapy 0.027 0.251
No 101 (40.6) 27.9 reference
Yes 148 (59.4) 47.1 0.798 0.542-1.173

Tumor size <0.001 0.248
<5 cm 117 (47.0) 47.1 reference
≥5 cm 132 (53.0) 27.9 1.312 0.828-2.081

Lauren histotype 0.031 0.356
Diffuse 185 (74.3) 34.4 reference
Intestinal 64 (25.7) 55.6 0.797 0.492-1.291

Construction after gastrectomy 0.032 0.190
Total/subtotal Roux-en-Y 199 (79.9) 35.1 reference
B-II 34 (13.7) 44.7 0.999 0.582-1.716 0.998
B-I 13 (5.2) 92.3 0.129 0.018-0.947 0.044
Others 3 (1.2) 33.3 1.819 0.418-7.918 0.426
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Subgroup Analyses by Histology
All Subtype
Among the 65 signet-ring cell carcinoma (SRCC) patients, 51
(78.5%) had received the oxaliplatin-based regimen, and 14
(21.5%) had not. When comparing with and without
Frontiers in Oncology | www.frontiersin.org 6179
oxaliplatin-based SRCC patient groups, the median OS rates
were 31.5 months versus 18.9 months (p=0.272), and the median
RFS was 21.5 months versus 17.3 months (p=0.371), respectively.
Among the 184 non-SRCC patients, 121 (65.8%) had received an
oxaliplatin-based regimen, and 63 (34.2%) had not. When
TABLE 3 | Univariate and Multivariate Analyses for Recurrence-free Survival (N=249).

Characteristic Univariable Multivariable

N (%) 5-year RFS (%) P value HR 95% CI P value

Age (year) 0.518
<65 159 (63.9) 39.5
≥65 90 (36.1) 52.8

Sex 0.398
Male 181 (72.7) 47.2
Female 68 (27.3) 33.4

Country 0.003 0.199
China 131 (52.6) 51.0 reference
USA 118 (47.4) 36.8 1.945 0.705-5.368

Site of tumor 0.070
Upper 93 (37.4) 52.6
Middle 83 (33.3) 36.1
Low 57 (22.9) 51.3
Diffuse 16 (6.4) 25.9

Margin status 0.049 0.212
R0 205 (82.3) 46.4 reference
R1 35 (14.1) 0.0 1.321 0.419-1.147 0.570
R2 9 (3.6) 0.0 6.25 0.722-54.072 0.096

Surgical approach 0.131
Open 144 (57.8) 42.8
Laparoscopic 105 (42.2) 44.3

Gastrectomy type 0.222
Total 180 (72.3) 39.1
Subtotal 27 (10.8) 46.4
Distal 39 (15.7) 61.9
Proximal 3 (1.2) 50.0

Dissection of lymph nodes 0.021 0.066
D1 46 (18.5) 29.7 reference
D2 203 (81.5) 47.1 0.600 0.348-1.034

Complications 0.268
No 625 (80.3) 45.9
Yes 49 (19.7) 36.8

TRG <0.001 0.007
0-1 47 (18.9) 74.3 reference
2 74 (29.7) 40.6 3.305 1.115-9.801 0.031
3 128 (51.4) 24.9 7.718 2.099-28.386 0.002

ypTNM stage <0.001 0.366
I 52 (20.1) 72.4 reference
II 63 (25.3) 39.7 5.857 0.295-129.508 0.263
III 108 (42.2) 25.5 8.512 0.418-173.242 0.164
IV 26 (10.4) 0.0 5.471 0.281-106.712 0.262

Adjuvant chemotherapy 0.088
No 101 (40.6) 21.8
Yes 148 (59.4) 56.3

Tumor size 0.001 0.260
<5 cm 117 (47.0) 53.4 reference
≥5 cm 132 (53.0) 34.9 1.368 0.793-2.361

Lauren histotype 0.155
Diffuse 185 (74.3) 41.5
Intestinal 64 (25.7) 51.5

Construction after gastrectomy 0.057
Total/subtotal Roux-en-Y 199 (79.9) 38.4
B-II 34 (13.7) 55.9
B-I 13 (5.2) 79.1
Others 3 (1.2) 50.0
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TABLE 4 | Univariate and Multivariate Analysis for Predictors of TRG.

Characteristic Univariable Multivariable

P OR 95% CI P value

Age (<65 vs ≥65 yrs) 0.178
Sex (female vs male) 0.167
Country(China vs USA) <0.001 0.417 0.136 1.275 0.125
Site of tumor
upper reference
middle 0.522
low 0.218

diffuse 0.998
Lauren histotype(diffuse vs intestinal) 0.071
Cycles of neoadjuvant chemotherapy(<3 vs ≥3) 0.037 0.865 0.316 2.368 0.777
Regiment(Oxaliplatin based vs 0.011 2.889 1.212 6.885 0.017
non-Oxaliplatin based)
Regiment(Epirubicin based vs 0.005 1.436 0.595 3.468 0.421
non-Epirubicin based)
Frontiers in Oncology | www.frontiersin.org
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FIGURE 2 | Overall survival and recurrence-free survival of patients who received the oxaliplatin-based regimen. (A) Overall survival, P=0.01; (B) Recurrence-free
survival, P=0.178.
A B

FIGURE 3 | Overall survival and recurrence-free survival of non-SRCC patients who received the oxaliplatin-based regimen. (A) Overall survival, P=0.011; (B)
Recurrence-free survival, P=0.14.
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comparing with and without oxaliplatin-based non-SRCC
patient groups, the median OS rates were 53.7 months versus
19.5 months, respectively (p=0.011) (Figure 3A). There was a
significant improvement in the overall survival in patients who
received-oxaliplatin-based regimens. The oxaliplatin-based
regimen for patients with neoadjuvant chemotherapy showed a
trend toward improving recurrence-free survival (Figure 3B);
however, this result did not reach statistical significance when
compared to the nonoxaliplatin-based regimen (53.3 versus 42.8
months, p=0.14, respectively).
DISCUSSION

The present study has demonstrated that the results of the
histological-based evaluation were a good prognostic predictor
for advanced gastric cancer patients receiving neoadjuvant
chemotherapy. In addition, the factors predicting the
histological tumor regression grading were explored.

Recently, a study suggested that TRG 1a/b is associated with
improved survival (median OS>69.8 vs 22.8 months), but this
association was not statistically significant, and a multivariate
analysis was unable to confirm the predictive value of TRG.
However, it should be noted that only 58 patients with
neoadjuvant chemotherapy were included in this study (16).
In contrast, Becker K et al. reported that TRG was an
independent prognostic factor in the analysis of 480 patients with
locally advanced gastric cancer treated with neoadjuvant
chemotherapy followed by radical gastrectomy (17). In addition, a
meta-analysis of 17 published studies also confirmed that major
pathologic response is associated with a significant improvement in
OS compared to no response or minor pathologic changes after
neoadjuvant therapy in gastro-esophageal cancers (18). These
findings were strongly supported by the results of the present
study, in which multivariate survival analysis demonstrated that
TRGwas an independent prognostic factor for predicting worse OS.

A poorer prognosis of patients with SRCC compared to
patients with non-SRCC has been identified in many reports.
A French study revealed that perioperative chemotherapy
provides no survival benefit in patients with gastric SRCC (19).
To investigate the benefit of the oxaliplatin-based regimen, we
stratified the analyzed differences in the survival rates between
the SRCC and non-SRCC patient groups. Our data reveal that
the oxaliplatin-based regimen failed to improve OS and RFS in
patients with SRCC, indicating that the oxaliplatin-based
regimen may not be the optimal choice of neoadjuvant
chemotherapy for these patients.

There were several limitations in the present study. First,
selected bias was inevitable in this retrospective study. Second,
due to the diversity of chemotherapy regimens used in the two
investigated countries and the data limited, we were unable to
obtain a specific regimen (including dose and cycles) that was
effective for a particular histopathological type. Despite these
limitations, the present study was the first international study to
explore the factors affecting TRG and to reveal that oxaliplatin-
based neoadjuvant chemotherapy has potential benefits for OS in
patients with nonsignet ring cell carcinoma.
Frontiers in Oncology | www.frontiersin.org 8181
In conclusion, our results suggested that TRG was an
independent factor of gastric cancer treated with neoadjuvant
chemotherapy plus surgery. Oxaliplatin-based neoadjuvant
chemotherapy regimens improve tumor response and may
benefit the OS of patients with nonsignet ring cell carcinoma.
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Background: The validity of lymphadenectomy of the lymph node along the superior
mesenteric vein (LN14v) in gastric cancer remains controversial. The study investigated
the characteristics and prognosis of gastric cancer with metastasis or micrometastasis
to LN14v.

Methods: A retrospective study of 626 patients undergoing radical gastrectomy in our
center from January 2003 to December 2015 was analyzed. In total, 303 patients had
lymphadenectomy of LN14v, and lymph node micrometastasis was evaluated by
immunohistochemical staining for cytokeratin nodes CK8/18. A logistic regression model
was applied to confirm the predictive factors of micrometastasis. Survival analysis was
performed to evaluate the effect of micrometastasis or metastasis on prognosis.

Results: Themetastatic rate of the LN14v lymph nodewas 15.8%, and themicrometastatic
rate was 3.3%. Multivariate analysis showed site, Borrmann classification, postoperative
lymph node metastasis (pN), and metastasis in LN6 and LN9 were predictive factors for
LN14vmicrometastasis ormetastasis (P<0.05). The 5-year survival rate in the positive group
(LN14vmicrometastasis ormetastasis)was 12.4%. Theprognosis of patientswithout LN14v
lymph node micrometastasis was better than that of the positive group, whereas the
difference between group of LN14v micrometastasis and LN14v metastasis was not
obvious. In matched analysis, patients with stage III gastric cancer L/M area, pN2-3, and
LN6(+) who underwent lymphadenectomy of LN14v had better survival than those without
lymphadenectomy of LN14v.

Conclusion: Lymph node micrometastasis may provide accurate prognostic information
for patients with gastric cancer. Moreover, lymphadenectomy of LN14v might improve the
survival of patients with stage III gastric cancer of L/M area, pN2-3, and LN6(+).

Keywords: prognosis, gastric carcinoma (GC), micrometastases, metastasis to the lymph node,
immunohistochemistry (IHC)
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INTRODUCTION

Gastric cancer (GC) is one the most common cancer-related
cause of death throughout the world (1, 2). Radical gastrectomy is
the optimal choice to cure locally advanced resectable GC. The
15-year results of a Dutch trial showed that D2 lymphadenectomy
was associated with a lesser rate of recurrence and improved the
overall survival than did D1 dissection, and gastrectomy plus D2
lymph node dissection has been increasingly considered as the
standard surgical procedure for advanced resectable gastric cancer
(3). However, over 50% of patients who had worse survival
subsequently relapsed or died after radical surgery because of
lymph nodes metastasis, distant metastasis, or locoregional
recurrence (4). Among the metastatic routes in GC (direct
infiltration or spread, lymph node metastasis, hematogenous
metastasis, and implantation metastasis), lymph node metastasis
remains the most common pathway. However, the extent of
lymphadenectomy during the surgery that will maximize
survival with few complications remains controversial.

According to the 6th edition of International Union Against
Cancer (UICC), lymph node metastasis (LNM) is classified into
isolated tumor cells (ITC), micrometastasis (MI), and
macrometastasis (MA), depending on the size of the metastatic
deposit (5). Methods to investigate the presence of MI vary, from
serial slices with hematoxylin and eosin (H&E) staining,
immunohistochemical (IHC) staining, to real-time reverse
transcription-polymerase chain reaction (RT-PCR) (6–9).
Cytokeratin is one component of the cytoskeleton of epithelial
cells that is not present in normal lymph nodes, and its
corresponding antibody is widely used to detect minute
deposits of tumor cells in lymph nodes by IHC staining.
Controversies remain regarding the clinical features of MI and
its prognostic significance for GC (10–13).

One particular study, the JCOG9501 trial, did not conclude
that D2 lymphadenectomy plus para-aortic lymph node
dissect ion improves survival in comparison to D2
lymphadenectomy alone (14, 15). Furthermore, the necessity
for patients with GC to undergo LN14v dissection and how to
identify the subgroup who received maximum benefit from
LN14v dissection remain controversial. The current study was
therefore designed to analyze the characteristics associated with
LN14v metastasis or micrometastasis and the clinical features
and prognostic significance of MI for GC. In addition,
oncological outcomes were also analyzed.
METHODS AND MATERIALS

Patients
From January 2003 to December 2015, 626 patients with GC
(including esophagogastric junction carcinoma) in the Cancer
Hospital of China Medical University, Liaoning Cancer Hospital,
were prospectively enrolled in this study (Supplementary
Figure 1). To analyze the characteristics associated with
LN14v metastasis or micrometastasis, the inclusion criteria
were as follows: (1) age range from 18 to 75 years old, (2)
Frontiers in Oncology | www.frontiersin.org 2184
histopathological examination diagnosis of gastric carcinoma
based on well-established criteria, (3) intraoperative
exploration and postoperative tumor-node-metastasis (TNM)
stage revealed no distant metastases (M0), (4) no conditions
preventing resection were found, and (5) radical gastrectomy
plus the LN14v lymph node dissection was performed (D2
or D2+). The study exclusion criteria were as follows: (1) R0
surgery after conversion therapy, (2) gastric remnant carcinoma,
(3) LN14v lymph node biopsy, (4) presence of other
malignancies, and (5) lack of complete follow-up data. A total
of 303 patients receiving radical gastrectomy plus LN14v lymph
node dissection were retrospectively identified for comparison
between groups. Patients with clinical or pathologic TNM stage
II-III or with positive lymph nodes received a perioperative
chemotherapy regimen of SOX or XELOX, divided into two to
four preoperative and several postoperative cycles. There were
255 patients without LN14v lymph node metastasis who
underwent CK8/18 immunohistochemistry to detect minute
deposits of tumor cells in the lymph nodes. Patients without
micrometastases in the lymph nodes were classified as the negative
group, and patients with micrometastases or metastases
in the lymph nodes were classified as the positive group. This
study was approved by the Ethics Committee of Liaoning
Cancer Hospital.

LN14v Lymph Node Dissection
The LN14v lymph nodes are classified as lymph nodes along the
superior mesenteric vein. All radical gastrectomies plus the LN14v
lymph node dissection were performed by three experienced
surgeons. The dissection criteria for the LN14v lymph nodes
were as follows: First, omentobursectomy and lymphadenectomy
of LN6 was performed, and then LN14v lymph nodes were
completely removed from the root of lymph nodes. In order to
expose the superior mesenteric vein, Henle trunk, and middle
colic vein, the soft tissue around the superior mesenteric vein was
completely removed as well.

Clinicopathological Features
Patients’ clinicopathological characteristics included tumor size,
gastric location (upper [U], middle [M], lower [L] area), grade of
differentiation (differentiated, undifferentiated), Borrmann type,
histological type (adenocarcinoma, signet ring, or mucinous
carcinoma), pathologic TNM stage (postoperative category),
extent of resection (total, distal, or proximal), and the number
of harvested lymph nodes.

Immunohistochemical Staining
A total of 576 lymph nodes without LN14v metastasis from 255
patients were reexamined by one pathologist to confirm the
absence of lymph node metastasis by H&E staining. Lymph
nodes were stored in 261 paraffin-embedded blocks and three
serial tissue sections 4 mm thick were cut from each block, and
immunohistochemical staining (CK8/18) was performed to
evaluate lymph node metastasis. The tumor tissues of GC were
used as the positive control for staining in the same manner as
the experimental group (Supplementary Figure 2).
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Assessing Staining Results
We evaluated the staining results according to the location,
structure, morphology, and staining color. CK8/18 was mainly
located in the cytoplasm at the marginal sinus of the lymph
nodes (Supplementary Figure 2). Positive-staining cells were
brown-yellow in color, while the negative cells were unstained.
Furthermore, positive samples were reconfirmed by observing
the structure and morphology of the cells. Only if the size of the
cell nest was 0.2–2 mm was it defined as MI and the sample was
classified as positive sample. Any serial sections with positive
staining were categorized as the positive group. All of the slices
were reviewed by two experienced pathologists who
independently observed the CK-stained sections under the
microscope (×100 and ×200). Any disagreements between the
pathologists were resolved by consensus following a review of
the samples.

Statistical Analysis
Mean ± standard deviation was used to represent continuous
values, and categorical data were expressed as percentages. Chi-
square test or Fisher’s test was applied to evaluate the relationship
between clinicopathological characteristics and LN14v metastasis
or micrometastasis variance. Independent factors associated with
LN14v metastasis or micrometastasis were analyzed by logistic
regression. Variables with a P value of 0.05 in univariate analysis
were selected for the multivariate analysis. To predict prognostic
risk factors, we used the multivariable Cox proportional hazard
model and univariate analysis. The Kaplan–Meier method and
log-rank test were applied to distinguish differences in survival
data between two groups. Data were processed by SPSS 23.0
software and GraphPad Prism 7.0. And P value <0.05 was
considered to be statistically significant.
RESULTS

Clinicopathological Features and
Clinical Outcomes
A total of 303 patients underwent radical surgery plus LN14v
dissection in the study, and the clinicopathological features are
shown in Table 1. Most patients were male (66.0%), and their
age ranged from 28 to 75 years old (mean: 55.9). A majority
of tumors were located in the L area (67.7%), were poorly
differentiated (77.2%), and were of the adenocarcinoma
histological type (73.9%). A minority of patients underwent
total or proximal gastrectomy (24.1%). Cases were classified
into stage I (17.5%), II (20.1%), or III (62.4%) based on
postsurgical pathology. The incidence of metastasis in LN14v
lymph nodes was 15.8%, and the incidence of micrometastasis
was 3.3%. The total metastatic rate in LN14v was 19.1%. The
median number of overall harvested lymph nodes and harvested
LN14v lymph nodes was 28.5 and 2.0, respectively. Patients were
followed up every 3 months during the first 3 years, subsequently
every 6 months for the following 2 years, and once a year
after 5 years until the time of death or the study deadline,
December 31, 2018. The follow-up time ranged from 3 to 178 m
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(median: 46 m). The 3- and 5-year overall survival rates of patients
with radical gastrectomy plus LN14v dissection were 71.2 and
50.7%, respectively.

Clinicopathological Characteristics
Associated With LN14v Metastasis
or Micrometastasis
We sought to identify subgroups that were likely to have LN14v
metastasis or micrometastasis. We found that metastasis or
micrometastasis in LN14v was associated with tumor size (P =
0.001), location (P = 0.027), Borrmann type (P = 0.003), pT
category (P < 0.001), pN category (P < 0.001), pTNM stage (P <
0.001), and the number of metastatic lymph nodes (P < 0.001)
(Table 2). In regard of multivariate analysis, logistic regression
analysis demonstrated that location (P = 0.004, RR: 0. 320, 95%
CI, 0.146–0.700), Borrmann type (P = 0.010, RR: 1.519, 95% CI,
1.104–2.089), and pN category (P <0.001, RR: 3.709, 95% CI,
TABLE 1 | Clinicopathological features of patients with gastric cancer
undergoing radical gastrectomy plus 14v dissection.

Clinicopathological characteristics Value Percentage (%)

Age (y) 55.9±10.74
Gender
Male 200 66.0
Female 103 34.0
Tumor size (cm) 6.0±10.74

Location
U 14 4.6
M 84 27.7
L 205 67.7

Histological type
Adenocarcinoma 224 73.9
Signet-ring or mucinous carcinoma 79 26.1

Grade of differentiation
Well or moderate 69 22.8
Poor 234 77.2

Borrmann type
I, II 178 58.7
III 108 35.6
IV 17 5.6

Postoperative T category (pT)
T1-2 81 26.7
T3-4 222 73.3

Postoperative N category (pN)
N0 89 29.4
N1 41 13.5
N2 63 20.8
N3 110 36.3

Extent of resection
Total or proximal 73 24.1
Distal 230 75.9

Pathological stage (pTNM)
I 53 17.5
II 61 20.1
III 189 62.4

The number of harvested lymph nodes 28.5±10.52
The number of metastatic lymph nodes 6.3±7.51
Without 14v micrometastasis 245 80.9
With 14v micrometastasis 10 3.3
With 14v metastasis 48 15.8
The number of harvested lymph nodes of 14v 2.0±1.439
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2.326–5.914) were significantly correlated with metastasis or
micrometastasis in LN14v (Table 3).

Regional Lymph Nodes Associated With
LN14v Metastasis or Micrometastasis
In order to investigate the LN14v lymphatic drainage pathway,
the study included lymph nodes 1–4 (4sa, 4sb, and 4sd), 5–7, 8a,
9–11, and 12a for univariate and multivariable analysis. The
Frontiers in Oncology | www.frontiersin.org 4186
analyses showed that the metastatic status of LN14v was
significantly correlated with that of all regional nodes (all
P <0.05, Table 4). Multivariable analysis results revealed the
TABLE 3 | Multivariate analysis of clinicopathological features associated with
14v metastatic status.

Variables b RR(95% CI) P value

Tumor size 0.331 1.392 (0.649–2.988) 0.396
Location −0.139 0.320 (0.146–0.700) 0.004
Borrmann type 0.418 1.519 (1.104–2.089) 0.010
Postoperative T category (pT) 0.624 1.866 (0.565–6.160) 0.306
Postoperative N category (pN) 1.311 3.709 (2.326–5.914) 0.000
Pathological stage (pTNM) −0.747 0.474 (0.097–2.313) 0.356
July 20
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TABLE 4 | Univariate analysis of regional lymph nodes associated with 14v
metastatic status.

Lymphatic
metastasis

14v micrometastasis
(−)

14v micrometastasis or
metastasis (+)

P
value

No. 1
(+) 23 17 0.000
(−) 179 30

No. 2
(+) 10 1 0.001
(−) 41 3

No. 3
(+) 90 39 0.000
(−) 142 11

No. 4
(+) 79 37 0.000
(−) 154 14

No. 5
(+) 46 29 0.000
(−) 103 9

No. 6
(+) 96 50 0.000
(−) 135 6

No. 7
(+) 63 29 0.000
(−) 167 20

No. 8a
(+) 42 40 0.000
(−) 189 11

No. 9
(+) 15 23 0.000
(−) 178 22

No. 10
(+) 1 2 0.005
(−) 10 0

No. 11
(+) 16 17 0.000
(−) 164 17

No. 12a
(+) 14 17 0.000
(−) 127 19
7

No. 1, right paracardial lymph node; No. 2, left paracardial lymph node; No. 3, lymph node
along the lesser curvature; No. 4 (4sa, 4sb, 4sd), lymph node along the short gastric
vessels, the left gastroepiploic vessels, and the right gastroepiploic vessels; No. 5, the
suprapyloric lymph node; No. 6, the infrapyloric lymph node; No. 7, lymph node along the
left gastric artery; No. 8a, lymph node along the common hepatic artery; No. 9, lymph
node around the celiac artery; No. 10, lymph node at the splenic hilum; No. 11 (11p and
11d), lymph node along the proximal splenic artery and distal splenic artery; No. 12a,
lymph node in the hepatoduodenal ligament (along the hepatic artery); No. 14v, lymph
node along the superior mesenteric vein.
TABLE 2 | Univariate analysis of clinicopathological features associated with 14v
metastatic status.

Variable 14v
micrometastasis

(−)

14v micrometastasis
or metastasis (+)

P
value

Age (y)
<60 159 36 0.686
≧60 86 22

Gender
Male 162 38 0.930
Female 83 20

Tumor size (cm)
<5.0 127 16 0.001
≧5.0 118 42

Location
U 14 0 0.027
M 73 11
L 158 47

Histological type
Adenocarcinoma 179 45 0.480
Signet-ring or mucinous

carcinoma
66 13

Grade of differentiation
Well or moderate 57 12 0.674
Poor 118 46

Borrmann type
I, II 154 24 0.003
III 81 27
IV 10 7

Postoperative T category
(pT)
T1-2 77 4 0.000
T3-4 168 54

Postoperative N category
(pN)
N0 89 0 0.000
N1 37 4
N2 55 8
N3 64 46

Extent of resection
Total or proximal 62 11 0.310
Distal 183 47

Pathological stage(pTNM)
I 52 1 0.000
II 59 2
III 134 55

The number of harvested
lymph nodes

28.90±10.419 26.72±10.843 0.157

The number of metastatic
lymph nodes

4.56±6.034 13.55±8.728 0.000

The number of harvested
lymph nodes of 14v
1 120 33 0.256
2 57 15
≧3 68 10
Location, U/M/L, the upper/middle/lower third of stomach.
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metastasis of LN6 and LN9 to be independent variables
associated with LN14v metastasis or micrometastasis (P =
0.003, RR: 0.101, 95% CI, 0.022–0.496; P =0.013, RR: 0.093,
95% CI, 0.014–0.608) (Table 5). Of 146 patients with LN6
metastasis, 34.2% cases had metastasis or micrometastasis in
LNLN14v. LN6 status had a low false-negative rate (10.7%) in
predicting the absence of metastasis or micrometastasis
in LN14v.

Prognostic Value of Metastatic Status of
LN14v in Gastric Cancer
The 5-year overall survival rate of patients with LN14v metastasis
and LN14v micrometastasis was 12.9 and 10.0%. The 5-year
survival rate of patients in the positive group (LN14v
micrometastasis or metastasis) was 12.4%. The negative group
(with neither LN14v metastasis nor micrometastasis) had a more
favorable survival in comparison to the positive group (P = 0.000,
HR = 4.001, 95% CI, 2.789–5.739, Figure 1). In stratified
analysis, the negative group had a higher 5-years overall
survival rate (60.1%) than that those in the group with LN14v
micrometastasis or metastasis (P < 0.001, HR=2.093, 95%
CI,1.480–2.961; P < 0.001, HR=3.931, 95% CI, 2.671–5.787,
Figure 2). The difference between patients with LN14v
micrometastasis and LN14v metastasis was not significant
(P=0.901, HR = 1.047, 95% CI, 0.501–2.171). Univariate
analysis results showed age, gender, tumor size, Borrmann
type, pT stage, pN stage, pTNM stage, and pathological type
were correlated with the prognosis. Furthermore, multivariable
Cox proportional hazard model analysis demonstrated that
LN14v metastatic status (P = 0.001, HR = 1.936, 95% CI,
1.323–2.834), pT stage (P = 0.003, HR = 2.725, 95% CI, 1.416–
5.244), pN stage (P < 0.001, HR=2.090, 95% CI, 1.688–2.588),
pathological type (P = 0.043, HR = 1.448, 95% CI, 1.012–2.072),
and Bormann type (P < 0.001, HR = 1.341, 95% CI, 1.148–1.566)
were significant prognostic variables (Table 6). Notably, patients
who underwent radical gastrectomy plus the LN14v dissection,
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and those with LN14v metastasis or micrometastasis, had worse
survival than patients in stages I, II, and III with neither LN14v
metastasis nor micrometastasis (P < 0.001, Figure 3).

The Benefit of Lymphadenectomy of
LN14v in Gastric Cancer
Having established that 14v metastatic status was of prognosis
significance for adequately staged patients treated by radical
gastrectomy plus the 14v dissection, we sought to identify
patient subgroups for whom the benefit was maximized and
TABLE 5 | Multivariate analysis of regional lymph nodes associated with 14v
metastatic status.

Lymphatic metastasis b RR(95%CI) P value

No. 1 1.378 3.968 (0.340–46.257) 0.271
No. 3 −0.172 0.842 (0.054–13.085) 0.902
No. 4 1.464 4.325 (0.206–90.878) 0.346
No. 5 −0.189 0.150 (0.010–2.203) 0.167
No. 6 −2.294 0.101 (0.022–0.496) 0.003
No. 7 1.062 2.891 (0.118–71.054) 0.516
No. 8a −1.395 0.248 (0.037–1.681) 0.153
No. 9 −2.38 0.093 (0.014–0.608) 0.013
No. 11 2.048 7.750 (0.203–295.209) 0.270
No. 12a −0.345 0.708 (0.029–17.523) 0.833
No. 1, right paracardial lymph node; No. 3, lymph node along the lesser curvature; No. 4
(4sa, 4sb, 4sd), lymph node along the short gastric vessels, the left gastroepiploic vessels,
and the right gastroepiploic vessels; No. 5, the suprapyloric lymph node; No. 6, the
infrapyloric lymph node; No. 7, lymph node along the left gastric artery; No. 8a, lymph
node along the common hepatic artery; No. 9, lymph node around the celiac artery; No. 11
(11p and 11d), lymph node along the proximal splenic artery and distal splenic artery; No.
12a, lymph node in the hepatoduodenal ligament (along the hepatic artery); No. 14v,
lymph node along the superior mesenteric vein.
FIGURE 1 | Kaplan-Meier curves were employed to compare the overall
survival data between the negative group (without 14v micrometastasis and
metastasis) and the positive group (with micrometastasis or metastasis)
(P < 0.001, HR = 4.001, 95% CI = 2.789–5.739).
FIGURE 2 | Comparisons of overall survival by 14v metastasis or micrometastasis
status in patients with GC. Kaplan-Meier curves were employed to analyze the
difference between groups (the group without 14v micrometastasis or metastasis vs
the group with 14v micrometastasis, P < 0.001, HR = 2.093, 95% CI = 1.480–
2.961; the group without 14v micrometastasis or metastasis vs the group with 14v
metastasis, P < 0.001, HR = 3.931, 95% CI = 2.671–5.787; the group with 14v
micrometastasis vs the group with 14v micrometastasis, P = 0.901, HR = 1.047,
95% CI = 0.501–2.171).
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those for whom was it was not of prognostic significance.
Assuming that the metastasis or micrometastasis of 14v was
independently associated with site, Borrmann classification,
postoperative lymph node metastasis (pN), the metastasis of
LN6, the study made comparisons of outcomes between different
groups. In matched analysis, patients with gastric cancer of stage
III, L/M area, pN2-3 and LN 6(+), underwent lymphadenectomy
of 14v had better survival than those without lymphadenectomy
of 14v (P = 0.006, Figure 4).
DISCUSSION

Immunohistochemical staining for cytokeratin nodes CK8/18 to
evaluate micrometastases has been reported in other fields (16).
This study used CK8/18 to evaluate micrometastases in lymph
nodes to identify clinicopathological characteristics and
prognosis of GC with metastasis or micrometastasis to LN14v,
and it demonstrated location, pN stage, Bormann type, and the
LN6 metastatic status were predictive factors for LN14v
metastasis or micrometastasis, implying that tumors located in
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the M or L area, with stage pN3a or N3b, Bormann III or IV
subtypes, and metastasis in LN 6 were likely to be presented with
LN14v metastasis or micrometastasis. The results identified a
patient subgroup who may obtain maximum benefit from LN14v
dissection and those for whom LN14v dissection seemed not to
be of prognostic significance. Second, it revealed that the
micrometastatic status of LN14v lymph modes is one of the
important prognostic factors. Lymph node micrometastasis
could provide more accurate prognostic information for
patients with GC. Thus, immunohistochemical detection of
micrometastasis of lymph nodes is recommended.

Whether LN14v metastasis was associated with regional
lymph node (local disease) or systemic disease is a contentious
issue (17, 18). When compared to those with locoregional lymph
node metastasis, patients with LN14v metastasis had the worst
5-year survival rate (<10%), and it was similar to that of LN16
metastasis, which was categorized as stage IV, implying its
systemic disease role. However, several studies demonstrated
some patients with LN14v metastasis benefited from LN14v
dissection, which prolonged their survival—indicating at least
some patients with LN14v metastasis had local rather than
TABLE 6 | Univariate and multivariate analysis of overall survival in patients with gastric cancer undergoing radical gastrectomy plus 14v dissection.

Variables Univariate analysis Multivariate analysis

b HR (95% CI) P value b HR (95% CI) P value

Gender 0.354 0.702 (0.503–0.980) 0.037 0.081 0.922 (0.773–1.110) 0.366
Age 0.378 1.459 (1.052–2.023) 0.024 0.268 1.307 (0.932–1.832) 0.12
Tumor size 0.919 2.506 (1.761–3.567) 0.001 0.04 1.040 (0.695–1.557) 0.847
Location 0.09 1.094 (0.823–1.454) 0.537
Borrmann type 0.409 1.505 (1.294–1.751) 0.001 0.293 1.341 (1.148–1.566) 0.000
Postoperative T category (pT) 1.757 5.797 (3.267–10.286) 0.001 1.003 2.725 (1.416–5.244) 0.003
Postoperative N category (pN) 0.908 2.480 (2.058–2.989) 0.001 0.737 2.090 (1.688–2.588) 0.000
Micro- or metastasis Status of 14v 1.386 4.001 (2.7894–5.739) 0.000 0.661 1.936 (1.323–2.834) 0.001
Histological type 0.582 1.789 (1.269–2.524) 0.001 0.37 1.448 (1.012–2.072) 0.043
Grade of differentiation 0.542 1.719 (1.101–2.684) 0.017 0.102 1.107 (0.679–1.806) 0.684
Extent of resection 0.461 1.586 (1.107–2.271) 0.012 0.264 1.302 (0.883–1.921) 0.183
J
uly 2021 | Volume 11 | Article
FIGURE 3 | Overall survival after R0 resection categorized by tumor stage
and 14v metastatic status (14v (+), 14v metastasis or micrometastasis; stage
I, II, III). P < 0.001 (the group of 14v (+) vs the group of all stages, 14v (−),
log-rank test).
FIGURE 4 | Overall survival after R0 resection categorized by lymphadenectomy
of 14v in patients with gastric cancer of stage III, L or Middle area, pN2-3, and
LN 6(+), P = 0.006.
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systemic disease (17). According to the 2nd edition of the
Japanese Classification of Gastric Carcinoma, LN14v dissection
was included in the N2 group for tumors located at the lower
third of the stomach (19). However, it was once classified as M1
status in the 3rd edition of the Japanese Classification of Gastric
Carcinoma, which recommended it was unnecessary to dissect
LN14v for patients with GC. Furthermore, the 3rd edition of the
Japanese GC treatment guidelines 2010 proposed patients with
tumors located in the lower third of the stomach with LN6
metastasis need dissection of LN14v (20). Therefore, during
evaluations of whether it is essential for patients with GC to
undergo dissection of LN14v, the LN14v metastatic rate, the
clinicopathological features associated with LN14v metastasis,
the security and feasibility of LN14v dissection, and the
significance of dissection should be considered.

Lymphatic metastasis is considered to spread via lymphatic
flow from the primary tumor site, and the lymphatic flows from
any particular point have some preferred pathway (21–24).
There are three lymphatic pathways in the region of the lower
stomach. The lymphatic drainage from LN6 directly flows to
LN14v, and then lymphatic flow reaches LN16, which finally
joins the thoracic duct. In terms of lymphatic flow pathways,
LN6 is anatomically upstream of LN14v, whose metastatic status
is very closely correlated to that of LN6. A previous study
investigated the impact of regional nodes’ metastatic status on
LN14v metastasis (17). It revealed that the metastatic status of
LN6 were predictive factors for LN14v metastasis. Our study was
consistent with the previous research and the stepwise lymphatic
metastasis theory. In our study, we found LN6 metastatic status
was a significant independent variable for the metastatic status of
LN14v. Of 146 patients with LN6 metastasis, 34.2% cases
presented with the metastasis or micrometastasis in LN14v.
Similar to previous studies, the LN6 status predicted the
absence of LN14v metastases, with a low false-negative rate
(10.7%). In addition, the study also demonstrated tumor site,
Borrmann classification, and pN stage were also correlated with
LN14v metastasis or micrometastasis. Tumors located in the
region of the low or middle stomach and presented with
Borrmann III/IV subtype and stage pN2-3 seem likely to
metastasize or micrometastasize to LN14v.

Interactions among various factors promote the occurrence
and development of GC, which has complicated biological
characteristics, high heterogeneity, and poor prognosis (25). One
study reported that the 5-year survival rate of patients with GC
with lymph node metastasis to LN14v was extremely low (11.3%),
which was also described in another study with a poor 5-year
survival rate (9.0%) (26, 27). Our study provided a comparable
result in that patients with LN14v metastasis or micrometastasis
had unfavorable prognosis, and the 5-year survival rate was 12.4%.
It should be noted that patients with LN14v metastasis or
micrometastasis had a lower 5-year survival rate in comparison
with those who had regional lymph node metastasis. However,
according to Sasako’s therapeutic index theory, the therapeutic
index of LN14v dissection is 2.1 in lower-third GC—which was
comparable to that of LN12a dissection (2.7), the N2 group lymph
node dissection (28). Although the benefits to patients from
LN14v dissection vary, it is important to distinguish those who
Frontiers in Oncology | www.frontiersin.org 7189
would benefit from LN14v dissection. Eom et al. noted that even if
patients with LN14v metastasis had an unfavorable prognosis,
LN14v dissection could improve overall prognosis, especially in
those with tumor sites located in the middle or lower area of the
stomach, positive LN6 lymph nodes, and clinical stage III/IV
gastric cancer (17). Our study revealed tumor site, Borrmann
classification, and pN stage were significantly correlated with
LN14v metastasis or micrometastasis, which was consistent with
the previous study. In a matching analysis, we also suggested
patients with stage III GC, L/M location, stage pN2-3, and LN6(+)
who underwent lymphadenectomy of LN14v had better survival
than those without lymphadenectomy of LN14v.

At present, detection methods for lymph node micrometastasis
mainly include serial sections, PCR, and immunohistochemistry.
Although serial sections can significantly improve the detection
of lymph node micrometastasis, it is difficult to promote it in
clinical practice because the procedure is difficult and time-
consuming. PCR is characterized by high sensitivity and
specificity in detecting lymph node micrometastasis, but the
requirement for fresh samples, the relatively complicated
operation process, and high costs hinder its routine application
in clinical pathological diagnosis. Compared with previous ones,
the immunohistochemical method seems to be more useful in
clinical work. Cytokeratin is one component of the cytoskeleton of
epithelial cells and is not present in normal lymph nodes. Ishii
et al. reported that using CK8/18 monoclonal antibody is one
accurate method to detect lymph node micrometastasis in gastric
cancer (29). In 35 patients in whom micrometastasis was detected
in the lymph nodes, the positivity rate for CK8/18 monoclonal
antibody testing was 11.4%. Our study suggests that the
micrometastasis rate in LN14v is only 3.9%. The discrepancy
may result from different intervals between serial sections, the
harvested number of sections from different paraffin-embedded
blocks, the included cases, and the focused lymph node.

Although the majority of studies have demonstrated that
patients with lymph node micrometastasis have a worse
prognosis, whether lymph node micrometastasis results in
postoperative recurrence or metastasis and consequently affects
patients’ prognosis remains controversial (30–32). Micrometastases
can be promoted or inhibited by various factors, such as the host’s
immune status, postoperative radiotherapy or chemotherapy, and
tumor microenvironment. In accord with a previous study, we
showed that micrometastatic status is a significant variable
associated with patient survival. However, the difference between
survival of patients with LN14v micrometastasis and that of LN14v
metastasis was not obvious, which may result from the limited
samples of positive micrometastatic cases. Additional multicenter,
randomized trials are required to further investigate the extent of
the impact of micrometastatic status on survival in GC. This study
shows that micrometastatic status can be considered as one
promising prognostic predictor in GC that can provide accurate
pathological staging and treatment guidelines. We recommend
patients with LN14v micrometastasis, or who are suspected of
having LN14v micrometastasis, undergo LN14v dissection.

Our study has some limitations, mainly because it is a
retrospective case-control study with a limited number of
participants. Therefore, first, the small sample size may
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produce selection bias. Second, in comparison with the previous
study, different interval between serial sections and the harvested
number of sections from different paraffin-embedded blocks
might have an effect on the apparent micrometastatic rate in
LN14v. Third, although the study revealed that LN14v metastatic
or micrometastatic status was an independent risk factor
associated with survival, it was not a randomized study and
could not clarify the impact of LN14v dissection on survival for
patients with LN14v metastasis or micrometastasis.

In conclusion, locally advanced gastric carcinoma, located in the
middle or lower stomach area with LN6 metastasis, is likely to have
metastasis or micrometastasis in LN14v, and lymphadenectomy of
LN14v might improve the survival of patients with stage III GC,
located in the lower or middle area, stage pN2-3, and LN 6(+) if
serious complications of LN14v dissection can be sufficiently
controlled. Micrometastatic status of LN14v can be considered as
one promising prognostic predictor for GC.
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Meihong Chen1, Yini Dang1* and Guoxin Zhang1*

1 Department of Gastroenterology, First Affiliated Hospital of Nanjing Medical University, Nanjing, China, 2 Department of
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Purpose: Gastric cancer (GC) is often difficult to diagnose early in the disease and
remains one of the most frequently occurring malignancies. This investigation looks at the
diagnostic potential of a specific plasma exosomal miRNAs panel for GC.

Methods: This study analyzed 216 individual peripheral blood samples. 2 GEO datasets
were analyzed and two miRNAs were selected - plasma exosomal miR-195-5p and miR-
211-5p. Quantitative reverse-transcriptase PCR (qRT–PCR) was used to assess relative
expressions and receiver operating characteristic (ROC) curve analysis was used to
determine the diagnostic efficiency of miR-195-5p and miR-211-5p panel. The Kaplan-
Meier method was used to assess the prognostic value of plasma exosomal miR-195-5p
and miR-211-5p.

Results: GC patients possessed notably raised plasma levels of exosomal miR-195-5p
and miR-211-5p. The area under ROC curves (AUCs) of miR-195-5p, miR-211-5p were
0.745, 0.798 in the screening phase and 0.762, 0.798 in the training stage respectively.
GC was able to be diagnosed more accurately when both miRNAs were interpreted
together (AUC=0.820 in the validation stage). Poorer prognosis was observed in GC
patients who had plasma exosomal miR-195-5p and miR-211-5p of higher levels. In vitro
experiments also confirmed that miR-195-5p and miR-211-5p is able to be transmitted
between cells, and works to enhance tumor invasion, migration and proliferation while
inhibiting cell apoptosis.

Conclusion: Plasma exosomal miR-195-5p and miR-211-5p may become potential
biomarkers for GC diagnosis, and may be useful in predicting tumor phenotype.

Keywords: gastric cancer, exosomes, miR-195-5p, miR-211-5p, biomarker
INTRODUCTION

The incidence rate of gastric cancer (GC) is the fourth of all malignant tumors, and the mortality
rate is the second highest across all cancers. Despite the advancements in available therapeutic
methods (encompassing a combination of radiotherapy, chemotherapy and surgery), patient
survival is low especially in advanced disease (1–3). At present, gastroscopy combined with
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pathological biopsy is the gold standard for diagnosing GC,
however, a less invasive investigation is desirable. Tumor
markers such as carcinoembryonic antigen (CEA) and
carbohydrate antigen 19-9 (CA19-9), while widely adopted in
clinical practice, possess low sensitivity and specificity in
diagnosing early GC (4). There is an urgent need for novel,
minimally invasive methods that allow earlier diagnosis of this
debilitating condition.

A fast growing field of research is on microRNAs (miRNA).
These molecules are present ubiquitously and have strong roles
in oncobiological processes. They represent small non-coding
RNAs of approximately 18-22nt in length and have been shown
to be involved in hematopoiesis, tumor metastasis, apoptosis and
proliferation (5–10). Research has demonstrated that several
tumor types display unique miRNA profiles that are starkly
different from normal healthy tissue miRNA profiles (11–13).
Not surprisingly, circulating miRNAs have been shown to be
useful in diagnosing several conditions including cancer (13–15).
Barriers to using miRNAs for this purpose is the small number of
circulating miRNAs which are also susceptible to enzymatic
degradation of external endogenous RNases. Exosomes are
extracellular vesicles found in several bodily fluids that
measure about 30–150 nm and are responsible for intercellular
communication (15). Unlike circulating miRNAs, miRNAs in
plasma exosomes are protected from RNase degradation (16)
and therefore may reflect tumor progression more
accurately (17).

In order to determine novel plasma exosomal miRNAs
specific to patients with GC, four up-regulated miRNAs
between 1.5 and 4 (Log2) in GC plasma miRNA-chips dataset
were identified. These miRNAs were miR-452-5p, miR-195-5p,
miR-20a-3p and miR-211-5p, and were then subjected to further
verification and analysis in relation to the pathological
characteristics and progression of GC.
METHODS

The Recruitment of Population
20 GC patients and 20 healthy controls were enrolled for testing
in the initial training phase. Identified miRNAs were then
validated in another 88 individual samples each of GC and
healthy patients (88 GC vs. 88 NCs). All patients were
treatment-naïve upon enrollment into the study, while healthy
controls were samples derived from willing volunteers. All the
samples of plasma were collected from the First Affiliated
Hospital of Nanjing Medical University between May 2017 and
February 2018. Written, informed consent was obtained from all
participants for inclusion of their plasma in this study. All
procedures were reviewed and approved by the Ethics
Committee of the First Affiliated Hospital of Nanjing Medical
University, in strict compliance to the Declaration of Helsinki

Study Design
Figure 1 depicts all phases in this study which involved 216
participants. Firstly, two Gene Expression Omnibus (GEO)
Frontiers in Oncology | www.frontiersin.org 2193
datasets (accession number: GSE106817 and GSE112264) were
used to determine miRNAs that were linked to GC. The screening
phase involved quantification of the levels of the selected miRNAs
with qRT–PCR across 20 GC patients and 20 normal controls. In
addition, we contrasted the concentration of the differentially
expressed miRNAs in plasma and exosomes in order to determine
the diagnostic value of plasma exosomal miRNAs. Based on these
findings, miR-195-5p and miR-211-5p were selected for further
research. The training phase was carried out in 176 samples (88
healthy subjects and 88 GC patients) and involved analysis of
exosomal miR-195-5p and miR-211-5p plasma expressions.
Exosomal miR-195-5p and miR-211-5p levels were then compared
with CEA and CA19-9 in plasma. Both healthy and GC patient
cohorts did not differ significantly in terms of alcohol consumption,
gender and age. After evaluation of the diagnostic efficiency of miR-
195-5p and miR-211-5p, the functional exploration of the two
verified miRNAs in the cell were also conducted.

Purification of Exosomes and Extraction of
Exosomal RNAs
Heparinized collection vacuum tubes were used to store collected
samples prior to being centrifuged at 4°C, 5000 × g, 5 min, and at
4°C, 16,000 × g, 10 min to remove residual cell debris. Exosomes
were then purified with a miRNeasy Serum/Plasma Kit (Qiagen,
Hilden, Germany) following protocols stipulated by the
manufacturer. Cells were then allowed to achieve 70 – 80%
confluence prior to the media being changed to RPMI 1640
supplemented with 10% exosome-depleted FBS (Gibco, USA).
After 48h, each cell line provided 50 ml of the conditioned
medium that was then ultracentrifuged for 6 hours at 120,000×g
at 4°C to extract exosomes (18). TRIzol reagent (Invitrogen,
USA) combined with Dr GenTLE precipitation (Takara, Japan)
were utilized for cellular total RNA extraction, which was then
purified with a miRNeasy Serum/Plasma Kit (Qiagen, Germany),
as instructed by the manufacturer.

Cell Lines and Culture Conditions
The Cell Bank of Type Culture Collection of the Chinese
Academy of Sciences provided the following three GC cell
lines: poorly differentiated adenocarcinoma BGC-823 cell line,
moderately differentiated adenocarcinoma SGC-7901 cell line
and normal GES-1 gastric mucosa epithelium cell line. Gibco,
USA supplied all culture media reagents which comprised of
RPMI 1640 medium supplemented with 1% penicillin/
streptomycin and 10% fetal bovine serum (FBS). Cultures were
maintained at 5% CO2 and 37°C.

Oligonucleotide Transfection
GenePharma Corporation (SGC, China) synthesized miR-195-
5p (miR-211-5p) mimics/scrambled negative control RNA (NC)
or miR-195-5p (miR-211-5p) inhibitor/scrambled negative
control RNA (inhibitor-NC) which was then plated onto 6-
well plates prior to transfection with Lipofectamine2000 Reagent
(Invitrogen, USA) and OptiMEM (Gibco, USA).

Cells were harvested for total RNA isolation after 24h and 48h
of oligonucleotide transfection. qRT-PCR analyses was carried
out to determine miR-195-5p (miR-211-5p) levels. The
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transfection of Cy-3 labelled mimics was similar to the normal
mimics/inhibitors. The sequences of miRNAs and miR-195-5p
or miR-211-5p mimics/inhibitor sequences previously
documented in Additional File 1: Tables S1A, B.

Quantitative Real-Time PCR (qRT-PCR)
PrimeScriptTM RT Master Mix kit (Takara, Japan) was used for
reverse transcription in this study. Each exosomal RNA sample was
subjected to reverse transcription in 100 ml of a 20 ml system. The
reverse transcription miRNA primer design was from Beijing
Tsingke. The qRT-PCR reaction was performed in a 384-well
plate in which 1 ml of the RT product was mixed with SYBR and
miRNA upstream and downstream primers (Tsingke, China) in the
SYBR® Premix Ex TaqTM kit (Takara, Japan) for quantitative PCR.
After centrifugation, qRT-PCR reaction was performed on a 5 ml/
well system on an ABI-7900 real-time PCR instrument, using cel-
miR-39 as an exogenous control to calculate and compare the△Ct
value (19). The results of the qRT-PCR validation test (2-DCt) were
statistically evaluated by an independent sample T test. P<0.05 was
an indication of statistical significance.

Transmission Electron Microscopy and
Nanoparticle Tracking Analysis
HEPES (4-[2-Hydroxyethyl]-1-piperazineethanesulfonic acid)
buffer was used to dissolve samples. A piece of parafilm was
used to hold a single drop (about 5-10ul) of the suspension.
Frontiers in Oncology | www.frontiersin.org 3194
A carbon-coated copper grid was then immersed for 10 seconds
in water droplets, with the grid edge dabbed with clean filter
paper for removal of excess liquid. A drop 20 g/L uranyl acetate
or phosphotungstic acid (pH 7.0) was then exposed to the grid
for 5s. Excess solution was cleared and grid dried for 5 seconds.
Images were observed under a Tecnai G2 Spirit Bio TWIN
microscope (FEI, Japan) at a magnification of ×196,000.
Nanoparticle tracking analysis was carried out and analyzed by
Guangzhou Huayin Health Technology Co., Ltd.

Western Blot Analysis
Total exosome protein was extracted using RIPA lysate (Sigma-
Aldrich, USA) and protease inhibitor PMSF (Beyotime, China),
Western blot analysis was performed on a 10% SDS-PAGE gel,
and Page RulerTM Prestained Protein Ladder (MBI Fermentas,
Lithuania) was used as the upper sample marker. The primary
antibody was anti-CD63 (1:2000, Genechem, China) and TSG 101
rabbit polyclonal antibody (Ab) (1:2000, Genechem, China). Samples
were incubated at 4°C overnight before a further 2 hour incubation
with goat anti-rabbit secondary antibody (1:10000; Bioword, USA).
The SuperSignal West Dura Extended Duration Substrate Kit
(Thermo Scientific, China) was used to visualize bound proteins.

Exosome Labeling and Uptake
4-well chamber slides were rinsed thrice with PBS before cells
were cultured in them. 4% paraformaldehyde was used to fix cells
FIGURE 1 | Study design and strategy depicted in the above schematic diagram. There were 2 phases of the study, all involving the use of plasma samples.
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for 15min before another rinse with PBS. Cells were then
subjected to a 20 minute permeabilizing procedure with 0.5%
Triton-X 100 (dissolved in PBS).

Nuclei of cells were labelled with DAPI (blue), red Cy3-miR-
195-5p or miR-211-5p (RiboBio, China), or exosomal marker
green CD-63 lentivirus (Genechem, China) in order to track
exosomes secreted by the SCG-7901 cells. Images were taken
with a Nikon ECLIPSE E800 fluorescence microscope. The
uptake capacity of SGC-7901 into exosomes was determined
using immunofluorescence assays.

Chemical Treatments
For blockade of SGC-7901 cell line generation of exosomes (20),
10-mM GW4869 (Sigma-Aldrich, USA) was applied in SGC-
7901 culture for 24 h, which was initially dissolved in DMSO into
a stock solution of 5 mM and was diluted in culture media. The
effects of GW4869 on SGC-7901 biological functions were
determined after wash-out procedures.

Acetylcholinesterase (ach E) Activity Assay
The multi-step ultracentrifugation method was used to extract
exosomes, which were diluted into 110 mL using PBS. The
abovementioned solution (37.5 mL) was added into the 96-well
plates, followed by addition of equal volumes of 5,5’dithiobis (2-
nitrobenzoic acid) (DTNB) solution (0.1 mmol/L) and
thioacetylcholine iodide solution (1.25 mmol/L) (Solarbio,
China) to reach a final volume of 300 mL. The optical density
(OD) value of each well was measured on a microplate reader at
the wavelength of 421 nm after 30 min (21).

Proliferation Assay
Cell proliferation was assessed using the Cell Counting Kit-8
(CCK-8) kit (Dojindo Laboratories, Japan). A 96-well plate was
used to house 5×103 transfected cells per well, with 10mL of
CCK-8 reagent incubated with the samples for 2 hours every day.
Absorption was interpreted at 450nm using a Microplate reader
(ELX800; Bio-Tek, USA) at selected time points (0h, 24h, 36h,
48h, 72h).

Invasion and Migration Assay
The treated SGC-7901 cells were plated onto 9.5cm2 dishes at a
density of 60-80% per well and allowed to reach 100% confluence
(approximately 24 hours). A 200ml pipette tip was used to make a
line perpendicular to the marked line. Detached cells were
washed with PBS prior to capturing the images under a 10 ×
white light microscope. 48h later, cells were imaged again for
comparison. For the migration experiment, treated SGC-7901
were grown on a 0.4mm pore size transwell insert (Corning) with
RPMI 1640 media (no FBS) at a density of 3 ×105/100ml per
chamber. The bottom of the transwell chamber was immersed in
9.5 cm2 dishes filled with 2ml culture media (10% FBS). After 24-
48 hours, cells were fixed with formaldehyde and stained with
Crystal Violet Staining Solution (Beyotime, China). The backs of
the chambers were observed under a white light microscope and
the number of migrated cells were recorded.
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Apoptosis Assay
The Annexin V-FITC/PI Double Stained Apoptosis Detection
Kit (Univ-bio, China) was used to quantify cell apoptosis based
on instructions set by the manufacturer. 100 ml of 1X Binding
Buffer was used to suspend washed cells before the addition of
5 ml propidium iodide (PI) and 5 ml of FITC Annexin V. The
mixture was left in the dark at room temperature for 15 minutes.
Subsequently, 300 ml of 1X Binding Buffer was added to each
tube and analyzed by FACS Canto II flow cytometry
(BD Biosciences).

Statistical Analysis
All statistical analyses were carried out using SPSS 20.0 (IBM,
Chicago, IL, USA) and GraphPad 5.0 (GraphPad Software,
USA). All data is depicted in terms of mean ± SD. The Chi-
square test was used to compare clinicopathological
characteristics among groups. The Chi-square test and
independent sample T test was used to contrast different
expression of miRNAs among groups. Receiver operating
characteristic (ROC) curve and area under the ROC curve
(AUC) were constructed to define healthy patients from those
with GC. The Youden index was determined from these curves in
order to further get the cut-off values of the relative expression of
exosomal miR-195-5p and miR-211-5p in plasma. Both Kaplan–
Meier method and log-rank test were used to determine survival
curves. P value < 0.05 was considered statistically significant.
RESULTS

Identification of Plasma Exosomal miRNAs
Associated With GC in Screening Set
Exosome quantity, and morphology were assessed to validate our
isolation method using TEM analysis and Nano Sight particle
tracking analysis (Figures 2A, B). Western blot analysis further
confirmed our method by detecting exosomal markers, TSG101
and CD63 (Figure 2C and Additional File 2: Figure S1).

Gene Expression Omnibus (GEO) database microarray data
(accession number: GSE106817 and GSE112264) were analyzed
for miRNA plasma levels. 1595 miRNAs were found to fall into
the intersection between the two sets of data from 2965 gastric
cancer patients based on the criterion of fold change >2.0 and
adjusted p-value <0.01 (Figure 2D). A heat map of miRNAs that
were up- or down-regulated 2-8 times with an average expression
change was constructed (Figure 2E). We found that the number
of candidate miRNAs is too large, so we chose to combine the
existing literature, those who have verified some miRNAs in
tumor exosomes (especially in gastric cancer) (22–25), then ten
miRNAs were chosen to be performed among the minority via
qRT-PCR pre-experiment. According to the results of the qRT-
PCR, four differentially expressed miRNAs in pre-experiment
were selected for subsequent qRT-PCR analysis in 20 GC
patients and 20 healthy volunteers (NC) to validate these 4
miRNA candidates. The results showed that hsa-miR-195-5p
and hsa-miR-211-5p were significantly upregulated in plasma
exosomes in the GC group (Additional File 2: Figure S2 and
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FIGURE 2 | Screening phase of profiling exosomal miRNA. (A) Representative electron microscopy micrographs of plasma and cell conditioning medium
secreted exosomes. Scale bar, 200nm. (B) Nano Sight particle-tracking analysis to verify number and size distribution of exosomes. (C) Exosomal markers,
TSG101and CD63, of cells and plasma derived exosomes were analyzed with western blotting analysis. (D) Wayne diagram shows that the 1595 miRNAs were
found at high levels in both the GSE112264 and GSE106817 datasets. (E) Heat map showing the miRNA expression profile in GSE112264 and GSE106817
data set based on the criteria of fold change >2.0 and adjusted p-value <0.01. (F, G) Healthy patients and GC patients (n=20) provided serum plasma which
was then analyzed with qRT-PCR for plasma exosomal miR-195-5p and miR-211-5p levels. (H) miR-195-5p and miR-211-5p expressions were noted to be
statistically significant in GC tissues of the TCGA database. (I) Comparison between miR-195-5p and miR-211-5p between non-exosome plasma and plasma
with exosomes. Each value represents the mean ± SD; ***p-value < 0.001. (J) The sensitivity and specificity of plasma exo-miR-195-5p or miR-211-5p for GC
prediction was assessed using the receiver-operating characteristic (ROC) curve analysis. (K) ROC analysis of miR-195-5p combined with miR-211-5p. Each is
presented in terms of mean ± SD; **p-value <0.01.
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Figures 2F, G), which reflected the trend of tumor tissue miRNA
profile in the TCGA database (Figure 2H). Moreover, we found
that miR-195-5p and miR-211-5p were more enriched in
exosomes, suggesting that miRNAs in exosomes may have a
higher distinguishing efficiency for GC compared with
circulating miRNAs. (Additional File 3: Figure S3 and
Figure 2I). The AUC was 0.745 (95% CI 0.584-0.906) for miR-
195-5p, 0.798 (95% CI 0.656-0.940) for miR-211-5p, and 0.830
(95% CI, 0.697-0.964) for miR-195-5p combined with miR-211-
5p (Figures 2J, K) when comparing GC to healthy subjects,
indicating better efficiency compared with any single miRNA
and other combinations. These findings support the hypothesis
that miR-195-5p and miR-211-5p may be potential diagnostic
biomarkers for GC.
Evaluation of Candidate miRNAs in
Plasma by qRT-PCR
The value of plasma exosomal miR-195-5p and miR-211-5p
levels in GC patients were assessed in 88 healthy volunteers
and 88 GC patients in the training phase. GC patients had raised
levels of plasma exosomal miR-195-5p and miR-211-5p in
contrast to healthy controls (Figures 3A, B). ROC curves were
produced on data derived from 108 samples taken during the
training and screening phase. ROC curve analysis uncovered that
the AUC was 0.762 (95% CI 0.698-0.826) for miR-195-5p, 0.798
(95% CI 0.738-0.857) for miR-211-5p, and 0.820 (95% CI 0.762-
0.878) for 2-miRNAs combination(Figures 3C–E). AUC values
of the plasma miRNAs were also compared based on CEA and
CA19-9 levels. The AUC values of our plasma exosomal 2-
miRNAs signature were more significant compared to the
AUC values obtained for CEA (0.541, 95% CI: 0.463-0.627),
CA19-9 (0.622, 95% CI 0.541-0.703) as well as their combination
(0.567, 95% CI 0.485-0.650) to distinguish the GC patients from
the controls (Figures 3F–H).

The relationship between both miRNAs were assessed
using the Spearman’s correlation analysis which revealed the
lack of a significant linear relationship between them
(Figure 3I). Likewise, no relationship was found between
these miRNAs and CEA or CA19-9 levels (Additional File 4:
Table S4). This indicates the possible synergistic effect of
individual miRNA expression detected in the study in GC
with others is weak.
The Expression of Plasma Exo-miR-195-
5p/miR-211-5p in GC Patients
The clinicopathologic profiles of GC patients were correlated
to exosomal miR-195-5p or miR-211-5p in terms of high or
low based on the median value of relative miRNA expression in
all 108 GC patients. While miR-195-5p failed to correlated
positively with any pathological features (including age and
gender), there was a positive association between exosomal
miR-211-5p to lymph node metastasis(p=0.016) and tumor
stage (p=0.034) (Table 1). Patients with lymphatic metastasis
and with a higher tumor grade (Stages III and IV) had higher
levels of miR-211-5p (p<0.01 for both) (Figures 3J, K).
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The Relationship Between Plasma Exo-
miR-195-5p/miR-211-5p and GC Prognosis
Our study was limited due to short duration of patient follow-up.
In order to study survival information, we used preexisting data
available in the TCGA database for miR-195-5p and miR-211-
5p. A survival curve was generated from the overall survival rate
(OS) which was calculated from the top 10% of the highest
expression. Patient survival was found to correspond to miR-
211-5p (p=0.033). No such association was noted for miR-195-
5p (Figure 3L and Additional File 5: Figure S5).

Augmented miR-195-5p/miR-211-5p
Stimulates Proliferation, Invasion, and Cell
Migration of GC Cells While Suppressing
Apoptosis
Both the adenocarcinoma SGC-7901 and BGC-823 cell lines had
lower levels of exosomal miR-195-5p and miR-211-5p in
contrast to the GES-1 cell line (Figures 4A, B). We performed
further experiments to verify our hypothesis that gastric cancer
cell-derived exosomes can transfer miRNAs into recipient cells.
We labelled exosomes with GFP-CD63-letivirus (green) derived
from SGC-7901 cells that had been previously transfected with
Cy-3 labelled-miR-195-5p/miR-211-5p mimics (red), before
purifying the exosomes from treated SGC-7901 cells through
the methods mentioned above. After 50mg exosomes were co-
cultured with 5×105 GES-1 for about 24h, we removed the
medium and washed cells thrice with PBS. Exosomes labelled
by CD63 and miRNAmimics labelled by Cy-3 were localized and
observed under laser confocal microscopy in GES-1 (Figure 4C),
indicating that cancer cell-derived exosomes can transfer miR-
195-5p and miR-211-5p into recipient cells.

After successful overexpression and inhibition of miR-195-5p
and miR-211-5p in SGC-7901 cells (Figure 4D), increased cells
proliferation (tested using CCK-8), migration (tested using
Transwell chamber migration assay) and invasion (tested using
Wound healing assay), and reduced cells apoptosis were
observed (Figures 4E–H and Additional File 6: Figure S1).

GW4869 Inhibits Secretion of Exosomes
From SGC-7901 Cells
Having investigated the roles of miR-195-5p and miR-211-5p in
SGC-7901 cells, we next used GW4869, an exosome inhibitor, to
treat SGC-7901 cells with the aim to elucidate whether miR-195-
5p and miR-211-5p were delivered via exosomes and altered cell
biological functions. First, we added an exosome inhibitor
GW4869 or DMSO to the SGC-7901 cell medium, respectively.
Ach E activity assay showed that Ach E activity was reduced in
cells treated with miR-NC + GW4869, miR-195-5p mimic +
GW4869 and miR-211-5p mimic + GW4869 in comparison to
treatment with miR NC + DMSO, miR-195-5p mimic + DMSO
or miR-211-5p mimic+ DMSO, suggesting the decreased release
of exosomes (p<0.05) (Figure 5A). Subsequently, SGC-7901 cells
were further treated with or without GW4869. The findings
displayed that the expression of miR-195-5p and miR-211-5p in
SGC-7901 cells was decreased (Figure 5B), while proliferation,
migration and invasion of 7901 cells were decreased, apoptosis
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were increased upon treatment with GW4869 (p<0.05)
(Figures 5C–F). Thus, GW4869 could effectively suppress the
production of exosomes from SGC-7901 cells and affect the
transfer of miR-195-5p and miR-211-5p in SGC-7901 cells to
recipient cells, suggesting that SGC-7901 cells impact the
biological functions of recipient cells via exosomes.
Frontiers in Oncology | www.frontiersin.org 7198
DISCUSSION

Our study provides a practical theoretical basis for the isolation of
exosomalmiRNAs in peripheral blood for diagnosis of GC, which is a
less invasiveway forclinicalGCdetectioncomparedwithconventional
methods (such as biopsies taken under gastroscopy) (26).
TABLE 1 | Relationship between miR-195-5p and miR-211-5p expression and various clinicopathological variables.

Variables miR-195-5p expression miR-211-5p expression

low high p low high p

Total 31 77 27 79
Age 62.9 ± 10.9 62.4 ± 8.9 0.783 62.6 ± 9.5 62.2 ± 9.4 0.849
Gender 0.323 0.566

male 25 (80.6%) 55 (71.4%) 19 (70.4%) 60 (75.9%)
female 6 (19.4%) 22 (28.6%) 8 (29.6%) 19 (24.1%)

Smoking 0.240 0.109
no 23 (74.2%) 48 (62.3%) 21 (77.8%) 48 (60.8%)
yes 8 (25.8%) 29 (37.7%) 6 (22.2%) 31 (39.2%)

Alcohol abuse 0.789 0.847
no 23 (74.2%) 59 (76.6%) 21 (77.8%) 60 (75.9%)
yes 8 (25.8%) 18 (23.4%) 6 (22.2%) 19 (24.1%)

Hypertension 0.570 0.038*
no 20 (64.5%) 54 (70.1%) 14 (51.9%) 58 (73.4%)
yes 11 (35.5%) 23 (29.9%) 13 (48.1%) 21 (26.6%)

Diabetes 0.080 0.378
no 28 (90.3%) 58 (75.3%) 23 (85.2%) 61 (77.2%)
yes 3 (9.7%) 19 (24.7%) 4 (14.8%) 18 (22.8%)

Heart Disease 0.146 0.774
no 31 (100.0%) 72 (93.5%) 26 (96.3%) 75 (94.9%)
yes 0 (0.0%) 5 (6.5%) 1 (3.7%) 4 (5.1%)

COPD 0.567 0.181
no 29 (93.5%) 74 (96.1%) 27 (100.0%) 74 (93.7%)
yes 2 (6.5%) 3 (3.9%) 0 (0.0%) 5 (6.3%)

NSAIDS 0.146 0.774
no 31 (100.0%) 72 (93.5%) 26 (96.3%) 75 (94.9%)
yes 0 (0.0%) 5 (6.5%) 1 (3.7%) 4 (5.1%)

Familial Cancer History 0.170 0.033*
no 28 (90.3%) 61 (79.2%) 26 (96.3%) 62 (78.5%)
yes 3 (9.7%) 16 (20.8%) 1 (3.7%) 17 (21.5%)

Tumor Diameter 0.476 0.653
≤5cm 22 (73.3%) 59 (79.7%) 22 (81.5%) 58 (77.3%)
>5cm 8 (26.7%) 15 (20.3%) 5 (18.5%) 17 (22.7%)

Location 0.778 0.451
cardia 7 (23.3%) 20 (26.0%) 5 (19.2%) 21 (26.6%)
non-cardia 23 (76.7%) 57 (74.0%) 21 (80.8%) 58 (73.4%)

Infiltration Depth 0.577 0.104
T1,T2 16 (53.3%) 35 (47.3%) 17 (63.0%) 34 (44.7%)
T3,T4 14 (46.7%) 39 (52.7%) 10 (37.0%) 42 (55.3%)

Differentiation 0.385 0.082
well 8 (27.6%) 15 (19.7%) 9 (34.6%) 14 (18.2%)
poor 21 (72.4%) 61 (80.3%) 17 (65.4%) 63 (81.8%)

Lymphovascular Infiltration 0.497 0.967
no 20 (69.0%) 47 (61.8%) 17 (65.4%) 50 (64.9%)
yes 9 (31.0%) 29 (38.2%) 9 (34.6%) 27 (35.1%)

Lymph Node Metastasis 0.104 0.016*
no 18 (58.1%) 31 (40.8%) 18 (66.7%) 31 (39.7%)
yes 13 (41.9%) 45 (59.2%) 9 (33.3%) 47 (60.3%)

Nerve Invasion 0.859 0.149
no 17 (58.6%) 46 (60.5%) 19 (73.1%) 44 (57.1%)
yes 12 (41.4%) 30 (39.5%) 7 (26.9%) 33 (42.9%)

Tumor Stage 0.106 0.034*
I,II 21 (67.7%) 39 (50.6%) 20 (74.1%) 40 (50.6%)
III,IV 10 (32.3%) 38 (49.4%) 7 (25.9%) 39 (49.4%)
August 20
21 | Volume 11 | Article 6
Summary of the baseline information and differences of miR-195-5p and miR-211-5p expression in various clinicopathological characteristics of gastric cancer patients. (* p-value<0.05).
83465

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Yang et al. Diagnostic Exosomal miRNAs for GC
Using patient plasma samples, we found that miR-195-5p and
miR-211-5p in GC patients’ plasma exosomes were up-regulated
compared to healthy controls. The AUC values of these two
miRNAs was 0.830 (95% CI, 0.697-0.964), highlighting that they
exert an important effect on the function of gastric cancer cells.
This suggests that miR-195-5p and miR-211-5p may play a
potential functional role in GC etiology.

Previous studies demonstrate that plasma miRNAs, like miR-
135a, miR-218, miR-377, miR-29, etc. may be able to function as
diagnostic markers for gastric cancer, and represents a more
convenient method of detection of exosomal miRNAs (27–31).
However, as a circulating miRNA marker, plasma miRNAs are
susceptible to interference by RNase. Furthermore, many miRNAs
are secreted by abnormal cells in extracellular fluid, rendering
plasma expression inconsistent and imprecise. Diet, sleep and
other lifestyle habits may also contribute to short-term changes in
circulating miRNAs. Cell-derived membrane vesicles, such as
exosomes and microvesicles, are endogenous carriers and are thus
of very low toxicity and low immunogenicity, they could carry
proteins, lipids, DNAs and RNAs from the original cells, protect
these contents from degradation by various extracellular enzymes,
Frontiers in Oncology | www.frontiersin.org 8199
specifically recognize their target cells with reduced off-target effects
(31), then activate intracellular signaling pathways and change the
biology traits of the recipient cells. Based on these reasons, we
decided to shift our focus towards the study of exosomes. Our study
compared the expression level of miR-195-5p and miR-211-5p
between plasma exosomes and plasma without exosomes, then we
found that these two miRNAs are more enriched in exosomes,
suggesting that abnormal miRNAs may be protected in exosomes,
and may be a more stable and accurate means of GC detection
compared to circulating miRNAs.

Current study and meta-analysis have found that AFP was
increased in GC, and serum AFP levels correlated well with
poorer prognosis in GC patients. However, AFP is also increased
in many other diseases such as liver cancer, cirrhosis, lymphoma,
bone fracture and Wilms’ tumor, suggesting reduced specificity
(32, 33). Patients with GC had raised CA19-9 and CEA in
compared to healthy individuals. The sensitivity of CEA and
CA19-9 in diagnosing GC was 20.1-27.6% individually and
increased to 48.2-60.9% when they were interpreted together
(34–36). Our study compared the diagnostic efficiency of miR-
195-5p and miR-211-5p with tumor markers APF, CEA and
A B C D

E F G H

I J K L

FIGURE 3 | Validation of miR-195-5p or miR-211-5p and their diagnostic accuracy. (A, B). Large-scale analysis(n=88) of plasma exosomal miR-195-5p and miR-
211-5p levels were assessed with qRT-PCR. (C–E). ROC curve of miR-195-5p, miR-211-5p and their combination in the validation population. (F–H). ROC curve of
CEA, CA19-19 and their combination in validation population. (I). Scatter plot of the linear distribution of miR-195-5p and miR-211-5p expression in all samples
during both phases of training and validation. (J, K). Expression of exosomes miR-211-5p in lymph node metastasis circumstances and different tumor stages
(*p-value<0.05, **p-value<0.01, ***p-value<0.001). (L). OS and survival curves of miR-211-5p expression in gastric cancer in TCGA. (Top-10percentage: indicates
that the 10% patients with the highest expression are compared with the 75% low expression patients).
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CA19-9, which have long been used in clinical practice
previously. We found that the AUC (0.820) of the combined
miRNA were optimal and correlated well with GC disease
progression, and may offer insights into prognosticating,
managing and staging a GC patient.

MiR-195 expression appeared to be downregulated in many
cancers, such as breast, non-small cell lung, hepatocellular,
esophageal and colon carcinomas, suggesting that miR-195 may
be a strong tumor suppressor genes (37–41). There are also many
studies which have verified the role of miR-211 in several kinds of
Frontiers in Oncology | www.frontiersin.org 9200
tumors. Kang M, Ye L et al. have found that miR-211 could
promote the invasive and proliferative capabilities of non-small
cell lung cancer cells via specific pathways (42, 43). Dongmei Zhao
showed that miRNA-211 enhances the ability of colorectal cancer
cells to invade and migrate by targeting FABP4 via PPARg (44). In
our study, we also verified the function of the miRNA-211 andmiR-
195 in vitro, we found that both miRNA-211 and miR-195 could
enhance GC cell migration, invasion and proliferation as well as
inhibits cell apoptosis. These results indicated that miRNA-211 and
miR-195 may correlate to the development of tumor growth and
A B

C

D

E

F

H

G

FIGURE 4 | Upregulated miR-195-5p/miR-211-5p levels augmented the invasive, migratory and proliferative capabilities of GC cells, while suppressing their rate of
apoptosis. (A, B). MiR-195-5p and miR-211-5p expressions in cell exosomes were analyzed with qRT-PCR. (C). Traces of miRNAs in the cell exosomes were
observed under a laser confocal microscope (left: miR-195; right: miR-211), for single large image: (1)the upper left: trace of GFP-labeled exosomes(green); (2)the
upper right: trace of Cy-3 labeled miR-195/211mimics(red); (3)the lower left: DAPI-stained nuclei; (4)the lower right: merge of all groups. (D). MiR-195-5p and miR-
211-5p up and down-regulated efficiency in SGC-7901 cells. (E). Cell proliferation was measured using CCK-8 assay. (F). Flow cytometry was utilized for analysis of
SGC-7901 apoptosis after up or down-regulating miR-195-5p/miR-211-5p levels, the early apoptotic cell ratio(%) was recorded and is presented in the column
chart. (G, H). Transwell and wound healing assays of miR-195-5p/miR-211-5p mimics/NC/inhibitor/inhibitor-NC transfected SGC-7901 cells (*p-value<0.05, **p-
value<0.01, ***p-value<0.001, n.s., no significance). The representative images of cells that had migrated and had been invaded were are shown.
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metastasis, thereby influencing GC prognosis. In addition, the
trends of expression of the two miRNAs in other tumors are
different from those of GC, suggesting that their specificity could
be improved and may be more significant when combined.

However, our research still has some shortcomings. There is a lack
of internal verification in the enrolled population and external blind
verification amongst the unknown population of the miRNA-211
Frontiers in Oncology | www.frontiersin.org 10201
and miR-195. Additionally, we only studied the potential of miRNA-
211 andmiR-195 in GC samples, and have yet to verify them in other
tumors. We were unable to evaluate the specificity of the combined
miRNAs as GC diagnostic markers. Moreover, we have yet to study
the mechanism of the miR-211-5p and miR-195-5p in GC
development, as well as their effect on GC progression in in vivo
experiments. These issues have hindered our ability to venture further
A B C

D

E F

FIGURE 5 | GW4869 inhibits secretion of exosomes from SGC-7901 cells. (A) Release of exosomes from SGC-7901 cells in cells treated with GW4869 or DMSO
detected using Ach E activity assay; (B) MiR-195-5p and miR-211-5p expression in 7901 cells treated with or without GW4869 as measured using RT-qPCR; (C–F).
Cell proliferation, apoptosis, migration and invasion of SGC-7901 cells treated with or without GW4869 as measured using CCK-8 assay, flow cytometry, transwell
and wound healing assay. (*p-value<0.05, **p-value<0.01). The representative images of cells that had proliferated, apoptotic, migrated and had been invaded were
shown. Mean ± SEM of three independent experiments are presented.
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in depth of our study. Further research is necessary to determine the
potential diagnostic and prognostic roles of exosomalmiRNAs inGC,
as well as their impact on GC progression.
CONCLUSION

The effect of plasma exosomal miR-195-5p and miR-211-5p in
the diagnosis of gastric cancer is significant. They can also affect
the function of gastric cancer cells, promote cell proliferation,
inhibit apoptosis, and increase the invasive and migratory ability
of cells. These molecules hold potential as potential biomarkers
for GC detection.
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Background: Given the expanding clinical applications of laparoscopic surgery and
neoadjuvant chemotherapy in advanced gastric cancer treatment, there is an emerging
need to summarize the few evidences that evaluated the safety and efficacy of
laparoscopic versus open gastrectomy in patients with advanced gastric cancer (AGC)
following neoadjuvant chemotherapy (NAC).

Methods: From January 1 to 2, 2021, we searched Ovid Embase, PubMed, Cochrane
central register Trials (Ovid), and web of science to find relevant studies published in
English, and two authors independently performed literature screening, quality
assessment of the included studies, data extraction, and data analysis. This study was
registered with PROSPERO (CRD42021228845).

Results: The initial search retrieved 1567 articles, and 6 studies were finally included in the
meta-analysis review, which comprised 2 randomized control trials and 4 observational
studies involving 288 laparoscopic gastrectomy (LG) and 416 open gastrectomy (OG) AGC
patients treated with NAC. For intraoperative conditions, R0 resection rate, blood
transfusion, intraoperative blood loss, number of lymph nodes dissected, proximal
margin, and distal margin were comparable between LG group and open OG group. For
postoperative short-term clinical outcomes, LG has significantly less postoperative
complications (OR = 0.65, 95%CI: 0.42–1.00, p = 0.05) and shorter postoperative time
to first aerofluxus (WMD = -0.57d, 95%CI: -0.89–0.25, p = 0.0004) than OG, and
anastomotic leakage, pulmonary infection, pleural effusion, surgical site infection,
thrombosis, intestinal obstruction, peritoneal effusion or abscess formation, postoperative
time to first defecation, postoperative time to first liquid diet, and postoperative length of stay
were comparable between the two groups. For postoperative survival outcomes, there
August 2021 | Volume 11 | Article 7042441204
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were no significant differences in disease-free survival (DFS) and overall survival (OS)
between the two groups.

Conclusion: The available evidences indicated that LG is an effective and feasible
technology for the treatment of AGC patients treated with NAC, and LG patients
have much less postoperative complications and faster bowel function recovery than
OG patients.

Systematic Review Registration: PROSPERO database (identifier, CRD42021228845).
Keywords: laparoscopic gastrectomy, open gastrectomy, neoadjuvant chemotherapy, advanced gastric cancer,
safety and efficacy
INTRODUCTION

Gastric cancer is still one of the most common type of
malignancy worldwide, with its morbidity and tumor-related
mortality ranking fifth and fourth, respectively, among all kinds
of cancers. Notably, gastric cancer is responsible for about
770,000 deaths per year (1). Advanced gastric cancer (AGC)
comprises a large proportion of all gastric cancer patients, and
surgeons struggle with how to prolong overall survival (OS) and
improve disease-free survival (DFS). Current therapeutic
strategies for AGC comprise neoadjuvant chemotherapy
(NAC) and radical surgical resection, which have to fulfill
negative surgical margin and harvest sufficient number of
lymph nodes (more than 16) (2–5). One study reported that
operative treatment is the key step for treating progressive gastric
carcinoma (6), and a positive surgical margin will significantly
shorten patient survival time. Over the years, gastrointestinal
surgeons have gradually applied NAC for local treatment of AGC
ever since it was recommended for cancer treatment. The roles of
NAC include downstage of tumor stage, elimination of
micrometastases, and a better tolerance, which are able to
increase the probability of radical surgery and eventually
extend the survival time of cancer patients (7).

According to the available literature, laparoscopic distal
gastrectomy was first implemented in 1994 in Japan, and
laparoscopic-assisted billroth I gastrectomy was used for the
treatment of early gastric cancer patients (8). Since then, we have
witnessed the change of radical gastrectomy from traditional
open surgery to laparoscopic-assisted surgery. Several
randomized control trials (RCT) and meta-analysis studies
have shown that laparoscopic gastrectomy (LG) has essentially
the same efficacy compared to conventional open gastrectomy
(OG) in treating AGC (9–16), including DFS and OS. However,
the laparoscopic approach has obvious advantages over
conventional laparotomy such as less trauma and faster
recovery. These advantages in safety and effectiveness have led
to widespread use of LG in patients with AGC.
tric Cancer; NAC, Neoadjuvant
tomy; OG, Open Gastrectomy; DFS,
JCS, Jadad Composite Scale; NOS, The
le.
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However, the safety and efficacy of LG in patients with
AGC following NAC has not yet been elucidated. The
proinflammatory response induced by chemotherapy produces
proinflammatory cytokines, profibrotic response, and cytotoxic
reaction, thereby leading to the loss of structural integrity in the
tissue and organ function, which presents a new challenge in
laparoscopic surgery (17–26). Moreover, it is not clear whether
smaller trauma in AGC patients who receive NAC is equivalent
to better surgical effectiveness and postoperative safety, and
survival benefit is still a pivotal issue in the clinic. Strikingly,
although a review of literature provides direct evidence of the
issues listed above (27–32), including two RCTs, one prospective
study, and four retrospective studies, all the studies have reported
inconsistent findings. Therefore, further meta-analysis is
urgently required to test the safety and efficacy of using
laparoscopic surgery as an alternative to open surgery for AGC
patients who have completed NAC.

In this study, data was collected from original studies that
consisted of basic characteristics, intraoperative conditions,
postoperative short-term clinical outcomes, and postoperative
survival outcomes. A meta-analysis was then conducted to
determine outcomes of LG versus OG in patients with AGC
following NAC, with results being used to prove the non-
inferiority of LG compared to OG.
MATERIALS AND METHODS

Literature Search
A systemic search was performed by two authors (Liao XL and
Liang XW) on Ovid Embase, PubMed, Cochrane central register
Trials (Ovid), and web of science databases to identify relevant
studies published up to January 2021 according to subject words
and free words adjusted to fit various databases. The search strategy
framework was expressed as follows: ((((open gastrectomy OR open
surgery OR laparotomy OR abdom* operation OR transabdominal
surgery) OR (“Laparotomy”[Mesh])) OR ((minimally invasive
gastrectomy OR laparoscop* gastrectomy OR laparoscop* surgery
OR laparoscop* operation) OR (“Laparoscopy”[Mesh]))) AND
(((gastric cancer OR gastric carcinoma OR stomach cancer OR
stomach neoplasm* OR stomach carcinoma OR gastric tumor OR
stomach tumor)) OR (“Stomach Neoplasms”[Mesh])))
August 2021 | Volume 11 | Article 704244

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Liao et al. A Meta-Analysis
AND ((neoadjuvant chemotherapy OR new adjuvant
chemotherapy OR new auxiliary chemotherapy OR preoperative
adjuvant chemotherapy OR neoadjuvant chemical therapy OR
new supplementary chemotherapy) OR (“Neoadjuvant
Therapy”[Mesh])). The retrieval language was only confined to
English, and the retrieval time was limited to the dates up to 1st or
2nd January 2021. To ensure inclusion of all relevant studies,
references from the selected literature were retrieved by manually
searching to find additional studies that were not detected in the
previous literature search. This meta-analysis was conducted in
accordance with PRISMA statement (33). Notably, ethical approval
from ethics committees or ethics boards was not necessary because
no individual patient was involved in this meta-analysis. The
protocol used in this study was registered on PROSPERO
database with registration number CRD42021228845.

Literature Screening
After completing the preliminary search and removing duplicates,
two authors (Liao XL and Liang XW) independently reviewed the
retrieved articles according to their titles and abstracts in order to
identify the potentially relevant studies for further assessment.
Next, full texts of the eligible studies were downloaded, and a full-
text screening was performed by two authors (Liao XL and Liang
XW) based on the inclusion and exclusion criteria. All
discrepancies were resolved by consensus and then checked by
a third reviewer (Hu JK).

Inclusion and Exclusion
All studies selected for the meta-analysis had to fulfill the
following inclusion criteria: (1) patients with AGC diagnosed
by histopathologic examination; (2) patients undergoing
gastrectomy after completing NAC; and (3) studies that
reported the number of LG patients and OG patients,
respectively. Studies were excluded if they were conference
abstracts, case reports, letters, editorials, reviews, and any type
of study other than a peer-reviewed original research. In
addition, a technique report from national public health
institutes was excluded. Studies that reported other cancer
instead of AGC, such as gastrointestinal stromal tumors and
esophageal carcinoma, and studies that did not separate AGC
from the above tumors were also excluded. With regard to two or
more eligible studies conducted on the same population, the
study involving multiple centers, providing more information,
and involving more patients was included.

Data Extraction
Firstly, we created a ‘basic characteristics’ table using basic
characteristics of included studies to extract the basic
information of studies that contribute data to this meta-
analyses as the pre-specified outcomes. Next, two authors (Liao
XL and Liang XW) extracted data separately from each included
study, and all data were entered into the data and information
extraction table, including intraoperative conditions,
postoperative short-term clinical outcomes, and postoperative
survival outcomes. In instances where sufficient information
could not be obtained from publicly available data sources,
Frontiers in Oncology | www.frontiersin.org 3206
the incomplete information was obtained by contacting the
corresponding author of the original study.

Quality Assessment
Two independent researchers assessed the methodological
quality of two RCTs, one prospective study, and four
retrospective studies, with disagreements being resolved by
consultation. Jadad Composite Scale (JCS) was used to assess
the methodological quality of RCTs (34). JCS contains four
broad categories, which assess randomization, double-blinding,
and description of withdrawals and dropouts. For each question
in the categories, an affirmative response was awarded one point,
while a negative response was awarded a zero point. A score of 0–
2 was regarded as “low quality”, while a score of 3–5 was deemed
as “high quality”. Moreover, the Newcastle Ottawa Quality
Assessment Scale (NOS) was used to assess the quality of non-
randomized controlled trial (35). NOS was classified into three
categories containing selection, comparability, and exposure/
outcome, which were then divided into eight entries. A
maximum of one star was awarded for every high quality item
of selection and exposure/outcome, and a maximum of two stars
could be added into the items categorized under comparability.
Finally, the included studies were classified into low quality (0–5
stars) and high quality (6–9 stars) based on the number of stars.

Statistical Analysis
In this study, I2 and Q statistics were used to measure
heterogeneity among the included studies. Results with I2>50%
or P<0.1, taking into account the heterogeneity across studies,
including inclusion and exclusion criteria heterogeneity,
chemotherapy regimens, surgical technique heterogeneity, and
medical conditions heterogeneity, were considered to have
substantial heterogeneity, and thus, data synthesis analyses
were carried out using a random-effects model to adjust for
weighting of studies. Otherwise, the fixed-effects model was used.
Weighted mean with 95% confidence intervals (CIs) was
calculated for continuous variables, including intraoperative
blood loss, number of dissected lymph nodes, proximal
margin, distal margin, postoperative time to first aerofluxus,
postoperative time to first defecation, postoperative time to first
liquid diet, and postoperative length of stay. On the other hand,
odds ratios (ORs) with 95% CIs were calculated for dichotomous
outcomes, including R0 resection, blood transfusion,
postoperative complications, anastomotic leakage, pulmonary
infection, pleural effusion, surgical site infection, thrombosis,
intestinal obstruction, and peritoneal effusion or abscess
formation. Moreover, hazard ratio with 95% CIs was calculated
for OS and DFS. To determine whether different studies had
different effect on the overall results of the meta-analysis,
sensitivity analysis was conducted by sequentially removing
each single study from the meta-analysis and re-running the
meta-analysis. Both the fixed and random models were
performed to assess whether model selection had an important
influence on results of the meta-analysis. All of the analyses were
performed using RevMan 5.4.1 software (https://tech.cochrane.
org/revman), Microsoft Excel 2013, and Engauge Digitizer
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https://tech.cochrane.org/revman
https://tech.cochrane.org/revman
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Liao et al. A Meta-Analysis
software 11.1 (http://digitizer.sourceforge.net). In addition, all
reported statistical tests were two-tailed with alpha level of 0.05.
RESULTS

Literature Search and Screening
In total, 1567 articles were initially identified from electronic
databases, of which 1241 were determined to be unique literatures
after conducting automatic de-duplication. Among the 1241
articles, 1229 were excluded after title and abstract review,
thereby leaving 12 articles for full-text eligibility review. Five
studies were excluded because they were conference abstracts, and
one protocol study was excluded due to unavailability of data. No
additional studies were found after hand-searching reference lists.
Finally, there were only six eligible studies that fulfilled all
inclusion criteria for this meta-analysis, and thus, they were
used to perform both qualitative and quantitative analyses. It is
worth noting that publication bias was not statistically performed
Frontiers in Oncology | www.frontiersin.org 4207
because only six studies were included. The entire systematic
literature review showing the process of literature retrieval and
screening was illustrated using the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) flow diagram,
and is presented in Figure 1.

Study Characteristics
Table 1 shows the basic characteristics of the included studies.
The six studies were published between 2016 and 2020, and they
involved a total of 644 AGC patients treated with LG or OG
following NAC from January 2007 to June 2018. Of the 644
patients who underwent surgery, 228 (35.4%) patients
underwent LG, and 416 (64.6%) patients received OG. The
NAC regimens included XELOX, FOLFOX, SOX, CAPOX, SP,
TXT, TCF, DOS, ECC, ECF, EOX, FLOT, and other
chemotherapy regimens. Results showed that there were no
significant differences in sex, body mass index (BMI),
American Society of Anaesthesiology (ASA) scores, objective
response rate (ORR), clinical TNM stage, ypT3 or T4 stage,
FIGURE 1 | PRISMA selection flow diagram.
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ypN2 or N3 stage, resection range, reconstruction approach, and
tumor longitudinal between the LG group and OG group in the
included studies (Table 2). In addition, AGC patients in the OG
group were 1.83 years older than in the LG group. The quality of
each of the six studies was evaluated using the Newcastle-Ottawa
Scale (NOS) for prospective or retrospective studies and JCS for
randomized controlled trials. Based on the NOS assessment,
three retrospective studies received seven out of nine stars
indicating high quality, and one prospective study scored eight
stars also indicating high quality. Furthermore, JCS assessment
showed that the two RCT studies had high quality assessment
scores, three.

Intraoperative Conditions
Three studies reported R0 resection, which was defined as a
microscopic margin-negative resection with tumor-free margin
Frontiers in Oncology | www.frontiersin.org 5208
greater than 1 mm (27, 30, 31). Results obtained from the pooled
analysis showed that 107 (95.5%) out of the 112 AGC patients
who underwent LG received R0 resection, while 123 (96.1%) out
of 128 AGC patients who received OG received R0 resection,
with OR = 0.88, 95%CI: 0.26–2.91, p = 0.83, and a moderate
heterogeneity (I2 = 37%). Blood transfusion was recorded in
three studies (27, 31, 32), with the pooled results indicating that
17 (12.2%) out of 139 AGC patients who were assigned to LG
required blood transfusion, and 22 (15.5%) out of 142 AGC
patients who underwent OG received blood transfusion (OR =
0.72, 95%CI 0.35–1.49, p = 0.64, and I2 = 0%). All six studies
described intraoperative blood loss and the number of dissected
lymph nodes (27–32), with the weighted mean differences for
intraoperative blood loss and the number of dissected lymph
nodes of LG versus OG being -8.76 ml (CI: -28.17–10.65, p =
0.38, and I2 = 36%) and -0.33 (CI: -2.76–2.01, p = 0.78, and
TABLE 2 | The meta-analysis of clinical features of AGC patients following NAC between LG group and OG group.

Characteristics No. of study LG OG Test of heterogeneity Model Meta-analysis

I2 (%) P value OR or MD (95%CI) P value

Age (years) 6 228 416 0 0.90 Fixed -1.83 years* [-3.45, -0.21] 0.03
Sex (male) 6 228 416 0 0.53 Fixed 0.89 [0.61, 1.28] 0.52
BMI (kg/m2) 5 188 195 0 0.45 Fixed 0.40 kg/m2* [-0.31, 1.11] 0.27
3 ASA scores (high risk) 4 132 147 0 0.72 Fixed 1.03 [0.54, 1.95] 0.93
ORR# 4 161 342 0 0.51 Fixed 1.06 [0.68, 1.67] 0.79
StageII (clinical TNM stage&) 5 181 367 53 0.07 Random 0.84 [0.40, 1.80] 0.66
StageIII 5 181 367 54 0.07 Random 1.08 [0.51, 2.32] 0.83
ypT3 or T4 stage 2 94 97 0 0.42 Fixed 0.96 [0.54, 1.73] 0.9
ypN2 or N3 stage 2 94 97 52 0.15 Random 1.30 [0.50, 3.41] 0.59
Proximal resection 6 228 416 0 0.63 Fixed 0.93 [0.53, 1.65] 0.81
Distal resection 6 228 416 0 0.93 Fixed 1.12 [0.75, 1.69] 0.58
Total resection 6 228 416 0 0.89 Fixed 0.93 [0.62, 1,39] 0.71
Billroth-I 3 112 117 23 0.27 Fixed 0.50 [0.24, 1.02] 0.06
Billroth-II 3 112 117 72 0.03 Random 1.46 [0.39, 5.37] 0.57
Roux-en-Y 3 112 117 66 0.09 Random 1.12 [0.36, 3.44] 0.85
Upper one-third (tumor location) 3 141 314 0 0.81 Fixed 1.10 [0.66, 1.84] 0.71
Middle one-third 3 141 314 0 0.96 Fixed 1.37 [0.82, 2.29] 0.23
Lower one-third 3 141 314 0 0.56 Fixed 0.64 [0.39, 1.04] 0.07
August 2021 | V
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AGC, advanced gastric cancer; LG, laparoscopic gastrectomy; OR, Odds Ratio; MD, mean difference; BMI, body mass index; ASA, The American Society of Anesthesiologists; ORR,
Objective response rate; TNM, Tumor, Node and Metastasis.
*Mean Difference (MD) was calculated; #Tumor responses evaluation was performed using the Response Evaluation Criteria in Solid Tumors (RECIST) guideline (v1.0) (36); &According to
the Japanese Classification of Gastric Cancer (37).
TABLE 1 | Basic characteristics of included studies.

Reference Country Study
interval

Study
design

Sample
size

Number of patients
(T vs. C)

NACT regimen (T vs.. C), % Quality
assessment

Li 2019 (27) China 2015.4–2017.11 RCT 95 47 vs. 48 XELOX 3 scores*
Li 2016 (28) China 2012.9–2014.3 P 44 20 vs. 24 FOLFOX; SOX; CAPOX 8 stars#

Wang 2020 (29) China 2007.1–2016.12 R 270 49 vs. 221 XELOX; FOLFOX; SOX; SP; TXT+XELOX; TCF;
DOS; TXT+SP; Others

7 stars#

Fujisaki 2018 (30) Japan 2009.11–2018.1 R 49 20 vs. 29 SP; SOX; tmab+SOX; tmab+CAPOX 7 stars#

Xi 2019 (31) China 2013.6–2016.3 R 90 45 vs. 45 XELOX; SOX; 7 stars#

Wielen 2020 (32) Europe 2015.1–2018.6 RCT 96 47 vs. 49 ECC; ECF; EOX; FOLFOX; FLOT; Others 3 scores*
T, Laparoscopic surgery; C, Open surgery; R, Retrospective study; P, Prospective study; RCT, Randomized controlled trial; NA, Not available; XELOX, Capecitabine and Oxalplatin;
FOLFOX, Leucovorin Calcium, Fluorouracil and Oxaliplatin; SOX, Oxaliplatin, Tegafur, Gimeracil and Oteracil; CAPOX, Capecitabine and Oxalplatin; SP, Cisplatin, Tegafur, Gimeracil and
Oteracil; TXT, Docetaxel; TCF, Docetaxel, Carboplatin and 5-fluorouracil; DOS, Docetaxel, Oxaliplatin, Tegafur, Gimeracil and Oteracil; ECC, Epirubicin and cyclophosphamide; ECF,
Epirubicin, Cisplatin and Fluorouracil; EOX, Epirubicin, Oxaliplatin and Capecitabine; FLOT, Docetaxel, Oxaliplatin, Leucovorin and Fluorouracil.
*Jadad Composite Scale (JCS); #The Newcastle Ottawa Quality Assessment Scale (NOS).
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I2 = 36%), respectively. Proximal and distal margins, which were
defined as distance from the proximal or distal resection margin
to the edge of the tumor area, were reported in three studies (27,
28, 31), and the weighted mean differences were -0.28 mm (95%
CI: -1.05–0.49, p = 0.47, and I2 = 59%) and -0.36 mm (95%CI:
-0.87–0.14, p = 0.16, and I2 = 0%), respectively. The pooled
results showed no change for all intraoperative conditions when
sensitivity analyses were performed, and the conversion between
random-effects and fixed-effects model did not influence the
pooled results using RevMan5.4.1 software. These results are
shown in Figure 2.
Frontiers in Oncology | www.frontiersin.org 6209
Postoperative Short-Term Clinical
Outcomes
All six studies provided the number of patients who developed
postoperative complications (27–32). Pooled results displayed
that 43 (18.9%) out of 228 AGC patients experienced
postoperative complications after LG, while 85 (20.4%) out of
416 patients who underwent OG experienced postoperative
complications, with OR = 0.65 (95%CI: 0.42–1.00, p = 0.05,
and I2 = 35%). Figure 3 shows results obtained after comparing
both groups with regard to all common complications, including
anastomotic leakage (27, 29, 30, 32), pulmonary infection
A

B

C

D

E

FIGURE 2 | Intraoperative conditions: (A) R0 resection; (B) Blood transfusion; (C) No. of lymph nodes dissected; (D) Proximal margin; (E) Distal margin.
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(27, 29–32), pleural effusion (27, 29, 31), surgical site infection
(29–32), thrombosis (30–32), intestinal obstruction (27, 29, 30),
and peritoneal effusion or abscess formation (27, 29–32). Three
studies reported the postoperative time to first aerofluxus (27, 28,
31), and the mean difference between the LG group and the OG
group was -0.57 day (95%CI -0.89–0.25, p = 0.0004, and I2 = 0%)
(27, 28, 31). Three studies described the postoperative time to
first defecation (27, 28, 32), and the mean difference was 0.01 day
(95%CI -0.25–0.27, p = 0.94, and I2 = 0%). Five studies reported
the postoperative time to first liquid diet (27, 28, 30–32), and the
mean difference between the two groups was -0.25 day (95%CI
-0.63–0.13, p = 0.2, and I2 = 0%). The postoperative length of stay
Frontiers in Oncology | www.frontiersin.org 7210
was reported in all six studies, and the mean difference was -0.18
day (95%CI -0.75–0.38, p = 0.53, and I2 = 36%). The pooled
results showed no change when sensitivity analyses were
performed, with exception of postoperative complications,
distal margin, and postoperative time to first aerofluxus.
Moreover, the conversion between random-effects and fixed-
effects model did not influence all the pooled results using
RevMan5.4.1 software. For postoperative complications, no
significant bias was found in the study by Li et al. (27); thus,
we retained the study during pooled analysis of postoperative
complications. However, for postoperative time to first
aerofluxus, the authors reported a more conservative and
A B

C D

E F

G H

I J

K L

FIGURE 3 | Postoperative short-term clinical outcomes: (A) Postoperative complications; (B) Anastomotic leakage; (C) Pulmonary infection; (D) Pleural effusion;
(E) Surgical site infection; (F) Thrombosis; (G) Intestinal obstruction; (H) Peritoneal effusion or abscess formation; (I) Postoperative time to first aerofluxus, day;
(J) Postoperative time to first defecation, day; (K) Postoperative time to first liquid diet, day; (L) Postoperative length of stay, day.
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cautious diet management (27), which may have influenced the
pooled result. Thus, the study was removed from the pooled
analysis. Figure 3 shows all pooled results of postoperative short-
term clinical outcomes.

Postoperative Survival Outcomes
OS was reported in four studies, which comprised a total of 505
AGC patients, of whom 161 underwent LG and 344 received OG.
A random-effect model was used to analyze the OS data because
the heterogeneity was 53%, indicating a high heterogeneity, and
the HR value for OS was 1.14 (LG vs. OG, 95%CI: 0.67–1.95 and
p = 0.63). DFS was reported in two studies that involved 319 AGC
patients, of which 69 underwent LG and 255 received OG. Data
was synthesized using a fixed-effect model, and DFS HR (95%CI)
value was 1.26 (0.82–1.94), with p = 0.29 and I2 = 0%. There was
no change in the pooled results when sensitivity analyses were
performed, and the conversion between random-effects and
fixed-effects model did not influence the pooled results using
RevMan5.4.1 software. These results are shown in Figure 4.
DISCUSSION

There is an urgent need to evaluate the safety and efficacy of
performing LG in AGC patients following NAC due to the
expanding use. For AGC patients who received NAC, it is
inappropriate to directly use results reported in previous
systematic review and meta-analysis studies, which compared
safety and efficacy of LG versus OG in AGC patients who did not
Frontiers in Oncology | www.frontiersin.org 8211
receive NAC (38–41) because they ignored the impact of NAC
on the surgical procedure (42). The studies provide unreliable
evidences that may extremely scale up or scale down safety and
efficacy differences between LG and OG. Therefore, it is vital to
summarize current evidences in order to guide the choice of
surgical procedure for AGC patients following NAC. In this
meta-analysis, we performed a pooled analysis, which compared
the efficacy and safety of LG versus OG for AGC patients who
received NAC before radical surgery.

For intraoperative conditions, both LG and OG reached high
R0 resection (more than 95%), and there were no significant
differences between the LG group and the OG group. An
important and meaningful point was to determine whether LG
showed sufficiently high R0 resection rate that was comparable to
OG, because fibrosis and edema of cancer foci after NAC had an
impact on the surgical safety and efficacy (42). The American
Joint Committee on Cancer (AJCC) recommended that at least
15 lymph nodes should be examined for GC patients to ensure
accurate and robust N staging (43). Recent studies have revealed
that AGC patients with dissection of more than 25 lymph nodes
had longer survival time (44), and dissection of more than 29
lymph nodes enabled maximization of survival benefit for AGC
patients (45). The results of this meta-analysis have shown that
the mean number of lymph nodes resected in the LG group
exceeded 29 lymph nodes, and there was no significant difference
in the number of dissected lymph nodes between LG and OG
for AGC patients with NAC. Intraoperative blood loss and
intraoperative blood transfusion results were not consistent
with findings reported in previous studies (14, 16, 46),
A

B

FIGURE 4 | Postoperative survival outcomes: (A) Disease free survival; (B) Overall survival.
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and they showed no significant differences between the LG group
and the OG group. One possibility for these discordant results
was that NAC caused lesional tissue edema and fibrosis, which
added to the difficulty of hemostasis performed by laparoscopic
surgery (17–26). Moreover, there were no significant differences
in the proximal and distal margin between LG and OG patients,
which was perhaps because proximal and distal margin mainly
depended on the technical proficiency of the surgeon and
biological characteristics of tumor.

With regard to postoperative short-term clinical outcomes, the
LG group showedmuch less postoperative complications than the
OG group for AGC patients with NAC, which was consistent with
the findings reported in the included RCT study (27). This can be
attributed to the intrinsic advantages of laparoscopic surgery in
terms of clear surgical view and mild surgical manipulation,
which makes manipulating organ, and dissociating nerves and
blood vessels easier. Another probable reason is that the
application of sophisticated equipment during laparoscopic
surgery such as the LigaSure vessel sealing system (LVSS) and
the harmonic scalpel decreases the surgery damage inflicted to the
normal tissues, thereby reducing postoperative complications
(47). Furthermore, there were no significant differences in a
variety of factors that could influence the postoperative short-
term clinical outcomes including sex, body mass index (BMI),
American Society of Anaesthesiology (ASA) scores, objective
response rate (ORR), clinical TNM stage, ypT3 or T4 stage,
ypN2 or N3 stage, resection range, reconstruction approach,
and tumor longitudinal between the LG group and OG group
(48, 49). Although a previous study demonstrated that LG was
capable of reducing the incidence of pulmonary and
cardiovascular adverse events (50), results obtained in this
study showed that the incidence of pulmonary infection, pleural
effusion, and thrombosis were strikingly low (≤5%), and there
were no significant differences between the LG group and the OG
group for AGC patients with NAC. We hypothesize that this
difference could be attributed to improvement of postoperative
nursing, where medical staff encouraged and instructed patients
to employ integrated control measures, including effective cough
and expectoration, inhalation of sputum via aerosolized droplets,
and early out-of-bed mobilizations. Previous studies have
reported that anastomotic fistula is predominantly associated
with surgical equipment and proficiency of the surgeon (51–
53), and different surgical approaches have less impact on the risk
of developing anastomotic fistula. In this meta-analysis, the
incidence of anastomotic fistula was low in both the LG group
and the OG group (≤5%), and it was comparable between the two
groups. A previous study reported a significantly decreased
incidence of postoperative infections due to the use of
perioperative antibiotic prophylaxis (54). In this study, results
showed that no significant differences were found in the
occurrence of peritoneal effusion or abscess formation and
surgical site infection between the LG group and the OG group.
Surgical manipulations will stimulate the gastrointestinal tract
nerves, reflexively resulting in inhibition of gastrointestinal
peristalsis. Therefore, the extent of inhibition was greatly
Frontiers in Oncology | www.frontiersin.org 9212
associated with proficiency of gastrointestinal surgeons rather
than surgical ways (53), and our pooled result of the incidence of
intestinal obstruction was comparable between the LG group and
the OG group (p≤0.05). Previous clinical trials consistently
reported that AGC patients with LG who had not received
NAC had a quicker recovery of bowel function, including faster
postoperative time to first aerofluxus, postoperative time to first
defecation, postoperative time to first liquid diet, and a shorter
hospital stay (13, 14, 55, 56). Results revealed that, with exception
of postoperative time to first aerofluxus, there were no significant
differences in postoperative time to first defecation, postoperative
time to first liquid diet, and hospitalization time between the LG
group and the OG group. The lack of statistical differences may be
because chemotherapeutic drugs have effects on recovery of bowel
function and the unblended study design introduced substantial
information bias. Moreover, the lack of high-quality evidences
supporting the application of LG in AGC patients with NAC may
make surgeons to be more conservative and cautious in diet
management and hospital discharge criteria of postoperative
patients, which partially explains why our results were
inconsistent with results reported in previous studies.

With regard to postoperative survival outcomes, there were
no significant difference in DFS and OS between the LG group
and the OG group for AGC patients with NAC. A previous study
indicated that when surgical margins fulfilled R0 resection
criteria and the number of removed lymph nodes was
sufficient, the intrinsic biological characteristic of gastric cancer
greatly determined the survival time (57).
CONCLUSION

Overall, LG was an effective and safe treatment approach for
AGC patients with NAC, and LG and OG were comparable in
intraoperative conditions, postoperative short-term clinical
outcomes, and postoperative survival outcomes. Moreover, LG
exhibited lower postoperative complication rate compared to
OG. These results suggest that surgeons should perform LG for
AGC patients who receive NAC.
LIMITATIONS

Some important limitations were presented in this meta-analysis.
On the one hand, the study only contained six original studies
involving 644 patients, which may have led to false negative
results. On the other hand, some uncontrollable factor
differences existed among studies. For example, both NAC
regimens and the surgeon proficiency for LC and OG varied
among the included studies, which may have introduced
substantial bias. In addition, the younger patients in the LG
group may have had better health than patients in the OG group.
Therefore, high-quality, multicenter, and large sample RCT
studies should be urgently performed to confirm our findings.
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Gastric linitis plastica (GLP) is a descriptive term but lacks a quantitative definition. Several
relatively quantitative criteria had been proposed, such as tumor involving a limit of one-
third or two-thirds of the gastric surface. However, these criteria needed doctors to
subjectively judge tumor infiltration area, which made diagnosis difficult to be objective and
reproducible. This study aimed to propose a quantitative diagnostic criterion for
distinguishing GLP. We performed a retrospective cohort study of 2,907 patients with
Borrmann III and IV gastric cancer (GC) who underwent gastrectomy between 2011 and
2018 in our center. The Kaplan–Meier curves showed that patients with an observed
tumor size more than 8 cm had obviously lower overall survival (OS) and disease-free
survival (DFS) rates than those with a size less than 8 cm(p < 0.001; p < 0.001). However,
there was no significantly different prognosis of patients with tumor sizes between more
than 8 cm and more than 10 cm (p = 0.248; p = 0.534). Moreover, patients with tumor
sizes greater than 8 cm more presented with advanced stage and had extremely poor 3-
year OS and DFS (31.4%; 29.3%), with a stronger propensity toward peritoneal
metastasis. Therefore, we considered patients’ observed tumor size more than 8 cm as
a critical value for distinguishing the prognosis of Borrmann III and IV GC. Furthermore, we
proposed an observed tumor size more than 8 cm as a quantitative diagnostic criterion for
GLP on the premise of satisfying the originally descriptive and pathological definition
regardless of Borrmann type.

Keywords: linitis plastica, quantitative definition, CT, tumor size, neoadjuvant therapy
INTRODUCTION

Gastric cancer (GC) is the fifth malignancy worldwide and the second most commonly diagnosed
cancer in China (1, 2). Gastric linitis plastica (GLP) is a special phenotype of GC found in 7%–14%
of cases and represents a particular entity (3). It is characterized macroscopically as a thickened
stomach, with prominent diffusion of the tumor into the submucosal and muscular layers and
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microscopically by the association with signet ring cell features
and diffuse and scirrhous histologic types (4, 5). GLP has a
special predominance of distant lymph node metastasis,
peritoneal metastasis, and ascites (6–8). As such, curative
resection is possible in less than half of patients, and early
recurrence is common, leading to a poor prognosis, median
survival ranging from 6 to 12 months, and 5-year survival
between 8% and 13% (9–13).

Despite these specific features, GLP still lacks a clear and
standardized definition. GLP is used interchangeably with
“Borrmann IV type carcinoma” and “scirrhous carcinoma”
(12). However, these terms only include the partial
characteristics of GLP and are often indiscriminately used to
lead to confusion in the literature (6). The original definition of
GLP is based on preoperative gastroscopy biopsies, CT scan, and
postoperative surgical specimens. However, many GLP patients
affected by advanced disease would not undergo gastrectomy, so
that the typical definition based on postoperative surgical
specimens would not always be possible. Moreover, the
increasingly common practice of neoadjuvant chemotherapy or
radiotherapy increases the need for preoperative diagnosis of
GLP (14). In recent years, there has been an increasing
development of liquid biopsy, defined as the preoperative
sampling and analysis of GLP tissue (15). However, the
repeatability and sensitivity of liquid biopsy are quite different.
The concordance between fluid biopsy markers and clinical
phenotypes is not satisfactory. Therefore, there is a need for a
simple and specifically macroscopic criterion that could be used
in clinical practice to aid surgeons and oncologists to arrive at a
definite diagnosis preoperatively (16).

Several relatively quantitative criteria had been proposed in
recent years. Pedrazzani et al. (11) defined GLP as a thickening
and stiffening of the gastric wall that involved circumferentially at
least one-third of the stomach. Then, Endo et al. (17) considered
GLP as a gastric wall involving more than two-thirds of the
stomach. Recently, Agnes et al. (6) proposed the definition as a
thickening of the gastric wall that involved more than one-third of
the gastric surface as a circumferential involvement of more than
one area or a semicircular involvement of more than two areas.
However, these definitions tended to be descriptive concepts and
needed doctors to subjectively judge whether the tumor is more
than one-third or two-thirds of the gastric surface by endoscope or
CT scan, which made it difficult for surgeons and oncologists from
different institutions to guarantee a uniform identification. Thus,
the definition should be macroscopic, with a quantitatively critical
value that the GLP phenotype is clearly identifiable preoperatively.

The Gastrointestinal Oncology Study Group of Japan Clinical
Oncology Group (JCOG) grouped Borrmann IV with large
Bormann III GC (≥8 cm in diameter) together in JCOG0210
and JCOG0501 due to the large Borrmann III with the same
biological characteristics as Borrmann IV GC (18–20). In
reference to Japanese studies, we proposed whether an
observed tumor size ≥8 cm preoperatively by stomach
enhanced CT scan could be used as a quantitative diagnosis for
GLP on the premise of meeting the descriptive and pathological
definition in China. The objective of this retrospective study was
Frontiers in Oncology | www.frontiersin.org 2216
to propose a clearly quantitative diagnosis for GLP by survival
analysis on the premise of satisfying the originally descriptive
and pathological definition. Moreover, we explored
clinicopathologic factors and evaluated the prognosis of GLP
patients with or without neoadjuvant chemotherapy or
radiotherapy. Our results would provide a firm foundation for
the standardized and reproducible definition of GLP and help to
define the best therapeutic options for it.
MATERIALS AND METHODS

Patient Population
We retrospectively collected the records of 8,659 patients who
underwent gastrectomy for GC between 2011 and 2018 in Fudan
University Shanghai Cancer Center. All the records were
reviewed by the same person (YH) to minimize missing data
and control concordance. Information collected from medical
records included age, sex, preoperative chemotherapy or
chemoradiotherapy, surgical procedure, observed tumor size,
pathological tumor size, pathologic stage, overall survival (OS),
and disease-free survival (DFS). The study was conducted in
accordance with the Declaration of Helsinki, and the protocol
was approved by the ethics committee of Fudan University
Shanghai Cancer Center (Project 1611166-2). The consent to
participate was exempted in our study for the reason that this
was a retrospective study only about clinical information.
Observed Tumor Size
The observed tumor size is the maximum diameter of tumor
measured preoperatively by stomach enhanced CT scan (21).
The detailed methods are as follows. The stomach enhanced CT
is performed using 64-section CT. Before CT examination, a
patient should be prepared by overnight fasting or fasting for at
least 6 h to empty the stomach. About 800–1,000 ml warm water
is administered orally to distend the gastric lumen 10 min before
the CT scan. The degree of gastric distension is considered to be
adequate when the gastric lumen is distended greater than 50%
of the expected maximal luminal distension. Our team estimates
tumor size of GC with respect to the maximum long-axis
diameter at the portal venous phase CT (60 s after the trigger
threshold 100 HU on the abdominal aorta) (22). If there is no
preoperative stomach enhanced CT scan in our center, we would
make intraoperative tumor size instead of it based on the surgical
records. Intraoperative tumor size is defined as the maximum
diameter of tumor that is measured according to the JCGC
criteria (23). Briefly, the resected stomach is scissored open along
the greater curvature firstly so that the tumor lesions could be
maintained intact. If the tumor is located at the greater curvature,
the excised specimen would be cut open along the lesser
curvature. The opened specimen is then affixed to a flat board,
and the maximum diameter of tumor is measured and recorded.
When tumor margin is unclear such as Borrmann IV GC, the
resected stomach is then fixed by formalin for 1 h to make the
margins clearer.
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Pathological Tumor Size
The pathological tumor size is the long-axis diameter of tumor
according to the pathological report in our center. The detailed
method of measurement for tumor is according to the JCGC criteria
after the resected stomach has soaked in formalin overnight.

Preoperative Therapy
According to the National Comprehensive Cancer Network
(NCCN) guideline, advanced GC before radical surgery is
generally recommended to be treated with either preoperative
chemotherapy alone or preoperative induction chemotherapy
followed by chemoradiation therapy. Preoperative chemotherapy
is mostly that patients receive two or three cycles of S-1 and
oxaliplatin (SOX, lasting 21 days) before surgery in our center.
Chemoradiation is mostly that patients receive two cycles of SOX
plus 45 Gy radiation administered concurrently with S-1 before
surgery in our center (24).

Statistical Analysis
All data and survival analyses were calculated using SPSS version
19.0 statistical software (SPSS, Chicago, USA). The clinical
characteristics of patients were expressed as means with
standard deviations. The significance of the covariate
differences was determined using a two-tailed c2 or Fisher’s
exact test where appropriate. OS was calculated from the date of
operation to the date of death or was censored at last follow-up.
DFS was calculated from the date of operation to the first
documented radiological recurrence or GC-related death.
Survival curves were estimated with the Kaplan–Meier method
and compared with the log-rank test. A Cox proportional
hazards model was used to investigate the multivariate analysis
and independent prognostic factors. All p-values <0.05 were
considered to be statistically significant.
RESULTS

Patients’ Characteristics
The files of 7,709 patients who underwent gastrectomy for GCwere
reviewed. As the objective of this study was to propose a
quantitative diagnosis for GLP by survival analysis, we only
selected Borrmann III and Borrmann IV gastric adenocarcinoma
as study population referring to JCOG0210 and JCOG0501.
Among the 3,839 cases of Borrmann III and Borrmann IV, 932
records were not analyzable due to missing follow-up information
or incompletely clinicopathologic data. In the remaining 2,907
patients, 199 cases with preoperative chemotherapy and 24 cases
with preoperative chemoradiotherapy needed to consider the
influence of chemotherapy or radiotherapy on prognosis.
Therefore, a total of 2,684 patients were included in the analysis
of quantitative diagnosis for GLP grouping by tumor
size (Figure 1).

The general characteristics of the 2,684 GC were presented in
Table 1. The group was composed of 2,382 Borrmann III and
302 Borrmann IV GC. The patient population of stages I, II, III,
and IV were 264, 626, 1,745, and 49 cases, respectively. We
Frontiers in Oncology | www.frontiersin.org 3217
classified the patients as five groups based on observed and
pathological tumor diameter: d < 3 cm, 3 ≤d < 5 cm, 5 ≤ d < 8 cm,
8 ≤ d < 10 cm, d ≥ 10 cm. We were surprised to find that 11.9%
(36/302) of patients’ pathological tumor sizes were less than
3 cm, and 25.8% (78/302) of patients’ sizes were between 3 and
5 cm among 302 Borrmann IV GC according to our pathological
reports. This Borrmann IV GC obviously cannot be called GLP,
which was why we have to do this study.

Moreover, Cox univariate analysis suggested that the
decreased OS and DFS were associated with age, tumor
location, observed and pathological tumor size, pT stage, pN
stage, pM stage, American Joint Committee on Cancer (AJCC)
stage, and differentiation. Multivariate analysis confirmed that
age, observed tumor size, pT stage, pN stage, and pM stage
remained as independent prognostic factors in Borrmann III and
IV GC, not including pathological tumor size (Table 1).

Thus, Kaplan–Meier curves were used to estimate the survival
of 2,684 GC specimens grouped by observed tumor size
according to the Cox analysis results (Figure 2). It was shown
that patients with an observed tumor size more than 8 cm had
obviously lower OS and DFS rates than those with size less than 8
cm(p < 0.001; p < 0.001). However, there was no significantly
different prognosis of patients with observed tumor sizes
between more than 8 cm and more than 10 cm (p = 0.248; p =
0.534) (Figures 2A, B). Furthermore, to remove the influence of
the tumor stage on prognosis, the patients were stratified based
on the AJCC stage to analyze Kaplan–Meier curves (Figure S1).
The results showed that the group of patients with more than 8-
cm tumor had worse OS and DFS rates than that with less than
8 cm at stage III disease (p < 0.001; p < 0.001) (Figure S1 C1, 2).
In other stages, there was no statistical difference in survival
curves among different size groups due to the small sample of
tumor size with more than 8 cm, such as 3/263 at stage I, 44/626
at stage II, and 9/49 at stage IV (Figure S1 A, B, D). Therefore,
patients’ observed tumor size more than 8 cm was a critical value
for distinguishing prognosis of Borrmann III and IV GC based
on survival analysis. Furthermore, we proposed a preoperatively
observed tumor size larger than 8 cm as a quantitative diagnostic
criterion of GLP on the premise of satisfying the originally
descriptive and pathological definition regardless of Borrmann
III or Borrmann IV type.

Gastric Linitis Plastica Characteristics
According to Our Criteria
According to our quantitative standards, of the 2,684 patients in
our study, 343 (12.8%) met our quantitatively diagnostic criteria
of GLP. Among 343 GLP patients, we found that Borrmann III
GC was in the majority, accounting for 69.7% (239/343), rather
than Borrmann IV type (Figure S2). The age of GLP varied from
22 and 84, with a median age of 59, and the male-to-female ratio
was 2.3:1 (Table 2). The median OS of GLP after radical
gastrectomy was 20 months, and the median DFS of GLP was
18 months. The 3- and 5-year OS rates were 31.4% and 17.9%,
respectively, and the 3- and 5-year DFS rates were 29.3% and
19.8%, respectively, in the GLP group (Figures 3A, B). However,
in the non-GLP group, 3- and 5-year OS rates were 65.6% and
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54.8%, respectively, and the 3- and 5-year DFS rates were 63.3%
and 55.2%, respectively. GLP had a significantly shorter OS and
DFS than did those without GLP (p < 0.001; p < 0.001)
(Figures 3A, B).

The comparative analysis of the clinical characteristics of the
GLP and non-GLP specimens was presented in Table 2. GLP
patients had more total gastrectomy (77.8% vs. 35.6%) and had
signet ring cell (36.2% vs. 22.1%) and poorly differentiated
histologic types (64.7% vs. 48.3%) than those with non-GLP
(Table 2). Peritoneal metastasis and positive peritoneal lavage
cytology were more frequent in the GLP group than in the non-
GLP group (6.4% vs. 1.1% and 7.1% vs. 0.9%, respectively). The
proportion of pT3+4 stage and pN2+3 stage in the GLP group
was obviously higher than that in the non-GLP (97.4% vs. 79.4%
and 79.9% vs. 54.5%, respectively). GLP patients were more
frequently with positive tumor thrombus in vessel and lymph
and tumor invasion in nerve than non-GLP patients (70.8% vs.
57.2%, 86.6% vs. 73.8%, and 77.3% vs. 61.8%, respectively).

Furthermore, we compared the survival rates and prognoses
of GLP patients with or without chemotherapy and
chemoradiotherapy (Figures 3C, D). The results showed there
was no significant survival benefit after radiotherapy or
chemotherapy, which may be related to the small sample size
of preoperative chemotherapy and chemoradiotherapy patients.
The difference of outcome of prognosis evaluation between
Frontiers in Oncology | www.frontiersin.org 4218
surgery and neoadjuvant chemotherapy or chemoradiotherapy
needs large-scale randomized controlled clinical trials for
further verification.

The Comparison of Clinicopathological
Characteristics Between Borrmann IV
and Gastric Linitis Plastica According
to Our Criteria
There were only 302 Borrmann IV GC patients among the 2,684
specimens according to the pathological reports. The 3- and 5-
year OS rates of Borrmann IV GC patients were 50.4% and
40.8%, respectively, and the 3- and 5-year DFS rates were 47.8%
and 42%, respectively (Figures 3A, B and Table 3). Compared
with GLP according to our criteria, Borrmann IV patients in our
study had significantly better OS and DFS. Moreover, the
proportion of total gastrectomy, pT3+4 stage, and pN2+3 stage
in the Borrmann IV group was obviously lower than that in the
GLP according to our criteria, all of which were at variance with
the classical theories about linitis plastica (Table 3).
DISCUSSION

GLP is a long-known term that might date back to the 16th and
17th centuries (25). It was defined until 1947 by Arthur Stout
FIGURE 1 | The flowchart of retrospective analysis for gastric linitis plastica (GLP).
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TABLE 1 | The general characteristics, univariate and multivariate analysis of overall survival and disease-free survival of 2,684 GC patients.

Overall survival Disease-free survival

N Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

2,684 HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p

Gender 0.703 0.785
Male 1,913 — — — —

Female 771 0.973 (0.846–1.120) 0.703 0.981 (0.852–1.128) 0.785
Age <0.001* <0.001* <0.001* <0.001*
<45 years 239 — — — — — — — —

45 ≤ years < 65 1,520 1.271 (0.988–1.637) 0.062 1.287 (0.999–1.659) 0.051 1.236 (0.961–1.592) 0.099 1.233 (0.956–1.591) 0.107
≥65 years 925 1.675 (1.294–2.168) <0.001* 1.711 (1.319–2.219) <0.001* 1.621 (1.252–2.098) <0.001* 1.582 (1.217–2.058) 0.001*

Location <0.001* <0.001* 0.030*
EGJ 573 — — — — — —

Gastric fundus 25 1.424 (0.797–2.544) 0.233 1.521 (0.851–2.719) 0.157 1.400 (0.775–2.530) 0.265
Gastric corpus 729 1.021 (0.858–1.216) 0.812 0.985 (0.827–1.172) 0.863 0.878 (0.733–1.052) 0.158
Gastric angle 244 0.573 (0.430–0.764) <0.001* 0.545 (0.409–0.727) <0.001* 0.720 (0.537–0.965) 0.028
Gastric antrum 867 0.774 (0.650–0.921) 0.004* 0.742 (0.624–0.884) 0.001* 0.777 (0.651–0.929) 0.005*
over one area 246 1.379 (1.107–1.718) 0.004* 1.365 (1.096–1.700) 0.006* 0.898 (0.709–1.136) 0.369

Borrmann type <0.001* <0.001*
III 2,382 — — — —

IV 302 1.466 (1.219–1.764) <0.001* 1.475 (1.226–1.775) <0.001*
Observed size <0.001* <0.001* <0.001* <0.001*
<3 cm 284 — — — — — — — —

3 ≤ d < 5 cm 1,043 1.547 (1.170–2.045) 0.002* 1.198 (0.900–1.594) 0.215 1.535 (1.161–2.029) 0.003* 1.091 (0.816–1.458) 0.558
5 ≤ d < 8 cm 1,014 2.314 (1.758–3.046) <0.001* 1.425 (1.068–1.902) 0.016 2.308 (1.753–3.038) <0.001* 1.300 (0.968–1.747) 0.081
8 ≤ d < 10 cm 187 4.043 (2.912–5.613) <0.001* 2.203 (1.564–3.103) <0.001* 3.959 (2.852–5.497) <0.001* 1.972 (1.389–2.802) <0.001*
≥10 cm 156 4.670 (3.332–6.547) <0.001* 2.387 (1.677–3.398) <0.001* 4.230 (3.019–5.928) <0.001* 1.924 (1.333–2.777) <0.001*

Pathology size <0.001* <0.001*
<3 cm 593 — — — —

3 ≤ d < 5 cm 1,096 1.514 (1.252–1.829) <0.001* 1.502 (1.243–1.816) <0.001*
5 ≤ d < 8 cm 737 1.980 (1.628–2.409) <0.001* 1.982 (1.629–2.411) <0.001*
8 ≤ d < 10 cm 155 2.553 (1.935–3.369) <0.001* 2.534 (1.921–3.344) <0.001*
≥10 cm 103 4.019 (2.965–5.447) <0.001* 3.674 (2.712–4.977) <0.001*

T stage <0.001* <0.001* <0.001* <0.001*
T1 148 — — — — — — — —

T2 343 1.225 (0.792–1.896) 0.362 1.041 (0.670–1.617) 0.859 1.196 (0.773–1.851) 0.422 0.913 (0.575–1.449) 0.698
T3 689 1.907 (1.280–2.842) 0.002* 1.159 (0.766–1.753) 0.486 1.807 (1.213–2.693) 0.004* 0.793 (0.479–1.314) 0.368
T4 1,504 3.095 (2.121–4.516) <0.001* 1.637 (1.100–2.436) 0.015* 3.147 (2.156–4.592) <0.001* 1.181 (0.713–1.958) 0.518

N stage <0.001* <0.001* <0.001* <0.001*
N0 646 — — — — — — — —

N1 489 1.271 (1.000–1.615) 0.050 1.172 (0.920–1.494) 0.199 1.283 (1.010–1.630) 0.041* 0.990 (0.745–1.316) 0.946
N2 608 1.860 (1.500–2.305) <0.001* 1.585 (1.272–1.976) <0.001* 1.895 (1.528–2.349) <0.001* 1.282 (0.951–1.729) 0.103
N3 941 3.606 (2.982–4.361) <0.001* 2.809 (2.299–3.434) <0.001* 3.685 (3.046–4.456) <0.001* 2.286 (1.706–3.065) <0.001*

M stage 0.001* <0.001*
M0 2,635 — — — — — —

M1 49 2.024 (1.381–2.968) 0.001* 1.624 (1.105–2.386) 0.014* 2.701 (1.842–3.961) <0.001*
AJCC stage <0.001* <0.001* <0.001*
I 264 — — — — — —

II 626 1.756 (1.216–2.537) 0.003* 1.751 (1.212–2.529) 0.003* 1.478 (0.922–2.370) 0.105
III 1,745 4.190 (2.999–5.854) <0.001* 4.312 (3.087–6.025) <0.001* 1.830 (1.019–3.288) 0.043
IV 49 6.471 (3.927–10.663) <0.001* 8.818 (5.350–14.535) <0.001* 3.736 (1.896–7.365) <0.001*

Differentiation <0.001* <0.001*
High 11 — — — —

Moderate 442 0.682 (0.252–1.845) 0.451 0.747 (0.276–2.021) 0.565
Low 1,352 1.120 (0.419–2.994) 0.822 1.216 (0.455–3.252) 0.697

High-moderate 25 0.469 (0.126–1.746) 0.259 0.490 (0.131–1.824) 0.287
Moderate-low 757 0.901 (0.335–2.418) 0.836 0.970 (0.361–2.603) 0.951
Unreported 97 1.239 (0.447–3.436) 0.681 1.320 (0.476–3.661) 0.594
Frontiers in Oncology
 | www.
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AJCC, American Joint Committee on Cancer; CI, confidence interval; GC, gastric cancer; HR, hazard ratio.
*p < 0.05 indicated that the 95% CI of HR was not including 1.
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(26) as a specific type of gastric carcinoma characterized
macroscopically by a major segmental or diffuse thickening of
the gastric wall and microscopically by the existence of poorly
cohesive and/or signet ring cells. However, this definition tended
to be a descriptive concept, missing detailed quantitative
standards. Although in the following year, several relatively
quantitative criteria were proposed. For example, Nakamura
defined typical GLP as the involvement of more than one-
fourth of the stomach (27), Pedrazzani et al. (11) proposed a
critical value as one-third thickening and stiffening of the
stomach (11), and Endo et al. (17) considered GLP as gastric
wall involving a limit of two-thirds of the stomach. However,
neither of these classifications was an accepted standard. These
criteria needed doctors to subjectively judge whether the tumor
was more than one-third or two-thirds of the gastric surface by
endoscope or CT scan, which made these definitions difficult to
be objective and reproducible.

Besides, GLP was interchangeably but not accurately termed
“Borrmann IV type carcinoma,” “scirrhous carcinoma,” “Lauren
carcinoma,” or “signet cell carcinoma” (28). In Japan, the term
“scirrhous gastric cancer,” which commonly grouped Borrmann
IV with large Borrmann III (≥8 cm in diameter) GC together, was
often, but inconsistently, used confusedly with GLP to describe
this phenotype of GC (18, 19, 29). Therefore, in our study, we
Frontiers in Oncology | www.frontiersin.org 6220
explored whether an observed tumor size larger than 8 cm was
used as a quantitative standard for GLP on the premise of
satisfying the originally descriptive and pathological definition.

A total of 2,684 Borrmann III and Borrmann IV GC patients
without preoperative chemotherapy or radiochemotherapy from
the 7,709 GC database in our department were included in the
analysis grouped by observed tumor size. It was shown that
patients’ observed tumor size of more than 8 cm was a critical
value for distinguishing prognosis from different tumor sizes
based on survival analysis. Moreover, we proposed a
preoperative observed tumor size larger than 8 cm by CT scan
as a quantitatively diagnostic criterion of GLP on the prerequisite
of meeting the requirement of originally descriptive and
pathological definition. According to our quantitative standard,
of the 2,684 patients in our study, 343 (12.8%) met the diagnostic
criteria of GLP. GLP patients presented with more advanced
stage and had extremely poor 3-year survival. More of these
patients underwent total gastrectomy, with a stronger propensity
toward peritoneal metastasis. These clinical characters of GLP
according to our quantitative definition were consistent with
previously classical theory and literature. But the results about
median age and male-to-female ratio in our study did not show
incidence characteristics such as younger age at diagnosis and
female predominance as reported previously (3, 30). The reason
A B

C D

FIGURE 2 | The Kaplan–Meier curves were used to estimate different survival rates of 2,684 gastric cancer (GC) specimens grouped by observed tumor size.
(A) The overall survival of 2,684 GC specimens divided into five groups according to the observed tumor size. *, **, ***log rank p < 0.001; #log rank p = 0.248.
(B) The disease-free survival of 2,684 GC specimens divided into five groups according to the observed tumor size. *, **, ***log rank p < 0.001; #log rank p = 0.534.
(C) The overall survival of 2,684 GC specimens divided into four groups according to the observed tumor size. *, **, ***log rank p < 0.001. (D) The disease-free
survival of 2,684 GC specimens divided into four groups according to the observed tumor size. *, **, ***log rank p < 0.001.
August 2021 | Volume 11 | Article 683608
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for that perhaps was our sample selection bias. The tumor stage
of these GLP patients enrolled in our study was relatively early.
Those GLP patients with definite peritoneal metastasis or poor
physical condition who had no opportunity of surgery generally
would not be admitted to hospital in our department.

Borrmann classification was based on the macroscopically
endoscopic/endoluminal aspect of the tumor, which was a
subjective judgment, especially for Borrmann type IV (31).
Frontiers in Oncology | www.frontiersin.org 7221
Borrmann IV GC was described as diffuse and infiltrative
characteristics often lacking clear demarcation of the tumor
edge (23). Borrmann IV and large Borrmann III (≥8 cm in
diameter) GC were grouped in JCOG0210 and JCOG0501 due to
the large Borrmann III with the same biological characteristics as
Borrmann IV GC (18, 19). However, the patients with Borrmann
IV tumors localized in less than two-thirds of the stomach were
reported to have similar survival as patients with other non-
TABLE 2 | The difference of the clinicopathological features between GLP and non-GLP.

GLP Non-GLP P

N = 343 N = 2341

Age (mean ± SD) 59.58 ± 10.85 59.59 ± 10.74 0.771
Gender 0.407
Male 238 (69.4%) 1,675 (71.6%)
Female 105 (30.6%) 666 (28.4%)

Invasion adjacent organs <0.001*
Pancreas 15 (4.4%) 38 (1.6%)
Transverse colon 10 (2.9%) 17 (0.7%)
Peritoneal metastasis 22 (6.4%) 25 (1.1%)
Pelvic cavity 0 (0.0%) 4 (0.2%)

Type of gastrectomy <0.001*
Proximal 12 (3.5%) 348 (14.9%)
Distal 64 (18.7%) 1,157 (49.4%)
Total 267 (77.8%) 833 (35.6%)

Lymph node dissection <0.001*
D0/D1 9 (2.6%) 93 (4.0%)
D2/D3 334 (97.4%) 2,248 (96.0%)

Resection 0.176
R0 338 (98.5%) 2,325 (99.3%)
R1/R2 5 (1.5%) 16 (0.7%)

Pathological type <0.001*
Mucinous adenocarcinoma 25 (7.3%) 139 (5.9%)
Signet-ring cell 124 (36.2%) 518 (22.1%)
Undifferentiated 0 (0.0%) 2 (0.1%)

Bormann type <0.001*
Borrmann III 239 (69.7%) 2,143 (91.5%)
Borrmann IV 104 (30.3%) 198 (8.5%)

pT stage <0.001*
pT1/T2 9 (2.6%) 482 (20.6%)
pT3/T4 334 (97.4%) 1,859 (79.4%)

pN stage <0.001*
pN0/N1 69 (20.1%) 1,066 (45.5%)
pN2/N3 274 (79.9%) 1,275 (54.5%)

peritoneal lavage cytology <0.001*
Negative 234 (92.9%) 2,203 (99.1%)
Positive 18 (7.1%) 21 (0.9%)

Tumor thrombus in vessel <0.001*
Negative 100 (29.2%) 1,001 (42.8%)
Positive 243 (70.8%) 1,340 (57.2%)

Tumor thrombus in lymph <0.001*
Negative 46 (13.4%) 613 (26.2%)
Positive 297 (86.6%) 1,728 (73.8%)

Tumor invasion in nerve <0.001*
Negative 78 (22.7%) 894 (38.2%)
Positive 265 (77.3%) 1,447 (61.8%)

Differentiation <0.001*
Moderate 29 (8.5%) 413 (17.6%)
Moderate-low 77 (22.4%) 680 (29.0%)
Low 222 (64.7%) 1,130 (48.3%)
August 2021 | Volume 11 | Article
p-values are based on chi-square or Fisher’s exact test.
*Significant difference.
GLP, gastric linitis plastica.
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scirrhous GC (17), which indicates that definitions based
exclusively on the Borrmann classification underrepresent
GLP. In our study, of 302 Borrmann IV GC, 11.9% (36/302)
patients’ observed tumor sizes were less than 3 cm and 47.7%
(114/302) patients’ sizes were less than 5 cm. The 3- and 5-year
OS rates of Borrmann IV GC patients were 50.4% and 40.8%,
respectively, and the 3- and 5-year DFS rates were 47.8% and
42%, which were inconsistent with the classical theory about
linitis plastica. Therefore, not all of the Borrmann IV GC could
be defined as GLP. Our team set an observed tumor size larger
than 8 cm as a quantitative diagnostic criterion for GLP
regardless of Borrmann type.

In addition, we took the observed tumor size preoperatively as
a supplementary diagnostic standard for GLP, not pathology
tumor size postoperatively in our study. It was observed that
tumor size, not pathology tumor size, was an independent
predictor of prognosis for Borrmann III and IV GC. Moreover,
there is the need for a preoperatively quantitative critical value
that the GLP phenotype is clearly identifiable, not postoperative
one. The observed tumor size by stomach enhanced CT scan
would guarantee a relative uniform identification of GLP and
could be simply used in clinical practice preoperatively for
oncologists and surgeons from different institutions (16, 21).
Frontiers in Oncology | www.frontiersin.org 8222
Moreover, the optimum treatment strategy for GLP is
unknown (32). It is not clear whether patients with GLP could
gain benefit from neoadjuvant chemotherapy or chemoradiation
(33). Our results suggested that neoadjuvant chemotherapy or
chemoradiation for GLP followed by gastrectomy did not
bring obvious survival benefits. But our study sample size was
small, the follow-up time was short, and the statistical error made
our negative clinical curative effect need further research. The
JCOG0501 trial, a phase III study of neoadjuvant chemotherapy
with S-1/cisplatin in scirrhous type GC, showed that the addition
of neoadjuvant chemotherapy did not appear to affect the
survival rate of the scirrhous type GC patients and was not
recommended (18). However, 80% of the patients enrolled in the
group were N0/N1 stage in the JCOG0501 study. The high
proportion of the early stage probably resulted in a negative
conclusion. It was worth rethinking whether neoadjuvant
chemotherapy could benefit the survival of patients with locally
advanced GLP, especially in China. Therefore, more high-level
evidence-based medical studies are expected to evaluate the value
of neoadjuvant therapy of GLP.

Nevertheless, our study had some limitations. The major
limitation of this retrospective study was the selection bias of
samples source. Our department is gastric surgery, where
A B

C D

FIGURE 3 | The comparison of survival curves of gastric linitis plastica (GLP) and Borrmann IV patients with or without neoadjuvant chemotherapy and
chemoradiotherapy. (A) The overall survival of GLP, non-GLP, and Borrmann IV patients in our study. *log rank p < 0.001; **log rank p = 0.015. (B) The disease-free
survival of GLP, non-GLP, and Borrmann IV patients in our study. *log rank p < 0.001; **log rank p = 0.012. (C) The overall survival of GLP and non-GLP patients
with or without neoadjuvant chemotherapy and chemoradiotherapy. *log rank p < 0.001. (D) The disease-free survival of GLP and non-GLP patients with or without
neoadjuvant chemotherapy and chemoradiotherapy. *log rank p < 0.001.
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admitted patients could undergo surgical treatment. Therefore,
those GLP patients with tumor distant metastasis or poor
physical condition would be refused admission to our outpatient
department. Even if GLP patients are hospitalized in our
department, these patients generally have no accompanying
Frontiers in Oncology | www.frontiersin.org 9223
ascites or peritoneal metastasis preoperative, which leads to the
tumor stage of GLP enrolled in our study relatively early.
Moreover, the data were collected retrospectively with a limited
number of patients in our single-center study, not multicenter.
Therefore, there is a need for large-scale clinical validation.
TABLE 3 | The difference of the clinicopathological features between GLP and Borrmann IV GC.

GLP Borrmann IV p

N = 343 N = 302

OS 0.015*
3-year 0.314 0.504
5-year 0.179 0.408

DFS 0.012*
3-year 0.293 0.478
5-year 0.198 0.420

Invasion adjacent organs 0.189
Pancreas 15 (4.4%) 14 (4.6%)
Transverse colon 10 (2.9%) 3 (1%)
Peritoneal metastasis 22 (6.4%) 9 (3%)
Pelvic cavity 0 (0.0%) 0 (0%)

Type of gastrectomy 0.001*
Proximal 12 (3.5%) 27 (8.9%)
Distal 64 (18.7%) 94 (31.1%)
Total 267 (77.8%) 181 (59.9%)

Lymph node dissection 0.501
D0/D1 9 (2.6%) 11 (3.6%)
D2/D3 334 (97.4%) 291 (96.4%)

Resection 1
R0 338 (98.5%) 298 (98.7%)
R1/R2 5 (1.5%) 4 (1.3%)

Pathological type 0.132
Mucinous adenocarcinoma 25 (7.3%) 16 (5.3%)
Signet-ring cell 124 (36.2%) 135 (44.7%)
Undifferentiated 0 (0.0%) 0 (0%)

Borrmann type 0.001*
Borrmann III 239 (69.7%) 0 (0%)
Borrmann IV 104 (30.3%) 302 (100%)

pT stage 0.001*
pT1/T2 9 (2.6%) 32 (10.6%)
pT3/T4 334 (97.4%) 270 (89.4%)

pN stage 0.003*
pN0/N1 69 (20.1%) 92 (30.5%)
pN2/N3 274 (79.9%) 210 (69.5%)

Peritoneal lavage cytology 0.112
Negative 234 (92.9%) 240 (96.4%)
Positive 18 (7.1%) 9 (3.6%)

Tumor thrombus in vessel 0.306
Negative 100 (29.2%) 100 (33.1%)
Positive 243 (70.8%) 202 (66.9%)

Tumor thrombus in lymph 0.501
Negative 46 (13.4%) 47 (15.6%)
Positive 297 (86.6%) 255 (84.4%)

Tumor invasion in nerve 0.460
Negative 78 (22.7%) 77 (25.5%)
Positive 265 (77.3%) 225 (74.5%)

Differentiation 0.007*
Moderate 29 (8.5%) 20 (6.6%)
Moderate-low 77 (22.4%) 40 (13.2%)
Low 222 (64.7%) 221 (73.2%)
August 2021 | Volume 11 | Article 6
p-values are based on chi-square or Fisher’s exact test.
*Significant difference.
DFS, disease-free survival; GC, gastric cancer; GLP, gastric linitis plastica; OS, overall survival.
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CONCLUSION

In summary, we considered patients’ observed tumor size of
more than 8 cm by stomach enhanced CT as a critical value for
distinguishing the prognosis of Borrmann III and IV GC. We
proposed a preoperatively observed tumor size larger than 8 cm
as a supplementary quantitative diagnosis for GLP on the
premise of satisfying the originally descriptive and pathological
definition. Moreover, neoadjuvant chemotherapy or
chemoradiation for GLP patients followed by gastrectomy did
not bring obvious survival benefits. In a word, this was a
preliminary conclusion in a single-center study, which required
us to enlarge the sample size to verify it. Next, we will focus on
evaluating the value of neoadjuvant therapy of GLP in
future studies.
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Supplementary Figure 1 | The survival curves of 2684 GC specimens grouped
by observed tumor size stratified based on the AJCC stage. (A1) The overall survival
of AJCC I stage GC specimens divided into 4 groups according to observed tumor
size. (A2) The disease-free survival of AJCC I stage GC specimens divided into 4
groups according to observed tumor size. (B1) The overall survival of AJCC II stage
GC specimens divided into 4 groups according to observed tumor size. *log rank
P=0.035. (B2) The disease-free survival of AJCC II stage GC specimens divided into
4 groups according to observed tumor size. *log rank P=0.029. (C1) The overall
survival of AJCC III stage GC specimens divided into 4 groups according to
observed tumor size. *,**,***log rank P<0.001. (C2) The disease-free survival of
AJCC III stage GC specimens divided into 4 groups according to observed tumor
size. *,**,***log rank P<0.001. (D1) The overall survival of AJCC IV stage GC
specimens divided into 4 groups according to observed tumor size. (D2) The
disease-free survival of AJCC IV stage GC specimens divided into 4 groups
according to observed tumor size.

Supplementary Figure 2 | The diagram of GLP composition by Bormann III and
IV GC according to our quantitative standard.

Supplementary Figure 3 | Receiver operating characteristic (ROC) curves of
stratification analysis by tumor size as Bormanns IV type GC as control. (A1) The
ROC curve of tumor size less than 3cm for the prediction of overall survival. (A2) The
ROC curve of tumor size less than 3cm for the prediction of disease-free survival.
(B1) The ROC curve of tumor size between 3cm and 5cm for the prediction of
overall survival. (B2) The ROC curve of tumor size between 3cm and 5cm for the
prediction of disease-free survival. (C1) The ROC curve of tumor size between 5cm
and 8cm for the prediction of overall survival. (C2) The ROC curve of tumor size
between 5cm and 8cm for the prediction of disease-free survival. (D1) The ROC
curve of tumor size more than 8cm for the prediction of overall survival. (D2) The
ROC curve of tumor size more than 8cm for the prediction of disease-free survival.

Supplementary Figure 4 | Receiver operating characteristic (ROC) curve for
tumor size. *The optimal cut-off point of tumor size was 5.250cm.
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Background: Hepatoid adenocarcinoma of the stomach (HAS) is a rare type of primary
gastric cancer, and most previous studies have reported that HAS has a poor prognosis
due to its aggressive biological behavior. The aim of this study was to compare the
prognosis of HAS to that of gastric signet ring cell carcinoma (SRC).

Methods: This was a single-center, retrospective, observational cohort study (January
2010 to January 2016) of gastric cancer patients with pathological HAS and SRC. Overall
survival was compared between HAS and SRC patients. We used univariate Cox
regression, multivariate Cox regression, propensity score matching (PSM), inverse
probability of treatment weighting, standardized mortality ratio weighting, standardized
mortality ratio weighting, and overlap weighting to perform a prognostic analysis.

Results: A total of 725 (672 SRC and 53 HAS) patients were included. After nearest-
neighbor 1:4 PSM, 200 SRC patients and 50 HAS patients were matched. Only in
univariate Cox regression analysis with the cohort before PSM did HAS show a
significantly worse prognosis than SRC [hazard ratio (HR), 1.66; 95% confidence
interval (CI), 1.02–2.69, p = 0.040]. However, in the analysis of multivariate Cox
regression with the cohort before PSM and series analysis based on the propensity
score, all of the results indicated that there was no statistically significant difference in
overall survival between HAS and SRC (all p > 0.05). Furthermore, in the subgroup of
proximal location (p = 0.027), T stage 4a & 4b (p = 0.001), N stage 3a & 3b (p = 0.022),
with cancer nodules (p = 0.026), serum CEA higher than the normal value (p = 0.038), and
serum CA199 higher than the normal value (p = 0.023), the prognosis of HAS was
significantly worse than that of SRC.

Conclusion: Based on our study, there was no statistically significant difference in overall
survival between HAS and gastric SRC patients. However, in patients with an advanced
tumor stage, HAS may have a worse overall survival than SRC.

Keywords: hepatoid adenocarcinoma of the stomach, signet ring cell carcinoma, overall survival, propensity score
matching, prognosis
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INTRODUCTION

Hepatoid adenocarcinoma of the stomach (HAS) is a rare type of
primary gastric cancer (GC), and most previous studies have
reported that the incidence of HAS is less than 1% of all GC (1,
2). According to the World Health Organization (WHO)
gastrointestinal tumor sample classification, hepatoid
adenocarcinoma (HAC) is defined as adenocarcinoma of
extrahepatic origin with morphological features of liver cell
differentiation, composed of large polygonal eosinophilic
hepatocytes such as neoplastic cells (3). The etiology of HAS is
not clear, and some studies suggest that the occurrence of HAS
may be related to the common embryonic origin of the stomach
and liver from the foregut (4). HAS is considered to have a poor
prognosis due to its aggressive biological behavior (5, 6).
However, the prognosis of HAS remains controversial; for
example, in the study of Zhou et al., there was no significant
difference in the prognosis between HAS and non-HAS GC (7).

According to the WHO Classification of Tumors of the
Digestive System, the main categories of gastric adenocarcinoma
are tubular and papillary adenocarcinoma (T&PAC), mucinous
adenocarcinoma (MAC), signet ring cell carcinoma (SRC), mixed
carcinomas, and rare histological variants (8). The incidence of
gastric SRC is 15.9%–17%of all GCs (9);moreover, the prognosis of
SRC is considered worse than that of other types of GC, especially
among patientswith advanced cancer stages (10, 11). Therefore, the
proportion of SRC in the non-HAS GC population will directly
affect the prognosis of non-HAS and thus affect the comparison of
the prognosis of HAS and non-HAS GC.

The objective of this study was to compare the prognosis of
HAS to that of gastric SRC, explore whether HAS really does
have a worse prognosis than SRC, and confirm whether HAS is a
subtype of GC with a poor prognosis.
MATERIALS AND METHODS

Study Design and Patient Selection
A single-center retrospective cohort study was conducted utilizing
the database of the First Medical Center of Chinese PLA General
Hospital from January 1, 2010, to January 1, 2016. A total of 3,095
patients with GC were admitted. The inclusion criteria were SRC or
HAS patients according to the final pathology report after radical
surgery. The exclusion criteria included the following: patients
younger than 18 years or older than 80 years at the time of
diagnosis; lack of a pathological diagnosis; the pathological
diagnosis was tubular adenocarcinoma, papillary adenocarcinoma,
mucinous adenocarcinoma, or another rare type of GC; the tumor
tissue contains both SRC and HAS components; with distant
metastasis; with palliative surgery; history of prior or concurrent
other malignancies; incomplete clinical data; and missing follow-up.
The database included information on demographics, clinical and
pathological characteristics, and follow-up visits. The follow-up
ended on March 1, 2019, and the data were obtained by reviewing
medical records and telephone follow-up.Our primary outcomewas
overall survival (OS), defined as the time from surgery to death from
cancer or any other cause. This study was approved by the ethics
Frontiers in Oncology | www.frontiersin.org 2227
committee of the Chinese PLAGeneral Hospital and was conducted
in accordance with the recommendations of the institutional review
board, whichwaived the requirement for informed consent due to its
retrospective nature.

Diagnosis of Patients
The diagnosis of all patients was confirmed by postoperative
pathological diagnosis. SRC was defined as a tumor that only had
a signet ring cell carcinoma component or was only mixed with a
tubular adenocarcinoma component and/or a papillary
adenocarcinoma component. HAS was defined as a tumor that
only had a hepatoid adenocarcinoma component or was only
mixed with a tubular adenocarcinoma component and/or a
papillary adenocarcinoma component.

Statistical Analysis
To minimize the potential bias of basic clinical characteristics,
multivariate Cox regression with propensity score matching
(PSM) (12) was used to compare the prognosis between HAS
and SRC. A 1:4 nearest-neighbor matching algorithm was
applied using a caliper width of 0.2. Fifteen independent
variables thought to be confounders were selected to generate
the propensity score, and these variables are marked in Table 1.
A standardized mean difference (SMD) was used to examine the
degree of PSM, and a threshold of less than 0.1 was considered
acceptable. Survival curves were plotted by Kaplan–Meier and
log-rank analyses.

To more reliably compare the differences in overall survival
between HAS and SRC, the following survival analysis method
and weighting method were performed (1): univariate survival
analysis was performed using Cox univariate regression analysis
before PSM (2); multivariate Cox regression analysis was
performed with adjustments for all covariates shown in Table 1
beforePSM; (3)multivariateCox regressionanalysiswas conducted
with the same strata and covariates after matching according to the
propensity score; (4) multivariate Cox regression analysis was
conducted with the same strata and covariates and inverse
probability of treatment weighting (IPTW) according to the
propensity score (13); (5) multivariate Cox regression analysis
was conducted with the same strata and covariates and overlap
weighting (OW) according to the propensity score (14).

Subgroup analysis was performedwith univariate Cox regression
analysis after PSM to explore the consistency of the prognostic
differences between HAS and SRC in the different subgroups.

All statistical analyses were performed using R-4.0 software
(http://www.r-project.org), and p < 0.05 (two-sided) was
considered statistically significant.
RESULTS

Participants
Between January 1, 2010, and January 1, 2016, there were 3,095
GC registrations in our medical center. After screening by the
inclusion and exclusion criteria, 672 SRC patients and 53 HAS
patients remained. After 1:4 PSM, 200 SRC patients and 50 HAS
August 2021 | Volume 11 | Article 716962
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patients were matched. The flow chart depicting the selection of
the study population is presented in Figure 1.

Baseline Characteristics
In the crude cohort before PSM, the two groups (HAS and SRC)
were consistent in 8 of a total of 15 variables, but there was no
consistency in the distribution of age (SMD = 0.249), tumor
location (SMD = 0.179), T stage (SMD = 0.496), N stage (SMD =
0.280), perineural invasion (SMD = 0.276), vascular invasion
(SMD = 0.161), or cancer nodules (SMD = 0.174). In the
matched cohort after PSM, except for body mass index
(SMD = 0.120), the other 14 variables were consistent between
the two groups (Table 1).

Outcome Analysis
In the crude cohort, the median follow-up was 52 [interquartile
range (IQR), 33–74.0] months in the SRC group and 19 (IQR,
16–47) months in the HAS group. The crude 1-year survival was
92.3% [95% confidence interval (CI), 90.3%–94.4%] vs. 86.8%
(95% CI, 78.1%–96.4%), and the 3-year survival was 75.3% (95%
CI, 72.0%–78.7%) vs. 62.7% (95% CI, 49.4%–79.5%) in the SRC
vs. HAS group, respectively. Comparing OS, the HAS group had
a worse prognosis. In univariate Cox regression analysis, the
hazard ratio (HR) was 1.66 (95% CI, 1.02–2.69, p = 0.040)
(Table 2). Kaplan–Meier curves showed the same outcome
(log-rank test: p = 0.038) (Figure 2A). However, in
Frontiers in Oncology | www.frontiersin.org 3228
multivariate Cox regression analysis, OS was not significantly
different between the two groups, and the HR was 1.63 (95% CI,
0.99–2.70, p = 0.056) (Table 2).

In the matched cohort, the median follow-up was 52 (IQR,
23–73) months in the SRC group and 20 (IQR, 16–48) months in
the HAS group. The 1-year survival was 92.4% (95% CI, 88.8%–
96.2%) vs. 90.0% (95% CI, 82.1%–98.7%), and the 3-year survival
was 74.7% (95% CI, 68.8%–81.0%) vs. 64.8% (95% CI, 51.3%–
81.8%) in the SRC vs. HAS group. Multivariate Cox regression
analysis after PSM showed that the difference in prognosis
between the two groups was not statistically significant
(Table 2). Kaplan–Meier curves showed the same outcome
(log-rank test: p = 0.220) (Figure 2B).

Sensitivity Analysis
To further verify the stability of the results, IPTW and OW
weighted adjusted multivariate Cox regression analysis according
to the propensity score was performed. The baseline
characteristics of the two groups were better balanced in these
analyses (Figure 3). Although all of the results showed that HAS
had a worse prognosis than SRC (all HR > 1), the difference was
not statistically significant (all p > 0.05) (Table 2).

Subgroup Analysis
In the subgroup analysis stratified by the 15 variables, in most
subgroups, the prognosis of HAS and SRC was not significantly
TABLE 1 | Baseline characteristics of participants.

Characteristics Unmatched patients PSM patients

SRC HAS SMD SRC HAS SMD
672 53 200 50

No. (%) No. (%) No. (%) No. (%)

Gender (female) 152 (22.6) 12 (22.6) 0.001 42 (21.0) 12 (24.0) 0.072
Age ≥ 60 years old (yes) 310 (46.1) 31 (58.5) 0.249 115 (57.5) 28 (56.0) 0.030
Neoadjuvant chemotherapy (no) 622 (92.6) 48 (90.6) 0.072 184 (92.0) 46 (92.0) <0.001
BMI ≥ 24 (no) 369 (54.9) 28 (52.8) 0.042 112 (56.0) 25 (50.0) 0.120
Location 0.179 0.050
Proximal 196 (29.2) 15 (28.3) 52 (26.0) 14 (28.0)
Middle 176 (26.2) 18 (34.0) 68 (34.0) 17 (34.0)
Distal 300 (44.6) 20 (37.7) 80 (40.0) 19 (38.0)

Tumor size ≥ 4 cm (no) 314 (46.7) 23 (43.4) 0.067 92 (46.0) 22 (44.0) 0.040
T stage 0.496 0.028
T1 140 (20.8) 5 (9.4) 20 (10.0) 5 (10.0)
T2 134 (19.9) 10 (18.9) 38 (19.0) 10 (20.0)
T3 144 (21.4) 22 (41.5) 78 (39.0) 19 (38.0)
T4 254 (37.8) 16 (30.2) 64 (32.0) 16 (32.0)

N stage 0.280 0.078
N0 300 (44.6) 17 (32.1) 70 (35.0) 16 (32.0)
N1 90 (13.4) 9 (17.0) 32 (16.0) 8 (16.0)
N2 115 (17.1) 13 (24.5) 48 (24.0) 12 (24.0)
N3 167 (24.9) 14 (26.4) 50 (25.0) 14 (28.0)

Lymph nodes examined ≥16 (yes) 532 (79.2) 44 (83.0) 0.098 158 (79.0) 41 (82.0) 0.076
Perineural invasion (no) 548 (81.5) 37 (69.8) 0.276 142 (71.0) 36 (72.0) 0.022
Vascular invasion (no) 505 (75.1) 36 (67.9) 0.161 141 (70.5) 34 (68.0) 0.054
Cancer nodules (no) 619 (92.1) 46 (86.8) 0.174 176 (88.0) 44 (88.0) <0.001
CEA > 5.0 mg/L (no) 96 (14.3) 9 (17.0) 0.074 27 (13.5) 8 (16.0) 0.071
CA199 > 37.0 U/ml (no) 81 (12.1) 5 (9.4) 0.085 18 (9.0) 5 (10.0) 0.034
CA724 > 10.0 U/ml (no) 80 (11.9) 5 (9.4) 0.080 19 (9.5) 5 (10.0) 0.017
August 2021
 | Volume 11 | Article
BMI, Body mass index; CEA, Carcinoembryonic antigen; CA, Carbohydrate antigen; HAS, Hepatoid adenocarcinoma of the stomach; PSM, Propensity score matching; SMD,
Standardized mean difference; SRC, Signet ring cell carcinoma.
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different. However, in the subgroup of proximal location (p =
0.027), T stage 4a & 4b (p = 0.001), N stage 3a & 3b (p = 0.022),
with cancer nodules (p = 0.026), serum CEA higher than the
normal value (p = 0.038), and serum CA199 higher than the
normal value (p = 0.023), the prognosis of HAS was significantly
worse than that of SRC (Table 3).
DISCUSSION

HAS is a rare neoplasm, and the annual incidence of HAS is
approximately 0.58–0.83 cases per million people (6, 15).
Previous studies were mainly case reports or case series from a
single medical center and mainly came from Asian regions (1, 2,
16). In these previous studies, HAS patients often were reported
to have a worse prognosis than non-HAS patients (17, 18). In
Frontiers in Oncology | www.frontiersin.org 4229
this study, a relatively large number of HAS patients were
included. Although the prognosis of HAS was significantly
worse than that of SRC in the survival analysis without
adjusting for confounders, the prognosis of HAS and SRC did
not show a significant difference in multivariate regression
analysis. In addition, in other analyses based on propensity
scores, the results were consistent, and the prognosis of HAS
was not statistically worse than that of SRC. Therefore, based on
these results, we inferred that there was no difference in overall
survival between HAS and SRC.

In the subgroup analyses, the results were very interesting.
Although in most subgroups HAS did not show a difference in
prognosis from SRC, in some subgroups of indicators suggesting
an advanced stage of the tumor (T stage 4a & 4b, N stage 3a & 3b,
with cancer nodules, serum CEA higher than the normal value,
and serum CA199 higher than the normal value), HAS had a
FIGURE 1 | Flow chart depicting the selection of the study population.
August 2021 | Volume 11 | Article 716962
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worse overall survival than SRC. At present, the controversy
about the prognosis of SRC lies in previous studies showing that
the prognosis of SRC in early-stage patients may be better than
that of non-SRC (19, 20), while the prognosis of SRC in
advanced-stage patients is worse (10, 11). The reason for the
Frontiers in Oncology | www.frontiersin.org 5230
worse prognosis of overall SRC patients has been suggested to be
caused by a greater proportion of patients in an advanced stage
(21). However, in our study, it seems that in patients with an
advanced tumor stage, the overall survival of HAS was worse
than that of SRC.
FIGURE 3 | Comparability of baseline characteristics based on standardized mean difference in different survival analysis method.
A B

FIGURE 2 | Kaplan–Meier curves for overall survival according to lymph node ratio. (A) Before PSM. (B) After PSM.
TABLE 2 | Different analysis methods compare the prognostic differences between HAS and SRC patients in overall survival (HAS vs. SRC).

Analysis HR (95% CI) p-value

Unmatched univariate analysis 1.66 (1.02, 2.69) 0.040
Multivariate adjusted 1.63 (0.99, 2.70) 0.056
Propensity score matched 1.35 (0.96, 1.91) 0.087
Weighted IPTW 1.22 (0.73, 2.05) 0.446
Weighted OW 1.31 (0.65, 2.61) 0.448
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In a subgroup analysis based on tumor location, in the
proximal GC group, the comparison of the prognosis between
HAS and SRC was significantly different. Analyzing the reasons
for this result, it is unavoidable that the reliability of the result is
limited due to the scant sample size, but at the same time, we
should also consider the impact of the differences in biological
characteristics between proximal GC and distal GC. Previous
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studies have shown that proximal GC and distal GC have
differences in their expression of some oncogenes and
antioncogenes, such as HER2 (22), Smad4 (23), p53 (24), and
p16 (23). This reminds us that in follow-up studies, these factors
should be included in the analysis of prognosis.

The lymph nodes examined were related to the prognosis of
GC (25), but the optimal number of lymph nodes examined
TABLE 3 | Subgroup analysis with univariate Cox regression analysis of overall survival between HAS and SRC after PSM.

Subgroup SRC HAS p-value

n total n event (%) HR (95% CI) n total n event (%) HR (95% CI)

Gender
Male 158 54 (34.2) 1 (Ref) 38 12 (31.6) 1.43 (0.76–2.69) 0.263
Female 42 14 (33.3) 1 (Ref) 12 4 (33.3) 1.3 (0.43–3.99) 0.643

Age ≥ 60 years old
No 85 29 (34.1) 1 (Ref) 22 5 (22.7) 0.99 (0.38–2.57) 0.979
Yes 115 39 (33.9) 1 (Ref) 28 11 (39.3) 1.77 (0.9–3.48) 0.098

Neoadjuvant chemotherapy
Yes 16 6 (37.5) 1 (Ref) 4 1 (25) 0.74 (0.09–6.18) 0.782
No 184 62 (33.7) 1 (Ref) 46 15 (32.6) 1.45 (0.82–2.56) 0.201

BMI ≥ 24
Yes 88 32 (36.4) 1 (Ref) 25 9 (36) 1.49 (0.71–3.14) 0.297
No 112 36 (32.1) 1 (Ref) 25 7 (28) 1.26 (0.56–2.85) 0.580

Location
Proximal 52 14 (26.9) 1 (Ref) 14 6 (42.9) 3.05 (1.13–8.2) 0.027
Middle 68 21 (30.9) 1 (Ref) 17 5 (29.4) 1.56 (0.58–4.18) 0.381
Distal 80 33 (41.2) 1 (Ref) 19 5 (26.3) 0.7 (0.27–1.8) 0.456

Tumor size ≥ 4 cm
Yes 108 42 (38.9) 1 (Ref) 28 9 (32.1) 1.14 (0.55–2.35) 0.723
No 92 26 (28.3) 1 (Ref) 22 7 (31.8) 1.9 (0.81–4.43) 0.137

T stage
T 1a & 1b 20 1 (5) 1 (Ref) 5 0 (0) 0 (0–Inf) 0.999
T 2 38 15 (39.5) 1 (Ref) 10 1 (10) 0.41 (0.05–3.15) 0.393
T 3 78 32 (41) 1 (Ref) 19 4 (21.1) 0.7 (0.25–2) 0.511
T 4a & 4b 64 20 (31.2) 1 (Ref) 16 11 (68.8) 3.69 (1.75–7.79) 0.001

N stage
N 0 70 8 (11.4) 1 (Ref) 16 1 (6.2) 0.6 (0.07–4.83) 0.633
N 1 32 11 (34.4) 1 (Ref) 8 1 (12.5) 0.86 (0.11–6.97) 0.887
N 2 48 19 (39.6) 1 (Ref) 12 5 (41.7) 1.66 (0.61–4.48) 0.318
N 3a &3b 50 30 (60) 1 (Ref) 14 9 (64.3) 2.54 (1.14–5.65) 0.022

Lymph nodes examined ≥16
Yes 42 15 (35.7) 1 (Ref) 9 1 (11.1) 0.36 (0.05–2.75) 0.325
No 158 53 (33.5) 1 (Ref) 41 15 (36.6) 1.73 (0.97–3.09) 0.062

Perineural invasion
Yes 58 29 (50) 1 (Ref) 14 4 (28.6) 0.78 (0.27–2.22) 0.639
No 142 39 (27.5) 1 (Ref) 36 12 (33.3) 1.91 (0.99–3.67) 0.052

Vascular invasion
Yes 59 23 (39) 1 (Ref) 16 8 (50) 2.1 (0.92–4.78) 0.078
No 141 45 (31.9) 1 (Ref) 34 8 (23.5) 1.06 (0.5–2.25) 0.888

Cancer nodules
Yes 24 12 (50) 1 (Ref) 6 5 (83.3) 3.52 (1.16–10.72) 0.026
No 176 56 (31.8) 1 (Ref) 44 11 (25) 1.17 (0.61–2.24) 0.636

CEA > 5.0 mg/L
No 173 58 (33.5) 1 (Ref) 42 11 (26.2) 1.1 (0.58–2.11) 0.766
Yes 27 10 (37) 1 (Ref) 8 5 (62.5) 3.61 (1.07–12.16) 0.038

CA199 > 37.0 U/ml
No 182 62 (34.1) 1 (Ref) 45 12 (26.7) 1.14 (0.61–2.12) 0.681
Yes 18 6 (33.3) 1 (Ref) 5 4 (80) 4.69 (1.24–17.78) 0.023

CA724 > 10.0 U/ml
No 181 59 (32.6) 1 (Ref) 45 14 (31.1) 1.57 (0.87–2.82) 0.134
Yes 19 9 (47.4) 1 (Ref) 5 2 (40) 0.71 (0.15–3.28) 0.659
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AFP, Alpha fetoprotein; BMI, Body mass index; CA Carbohydrate antigen; CEA, Carcinoembryonic antigen; HAS, Hepatoid adenocarcinoma of the stomach; HR, Hazard ratio; SRC,
Signet ring cell carcinoma.
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remains controversial (26). The AJCC 8th GC staging system
recommends that at least 16 lymph nodes should be examined
(27). Obviously, not all patients can have a sufficient number of
lymph nodes detected due to the surgical methods applied and
for other reasons. In our study, after adjusting for this important
confounder, in the subgroup analysis stratified by the lymph
nodes examined <16 or ≥16, no prognostic difference was
observed between HAS and SRC. This result verified the
reliability of our speculation that the two groups had no
significant difference in overall survival.

It should be pointed out that after PSM, the covariate BMI did
not match well (SMD > 0.1). However, in the subsequent
subgroup analysis stratified by BMI, the results were consistent
in both layers, and the prognoses of HAS and SRC were not
significantly different. This result indicated that the poor
matching of BMI did not significantly affect the reliability of
the result.

There were several limitations of this study. First, although we
adjusted for as many possible confounders as we could and
performed a propensity score-matched cohort to balance these
confounders between groups, some residual confounders may
still exist. Second, the sample size might be small for robust
statistical analyses, but HAS is a rare subtype of GC. Most
previous studies were case reports or case series, and as far as
we know, the largest sample size in a single center report is only
75 cases (7); therefore, further multicenter studies of HAS are
necessary. Third, this study only focused on overall survival, not
investigating other indicators, such as complications, and the
lack of data on local recurrence precluded us from assessing the
difference in disease recurrence and disease-free survival. Fourth,
some inevitable issues, such as information biases, might exist
owing to its retrospective design.

In conclusion, this is the first study to our knowledge to
investigate the difference in prognosis between HAS and gastric
Frontiers in Oncology | www.frontiersin.org 7232
SRC. Our data suggested that there was no statistically significant
difference in the overall survival between patients with HAS and
gastric SRC. However, in patients with advanced tumor stages,
HAS may have a worse overall survival than SRC.
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Gastrointestinal Oncology, Key Laboratory of Carcinogenesis and Translational Research (Ministry of Education/Beijing),
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Background: To better define the clinicopathologic characteristics of signet ring cell
(SRC) gastric cancer and build a prognostic model for it.

Methods: SRC patient information from 2010 to 2015 were identified using Surveillance,
Epidemiology, and End Results (SEER) database. Kaplan-Meier method and log-rank test
were used to estimate Overall survival (OS) and to determine associations with histologic
subtypes. In COX proportional hazards regression model–based univariate and
multivariate analyses, significant variables for construction of a nomogram were
screened out. The nomogram was validated by means of the concordance index (CI),
calibration plots, and receiver operating characteristics (ROCs) curves.

Results: A total of 11,363 gastric cancer patients were enrolled. On dividing the patients
into SRC, well-to-moderately differentiated (WMD) adenocarcinoma, and poorly
differentiated (PD) adenocarcinoma, differences among these subgroups emerged.
SRC patients were more likely to occur in female and young patients than other
histologic subtypes. Larger tumors, stage T4, and node stage N3 were more likely to
be found in the SRC group. The survival for SRC patients was better than non-SRC
patients in stage I. Univariate and multivariate analyses identified age, tumor site, larger
tumor size, advanced T classification, advanced N classification, advanced TNM stage,
and surgery of primary site as independent prognostic indicators. Then an OS nomogram
was formulated.

Conclusions: SRC had distinct clinicopathological characteristics. The nomogram
provided an accurate tool to evaluate the prognosis of SRC.

Keywords: carcinoma, signet ring cell, nomograms, stomach neoplasms, prognosis
August 2021 | Volume 11 | Article 5805451234

https://www.frontiersin.org/articles/10.3389/fonc.2021.580545/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.580545/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.580545/full
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:jieerying@aliyun.com
mailto:getfar@foxmail.com
https://doi.org/10.3389/fonc.2021.580545
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2021.580545
https://www.frontiersin.org/journals/oncology
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2021.580545&domain=pdf&date_stamp=2021-08-13


Wei et al. Signet Ring Gastric Cancer
BACKGROUND

Based on GLOBOCAN 2012, gastric cancer (GC) is the fifth most
frequently diagnosed malignancy (1) and the third leading cause
of cancer death worldwide (2). It is a heterogeneous disease with
different architectural, cytologic, and molecular alterations (3).
Signet ring cell carcinoma (SRC) is a variant of adenocarcinoma
(AC) and defined by the presence of >50% of tumor cells with
large mucin vacuole, which abundantly fills the cytoplasm,
resulting in compression and eccentric displacement of the
nucleus (4). Specific signatures found on gastric SRC
carcinoma distinguish them from non-SRC subtype. SRC is
weakly cohesive and prone to grow invasively, and early
studies confirm that SRC portends poor prognosis (5).
However, some comparative studies have reported that the
prognosis of SRC were conflicting and appeared to depend on
tumor stage (6–8). These different findings can be explained by
the ethnicity, heterogeneity, and different entry criteria in study
design. Unlike the decline in the incidence of GC, research
reveals that the incidence of SRC carcinoma subtype continues
to rise (8–10). This phenomenon prompts us to re-evaluate this
subtype. A large volume of patients and a comparison with non-
SRC subtypes are necessary for a prognostic analysis.

Through the application of the Surveillance, Epidemiology,
and End Results (SEER) database, sufficient cases were provided
for the establishment of a nomogram for SRC. Nomogram-based
clinical modeling with visual and mathematical advantages has
been currently widely used in clinical research. Its establishment
facilitates clinical prognosis assessment and probability
calculation of risk factors (11). In fact, given the unclear
prognosis of SRC, this study analyzed risk factors for this
disease through this statistically enhanced clinical model.

Hence, the aim of this study is to analyze the clinicopathological
features of SRC and prognostic factors of SRC and to contrive a
new prognostic model.
PATIENTS AND METHODS

Data Source
Clinicopathological data and prognostic outcomes of GC
patients diagnosed and treated between 2010 and 2015 were
exported from SEER*Stat 8.3.5 software to Microsoft Excel for
further analysis. The identification of GC was based on the Site
record ICD-0-3/WHO 2008. The inclusion criteria were: (I) a
single primary tumor; (II) known race; (III) known grade and
histology; (IV) known tumor size and surgical resection (yes or
no); (V) known tumor site; (VI) complete tumor-node-
metastasis (TNM) stage information; (VII) complete follow-up
data. Due to SEER data is publicly available, approval was waived
by the local ethics committee.

Study Sample
Clinical variables included sex, age, grade, race, histology, tumor site,
tumor size, American Joint Committee on Cancer (AJCC) TNM
stage, surgical resection (yes or no), vital status, and survival data.
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Statistical Analysis
X-tile software version 3.6.1 (Yale University School of Medicine,
USA) was used to select optimal tumor size and age cut-points.
Group comparisons were performed with the use of Fisher’s
exact test or chi-square tests for categorical variables. Overall
survival (OS) was the interval from the date of diagnosis until the
date of death from any cause or the date of the last follow-up.
Survival curves were generated using the Kaplan-Meier (KM)
method. Significant variables were screened out by Cox
proportional hazards regression analysis, and variables with P
values < 0.05 in univariate analysis (UVA) were further used for
multivariate analysis (MVA) and nomogram construction. To
evaluate discrimination between performance and predicted
results, we calculated concordance index (C-index). Larger
values of the c-index indicate a better ability of the model to
discriminate subjects with events from those without events
(12–14). Calibration plots were carried out to evaluate the
predictive performance of the prognostic nomogram (15). The
predictive accuracy, sensitivity, and specificity values of the
nomogram were determined via receiver operating
characteristic (ROCs) curves. R version 3.4.0 software (R
foundation for Statistical Computing, Vienna, Austria) (http://
www.r-project.org/) and SPSS 23.0 software (IBM Corporation,
Chicago, IL, USA) were used for statistical analysis. Statistical
tests were two-sided, and P values of less than 0.05 were
considered to indicate statistical significance.
RESULTS

Patient Demographics
A total of 11,363 patients were enrolled from the SEER database,
including 1,751 patients (15.4%) with SRC (Figure 1). As
depicted in Table 1, 3,231 (28.4%) were well-to-moderately
differentiated (WMD), and 4,262 (37.5%) were poorly
differentiated (PD). Compared with patients in WMD or PD,
the age at initial diagnosis of SRC patients was younger. About
12.4% of SRC patients, 6.5% of PD, and only 3.1% of WMD
patients were younger than 45 years (P < 0.001).

The peak age range of both the WMD and PD groups was 60–
64 years old, whereas SRC group was 55–59 years old, with a
younger age distribution. In terms of gender, the proportion of
females was higher in SRC (SRC: 47.2%; WMD: 29.9%; PD:
33.6%; P < 0.001).

Tumor Presentation
Most cases of SRC (94.9%) were classified as Grade III. Tumor
location distribution is listed in Table 2. SRC occurs at a higher
proportion in the middle stomach, defined as the body (SRC:
13.0%; WMD: 8.0%; PD: 10.5%), greater curvature (SRC: 6.2%;
WMD: 3.3%; PD: 4.5%), and lesser curvature (SRC: 13.7%;
WMD: 8.8%; PD: 11.5%), and the lower stomach, defined as
the antrum (SRC: 27.5%; WMD: 24.4%; PD: 23.5%) or pylorus
(SRC: 4.6%; WMD: 2.9%; PD: 3.5%). WMD and PD were more
common in the upper stomach, defined as the cardia (SRC: 4.6%;
WMD: 2.9%; PD: 3.5%) or fundus (SRC: 3.2%; WMD: 3.6%;
August 2021 | Volume 11 | Article 580545
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PD: 3.1%). Overlapping locations were seen the most in the SRC
(SRC: 12.2%; WMD: 5.0%; PD: 8.5%). In terms of tumor size,
SRC (96.4%) had larger tumor size than WMD, whereas PD
presented as the largest tumor. At initial diagnosis, compared
with other two types of patients, SRC had a higher proportion
presented with tumor stage T4 (SRC: 33.4%; WMD: 12.7%; PD:
26.9%). More patients with SRC presented with node stage N3
(SRC: 25.5%; WMD: 12.7%; PD: 26.9%). In terms of TNM
Frontiers in Oncology | www.frontiersin.org 3236
staging, the proportion of SRC, WMD, and PD patients at
stage I was 20.8, 38.4, and 15.2%. Patients with SRC were seen
more frequently at stage IV, though a higher proportion of
patients with stage IV were in the PD group (SRC: 20.0%;
WMD: 14.7%; PD: 22.5%).

Metastasis sites for different subtypes of gastric cancer are
presented in Table 3. In our study, we found that patients with
SRC have a higher risk of bone metastasis than those with WMD
FIGURE 1 | CONSORT diagram. AJCC, American Joint Committee on Cancer, 7th edition.
TABLE 1 | Demographic characteristics of study subjects.

Variable Signet Ring Cell Carcinoma (A)
(N = 1,751)

Well and Moderately Differentiated AC (B)
(N = 3,231)

P (AvsB) Poorly Differentiated AC(C)
(N = 4,262)

P (AvsC)

N % N % N %

SEX
Male 925 52.8% 2,266 70.1% <0.001 2,828 66.4% <0.001
Female 826 47.2% 965 29.9% 1434 33.6%

Age, years
<45 217 12.4% 100 3.1% <0.001 276 6.5% <0.001
>=45 1,537 87.6% 3,131 96.9% 3,986 93.5%

Race
White 1,153 65.8% 2,231 69.0% 0.001 2,888 67.8% 0.133
Black 214 12.2% 429 13.3% 537 12.6%
Other 384 21.9% 571 17.7% 837 19.6%
August 2021 | Volume 11 | Artic
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and PD (SRC: 13.90%; WMD: 6.70%; PD: 11.60%). However,
WMD and PD subtypes had significantly higher rate of liver
(SRC: 13.20%; WMD: 59.10%; PD: 41.60%) and lung metastasis
Frontiers in Oncology | www.frontiersin.org 4237
(SRC: 10.80%; WMD: 17.00%; PD: 14.40%). Brain metastasis
from GC is relatively rare, and the incidence rate is low in every
subtype (SRC: 1.20%; WMD: 2.30%; PD: 1.00%).
TABLE 2 | Tumor characteristics at presentation.

Variable Signet Ring Cell Carcinoma
(A) (N = 1,751)

Well and Moderately Differentiated
AC (B) (N = 3,231)

P (AvsB) Poorly Differentiated AC (C)
(N = 4,262)

P (AvsC)

N % N % N %

Grade
I 2 0.1% 501 15.5% NA 0 NA
II 42 2.4% 2730 84.5% 0
III 1661 94.9% 0 4,262 100.0%
IV 46 2.6% 0 0

Tumor site
Cardia, NOS 343 19.6% 1379 44.0% <0.001 1,487 34.9% <0.001
Fundus of stomach 56 3.2% 113 3.6% 132 3.1%
Body of stomach 227 13.0% 250 8.0% 448 10.5%
Gastric antrum 482 27.5% 764 24.4% 1,003 23.5%
Pylorus 81 4.6% 91 2.9% 148 3.5%
Lesser curvature of stomach, NOS 240 13.7% 274 8.8% 491 11.5%
Greater curvature of stomach, NOS 108 6.2% 103 3.3% 191 4.5%
Overlapping lesion of stomach 214 12.2% 157 5.0% 362 8.5%

Tumor size
<25 mm 418 23.9% 976 31.2% <0.001 764 17.9% <0.001
25–46 mm 553 31.6% 1,064 34.0% 1,489 34.9%
>46 mm 780 44.5% 1,091 34.8% 2,009 47.1%

AJCC T stage (7th)
T1 380 21.7% 1,182 37.8% <0.001 874 20.5% <0.001
T2 187 10.7% 436 13.9% 485 11.4%
T3 600 34.3% 1,114 35.6% 1,757 41.2%
T4 584 33.4% 399 12.7% 1,146 26.9%

AJCC N stage (7th)
N0 646 36.9% 1,695 54.1% <0.001 1,416 33.2% <0.001
N1 394 22.5% 832 26.6% 1,326 31.1%
N2 264 15.1% 359 11.5% 718 16.8%
N3 447 25.5% 245 7.8% 802 18.8%

AJCC TNM stage (7th)
I 364 20.8% 1,201 38.4% <0.001 648 15.2% <0.001
II 352 20.1% 662 21.1% 986 23.1%
III 684 39.1% 807 25.8% 1,668 39.1%
IV 351 20.0% 461 14.7% 960 22.5%
A
ugust 2021 | Volume 11 | Artic
AJCC, American Joint Committee on Cancer,7th edition; NOS, Not Otherwise Specified; NA, not applicable.
TABLE 3 | Metastasis sites for different subtypes of gastric cancer.

Variable Signet Ring Cell Carcinoma (A)
(N = 567)

Well and Moderately Differentiated AC (B)
(N = 599)

P(AvsB) Poorly Differentiated AC (C)
(N = 1,412)

P(AvsC)

N % N % N %

Bone metastases <0.001 0.155
Yes 79 13.90% 40 6.70% 164 11.60%
No 488 86.10% 559 93.30% 1,248 88.40%

Liver metastases <0.001 <0.001
Yes 75 13.20% 354 59.10% 588 41.60%
No 492 86.80% 245 40.90% 824 58.40%

Brain metastases 0.157 0.633
Yes 7 1.20% 14 2.30% 14 1.00%
No 560 98.80% 585 97.70% 1,398 99.00%

Lung metastases 0.002 0.029
Yes 61 10.80% 102 17.00% 204 14.40%
No 506 89.20% 497 83.00% 1,208 85.60%
l

AC, adenocarcinoma.
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Survival
KM curves were calculated based on pathologic classification and
are shown in Figure 2. The median OS are as follows: SRC: 21
months; WMD: 37 months; PD: 19 months; P < 0.001
(Figure 2A). Intriguingly, regarding individual stages, for
patients presented with stage I, SRC patients have longer
survival (SRC: 65 months; WMD: 59 months; PD: 56 months;
P < 0.001; Figure 2B). There was no statistical difference among
the three groups in stage II (SRC: 39 months; WMD: 44 months;
PD: 42 months; P = 0.255; Figure 2C). In stage III, compared
Frontiers in Oncology | www.frontiersin.org 5238
with SRC and PD patients, the best survival was observed in
WMD (SRC: 18 months; WMD: 25 months; PD 18 months; P <
0.001; Figure 2D). When comparing stage IV cancers, survival
was not significantly different (SRC: 9 months; WMD: 8 months;
PD: 7 months; P = 0.105; Figure 2E).

Predictors of Mortality
As univariate analysis showed, older age, race, larger tumor size,
tumor site, surgery of primary site, advanced T or N
classification, and TNM staging system (all P < 0.001) were
A B

C

E

D

FIGURE 2 | (A) Kaplan-Meier (KM) survival curves comparing the OS of patients with signet ring cell carcinoma (SRC), well-to-moderately differentiated (WMD), and
poorly differentiated (PD) adenocarcinoma of all stages, (B) at American Joint Committee on Cancer, 7th edition (AJCC) stage I, (C) AJCC stage II, (D) AJCC stage
III, and (E) AJCC stage IV.
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significantly identified in univariate analysis (Table 4). In
multivariate analysis for OS, older age (P = 0.001; HR=1.414;
95% CI1.:152–1.736), tumor site (P = 0.002), larger tumor size
(P < 0.001), advanced T classification (P < 0.001), advanced N
classification (P = 0.001), advanced TNM stage (P < 0.001), and
surgery of primary site (P < 0.001) were identified as
independent prognostic indicators. Next, an OS nomogram
was developed based on these risk factors (Figure 3).

Nomogram Validation
The C-index for OS prediction with the formulated nomogram
was 0.751 (95% CI: 0.735–0.767). This high C-index predicts the
Frontiers in Oncology | www.frontiersin.org 6239
excellent accuracy of the system. Three- and 5-year OS showed
consistency with the OS nomogram, as shown in the calibration
plot (Figure 4). Additionally, a large area under the ROC curve
(AUC) was noted for both 3- and 5-year OS curves (Figure 5).
DISCUSSION

We reaffirmed that SRC has features distinct from those of gastric
adenocarcinoma. Age, T stage, N stage, TNM stage, surgery,
tumor size, and tumor site can be treated as independent
prognostic factors related to survival, and a nomogram was
TABLE 4 | Univariate and multivariate analyses of prognostic factors associated with overall survival of patients with SRC.

Variable Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

SEX 0.28
Female reference
Male 1.070 (0.940~1.218) 0.28

Age, years <0.001 0.001
<45 reference reference
>=45 1.395 (1.141–1.705) 1.414 (1.152–1.736) 0.001

Race <0.001 0.068
White reference reference
Black 1.058 (0.882–1.270) 1.175 (0.975–1.415)
Other 0.707 (0.603–0.830) 0.832 (0.706–0.979)

Grade 0.177
I-II
III-IV 1.112 (0.919–1.305)

Tumor site <0.001 0.002
Cardia, NOS reference reference
Fundus of stomach 0.763 (0.535–1.089) 0.914 (1.094–1.316)
Body of stomach 0.700 (0.561–0.873) 1.031 (0.970–1.300)
Gastric antrum 0.726 (0.608–0.867) 1.209 (0.827–1.477)
Pylorus 0.702 (0.509–0.970) 1.154 (0.867–1.623)
Lesser curvature of stomach, NOS 0.646 (0.518–0.804) 1.021 (0.980–1.291)
Greater curvature of stomach, NOS 0.702 (0.524–0.940) 1.167 (0.857–1.584)
Overlapping lesion of stomach 1.297 (1.062–1.584) 1.381 (0.724–1.719)

Tumor size <0.001 <0.001
<25 mm reference reference
25–46 mm 1.701 (1.402–2.064) 1.166 (0.858–1.430)
>46 mm 2.820 (2.361–3.369) 1.384 (0.723–1.690)

AJCC T stage (7th) <0.001 <0.001
T1 reference reference
T2 1.095 (0.823–1.456) 0.7193 (0.526–0.983)
T3 2.150 (1.763–2.622) 0.8483 (0.649–1.110)
T4 3.553 (2.924–4.317) 1.2474 (0.947–1.643)

AJCC N stage (7th) <0.001 0.001
N0 reference reference
N1 1.687 (1.422–2.002) 0.940 (0.775–1.140)
N2 1.550 (1.280–1.877) 0.874 (0.689–1.109)
N3 2.340 (1.996–2.742) 1.335 (1.059–1.682)

AJCC TNM stage (7th) <0.001 <0.001
I reference reference
II 2.375 (1.824–3.092) 2.225 (1.587–3.118)
III 4.480 (3.549–5.655) 3.449 (2.359–5.043)
IV 9.919 (7.755–12.687) 4.843 (3.386–6.926)

Surgery at primary site <0.001 <0.001
Not performed reference reference
Performed 0.280 (0.245–0.320) <0.001 0.282 (0.236–0.336) <0.001
August 2021 | Volume 11 | Article
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established to predict the prognosis. By solid validation, the
nomogram displayed outcomes with high accuracy.

SRC is more frequent in younger patients, especially female
patients, which is similar to the research result observed by the
Asian Cancer Center (7). The epidemiology showed consistency
between eastern and western countries. SRC also differs in the
Frontiers in Oncology | www.frontiersin.org 7240
clinical features from adenocarcinoma and appears more
frequently in the middle or lower stomach; the results are the
same as those of Theuer et al. (16).

From 2010 on, SEER database started to release metastatic
pattern including liver, lung, bone, and brain. Our research
found that SRC was more likely to have bone metastasis, while
FIGURE 4 | Calibration plots of 3- and 5-year overall survival (OS) for signet ring cell (SRC) carcinoma patients.
FIGURE 3 | Overall Survival (OS) nomograms for SRC patients at 3 and 5 years after diagnosis. For primary site: 0 represents cardia, NOS; 1 represents fundus of
stomach; 2 represents body of stomach; 3 represents gastric antrum; 4 represents pylorus; 5 represents lesser curvature of stomach, NOS; 6 represents greater
curvature of stomach, NOS; 7 represents overlapping lesion of stomach.
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WMD and PD were more prone to have lung and liver
metastases. It is suggested that clinicians take the pathological
subtypes into account when designing pretreatment imaging
evaluation for GC patients (17).

SRC is associated with more advanced stages, with more
patients appearing at AJCC stage IV, with more advanced T and
N stages and higher tumor grade. The result of this research is
similar to a previous study that reported that SRC patients were
more common in the late stages (8). However, in Hong’s study,
60% of SRC patients were early gastric cancer at diagnosis (7).
Thus, we thought that stage adjustments are crucial to illustrate
the prognosis of SRC.

Interestingly, the prognosis of advanced-stage SRC is
controversial (18). A large-volume study based on SEER
found patients with stage IV SRC had better survival.
Conversely, several Asian studies have reported poor prognosis
in later stages of the disease (19, 20). The primary finding
of our research is that compared with adenocarcinoma,
when performing stratified analysis by the AJCC stage, SRC
is not independently associated with mortality. Furthermore,
an improved survival with stage I SRC compared with
adenocarcinoma was detected. A study in South Korea
reported a lower rate of lymph node (LN) metastasis in early-
stage gastric SRC (21). SRC is not more aggressive than
differentiated cancer in all stages (22). The transition of
prognosis as the disease progressed might indicate
that underlying mutations controlling the pernicious
potential of SRC happen late in the disease course. Deep
Frontiers in Oncology | www.frontiersin.org 8241
understanding of the molecular changes associated with SRC is
urgently needed.

This research constructed and validated an OS nomogram
prognostic model, which can facilitate individualized treatment
and prognostic assessment. In multivariate analysis, the
optimal-cutoff categorized tumor size has been deemed to be a
significant independent element of prognosis. As a result, the
concept of tumor size was involved in the formulated
nomogram. Actually, conventional categorization by sizes of 5
and 10 cm did not fully reflect the prognostic value of tumor size
in SRC (23). According to our finding, compared with tumor size
<25 mm, tumor size between 25 and 46 mm has a significantly
higher risk. Moreover, tumor size >46 mm showed the
highest risk.

In a previous study, Saito et al. had observed that large-size
tumor was an independent prognostic factor with worse
prognosis (24). Large size stimulates angiogenesis, which
increases tumor cell proliferation. The underlying mechanism
remains to be studied.

Meanwhile, there remain some limitations to our study. First,
since the classification of GC subtypes may be different, we
compared only those cases with clear pathological types. Another
limitation of this study is the retrospective essence, which may
result in recall bias. A prospective research is warranted in the
future. Next, because this study only included the Western
population, it could not represent universal situation of gastric
cancer. Therefore, further global studies of SRC gastric cancer are
needed to verify the current study.
FIGURE 5 | Receiver Operating Characteristic (ROC) curves. ROC of 3- and 5-year Overall Survival (OS) for signet ring cell carcinoma (SRC) patients. TP, True
Positives; FP, False Positives; AUC, area under the ROC curve.
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Purpose: The aim of this retrospective study was to probe into clinicopathological
features and prognosis of early-onset gastric cancer (EOGC) patients aged ≤ 45 years old.

Methods: This study selected 154 young gastric cancer patients aged ≤ 45 years old and
158 elderly gastric cancer patients aged > 50 years old admitted toWest China Hospital of
Sichuan University in 2009-2019 as the research object. These patients were further
divided into two groups according to whether tumor can be resected radically. The
following parameters were analyzed: age, gender, helicobacter pylori (HP) infection status,
Her-2 status, pathological type and stage, chemotherapy, tumor differentiation degree,
overall survival (OS).

Results:More than 3,000 patients with gastric carcinoma were screened, and 154 young
gastric cancer patients aged ≤ 45 years old were identified as EOGC. Among them, the
number of female patients in EOGC group was significantly higher than that of males,
accounting for 63.6%. In addition, EOGC were associated with diffuse Laur´en type and
poorly differentiated tumors. Interestingly, the Kaplan–Meier method showed that the OS
of unresectable EOGC group was significantly lower than that of unresectable LOGC
group (P = 0.0005) and chemotherapy containing paclitaxel tended to be more effective in
the young people (P = 0.0511). Nevertheless, there was no significant difference in OS
between young and elderly patients with gastric cancer in the radical resection group
(P = 0.3881).

Conclusion: EOGC patients have a worse prognosis than late-onset gastric cancer
(LOGC) patients with advanced unresectable gastric cancer. Palliative surgery or
chemotherapy containing paclitaxel may improve the OS of unresectable young
individuals with gastric cancer. Additional randomized controlled trials are required for
guiding clinical practice.
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August 2021 | Volume 11 | Article 6742241243

https://www.frontiersin.org/articles/10.3389/fonc.2021.674224/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.674224/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.674224/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.674224/full
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:mingliu721@aliyun.com
https://doi.org/10.3389/fonc.2021.674224
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2021.674224
https://www.frontiersin.org/journals/oncology
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2021.674224&domain=pdf&date_stamp=2021-08-26


Huang et al. Young Patients With Gastric Cancer
INTRODUCTION

Gastric cancer is the third leading cause of cancer-related deaths
worldwide and half of the deaths from gastric cancer occur in China
(1, 2). In the past 10 years, the overall incidence of gastric cancer has
gradually decreased (3). However, due to the irregular diet and work
schedule, the incidence of early-onset gastric cancer (EOGC),
diagnosed in young people has significantly increased (4, 5). At
present, there is no clear age limit for early-onset gastric cancer.
Regardless of whether it is 30, 40 or 50 years old, the incidence of
early-onset gastric cancer is increasing year by year (5). EOGC is
different from late-onset gastric cancer (LOGC) that is traditionally
common in the elderly people aged > 60 years old (6). Compared
with elderly patients, the common characteristics of younger
patients include female predominance, faster growth and
metastatic property of tumor, worse prognosis, and higher levels
of resistance to traditional chemotherapy. In addition, pathological
tissues of younger patients are more characteristic of poor
differentiation, signet-ring cells carcinoma, and Laur´en diffuse
type (4, 7, 8). Because the early symptoms of gastric cancer are
not obvious, young patients are more likely to ignore these
symptoms. Meanwhile, studies demonstrated that younger
patients commonly have more aggressive pathological assessment
and worse outcome compared with older patients in different cancer
(9, 10). Thus, diagnosis and screening of EOGC patients need to be
improved (7, 11).

This study aims to explore clinicopathological characteristics
and prognosis of patients with early-onset gastric cancer (≤ 45
years old). In this case-control study, 154 young gastric cancer
patients aged ≤ 45 years old and 158 random elderly patients
aged > 50 years old who were admitted to West China Hospital
of Sichuan University from 2009 to 2019 were selected as the
research subjects. Moreover, clinicopathological characteristics
Frontiers in Oncology | www.frontiersin.org 2244
and prognosis were analyzed in resectable and unresectable
young gastric cancer patients, which could be complementary
for current clinical guidance.
METHODS

Patients
This was a monocentric, retrospective study. More than 3,000
patients with gastric carcinoma were screened, and 154 young
gastric cancer patients aged ≤ 45 years old were identified in
West China Hospital of Sichuan University in 2009-2019 as the
research subjects. Among them, 108 patients had undergone
radical resection and 46 patients were not. We randomly selected
158 patients aged > 50 years old with gastric cancer to serve as a
control group, 108 of which had undergone radical surgery and
other 50 patients did not. pathological type of gastric cancer in all
patients was adenocarcinoma, and all patients received
chemotherapy. Figure 1, 2 show the selection and matching
procedure of the study cohort. At present, there is no clear age
criterion for EOGC. According to previous literature and clinical
studies, we considered the age of patients ≤ 45 years old as EOGC
group, at the same time, those > 50 years old as LOGC group
(12, 13).

Definitions
Resectable GC was defined as the patients who were absence of
distant and implantation metastases and underwent radical
gastrectomy with negative cutting edge for stage I-III.
Unresectable GC was defined as the advanced tumor invaded
large blood vessels and important organs or had distant and/or
implantation metastasis (mainly including stage IV and part of
stage IIIC). Unresectable gastric cancer also includes locally
FIGURE 1 | Flowchart of the selection procedure about young gastric cancer.
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advanced gastric cancer, although it has undergone radical
surgery, the intraoperative or postoperative pathological results
suggesting positive margins or implant metastases, etc.
Postoperative pathological staging relies on the TNM system
designed jointly by the Union for International Cancer Control
(UICC) and the American Joint Committee on Cancer (AJCC) in
2017 (8th edition). The degree of differentiation and pathological
type of tumor were classified as recommended by the World
Health Organization (WHO).

Data Collection
We reviewed the general information of the patient, surgery
status, postoperative pathological results, radiotherapy and
chemotherapy status and follow-up. Detailed information of
patients including age and sex, location and histological type of
tumor, symptom, level of lymph node metastasis, type of distant
metastases, stage of disease, operative curability, HP infection
and Her-2 status, radiotherapy and chemotherapy were obtained
from a retrospective database. Follow-up data included overall
survival and pattern of recurrence or metastasis.

Statistical Analysis
For continuous variables and classified variables, descriptive
statistics are expressed as median and absolute numbers and
proportions (%), respectively. Group comparison of continuous
variables were performed using Student’s t-tests, while categorical
variables were compared with Fisher’s exact test or Pearson’s Chi-
square test. Correlations between various factors and overall
survival of GC were assessed by univariate and multivariate
Cox proportional hazards regression analysis. Variables that
were deemed of potential importance to the univariate analysis
(P < 0.100) were included in the multivariate analysis. All P values
were two sided, and P values < 0.050 were considered to be
Frontiers in Oncology | www.frontiersin.org 3245
statistically significant. Results for significant prognostic factors
were expressed as the hazard ratio for each category and its 95%
confidence interval. Patient survival was estimated using the
Kaplan–Meier method and log-rank tests were used to evaluate
differences in survival among different patient subgroups. The
statistical program SPSS version 22.0 (SPSS, Chicago, Illinois,
USA) and Graphpad PRISM v. 8.4.3 were used for analysis.
RESULTS

Basic Characteristics of Patients With
Unresectable Gastric Cancer
We summarized overall clinical and histopathologic features of
the patients with unresected gastric cancer in Table 1. The
median age of 46 patients in EOGC group was 35 years old,
among whom five had family history of tumor. EOGC group had
a larger proportion of women, while the vast majority are men in
LOGC group (P < 0.001). Compared with the old-aged cohort,
Poor differentiation was significantly more frequent in EOGC
group (93.4%; P = 0.004). Signet-ring cell carcinoma accounted
for 56.5% in EOGC group, while accounted for 28% in LOGC
group (P = 0.011). Meanwhile, the incidence of peritoneal
metastasis was greater in EOGC group(P = 0.045). On the
contrary, elderly patients are more likely to occur liver
metastasis (P = 0.027). Paclitaxel-containing chemotherapy was
used more frequently in EOGC group than in LOGC group,
whereas first-line chemotherapy containing oxaliplatin was used
more frequently in the elderly patients (P = 0.017). In the history
of drinking, young people drank less than old people (P = 0.020).
No significant differences were found in location of the primary
lesion, tumor size, and helicobacter pylori infection status or
Her-2 status.
FIGURE 2 | Flowchart of the matching procedure.
August 2021 | Volume 11 | Article 674224
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The Features of Patients With Resectable
Gastric Cancer
Table 2 shows the clinical and histopathologic characteristics of
patients with resected gastric cancer. Themedian age of 108 patients
in EOGC group was 37(range 27-45) years old, and this group
TABLE 1 | Patient characteristics with unresectable gastric cancer.

Patient characteristics EOGC（n = 46,%） LOGC（n = 50,%） P value

Age <0.001
(Range) 35 (23-45) 65 (53-81)

Sex <0.001
Male 12 (26.1) 38 (76.0)
Female 34 (73.9) 12 (24.0)

PS 0.381
0-1 35 (76.1) 34 (68.0)
2-3 11 (23.9) 16 (32.0)

Location 0.771
Upper 11 (23.9) 13 (26.0)
Middle 10 (21.7) 8 (16.0)
Lower 25 (54.4) 29 (58.0)

Differentiation 0.004
Poor 43 (93.4) 32 (64.0)
Moderate 1 (2.2) 6 (12.0)
Poor-Moderate 1 (2.2) 8 (16.0)
Unknown 1 (2.2) 4 (8.0)

Tumor size (cm) 0.625
≤ 5.0 15 (32.6) 14 (28.0)
> 5.0 31 (67.4) 36 (72.0)

WHO histological type 0.011
Signet-ring cell carcinoma 26 (56.5) 14 (28.0)
Tubular adenocarcinoma 0 4 (8.0)
Both 7 (15.2) 8 (16.0)
Others or Unknown 13 (28.3) 24 (48.0)

Palliative surgery 0.683
Yes 22 (47.8) 26 (52.0)
No 24 (52.2) 24 (48.0)

Symptom classification 0.553
Epigastric pain 36 (78.3) 36 (72.0)
Melena/haematemesis 2 (4.3) 3 (6.0)
Dyspepsia/nausea/vomiting 1 (2.2) 4 (8.0)
Dysphagia 4 (8.6) 6 (12.0)
Others 3 (6.6) 1 (2.0)

HP infection status 0.064
Negative 0 4 (8.0)
Positive 17 (37.0) 23 (46.0)
Unknown 29 (63.0) 23 (46.0)

Alcohol consumption 7 (15.2) 18 (36.0) 0.020
Family history 5 (10.9) 7 (14.0) 0.643
Her-2 status 0.066
Negative or 1+ 16 (34.8) 26 (52.0)
2+or 3+ 5 (10.9) 6 (12.0)
Unknown 25 (54.3) 18 (36.0)

Celiac lymph node
metastases

32(69.6) 37 (74.0) 0.629

Peritoneal metastasis 8 (17.4) 2 (4.0) 0.045
Ovarian metastasis (female) 13 (38.2) 2 (16.7) 0.285
Liver metastasis 6 (13.0) 16 (32.0) 0.027
Bone metastasis 7 (15.2) 2 (4.0) 0.082
First-line chemotherapy 0.017
Containing oxaliplatin 22 (47.8) 38 (76.0)
Containing paclitaxel 18 (39.1) 9 (18.0)
Others 6 (13.1) 3 (6.0)
Frontiers in Oncology | www.fro
ntiersin.org
Values in parentheses are percentages. PS, performance status. HP, helicobacter pylori.
Her-2, human epidermal growth factor receptor 2.WHO, world health organization.
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TABLE 2 | Patient characteristics with resected gastric cancer.

Patient characteristics EOGC
(n = 108,%)

LOGC
(n = 108,%)

P value

Age <0.001
(Range) 37 (27–45) 66 (50–79)

Sex <0.001
Male 44 (40.7) 79 (73.1)
Female 64 (59.3) 29 (26.9)

Location 0.099
Upper 17 (15.7) 9 (8.3)
Middle 25 (23.1) 19 (17.6)
Lower 66 (61.2) 80 (74.1)

Differentiation <0.001
Poor 83 (76.9) 51 (47.2)
Poor-Moderate 22 (20.4) 40 (37.0)
Moderate 1 (0.9) 17 (15.8)
Unknown 2 (1.8) 0

Tumor size (cm) 0.359
≤ 5.0 65 (60.2) 66 (61.1)
> 5.0 22 (20.4) 36 (33.3)
Unknown 21 (19.4) 6 (5.6)

WHO histological type <0.001
Signet-ring cell carcinoma 39 (36.1) 17 (15.7)
Tubular adenocarcinoma 3 (2.8) 23 (21.3)
Both 50 (46.3) 32 (29.6)
Others or Unknown 16 (14.8) 36 (33.4)

Laur´en histological type <0.001
Diffuse 65 (60.2) 37 (34.3)
Mixed 19 (17.6) 13 (12.0)
Intestinal 3 (2.8) 26 (24.1)
Unknown 21 (19.4) 32 (29.6)

Borrmann histological type 0.688
1 1 (0.9) 1 (0.9)
2 13 (12.1) 19 (17.6)
3 8 (7.4) 8 (7.4)
4 9 (8.3) 5 (4.6)
Unknown 77 (71.3) 75 (69.5)

pT stage 0.202
T1 19 (17.6) 9 (8.3)
T2 14 (13.0) 12 (11.1)
T3 30 (27.8) 35 (32.4)
T4 45 (41.6) 52 (48.2)

pN stage 0.073
N0 8 (7.4) 20 (18.5)
N1 31 (28.7) 24 (22.2)
N2 22 (20.4) 25 (23.1)
N3 47 (43.5) 39 (36.2)

pTNM stage 0.035
IB-IIA 28 (26.0) 20 (18.5)
IIB-IIIA 23 (21.3) 40 (37.0)
IIIB-IIIC 57 (52.7) 48 (44.5)

Adjuvant radiotherapy 0.186
Yes 29 (26.9) 38 (35.2)
No 79 (73.1) 70 (64.8)

Symptom classification 0.341
Epigastric pain 85 (78.7) 86 (79.6)
Melena/haematemesis 11 (10.2) 7 (6.5)
Dyspepsia/nausea/vomiting 9 (8.3) 6 (5.6)
Dysphagia 1 (0.9) 2 (1.9)
Others 2 (1.9) 7 (6.4)

HP infection status 0.295
Negative 9 (8.3) 6 (5.6)
Positive 29 (26.9) 39 (36.1)
Unknown 70 (64.8) 63 (58.3)

Alcohol consumption 20 (18.5) 48 (44.4) <0.001

(Continued)
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similarly contained a higher proportion of female patients (59.3%)
than LOGC group (26.9%) (P < 0.001). Poor differentiation was also
significantly more frequent in EOGC group (76.9%) than in LOGC
group (47.2%) (P < 0.001). Meanwhile, WHO histological type in
EOGC group contained a larger proportion of signet-ring cell
carcinoma (P < 0.001) and Laur´en histological type of EOGC
group was mainly diffuse-type (P < 0.001). Laur´en intestinal-type
accounted for only 2.8% in EOGC group but 21.3% in LOGC group.
In all patients, the most common symptom was epigastric pain,
reported by over 70 percent of patients. Other common
presentations were melena/haematemesis, dyspepsia/nausea/
vomiting and dysphagia, reported by 1-10 percent of patients.
Besides, resectable EOGC group had a lower frequency of Her-2
amplification and overexpression than LOGC group (P = 0.001).
There was no statistically significant difference in postoperative
recurrence and metastasis between the two groups. Although there
is a certain difference in pTNM stage, there is no significant
differences in T stage and N stage.

Univariate and Multivariate Analyses for
Overall Survival Associated With
Resectability of GC in Young Patients
In this study, curative intent for GC was performed on 108 patients.
Among them, 3 patients underwent neoadjuvant chemotherapy
Frontiers in Oncology | www.frontiersin.org 5247
before radical operation. IIIB-IIIC stage accounted for 52.7% of
pTNM stage in the completely resected EOGC group. Univariate
analysis revealed that the poor differentiation, larger tumor size,
signet-ring cell carcinoma according to WHO histological type, and
higher pT stage, pN stage and pTNM stage all increased death
(Table 3). In multivariate analyses, only pT stage [hazard ratio (HR)
5.916, 95% CI 1.579-22.173, P = 0.008] was the significant
prognostic predictor. The OS rate was significantly better in
young patients with pT1-2 stage than in those with pT3-4 stage
(P < 0.0001, Figure 3A). All patients received chemotherapy, but
simultaneous radiotherapy and chemotherapy did not increase OS
compared with chemotherapy alone (P = 0.520).

Univariate and Multivariate Analyses for
Overall Survival Associated With
Unresectability of GC in Young Patients
Unresectability for young GC was performed on 46 patients.
Among them, 22 patients (47.8%) underwent surgery with
palliative intent and other 24 cases (52.2%) did not undergo
surgery. Absence of surgery and cancer family history were
considered as significant risk factors for death in the young
individuals by univariate analysis (Table 4). In multivariate
analyses, the palliative surgery [hazard ratio (HR) 0.212, 95% CI
0.088-0.513, P = 0.001] was the significant prognostic predictor and
first-line chemotherapy with paclitaxel [hazard ratio (HR) 0.490,
95% CI 0.238-1.008, P = 0.052] might be a significant prognostic
predictor. The OS rate was significantly worse in the patients with
no surgery than in those with palliative surgery (P = 0.0003; Median
survival time 9.5 months versus 16.5 months; Figure 3B). All
patients had undergone chemotherapy. Figure 4A shows that the
survival rate of EOGC group with paclitaxel in the first-line
chemotherapy tended to be better than that with oxaliplatin,
although it did not reach statistical significance (Median survival
time 13 months versus 10 months; P = 0.0511). However, in LOGC
group, as shown in Figure 4B, the survival rate of patients in the
first-line chemotherapy with oxaliplatin tended to be better than
that with paclitaxel, although there was no statistical significance
(Median survival time 18 months versus 12 months; P = 0.0685).
TABLE 2 | Continued

Patient characteristics EOGC
(n = 108,%)

LOGC
(n = 108,%)

P value

Ovarian metastasis (female) 10 (15.6) 2(6.9) 0.300
Her-2 status 0.001
Negative or 1+ 75 (69.4) 48 (44.4)
2+ or 3+ 7 (6.5) 11 (10.2)
Unknown 26 (24.1) 49 (45.4)

Recurrence or metastasis(numbers) 0.514
I (pTNM stage) 1 (2.3) 1 (2.1)
II 5 (11.4) 10 (21.3)
III-IV 38 (86.3) 36 (76.6)
Values in parentheses are percentages. TNM, tumor node metastasis; HP, helicobacter
pylori; Her-2, human epidermal growth factor receptor 2; WHO, world health organization.
TABLE 3 | Univariate and multivariate analyses for overall survival associated with resectability of EOGC patients.

Factors Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Age 0.915 (0.908,1.024) 0.240
Sex (female versus male) 0.616 (0.328,1.159) 0.133
Differentiation (poor versus others) 2.118 (0.944,4.749) 0.069
Location (lower versus others) 0.842 (0.463,1.531) 0.572
Tumor size (≤ 5.0 cm versus > 5.0 cm) 0.501 (0.249,1.008) 0.053
WHO histological type (signet-ring cell carcinoma versus tubular adenocarcinoma) 0.406 (0.205,0.804) 0.010
Lauren histological type (diffuse versus others) 0.471 (0.181,1.223) 0.122
pT stage (T1-2 versus T3-4) 0.112 (0.035,0.362) <0.001 5.916 (1.579,22.173) 0.008
pN stage (N0-1 versus N2-3) 0.457 (0.226,0.923) 0.029 0.928 (0.393,2.188) 0.864
pTNM stage (I-II versus III-IV) 0.215 (0.091,0.508) <0.001 1.970 (0.636,6.1.4) 0.240
Adjuvant radiotherapy 1.230 (0.654,2.313) 0.520
Symptom classification (Epigastric pain versus others) 0.879 (0.423,1.826) 0.730
Her-2 status (≥2+ versus others) 1.784 (0.427,7.448) 0.428
Augus
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Values in parentheses are 95 percent confidence intervals. HR, hazard ratio; CI, confidence interval; WHO, world health organization; Her-2, human epidermal growth factor receptor 2.
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A B

FIGURE 3 | Kaplan–Meier GC survival curve based on significant prognostic predictors for overall survival in EOGC patients with resectability and unresectability.
(A) pT stage of resectability GC in EOGC patients. (B) No surgery or palliative surgery in EOGC patients with unresectable GC.
TABLE 4 | Univariate and multivariate analyses for overall survival associated with unresectability of EOGC patients.

Factors Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Age 1.009 (0.951,1.071) 0.765
Sex (female versus male) 0.608 (0.308,1.197) 0.150
PS (0-1 versus 2-3) 1.184 (0.576,2.435) 0.645
Location (Lower versus others) 0.949 (0.525,1.718) 0.864
Tumor size (≤ 5.0 cm versus > 5.0 cm) 0.758 (0.401,1.434) 0.395
WHO histological type(signet-ring cell carcinoma versus others) 0.711 (0.362,1.399) 0.323
Palliative surgery (Yes versus No) 0.343 (0.182,0.647) 0.001 0.212 (0.088,0.513) 0.001
Symptom classification (Epigastric pain versus others) 1.398 (0.667,2.930) 0.375
Alcohol consumption 1.905 (0.835,4.346) 0.126
Cancer family history 2.624 (0.991,6.949) 0.052 0.851 (0.295,2.455) 0.765
Her-2 status (≥ 2+ versus others) 0.432 (0.143,1.304) 0.137
Celiac lymph node metastases 1.214 (0.634,2.326) 0.558
Peritoneal metastasis 0.842 (0.454,1.562) 0.586
Ovarian metastasis(female) 1.243 (0.609,2.536) 0.551
Liver metastasis 1.083 (0.424,2.767) 0.868
First-line chemotherapy (oxaliplatin versus paclitaxel) 0.516 (0.243,1.093) 0.084 0.490 (0.238,1.008) 0.052
Frontiers in Oncology | www.frontiersin.org
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A B

FIGURE 4 | Kaplan–Meier survival curve based on First-line chemotherapy for overall survival in unresected EOGC group (A) and LOGC group (B). (A) The first-line
chemotherapy containing oxaliplatin or paclitaxel in EOGC patients with unresectable GC. (B) The first-line chemotherapy containing oxaliplatin or paclitaxel in LOGC
patients with unresectable GC.
674224
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Survival Analysis
The total follow-up time of the resectable group was 3 years
during which 32 patients died in EOGC group compared with 26
in LOGC group. There was no significant difference in 3-year OS
rates between EOGC group and LOGC group after radical
operation, which were 70.4% and 75.9%, respectively (P = 0.3881,
Figure 5A). Moreover, 44 patients (40.7%) in EOGC group and 47
patients (43.5%) in LOGC group developed recurrence ormetastasis
within 3 years (P = 0.514; Table 2). Among resectable EOGC group,
there were 4 patients with gastric recurrence, 10 patients with celiac
lymph node metastasis, 6 patients with peritoneal metastasis, 10
female patients with ovarian metastasis, and a number of other
patients with rare cases such as liver metastasis, lung metastasis,
bone metastasis, and rectal metastasis. It is worthy of note, among
them, one patient had very rare breast metastasis.

In the unresectable EOGC group and LOGC group, the
median follow-up time was 13.9 months (range 2–41) and
23.1 months (range 6–60), respectively. All patients in
unresectable young group died (100%) and 43 patients in
unresectable old group died (86%) during follow-up. The OS
rate was significantly worse in EOGC group than that in LOGC
group (P = 0.0005, Figure 5B) and the median survival time was
12 months in EOGC group versus 17.5 months in LOGC group.
DISCUSSION

In the younger adults with gastric cancer, the lesions mainly
occurred in the fundus and antrum and 87 patients had HP
infection (56.5%), similar to that of seniors, more than half of the
patients infected. There were 23 cases of ovarian metastases in
the female patients (23.5%) and 78 patients died during follow-
up (50.6%) in the young adults compared with that 69 old
patients died (43.7%). As in previous studies, we found that
the young patients were mainly female, and most of them were
diagnosed with advanced stage (7, 14). The young patients
usually exhibit diffuse type and are likely to metastasize to
peritoneal (15, 16). Meanwhile, EOGC group was also featured
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with higher proportion of poor differentiation and signet-ring
cell carcinoma, suggesting that EOGC may be more aggressive
(17). We further found a higher proportion of peritoneal
metastasis in the young patients with advanced gastric cancer
and a higher proportion of liver metastasis in the elderly patients.
It has been suggested that helicobacter pylori infection is closely
related with the occurrence and development of gastric cancer
(18). Thus, HP-infection screening and treatment are deemed
the most cost-effective strategies to control gastric cancer among
young people with high incidence of gastric cancer (19, 20).

In agreement with the previous studies (8, 21), we found no
significant difference in OS between the older and younger
patients with resected gastric cancer (P = 0.3881). However, in
the unresected gastric cancer groups, for the first time we found
that there was significant difference in OS between the older and
younger individuals (P = 0.0005). Our findings suggest that the
prognosis of young individuals with advanced or unresectable
gastric cancer is worse than that of elderly patients and age is a
significant independent factor associated with worse prognosis in
patients with unresectable gastric cancer. Our study also found
that palliative resection can improve the survival of young patients
with incurable gastric cancer (P = 0.0003) (22, 23). Therefore,
palliative resection may be considered for advanced and incurable
young patients with good basic physical condition. Furthermore,
our study suggests that younger people with advanced
unresectable gastric cancer can benefit more from first-line
chemotherapy containing paclitaxel than that containing
oxaliplatin (P = 0.0511) (24). We speculate that the higher
proportion of signet-ring cell carcinoma in unresectable young
patients account for the better efficacy of paclitaxel-containing
chemotherapy, given that paclitaxel-containing chemotherapy is
more effective in patients with advanced gastric cancer with
peritoneal metastasis or signet-ring cell carcinoma (17, 25, 26).
Furthermore, we found that only 12 younger patients had positive
Her-2 overexpression (≥ 2+), suggesting that resectable EOGC
patients has a lower frequency of Her-2 amplification and
overexpression than LOGC patients (P = 0.001) (27). In
addition, our study found that adjuvant radiotherapy combined
A B

FIGURE 5 | Cumulative survival in EOGC and LOGC patients with resected or unresected GC. (A) There was no difference in overall survival between resected
EOGC group and LOGC group; P = 0.3881 (log-rank test). (B) There was statistical significance in overall survival between unresected EOGC group and LOGC
group; P = 0.0005 (log-rank test).
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with chemotherapy did not improve OS compared with
chemotherapy alone, which is consistent with previous
studies (28).

The incidence of young patients with gastric cancer is less
affected by environmental factors and more related with gene
mutation (12). Studies have pointed out that first-degree relatives
of patients with EOGC increases risk to gastrointestinal cancer (29).
Due to the limited research conditions, our study did not sequence
the exons of tumor tissues. Nonetheless, based on the previous
research, we can draw a conclusion that EOGC has distinct genomic
alterations and diffuse histologic features. Germline mutations in
CDH1 occur in approximately 40% of families with hereditary
diffuse gastric cancer (HDGC). However, studies have found that
there are also CDH1 germline mutations in EOGC (30, 31).
Integrative genomic analysis found that higher proportions of
early-onset diffuse gastric cancers (DGCs) contain somatic
mutations in CDH1 which were associated with shorter survival
times compared with late-onset DGCs (32–34). Interestingly, no
clear CDH1 variants were found in Brazilian EOGC patients, and
eating habits may be related to the development of EOGC (35).
According to the integrative analysis of mRNA and protein data,
EOGC was divided into four subtypes in which Subtype2 and 4 are
associated with immunity (long survival) and invasive tumors (short
survival), respectively (36). ARID1A is one of the most frequently
mutated genes in gastric cancer. A study found that high
heterogeneity of ARID1A expression was associated with
increased tumor infiltrating lymphocytes (TILs) density in EOGC
(37). Therefore, the abrupt landscape of EOGC and LOGC is
very different.

It is of note that, our study has some limitations. First, this was a
single-center retrospective analysis and thus it is impossible to assess
all potential confounding factors. Secondly, due to the large time
span, this analysis could not accurately reflect the current clinical
practice of gastric cancer. Thirdly, our cohort did not include data of
genetic information, which may ignore the role of age-specific
molecular biological characteristics in the prognosis of young
patients with gastric cancer. Further analysis of internal biological
characteristics is needed in combination with second-generation
sequencing or full-exon sequencing. Lastly, the sample size was
small, and the drug sensitivity of young patients with gastric cancer
needs to be further confirmed by prospective large clinical data.
CONCLUSIONS

The clinicopathological features of young patients with gastric
cancer included: female predominance, poor differentiation,
Frontiers in Oncology | www.frontiersin.org 8250
large proportion of signet-ring cell carcinoma, advanced stage
at diagnosis, and likelihood to metastasize to peritoneal. There
was no difference in OS between young patients and old patients
in resectable group. However, in unresectable group, the
prognosis of young patients was obviously worse than that of
elderly patients. In terms of treatment, compared with traditional
first-line chemotherapy including oxaliplatin, Paclitaxel-
containing chemotherapy had greater benefits for unresectable
young patients.
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1 Department of Gastric Surgery, Fujian Medical University Union Hospital, Fuzhou, China, 2 Key Laboratory of Ministry of
Education of Gastrointestinal Cancer, Fujian Medical University, Fuzhou, China, 3 Fujian Key Laboratory of Tumor
Microbiology, Fujian Medical University, Fuzhou, China

Background: The efficacy and benefits of adjuvant chemotherapy (AC) for patients with
gastric cancer pT3N0M0 remain controversial.

Methods: We prospectively collected and retrospectively analyzed 235 patients with
pT3N0M0 gastric cancer who underwent radical resection between February 2010 and
January 2016. Patients were divided into two groups: the surgery-alone (SA) group (n =
82) and the AC group (n = 153). We analyzed the effects of AC on the overall survival (OS)
and recurrence-free survival (RFS), and the relationship between the number of
chemotherapy cycles (CC) and recurrence rate (RR).

Results: The 5-year OS and RFS of the participants were 80.9% and 87.7%, respectively,
and those in the AC group were significantly higher than those in the SA group (86.9% vs.
69.5%, p = 0.003). The RFS of the AC and SA groups were 88.9% and 85.4%,
respectively; the difference was not statistically significant (p = 0.35). The independent
risk factors affecting the OS were perineural invasion-positive (PNI+) (HR = 2.64, 95%CI:
1.45–4.82, p = 0.003) and age ≥ 65 years (HR = 2.58, 95%CI: 1.39–4.8, p = 0.003). The
independent risk factor affecting the RFS was also PNI+ (HR3.11; 95%CI: 1.48–6.54, p =
0.003). Stratified analysis revealed that postoperative AC can significantly improve the OS
of PNI+ patients (AC group versus SA group: 84.1% vs. 45.5%, p = 0.001) and RFS
(86.4% vs. 63.6%, p = 0.017). However, perineural invasion negative (PNI-) patients did
not show the same results (p = 0.13 and p = 0.48, respectively). According to the number
of CC, divided into CC < 3 groups and CC ≥ 3 groups, the cumulative RR in the CC ≥ 3
group of patients with PNI+ was significantly lower than that of the CC < 3 group (7.4% vs.
28.2%, p = 0.037).

Conclusion: For pT3N0M0 gastric cancer patients with PNI+, at least three cycles of
postoperative AC can significantly reduce the overall RR. This finding should be verified by
using large external sample data.

Keywords: gastric cancer, pathological staging version, adjuvant chemotherapy, surgery, perineural
invasion positive
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INTRODUCTION

Adjuvant chemotherapy (AC) for gastric cancer patients with
postoperative pathological stages II and III has become widely
accepted (1). However, the use of chemotherapy in patients with
PT3N0M0 [stage IIA, according to the seventh edition of the
American Joint Committee on Cancer (AJCC)] is still
controversial in the guidelines of many Asian countries. This
may be due to the exclusion of patients with pT3N0M0 stage in
the Adjuvant Chemotherapy Trial of S-1 for Gastric Cancer
(ATCS-GC) in Japan, which explored the standard treatment
scheme for stages II and III gastric cancer after surgery. Therefore,
there was no strong evidence of AC for patients in this stage (2).
While postoperative AC was recommended for patients with
postoperative stage IIA pT3N0M0 in the guidelines for the
treatment of gastric cancer in Korea and China in 2018 and
2019, respectively (3, 4), it was still not recommended in the 2018
Japanese Guidelines for the Treatment of Gastric Cancer (5).

Lymph node metastasis is a high-risk factor for the recurrence
of advanced gastric cancer (6). For pT2N1M0 patients who are also
in stage IIA, the 2018 edition of the Japanese Guidelines
recommends postoperative AC (5). Previous studies confirmed
that invasion depth is a risk factor for the recurrence of advanced
gastric cancer (7, 8). Therefore, exploring the prognostic factors of
pT3N0M0 and the benefits of chemotherapy, and identifying
subgroups that can benefit from AC will further help guide the
clinical practice.

In this study, we retrospectively analyzed the prognostic risk
factors and recurrence patterns of pT3N0M0 patients in our center
over the last 6 years, and evaluated the effect of AC on the survival
and recurrence in patients. To our knowledge, this is the first large-
capacity center report to analyze the effect of postoperative AC on
the recurrence pattern of pT3N0M0 gastric cancer patients.
METHODS

Patient Characteristics and Clinical Data
From February 2010 to January 2016, a total of 4,080 patients with
gastric cancer underwent radical gastrectomy at Union Hospital,
which is affiliated with Fujian Medical University. Of the 4,080
patients, 235 were diagnosed with pT3N0M0 (AJCC seventh
edition) by pathological stage. All patients underwent gastrectomy
according to different tumor locations, and patients who received
neoadjuvant chemotherapy, synchronous tumors, or incomplete
pathological diagnoses were excluded from the study (Figure 1).
Depending on whether they received AC after surgery, patients were
divided into two groups: surgery-alone (SA) and AC groups. The
clinicopathological data of the patients are presented in Table 1.
Perineural invasion was defined as hematoxylin-eosin (HE) staining
in paraffin-embedded specimens of gastric cancer revealing the
infiltration of tumor cells to the nerve bundle or perineurium.

Chemotherapy Regimen
Since there is no consensus to date on the chemotherapy of
patients with pathological stage pT3N0M0, decisions on
chemotherapy and its regimens varies according to the
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preferences of the surgeons, oncologists, or patients. AC was
generally carried out 3–4 weeks postoperatively, and the main
regimen was either SOX or XELOX (79.1%). The SOX regimen
was S-1 80 mg/m2/day, while the XELOX regimen with
capecitabine (Xeloda®, Genentech, Inc., CA, USA) was 2,000
mg/m2/day, both for a total of 14 days, followed by 7 days of rest.
This was followed by oxaliplatin 130 mg/m2/21 d for both groups
and 3 weeks as a cycle (9). The number of chemotherapy cycles
was determined by the tolerance and compliance of the patient,
and the median chemotherapy cycle was 4 (range: 1–9).
Therapeutic chemotherapy after recurrence was not included
in the number of chemotherapy cycles.

Follow-Up and Recurrence Pattern
The patients were followed up every 3–6 months within 2 years and
every 6–12 months after 2 years. The follow-up included physical
examination, laboratory examination (hematological indices, tumor
markers), chest radiography, and total abdominal computed
tomography (CT), and gastroscopy was completed annually.
Recurrence-free survival (RFS) was defined as the interval
between the date of operation and discovery of recurrence.
Overall survival (OS) was defined as the interval between the date
of operation and death or loss of follow-up for any cause.

Recurrence patterns are classified as local recurrence (including
gastric stump cancer and local lymph node metastasis), peritoneal
recurrence, and distant recurrence (liver, lung, bone, and distant
lymph node metastasis). The detection of local and distant
recurrence is usually confirmed by an abdominal enhanced CT or
tissue biopsy. In our study, peritoneal recurrence was confirmed by
as cites cytology or peritoneal nodules on CT scans. When multiple
recurrence patterns were found simultaneously, they were displayed
in the corresponding recurrence patterns.

Statistical Analysis
The chi-square test was used to classify the variables in the
clinical and pathological data, and Student’s t-test was used for
continuous variables. OS and RFS curves were established using
the Kaplan-Meier method and compared using the log-rank test.
Cox regression hazard model was used to perform the analysis,
and univariate and multivariate analyses were used to identify
the risk factors for survival and recurrence, in which multivariate
risk models were included when univariate p < 0.05, or had
important clinical significance. The chi-square test was also used
to compare different recurrence patterns, and the Fisher test was
used when the sample size was less than five. The optimal
number of chemotherapy cycles was intercepted by univariate
regression of restricted cubic splines. R (https://www.r-project.
org/) was used for statistical analysis.
RESULTS

Clinicopathological Characteristics
Of the 235 patients with pT3N0M0 gastric cancer who underwent
radical resection, 82 patients did not receive postoperative AC
(SA group) and 153 patients received postoperative AC (AC group).
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TABLE 1 | Comparison of the clinicopathological characteristics between adjuvant chemotherapy group and surgery alone group.

Surgery alone n = 82 Adjuvant chemotherapy n = 153 P-Value

Age (%) <0.001
≤65 38 (46.3) 114 (74.5)
>65 44 (53.7) 39 (25.5)

Gender (%) 0.001
Male 55 (67.1) 132 (86.3)
Female 27 (32.9) 21 (13.7)

ECOG (%) 0.006
0 14 (17) 25 (16.3)
1 50 (61) 116 (75.8)
2 18 (22) 12 (7.8)

Tumor size (%) 0.842
<40 mm 52 (63.4) 95 (62.1)
≥40 mm 30 (36.6) 58 (37.9)

Tumor location (%) 0.633
Lower 30 (36.6) 49 (32.0)
Middle 13 (15.9) 31 (20.3)
Upper 28 (34.1) 58 (37.9)
Mix 11 (13.4) 15 (9.8)

Lymphatic invasion (%) 0.056
Positive 10 (12.2) 36 (23.5)
Negative 72 (87.8) 117 (76.5)

Perineural invasion (%) 0.872
Positive 22 (26.8) 44 (28.8)
Negative 60 (73.2) 109 (71.2)

Histologic type (%) 0.126
Differentiated 54 (65.9) 85 (55.6)
Undifferentiated 28 (34.1) 68 (44.4)

Complication (%) 0.751
Absent 77 (93.9) 142 (92.8)
Present 5 (6.1) 11 (7.2)
Frontiers in Oncology | www.frontiersin.org
 3254
 August 2021 | Volume 11 | Articl
Bold characters indicate that the index has significant significance in the model (P < 0.05), and its significance is explained in the results section of the article.
FIGURE 1 | Study flowchart.
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Table 1 shows the clinicopathological data of the two groups. Patients
in theSAgroupwereolder (p<0.001)andhadagreater female-to-male
ratio (p = 0.001). There were no significant differences in other
pathological data between the two groups.

Benefits of AC on OS and RFS
in All Patients
The 5-year OS in the AC group was significantly higher than that
in the SA group (86.9% vs. 69.5%, respectively; p = 0.003).
However, the 5-year RFS rates were similar (88.9% vs. 85.4%,
respectively; p = 0.35) (Figure 2). The independent risk factors
for survival were age ≥ 65 years (HR = 2.58, 95%CI: 1.39–4.8, p =
0.003) and perineural invasion positive (PNI+) (HR = 2.64, 95%
CI: 1.45–4.82, p = 0.003). The effect of AC on survival was also
significant. (HR = 0.46, 95%CI: 0.25–0.86, p = 0.019) (Table 2).
PNI+ was the only independent risk factor for recurrence (HR =
3.11, 95%CI: 1.48–6.54, p = 0.003) (Table 3).

Benefits of AC on OS and RFS in
Patients With PNI+
The OS and RFS of patients with PNI+ 5 years post-procedure
were significantly lower than those of patients with PNI- (OS:
71.2% vs. 84.6%, respectively; p = 0.002; RFS: 78.8% vs. 91.1%,
respectively; p = 0.003) (Supplementary Figure 1). Patients with
PNI+ 5 years post-procedure were divided into two groups according
to chemotherapy and non-chemotherapy; OS (84.1% vs. 45.5%,
respectively; p = 0.001) and RFS (86.4% vs. 63.6%, respectively; p =
0.017) were significantly higher in the chemotherapy group
(Figures 3A, B). However, there was no significant difference in
the OS and RFS between the chemotherapy and non-chemotherapy
groups in patients with PNI- (Figures 3C, D).
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Effect of AC on the Recurrence Pattern of
All Patients
The overall recurrence rate of the whole group was 12.3% (29/
235), 11.1% (17/153) in the AC group, and 14.6% (12/82) in the
SA group. There was no significant difference between the two
groups (p = 0.331). The local recurrence rate was 4.7% (11/235)
in all participants, 5.2% (8/153) in the AC group, and 3.7% (3/82)
in the SA group. The recurrence rate of the peritoneum was 3%
(7/235) in all patients, 2% (3/153) in the AC group, and 4.9%
(4/82) in the SA group. The distant recurrence rates were
6.8% (16/235) for all patients, 5.9% (9/153) in the AC group,
and 8.5% (7/82) in the SA group. However, there was no significant
difference in the recurrence of each site after chemotherapy (p =
0.751, p = 0.698, and p = 0.765, respectively) (Supplementary
Figure 2).

In termsof the recurrence time, the recurrence ratewithin 1 year
was 3.8% (9/235) for all patients, 3.9% (6/153) in theACgroup, and
3.7% (3/82) in the SA group. The current rate at 1–2 years was 3.8%
(9/235) for all patients, 3.3% (5/153) in the AC group, and 4.9%
(4/82) in the SA group. The recurrence rate after 2 years was
4.7% (11/235) for all patients, 3.9% (6/153) in the AC group, and
6.1% (5/82) in the SA group. There was no significant difference in
the recurrence time between the two groups (p = 0.727, p = 0.756,
and p = 0.834, respectively) (Supplementary Figure 2).

The Influence of PNI+ on the Recurrence
Pattern of Patients
The total and peritoneal recurrence rates of patients with PNI+
were 21.2% (14/66) and 7.6% (5/66), respectively, while those of
patients with PNI- were 8.9% (15/169) and 1.2% (2/169),
respectively. This difference was statistically significant (p = 0.01,
FIGURE 2 | Kaplan-Meier survival curves of chemotherapy and surgery alone in the OS and RFS of pT3N0M0 patients. OS, overall survival; RFS, recurrence-
free survival.
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p = 0.02). The local and distant recurrence rates were 7.6% (5/66)
and 9.1% (6/66), respectively. However, the proportion of patients
with PNI was 3.6% (6/169) and 5.9% (10/169), with no significant
difference (p = 0.19, p = 0.39) (Supplementary Figure 3).

The recurrence rate within 1 year was 9.1% (6/66) in patients
with PNI+ and 1.8% (3/169) in patients with PNI- (p = 0.013), and
the 1 to 2-year recurrence rate was 9.1% in patients with PNI+ and
1.8% in patients with PNI- (p = 0.013). The recurrence rate after 2
years in patients with PNI+ was 3% (2/66), and that in patients with
PNI- was 5.3% (9/169) (p = 0.735) (Supplementary Figure 3).

The Influence of Chemotherapy Cycles on
the Recurrence Rate of Patients With PNI+
To explore the influence of the chemotherapy cycle on the
recurrence of patients with PNI+, we analyzed the relationship
between the cumulative recurrence rate and chemotherapy cycle by
univariate regression of restricted cubic spline, and found that three
cycles of the postoperative chemotherapy were the best cut-off
values (Supplementary Figure 4). Patients with PNI+ were
divided into two groups: chemotherapy period < 3 and
chemotherapy period ≥ 3. The 5-year cumulative recurrence rates
of the two groups were as follows: chemotherapy cycle < 3 group,
Frontiers in Oncology | www.frontiersin.org 5256
28.2% (11/39); chemotherapy cycle ≥ 3 group, 7.4% (2/27); the
difference between the two groups was statistically significant (p =
0.037) (Figure 4). The cumulative recurrence rates of the
peritoneum were 12.8% (5/39) and 7.4% (2/27), respectively, with
no significant difference between the two groups (p = 0.691)
(Supplementary Figure 5).
DISCUSSION

A 2010 meta-analysis reported the difference in the prognosis
between AC and SA after gastric cancer surgery in the last 40
years (1970–2009). Postoperatively, AC was found to be
significantly better than SA in the OS and RFS, and the 5-year
survival rate after AC increased from 49.6% to 55.3% (10).
However, the analysis did not explore the benefits of AC at
different stages. Subsequently, two large randomized clinical
trials (capecitabine and oxaliplatin adjuvant study in stomach
cancer (11) and ATCS-GC) compared the benefits of AC with SA
in stages II and III gastric cancer. The results also showed that
patients with gastric cancer could benefit from AC (2, 12).
Although AC has been recommended for pT3N0M0 in stage
TABLE 2 | Univariate and multivariate analyses of overall survival.

Univariate analysis Multivariate analysis

HR 95%CI P-Value HR 95%CI P-Value

Age (y)
<65
≥65 3.03 1.81–6.02 <0.001 2.58 1.39–4.80 0.003

Gender
Male
Female 0.69 0.4–3.04 0.691

ECOG
0
1 0.56 0.78–2.13 0.351
2 1.83 0.45–1.86 0.569

Adjuvant treatment
Surgery alone
Chemotherapy 0.41 0.23–0.74 0.003 0.46 0.25–0.86 0.019

Lymphatic invasion
Absent
Present 1.30 0.66–2.56 0.451

Perineural invasion
Absent
Present 2.61 1.44–4.74 0.002 2.64 1.45–4.82 0.003

Tumor location
Low
Middle 1.12 0.47–2.66 0.791
High 1.09 0.54–2.20 0.817
Mix 1.28 0.49–3.30 0.615

Tumor size(mm)
<40
≥40 1.77 0.99–3.18 0.056

Histologic type
Differentiated
Undifferentiated 0.78 0.42–1.44 0.429

Complication
Absent
Present 1.60 0.63–4.05 0.326
August
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IIA in the guidelines of China and South Korea, recently
published Japanese guidelines for gastric cancer have still not
recommended the use of AC for pT3N0M0 (5). The reason may
be that the update of the pathological staging version leads to a
lack of evidence of chemotherapy in the special pathological
staging of “invading the subserous”. In the ATCS-GC and
CLASSIC studies, “invading the subserous” was defined as T2b
[referring to the Japan Gastric Cancer Treatment Protocol
version 13 (JGCTP13th) and AJCC6th], while the pT2bN0M0
pathological stage was IB stage. Therefore, this group of patients
could not enter the trial group as stage II. However, “invading the
subserous” has been defined as T3 (see Table 1) in the JGCTP14th

and the AJCC7th. Therefore, the benefit of AC in patients with
gastric cancer with subserosa invasion and no lymph node
metastasis is still controversial and needs to be further explored.

Recently, a large-volume study by Kang et al. compared the
difference in the prognosis between AC and SA in patients with
pT3N0M0, and concluded that AC did not show oncological
benefits (13). In contrast to that study, the patients included in
our study were all treated after 2010, and according to AJCC7th,
“invasion of serosa” is defined as T3 (patients of Kang from 2000
Frontiers in Oncology | www.frontiersin.org 6257
to 2018), which can reduce the stage bias caused by the update of
the pathological stage version. Here, we also performed a further
stratified analysis of pT3N0M0 and found that PNI+ is an
independent risk factor for pT3N0M0 patients, and AC can
significantly reduce the recurrence rate of patients with PNI+
in pT3N0M0.

Previously, Jiang et al. and Aurello et al. reported that the
positive rate of perineural invasion in gastric cancer was 35.9%
and 45.6%, respectively (14, 15), while in the current study, the
positive rate of perineural invasion was 26.1%. The reason for the
low incidence is that this study was only aimed at patients with
pT3N0M0. Although it has been found that the poor prognosis of
gastric cancer patients with PNI+ (16) and the incidence of
peritoneal recurrence is higher (17), to our knowledge, this is the
first report to describe the relationship between pT3N0M0 and
patients with PNI+. The mechanism underlying the effect of PNI+
on the recurrence of gastric cancer remains unclear. Previous
studies have suggested that gastric cancer cells invading the nerve
will spread along the nerve space, resulting in an early recurrence
and a poor prognosis with reports of cancer-related pain and
digestive juice secretion disorder (18). Based on this principle,
TABLE 3 | Univariate and multivariate analyses of recurrence-free survival.

Univariate analysis Multivariate analysis

HR 95%CI P-Value HR 95%CI P-Value

Age (y)
<65
≥65 1.659 0.80–3.45 0.176

Gender
Male
Female 0.79 0.3–2.06 0.327

ECOG
0
1 0.76 0.25–2.30 0.631
2 2.95 0.93–9.41 0.068

Adjuvant treatment
Surgery alone
Chemotherapy 0.7 0.34–1.47 0.352 0.56 0.26–1.20 0.138

Lymphatic invasion
Absent
Present 1.89 0.86–4.15 0.113 1.86 0.83–4.16 0.341

Perineural invasion
Absent
Present 3.08 1.48–6.41 0.004 3.11 1.48–6.54 0.003

Tumor location
Low
Middle 1.69 0.61–4.66 0.313
High 1.06 0.41–2.76 0.899
Mix 1.89 0.62–5.77 0.265

Tumor size (mm)
<40
≥40 1.64 0.79–3.40 0.183 1.68 0.81–3.49 0.164

Histologic type 1.21 0.77–1.91 0.403
Differentiated
Undifferentiated 1.36 0.66–2.82 0.408

Complication
Absent
Present 1.56 0.47–5.16 0.465
August
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some experts have further proposed that cancer cells remaining in
the extragastric nerve after gastrectomy may move into the
peritoneal cavity and enter the peritoneum (17), causing
peritoneal spread or metastasis. Suzuki et al. found that patients
who received AC exhibited a better RFS and OS than those who
did not receive AC among patients with stage III colorectal cancer
and PNI+ (19). The role of chemotherapeutic drugs in patients
with PNI+ is mainly related to the “perineural niche.” Nerve cells
have a nutrient-rich perineural space, are characterized by
extensive vascular and lymphatic supply, and can easily reach
Frontiers in Oncology | www.frontiersin.org 7258
the tumor site, which makes patients with PNI+ more sensitive to
chemotherapeutic drugs (20).

At present, there is no clear definition of the optimal cycle
number of postoperative AC for gastric cancer; in a clinical trial of
ATCS-GC (12), the included patients received eight cycles of S-1
regimen. Yamada et al. compared the efficacy of CS (cisplatin +S-1)
and SOX regimen, with median chemotherapy cycles of five and
seven, respectively (21). In our retrospective study, the median
number of chemotherapy cycles for patients with PNI+ was 3
(range: 1–8), and 86.3% of the patients received the SOX regimen.
A B

C D

FIGURE 3 | Kaplan-Meier survival curves of the OS and RFS of chemotherapy in patients with PNI+ and PNI-. OS, overall survival; RFS, recurrence-free survival;
PNI+, perineural invasion-positive; PNI-, perineural invasion-negative. (A) OS of PNI+ patients; (B) RFS of PNI+ patients; (C) OS of PNI- patients; (D) RFS of PNI+ patients.
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We analyzed the relationship between the recurrence rate and the
number of chemotherapy cycles by univariate risk regression of
restricted cubic splines and found that three cycles were the best
cut-off points. When patients were divided based on the number of
chemotherapy cycles (<3 and ≥3 groups), the cumulative
recurrence rate of the <3 group was significantly higher than that
of the ≥3 group (28.2% vs. 7.4%, p = 0.037). In addition, the
peritoneal recurrence rate in the chemotherapy cycle <3 group was
also higher than that in the ≥3 cycle group (12.8% vs. 7.4%),
although the difference was not statistically significant, which may
be due to the small number of cases in the subgroup. Therefore, the
above results suggest that for patients with pT3N0M0 who were
diagnosed relatively early, at least three cycles of AC should be
administered to effectively reduce postoperative recurrence.

The limitations of this study are as follows: 1) for the
retrospective study, patients failed to receive standardized
treatment after surgery (including chemotherapeutic drugs and
the number of chemotherapy cycles) and 2) due to the incomplete
data of chemotherapy toxicity recorded, the toxicity of different
cycles of chemotherapy could not be compared. In addition,
because this study was conducted at a single center, the sample
size was small. However, to our knowledge, this study is the first
to find that PNI+ is related to the prognosis of patients with
pT3N0M0 gastric cancer; thus, large-volume random clinical data
are needed to verify the results.
CONCLUSION

This study provides clinical evidence for the benefit of
postoperative AC for patients with gastric cancer in the eighth
edition of AJCC staging for pT3N0M0. Our study revealed for
the first time that PNI+ is an independent risk factor for the
prognosis of patients with pT3N0M0 gastric cancer. For patients
Frontiers in Oncology | www.frontiersin.org 8259
with pT3N0M0 gastric cancer with PNI+, postoperative AC for
at least three cycles can significantly reduce the overall
recurrence rate. This finding needs to be verified by using large
external sample data.
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Supplementary Figure 2 | Recurrence pattern and recurrence time in the
adjuvant chemotherapy and surgery alone groups.

Supplementary Figure 3 | Recurrence pattern and time of PNI+ and PNI-. PNI+,
perineural invasion-positive; PNI-, perineural invasion-negative.
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Supplementary Figure 4 | Scatter plot of log HR by chemotherapy cycle with
RCS fit. HR, hazard ratio; RCS, recurrence-free survival.

Supplementary Figure 5 | Cumulative peritoneal recurrence rate of two groups with
different chemotherapy cycles in patients with PNI+. PNI+, perineural invasion-positive.
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Background: Immunotherapy dramatically changed the treatment landscape of gastric
cancer in recent years. PD-L1 expression was proposed as a biomarker; however, the
treatment strategy according to PD-L1 is still uncertain. Here, we aimed to find the
appropriate cutoff value of PD-L1 expression for gastric cancer immunotherapy.

Methods: We did a systematic electronic research of prospective clinical trials of gastric
cancer immunotherapy across databases. Studies that provided subgroup analysis
results stratified by PD-L1 expression were included. Objective response rate (ORR),
disease control rate (DCR), hazard ratio (HR), and 95% confidential interval (CI) of
progression-free survival (PFS) and overall survival (OS) at different PD-L1 cutoff values
were extracted.

Results: Twelve studies and 6,488 patients in total were finally included for pooled
analysis. ORR in allover, PD-L1-negative, combined positive score (CPS) ≥1, CPS ≥5, and
CPS ≥10 population was 10%, 3%, 13%, 20%, and 23%, respectively. Immune
checkpoint inhibitor (ICI) monotherapy failed to show survival advantage in allover and
PD-L1-negative patients. Single-agent ICI therapy prolonged OS (HR = 0.84, 95% CI:
0.74–0.96) but not PFS (HR = 1.38, 95% CI: 0.91–2.09) in PD-L1 CPS ≥1 patients. For
combined immunotherapy, ORR in allover, PD-L1-negative, CPS ≥1, CPS ≥5, and
CPS ≥10 population was 64%, 57%, 48%, 60%, and 58%, respectively. Allover
population could gain survival benefit from combined immunotherapy based on the
results from Checkmate-649. OS (HR = 0.81, 95% CI: 0.71–0.92) and PFS (HR =
0.77, 95% CI: 0.69–0.86) were significantly prolonged in PD-L1 CPS ≥1 patients receiving
combined immunotherapy.

Conclusion: Efficacy and survival advantages improved with PD-L1 CPS. CPS ≥1 was
the cutoff value for ICI monotherapy to gain survival benefit. Combined immunotherapy
prolonged PFS and OS in allover population but needs further study to confirm it.

Keywords: immunotherapy, chemotherapy, PD-L1, cutoff value, gastric cancer
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INTRODUCTION

Programmed death protein-1/ligand 1 (PD-1/PD-L1) inhibitors
profoundly changed the treatment landscape of gastric cancer in
recent years. However, due to a relatively low response rate,
especially for single-agent immunotherapy, finding a dependable
biomarker has become a spotlight in this field.

PD-L1 expression has been proposed as one of the pan-cancer
biomarkers for immunotherapy. Combined positive score (CPS)
and tumor proportional score (TPS) were proposed for PD-L1
assessment. As for gastric cancer, CPS was shown to be a more
sensitive prognostic biomarker than TPS and, thus, was more
widely used (1). In KEYNOTE-059, pembrolizumab exhibited
favorable efficacy in gastric cancer, especially in PD-L1-positive
patients, with an objective response rate (ORR) of 15.5% and
duration of response (DOR) of 16.3 months (2). Owing to the
results, pembrolizumab was approved for PD-L1-positive gastric
cancer patients in second- or later-line treatment by the Food
and Drug Administration (FDA). However, the predictive value
of PD-L1 expression in gastric cancer was challenged by other
clinical trials. ATTRACTION-2 demonstrated that nivolumab
was superior to placebo regardless of the expression of PD-L1;
PD-L1-negative gastric cancer patients could also benefit from
immunotherapy (3) . On the other hand, a l though
pembrolizumab failed to show superiority to paclitaxel in
second-line gastric cancer treatment in KEYNOTE-061, post-
hoc analysis revealed that the treatment effect was greater in
patients with a PD-L1 CPS ≥10 than CPS ≥1 (4). Also,
in KEYNOTE-062, despite the failure of pembrolizumab in
patients with PD-L1 CPS ≥1, a positive result was noticed in
the PD-L1 CPS ≥10 population (5). Whether we should select
patients according to PD-L1 expression and the possible PD-L1
expression cutoff value for our decision is of great importance to
clinical practice, but the question remains unanswered.

The question was not only for single-agent immunotherapy but
also for combined regimens. Immunotherapy plus chemotherapy
has been tested in several clinical trials in recent years. The results
seemed inconsistent, and the value of PD-L1 expression was also
in doubt. KEYNOTE-062 reported a negative result of
pembrolizumab in the first-line treatment of gastric cancer in
PD-L1 CPS ≥1 population (5). However, in 2020 ESMO congress,
Checkmate-649 reported positive results of first-line nivolumab
plus chemotherapy compared with chemotherapy in gastric
cancer. The success of nivolumab plus chemotherapy suited not
only the PD-L1 CPS ≥5 or higher patients but also all the intention
to treatment (ITT) population (6). Apart from pembrolizumab or
nivolumab, other PD-1/PD-L1 inhibitors also reported results in
gastric cancer (7). The utility of immunotherapy plus
chemotherapy in gastric cancer has been justified; however, the
target population and the role of PD-L1 expression in patient
selection and management still need further investigation, which
may differ from single-agent immunotherapy.

The value of PD-L1 expression in predicting gastric cancer
immunotherapy is still not explicit. Here, we aimed to summarize
the outcomes of current gastric cancer immunotherapy clinical
trials and find the appropriate cutoff value of PD-L1 for
clinical practice.
Frontiers in Oncology | www.frontiersin.org 2262
METHODS

Searching Strategy and Criteria
Systemic search was conducted across databases in PubMed,
Embase, Web of Science, and Cochrane Library in Oct 2020 in
accordance with the Preferred Reporting Items for Systematic
Review and Meta-Analyses (PRISMA) guidelines. Meeting
abstracts published in the European Society for Medical
Oncology (ESMO), the American Society of Clinical Oncology
(ASCO), and ASCO-GI were also included in our searching
scope. TX and ZZ screened the studies independently.
Discrepancies were discussed and solved by supervisor LS.
“Gastric cancer”, “PD-1”, “PD-L1”, “immunotherapy”, and the
exact names of PD-1/PD-L1 inhibitors were also included in our
searching frame such as pembrolizumab, nivolumab, and
avelumab. Medical Subject Headings (MeSH) terms and
related free text terms were also used. Studies were included if
they met the following inclusion criteria: 1) randomized or non-
randomized clinical trials that reported the efficacy or survival
outcomes of PD-1/PD-L1 inhibitors or immune checkpoint
inhibitor (ICI) plus chemotherapy for gastric cancer; and
2) studies that provided the results stratified by PD-L1 CPS.
Retrospective study or studies that did not use English
were excluded.

Data Extraction
Articles, meeting abstracts, and matched supplementary
materials were carefully read and examined. Clinical trials
using a multi-cohort design were divided into individual arms
for data extraction. Basic information of each study including
study name, interventions, publication year, sample size, phase,
and treatment line were documented. ORR, disease control rate
(DCR), hazard ratio (HR), and 95% confidential interval (CI) for
progression-free survival (PFS) and overall survival (OS)
were extracted.

Quality Assessment
For included randomized clinical trials (RCTs), the Cochrane
Handbook for Systematic Reviews of Interventions was used for
quality assessment, and it included allocation concealment,
random sequence generation, blinding of participants, blinding
of outcome assessment, incomplete outcome data, selective
reporting, and other biases. We defined “+” as low risk of bias,
“−” as high risk of bias, and “?” as insufficient for making precise
judgment. Two independent authors (TX and ZZ) evaluated the
bias assessment, and disagreements were resolved by
supervisor LS.

Statistical Analysis
For binary variables, such as ORR and DCR, events and sample
size were used for analysis. We pooled the ORR and DCR at
different PD-L1 cutoff values and by different interventions such
as monotherapy or combined therapy. As for survival variants,
logarithm of HR (logHR) and the standard error (SE) were
calculated and then used for meta-analysis. Heterogeneity among
studies was explored using the I2 test, and a p-value for
heterogeneity was calculated. Random-effects model was used
September 2021 | Volume 11 | Article 646355
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if high heterogeneity was noticed; otherwise, fixed-effects model
was used. p-Value <0.05 was considered to indicate statistical
significance. We used R version 3.6.3 to perform the
meta-analysis.
RESULTS

Research Results
The searching diagram is presented in Figure 1. After the
duplicates were removed and the full-text screening, 12 studies
Frontiers in Oncology | www.frontiersin.org 3263
and 6,488 patients in total were finally included in our analysis
(Table 1). All of the studies were prospective clinical trials. Six of
them were phase III RCTs, and the risk of bias of included RCTs
with full text is presented in Figure 2.

Response to Immunotherapy
in Allover Population
Eleven studies provided treatment outcomes of immunotherapy
in allover patient population (Table 2). For monotherapy, OS
ranged from 3.4 to 20.7 months. PFS ranged from 1.4 to 3.3
months. Durvalumab and avelumab, which are both PD-L1
FIGURE 1 | The diagram of searching process.
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inhibitors, showed the worst survival parameters and response
rate among all ICIs. First-line pembrolizumab in KEYNOTE-059
cohort 2 reported the longest OS and PFS, which were superior
to those other studies in second-line or later-line treatment. By
integrating the data from the four RCTs, ICI monotherapy did
not show superiority compared with standard care both in OS
(HR = 0.88, 95% CI: 0.71–1.09) and PFS (HR = 1.13, 95% CI:
0.72–1.76) (Figure 3). The pooled ORR and DCR for allover
population receiving single-agent immunotherapy are 10% (95%
CI: 6%–15%) and 34% (95% CI: 22%–47%), respectively
(Figure S1). After durvalumab and avelumab were removed
from analysis, ORR increased to 12% (95% CI: 10%–14%) and
DCR increased to 39% (95% CI: 34%–44%). On the other hand,
only three studies reported the results of ICI plus chemotherapy
as experimental arm in allover population. OS and PFS were
similar between studies. Toripalimab plus XELOX reported an
ORR of 67%, pembrolizumab+FC/XP had an ORR of 60%, and
pooled ORR is 63% (Figure S1).
Outcomes of Immunotherapy at Different
PD-L1 Cutoff Values
PD-L1-Negative Population
Only three studies reported the survival information in PD-L1-
negative population receiving ICI monotherapy. Toripalimab
reported an OS of 5.3 months in the second-line setting. In
ATTRACTION-2, nivolumab reported an OS of 6.05 months
(95% CI 4.83–8.54) in heavily treated patients. And JAVELIN
Gastric 300 reported an OS of 4.6 months (95% CI: 3.4–6.3
months). PFS in toripalimab and avelumab was 1.9 and 1.4
months, respectively. Seven studies reported the results of ORR,
which ranged from 0% to 26.7%; and the DCR of camrelizumab,
nivolumab, and durvalumab was 53.3%, 42%, and 18.2%,
respectively. The pooled ORR and DCR are 3% (95% CI: 1%–
5%) and 38% (95% CI: 25%–50%), respectively (Figure S2).
Integrated HR showed no difference in OS when comparing
TABLE 1 | Basic characteristics of included studies.

Study name Intervention Year Sample size Phase Treatment line

KEYNOTE-062 (5) Pembrolizumab 2020 763 III 1
KEYNOTE-659 (8) cohort 1 Pembrolizumab+SOX 2020 54 II 1
- (9) Toripalimab+XELOX 2019 18 Ib/II 1
- (9) Toripalimab 2019 58 Ib/II 2
KEYNOTE-059 cohort 1 (2) Pembrolizumab 2018 259 II ≥2
KEYNOTE-059 cohort 2 (10) Pembrolizumab+FC/XP 2019 25 II 1
KEYNOTE-059 cohort 3 (10) Pembrolizumab 2019 31 II 1
- (11) Camrelizumab 2019 30 I ≥2
KEYNOTE-061 (4) Pembrolizumab 2018 592 III 2
ATTRACTION-2 (3) Nivolumab 2017 493 III ≥3
Checkmate-032
Cohort 1 (12)

Nivolumab 2018 59 I/II ≥2

Checkmate-649 Nivolumab+XELOX/FOLFOX 2020 1,581 III 1
- (6) Durvalumab 2020 24 Ib 2
JAVELIN Gastric 300 (13) Avelumab 2018 371 III ≥2
JAVELIN Gastric 100 (14) Avelumab 2020 499 III 1mn*
Septembe
r 2021 | Volume 11
SOX, S-1 plus oxaliplatin; XELOX, capecitabine plus oxaliplatin; FC, 5-FU plus cisplatin; XP, capecitabine plus cisplatin.
*1mn stands for first-line maintenance.
FIGURE 2 | Quality assessment of included studies with full article published.
Checkmate-649 and JAVELIN gastric 100 only provided meeting abstracts.
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immunotherapy with standard treatment (HR = 0.95, 95% CI:
0.57–1.59) (Figure 4). Two studies reported ORR of ICI plus
chemotherapy in the PD-L1-negative subgroup. Toripalimab
plus XELOX exhibited an ORR of 66.7%; and in KEYNOTE-
059 cohort 2, ORR was 37.5%. The pooled ORR was 57% (95%
CI: 0.37–0.76) (Figure S2).
Frontiers in Oncology | www.frontiersin.org 5265
PD-L1 CPS ≥1
In patients administrated with ICI monotherapy, OS ranged
from 2.9 to 14.9 months, and PFS ranged from 1.4 to 5.5 months
(Table 3). Durvalumab reported the worst OS data. Combined
regimens exhibited longer survival, with OS ranging from 11.1 to
14 months and PFS ranging from 6.9 to 9.4 months. The pooled
TABLE 2 | Survival information immunotherapy in allover population.

Treatment Sample size Treatment line OS (m) PFS (m)

Monotherapy
Toripalimab 58 2 4.8 1.9
Pembrolizumab1 31 1 20.7 (9.2–20.7) 3.3 (2–6)
Pembrolizumab2 259 ≥2 5.6 (4.3–6.9) 2 (2–2.1)
Camrelizumab 30 ≥2 NA 2
Pembrolizumab3 296 2 6.7 (5.4–8.9) 1.5 (1.4–1.6)
Nivolumab4 268 ≥3 5.26 (4.6–6.37) 1.61 (1.54–2.3)
Nivolumab5 59 ≥2 6.2 (3.4–12.4) 1.4 (1.2–1.5)
Durvalumab 24 2 3.4 (1.7–4.4) 1.6 (1–1.8)
Avelumab6 185 ≥2 4.6 (3.6–5.7) 1.4 (1.4–1.5)
Avelumab7 249 1mn8 10.4 (9.1–12) 3.2 (2.8–4.1)
Combined therapy
Toripalimab+XELOX 18 1 NR 5.8
Pembrolizumab+FC/XP 25 1 13.8 (8.6–NR) 6.6 (5.9–10.6)
Nivolumab+XELOX/FOLFOX 782 1 13.8 (12.6–14.6) 7.7 (7.1–8.5)
September 2021 | Volume 11 |
NR, not reached; NA, not available; OS, overall survival; PFS, progression-free survival; XELOX, capecitabine plus oxaliplatin; FC, 5-FU plus cisplatin; XP, capecitabine plus cisplatin;
FOLFOX, fluorouracil plus oxaliplatin.
1Results from KEYNOTE-059 cohort 3.
2Results from KEYNOTE-059 cohort 1.
3Results from KEYNOTE-061.
4Results from ATTRACTION-2.
5Results from Checkmate-032.
6Results from JAVELIN Gastric 300.
7Results from JAVELIN Gastric 100.
81mn stands for first-line maintenance.
A

B

FIGURE 3 | Forest plot of (A) OS and (B) PFS in allover population receiving single-agent immunotherapy. OS, overall survival; PFS, progression-free survival.
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ORR for monotherapy and combined therapy is displayed in
Figure S3, with 13% (95% CI: 8%–18%) and 48% (95% CI: 43%–
54%), respectively. The DCR was 30% for single-agent therapy
(Figure S3C), and it increased to 40% when durvalumab was
removed from analysis as a PD-L1 inhibitor. Pooled HR of
OS (HR = 0.84, 95% CI: 0.74–0.96) but not PFS (HR = 1.38,
95% CI: 0.91–2.09) in patients receiving monotherapy showed
significance (Figure 5). Combined immunotherapy showed
favorable OS (HR = 0.81, 95% CI: 0.71–0.92) and PFS (HR =
0.77, 95% CI: 0.69–0.86) in PD-L1 CPS ≥1 patients (Figure 5).

The efficacy of toripalimab was compared between PD-L1-
positive and PD-L1-negative groups. Although PD-L1-positive
patients showed higher ORR (37.5% vs. 8.5%), there was no
difference in OS (p = 0.45) and PFS (HR = 0.53, 95% CI: 0.25–
1.11; p = 0.092). Durvalumab also reported no differences
between PD-L1-positive and PD-L1-negative subgroups
receiving ICI therapy.

PD-L1 CPS ≥5
Two studies reported the results of ICI monotherapy in PD-L1
CPS ≥5 patients. In KEYNOTE-061, pembrolizumab exhibited
Frontiers in Oncology | www.frontiersin.org 6266
an OS of 10.4 months (95% CI: 6.7–15.5) and PFS of 1.6 months
(95% CI: 1.4–2.8), the ORR and DCR were 20% and 44.2%,
respectively. Camrelizumab reported ORR and DCR of 20% and
40%, respectively. Moreover, camrelizumab compared the ORR
between PD-L1 CPS <5 and ≥5 groups, and there was no
significant difference. As for combined therapy, Checkmate-
649 reported a great superiority of nivolumab plus
chemotherapy over standard care; the OS was 14.4 months
(95% CI: 13.1–16.2; HR = 0.71, 95% CI: 0.59–0.86) and PFS
was 7.7 months (95% CI: 7–9.2; HR = 0.68, 95% CI: 0.56–0.81);
the ORR and DCR were 60% and 88%, respectively.

PD-L1 CPS ≥10
In the PD-L1 CPS ≥10 subgroup, the efficacy of only
pembrolizumab as an ICI was explored; results are
summarized in Table 4. Pembrolizumab monotherapy in
KEYNOTE-062 showed the longest OS of 17.4 months; in
KEYNOTE-059 cohort 3, pembrolizumab exhibited the worst
survival outcomes of 7.9 months. Pooled ORR is displayed in
Figure S4. ORR in patients receiving ICI monotherapy and
combined therapy was 23% (95% CI: 17%–29%) and 58%
FIGURE 4 | Forest plot of OS in PD-L1-negative patients receiving single-agent immunotherapy. OS, overall survival.
TABLE 3 | Survival information of patients with PD-L1 CPS ≥1 receiving immunotherapy.

Treatment Sample size Treatment line OS (m) PFS (m)

Monotherapy
Pembrolizumab1 256 1 10.6 (7.7–13.8) 2 (1.5–2.8)
Toripalimab 8 2 12.1 5.5
Pembrolizumab2 196 2 9.1 (6.2–10.7) 1.6 (1.5–2.7)
Nivolumab 16 ≥3 5.22 (2.79–9.36) NA
Durvalumab 9 2 2.9 (0.8–7) 1.7 (0.8–1.8)
Avelumab3 46 ≥2 4 (2.5–7.6) 1.4 (1.4–2.8)
Avelumab4 74 1mn7 14.9 (8.7–17.3) NA
Combined therapy
Pembrolizumab+FC/XP5 257 1 12.5 (10.8–13.9) 6.9 (5.7–7)
Pembrolizumab+SOX 54 1 NR 9.4 (6.6–NR)
Pembrolizumab+FC/XP6 16 1 11.1 (5.4–22.3) NA
Nivolumab+XELOX/FOLFOX 641 1 14 (12.6–15) 7.5 (7–8.4)
September 2021 | Volume 11 | A
NR, not reached; NA, not available; OS, overall survival; PFS, progression-free survival; FC, 5-FU plus cisplatin; XP, capecitabine plus cisplatin; SOX, S-1 plus oxaliplatin; XELOX,
capecitabine plus oxaliplatin; FOLFOX, fluorouracil plus oxaliplatin.
1Results from KEYNOTE-062.
2Results from KEYNOTE-061.
5Results from KEYNOTE-062.
6Results from KEYNOTE-059 cohort 2.
71mn stands for first-line maintenance.
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(95% CI: 49%–66%), respectively. Only KEYNOTE-061 reported
the DCR of 47.1%.
DISCUSSION

Following the publication of several clinical trials ,
immunotherapy transformed the treatment of gastric cancer,
and PD-L1 has been proposed as a biomarker for gastric cancer
immunotherapy. Here, we primarily summarized the newest
studies that reported the results of subgroup analysis according
to PD-L1 expression, and we found that PD-L1 CPS could
predict the efficacy of immunotherapy, especially for single-
agent therapy.
Frontiers in Oncology | www.frontiersin.org 7267
Although ICI was demonstrated to have definite efficacy in
gastric cancer palliative care, ICI monotherapy exhibited a
relatively low response rate, with pooled ORR of 10% in
allover population. However, we found that the pooled ORR in
PD-L1-negative, PD-L1 CPS ≥1, PD-L1 CPS ≥5, and PD-L1
CPS ≥10 population was 3%, 13%, 20%, and 23%, respectively.
The ORR increased with gastric cancer PD-L1 CPS. As for
survival, after integrating RCTs that reported the results of HR
in patients with PD-L1 CPS ≥1 subgroup, we found borderline
positive results of single-agent immunotherapy in gastric cancer,
with 95% CI ranging from 0.74 to 0.96 in OS, while the pooled
results in both allover and PD-L1 CPS <1 population were
negative. Although the results of ICI monotherapy in PD-L1
CPS ≥1 patients may be unstable, ICI monotherapy should not
A

B

C

D

FIGURE 5 | Forest plot of (A) OS and (B) PFS in patients with PD-L1 CPS ≥1 administrated with single-agent immunotherapy. (C) OS and (D) PFS in patients with
PD-L1 CPS ≥1 receiving immunotherapy plus chemotherapy. OS, overall survival; PFS, progression-free survival; CPS, combined positive score.
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be recommended to PD-L1-negative patients due to the low
response rate and scarce survival advantage. Interestingly, from
another perspective, the range of OS in PD-L1 CPS ≥10 patients
did not overlap with that in PD-L1-negative patients, which
reflected the definite survival advantage. On the other hand, the
range of PFS resembled each other at different PD-L1 cutoff
values. It is hard to explain the different impact of
immunotherapy to PFS and OS; and the relationship among
ORR, PFS, and OS in immunotherapy may differ from that in
chemotherapy and needs further confirmation. Among all the
studies, toripalimab and durvalumab reported comparative
results of efficacy and survival between PD-1-positive and PD-
1-negative groups in the same cohort. PD-L1-positive patients
showed higher ORR (37.5% vs. 8.5%) in patients administrated
with toripalimab, while both toripalimab and durvalumab had
no significant survival difference between PD-L1-positive and
PD-L1-negative groups (9, 15). As the sample size of toripalimab
study was relatively small and no patients showed objective
response when treated with durvalumab, we should make a
judgment more carefully.

On the other hand, when ICI was combined with
chemotherapy, the correlation between PD-L1 expression and
ORR was not obvious. The pooled ORR in PD-L1-negative, PD-
L1 CPS ≥1, PD-L1 CPS ≥5, and PD-L1 CPS ≥10 population was
57%, 48%, 60%, and 58%, respectively. It seems that when ICI
was combined with chemotherapy, the improvement owing to
the increase of PD-L1 expression was not prominent. Also, the
range of PFS and OS overlapped among different subgroups.
What is for sure is that the ORR was improved remarkably after
ICI was combined with chemotherapy. Despite the failure to
improve OS in KEYNOTE-062, the ORR in the pembrolizumab
plus chemotherapy arm was 48.6% among PD-L1 CPS ≥1
patients, while pembrolizumab monotherapy only got 14.8%
(5). As for survival, pooled data from Checkmate-649 and
KEYNOTE-062 showed significant OS benefit, with an HR of
0.81 (95%: 0.71–0.92), which may suggest an option for ICI plus
chemotherapy in PD-L1 CPS ≥1 patients (5, 6). Also, other ICIs
also reported favorable response to combined immunotherapy in
gastric cancer, especially in the first-line setting (7, 11, 16).

Apart from efficacy of ICI at different PD-L1 cutoff values,
we found that first-line ICI monotherapy had better outcome
than second-line and later-line treatment. The phenomenon
may due to the intact immune microenvironment and reserved
bone marrow function (17, 18). As the antitumor activity of
Frontiers in Oncology | www.frontiersin.org 8268
ICI relies on the preexisting immune cells in the tumor
tissue, in heavily treated patients, the previous adoption
of chemotherapy could destroy the tumor immune
microenvironment. Also, as treatment goes beyond the second
or later line, the function of bone marrow as well as the immune
cells could also be affected. It has been reported that
immunotherapy showed a lower efficacy rate in patents with
poor performance status (19).

Different ICI types could also make a difference on the
treatment outcomes. What is notable in our investigation is the
low response rate and survival outcomes in PD-L1 inhibitors,
such as avelumab and durvalumab; few patient benefited from
these drugs (13). However, in non-small cell lung cancer, things
are different. PD-L1 inhibitors, for example, atezolizumab also
showed long-lasting response to tumor cells (20). The
disorganized PD-L1 inhibitors may due to the different tumor
microenvironment of gastric cancer and other tumors, while the
efficacy of PD-L1 inhibitors plus chemotherapy to gastric cancer
was still unknown. As we all know, nivolumab and
pembrolizumab are two PD-1 inhibitors that both exhibited
powerful antitumor effects across diverse tumor types.
However, the results of the two drugs in gastric cancer differ
dramatically. Although PD-1 inhibitors target the same site, we
should treat them individually.

There were several limitations in our study. Although we
enrolled the newest clinical trials across databases
comprehensively, the data in some subgroups were still
lacking. For example, few study reported the data on PD-L1
CPS ≥10; most of the studies only stratified patients into PD-L1-
positive and PD-L1-negative groups. Also, there is still no
standard PD-L1 testing kit for clinical practice currently; the
IHC kit in different clinical trials varied. For pembrolizumab,
22c3 was widely used, while for nivolumab, 28-8 was adopted.
However, previous studies reported a highly consistent testing
result; in consideration of this, we pooled the results according to
the expression of PD-L1 across different studies (21, 22).

In conclusion, our study summarized the current clinical
trials in gastric cancer immunotherapy that provided subgroup
results according to PD-L1 expression. ICI monotherapy
significantly improved OS in PD-L1 CPS ≥1 or higher
population but was not recommended for PD-L1-negative
patients due to an extremely low response rate. ICI plus
chemotherapy exhibited a favorable response rate in allover
gastric cancer patients irrespective of PD-L1 expression.
TABLE 4 | Results of immunotherapy in patients with PD-L1 CPS ≥10.

Treatment Sample size Treatment line OS (m) PFS (m)

Pembrolizumab1 92 1 17.4 (9.1–23.1) 2.9 (1.6–5.4)
Pembrolizumab2 46 1 7.9 (5.8–11.1) 2.1
Pembrolizumab3 53 2 10.4 (5.9–17.3) 2.7
Pembrolizumab+FC/XP 99 1 12.3 (9.5–14.8) NA
Pembrolizumab+SOX 31 1 NA 8.1 (5.5–NR)
September 2021 | Volume 11 | A
NA, not available; OS, overall survival; PFS, progression-free survival; FC, 5-FU plus cisplatin; XP, capecitabine plus cisplatin; SOX, S-1 plus oxaliplatin.
1Results from KEYNOTE-062.
2Results from KEYNOTE-059 cohort 1.
3Results from KEYNOTE-061.
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PFS and OS were prolonged by combined immunotherapy in
PD-L1-positive patients.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.
AUTHOR CONTRIBUTIONS

ZP designed this project. TX as the first author summarized and
wrote this paper. ZZ participated in the searching and screening
process. XZ and CQ gave advice on statistics and paper
architecture. LS polished this paper. All authors contributed to
the article and approved the submitted version.
Frontiers in Oncology | www.frontiersin.org 9269
FUNDING

The third round of public welfare development and reform pilot
projects of Beijing Municipal Medical Research Institutes
(Beijing Medical Research Institute, 2019-1), National Natural
Science Foundation of China (No. 81902514) and Clinical
Medicine Plus X—Young Scholars Project of Peking University
and the Fundamental Research Funds for the Central
Universities (No. PKU2021LCXQ016).
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fonc.2021.646355/
full#supplementary-material
REFERENCES
1. Yamashita K, Iwatsuki M, Harada K, Eto K, Hiyoshi Y, Ishimoto T, et al.

Prognostic Impacts of the Combined Positive Score and the Tumor
Proportion Score for Programmed Death Ligand-1 Expression by Double
Immunohistochemical Staining in Patients With Advanced Gastric Cancer.
Gastric Cancer (2020) 23(1):95–104. doi: 10.1007/s10120-019-00999-9

2. Fuchs CS, Doi T, Jang RW, Muro K, Satoh T, Machado M, et al. Safety and
Efficacy of Pembrolizumab Monotherapy in Patients With Previously Treated
Advanced Gastric and Gastroesophageal Junction Cancer: Phase 2 Clinical
KEYNOTE-059 Trial. JAMA Oncol (2018) 4(5):e180013. doi: 10.1001/
jamaoncol.2018.0013

3. Kang YK, Boku N, Satoh T, Ryu MH, Chao Y, Kato K, et al. Nivolumab in
Patients With Advanced Gastric or Gastro-Oesophageal Junction Cancer
Refractory to, or Intolerant of, at Least Two Previous Chemotherapy
Regimens (ONO-4538-12, ATTRACTION-2): A Randomised, Double-
Blind, Placebo-Controlled, Phase 3 Trial. Lancet (2017) 390(10111):2461–
71. doi: 10.1016/S0140-6736(17)31827-5

4. Shitara K, Ozguroglu M, Bang YJ, Di Bartolomeo M, Mandala M, Ryu MH,
et al. Pembrolizumab Versus Paclitaxel for Previously Treated, Advanced
Gastric or Gastro-Oesophageal Junction Cancer (KEYNOTE-061): A
Randomised, Open-Label, Controlled, Phase 3 Trial. Lancet (2018) 392
(10142):123–33. doi: 10.1016/S0140-6736(18)31257-1

5. Shitara K, Van Cutsem E, Bang YJ, Fuchs C, Wyrwicz L, Lee KW, et al.
Efficacy and Safety of Pembrolizumab or Pembrolizumab Plus Chemotherapy
vs Chemotherapy Alone for Patients With First-Line, Advanced Gastric
Cancer: The KEYNOTE-062 Phase 3 Randomized Clinical Trial. JAMA
Oncol (2020) 6(10):1–10. doi: 10.1001/jamaoncol.2020.3370

6. Moehler M, Shitara K, Garrido M, Salman P, Shen L, Wyrwicz L, et al.
Nivolumab (Nivo) Plus Chemotherapy (Chemo) Versus Chemo as First-Line
(1L) Treatment for Advanced Gastric Cancer/Gastroesophageal Junction
Cancer (GC/GEJC)/esophageal Adenocarcinoma (EAC): First Results of the
CheckMate 649 Study. Ann Oncol (2020) 31(suppl_4):S1142–215. doi:
10.1016/j.annonc.2020.08.2296

7. Xu J, Bai Y, Xu N, Li E, Wang B, Wang J, et al. Tislelizumab Plus
Chemotherapy as First-Line Treatment for Advanced Esophageal Squamous
Cell Carcinoma and Gastric/Gastroesophageal Junction Adenocarcinoma. Clin
Cancer Res (2020) 26(17):4542–50. doi: 10.1158/1078-0432.CCR-19-3561

8. Kawazoe A, Yamaguchi K, Yasui H, Negoro Y, Azuma M, Amagai K, et al.
Safety and Efficacy of Pembrolizumab in Combination With S-1 Plus
Oxaliplatin as a First-Line Treatment in Patients With Advanced Gastric/
Gastroesophageal Junction Cancer: Cohort 1 Data From the KEYNOTE-659
Phase IIb Study. Eur J Cancer (Oxford Engl 1990) (2020) 129:97–106. doi:
10.1016/j.ejca.2020.02.002

9. Wang F, Wei XL, Wang FH, et al. Safety, Efficacy and Tumor Mutational
Burden as a Biomarker of Overall Survival Benefit in Chemo-Refractory
Gastric Cancer Treated With Toripalimab, a PD1 Antibody in Phase Ib/II
Clinical Trial NCT02915432. Ann Oncol (2019) 30(9):1479–86. doi: 10.1093/
annonc/mdz197

10. Bang YJ, Kang YK, Catenacci DV, Muro K, Fuchs CS, Geva R, et al.
Pembrolizumab Alone or in Combination With Chemotherapy as First-
Line Therapy for Patients With Advanced Gastric or Gastroesophageal
Junction Adenocarcinoma: Results From the Phase II Nonrandomized
KEYNOTE-059 Study. Gastric Cancer (2019) 22(4):828–37. doi: 10.1007/
s10120-018-00909-5

11. Huang J, Mo H, Zhang W, Chen X, Qu D, Wang X, et al. Promising
Efficacy of SHR-1210, A Novel Anti-Programmed Cell Death 1
Antibody, in Patients With Advanced Gastric and Gastroesophageal
Junction Cancer in China. Cancer (2019) 125(5):742–9. doi: 10.1002/
cncr.31855

12. Janjigian YY, Bendell J, Calvo E, Kim JW, Ascierto PA, Sharma P, et al.
CheckMate-032 Study: Efficacy and Safety of Nivolumab and Nivolumab Plus
Ipilimumab in Patients With Metastatic Esophagogastric Cancer. J Clin Oncol
(2018) 36(28):2836–44. doi: 10.1200/JCO.2017.76.6212

13. Bang YJ, Ruiz EY, Van Cutsem E, Lee KW, Wyrwicz L, Schenker M.
Phase III, Randomised Trial of Avelumab Versus Physician's Choice
of Chemotherapy as Third-Line Treatment of Patients With Advanced
Gastric or Gastro-Oesophageal Junction Cancer: Primary Analysis of
JAVELIN Gastric 300. Ann Oncol (2018) 29(10):2052–60. doi: 10.1093/
annonc/mdy264

14. Markus H, Moehler MD, Ozguroglu M, Ryu M-h, Muntean AS, Lonardi S,
et al. Results of the JAVELIN Gastric 100 Phase 3 Trial: Avelumab
Maintenance Following First-Line (1L) Chemotherapy (CTx) vs
Continuation of CTx for HER2– Advanced Gastric or Gastroesophageal
Junction Cancer (GC/GEJC). J Clin Oncol (2020) 38(Suppl 4):278. doi:
10.1200/JCO.2020.38.4_suppl.278

15. Kelly RJ, Lee J, Bang YJ, Almhanna K, Blum-Murphy M, Catenacci DVT, et al.
Safety and Efficacy of Durvalumab and Tremelimumab Alone or in
Combination in Patients With Advanced Gastric and Gastroesophageal
Junction Adenocarcinoma. Clin Cancer Res (2020) 26(4):846–54. doi:
10.1158/1078-0432.CCR-19-2443

16. Jiang H, Zheng Y, Qian J, Mao C, Xu X, Li N, et al. Safety and Efficacy of
Sintilimab Combined With Oxaliplatin/Capecitabine as First-Line Treatment
in Patients With Locally Advanced or Metastatic Gastric/Gastroesophageal
Junction Adenocarcinoma in a Phase Ib Clinical Trial. BMC Cancer (2020) 20
(1):760. doi: 10.1186/s12885-020-07251-z

17. Zhao E, Xu H, Wang L, Kryczek I, Wu K, Hu Y, et al. Bone Marrow and the
Control of Immunity. Cell Mol Immunol (2012) 9(1):11–9. doi: 10.1038/
cmi.2011.47

18. Galon J, Bruni D. Approaches to Treat Immune Hot, Altered and Cold
Tumours With Combination Immunotherapies. Nat Rev Drug Discov (2019)
18(3):197–218. doi: 10.1038/s41573-018-0007-y
September 2021 | Volume 11 | Article 646355

https://www.frontiersin.org/articles/10.3389/fonc.2021.646355/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.646355/full#supplementary-material
https://doi.org/10.1007/s10120-019-00999-9
https://doi.org/10.1001/jamaoncol.2018.0013
https://doi.org/10.1001/jamaoncol.2018.0013
https://doi.org/10.1016/S0140-6736(17)31827-5
https://doi.org/10.1016/S0140-6736(18)31257-1
https://doi.org/10.1001/jamaoncol.2020.3370
https://doi.org/10.1016/j.annonc.2020.08.2296
https://doi.org/10.1158/1078-0432.CCR-19-3561
https://doi.org/10.1016/j.ejca.2020.02.002
https://doi.org/10.1093/annonc/mdz197
https://doi.org/10.1093/annonc/mdz197
https://doi.org/10.1007/s10120-018-00909-5
https://doi.org/10.1007/s10120-018-00909-5
https://doi.org/10.1002/cncr.31855
https://doi.org/10.1002/cncr.31855
https://doi.org/10.1200/JCO.2017.76.6212
https://doi.org/10.1093/annonc/mdy264
https://doi.org/10.1093/annonc/mdy264
https://doi.org/10.1200/JCO.2020.38.4_suppl.278
https://doi.org/10.1158/1078-0432.CCR-19-2443
https://doi.org/10.1186/s12885-020-07251-z
https://doi.org/10.1038/cmi.2011.47
https://doi.org/10.1038/cmi.2011.47
https://doi.org/10.1038/s41573-018-0007-y
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Xie et al. Gastric Cancer PD-L1 Cutoff Value
19. Matsumoto T, Yamamoto Y, Kuriona Y, Okazaki U, Kimura S, Miura K, et al.
Efficacy and Safety of Nivolumab for Advanced Gastric Cancer Patients With
Poor Performance Statuses. BMC Cancer (2020) 20(1):684. doi: 10.1186/
s12885-020-07176-7

20. Herbst RS, Giaccone G, de Marinis F, Reinmuth N, Vergnenegre A,
Barrios CH, et al. Atezolizumab for First-Line Treatment of PD-L1-Selected
Patients With NSCLC. N Engl J Med (2020) 383(14):1328–39. doi: 10.1056/
NEJMoa1917346

21. Park Y, Koh J, Na HY, Kwak Y, Lee K-W, Ahn S-H, et al. PD-L1 Testing in
Gastric Cancer by the Combined Positive Score of the 22C3 PharmDx and
SP263 Assay With Clinically Relevant Cut-Offs. Cancer Res Treat (2020) 52
(3):661–70. doi: 10.4143/crt.2019.718

22. Tsao MS, Kerr KM, Kockx M, Beasley MB, Borczuk AC, Botling J, et al. PD-L1
Immunohistochemistry Comparability Study in Real-Life Clinical Samples:
Results of Blueprint Phase 2 Project. J Thorac Oncol (2018) 13(9):1302–11.
doi: 10.1016/j.jtho.2018.05.013
Frontiers in Oncology | www.frontiersin.org 10270
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Xie, Zhang, Zhang, Qi, Shen and Peng. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
September 2021 | Volume 11 | Article 646355

https://doi.org/10.1186/s12885-020-07176-7
https://doi.org/10.1186/s12885-020-07176-7
https://doi.org/10.1056/NEJMoa1917346
https://doi.org/10.1056/NEJMoa1917346
https://doi.org/10.4143/crt.2019.718
https://doi.org/10.1016/j.jtho.2018.05.013
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Frontiers in Oncology | www.frontiersin.org

Edited by:
Alberto Biondi,

Catholic University of the Sacred
Heart, Italy

Reviewed by:
Takanobu Yamada,

Kanagawa Cancer Center, Japan
Lu Zang,

Shanghai Jiao Tong University, China
Wenjie Wang,

Lanzhou University, China

*Correspondence:
Zonglin Li

lizonglin85@163.com

Specialty section:
This article was submitted to

Surgical Oncology,
a section of the journal
Frontiers in Oncology

Received: 17 May 2021
Accepted: 18 August 2021

Published: 03 September 2021

Citation:
Li Z, Song M, Zhou Y, Jiang H,

Xu L, Hu Z, Liu Y, Jiang Y
and Li X (2021) Efficacy of

Omentum-Preserving Gastrectomy for
Patients With Gastric Cancer: A

Systematic Review and Meta-Analysis.
Front. Oncol. 11:710814.

doi: 10.3389/fonc.2021.710814

SYSTEMATIC REVIEW
published: 03 September 2021
doi: 10.3389/fonc.2021.710814
Efficacy of Omentum-Preserving
Gastrectomy for Patients With
Gastric Cancer: A Systematic Review
and Meta-Analysis
Zonglin Li1*, Min Song2, Yejiang Zhou1, Huaiwu Jiang1,3, Linxia Xu1, Zhengchuan Hu1,
Yi Liu1, Yifan Jiang1 and Xin Li1

1 Department of Gastrointestinal Surgery, The Affiliated Hospital of Southwest Medical University, Luzhou, China,
2 Department of Laboratory Medicine, The Affiliated Hospital of Southwest Medical University, Luzhou, China,
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Background: Complete omentectomy is considered to be essential in the radical
gastrectomy for gastric cancer (GC), but its clinical benefit remains unclear. This study
aims to evaluate the efficacy of omentum-preserving gastrectomy (OPG) for patients with GC.

Methods: Studies comparing the surgical and oncological outcomes of OPG and
gastrectomy with complete omentectomy (GCO) for GC up to March 2021 were
systematically searched from PubMed, Web of Science, Embase, and Cochrane
Library. A pooled analysis was performed for the available data regarding the baseline
features, surgical and oncological outcomes. The RevMan 5.3 software was used to
perform the statistical analysis. Quality evaluation and publication bias were also
conducted.

Results: Nine studies with a total of 3335 patients (1372 in the OPG group and 1963 in the
GCO group) undergoing gastrectomy were included. In the pooled analysis, the baseline
data in two groups were all comparable (p > 0.05). However, the OPG group was
associated with shorter operative time (MD = −18.67, 95% CI = −31.42 to −5.91, P =
0.004) and less intraoperative blood loss (MD = −38.09, 95% CI = −53.78 to −22.41, P <
0.00001) than the GCO group. However, the number of dissected lymph nodes (MD = 2.16,
95% CI = −0.61 to 4.93, P = 0.13), postoperative complications (OR = 0.92, 95% CI = 0.74
to 1.15, p = 0.47), overall recurrence rate (OR = 0.83, 95% CI = 0.66 to 1.06, p = 0.14),
peritoneal recurrence rate (OR = 0.91, 95%CI = 0.65 to 1.29, p = 0.60), 3-year relapse-free
survival (RFS) rate (OR = 1.40, 95%CI = 0.86 to 2.27, p = 0.18), and 5-year RFS rate (OR =
1.21, 95% CI = 0.95 to 1.55, p = 0.12) of the two groups were comparable.
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Conclusions:OPGmight be an oncologically safe procedure with better surgical outcomes
for patients with GC than GCO. However, high-quality randomized controlled trials are
needed to confirm this benefit.
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INTRODUCTION

In 2018, a large-scale randomized controlled trial (JCOG1001)
reported that omentobursectomy does not provide a survival
advantage over non-bursectomy (omentectomy) for patients
with gastric cancer (GC) (1). Thereafter, bursectomy is not
recommended for GC surgery in the guidelines of the Japanese
Gastric Cancer Association (JGCA). According to the current
guidelines of the JGCA (5th edition), gastrectomy with complete
omentectomy (GCO) and D2 lymphadenectomy are the
mainstream procedures for GC surgery (2). Nevertheless, the
clinical benefit of GCO for GC remains unclear.

The greater omentum is a double sheet and has the largest
peritoneal fold. Given that peritoneal dissemination is the most
common recurrent type after curative gastrectomy for GC, the
greater omentum is usually completely resected to eliminate
microscopic cancer seeds. However, the complete removal of
the peritoneum from the abdominal cavity is theoretically
impossible and operationally impractical. Thus, the effect of
GCO on the prevention of peritoneal recurrence may be
limited. In recent years, some retrospective studies reported
omentum-preserving gastrectomy (OPG), in which the greater
omentum is dissected 3 cm far from the gastroepiploic arcade,
whereas the greater omentum on the side of the transverse colon
is preserved. These studies pointed out that GCO increases
operative time, intraoperative blood loss, or postoperative
complications but provides no oncological advantage over
OPG for patients with GC (3–5). Therefore, further research is
needed to assess the efficacy of OPG in GC surgery, but no large-
scale randomized controlled trial is available to date.

This meta-analysis aims to evaluate the efficacy of OPG on the
basis of the current published studies.
METHODS

This meta-analysis was carried out in line with the preferred
reporting items for systematic reviews and meta-analysis
(PRISMA) statement.

Search Strategy
Studies comparing the surgical and oncological outcomes of
OPG and GCO for GC up to March 2021 were systematically
searched from PubMed, Web of Science, Embase, and Cochrane
Library. The keywords used for the search were “gastric cancer”
and “omentectomy”. Thus, the following search string was used
across the above databases: “stomach neoplasms” [MeSH Terms]
or “stomach” [All Fields] and “neoplasms” [All Fields] or
“stomach neoplasms” [All Fields] or “gastric” [All Fields] and
org 2272
“cancer” [All Fields] or “gastric cancer” [All Fields] and
omentectomy [MeSH Terms] or omentectomy [All Fields]. No
date or language restriction was imposed. Full articles from
reviews were also checked for potential articles. The search was
last performed on March 17, 2021.

Study Selection and Data Extraction
The included studies met the following criteria: (1) comparative
studies about the surgical and oncological outcomes of OPG and
GCO for GC surgery and (2) original research published in
English. The exclusion criteria were as follows: (1) studies
published as reviews, letters, case reports, animal studies,
meeting abstract, surgical technique, and protocols of
randomized controlled trial; (2) studies with incomplete or
inaccurate data for analysis; (3) articles with a mixed study
population, which led to unavailable analysis for patients
with GC.

Two reviewers (ZL and MS) carried out the screening and
extraction processes independently. First, studies were screened
by titles and abstracts. Then, the full texts of the potential studies
were checked. For eligible articles, the following information
from each article was recorded: first author, publication year,
country, study design, study interval, study object, sample size,
and operation method. Furthermore, the fol lowing
clinicopathological parameters were extracted from these
studies: sex, age, body mass index (BMI), American Society of
Anesthesiologists (ASA) score, pathological stage, histologic
type, resected type, adjuvant chemotherapy, operation time,
intraoperative blood loss, number of retrieved lymph nodes,
postoperative complications, overall recurrence rate, peritoneal
recurrence rate, 3-year relapse-free survival (RFS) rate, and 5-
year RFS rate. Results were checked by a third author (YZ).

Risk of Bias Assessment
The qualities of the selected studies were assessed in accordance
with the Cochrane Handbook. Biases, including selection,
performance, detection, attrition, reporting, and others, were
evaluated. Outcomes were summarized using a bias graph.

Statistical Analysis
The mean difference (MD) and odds ratio (OR) with 95%
confidence interval (CI) were used to evaluate continuous and
dichotomous variables, respectively. For studies that only
reported median and range, data were converted into mean
and standard deviation (SD) (6). Heterogeneity among studies
was assessed using c2 and I2 statistics. I2 > 50% indicated
significant heterogeneity, and the random-effects model was
used. Otherwise, the fixed-effects model was performed. Funnel
plots were conducted to assess publication bias. A p value < 0.05
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was considered significant. All statistical analyses were
performed using the RevMan 5.3 software (Cochrane,
London, UK).
RESULTS

Characteristics of Studies
A total of 920 studies were identified. Nine studies (3–5, 7–12),
including 8 retrospective studies and 1 randomized controlled
Frontiers in Oncology | www.frontiersin.org 3273
trial, were ultimately included in this meta-analysis. Three
multicenter studies were obtained. The details of the selection
procedures were in line with the PRISMA flowchart (Figure 1).
General information from the included studies is summarized in
Table 1. The total number of included patients with GC was
3335 (1372 in the OPG group and 1963 in the GCO group).
These studies were from three countries (i.e., Japan, Korea, and
USA) and published from 2008 to 2021. The sample size ranged
from 37 patients to 1116 patients. Additionally, the open
gastrectomy was the most frequently performed operation
FIGURE 1 | PRISMA flowchart of literature search and selection process. PRISMA, preferred reporting items for systematic review and meta-analysis; RCT,
randomized controlled trial.
TABLE 1 | Characteristics of included studies.

Reference Published
year

Country Study
interval

Study design Clinical
object

Pathological
stage

Sample size
(OPG : GCO)

Operation
method

Hasegawa et al. (3) 2013 Japan 2000-2009 S; R; PSM AGC pT2-4N0-3 98:98 OG or LG
Ha et al. (7) 2008 Korea 2004-2006 S; R EGC pT1-4 124:992 OG
Kim et al. (8) 2014 Korea 2004-2011 S; R AGC pT2-3N0-3 66:80 LG
Kim et al. (9) 2011 Korea 2005-2006 S; R EGC pT1-2N0-1 17:20 OG
Murakami et al. (4) 2021 Japan 2011-2018 M; RCT AGC pT1-4N0-3 125:122 OG
Ri et al. (10) 2020 Japan 2006-2012 M; R; PSM AGC pT1-4N0-3 263:263 OG
Seo et al. (5) 2021 Korea 2003-2015 S; R; PSM AGC pT3-4N0-3 225:225 OG or LG
Sakimura et al. (11) 2020 Japan 2008-2017 S; R; PSM AGC pT1-4N0-3 73:73 OG or LG
Young et al. (12) 2020 USA 2008-2016 M; R AGC pT1-4N0-3 381:90 OG
September 20
21 | Volume 11 | Ar
OPG, omentum-preserving gastrectomy; GCO, gastrectomy with complete omentectomy; S, single centre; M, multicentre; R, retrospective study; RCT, randomized controlled trial; PSM,
propensity score matching; EGC, early gastric cancer; AGC, advanced gastric cancer; OG, open gastrectomy; LG, laparoscopic gastrectomy.
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method in these studies. According to the Cochrane Handbook,
nine studies were at slight or moderate risk of bias. The items
evaluated for each study are shown in Figure 2.

Patient- and Tumor-Related Baseline
Characteristics
For the patient- and tumor-related variables, sex (male and
female), age (mean ± SD), BMI (mean ± SD), ASA score (ASA
1/2 and ASA 3/4), pathological stage (stages 1/2 and 3/4),
histologic type (differentiated and other types), resected type
(total and subtotal gastrectomy), and adjuvant chemotherapy
(with and without) were analyzed. All variables of the OPG and
GCO groups were comparable and analyzed using the fixed- (I2 <
50%) or random-effects model (I2 > 50%). As shown in Figure 3,
the baseline parameters between the two groups were not
statistically significant (p > 0.05).
FIGURE 2 | Risk of bias summary for the included studies.
Frontiers in Oncology | www.frontiersin.org 4274
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FIGURE 3 | Forest plots showing the assessment of baseline features
including (A) sex, (B) age, (C) body mass index, (D) American Society of
Anesthesiologists score, (E) pathological stage, (F) histologic type, (G)
resected type and (H) adjuvant chemotherapy. OPG, omentum-preserving
gastrectomy; GCO, gastrectomy with complete omentectomy.
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Surgical Outcomes
Seven studies (3–5, 7, 9, 10, 12) reported the operation time of
both groups, and the OPG group was associated with shorter
operative time (MD = −18.67, 95% CI = −31.42 to −5.91, P =
0.004) than the GCO group (Figure 4A). Four studies (3–5, 10)
reported the intraoperative blood loss of both groups, and the
OPG group was related to less intraoperative blood loss (MD =
−38.09, 95% CI = −53.78 to −22.41, P < 0.00001) than the GCO
group (Figure 4B). Seven studies (4, 5, 7–10, 12) reported the
number of retrieved lymph nodes of both groups, and the
difference between the two groups was not statistically
significant (MD = 2.16, 95% CI = −0.61 to 4.93, P = 0.13)
(Figure 4C). Seven studies (3–5, 9–12) reported the
postoperative complications of both groups, and no significant
difference between the OPG and GCO groups was observed
(OR = 0.92, 95% CI = 0.74 to 1.15, p = 0.47) (Figure 4D).
Oncological Outcomes
Six studies (3, 5, 8–11) reported the overall recurrence rates, and
five studies (3, 5, 9–11) reported the peritoneal recurrence rates.
Frontiers in Oncology | www.frontiersin.org 5275
These studies expatiated and compared the recurrence rate and
type between the two groups. Recurrence patterns were classified
as recurrence of primary site, peritoneum, lymph node, liver,
lung, bone, and combined metastasis. The meta-analysis of
pooled analysis showed no significant difference in the overall
(OR = 0.83, 95% CI = 0.66 to 1.06, p = 0.14) (Figure 5A) and
peritoneal (OR = 0.91, 95% CI = 0.65 to 1.29, p = 0.60)
(Figure 5B) recurrence rates of OPG and GCO groups.

The primary outcome of this study was the assessment of the
RFS rate of OPG in patients with GC. Ultimately, three studies
(3, 9, 11) reported the 3-year RFS rates, and the meta-analysis of
pooled analysis showed no significant difference in the 3-year
RFS rate between OPG and GCO groups (OR = 1.40, 95% CI =
0.86 to 2.27, p = 0.18) (Figure 5C). Four studies (3, 5, 8, 10)
reported the 5-year RFS rates, and the meta-analysis of pooled
analysis showed that the 5-year RFS rates of the two groups were
similar (OR = 1.21, 95% CI = 0.95 to 1.55, p = 0.12) (Figure 5D).

Publication Bias
Funnel plots were used to assess the potential publication bias in
the meta-analysis. As shown in Figure 6, although these funnel
A

B

D

C

FIGURE 4 | Forest plots showing the assessment of surgical outcomes including (A) operative time, (B) intraoperative blood loss, (C) the number of dissected
lymph nodes and (D) postoperative complications. OPG, omentum-preserving gastrectomy; GCO, gastrectomy with complete omentectomy.
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plots were symmetrical, we maintain that there were medium
risk of publication bias because of insufficient RCT articles.
DISCUSSION

In a clinical practice, the Japanese Gastric Cancer Treatment
Guidelines (5th edition) indicate that removal of the greater
omentum is usually recommended in the standard gastrectomy
for T3 or deeper tumors (2). Also, the National Comprehensive
Cancer Network Guidelines Version 1 mentions that the D1
dissection entails the resection of the greater and lesser omenta
(13). Thus, until now, GCO is considered to be essential for GC
surgery and is performed worldwide. The greater omentum is
usually resected to eliminate the microscopic seeds on the
assumption that peritoneal dissemination may be increased by
preservation of the greater omentum. But it is impossible for
surgeons to completely remove the peritoneum from the
abdominal cavity. Furthermore, several retrospective studies
showed that OPG does not increase the recurrence rate and
Frontiers in Oncology | www.frontiersin.org 6276
worsen the survival of patients with GC compared with GCO (3,
5, 10). Sakimura Y et al. (11) reported that the recurrence rates
of OPG and GCO groups are not different and that
omentectomy is not required for radical gastrectomy. Seo WJ
et al. (5) and Ri M et al. (10) reported no survival difference
between OPG and GCO in patients with GC. Based on our
meta-analysis, no significant difference is observed in the overall
and peritoneal recurrence rates of OPG and GCO groups (p >
0.05). However, there is a trend that OPG is related to lower
overall recurrence rate, which was 22.2% and that was 25.2% in
GCO group. Generally, OPG could cause peritoneal recurrence,
but the peritoneal recurrence rates were basically comparable,
which were 10.4% and 11.2% for OPG and GCO groups,
respectively. So the reason for this trend maybe the fact that
there were less patients completed adjuvant chemotherapy in
GCO group, the rates of which were 51.6% and 47.9% for OPG
and GCO groups, respectively. The 3- and 5-year RFS rates
between the two groups are comparable (p > 0.05). These results
indicate that OPG may be an oncologically safe procedure for
patients with GC.
A

B

D

C

FIGURE 5 | Forest plots showing the assessment of oncological outcomes including (A) overall recurrence rate, (B) peritoneal recurrence rate, (C) 3-year RFS rate
and (D) 5-year RFS rate. OPG, omentum-preserving gastrectomy; GCO, gastrectomy with complete omentectomy; RFS, relapse-free survival.
September 2021 | Volume 11 | Article 710814

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Li et al. Efficacy of Omentum-Preserving Gastrectomy
The greater omentum is an important intra-abdominal organ
and occupies a central position in peritoneal defense
mechanisms. It achieves this through its innate immune
function, high absorptive capacity, and ability to adhere to
adjacent structures to seal off gastrointestinal defects and
promote their healing with its pronounced angiogenic activity
(14, 15). Additionally , GCO may cause abdominal
complications, such as injury to spleen, colon, or mesocolon.
Therefore, in managing patients with intra-abdominal
malignancies, omentectomy requires further study to
determine its association with a clear survival advantage and
evaluate how much needs to be removed. Murakami H et al. (4)
pointed out that OPG can reduce operation time and
intraoperative blood loss. Indeed, performing GCO in
abdominal operation especially in laparoscopic gastrectomy is
technically difficult and time-consuming. Recently, several
clinical trials of laparoscopic gastrectomy for GC are ongoing,
and the laparoscopic gastrectomy for GC has become widespread
worldwide (16–18). OPG may shorten the operation time and is
helpful for surgeons to carry out laparoscopic surgery
technically. According to our analysis, OPG is associated with
shorter operative time (P = 0.004) and less intraoperative blood
loss (P < 0.00001) than GCO, but the number of dissected lymph
nodes (P = 0.13) and postoperative complications (P = 0.47) of
Frontiers in Oncology | www.frontiersin.org 7277
the two groups are comparable. These results suggest that OPG is
beneficial for surgical outcomes for patients with GC.

Our study indicates two important findings. First, OPG does
not affect the overall and peritoneal recurrence rates and the 3-
and 5-year RFS rates of patients with GC. Second, OPG can reduce
operative time and intraoperative blood loss but cannot reduce the
number of retrieved lymph nodes and increase postoperative
complications. These results support our hypothesis that
omentectomy can be omitted during GC surgery in terms of
short- and long-term outcomes. However, controversy about the
contribution of surgical intervention to the elimination of cancer
cells for the prevention of peritoneal relapse still exists (19–21).
Jongerius EJ et al. (20) pointed out that the incidence of metastases
in the greater omentum is low in resectable GC and is associated
with advanced disease and nonradical features. Thus,
omentectomy, as part of a radical gastrectomy, may be omitted.
Exactly, a large-scale randomized controlled trial indicates that the
micrometastatic disease in patients who received curative surgery
for GC can be eliminated by systemic chemotherapy rather than
surgical intervention (22). Expectantly, a large-scale randomized
controlled trial about assessment of OPG for patients with GC in
Japan (JCOG1711, UMIN000036253) (23) is ongoing, and the
result of this study may confirm OPG as the new standard in
the future.
A B

DC

FIGURE 6 | Funnel plots of publication bias based on (A) overall recurrence rate, (B) peritoneal recurrence rate, (C) 3-year RFS rate and (D) 5-year RFS rate. RFS,
relapse-free survival.
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CONCLUSIONS

Despite the limitations of the included studies, this meta-
analysis indicates that OPG might be an oncologically
safe procedure with better surgical outcomes for patients
with GC than GCO. Nevertheless, high-quality prospective
studies and randomized controlled trials are needed to confirm
this benefit.
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Purpose: To characterize clinical features and identify baseline prognostic factors for
survival in young adults with advanced gastric cancer (YAAGC).

Materials and Methods: A total of 220 young inpatients (age less than or equal to 40
years) with an initial diagnosis of advanced gastric cancer were retrospectively enrolled in
this study.

Results: Of a consecutive cohort of 220 patients with YAAGC, the median overall survival
(OS) time was 16.3 months. One-year survival rate was 43.6% (95% CI: 36.5 to 50.7). In
this cohort, a female (71.4%, n = 157) predominance and a number of patients with poorly
differentiated tumors (95.9%, n = 211) were observed. In the univariate analysis, OS was
significantly associated with neutrophil–lymphocyte ratio (NLR) (≥3.12), hypoproteinemia
(<40 g/L), presence of peritoneal or bone metastases, and previous gastrectomy of primary
tumor or radical gastrectomy. In multivariate Cox regression analysis, hypoproteinemia
[hazard ratio (HR) 1.522, 95% CI 1.085 to 2.137, p = 0.015] and high NLR level (HR 1.446,
95% CI 1.022 to 2.047, p = 0.021) were two independent poor prognostic factors, while
previous radical gastrectomy was associated with a favorable OS (HR 0.345, 95%CI 0.205
to 0.583, p = 0.000). A three-tier prognostic index was constructed dividing patients into
good-, intermediate-, or poor-risk groups. Median OS for good-, intermediate-, and poor-
risk groups was 36.43, 17.87, and 11.27 months, respectively.

Conclusions: Three prognostic factors were identified, and a three-tier prognostic index
was devised. The reported prognostic index may aid clinical decision-making, patient risk
stratification, and planning of future clinical studies on YAAGC.

Keywords: advanced gastric cancer, young adults, prognostic factors, albumin, neutrophil–lymphocyte ratio
INTRODUCTION

Gastric cancer (GC) is an aggressive malignancy with significant prevalence and mortality rate in Asia
(1, 2). Young adults with GC are regarded as a different clinical entity from carcinogenesis to prognosis
(1). The OS of GC in young adults remains poor (1–5). Considering a significant loss of life-years in
young patients with GC, decreasing GC mortality needs more extensive studies on this disease.
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Clinical stage and treatment are two strong predictors of OS
in young patients with GC (2, 5–8). Despite many attempts to
characterize the clinical differences between younger and older
people with GC (9–12), few studies focused on young adults with
GC who were initially diagnosed with advanced GC (YAAGC).
One believes that young patients with less comorbidity can
tolerate more aggressive treatment (1, 2, 7); however, the
prognostic factors are poorly understood. The survival benefit
of early detection of GC in young people has come to a consensus
(1, 3–6, 8); however, near-universal findings in young patients
with GC have seen a female predominance, higher frequency of
advanced lesions, and poor-differentiated tumors at presentation
in comparison with older patients (1, 3–6, 8). Surgical resection
(radical or palliative gastrectomy) is often performed for patients
with potentially resectable lesions in practice, which is associated
with a favorable outcome in advanced GC (13). Nevertheless, the
role of survival benefits after surgical resection remains unknown
in general treatment practice for advanced GC in young adults.
In addition, laboratory findings (14) such as alkaline
phosphatase (ALP) and hemoglobin (Hb), and some well-
known prognostic markers (15–17), such as neutrophil–
lymphocyte ratio (NLR), still need to be validated in the
population of YAAGC.

In this study, we aimed to identify baseline patient- or tumor-
related prognostic factors and to devise a prediction model for
survival and risk stratification in a large sample size of YAAGC.
The devised applicable prognostic index for YAAGC would be
valuable for assessing survival prognosis of individual patients,
aiding in risk stratification, and guiding decisions for optimal
treatment strategies.
PATIENTS AND METHODS

Participants and Study Design
Between January 2006 and December 2019, a total of 282 young
patients (age less than or equal to 40 years) with GC were treated
in the Department of Medical Oncology, Fudan University
Shanghai Cancer Center (FUSCC). Previously untreated,
unresectable, locally advanced, or metastatic adenocarcinoma of
the stomach and gastro-esophageal junction was defined as
Frontiers in Oncology | www.frontiersin.org 2281
advanced GC. According to the eighth edition of the AJCC/
TNM classification issued in 2018, a cohort of 220 patients with
an initial diagnosis of advanced GC and complete data were
included in this study (Figure 1). Two hundred and six patients
and 14 patients had stage IVB and IVA disease, respectively. One
hundred forty-five young patients were diagnosed and treated in
our hospital initially. One patient with liver oligometastasis
underwent surgery after chemotherapy. Data were collected
retrospectively. An independent researcher who was not
involved in the care of patients conducted the construction of
the database. Electronic medical records were used to obtain
demographic variables (age and gender), clinical variables,
laboratory values, and medications. Mortality data and timing
of death were obtained from the Department of Cancer
Prevention, FUSCC. Eighteen patients (8.2%) were considered
lost to follow-up if the last visit was >6 months before the end of
the study. The primary outcome was OS that was measured as the
time from the diagnosis of advanced GC disease to death, date of
last follow-up, or December 30, 2019. This study was conducted
in accordance with the ethical principles originating in the
Declaration of Helsinki, good clinical practices, and all
applicable laws and regulations. The Institutional Review Board
of FUSCC approved the study.

Statistical Analysis
The description of continuous variables and categorical variables
is indicated in tables. Continuous variables with normal
distribution were compared with the analysis of t-tests, while
those with non-normal distribution were assessed with
nonparametric tests; categorical variables were compared with
the chi-square test. Univariate and multivariate Cox regression
models were used to assess the association between clinical or
laboratory variables and the primary outcome. We reported
adjusted hazard ratios (HRs) with their 95% confidence
intervals (CIs). The Kaplan–Meier method was used to
estimate the overall survival from the time of diagnosis in each
group. Differences between the survival curves in both groups
were analyzed by the log-rank test. The survival curves were
plotted in the software of GraphPad Prism 8.

The construction of the prognostic model started with a
univariate assessment of the prognostic effect of each factor.
Multivariate analysis was then performed using stepwise Cox
FIGURE 1 | CONSORT diagram.
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proportional hazards regression modeling (entry and exit
significance level = 0.01). Then, the final prognostic factors
were identified based on a multivariable Cox model. Based on
the relative magnitude of each factor’s effect on OS (i.e., HR), a
prognostic index was devised and grouped into three levels:
good, intermediate, and high risk. A two-sided p-value of less
than 0.05 was considered significant, and 95% CIs were quoted.
All statistical analyses were two-sided and conducted using SPSS
version 24.0 for Windows.
RESULTS

Between January 2006 and December 2019, we identified a
consecutive cohort of 282 young inpatients with GC treated at
our institution. After the exclusion criteria were applied, a total
of 220 YAAGC patients were included in the analysis (Figure 1).
Frontiers in Oncology | www.frontiersin.org 3282
After a median of 10.5 months follow-up, 143 (65%) patients
died (Figure 2). The estimated median OS time was 16.3 months,
ranging from 0.5 to 102.7 months. One-year survival and 2-year
survival rate was 43.6% (95% CI: 36.5 to 50.7) and 18.2% (95%
CI: 11.1 to 25.3), respectively. Figure 2 shows the OS for the
whole group.

Table 1 summarizes patient baseline characteristics and the
results of the univariate analyses for patient- and tumor-related
factors. There was a female predominance (71.4%, n = 157) in
young patients with advanced GC. One-fifth of the patients (n = 46)
reported a family history of any cancer (p = 0.070). Few patients
presented with a poor performance status (ECOG ≥2) at admission.
The median NLR ratio was 3.12 (range 0.81 to 21.33). A significant
number of this population included patients with peritoneal
metastasis (60.5%, n = 133), poorly differentiated tumors (95.9%,
n = 211), and bone metastasis (12.7%, n = 28). Indeed, high NLR
level (≥3.12), hypoproteinemia (albumin < 40 g/L), presence of
peritoneal or bonemetastases, and previous gastrectomy of primary
site or radical gastrectomy were significant for OS in
univariate analyses.

The final multivariable stepwise Cox regression with age,
gender, and all significant univariate predictors identified three
independent prognostic factors (Table 2). Although abnormally
low blood levels of albumin (HR 1.522, 95% CI 1.085 to 2.137,
p = 0.015) and abnormally high levels of NLR (HR 1.446, 95% CI
1.022 to 2.047, p = 0.021) were two independent predictive
factors of poor prognosis, a previous radical gastrectomy was
associated with a significant OS benefit (HR 0.345, 95% CI 0.205
to 0.583, p = 0.000).

Since the risks (as measured by HRs) of these three
independent prognostic factors had a similar magnitude,
except radical gastrectomy, which was counted twice due to its
relative size of HR being the square of others, we then created a
FIGURE 2 | Overall survival for the whole group (N = 220).
TABLE 1 | Patient characteristics and univariate analysis.

Characteristics Overall (N = 220) Univariate Cox model

No. of patients % HR 95% CI p-value

Female 157 71.4 1.222 0.835 to 1.788 0.301
Married 201 91.4 0.715 0.393 to 1.300 0.272
Family history 46 20.9 1.449 0.970 to 2.165 0.070
Smoker 27 12.3 0.798 0.459 to 1.388 0.425
EOCG performance status ≥ 2 13 5.9 0.833 0.337 to 2.059 0.692
Blood Infusion history 27 12.3 1.058 0.607 to 1.845 0.842
Neutrophil–lymphocyte ratio ≥ 3.12 110 50 1.855 1.324 to 2.600 0.000
Platelets ≥ 350 × 109/L 39 17.7 0.971 0.597 to 1.579 0.906
Hemoglobin < 10 g/L 54 25.9 1.007 0.687 to 1.476 0.972
Alkaline phosphatase > 135 U/L 25 11.4 1.446 0.855 to 2.445 0.168
Albumin < 40 g/L 105 47.7 1.630 1.169 to 2.272 0.004
Lactate dehydrogenase ≥ 260 IU/L 41 18.6 1.067 0.671 to 1.696 0.784
Poor tumor differentiation 211 95.9 1.566 0.640 to 3.833 0.326
Peritoneal metastases 133 60.5 1.778 1.256 to 2.517 0.001
Liver metastases 40 18.2 0.674 0.408 to 1.115 0.124
Bone metastases 28 12.7 1.722 1.045 to 2.838 0.033
Previous gastrectomy of primary site 50 22.7 0.407 0.269 to 0.615 0.000
Radical gastrectomy 33 15.0 0.314 0.188 to 0.524 0.000
Palliative chemotherapy 211 95.9 0.975 0.397 to 2.392 0.956
Septem
ber 2021 | Volume 11 | Article
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simple prognostic score without losing too much information for
each patient by calculating the score of prognostic factors.
Accordingly, the prognostic score ranged from 0 to 4
(Table 3). A prognostic index was devised using prognostic
scores as follows: good-risk group, that is, YAAGC patients with
zero to one prognostic score; intermediate-risk group, that is,
YAAGC patients with two prognostic scores; and poor-risk
group, that is, YAAGC patients with three to four prognostic
scores. Of 220 YAAGC patients with complete data for the three
variables, 30 YAAGC patients were categorized as good-risk
group, 54 YAAGC patients as intermediate-risk group, and 136
YAAGC patients as poor-risk group. The Kaplan–Meier survival
curves according to the prognostic model are provided in
Figure 3. Median OS for good-, intermediate-, and poor-risk
groups were 36.43 months (95% CI 22.80–49.99), 17.87 months
Frontiers in Oncology | www.frontiersin.org 4283
(95% CI 10.63–25.16), and 11.27 months (95% CI 9.41–13.18),
respectively. Survival differences among groups achieved
statistical significance (p < 0.0001).
DISCUSSION

In this analysis, to the best of our knowledge, we focused so far
on the largest series of YAAGC. In multivariate analysis, we
identified previous radical gastrectomy, serum albumin level, and
NLR as significant prognostic factors. Of note, we devised a
simple prognostic index for YAAGC based on easily available
variables. In this model, patients in different risk groups had
varying survival.

In our cohort, the positive prognostic role of previous radical
gastrectomy on primary tumor is probably linked to a more
favorable disease course, even though they already have had a
stage IV disease. In the current knowledge, surgery is still the
only chance for long-term survival for GC that can be curatively
resected (7). Indeed, some reports suggested that young GC
patients would benefit from curative resection or palliative
debulking surgery (7, 18–20). Recently, a study by Medrano-
Guzmán et al. consisting of a cohort of 588 consecutive cases
supported the idea that young patients aged under 45 years who
have undergone complete resection of their cancer have a better
survival rate after two disease-free years, despite advanced
presentation of the disease (18). Similarly, Park et al. reported
a significantly higher 5-year survival rate in curatively resected
young patients than older groups with GC (21). In addition, a
retrospective cohort study suggested surgery as independent
covariates associated with OS in young patients with non-
metastatic GC (22). Furthermore, the positive status of
resection margins is an unfavorable independent prognostic
factor of GC in the young group (23). In fact, immediate
TABLE 3 | Prognostic index.

Index Score Events Total no. of included patients (%)

Good risk 0–1 15 30 (13.6%)
Moderate risk 2 39 54 (24.5%)
Poor risk 3–4 89 136 (61.8%)
FIGURE 3 | The Kaplan–Meier curves showing overall survival for each of the three risk groups determined by the prognostic factors. The median survival and the
patients at risk for each of these groups are also presented.
TABLE 2 | Multivariable Cox regression analysis.

Factors Hazard Ratio 95% CI p-value

Albumin < 40 g/L 1.522 1.085 to 2.137 0.015
NLR ≥ 3.12 1.446 1.022 to 2.047 0.021
Radical gastrectomy
Yes 1 – –

No 2.895 1.716 to 4.884 0.000
CI, confidence intervals; NLR, neutrophil–lymphocyte ratio.
Adjusted covariates include age (as continuous variable), gender, family history, bone
metastases, and peritoneal metastases.
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https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Chen et al. Prognostic Index in YAAGC
surgery may significantly reduce the tumor burden and avoid
otherwise frequent complications in YAAGC, such as
obstruction, bleeding, and perforation, thus favorably affecting
patient conditions and treatment tolerability (1). Given the
advantage of less comorbidities, young GC patients may be
better candidates to receive aggressive surgery following
chemoradiation (1). Interestingly, the prognosis of young GC
patients may be better than that in older patients after radical
gastrectomy when matched for baseline characteristics (24).
Nevertheless, whether a radical gastrectomy on primary tumor
would benefit YAAGC is worth verifying in future prospective
clinical research.

The NLR is a cost-effective method and a potential
inflammation-based prognostic indicator for several types of
cancer (16, 25, 26). In this study, NLR was an independent
prognostic factor affecting the survival in YAAGC. Indeed, NLR
was considered as a prognostic indicator in resectable (27),
unresectable (15, 16, 28), and advanced clinical stage in GC (15,
29). NLR is also related to more aggressive tumor characteristics.
In line with other study (29), NLR is associated with the
occurrence of peritoneal metastases and bone metastases, as well
as other markers of platelet–lymphocyte ratio (PLR) in YAAGC
(Supplementary Table 1). This ratio thus may be used to assist in
individualized follow-up and treatment (25), with a better
diagnostic value than the traditional tumor markers CA19-9 and
CEA (16, 29). However, we did not observe any correlation
between tumor differentiation (16) and NLR for YAAGC. In
contrast to previous findings (16, 29), we proposed that NLR is
also a valuable predictor of prognoses in young female patients
with advanced GC.

In this study, multivariate analysis indicated that hypo-
albuminemia was an independent prognostic factor for
YAAGC. Indeed, it is known that preoperative low serum
albumin is an independent negative prognostic factor for
resectable (17, 30) or advanced clinical stage in GC (31). In our
cohort, a significant number of YAAGC with peritoneal
metastases were included, and the accumulation of albumin in
peritoneum activity may thus have a role in hypoalbuminemia.
Indeed, serum albumin level was correlated to the occurrence of
peritoneal metastases in YAAGC (Supplementary Table 1). We
found that the serum albumin level was negatively correlated to
both the systemic inflammatory markers NLR and PLR
(Supplementary Table 1). Controversially, the relation between
hypoalbuminemia and poor survival may be secondary to that of
the systemic inflammatory response (32). Additionally, studies on
the mechanism of hypoproteinemia in GC found that a massive
leakage of serum albumin into the stomach occurs often in GC as
well as other gastric disease (33, 34). Besides, hypoalbuminemia is
reported to predict venous thromboembolism in metastatic GC
patients (35) and postoperative complications after GC surgery
(36). Though those are beyond the aim of this study, the relation
of hypoalbuminemia and venous thromboembolisms seems a
good project for a future study.

However, some limitations exist in our study. In statistical
methods, dichotomization and categorization of continuous
Frontiers in Oncology | www.frontiersin.org 5284
variables cause loss of information, but simplify the
implementation of the analyses and interpretation of the results.
In addition, the simple prognostic index based on retrospective
data did require validation in an external cohort of YAAGC.
Furthermore, an analysis of confounding variables may be needed
to exclude possible interference in the relevant prognostic factors.
Moreover, relevant histopathological parameters that affect the
laboratory parameters may need to be considered for clinical
application of this model.

In conclusion, three prognostic factors have been identified in
young patients with advanced GC. A simple prognostic index has
been developed with distinct survival rates among the different
risk groups. This simple prognostic model may help in designing
future trials.
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Background: Epstein–Barr virus associated gastric cancer (EBVaGC) is a special
subtype of gastric cancer. However, the perioperative treatment plan and the response
to chemotherapy are still uncertain.

Methods: We retrospectively enrolled patients diagnosed with EBVaGC from March
2013 to July 2020 in Beijing Cancer Hospital. Clinicopathological characteristics were
recorded. Disease-free survival (DFS) were then calculated, and variants affecting DFS
were tested in a Cox proportional regression model.

Results: One hundred sixty consecutive patients were finally included in our study. Of the
patients, 96.9% had adenocarcinoma, while five had squamous cell carcinoma
component. Most (70.9%) of them were poorly differentiated. Prevalent programmed
death-ligand 1 (PD-L1) (69%) and minor HER-2 (3.8%) expression were noticed; all of the
patients were MMR proficient (pMMR) or microsatellite stable (MSS). Among 33 patients
who experienced neoadjuvant therapy, the number of tumor regression grade (TRG) 1,
TRG 2, and TRG 3 was 5, 16, and 12, respectively. Patients with advanced tumor stage
and T stage showed poorer response. Thirty-one patients experienced first-line
chemotherapy; ORR was 33.3%, and DCR was 61.9%. One hundred forty-seven
patients underwent surgery, and 27 of them showed disease recurrence; the 3-year
DFS rate was 71.0%. Tumor stage, neoadjuvant chemotherapy, vascular invasion, and
negative PD-L1 expression were associated with poorer DFS. Vascular invasion was the
independent risk factor of DFS. Only seven patients reached OS with median follow-up
time of 14 months.
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Conclusion: EBVaGC exhibits unique clinicopathological characteristics. Neoadjuvant
chemotherapy may not be suitable for EBVaGC, and EBVaGC exhibited relatively poor
response to chemotherapy.
Keywords: EBVaGC, clinicopathological characteristics, disease-free survival, objective response
rate, chemotherapy
INTRODUCTION

Based on the results from multiomics sequencing, The Cancer
Genome Atlas (TCGA) classified gastric cancer into four subtypes:
microsatellite instability (MSI), Epstein–Barr virus (EBV) positive,
genome stable (GS), and chromosome instability (CIN) (1). EBV-
associated gastric cancer (EBVaGC) comprises 9% of gastric
cancer approximately and exhibits massive lymphocyte
infiltration, genome-wide hypermethylation, and prevalent
programmed death-ligand 1 (PD-L1) expression (2, 3).
Immunotherapy was then proposed for EBVaGC treatment
basing on the histopathological features (4). However, the
objective response rate (ORR) of PD-1/PD-L1 monotherapy was
only ~20% according to our previous investigation (5). The
optimal treatment plan for EBVaGC is still unknown.

Surgery remains the key approach for gastric cancer
treatment. Survival analysis of EBVaGC was conducted in
several studies. However, the outcomes were inconsistent.
Some studies revealed that EBV positivity correlated with a
more favorable disease-free survival (DFS) (6, 7), while other
studies found no significant difference in 3-year DFS or 5-year
overall survival (OS) between EBVaGC and EBV-negative gastric
cancer (EBVnGC) groups (8, 9). In addition, whether PD-L1
expression affects DFS outcome was controversial. Pereira et al.
found no significant correlation between PD-L1 expression and
3-year DFS rate (73.9% vs. 73.2%, p = 0.974) or 5-year OS rate
(72% and 70.4%, p = 0.908). Nevertheless, it was reported that
intratumoral PD-L1 expression was significantly associated with
lymph node metastasis (p = 0.012) and poorer DFS (p = 0.032) in
another study (10). The impact of EBV infection to DFS and
relating risk factors is still obscure.

On the other hand, in metastatic gastric cancer setting, the
efficacy of chemotherapy was mildly described and was
controversial. Corallo et al. reported that among six metastatic
EBVaGC patients who received first-line chemotherapy, three
patients showed CR and three patients showed PR, and the
efficacy of chemotherapy was long lasting with median PFS of
31.9 months (11). The data were dramatically different from our
previous understanding of palliative chemotherapy in stage IV
gastric cancer. The favorable outcome might be due to the
protective effect of high density of infiltrating lymphocyte.
However, another study reported that the objective response
rate (ORR) was only 29% in first-line chemotherapy (12). The
response of EBVaGC to first-line chemotherapy still needs large-
scale clinical study to confirm.

The treatment strategy of EBVaGC is still uncertain. For
locally advanced stage EBVaGC, whether preoperative
chemotherapy adds survival benefit to EBVaGC and the data
2288
of pCR rate or TRG has not been reported yet. Furthermore, the
efficacy of first-line chemotherapy to EBVaGC still need further
exploration. Thus, to better understand the clinicopathological
characteristics of EBVaGC and the response to chemotherapy,
we retrospectively enrolled EBVaGC patients in our clinical
center to investigate the treatment response of chemotherapy
both in advanced stage and metastatic EBVaGC.
METHODS

Population
We retrospectively enrolled patients who were diagnosed with
EBVaGC in Beijing Cancer Hospital from March 2013 to July
2020. Clinicopathological characteristics, such as gender, age,
tumor stage, immunohistochemistry (IHC) results, and
treatment plan, were recorded. Patients were staged according
to the American Joint Committee on Cancer (AJCC), 7th edition,
and RECIST 1.1 was used for tumor response evaluation. Both
target and non-target lesions were evaluated; patients with only
non-target lesions were judged as CR, none CR, none PD, and
PD, and patients who had target lesions were divided into CR,
PR, SD, and PD.

Pathological Examination
Specimens obtained from surgery or biopsy were processed with
formalin fixation and paraffin embedding. Tumor sections were
subsequently evaluated by two experienced pathologists
independently. Specimens were divided into intestinal, diffuse,
and mixed according to Lauren classification. Tumors were
classified into poorly, moderately–poorly, moderately, and
highly differentiated based on the morphology of tumor cells
after microscopic inspection. For patients who underwent
neoadjuvant therapy, gastrectomy specimens were embedded,
and tumor regression grade (TRG) was evaluated according to
the percentage of viable tumor cell in the resected tumor. The
criteria were adopted according to the China TRG (TRG 1 =
tumor cells completely disappear or very few highly regressive
residues exist with obvious scarring and varying inflammation;
TRG 2 = most tumor cells degenerate and necrotize with obvious
stroma fibrosis and inflammation; TRG 3 = absence of or slight
necrosis and degeneration of tumor cells accompanied by mild
stroma fibrosis and inflammation).

IHC Staining
MLH1 (GM002, Genetech), MSH2 (RED2, Genetech), MSH6
(EP49, Genetech), and PMS2 (EP51, Genetech) were stained for
mismatch repair deficiency testing. Loss of nuclear staining in
September 2021 | Volume 11 | Article 611676
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tumor cells was interpreted as MMR deficient (dMMR),
otherwise MMR proficient (pMMR). 22C3 DAKO antibody
was used for PD-L1 staining; combined positive score (CPS)
was used for reporting. HER-2 [4B5, Roche (ULTRA)] was
evaluated based on standard criteria; special situation such as
heterogeneity or cytoplasm staining was recorded.

EBV Detection
EBV-encoded RNA was tested by in situ hybridization (Leica
Biosystem), using unstained sections cut from paraffin-
embedded tumor blocks. Positive signals in tumor-cell nuclei
together with negative signals in surrounding lymphocytes and
normal tissue were considered to be positive result.

MSI Testing
MSI markers, namely, BAT-25, BAT-26, NR-21, NR-24, and
MONO-27, were tested using PCR. Instabilities in two or more of
them were categorized as MSI-high (MSI-H), instability in a
single locus was categorized as MSI-low (MSI-L), and an absence
of MSI in all the five markers was categorized as MSI-stable
(MSS; GENTRON).

Statistical Analysis
In descriptive statistics, frequencies were calculated for nominal
variables, and mean with ± standard deviation (SD) or median ±
inter-quartile range was calculated for continuous variable. The
chi-square test or Fisher’s exact test was used for categorical
variable, and t-tests were used for continuous variable to
compare the difference among groups.

DFS was counted from the date of surgery to disease recurrence
or death. DFS rate was obtained using Kaplan–Meier method.
Factors, such as age, gender, Eastern Cooperative Oncology
Group (ECOG) score, tumor stage, Lauren classification, and
tumor marker level, were included for univariate Cox regression
analysis. Variables that showed p < 0.15 in univariate analysis were
subsequently included in multivariate Cox proportional hazards
models to explore the independent risk factors, in which stepwise
methodwas used. Statistics analysiswas performedusing IBMSPSS
version 25 (IBM, Armonk, NY, USA). Two-sided p < 0.05 was
considered as statistically significant.
RESULTS

Clinicopathological Characteristics
In total, 160 patients diagnosed with EBVaGC were finally
included for our analysis. Of the patients, 85.8% (139/160)
were male. The median age was 56.5 years. 35% (56/160) of
the patients had positive drinking history, and 55% (88/160) of
them smoked. The clinicopathological characteristics are
summarized in Table 1.

Pathological Features
Forty-two (26.2%), 45 (28.1%), 50 (31.2%), and 23 (14.4%)
patients were staged I, II, III, and IV, respectively (Table 1).
The numbers of tumors that were located in proximal stomach,
gastric body, distal stomach, and remnant stomach were 38
Frontiers in Oncology | www.frontiersin.org 3289
(23.7%), 55 (34.4%), 56 (35%), and 11 (6.9%), respectively. Nearly
all the patients (96.9%, 155/160) had gastric adenocarcinoma,
while two patients were diagnosed as having squamous cell
carcinoma, and three patients had adenosquamous cell
carcinoma after inspection and IHC staining confirmation.
Tumors were divided into poorly, moderately–poorly,
moderately, and highly differentiated base on microscopic
morphology, and the numbers were 112 (70.9%), 37 (23.4%), 8
(5.1%), and 1 (0.6%), respectively. One hundred fifty-four patients
with biopsy or surgery samples were included for Lauren
classification, and 40 (26.0%), 43 (27.9%), and 71 (46.1%) of the
TABLE 1 | Clinicopathological characteristics of EBVaGC.

Character N (%)

Gender
Male 139 (85.8)
Female 21 (13.1)

Age
Median 56.5

Location
Proximal stomach 38 (23.7)
Gastric body 55 (34.4)
Distant stomach 56 (35)
Remnant stomach 11 (6.9)

Differentiation (n=158)
Poorly 112 (70.9)
Moderately-poorly 37 (23.4)
Moderately 8 (5.1)
Highly 1 (0.6)

Tumor stage
I 42 (26.2)
II 45 (28.1)
III 50 (31.2)
IV 23 (14.4)

T stage (n=147)
T1 26 (17.7)
T2 27 (18.4)
T3 47 (32.0)
T4a 40 (27.2)
T4b 7 (4.8)

N stage (n=148)
N0 71 (48.0)
N1 21 (14.2)
N2 24 (16.2)
N3a 18 (12.2)
N3b 14 (9.5)

Lauren classification (n=154)
Intestinal 40 (26.0)
diffuse 43 (27.9)
Mixed 71 (46.1)

HER-2 (n=158)
0 85 (53.8)
1+ 51 (32.2)
2+ 16 (10.1)
3+ 6 (3.8)

PD-L1 (n=100)
Positive 69 (69)
Negative 31 (31)

Metastatic sites (n=31)
Liver 9 (20.0%)
Peritoneal 13 (41.9%)
distant lymph node 22 (71.0%)
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patients were classified as intestinal, diffuse, and mixed types of
gastric cancer.

Molecular Features
One hundred patients had definite PD-L1 results, 69% of the
patients were positive, and the median CPS was 10. There was no
difference in tumor stage (c2 = 0.215, p = 0.898), T stage (c2 =
0.850, p = 0.860), or N stage (c2 = 0.215, p = 0.741) between
PD-L1-positive and PD-L1-negative groups. Only 6 (3.8%)
patients showed HER-2 (3+) among 158 patients who had
confirmed results, and the number of patients who were HER-
2 (0), HER-2 (1+), HER-2 (2+) was 85 (53.8%), 51 (32.3%), and
16 (10.1%), respectively. All of the patients with results showed
pMMR and MSS.

Response to Chemotherapy in
Treatment-Naive EBVaGC
Among the patients who underwent surgery, 33 patients
experienced neoadjuvant therapy; the clinicopathological
information is shown in Supplementary Table S1. All of the
patients received R0 resection. The number of patients
determined as TRG 1, TRG 2, and TRG 3 was 5 (15.2%),
16 (48.5%), and 12 (36.4%), respectively. Two patients who
received pembrolizumab combined with chemotherapy showed
TRG 3. Tumor regression was statistically poorer in patients with
advanced stage (p = 0.027), especially T stage (p = 0.007)
(Supplementary Table S2). One patient was confirmed as
pathological CR (pCR) after surgery, and the pCR rate was
3.03%. There was no difference in Ki-67 or PD-L1 CPS in
different TRG groups (Supplementary Figure S1).

Thirty-one patients received first-line chemotherapy. Among
them, 9 patients showed liver metastasis, 13 experienced
peritoneal metastasis, and 22 patients distant lymph node
metastasis; the detailed information is shown in Supplementary
Table S3. Twenty-eight patients had definite response evaluation
results based on RECIST 1.1. Seven patients showed PR, six
patients showed SD, seven patients who did not have target
lesion were none CR none PD, and eight patients showed PD.
The ORR was 33.3%, and DCR was 61.9%. There was no
difference in PD-L1 (p = 0.58) or Ki-67 (p = 0.58) according to
tumor response (Supplementary Figure S2). The median follow-
up time was 14 months; only seven patients reached OS.

DFS
One hundred forty-seven patients underwent surgery, with
94.5% of them radical; eight patients received palliative surgery
to reduce tumor burden when disease was stable. Among the
patients who received radical surgery, 27 patients showed disease
recurrence with median follow-up time of 20.7 months; the
3-year DFS rate was 71.0% (Figure 1). The median DFS was
not reached. The results of univariant Cox regression analysis are
shown in Table 2. Patients with advanced tumor stage
(p = 0.003), T stage (p = 0.002), N stage (p = 0.002), negative
PD-L1 expression (p = 0.048), and vascular invasion (p = 0.013),
exhibited poorer DFS (Figures 2B–F). In multivariant Cox
regression model, vascular invasion (p = 0.013) was the
independent risk factor of DFS (Table 2).
Frontiers in Oncology | www.frontiersin.org 4290
To figure out the impact of neoadjuvant chemotherapy to DFS,
we compared the DFS in patients who were clinically staged II-III.
There was no difference in Tumor stage (c2 = 0.836, p = 0.469), T
stage (c2 = 3.039, p = 0.233), N stage (c2 = 5.852, p = 0.114)
between patients who underwent neoadjuvant chemotherapy and
those who did not. DFS was significantly poorer in neoadjuvant
chemotherapy group (p = 0.010) (Figure 2A).
DISCUSSION

Our retrospective study investigated the clinicopathological
characteristics and the DFS and associated risk factors of EBVaGC
in detail. To our knowledge, this is the first study that adequately
reported the negative effect of neoadjuvant chemotherapy to DFS in
EBVaGC. In addition, we reported the even poorer response to
chemotherapy in treatment-naive EBVaGC patients.

EBVaGC exhibits unique clinicopathological characteristics.
Our study confirmed the features, such as the gender discrepancy
and PD-L1 expression.Moreover, we found that HER-2wasmildly
expressed in EBVaGC; the proportion of patients diagnosed with
HER-2 (3+) (3.8%) was lower than average. As we all known, the
pathogenesis of EBVaGC correlates with genome-wide
hypermethylation, which is non-random; for example, no study
reported MLH1 methylation until now, and the gene alteration of
EBVaGCexhibits homogeneity (13). The expression ofHER-2may
be deregulated due to methylation during the pathogenesis.
Moreover, we found that five patients had squamous cell
component after pathology inspection and diagnosed as
squamous cell carcinoma or adenosquamous cell carcinoma,
which is very rare in gastric cancer with an incidence of 0.04%–
0.07%. Cases of gastric cancer with squamous cell carcinoma with
positive EBER-ISH result have also been reported (14). The etiology
of primary gastric squamous cell carcinoma (PGSCC) is still
uncertain; theories such as ectopic squamous epithelium,
squamous metaplasia, or differentiation were proposed (15).
The infection of EBV may participate in the process. Among the
five patients who had squamous cell component, two patients
reported no recurrence after surgery after 60.7 and 37.7 months
FIGURE 1 | Disease free survival of EBVaGC.
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FIGURE 2 | DFS in different groups of EBVaGC: (A), neoadjuvant chemotherapy; (B), tumor stage; (C), T stage; (D), N stage; (E), vascular invasion; (F), PD-L1 expression.
TABLE 2 | Results from Cox regression analysis for DFS.

Variants b SE HR 95% CI P

Univariant Cox regression analysis

Neoadjuvant chemotherapy1 -1.019 0.393 0.361 0.167-0.781 0.010*
Tumor location 0.069 0.194 1.072 0.733-1.567 0.721
Stage 0.840 0.280 2.317 1.338-4.010 0.003*
T stage 0.701 0.222 2.015 1.304-3.113 0.002*
N stage 0.481 0.157 1.617 1.188-2.202 0.002*
Lauren classification -0.131 0.241 0.877 0.547-1.407 0.587
Tumor differentiation -0.318 0.364 0.727 0.356-1.485 0.382
Vascular invasion -1.094 0.439 0.335 0.142-0.792 0.013*
Perineural invasion -0.497 0.378 0.609 0.290-1.277 0.189
PD-L1 expression2 1.024 0.518 2.784 1.008-7.683 0.048*
Multivariant Cox regression analysis
Vascular invasion -1.094 0.439 0.335 0.142-0.792 0.013*
Frontiers in Oncology | www.frontiersin.org
 5291
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er 2021 | Volume 11 | Article 6
* stands for statistical significance.
1 Neoadjuvant chemotherapy was excluded from multivariant analysis, as it was analyzed only in part of the patients.
2 PD-L1 was excluded from multivariant analysis due to missing values.
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follow-up, one patient with PD-L1 CPS 80 showed TRG 1 after
paclitaxel-based neoadjuvant chemotherapy and PR to first-line
chemotherapy, and one patient showed SD after first-line
chemotherapy. It seems that there was no difference in tumor
response or survival in EBVaGC with squamous cell component
compared with adenocarcinoma, which may need further study
to confirm.

Our study found that among 147 patients who underwent
surgery, only 27 of them showed recurrence; the 3-year DFS rate
was 71.0%. RESOLVE study, which was conducted mainly in our
medical center and published in the LANCET Oncol recently,
reported that the 3-year DFS rate in adjuvant CapeOX, adjuvant
SOX, and perioperative SOX group was 51.1%, 56.5%, and
59.4%, respectively (16). Interestingly, different from the results
from RESOLVE, in which SOX neoadjuvant arm showed
superior DFS compared with the surgery plus XELOX arm (HR =
0.79; 95% CI, 0.62–0.99, p = 0.045), our study demonstrated the
opposite conclusion, in which neoadjuvant chemotherapy
shortened the DFS in EBVaGC patients. Similarly, subgroup
analysis of MAGIC study demonstrated that dMMR or MSI-H
was associated with a negative prognostic effect in patients treated
with chemotherapy.Noneof thepatients inMAGICstudyhadgood
pathological response to chemotherapy, while 14% of pMMR
patients exhibited TRG 1 or TRG 2 (Mandard tumor regression
grading system). An individual meta-analysis subsequently
confirmed the negative effect of perioperative chemotherapy to
DFS and OS, pooling the data from MAGIC, CLASSIC, ARTIST,
and ITACA-S trials (17). EBVaGC and MSI-H gastric cancer
exhibited the same pattern of response to neoadjuvant
chemotherapy. What is consistent with dMMR/MSI-H and
EBVaGC is the massive infiltration of lymphocyte, especially
CD8+ T cells. The underling mechanism of inferior effects to
both EBVaGC and dMMR/MSI-H patients may due to the
disruption of protective microenvironment by chemotherapy or
the tumor cell owned different response mechanism to
chemotherapy due to the special genetic or epigenetic changes.

PD-L1 is a very common checkpoint constitutively expressed on
the surface of normal cells. The activation of PD-1 pathway leads to
T-cell exhaustion. Not only the normal stromal tissue but also
tumor cells could express PD-L1 in the tumor microenvironment,
escaping the attack from cytotoxic T cell. However, the impact of
PD-L1 expression to the survival of EBVaGC was controversial. For
DFS, Seo et al. found that intratumoral PD-L1 expression was
associated with poorer DFS (HR = 12.085; 95% CI, 2.013–72.559, p
= 0.006) (10). Sundar et al. divided EBVaGC into PD-L1low and PD-
L1high groups and reported that EBVaGC with high PD-L1
expression level was associated with more favorable DFS (HR =
5.03; 95% CI, 0.97–25.92; p = 0.032) (18). Furthermore, no
discrepancy in DFS with regard to PD-L1 expression was also
reported in another study (19). When we look back into the data of
the whole gastric cancer, the prognostic value of PD-L1 in OS is also
debatable (20–22). Excluding other confounding factors such as
tumor stage, T stage, or N stage, we found that PD-L1 expression
was associated with longer DFS. The complicated PD-L1 expression
effects to survival may due to following reasons: (1) antibody clonal
used for PD-L1 staining different across studies, (2) no standard
criteria and cutoffs for assessing positivity, (3) the temporal and
Frontiers in Oncology | www.frontiersin.org 6292
intratumor heterogeneity in EBVaGC, and (4) the races of enrolled
patients and species of infected virus. Moreover, as for patients who
received neoadjuvant or first-line chemotherapy, there was no
difference in PD-L1 expression level among different responsive
groups. The predicting value of PD-L1 in survival but not efficacy
was interesting, which may due to the relatively small sample size in
neoadjuvant or first-line chemotherapy on the one hand, but could
also be interpreted as the chemotherapy-insensitive but protective
inflamed microenvironment.

Although EBVaGC was demonstrated to have lower T stage
(7), we found that lymph node was still the most often metastatic
site. With regard to EBVnGC, previous studies reported that the
perineum turned out to be the most often recurrent site (23, 24);
the divergence indicates that the metastasis of EBVaGCmight rely
on a unique biological mechanism, which may need further study
to investigate. In our study, only one patient showed pCR, and the
pCR rate was only 3.03%. Another study that was also conducted
in our medical center in an EBVnGC population reported that the
pCR rate was 11.8%, and the percent of patients who reached
TRG0 or TRG1 was 20.6%, while only 15.1% of our patients
exhibited TRG1 (23). A larger sample size study, including 473
gastric cancer patients who received neoadjuvant chemotherapy,
exhibited a pCR rate of 5.9% (25). The pCR rate of 3.03% in our
study is far behind from other reported data. EBVaGC may be
relatively less sensitive to chemotherapy. In contrast with
previously reported data on EBVaGC first-line chemotherapy,
which reported 100% ORR and long-lasting effects, we found that
the ORR in our study was 33.3%, which is even lower than the data
of the whole gastric cancer group (24). Qiu et al. reported an even
lower ORR of EBVaGC in another retrospective study (12).
Similarly, as mentioned above, chemotherapy may disrupt the
protective effect of the infiltrated CD8+ T cells, thus shortening the
DFS. The ORR in our study might be due to the same reason.

Our study provided sufficient evidence to the clinicopathological
features of EBVaGC; however, as most of the patients were in an
early or advanced stage and experienced radical surgery, the sample
size of patients who underwent first-line chemotherapy was
relatively small. We still need further larger-scale study to confirm
the findings in the future. As our study was a retrospective study,
part of the information was incomplete, for example, the exact
stromal or tumoral PD-L1 expression. Owing to the favorable OS of
EBVaGC and adequate later-line treatment, like immunotherapy,
only seven patients reached OS, and the analysis of OS was skipped.
Prospective observation is currently in progress.

Herein, we summarized the clinicopathological features of
EBVaGC and reported the DFS and related risk factors in detail,
along with the response of first-line chemotherapy of EBVaGC.
We primarily reported the negative effect of neoadjuvant
chemotherapy to DFS and the prognostic value of PD-L1 to
survival. Although immunotherapy was proposed for the
treatment of EBVaGC, both of the patients who experienced
immunotherapy in our study showed TRG 3, and chemotherapy
seems to have similar efficacy compared with single agent
immunotherapy. The exact treatment landscape of EBVaGC is
still uncertain. Combined immunotherapy seems to have very
promising preliminary results; however, the combination regimens
and the place of chemotherapy still need further exploration.
September 2021 | Volume 11 | Article 611676
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Background: Lymph node metastasis (LNM) has a significant impact on the prognosis of
patients with early gastric cancer (EGC). Our aim was to identify the independent risk
factors for LNM and construct nomograms for male and female EGC patients, respectively.

Methods: Clinicopathological data of 1,742 EGC patients who underwent radical
gastrectomy and lymphadenectomy in the First Affiliated Hospital, Second Affiliated
Hospital, and Fourth Affiliated Hospital of Anhui Medical University between November
2011 and April 2021 were collected and analyzed retrospectively. Male and female
patients from the First Affiliated Hospital of Anhui Medical University were assigned to
training sets and then from the Second and Fourth Affiliated Hospitals of Anhui Medical
University were enrolled in validation sets. Based on independent risk factors for LNM in
male and female EGC patients from the training sets, the nomograms were established
respectively, which was also verified by internal validation from the training sets and
external validation from the validation sets.

Results: Tumor size (odd ratio (OR): 1.386, p = 0.030), depth of invasion (OR: 0.306, p =
0.001), Lauren type (OR: 2.816, p = 0.000), lymphovascular invasion (LVI) (OR: 0.160, p =
0.000), and menopause (OR: 0.296, p = 0.009) were independent risk factors for female
EGC patients. For male EGC patients, tumor size (OR: 1.298, p = 0.007), depth of invasion
(OR: 0.257, p = 0.000), tumor location (OR: 0.659, p = 0.002), WHO type (OR: 1.419, p =
0.001), Lauren type (OR: 3.099, p = 0.000), and LVI (OR: 0.131, p = 0.000) were
independent risk factors. Moreover, nomograms were established to predict the risk of
LNM for female and male EGC patients, respectively. The area under the ROC curve of
nomograms for female and male training sets were 87.7% (95% confidence interval (CI):
0.8397–0.914) and 94.8% (95% CI: 0.9273–0.9695), respectively. For the validation set,
they were 92.4% (95% CI: 0.7979–1) and 93.4% (95% CI: 0.8928–0.9755), respectively.
Additionally, the calibration curves showed good agreements between the bias-corrected
September 2021 | Volume 11 | Article 6169511295

https://www.frontiersin.org/articles/10.3389/fonc.2021.616951/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.616951/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.616951/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.616951/full
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:hwxhbh@126.com
https://doi.org/10.3389/fonc.2021.616951
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2021.616951
https://www.frontiersin.org/journals/oncology
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2021.616951&domain=pdf&date_stamp=2021-09-29


Sui et al. Nomograms for Predicting LNM in EGC

Frontiers in Oncology | www.frontiersin.org
prediction and the ideal reference line for both training sets and validation sets in female
and male EGC patients.

Conclusions: Nomograms based on risk factors for LNM in male and female EGC
patients may provide new insights into the selection of appropriate treatment methods.
Keywords: early gastric cancer (EGC), lymph node metastasis (LNM), risk factors, nomogram, premenopause
INTRODUCTION

Early gastric cancer (EGC) is classified as a gastric tumor confined
to the mucosa or submucosa, regardless of lymph node metastasis
(LNM). In recent years, endoscopic resection (ER), as an effective
and safe minimally invasive approach, has been widely used in
patients with EGC without LNM (1–3). Therefore, assessing the
status of LNM is essential prior to ER or surgery. At present,
computed tomography (CT), B-ultrasonography, enhanced CT,
and endoscopic ultrasonography are the main examinations used
to assess the clinical tumor-node-metastasis stage, including depth
of invasion, LNM, and distant metastasis (4, 5). However, small
metastatic lymph nodes or metastatic lymph nodes that have not
increased in size cannot be accurately observed by these imaging
methods. According to the recommendation of the Japanese
Gastric Cancer Treatment Guidelines (6), the absolute indications
for ER are as follows: differentiated adenocarcinoma, depth of
invasion limited to the mucosa, tumor size of <2 cm, and without
ulcers, thereby indicating an extremely low rate of LNM. A different
study has also shown that the prognosis of patients with EGC can
be affected by the incidence of LNM (7). Therefore, more factors
need to be identified to evaluate LNM status.

Previous studies have explored the risk factors for LNM of
EGC patients and established corresponding prediction models (8–
11). Previous study reported that the female sex is an independent
risk factor for LNM in patients with EGC (12). Besides, there is a
difference in the incidence of EGC between male and female. For
women, estrogen is higher during premenopause than during
menopause (13). Estrogen has been shown to promote the
development of GC (14). However, whether menopause is a new
risk factor in GC remains unclear. In addition, it is necessary to
establish a model for predicting the LNM of patients with EGC by
gender. Due to its simple operation and intuitive image, nomogram
is widely used to evaluate the prognosis of patients with a variety of
diseases. In the present study, based on clinicopathologic data of
1,742 patients with EGC from three clinical centers, we established
an effective nomogram prediction model for LNM in male and
female EGC patients, respectively, assisting to choose a more
precise treatment for EGC patients.
MATERIALS AND METHODS

Patients
The clinical and pathological data of 16,281 GC patients who
underwent radical gastrectomy and lymphadenectomy in three
clinical centers (The First Affiliated Hospital, Second Affiliated
2296
Hospital, and Fourth Affiliated Hospital of Anhui Medical
University, Hefei, China) between November 2011 and April
2021 were retrospectively collected. The exclusion criteria were
as follows: (1) patients without complete clinical and
pathological data; (2) patients with gastric stump carcinoma;
(3) patients who had received neoadjuvant therapy; and (4)
multiple primary tumors. Finally, a total of 1,742 patients with
EGC were enrolled in the present study. Among them, 494
female and 1,248 male patients with EGC were identified. This
study was approved by the Ethics Committee of The First
Affiliated Hospital of Anhui Medical University.

Clinicopathological Parameters
To determine the independent risk factors for LNM in EGC, the
associations between different clinicopathological characteristics
and LNMwere analyzed. The following factors were examined in
this study: age, sex, invasion depth, tumor size, tumor location,
histological type, lymphovascular invasion (LVI), perineural
invasion, LNM, ulcer, carcinoembryonic antigen (CEA),
carbohydrate antigen 199 (CA199), carbohydrate antigen 125
(CA125), menopausal status, smoking, drinking alcohol, and
family history of cancer. According to the World Health
Organization classification for GC, the WHO types are
polypoid, tubular, poorly differentiated, signet-ring cell, and
mucinous adenocarcinoma (11). Besides, the Lauren type
(intestinal, diffuse, and mixed type) was also included in this
study. In addition, CEA, CA199, and CA125 were considered
abnormal at over 5 ng/ml, 27 U/ml, and 35 U/ml, respectively.

Statistical Analysis
Statistical analysis was performed using SPSS software (Version
22.0; IBM Corp.) and R software (Version 4.0.5). Measurement
data are presented as the mean ± standard deviation. In
univariate analysis, Pearson’s c2 or Fisher’s exact test was
performed to analyze categorical variables, and the Students’ t-
test or rank-sum test was used to examine continuous variables.
Logistic regression was used for multivariate analysis to screen
out the independent risk factors for LNM in EGC.

Furthermore, female and male patients with EGC from the
First Affiliated Hospital of Anhui Medical University were
assigned to the training sets, respectively. The independent risk
factors in the training set were screened out by logistic
regression. Based on the above independent risk factors, the
nomogram prediction models were constructed to predict the
risk of LNM in female and male patients with EGC, respectively.
Additionally, the 246 patients from the Second Affiliated
Hospital and Fourth Affiliated Hospital of Anhui Medical
University were assigned to the test sets for external validation.
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The reliabilities of the nomogram prediction models were
evaluated based on its discrimination and calibration. The
concordance index, which is similar to the area under the
receiver operating characteristic (ROC) curve, was calculated
using the bootstrap resampling method to evaluate the
discrimination ability of the model. Calibration curves were
used to detect consistency between the actual LNM and the
predicted LNM probability from the nomogram. The nomogram
model was constructed using the “plotROC” package. The ROC
curve was plotted using the “pROC” package, and the calibration
curve was prepared using the “RMS” function package. p < 0.05
was considered statistically significant.
RESULTS

Characteristics of 1,742 Patients With EGC
From Three Clinical Centers
A total of 16,281 patients with GC were collected, among which
1,742 (10.7%) patients with EGC meeting the requirements were
screened out. One thousand four hundred ninety-six (85.9%) of
these patients enrolled into the training set were from the First
Affiliated Hospital of Anhui Medical University and 246 (14.1%)
of these patients enrolled into the validation set were from the
Second and Fourth Affiliated Hospital of Anhui Medical
University (Figure 1). Among the female patients, 435 (88.1%)
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were included in the training set and 59 (11.9%) were included in
the validation set. Among the male patients, 1,061 (85.0%) were
included in the training set and 187 (15.0%) were included in the
validation set. Of the EGC patients, 12.3% (214/1742) were
diagnosed with LNM totally, 10.4% (130/1248) for men and
17.0% (84/494) for women, respectively. The LNM rates of EGC
patients in males and females were 10.2% (108/1061) and 17.7%
(77/435) in the training sets and 11.8% (22/187) and 11.9%
(7/59) in the validation sets, respectively (Table 1).
Construction and Validation of the
Prediction Model for Female EGC Patients
In the training set of female EGC patients, univariate analysis
suggested that age, tumor size, tumor location, WHO type,
Lauren type, LVI, depth of invasion, presence of ulcers, and
premenopause were associated with LNM (Table 2).
Multivariate analysis indicated that tumor size (odd ratio (OR):
1.386, p = 0.030), depth of invasion (OR: 0.306, p = 0.001),
Lauren type (OR: 2.816, p = 0.000), LVI (OR: 0.160, p = 0.000),
and menopause (OR: 0.296, p = 0.009) were independent risk
factors for female EGC patients (Table 3).

Risk factors screened out by multivariate analysis were used to
construct nomogram prediction model for LNM in female EGC
patients. In nomogram, the first line (points) ranged from 0 to
100, providing corresponding points for the variables of the
following lines. Patients’ points in each variable were added up to
FIGURE 1 | The flowchart of data collection and grouping for patients with EGC. EGC, early gastric cancer.
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the total points. The scale aligned with the total points on the
risk line is the predicted risk of EGC patients occurring LNM.
In the nomogram, total points ranged from 0 to 350 for female
EGC patients. A female patient with a tumor reaching 2 cm
got 17.5 points, and the risk for LNM was about 5%. Among
the categorical variables, the effect of Lauren type (mixed and
diffuse type) on female patients was the most significant
factor (Figure 2). For internal validation from the training
Frontiers in Oncology | www.frontiersin.org 4298
set and external validation from the validation set, the area
under the ROC curve was 87.7% (95% confidence interval
(CI): 0.8397–0.914) and 92.4% (95% CI: 0.7979–1), respectively
(Figures 3A, C). The calibration curve which compared the
predicted probability of LNM with the actual probability, showed
good agreements between the bias-corrected prediction and the
ideal reference line for both training set and validation set
(Figures 3B, D).
TABLE 1 | Characteristic of 1,742 patients with EGC from three clinical centers.

Variables No. 1 affiliated hospital (n = 1,496) Nos. 2 and 4 affiliated hospital (n = 246)

LNM (−), n = 1,311 LNM (+), n = 185 LNM (−), n = 217 LNM (+), n = 29

Age (years old) 61.2 ± 11.2 58.6 ± 12.2 63.8 ± 10.1 59.4 ± 12.5
Tumor size (cm) 2.2 ± 1.1 2.7 ± 1.4 2.2 ± 1.3 2.7 ± 1.0
Gender
Female 358 (27.3%) 77 (41.6%) 52 (24.0%) 7 (24.1%)
Male 953 (72.7%) 108 (58.4%) 165 (76.0%) 22 (75.9%)

Depth of invasion
Mucosa 651 (49.7%) 37 (20.0%) 104 (47.9%) 6 (20.7%)
Submucosa 660 (50.3%) 148 (80.0%) 113 (52.1%) 29 (79.3%)

Ulceration
No 662 (50.5%) 60 (32.4%) 141 (65.0%) 21 (72.4%)
Yes 649 (49.5%) 125 (67.6%) 76 (35.0%) 8 (27.6%)

Tumor location
Upper 429 (32.7%) 23 (12.4%) 90 (41.5%) 10 (34.5%)
Middle 217 (16.6%) 27 (14.6%) 33 (15.2%) 5 (17.2%)
Lower 665 (50.7%) 135 (73.0%) 94 (43.3%) 14 (48.3%)

WHO type
Polypoid adenocarcinoma 78 (5.9%) 3 (1.6%) 8 (3.7%) 1 (3.4%)
Tubular adenocarcinoma 870 (66.4%) 75 (40.5%) 154 (71.0%) 15 (51.7%)
Poorly differentiated 165 (12.6%) 44 (23.8%) 22 (10.1%) 5 (17.2)
Mucinous adenocarcinoma 106 (8.1%) 29 (15.7%) 14 (6.5%) 3 (10.3%)
Signet-ring cell carcinoma 92 (7.0%) 34 (18.4%) 19 (8.8%) 5 (17.2%)

Lauren type
Intestinal 1,033 (78.8%) 18 (9.7%) 182 (83.9%) 4 (13.8%)
Diffuse 135 (10.3%) 132 (71.4%) 12 (5.5%) 19 (65.5%)
Mixed 143 (10.9%) 35 (9.7%) 23 (10.6%) 6 (20.7%)

LVI
No 1,262 (96.3%) 132 (71.4%) 198 (91.2%) 15 (51.7%)
Yes 49 (3.7%) 53 (28.6%) 19 (8.8%) 14 (48.3%)

CEA
<5 ng/ml 1,191 (90.8%) 163 (88.1%) 202 (93.1%) 23 (79.3%)
≥5 ng/ml 120 (9.2%) 22 (11.9%) 15 (6.9%) 6 (20.7%)

CA199
<27 U/ml 1,256 (95.8%) 167 (90.3%) 210 (96.8%) 25 (86.2%)
≥27 U/ml 55 (4.2%) 18 (9.7%) 7 (3.2%) 4 (13.8%)

CA125
<35 U/ml 1,292 (98.6%) 176 (95.1%) 214 (98.6%) 18 (62.1%)
≥35 U/ml 19 (1.4%) 9 (4.9%) 3 (1.4%) 11 (37.9%)

Family-tumor history
No 1,266 (96.6%) 179 (96.8%) 211 (97.2%) 29 (100.0%)
Yes 45 (3.4%) 6 (3.2%) 6 (2.8%) 0 (0.0%)

Drinking
No 1,060 (80.9%) 151 (81.6%) 189 (87.1%) 26 (89.7%)
Yes 251 (19.1%) 34 (18.4%) 28 (12.9%) 3 (10.3%)

Smoking
No 1,009 (77.0%) 147 (79.5%) 187 (86.2%) 27 (73.1%)
Yes 302 (23.0%) 38 (20.5%) 30 (13.8%) 2 (6.9%)

Perineural invasion
No 1,296 (98.9%) 176 (95.1%) 209 (96.3%) 26 (89.7%)
Yes 15 (1.1%) 9 (4.9%) 8 (3.7%) 3 (10.3%)
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Construction and Validation of the
Prediction Model for LNM in Male
EGC Patients
As for the training set, univariate analysis showed that tumor size,
tumor location, LVI, depth of invasion, histological types,
presence of ulcers, WHO type, Lauren type, CA199, CA125,
and perineural invasion had an association with LNM (Table 2).
Frontiers in Oncology | www.frontiersin.org 5299
Multivariate analysis demonstrated that tumor size (OR: 1.298,
p = 0.007), depth of invasion (OR: 0.257, p = 0.000), tumor
location (OR: 0.659, p = 0.002), WHO type (OR: 1.419, p = 0.001),
Lauren type (OR: 3.099, p = 0.000), and LVI (OR: 0.131, p = 0.000)
were independent risk factors for male EGC patients (Table 4).
Tumor size, Lauren type, LVI, and invasion depth were
independent risk factors for both male and female EGC patients.
TABLE 2 | Predictive variables for LNM in EGC patients of training set by gender.

Variables Female EGC (n = 435) Male EGC (n = 1,061)

LNM (−), n = 358 LNM (+), n = 77 p LNM (−), n = 953 LNM (+), n = 108 p

Age 59.5 ± 13.0 54.8 ± 12.02 <0.001 61.9 ± 10.4 61.3 ± 11.6 0.619
Tumor size 2.06 ± 1.0 2.6 ± 1.3 0.004 2.2 ± 1.1 2.8 ± 1.5 <0.001
Depth of invasion <0.001 <0.001
Mucosa 193 (53.9%) 20 (26.0%) 458 (48.1%) 17 (15.7%)
Submucosa 165 (46.1%) 57 (74.0%) 495 (51.9%) 91 (84.3%)

Ulceration 0.005 <0.001
No 184 (51.4%) 26 (33.8%) 478 (50.2%) 34 (31.5%)
Yes 174 (48.6%) 51 (66.2%) 475 (49.8%) 74 (68.5%)

Tumor location 0.001 <0.001
Upper 83 (23.2%) 5 (6.5%) 346 (36.3%) 18 (16.7%)
Middle 75 (20.9%) 12 (15.6%) 142 (14.9%) 15 (13.9%)
Lower 200 (55.9%) 60 (77.9%) 465 (48.8%) 75 (69.4%)

WHO type <0.001 <0.001
Polypoid adenocarcinoma 13 (3.6%) 1 (1.3%) 65 (6.8%) 2 (1.9%)
Tubular adenocarcinoma 193 (53.9%) 20 (26.0%) 677 (71.0%) 55 (50.9%)
Poorly differentiated 64 (17.9%) 23 (29.9%) 101 (10.6%) 21 (19.4%)
Mucinous adenocarcinoma 45 (12.6%) 15 (19.5%) 61 (6.4%) 14 (13.0%)
Signet-ring cell carcinoma 43 (12.0%) 18 (23.4%) 49 (5.1%) 16 (14.8%)

Lauren type <0.001 <0.001
Intestinal 259 (72.3%) 13 (16.9%) 774 (81.2%) 5 (4.6%)
Diffuse 62 (17.3%) 49 (63.6%) 73 (7.7%) 83 (76.9%)
Mixed 37 (10.3%) 15 (19.5%) 106 (11.1%) 20 (18.5%)

LVI <0.001 <0.001
No 342 (95.5%) 53 (68.8%) 920 (96.5%) 79 (73.1%)
Yes 16 (4.5%) 24 (31.2%) 33 (3.5%) 29 (26.9%)

CEA 0.335 0.211
<5 ng/ml 340 (95.0%) 71 (92.2%) 851 (89.3%) 92 (85.2%)
≥5 ng/ml 18 (5.0%) 6 (7.8%) 102 (10.7%) 16 (14.8%)

CA199 0.028 0.031
<27 U/ml 340 (95.0%) 68 (88.3%) 916 (96.1%) 99 (91.7%)
≥27 U/ml 18 (5.0%) 9 (11.7%) 37 (3.9%) 9 (8.3%)

CA125 0.051 0.027
<35 U/ml 354 (98.9%) 73 (94.8%) 938 (98.4%) 103 (95.4%)
≥35 U/ml 4 (1.1%) 4 (5.2%) 15 (1.6%) 5 (4.6%)

Family-tumor history 0.559 0.735
No 335 (93.6%) 74 (96.1%) 931 (97.7%) 105 (97.2%)
Yes 23 (6.4%) 3 (3.9%) 22 (2.3%) 3 (2.8%)

Drinking 0.591 0.205
No 353 (98.6%) 77 (100.0%) 707 (74.2%) 74 (68.5%)
Yes 5 (1.4%) 0 (0%) 246 (25.8%) 34 (31.5%)

Smoking 0.297 0.695
No 356 (99.4%) 75 (97.4%) 653 (68.5%) 72 (66.7%)
Yes 2 (0.6%) 2 (2.6%) 300 (31.5%) 36 (33.3%)

Perineural invasion 0.051 0.005
No 354 (98.9%) 73 (94.8%) 942 (98.8%) 103 (95.4%)
Yes 4 (1.1%) 4 (5.2%) 11 (1.2%) 5 (4.6%)

Menopause <0.001
Premenopause 77 (21.5%) 41 (53.2%) – –

Postmenopause 281 (78.5%) 36 (46.8%) – –
September 2
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Independent risk factors were incorporated into the construction
of nomogram to obtain a risk prediction model for male EGC
patients. In the nomogram, total points ranged from 0 to 220 for
male EGC patients. When the LVI was positive, male patients with
EGC scored 100 points (Figure 4). Among the categorical variables,
Lauren type (diffuse) scores the highest. The area under the ROC
curve was 94.8% (95% CI: 0.9273–0.9695) for the training set and
93.4% (95% CI: 0.8928–0.9755) for the validation set, respectively
(Figures 5A, C). The calibration curve showed good agreements
between the bias-corrected prediction and the ideal reference line for
both training set and validation set (Figures 5B, D).
DISCUSSION

Currently, GC is the fifth most common type of cancer and the
fourth most common cause of cancer-related mortality
Frontiers in Oncology | www.frontiersin.org 6300
worldwide (15). With the advancements in the diagnosis and
treatment of GC, GC morbidity and mortality have declined in
recent years (15–17). In Japan, the early diagnosis rate of GC
is >50%; by contrast, the same rate in China is only ~10%, which
may lead to a poor 5-year survival rate (18, 19). More screening
programs may help improve the diagnostic rate of EGC and lead
to an improved prognosis, which may also influence the results
of studies further exploring independent risk factors for LNM
in EGC.

In addition to gastrectomy, ER is the main treatment method
to treat EGC and is appropriate for EGC with a low LNM rate,
including endoscopic submucosal dissection (ESD) and
endoscopic mucosal resection (EMR). According to the
Japanese Gastric Cancer Treatment Guidelines 2018 (5th
edition) (6), the absolute indications for ESD and EMR are a
differentiated-type EGC with an infiltration level limited to the
mucosa, a tumor size of ≤2 cm, and no presence of ulcers.
TABLE 3 | Multivariate analysis for LNM in female training set with EGC.

Variables B SE Wald df Sig. Exp (B)

Age −0.005 0.018 0.066 1 0.797 0.995
Tumor size 0.326 0.150 4.736 1 0.030 1.386
Depth of invasion (submucosa) −1.183 0.370 10.207 1 0.001 0.306
Ulceration (positive) −0.029 0.347 0.007 1 0.932 0.971
Tumor location (lower) −0.481 0.266 3.256 1 0.071 0.618
WHO type 0.185 0.137 1.810 1 0.179 1.203
Lauren type (mixed and diffuse) 1.035 0.209 24.495 1 0.000 2.816
LVI (positive) −1.832 0.479 14.638 1 0.000 0.160
CA199 (over 27 U/ml) 0.659 0.575 1.313 1 0.252 1.932
CA125 (over 35 U/ml) 0.957 0.965 0.982 1 0.322 2.603
Perineural invasion (positive) 0.578 1.048 0.304 1 0.581 1.783
Menopause (premenopause) −1.217 0.463 6.918 1 0.009 0.296
September 2021
 | Volume 11 | Article
Red font text means statistically significant.
FIGURE 2 | Nomogram prediction model for LN metastasis in female EGC patients. LN, lymph node; LVI, lymphovascular invasion; EGC, early gastric cancer.
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Absolute indications of ESD also include a differentiated-type
mucosal EGC without the prevalence of ulcers with a tumor size
of >2 cm, and a differentiated-type mucosal EGC with a
prevalence of ulcers and a tumor size of ≤2 cm. Compared
with gastrectomy, EMR and ESD are more minimally invasive,
significantly improving EGC patients’ quality of life (20, 21).
Frontiers in Oncology | www.frontiersin.org 7301
EMR and ESD have been widely used in recent years with the
gradual indication expansion. However, the use of ER in patients
with expanded indications is controversial, due to the lack of
long-term evidence of its safety (20–23). In the present study, 512
patients met the absolute indications and 15 (2.9%) had LNM,
whose possibility was higher than the 1% possibility required for
A B

C D

FIGURE 3 | Internal and external validations for the nomogram prediction model in female EGC patients. (A) ROC curve of the nomogram prediction model in the
training set of female EGC patients; the AUC was 87.7% (95% CI: 0.8397–0.914). (B) Calibration curve of the nomogram prediction model for the training set of
female EGC patients. (C) ROC curve of the nomogram prediction model for female EGC patients from the validation set; the AUC was 92.4% (95% CI: 0.7979–1).
(D) Calibration curve of the nomogram prediction model in the validation set of female EGC patients. LNM, lymph node metastasis; EGC, early gastric cancer; ROC,
receiver operating characteristic; AUC, area under the ROC curve.
TABLE 4 | Multivariate analysis for LNM in male training set with EGC.

Variables B SE Wald df Sig. Exp (B)

Tumor size 0.261 0.096 7.394 1 0.007 1.298
Depth of invasion (submucosa) −1.359 0.302 20.282 1 0.000 0.257
Tumor location (lower) −0.417 0.154 7.323 1 0.002 0.659
WHO type 0.35 0.112 9.77 1 0.001 1.419
Lauren type (mixed and diffuse) 1.131 0.146 60.335 1 0.000 3.099
LVI (positive) −2.035 0.367 30.742 1 0.000 0.131
CA125 (over 35 U/ml) 0.001 0.006 0.023 1 0.879 1.001
CA199 (over 27 U/ml) 0.000 0.003 0.012 1 0.914 1.000
Perineural invasion (positive) 0.270 0.716 0.142 1 0.707 1.310
September 2021
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Red font text means statistically significant.
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absolute indications (6). Compared with Japan, the diagnostic
rate of EGC in China is relatively low, resulting in a relatively low
sample size. In addition, different from the trials in Japan using
ER (24), all patients in this study underwent radical gastrectomy,
and the differences in the corresponding inclusion criteria may
also lead to differences between the results.

The incidence of male GC is known to be higher than that of
female GC, but the mortality rate of female patients with GC is
higher than that of male patients (15–17). In this study, female
patients with EGC had a higher LNM ratio than male patients
(17.0% vs. 10.4%), which was consistent with previous studies (8,
10, 25). It is therefore necessary to analyze the risk factors for LNM
in male and female patients with EGC separately. Menopausal
status is a critical characteristic in female compared with male
patients. However, few studies have reported the effect of
menopausal status on LNM in EGC. In the present study, it was
found that the LNM ratio of premenopausal female patients
(32.6%, 47/144) was higher than that of male (10.4%, 130/1248)
and postmenopausal female patients (10.6%, 37/350). Age is
associated with menopausal status, indicating younger age might
complicate the relationship between menopausal status and LNM.
Therefore, through multivariate analysis, it was identified that
premenopausal status, not age, was an independent risk factor
for LNM in female patients with EGC. Zhang et al. demonstrated
that estrogen can stimulate the secretion of IL-6 from GC-
associated fibroblasts, and then activate the STAT3 signaling
pathway, resulting in enhanced GC cell proliferation and
invasion (26). Furthermore, the expression of estrogen receptor-
a36 has been reported to be highly correlated with LNM in GC
(14), which may be helpful for predicting the risk of LNM in GC in
Frontiers in Oncology | www.frontiersin.org 8302
the future. Further studies on the mechanism of estrogen and its
receptors will provide new insights for the treatment of GC. Due to
the limitations of retrospective studies on data collection, it was
regrettable that sex hormone levels and use of oral contraceptives
cannot be analyzed in this study.

In the male population with EGC, tumor size, depth of
invasion, tumor location, WHO type, Lauren type, and LVI
were independent risk factors for LNM. Among the WHO type
and Lauren type, signet-ring cell carcinoma and diffuse type
owned the greatest risk of LNM, respectively (Figure 4) due to
their high lymph tropism and infiltrating behavior. Therefore,
the extension of gastric resection might be more beneficial for
EGC patients with diffuse type and signet-ring cell carcinoma
(27). LVI, as another contraindication for ER, is easily ignored
before surgery. In the EGC patients with LVI, the risk for LNM
reached >10% and >70% in male and female EGC patients,
respectively (Figures 2 and 4), which was similar with the results
from Ren et al. (28), and LVI might be considered an evaluation
index for effective removal of EGC after ER. When LVI is
positive, the extension of gastric resection and lymph node
dissection are necessary.
CONCLUSIONS

In the present study, we analyzed the independent risk factors for
LNM in female and male EGC patients, respectively.
Importantly, menopausal status was firstly identified as an
independent risk factor for LNM in female population with
EGC. Additionally, based on the above risk factors, the
FIGURE 4 | Nomogram prediction model for LN metastasis in male EGC patients. LN, lymph node; EGC, early gastric cancer; LVI, lymphovascular invasion; WHO
types: (a) polypoid adenocarcinoma; (b) tubular adenocarcinoma; (c) poorly differentiated; (d) mucinous adenocarcinoma; (e) signet-ring cell carcinoma.
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nomograms were established for predicting risk of LNM in
female and male EGC patients, which might be beneficial for
selecting a more precise treatment.
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FIGURE 5 | Internal and external validations for the nomogram prediction model in male EGC patients. (A) ROC curve of the nomogram prediction model in the
training set of male EGC patients; the AUC was 94.8% (95% CI: 0.9273–0.9695). (B) Calibration curve of the nomogram prediction model for the training set of male
EGC patients. (C) ROC curve of the nomogram prediction model for male EGC patients in the validation set; the AUC was 93.4% (95% CI: 0.8928–0.9755). (D)
Calibration curve of the nomogram prediction model in the validation set of male EGC patients. LNM, lymph node metastasis; EGC, early gastric cancer; ROC,
receiver operating characteristic; AUC, area under the ROC curve.
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Background: This study aimed to evaluate the impact of postoperative complication and
its etiology on long-term survival for gastric cancer (GC) patients with curative resection.

Methods: From January 2009 to December 2014, a total of 1,667 GC patients who had
undergone curative gastrectomy were analyzed. Patients with severe complications (SCs)
(Clavien–Dindo grade III or higher complications or those causing a hospital stay of 15
days or longer) were separated into a “complication group.” Univariate and multivariate
analyses were performed to reveal the relationship between postoperative complications
and long-term survival. A 2:1 propensity score matching (PSM) was used to balance
baseline parameters between the two groups.

Results: SCs were diagnosed in 168 (10.08%) patients, including different etiology:
infectious complications (ICs) in 111 (6.66%) and non-infectious complications (NICs) in
71 (4.26%) patients. Multivariate analysis showed that presence of SCs (P=0.001) was an
independent prognostic factor for overall survival, and further analysis by complication
type demonstrated that the deteriorated overall survival was mainly caused by ICs
(P=0.004) rather than NICs (P=0.068). After PSM, patients with SCs (p=0.002) still had
a significantly decreased overall survival, and the presence of ICs (P=0.002) rather than
NICs (P=0.067) showed a negative impact on long-term survival.

Conclusion: Serious complications, particularly of an infectious type, may have a
negative impact on overall survival of GC patients. However, additional multicenter
prospective studies with larger sample size are required to verify this issue.

Keywords: gastric cancer, severe complications, infectious complications, non-infectious complications,
overall survival
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INTRODUCTION

Gastric cancer (GC) is a common malignancy in the world (1).
Supported by advances in resection techniques and adjuvant
therapies, surgical therapy has been the primary treatment for
GC, which provides the opportunity to dramatically extend the
long-term survival of GC patients (2–4). However, surgery for
GC remains technically demanding, and the following
postoperative complications have been reported to occur with
a wide range of incidence: 7–46% (5–8).

Recent studies have shown that postoperative complications
increase the length of hospital stay and early mortality (9, 10).
Postoperative complications also decrease the overall survival (OS)
and disease-free survival (DFS) in several types of cancer like lung,
breast, and colon (11–13). In the contemporary field of gastric
cancer research, the impact of postoperative complications on
long-term survival of GC patients has also been suggested (14).
Decreased OS and DFS in GC patients have been reported in
retrospective series (15–19) and a recent published meta-analysis
(20). Nevertheless, most of these studies did not exclude patients
who died in the immediate postoperative period when assessing
long-term survival. Of note, any potential impact of postoperative
complications on cancer progression will be overshadowed by
short-term increased mortality (21, 22). Moreover, few studies
(19, 23) have yet discussed which specific type of postoperative
complications (infectious and non-infectious complications) in
GC patients most significantly impacts the patient’s long-term
chances of survival.

The aim of this study was to explore the relationship between
postoperative complication and its etiology and long-
term survival.
METHODS

Patients and Ethical Issues
A total of 2,210 consecutive patients with gastric cancer who had
previously undergone a gastrectomy procedure were selected
from the database of Surgical Gastric Cancer Patient Registry in
West China Hospital (WCH-SGCPR) from January 2009 to
December 2014, with registration number WCH-SGCPR 2018-
03. The present study involving human participants were
reviewed and approved by the Research Ethics Committee of
West China Hospital. Written informed consent from the
patients/participants’ legal guardian/next of kin was not
required to participate in this study in accordance with the
national legislation and the institutional requirements. The
inclusion criteria were as follows: (1) histologically proven
gastric adenocarcinomas; (2) with radical surgical resection
(R0); (3) without preoperative therapy; (4) no distant
metastasis. The exclusion criteria of our study were patients
with: (1) other synchronous or metachronous (within 5 years)
Abbreviations: GC, gastric cancer; SC, severe complication; IC, infectious
complication; NIC, non-infectious complication; CD, Clavien–Dindo; OS,
overall survival; PSM, propensity score matching; HR, hazard ratio; OR, odds
ratio; CI, confidence index.

Frontiers in Oncology | www.frontiersin.org 2306
cancers; (2) remnant gastric cancer; (3) harvested number of
lymph node less than 15; (4) emergency treatment. Additionally,
patients who died within 90 days (all the deaths were directly
associated with serious intra- or postoperative complications) of
the surgery were excluded to avoid exaggerating the effect of
complications on long-term survival. Finally, 1,667 patients who
underwent gastrectomy with potentially curative resection were
included in this study, as shown in Figure 1.

Potentially curative resection is regarded as gastrectomy with no
gross residual disease, combined with adequate lymphadenectomy.
The surgery was performed by experienced surgeons and followed
the Japanese gastric cancer treatment guidelines (24). The resected
specimens were pathologically classified according to JGCA
classifications (25) and staged with the updated AJCC 8th TNM
system (26).

Assessment of Postoperative
Complications
In the present study, the Common Terminology Criteria for
Adverse Events (CTCAE) version 4.0 (27), which is exhaustive
enough in terms of postoperative morbidities, was used to define
complications. As described by Song et al., we defined the severe
complication (SC) group as patients with Clavien–Dindo (CD)
grade III or higher complication or any morbidity causing a
hospital stay of 15 days or longer (28–30). If a patient suffered
from more than one complication, the highest-ranked
complication was used for grade analysis.

All complications were categorized as infectious complications
(ICs) or non-infectious complications (NICs). ICs included
pulmonary infection, abdominal abscess (excluding leakage-
related abscess), anastomotic leakage, wound infection,
pancreatic leakage, pancreatitis, intestinal leakage, cholecystitis,
urinary system infection, appendicitis, and bacteremia. NICs
included gastroparesis, intestinal obstruction, intra-abdominal
hemorrhage, pleural effusion, ascites, atelectasis, delirium
tremens, respiratory failure, heart failure, arrhythmia, deep
venous thrombosis.

Follow-Up
The follow-up was mainly performed through outpatient visits.
All patients were recommended to undergo follow-up every 3 to
6 months during the first 3 years and at least once yearly during
the subsequent years. Follow-up information was also collected
from the database and updated to January 1, 2020. In the 1,667
patients, 49 of them lost contact during the follow-up process;
the response rate was 97.06% with the median follow-up time
89.50 (range, 3.00–129.80) months. The main reasons for failed
follow-ups were changes of telephone number and address, or
the patient’s refusal to attend to outpatient interview of
our hospital.

Statistical Analysis
For comparisons between patients with and without SCs, the
Mann-Whitney U test was used to compare ordinal variables,
whereas the Chi-square test or the Fisher exact test was used for
unordered categorial variables. Then, multivariate logistic
regression analysis was performed to detect independent risk
October 2021 | Volume 11 | Article 587309
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factors for SCs. The Kaplan–Meier method and the log-rank test
were used to calculate survival rates and compare survival rates,
respectively. Univariate and multivariate Cox proportional
hazards regression models were used to analyze the hazard
ratios for a patient’s overall survival. Factors with a P value
<0.1 in the univariate analysis as well as those that were clinically
significant were entered into the multivariate model using an
“Enter” method (31). A P value less than 0.05 (two-sided) was
considered to be statistically significant.

To balance the potential confounders between the two
groups, a 2:1 propensity score matching (PSM) was performed
with the following variables: age, sex, comorbidities, extent of
lymphadenectomy, perioperative blood transfusion, tumor size,
tumor location, tumor invasion depth, and nodal involvement. A
0.2-width caliper of the standard deviation of the logit and the
nearest neighbor matching was used to match across the two
groups (32). All of these statistical analyses were performed using
SPSS software version 23.0 (IBM, Armonk, NY, USA) and R
version 3.6.0.

Considering the retrospective nature of this study, we would
calculate the statistical power via PASS 11 (version 11.0.7).
Frontiers in Oncology | www.frontiersin.org 3307
RESULTS

Description of Enrolled Study
Population Cohort
The details of postoperative complications and characteristics of
the included 1,667 patients with gastric cancer are presented in
Table S1 and Table 1. Postoperative complications occurred in
675 (40.49%) out of 1,667 patients, including 631 (37.85%)
patients with CD grade I/II and 44 (2.64%) patients with CD
grade III/IV complications. The non-SC group consisted of 992
(59.51%) patients without complications and 507 (30.41%)
patients with complications less than 15 days’ hospital stay.
The SC group consisted of 44 (2.64%) patients with CD grade
III or higher complications and 124 (7.44%) patients with CD
grade I/II complications causing a hospital stay of 15 days or
longer. Further, in the SC group, 111 (6.66%) patients were
found to have severe ICs and 71 (4.26%) patients to have
severe NICs.

Compared with patients in the non-SC group, SC group had
an older age (P<0.001) and more preoperative comorbidities
(P=0.015), and tended to have higher proportion of males
FIGURE 1 | The flow diagram of gastric cancer patients enrolled in this study.
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(P=0.059), higher frequency of D2/D2+ lymph node dissection
(P=0.058) and preoperative blood transfusion (P=0.055). After
PSM, the baseline characteristics became comparable between
the two groups (all P values >0.05).

Predictors Related to Occurrence of SCs
Relationships between the occurrence of SCs and clinicopathological
parameters are shown in Table 2. Multivariate analysis identified
Frontiers in Oncology | www.frontiersin.org 4308
that age 65 or higher (OR=1.815; 95%CI: 1.290–2.555; P=0.001) was
the only independent risk factor for the development of SCs.

Prognostic Significance of SCs on
Long-Term Survival
As shown in Figure 2A, patients with SCs had a significant worse
OS compared to those without (5-year OS rate 48.5 vs. 60.1%;
P=0.002). The overall survival curves stratified by pathological
TABLE 1 | Baseline characteristics of gastric cancer patients before and after propensity score matching.

Primary cohort (n = 1,667) PSM cohort (n = 503)

Non-SC group (n = 1,499) SC group (n = 168) P value Non-SC group (n = 335) SC group (n = 168) P value

Age, year <0.001 0.928
<65 1,126 (75.1) 102 (60.7) 202 (60.3) 102 (60.7)
≥65 373 (24.9) 66 (39.3) 133 (39.7) 66 (39.3)

Gender 0.059 0.986
Male 1,027 (68.5) 127 (75.6) 253 (75.5) 127 (75.6)
Female 472 (31.5) 41 (24.4) 82 (24.5) 41 (24.4)

Preoperative albumin, g/L 0.971 0.552
<35 162 (10.8) 18 (10.7) 42 (12.5) 18 (10.7)
≥35 1,337 (89.2) 150 (89.3) 293 (87.5) 150 (89.3)

Comorbidities 0.015 0.756
No 1,113 (75.3) 110 (65.5) 224 (66.9) 110 (65.5)
Yes 386 (24.7) 58 (34.5) 111 (33.1) 58 (34.5)

Surgery approach 0.807 0.914
Open 1,330 (88.7) 148 (88.1) 294 (87.8) 148 (88.1)
Laparoscopic 169 (11.3) 20 (11.9) 41 (12.2) 20 (11.9)
Gastrectomy 0.723 0.569
Partial 1,090 (72.7) 120 (71.4) 231 (69.0) 120 (71.4)
Total 409 (27.3) 48 (28.6) 104 (31.0) 48 (28.6)

Lymphadenectomy 0.058 1.000
<D2 48 (3.2) 1 (0.6) 2 (0.6) 1 (0.6)
≥D2 1,451 (96.8) 167 (99.4) 333 (99.4) 167 (99.4)

Resection of other organs 0.352 0.262
No 1,441 (96.1) 159 (94.6) 324 (96.7) 159 (94.6)
Yes 58 (3.9) 9 (5.4) 11 (3.3) 9 (5.4)

Perioperative blood transfusion 0.055 0.430
No 1,272 (84.9) 133 (79.2) 275 (82.1) 133 (79.2)
Yes 227 (15.1) 35 (20.8) 60 (17.9) 35 (20.8)

Tumor size, cm 0.525 0.539
<5 681 (45.4) 72 (42.9) 134 (40.0) 72 (42.9)
≥5 818 (54.6) 96 (57.1) 201 (60.0) 96 (57.1)

Tumor location 0.756 0.992
U/M/L 1,367 (91.2) 152 (90.5) 303 (90.4) 152 (90.5)
Multiple 132 (8.8) 16 (9.5) 32 (9.6) 16 (9.5)

Macroscopic type 0.546 0.259
Bormann 0–2 946 (63.1) 110 (65.5) 202 (60.3) 110 (65.5)
Bormann 3–4 553 (36.9) 58 (34.5) 133 (39.7) 58 (34.5)

Histological differentiation 0.308 0.807
G1/G2 460 (30.7) 58 (34.5) 122 (33.4) 58 (34.5)
G3/G4 1,039 (69.3) 110 (65.5) 223 (66.6) 110 (65.5)

Depth of invasion 0.486 0.636
T1/2/3 783 (52.2) 83 (49.4) 173 (51.6) 83 (49.4)
T4 716 (47.8) 85 (50.6) 162 (48.4) 85 (50.6)

Nodal involvement 0.474 0.859
N0 486 (31.2) 57 (33.9) 111 (33.1) 57 (33.9)
N+ 1,031 (68.8) 111 (66.1) 224 (66.9) 111 (66.1)

Pathological stage 0.495 0.933
I 367 (24.5) 35 (20.8) 74 (22.1) 35 (20.8)
II 340 (22.7) 43 (25.6) 82 (24.5) 43 (25.6)
III 792 (52.8) 90 (53.6) 179 (53.4) 90 (53.6)

Adjuvant chemotherapy 0.375 0.926
No 740 (49.4) 89 (53.0) 176 (52.5) 89 (53.0)
Yes 759 (50.6) 79 (47.0) 159 (47.5) 79 (47.0)
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stages are shown in Figures 2B–D. The curves were significantly
separated in stage III cancers with P=0.001; however, no
statistically significant difference was observed between stages I
and II. Multivariable Cox regression analysis revealed that SCs
(HR=1.442; 95% CI: 1.160–1.791; P=0.001) along with age,
tumor size, histological grade, tumor invasion depth, nodal
involvement, and adjuvant chemotherapy were independent
prognostic factors for OS (Table 3). The statistical power of
SCs on OS was 0.999 in this sample size.
Frontiers in Oncology | www.frontiersin.org 5309
To clarify which type of complication had a contribution on
poor OS, we performed univariate and multivariate analyses
using each complication (ICs and NICs) with other parameters.
In the univariate analysis, patients with ICs (5-year OS rate 45.9
vs. 59.8%; P=0.002) showed a decreased OS when compared with
those without ICs, and patients with NICs (5-year OS rate 47.8
vs. 59.5%; P=0.072) also tended to have a worse prognosis when
compared with those without NICs (Figures 3A, B; Table 3).
Further, multivariate analysis demonstrated that only ICs (HR,
1.455; 95% CI: 1.125–1.881; P=0.004) rather than NICs (HR,
1.355; 95% CI: 0.977–1.878; P=0.068) were independent risk
factors for unfavorable OS (Table 3). The statistical power values
of ICs and NICs on OS were 0.997 and 0.925, respectively.

Propensity Score Analysis
To further verify the relationship between complication and its
etiology and OS, we performed a PSM analysis that helped
reduce the baseline bias. As shown in Figure 4, after PSM,
patients with SCs still showed decreased OS when compared with
those without (5-year OS rate 48.5 vs. 59.1%; P=0.013), especially
in stage III group (p=0.002). Subsequent multivariate analysis
suggested that the presence of SCs was an independent
prognostic factor for OS (HR, 1.529; 95% CI: 1.175–1.990;
P=0.002) (Table 4). In addition, in the PSM cohort, univariate
A

D

B

C

FIGURE 2 | Kaplan-Meier survival analysis of SC in entire cohort. (A) in all patients; (B) in Stage I, (C) in Stage II, and (D) in Stage III patients. The significance of the
difference between survival curves was calculated by the log-rank test. SC, severe complication.
TABLE 2 | Multivariable logistic regression analysis of risk factors for severe
postoperative complications.

Multivariable analysis

OR (95% CI) P value

Age, year
≥65 vs. <65 1.815 (1.290–2.555) 0.001

Sex
Female vs. Male 0.721 (0.497–1.045) 0.084

Comorbidities
Yes vs. No 1.262 (0.874–1.824) 0.214

Lymphadenectomy
≥D2 vs. <D2 6.593 (0.898–48.404) 0.064

Perioperative blood transfusion
Yes vs. No 1.274 (0.831–1.953) 0.266
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and multivariate analyses identified that ICs remained a
significant risk factor for deteriorated overall survival
(Figure 5A and Table 4). However, NICs did not show
difference in long-term results compared with patients without
NICs (Figure 5B and Table 4). In addition, the statistical power
values of SCs, ICs, and NICs on OS were 0.975, 0.980, and 0.718,
respectively, in the PSM cohort.
DISCUSSION

Several previous studies have reported the negative impact of
postoperative complications on oncological outcomes after
gastric cancer resection (14–17). However, these studies failed
Frontiers in Oncology | www.frontiersin.org 6310
to exclude patients who died in a short postoperative period. It is
important to note that postoperative complications increase
early mortality, which would overshadow the real influence of
complications on long-term survival of cancer patients (33, 34).
Besides, these reports (14, 17, 35, 36) did not discriminate which
type of complication was the real risk factor for decreased long-
term survival.

In the present study, 1,667 GC patients with curative
resection were analyzed, and 10.08% of them experienced
severe complications (excluding deaths within 90 days of the
surgery). In the total cohort, we found that the occurrence of SCs
was indeed significantly associated with shortened long-term OS,
and ICs seemed to be the major cause of impaired long-term
survival instead of SNICs. In addition, these findings were
consistent in the PSM cohort.
A B

FIGURE 3 | Kaplan-Meier survival analysis according to specific SC in entire cohort. (A) IC; (B) NIC. The significance of the difference between survival curves was
calculated by the log-rank test. SC, severe complication; IC, infectious complication; NIC, non-infectious complication.
TABLE 3 | Univariate and multivariate COX regression analysis of prognostic factors for overall survival in primary cohort.

Variables No. of patients Univariate P value Multivariate analysis* Multivariate analysis#

HR (95% CI) P value HR (95% CI) P value

Age (≥65 vs. <65) 439/1,228 <0.001 1.232 (1.049–1.446) 0.011 1.232 (1.049–1.446) 0.011
Gender (Male vs. female) 1,154/513 0.387
Preoperative albumin (≥35 vs. <35 g/L) 1,487/180 0.600
Comorbidities (Yes vs. No) 444/1,223 0.076 0.991 (0.839–1.173) 0.920 0.992 (0.838–1.173) 0.921
Surgery approach (Laparoscopic vs. Open) 189/1,478 0.001 0.829 (0.645–1.065) 0.143 0.830 (0.646–1.066) 0.144
Gastrectomy (Total vs. Partial) 457/1,210 <0.001 1.160 (0.993–1.355) 0.061 1.159 (0.992–1.354) 0.063
Lymphadenectomy (≥D2 vs. <D2) 1,618/46 0.692
Resection of other organs (Yes vs. No) 67/1,600 0.434
Perioperative blood transfusion (Yes vs. No) 262/1,405 <0.001 1.192 (0.987–1.428) 0.067 1.199 (0.993–1.447) 0.059
Tumor size (≥5 vs. <5 cm) 914/753 <0.001 1.436 (1.209–1.706) <0.001 1.434 (1.207–1.703) <0.001
Macroscopic type (Bormann 3–4 vs. 0–2) 611/1,056 <0.001 1.017 (0.870–1.189) 0.833 1.015 (0.868–1.186) 0.854
Histological grade (G3/G4 vs. G1/G2) 1,149/518 <0.001 1.192 (1.011–1.406) 0.037 1.190 (1.009–1.403) 0.039
Depth of invasion (T4 vs. T1/2/3) 801/866 <0.001 1.903 (1.609–2.252) <0.001 1.903 (1.609–2.252) <0.001
Nodal involvement (N+ vs. N0) 1,142/525 <0.001 2.239 (1.839–2.726) <0.001 2.247 (1.845–2.736) <0.001
Adjuvant chemotherapy (Yes vs. No) 838/829 0.918 0.806 (0.698–0.931) 0.003 0.808 (0.699–0.933) 0.004
SCs (Yes vs. No) 168/1,449 0.002 1.442 (1.160–1.791) 0.001
ICs (Yes vs. No) 111/1,556 0.003 1.455 (1.125–1.881) 0.004
NICs (Yes vs. No) 71/1,596 0.072 1.355 (0.977–1.878) 0.068
October 2
021 | Volume 11 | Article
*Multivariate analysis describing the prognosis of SCs for gastric cancer patients.
#Multivariate analysis describing the prognosis of ICs and NICs for gastric cancer patients.
The bold values indicate the main objects of this study.
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TABLE 4 | Univariate and multivariate COX regression analysis of prognostic factors for overall survival in PSM cohort.

Variables No. of patients Univariate P value Multivariate analysis* Multivariate analysis#

HR (95% CI) P value HR (95% CI) P value

Age (≥65 vs. <65) 199/304 0.008 1.275 (0.983–1.654) 0.067 1.278 (0.985–1.658) 0.064
Gender (Male vs. female) 380/123 0.289
Preoperative albumin (≥35 vs. <35 g/L) 443/60 0.944
Comorbidities (Yes vs. No) 169/334 0.198
Surgery approach (Laparoscopic vs. Open) 61/442 0.009 0.751 (0.479–1.177) 0.212 0.748 (0.477–1.174) 0.207
Gastrectomy (Total vs. Partial) 152/351 0.002 1.085 (0.823–1.431) 0.563 1.080 (0.818–1.425) 0.589
Lymphadenectomy (≥D2 vs. <D2) 500/3 0.740
Resection of other organs (Yes vs. No) 20/483 0.076 1.059 (0.582–1.928) 0.851
Perioperative blood transfusion (Yes vs. No) 95/408 <0.001 1.352 (1.006–1.818) 0.045 1.384 (1.028–1.863) 0.032
Tumor size (≥5 vs. <5 cm) 297/206 <0.001 1.483 (1.071–2.054) 0.018 1.478 (1.069–2.044) 0.018
Macroscopic type (Bormann 3–4 vs. 0–2) 191/312 <0.001 1.070 (0.800–1.432) 0.648 1.062 (0.794–1.421) 0.686
Histological grade (G3/G4 vs. G1/G2) 333/170 0.001 1.366 (1.017–1.834) 0.038 1.360 (1.012–1.826) 0.041
Depth of invasion (T4 vs. T1/2/3) 247/256 <0.001 1.552 (1.161–2.073) 0.003 1.547 (1.158–2.068) 0.003
Nodal involvement (N+ vs. N0) 335/168 <0.001 2.378 (1.707–3.314) <0.001 2.403 (1.724–3.349) <0.001
Adjuvant chemotherapy (Yes vs. No) 238/265 0.149 0.750 (0.580–0.970) 0.028 0.754 (0.583–0.974) 0.031
SCs (Yes vs. No) 168/335 0.013 1.529 (1.175–1.990) 0.002
ICs (Yes vs. No) 111/392 0.015 1.567 (1.175–2.089) 0.002
NICs (Yes vs. No) 71/432 0.193 1.386 (0.978–1.963) 0.067
Frontiers in Oncology | www.frontiersin.org
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*Multivariate analysis describing the prognosis of SCs for gastric cancer patients.
#Multivariate analysis describing the prognosis of ICs and NICs for gastric cancer patients.
The bold values indicate the main objects of this study.
A B

C D

FIGURE 4 | Kaplan-Meier survival analysis of SC in PSM cohort. (A) in all patients; (B) in Stage I, (C) in Stage II, and (D) in Stage III patients. The significance of the
difference between survival curves was calculated by the log-rank test. SC, severe complication.
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The influence of complications, particularly infectious ones,
on long-term survival has been described in several types of
cancer (21, 22, 37). Recently, in a systematic review and meta-
analysis about the effect of complications on long-term survival
in GC patients with curative resection, Wang et al. identified a
40% higher risk of death in patients with complications and a
much higher (86%) mortality risk in patients with infectious
complications compared to those without (20); their findings
match our results. Similarly, in lung cancer, an outcome reported
by Andalib et al. has demonstrated that major infectious
complications were the main reason for decreased rates of
long-term survival and that non-infectious complications had a
minor effect on this bad outcome, excluding early deaths (21).

With respect to the correlation between complications and
poor survival rates, accumulated evidence (14, 38, 39) indicates
that the surgical stress, especially in major surgery, induces an
inflammatory response that could be worsened and prolonged by
complications. It is also well established that a postoperative
inflammatory response contributes to host immunosuppression
by suppressing cell-mediated immunity (40, 41), especially
natural killer cells and cytotoxic T lymphocytes are
compromised (41), which promotes the proliferation and
metastasis of residual tumor cells. Furthermore, numerous
studies have confirmed that ICs have a direct effect on cancer
cells’metastatic ability by activating a bacterial antigen-mediated
processes (42, 43). Indeed, in our study, the remarkable
difference in overall survival rates between patients organized
by the presence of complications in p-Stage III likely reflects the
quantity of residual tumor cells that cause early recurrence.

Nevertheless, we must admit that complications’ relationship
with decreased rates of survival is not yet clear. It is still possible
that the pernicious effect of postoperative complications on long-
term survival is just a confounder. Surgical technique may prove
to be the reason for both occurrence of complications and
decreased long-term survival. What we conclude from our
study is that complications are associated with poor prognosis.
Considering the curability of the complications and its potential
Frontiers in Oncology | www.frontiersin.org 8312
benefit on patients’ long-term survival, it is crucial to prudently
deal with complications through active intervention
and remediation.

Given the fact that complications markedly compromise
overall survival, to identify complication-related risk factors is
therefore crucial. In the present study, older age was identified to
be the only risk factor for the occurrence of complications, which
was not a modifiable factor in perioperative management. In
such circumstances, the prevention and early diagnosis of
postoperative complications are of critical importance.

This study has some limitations. First, this is a single-center
retrospective study with several confounding factors, which
might bias our results and conclusions. Even though we tried
our best to offset available biases with multivariate analysis and
PSM analysis, some residual confounding unmeasured factors
may exist. Second, there was also a lack of information about
adjuvant chemotherapy. For example, the starting time of
adjuvant chemotherapy among patients was unclear, which
limited our further analysis of the interaction between
postoperative complications and delayed adjuvant therapy on
prognosis. Despite these limitations, postoperative complications
are considered an important prognostic factor affecting long-
term survival.

In conclusion, postoperative complications after curative
resection of gastric cancer are both common and associated
with poor overall survival in gastric cancer patients. And the
survival disadvantage seemed to be mainly driven by infectious
complications rather than non-infectious ones. However,
additional multicenter prospective studies with larger sample
size are required to verify this issue.
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Background: Early gastric cancer (EGC) is invasive gastric cancer that invades no deeper
than the submucosa, regardless of lymph node metastasis (LNM). It is mainly treated by
surgery. Recently, the resection range of EGC has been minimized, but cancer recurrence
and overall survival in some patients should be given high status. LNM is an important
indicator of prognosis and treatment in gastric cancer. The law of the number and location
of metastatic lymph nodes in EGC is not yet clear. Therefore, we aimed to identify the risk
factors of LNM in radically resected EGC and guide treatment.

Methods: The clinicopathological factors of 611 patients with EGC were retrospectively
analyzed in six hospitals between January 2010 and December 2016. The relationship
between clinicopathological factors and LNM, as well as their prognostic significance,
were analyzed by univariate and multivariate analyses.

Results: The rate of LNM was 20.0% in the 611 EGC patients. The depth of invasion,
differentiation type, tumor diameter, morphological ulceration, and lymphovascular
invasion were independent risk factors for LNM (P<0.05) by logistic regression analysis.
Tumor location in the proximal third of the stomach and morphological ulceration were
significant factors for group 2 LNM. Moreover, the 5-year survival rate was 94.9% for
patients with no positive nodes, 88.5% for patients with 1-2 positive nodes, 64.3% for
patients with 3-6 positive nodes, and 41.8% for patients with >6 metastatic nodes.
Interestingly, the 7-year risk of relapse diminished for patients with no LNM or retrieved no
less than 15 lymph nodes.
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Conclusions: Fifteen lymph node dissection and D2 radical operation are the surgical
options in case of high risk factors for LNM. Extended lymph node dissection (D2+) is
recommended for morphological ulceration or disease located in the proximal third of the
stomach due to their high rate of group 2 LNM. Furthermore, LNM is a significant
prognostic factor of EGC. Moreover, lymph nodes can also play a significant role in the
chemotherapeutic and radiotherapy approach for non-surgical patients with EGC.
Keywords: early gastric cancer (EGC), lymph node metastasis (LNM), risk factors, lymph node dissection, depth
of invasion
INTRODUCTION

Gastric cancer (GC) is one of the most common malignancies of
the gastrointestinal tract and has a serious impact on public
health. Furthermore, GC is the fifth malignancy and the third-
most common cause of cancer-related deaths worldwide (1). The
prognosis of GC is poor, as the 5-year survival rate is <30% (2).
This is mostly because most cases are diagnosed in the advanced
stage of the cancer that presents with metastases, high
intratumor heterogeneity, and chemotherapeutic resistance,
thereby leading to overall poor outcomes (2). Presently, the
treatment for GC depends on its stages at diagnosis. Early
stages can be cured endoscopically or surgically; intermediate
stages require neoadjuvant chemotherapy to improve tumor
status for subsequent resection; whereas late stage GC is
mainly treated non-surgically by chemotherapy and
radiotherapy approach (2, 3). Early gastric cancer (EGC) is
defined as a lesion confined to the mucosa or the submucosa,
irrespective of the presence of regional lymph node metastases
(LNM). The early detection of GC has increased in China
because of the national early cancer screening policy (4). The
prognosis of EGC is satisfactory, with the 5-year survival rate
tending to be >90% (5). Kunisaki et al. (6) analyzed 1,169
patients with EGC who underwent surgery: 1,052 patients
without LNM had a 5-year survival rate of 99.1%, and 117
patients with LNM had a 5-year survival rate of 90.8%. Recently,
the resection range of EGC seems to be minimized, however, the
cancer recurrence and overall survival (OS) in some patients
should be given high status. Many factors such as LNM, depth of
wall invasion, macroscopic type, and differentiation type affect
the prognosis of EGC. The significantly prognostic factor in EGC
is LNM (7). Several risk factors for LNM in EGC, such as tumor
size, invasion depth, ulceration, histological types, and
lymphovascular invasion, have been reported in previous
studies (8). Lymph node metastasis is an important disease
feature that affects the prognosis and determines the extent of
lymph node dissection (9). The number of metastatic lymph
nodes (MLNs) is reportedly related to mortality risk (6, 7, 10).
Patients with MLNs had a relatively higher recurrence rate and
poorer survival rate than those with no MLNs (11). Therefore,
risk factors for LNM should be considered when choosing a
surgery scheme for patients with EGC.

In this study, we retrospectively evaluated the distribution of
LNM in a six-center cohort including 611 patients with EGC.
The relationship between clinicopathological factors and LNM,
2316
the extent of LNM in EGC, and their prognostic significance
were analyzed by univariate and multivariate analyses. By
analyzing the clinical characters of EGC, investigating the rate
of LNM, and clarifying the risk factors of LNM, we aimed to
provide a basis for choosing the optimal surgical scheme and
determining the appropriate range of lymph node dissection.
METHODS

Patients
We retrospectively reviewed EGC cases that had complete
clinical and pathological data and underwent curative
gastrectomy with lymphadenectomy in the Department of
Surgery in the six hospitals between November 2010 and
December 2016. A total of 611 patients (384 males and 227
females, mean age: 55 (22–85) years) were reviewed in this
research: 363 patients in Hunan Province Cancer Hospital, 160
patients in the Second Xiangya Hospital of Central South
University, 30 patients in the Second Affiliated Hospital of
South China University, 26 patients in the Central Hospital of
Xiangtan City, 22 patients in Yongzhou Central Hospital and 10
patients in People Hospital of Qiyang county. All patients were
pathologically diagnosed with EGC and received consultation by
the Multiple Disciplinary Team (MDT) at each center. Radical
resection was then performed in all patients who did not undergo
or did not wish to undergo neoadjuvant chemotherapy. Data on
clinical parameters such as age, sex, and cancer embryonic
antigen (CEA) level before the operation; postoperatively
confirmed pathological parameters including depth of invasion,
differentiation type, and lymphovascular invasion (LVI); and
macroscopic features such as macroscopic type, tumor diameter,
location, and morphological ulceration were collected
retrospectively. Moreover, the number and station of MLNs
were also reviewed in detail.

Early gastric cancer was more frequently located in the distal
third of the stomach (lower cancer, 284 cases, 46.5%) than in the
proximal (upper cancer, 86 cases, 14.1%) or middle third (middle
cancer, 241 cases, 39.4%). The average number of retrieved
lymph nodes was 17 (9–32). Because at least 15 retrieved
lymph nodes are required for better staging and lower risk of
recurrence of EGC (12), we divided the retrieved lymph nodes
into two groups: <15 retrieved lymph nodes and ≥15 retrieved
lymph nodes. Details of EGC patients are shown in Table 1.
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https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Wang et al. Risk Factors of LNMs
Surgery
Among the 611 patients, 251 underwent open radical
gastrectomy, cases underwent laparoscopic-assisted radical
gastrectomy; D1 and D2 lymph node dissection were
performed concurrently. The choice of the surgical scheme and
the division of lymphadenectomy scope were in line with the
15th Japanese Classification of Gastric Carcinoma (13).
Routinely, the greater omentum, anterior lobe of the transverse
mesocolon, and pancreatic capsule were incised. The distance
between the incision line and the outer edge of the cancer was
determined by Borrmann classification and found to be 4–7 cm.
The distances in the case of Borrmann types I, II, III, and IV
cancers were 2, 3–4, 5–6, and 6–7 cm, respectively. There were
352 cases of distal gastrectomy, 216 cases of proximal
gastrectomy, and 43 cases of total gastrectomy. Specifically,
Roux-en-Y esophagoje junostomy was used for the
reconstruction of the alimentary tract following total
Frontiers in Oncology | www.frontiersin.org 3317
gastrectomy. Billroth’s operations I and II were used for the
reconstruction of the alimentary tract following distal partial
gastrectomy in 315 and 37 cases, respectively.

Pathological Examination and
Data Collection
The resected specimen was dissected to observe for morphological
ulceration in the tumor and calculate the tumor size according to
its maximum surface diameter. According to the classification
scheme formulated by the Japanese Endoscopy Society, the
macroscopic type was classified as elevated (type I or II a), flat
(II b), or depressed (II c or III). Histologic types were divided into
differentiated type (papillary adenocarcinoma, tubular
adenocarcinoma, and high-grade differentiated adenocarcinoma)
and undifferentiated type (low-differentiated adenocarcinoma,
undifferentiated adenocarcinoma, mucinous adenocarcinoma,
and signet ring cell carcinoma) based on the criteria of the
World Health Organization (WHO). Each lymph node was
embedded in paraffin and at least two sections were performed.
Hematoxylin-eosin (HE) staining was used to determine whether
lymph nodes were metastatic. MLNs were classified into two
groups based on the Japan Gastric Cancer Association (JGCA)
classification: group 1, metastasis only in the first-tier lymph
nodes; and group 2, metastasis in lymph nodes in the second-
tier and over, with or without first-tier metastasis. Gastric cancer
specimen processing, pathological diagnosis, assessment of
diagnostic criteria, and lymph node classification were
performed based on the 15th Japanese Classification of Gastric
Carcinoma (13) and the 8th edition of gastric cancer TNM staging
system (14).

Follow-Up
Patients with EGC were followed up regularly after a radical
operation. The last follow-up date was July 30, 2020. The patients
were followed up every 6 months for the first 3 years after
surgery, and then once a year until death or loss to follow-up.
The follow-up information, including the time of patient relapse
or death, was obtained from hospital information systems and
the patients or their relatives. Overall survival (OS) was
calculated from the date of pathological diagnosis to death or
the last date of follow-up.

Statistical Analysis
The data were statistically processed using SPSS 22.0 software
(IBM Corporation, Armonk, NY, USA). The relationship
between clinicopathological characteristics and the status of
lymph node metastasis was analyzed by the chi-square test.
Univariate and multivariate logistic regression models were
used to estimate predictors of LNM. The survival curve in the
function of lymph node status was traced using the Kaplan–
Meier method. The difference between curves was tested using
the log-rank test. The Kaplan–Meier method was also used to
estimate the 5-year survival rate and 7-year relapse rate of each
subgroup of the clinicopathological variable. The influence of the
clinicopathological variable on the 5-year survival rate and 7-
TABLE 1 | Demographics of 611 patients with early gastric cancer.

Clusters Patients (%)

Sex
Male 384 (62.8%)
Female 227 (37.2%)

Age
>60 215 (35.2%)
≤60 396 (64.8%)

Depth of invasion
Mucosa 205 (33.6%)
Submucosa 406 (66.4%)

Differentiation type
Well differentiated cancer 327 (53.5%)
Undifferentiated cancer 284 (46.5%)

Lesion location
Lower cancer (L) 284 (46.5%)
Middle cancer (M) 241 (39.4%)
Upper cancer (U) 86 (14.1%)

Tumor diameter
<1 cm 108 (17.7%)
1–3 cm 287 (47.0%)
>3 cm 216 (35.3%)

Macroscopic type
Elevated type 116 (19.0%)
Flat type 153 (25.0%)
Depressed type 342 (56.0%)

Morphological ulceration
No 269 (44.0%)
Yes 342 (56.0%)

LVI
No 566 (92.6%)
Yes 45 (7.4%)

Serum CEA
<5 ng/ml 560 (91.7%)
≥5 ng/ml 51 (8.3%)

LNM
No 489 (80.0%)
Yes 122 (20.0%)

retrieved LN
<15 218 (35.7%)
≥15 393 (64.3%)
LVI, lymphovascular invasion; CEA, Carcinoembryonic antigen; LNM, lymph node
metastasis; LN, lymph nodes.
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year relapse rate was examined using the chi-square test.
Multivariate Cox regression analysis was used to estimate
independent prognostic factors.
RESULTS

Clinicopathological Features and LNM
The mean number of retrieved lymph nodes from the 611
patients with EGC was17 (9–32); in 64.3% patients at least 15
lymph nodes were retrieved. Lymph node metastasis was found
in 122 patients, and the rate of LNM was 20.0% (122/611).
Among them, the rate of LNM was 20.3% (78/384) for male and
19.4% (44/227) for female patients; 19.1%(41/215) for age>60
years and 20.7%(81/396) for age ≤ 60 years; 14.1% (29/205) for
submucosal cancer and 22.9% (93/406) for mucosal cancer;
14.4% (47/327) for well differentiated cancer and 26.4% (75/
284) for undifferentiated cancer; 18.7% (53/284) for lower cancer
(L), 19.1% (46/241) for middle cancer (M) and 26.7% (23/86) for
upper cancer (U); 14.8% (16/108) for tumor size <1 cm, 17.8%
(51/287) for tumor size between 1 and 3 cm, and 24.8% (55/216)
for tumor size >3 cm; 14.7% (17/116) for elevated type, 15.7%
(24/153) for flat type, and 23.7% (81/342) for depressed type;
42.2% (19/45) for LVI and 18.2% (103/566) for no LVI;19.5%
(109/560) for serum CEA <5 ng/mL and 25.5% (13/51) for serum
CEA ≥5 ng/mL; 17.0% (37/218) for retrieved lymph nodes <15
and 21.7% (85/308) for retrieved lymph nodes ≥15,
respectively (Table 2).

There were 61 cases (50.0%) with one positive node, 25
(20.5%) with two positive nodes, 19 (15.6%) with 3–5 positive
nodes, and 17 (13.9%) with >6 metastatic nodes. The positive
rate of lymph node was the highest in the N6 group (35.2%, 43/
122), followed by the N3 group (27.0%, 33/122), N4d group
(19.7%, 24/122), N7 group (18.9%, 23/122), N5 group (18.0%,
22/122), N9 group (17.2%, 21/122), N8a group (13.9%, 17/122),
N1 group (6.6%, 8/122), N11p group (4.1%, 5/122) and N12a
group (3.3%, 4/122). Further, 73.8% (90/122) patients who had
only group 1 LNM and 26.2% (32/122) patients who had group
2 LNM. Interestingly, upper cancer and morphological
ulceration are susceptible to group 2 LNM (P=0.033 and
P=0.038, respectively). However, age, sex, depth of tumor
invasion, differentiation type, tumor diameter, macroscopic
type, size of tumor diameter, LVI, serum CEA, and the
number of retrieved lymph nodes were not related to group 1
and 2 LNM (P> 0.050) (Table 3). As LNM is closely related to
TNM stage, we further analyzed the relationship between group
1and 2 LNM and the TNM stage for the tumors in different size
groups. The rate of group 2 LNM showed a trend for higher
stage II–III than stage I for tumors sized >3cm (P=0.080)
(Supplementary Table 1).

Univariate Analysis of LNM and
Clinicopathological Factors
The depth of tumor invasion, differentiat ion type,
macroscopic type, morphological ulceration, size of tumor
diameter, and LVI were related to LNM (P< 0.050), but age,
Frontiers in Oncology | www.frontiersin.org 4318
sex, and tumor location were not related to LNM (P>
0.050) (Table 4).

Multivariate Analysis of LNM and
Clinicopathological Factors
Because single-factor analysis could not control the confounding
factors and may enhance or weaken the effect of some
clinicopathological characteristics on the LNM of EGC, the
factors with statistical significance in single factor analysis were
further analyzed by multifactor logistic multivariate analysis.
Univariate analysis showed that the LNM rate of tumor diameter
1–3 cm and tumor diameter <1 cm subgroups was not statistically
significant. Thus, in the multivariate analysis, the tumor diameter 1–
3 cm subgroup and tumor diameter <1 cm subgroup were
combined into a tumor diameter ≤3 cm subgroup to improve the
efficiency of statistical testing. Logistic multivariate analysis revealed
that the depth of tumor invasion, differentiation type, tumor
diameter, morphological ulceration, and LVI were independent
risk factors for EGC lymph node metastasis (P < 0.050).
TABLE 2 | The relationship between clinicopathological characteristics and
status of lymph node metastasis in EGC.

Clusters LNM (-) (%) LNM (+) (%) P

Sex 0.781
Male 306 (79.7%) 78 (20.3%)
Female 183 (80.06%) 44 (19.4%)

Age 0.683
>60 174 (80.9%) 41 (19.1%)
≤60 315 (79.5%) 81 (20.5%)

Depth of invasion 0.011
Mucosa 176 (85.9%) 29 (14.1%)
Submucosa 313 (77.1%) 93 (22.9%)

Differentiation type <0.001
Well differentiated 280 (85.6%) 47 (14.4%)
Undifferentiated 209 (73.6%) 75 (26.4%)

Lesion location 0.236
Lower cancer 231 (81.3%) 53 (18.7%)
Middle cancer 195 (80.9%) 46 (19.1%)
Upper cancer 63 (73.3%) 23 (26.7%)

Tumor diameter 0.036
<1 cm 92 (85.2%) 16 (14.8%)
1–3 cm 236 (82.2%) 51 (17.8%)
>3 cm 161 (74.5%) 55 (25.5%)

Macroscopic type 0.032
Elevated type 116 (19.0%) 17 (14.7%)
Flat type 153 (25.0%) 24 (15.7%)
Depressed type 342 (56.0%) 81 (23.7%)

Morphological ulceration 0.010
No 228 (84.8%) 41 (15.2%)
Yes 261 (76.3%) 81 (23.7%)

LVI <0.001
No 463 (81.8%) 103 (18.2%)
Yes 26 (57.8%) 19 (42.2%)

Serum CEA 0.303
<5 ng/ml 451 (80.5%) 109 (19.5%)
≥5 ng/ml 38 (74.5%) 13 (25.5%)

Retrieved LN 0.168
<15 181 (83.0%) 37 (17.0%)
≥15 308 (78.4%) 85 (21.7%)
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LVI, lymphovascular invasion; CEA, Carcinoembryonic antigen; LNM, lymph node
metastasis; LN, lymph nodes.
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Long-Term Outcomes and
Survival Analysis
There were 78 deaths (12.7%) during a median follow-up of 72.3
months (range: 12.5–118.8 months). The 1-, 3-, and 5-year
survival rates were 100%, 100%, and 94.9% in the group with
no MLNs, and 100%, 86.7%, and 81.1% in the MLNs group,
respectively (Figure 1A). Furthermore, the 5-year survival rate
was 88.5% for tumors with 1–2 positive nodes, 64.3% for tumors
with 3–5 positive nodes, and 41.8% for tumors with >6 metastatic
nodes (Figure 1B). Moreover, the OS of patients with group 1
LNM was better than that of patients with group 2 LNM (P<
0.001, Figure 1C). Univariate analysis revealed that the depth of
tumor invasion, differentiation type, morphological ulceration,
LVI, regional LNM, and retrieval of at least 15 lymph nodes were
related to the 5-year survival rate (P< 0.05, Table 5), while age,
sex, tumor location, tumor diameter, macroscopic type, and
serum CEA were not related to the 5-year survival rate (P >
0.05, Table 5). Multivariate Cox regression analysis showed that
regional LNM was the unique independent risk factor that
Frontiers in Oncology | www.frontiersin.org 5319
affected the prognosis of patients with EGC (HR 5.157, 95%CI
3.216-8.268, P< 0.01).

There were 105 relapses (17.2%) during the follow-up, and
the overall 7-year relapse rate was 15.2%. Univariate analysis
revealed that age, sex, the depth of tumor invasion,
differentiation type, tumor location, tumor diameter,
macroscopic type, morphological ulceration, LVI, and serum
CEA were not related to the 7-year relapse rate (P > 0.05,
Table 5), while regional LNM and retrieval of at least 15
lymph nodes were related to the 7-year relapse rate (P< 0.05,
Table 5). Therefore, the risk of a 7-year relapse rate was
diminished for patients with no LNM or for those in whom at
least 15 lymph nodes could be retrieved.
DISCUSSION

Gastric cancer is a disease of high heterogeneity throughout the
world. It has a poor prognosis of GC, as the 5-year survival rate is
lower than 30% (2). One of the reasons for this poor prognosis is
the advanced stage of the disease at the initial diagnosis (2).
However, the prognosis of EGC is satisfactory, with a 5-year
survival rate tending to be >90% (5). Recently, the resection
range of EGC has been minimized, while cancer recurrence and
overall survival in some patients should be given high status. The
patients with LNM had a relatively higher recurrence rate and
poorer survival rate than those without LNM (11). To improve
the survival rate of patients with EGC, it is important to study the
rule of LNM and use this rule to select appropriate
surgical methods.

LNM in EGC Patients
Lymph node metastasis is closely related to the prognosis of
patients with EGC. For patients with LNM, radical
gastrectomy is still the most effective treatment (15). Radical
resection and standardized lymphadenectomy can be used for
local radical resection and accurate pathological staging.
Because of the national early cancer screening policy of
digestive tract malignancy, improved health awareness of
urban and rural residents, and improved gastroscopy
techniques, an increasing number of EGC cases have been
detected and diagnosed in a timely manner. The presence of
LNM in EGC directly affects patients’ prognosis and is a key
factor that influences the choice of treatment and prognosis.
Pereira et al. (16) reported that the rate of LNM in EGC is 5.7–
19.1%. The rate of LNM in this study was 20.0%, which was
higher than that reported in the literature. A possible reason
was that this group of patients generally underwent a large
range of lymph node dissection.

Previous studies have reported that the rate of LNM in EGC
is closely related to the depth of tumor invasion, which is 0–7%
for intramucosal cancers and 10%–25% for submucosal
cancers (17, 18). In this study, the rate of LNM was 14.1%
(29/205) for mucosal cancer and 22.9% (93/406) for
submucosal cancer (P < 0.05). To a certain extent, the depth
of invasion and tumor diameter reflects the length of time
TABLE 3 | The relationship between clinicopathological characteristics and
group 1 and 2 lymph node metastasis in EGC.

Clusters Group 1 LNM (%) Group 2 LNM (%) P

Sex 0.138
Male 61 (78.2%) 17 (21.8%)
Female 29 (65.9%) 15 (34.1%)

Age 0.742
>60 31 (75.6%) 10 (24.4%)
≤60 59 (72.8%) 22 (27.2%)

Depth of invasion 0.769
Mucosa 22 (75.9%) 7 (24.1%)
Submucosa 68 (73.1%) 25 (26.9%)

Differentiation type 0.574
Well differentiated 36 (76.6%) 11 (23.4%)
Undifferentiated 54 (72.0%) 21 (28.0%)

Lesion location 0.033
Lower cancer 42 (79.2%) 11 (20.8%)
Middle cancer 36 (78.3%) 10 (21.7%)
Upper cancer 12 (52.2%) 11 (47.8%)

Tumor diameter 0.229
<1 cm 14 (87.5%) 2 (12.5%)
1–3 cm 39 (76.5%) 12 (23.5%)
>3 cm 37 (67.3%) 18 (32.7%)

Macroscopic type 0.110
Elevated type 15 (88.2%) 2 (11.8%)
Flat type 20 (83.3%) 4 (16.7%)
Depressed type 55 (67.9%) 26 (32.1%)

Morphological ulceration 0.038
No 35 (85.4%) 6 (14.6%)
Yes 55 (67.9%) 26 (32.1%)

LVI 0.564
No 77 (74.8%) 26 (25.2%)
Yes 13 (86.4%) 6 (31.6%)

Serum CEA 0.694
<5 ng/ml 81 (74.3%) 28 (25.7%)
≥5 ng/ml 9 (69.2%) 4 (30.8%)

Retrieved LN 0.226
<15 30 (81.1%) 7 (18.9%)
≥15 60 (70.6%) 25 (29.4%)
LVI, lymphovascular invasion; CEA, Carcinoembryonic antigen; LNM, lymph node
metastasis; LN, lymph nodes.
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from the initiation of cancer to the diagnosis, that is, the larger
the diameter and the deeper the invasion of the tumor, the
greater the chance of LNM. Our retrospective analysis showed
that the rate of LNM was 14.8% (16/108) for tumor diameter
<1 cm, 17.8% (51/287) for tumor diameter 1–3 cm and 25.5%
Frontiers in Oncology | www.frontiersin.org 6320
(55/216) for tumor diameter >3 cm (P< 0.05). Jeon et al. (19)
found that tumor macroscopic type and differentiation type
were independent risk factors affecting LNM in EGC, and our
study reached the same conclusion. It is worth noting that
the 46.5% (284/611) of undifferentiated adenocarcinoma
TABLE 4 | Univariate analysis of lymph node metastasis and clinicopathological factors in EGC.

Risk factor lymph node metastasis

OR 95% CI P

Sex 0.781
Male Reference
Female 0.943 0.624-1.425

Age 0.683
>60 Reference
≤60 1.091 0.718-1.659

Depth of invasion 0.011
Mucosa Reference
Submucosa 1.803 1.143-2.845

Differentiation type <0.001
Well differentiated Reference
Undifferentiated 2.138 1.424-3.209

Lesion location
Lower cancer Reference 0.240
Middle cancer 1.028 0.663-1.594
Upper cancer 1.591 0.906-2.794

Tumor diameter 0.036
<1 cm Reference
1~3 cm 1.243 0.674-2.289
>3 cm 1.964 1.064-3.625

Macroscopic type 0.036
Elevated type Reference
Flat type 1.083 0.552-2.126
Depressed type 1.807 1.020-3.201

Morphological ulceration 0.010
No Reference
Yes 1.726 1.139-2.615

LVI <0.001
No Reference
Yes 3.285 1.751-6.161

Serum CEA 0.305
<5 ng/ml Reference
≥5 ng/ml 1.415 0.729-2.749

Retrieved LN 0.168
<15 Reference
≥15 1.350 0.880-2.070
October 2021 | Volume 11 | Article
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A B C

FIGURE 1 | Survival Analysis of 611 EGC patients. (A) Survival analysis of groups with or without MLNs. (B) Survival analysis of groups based on the number of
MLNs. (C) Survival analysis of groups based on group 1 and 2 LNM. MLNs, metastatic lymph nodes; LNM, lymph node metastasis.
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(poorly differentiated adenocarcinoma, undifferentiated
adenocarcinoma, mucinous adenocarcinoma, and signet ring
cell carcinoma) in this study was much higher than the 10–
30% reported in previous studies (19), but it still suggested
that undifferentiated GC may be one of the characteristics of
EGC in China. In this study, there were 116 cases (19.0%) of
elevated type, 153 cases (25.0%) of superficial type, and 342
cases (56.0%) of depressed type, and the rate of LNM in these
cancer types was 14.7% (17/116), 15.7% (24/153) and 23.7%
(81/342) respectively (P< 0.05). The rate of LNM depressed
type was higher than that of the elevated and superficial types;
most of the depressed type cases with LNM showed invasion of
the muscular mucosa, which not only brought the cancer cells
closer to the submucosa but also made it possible for the cells
to metastasize through the capillaries and lymphatics in the
muscular mucosa.

In a study including 506 Japanese EGC patients who did not
meet the criteria for endoscopic mucosal ablation, Kawata et al.
Frontiers in Oncology | www.frontiersin.org 7321
(20) concluded that LVI was the only independent risk factor for
LNM. However, many factors affected the lymph node metastasis
of EGC. In our research, the depth of tumor invasion, degree of
tumor differentiation, tumor diameter, macroscopic type,
morphological ulceration, and LVI were related to LNM in the
univariate analysis (P< 0.050). The results of multivariate
analysis showed that the depth of tumor invasion, the degree
of tumor differentiation, morphological ulceration, and LVI were
the independent risk factors for LNM in EGC (P< 0.050).

Choice of EGC Treatment
The treatment methods of EGC include traditional open radical
gastrectomy, laparoscopic-assisted radical gastrectomy, endoscopic
mucosal resection (EMR), or endoscopic submucosal dissection
(ESD). Standard radical mastectomy is still the optimum treatment
choice. The rational choice of EGC treatment is mainly based on the
accurate assessment of tumor growth, invasion range, differentiation
type, macroscopic type, and LNM status before and during surgery.
TABLE 5 | The relationship between clinicopathological characteristics and 5-year survival rate and 7-year relapse rate in EGC.

Clusters Amount 5-year survival rate (%) P 7-year relapse rate (%) P

Sex 0.795 0.736
Male 384 91.9% 14.8%
Female 227 92.5% 15.9%

Age 0.328 0.864
>60 215 90.7% 14.9%
≤60 396 92.9% 15.4%

Depth of invasion 0.024 0.215
Mucosa 205 95.6% 12.7%
Submucosa 406 90.4% 16.5%

Differentiation type 0.020 0.192
Well differentiated 327 94.5% 13.5%
Undifferentiated 284 89.4% 17.3%

Lesion location 0.368 0.448
Lower cancer 284 93.0% 14.4%
Middle cancer 241 92.5% 14.5%
Upper cancer 86 88.4% 19.8%

Tumor diameter 0.378 0.750
<1 cm 108 94.4% 13.9%
1–3 cm 287 92.7% 14.6%
>3 cm 216 90.3% 16.7%

Macroscopic type 0.087 0.670
Elevated type 116 95.7% 13.8%
Flat type 153 94.1% 13.7%
Depressed type 342 90.1% 16.4%

Morphological ulceration 0.031 0.371
No 269 94.8% 13.8%
Yes 342 90.1% 16.4%

LVI 0.046 0.354
No 566 92.8% 14.8%
Yes 45 84.4% 20.0%

Serum CEA 0.589 0.614
<5 ng/ml 560 92.3% 15.0%
≥5 ng/ml 51 90.2% 17.6%

LNM 0.001 0.001
No 489 94.9% 12.5%
Yes 122 81.1% 26.2%

Retrieved LN 0.031 0.027
<15 218 89.0% 20.2%
≥15 393 93.9% 13.3%
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LVI, lymphovascular invasion; CEA, Carcinoembryonic antigen; LNM, lymph node metastasis; LN, lymph nodes.
49035

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Wang et al. Risk Factors of LNMs
However, LNM status remains the key factor for surgical scheme.
Overall survival was explicitly worse in patients with LNM than
those without LNM, with a 5-year survival rate of 81.1% and 94.9%,
respectively. Furthermore, the 5-year year survival rate was 88.5%
for tumors with 1–2 positive nodes, 64.3% for tumors with 3–5
positive nodes, and 41.8% for tumors with >6 metastatic nodes.
Furthermore, considering cancer relapse, the overall 7-year relapse
rate was 15.2%, which was higher than that reported in previous
studies (12). The high incidence rate of undifferentiated
adenocarcinoma [46.5% in this study versus 10–30% in previous
studies (19)] may be a contributing factor. Interestingly, the 7-year
risk of relapse diminished for patients with no LNM or for those in
whom at least 15 lymph nosed were retrieved, which was similar to
a previous study (12). Therefore, the status of lymph nodes is crucial
to the relapse or mortality risk of EGC patients. In this study, the
independent risk factors for LNM were depth of invasion,
morphological ulceration, LVI, and differentiation type. Hence, for
patients with high risk factors of LNM, dissection of at least 15
lymph nodes and D2 radical operation were recommended in this
study. However, for patients with low or even no risk of LNM,
conventional surgical treatment is appropriate, even endoscopic
resection, because the postoperative survival rate of endoscopic
resection was not significantly different from that of patients
undergoing open radical gastrectomy, which improved the
postoperative quality of life (21). In the 2014 Japanese gastric
cancer treatment guidelines, the Japanese Gastric Cancer Society
defined intramucosal carcinoma, tumor diameter <2 cm, medium-
to-high differentiation, and no morphological ulceration as the
absolute indications of endoscopic mucosal dissection, believing
that LNM is rare in such patients (22).

Furthermore, OS was definitively worst in patients with group
2 LNM. This research suggested that extended lymph node
dissection is recommended (D2+) in EGC with morphological
ulceration or disease located in the proximal third of the stomach
because of its high rate of group 2 metastasis, which was similar
to previous research (5). The lymphatic drainage of the stomach
is parallel to the vascular system, and the lymphatic flow in the
upper-third region usually accompanies the left stomach and
splenic blood vessels. Lymph nodes surrounding these blood
vessels are included in the second or more categories. This may
explain why the risk of metastasis to group 2 lymph nodes is also
significantly different owing to the longitudinal position of
the tumor.

Analysis of EGC Lymph Nodes
and Prognosis
The results of univariate analysis of this research showed that the
depth of tumor invasion, differentiation type, morphological
ulceration, LVI, and regional LNM were related to postoperative
survival; multivariate analysis showed that regional LNM is an
independent risk factor affecting the prognosis of EGC patients.
The 5-year survival rate of patients with EGC was 94.9% in the no
LNM group and 81.1% in the LNM group. The prognosis of
patients without regional LNM was far better than those with
LNM in EGC. Obviously, regional LNM was the main prognostic
factor for patients with EGC. Kunisaki et al. (6) analyzed 1,169
Frontiers in Oncology | www.frontiersin.org 8322
patients with EGC who underwent surgery: 1,052 patients without
LNM had a 5-year survival rate of 99.1%, and 117 patients with
LNM had a 5-year survival rate of 90.8%. Suzuki et al. (23)
reported that the 5-year survival rate of lymph nodes with and
without metastasis for EGC endoscopic submucosal dissection was
92.6% and 99.9%, respectively. The 5-year survival rate was 85.4%
for patients with 1–2 positive nodes after EGC, and 62.3% for
patients with >3 metastatic nodes. Given the poor prognosis of
EGC patients with LNM, comprehensive treatment and rigorous
follow-up should be conducted for these patients after surgery.

In summary, this study suggested that tumor invasion depth,
differentiation type, morphological ulceration, and LVI were
independent risk factors for EGC LNM. Clinicians should
conduct a comprehensive analysis based on the above
characteristics and choose a reasonable treatment method.
Minimally invasive technology can be used in patients with
EGC after reasonable selection, but to ensure relapse
prevention and extend survival, patients with EGC with high
risk factors for LNM should also undergo radical
lymphadenectomy. The depth of tumor invas ion ,
differentiation type, tumor type, LVI, and regional LNM are
related to postoperative survival. Multivariate analysis showed
that regional LNM was an independent risk factor that affects the
prognosis of patients with EGC. The EGC patients with LNM
were treated with comprehensive treatment and followed up
closely. Moreover, for non-surgical patients with EGC, the
significance of lymph nodes can also play an important role in
chemotherapy and radiotherapy.
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Background: Due to the fact that the definition of gastric signet ring cell cancer (GSRC)
was still controversial in the past decades, the prognosis affected by the proportion of
signet ring cells within gastric cancer is uncertain. This study compared the
clinicopathological features and prognosis of GSRC with the various proportions of
signet ring cells.

Methods: We collected GSRC cases without metastasis who underwent curative (R0)
resection between 2011 and 2018. Individuals who were in the low-proportion signet ring
cell group (LSRC, <50%) were matched to those who were in the high-proportion signet
ring cell group (HSRC, >50%) through propensity score matching (1:1). We used Cox
proportional hazard regression to calculate the adjusted hazard ratios (HR) and 95%
confidence intervals (CI) and explored interactions with gender and stage.

Results: We had 1:1 matched individuals including 231 cases from the LSRC group and
231 cases from the HSRC group. Patients with HSRC had a significantly higher overall
survival rate in the multivariable model (aHR = 0.56, 95%CI = 0.38, 0.84) compared with
those with LSRC. The association of HSRC appeared to be more substantial among
individuals at early stage and N0 stage (p-interaction < 0.01).

Conclusions: This study confirms that GSRCwith different proportions of signet ring cells
could affect the survival of the patient. Further clinical studies should be developed in the
future to provide an appropriate treatment strategy for GSRC.
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INTRODUCTION

Gastric cancer (GC) is one of the most common causes of cancer-
related mortality all over the world, with an estimated 1,033,000
new cases and 780,000 deaths in 2018 (1–3). In the past decades,
a steady decline in the incidence of non-cardia intestinal GC has
been observed in many parts of the world, which was caused by
the decreased prevalence of Helicobacter pylori (4–6), while a
steady increase in the diffuse type of GC was seen during this
period, which was driven by the increase in gastric signet ring cell
carcinoma (GSRC) (7). As a special entity of gastric cancer,
gastric signet ring cell carcinoma is an uncommon pathological
type. The incidence of GSRC in Asia, Europe, and the United
States accounted for 35% of all adenocarcinomas (8).

GSRC, a poorly cohesive carcinoma, is composed
predominantly or exclusively of signet ring cells, which are
characterized by the accumulation of abundant intracellular
mucin with a compressed and eccentrically placed nucleus to
the cell, presenting the appearance of a signet ring (9). Several
studies have demonstrated that GSRC has a better outcome with
a lower rate of lymph node metastasis at the early stage, while it
has a worse prognosis in advanced stages (10, 11). However,
research conclusions on the survival outcome of GSRC remain
inconsistent, for example, there was no significant difference in
the 5-year overall survival between GSRC and gastric mucinous
adenocarcinoma at stages I, II, and III (P > 0.05) (12). The reason
for the conflicting prognostic results of signet ring cell carcinoma
appears to be the lack of commonly standardized GSRC
definitions. According to WHO standard 2010, if the
percentage of signet ring cells is predominant (>50%), GC can
be recognized as GSRC, while the cutoff percentage is 90%
according to the European Chapter of International Gastric
Cancer Association 2019 (9, 13). Meanwhile, the diagnosis of
signet ring cell proportion in GSRC may vary widely among
clinicians in different countries (14). These classifications were
not supported by clear and adequate evidence to explain the
differences of GSRC in clinicopathological features and
prognosis worldwide.

The standardization of subgroup classifications is a critical
step to precisely assess epidemiological tendencies, to allow
estimating the prognosis and response to pre/postoperative
chemotherapy of patients with GSRC, and to design tailored
treatment strategies. Therefore, we conducted a study on the
effect of the proportion of signet ring cells on the overall survival
outcome in GC to disentangle the mentioned inconsistency for
GSRC prognosis.
MATERIALS AND METHODS

Study Population
We collected a total of 1,069 GSRC cases who underwent
curative (R0) resections with total or subtotal gastrectomy and
retrieved their corresponding clinicopathological characteristics
from January 2011 to December 2018. Patients with metastasis
were excluded. Subtotal gastrectomy was performed for distal or
Frontiers in Oncology | www.frontiersin.org 2325
middle third GC, while total gastrectomy was performed for
proximal third GC. Based on the National Comprehensive
Cancer Network Clinical Practice Guidelines, standard D2
lymph node dissection was performed in patients with curative
intent (15). The follow-up data were prospectively collected and
regularly updated every 3 months by surgeons after surgery. The
overall survival was defined from the date of surgery to the date
of death or the end of follow-up (April 30, 2020).

Ethical approval was obtained through the Independent
Ethics Committee of the National Cancer Center/Cancer
Hospital, Chinese Academy of Medical Science, and Peking
Union Medical College, and all participants gave written
informed consent.

Proportion of Signet Ring Cells
The amount of signet ring cells in histological specimens was
independently confirmed by two experienced pathologists
according to the definition of signet ring cells, which is cells
with ample cytoplasmic mucin which appears to be optically
clear on hematoxylin and eosin staining and has an eccentrically
placed nucleus. The pathologists reported the percentage of
signet ring cell volume as compared with the total volume of
the tumor cells. The amount of signet ring cells was coded into
four categories as follows: (a) minority (<10% signet ring cells),
(b) partialness (10–50% signet ring cells), (c) majority (50–90%
signet ring cells), and (d) total (>90% signet ring cells),
considering the classification by the European Chapter of
International Gastric Cancer Association, WHO standard
2010, and previous experience. As shown in Supplementary
Figure S1, we conducted a pairwise comparison of four
categories. A significant difference was observed on survival
between the partialness group (10–50%) and the majority
group (50 90%) as well as between the minority group (<10%)
and the majority group (50–90%). As for the other four groups
(A, C, D, and F in Supplementary Figure S1), no differences
were observed (p > 0.05). Therefore, we merged the two groups at
both ends and divided the exposure into low-proportion signet
ring cell group (LSRC, <50% signet ring cells) and high-
proportion signet ring cell group (HSRC, >50% signet ring cells).

Definitions of Variables
Demographic characteristics included age and gender. Age was
treated as an ordinal variable: young (≤50 years), middle-aged
(50–60 years), and elderly (≥60). Tumor site was classified as
upper (cardia, fundus, gastroesophageal junction), middle (body,
lesser/greater curvature), and lower (antrum, pylorus) part of the
stomach and the entire stomach. Tumor size was divided by
median (≤4 and >4 cm). The microscopic features of histology,
pathology, and cell differentiation were analyzed according to
tumor differentiation (poorly differentiated and moderately
differentiated), Laurén classification (intestinal type, diffuse
type, and mixed type) (16), nerve invasion, and lymphatic
vessel invasion. The staging systems were based on the 8th
edition of the American Joint Committee on Cancer TNM
classification (17). The cutoff points of lymph nodes removed
were 16 and 30, which can be enough to evaluate the nodal stage
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and prognosis of GSRC patients (17). Adjuvant chemotherapy
(yes or no) was also included. All demographic and
clinicopathological variables included in our analyses were
selected based on previously published articles and a priori
knowledge regarding the classification.

Statistical Analysis
No statistical method was used to handle missing data.
Frequency (N) and column proportions (%) were calculated for
all demographic and clinicopathological variables. The
distribution of variables which differed by the proportion of signet
ring cells was compared by Pearson’s chi-square tests, and we found
that the distribution of most variables significantly differed. In
order to reduce potential selection biases and achieve the
comparability of groups, propensity score matching (PSM) was
performed to make two groups comparable in our study.

Individuals who were LSRC were matched to those who were
HSRC through PSM (1:1) on the basis of baseline covariates,
including age, tumor site, histology differentiation, nerve
invasion, and stage (18). Two comparable risk groups were 1:1
matched by using nearest-neighbor matching with no
replacement and a caliper of 0.03. If no covariates had
propensity scores that lay within the indicated caliper distance,
that covariate was removed from the matching sample (19).
Patients were matched for any significant differences seen between
the two groups with respect to demographics and
clinicopathological characteristics. We used the “psestimate”
command to select covariates and to include in the estimation
function of the propensity score proposed by Imbens and Rubin
(2015) (20).Weassessed thebalance in thedistributionof covariates
before and after matching using imbalance testing. Pairs were
created, such that the matched covariates had comparable values
of propensity scores (21). This strategy allowed the inclusion of the
largest possible, however comparable, LSRC and HSRC groups.
Further analyses were conducted after matching the groups.

When the proportional hazard assumption was conducted, we
used Cox proportional hazard regression to calculate the adjusted
hazard ratios (HR) and 95% confidence intervals (CI) for the effect;
the model was adjusted for the following potential confounders: age
(continuous), gender, tumor site, tumor size, histology
differentiation, Lauren type, nerve invasion, lymphatic vessel
invasion, stage at diagnosis, lymph nodes removed, and adjuvant
chemotherapy. A subgroup analysis was conducted by gender and
stage to explore if the impact of signet ring cell proportion is
stronger in certain groups. Survival curves were estimated by the
Kaplan–Meier method for matched overall population, stage
subgroup (early vs. advanced), and lymph node metastasis (N0 vs.
N+) subgroup. We further analyzed the risk of mortality in four
groups of signet ring cell proportion (<10%, 10–50%, 50–
90%, >90%) after PSM and conducted tests for trends by the
treated signet ring cell proportion as a continuous variable in
the model.

For the current analysis, two-sided p-values <0.05 were
considered to be statistically significant. All statistical analyses
and figures were performed with Stata 15.0 (College Station, TX:
StataCorp, LLP).
Frontiers in Oncology | www.frontiersin.org 3326
RESULTS

Through a median follow-up period of 4.1 years (interquartile
range, 2.4–5.9 years), a total of 1,069 (830 LSRC group and 239
HSRC group) GSRC patients were included. For the current study,
we selected propensity score-matched (1:1) individuals, including
231 cases from LSRC group and 231 cases from HSRC group.

Table 1 presents the overall distribution of demographic and
clinicopathologic characteristics within the overall and included
study population. Among the overall population, Pearson’s chi-
square tests indicated that the distributions of age, tumor site,
Laurén type, nerves invasion, lymphatic vessel invasion, stage at
diagnosis, and adjuvant chemotherapy differed by the proportion of
signet ring cells (p < 0.05). After matching, most covariates,
including age, gender, tumor site, tumor size, histology
differentiation, nerve invasion, lymphatic vessel invasion, and
stage at diagnosis, were comparable between the two groups,
although the diffuse type (83.1%), >30 lymph nodes removed
(55.8%), and no adjuvant chemotherapy (66.2%) were more
frequently observed in HSRC.

The Cox proportional hazard regression model depicted in
Table 2 showed that the HSRC group, as compared with LSRC,
had a better overall survival in the unadjusted model (cHR = 0.65,
95%CI = 0.45, 0.95). When adjusted for other variables, the
association remained robust (aHR = 0.56, 95%CI = 0.38, 0.84).
For the four groups of signet ring cell proportion, more proportions
of SRC were associated with reduced mortality (HR10–50% vs. 10% =
0.47, 95%CI = 0.23, 0.99; HR50–90% vs. 10% = 0.25, 95%CI = 0.12, 0.53;
SRC>90% vs. 10% = 0.22, 95%CI = 0.08, 0.63). The significant p-value
trend showed the higher proportion and the better survival in
Table 2. The survival curves in Figure 1 show the survival
probability for patients with LSRC and HSRC. The overall
survival of the HSRC group was significantly longer than that of
the LSRC group of patients (P = 0.02).

In subgroup analyses (Table 2), although the crude model
showed a significant association in the female subgroup (cHR =
0.35, 95%CI = 0.17, 0.73), the effect measure turned null in the
multivariable analysis (aHR = 0.50, 95%CI = 0.19, 1.33); a
significant interaction was observed between gender and the
proportions of signet ring cells (p-interaction <0.01 for gender).
The results showed that the impact of the proportions of signet
ring cells was more substantial among individuals at the early
stage (aHR = 0.10, 95%CI = 0.03, 0.32, p-interaction <0.01 for
stage). Moreover, patients with HSRC at the early stage in
Figure 2 and N0 stage in Figure 3 continued to demonstrate
significantly increased overall survival rates compared to patients
with LSRC. In Figure 4, HSRC had an insignificant advantage of
survival than LSRC in the adjuvant chemotherapy group. We
assessed the results of matching by imbalance testing and
producing corresponding figures. The mean bias decreased
from 29.9 to 4.9, with a p-value from 0 to 0.569. The
standardized bias across covariates was close to zero after
matching. A mean bias of <5% after matching was considered
to indicate a good balance (Supplementary Table S1). The
curves of Kdensity Pscore and propensity Pscore showed a
high-fitting degree after matching.
November 2021 | Volume 11 | Article 713587
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DISCUSSION

To our knowledge, this is the first study to examine the effect of
the proportion of signet ring cells on prognosis in GC in a
Chinese population. Overall, our study suggests that HSRC in
GC was associated with better survival, and the results showed an
interaction between the proportion of signet ring cells and
gender and stage at diagnosis in relation to overall survival.
Frontiers in Oncology | www.frontiersin.org 4327
A recent multicenter study investigated similar research
questions as ours. The survey of Bencivenga et al. (N = 173)
including people from three European centers reported that the
percentage of signet ring cells was inversely related to tumor
aggressiveness (10–90 vs. ≥90%: HR = 2.08, 95%CI = 1.01, 4.29;
≤10 vs. ≥90%: HR = 2.38, 95%CI=1.05, 5.41). However, their
study population and designs are different from ours, suggesting
that their outcomes may be less generalizable to Chinese GC
TABLE 1 | Characteristics of 1,069 stages I–III gastric cancer patients.

Characteristics Overall (N = 1,069) Before matching (N = 1,069) After matching (N = 462)

LSRC (N = 830) HSRC (N = 239) P-valuea LSRC (N = 231) HSRC (N = 231) P-valuea

N (%) N (%) N (%) N (%)

Age (year) <0.01 0.70
≤50 332 (31.1) 241 (29.0) 91 (38.1) 83 (35.9) 91 (39.4)
50–60 307 (28.7) 235 (28.3) 72 (30.1) 70 (30.3) 69 (29.9)
≥60 430 (40.2) 354 (42.7) 76 (31.8) 78 (33.8) 71 (30.7)

Gender 0.43 0.85
Male 694 (64.9) 544 (65.5) 150 (62.8) 142 (61.5) 144 (62.3)
Female 375 (35.1) 286 (34.5) 89 (37.2) 89 (38.5) 87 (37.7)

Tumor siteb <0.01 0.97
Upper 223 (20.9) 191 (23.0) 32 (13.4) 32 (13.9) 29 (12.5)
Middle 271 (25.4) 203 (24.5) 68 (28.5) 64 (27.7) 68 (29.4)
Lower 521 (48.7) 391 (47.1) 130 (54.4) 129 (55.8) 128 (55.4)
Entire 54 (5.1) 45 (5.4) 9 (3.8) 6 (2.6) 6 (2.6)

Tumor size 0.11 0.10
≤4 595 (55.7) 451 (54.3) 144 (60.3) 158 (68.4) 141 (61.0)
>4 474 (44.3) 379 (45.7) 95 (39.8) 73 (31.6) 90 (39.0)

Histology differentiation 0.62 0.28
Poorly 792 (74.1) 612 (73.7) 180 (75.3) 170 (73.6) 180 (77.9)
Moderately 277 (25.9) 218 (26.3) 59 (24.7) 61 (26.4) 51 (22.1)

Lauren type <0.01 <0.01
Intestinal 47 (4.4) 46 (5.5) 1 (0.4) 9 (3.9) 1 (0.4)
Diffused 700 (65.5) 500 (60.2) 200 (83.7) 162 (70.1) 192 (83.1)
Mixed 268 (25.1) 250 (30.1) 18 (7.5) 50 (21.7) 18 (7.8)
Not reported 54 (5.1) 34 (4.1) 20 (8.4) 10 (4.3) 20 (8.7)

Nerve invasion <0.01 0.77
Yes 532 (49.8) 450 (54.2) 82 (34.3) 85 (36.8) 80 (34.6)
No 267 (25.0) 188 (22.7) 79 (33.1) 80 (34.6) 78 (33.8)
Not reported 270 (25.3) 192 (23.1) 78 (32.6) 66 (28.6) 73 (31.6)

Lymphatic vessel invasion <0.01 0.82
Yes 396 (37.0) 328 (39.5) 68 (28.5) 70 (30.3) 65 (28.1)
No 364 (34.1) 273 (32.9) 91 (38.1) 85 (36.8) 91 (39.4)
Not reported 309 (28.9) 229 (27.9) 80 (33.5) 76 (32.9) 75 (32.5)

AJCC 8th stage at diagnosis <0.01 0.31
Stage Ia 272 (25.4) 174 (21.0) 98 (41.0) 83 (35.9) 97 (42.0)
Stage Ib 97 (9.1) 78 (9.4) 19 (8.0) 27 (11.7) 18 (7.8)
Stage IIa 108 (10.1) 94 (11.3) 14 (5.9) 14 (6.1) 13 (5.6)
Stage IIb 130 (12.2) 107 (12.9) 23 (9.6) 18 (7.8) 23 (10.0)
Stage IIIa 162 (15.2) 135 (16.3) 27 (11.3) 42 (18.2) 27 (11.7)
Stage IIIb 155 (14.5) 120 (14.5) 35 (14.6) 29 (12.6) 33 (14.3)
Stage IIIc 145 (13.6) 122 (14.7) 23 (9.6) 18 (7.8) 20 (8.7)

Lymph nodes removed 0.13 <0.01
1–16 37 (3.5) 33 (4.0) 4 (1.7) 1 (0.4) 4 (1.7)
17–30 484 (45.3) 381 (45.9) 103 (43.1) 130 (56.3) 98 (42.4)
>30 548 (51.3) 416 (50.1) 132 (55.2) 100 (43.3) 129 (55.8)

Adjuvant chemotherapy <0.01 <0.01
Yes 367 (34.3) 309 (37.2) 58 (24.3) 79 (34.2) 55 (23.8)
No 593 (55.5) 436 (52.5) 157 (65.7) 113 (48.9) 153 (66.2)
Unknown 109 (10.2) 85 (10.2) 24 (10.0) 39 (16.9) 23 (10.0)
November 2021
 | Volume 11 | Artic
Boldface indicates statistical significance (P < 0.05). Column percentage was reported, and percentage can differ slightly from 100% because of rounding.
LSRC, low proportion of signet ring cell in gastric cancer; HSRC, high proportion of signet ring cell in gastric cancer.
ac2 test was used to compare the distribution of variables differed by the proportion of signet ring cells.
bTumor site was divided by the upper (cardia, fundus, gastroesophageal junction), middle (body, lesser/greater curvature), and lower (antrum, pylorus) parts of the stomach and the entire stomach.
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patients due to methodological heterogeneities, for example, they
did not exclude the effect of R1 and R2 resection on survival, and
the analysis included participants with incomplete lymph nodes
removed. In our study, we excluded the factor cited above, which
could significantly affect survival, and had an adequate sample
size, which led to accurate analysis and powerful evidence for the
effects of signet ring cells in GSRC. Furthermore, we also
examined the survival of gastric cancer patients with four
classifications of signet ring cell amount and found the
appropriate grouping. On the other hand, our findings were
not in line with conclusions from some previous studies, for
example, Nafteux et al. enrolled 114 GSRC patients (HSRC = 32
and LSRC = 82) in Belgium and found that HSRC had a lower 5-
Frontiers in Oncology | www.frontiersin.org 5328
year cancer-specific survival (16 vs. 36%, P = 0.1) and lower
median survival (19.1 vs. 28.7 months) than LSRC (22). One
potential reason may be that the gastroesophageal junction
cancer has specifically pathological characteristics compared to
gastric cancer, such as squamous cells in esophageal cancer, and
the sample size was too small in that study to conduct a
precise analysis.

Interestingly, we noticed the robust results of better survival
in the HSRC group after balancing the key factors by PSM. We
have some speculations about the mechanisms behind the
association patterns. The first possible explanation might be
that the LSRC group (<50% signet ring cell and >50%
adenocarcinoma) mixed up the adverse features of lymph node
metastases in intestinal type, peritoneal seeding in diffuse type,
and chemoradiotherapy resistance in signet ring cell type, which
led to a poor prognosis (23). Another is that signet ring cells at
the early stage are associated with a less aggressive feature. When
the signet ring cell has invaded the submucosa, even serosal,
layer, it will promote tumor invasion, lymph node metastasis,
and peritoneal seeding, increase the chemoresistance, and
worsen the prognosis (24).

One subgroup analysis finding suggests that patients with N0
stage can get survival benefits from HSRC in GC. A high portion
of T1 stage (77.6%) in HSRC may be the reason that leads to this
result (10). The mechanism behind this result is uncertain.
Future studies on the current topic are therefore recommended.

Another unanticipated finding was that the HSRC patients
seemed to get benefits from adjuvant chemotherapy in the
survival analysis. However, this finding did not achieve
statistical significance in our study. It has been commonly
observed with that GSRC is less sensitive to chemotherapy, by
comparison to intestinal type of GC (25). A comparison of the
findings with those of other studies included 899 GSRC and
confirmed that preoperative (HR = 1.062, 95%CI: 0.819–1.376)
and postoperative (HR = 0.873, 95%CI: 0.708–1.077)
TABLE 2 | Risk of mortality according to the clinical pathology among GC patients from Cox regression analysis.

Variable After matching (N = 462)

cHRa (95%CI) aHRa (95%CI) P-interaction

Two proportions of signet ring cell
LSRC REF REF /
HSRC 0.65 (0.45, 0.95) 0.56 (0.38, 0.84)

Subgroup analyses
Gender <0.01
Male 0.85 (0.54, 1.33) 0.49 (0.28, 0.84)
Female 0.35 (0.17, 0.73) 0.50 (0.19, 1.33)

Stage at diagnosisb <0.01
Early 0.21 (0.09, 0.49) 0.10 (0.03, 0.32)
Advanced 1.19 (0.76, 1.86) 0.95 (0.57, 1.58)

Four proportions of SRC
<10% REF REF
10–50% 0.34 (0.19, 0.58) 0.47 (0.23, 0.99)
50–90% 0.27 (0.15, 0.49) 0.25 (0.12, 0.53)
>90% 0.21 (0.09, 0.51) 0.22 (0.08, 0.63)
November 2021 | Volume 11 |
p-trend < 0.01.
Boldface indicates statistical significance (P < 0.05).
aHR, adjusted hazard ratio; cHR, crude hazard ratio; LSRC, low proportion of signet ring cell in gastric cancer; HSRC, high proportion of signet ring cell in gastric cancer.
aCox proportional hazard regression was used to calculate the crude and adjusted hazard ratios and 95% confidence intervals.
bEarly stage refers to stage I and stage II; advanced stage refers to stage III.
FIGURE 1 | Kaplan–Meier survival curves for overall patients between
low-proportion signet ring cells and high-proportion signet ring cells
after matching.
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FIGURE 2 | Kaplan–Meier survival curves for patients by stage between low-proportion signet ring cells and high-proportion signet ring cells. (A) Early stage. (B)
Advanced stage.
FIGURE 3 | Kaplan–Meier survival curves for patients on stage N0 between low-proportion signet ring cells and high-proportion signet ring cells. (A) Before PSM.
(B) After PSM. N0 means no positive lymph nodes. Conversely, N+ means extensive lymphatic involvement, which is a higher pathologic N stage.
Frontiers in Oncology | www.frontiersin.org November 2021 | Volume 11 | Article 7135876329
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chemotherapy did not significantly impact on the survival of GSRC
(24). The shortage of study on the above-mentioned topic is due to
the fact that the inclusion criteria were too wide. It included any
diffuse-type gastric cancer with identified signet ring cells
(percentage not specified) as a GSRC. This criterion may lead to
inaccurate conclusions. However, Heger et al. observed that
neoadjuvant chemotherapy was an independent prognostic factor
(HR = 0.66, p = 0.023) and improved the survival (median survival:
28.5 vs. 14.9months, p<0.001) in310patientswith esophagogastric
signet ring cell cancer (26). The role of the signet ring cells in the
chemotherapy of GC is still uncertain, and the conclusions are
varied. In our study, stratification according to the signet ring cell
component is conducted to explore the chemosensitivity and
response to adjuvant chemotherapy. Although our statistical
results reported that adjuvant chemotherapy may not improve
the survival ofHSRC patients, the survival curves showed a hopeful
trend. Further biological studies, drugdiscovery, andnew treatment
strategies are required to improve the prognosis of GSRC in
the future.

Strengths and Limitations
Our study has some merits in design and analysis. With an 8-
year follow-up time span, our study highlights the big effect of
Frontiers in Oncology | www.frontiersin.org 7330
a high proportion of signet ring cell on the survival of GSRC
patients. This study also analyzed the effect of nodal stage and
adjuvant chemotherapy on survival in multi-dimensions, with
robust statistics such as univariate analysis and multivariable
Cox proportional hazard model, that could greatly diminish
the impact of confounders and explore potential effects in
certain group. Furthermore, we chose a propensity score-
matched analysis to reduce or eliminate the effects and
potential bias of confounders since the baseline characteristics
often differ systematically between the groups. This method
allowed us to do a better comparison of characteristics between
the LSRC and HSRC groups. Adequate lymphadenectomy was
conducted, where 96% patients removed >16 lymph nodes. It
avoided the bias by surgical technique factor. We adjusted for
several metabolic indicators (obesity, diabetes mellitus,
hypertension, and high cholesterol) to diminish the impact of
such residual confounding.

Although this study has the aforementioned strengths, it still
has several limitations. One limitation was the lack of
information about the specific regimen of chemotherapy.
Another limitation of this study was that we cannot include
disease-free survival as outcome due to the lack of recurrence and
metastasis data.
FIGURE 4 | Kaplan–Meier survival curves for patients with adjuvant chemotherapy between low-proportion signet ring cells LSRC and high-proportion signet
ringcells. (A) Before PSM. (B) After PSM.
November 2021 | Volume 11 | Article 713587

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Li et al. Prognosis of Signet Ring Cell Proportion
CONCLUSION

In conclusion, this research suggests that higher proportions of
signet ring cells are associated with better overall survival,
particularly if diagnosed at an early stage or N0 stage. When it
comes to GSRC with low proportions of signet ring cells, combined
modality treatments (e.g., postoperative chemoradiotherapy or
perioperative chemotherapy) should be taken into consideration,
for a better prognosis, by clinicians whenmaking medical decisions.
Further prospective study is needed to confirm our findings and
access optimal methods of tissue diagnosis on GC with signet ring
cells and tailored treatment for a long-term prognosis.
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Objective: We previously established a gross tissue response (GTR) system to evaluate
the intraoperative response of perigastric tissue in patients with gastric cancers to
neoadjuvant chemotherapy. This prospective cohort study aims to confirm the
relationship between gross tissue response and clinicopathological characteristics and
explore the possibility of using the GTR system to predict the difficulty of surgery and the
occurrence of postoperative complications within 30 days.

Methods: A total of 102 patients with gastric cancer from January 2019 to April 2020
were enrolled in this study. The degrees of fibrosis, edema, and effusion in the perigastric
tissues were assessed intraoperatively according to the GTR system. We systematically
analyzed the relations between GTR and clinicopathological characteristics, and then a
prediction model that includes GTR was established to predict the difficulty of surgery and
the occurrence of postoperative complications within 30 days.

Results: Finally, the study included 71 male patients and 31 female patients. The patients
had an average age of 58.79 ± 1.03 years, BMI of 22.89 ± 0.29, and tumor diameter of
4.50 ± 0.27 cm. Among these patients, 17 underwent laparoscopic gastrectomy, 85
underwent open gastrectomy, the average operation time was 294.63 ± 4.84 minutes,
and the mean volume of intraoperative blood loss was 94.65 ± 5.30 ml. The overall 30-day
postoperative complication rate was 19.6% (20/102). The total GTR was significantly
related to the primary tumor stage, operation time and 30-day postoperative complication
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rate (p<0.05). Edema and effusion were significantly related to intraoperative blood loss
(p<0.05). The logistic regression analysis identified that the total GTR score (score: 4-9,
OR 2.888, 95% CI: 1.035-8.062, p = 0.043) was an independent risk factor for
postoperative complications within 30 days, and the total GTR score (score 4-9, OR
3.32, 95% CI 1.219-9.045, p=0.019) was also an independent risk factor for operation
time. The AUC of the total GTR score for predicting postoperative complications within 30
days was 0.681.

Conclusion: According to the results of the present study, the gross tissue response
(GTR) system is an effective tool that may be used to predict the risk of a difficult operation
after neoadjuvant chemotherapy and postoperative complications. Although neoadjuvant
chemotherapy improves the therapeutic effect, it also increases the risk of surgical trauma
and postoperative complications.

Clinical Trial Registration: ClinicalTrials.gov, identifier NCT03791268.
Keywords: gastric cancer, advanced, neoadjuvant chemotherapy, gross tissue response, complications, operation
time, intraoperative blood loss
INTRODUCTION

Gastric cancer is ranked as the thirdmost common cause of cancer-
related death worldwide of digestive system, especially in China
(1–3). Neoadjuvant chemotherapy can improve the overall survival
rate and disease-free survival rate of locally advanced carcinoma of
the esophagus and gastric junction (4).Neoadjuvant chemotherapy
can control tumor cell micro metastasis and reduce the risks of
tumor recurrence and metastasis, thus leading to survival benefits
for patients with locally advanced gastric cancers. The National
Comprehensive Cancer Network (NCCN) guidelines for treating
gastric cancer recommendneoadjuvant chemotherapy (evidentiary
Category 1) as the preferred treatment option for locally advanced
gastric cancers (cT2-4Nx) (5, 6). In general, reducing the tumor
stage, attainingahigherpotential of radical resectionand improving
overall prognosis are the advantages of neoadjuvant chemotherapy
treatment strategies for advanced-stage gastric cancer patients.

The tissue response around the target organ after
chemotherapy may increase the difficulty of operations.
Regarding gastric cancer surgery, D2 lymphadenectomy is a
demanding technique for advanced gastric cancers. Edema,
effusion and fibrosis in the perigastric tissue, metastatic lymph
nodes, and primary tumor may significantly increase the difficulty
of the operation during tissue dissociation and lymph node
dissection for gastric cancer. However, whether a correlation
exists between the tissue response to chemotherapy and surgical
difficulty or postoperative complications after gastrectomy is
unclear. Our study group previously established a standard
called the gross tissue response (GTR) system to evaluate the
degree offibrosis and edema in the surgical field and intraoperative
se; NCCN, National Comprehensive
, progressive disease; CR, Complete
mass index; TRG, Tumor regression
ia in Solid Tumors; AUC, Area under
ntial intervals; SD, standard difference.

2334
effusion after neoadjuvant chemotherapy for gastric cancer
surgery (7).

Therefore, we conducted this prospective cohort study to
explore the relationship between the gross tissue response
(GTR) according to our system and postoperative complications
for locally advanced gastric cancer patients receiving
neoadjuvant chemotherapy.
METHODS

Study Design
This study was a prospective, observational cohort study. This
study was approved by the Ethics Committee of West China
Hospital, Sichuan University (2018(No.34)) and registered on
ClinicalTrials.gov (ClinicalTrials.gov Identifier: NCT03791268).
The present study was reported in line with the STROCSS
criteria (8).
Patient Selection
From January 2019 to April 2020, consecutive patients who met
the inclusion criteria in the Department of Gastrointestinal
Surgery in our hospital were invited to attend the study. The
inclusion criteria were as follows: 1) adult patients (age ≥ 18
and ≤75 years); 2) ECOG physical status score ≤ 2 and ASA
score ≤ 3; 3) pathologically diagnosed gastric adenocarcinoma;
4) no serious concomitant disease; 5) definite clinical evidence
of locally advanced gastric cancer (cT2-4, N0-3, M0) before
chemotherapy; 6) agreement to receive systematic neoadjuvant
chemotherapy and subsequently undergo gastrectomy; and 7)
signed informed consent. The exclusion criteria were as follows:
1) history of gastric perforation; 2) history an upper abdominal
operation (except laparoscopic cholecystectomy); 3) emergency
operation due to obstruction, perforation, or acute hemorrhage;
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4) inability to endure surgical treatment caused by other serious
concomitant diseases; 5) severe mental illness; and 6) request to
withdraw from the clinical study after signing the consent form.
Perioperative Chemotherapy
and Evaluation
In this study, diagnostic laparoscopic exploration to clarify the
clinical stage and identify occult peritoneal metastasis was not
required but recommended for patients before neoadjuvant
chemotherapy. The laparoscopic exploration process followed
the “four-step method” described in our previous report (9). The
neoadjuvant chemotherapy strategy was discussed by the multi-
disciplinary team of the Gastric Cancer in West China Hospital.
There were no requirements for the neoadjuvant treatment
regimens, and generally, at least three cycles of the XELOX
regimen (capecitabine was provided at 1000 mg/m2, twice a day
on days 1–14 and oxaliplatin was provided at 130 mg/m2 on day
1) were recommended for patients included in the present study.
The chemotherapy toxicity response was evaluated and
recorded according to the Common Terminology Criteria for
Adverse Events (CTCAE V4.0) (10). For patients who had
serious chemotherapy-related adverse events, neoadjuvant
chemotherapy was terminated, and they were prepared for
surgery. Postoperative chemotherapy was scheduled according
to the postoperative pathological evaluation.

Before and after the scheduled neoadjuvant chemotherapy,
the patients underwent enhanced abdominal computed
tomography (CT) scans to evaluate the clinical stage of the
tumors and the effect of neoadjuvant chemotherapy. Clinical
tumor regression was measured by two experienced radiologists
according to the Response Evaluation Criteria in Solid Tumors
(RECIST 1.1) guidelines (11). In addition, it needs to be
mentioned that the RECIST 1.1 guidelines were designed for
solid tumors, but we modified it to also include the largest
regional lymph node as a target lesion, making the guidelines
suitable for gastric cancers. The methods for assessing clinical
tumor regression with the RECIST guidelines are presented in
Supplementary Data 1.
Surgical Treatment and Intraoperative
Evaluation
Radical gastrectomy with D2 or D2 plus lymphadenectomy was
performed following the Japanese gastric cancer treatment
guidelines 2014 (ver. 4) (12). There were no limitations for
total gastrectomy or distal gastrectomy in this study. The
resection type was determined by the tumor location, tumor
margins and status of perigastric lymph nodes according to the
Japanese treatment guidelines (12). Exploration of the peritoneal
cavity before surgical resection was recommended for patients
clinically evaluated as having stable disease (SD) or progressive
disease (PD) preoperatively. The indications for laparoscopic
gastrectomy were as follows: complete response (CR) or partial
response (PR) in the clinical evaluation, a primary tumor size less
than 5 cm (before neoadjuvant chemotherapy), and stage ycT2-
4a and without bulky regional lymph nodes. Intraoperative
Frontiers in Oncology | www.frontiersin.org 3335
frozen sections were routinely analyzed to ensure the safety of
the resection margins.

The degree of fibrosis, edema, and effusion in the perigastric
tissues was the focus of this study, which was intraoperatively
evaluated according to the gross tissue response system from our
previous study. Two independent researchers (chief surgeon and
first assistant) were responsible for grading the tissue fibrosis,
edema, and effusion by general observation. If the score was
inconsistent between the two observers, the members of the
research group discussed and voted on the final score based on
intraoperative photographs or videos. A detailed explanation of
the GTR system is presented in Supplementary Data 2.

The target areas used to evaluate tissue response were the
tissues around the main lymphatic drainage area of the stomach.
Specifically, we selected the following target areas from
experience based on our previous investigation for the
intraoperative evaluation: the greater curvature area (including
the greater curvature of the stomach wall and greater omentum);
the lesser curvature area (including the lesser curvature of the
stomach wall and lesser omentum); the pyloric area (including
the tissue and lymph nodes in the supra-pyloric area and infra-
pyloric area); the superior area of the pancreas (including the
tissue around the left gastric artery, celiac artery, common
hepatic artery, and splenic artery.
Postoperative Evaluation
We collected mesenteric tissue alongside the lesser curvature of
the stomach, interstitial tissue alongside the superior margin of
the pancreas and interstitial tissue in the infrapyloric area. After
pretreatment by a pathologist, all of the collected tissue was made
into paraffin sections. Masson’s trichrome staining was carried
out to detect the collagen fiber content of these tissue sections.
The tumor regression grade after neoadjuvant chemotherapy was
evaluated by two experienced pathologists from the pathology
department of the West China Hospital according to TRG
criteria presented by Becker (12).
Endpoints and Definitions
The primary endpoint of the present study was the correlation
between the severity of the gross tissue response (total score based
on the GTR system) and the incidence of postoperative
complications within 30 days. The evaluation of gross tissue
response was performed according to a previous presentation.
The 30-day postoperative complication rate was defined as the
incidence of complications during the 30 days after surgery or
complications occurring during the same hospitalization, and the
occurrence of complications is directly or indirectly related to the
operation, not caused by drugs or other treatment measures.
The detailed diagnostic criteria for the complications are
presented in Supplementary Data 3. The severity of
postoperative complications was classified according to the
Clavien-Dindo classification (10). The secondary aim was to
assess whether the GTR system could be used to predict the
difficulty of surgery, such as the risk of a prolonged operation time
and increased intraoperative bleeding.
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Other Included Clinicopathological
Characteristics
The following clinicopathological characteristics were also
documented and included in the statistical analysis: age
(years), sex (male or female), body mass index (BMI, kg/m2),
number of chemotherapy cycles, chemotherapy regimen,
adverse events due to neoadjuvant chemotherapy, operation
type (laparoscopic surgery, open surgery), gastrectomy type
(total gastrectomy or partial gastrectomy), operation time
(min), intraoperative blood loss (ml), Lauren classification
(intestinal type, diffuse type, mix type), Bormann type (types
I-IV), tumor location (upper, middle, lower), tumor size (cm),
differentiation degree (well, moderated, poor), clinical tumor
stage (cTNM stage), number of metastases and harvested
lymph nodes, pathological tumor response (according to
tumor regression grade, TRG) (13) and pathological tumor
stage (ypTNM stage). The pathological examination was
performed by two independent pathologists in the
Department of Pathology, West China Hospital, according to
the 8th TNM staging system for gastric cancer reported by the
American Joint Committee on Cancer (14).
Statistical Analyses
This study hypothesized that the severity of the gross tissue
response can be used as an index to predict the incidence of
postoperative complications. The area under the ROC curve of
the total GTR scores for predicting the 30-day postoperative
complication rate was approximately equal to 0.7. The assumed
incidence rate of postoperative complications in patients with
gastric cancer was 20.7% in our previous study. The estimated
sample size was 82, for a power of 90% and two-sided alpha of
0.05, which was calculated with PASS software version 15.0.5
(NCSS LLC, Kaysville, Utah 84037, USA). Finally, we decided to
include 102 patients in this study after considering a dropout rate
of 20%.

Quantitative variables are expressed as the median and
standard deviation (SD). Spearman correlation analysis was
used to analyze the relationship among clinicopathological
variables. The change in Hounsfield units of the lymph nodes
(ΔHu value of lymph nodes) before and after chemotherapy was
compared by paired t-tests. The ratio of collagen fiber-stained
area to total area was measured to evaluate the content of
collagen fibers in the tissues by ImageJ version 1.52a (Wayne
Rasband National Institutes of Health, USA). Variables were
subjected to univariate analysis and multivariate analysis using
logistic regression models with conditional backward step
methods to predict the postoperative complications and tumor
regression score. The variables tested by univariate analysis that
had a P value < 0.20 were included in the multivariate analysis.
Receiver operating characteristic (ROC) curves were established
to assess the sensitivity and specificity of the predictive values of
the total GTR score for postoperative complications and tumor
response with the ROC package in R software. In addition, a
nomogram was described with the rms package in R software.
A two-tailed p value less than 0.05 was regarded as statistically
Frontiers in Oncology | www.frontiersin.org 4336
significant. All statistical analyses were performed with R
software version 3.5.2 (http://www.r-project.org).
RESULTS

Characteristics of the Patients
A total of 290 primary gastric cancer patients were screened from
January 1st, 2019 to April 31st, 2020 in the Department of
Gastrointestinal Surgery, West China Hospital, Sichuan
University. The screening procedures are presented in
Figure 1. Finally, 102 gastric cancer patients who received
neoadjuvant chemotherapy were included in the present study.
The general clinicopathological characteristics of these 102
patients are presented in Table 1. In terms of chemotherapy
regimen, the majority of patients received the XELOX regimen
(88.2%) and received three cycles of treatment (80.4%). Eight
patients terminated their scheduled preoperative chemotherapy
treatment and turned to surgical treatment due to severe adverse
events due to chemotherapy. The average time of postoperative
hospital stay was 8.63 ± 6.49 days. There were no patients lost in
the postoperative 30-day follow-up. We used Calvien-Dindo
Classification grade to reflect the severity of postoperative
complication. The overall 30-day postoperative complication
rate was 19.6% (20/102). In total, 6.86% (7/102) of patients in
grade1, 9.80%(10/102) of patients in grade2, 2.94% (3/102) of
patients had greater than grade 3 complications according to the
Clavien-Dindo classification. There was no perioperative
mortality among the 102 patients. The albumin level reflects
the nutritional status of patients, which is 40.57 ± 4.77g/L before
chemotherapy and 41.75 ± 3.70g/L after chemotherapy. The
results showed that there was no significant difference in albumin
level between different grades of edema and effusion (P > 0.05)

Chemotherapy Response of the Patients
For the gross tissue response assessment, the distribution of
fibrosis, edema, and effusion scores are presented in Table 1. For
the fibrosis scale, the overwhelming majority of patients (grade 1/
2, 89, 87.3%) had moderate fibrosis formation. A similar result
was also found in the edema and effusion scores. The clinical
tumor response assessments adopted the modified RECIST 1.1
classification, and there were 8 (7.8%), 42 (41.2%), 49 (48.0%)
and 2 (2.0%) patients evaluated as CR, PR, PD and SD before
surgery. Regarding the pathological tumor regression grades
among the 102 patients, 13 patients were grade 0, 20 patients
were grade 1, 54 patients were grade 2, and 15 patients were
grade 3.
Correlation Between the Total GTR Score
and Clinicopathological Characteristics
Spearman correlation analysis was performed for fibrosis, edema,
effusion, total GTR score and other clinicopathological data
(Figure 2 and Supplementary Table 1). Edema, intraoperative
effusion and total GTR score were significantly related to the cT
stage and cTNM stage (p<0.05), and cM stage was correlated
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with effusion and the total GTR score. In addition, the total GTR
score was significantly related to operation time and
postoperative complications within 30 days (p<0.05). Edema
and effusion were significantly related to intraoperative blood
loss (p<0.05). Through pathological tissue sections, we found
that the collagen fibers could be dyed blue by Masson’s trichrome
staining (Figure 3). The average collagen content was
significantly correlated with fibrosis, edema and the total
GTR score.

Relationship of GTR With the Difficulty of
Surgery and Postoperative Complications
Logistic regression models were set up to evaluate whether
clinicopathological variables (including the total GTR score)
were risk factors for the incidence of surgical trauma and
postoperative complications. The univariate and multivariate
analysis results for intraoperative blood loss, operation time
and postoperative complications are presented in Tables 2–4.
Finally, multivariate analysis showed that the total GTR score
(OR 2.888, 95% CI: 1.035-8.062, p = 0.043) was an independent
Frontiers in Oncology | www.frontiersin.org 5337
risk factor for the incidence of postoperative complications.
Tumor size (OR 3.104, 95% CI 1.034-9.315, p=0.043), total
GTR score (score 4-9, OR 3.32, 95% CI 1.219-9.045, p=0.019),
adverse events due to chemotherapy (OR 5.347, 95% CI 1.126-
25.655, p=0.035) and operation type (OR 0.066, 95% CI 0.013,
p=0.001) were independent risk factors for operation time. The
independent risk factors for intraoperative blood loss were BMI
and lymph node metastasis, not including GTR score.

ROC curves were drawn to evaluate the sensitivity and
specificity of the GTR system in the prediction of postoperative
complications and difficulty of surgery. According to the results
of the logistic regression, ROC curves were constructed, and the
AUCs were 0.681, 0.705 and 0.809 for predicting postoperative
complications within 30 days, operation time and intraoperative
blood loss, respectively (Figure 4). To better understand the
relationship between the GTR system and the two outcomes,
nomograms were established to visualize the logistic regression
models of postoperative complications within 30 days
(Figure 5A), intraoperative blood loss (Figure 5B), and
operation time (Figure 5C). With all the above results, we
FIGURE 1 | Inclusion and exclusion flow chart for the patients in this study.
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noticed that high GTR scores were associated with a higher
incidence of postoperative complications within 30 days.
DISCUSSION

For locally advanced gastric cancers, neoadjuvant chemotherapy
combined with radical gastrectomy is the preferred treatment,
which is recommended by the NCCN guidelines (5). On the one
hand, neoadjuvant chemotherapy can achieve tumor down
staging, improves the radical resection potential and prolongs
the prognosis of advanced-stage gastric cancer patients. On the
other hand, the adverse reactions to chemotherapy drugs and
tissue response after chemotherapy can increase the difficulty of
surgery and risk for postoperative complications. Therefore, we
Frontiers in Oncology | www.frontiersin.org 6338
previously established the gross tissue response system, which
includes fibrosis, edema and effusion scales, to evaluate the gross
tissue response of both the potentially metastatic lymph node
area and the surrounding normal tissue area of the stomach after
chemotherapy (7). In the present study, we found that the
established gross tissue response score was significantly
correlated with the primary tumor stage, operation time,
intraoperative blood loss and postoperative complications.

The hypothesis of the present study is that we can use this
evaluation system to predict the incidence of postoperative
complications within 30 days. Generally, the incidence rate of
postoperative complications after neoadjuvant chemotherapy is
relatively higher than that after surgery alone. Previous
prospective studies reported that the postoperative
complication rates of patients who received neoadjuvant
TABLE 1 | Baseline of clinicopathological variables.

Characteristic All Patients N=156 (%) Characteristic All Patients N = 156 (%)

Age (years) Mean ± SD 58.79 ± 1.03 Gross tissue response
Gender Male 71 (69.6) Fibrosis grade 0 6 (5.9)

Female 31 (30.4) 　 1 48 (47.1)
BMI Mean ± SD 22.89 ± 0.29 　 2 41 (40.2)
Tumor location Cardia 38 (37.3) 　 3 7 (6.9)

Body 33 (33.3) Edema grade 0 9 (8.8)
Antrum 22 (21.6) 　 1 59 (57.8)
Diffuse type 8 (7.8) 　 2 28 (27.5)

Tumor size Mean ± SD 4.50 ± 0.27 　 3 6 (5.9)
Differentiate Well 0 (0) Effusion grade 0 7 (6.9)

Moderate 32 (31.4) 1 62 (60.8)
Poor 69 (67.6) 2 247 (26.5)

cT stage cT2 6 (5.9) 3 96 (5.9)
cT3 37 (36.3) RECIST score CR 8 (7.8)
cT4 59 (57.8) PR 42 (41.2)

cN stage cN (-) 9 (8.8) SD 50 (49.0)
cN (+) 93 (91.2) PD 2 (2.0)

cM stage cM0 93 (91.2) Tumor regression grade gradedegrscore 0 13 (12.7)
cM1 9 (8.8) 1 20 (19.6)

TNM stage 2 42 (41.2) 2 54 (52.9)
3 53 (50.0) 3 15 (14.7)
4 9 (8.8) ypT stage pT0 13 (12.6)

Lauren Classification Intestinal 43 (42.2) pT1 17 (16.5)
Diffuse 23 (22.5) pT2 16 (15.5)
Mix 36 (34.3) pT3 35 (34.0)

Borrmann classification I 3 (2.9) pT4 21 (20.4)
II 21 (20.6) ypN stage pN0 48 (46.6)
III 71 (69.6) pN1 18 (17.5)
IV 7 (6.9) pN2 10 (9.7)

Chemo cycle < 3 13 (12.7) pN3 26 (25.2)
3 72 (80.4) ypM stage ypM0 95 (92.2)
> 3 7 (6.9) ypM1 7 (6.8)

Chemo regimen XELOX 90 (88.2) Number of Positive Lymph nodes Mean ± SD 4.57 ± 0.81
Others 12 (11.9) Number of Examined Lymph nodes Mean ± SD 41.89 ± 1.33

Operation type Lap 17 (16.5) Postoperative Hospital Stay Days 8.63 ± 6.49
Open 85 (82.5) Postoperative 30-day complications No 82 (80.4)

Resection type Partial Gastrectomy 43 (42.7) Yes 20 (19.6)
Total Gastrectomy 59 (57.3) Calvien-Dindo Classification** Grade 1 7 (35.0)

Operation time (min) Mean ± SD 294.63 ± 4.84 Grade 2 10 (50.0)
Intraoperative blood loss (ml) Mean ± SD 94.65 ± 5.30 Grade 3 3 (15.0)
Albumin level before NAC (g/L) Mean ± SD 40.57 ± 4.77 Grade 4 0 (0)
Albumin level after NAC (g/L) Mean ± SD 41.75 ± 3.70 Grade 5 0 (0)
November 2021 | V
BMI Body, mass index; RECIST, Response Evaluation Criteria in Solid Tumors; Lap, laparoscopy surgery; Open, open surgery; NAC, neoadjuvant chemotherapy; TRG, tissue regression
grade; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.**Calvien-Dindo Classification grade reflects the severity of postoperative complication.
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FIGURE 2 | Correlations among independent clinicopathological variables by Spearman analysis. BMI, body mass index; GTR, gross tissue response; Lap,
laparoscopy surgery; Open, open surgery; TRS, tissue regression score; RECIST, Response Evaluation Criteria in Solid Tumors; Hu, Hounsfield units; LN, lymph
node; NAC, neoadjuvant chemotherapy.
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chemotherapy ranged from 25.7% to 45.7% (15–17). We found a
similar postoperative complication rate (19.6%) and rate of
severe complications (2.94%) as previous reports. Surgical
trauma and myelosuppression after chemotherapy may be
reasons that contribute to the high overall incidence rate of
postoperative complications within 30 days (18, 19). In the
present study, we found that the gross tissue response score
was an independent risk factor that could be used to predict the
incidence of postoperative complications (AUC = 0.681). This
obscures field for tissue dissection and significantly increases the
difficulty of lymph node dissection in gastrectomy. Additionally,
the edema and effusion response may lead to an increase in the
incidence of tissue laceration and capillary bleeding. Moreover,
during the tissue dissection process, a large amount of fluid in
the tissue can also increase the amount of bleeding during
operation. To clear the field of vision, repeated suction and
hemostasis processes are needed but will significantly prolong
the operation time, thus increasing the trauma of the operation.
Therefore, these findings can illustrate why the gross tissue
response is related to the difficulty of the operation and
postoperative complications.

Tumor regression after neoadjuvant therapy is commonly
used to predict the prognosis of cancer patients (20, 21). Becker
et al. presented that histological tumor regression after
chemotherapy can provide objective and valuable prognostic
information (22). Several important clinical studies have shown
that patients with pathological complete response (pCR) after
neoadjuvant chemotherapy have better overall survival than
those with non-pCR (22–25). However, this view remains
controversial (26). The present study adopted the tumor
regression grade to evaluate pathological tumor regression,
which is recommended by the NCCN gastric cancer
guidelines (27). A previous study showed that the overgrowth
of fibrosis on tumor cells was the major sign of histological
Frontiers in Oncology | www.frontiersin.org 8340
tumor regression due to chemotherapy (28). We hypothesized
that there was a relationship between gross tissue response and
pathological tumor regression. However, while our results
showed that gross tissue response was correlated with the cT,
cM and cTNM stages, there was no correlation between the
GTR score and TRG grade, which means that compared with
the degree of tumor regression, the primary burden of the
tumor may be more related to tissue response after neoadjuvant
chemotherapy. The reason for these phenomena may be that
pathological regression grade only evaluates the tumor tissue,
and chemotherapy is a systemic treatment that may cause tissue
and organ reactions throughout the whole body, which is why
we needed to create a brand new system to evaluate gross
tissue response.

In the present cohort study, Masson’s trichrome staining was
used to detect the content of collagen fibers in the tissues. We
found that there was a correlation between the collagen fiber
content in the interstitial tissues around the stomach and the
fibrosis grade based on the GTR system. This suggested that
the criteria of the GTR system could reflect the changes in the
interstitial tissues around the stomach after neoadjuvant
chemotherapy. In addition, with Masson’s trichrome staining,
we observed that the normal tissue in the gastric wall had a clear
structure, and collagen fibers were evenly distributed along the
gastric wall (Figure 3A). However, the opposite was observed in
tumor tissue and tumor tissue with regression (Figures 3B, C); not
only was the structure of the gastric wall disorganized, but the
distribution of collagen fibers was also disordered. These
phenomena might indicate that neoadjuvant chemotherapy
could lead to aseptic inflammation and tumor cell apoptosis,
resulting in fibrous tissue hyperplasia in the local microcirculation.

The limitations of this study are as follows: 1) this is a pilot
study of the GTR system in patients with gastric cancers.
External consistency needs to be explored and validated in
A B C

D E F

FIGURE 3 | Masson’s trichrome staining. 200×. (A) Normal tissue of the gastric wall; (B) cancerous tissue; (C) tumor tissue showing regression; (D) mesenteric
tissue alongside the lesser curvature of the stomach; (E) interstitial tissue alongside the superior margin of the pancreas; (F) interstitial tissue in the infrapyloric area.
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TABLE 2 | The Univariable and multivariate analysis for the operative complication in 30 days.

Multivariable analysis

value OR (95% CI) P value

0.551
0.560
0.400
0.475

0.480
0.758

0.277
0.620
0.880
0.048 3.283 (0.990-10.890) 0.052

0.463
0.892
0.536
0.715
0.393
0.393

0.038 2.888 (1.035-8.062) 0.043
0.167

0.781
0.698
0.288
0.510
0.532
0.618
0.500
0.501
0.380

0.867
0.590
0.992
0.891
0.992

n, open surgery; TRG, tissue regression grade; CR, complete response; PR, partial
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Characteristic Univariable analysis

OR (95% CI)

Age <60 vs. ≥60 0.742 (0.278-1.981)
Gender (male/female) Male vs. Female 0.718 (0.236-2.187)
BMI <24 vs. ≧24 0.636 (0.222- 1.825)
Differentiate Well & Moderate vs. Poor 1.5( 0.493-4.563)
Lauren classification Intestinal

Diffuse 1.544 (0.462-5.161)
Mix 0.905 (0.282-2.909)

Borrmann Type I
II 0.211 (0.013-3.490)
III 0.536 (0.045-6.315)
IV 0.800 (0.044-14.643)

Tumor size <4 cm vs. ≥4cm 3.289 ( 1.012-10.691)
Tumor location Cardia

Body 1.363 (0.436-4.263)
Antrum 0.699 (0.161-3.035)
Whole 1.476 (0.244-8.915)

Fib 0-1 vs 2-3 0.667 (0.07642-5.873)
Edema 0-1 vs 2-3 2.167 (0.368-12.759)
Effusion 0-1 vs 2-3 2.167 (0.368-12.759)
Total score of GTRs 0-3

4-9 2.893 (1.060-7.898)
RECIST CR & PR vs. PD & SD 2.048 (0.741-5.655)
T stage cT2

cT3 0.781 (0.075-8.149)
cT4 1.556 (0.167-14.455)

N stage cN (-) vs. cN (+) 0.447 ( 0.102-1.970)
M stage cM0 vs. cM1 0.487 ( 0.057-4.134)
TNM stage I,II vs III,IV 1.383 (0.500-3.827)
Chemo regimen XELOX vs. Other 1.431 (0.350-5.858)
Chemo cycle 3 cycles vs. Other 1.489 ( 0.468-4.734)
Adverse events of chemo No vs. Yes 1.632 (0.392-6.806)
Operation type Lap vs Open 2.015 (0.422-9.632)
Resection type Distal gastrectomy

Total gastrectomy 0.917 (0.332-2.528)
Proximal gastrectomy 2.000 (0.161-24.916)

Operation time <300 min vs. ≥300 min 0.953 (0.345-2.630)
1.076(0.377-3.073)

Intraoperative blood loss <100 ml vs. ≥100 ml 0.995 (0.373-2.685)

OR, Odds ratio; CI, confidence interval;BMI Body, mass index; RECIST, Response Evaluation Criteria in Solid Tumors; Lap, laparoscopy surgery; Op
response; SD, stable disease; PD, progressive disease.
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TABLE 3 | The Univariable and multivariate analysis for the Bloodloss in operation.

ysis Multivariable analysis

P value OR (95% CI) P value

0.523
0.002 0.343 (0.116-1.016) 0.054
0.014 3.264 (1.174-9.076) 0.023
0.382
0.596
0.494
0.332
0.676
0.037 1.886 (0.702-5.062) 0.208
0.655
0.390
0.232
0.859
0.925
0.999
0.999
0.545
0.813
0.433
0.010 3.373 (0.919-12.379) 0.067
0.003 2.458 (0.893-6.765) 0.082
0.736
0.567
0.787
0.034 12.06 (1.896-76.693) 0.008
0.241
0.362
0.716
0.154
0.235
0.699
0.732

opy surgery; Open, open surgery; TRG, tissue regression grade; CR, complete response; PR, partial

Y
ang

et
al.

A
P
rospective

C
ohort

S
tudy

Frontiers
in

O
ncology

|
w
w
w
.frontiersin.org

N
ovem

ber
2021

|
Volum

e
11

|
A
rticle

585006
Characteristic Univariable ana

OR (95% CI)

Age <60 vs. ≥60 0.773 (0.350-1.704)
Gender (male/female) Male vs. Female 0.247 (0.101-0.602)
BMI <24 vs. ≧24 2.94 (1.253-7.160)
Differentiate Well & Moderate vs. Poor 1.459 (0.625-3.407)
Lauren classification Intestinal

Diffuse 0.696 (0.247-1.962)
Mix 0.636 (0.255-1.587)

Borrmann Type I-II vs. III-IV 0.818 (0.318-2.096)
Tumor size <4 cm vs. ≥4cm 2.374 (1.052-5.357)
Tumor location Cardia

Body 0.659 (0.254-1.708)
Antrum 0.520 (0.178-1.518)
Whole 0.867 (0.178-4.210)

Fib 0-1 vs 2-3 0.929 (0.197-4.383)
Edema 0-1 vs 2-3 NA
Effusion 0-1 vs 2-3 NA
Total score of GTRs 0-3 vs 4-9 1.286 (0.57-2.900)
RECIST CR & PR vs. PD & SD 0.909 (0.413-2.001)
Operation time <300 min vs. ≥300 min 1.376 (0.620-3.054)
Operation type Lap vs. Open 4.400 (1.415-13.678)
Resection type Partial vs. Total 3.431 (1.500-7.848)
T stage cT2

cT3 0.588 (0.096-3.617)
cT4 0.783 (0.132-4.623)

N stage cN (-) vs. cN (+) 5.800 (1.140-29.499)
M stage cM0 vs. cM1 2.642 (0.521-13.404)
TNM stage 2

3 1.164 (0.514-2.635)
4 4.957 (0.548-44.844)

Chemo regimen XELOX vs. Other 2.294 (0.582-9.042)
Chemo cycle 3 cycles vs. Other 0.823 (0.307-2.205)
Chemo complications Positive vs. negative 1.255 (0.343-4.591)

OR, Odds ratio; CI, confidence interval;BMI Body, mass index; RECIST, Response Evaluation Criteria in Solid Tumors; Lap, laparos
response; SD, stable disease; PD, progressive disease; NA, not available.
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TABLE 4 | The Univariable and multivariate analysis for the Operation time.

nalysis Multivariable analysis

P value OR (95% CI) P value

0.538
0.393
0.810
0.271
0.298
0.135
0.314
0.608
0.070 3.104 (1.034-9.315) 0.043
0.111 – 0.3
0.064 2.287 (0.706-7.407) 0.168
0.694 0.67 (0.17-2.639) 0.567
0.192
0.511
0.289
0.289
0.016 3.32 (1.219-9.045) 0.019
0.827
0.433
0.002 0.066 (0.013-0.322) 0.001
0.294
0.351
0.243
0.162
0.967
0.512
0.701
0.405
0.906
0.037 3.078 (0.608-15.577) 0.174
0.610
0.064 5.374 (1.126-25.655) 0.035

oscopy surgery; Open, open surgery; TRG, tissue regression grade; CR, complete response; PR, partial
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Characteristic Univariable a

OR (95% CI)

Age <60 vs. ≥60 1.279 (0.585-2.795)
Gender (male/female) Male vs. Female 0.687 (0.291-1.624)
BMI <24 vs. ≧24 0.906 (0.406-2.024)
Differentiate Well & Moderate vs. Poor 1.619 (0.687-3.816)
Lauren classification Intestinal

Diffuse 2.194 (0.783-6.148)
Mix 1.594 (0.644-3.946)

Borrmann Type I-II vs. III-IV 0.766 (0.276-2.123)
Tumor size <4 cm vs. ≥4cm 2.128 (0.939-4.822)
Tumor location Cardia

Body 2.449 (0.948-6.327)
Antrum 0.800 (0.263-2.435)
Whole 2.857 (0.591-13.814)

Fib 0-1 vs 2-3 1.683 (0.357-7.933)
Edema 0-1 vs 2-3 2.571 (0.449-14.718)
Effusion 0-1 vs 2-3 2.571 (0.449-14.718)
Total score of GTRs 0-3 vs 4-9 2.727 (1.202-6.186)
RECIST CR & PR vs. PD & SD 0.917 (0.420-2.001)
Bloodloss in operation <100 ml vs. ≥100 ml 1.376 (0.620-3.054)
Operation type Lap vs. Open 0.129 (0.034-0.485)
Resection type Partial vs. Total 0.655 (0.296-1.445)
T stage cT2

cT3 0810 (0.404-35.905)
cT4 4.833 (0.532-43.921)

N stage cN (-) vs. cN (+) 1.029 (0.260-4.709)
M stage cM0 vs. cM1 1.585 (0.400-6.283)
TNM stage 2

3 1.416 (0.625-3.210)
4 1.103 (0.219-5.567)

Chemo regimen XELOX vs. Other 4.297 (1.089-16.953)
Chemo cycle 3 cycles vs. Other 0.772 (0.286-2.086)
Chemo complications Positive vs. negative 3.719 (0.926-14.944)

OR, Odds ratio; CI, confidence interval;BMI Body, mass index; RECIST, Response Evaluation Criteria in Solid Tumors; Lap, lapa
response; SD, stable disease; PD, progressive disease.

343
r

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Yang et al. A Prospective Cohort Study
further multicenter studies. 2) The present study only analyzed
the clinical implications of gross tissue response after
neoadjuvant chemotherapy in patients with gastric cancers,
and whether GTR system is suitable for patients with other
malignant diseases is unclear. 3) The primary endpoints are the
relation between the GTR score and short-term postoperative
complications in gastric cancer patients receiving neoadjuvant
chemotherapy. The lack of long-term follow-up and survival
Frontiers in Oncology | www.frontiersin.org 12344
information to explore the relationship between the GTR score
and prognosis is another limitation of this study.
CONCLUSIONS

Therefore, according to the results of the present study, the
gross tissue response system (GTR) is an effective tool that
FIGURE 4 | ROC curves for the prediction of intraoperative blood loss (AUC=0.809), operation time (AUC=0.705) and postoperative complications within 30 days
(AUC=0.681).
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may be used in the prediction of the difficulty of surgery after
neoadjuvant chemotherapy and postoperative complications.
Although neoadjuvant chemotherapy improves the
therapeutic effect, it also increases the risk of surgical
Frontiers in Oncology | www.frontiersin.org 13345
trauma and postoperative complications. Additionally,
further studies are needed to explore whether this system is
suitable for patients with other malignant diseases receiving
neoadjuvant therapy.
A

B

C

FIGURE 5 | (A) Nomogram for predicting postoperative complications within 30 days, (B) intraoperative blood loss (B) and (C) operation time. To calculate the
probability, points for each variable are assigned to the corresponding values from the “points” axis, and the sum of points is plotted on the “total points” axis. The
probability is the value indicated by a vertical line from the corresponding total points. (BMI, body mass Index; GTRs, gross tissue response system; TRG, tumor
regression grade; L, lower; U, upper; M, middle; LN, lymph node.
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The Impact of Mismatch
Repair Status on Prognosis of
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A Multicenter Analysis
Wen-Long Guan1†, Yue Ma2†, Yue-Hong Cui3†, Tian-Shu Liu3, Yan-Qiao Zhang2,
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Background: The clinical role of deficient DNA mismatch repair (dMMR)/microsatellite
instability-high (MSI-H) in gastric cancer (GC) is still controversial. We aimed to analyze the
relationship between dMMR/MSI-H and clinicopathological features along with survival.

Methods: Patients who were diagnosed with GC at the three big cancer centers in China
from 2015 to 2020 were evaluated retrospectively. MMR/MSI status was assessed using
immunohistochemistry/PCR. Clinical and pathological data were collected from the
medical record system.

Results: A total of 196 patients with dMMR/MSI-H status were enrolled for analysis. The
prevalence of MSI-H/dMMR in GC was 6.6%. Another 694 proficient MMR (pMMR) GC
patients were enrolled for comparison. Compared with pMMR patients, dMMR/MSI-H
patients were associated with older age, female predominance, distal location in the
stomach, earlier TNM stage, intestinal subtype, better differentiation, and more negative
HER2 status. The median overall survival (OS) of the dMMR/MSI-H group was better than
that of the pMMR/microsatellite stability (MSS) group (not reached vs. 53.9 months, p =
0.014). Adjuvant chemotherapy had no impact in both disease-free survival (DFS) and OS
of dMMR/MSI-H patients (p = 0.135 and 0.818, respectively). dMMR/MSI-H patients had
poorer response and progression-free survival (PFS) of first-line chemotherapy, though
they were statistically significant (p = 0.361 and 0.124, respectively).

Conclusions: dMMR/MSI-H GC patients have specific clinicopathological characteristics
and better prognosis than pMMR patients.

Keywords: MMR, MSI, gastric cancer, adjuvant chemotherapy, prognosis
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INTRODUCTION

Gastric cancer (GC) is one of the most common causes of cancer-
related mortality worldwide. As a heterogeneous disease, patients
with the same TNM stage and histological characteristics may
respond differently to treatment and have different survival.
Hence, specific classification was presented for guidance of
clinical decision making. The Cancer Genome Atlas (TCGA)
Research Network has identified four distinct molecular subtypes
of GC through molecular evaluation of 295 GC patients: Epstein-
Barr virus (EBV) positive, microsatellite instability (MSI),
chromosomal instability (CIN), and genomically stable (GS)
(1). As a result of dysfunction of mismatch repair (MMR),
MSI leads to increased rate of replication error and
hypermutational status, which results in increased probability
of mutations in oncogenes or tumor suppressors. MSI status is
commonly assessed using PCR. MMR proteins, including FmutL
homologue 1 (MLH1), mutS homologue 2 (MSH2), mutS
homologue 6 (MSH6), and PMS1 homologue 2 (PMS2), were
determined by immunohistochemical (IHC) analysis. The
concordance between MSI-high (MSI-H) status and deficiency
of MMR protein function (dMMR) was 97.6%–99% (2, 3).

According to the data of TCGA, 21.7% patients of GC were
identified as MSI. However, it did not distinguish between MSI-
H and MSI-low (MSI-L). The prevalence of MSI-H/dMMR
status in GC ranged from 8% to 25% in previous reports (4–
14). MSI-H/dMMR status was a predictive marker of response to
immunotherapy (15). Besides, MSI-H/dMMR status has been
reported to be a prognostic and predictive factor in the adjuvant
setting. In colorectal cancer, MSI-H/dMMR tumor shows better
prognosis, and may be associated with lack of benefit from
adjuvant chemotherapy in stage II disease (16, 17). Similar
results were reported in GC patients (14). Recently, an
individual patient data meta-analysis from four large
randomized clinical trials performed in patients with resectable
GC (MAGIC, CLASSIC, ARTIST, and ITACA-S) showed that
patients with MSI-H/dMMR GC did not benefit from adjuvant
chemotherapy after radical surgery (14). However, in this pooled
analysis of four clinical trials, the number of MSI GC patients was
still relatively low (N = 121), which made the statistical power
limited. Moreover, due to the low prevalence of MSI-H/dMMR
in GC, the clinical and pathological features, response to
chemotherapy, and overall survival (OS) are still controversial.

With this in mind, we conducted this retrospective study,
enrolling MSI-H/dMMR GC patients from three big cancer
centers in China. By this, we tried to expand the sample size
and explore the clinicopathological characteristics and predictive
and prognostic values of MSI-H/dMMR status for GC.
METHODS

Patients
Patients who were diagnosed as GC at the three big cancer
centers in China (Harbin Medical University Cancer Hospital,
Fudan University Zhongshan Hospital, and Sun Yat-sen
Frontiers in Oncology | www.frontiersin.org 2349
University Cancer Center) from 2015 to 2020 were evaluated
retrospectively. These three hospitals all have large patient
volume in China. The studies involving human participants
were reviewed and approved by the ethics committee of each
hospital. All the patients were diagnosed as GC by H&E staining
and histological analysis. The stage was determined using the
American Joint Committee on Cancer (AJCC) TNM 8th stage
system. Clinical data, including sex, age, family history, and
primary tumor location, were collected from the medical record
system. Patients with dMMR/MSI-H status were enrolled for
analysis (a total of 196 cases, including 72 from Harbin, 71 from
Shanghai, and 53 from Guangzhou). Besides, 694 cases with
proficient MMR (pMMR) status diagnosed at Sun Yat-sen
University Cancer Center in the same period were enrolled
as comparison.

Mismatch Repair/Microsatellite Instability
Assessment
For MMR protein IHC analysis, 4-mm formalin-fixed, paraffin-
embedded sections were prepared from the tissue blocks and
stained for the MLH1, MSH2, MSH6, and PMS2 proteins.
Primary antibodies included anti-MLH1 (M1, Ventana, USA),
anti-MSH-2 (RED2, ZSGB-bio, China), anti-MSH6 (SP93,
Ventana, USA), and anti-PMS2 (EP51, Dako, Denmark). Loss
of MMR protein expression was designated when none of the
neoplastic epithelial cells had nuclear staining, while positive
internal control nuclei (lymphocytes and stromal cells) were
present in the immediate vicinity of the tumor infiltrate. Normal
expression was defined as the presence of nuclear staining of
tumor cells irrespective of the proportion or intensity. A case was
classified as dMMR if tumor cell nuclei were negative for one or
the four MMR proteins in the presence of positively stained
lymphocytes or fibroblasts as internal control. pMMR was
defined if tumor cell nuclei, irrespective of the number or
intensity, were positive for all MMR proteins tested.

The MSI status was evaluated using PCR. DNA was extracted
from paired normal/tumor tissues that were formalin-fixed,
paraffin embedded. Then PCR amplification was performed for
two mononucleotide repeat markers (BAT25 and BAT26) and
three dinucleotide markers (D5S346, D2S123, and D17S250)
(11). MSI-H was defined as two or more markers mentioned
above with instability. Otherwise, it was defined as microsatellite
stability (MSS).

Statistical Analysis
The patients’ clinicopathological features were summarized with
descriptive statistics. Categorical variables were compared using
chi-square test, and comparisons of continuous variables were
performed using Student’s t-test. Five-year cause-specific survival
(CSS) was calculated from the date of diagnosis to the date of
cancer-specific death. Survival among different variables was
compared using the Kaplan–Meier estimates and the log-rank
test. Statistical analysis was carried out by the IBM SPSS Statistics
22.0.0 package software (SPSS Inc.) and the Intercooled Stata 13.0
(Stata Corporation, College Station, TX). All the p-values were
two-sided, and statistical significance was set at p < 0.05.
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RESULTS

Clinical and Pathological Features
This study was composed of 196 cases of MSI-H/dMMR GC (72
from Harbin, 71 from Shanghai, and 53 from Guangzhou). The
prevalence of MSI-H/dMMR in GC was 6.6% in total (8.3% in
Harbin, 4.7% in Shanghai, and 6.8% in Guangzhou). The median
age was 64 years (ranged from 31 to 87 years). There were 108
(55.1%) male and 88 (44.9%) females. The number of patients
from TNM stage I to IV was 40 (20.4%), 61 (31.1%), 58 (29.6%),
and 34 (17.3%), respectively. Most of their GC was located at the
distal stomach (131, 66.8%). For Lauren classification, there were
40 (20.4%) cases with diffuse type, 73 (37.2%) with intestinal
type, and 51 (26.0%) with mixed type. Five (2.6%) patients were
HER2 positive, and eight (4.1%) cases were EBER positive. The
clinical and pathological characteristics of MSI-H/dMMRGC are
shown in Table 1. Compared with pMMR patients, dMMR/MSI-
H patients were associated with some specific clinical and
pathological features, including older age, higher proportion of
female, distal location in the stomach, earlier TNM stage,
intestinal histotype, better differentiation, and more negative
HER2 status (Table 1, all p < 0.05).

Mismatch Repair Expression Mode
The detail of MMR protein expression mode is shown in Table 2.
Most common defective expression was seen in MLH1 and
PMS2 (153, 78.1%). Twenty-two cases (11.2%) only negatively
expressed PMS2, and eight cases (4.1%) had concurrent loss of
MSH2 and MSH6. We also found two cases that were pMMR but
turned out to be MSI-H using PCR.

Survival of Patients With Deficient
Mismatch Repair/Microsatellite Instability-
High Gastric Cancer
The median OS of dMMR/MSI-H group was significantly better
than that of the pMMR/MSS group (not reached vs. 53.9 months,
p = 0.014, Figure 1). We examined the outcomes stratified by
TNM stages. We found that the OS was not remarkably different
in each TNM stage group (Figure 2). In stage IV, the OS of
dMMR/MSI-H patients was numerically better than that of
pMMR/MSS patients (56.5 vs. 25.6 months, p = 0.052), but it
was not statistically significant. The multivariate analysis showed
that TNM stage was the only prognostic factor associated with
OS (Table 3).

Adjuvant Chemotherapy in Deficient
Mismatch Repair/Microsatellite
Instability-High Gastric Cancer
One hundred nineteen (60.7%) dMMR/MSI-H cases were
diagnosed at stage II or III, and 117 of them received radical
surgery. Eighty-six patients with detail record of adjuvant
therapy and follow-up were enrolled for analysis. Seventy-one
of them received adjuvant chemotherapy after surgery, and the
remaining 15 only received surgery. Compared with the DFS of
pMMR GC, the DFS of dMMR/MSI-H was longer (46.9 vs. 37.1
months), though the statistical significance was still not reached
Frontiers in Oncology | www.frontiersin.org 3350
TABLE 1 | Clinical and pathological characteristics of dMMR/MSI-H gastric cancer.

Variables N (%) p

dMMR pMMR

Site
Harbin 72 (36.7)
Shanghai 71 (36.2)
Guangzhou 53 (27.0) 694 (100)
Gender 0.003
Male 108 (55.1) 462 (66.6)
Female 88 (44.9) 232 (33.4)
Age 63.8 ± 10.5 57.0 ± 12.5 <0.001
Family history <0.001
Yes 18 (9.2) 144 (20.7)
No 174 (88.8) 522 (75.2)
NA 4 (2.0) 28 (4.0)
Tumor location <0.001
Proximal or EGJ 12 (6.1) 229 (33.0)
Middle 44 (22.4) 157 (22.6)
Distal 131 (66.8) 267 (38.5)
Whole stomach 5 (2.6) 6 (0.9)
Others 2 (1.0) 17 (2.4)
NA 2 (1.0) 18 (2.6)
T stage <0.001
T1 29 (14.8) 82 (11.8)
T2 28 (14.3) 50 (7.2)
T3 83 (42.3) 209 (30.1)
T4 33 (16.8) 222 (32.0)
Tx 23 (11.3) 131 (18.9)
N stage <0.001
N0 66 (33.7) 139 (20.0)
N1 43 (21.9) 94 (13.5)
N2 32 (16.3) 112 (16.1)
N3 29 (14.8) 207 (29.8)
Nx 26 (13.3) 142 (20.5)
M stage <0.001
M0 164 (83.7) 454 (65.4)
M1 32 (16.3) 240 (34.6)
TNM stage <0.001
I 40 (20.4) 89 (12.8)
II 61 (31.1) 130 (18.7)
III 58 (29.6) 235 (33.9)
IV 34 (17.3) 240 (34.6)
NA 3 (1.5) 0 (0)
Pathology <0.001
Adenocarcinoma 168 (85.7) 530 (76.4)
Signet ring 2 (1.0) 23 (3.3)
Mix (adeno+signet) 11 (5.6) 121 (17.4)
Others 12 (6.1) 20 (2.9)
NA 3 (1.5) 0 (0)
Differentiation 0.005
High/moderate 112 (57.1) 331 (47.7)
Low/undifferentiated 69 (35.2) 331 (47.7)
NA 15 (7.7) 32 (4.6)
Lauren classification 0.017
Diffuse 40 (20.4) 224 (32.3)
Intestinal 73 (37.2) 222 (32.0)
Mix 51 (26.0) 171 (24.6)
NA 32 (16.3) 77 (11.1)
HER2 status 0.001
Negative 159 (81.1) 561 (80.8)
Positive 5 (2.6) 76 (11.0)
NA 32 (16.3) 57 (8.2)
EBERs 0.802
Negative 100 (51.0) 508 (73.2)
Positive 8 (4.1) 36 (5.2)
NA 88 (44.9) 150 (21.6)
November 2021 | Volume 11 | Article
dMMR, deficient DNA mismatch repair; MSI-H, microsatellite instability-high; pMMR,
proficient mismatch repair; EGJ, esophagogastric junction.
Bold value means that the p value was <0.05.
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(p = 0.486, Figure 3). The disease-free survival (DFS) was 46.9
and 21.9 months for patients with and without adjuvant
chemotherapy, respectively, but the difference was not
significant (p = 0.135, Figure 3 and Table 4).

Chemotherapy and Immunotherapy in
Advanced Deficient Mismatch Repair/
Microsatellite Instability-High Gastric
Cancer
The response and progression-free survival (PFS) of first-line
chemotherapy (without combination of immunotherapy) are
shown in Table 5. The objective response rate (ORR) and PFS
of dMMR/MSI-H patients were worse than those of pMMR
patients (ORR 17.4% vs. 26.2%, p = 0.361; PFS 3.4 vs. 8.3 months,
p = 0.124, Figure 4), though they were not statistically
significant. Besides, the disease control rate (DCR) of dMMR/
MSI-H patients was remarkably lower than that of pMMR
patients (69.6% vs. 87.8%, p = 0.02).
Frontiers in Oncology | www.frontiersin.org 4351
Some patients received immunotherapy during their
treatment (23 dMMR/MSI-H and 45 pMMR cases). The basic
characteristics are shown in Supplementary Table 1. For
dMMR/MSI-H patients, the ORR of immunotherapy alone and
combined therapy was 25.0% and 61.5%, respectively. Since the
sample size was too small, the result was not statistically
significant (p = 0.294). Compared with the pMMR patients,
the overall ORR of dMMR/MSI-H patients with immunotherapy
was higher (57.9% vs. 25.0%, p = 0.016). For patients receiving
monotherapy, the ORR was 25% for dMMR and 0 for pMMR
(p = 0.40). For patients receiving combined therapy
(immunotherapy + chemotherapy), the ORR was 61.5% and
42.8%, respectively (p = 0.092). However, the PFS and DCR of
dMMR/MSI-H patients did not differ compared with those of the
pMMR group (PFS 10.6 vs. 4.1 months, p = 0.195; DCR 89.5% vs.
77.8%, p = 0.285; Table 5, Figure 5).
DISCUSSION

This study investigated the clinical and pathological features of
dMMR/MSI-H GC and the role of the MMR/MSI status as
prognostic and predictive biomarkers of GC. To our knowledge,
this is the largest cohort of dMMR/MSI-H GC reported. The
prevalence of dMMR/MSI-H in our cohort was 6.6% (4.7%–8.3%
in three cancer centers), which was similar to the results reported
in previous eastern studies (8%–10%) (4–9), but lower than that
in western studies (20% and more) (10, 12, 13). The possible
explanation is the difference in gastric carcinogenesis
background between eastern and western patients. Besides,
MMR/MSI status was associated with several clinical and
pathological features such as age, sex, primary site, histology,
and Lauren classification. As a result, different clinical and
pathological characteristics in eastern and western GC could be
responsible of the incidence of MMR/MSI reported in previous
studies. In our study, dMMR/MSI-H was associated with older
age, female patients, distal location, intestinal subtype, and
better differentiation.

Like colorectal cancer, dMMR/MSI-H GC was more often
seen in early stage. Whether MMR/MSI status was an
independent prognostic factor was still controversial. Some
researchers reported it was not a prognostic indicator in GC
(4, 18), but others demonstrated that dMMR GC exhibited
favorable OS (13, 19, 20). Zhang et al. reported that dMMR
status was an independent factor for better prognosis (8). Our
study did show that GC patients with dMMR/MSI-H subtype
had better OS. However, the prognostic impact of MMR/MSI
status was lost on multivariate analysis. As we have mentioned
above, dMMR/MSI-H subtype came along with those less
aggressive clinical and pathological characteristics such as
intestinal histotype and better differentiation. Moreover,
dMMR/MSI-H was commonly seen in early TNM stage;
therefore, the prognostic value of dMMR/MSI-H may be
confounded by other clinical factors, especially the TNM stage.

Although the prognostic value of MMR/MSI status was still
controversial, accumulating evidences had identified MSI status
TABLE 2 | The detail of expression pattern of 196 dMMR/MSI-H cases.

Markers MLH1 MSH2 MSH6 PMS2 N (%)

Expression (−) (+) (+) (−) 153 (78.1)
(+) (+) (+) (−) 22 (11.2)
(+) (−) (−) (+) 8 (4.1)
(+) (−) (+) (−) 2 (1.0)
(−) (+) (+) (+) 2 (1.0)
(−) (−) (−) (+) 1 (0.5)
(−) (−) (+) (−) 1 (0.5)
(+) (+) (+) (+) 2 (1.0)*
NA NA NA NA 5 (2.6)*
dMMR, deficient DNA mismatch repair; MSI-H, microsatellite instability-high.
*The two cases with pMMR and five cases with unknown MMR status were confirmed as
MSI-H using PCR.
FIGURE 1 | Overall survival of GC patients with dMMR/MSI-H (n = 196) and
pMMR (n = 694). mOS: not reached vs. 53.9 months, p = 0.014. GC, gastric
cancer; dMMR, deficient DNA mismatch repair; MSI-H, microsatellite instability-
high; pMMR, proficient mismatch repair; mOS, median overall survival.
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as a biomarker of prediction of adjuvant chemotherapy. It was
hypothesized that the immunostimulatory environment in
dMMR/MSI-H tumors itself can act as a positive prognostic
factor for patients receiving radical surgery, so they cannot get
further benefit from adjuvant chemotherapy (21–23). Recently,
an individual patient data meta-analysis from four large
randomized clinical trials (MAGIC, CLASSIC, ARTIST, and
ITACA-S) including stage II and III resectable GC patients was
performed. It showed that MSI-H status was associated with
better DFS and 5-year OS. Besides, patients with MSI-H could
not benefit from chemotherapy. Moreover, MSI status was
prognostic independent of T/N stage in the study, which
implied that adjuvant chemotherapy was not necessary for
operable stage II/III GC patients with MSI-H status (14).
Several retrospective studies supported this conclusion (6, 8).
However, Beghelli et al. found that only stage II MSI-H GC was
associated with better prognosis (10). The retrospective study
conducted by Tsai et al. showed that the benefit of survival from
dMMR was only valid at stage III GC irrespective of the use of
adjuvant chemotherapy (24). Marrelli et al. reported that the
survival benefit from MSI-H status was only seen in non-cardia
GC with Lauren intestinal or tubular/poorly differentiated
histology (13). Moreover, Vos et al. reported that though
patients with MSI-high tumors had worse pathological
response to chemotherapy, they had better OS compared with
those with MSS GC (25). Our data differed from the studies
mentioned above. According to our analysis, dMMR/MSI-H
status was not associated with better DFS. Besides, adjuvant
chemotherapy did not affect the DFS or OS in dMMR/MSI-H
Frontiers in Oncology | www.frontiersin.org 5352
patients. This result is reasonable given that adjuvant
chemotherapy is the standard therapy for stage II/III GC
patients after radical surgery, and few dMMR/MSI-H patients
in our cohort did not receive adjuvant chemotherapy. The
application of adjuvant therapy might attenuate the survival
benefit from dMMR/MSI subtype. Besides, several dMMR/
MSI-H patients missing adjuvant chemotherapy had severe
postoperative complications or worse physiological conditions.
Hence, it was hard to discriminate the difference of DFS/OS
between dMMR/MSI-H patients with and without adjuvant
chemotherapy. Since the sample size of dMMR/MSI-H GC in
most studies was too small, and sample bias might exist in
retrospective studies, it is too early to withdraw adjuvant
chemotherapy for dMMR/MSI-H patients. Randomized
controlled study is needed to clarify the role of adjuvant
therapy in these patients.

As most dMMR/MSI-H GC patients were diagnosed at an
early stage, few studies investigated the role of dMMR/MSI-H
status in predicting the efficacy of chemotherapy in recurrent or
advanced GC. An et al. retrospectively explored the relation of
MMR/MSI status and recurrent GC (5). Although neither MMR/
MSI status nor adjuvant chemotherapy was associated with
survival after recurrence, dMMR/MSI-H patients who did not
receive adjuvant chemotherapy had better response to
chemotherapy after recurrence (5). Giampieri et al. suggested
that both response rate and PFS of first-line platinum-base
chemotherapy were observed in dMMR patients (response rate
66% and PFS 11.2 months for dMMR patients, compared with
19% and 5.0 months for pMMR patients, p = 0.0004 and <0.0001,
DC

BA

FIGURE 2 | Overall survival of GC patients with dMMR/MSI-H and pMMR at stages I–IV. (A) Stage I (dMMR/MSI-H: n = 40; pMMR: n = 89). (B) Stage II (dMMR/
MSI-H: n = 59; pMMR: n = 130). (C) Stage III (dMMR/MSI-H: n = 51; pMMR: n = 235). (D) Stage IV (dMMR/MSI-H: n = 32; pMMR: n = 240). GC, gastric cancer;
dMMR, deficient DNA mismatch repair; MSI-H, microsatellite instability-high; pMMR, proficient mismatch repair.
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TABLE 3 | Univariable and multivariable Cox proportional hazard models for overall survival.

Variables Univariate analysis p Multivariate analysis p

HR 95% CI HR 95% CI

Age 0.383
<60 1
≥60 0.863 (0.620, 1.201)

Gender 0.078
Male 1
Female 1.352 (0.966, 1.891)

Family history 0.110
No 1
Yes 1.401 (0.927, 2.118)

Location
Proximal or EGJ 1
Middle 1.323 (0.834, 2.099) 0.234
Distal 0.790 (0.515, 1.211) 0.279
Whole stomach 1.452 (0.445, 4.739) 0.537
Others 0.247 (0.034, 1.815) 0.170

TNM stage
I 1 1
II 1.642 (0.686, 3.934) 0.266 2.380 (0.791, 7.162) 0.123
III 2.720 (1.212, 6.105) 0.015 3.597 (1.262, 10.252) 0.017
IV 8.976 (4.133, 19.495) <0.001 10.864 (3.896, 30.294) <0.001

Pathology
Adenocarcinoma 1
Signet ring 2.147 (0.996, 4.628) 0.051
Mix (adeno+signet) 1.358 (0.862, 2.137) 0.187
Others 1.873 (0.911, 3.850) 0.088

Differentiation <0.001 0.305
High/moderate 1 1
Low/undifferentiated 2.077 (1.459, 2.957) 1.325 (0.774, 2.269)

Lauren classification
Diffuse 1 1
Intestinal 0.506 (0.334, 0.767) 0.001 0.842 (0.464, 1.528) 0.571
Mix 0.525 (0.327, 0.841) 0.007 0.750 (0.452, 1.243) 0.264

MMR/MS status 0.015 0.930
dMMR/MSI-H 1 1
pMMR/MSS 1.678 (1.104, 2.550) 0.979 (0.607, 1.579)

HER2 status 0.404
Negative 1
Positive 1.259 (0.734, 2.159)

EBERs 0.284
Negative 1
Positive 0.575 (0.210, 1.580)
HR, hazard ratio; EGJ, esophagogastric junction; MMR, mismatch repair; dMMR, deficient DNA mismatch repair; MSI-H, microsatellite instability-high; pMMR, proficient mismatch repair;
MSS, microsatellite stability.
Bold value means that the p value was <0.05.
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FIGURE 3 | Survival of patients with dMMR/MSI-H (n = 86) and pMMR (n = 349) at stage II and III. (A) DFS of patients with dMMR/MSI-H and pMMR (46.9 vs. 37.1
months, p = 0.486). (B) DFS of dMMR/MSI-H patients with/without adjuvant chemotherapy (46.9 vs. 21.9 months, p = 0.135). dMMR, deficient DNA mismatch
repair; MSI-H, microsatellite instability-high; pMMR, proficient mismatch repair; DFS, disease-free survival.
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respectively) (26). Our findings were partly in contrast to
previous observations. The PFS and ORR of dMMR/MSI-H
patients in our study were worse than those in pMMR
patients, though the statistical significance was not reached.
Frontiers in Oncology | www.frontiersin.org 7354
First, the regimens of chemotherapy were various in our study,
which might explain the conflicting results. Second, most
recurrent GC patients with dMMR/MSI-H in our study
received adjuvant chemotherapy before. According to the
TABLE 4 | Univariable and multivariable Cox proportional hazard models for disease-free survival.

Variables Categories Univariate analysis p Multivariate analysis p

HR 95% CI HR 95% CI

Age 0.293
<60 1
≥60 0.792 (0.513, 1.223)

Gender 0.393
Male 1
Female 1.226 (0.768, 1.958)

Tumor Location
Proximal or EGJ 1 1
Middle 0.807 (0.400, 1.628) 0.550 0.936 (0.399, 2.195) 0.878
Distal 0.958 (0.548, 1.674) 0.879 1.143 (0.573, 2.279) 0.704
Whole stomach 6.673 (1.527, 28.299) 0.011 7.487 (0.810, 69.196) 0.076
Others 0.655 (0.181, 2.374) 0.520 1.318 (0.286, 6.071) 0.723

TNM stage
I 1 1
II 5.291 (1.832, 15.279) 0.002 4.867 (0.265, 89.298) 0.286
III 7.415 (2.659, 20.681) <0.001 8.152 (0.285, 233.035) 0.220
IV 30.245 (5.430, 168.455) <0.001 36.984 (0.285, 2101.473) 0.080

Pathology
Adenocarcinoma 1 1
Signet ring 1.296 (0.315, 5.330) 0.719 1.145 (0.251, 5.234) 0.861
Mix (adeno+signet) 1.805 (1.027, 3.174) 0.040 1.061 (0.493, 2.285) 0.879
Others 1.795 (0.650, 4.959) 0.259 2.755 (0.345, 22.025) 0.339

Differentiation 0.007 0.145
High/moderate 1 1
Low/undifferentiated 1.848 (1.180, 2.895) 1.685 (0.836, 3.394)

Lauren classification
Diffuse 1 1
Intestinal 0.465 (0.259, 0.836) 0.010 0.925 (0.384, 2.228) 0.863
Mix 0.764 (0.432, 1.352) 0.355 0.837 (0.421, 1.663) 0.611

MMR/MS status 0.361
dMMR/MSI-H 1
pMMR/MSS 1.269 (0.761, 2.114)

HER2 status 0.451
Negative 1
Positive 0.672 (0.239, 1.887)

EBERs 0.711
Negative 1
Positive 0.821 (0.289, 2.333)

Adjuvant therapy 0.545
No 1
Yes 1.166 (0.709, 1.916)

T stage
T1 1 1
T2 2.523 (0.600, 10.609) 0.207 1.630 (0.097, 27.410) 0.734
T3 7.554 (2.338, 24.411) 0.001 3.015 (0.171, 53.057) 0.451
T4 7.256 (2.201, 23.919) 0.001 1.892 (0.095, 37.783) 0.676

N stage
N0 1 1
N1 3.374 (1.738, 6.553) <0.001 1.498 (0.619, 3.626) 0.370
N2 2.075 (1.012, 4.254) 0.046 0.515 (0.136, 1.954) 0.329
N3 3.227 (1.726, 6.033) <0.001 1.083 (0.304, 3.865) 0.902

Nerves/vessels invasion 0.013 0.849
No 1 1
Yes 2.329 (1.191, 4.551) 1.096 (0.425, 2.827)
November 2021 | Volume 11 | Article 7
HR, hazard ratio; EGJ, esophagogastric junction; MMR, mismatch repair; dMMR, deficient DNA mismatch repair; MSI-H, microsatellite instability-high; pMMR, proficient mismatch repair;
MSS, microsatellite stability.
Bold value means that the p value was <0.05.
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result of An et al. (5), these patients might have poorer response
to first-line chemotherapy, which might pull down the median
PFS and ORR.

dMMR/MSI-H status was associated with several
characteristics related to immunotherapy. Defects of DNA
Frontiers in Oncology | www.frontiersin.org 8355
replication result in expressions of neoantigens, which result in
high mutation burden and act as a potential target for
immunecells (27). Attraction of immune cells into tumor
environment leads to immune stimulation. It has been
reported that high density of intratumoral CD8+ and FoxP3+
tumor-infiltrating lymphocytes were associated with good
prognosis (22). Hence, it is reasonable to administrate immune
checkpoint inhibitors to enhance the effect of immune
stimulation in dMMR/MSI-H tumors (15). In KEYNOTE-059
trial, the response rate of pembrolizumab in GC patients with
MSI-H was 57.1%, while it was 9.0% in MSS GC (28).
Furthermore, in KEYNOTE-061 trial, anti-PD-1 monotherapy
showed better response rate than chemotherapy (paclitaxel)
alone in MSI-H GC patients (29). Our study also showed that
immunotherapy with or without chemotherapy had better
response rate in dMMR/MSI-H patients, though the statistical
significance was not reached due to the small sample size. This
result suggested that dMMR/MSI-H was a reliable biomarker in
predicting the effect of immunotherapy.

Considering the low prevalence of dMMR/MSI-H in GC, this
cohort, which enrolled 196 dMMR/MSI-H cases, may be the
largest one to date. However, our study has several limitations.
First of all, it is a retrospective study, and selection bias inevitably
exists. For example, most patients after radical surgery also
received standard adjuvant chemotherapy, so it is hard to
evaluate the prognostic and predictive roles of adjuvant
chemotherapy. Second, the retrospective design and various
regimens of chemotherapy used in adjuvant or first-line made
it difficult to conduct more subgroup analysis for the effect of
chemotherapy or immunotherapy. Third, some important
biomarkers associated with immunotherapy, such as tumor
mutation burden (TMB) and PD-L1 expression, were not
available in this study.
CONCLUSION

In summary, dMMR/MSI-H GC patients have specific clinical
and pathological characteristics, such as older age, female
predominance, distal location in the stomach, earlier TNM
stage, intestinal subtype, better differentiation, and more
negative HER2 status. Although dMMR/MSI-H is a predictive
factor of immunotherapy in advanced stage, it was not an
independent prognostic factor in GC. Moreover, the predictive
and prognostic value of chemotherapy for dMMR/MSI-H GC in
adjuvant or first-line setting is not clear, which should be further
investigated in prospective clinical trials.
TABLE 5 | The response and progression-free survival of first-line chemotherapy and immunotherapy for dMMR/MSI-H patients.

mPFS (m) p ORR (%) p DCR (%) p

First-line chemotherapy dMMR/MSI-H 3.4 0.124 17.4 0.361 69.6 0.020
pMMR/MSS 8.3 26.2 87.8

Immunotherapy dMMR/MSI-H 10.6 0.100 57.9 0.016 89.5 0.285
pMMR/MSS 4.1 25 77.8
N
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dMMR, deficient DNA mismatch repair; MSI-H, microsatellite instability-high; mPFS, median progression-free survival; ORR, objective response rate; DCR, disease control rate; pMMR,
proficient mismatch repair; MSS, microsatellite stability.
FIGURE 4 | PFS of first-line chemotherapy for recurrent/advanced GC
patients (dMMR/MSI-H: n = 20; pMMR: n = 164; mPFS 3.4 vs. 8.3 months,
p = 0.124). PFS, progression-free survival; GC, gastric cancer; dMMR,
deficient DNA mismatch repair; MSI-H, microsatellite instability-high; pMMR,
proficient mismatch repair; mPFS, median PFS.
FIGURE 5 | PFS of immunotherapy for recurrent/advanced GC patients
(dMMR/MSI-H: n = 14; pMMR: n = 27; mPFS 10.6 vs. 4.1 months, p = 0.195).
PFS, progression-free survival; GC, gastric cancer; dMMR, deficient DNA
mismatch repair; MSI-H, microsatellite instability-high; pMMR, proficient
mismatch repair; mPFS, median PFS.
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Comparison Among Endoscopic,
Laparoscopic, and Open Resection
for Relatively Small Gastric
Gastrointestinal Stromal
Tumors (<5 cm): A Bayesian
Network Meta-Analysis
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Weiming Kang* and Jianchun Yu

Department of General Surgery, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences and Peking
Union Medical College, Beijing, China

Background: Endoscopic resection (ESR) is a novel minimally invasive procedure for
superficial tumors. Its safety, efficiency, and outcome for gastric gastrointestinal stromal
tumors (gGISTs) less than 5 cm remains unclear compared to laparoscopic resection
(LAR) and open resection (ONR). The current network meta-analysis aimed to review and
analyze the available evidence of this question.

Methods: PubMed, Embase, Cochrane Library, and Web of Science databases were
searched to identify eligible studies published up to July 6, 2020. The perioperative and
long-term oncological outcomes among ESR, LAR, and ONR for gGIST (<5 cm) were
estimated through the Bayesian network meta-analysis with a random-effect model.

Results: Fifteen studies with 1,631 patients were included. ESR was associated with a
shorter operative time [mean difference, MD: -36; 95% confidence interval, CI (-55, -16)], a
higher rate of positive margin [odds ratio, OR: 5.1 × 1010, 95% CI (33, 2.5 × 1032)], and
less costs [MD: -1 × 104, 95% CI (-1.6 × 104, -4.4 × 103)] but similar time to resume flatus
[MD: 0.52, 95% CI (-0.16, 1.1)] and diet [MD: -3.5, 95% CI (-5.6, -1.6)] compared to LAR.
A higher rate of total complications [OR: 11, 95% CI (1.2, 140)] was observed in patients
who received ESR compared to patients who received LAR. After excluding perforation
from the total complication category, the difference of complication between ESR and
LAR disappeared [OR: 0.87, 95% CI (0.22, 2.3)]. The recurrence rate [OR: 1.3, 95% CI
(0.40, 4.5)] and disease-free survival [hazard ratio: 1.26, 95% CI (0.60, 2.63)] showed no
significant difference between ESR and LAR. ESR was associated with better or
equivalent perioperative and long-term outcomes compared to ONR, except for
positive margin. A subgroup analysis (<2 and 2–5 cm) showed no significantly different
results among these three procedures either.
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Conclusion: ESR was shown to be a safe and efficient alternative procedure to both LAR
and ONR for gGISTs less than 2 cm and within 2–5 cm, respectively, without worsening
the oncologic outcomes. However, preoperative assessment of tumor site is of
importance for the determination of procedures regarding the increased incidence of a
positive margin related to ESR.
Keywords: endoscopic resection, laparoscopic resection, open resection, gastric gastrointestinal stromal tumor,
network meta-analysis
INTRODUCTION

Gastrointestinal stromal tumor (GIST), one of the most common
mesenchymal tumors arising from the digestive tract, has the
highest incidence in stomach (1). Until now, surgery is still the
first option among treatments for primary gastric GIST (gGIST).
Local resection with a clear margin and avoidance of tumor
rupture could achieve a satisfying oncologic outcome for this
kind of tumor due to its rare invasion of the lymph node or
adjacent organ (2, 3), which provides the possibility for a
minimally invasive resection.

Laparoscopic resection (LAR) has been recommended for
selected gGISTs in favorable anatomical sites by the National
Comprehensive Cancer Network guidelines (4) and additionally
for tumors less than 5 cm by the Chinese Consensus Guidelines
(5). Some studies reported that LAR was even safe and feasible for
gGIST larger than 5 cm compared with open resection (ONR).
Recently, endoscopic resection (ESR), with the superiority of
maintaining the intact structure of the stomach, has also been
demonstrated safe and effective for gGIST not larger than 5 cm
when performed by an experienced endoscopists (6), but it is
challenging for ESR to ensure R0 resection, and its specific
complications, such as perforation and bleeding, may result in
conversion to surgery (7). Up to date, a strong evidence-based
impact of ESR on gGIST less than 5 cm is lacking.

In the current study, a Bayesian network meta-analysis was
conducted to compare the perioperative and long-term
oncological outcomes of ESR, LAR, and ONR for gGIST less
than 5 cm.
MATERIALS AND METHODS

Search Strategy and Study Selection
Two authors (ZL and ZZe) independently carried out a
comprehensive systematic search on PubMed, Embase, Web of
Science, and Cochrane Library using the following keywords:
(“gastrointestinal stromal tumor”) and (“gastric” or “stomach”)
and (“endoscop*” or “laparoscop*” or “open resection”). The
searches were limited to articles that were published up to July
6, 2020.
al tumor; ESR, endoscopic resection;
open resection; NCCN, National
ewcastle–Ottawa Quality Assessment
MD, mean difference; CI, confidence
-free survival.

2359
The results were screened and identified by two authors (ZL and
SO) according to the following criteria: (1) studies that compared
any two or three of ESR, LAR, and ONR for patients with gGIST,
(2) studies that included patients whose tumor diameter was less
than 5 cm, (3) studies that included arms that had more than 10
cases of patients, (4) studies that provided perioperative outcomes
and/or long-term survival outcomes (or sufficient information to
estimate the corresponding parameters), and (5) when duplicate
studies based on similar populations were identified, only the
newest or largest study was included.

Data Extraction and Quality Assessment
Two observers (ZL and JS) independently extracted data including
the name of the first author, year of publication, period of study,
country, sample size, age, sex, tumor size, operative time,
intraoperative blood loss, positive margin, conversion,
postoperative complication, first time to flatus, first time to diet,
hospitalization, follow-up, recurrence, recurrence-related death, and
disease-free survival of patients with gastric gastrointestinal stromal
tumors. If the hazard ratio (HR) and 95% confidence interval (CI)
were not provided in the included studies, we calculated these data
from available data or from Kaplan–Meier survival curves using the
methods reported by Tierney et al. (8). A third observer (ZZh)
engaged in a discussion to resolve any controversial issues.

Two authors (ZZe and XW) independently assessed the
quality of all the included studies using the Newcastle–Ottawa
Quality Assessment Scale (NOS), and any discrepancies in the
score were resolved by a discussion. The maximum score is nine
points, and an article with a score equal to or more than six
points was considered of high quality.

Statistical Analysis
The mean difference (MD), odds ratio (OR), and HR with 95%
credible interval (CrI, for network meta-analysis) or 95% CI (for
traditional pairwise meta-analysis) were used to analyze continuous,
dichotomous, and survival parameters, respectively. The HR and its
corresponding 95% CI from Kaplan–Meier curves were extracted
using Engauge Digitizer (version 4.1).

A Bayesian network meta-analysis with a random-effect
model was performed using R software (3.6.1) with the
GeMTC package (0.8-7) and rjags package (version 4-10) (9).
The trace plot, density plot, and Brooks–Gelman–Rubin plot
were employed to evaluate the convergency of the network
process. The consistency model was recommended to conduct
a further analysis due to the absence of a significant difference
when compared to the inconsistency model. The node-split
November 2021 | Volume 11 | Article 672364
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method assessing the direct and indirect pairs also suggested the
absence of inconsistency. The parameter I2 was used to assess the
heterogeneity between studies. The estimated relative effects were
represented in a forest plot, and ranking plots were drawn based
on the distribution of the ranking probability of each procedure.
A procedure with a higher probability is preferred to be
recommended. The potential publication bias was assessed by
comparison-adjusted funnel plot using Stata 14.0 (Stata
Corporation, Texas, USA).

The rate of positive margin and conversion between ESR and
LAR were compared directly using R software (3.6.1) with the
meta package (4.13-0) (10). The data of ONR was not available
for a subgroup analysis of tumors within 2–5 cm, the effects of
which were also estimated by a direct meta-analysis.
RESULTS

Study Selection and Network Assumptions
As shown in Figure 1A, a total of 4,527 articles were retrieved by
the initial search strategy. After checking for duplicates and
screening the irrelevant topics through the titles and abstracts,
4,460 pieces of the records were removed. Then, 52 studies were
excluded after the full-text assessment. Finally, 15 studies (11–25)
of 1,631 patients were included in this network meta-analysis. The
characteristics of the eligible studies are summarized in Table 1.
There were 555 patients who received LAR, 911 patients who
received ESR, and 165 patients who received ONR. The NOS score
of the studies ranged from 6 to 8, indicating the relatively high
quality of the methodology.

Then, a Bayesian approach with random-effect model was
employed to conduct the network analysis (Figure 1B). The trace
Frontiers in Oncology | www.frontiersin.org 3360
plots, density plots, and Brooks–Gelman–Rubin plots showed a
good convergence of the process (Supplementary Figure 1).
According to the node-splitting analysis, no significant
inconsistency was detected between direct and indirect
comparisons (P > 0.05). The network results were shown as follows:

Operative Time
Fourteen studies were available for operative time. As shown in
Figure 2A, the operative time of ESR was shorter than that of
LAR [MD: -36, 95% CI (-55, -16)] but not significantly different
from that of ONR [MD: -34, 95% CI (-69, 1.9)]. The difference
between LAR and ONR was not statistically significant [MD: 1.9,
95% CI (-39, 42)]. The ranking plot (Figure 3A) represented ESR
as the first choice in regard to operative time because of its
highest probability of being ranked first, followed by the
juxtaposition of ONR and LAR.

Intraoperative Blood Loss
Eight studies were available. ESR was associated with less
intraoperative blood loss compared to ONR [MD: -48, 95% CI
(-80, -16)] (Figure 2B). The difference between ESR and LAR
[MD: -7.9, 95% CI (-33, 17)] was not statistically significant, and
neither that between LAR and ONR [MD: -40, 95% CI (-81,
0.5)]. According to the ranking plot, ESR was most likely to be
the first choice in regard to intraoperative blood loss, followed by
LAR and ONR (Figure 3B).

Positive Margin and Tumor Rupture
Ten studies were available. No patient who received ONR or LAR
experienced a positive margin or tumor rupture. ESR showed a
significantly higher rate of a positive margin than LAR [OR: 0.21,
95% CI (0.05, 0.94); I2 = 0%, P = 0.91, fixed-effect model]
A

B

FIGURE 1 | Flow chart of the (A) search strategy and (B) study design.
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TABLE 1 | Summary of eligible studies.

Oncological events (a/b/c)c Disease-free survival Follow-up NOS

0/0/85 NA NA 6

0/0/64 NA

0/0/67 NA

2/0/45 Reference 75.5 (6–108) mo 8

1/0/45 2.29 (0.36, 14.43) 65 (6–124) mo

0/0/46 NA 69.5 (12–100) mo 6

1/0/30 NA

2/0/35 Reference 45 (17–60) mo 8

6/2/66 1.15 (0.65, 1.97) 60 (15–60) mo

NA NA 0.5–4 y 6

NA NA

2/0/75 Reference 3.41 ± 1.37 y 8

1/0/51 1.67 (0.69, 3.8)

2/NA/219 NA 32.99 ± 14.39 mo 7

0/NA/62 NA 35.32 ± 13.28 mo

2/0/30 Reference 57.9 ± 28.9 mo 8

0/0/30 7.51 (0.62, 91.46)

0/0/35 NA 1–72 mo 7

0/0/33 NA

1/0/11 Reference 7 (3–24) mo 7

2/0/17 0.2 (0.05, 1.42) 6 (3–59) mo

0/0/50 NA 1 mo 8

0/0/42 NA

0/0/32 NA 1 mo 6

0/0/30 NA

NA NA NA 7

NA NA

0/0/50 NA 32 (12–65) mo 6

0/0/40 NA

1/0/32 NA 31.5 (2–53) mo 7

1/0/22 NA 38.5 (5–50) mo

ssment Scale.

n of the large tumor.
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Study Procedure Sample size/sex (male) Age (mean ± SD) Tumor size (mean ± SD) Positive margin Conversiona Complication (a/b/c)b

Zhao2019 ESR 85/31 57.01 ± 9.66 1.6 ± 0.88 4 0 5/5/85

Zhao2019 LAR 64/29 57.77 ± 10.36 3.13 ± 1.11 0 1d 5/5/64

Zhao2019 ONR 67/36 60.6 ± 10.9 3.27 ± 1.27 0 0 11/11/67

Dong2019 ESR 45/24 56.3 ± 9.8 2.6 ± 0.7 1 1e 16/0/45

Dong2019 LAR 45/26 55.8 ± 9.9 2.9 ± 0.8 0 0 0/0/45

Yin2018 ESR 46/23 60.09 ± 10.95 2.04 ± 0.87 1 0 7/4/46

Yin2018 LAR 30/12 54.47 ± 10.78 3.7 ± 1.16 0 0 3/3/30

Chen2018 ESR 35/12 56.46 ± 11.17 2.67 ± 0.62 0 NA 1/1/35

Chen2018 LAR 66/27 60.41 ± 9.8 3.06 ± 0.6 0 NA 4/4/66

Zuo2017 ESR 41/18 52.2 ± 4.1 NA 0 1f NA

Zuo2017 ONR 36/21 61.1 ± 6.7 NA 0 0 NA

Meng2017 ESR 75/35 50.64 ± 11.22 1.44 ± 0.65 NA NA 2/NA/75

Meng2017 LAR 51/25 54.53 ± 11.06 1.46 ± 0.62 NA NA 1/NA/51

Dai2017 ESR 262/106 57 ± 10.32 1.33 ± 0.78 NA 2g 15/12/260

Dai2017 LAR 73/30 57.95 ± 11.89 1.97 ± 0.93 NA 1h 2/2/73

Balde2017 ESR 30/14 49.9 ± 11.9 1.54 ± 0.39 3 NA 8/6/30

Balde2017 LAR 30/14 48 ± 13.2 1.46 ± 0.7 0 NA 1/1/30

Wang2016 ESR 35/25 55 ± 14 1.3 ± 0.5 NA 0 35/0/35

Wang2016 LAR 33/20 56 ± 14 1.6 ± 0.4 NA 0 4/4/33

Meng2016 ESR 27/11 49.15 ± 10.31 1.18 ± 0.27 NA NA 5/NA/27

Meng2016 LAR 48/19 53.17 ± 12.04 1.2 ± 0.22 NA NA 2/NA/48

Wu2016 ESR 50/28 NA NA 0 NA 50/0/50

Wu2016 LAR 42/23 NA NA 3 NA 2/2/42

Huang2014 ESR 32/NA NA NA 0 0 0/0/32

Huang2014 LAR 30/NA NA NA 0 2i 1/1/30

Wang2011 ESR 66/31 44.64 ± 10.76 1.32 ± 0.68 NA 1j 32/17/66

Wang2011 LAR 43/23 41.35 ± 9.97 1.17 ± 0.77 NA 0 6/6/43

Feng2015 ESR 50/24 NA NA 0 0 20/NA/50

Feng2015 ONR 40/25 NA NA 0 0 2/NA/40

Shen2015 ESR 32/15 60.54 ± 10.64 1.7 ± 0.36 0 1k 6/5/32

Shen2015 ONR 22/11 55 ± 9.43 1.82 ± 0.2 0 0 3/3/22

ESR, endoscopic resection; LAR, laparoscopic resection; ONR, open resection; NA, not available; y, year; mo, month; NOS, Newcastle–Ottawa Quality Ass
Positive margin was defined as a microscopically positive resection margin or visually positive resection margin.
aReason of conversion to other methods.
bComplications: a, total complications; b, complications excluding perforation; c, sample size.
cOncological events: a, recurrence; b, recurrence-related death; c, sample size.
dNot available.
eOne patient with a 4-cm tumor at the antrum and who received endoscopic resection was transferred to laparoscopic resection due to incomplete resectio
fOne patient who received endoscopic resection was transferred to open resection due to severe intraoperative bleeding.
gTwo patients who received endoscopic resection were finally transferred to laparoscopic resection due to the close adhesion of tumors to the gastric wall.
hOne woman with a 3.5-cm tumor in the cardia and who received laparoscopic resection was finally transferred to open resection due to a positive margin.
iTwo patients who received laparoscopic resection were transferred half-way to open resection due to the unfavorable sites of the tumors located in the po
jOne patient who received endoscopic resection was transferred to open resection due to the unfavorable site of the tumor located in the fundus near the d
kOne case of a patient who experienced perforation caused by endoscopic resection was converted to laparoscopic repair of the stomach wall.
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FIGURE 2 | Forest plots of the network meta-analysis between endoscopic resection, laparoscopic resection, and open resection. The (A) operative time,
(B) intraoperative blood loss, (C) flatus, (D) diet, (E) total complications, (F) complications excluding perforation, (G) hospitalization, (H) cost and (I) recurrence were
analyzed respectively.
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(Figure 4A). Data of rupture were available in four studies, and
rupture occurred in only one patient who received ESR.

Conversion Rate
Eleven studies were available. A total of 10 patients who received
ESR were transferred to other methods. The detailed reasons of
conversion are listed under Table 1. Four out of six patients were
transferred to LAR or ONR due to the unfavorable sites of
tumors; the other two reasons were severe bleeding and
perforation. Three out of four patients who received LAR were
transferred to ONR due to the unfavorable sites; the other one is
not available. The conversion rate was not significantly different
between ESR and LAR [OR: 2.21, 95% CI (0.78, 6.26); I2 = 0%,
P = 0.62, fixed-effect model] (Figure 4B).

Time to Resume Flatus and Diet
Four studies were available for time to resume flatus. Patients
who received ESR did not resume to flatus earlier than patients
who received ONR [MD: -0.84, 95% CI (-1.9, 0.19)] or LAR
[MD: 0.52, 95% CI (-0.16, 1.1)]. LAR was associated with a
shorter time to resume flatus when compared with ONR [MD:
-1.4, 95% CI (-2.5, -0.11)] (Figure 2C). The ranking plot showed
that LAR had the highest probability of being ranked as the first
choice, followed by ESR and ONR (Figure 3C).

Seven studies were available for time to resume diet. Patients
who received ESR [MD: -3.7, 95% CI (-5.6, -1.9)] and LAR [MD:
-3.5, 95% CI (-5.6, -1.6)] resumed diet earlier than patients who
received ONR (Figure 2D). There was no significant difference
between ESR and LAR [MD: -0.19, 95% CI (-1.3, 0.92)]. The
ranking plot recommended ESR as the first choice, followed by
LAR and ONR (Figure 3D).

Complications
Fourteen studies were available for total complications. The total
complication rate of ESR was higher than that of LAR [OR: 11,
95% CI (1.2, 140)] (Figure 2E). No significant difference was
found between ESR and ONR [OR: 2.7, 95% CI (0.039, 210)] nor
between LAR and ONR [OR: 0.25, 95% CI (0.002, 24)]. The
ranking plot recommended LAR as the first choice of procedure,
followed by ONR and ESR (Figure 3E).

After excluding perforation from the complication category
(11 studies available), the complication rate did not differ
significantly among these three procedures [ESR vs. ONR: OR:
0.53, 95% CI (0.072, 3.8); LAR vs. ONR: OR: 0.60, 95% CI (0.09,
6.2); ESR vs. LAR: OR: 0.87, 95% CI (0.22, 2.3)] (Figure 2F). The
ranking plot juxtaposed ESR as the first choice of procedure in
regard to complications, followed by LAR and ONR (Figure 3F).

Hospitalization and Cost
Fifteen studies were available for hospitalization. ESR [MD: -4.1,
95% CI (-6.8, -1.6)] and LAR [MD: -2.9, 95% CI (-5.9, -0.11)]
were associated with shorter hospitalization when compared to
ONR (Figure 2G), but the difference between ESR and LAR was
not significant [MD: -1.2, 95% CI (-2.7, 0.31)]. The ranking plot
recommended ESR as the first choice of procedure followed by
LAR and ONR (Figure 3G).
Frontiers in Oncology | www.frontiersin.org 6363
Seven studies were available. ESR cost significantly less than
ONR [MD: -8.4 × 10-3, 95% CI (-1.6 × 104, -1.2 × 103)] and LAR
[MD: -1 × 104, 95% CI (-1.6 × 104, -4.4 × 103)], while the
difference was not significant between LAR and ONR [MD: 1.7 ×
103, 95% CI (-6.8 × 103, 1 × 104)] (Figure 2H). The ranking plot
suggested ESR as the first choice of procedure, followed by ONR
and LAR (Figure 3H).

Recurrence Rate
Thirteen studies were available. The recurrence rate showed no
significant difference among these three procedures [ESR vs.
ONR: OR: 0.76, 95% CI (0.017, 40); LAR vs. ONR: OR: 0.60, 95%
CI (0.010, 37); ESR vs. LAR: OR: 1.3, 95% CI (0.40, 4.5)]
(Figure 2I). The ranking plot showed LAR as the first choice,
followed by ESR and ONR (Figure 3I).

Subgroup Analysis According
to Tumor Size
A subgroup analysis was performed according to the cutoff point of
tumor size (<2 and 2–5 cm). ESR, LAR, and ONR showed no
significant difference for tumors less than 2 cm in regard to operative
time, intraoperative blood loss, rates of complications, and
complications excluding perforation, hospitalization, and recurrence
rate (Figure 5 and Supplementary Figure 2). Data were only
available for comparison of ESR and LAR for tumors between 2
and 5 cm, which also revealed a non-significant difference in regard to
operative time, rate of positive margin and conversion, rate of total
complications, and complications excluding perforation,
hospitalization, and recurrence rate (Figure 6).

Disease-Free Survival
Data on disease-free survival (DFS) was only available in five
studies comparing ESR and LAR. Thus, a direct pair comparison
(Figure 7) was conducted, and no significant difference of DFS
was observed between ESR and LAR [HR: 1.26, 95% CI (0.60,
2.63)] according to the random-effect model. A subgroup analysis
was performed in accordance of the cutoff point of tumor size (<2
and 2–5 cm). The DFS of ESR and LAR showed no significant
difference in both subgroups [<2 cm: HR: 1.19, 95% CI (0.21,
6.65); 2–5 cm: HR: 1.22, 95% CI (0.72, 2.07)] (Figure 7).

Publication Bias and Sensitivity Analysis
The comparison-adjusted funnel plot was employed to assess the
potential publication bias for recurrence rate and DFS (Figure 8).
The funnel plots were visually symmetric, but small study effects
might exist. Then, each study was eliminated sequentially, and
the results of DFS between ESR and LAR did not change
accordingly, which, in addition, confirmed the credibility of the
current conclusion (Supplementary Figure 3).
DISCUSSION

The advances in minimally invasive surgery expanded LAR as a
reliable alternative to traditional ONR for gGIST. The suitability
of LAR for gGIST less than 5 cm has been reported by a series of
November 2021 | Volume 11 | Article 672364
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FIGURE 3 | Ranking plots for the pooled data of (A) operative time, (B) intraoperative blood loss, (C) flatus, (D) diet, (E) total complications, (F) complications
excluding perforation, (G) hospitalization, (H) cost and (I) recurrence between endoscopic resection, laparoscopic resection, and open resection.
A

B

FIGURE 4 | Forest plots of direct meta-analysis comparing rates of (A) positive margin and (B) conversion between endoscopic resection and laparoscopic resection.
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studies (26–28). Recently, several studies have shown that ESR, a
novel minimally invasive procedure, is safe and feasible for
certain gGISTs (29, 30). A previous meta-analysis conducted
by Wang et al. (31) has shown that there was no significant
difference between ESR and LAR in terms of blood loss,
hospitalization, time to flatus, time to liquid diet, and rate of
postoperative complications for gGIST, but the survival has not
been analyzed. On the contrary, in the meta-analysis of Zhu, ESR
was associated with a shorter operative time, less intraoperative
bleeding, earlier time to diet, shorter hospitalization, and less cost
when compared to LAR (32). The unbalanced baseline between
ESR and LAR has been considered as one of the sources of bias
which might result in the contrary results detailed above. To
verify this point of view, a recent case-matched study including
90 patients reported that, in contrast, LAR was better than ER for
2–5-cm gGISTs due to its lower complication rate and shorter
hospitalization time (12). Thus, a stronger evidence-based
network meta-analysis is needed to clarify this controversy.
Frontiers in Oncology | www.frontiersin.org 8365
In the current study, 15 studies were included, and a subgroup
analysis was conducted according to tumor size (<2 and 2–5 cm).
ESR was demonstrated as safe and efficient as LAR and ONR
without worsening the DFS for gGISTs either less than 2 cm or
within 2–5 cm.

ESR is generally recommended for the advantage of causing
less trauma because of its operation within the mucosa or
submucosa and of reserving the integrity of the stomach,
which improves the life quality of the patients (33). In the
current study, ESR was associated with a shorter operative
time but had a similar time to resume flatus and diet
compared with LAR. It is reported that the high incidence of
ESR-associated perforation of the gastric wall prolonged the
postoperative hospitalization of patients (12, 18). Moreover,
perforation and bleeding caused by ESR may also increase the
risk of conversion to surgery assistance. The current results
showed that a high rate of perforation was observed in patients
who received ESR, which was associated with non-significant
A

B
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D

E

F

FIGURE 5 | Forest plots illustrating the results of the subgroup analysis (tumor size < 2cm). The (A) operative time, (B) intraoperative blood loss, (C) total
complications, (D) complications excluding perforation, (E) hospitalization and (F) recurrence were analyzed respectively.
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FIGURE 6 | est plots illustrating the results of the subgroup analysis (tumor size 2-5cm). The (A) operative time, (B) positive margin rate, (C) conversion rate,
(D) total complications, (E) complications excluding perforation, (F) hospitalization and (G) recurrence were analyzed respectively.
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intraoperative blood loss, conversion rate, and hospitalization
but less costs compared to LAR. A total of 10 patients
experienced conversion to other methods. Two patients who
received ESR were transferred to other methods due to
perforation and bleeding, respectively, but the majority of
reasons of conversion were unfavorable sites of tumors for
Frontiers in Oncology | www.frontiersin.org 10367
both ESR and LAR, which indicate the necessity of a sufficient
and precise assessment of the tumor site before performing ESR
or LAR.

What is more, a higher rate of total complications was
observed in patients who received ESR compared to LAR.
Some included studies counted perforation into the
FIGURE 7 | Forest plots illustrating the disease-free survival between endoscopic resection and laparoscopic resection.
A B

FIGURE 8 | Publication bias of (A) recurrence rate and (B) disease-free survival.
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complication category, but some authors holding the point of
view that perforation can be successfully managed by titanium
clips did not take perforation as a kind of complication, so
complications were compared again after excluding perforation,
which showed no significant difference between ESR and LAR. In
addition, ESR and LAR both showed equal or better perioperative
outcomes compared with ONR, except the rate of positive margin
and conversion, which are primary considerations for the choice of
procedures because of the concern for oncological safety.

Obtaining a completely negative margin and avoidance of
tumor rupture are of great importance for surgical procedures
(34). R1 margin was reported to be strongly related with tumor
rupture (35). In the current study, a higher rate of R1 margin was
observed in the ESR group compared to LAR. Data on rupture
were available in four studies, and rupture occurred only in one
patient who received ESR, so an analysis was not performed.
Recently, an observational study (36) analyzing 908 GIST
patients after surgery from a randomized phase III trial
showed that, when including tumor rupture into its category,
R1 was associated with worse overall survival of GISTs either
with or without imatinib adjuvant therapy, but the difference in
overall survival between R1 and R0 disappeared after excluding
tumor rupture from R1 category. Similar results, that R1 did not
impact survival, have been reported by other studies (37, 38).

Up to date, LAR has been demonstrated to have equivalent
long-term oncological outcomes for gGIST compared to ONR
(39–41). However, evidence of the long-term safety of ESR for
gGIST is lacking yet. The current results showed that the
recurrence rate and DFS were equal among ESR, LAR, and
ONR despite the higher rate of R1 margin caused by ESR,
which supported the previous conclusion that R1 margin did
not impact the survival of GIST and demonstrated that ESR was
suitable and safe for gGIST less than 5 cm in the premise of
avoidance of tumor rupture. However, heterogeneity was
observed in the comparison of recurrence rate and DFS, which
we partly attributed to the discrepancy of the pathological
features of gGISTs between studies as well as the unbalanced
baseline between arms.

It is generally considered challenging to perform ESR for gGISTs
with a larger size or arising from muscularis propria or unfavorable
sites. Subgroup analysis, controlling confounding in some extent,
should have been performed to clarify the impact of these factors,
among which, however, only tumor size was available in the current
study. Studies have been divided into two subgroups according to
the cutoff point of tumor size (<2 and 2–5 cm). ESR, LAR, andONR
showed no significant difference in terms of operative time,
intraoperative blood loss, rates of complications, and
complications excluding perforation, hospitalization, recurrence
rate, and DFS for tumors less than 2 cm. Three studies
comparing ESR and LAR were available for tumors between 2
and 5 cm, one (Dong et al.) (12) of which was a case-matched study
that was considered able to provide a more reliable result that LAR
had a lower complication rate and shorter hospitalization time than
ESR for gGISTs between 2 and 5 cm. However, the pooled results
showed that operative time, rate of positive margin and conversion,
rate of total complications, and complications excluding
Frontiers in Oncology | www.frontiersin.org 11368
perforation, hospitalization, recurrence rate, and DFS had no
significant difference between ESR and LAR for tumors between 2
and 5 cm. Thus, further well-designed studies focusing on the safety
and efficiency of ESR for gGIST between 2 and 5 cm are needed.

Several limitations exist in this comprehensive network meta-
analysis. First of all, bias of confounding and selection might
exist because of the fact that all the included studies were
retrospectively designed, through which randomization was
absent, except for two studies that were designed by propensity
score matching method—for example, tumors arising from
different sites and layers of the stomach in each included study
might lead to heterogeneity between studies. The diverse
endoscopic approaches included in the ESR category, such as
endoscopic submucosal dissection, endoscopic submucosal
tunnel dissection, and endoscopic full-thickness resection that
are practically performed for tumors arising from different layers
of the stomach wall, might cause heterogeneity between studies.
Second, the exact oncological outcomes of each patient with a
positive margin were not reported in the included studies,
although the total recurrence rate and DFS were not
significantly different between procedures. Third, the observed
heterogeneity in the current study was significantly reduced in
certain subgroup analyses performed according to cutoff point of
tumor size, but other unclarified confounding still existed.
Fourth, the clinical heterogeneity caused by non-randomized
allocation may lead to small study effects. Some included studies
did not have a large sample size, although those with less than 10
cases had already been excluded. The selective patients in small
studies might lead to clinical heterogeneity between small and
large studies. The selective reporting of favorable outcomes in
small studies might also lead to a publication bias. Fifth, all of
those included studies were performed in China. Thus, large-
sample-sized randomized controlled trials from multi- and
transnational centers are needed to validate the current results.
CONCLUSION

Endoscopic resection is shown to be a safe and efficient
alternative procedure to both laparoscopic and open resection
for gastric gastrointestinal stromal tumors less than 2 cm and
within 2–5 cm, respectively, without worsening the oncological
outcomes. Nevertheless, preoperative assessment of tumor site is
of importance for the determination of procedures regarding the
increased incidence of a positive margin and perforation related
to ESR. Validation from future high-quality studies focusing on
the impact of endoscopic resection for tumors within 2–5 cm
is needed.
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Cancer: A Useful Clinical Tool to
Guide the Decision-Making of
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Rui Ge, Lin-yong Zhao, Kun Yang, Xin-zu Chen and Jian-kun Hu*

Department of Gastrointestinal Surgery and Laboratory of Gastric Cancer, State Key Laboratory of Biotherapy, West China
Hospital, Sichuan University and Collaborative Innovation Center for Biotherapy, Chengdu, China

Background: We aimed to generate and validate a nomogram to predict patients most
likely to require intensive care unit (ICU) admission following gastric cancer surgery to
improve postoperative outcomes and optimize the allocation of medical resources.

Methods: We retrospectively analyzed 3,468 patients who underwent gastrectomy for
gastric cancer from January 2009 to June 2018. Here, 70.0% of the patients were
randomly assigned to the training cohort, and 30.0% were assigned to the validation
cohort. Least absolute shrinkage and selection operator (LASSO) method was performed
to screen out risk factors for ICU-specific care using the training cohort. Then, based on
the results of LASSO regression analysis, multivariable logistic regression analysis was
performed to establish the prediction nomogram. The calibration and discrimination of the
nomogram were evaluated in the training cohort and validated in the validation cohort.
Finally, the clinical usefulness was determined by decision curve analysis (DCA).

Results: Age, the American Society of Anesthesiologists (ASA) score, chronic pulmonary
disease, heart disease, hypertension, combined organ resection, and preoperative and/or
intraoperative blood transfusions were selected for the model. The concordance index (C-
index) of the model was 0.843 in the training cohort and 0.831 in the validation cohort. The
calibration curves of the ICU-specific care risk nomogram suggested great agreement in
both training and validation cohorts. The DCA showed that the nomogram was clinically
useful.

Conclusions: Age, ASA score, chronic pulmonary disease, heart disease, hypertension,
combined organ resection, and preoperative and/or intraoperative blood transfusions
were identified as risk factors for ICU-specific care after gastric surgery. A clinically friendly
model was generated to identify those most likely to require intensive care.
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INTRODUCTION

Intensive care units (ICUs) provide a limited number of
specialized medical services and consume a significant
portion of hospital resources for a minority of patients (1).
Triage of high-risk surgical patients to ICUs may impact the
outcomes of those with the highest probability of postoperative
complications and deaths (2). However, in many hospitals, the
availability of ICU is often limited (3), which may lead to
canceled surgeries, delayed patient transfers (4), and increased
morbidity and costs (5). Besides, severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection continues
to grow across the world, and it is estimated that
approximately 15% of patients presenting with SARS-CoV-2
will require ICU admission based on studies from Italy and
China (6, 7). Therefore, identifying postoperative patients who
need to be admitted to an ICU is a challenging but necessary
task, especially during the coronavirus disease 2019 (COVID-
19) pandemic.

Gastric cancer is the fifth most common cancer and the
third leading cause of cancer-related death worldwide (8).
Gastrectomy with curative intent is the most powerful
treatment strategy to improve prognosis (9). Despite the
advances in surgical and anesthetic techniques over the last
decade, gastrectomy is associated with a high postoperative
complication rate, ranging from 10.5% to 40.1% (10–12).
Many complications require interventions and management
that can be provided only in an ICU. As the frequency of
elderly gastric cancer patients with more preexisting
comorbidities is increasing (13, 14), the number of patients
requiring ICU-specific care may inevitably increase. However,
for many patients who will be undergoing gastrectomy for
gastric cancer, postoperative admission to an ICU is only
planned for surveillance purposes. ICU admissions for
surveillance is not cost-effective and could lead to overuse of
ICU resources (15). Furthermore, inappropriate ICU
admission may be responsible for nosocomial infections and
delirium (16). So, surgeons, anesthesiologists, and intensivists
must identify which patients are most likely to require ICU-
specific care by the end of surgery. Risk factors for
postoperative ICU admission have been identified for several
surgeries, including colon cancer surgery (17), lung resection
(15), and total joint arthroplasty (18). Unfortunately, there are
no studies that can guide the clinical decision-making of ICU
admission after gastric cancer surgery.

Thus, we undertook this study to identify risk factors for
ICU-specific care following gastrectomy for gastric cancer. We
chose to evaluate preoperative and intraoperative factors
because such a model would be more clinically friendly and
useful than models based on postoperative complications or
factors when ICU-specific admission would be inevitable and
imminent. We aimed to use the risk factors to generate a
nomogram to identify patients most likely to require ICU-
specific care with the goal to provide a tool for optimizing the
allocation of health care resources and ultimately improve
postoperative outcomes.
Frontiers in Oncology | www.frontiersin.org 2372
METHODS

Study Population and Ethical Issues
A total of 3,468 gastric cancer patients who underwent
gastrectomy from January 2009 to June 2018 were included in
the study. The inclusion criteria were as follows: 1) histologically
confirmed gastric cancer; 2) patients underwent gastrectomy
with radical or palliative intent. The exclusion criteria were as
follows: 1) gastroenterostomy or exploration; 2) the gastric
stump cancer; 3) with emergency surgery; 4) with incomplete
medical data. The data of the patients were retrospectively
extracted from the database of Surgical Gastric Cancer Patient
Registry in West China Hospital under the registration number:
WCH-SGCPR-2020-5. The establishment of this database was
authorized by the Research Ethics Committee of West China
Hospital. Due to the retrospective nature of the study, informed
patient consent was waived. However, patient records were de-
identified and anonymized before analysis.

Clinicopathological Materials
Various preoperative and intraoperative variables were retrieved
for risk factor selection: age, sex, body mass index (BMI), history of
smoking, history of alcoholism, preoperative hemoglobin,
preoperative albumin, the American Society of Anesthesiologists
(ASA) score, preexisting comorbidities (including chronic
pulmonary disease, heart disease, hypertension, diabetes mellitus,
liver dysfunction), previous abdominal surgery, neoadjuvant
chemotherapy, clinical TNM stage, the extent of surgery
(curative gastrectomy or palliative gastrectomy), surgical
approach, surgical procedure, reconstruction method, the extent
of lymphadenectomy, number of retrieved lymph nodes, combined
organ resection, surgery duration, tumor size, macroscopic type,
and preoperative and/or intraoperative blood transfusions.

The ASA score was obtained from the anesthesia record sheet
and had been determined by the anesthesiologist providing
operating room care. The diagnosis of chronic pulmonary
disease, heart disease, hypertension, diabetes mellitus, and liver
dysfunction were made by physicians and recorded in the
patient’s chart. Chronic pulmonary disease included any of the
following diseases: chronic obstructive pulmonary disease,
asthma, chronic bronchitis, bronchiectasis, emphysema, and
occupational lung diseases (19). Heart diseases included any of
the following diseases: arrhythmias, hypertensive heart disease,
ischemic heart disease, valvulopathies, and heart failure (20).
Hypertension was diagnosed according to the hypertension
guideline (21). Blood transfusion was administration of packed
red blood cells. The indication for blood transfusion was
hemoglobin level <80 g/L. For patients with hemoglobin level
between 80 and 100 g/L, blood transfusion was adopted based on
the risk factors associated with hemodynamic instability and
inappropriate oxygenation (22).

Surgical Technique
The surgery was performed by experienced surgeons according
to the Japanese gastric cancer treatment guidelines (23, 24).
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Intraoperative frozen section was routinely performed. Curative
gastrectomy included cases in which an R0 resection was
performed. Palliative gastrectomy was adopted only for
patients with distant metastases but serious complications of
gastric cancer (such as massive bleeding or pyloric obstruction)
or for patients with residual tumor (R1 or R2 resections).

Combined organ resection was selectively performed for the
purpose of curative resection or for patients with other
comorbidities (such as cholecystectomy for gallbladder stone).

Definition of Postoperative Intensive Care
Unit-Specific Care
According to previous studies (15, 25), postoperative ICU-
specific care was defined as the presence of one or more of the
following characteristics: myocardial infarction, acute respiratory
failure, shock, arrhythmia with hemodynamic instability, use of a
variety of vasoactive drugs, reintubation, and maintenance of
controlled ventilation longer than 48 h.

So, the ICU-specific group consisted of three groups of
patients: 1) ICU treatment group: patients who were admitted to
an ICU immediately after surgery and met the criteria of ICU-
specific care; 2)Ward-ICUgroup: patients whowere not admitted
to ICU immediately after surgery but were admitted for an
emergent reason, such as sudden cardiac arrest, acute
respiratory failure, and any other situations that required ICU-
specific care; 3) Refuse transfer group: patients whowere admitted
to the generalward after surgery anddeveloped complications that
required ICU-specific care; however, they refused to transfer to
an ICU.

The Non-ICU-specific group consisted of two groups of
patients: 1) ICU surveillance group: patients who were
admitted to an ICU immediately after surgery for surveillance
purposes and did not meet the criteria of ICU-specific care; 2)
Recovery group: patients who were transferred to the general
ward after surgery and then discharged without any
complications. The patient flowchart is indicated in Figure 1.
Frontiers in Oncology | www.frontiersin.org 3373
Statistical Analysis
Statistical analysis was conducted using R software (Version
3.6.1; https://www.r-project.org) and SPSS 20.0 (SPSS®,
Chicago, IL, USA). Categorical variables are represented by
number and percentage, while continuous variables are
represented by mean ± standard deviation. We randomly
assigned 70.0% of the patients to the training cohort and
30.0% to the validation cohort. We used the least absolute
shrinkage and selection operator (LASSO) method to screen
out the optimal variables with non-zero coefficients as risk
factors (26). Then, based on the results of LASSO regression
analysis, multivariable logistic regression analysis was used to
establish the predictive model, and nomogram was further
generated (27, 28). The predictive efficiency of the nomogram
was evaluated by Harrell’s concordance index (C-index).
Calibration curves were plotted to assess the calibration of the
nomogram in both training cohort and validation cohort. A
decision curve analysis (DCA) was also generated to determine
the clinical usefulness of the nomogram. A p value <0.05 was
considered to be statistically significant.
RESULTS

Baseline Characteristics
A total of 3,468 gastric cancer patients who underwent gastrectomy
from January 2009 to June 2018 were included in the study. There
were 129 patients (3.7%) in the ICU-specific care group and 3,335
patients (96.3%) in theNon-ICU-specific care group (Figure 1). All
patients were randomly divided into the training cohort (n = 2,428,
70.0% of the total patients) and the validation cohort (n = 1,040,
30.0% of the total patients). The characteristics of patients in the
training and validation cohorts are shown inTable 1. There was no
significant difference in any of the variables between the training
andvalidation cohorts (all p > 0.05), indicating that the baselinewas
balanced between them.
FIGURE 1 | Patients’ flowchart. ICU, intensive care unit.
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TABLE 1 | Characteristics of patients in the training and validation cohorts.

Variables Training Cohort (n = 2,428) Validation Cohort (n = 1,040) p†

Age* Year 58.2 ± 11.3 58.6 ± 11.3 0.463‡

Sex Male 1,666 (68.6%) 734 (70.6%) 0.252
Female 762 (31.4%) 306 (29.4%)

BMI* kg/m2 22.1 ± 2.9 22.2 ± 2.9 0.225‡
History of smoking Without 1,512 (62.3%) 621 (59.7%) 0.155

With 916 (37.7%) 419 (40.3%)
History of alcoholism Without 1,834 (75.5%) 769 (73.9%) 0.320

With 594 (24.5%) 271 (26.1%)
Preoperative hemoglobin g/l 123.1 ± 25.1 122.5 ± 24.9 0.312
Preoperative albumin g/l 41.5 ± 4.7 41.3 ± 4.8 0.513
ASA Score 1 145 (6.0%) 67 (6.4%) 0.760

2 1,945 (80.1%) 819 (78.8%)
3 337 (13.9%) 153 (14.7%)
4 1 (0) 1 (0.1%)

Chronic pulmonary disease Without 1,991 (82.0%) 871 (83.8%) 0.214
With 437 (18.0%) 169 (16.2%)

Heart disease Without 2,345 (96.6%) 1,009 (97.0%) 0.508
With 83 (3.4%) 31 (3.0%)

Hypertension Without 2,223 (91.6%) 953 (91.6%) 0.940
With 205 (8.4%) 87 (8.4%)

Diabetes mellitus Without 2,331 (96.0%) 1,003 (96.4%) 0.540
With 97 (4.0%) 37 (3.6%)

Liver dysfunction Without 2,250 (92.8%) 959 (92.2%) 0.639
With 178 (7.2%) 81 (7.8%)

Previous abdominal surgery Without 1,997 (82.2%) 863 (83.0%) 0.603
With 431 (17.8%) 177 (17.0%)

Neoadjuvant chemotherapy Without 2,396 (98.7%) 1,026 (98.7%) 0.947
With 32 (1.3%) 14 (1.3%)

Clinical T Stage T0/1/2 981 (40.4%) 449 (43.2%) 0.129
T3/4 1,447 (59.6%) 591 (56.8%)

Clinical N Stage Negative 1,146 (47.2%) 509 (48.9%) 0.346
Positive 1,282 (52.8%) 531 (51.1%)

Distant metastases Without 2,250 (92.7%) 958 (92.1%) 0.571
With 178 (7.3%) 82 (7.9%)

Surgical approach Open 2,074 (85.4%) 895 (86.1%) 0.624
Laparoscopic 354 (14.6%) 145 (13.9%)

Extent of surgery Radical 2,177 (89.7%) 926 (89.0%) 0.583
Palliative 251 (10.3%) 114 (11.0%)

Surgical procedure Distal gastrectomy 1,453 (59.8%) 604 (58.1%) 0.429
Proximal gastrectomy 245 (10.1%) 119 (11.4%)
Total gastrectomy 730 (30.1%) 317 (30.5%)

Reconstruction method Billroth-1 330 (13.6%) 143 (13.8%) 0.699
Billroth-2 1,062 (43.7%) 441 (42.4%)
Roux-en-Y 789 (32.5%) 337 (32.4%)
Esophagogastrostomy 247 (10.2%) 119 (11.4%)

Extent of lymphadenectomy D1/D1+ 396 (16.3%) 168 (16.2%) 0.909
D2/D2+ 2,032 (83.7%) 872 (83.8%)

Number of retrieved lymph nodes* – 30.0 ± 13.7 30.4 ± 14.1 0.388‡

Combined organ resection Without 2,279 (93.9%) 977 (93.9%) 0.929
With 149 (6.1%) 63 (6.1%)

Surgery duration* Minute 230.5±44.8 230.0±45.5 0.726‡
Tumor size* Cm 5.2±3.0 5.3±3.0 0.359‡
Macroscopic type Early Gastric Cancer 483 (19.9%) 221 (21.3%) 0.177

Borrmann-1 41 (1.7%) 20 (1.9%)
Borrmann-2 880 (36.2%) 368 (35.4%)
Borrmann-3 852 (35.1%) 379 (36.4%)
Borrmann-4 172 (7.1%) 52 (5.0%)

Preoperative and/or intraoperative blood transfusion Without 2,182 (89.9%) 941 (90.5%) 0.581
With 246 (10.1%) 99 (9.5%)

ICU-specific care Without 2,334 (96.1%) 1,005 (96.6%) 0.540
With 94 (3.9%) 35 (3.4%)
Frontiers in Oncology | www.frontiersin.org 4374
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Values in parentheses are percentages unless indicated otherwise; *values are mean ± standard deviation. †c2 test, except ‡paired t test.
BMI, body mass index; ASA, American Society of Anesthesiologists; ICU, intensive care unit.
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Risk Factor Selection
We performed a LASSO regression analysis to evaluate the
29 variables in the training cohort (Figure 2). Finally, we
retained 7 variables with non-zero coefficients as potential
predictors of the prediction model. These predictors included
age, the ASA score, chronic pulmonary disease, heart disease,
hypertension, combined organ resection, and preoperative and/
or intraoperative blood transfusions.

Nomogram and Validation
To get a more comprehensive view of the relationship between
the need for ICU-specific care and these predictors, we further
performed a multivariable logistic regression analysis and
constructed a predictive model. The results of the logistic
regression analysis were given in Table 2 and visualized in the
form of a nomogram plot to help practice in the clinic (Figure 3).
The C-index of the model was 0.843 in the training cohort and
0.831 in the validation cohort. The calibration curves of the ICU-
specific care risk nomogram suggested great agreement in both
training cohort and validation cohort (Figures 4A, B).

Clinical Usefulness
The DCA for the predictive nomogram is shown in Figure 4C.
The analysis indicated that using the nomogram to predict ICU-
specific care following gastrectomy for gastric cancer added more
net benefit than the treat-all or treat-none strategies when the
threshold probability was within the range 0.14–0.95.
DISCUSSION

This study showed that a small (3.7%) but important proportion
of patients required ICU-specific care following gastrectomy for
Frontiers in Oncology | www.frontiersin.org 5375
gastric cancer. These patients tended to be older and more likely
to have a higher ASA score, chronic pulmonary disease, heart
disease, hypertension, combined organ resection, and blood
transfusion before and/or during surgery. Recent data have
shown that ICU admission after surgery only for surveillance
purposes may increase medical costs without the expected
additional benefits for patients (29, 30). Therefore, identifying
patients at a high risk of postoperative ICU-specific care can help
improve postoperative outcomes and optimize the allocation of
health care resources, especially during the COVID-19
pandemic. To our knowledge, this was the first study that can
guide the clinical decision-making of ICU admission after
gastrectomy for gastric cancer. The model can be used to
evaluate ICU resource allocation by retrospectively identifying
patient groups whose characteristics indicate that they may not
have needed ICU admission. The ability to identify low-risk
admission patients allows managers to implement protocols and
educational programs for providing effective and safe care
alternatives in intermediate care units or general wards.

In the present study, older age was identified as a risk factor
for postoperative ICU-specific care. Multiple previous studies
have demonstrated that older age was independently associated
with postoperative complications after gastrectomy (31, 32).
Some complications can be managed only in an ICU.
Although the incidence of gastric cancer has been declining
due to longer life expectancy, the number of aged patients with
this disease is continuously increasing (13). So, we can foresee
that an increasing number of patients may require ICU-specific
care after gastrectomy for gastric cancer.

We also found that several preexisting comorbidities were
also associated with postoperative ICU-specific care, such as
chronic pulmonary disease, heart disease, and hypertension. All
these factors have been identified as risk factors for postoperative
A B

FIGURE 2 | Clinicopathological features selection using the LASSO logistic regression model. Final predictors include age, the ASA score, chronic pulmonary
disease, heart disease, combined organ resection, and preoperative and/or intraoperative blood transfusion. (A) Optimal parameter (l) selection in the LASSO model
used 5-fold cross-validation and minimum criteria. The partial likelihood deviance (binomial deviance) curve was plotted vs. log(l). Dotted vertical lines were drawn at
the optimal values by using the minimum criteria and the 1 SE of the minimum criteria (the 1-SE criteria). (B) LASSO coefficient profiles of the 27 features. A coefficient
profile plot was plotted against the log(l) sequence, and the 7 non-zero coefficients were chosen at the values selected using 5-fold cross-validation. ASA, American
Society of Anesthesiologists; LASSO, least absolute shrinkage and selection operator; SE, standard error.
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morbidity and mortality after gastrectomy for gastric cancer in
previous studies (33–37). So, special attention should be paid to
patients with these comorbidities, and we believe that prior
treatment of these preoperative comorbidities is essential to the
postoperative recovery of patients with gastric cancer.

The ASA score was found to have a strong influence on ICU-
specific care in the present study. Several studies have reported
that it was a risk factor for ICU admission following other
surgeries (38, 39). The ASA score has the advantages of
simplicity and universality (40) and is an effective risk
indicator whether used alone or in combination with other
parameters (41). A difficulty in using it in patient assessment is
Frontiers in Oncology | www.frontiersin.org 6376
the limited interobserver reliability (42). However, a previous
study has confirmed that the ASA score had the greatest validity
and highest interobserver reliability when assigned by the
responsible anesthesiologist in the operating theater (43).
Therefore, we obtained the ASA score from the anesthesiologist
chart and had been determined by the anesthesiologist providing
operating theater care to maximize its validity and reliability.

Among all the surgical factors, only combined organ resection
was identified as a risk factor for ICU-specific care in our study.
These findings were supported by a previous study (44), which
demonstrated that combined organ resection had an increased
risk for postoperative complications and mortality. Our study
did not identify any association between surgical approach (open
or laparoscopic), surgical procedure (distal, proximal, or total
gastrectomy), extent of surgery (radical or palliative), or extent of
lymphadenectomy (D1/D1+ or D2/D2+) and postoperative
ICU-specific care. Laparoscopic gastrectomy has gained
popularity in the treatment of gastric cancer in China, Japan,
and Korea (45). Multiple randomized trials have demonstrated
that there was no significant difference in postoperative
complications and deaths between laparoscopic and open
gastrectomy for patients with preoperative stage I gastric
cancer (12) and for patients with advanced gastric cancer who
underwent distal gastrectomy (45). In terms of surgical
procedure, previous studies reported mixed results. Shin et al.
(46) reported that surgical procedure was not associated with
postoperative complications. However, Lee et al. (34) reported
that total gastrectomy was an independent risk factor for
postoperative complications. In the present study, the extent of
surgery (radical vs. palliative resection) was not identified as a
risk factor for ICU-specific care. In a previous study (47), there
was no significant difference in mortality and morbidity rate after
palliative or radical surgery. The possible explanation is that
patients undergoing palliative surgery may be in poorer general
condition, but the surgery is less invasive and shorter in duration
(47). In terms of the extent of lymphadenectomy, mortality and
morbidity rates did not differ significantly between D1 and D2
group whether in retrospective (48) or prospective studies (11).
In our personal opinion, D2 lymph node dissection can be safely
performed by senior gastric cancer surgeons.

In the present study, blood transfusion was also found to be a
risk factor for ICU-specific care. These findings were in
FIGURE 3 | Nomogram for predicting ICU-specific care following gastrectomy
for gastric cancer. The prediction nomogram was developed in the training
cohort, with age, ASA score, chronic pulmonary disease, hypertension,
combined organ resection, and preoperative and/or intraoperative blood
transfusions incorporated. ASA, American Society of Anesthesiologists;
ICU, intensive care unit. Blood transfusion, preoperative and/or
intraoperative blood transfusions.
TABLE 2 | Risk factors for ICU-specific care following gastrectomy for gastric cancer.

Risk Factors b Odds Ratio (95% CI) p

Age (vs. <65 years old) 0.587 1.798 (1.104–2.928) 0.018
ASA Score (vs. 1)
2 1.060 2.888 (0.389–21.421) 0.300
3 and 4 2.536 12.624 (1.683–94.677) 0.014

Chronic pulmonary disease (vs. without) 1.065 2.900 (1.799–4.675) <0.001
Heart disease (vs. without) 1.474 4.366 (2.258–8.442) <0.001
Hypertension (vs. without) 0.831 2.295 (1.305–4.037) 0.004
Combined organ resection (vs. without) 1.394 4.031 (2.143–7.582) <0.001
Preoperative and/or intraoperative blood transfusions (vs. without) 1.128 3.091 (1.864–5.125) <0.001
January 2022 | Volume 11 | Article
b is the regression coefficient. ASA score was entered into the logistic model by combining the patients with ASA score = 3 and those with ASA score = 4 because of the limited number of
patients with ASA score = 4 in the total population (n = 1 in the training cohort; n = 1 in the validation cohort).
SA, American Society of Anesthesiologists; CI, confidence interval; ICU, intensive care unit.
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accordance with a previous study (49). There is a high incidence of
anemia in patients with advanced gastric cancer (50). In
addition, gastrectomy with lymphadenectomy sometimes leads
to excessive bleeding even performed by experienced surgeons
(51). Thus, perioperative blood transfusion is sometimes
inevitable when performing gastrectomy for advanced gastric
cancer. Although blood transfusion can be lifesaving for gastric
cancer patients with severe anemia by improving their oxygen
delivery capacity and tissue perfusion, it can also result in
systemic inflammation and other transfusion-related adverse
events, especially acute lung injury and infection (52, 53).
Furthermore, preoperative and intraoperative blood transfusions
may reflect the patient’s poor systemic condition or complexity of
the surgery (54). So, special attention should be paid to patients
who have blood transfusion in the perioperative period.

The endpoint of our study was postoperative ICU-specific
care. However, postoperative ICU-specific care has been defined
differently in previous studies. Two studies (29, 30) defined at
least 24 h in an ICU setting as postoperative ICU-specific care,
regardless whether the patients received any active life-
supporting treatments (1) or not. Dahm et al. (25) defined
ICU-specific care as the presence of one or more of the
following characteristics: mechanical ventilation longer than
12 h, continuous intravenous infusion of vasoactive
medication, or a postoperative event mandating treatment in
an ICU setting (pulmonary embolism, myocardial infarction, or
arrhythmia with hemodynamic instability). Kim et al. (15)
defined ICU-specific care as the presence of one or more of the
following characteristics: reintubation, maintenance of
controlled ventilation, hemodynamic instability, shock, acute
respiratory failure, use of multiple vasoactive drugs, and
cardiac arrhythmia. Patients who were admitted to the ICU
and then transferred to the general ward the day after the surgery
were deemed as non-specific care group in their study. In the
present study, we defined ICU-specific care group as the
presence of one or more of the following characteristics:
Frontiers in Oncology | www.frontiersin.org 7377
myocardial infarction, acute respiratory failure, shock,
arrhythmia with hemodynamic instability, use of a variety of
vasoactive drugs, reintubation, and maintenance of controlled
ventilation longer than 48 h. This parameter was based on our
institutional guidelines that patients in the postoperative ICU are
expected to be extubated within 48 h. We also included several
life-supporting treatments that are best or unique to performed
in an ICU setting. Such a definition may be more comprehensive
and clinically relevant (55).

In the present study, we constructed a nomogram to guide the
clinical decision-making of ICU admission. Medical providers
could make individualized predictions of the probability of
receiving intensive care with this easy-to-use model, which is
in accordance with the current trend toward personalized
medicine (56). Improved health care resource use and reduced
costs might be achieved by providing care for these patients in
general wards or intermediate care units, especially during the
COVID-19 pandemic. The most important argument for the use
of the nomogram is based on the need to interpret a patient’s
need for additional treatment or care. However, discrimination
and calibration cannot capture the clinical consequences of
specific levels of discrimination or degrees of miscalibration
(57). The DCA showed that using the nomogram to predict
the probability of receiving intensive care is more beneficial than
the treat-all or the treat-none strategies if the threshold
probability of an individual is within 0.14–0.95.

The strengths of the study were that it included a wide range
of variables with ICU-specific care from a large cohort. The
proposed prediction nomogram was generated based on
routinely collected preoperative and intraoperative data to
maximize its application and ensure its generalizability. The
study also had some limitations. First, the study was conducted
retrospectively; there may have been some inherent selection
biases. A prospective study should be carried out to validate the
prediction model. Second, our study was a monocentric study
and the results were validated only internally; further external
A B C

FIGURE 4 | (A) Calibration curve of the nomogram for predicting ICU-specific care following gastrectomy for gastric cancer in the training cohort. (B) Calibration
curve of the nomogram for predicting ICU-specific care following gastrectomy for gastric cancer in the validation cohort. (C) Decision curve analysis (DCA) for
predicting ICU-specific care following gastrectomy for gastric cancer. The y-axis represents net benefit. The x-axis shows the threshold probability. “All” refers to the
assumption that all patients need ICU-specific care, and “None” refers to the assumption that no patient needs ICU-specific care. When the score is within the range
0.14–0.95 (Relevant), using the nomogram to predict ICU-specific care adds more net benefit than the treat-all or treat-none strategies. ICU, intensive care unit.
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validation should be performed to make sure whether these
results could be applied to other institutions.
CONCLUSIONS

Several risk factors for ICU-specific care after gastrectomy for
gastric cancer were identified. A clinically friendly model with
excellent ability was generated to identify those most likely to
require intensive care.
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Objective: This study aimed to review the applicability and complications rate associated
with endoscopic submucosal dissection (ESD) for early gastric cancer in elderly patients.

Methods: Databases of PubMed, Embase, CENTRAL, and ScienceDirect were searched
till 15th April 2021. All types of studies comparing ESD in the elderly vs non-elderly were
included. Subgroup analysis was conducted for the following groups: ≥80 years vs <80
years, ≥75 years vs < 75 years, and ≥65 years vs <65 years.

Results: 17 studies were included. Meta-analysis indicated no statistically significant
difference in the en-bloc resection rates (OR: 0.92 95%CI: 0.68, 1.26 I2 = 8% p=0.62) and
histological complete resection rates (OR: 0.93 95% CI: 0.75, 1.15 I2 = 26% p=0.50)
between elderly and non-elderly patients. The results were non-significant even on
subgroup analysis. Overall, we found a non-significant but a tendency of increased
perforation rates in the elderly as compared to non-elderly patients (OR: 1.22 95% CI:
0.99, 1.52 I2 = 0% p=0.06). However, there was a significantly increased risk of
perforation in elderly patients aged ≥80 years as compared to patients <80 years (OR:
1.50 95% CI: 1.00, 2.24 I2 = 3% p=0.05). Bleeding rates were not different in the two
groups (OR: 1.07 95% CI: 0.87, 1.32 I2 = 19% p=0.52). Pooled analysis indicated a
statistically significantly increased risk of pneumonia in elderly patients (OR: 2.52 95% CI:
1.72, 3.70 I2 = 7% p<0.00001). Length of hospital stay was reported only by five studies.
Meta-analysis indicated no significant difference between the two study groups (MD: 0.67
95% CI: -0.14, 1.48 I2 = 83% p=0.10).

Conclusion: En-bloc and histological complete resection rates do not differ between
elderly and non-elderly patients undergoing ESD for early gastric cancer. Elderly patients
have a small tendency of increased risk of perforation with significantly increased rates in
the super-elderly (≥80 years of age). The risk of pneumonia is significantly higher in elderly
patients but the rates of bleeding do not differ. The certainty of evidence is “very low” and
there is a need for high-quality studies taking into account confounding factors to enhance
the quality of evidence.
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INTRODUCTION

Over the years, there has been a gradual improvement in life
expectancy owing to significant advances in healthcare and
accessibility of medical resources worldwide. Almost every
country in the world is experiencing an increase in the
proportion of elderly individuals in their overall population.
According to the 2019 United Nations report, around 703
million persons were above the age of 65 years in 2019 and
this figure is expected to double to 1.5 billion by 2050 (1). As
healthcare professionals are expected to face an increased load of
elderly patients in their practice, the efficacy and safety of
different surgical procedures must be optimally understood for
these individuals.

Gastric cancer is one of the leading causes of death, especially
in older adults. It is estimated to the 5th most common cancer
and third most lethal malignancy causing around 783,000
deaths in 2018 alone (2). Epidemiological data indicate that
gastric cancer is highly prevalent in regions of East Asia, eastern
Europe, and Russia (3). With a rise in the incidence of
esophagogastroduodenoscopy in elderly patients, a large
number of patients with early gastric cancer are frequently
detected in these regions (4). Over the last few decades,
endoscopic submucosal dissection (ESD), a minimally invasive
technique, has become the standard treatment modality for the
management of early gastric cancer (5). As gastric cancer in the
early stages is confined to the superficial layers of the mucosa,
endoscopic dissection can be safely performed to excise the entire
lesion for histopathological evaluation, thereby minimizing
patient morbidity and mortality (6). The procedure consists of
an initial injection of fluid in the submucosal layer to elevate the
lesion. This is followed by a circular incision on the surrounding
mucosa of the lesion and subsequent dissection of the
submucosal layer to completely elevate the tumor (7). Studies
have demonstrated that ESD is safe and feasible in patients with
early gastric cancer with comparable long-term survival as
compared to gastrectomy (8).

Since elderly patients have poor overall health status along with
several other comorbidities, ESD is an attractive treatment option
in these patients as compared to gastrectomy to minimize
operative morbidity. However, it is not very clear if ESD per-se
safe and feasible in this group of patients. It is important to know if
the resection rates in elderly patients are comparable to non-
elderly patients to recommend it as a treatment option.
Furthermore, clinicians should have a clear understanding of the
risk of complications with ESD in this cohort so that appropriate
preventive measures can be taken to reduce them. To the best of
our knowledge, to date, only one meta-analysis published in 2015
has assessed outcomes of ESD in the elderly, but it could include
only nine studies (9). The review was also unable to differentiate
outcomes based on various definitions of elderly (≥65 years, ≥75
years, or ≥80 years). Further, with the publication of several recent
studies (10–12), there is a need for updated evidence on the
applicability and safety of ESD in elderly patients. In this context,
the current study was designed to compare resection rates,
complication rates, and length of hospital stay between elderly
and non-elderly patients undergoing ESD for early gastric cancer.
Frontiers in Oncology | www.frontiersin.org 2382
MATERIAL AND METHODS

Search Strategy
The PRISMA statement (Preferred Reporting Items for
Systematic Reviews and Meta-analyses) was followed during the
conduct of this review (13). We searched for eligible studies
electronically on the databases of PubMed, Embase, CENTRAL,
and ScienceDirect. Two authors carried out the literature search
independent of each other. The lower time limit of the search
was from the inception of the databases. The last search was
conducted on 15th April 2021. Keywords used in various
combinations were: “elderly”, “aged”, “older”, “geriatric”,
“endoscopic submucosal dissection”, and “gastric cancer”.
Details are provided in Supplementary Table 1. The results of
each database were reviewed by their titles and abstracts and
articles relevant to the review were segregated. The two authors
evaluated the full text of these articles for final inclusion in the
study. Any disagreements in the selection process were resolved
by discussion. Finally, we also performed a hand-search of the
bibliography of studies meeting the inclusion criteria and
previous reviews on the topic for any missed references.

Eligibility Criteria
The inclusion criteria of the review were outlined based on the
PICO (Population, Intervention, Comparison, Outcome)
guideline. We included studies which were:

1. All studies conducted on a Population of adult early gastric
cancer patients undergoing ESD.

2. had a group (Intervention) of elderly patients (age group
defined as per the study).

3. being Compared with a group of non-elderly patients.
4. reporting one of the following Outcomes:- en-bloc dissection

rate, histological complete resection rates, length of hospital
stay, or complications.

Exclusion criteria for the review were are follows: 1) Studies
not on patients with early gastric cancer 2) Studies not defining
“elderly” population 3) Single arm studies not comparing
outcomes with non-elderly group 4) Non-English language
studies, case reports, and review articles. 5) Studies reporting
duplicate data. In case of two or more studies were from the same
healthcare setup, we included the article with the largest
sample size.

Data Extraction and Quality Assessment
A data extraction form was prepared beforehand by the authors to
extract relevant data. Information was sourced by two authors
independently. Name of the first author, publication year, study
type, study location, the definition of elderly, study groups, sample
size, demographic details, comorbidity status (cardiovascular disease
and diabetes), use of antithrombotic or anticoagulant drugs, ulcer
finding, lesion location, lesion depth, histological type, tumor size,
lymphatic invasion, and study outcomes were extracted.

The primary outcomes were en-bloc resection rates and
histological complete resection rates. En-bloc resection was defined
as resection of the tumor in one piece. Histological complete
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resection was defined as the histological identification of tumor-free
margins in the resected tissue. Secondary outcomes were
complications namely; incidence of perforation, bleeding, and
pneumonia. Complications included both intraoperative and
postoperative incidence combined. For the primary outcomes, data
were pooled based on the number of lesions while for the secondary
outcome, data were pooled based on the number of patients.

The methodological quality of included studies was assessed
using the Newcastle-Ottawa scale (NOS) (14). This too was
carried out in duplicate and independently by two study
investigators. Studies were awarded points for selection of
study population, comparability, and outcomes. The maximum
score which can be awarded is nine. The certainty of the evidence
was assessed using the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) tool
using the GRADEpro GDT software [GRADEpro Guideline
Development Tool. McMaster University, 2020 (developed by
Evidence Prime, Inc.)].

Statistical Analysis
Meta-analysis was carried out using “Review Manager” (RevMan,
version 5.4; Nordic Cochrane Centre [Cochrane Collaboration],
Copenhagen, Denmark; 2014). On account of the inherent
heterogeneity amongst the included studies, a random-effects
model was used for the meta-analysis of all outcomes. Odds
ratios (OR) with 95% confidence intervals (CI) were calculated to
compare resection rates and complications between the elderly
and non-elderly groups. Mean and standard deviation (SD) data
of the length of hospital stay was extracted and pooled to calculate
the mean difference (MD) and 95% CI. Heterogeneity was
assessed using the I2 statistic. I2 values of 25-50% represented
low, values of 50-75% medium, and more than 75% represented
substantial heterogeneity. We used funnel plots to assess
publication bias for the primary outcomes. Since the definition
of elderly differed across included studies, we carried out a
subgroup analysis for the variable definitions. We divided the
data into the following three subgroups: ≥80 years vs <80 years,
≥75 years vs < 75 years, and ≥65 years vs <65 years. A sensitivity
analysis was also performed for a meta-analysis of resection rates
and complications. Individual studies were sequentially excluded
from the meta-analysis in the software itself to check any undue
influence of the study on the total effect size. P ≤ 0.05 was
considered statistically significant. For analyses with I2<50%, we
also checked the results using a fixed-effects model in the meta-
analysis software for any change in the significance of the results.
RESULTS

A total of 6382 records were available after the literature search
(Figure 1). After excluding duplicates, 3294 articles were
examined by their titles and abstracts. 3271 studies were not
found to be relevant to the review and hence excluded. 23 articles
were screened by their full-texts and six (15–20) were excluded
with reasons (Table 1). Finally, 17 cohort studies were found to
be eligible for inclusion in this review (4, 10–12, 21–33).
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The data extracted from individual studies are presented in
Table 2. All studies, except one (26), were retrospective in nature.
The studies were published between 2005 to 2019. The majority
of studies were conducted in Japan with just three of the included
studies being conducted in China, Taiwan, and South Korea (one
each). The definition early gastric cancer and indications of ESD
were based mostly on the Japanese Gastric Cancer Association
definitions [version 2 (35) or version 3 (36)] or either those
defined by Gotoda et al. (34). The definition of the elderly
population varied across studies with ≥75 years and <75 years
being the most common classification used. Four studies
classified the elderly as ≥80 years while one study classified
them as ≥65 years. In the study of Yamaguchi et al. (27) and
Watanabe et al. (4), three subgroups were subsumed to ≥80 years
vs <80 years and ≥65 years vs <65 years respectively. The sample
size of the elderly group ranged from 32 to 554 while in the non-
elderly group it varied from 42 to 21860. None of the included
studies carried out propensity score matching of the study
groups. The NOS score of the included cohort studies varied
from 6 to 8.

Primary Outcomes
En-Bloc Resection
En-bloc resection rates were reported by 14 studies. Data of 2634
lesions in the elderly was compared with data of 3782 lesions in
the non-elderly. Meta-analysis indicated no statistically
significant difference in the en-bloc resection rates between the
two groups (OR: 0.92 95% CI: 0.68, 1.26 I2 = 8% p=0.62)
(Figure 2). The difference was non-significant even on
subgroup analysis for ≥65 years vs <65 years (OR: 1.20 95%
CI: 0.57, 2.54 I2 = 0% p=0.63), ≥75 years vs < 75 years (OR: 0.88
95% CI: 0.56, 1.39 I2 = 29% p=0.58), and ≥80 years vs <80 years
(OR: 0.92 95% CI: 0.46, 1.82 I2 = 5% p=0.81). We found no
evidence of publication bias on funnel plot (Supplementary
Figure 1). However, the certainty of evidence was “very low”
(Supplementary Table 2).

Histological Complete Resection
13 of the 17 studies reported histological complete resection rates.
Comparing 2589 lesions in the elderly group with 3702 lesions in
the non-elderly group, we found no statistically significant
difference in the histological complete resection rates between the
two groups (OR: 0.93 95% CI: 0.75, 1.15 I2 = 26% p=0.50)
(Figure 3). The difference remained non-significant on subgroup
analysis for ≥65 years vs <65 years (OR: 0.66 95% CI: 0.33, 1.32 I2 =
0% p=0.24), ≥75 years vs < 75 years (OR: 0.98 95% CI: 0.73, 1.32
I2 = 42% p=0.90), and ≥80 years vs <80 years (OR: 0.89 95% CI:
0.75, 1.15 I2 = 26% p=0.50). There was no publication bias based on
assessment of funnel plot (Supplementary Figure 2). On GRADE
assessment the certainty of evidence was found to be “very low”
(Supplementary Table 2).

Secondary Outcomes
Perforation
All included studies reported perforation rates. On pooled
analysis, we found statistically non-significant but tendency of
higher perforation rates in the elderly (OR: 1.22 95% CI: 0.99,
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1.52 I2 = 0% p=0.06) (Figure 4). However, on subgroup analysis,
there was a significantly increased risk of perforation in elderly
patients aged ≥80 years as compared to patients <80 years (OR:
1.50 95% CI: 1.00, 2.24 I2 = 3% p=0.05); but no difference in the
other subgroups of ≥65 years vs <65 years (OR: 1.71 95% CI:
0.70, 4.18 I2 = 0% p=0.24) and ≥75 years vs < 75 years (OR: 0.89
95% CI: 0.62, 1.30 I2 = 0% p=0.56). However, the certainty of
evidence was “very low” (Supplementary Table 2).

Bleeding
Bleeding rates were reported by all studies. Meta-analysis
demonstrated no statistically significant difference in the
Frontiers in Oncology | www.frontiersin.org
 4384
bleeding rates between the two groups (OR: 1.07 95% CI: 0.87,
1.32 I2 = 19% p=0.52) (Figure 5). The difference was non-
significant even on subgroup analysis for ≥65 years vs <65 years
(OR: 0.93 95% CI: 0.54, 1.62 I2 = 0% p=0.80), ≥75 years vs < 75
years (OR: 1.19 95% CI: 0.84, 1.68 I2 = 33% p=0.34), and ≥80
years vs <80 years (OR: 0.91 95% CI: 0.76, 1.10 I2 = 0% p=0.34).
The certainty of evidence was found to be “very low”
(Supplementary Table 2).

Pneumonia
Data on pneumonia was reported by 13 studies. Pooled analysis
indicated a statistically significantly increased risk of pneumonia
in elderly patients (OR: 2.52 95% CI: 1.72, 3.70 I2 = 7%
p<0.00001) (Figure 6). The incidence was significantly
increased for the subgroup of ≥75 years vs < 75 years
(OR: 3.94 95% CI: 2.09, 7.42 I2 = 0% p<0.0001) and ≥80
years vs <80 years (OR: 2.04 95% CI: 1.12, 3.72 I2 = 17%
p=0.02) but non-significant albeit with a tendency of increased
risk in the elderly for the subgroup of ≥65 years vs <65 years
(OR: 4.16 95% CI: 0.52, 33.01 I2 = 0% p=0.18). On GRADE
assessment the certainty of evidence was found to be “very low”
(Supplementary Table 2).
TABLE 1 | Details of excluded studies.

Study Reason for exclusion

Abe 2012 (15) Not comparing elderly vs non-elderly
Sumiyoshi 2017 (16) Not comparing elderly vs non-elderly
Sekiguchi 2017 (17) Not comparing elderly vs non-elderly
Chang 2020 (18) Not comparing elderly vs non-elderly
Toya 2019 (19) Overlapping data
Pyo 2017 (20) Overlapping data
FIGURE 1 | Study flow-chart.
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TABLE 2 | Details of included studies.

Histological
type D/UD

Tumor
size (mm)

Lymphatic
invasion (%)

NOS
score

102/5 17.5 8.4 7

281/12 15.6 6.5

96/5 13.1 2
32/0 NR NR 6
404/2
125/3 16.5 3.9 8

489/15 16.5 3.4

46/2 NR 6.3 6
634/18 6.7

170/7 2.3

63/1 17.5 NR 6
149/9 15.6
408/13 17.5 NR 8

610/31 16.6

NR 23.5 NR 6

20.1

44/0 22 NR 6
41/1 19.5
NR NR NR 8

NR NR NR 6

341/0 15.1 NR 7

139/4 14.5
NR 19 NR 8

18

NR 18 NR 6

18
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Author/
Year

Country Definition
of EGC

Groups
(years)

Sample
size

Mean Age
(years)

Male
gender
(%)

CVS
disease

(%)

DM
(%)

Use of AT/
AC (%)

Ulcer
finding
(%)

Location
U/M/L

Invasion
depth IM/SM

Yamaguchi
2019 (27)

Japan JGCA
version 3

>80 94 (107)
^

83.9 69.1 24.5 NR 33 11.2 22/24/61 96/11

65-79 266
(293)

72.3 71.4 18.8 22.2 9.9 52/82/159 253/40

<65 92 (101) 58.1 79.3 5.4 6.5 5 15/27/59 93/8
Son 2019
(11)

South
Korea

JGCA
version NR

≥80 32 82.3 53.1 9.4 15.6 18.8 0 5/4/23 NR
<80 406 64.5 64.8 8.4 16.5 18.2 1 23/64/319

Okimoto
2019 (10)

Japan JGCA
version 3

≥80 108
(128)^

83.4 75.9 21.3 11.1 27.8 NR 16/35/77 114/14

<80 425
(504)

69.6 72 13.6 10.8 16 87/143/
274

456/48

Watanabe
2017 (4)

Japan JGCA
version 3

≥85 43 (48)^ 86 62.3 21 14 30.2 NR 13/15/20 40/8
65-84 511

(652)
75 68.9 13.3 15.7 24.1 122/272/

258
564/88

≤64 161
(177)

60 83.2 10 13.4 11 37/73/67 164/13

Otsuka
2017 (12)

Japan JGCA
version 3

≥80 64 84.2 68.7 35.9 31.2 6.3 NR 28/16/20 NR
<80 168 69.5 70.2 14.9 28 7.1 39/55/72

Kato 2016
(26)

Japan JGCA
version 3

≥75 345
(421)^

80 69 11.9 19.4 25.2 13.3 77/210/
134

386/35

<75 547
(641)

65 80.6 4.6 14.3 11.9 14.5 102/332/
207

572/69

Chinda
2015 (24)

Japan NR ≥75 102
(109)^

79.2 63.7 21.6 10.8 30.4 NR NR NR

<75 205
(209)

65.9 76.5 10.2 20.5 16.6

Yang 2015
(25)

Taiwan JGCA
version 3

≥75 44 81.6 81.8 38.6 43.2 11.4 NR 0/28/16 37/7
<75 42 63.4 69 11.9 26.2 16.7 1/18/23 40/2

Zhang 2014
(23)

China Gotoda et
al. (34)

≥75 46 (51)^ 79 71.7 17.4 21.7 8.7 21.6 9/17/25 NR
<75 125

(136)
59.4 63.2 10.4 15.2 4.8 15.4 9/44/83

Murata
2014 (22)

Japan NR ≥80 5525 NR 65.5 5.5 12.2 7.7 NR 569/2801/
2155

NR

<80 21860 76.2 2.8 11.8 4.1 1880/
12001/
7979

Tokioka
2012 (21)

Japan JGCA
version 2

≥65 372 73.9 69.9 7.8 15.3 NR NR 25/109/
229

98.6

<65 143 57.7 82.5 0.7 6.3 23/45/74 96.5
Toyokawa
2010 (33)

Japan NR ≥75 200
(229)^

80 64 20 21 5.5 NR 54/76/98 158/28

<75 314
(357)

66 75.5 11 15 1.6 93/141/
122

245/41

Isomoto
2010 (32)

Japan JGCA
version 2

≥75 260
(279)^

NR 72.4 NR NR NR 3.7 44/129/
105

222/57

<75 NR 79 13.3 369/65
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Length of Hospital Stay
Length of hospital stay was reported as mean and standard
deviation only by five studies. Meta-analysis indicated no
significant difference between the two study groups (MD: 0.67
95% CI: -0.14, 1.48 I2 = 83% p=0.10) (Figure 7). The certainty of
evidence was found to be “very low” (Supplementary Table 2).

Sensitivity Analysis
On the sequential exclusion of individual studies from the meta-
analysis of resection rates and complications, we found no
change in the direction of the result for any outcomes. All
results were stable and maintained the significance of the
overall effect. For all analyses with I2<50%, we also checked the
pooled effect size using a fixed-effects model. However, there was
no change in significance of any of the results (data not shown).
DISCUSSION

The elderly population is known to be at higher risk of cancer
with most solid tumors being associated with older age. Data from
the western population indicates that almost one-third of new
cancer cases are detected in patients aged >75years and this figure
may treble by 2040 (37, 38). Similarly, age is an important factor
in the epidemiology of gastric cancer with tumors frequently
detected in the elderly population (39). Guidelines for the
management of gastric cancer are frequently derived from
clinical trials conducted in a younger population with most
studies excluding patients aged >75 years (40). In this context,
it is important to differentiate the applicability and complications
associated with gastric cancer treatment in this cohort of patients.

ESD has more or less replaced endoscopic submucosal resection
(ESR) for the treatment of early malignancies of the gastrointestinal
tract. ESR had technical limitations as lesions >15mmwere prone to
recurrence due to incomplete resection of the tumor (41). Studies
have shown that ESD improves en-bloc and complete resection
rates as compared to ESR but with a higher risk of complications
due to technical challenges of the procedure (42). Since many
physiological changes occur with increasing age including
deterioration of organ function and changes in body composition,
it is important to understand the efficacy of ESD for elderly
patients (40).

For the primary outcomes of en-bloc resection rates and
histological complete resection rates, our meta-analysis found no
statistically significant difference between elderly and younger
patients. Our results concur with the previous meta-analysis of
Lin et al. (9) which also reported no statistically significant
difference in en-bloc resection rates (OR: 0.98 95% CI: 0.56,
1.71) and histological complete resection rates (OR: 0.79 95% CI:
0.58, 1.07) between the two groups, albeit with an analysis of only
six studies and a maximum sample size of 2146 patients. The
current review was able to include up to 14 studies with a
maximum sample of 6416 patients thereby significantly
strengthening the validity of the results. Another important
strength of our study was that we were able to differentiate
between various subgroups of the elderly. The criteria for
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defining the elderly are known to differ in literature (43). Our
analysis indicates that ESD can be carried out even in the “super-
elderly” group of ≥80 years without any impact on en-bloc or
histological complete resection rates. These rates are important
as they are considered to be indicators to measure the oncological
adequacy of ESD (36). However, our review was unable to
Frontiers in Oncology | www.frontiersin.org 7387
decipher the long-term clinical outcomes of ESD in the elderly
for want of data. In one of the included studies, Okimoto et al.
(10) did not find any significant difference between overall
survival and disease free-survival between patients aged ≥80 vs
<80 years of age. On the other hand, Watanabe et al. (4) have
reported higher mortality with early gastric cancer in the very
FIGURE 2 | Meta-analysis of en-bloc resection rates between elderly and non-elderly patients with subgroup analysis based on definition of elderly subjects.
FIGURE 3 | Meta-analysis of histological complete resection rates between elderly and non-elderly patients with subgroup analysis based on definition of elderly
subjects.
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elderly (≥85 years) and elderly (65-84 years) as compared to non-
elderly patients. In addition to the contradictory results, at this
point, it is also unclear if the overall survival is affected by
differences in the clinicopathological characteristics of gastric
Frontiers in Oncology | www.frontiersin.org 8388
cancer in the elderly group or if the higher comorbidity status
plays a major role in influencing survival (40). Only further
studies comparing elderly and non-elderly patients and assessing
long-term survival can provide clarity on this subject.
FIGURE 4 | Meta-analysis of perforation rates between elderly and non-elderly patients with subgroup analysis based on definition of elderly subjects.
FIGURE 5 | Meta-analysis of bleeding rates between elderly and non-elderly patients with subgroup analysis based on definition of elderly subjects.
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Despite the minimally invasive nature of ESD, procedure-
related adverse events are common especially perforation,
bleeding, and pneumonia. The rates of perforation are known
to vary from 1.2 to 9.6% with ESD for early gastric cancer (9, 44).
In our review, we noted a perforation rate of 1.84% for the elderly
group which was within the range described in the literature.
Overall, the risk of perforation was not significantly higher but
considering the 95% CI with the lower limit close to 1, there was
a tendency of increased perforation rates in the elderly. Also, on
subgroup analysis, we noted a 1.5 times increased risk of
perforation in the super-elderly group of ≥80 years. Important
to note is that many factors can influence perforation rates. A
recent study by Ding et al. (44) has demonstrated that liver
disease, upper location of the lesion, larger tumor size,
submucosal invasion, longer operating time, gross lesion type,
and piecemeal resection significantly affect perforation rates.
Since the two cohorts in our study were not matched for
baseline characteristics these factors may have influenced
the outcome.

The number of comorbidities is known to increase with age
many of which require anti-thrombotic and anticoagulant
Frontiers in Oncology | www.frontiersin.org 9389
prophylaxis. While there has been no consensus on the effects
of these drugs on bleeding rates with ESD, a recent meta-analysis
suggests that regardless of continuation or discontinuation,
antithrombotic drugs significantly increase the risk of delayed
bleeding with ESD (45). Other lesion-related factors like lesion
size, location on the lesser curvature, lesion morphology,
histology, and ulcer finding also affect bleeding rates (46). In
our review, we found no significant difference in the risk of
bleeding with ESD between elderly and non-elderly patients. The
non-significant results were noted even in the super elderly
group of ≥80 years.

Elderly patients are prone to respiratory complications like
pneumonia owing to the higher number of comorbidities and
poor immune status. Indeed, a recent study has indicated that the
Charlson comorbidity index of ≥3 is associated with an increased
risk of respiratory-related complications in elderly patients
undergoing ESD for early gastric cancer (47). Furthermore,
lowered ability to expectorate post-procedure may also
contribute to aspirational pneumonia. It is suggested that
adequate suction may reduce the incidence of aspiration with
ESD (9). In our analysis, we noted an increased risk of
FIGURE 6 | Meta-analysis of pneumonia rates between elderly and non-elderly patients with subgroup analysis based on definition of elderly subjects.
FIGURE 7 | Meta-analysis of length of hospital stay between elderly and non-elderly patients.
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pneumonia in elderly patients irrespective of the cut-off age. The
results were statistically non-significant for the subgroup of ≥65
vs <65 probably due to the limited number of studies in this
analysis. But considering the 95% CI with an upper limit of 33, it
is plausible that the risk of pneumonia is increased even with an
age of ≥65 years.

The limitations of our review need to be specified. Foremost, it
is important to note that all of the outcome variables can be
influenced by several confounding factors. In the absence of
baseline matching or multivariable-adjusted outcomes, the effect
of several known and unknown confounding factors on the
review outcomes cannot be negated. Since all included studies
in the review were retrospective cohort in nature with inherent
selection bias, the results should be interpreted with caution. On
GRADE assessment of the outcomes, we found that the certainty
of evidence was “very low” for all included outcomes. Secondly,
the definition of elderly was not coherent in the included studies.
While we attempted a subgroup analysis to better elucidate this
difference, the variable definitions could have skewed the overall
outcome. Thirdly, our review could not assess survival outcomes
due to the non-availability of data. Long-term survival outcomes
were reported only by Isomoto et al. (32), Okimoto et al. (10), and
Watanabe et al. (4) wherein the elderly were defined as >75 years;
>80 years and >65 years respectively. Considering the limited
number of studies reporting the outcome with different definition
of elderly, it was not feasible to conduct any pooled analysis for
the outcome. Furthermore, such an analysis would have been
biased, as it would include data of just three out of 17 studies.
Fourthly, the majority of the studies included in our review were
from a single country. The remaining studies too were from east
Asia. This significantly limits the applicability of our results to
western populations. Lastly, the definition of early gastric cancer
and the indication for ESD did vary amongst the included studies.
It needs to be highlighted that definition of early gastric cancer
has broadened with time with Barreto et al. (48) now defining it as
“An early gastric cancer is one that infiltrates the mucosa of the
stomach without lymph node metastases. On biopsy or
endoscopic specimen an early gastric cancer is <2 cm in
maximum diameter, well differentiated, intestinal type, non-
ulcerated, not depressed, located in the proximal stomach, and
without infiltration beyond the mucosal layer or evidence of
lympho-vascular invasion. On the surgical specimen an early
gastric cancer is also without evidence on lymph node metastases
from at least a D1 lymphadenectomy”. Future studies should use
the expanded definition in order to present better evidence.

Despite these limitations, our review provides a comprehensive
comparison of outcomes of ESD between elderly and non-elderly
Frontiers in Oncology | www.frontiersin.org 10390
patients by pooling data from a large number of studies.
Considering the small number of complications in individual
studies, the meta-analysis provides pooled data with a
significantly higher statistical power thereby strengthening the
validity of the conclusions. The stability of the results on sensitivity
analysis also lends support to the credibility of our results. Unlike
the previous review (9), our study was also able to assess ESD
outcomes in super-elderly patients. We believe the results of our
study shall enable clinicians tomake informed decisions and better
anticipate outcomes in elderly and super-elderly patients with
early gastric cancer.

To conclude, our study indicates that en-bloc and histological
complete resection rates do not differ between elderly and non-
elderly patients undergoing ESD for early gastric cancer. Elderly
patients have a small tendency of increased risk of perforation
with significantly increased rates in the super-elderly (≥80 years
of age). The risk of pneumonia is significantly higher in elderly
patients but the rates of bleeding do not differ. The certainty of
evidence is “very low” and there is a need for high-quality studies
taking into account confounding factors to enhance the quality
of evidence.
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Zhen Liu1,2, Yichunzi Zhang1,3, Han Yin1,4, Xiuzhu Geng1,4, Sishang Li1,4, Jinrong Zhao1,5,
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Digestive Surgery, Xijing Hospital of Digestive Diseases, The Air Force Medical University, Xi’an, China

Background: This meta-analysis aimed to determine the prognostic impact of
microscopically positive margins (R1) on primary gastrointestinal stromal tumors.

Methods: A literature search was performed using PubMed, Embase, Web of Science,
and Cochrane Library for studies up to 23 November 2020. The pooled disease-free
survival (DFS) and overall survival (OS) between R1 and negative margins (R0) were
estimated using a random-effects model.

Results: Twenty studies with 6,465 patients were included. Comparedwith R0 resection, R1
was associated with poor DFS in patients who did not receive adjuvant Imatinib (HR: 1.62,
95%CI: 1.26–2.09; P = 0.48, I2 = 0%; reference: R0). This negative impact of R1 disappeared
with the use of adjuvant Imatinib (HR: 1.23, 95% CI: 0.95–1.60; P = 0.38, I2 = 6%; reference:
R0). R1 was related to poor DFS in gastric GISTs (HR: 2.15, 95% CI: 1.15–5.02, I2 = 0%;
reference: R0), which was attenuated in the subgroup of adjuvant Imatinib (HR: 2.24, 95%CI:
0.32–15.60; P = 0.84, I2 = 0%; reference: R0). Rectal GIST with R1margin who even received
adjuvant Imatinib still had poor DFS (HR: 3.79, 95% CI: 1.27–11.31; P = 0.54, I2 = 0%;
reference: R0). Patients who underwent R1 resection had similar OS compared with those
underwent R0 resection regardless of the use of adjuvant Imatinib.

Conclusion: R1 was associated with poor DFS for primary GISTs, which was attenuated
by adjuvant therapy with Imatinib. Similar result was observed in the gastric GISTs
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subgroup. Rectal GIST patients with R1 resection had poor DFS even when they received
adjuvant Imatinib. The R1 margin did not influence the OS of GISTs.
Keywords: gastrointestinal stromal tumor, R1 margin, Imatinib, prognosis, meta-analysis
INTRODUCTION

Gastrointestinal stromal tumors (GISTs) are one of the most
common mesenchymal tumors, accounting for 80% of tumors
that arise from the gastrointestinal tract (1). The rare invasion to
lymph nodes or adjacent organs that occurs with these tumors
makes it possible to perform a local resection as a radical curative
treatment, which requires a negative resection margin (R0) and
avoidance of tumor rupture to achieve a satisfactory oncological
outcome (2, 3). However, incomplete resection might occur in
cases with tumors located in unfavorable anatomical sites, which
results in microscopically or grossly positive resection margins
(R1). With the advent of minimally invasive procedures, such as
laparoscopy and endoscopy, whether the status of resection
margin impacts oncological outcomes of GISTs remains a core
concern for surgeons.

Several studies (4–7) have evaluated the prognostic value of
R1 margin for GIST, through which controversial results were
drawn out partially because of the retrospective nature or the
relatively small sample size of these studies. The only previous
meta-analysis (8) revealed that adjuvant Imatinib could attenuate
the negative influence of R1 resection on disease-free survival
(DFS) of GISTs. However, a recent post hoc study based on the
EORTC 62024 randomized trial suggested that tumor rupture
rather than R1 margin significantly influenced the overall
survival (OS) of GIST regardless of the acceptance of adjuvant
Imatinib (9). To date, high-quality evidence focusing on this
issue is still lacking, which is why a decisive conclusion remains
unclear. Therefore, the current meta-analysis aimed to review the
current literature and provide a comprehensive perspective on
the influence of the R1 margin on the prognosis of GIST.
MATERIALS AND METHODS

Search Strategy
A systematic search of literature using keywords such as
“gastrointestinal stromal tumor,” “GIST,” “margin,” and “R1”
was carried out by two investigators (ZL and YZ) through
PubMed, Embase, Web of Science, and Cochrane Library to
identify studies that reported the relationship between the status
of surgical margins and prognosis of gastrointestinal stromal
tumor. The search included studies up to 23 November 2020.
Attempts have been made to obtain additional eligible studies by
searching the references of relevant studies. This study adhered
al tumor; R1, microscopically positive
ive resection margin; DFS, disease-free
opean Society for Medical Oncology;
essment Scale; RCT, Randomized

2394
to the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) guidelines (10).

Selection Criteria
Eligible studies were identified by two investigators (ZL and HY)
according to the following criteria: (1) Participants (P): The patients
were diagnosed pathologically and immunohistochemically as
primary GISTs without metastasis or other cancers; (2)
Interventions (I) and comparisons (C): All the patients underwent
surgery and outcomes between R1 and R0 resection margin were
compared; (4) Outcomes (O): DFS and/or OS were available or able
to be calculated by sufficient data in the studies. When duplicate
studies based on similar populations were identified, only the
newest or largest study was included. Any discrepancies were
resolved by discussion with a third investigator (XG).
Data Extraction
The name of the first author, year of publication, country, sample
size, tumor site, recurrence events, adjuvant therapy, follow-up,
DFS, disease-specific survival, and OS were extracted
independently by two investigators (SL and JZ). If the hazard
ratio (HR) and 95% confidence interval (CI) were not provided
in the studies, we calculated these data from available data or
from the Kaplan–Meier survival curves using the methods
reported by Tierney et al. (11). A third observer (ZZ) engaged
in discussions to resolve any controversial issues.
Quality Assessment
Two authors (ZL and ZZ) independently assessed the quality of
all included studies using the Newcastle–Ottawa Quality
Assessment Scale (NOS) with the highest score of nine (12),
and any discrepancies in the scores were resolved by discussion
with a third reviewer (YZ).
Statistical Analysis
The pooled survival data were measured using the HR and 95%
CI. Some HRs and 95% CIs were extracted from Kaplan–Meier
curves using Engauge Digitizer (version 4.1). Statistical
heterogeneity was evaluated using the chi-square test and I2

statistics. Subgroup analysis was conducted to identify the source
of heterogeneity. The random-effects model was used by default
because of the nature of the included studies. The estimated
results of the fixed-effects model are also provided for reference.
Sensitivity analysis was performed to validate the stability of the
model by sequentially omitting each study. Potential publication
bias was assessed using the Begg’s and Egger’s tests. Statistical
analyses were performed using R software 3.6.1 (R Project for
Statistical Computing) with the meta package (4.13-0) (13). A
April 2022 | Volume 12 | Article 679115

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Liu et al. R1 Versus R0 on GIST
two-sided P <0.05 was considered significant. The GRADE
profiler software (version 3.6) was used to estimate the level of
evidence (14).
RESULTS

Eligible Studies and Characteristics
As shown in Figure 1A, 960 relevant publications were identified
in the literature search. After screening and assessment, a total of
20 eligible studies (6, 7, 9, 12, 15–30) with 6,465 patients were
included in this meta-analysis (Table 1). In their studies,
McCarter and Cavnar analyzed two sub-series of patients with
GIST with or without adjuvant Imatinib. Therefore, the final
analysis involved 22 series from 20 studies. There were 5,662
patients who underwent R0 resection, and 803 patients who
underwent R1 resection. A total of 915 patients experienced
Frontiers in Oncology | www.frontiersin.org 3395
recurrence after R0 resection, while 159 patients who underwent
R1 resection experienced recurrence. Adjuvant Imatinib was
prescribed to patients in 13 studies. The NOS scores of the
studies ranged from seven to eight, indicating their relatively
high quality of methodology. The DFS and OS of GIST between
R1 and R0 resection were compared, and the subgroup analyses,
according to study type, use of adjuvant Imatinib, and tumor
site (Figure 1B).

Disease-Free Survival
As shown in Figure 2, DFS data between R1 and R0 resection
were available in 17 studies (19 series). R1 resection was
associated with poor DFS compared with R0 resection (HR:
1.40, 95% CI: 1.16–1.70; reference: R0), which was consistent
with the estimated results of the fixed-effects model (HR: 1.41,
95% CI: 1.18–1.67; reference: R0), indicating a lack of
heterogeneity among studies (P = 0.35, I2 = 8%). Sensitivity
A

B

FIGURE 1 | Flow chart of (A) search strategy and (B) study design.
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analysis was performed by omitting each study sequentially, and
the estimated results did not differ significantly, indicating the
stability of the model (Supplementary Figure 1A).

Two of the 17 studies (three series) analyzed data from
randomized controlled trials (RCT) and the remaining 15 were
observational studies. Thus, subgroup analysis according to the
type of study (observational study vs. RCT, Figure 2A) was
performed. The results showed that R1 resection was related to
poor DFS in the subgroup of observational studies (HR: 1.47,
95% CI: 1.12–1.93; I2 = 19%; reference: R0) but not in subgroup
of RCT (HR: 1.29, 95% CI: 0.97–1.93; I2 = 0%; reference: R0).
However, patients of two series of the three in the subgroup
analyzing data from RCTs received adjuvant Imatinib.

Thus, another subgroup analysis was performed according to
the use of adjuvant Imatinib (Figure 2B). R1 resection was
correlated with poor DFS compared with R0 resection (HR: 1.62,
95% CI: 1.26–2.09; P = 0.48, I2 = 0%; reference: R0) in the
subgroup without adjuvant Imatinib, while the status of resection
margin had no significant impact on DFS in the adjuvant
Frontiers in Oncology | www.frontiersin.org 4396
Imatinib subgroup (HR: 1.23, 95% CI: 0.95–1.60; P = 0.38, I2 =
6%; reference: R0).

Tumor site is another key prognostic factor for GISTs. The
eligible studies were categorized into three subgroups: stomach,
rectum, and mixed sites. The mixed sites included studies that
analyzed more than one tumor site. The results of this subgroup
analysis (Figure 3A) showed that R1 was associated with poor
DFS in all three subgroups (stomach: HR: 2.15, 95% CI: 1.15–
5.02, I2 = 0%; reference: R0; rectum: HR: 3.79, 95% CI: 1.27–
11.31; I2 = 0%; reference: R0; mixed sites: HR: 1.32, 95% CI: 1.10–
1.58; I2 = 0%; reference: R0).

The results differed when tumor site and Imatinib use were
both taken into consideration (Figure 3B). For gastric GIST
patients, margin status had no significant influence on DFS
regardless of the use of adjuvant Imatinib (without Imatinib:
HR: 1.35, 95% CI: 0.22–8.36; P = 0.16, I2 = 50%; reference: R0;
with Imatinib: HR: 2.24, 95% CI: 0.32–15.60; P = 0.84, I2 = 0%;
reference: R0). However, a relatively high heterogeneity was
observed in the gastric subgroup without adjuvant Imatinib (P =
TABLE 1 | Summarization of the included studies.

Study Country Type Site Sample size IM Follow-up
(median)

Disease-freee
survival

Overall survival NOS

Total R0/
Recur

R1/
Recur

DeMatteo et al., (6) USA Observ Mix 80 65/NA 15/NA No 24 (1–175) mo NA 2.69 (0.67,
10.89)***

7

Pierie et al., (15) USA Observ Mix 39 35/13 4/3 No 38 (1–159) mo 1.44 (0.29, 7.24) NA 7
Rutkowski et al., (12) Poland Observ Mix 328 253/102 75/46 No 31 (4–292) mo 1.62 (1.12,

2.35)**
NA 7

Gouveia et al., (16) Portugal Observ Mix 96 78/7 18/5 No 42 (1–206) mo 3.03 (0.96,
9.56)**

1.54 (0.34,
7.08)***

7

Nikfarjam et al., (17) USA Observ Mix 40 35/15 5/1 Yes 24 (1–74) mo 0.81 (0.18, 3.55) NA 7
Catena et al., (18) Italy Observ Stomach 151 132/NA 19/NA No 101 (11–132) mo 2.4 (1.1, 4.3)** NA 7
Huang et al., (19) China Observ Stomach 85 82/24 3/1 Yes 41 (3–100) mo 2.04 (0.24, 17.03) NA 7
Kim et al., (20) Korea Observ Stomach 136 122/5 14/0 No 29 (3–106) mo 0.3 (0.02, 5.45) NA 7
McCarter_Placebo et al.,
(21)*

USA RCT Mix 353 330/90 23/9 No 49 mo 1.5 (0.76, 2.99)** NA 8

McCarter_Imatinib et al.,
(21)*

USA RCT Mix 464 415/114 49/17 Yes 49 mo 1.1 (0.66, 1.83)** NA 8

Jakob et al., (22) Germany Observ Rectum 16 14/NA 2/NA Yes 41 (3–110) mo 1.27 (0.03, 49.2) NA 7
Ahlen et al., (23) Sweden Observ Mix 79 61/16 18/15 No 76 (10–179) mo 2.58 (0.75, 8.87) 3.94 (0.24,

64.1)***
7

Hølmebakk et al., (7) Norway Observ Mix 410 363/53 47/17 Yes 45 (0–175) mo 1.08 (0.6, 1.95)** NA 7
Cavnar_Neo-IM et al., (24) USA Observ Mix 76 64/NA 12/NA Yes 3.05 (0.01–14.3) y NA 0.36 (0.05, 2.8) 7
Gronchi et al., (9) Multi-

centers
RCT Mix 808 743/225 65/29 Yes 9.1(IQR, 8–10) y 1.35 (0.91,

1.99)**
1.05 (0.54, 2.01) 7

Pantuso et al., (25) Italy Observ Mix 74 54/12 20/2 Yes 53 (4–117) mo 0.35 (0.11, 1.14) NA 7
Şenol et al., (26) Turkey Observ Mix 60 51/8 9/3 Yes 47.12 ± 33.52 mo 2.63 (0.31, 22.26) NA 7
Shannon et al., (27) USA Observ Mix 2,084 2027/

231
57/10 Yes NA NA 1.26 (0.66, 2.4) 8

Shu et al., (28) China Observ Rectum 71 56/NA 15/NA Yes 84 mo 4.21 (1.34,
13.21)**

NA 7

Zhu et al., (29) China Observ Stomach 371 85/0 286/1 Yes 34.2 ± 20.2 mo 3.52 (0.03, 373.1) NA 8
Cavnar_pre-IM et al., (30)* USA Observ Mix 137 121/NA 16/NA No 4.6 (0–29) y 1.01 (0.58,

2.07)**
NA 7

Cavnar_IM et al., (30)* USA Observ Mix 507 476/NA 31/NA Yes 4.6 (0–29) y 1.29 (0.63,
2.65)**

NA 7
April 2022 | V
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Recur, Recurrence; Observ, Observational study including retrospective or prospective study; RCT, Data from RCTs; IM, Adjuvant Imatinib therapy; y, year; mo, month; NA, not available.
Mix, Studies that analyzed more than one tumor site.
*McCarter and Cavnar each in their studies analyzed two sub-datasets of GIST patients either received Imatinib or not.
**Data of survival extracted directly from the original articles.
***Disease-specific survival which were further analyzed in combination with overall survival.
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A B

FIGURE 3 | Forest plots illustrating disease-free survival between R1 and R0 margins. Subgroup analysis according to (A) tumor site and (B) combination of tumor
site and use of adjuvant Imatinib.
A B

FIGURE 2 | Forest plots illustrating disease-free survival between R1 and R0 margins. Subgroup analysis according to (A) study type and (B) use of Imatinib.
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0.16, I2 = 50%), which made the result of this subgroup less
reliable. Notably, rectal GIST patients with R1 resection had poor
DFS even when they received adjuvant Imatinib (HR: 3.79, 95%
CI: 1.27–11.31; P = 0.54, I2 = 0%; reference: R0). In the mixed sites
group, R1 resection was correlated with poor DFS compared with
R0 resection (HR: 1.55, 95% CI: 1.18–2.03; P = 0.58, I2 = 0%;
reference: R0) for patients without adjuvant Imatinib, while the
status of resection margin did not impact DFS for patients
receiving adjuvant Imatinib (HR: 1.15, 95% CI: 0.90–1.48; P =
0.47, I2 = 0%; reference: R0).

Overall Survival
Six studies that analyzed the OS were included. Patients who
underwent R1 resection had similar OS compared with R0
resection (HR: 1.24, 95% CI: 0.82–1.86; P = 0.61, I2 = 0%),
regardless of whether they received adjuvant Imatinib (HR: 1.09,
95% CI: 0.69–1.70; P = 0.50, I2 = 0%) or not (HR: 2.25, 95% CI:
0.86–5.89; P = 0.80, I2 = 0%) (Figure 4). The estimated results
did not significantly differ after omitting each study sequentially,
indicating the stability of the model (Supplementary Figure 1B).
Publication Bias and GRADE Quality of
Evidence
As shown in Figure 5, the funnel plot and Egger’s test (P = 0.84)
indicated that no potential publication bias was detected in the
Frontiers in Oncology | www.frontiersin.org 6398
DFS data. No asymmetry was observed in the funnel plot of OS.
Egger’s test was not performed for OS because of the relatively
small number of studies (n = 6). The GRADE evidence profiles of
the two indicators (DFS and OS) are presented in Table 2.
DISCUSSION

The present study found that R1 resection was associated with
poor DFS for primary GISTs. Subgroup analysis was performed
according to study type, use of adjuvant Imatinib, and tumor site.
DFS did not worsen for patients who underwent R1 resection in
the subgroup of RCT. However, patients of two of the three series
in the RCT subgroup received adjuvant Imatinib. To illustrate this
point, in the subgroup analysis of the use of adjuvant Imatinib, the
negative influence of R1 resection on DFS was attenuated by
adjuvant Imatinib. Similar effect of adjuvant Imatinib in DFS was
observed in the subgroup of gastric GISTs. Rectal GIST patients
who underwent R1 resection had poor DFS even when they
received adjuvant Imatinib. Patients who underwent R1
resection had similar OS compared with those underwent R0
resection regardless of the use of adjuvant Imatinib.

Although surgical margin was removed from the 2014 edition of
the European Society forMedical Oncology (ESMO) guidelines (31)
as a prognostic factor for GIST, debates around this point have not
diminished. Consistent with this, a recent study evaluating 371 cases
FIGURE 4 | Forest plots illustrating overall survival between R1 and R0 margins.
April 2022 | Volume 12 | Article 679115

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Liu et al. R1 Versus R0 on GIST
of GIST that were all endoscopically resected and the majority of
which were very low or low risk, showed that the R1margin was not
associated with a higher rate of recurrence of GIST. The only
previous meta-analysis (8) focusing on resection margins found that
the difference in DFS between R1 and R0 margins disappeared in a
subgroup of studies in which parts of patients received adjuvant
Imatinib, which is recommended for moderate or high-risk patients
according to guidelines. The current meta-analysis also found that
R1 resection was associated with poor DFS of GISTs, but this
negative effect disappeared with use of adjuvant Imatinib. That is to
say, in the presence of adjuvant Imatinib, R1 did not negatively
impact the DFS of GISTs.

However, the Imatinib in these studies was not specifically
given to those who had R1 margins, and the mechanism by which
Imatinib attenuated the negative survival impact of R1 requires
further exploration. Interestingly, Shannon et al. (27) in their study
found that the R1 resection margin was correlated with larger
tumor size, which means more aggressive tumor biology that leads
to poor prognosis. These results raise the question of whether the
prognostic difference is actually caused by the difference in risk
factors collinear with the R1 margin rather than the margin status
itself. To confirm this point of view, Gronchi et al. (9) analyzed 908
GIST patients from a randomized trial and compared survival
between R1 and R0 margins stratified by treatment arm (with or
Frontiers in Oncology | www.frontiersin.org 7399
without adjuvant Imatinib). The results showed that when tumor
rupture was excluded, the R1 margin was not related to worse
relapse-free survival and OS in either arm. The current estimated
effect of the R1 margin on the OS of GIST was consistent with this
result. However, it could not be simply concluded that margin
status did not need to be considered in the decision-making for
postoperative treatment of GIST.

Further subgroup analysis of this meta-analysis according to
tumor site and use of adjuvant Imatinib showed that gastric GISTs
with R1 margin had poor DFS which was attenuated in the
subgroup of adjuvant Imatinib. Notably, R1 margin was
associated with poor DFS of rectal GISTs that even received
adjuvant Imatinib. The relatively lower malignancy of GISTs in
the stomach (1, 32) and higher aggressiveness in the rectum (33, 34)
might contribute to these results, which require further investigation
focusing on the impact of R1 on the survival of GISTs at different
sites. It is clear that the resection margin should not be sacrificed to
preserve the organ for at least rectal GISTs. Neo-Imatinib treatment
has been reported to reduce the rate of positive margins and is
associated with a higher rate of anal preservation for rectal GISTs
(35). However, a study by Cavnar_Neo-IM 2020, in which patients
all received neo-Imatinib, showed that reduction of tumor size after
neo-Imatinib occurred in only 40% of patients and was not
associated with better oncologic outcomes. The sensitivity analysis
TABLE 2 | GRADE profile evidence.

Indicators Quality assessment №. of
patients

Effect Quality Importance

№. of
studies

Study
design

Risk
of

bias

Inconsistency Indirectness Imprecision Other
considerations

R1 R0 Relative
(95% CI)

DFS 17 observational
studies*

not
serious

not serious not serious not serious Tumor site might
influence the effect
of R1

719 3,506 HR 1.40
(1.16–
1.70)

⨁⨁⨁⊝
moderate

critical

OS 6 observational
studies**

not
serious

not serious not serious not serious none 185 3,038 HR 1.24
(0.82–
1.86)

⨁⨁⊝⊝
low

important
Apr
il 2022 | Vo
lume 12 | A
*Including two observational studies that analyzed data from two RCTs. **Including one observational study that analyzed data from an RCT.
A B

FIGURE 5 | Publication bias of (A) disease-free survival and (B) overall survival.
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confirmed that omitting this study did not differ from the estimated
OS results in the current study. Nevertheless, neo-Imatinib is still
recommended for patients with a high potential risk of incomplete
resection evaluated preoperatively. Additional attention and
treatment are warranted for rectal GISTs when R1 margin occurs.

The current study has some limitations. First, the majority of the
included studies were retrospectively designed such that bias was
inevitable in the process of this meta-analysis. Second, adjuvant
Imatinib was not given specifically to those who experienced R1
margin, so the mechanism of Imatinib attenuating the negative
survival impact of R1 needs further exploration. Third, a relatively
high heterogeneity was observed in the gastric subgroup without
adjuvant Imatinib (P = 0.16, I2 = 50%), which makes the result of
this subgroup less reliable and requires further exploration. Fourth,
risk factors that are collinear with the R1 margin were not analyzed
in the current study. In summary, further high-quality case-
controlled observational trials with a balanced baseline are needed.

Conclusions
In comparison with R0 resection, R1 was associated with poor
DFS for primary GISTs, which was attenuated by adjuvant
therapy with Imatinib. A similar effect of adjuvant Imatinib
was observed in the gastric GISTs subgroup. However, rectal
GIST patients with R1 resection had poor DFS even when they
received adjuvant Imatinib, which suggests that these patients
require further investigation. Patients who underwent R1
resection had similar OS compared with those underwent R0
resection regardless of the use of adjuvant Imatinib.
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