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Editorial on the Research Topic

Emerging Diagnostic and Therapeutic Approaches for Gastric Cancer

Gastric cancer is one of the most common malignancies worldwide. China and Korea contribute
more than 50% of global new cases annually. Together with Park S from Korea, we focus on the
topic of emerging diagnostic and therapeutic approaches for gastric cancer, as early detection and
timely intervention are key measures to improve the poor prognosis of gastric cancer. In present
collection, we receive a total of 58 submissions and a final of 20 articles composed by 173 authors are
included. As of April 23th, this article collection has received 25,135 views.

Metastatic gastric cancer has a dismal prognosis and increasing attention has been paid to this
group of patients. For metastatic gastric cancer, chemotherapy is the mainstay for therapeutic
strategy, however, highly selected patients have improved survival after receiving multi-disciplinary
treatment including gastrectomy. The controversies are that who may benefit from this multi-
disciplinary gastrectomy, and when is the optimal time for surgical intervention. Five articles among
this collection deal with these problems (Luo et al.; Zhang et al.; Zhao et al.; Sun et al.; Li and Zang).
These studies identified risk factors for gastric cancer pulmonary metastasis and proposed surgical
strategy for different category of gastric cancer with liver metastasis.

Tumor biomarker is of great clinical significance, because it facilitates decision-making for target
therapy and helps to predict patients’ outcome. This useful biomarker includes circulating tumor
cells, circulating tumor DNA, epidermal growth factor receptor family, and m6A RNAmethylation,
which have been discussed in the article collection (Yang et al.; Zhou et al.; Gao et al.; Arienti et al.;
Su et al.).

Finally, we believe that this collection of review and original articles would contribute to early
detection and management of gastric cancer. Translating these research findings into clinical
practice may help improve survival of gastric cancer patients.
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Background: For the curative treatment of gastric cancer, several neoadjuvant, and

adjuvant treatment-regimens are available which have shown to improve overall survival.

No overview is available regarding toxicity and surgery related outcomes. Our aim was

to construct a novel graphical method concerning adverse events (AEs) associated

with multimodality treatment and perform a meta-analysis to compare different clinically

relevant cytotoxic regimens with each other.

Methods: The PubMed, EMBASE, CENTRAL, and ASCO/ESMO databases were

searched up to May 2019 for randomized controlled trials investigating curative

treatment regimens for gastric cancer. To construct single and bidirectional bar-charts

(COMplots), grade 1–2 and grade 3–5 AEs were extracted per cytotoxic regimen. For

surgery-related outcomes a pre-specified set of complications was used. Thereafter,

treatment-arms comparing the same regimens were combined in a single-arm

random-effects meta-analysis and pooled-proportions were calculated with 95%

confidence-intervals. Comparative meta-analyses were performed based on clinical

relevance and compound similarity.

Results: In total 16 RCTs (n = 4,526 patients) were included

investigating pre-operative-therapy and 39 RCTs investigating adjuvant-therapy

(n = 13,732 patients). Pre-operative COMplots were created for

among others; 5-fluorouracil/leucovorin-oxaliplatin-docetaxel (FLOT),

epirubicin-cisplatin-fluoropyrimidine (ECF), cisplatin-fluoropyrimidine (CF), and

oxaliplatin-fluoropyrimidine (FOx). Pre-operative FLOT showed a minor increase in

grade 1–2 and grade 3–4 AEs compared to pre-operative ECF, CF, and FOx. A pooled

analysis of patients who had received pre-operative therapy compared to patients who
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underwent direct surgery did not reveal any significant difference in surgery related

morbidity/mortality. When we compared three commonly used adjuvant regimens; S-1

had the lowest amount of grade 3–4 AEs compared to capecitabine with oxaliplatin

(CAPOX) and 5-FU with radiotherapy (5-FU+RT).

Conclusion: COMplot provides a novel tool to visualize and compare treatment

related AEs for gastric cancer. Based on our comparisons, pre-operative FLOT had

a manageable toxicity profile compared to other pre-operative doublet or triplet

regimens. We found no evidence indicating surgical outcomes might be hampered

by pre-operative therapy. Adjuvant S-1 had a more favorable toxicity profile compared

to CAPOX and 5-FU+RT.

Keywords: gastric cancer, chemotherapy, curative, toxicity, meta-analysis

INTRODUCTION

Gastric cancer treated with curative intent has a poor prognosis
with a 5-year survival varying between 30 and 40% (1–3).
There are several different treatment strategies for gastric
cancer which have showed overall survival benefit in the
perioperative, neoadjuvant or adjuvant setting, for example,
the perioperative FLOT regimen (5-fluorouracil, leucovorin,
oxaliplatin, and docetaxel) and the MAGIC regimen (epirubicin,
5-fluorouracil, and cisplatin) (2, 3), adjuvant chemotherapy, i.e.,
S-1 alone or capecitabine with oxaliplatin (4, 5) and adjuvant
chemoradiotherapy, i.e., 5-fluorouracil with radiotherapy (6).
Clinical practice varies between geographical regions due to
local preferences and possibly differences in tumor biology.
Perioperative chemotherapy is the preferred strategy in Europe,
adjuvant chemotherapy is preferred in Asia and in the
United States adjuvant chemo(radio)therapy is given with or
without neoadjuvant chemotherapy (7–9).

Treatment related adverse events (AEs) during multimodality
treatment may encompass toxicity due to conventional cytotoxic
therapy but also surgery related mortality/morbidity. Toxicity is
usually scored according to the Common Terminology Criteria
for Adverse Events (CTCAE), in which AEs are graded from
mild (grade 1 or 2) to severe (grade 3 or 4) and fatal (grade 5)
(10). Furthermore, the occurrence of AEs may not only affect the
period during systemic treatment with chemo(radio)therapy, but
may also influence post-operative complications. As physicians
may offer several curative treatment options to patients with
gastric cancer, systemic treatment related AEs will play an
important role in shared decision making between patients
and physicians.

Well-informed decisions concerning treatment can improve

adherence and quality of life (11). Currently, no graphical
overview is available of systemic treatment related AEs
pooled from multiple studies in the curative setting for

gastric cancer. Our aim was to construct a comprehensive

graphical overview of multimodality related AEs for the curative

treatment of gastric cancer in the neo(adjuvant) setting and
compare different clinically relevant regimens with each other
(COMplots). Therefore, we conducted a systematic review
with meta-analysis.

METHODS

Literature Search
PubMed, EMBASE, the Cochrane Central Register of Controlled
Trials (CENTRAL), and themeeting abstracts from the American
Society of Clinical Oncology (ASCO) and European Society for
Medical Oncology (ESMO) were searched from 1977 up to May
2019. The search strategy consisted of medical subject headings
(MeSH) and text words for gastric cancer and esophageal
cancer (Supplementary Methods). Articles with esophageal
adenocarcinoma patients where included if at least 20% of the
total amount of patients had tumors located in the stomach. Two
authors (TvdE, FaN) screened the titles, abstracts, and full articles
independently. Article citations were cross-referenced to identify
potentially missing articles. Discrepancies were discussed with a
third arbiter (EtV or HvL) until consensus was reached.

Study Selection and Quality Assessment
Prospective phase II or III randomized controlled trials
(RCTs) on the curative treatment of gastric cancer were
included. Studies were eligible if patients were treated with
one of the following intravenous or oral cytotoxic agents: a
fluoropyrimidine (5-fluorouracil, capecitabine, UFT, tegafur, or
S-1), a platinum compound (either cisplatin or oxaliplatin),
a taxane (either docetaxel or paclitaxel), an anthracycline
(either epirubicin or doxorubicin), irinotecan, mitomycin C,
or methotrexate. Treatment could be administered in the
neoadjuvant, perioperative, or adjuvant setting. Studies which
investigated chemoradiotherapy were also included. Only studies
that reported data on grade 1–2 or grade 3–5 AEs and/or
on surgical morbidity/mortality were included. Trials which
included patients with metastatic disease at baseline were
excluded. The quality of the studies was assessed using the
Cochrane Risk of Bias tool (version 5.1.0). Items were scored as
low, high, or unknown risk of bias.

Data Extraction and Statistical Analysis
The incidence and severity of treatment related AEs, including
the total number of patients who started treatment, were
extracted from the study reports for each individual treatment
arm. Moreover, surgery related complications were extracted.
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A pre-specified set of AEs was constructed based on the
available data to enable cross study comparisons based on
individual regimens.

All statistical analyses were performed with the metafor 2.0-0
package in R version 3.5.1. For each treatment arm, the incidence
of AEs or surgical complications was analyzed through meta-
analysis with a random-effects model after application of the
logit transformation. This resulted in pooled proportions with
95% confidence intervals (95% CI). A graphical representation
of the data for each treatment arm was visualized in a bar
chart with the 95% CI (COMplot). For each treatment arm,
individual bar charts were constructed using the number
of patients, number of events and the number of trials.
Clinically relevant regimens were selected based on international
guidelines and individual RCTs showing significant overall
survival benefit compared to surgery alone (3–9, 12–14). AEs
of RCTs investigating pre-operative regimens (as part of a
neoadjuvant or perioperative scheme) were pooled together if
they investigated the same regimen. The AEs of post-operative
therapy as part of a perioperative scheme were pooled separately
from purely adjuvant RCTs due to the inclusion of different
patients groups (e.g., amount of patients with R0 resection,
prior exposure to cytotoxic therapy). Relevant pre-operative
regimens were cisplatin or oxaliplatin with a fluoropyrimidine
(CF or FOx), 5-FU, leucovorin, oxaliplatin, and docetaxel
(FLOT), taxane, cisplatin, and a fluoropyrimidine (TCF) or
epirubicin, cisplatin, and a fluoropyrimidine (ECF). Clinically
relevant post-operative regimens as part of a perioperative
scheme were CF, FOx, FLOT, TCF, ECF, and CF with
radiotherapy (CF+RT). Relevant adjuvant regimens were a
fluoropyrimidine singlet (F), a fluoroprimidine doublet with
either cisplatin (CF), oxaliplatin (FOx), or a taxane (TF).
Relevant chemoradiotherapy regimens were 5-FU (5-FU+RT)
and cisplatin with 5-FU (CF+RT). Less relevant regimens were
included in the (Supplementary Figures).

Surgery related morbidity was grouped according to the
following categories: total morbidity, any medical complication,
any reintervention, abscess, anastomotic leakage, bleeding,
infection, intestinal occlusion, pulmonary complications, sepsis,
and wound healing disorders. Surgery related mortality was
defined as death up to 90 days after surgery, depending on
data presented.

Differences in adverse events proportions between several
clinically relevant regimens were tested with a Wald test.
Additional two-sided post-hoc testing, with Holm correction
for multiple comparison, was performed if the Wald test was
significant (p < 0.05). Comparisons between regimens were
represented with bidirectional COMplot charts.

RESULTS

In total 4,139 unique references were retrieved from the PubMed,
Embase, and CENTRAL databases. Sixty-eight references were
selected for full text assessment after title and abstract screening.
From the ASCO and ESMO conference meeting abstracts no
additional data was identified as the publications of large RCTs

were available in full text (e.g., FLOT-4, CRITICS). Finally, 55
original RCTs could be included. Sixteen studies (2, 3, 12, 15–
27) investigated perioperative or neoadjuvant therapy and 39
only adjuvant therapy (Figure 1) (4–6, 28–63). An overview of
all included studies including dosage of study medication is
presented in (Supplementary Table 1).

Risk of Bias
The Cochrane Risk of bias tool was used to assess study quality
(Supplementary Figure 1).

In 27 (49%) studies there was no risk of bias on any domain.
Twelve (22%) studies were rated as unclear risk of bias on one
domain and 10 (18%) studies on two domains. In six (11%)
studies risk of bias was deemed unclear on three or more
domains. There were no studies rated as having a high risk of bias.

COMplot for Pre-operative and
Post-operative Therapy
For five clinically relevant pre-operative regimens, we
constructed barcharts with confidence intervals and
bidirectional charts with confidence intervals for adverse events
(Figures 2A,B). The adverse events associated with systemic
treatment, were subdivided for perioperative chemotherapy into
different figures for pre-operative and post-operative therapy, if
it was possible to identify this from individual RCTs. The AEs
of trials investigating neoadjuvant therapy were pooled with the
pre-operative arms of perioperative RCTs, if they investigated the
same regimen. Comparisons were made between pre-operative
FLOT, TCF, ECF, and two pre-operative fluoropyrmidine
doublets; FOx and CF to identify any significant differences
between grade 1–5 AEs (Figures 3A,B). In terms of grade 3–4
AEs, FLOT showed a minor increase in grade 3–4 AEs compared
to ECF, CF, and FOx (mainly hematological toxicity: neutropenia
and leukopenia). FLOT showed higher incidences of grade 1–2
AEs compared to CF and FOx (mainly gastrointestinal toxicity,
stomatitis, and fatigue). FLOT also showed a higher amount of
grade 1–2 AEs compared to ECF (diarrhea and neuropathy).
Pre-operative TCF was associated with a higher incidence of
grade 3–4 AEs compared to FLOT (anemia, febrile neutropenia,
anorexia). Grade 1–2 AEs were higher with the FLOT regimen
(mainly gastrointestinal toxicity). A full overview of significant
differences in toxicity between the aforementioned regimens can
be found in (Supplementary Tables 2, 3).

Post-operative ECF was not associated with an increase in
grade 3–4 adverse events compared to CF+RT. However, post-
operative CF+RT showed less grade 1–2 toxicity (neutropenia,
mucositis, hand foot syndrome) compared to post-operative
ECF. There was no toxicity data available on post-operative
treatment with FLOT, TCF, FOx or CF.

Overall, a pooled analysis of patients randomized to a pre-
operative therapy arm did not reveal any significant increase
in surgery related morbidity/mortality compared to patients
who underwent immediate surgery (Figure 4). An exploratory
analysis was performed between several different pre-operative
regimens; patients who received pre-operative CF experienced
significantly less total surgery related morbidity compared to
pre-operative FLOT and pre-operative ECF.
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FIGURE 1 | PRISMA flowchart of included studies. CENTRAL, Cochrane Central Register of Controlled Trials; PRISMA, Preferred Reporting Items for Systematic

Reviews and Meta-Analyses.

TOXplot for Adjuvant Therapy
For 19 adjuvant regimens, we constructed bar charts with
confidence intervals for AEs. Comparisons were made between
FOx and CF, F, F+RT, or TF. Compared to FOx, the regimens
CF and F+RT showed higher incidences of grade 3–4 AEs
(stomatitis, anorexia, fatigue, neutropenia). Compared to F
monotherapy and the doublet TF, the doublet FOx showed higher
incidences of grade 3–4 adverse events (hematological toxicity
and neuropathy). TF was also associated with a reduction in
grade 1–2 AEs compared to FOx (Supplementary Table 4).

To investigate regimens based on individual compounds;
S-1 monotherapy, 5-FU+RT, and CAPOX were separately
compared (Figure 5). In terms of grade 3–4 adverse events,
5-FU+RT was significantly more toxic than CAPOX and
S-1 monotherapy (hematological toxicity, anorexia fatigue,
mucositis). Treatment with S-1 monotherapy was associated
with more grade 1–2 adverse events compared to CAPOX and
5-FU+RT (Supplementary Table 5).

Heterogeneity
For several pooled proportions with more than one RCT
significant (p < 0.05) heterogeneity was observed using the Q-
test. The I2 values of these pooled AEs in the individual or
bidirectional comparative COMplots ranged from 53 to 99%.

DISCUSSION

In this article, we have presented a novel overview of toxicity
and surgical complications for the curative treatment of gastric
cancer. The method in this paper is based on an article
we published earlier on the toxicity profiles of first line
chemotherapy in advanced gastroesophageal cancer (64). We
conducted multiple random effect meta-analyses, based on
individual treatment arms from RCTs. Using COMplot, we
constructed a graphical presentation with pooled proportions
and confidence intervals. Based on the performed analyses, we
conclude that pre-operative therapy is not associated with an
increase in surgery related morbidity or mortality compared to
surgery alone. Pre-operative treatment with FLOT chemotherapy
is not associated with a large increase in grade 3–4 AEs compared
to pre-operative ECF, CF, or FOx. For adjuvant regimens, S-1
is associated with fewer grade 3–4 adverse events compared to
CAPOX and 5-FU+RT.

A systematic review on shared decision making, across
multiple types of cancer, found that in 19 out of 22 studies
patients preferred a more active role regarding treatment
decisions (65). The review highlighted that innovative
interventions regarding improvement of shared decision
making are lacking (65). For clinicians and patients, shared
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FIGURE 2 | (A) Bar chart for pre-operative epirubicin, cisplatin, and a fluoropyrimidine (ECF). In the first column the adverse events are mentioned per row. In the

second column the amount of patients with the AE per grade are mentioned compared to the total amount of patients who were treated with the regimen. In brackets

the amount of studies are mentioned. The pooled estimated incidence for each AE is mentioned in the third column. The bars in the figure give the pooled estimate

with 95% CI (line in black in the bar). Every bar has a specific color which corresponds with the grade of the AE (light blue grade 1–2, dark blue grade 3–4, and red

grade 5). (B) Bidirectional bar chart for pre-operative epirubicin, cisplatin and a fluoropyrimidine (ECF). In the first column the adverse events are mentioned per row. In

the second column the amount of patients with the AE per grade are mentioned compared to the total amount of patients who were treated with the regimen. In

brackets the amount of studies are mentioned. The pooled estimated incidence for each AE is mentioned in the third column. The bars in the figure give the pooled

estimate with 95% CI (line in black in the bar). Every bar has a specific color which corresponds with the grade of the AE (light blue grade 1–2, dark blue grade 3–4

and red grade 5).
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FIGURE 3 | (A) Bidirectional comparative meta-analysis of pre-operative 5-fluorouracil/leucovorin-oxaliplatin-docetaxel (FLOT), epirubicin-cisplatin-fluoropyrimidine

(ECF), and cisplatin-fluoropyrimidine (CF). In the column on the left of the figure the adverse events are mentioned per group of bar charts. The bars in the figure give

the pooled estimate with 95% CI (line in black in the bar). Grade 1–2 AEs are depicted on the left of the figure and grade 3–4/5 on the right of the figure. The color of

the bar chart indicates which regimen is depicted. (B) Bidirectional comparative meta-analysis of pre-operative 5-fluorouracil/leucovorin-oxaliplatin-docetaxel (FLOT),

cisplatin-fluoropyrimidine (CF), and oxaliplatin-fluoropyrimidine (FOx). In the column on the left of the figure the adverse events are mentioned per group of bar charts.

The bars in the figure give the pooled estimate with 95% CI (line in black in the bar). Grade 1–2 AEs are depicted on the left of the figure and grade 3–4/5 on the right

of the figure. The color of the bar chart indicates which regimen is depicted.

decision making can result in improved satisfaction with
oncology care and communication with the physician (11).
Unexpected and unrealistic views of patients on adverse
effects of systemic treatment and surgical complications
can result in decreased confidence in medical care, negative
coping, and a deterioration in quality of life. It is well-
known from phase I trials, that patients underestimate the
potential toxicities that could result from oncological therapy
(66). To improve awareness, recent efforts have focused on
incorporating online information tools in oncology care. For
example, an interactive online decision tool developed for
breast cancer patients improved knowledge and preparation
regarding treatment decisions (67). COMplots provide the
physician with a graphical tool that could potentially facilitate
the exchange of information on treatment effects between
physician and patient. The data from COMplots and the
method of analysis could be used in future online decision
tools (68).

Graphical presentation of adverse effects of multimodality
treatment is not yet available for use during consultation.
COMplots provide pooled proportions with confidence intervals
to give realistic estimates of the chance of occurrence of a
certain adverse event. For clinicians, it can help in giving
realistic estimates of the expected AEs (morbidity and mortality)
regarding treatment with chemotherapy and surgery. Higher
grade adverse events are deemed more acceptable to achieve

curation. Therefore, clinicians might underestimate the value
of informed decision making in the curative setting. However,
even elderly curatively treated patients prefer an active or shared
role above a passive role in oncological treatment decisions
(69). Moreover, patients with a low health related quality of
life reported more interest in shared decision making regarding
cancer treatment (70). Clinicians can potentially use COMplots
to actively engage patients in multimodality treatment decisions.
Especially, for patients with co-morbidity or elderly patients
COMplot can provide the means to weigh benefit of treatment,
between regimens, or estimate the risks of undergoing major
surgery. However, for this specific patient group, it should be
realized that the estimates of adverse events from this pooled
analysis are overall estimates and are not corrected for age
or co-morbidity, these factors generally lead to an increase
in toxicity.

In our COMplots we have performed several meta-
analyses based on data from RCTs regarding the curative
treatment of gastric cancer. Pre-operative therapy was not
associated with an increase in surgery related morbidity
or mortality compared to surgery alone. In several types
of cancer, including esophageal and pancreatic cancer,
neoadjuvant therapy was not associated with an increase in
surgery related morbidity or mortality (71–73). Although,
there is also evidence indicating the location and extent of
the planning target volume of pre-operative radiotherapy
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FIGURE 4 | Surgical morbidity and mortality in patients treated with pre-operative therapy or with surgery alone. In the column on the left of the figure surgical

outcomes are mentioned per group of bar charts. The bars in the figure give the pooled estimate with 95% CI (line in black in the bar). The color of the bar chart

indicates if patients received pre-operative therapy before surgery. There was not enough information to make a distinction in severity of the surgical complications.

For surgery alone there was no information available on the amount of medical complications and 90 day mortality.

might increase post-operative morbidity in esophageal cancer
(74, 75). Ongoing pre-operative trials for gastric cancer like the
CRITICS-2 trial (NCT02931890) should take this into account
when pre-operative chemoradiotherapy is given. Our meta-
analysis primarily included pre-operative chemotherapy
studies and only one pre-operative chemoradiotherapy
study and could thus not effectively rule out an effect of
chemoradiotherapy on post-operative morbidity. Moreover,
due to the high degree of heterogeneity in studies: Asian
vs. Western, surgical techniques, extent of lymph node
dissection, no definite conclusions can be drawn on the
impact of individual regimens on surgical outcomes.
Therefore, our finding that pre-operative CF was associated
with less surgery related morbidity compared to FLOT
and ECF should be regarded as exploratory and should be
further investigated.

Treatment with pre-operative FLOT chemotherapy was
associated with a small increase in AEs compared to pre-
operative ECF, FOx, and CF in the COMplotmeta-analysis. In the
FLOT-4 trial perioperative FLOT substantially improved overall
survival compared to perioperative ECF for gastric cancer (13).
Therefore, patients treated with curative intent in good condition
should receive perioperative FLOT over ECF, FOx, and CF, as
only a minor increase in AEs was found. Pre-operative doublet
chemotherapy should be reserved for patients with treatment
limiting co-morbidity.

Patients who receive an immediate resection and are eligible
for adjuvant treatment experience less grade 3–4 AEs with S-1
monotherapy compared to CAPOX and 5-FU with radiotherapy.
Therefore, S-1monotherapymight bemore attractive for patients
with co-morbidity. However, it must be noted adjuvant S-1
has only been investigated in curatively resected Asian patients.
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FIGURE 5 | Bidirectional comparative meta-analysis of adjuvant S-1, CAPOX or 5-FU+RT in patients who did not receive pre-operative therapy. In the column on the

left of the figure the adverse events are mentioned per group of bar charts. The bars in the figure give the pooled estimate with 95% CI (line in black in the bar). Grade

1–2 AEs are depicted on the left of the figure and grade 3–4/5 on the right of the figure. The color of the bar chart indicates which regimen is depicted.

Effectivity in Western patients or patients with co-morbidity has
not yet been investigated.

STRENGTHS AND LIMITATIONS

The main strength of COMplot is the graphical presentation of
toxicity and surgery related outcomes through pooled proportion
meta-analysis with confidence intervals. Moreover, data can
easily be interpreted as the number of studies and patients
is given for each pooled treatment arm. Data on which the
individual COMplots are based, have been obtained from RCTs
were adverse events have been systematically scored, using the
CTCAE classification.

However, COMplots also have several limitations. First,
the adverse events are scored according to their maximum
grade in the RCTs (76). There is no information available
on the duration of an adverse event and the impact on
quality of life. A recent paper incorporated longitudinal
data in graphic tables and histograms of two RCTs (77).

For COMplots this was not possible as the included RCTs
do not provide longitudinal data on toxicity over time.
In the future, RCTs should include toxicity over time
analyses and provide data on quality of life, also during
curative treatment.

Second, trials only report adverse events which occur over
a certain threshold (for example in 5% of all patients) and
surgery related morbidity was, for most trials, only reported
within 30 days after surgery. For a small amount of toxicity
events, the COMplots underestimate occurrence. Moreover,
the long-term morbidity or deterioration of quality of life
is not incorporated in the COMplots. Large prospective
cohorts can provide more accurate incidences of adverse
events and provide data on long term morbidity after
surgery (78).

Third, cross-study comparisons between perioperative
and adjuvant trials was not possible due to heterogeneity
in baseline characteristics. For example, patients in
adjuvant trials were mostly included after a R0 resection.
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Patients receiving post-operative chemotherapy in a
perioperative trial were already pre-exposed to chemotherapy
which could increase the likelihood of experiencing
an AE.

CONCLUSION

COMplots were constructed for clinically relevant regimens for
the curative treatment of gastric cancer. The COMplots could
potentially be used to inform patients about adverse events
related to multimodality treatment.

Based on our meta-analysis, pre-operative FLOT only
showed a minor increase in AEs compared to pre-operative
doublet or triplet regimens. Therefore, pre-operative FLOT
should be the preferred regimen in the perioperative setting
for fit patients. Surgical outcomes are not impaired by pre-
operative chemotherapy and can thus be safely administered.
Ongoing trials will shed more light on the impact of pre-
operative chemoradiotherapy on surgical outcomes as there
is not enough data on this yet. In the adjuvant setting, S-1
monotherapy had a more favorable toxicity profile compared
to CAPOX and 5-FU with RT and could thus be an more
attractive option for patients with co-morbidity limiting more
intensive treatment.
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Purpose: The purpose of this study was to analyze the frequency and prognosis of

pulmonary metastases in newly diagnosed gastric cancer using population-based data

from SEER.

Methods: Patients with gastric cancer and pulmonary metastases (GCPM) at the

time of diagnosis in advanced gastric cancer were identified using the Surveillance,

Epidemiology and End Result (SEER) database of the National Cancer Institute from

2010 to 2014. Multivariable logistic regression was performed to identify predictors of

the presence of GCPM at diagnosis. Receiver operator characteristics analysis was

performed to significant predictors on multivariable logistic regression and was then

assessed with Delong’s test. Multivariable Cox regression was developed to identify

factors associated with all-cause mortality and gastric cancer-specific mortality. Survival

curves were obtained according to the Kaplan-Meier method and compared using the

log-rank test.

Results: We identified 1,104 patients with gastric cancer and pulmonary metastases

at the time of diagnosis, representing 6.02% of the entire cohort and 15.19% of the

subset with metastatic disease to any distant site. Among the entire cohort, multivariable

logistic regression identified six factors (younger, upper 1/3 of stomach, intestinal-type,

T4 staging, N1 staging, and presence of more extrapulmonary metastases to liver, bone,

and brain) as positive predictors of the presence of pulmonary metastases at diagnosis.

The value of AUC for the multivariable logistic regression model was 0.775. Median

survival among the entire cohort with GCPMwas 3.0 months (interquartile range: 1.0–9.0

mo). Multivariable Coxmodel in SEER cohort confirmed five factors (diagnosis at previous

period, black race, adverse pathology grade, absence of chemotherapy, and presence

of more extrapulmonary metastases to liver, bone, and brain) as negative predictors for

overall survival.
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Conclusions: The findings of this study provided population-based estimates of the

frequency and prognosis for GCPM at time of diagnosis. The multivariable logistic

regression model had an acceptable performance to predict the presence of PM. These

findings may provide preventive guidelines for the screening and treatment of PM in

GC patients. Patients with high risk factors should be paid more attention before and

after diagnosis.

Keywords: gastric cancer, pulmonary metastases, frequency, prognosis, SEER

INTRODUCTION

Gastric Cancer (GC) was the fourth most common malignant
tumor in the world and the fifteenth in the United States (1, 2).
Although the reported incidence and mortality rates had steadily
decreased over the last decade, there was still an estimated 26
240 new GC patients and 10 800 deaths in United States in
2018 (2). Furthermore, about 40% of patients were presented
with evidence of distant metastases (3–5). The most common site
of distant metastases was the peritoneum, followed by the liver,
lung, and bone (5). Pulmonary metastases (PM) were really rare
discovery, which had been reported in only 0.5–16% of the GC
patients with distant metastases in clinical practice (6–8), but 22–
52% of patients at postmortem examination (9, 10). However,
all these patients were unselected, including synchronous and
asynchronous metastatic patients. PM was associated with poor
survival in patients with advanced gastric cancer. The 5-year
survival of gastric cancer and pulmonary metastases (GCPM)
was only 2–4% (6, 7, 11). And the median survival time was 4
months for both newly diagnosed PM and those asynchronous
patients (6, 7, 12).

An early detection of pulmonary metastases was necessary
to alter patient management and result in significant cost
savings and medical resources savings by reducing unnecessary
surgery or other treatments. Chest CT was not recommended
routine assessment in current gastric cancer screening guidelines.
However, multiple studies revealed that CT was more superior in
identifying somemetastatic nodules than plain chest radiography
and conventional liner tomography (CLT) (13–15). And the
conventional chest radiograph was always adopted at the initial
screening examination in clinical practice, which may lead to
missed diagnosis. Thus, a population-based study including a
large sample was particularly important to determine which
patients need to receive further examination.

There were only limited data regarding pulmonary metastases
from gastric cancer at present, and the majority of objects
included in these researches were asynchronous metastatic
patients (6–8, 11, 16, 17). The study in newly diagnosed
gastric cancer with pulmonary metastases was lacking, so the
proportion, predictive factors, prognostic factors, and optimal
strategy for these patients were unknown. Therefore, a study
based on population level about GCPM to describe epidemiologic
characteristics and prognosis was urgently needed.

The purpose of this study was to use data from the
Surveillance, Epidemiology and End Results (SEER) database
between 2010 and 2014 to survey the incidence proportion and

predictive factors of pulmonary metastases at the time of cancer
diagnosis among patients with gastric cancer on a population-
based level. We also wanted to characterize prognostic factors
on the survival of patients at diagnosis of gastric cancer with
pulmonary metastases.

MATERIALS AND METHODS

Study Population
Data was obtained from the SEER database, which was the
largest publicly available cancer dataset and collected cancer
data from 18 population-based cancer registries covering
about 28 percent of the United States population (18). This
database included information about cancer incidence as
well as demographic information: age, gender, race, year at
diagnosis, tumor staging, tumor size, treatment, marital status,
insurance, education, family income, and so on. We used
the SEERStat software version 8.3.4 published by SEER to
identify eligible patients in this study, which we could get from
the official network (https://seer.cancer.gov/). The SEERStat
provided patients information up to 2014 based on theNovember
2016 submission, and it started to release metastatic information
related to pulmonary metastases from 2010. Thus, we can get
information about GCPM between 1 January 2010 and 31
December 2014 from SEERStat. Besides, pulmonary metastases
included only the lung, but not pleura or pleural fluid in the
SEER database.

Within the SEER database, we identified 36,982 patients
with gastric cancer from 2010 to 2014. Patients with other
cancers, <18 or more than 85 years old, with other pathological
types were excluded from the analysis, leaving 18,331 patients
in the final cohort for frequency analysis. Of these, 7268
patients were diagnosed with metastases to any distant site
and 1,104 patients were diagnosed as GCPM. We subsequently
removed patients with an unknown follow-up, leaving 1,098
patients eligible for survival analyses. The percentage of distant
metastases to any site was 39.65% and pulmonary metastases
were 6.02%. Data extraction flowchart was showed in Figure 1.
The inclusion criteria were as follows: age more than 18 years
old and <85 years old at time of diagnosis; gastric cancer as the
only one primary cancer; with identified pulmonary metastases;
confirmation of diagnosis based on pathology of a specimen,
rather than based on radiography or laboratory; with active
follow-up. And we excluded those patients conformed to any one
of the following standards: age <18 years old or more than 85
years old at the time of diagnosis; with more than one primary
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FIGURE 1 | Data extraction flowchart from the SEER database.
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cancer; unknown pulmonary metastases; cancer diagnosed by
radiography or laboratory; pathological type confirmed to be
NET stomach, sarcoma, GIST or lymphoma; without active
follow-up. 12/31/2014 was the cut-off date in this study. More
details can get from SEERStat software version 8.3.4 and SEER
manual 2016. The end point of this study was OS. The OS
was defined from the date of diagnosis to the date of all-cause
death or cancer-specific death, and patients survived to the
latest follow-up identified as censoring. Toward the last follow
up, there were 925 deaths and 173 censoring among patients
with GCPM.

Statistical Analysis
Descriptive statistics was used to calculate the absolute number
and frequency among patients with PM at the time of
cancer diagnosis. Frequency was defined as the percentage
of gastric cancer patients diagnosed with PM among the
entire study cohort and the patients with metastatic disease
to any distant site. All data were stratified by year at
diagnosis, age, gender, race, original, primary site, pathology
grade, Lauren classification, T staging, N staging, tumor size,
treatment, number of extrapulmonary metastatic sites and other
sociodemographic information, such as: marital status, residence
type, insurance situation, bachelor education, median household
income, and smoking status. Residence type, education level,
median household income, and smoking status were defined by
the county attributes from the US Census 2010–2014 American
Community Survey 5-year data files, which we could get from the
SEER∗Stat software.

Chi-square or Fisher’s test was developed for clinical
characteristics of GCPM patients at the exclusion of those with
unknown information. Multivariable logistic regression was used
to determine predictors of the presence of pulmonary metastases
at diagnosis. And only variables which demonstrated significance
on both the Chi-square test and the univariate logistic regression
can enter into the multivariable logistic regression. This was
a population-based study, so we focused more on the entire
cohorts (GC) but not subcohort (GC with metastatic disease to
any distant site). Survival estimates were obtained according to
the Kaplan-Meier method and compared using the log-rank test.
Variables that reached significance with P < 0.05 were entered
into the multivariable analyses using the Cox regression model to
identify covariates associated with increased all-cause mortality.
Besides, we used Fine and Gray’s competing risk regression to
assess gastric cancer-specific mortality (19). Binary-dependent
receiver operator characteristics (ROC) analysis for different
variables to predict the presence of PM was developed. And
Delong’s test was conducted to further expound the performance
of multivariable logistic regression model.

All statistical analyses were performed using SPSS statistical
software (version 18.0). The competing risks analysis was
performed using the cmprsk package (version 2.2-7) and ROC
was developed using the pROC package (version 3.2-5) in R
(version 3.4.4; R Foundation). Delong’s test was performed using
Medcalc software. Statistical significance was set at two-sided
(P < 0.05).

RESULTS

Frequency Analysis
A total of 18,331 patients in the U.S. were diagnosed with
gastric cancer between 2010 and 2014, including 1,104 patients
diagnosed with GCPM whose median age was 66 years old,
consisted of 773 men (70.02%) and 331 women (29.98%). Their
demographic and clinical characteristics were shown in Table 1.
On Chi-square or Fisher’s test, a significant difference was
found in age, gender, race, primary site, Lauren classification,
T staging, N staging, tumor size, number of extrapulmonary
metastatic sites, radiotherapy, surgery, insurance situation and
median household income. The proportion of younger patients
(age<60 years) (40.58 vs. 36.94% P < 0.001), male (70.02
vs. 65.08% P < 0.001) and white race (74.61 vs. 69.63%
P < 0.001) in PM group was higher compared with the
no-PM group. Furthermore, presence with more upper 1/3
of stomach (67.94 vs. 49.34% P < 0.001), extrapulmonary
metastases (63.66 vs. 17.50% P < 0.001) and intestinal-type
tumor (72.64 vs. 64.29% P < 0.001) could been seen in
the PM group. Besides, T4 staging (35.73 vs. 24.93% P <

0.001), N1 staging (49.61 vs. 30.24% P < 0.001) and larger
tumor (>2 cm) (85.89 vs. 79.25% P < 0.001) were significantly
associated with PM. The sociodemographic information, like
insurance situation and median household income, had little
value in this study. However, the no-PM group presented
with higher percentage of radiotherapy (30.15 vs. 20.11% P <

0.001) and surgery (48.77 vs. 4.62% P < 0.001). Additionally,
only 51 patients received gastrectomy and 7 patients received
gastrectomy plus metastectomy among the cohort with GCPM.
Rate of chemotherapy showed no significant difference between
PM group and no-PM group. More detail information can be
found in Table S1.

On univariable logistic regression (Table S2) among the entire
cohort, there were nine factors that showed significance (P
value < 0.05). They were age, gender, primary site, Lauren
classification, T staging, N staging, tumor size, number of
extrapulmonary metastatic sites to liver, bone, and brain
and insurance situation. We put them on multivariable
logistic regression which showed that age, primary site,
Lauren classification, T staging, N staging, and number of
extrapulmonary metastatic sites to liver, bone, and brain
had significance among the entire cohort and primary site,
Lauren classification, N staging, tumor size and number of
extrapulmonary metastatic sites to liver, bone, and brain had
significance among the subset with metastatic disease to any
distant site.

On the multivariable logistic regression (Table 2) among the
entire cohort, T4 (vs. T1; OR, 1.27; 95%CI, 1.02–1.57; P =

0.03), N1 (vs. N0; OR, 1.39; 95%CI, 1.24–1.63; P < 0.001), 1
extrapulmonary metastatic site (vs. 0 extrapulmonary metastatic
site; OR, 4.56; 95%CI, 3.92–5.31; P < 0.001), 2 extrapulmonary
metastatic sites (vs. 0 extrapulmonary metastatic site; OR,
13.41; 95%CI, 10.40–17.28; P < 0.001), 3 extrapulmonary
metastatic sites (vs. 0 extrapulmonary metastatic site; OR,
21.64; 95%CI, 8.35–56.11; P < 0.001) were associated with
significantly greater odds of having pulmonary metastases at
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TABLE 1 | Clinical characteristics of patients with gastric cancer with identified pulmonary metastases at diagnosis.

Variable Patients, no. Proportion of pulmonary metastases, % Survival among patients with

pulmonary metastases, median

(IQR), moWith gastric

cancer

(n = 18,331)

With metastatic

disease (n = 7,268)

With pulmonary

metastases

(n = 1,104)

Among entire

cohort

Among subset

with metastatic

disease

YEAR AT DIAGNOSIS

2010 3,492 1,409 221 6.33 15.68 2.0 (1.0–6.0)

2011 3,502 1,352 195 5.57 14.42 4.0 (1.0–9.0)

2012 3,751 1,469 218 5.81 14.84 3.0 (1.0–7.0)

2013 3,739 1,476 229 6.12 15.51 3.0 (1.0–11.0)

2014 3,847 1,562 241 6.26 15.43 4.0 (1.0–NA)

AGE AT DIAGNOSIS, YEARS

18–40 773 451 63 8.15 13.97 3.0 (1.0–7.0)

41–60 6,039 2,763 385 6.38 13.93 4.0 (1.0–10.0)

61–80 9,682 3,512 581 6.00 16.54 3.0 (1.0–8.0)

80+ 1,837 542 75 4.08 13.84 2.0 (0.0–7.0)

RACE

White 12,735 5,182 820 6.44 15.82 4.0 (1.0–10.0)

Black 2,426 997 139 5.73 13.94 2.0 (1.0–7.0)

Othersa 3,049 1,052 140 4.59 13.31 2.0 (1.0–7.0)

Unknown 121 37 5 4.13 13.51 14.0 (1–NA)

GENDER

Male 11,984 4,743 773 6.45 16.30 3.0 (1.0–9.0)

Female 6,347 2,525 331 5.22 13.11 3.0 (1.0–8.0)

ORIGINAL

Hispanic 3,862 1,690 216 5.59 12.78 3.0 (1.0–10.0)

Non-Hispanic 14,469 5,578 888 6.14 15.92 3.0 (1.0–9.0)

PRIMARY SITE

Upper 1/3 7,027 2,681 553 7.87 20.63 4.0 (1.0–11.0)

Middle 1/3 1,676 694 70 4.18 10.09 3.0 (1.0–8.0)

Lower 1/3 3,808 1,186 119 3.13 10.03 3.0 (1.0–8.0)

Overlapping lesion 1,424 674 72 5.06 10.68 2.0 (1.0–5.0)

Unknown 4,396 2,033 290 6.60 14.26 2.0 (1.0–7.0)

PATHOLOGY GRADE

I–II 4,742 1,397 269 5.67 19.26 6.0 (1.0–12.0)

III–IV 10,623 4,256 576 5.42 13.53 3.0 (1.0–7.0)

Unknown 2,966 1,615 259 8.73 16.04 2.0 (1.0–7.0)

LAUREN CLASSIFICATION

Intestinal-type 11,878 4,621 802 6.75 17.36 3.0 (1.0–9.0)

Diffuse-type 5,552 2,241 232 4.18 10.35 3.0 (1.0–8.0)

Othersb 901 406 70 7.77 17.24 3.0 (0.0–5.0)

TUMOR STAGINGc

I 3,315 0 0 NA NA NA

II 2,359 0 0 NA NA NA

III 4,351 0 0 NA NA NA

IV 7,268 7,268 1,104 15.19 15.19 3.0 (1.0–9.0)

Unknown 1,038 0 0 NA NA NA

T STAGINGc

T1 4,373 1,302 222 5.08 17.05 3.0 (1.0–8.0)

T2 1,650 333 35 2.12 10.51 3.0 (1.0–9.0)

T3 4,777 1,062 128 2.68 12.05 5.0 (2.0–11.0)

T4 3,672 1,642 214 5.83 13.03 2.0 (1.0–7.0)

Unknown 3,859 2,929 505 13.09 17.24 2.0 (0.0–9.0)

(Continued)
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TABLE 1 | Continued

Variable Patients, no. Proportion of pulmonary metastases, % Survival among patients with

pulmonary metastases, median

(IQR), moWith gastric

cancer

(n = 18,331)

With metastatic

disease (n = 7,268)

With pulmonary

metastases

(n = 1,104)

Among entire

cohort

Among subset

with metastatic

disease

N STAGINGc

N0 7,775 2,548 362 4.66 14.21 3.0 (1.0–10.0)

N1 5,210 2572 442 8.48 17.19 4.0 (1.0–9.0)

N2 1,780 417 38 2.13 9.11 4.0 (1.0–10.0)

N3 1,893 496 49 2.59 9.88 3.0 (1.0–11.0)

Unknown 1,673 1,235 213 12.73 17.25 2.0 (1.0–6.0)

M STAGINGc

M0 11,063 0 0 0.00 0.00 NA

M1 7,268 7,268 1,104 15.19 15.19 3.0 (1.0–9.0)

SURGERYd

Yes 8,453 883 51 0.60 5.78 4.0 (2.0–14.0)

No 9,878 6,385 1,053 10.66 16.49 3.0 (1.0–9.0)

RADIOTHERAPY

Yes 5,416 1,251 222 4.10 17.75 5.0 (2.0–11.0)

No 12,915 6,017 882 6.83 14.66 2.0 (1.0–8.0)

CHEMOTHERAPY

Yes 10,495 4,391 631 6.01 14.37 6.0 (3.0–13.0)

No 7,836 2,877 473 6.04 16.44 1.0 (0.0–2.0)

TUMOR SIZE, CM

0–2 2,186 322 59 2.70 18.32 2.0 (0.0–9.0)

2–5 4,741 1,278 198 4.18 15.49 5.0 (1.0–12.0)

5+ 3,742 1,226 161 4.30 13.13 3.0 (1.0–8.0)

Unknown 7,662 4,442 686 8.95 15.44 3.0 (1.0–8.0)

EXTRAPULMONARY METASTATIC SITES TO LIVER, BONE, AND BRAIN, NO.

0 14,442 3,422 379 2.62 11.08 4.0 (1.0–13.0)

1 3,290 3,290 526 15.99 15.99 3.0 (1.0–8.0)

2 340 340 128 37.65 37.65 2.0 (1.0–8.0)

3 18 18 10 55.56 55.56 3.0 (1.0–6.0)

Unknown 241 198 61 25.31 30.81 1.0 (0.0–4.0)

INSURANCE SITUATION

Yes 17,022 6,661 1,007 5.92 15.12 3.0 (1.0–9.0)

No 922 489 73 7.92 14.93 2.0 (1.0–7.0)

Unknown 387 118 24 6.20 20.34 2.0 (0.0–16.0)

MARITAL STATUS

Married 10,618 4,194 627 5.91 14.95 4.0 (1.0–10.0)

Unmarriede 6,789 2,763 441 6.50 15.96 2.0 (1.0–7.0)

Unknown 924 311 36 3.90 11.58 3.0 (0.0–18.0)

RESIDENCE TYPE

Rural 467 192 27 5.78 14.06 2.0 (1.0–6.0)

Urban 17,864 7,076 1,077 6.03 15.22 3.0 (1.0–9.0)

BACHELOR EDUCATION (PER 20% INCREASE)

0–20% 3,144 1,281 173 5.50 13.51 2.0 (1.0–7.0)

20–40% 11,790 4,628 734 6.23 15.86 3.0 (1.0–9.0)

40–60% 3,397 1,359 197 5.80 14.50 4.0 (1.0–11.0)

MEDIAN HOUSEHOLD INCOME (PER $20,000 INCREASE)

0–40,000 1,193 432 82 6.87 18.98 3.0 (1.0–8.0)

40,000–60,000 9,329 3,699 538 5.77 14.54 3.0 (1.0–8.0)

(Continued)
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TABLE 1 | Continued

Variable Patients, no. Proportion of pulmonary metastases, % Survival among patients with

pulmonary metastases, median

(IQR), moWith gastric

cancer

(n = 18,331)

With metastatic

disease (n = 7,268)

With pulmonary

metastases

(n = 1,104)

Among entire

cohort

Among subset

with metastatic

disease

60,000–80,000 5,823 2,355 383 6.58 16.26 3.0 (1.0–9.0)

80,000–100,000 1,986 782 101 5.09 12.92 4.0 (1.0–14.0)

SMOKING STATUS (PER 10% INCREASE)

0–10% 785 292 49 6.24 16.78 3.0 (1.0–7.0)

10–20% 12,201 4,829 705 5.78 14.60 3.0 (1.0–9.0)

20–30% 4,969 1,986 324 6.52 16.31 3.0 (1.0–8.0)

30–40% 376 161 26 6.91 16.15 3.0 (0.0–10.0)

CI, confidence interval, IQR, interquartile range.
a Including Asian and American Indians.
b Including linitisplastica, hepatoid adenocarcinoma, adenosquamous carcinoma and so on.
cAccording to the eighth edition of the AJCC Cancer Staging manual.
d Including subtotal gastrectomy only, total gastrectomy only and radical surgery.
e Including divorced, separated, single (never married), and widowed.

diagnosis. And, insurance status was not associated with a
risk of pulmonary metastases at diagnosis in the multivariable
model. While, age 41–60 years (vs. age 18–40 years; OR, 0.70;
95%CI, 0.52–0.94; P = 0.02), age 61–80 years (vs. age 18–40
years; OR, 0.72; 95%CI, 0.54–0.97; P = 0.03) and age 80+
years (vs. age 18–40 years; OR, 0.54; 95%CI, 0.37–0.78; P =

0.001), middle 1/3 of stomach (vs.: upper 1/3 of stomach; OR,
0.58; 95%CI, 0.44–0.76; P < 0.001), lower 1/3 of stomach (vs.:
upper 1/3 of stomach; OR, 0.50; 95%CI, 0.41–0.62; P < 0.001),
and overlapping lesion (vs.: upper 1/3 of stomach; OR, 0.70;
95%CI, 0.53–0.91; P = 0.01), diffused-type (vs. intestinal-type;
OR, 0.83; 95%CI, 0.70–0.98; P = 0.03), T2 (vs. T1; OR, 0.58;
95%CI, 0.40–0.84; P = 0.004), T3 (vs. T1; OR, 0.65; 95%CI,
0.51–0.82; P < 0.001), N2 (vs. N0; OR, 0.64; 95%CI, 0.45–
0.92; P = 0.02) were associated with marginally lower odds of
pulmonary metastases at diagnosis. The multivariable logistic
regression of subset with metastatic disease was also showed
in Table 2.

In order to further expound the performance of multivariable

logistic regression model, binary-dependent ROC analysis

was performed for the model and different variables. The

model was a combination of six significant variables (age

at diagnosis, Lauren classification, primary site, T staging, N

staging, and extent of extrapulmonary metastastic disease) on

multivariable logistic regression. Delong’s test was developed

to verify the performance. The value of AUC of the model
(AUC: 0.775, 95%CI: 0.760–0.790) showed better than age
(AUC: 0.529, 95%CI: 0.512–0.547), Lauren classification (AUC:
0.537, 95%CI: 0.520–0.554), primary site (AUC: 0.539, 95%CI:
0.521–0.557), T staging (AUC: 0.637, 95%CI: 0.619–0.656),
N staging (AUC: 0.547, 95%CI: 0.530–0.565), and extent of
extrapulmonary metastastic disease (AUC: 0.745, 95%CI: 0.728–
0.762) in the entire cohort. All P value was smaller than 0.001
on Delong’s test. More detail was showed in Table S4. And
the ROC curves for the entire cohort and subcohort were
in Figures S1, S2.

Survival Analysis
Among the subset with pulmonary metastases, there were five
factors that were significantly associated with overall survival on
multivariable Cox regression model. Table S3 showed univariate
analysis for all-cause mortality and gastric cancer-specific
mortality among GCPM. On multivariable Cox regression
(Table 3) for all-cause mortality among patients with GCPM
at diagnosis, black race (vs. white race; HR, 1.26; 95%CI,
1.03–1.54; P = 0.03), grade III-IV (vs. grade I-II; HR, 1.46;
95%CI, 1.24–1.72; P < 0.001), 1 extrapulmonary metastatic
site (vs. 0 extrapulmonary metastatic site; HR, 1.40; 95%CI,
1.21–1.63; P < 0.001) and 2 extrapulmonary metastatic sites
(vs. 0 extrapulmonary metastatic site; HR, 1.67; 95%CI, 1.33–
2.10; P < 0.001), absence of chemotherapy (vs. chemotherapy;
HR, 3.70; 95%CI, 3.18–4.30; P < 0.001) were significantly
associated with an increased all-cause mortality. However, 2011
(vs. 2010; HR, 0.77; 95%CI, 0.63–0.94; P = 0.01), 2013 (vs.
2010; HR, 0.73; 95%CI, 0.59–0.88; P = 0.002), 2014 (vs.
2010; HR, 0.74; 95%CI, 0.59–0.92; P = 0.01) was significantly
associated with a decreased all-cause mortality. And absence
of surgery (vs. surgery; HR, 1.62; 95%CI, 1.13–2.33; P =

0.01) were significantly associated with an increased gastric
cancer-specific mortality only. Gastric cancer-specific mortality
among patients with GCPM at diagnosis was also presented in
Table 3. Survival estimates of overall (Figure 2A) and as stratified
by year at diagnosis (Figure 2B), race (Figure 2C), pathology
grade (Figure 2D), extent of extrapulmonary metastastic disease
(Figure 2E), and chemotherapy (Figure 2F) were graphically
displayed in the Figure 2.

DISCUSSION

This study analyzed the frequency and survival of gastric cancer
patients with pulmonary metastases at their initial diagnosis
using data from the SEER database. We also characterized the
predictive factors and prognostic factors in an attempt to better
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TABLE 2 | Multivariable logistic regression for the presence of pulmonary metastases at diagnosis of gastric cancer.

Variable Patients, no. Among entire cohort Among subset with metastatic disease

Patients (n =18,331) With pulmonary metastases (n = 1,104) OR (95% CI) P Value OR (95% CI) P Value

AGE AT DIAGNOSIS, YEARS

18–40 773 63 1 (Reference) NA NA NA

41–60 6,039 385 0.70 (0.52–0.94) 0.02 NA NA

61–80 9,682 581 0.72 (0.54–0.97) 0.03 NA NA

80+ 1,837 75 0.54 (0.37–0.78) 0.001 NA NA

GENDER

Female 6,347 331 1 (Reference) NA 1 (Reference) NA

Male 11,984 773 1.01 (0.87–1.16) 0.95 1.07 (0.92–1.24) 0.37

PRIMARY SITE

Upper 1/3 7,027 553 1 (Reference) NA 1 (Reference) NA

Middle 1/3 1,676 70 0.58 (0.44–0.76) <0.001 0.52 (0.39–0.68) <0.001

Lower 1/3 3,808 119 0.50 (0.41–0.62) <0.001 0.52 (0.42–0.65) <0.001

Overlapping lesion 1,424 72 0.70 (0.53–0.91) 0.01 0.58 (0.44–0.76) <0.001

Unknown 4,396 290 0.80 (0.68–0.95) 0.01 0.71 (0.60–0.84) <0.001

LAUREN CLASSIFICATION

Intestinal–type 11,878 802 1 (Reference) NA 1 (Reference) NA

Diffuse–type 5,552 232 0.83 (0.70–0.98) 0.03 0.70 (0.59–0.83) <0.001

Othersa 901 70 0.97 (0.76–1.31) 0.24 0.99 (0.75–1.31) 0.96

T STAGINGb

T1 4,373 222 1 (Reference) NA 1 (Reference) NA

T2 1,650 35 0.58 (0.40–0.84) 0.004 0.76 (0.51–1.12) 0.16

T3 4,777 128 0.65 (0.51–0.82) <0.001 0.78 (0.61–1.00) 0.05

T4 3,672 214 1.27 (1.02–1.57) 0.03 0.96 (0.77–1.19) 0.71

Unknown 3,859 505 1.36 (1.13–1.64) 0.001 0.97 (0.81–1.17) 0.78

N STAGINGb

N0 7,775 362 1 (Reference) NA 1 (Reference) NA

N1 5,210 442 1.39 (1.24–1.63) <0.001 1.12 (0.96–1.32) 0.15

N2 1,780 38 0.64 (0.45–0.92) 0.02 0.63 (0.44–0.92) 0.02

N3 1,893 49 0.77 (0.56–1.08) 0.13 0.79 (0.57–1.11) 0.18

Unknown 1,673 213 1.39 (1.13–1.69) 0.001 1.16 (0.95–1.41) 0.15

TUMOR SIZE, CM

0–2 2,186 59 1 (Reference) NA 1 (Reference) NA

2–5 4,741 198 1.25 (0.92–1.71) 0.16 0.78 (0.56–1.09) 0.15

5+ 3,742 161 1.26 (0.91–1.75) 0.16 0.73 (0.52–1.02) 0.06

Unknown 7,662 686 1.64 (1.23–2.19) 0.001 0.80 (0.59–1.09) 0.15

EXTRAPULMONARY METASTATIC SITES TO LIVER, BONE, AND BRAIN, NO.

0 14,442 379 1 (Reference) NA 1 (Reference) NA

1 3,290 526 4.56 (3.92–5.31) <0.001 1.22 (1.05–1.42) 0.01

2 340 128 13.41 (10.40–17.28) <0.001 3.68 (2.86–4.74) <0.001

3 18 10 21.64 (8.35–56.11) <0.001 6.48 (2.51–16.69) 0.002

Unknown 241 61 8.02 (5.81–11.08) <0.001 3.27 (2.35–4.54) <0.001

INSURANCE SITUATION

Yes 17,022 1,007 1 (Reference) NA NA NA

No 922 73 1.12 (0.85–1.46) 0.42 NA NA

Unknown 387 24 0.95 (0.61–1.48) 0.82 NA NA

CI, confidence interval.
a Including linitisplastica, hepatoid adenocarcinoma, adenosquamous carcinoma and so on.
bAccording to the eighth edition of the AJCC Cancer Staging manual.
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TABLE 3 | Multivariable analysis for all-cause mortality and gastric cancer-specific mortality among patients with pulmonary metastases.

Variable Patients, no. All–cause mortality Gastric cancer–specific mortality

Patients

(n = 18,331)

With pulmonary metastases

(n = 1,098)

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

YEAR AT DIAGNOSIS

2010 3,492 221 1 (Reference) NA 1 (Reference) NA

2011 3,502 195 0.77 (0.63–0.94) 0.01 0.91(0.75–1.11) 0.35

2012 3,751 214 0.85 (0.70–1.04) 0.12 0.89 (0.73–1.08) 0.24

2013 3,739 229 0.73 (0.59–0.88) 0.002 0.81 (0.66–0.99) 0.04

2014 3,847 239 0.74 (0.59–0.92) 0.01 0.71 (0.57–0.90) 0.004

RACE

White 12,735 816 1 (Reference) NA 1 (Reference) NA

Black 2,426 138 1.26 (1.03–1.54) 0.03 0.95 (0.76–1.19) 0.67

Othersa 3,049 139 1.14 (0.93–1.39) 0.21 1.18 (0.97–1.43) 0.10

Unknown 121 5 0.77 (0.27–2.64) 0.77 0.95 (0.32–2.87) 0.93

PRIMARY SITE

Upper 1/3 7,027 553 1 (Reference) NA 1 (Reference) NA

Middle 1/3 1,676 69 1.27(0.96–1.67) 0.10 1.43(1.15–1.78) 0.001

Lower 1/3 3,808 118 1.00 (0.80–1.24) 0.97 1.08 (0.87–1.34) 0.49

Overlapping lesion 1,424 72 1.14 (0.86–1.51) 0.35 1.37 (1.04–1.80) 0.02

Unknown 4,396 286 0.97 (0.82–1.15) 0.73 0.95 (0.79–1.14) 0.59

PATHOLOGY GRADE

I–II 4,742 269 1 (Reference) NA 1 (Reference) NA

III–IV 10,623 572 1.46 (1.24–1.72) <0.001 1.35 (1.15–1.58) <0.001

Unknown 2,966 257 1.47 (1.21–1.78) <0.001 1.33 (1.09–1.62) 0.004

RADIOTHERAPY

Yes 5,416 222 1 (Reference) NA 1 (Reference) NA

No 12,915 876 1.09 (0.92–1.30) 0.32 1.04 (0.90–1.20) 0.62

SURGERYb

Yes 8,453 51 NA NA 1 (Reference) NA

No 9,878 1,047 NA NA 1.62 (1.13–2.33) 0.01

CHEMOTHERAPY

Yes 10,495 631 1 (Reference) NA 1 (Reference) NA

No 7,836 467 3.32 (2.87–3.84) <0.001 2.50 (2.16–2.91) <0.001

EXTRAPULMONARY METASTATIC SITES TO LIVER, BONE, AND BRAIN, NO.

0 14,442 377 1 (Reference) NA 1 (Reference) NA

1 3,290 524 1.40 (1.21–1.63) <0.001 1.32 (1.14–1.52) <0.001

2 340 127 1.67 (1.33–2.10) <0.001 1.57 (1.25–1.96) <0.001

3 18 10 1.64 (0.97–3.11) 0.13 2.03 (1.17–3.54) 0.01

Unknown 241 60 1.44 (1.07–1.93) 0.02 1.01 (0.68–1.49) 0.97

MARITAL STATUS

Married 10,618 626 1 (Reference) NA 1 (Reference) NA

Unmarriedc 6,789 436 0.98 (0.85–1.12) 0.76 1.01 (0.88–1.17) 0.85

Unknown 924 36 0.81 (0.55–1.18) 0.27 0.77 (0.45–1.22) 0.26

RESIDENCE TYPE

Rural 467 27 NA NA 1 (Reference) NA

Urban 17,864 1,071 NA NA 0.69 (0.50–0.93) 0.01

Bachelor education (per

20% increase)

18,331 1,098 NA NA 1.02 (0.89–1.17) 0.74

Median household income

(per $20,000 increase)

18,331 1,098 NA NA 0.89 (0.80–0.99) 0.03

CI, confidence interval.
a Including Asian and American Indians.
b Including subtotal gastrectomy only, total gastrectomy only and radical surgery.
c Including divorced, separated, single (never married), and widowed.
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FIGURE 2 | Overall survival among patients with GCPM at diagnosis (A overall), stratified by year at diagnosis (B), race (C), pathology grade (D), extent of

extrapulmonary metastastic disease (E), chemotherapy (F).

understand the clinical impact of pulmonary metastases. To the
best of our knowledge, this was the largest study including 1,104
patients with GCPM at present.

Previously published data had evaluated the incidence
proportions and prognosis of GCPM roughly, and the frequency
of pulmonary metastases from gastric cancer had yielded varying
results, rang from 0.5 to 16% in current clinical practice (6, 7).
However, the frequency of pulmonary metastases was found to
be 22–52% at postmortem examination (9, 10). Most studies
above were small samples from a single institution, which was
unconvincing (6–10). Therefore a study based on population
level to describe the frequency and prognosis of patients who
presented with de novo pulmonary metastases was urgently
needed. In this large retrospective study, we found that 6.02%
of patients with gastric cancer had pulmonary metastases at
diagnosis, and 15.19% of those with any metastases at diagnosis
had pulmonary metastases. This result was a little different from
that of previous published studies (6–10), but was in accordance
with that of a previous study (12) using SEER database, which
showed 5.92% of PM in all patients and 14.45% of PM in
metastatic disease. Part of asymptomatic patients with lung
metastases could not be found at initial diagnosis due to lack

of accurate evaluation. On the other hand, most of the patients
in previous studies developed pulmonary metastases in their
disease course after a diagnosis of early-stage gastric cancer, so
these researches contained both synchronous and asynchronous
metastatic patients. And our work only focused on patients with
metastatic gastric cancer at initial diagnosis, so the frequency of
PM may be underestimated.

Risk factors for the presence of PM at GC diagnosis were
determined using multivariate logistic regression. We found that
patients had significantly greater odds of having pulmonary
metastases at diagnosis when they showed the six factors
as follow: younger, upper 1/3 of stomach, intestinal-type, T4
staging, N1 staging, and presence of more extrapulmonary
metastases to liver, bone, and brain. Younger patients were always
accompanied with more aggressive tumors which led to the
common appearance of pulmonary metastases, as we guessed.
An USA study by Smith found that 81% of young patients
developed distant metastases compared to 50% in the elder
for 15-year follow up which believed that earlier diagnosis and
effective treatments were urgently needed to decrease the extreme
lethality in these young patients (20). The presence of intestinal-
type seemed to be associated with pulmonary metastases in this
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study. Huachuan et al. guessed that it might attribute to high
expressions of extracellular matrix metalloproteinase inducer
(EMMPRIN), which promoted tumor growth and metastasis
(21). Primary tumor located at the upper 1/3 of stomach
had significantly higher percentage of pulmonary metastases
could be attributed to “seed-and-soil” hypothesis (“seed-and-
soil” hypothesis implies organ specific tropism of circulating
tumor cells) (22). Patients with T4 staging and N1 staging were
easier to diagnose with pulmonary metastases, too. The finding
was only seen in N1 staging because of lack of patients with N2
staging (N = 37) and N3 staging (N = 45) we guessed. And
most N staging of this study was based on clinical staging which
may not be accurate enough (23–25). Moreover, only T4 staging
had a higher proportion of lung metastases compared with T1
staging. We thought that the same reasons existed in the variable
of T staging. As we know, TNM staging was visibly associated
with survival in GC. Thus, we inferred that later T staging and
N staging may be associated with poor prognosis in GCPM.
However, these results should be confirmed with further studies
carefully. Besides, patients presented with more extrapulmonary
metastatic sites were associated with a higher proportion of lung
metastases. A similar result was also indicated in breast cancer
(26). To say the least, our study indicated that GC patients
with high risk factors above need further examination at first
diagnosis, like chest CT, or PET-CT. However, it was unclear
whether early detection could contribute to a more favorable
survival significantly.

The multivariate logistic regression model including six
significant variables had the best predictive value, with an AUC
value of 0.775. And the AUC value of single predictors ranged
from 0.529 to 0.745. From them, a large extent of extrapulmonary
metastases hold a maximum AUC value of 0.745, and age had
a minimum AUC value of 0.529. These predictors with AUC
smaller than 0.6 were best to further evaluate. However, the
model contains six significant variables that had an acceptable
performance to predict the presence of PM in our study, which
had not been reported yet.

Prognostic factors of PM at GC diagnosis were analyzed
using the multivariate Cox model. We found that patients had
a significantly higher risk of mortality when they showed the
five factors as follows: diagnosis at previous period, black race,
adverse pathology grade, absence of chemotherapy and presence
of more extrapulmonary metastases to liver, bone and brain.
The prognosis was better for those patients diagnosed at a later
period, which may owe to those patients who receive more
effective treatment with the improvement of medical conditions
in recent years (2). It was worth noting that black patients
had worse overall median survival which may be related to
genetics and economic conditions which had not been well-
explained in previous literature. And GCPM patients with
adverse pathological grade and more metastatic sites predicted
significantly poor survival in this study. This result had not been
well-reported by published studies to the best of our knowledge.
The median OS was 3.0 months from initial diagnosis of GCPM
in the SEER, which was similar to the previous study (12).
Chemotherapy was considered the basic treatment for advanced
gastric cancer at present. The median OS of patients with and

without chemotherapy was 6 and 1 months, separately, in this
study. We can find a significant increase in the hazard ratio for
all-cause mortality (2.87–3.84; P < 0.001) and gastric cancer-
specific mortality (2.16–2.91; P < 0.001) among absence of
chemotherapy vs. presence of chemotherapy. However, the role
of surgery in GCPM had not been effectively identified yet.
Only a few studies and case reports (8, 10, 11, 16, 17) proposed
that radical surgery may improve quality of life and survival
in highly selected cases with isolated pulmonary metastases,
while others hold a different sound (27, 28). And our study
found that surgery showed significant benefit in gastric cancer-
specific mortality analysis only. The hazard ratio (1.13–2.33; P
= 0.01) had a significant increase from absence of surgery to
presence of surgery on a competitive risk model, while showed
no significance on all-cause mortality analysis. What’s more, the
median OS had no significant increase from absence of surgery
group (3 months) to surgery group (4 months), which may have
had four reasons as follows. Firstly, most patients in published
studies were confirmed pulmonary metastases after a diagnosis
of early-stage gastric cancer and received metastasectomy later
(6–10). Secondly, those patients in published studies were highly
selected with excellent surgical conditions. Thirdly, samples in
previous reports were really small with 12 patients as the largest
sample (8). Finally, the GCPM patients with surgical resection
were only 51 in this study, among them forty-four patients
received gastrectomy and only 7 patients received radical surgery
whose median survival was 6.0months (IQR:1-27mo), which
needs further investigation with more patients and convincing
research methods. A prospective randomized controlled trial
(RCT) was not easy to conduct for patients with GCPM due
to their complex characteristics, so the road may be hard and
long. Besides, radiotherapy showed no significance for overall
survival on multivariate Cox model in this study. In summary,
chemotherapy may be the basic treatment for GCPM at present,
while surgery may be available for those highly selected patients
with caution. And we did not recommend routine surgery and
radiotherapy at present.

Although our study was based on population-level, containing
a large number of cases, we should not ignore its limitations.

Firstly, this study was a retrospective study. We could know
patients with metastatic disease to bone, liver, lung and brain,
but the SEER database did not provide information about
other metastatic sites, like peritoneal metastases. Moreover,
we only had information on synchronous metastasis to
lung, lack of a relative minority compared to those patients
who may develop asynchronous metastases. Secondly,
information relating to comorbidities, performance status
was not available in the SEER database. Thirdly, residence
type, education level, and median household income were
defined at a county level, not a patient level, possibly
affecting the results of the logistic and Cox regressions.
Fourthly, more detail information about radiotherapy,
surgery and chemotherapy were not reported in the SEER
database. Finally, the SEER did not record the details of
pulmonary metastases.

To the best of our knowledge, this study was the first
population-based analysis of patients with pulmonary
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metastases at initial diagnosis of gastric cancer. It provided
important suggestions for clinicians to consider designing
studies that evaluate the utility of screening among
patients with higher risk of pulmonary metastases. The
prognostic factors on GCPM were analyzed in this study
too. Besides, we described the significance of different
treatment on GCPM, which might provide some help to
clinical practice.

CONCLUSIONS

In summary, the findings of this study based on a population
level provided estimates of the frequency for GCPM at
time of diagnosis. Patients present with younger, upper
1/3 of stomach, intestinal-type, T4 staging, N1 staging,
and presence of more extrapulmonary metastases to liver,
bone, and brain had significantly greater odds of having
pulmonary metastases at diagnosis. A series of risk factors
for PM in GC patients were identified, which can indicate
routine screening in such patients. Furthermore, a list of
prognostic factors for GCPM patients by survival estimates
was found. GCPM patients present with black race, diagnosis
at previous period, adverse pathology grade, presence with
more extrapulmonary metastases to liver, bone and brain and
absence of chemotherapy had a significantly higher risk of
mortality. These finding can signify the need for individualized
treatment for these patients. Chemotherapy may be the
basic treatment for GCPM at present, while surgery may
be available for those highly selected patients with caution.
And we do not recommend routine surgery and radiotherapy
at present.
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Background: Endoscopic resection (ER) and gastrectomy have been both accepted

as curative treatments for early gastric cancer. We intended to compare ER with

gastrectomy treatments on safety of patients, disease-free survival and overall survival

for early gastric cancer through this systematic review.

Methods: A literature search was performed in Pubmed, Embase, and Cochrane Library

databases. Studies that have compared ER with gastrectomy for early gastric cancer

were included in this meta-analysis. We searched for clinical studies published before

March 2019. Stata 12.0 software was used for systematic analysis.

Results: Nine studies were included in this systematic review, ER treatment was

associated with a shorter length of stay (WMD = −8.53, 95% CI −11.56 to −5.49),

fewer postoperative complications (OR= 0.47, 95%CI 0.34–0.65). ER can be performed

safely with shorter hospital stay and fewer postoperative complications than gastrectomy.

Recurrence rate was higher for ER than for gastrectomy treatment (HR = 3.56, 95%

CI 1.86–6.84), mainly because metachronous gastric cancers developed only in the

ER treatment. However, most of the metachronous gastric cancers could be curatively

treated with ER again, and it didn’t affect overall survival of patients with early gastric

cancer. There was no difference in overall survival rate between ER and gastrectomy

(HR = 0.84, 95% CI 0.63–1.13).

Conclusions: ER and gastrectomy are both acceptable for curative treatment of early

gastric cancer. However, due to the comparable overall survival and lower postoperative

complications and shorter length of stay, ER is better than gastrectomy for early gastric

cancer, who met the indication for ER treatment.

Keywords: endoscopic resection, gastrectomy, recurrence, overall survival, systematic review

INTRODUCTION

Gastric cancer is one of the most gastrointestinal tract tumors worldwide (1, 2). Even if the
incidence of gastric cancer has been declining in the world, it remains one of the most causes
of cancer-related mortality in China (3–5). For minimal invasive surgery, the Japanese Gastric
Cancer Association’s gastric cancer treatment guide lines recommended endoscopic resection (ER)
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for early gastric cancer (6). ER includes endoscopic mucosal
resection (EMR) and endoscopic submucosal dissection (ESD).
And, ER is an effective treatment for gastric cancer, but the
clinical outcomes of ER in treatment of gastric cancer were
controversial (7).

As we know, there were no multi-center studies, which
compared the survival benefit between ER and gastrectomy
treatments. Only several single-center studies have compared
ER with gastrectomy in early gastric cancer (6, 8–15). However,
the results of studies were inconsistent. Systematic review
and meta-analysis was a powerful and effective method,
which could overcome the limitation of small sample sizes
of study through combining results from several individual

studies, then conduct and achieve a systematic assessment

(16). Although, studies comparing ER and gastrectomy in
early gastric cancer were most retrospective studies, there

is evidence that pooling of high-quality non-randomized
comparative studies (NRCTs) is as comparable as pooling

randomized comparative studies (RCTs) when assessing clinical
surgical outcomes (17). Therefore, we systematically analyzed
high-quality clinical researches that have compared ER with
gastrectomy in this study and conducted systematic review of
combined NRCTs.

The aim of the study was to compare long-term outcomes
of ER and gastrectomy treatments for early gastric cancer,
and explore whether ER is superior to gastrectomy in early

FIGURE 1 | Flow chart for article screening.

gastric cancer, and we systematically compared length of stay,
postoperative complications, disease-free survival and overall
survival between ER with gastrectomy treatments in early
gastric cancer.

METHODS

Search Strategy
We conducted and reported this systematic review and meta-
analysis following the PRISMA statement (18). The retrieval
words are “early gastric cancer,” “early stomach cancer,” “early
stomach neoplasm,” “ESD,” “EMR,” “endoscopic resection,”
and “gastrectomy.” A search was performed in Pubmed,
Embase, and Cochrane Library databases. The studies that
have compared ER with gastrectomy for early gastric cancer
were included in this meta-analysis. We searched for clinical
studies published before March 2019. Meanwhile, we tried to
find relevant literature through references of clinical studies.
Then we read the full text and determine the eligible
studies. Finally, a total of nine studies were included in
the analysis.

Include and Exclude Standards
Studies were acceptable in systematic review if they met
these standards: Research compared the outcomes of ER and
gastrectomy; Research reported at least one of the following
clinical outcomes, including length of stay, postoperative
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complications, disease-free survival and overall survival;
Research was published as a full text in the English language.
Research that failed to extract effective data or provide the full
text was excluded.

The inclusion criteria of patients: who were newly
diagnosed as early gastric cancer, histologically confirmed
adenocarcinoma limited to the mucosa or submucosa
(TNM stage 0-IIIB), and received gastrectomy or ER for
treatment. The exclusion criteria of patients: who had undergone
previous gastrectomy. Postoperative pathological evaluation
was performed in all included studies. A clear surgical
margin was confirmed through pathological evaluation.
If a clear surgical margin was not achieved in patients,
these patients needed additional ER or gastrectomy. And,
patients needed additional gastrectomy were excluded from
the study.

Data Extraction
Two reviewers (Liangliang An, Haidong Cheng) extracted the
data of included studies independently and reached consensus
on all data. The following data was extracted: authors’ name,
year of publication, study location, number of patients, length
of stay, postoperative complications, disease-free survival and
overall survival. HR and 95% CI were used to calculate
the disease-free survival and overall survival. Some of the
studies included in this meta-analysis provided HR and 95%

CI explicitly. If HR and 95% CI were not directly reported
in the included studies, we evaluated the HR and 95% CI
in the original studies by the methods which illustrated
by Parmar et al. (19). Moreover, if the original studies
included the median, range and the number of patients, we
estimated the mean and variance by the methods illustrated by
Hozo et al. (20).

Assessment of Quality of Included Studies
Quality assessment was peer-reviewed by two reviewers
(Liangliang An, Haidong Cheng) independently. Quality
scores of the included clinical studies were assessed by
the Methodological Index for Nonrandomized Studies
(MINORS) (21). We assessed the quality of a study
by evaluating 12 items. Studies with ≥18 scores were
considered high quality, and were included in the
systematic review.

Statistical Analysis
Systematic review was performed by using statistical Stata
12.0 software (StatCorp, College Station, TX, USA) (22, 23).
The test for heterogeneity used the Q-test statistic and I2

statistics. Based on the combined test for heterogeneity, we chose
the appropriate method. If there is no heterogeneity among
studies (P ≥ 0.1), we used the fixed effects model for data
consolidation. While there is the heterogeneity (P < 0.1) between
the results of the study, the random effects model for data

TABLE 1 | Characteristics of studies included in the meta-analysis.

Study Year Type of

study

Study period ER

indication

ER Group Number Age Gender

Tsuyoshi Etoh 2005 Retrospective

study

1085–1999 Absolute

indication

EMR(49) ER

Gastrectomy

49

44

84.2

82.2

27/17

31/18

Kwi-Sook Choi 2011 Retrospective

analysis with

propensity-

score

matching

1997–2002 Intramucosal

gastric cancer

EMR(172) ER

Gastrectomy

172

379

59.3 (9.1)

58.4 (10.3)

127/45

286/93

Philip Chiu 2012 Retrospective

cohort study

1993–2010 Mucosal or

submucosal

involvement

ESD(74) ER

Gastrectomy

74

40

66 (14–88)

67 (33–84)

49/25

23/17

Dae Yong Kim 2014 Retrospective

study

2004–2007 Absolute

criteria(35)

Expanded

criteria(107)

ESD(142) ER

Gastrectomy

142

71

62.0 (10.3)

56.7 (12.0)

94/48

58/13

Takeshi Yamashina 2014 Retrospective

study

1998–2012 Mucosal or

submucosal

involvement

EMR(27)

ESD(15)

ER

Gastrectomy

42

13

71.5 (54–89)

69 (39–76)

40/2

12/1

Ju Choi 2014 Retrospective

cohort study

2002–2007 Absolute

indication

EMR(86)

ESD(175)

ER

Gastrectomy

261

114

62 (54–68)

62 (54–66)

195/66

88/26

Chan Park 2014 Retrospectively

analyzed the

clinical data

2007–2012 Expanded

indication

ESD(307) ER

Gastrectomy

307

200

74.5 (3.8)

74.1 (3.5)

211/96

133/67

Young Kim 2014 Prospectively

collected

clinical data

2001–2009 Expanded

indication

EMR(18)

ESD(147)

ER

Gastrectomy

165

292

62 (54–70)

60 (52–68)

122/43

217/75

Sara Najmeh 2016 Prospectively

collected

database

2007–2014 Expanded

indication

ESD(30) ER

Gastrectomy

30

37

74 (40–86)

75 (34–86)

23/7

24/13
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analysis would be used. We also explored reasons for inter-
study heterogeneity using subgroup analysis by the indication
for ER treatment and the endoscopic procedure EMR or ESD.
Sensitivity analysis was also conducted by omission of each single
study to evaluate stability of the results. Publication bias was
evaluated with the Begg’s test. A P-value of < 0.05 was regarded
as significant.

RESULTS

Study Selection and Quality Assessment
Four hundred twenty-three potential articles were generated
through our search strategy. After screening the title and abstract,
323 reports were excluded. After reading the research, 70 reports
were excluded because they were a review, editorial, or case
report. After reading the full text, 11 reports were excluded
because there was no control group. Seven were excluded for no
giving the required outcomes. Three reports were excluded owing
to overlapping patients in multiple studies. The process of our

TABLE 2 | Quality scores of the included clinical studies were assessed by the

Methodological Index for Nonrandomized Studies (MINORS).

Study A B C D E F G H I J K L Quality scores

Tsuyoshi Etoh 2 2 1 2 2 2 2 0 2 2 2 1 20

Kwi-Sook Choi 2 2 0 2 1 2 1 0 2 2 2 2 18

Philip Chiu 2 2 1 2 2 2 2 0 2 2 2 2 21

Dae Yong Kim 2 2 1 2 1 2 2 0 2 2 2 1 19

Takeshi Yamashina 2 2 0 2 1 2 2 0 2 2 2 2 19

Ju Choi 2 2 1 2 1 1 2 0 2 2 2 1 18

Chan Park 2 2 2 2 2 2 2 0 2 2 2 2 22

Young Kim 2 2 2 2 1 2 2 1 2 2 2 2 22

Sara Najmeh 2 2 0 2 1 2 2 0 2 2 2 1 18

A, Clearly stated aim; B, Inclusion of consecutive patients; C, Prospective collection of

data; D, Endpoints appropriate to the aim of the study; E, Unbiased assessment of

the study endpoint; F, Follow-up period appropriate to the aim of the study; G, Loss

to follow up <5%; H, Prospective calculation of the study size; I, An adequate control

group; J, Contemporary groups; K, Baseline equivalence of groups; L, Adequate statistical

analyses. The items are scored 0 (not reported), 1 (reported but inadequate), or 2 (reported

and adequate).

study selection was shown in Figure 1. Nine articles, which were
considered to be of high quality, were enrolled in the study. The
main characteristics and quality scores of studies are presented in
Tables 1, 2.

Length of Stay
As show in Figure 2, five studies reported data on the length of
stay. Because of significant heterogeneity (I2 = 91.2%, P= 0.000),
a random-effect model was used. There was significant difference
in length of stay between the ER and gastrectomy treatment for
early gastric cancer. ER treatment was associated with shorter
length of stay than gastrectomy treatment (WMD = −8.53, 95%
CI −11.56 to −5.49). In the subgroup of expanded indication,
the difference of length of stay between ER and gastrectomy
was also statistically significant (WMD = −6.2, 95% CI −9.45
to −2.94; Figure 3). In the subgroup of ESD, there was also a
significant difference in length of stay (WMD = −5.63, 95% CI
−7.05 to−4.21; Figure 4).

Postoperative Complications
As show in Figure 5, all nine researches included
postoperative complications. There was no significant
heterogeneity (I2 = 46.9%, P = 0.058), and a fixed-
effect model was used. The incidence of postoperative
complications of gastrectomy treatment were higher
than that of ER treatment (OR = 0.47, 95% CI 0.34–
0.65). In the subgroup of expanded indication and ESD,
there was also a significant difference in complications
(Figures 3, 4).

Disease-Free Survival
In this meta-analysis, five studies included the disease-free
survival. Because of no significant heterogeneity (I2 = 45.1%,
P = 0.122), a fixed-effect model was used. Patients who
underwent ER treatment had higher recurrence rate than
that of gastrectomy treatment (HR = 3.56, 95% CI 1.86–
6.84; Figure 6). The results demonstrated that the recurrence
rate of ER treatment was significantly higher than that of
gastrectomy treatment. This was most likely because of residual
gastric mucosa, which may contain areas at high risk of
the development of metachronous gastric cancer. Additional

FIGURE 2 | Meta-analysis on length of stay, there was significant difference in length of stay between the ER and gastrectomy treatments.
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FIGURE 3 | Subgroup meta-analysis of indication for ER treatment.

treatments for recurrence lesions should be considered in early
gastric cancer patients after ER, but the current studies did not
show any adverse event after additional endoscopic treatments
for metachronous lesions, and the overall survival of early gastric
cancer was no significant difference between ER and gastrectomy.
In the subgroup of expanded indication and ESD, there was also
a significant difference in disease-free survival between ER and
gastrectomy (Figures 3, 4).

Overall Survival
As show in Figure 7, the data of overall survival was reported
in eight studies. Because of no significant heterogeneity
(I2 = 26.5%, P = 0.217), a fixed-effect model was used. Overall
survival did not differ between ER and gastrectomy treatment
(HR = 0.84, 95% CI 0.63–1.13). In the subgroup analysis,
there was also no significant difference in overall survival
(Figures 3, 4).
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FIGURE 4 | Subgroup meta-analysis of ER procedure.

Publication Bias
Publication bias was evaluated based on postoperative
complications by using Begg’s test. There was no publication bias
in nine studies of this meta-analysis (P = 0.835). Funnel plot
analysis of the studies is shown in Figure 8. Sensitivity analysis
also indicated that omitting any single study did not affect the
pooled overall survival HR significantly (Figure 9).

DISCUSSION

In recent years, with the development of digestive endoscopic
techniques, more and more early gastric cancer in the absence

of any symptoms was found (24, 25). Gastrectomy treatment has

been conducted as the conventional treatment for early gastric

cancer (26). However, in selected early gastric cancer, ER is
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FIGURE 5 | Meta-analysis on postoperative complication, postoperative complications of gastrectomy treatment were higher than that of ER treatment.

FIGURE 6 | Meta-analysis on disease-free survival, patients who underwent ER treatment had higher recurrence rate than that of gastrectomy treatment.

FIGURE 7 | Meta-analysis on overall survival, overall survival did not differ between ER and gastrectomy treatments.

accepted due to its minimal invasiveness and better quality of
life after the procedure (27). In recent years, ER has become the
minimal treatment for early gastric cancer (28–30).

According to the Japanese gastric cancer treatment
guidelines, ER includes EMR and ESD (31). And ER
is indicated as a standard treatment for the following

tumor: a differentiated-type adenocarcinoma without
ulcerative findings UL(−), of which the depth of invasion
is clinically diagnosed as T1a and the diameter is ≤2 cm.
The expanded indication is that Tumors clinically diagnosed
as T1a and: (a) of differentiated-type, UL(−), but >2 cm in
diameter. (b) of differentiated-type, UL(+), and ≤3 cm in
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FIGURE 8 | Funnel plot depicting standard error by log relative risk.

FIGURE 9 | Sensitivity analysis of overall survival.

diameter. (c) of undifferentiated-type, UL(−), and ≤2 cm
in diameter.

ER was minimally invasive treatment for early gastric cancer,
which met guideline or expanded criteria (32). However, clinical
outcomes of ER remain controversial, several recent reports
suggest that lymph node metastasis may occur after ER treatment
in early gastric cancer (33–35). Therefore, treatment outcomes of
ER are still controversial for early gastric cancer (36, 37). This
meta-analysis combined results from several individual studies
to evaluate the outcomes of ER.

In this meta-analysis, a total of nine studies analyzing the
ER and gastrectomy treatment were included. This meta-analysis
showed that ER treatment showed some advantages, it had a
significantly shorter length of stay, and a lower postoperative

complication rates. And there were no significant difference
between ER and gastrectomy treatments in the overall survival of
early gastric cancer. These results of length of stay, postoperative
complications, and overall survival were consistent with those of
other meta-analyses (38, 39).

There was much evidence to show that the recurrence rate of
ER treatment was significantly higher than that of gastrectomy
treatment, and the recurrence rates of ER was 4.7–11.1%, and
the recurrence rates of gastrectomy was 0.0–1.1%. In this results,
the risk of tumor recurrence was significantly higher in the ER
group than in the surgery group. This was most likely because of
residual gastric mucosa, which may contain areas at high risk of
the development of metachronous gastric cancer, such as mucosa
with atrophic gastritis and intestinal metaplasia (40). Additional
treatments for recurrence lesions should be considered in early

gastric cancer patients after ER, but the current studies did not

show any adverse event after additional endoscopic treatments
for metachronous lesions, and the overall survival of early gastric
cancer was no significant difference between ER and gastrectomy
treatment. And, metachronous gastric cancer did not affect
overall survival (6, 11, 15).

There are some limitations of this meta-analysis. The
approach of extrapolating the HR of overall survival was
a potential factor might lead to heterogeneity of outcomes.
Moreover, this meta-analysis only included fully published
studies. Unpublished researches were not included in meta-
analysis. In addition, this study was searched with language
restriction, so this analysis only included studies in English.

In conclusion, ER and gastrectomy are both acceptable for
curative treatments of early gastric cancer. However, ER is better
than gastrectomy for early gastric cancer, who met the indication
for ER treatment, due to the comparable overall survival and
lower postoperative complications and shorter hospital stay.
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Purpose: To analyze the surgical trend and brief postoperative results of laparoscopic

distal gastrectomy (LDG) in Korea on the basis of a multicenter cohort.

Materials and Methods: Data of 812 patients who underwent LDG between January

and December 2016 were collected from 14 surgeons at 7 institutions. Patients

were divided into laparoscopy-assisted distal gastrectomy (LADG) group and totally

laparoscopic distal gastrectomy (TLDG) group. Perioperative and clinicopathologic

outcomes were compared retrospectively.

Results: Among the patients [n = 222 (27.3%) LADG; n = 590 (72.7%) TLDG], there

are no significant differences in patient’s demographics (sex, age, body mass index, and

American Society of Anesthesiologists score). Billroth-I anastomosis (84.7%) was most

performed in the LADG group, but Billroth-II anastomosis (59.0%) in the TLDG group (p

< 0.001). The mean operative time was longer in the TLDG group (197.3 ± 44.4min

vs. 222.0 ± 60.2min, p < 0.001), and there was no statistical difference in the hospital

stay between the two groups (9.6 ± 4.8 days vs. 8.9 ± 7.1 days, p = 0.149). There

were no significant differences in morbidity and mortality between the two groups. The

length of proximal margin was longer in the TLDG group (4.3 ± 3.1 cm vs. 6.0 ± 3.4 cm,

p < 0.001), but the distal margin was longer in the LADG group (6.5 ± 3.7 cm vs. 5.5

± 3.1 cm, p < 0.001). The distribution of operations among each institution was shown

very heterogeneously.

Conclusion: There was no significant difference related to surgical outcome between

LADG and TLDG in pre-study survey prior to KLASS-07 trial. Therefore, to obtain more

reliable data, well designed prospective randomized controlled study is needed.
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INTRODUCTION

Since the first report of laparoscopic gastrectomy for gastric
cancer by Kitano et al. minimally invasive surgery has been
developed steadily in the recent two decades. Laparoscopic
surgery has various advantages such as less postoperative pain,
inflammatory response, rapid recovery, early discharge, and
excellent cosmetic result compared with conventional open
laparotomy (1–4). Several studies have demonstrated that the
oncologic safety of laparoscopic gastrectomy is similar to
conventional open gastrectomy for early gastric cancer (5, 6), and
laparoscopic gastrectomy was already accepted as the standard
treatment option for early gastric cancer as well as benign
gastric tumor. In addition, laparoscopic gastrectomy widens its
boundary with the development of surgical skill and instruments
even to locally advanced gastric cancer on the basis of evidence
from several retrospective studies (7–9). With this, large-scale
prospective studies are ongoing, and the final results are being
awaited (KLASS-02, JLSSG0901) (10, 11).

Laparoscopy-assisted gastrectomy required a mini-
laparotomy on the epigastrium for gastric division
and anastomosis after laparoscopic gastric mobilization
(extracorporeal anastomosis). In cases that a patient is obese
or has short duodenum, the anastomosis could not be easy
under the narrow working space of the mini-incision, whereas
in the totally laparoscopic gastrectomy, the whole procedure
from the gastric division including lymphadenectomy to the
anastomosis is performed intracorporeally. It has various
advantages, such as the superiority of the cosmetic result due
to umbilical incision and convenient anastomosis under good
operative view even in obese patients. According to accumulated
laparoscopic surgical experience, the recent surgical trend shifted
from laparoscopy-assisted gastrectomy to totally laparoscopic
gastrectomy (12).

However, a prospective randomized controlled study (RCT)
comparing the postoperative outcome and patient’s life of quality
(QoL) is still rare, although there were several retrospective
studies between these two procedures. Thus, authors are
preparing for a multicenter prospective study comparing the
QoL and postoperative outcome between laparoscopy-assisted
distal gastrectomy (LADG) and totally laparoscopic distal
gastrectomy (TLDG) and conducted a brief survey regarding the
surgical trend among Korean gastric surgeons as reference for a
subsequent study (KLASS-07 trial). Therefore, this study aimed
to analyze the current status and surgical trend of laparoscopic
distal gastrectomy in Korea.

METHODS

This study was designed as a multicenter retrospective cohort
study. Medical data of 812 patients were collected retrospectively
using the same case report form provided by 14 gastric surgeons
of seven institutions, which are affiliated to the KLASS-07
trial organizing committee. Between January and December
2016, patients who were diagnosed with gastric adenocarcinoma
or neuroendocrine carcinoma underwent laparoscopic distal
gastrectomy. All patients were compared by dividing them

into two groups: LADG and TLDG group. Pylorus-preserving
gastrectomy (PPG) was excluded in this database as it is not a
distal gastrectomy despite a partial gastrectomy.

Patients’ demographics, postoperative outcome, and
pathologic data were analyzed, and all continuous data are
expressed as mean ± standard deviation. Categorial variables
were assessed by Pearson’s chi-square test and Fisher’s exact
test, and continuous variables were assessed by Student’s t-test.
American Society of Anesthesiologists (ASA) scores between
the two groups were compared (1 vs. others). We described
all anastomosis methods separately. However, in the statistical
analysis, we included Billroth II with Braun anastomosis (B-
IIb) to Billroth II anastomosis (B-II), and uncut Roux-en-Y
anastomosis (REY) to Roux-en-Y anastomosis to reduce the
errors. In a comparison of the resectability, complete resection
case was compared with incomplete resection case (R1 and R2).
Moreover, in the analysis of the World Health Organization
classification, most common tubular adenocarcinoma was
compared with signet ring cell carcinoma because the pathologic
entities of other gastric cancers were very rare. Subgroup
analysis was performed for the operation time according to the
reconstruction method in each group. For this, one-way analysis
of variance and Bonferroni post-hoc analysis were used. In the
LADG group, uncut REY anastomosis was included in REY
anastomosis for the statistical calculation.

To visualize patients’ distribution according to each
institution, jittered scatterplot was applied using the following
formula: (measured value) + (R-0.5) X 0.3, where “R” is
a random number from zero to one. For all analyses, p <

0.05 was considered significant statistically and SPSS version
22.0 for Windows (SPSS, Inc., Chicago, IL) was used for
statistical analysis. This study was reviewed and approved by
the Institutional Review Board of Pusan National University
Hospital (H-1803-023-064). And informed written consent in
terms of using their medical records was provided to all patients
and their legal guardian before study enrollment.

RESULTS

Patient Demographics and Perioperative
Data
A total of 222 (27.3%) patients underwent LADG and 590 (72.7%)
patients underwent TLDG. Of the 812 patients, 511 (62.9%) were
men, with a mean age of 61.9 ± 11.4 years and mean body mass
index (BMI) of 24.6 ± 13.4 kg/m2. There were no significant
differences in sex, age, BMI, and ASA scores between the two
groups (Table 1).

Postoperative data are presented in Table 2. In all patients,
B-II was most performed in 357 (44.0%) patients and Billroth I
anastomosis (B-I) was performed in 213 (26.1%) patients. With
regard to the anastomosis method, B-I was performed in 188
(84.7%) patients in the LADG group and 24 (4.1%) patients in
the TLDG group. B-II was performed in 9 (4.1%) patients in
the LADG group and 348 (59.0%) patients in the TLDG group.
Moreover, REYwas performed in 18 (8.1%) patients in the LADG
group and in 114 (19.4%) patients in the TLDG group. There was
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TABLE 1 | Patients’ demographics.

Variables LADG

(n = 222)

TLDG

(n = 590)

Overall

(n = 812)

p-value

Sex 0.569

Male 136 (61.3) 375 (63.6) 511 (62.9)

Female 86 (38.7) 215 (36.4) 301 (37.1)

Age (years) 61.5 ± 10.3 62.0 ± 11.8 61.9 ± 11.4 0.558

BMI (kg/m2) 23.9 ± 3.0 24.8 ± 15.6 24.6 ± 13.4 0.367

ASA score 0.637a

1 52 (23.5) 129 (22.0) 184 (22.4)

2 165 (74.7) 406 (69.2) 571 (70.7)

3 4 (1.8) 50 (8.5) 54 (6.7)

4 0 2 (0.3) 2 (0.2)

LADG, laparoscopy-assisted distal gastrectomy; TLDG, totally laparoscopic distal

gastrectomy; ASA, American Society of Anesthesiologists.
aASA score 1 vs. Others.

a significant difference in the anastomosis method between the
two groups (p < 0.001). Both groups were mostly anastomosed
with the stapling method.

D2 lymphadenectomy (180 patients, 81.1%) in the LADG
group and D1+ lymphadenectomy in the TLDG groups (466
patients, 79.0%) were mostly performed (p < 0.001). Frequency
of co-resection was higher in the LADG group than in the
TLDG (14.9% vs. 8.3%, p = 0.009). The mean operative time
was longer in the TLDG group than in the LADG group
(197.3 ± 44.4min vs. 222.0 ± 60.2min, p < 0.001). Morbidity
was slightly higher in the TLDG group; however, it was not
significant statistically (18 patients, 10.6% vs. 63 patients, 11.8%,
p = 0.783). One patient died (0.5%) in the LADG and two
(0.3%) in the TLDG, and no difference was found between the
two groups.

Pathological Data
Overall, the mean tumor size was 3.0 ± 2.1 cm, and tumor
size was larger in the LADG group, but no difference was
shown between the two groups (3.3 ± 2.1 cm vs. 2.9 ± 2.1 cm,
p = 0.058). In the LADG group, the tumor located in mid-
part of the stomach was 115 (51.8%) patients and in the lower
part was 95 (42.8%) patients, whereas the middle tumor was
36.9% and the lower tumor was 62.5% in the TLDG group
(p < 0.001). Moderately differentiated tubular adenocarcinoma
(tub MD) was the most common in 239 (29.4%) of all patients,
poorly differentiated tubular adenocarcinoma (tub PD) was
confirmed in 218 (26.5%) patients, and cohesive carcinoma
(SRC) was identified in 172 (21.2%) patients. In the LADG
group, tub MD and SRC were diagnosed finally in each 70
(31.5%) patient and 66 (29.7%). In the TLDG group, tub MD
and tub PD were confirmed in 169 (28.6%) and 163 (27.6%)
patients, respectively. In Lauren’s classification, the incidence of
intestinal and diffuse type was comparable (45.4% vs. 46.3%) in
the LADG group. In the TLDG group, the intestinal type was
greater than the diffuse type (59.0% vs. 23.8%), and there was a
significant difference in the final pathologic finding (p<0.001).

TABLE 2 | Postoperative data.

Variables LADG

(n = 222)

TLDG

(n = 590)

Overall

(n = 812)

p-value

Reconstruction method <0.001a

Billoth-I 188 (84.7) 24 (4.1) 212 (26.1)

Billoth-II 9 (4.1) 348 (59.0) 357 (44.0)

Billoth-II + Braun 6 (2.7) 50 (8.5) 56 (6.9)

Uncut Roux-en-Y 1 (0.5) 54 (9.2) 55 (6.8)

Roux-en-Y 18 (8.1) 114 (19.3) 132 (16.3)

Reconstruction manner 1.000

Stapling 222 (100.0) 589 (99.8) 811 (99.9)

Manual 0 1 (0.2) 1 (0.1)

LND extent <0.001

D1 2 (0.9) 17 (2.9) 19 (2.3)

D1+ 40 (18.0) 466 (79.0) 506 (62.3)

≥D2 180 (81.1) 107 (18.1) 287 (35.3)

Co-resection 0.009

Yes 33 (14.9) 49 (8.3) 82 (10.1)

No 189 (85.1) 541 (91.7) 730 (89.9)

Curability 0.199b

R0 222 (100.0) 583 (98.8) 805 (99.1)

R1 0 4 (0.7) 4 (0.5)

R2 0 3 (0.5) 3 (0.4)

Operative time (min) 197.3 ± 44.4 222.0 ± 60.2 215.2 ± 57.4 <0.001

Hospital stay (days) 9.6 ± 4.8 8.9 ± 7.1 9.1 ± 6.6 0.149

Morbidityc 18 (10.6) 63 (11.8) 81 (11.5) 0.783

Mortality 1 (0.5) 2 (0.3) 3 (0.4) 1.000

LADG, laparoscopic assisted distal gastrectomy; TLDG, totally laparoscopic distal

gastrectomy; DG, distal gastrectomy; LND, lymph node dissection.
aB-I vs. B-II (+Braun) vs. Roux-en-Y (+Uncut).
bR0 vs. R1 and R2.
cThere were 106 missing values of total 812 cases.

The retrieved lymph node was significantly greater in the TLDG
group (42.6 vs. 46.3, p = 0.008), and there were no differences
in metastatic lymph nodes between the two groups. Resection
margin showed significant differences in both groups. The length
of the proximal margin (PRM) was longer in the TLDG group
(4.3 ± 3.1 cm vs. 6.0 ± 3.4cm, p < 0.001) and distal margin
(DRM) was longer in the LADG group (6.5 ± 3.7 cm vs.
5.5 ± 3.1 cm, p < 0.001). All pathologic data are presented
in Table 3.

Distribution of Patients According to the
Institution
Collected patients’ data by each institution shows very
heterogeneous distribution, and it was difficult to find any
regularity. B-I was performed in 212 patients, of which 24 (4.1%)
underwent intracorporeal B-I (delta anastomosis) in the TLDG
group and 188 (84.7%) patients underwent extracorporeal B-I
in the LADG group. B-II was performed in 357 patients, but it
was performed in only 9 (4.1%) patients through LADG and
most patients underwent intracorporeal B-II through TLDG.
B-IIb, REY, and uncut REY were performed in 56, 132, and 55
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TABLE 3 | Pathological data.

Variables LADG

(n = 222)

TLDG

(n = 590)

Overall

(n = 812)

p-value

Tumor size (cm) 3.3 ± 2.1 2.9 ± 2.1 3.1 ± 2.1 0.058

Tumor location <0.001

Upper 12 (5.4) 3 (0.5) 15 (1.8)

Middle 115 (51.8) 218 (36.9) 333 (41.0)

Lower 95 (42.8) 369 (62.5) 464 (57.1)

WHO classification <0.001a

Papillary 3 (1.4) 2 (0.3) 5 (0.6)

Tub WD 29 (13.1) 128 (21.7) 157 (19.3)

Tub MD 70 (31.5) 169 (28.6) 239 (29.4)

Tub PD 52 (23.4) 163 (27.6) 215 (26.5)

Mucinous 0 9 (1.5) 9 (1.1)

Cohesive (SRC) 66 (29.7) 106 (18.0) 172 (21.2)

Others 1 (0.5) 10 (1.7) 11 (1.4)

Unknown 1 (0.5) 3 (0.5) 4 (0.5)

Lauren <0.001

Intestinal 99 (45.4) 329 (59.0) 428 (55.2)

Diffuse 101 (46.3) 133 (23.8) 234 (30.2)

Mixed 181 (8.3) 96 (17.2) 114 (14.7)

Retrived lymph nodes 42.6 ± 15.9 46.3 ± 17.9 45.3 ± 17.5 0.008

Metastatic lymph nodes 0.5 ± 2.1 0.9 ± 3.6 0.8 ± 3.3 0.149

T stage 0.002

T1a 115 (52.0) 273 (46.7) 388 (48.1)

T1b 87 (39.4) 193 (33.0) 282 (35.0)

T2 10 (4.5) 58 (9.9) 67 (8.3)

T3 2 (0.9) 33 (5.6) 34 (4.2)

T4a 7 (3.2) 28 (4.8) 35 (4.3)

N stage 0.267

N0 193 (86.9) 492 (83.4) 685 (84.4)

N1 16 (7.2) 54 (9.2) 70 (8.6)

N2 9 (4.1) 19 (3.2) 28 (3.4)

N3 4 (1.8) 25 (4.2) 29 (3.6)

TNM stageb 0.031c

IA 182 (82.4) 430 (73.5) 612 (75.9)

IB 18 (8.1) 65 (11.1) 83 (10.3)

IIA 9 (4.1) 32 (5.5) 41 (5.1)

IIB 8 (3.6) 23 (3.9) 31 (3.8)

IIIA 1 (0.5) 10 (1.7) 11 (1.4)

IIIB 2 (0.9) 10 (1.7) 12 (1.5)

IIIC 1 (0.5) 15 (2.6) 16 (2.0)

Proximal margin (cm) 4.3 ± 3.1 6.0 ± 3.4 5.5 ± 3.4 <0.001

Distal margin (cm) 6.5 ± 3.7 5.5 ± 3.1 5.8 ± 3.3 <0.001

ESD before surgery 18 (8.1) 29 (4.9) 47 (5.8) 0.092

LADG, laparoscopy-assisted distal gastrectomy; TLDG, totally laparoscopic distal

gastrectomy; Tub, tubular adenocarcinoma; WD, well-differentiated; MD, moderate-

differentiated; PD, poorly-differentiated; SRC, signet-ring cell; ESD, endoscopic

submucosal dissection. Some missing values were excluded in a calculation.
aTub vs. SRC.
bTNM stage was analyzed with AJCC 7th edition.
cStage I vs. II vs. III.

patients, respectively. This may show various results according
to the policy of the institutions. laparoscopy-assistedDetails of
the patient distribution are visualized in Figure 1.

Comparison of the Operation Time
According to the Reconstruction Methods
in Each Group
In the LADG group, the overall operation time of B-I and B-
II reconstruction is relatively shorter than others (191.4 and
187.1min). B-I and B-II groups in LADG showed significant
differences compared with REY group (including uncut REY,
p < 0.001 and 0.001). In the TLDG group, there were no
big numerical differences in the operation time among each
reconstruction methods. The overall operation time was longest
in B-I reconstruction (delta anastomosis) group (236.5min). And
there was a significant difference between B-II and REY group in
Bonferroni post-hoc analysis (216.3min vs. 236.2min, p= 0.022).
The statistical difference was presented as the lowercase a, b, and
c in Figure 2.

DISCUSSIONS

Laparoscopy-assisted gastrectomy has been used for a long time
with increasing popularity from an era of early laparoscopic
surgery until the present. In this procedure, gastric mobilization
and lymph node dissection are carried out laparoscopically,
and the anastomosis is performed extracorporeally through the
mini-laparotomy in the epigastrium. However, anastomosis of
intestines in very obese patients or patients with thick abdominal
wall could be difficult because excessive traction is needed and
the operative visual field is poor in narrow and restricted space
of the upper abdominal cavity. Totally laparoscopic gastrectomy,
in which the whole operation is carried out intracorporeally,
enables anastomosis of intestine more safely and conveniently,
as the anastomosis site can be monitored directly under the
laparoscopic view.

The term totally laparoscopic gastrectomy was first used in
1999 by Mayers in his report of intracorporeal B-I anastomosis
(13). Thereafter, intracorporeal anastomoses using various
methods have been reported, and the recent surgical trend has
progressed to totally laparoscopic gastrectomy with high interest
in minimally invasive surgery. Ikeda et al. compared LADG
with TLDG for 80 gastric cancer patients, and they reported
no significant difference in operation time, harvested lymph
node, and morbidity; however, TLDG showed less blood loss
and rapid recovery compared with LADG (12). Kim et al.
compared the postoperative outcome related to BMI between
LADG and TLDG. They reported that there was no difference
in major complication in an obese patient with BMI more than
25 kg/m2 between two groups, but in the LADG group, the
overall complication was higher, and recovery after surgery (such
as dietary progression, first flatus, and hospital stay) was slower
than that in the TLDG group (14). Kanaji also anticipated that
TLDG with a short hospital stay, wide working space, and small
wound size could replace LADG via a prospective randomized
controlled study (15). Han et al. suggested that TLDG is superior
to LADG in terms of operative time, blood loss, hospital stay,
and cosmetic result (16). Lee et al. reported that the inflammatory
response might be lower in TLDG by less tissue damage because
it does not require excessive traction of the stomach through
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FIGURE 1 | Distribution of surgical procedures in each institution. The value was colored and visualized according to its percentage. L, laparoscopy-assisted distal

gastrectomy; T, totally laparoscopic distal gastrectomy.

the mini-laparotomy for anastomosis (17). Recently, Lin et al.
suggested that the number of harvested lymph node was higher
in TLDG, but there were no differences in other factors related
to postoperative outcome and recovery (18). Similarly, numerous
studies compared TDLG with LADG. However, those were
mostly single-sectional retrospective study with inconsistent and
varied results.

In a recent meta-analysis by Zhang et al. there were no
differences in the operative time, analgesic use, first flatus,
and overall complication between LADG and TLDG, but
TLDG was superior to LADG in terms blood loss, number of
harvested lymph node, and hospital stay (19). However, high-
level evidences are difficult to obtain through meta-analysis
because of the rarity of prospective RCTs for TLDG. Through
their prospective RCT for 110 gastric cancer patients in 2015,
Woo et al. reported that early surgical outcome (including the
complication) and QoL did not show differences between LADG
and TLDG. This was only a single-institution trial, but amarkedly
valuable study. As mentioned above, there have been some
papers comparing the TDLG and LADG. And many authors
have emphasized the feasibility or superiority of the TLDG.
However, the LADG is still performed in some institutions
although recent surgical trend moves to the TLDG. To obtain
more reliable data for the postoperative outcome (including
quality of life), a well-designed multicenter prospective RCT
is needed.

The KLASS-07 trial is a multicenter prospective RCT which
compares the QoL of patients who underwent LADG and
TLDG. At this time, recruiting researcher was closed with
support of the Korean Laparoscopic Gastrointestinal Surgery
Study Group and a review of the institutional review board
for the study is in progress. This brief survey of the current
status of domestic gastric cancer surgery was performed as
reference for the study protocol. Of the total 891 patients,
591 (71.4%) underwent TLDG, and there were no significant
differences in patients’ demographics. This reflects that the recent
trend of the laparoscopic gastrectomy shifted from LADG to
TLDG. laparoscopy-assisted.

In LADG, B-I was the most common anastomosis (84.7%).
In the TLDG group, B-I (delta anastomosis) was only 4.1%, B-
II was 59.0%, and REY was 19.3%. Delta anastomosis was first
introduced by Kanaya et al. in 2002, and many later studies
concluded that it was a safe and feasible procedure clinically
(20). However, our result implies that the delta anastomosis has
still many difficulties to be accepted as the standard anastomosis
technique for TLDG.

The co-resection was higher in the LADG group than in the
TLDG group, but most cases were cholecystectomy and it may
not have clinical significance. The operation time was longer
in the TLDG because intracorporeal gastrojejunostomy, such
as B-II or REY anastomosis, is a time-consuming procedure.
The hospital stay in the TLDG group was shorter, but it was
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FIGURE 2 | Comparison of the operation time according to the reconstruction methods in each group. Bonferroni post-hoc analysis was used and statistical different

values were marked lowercase a, b, and c.

not statistically significant, and there were no differences in the
morbidity and mortality between the two groups. This result is
consistent with other studies.

The number of harvested lymph node was significantly higher
in the TLDG group. However, lymph node dissection during the
LADG and TLDG is performed in the same manner. Because
more than 40 lymph nodes were resected in both groups, it could
be not a factor affecting the clinical course. In a comparison
of TNM stage, T1, N0, and stage I were most frequent for all
patients. This could mean that many surgeons are still selecting
patients for laparoscopic approach for gastric cancer. This may
be due to the lack of results regarding the safety and long-term
outcome of laparoscopic gastrectomy for advanced gastric cancer
(KLASS-02, JLSSG0901). Moreover, in this study, there were
more early cancer cases in the LADG group, andwe think that has
affected the result from the institutional policy for the indication
of laparoscopic gastrectomy.

In the TLDG group, PRM was longer and DRM was shorter
than that in the LADG group. This may be associated to the
tumor location of the TLDG group, which was lower than that
in the LADG group, and lesion localization is known to be
difficult in the intracorporeal anastomosis during TLDG because
surgeons cannot manually palpate the lesion directly. Therefore,
the surgeon’s concern about obtaining clear margin leads to
wider resection, and preference to gastrojejunostomy rather
than gastroduodenostomy during TLDG could also influence
the result (16, 21). However, Shinohara et al. suggested no
significant differences in the length of PRM between the two
groups, and Jeong et al. reported that PRM was rather shorter in
the TLDG group (22, 23). In these studies, gastroduodenostomy
(B-I, delta anastomosis) was mostly performed after TLDG. We
speculated that the results could be affected by the difference in
the anastomosis method.

The patient distribution according to participant institution
is visualized in Figure 1, which indicates that five of the
seven institutions preferred TLDG and one toward LADG. In
addition, one institution which performed LADG mostly chose
gastroduodenostomy as the standard anastomosis procedure, it
may cause a deviation of the extracorporeal B-I anastomosis

in the LADG group. REY is known to increase gradually in
Korea; however, B-II is more commonly used than REY as
an alternative method to intracorporeal gastroduodenostomy
(delta anastomosis) after TLDG, and uncut REY or B-IIb is
also performed in some cases. Although super high-volume
centers, with around 1,000 gastrectomies performed, were
excluded in this study, we think that the heterogeneity of the
results in this study might reflect the current status of the
gastric surgeon’s society in Korea, because the anastomosis
method after the TLDG was not standardized among institutions
and surgeons. These points emphasize the necessity of a
multicenter RCT for comparing TLDG with LADG. While
many previous studies have focused on the postoperative
outcomes, this study shows an aspect of the recent laparoscopic
gastrectomy including the perioperative data between two
groups. It can be one of the strengths of the multicenter
cohort study.

There are some differences in the operation time according to
the anastomosis methods in each group. Overall operation time
was higher in the TLDG group than the LADG group. This may
cause to take more time for tumor localization and anastomosis
in TLDG. Although we couldn’t evaluate pure anastomosis time
in each group, LADG with B-I and B-II showed relatively
short operation time. We think that it is a reasonable result
because Braun anastomosis and Roux-en-Y need additional
jejunojejunostomy. Whereas, TLDG with intracorporeal B-I
(delta) anastomosis showed the longest operation time. Delta
anastomosis uses more stapler compared with extracorporeal B-I
anastomosis, however, it has been known as not time-consuming
procedure. Finally, delta anastomosis might be the unfamiliar or
not preferred method to participants in this study. This deviation
between extra- and intracorporeal B-I anastomosis became the
background to exclude the B-I anastomosis.

This preliminary study has several limitations. First, the
number of 812 cases is relatively small to represent the surgical
trend in Korea, even if it was not a small cohort. However, it could
be significant data as they were from various institutions. Second,
as mentioned, the anastomosis methods are very heterogeneous
among institutions. However, it will be thoroughly controlled by
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the study protocol in a subsequent prospective RCT (KLASS-
07), from which more reasonable results could be obtained
for TLDG and LADG. Consequently, gastroduodenostomy was
finally excluded from KLASS-07 trial protocol due to selection
deviation between two groups. Third, there were 107 missing
values among the 812 patients in the analysis of postoperative
complications. Moreover, the collected complication data were
not classified according to severity grade, such as Clavien-
Dindo classification. However, the overall complication rate in
this study was around 10%, and we believe that this could
be an acceptable result comparing other studies. Because the
surgical technique and postoperative management have been
shared among surgeons within the surgical society, the morbidity
rate of missed values would not show a big difference in the
collected data.

CONCLUSION

This is a preliminary study conducted before starting the
KLASS-07 trial and our data shows there were no significant
differences in postoperative results between LADG and TLDG.
Many surgeons still perform the laparoscopic gastrectomy using
various techniques according to their own policy because there

is no strong consensus statement related to LADG and TLDG.
Although this study can hardly represent the surgical trend of
Korean gastric surgeons, it might be a meaningful reference for
a multicenter trial.
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Background: Duodenal stump leakage (DSL) is a serious surgical complication after

radical gastrectomy with Roux-en-Y or BillrothII reconstruction. This study was designed

to evaluate the effectiveness of laparoscopic single purse-string suture for reinforcement

of duodenal stump.

Methods: A total of 183 patients harboring gastric adenocarcinoma following

laparoscopic radical gastrectomy with Roux-en-Y or BillrothIIreconstruction and single

purse-string suture for reinforcement of duodenal stump were retrospectively enrolled

from Zhongshan Hospital of Fudan University (Shanghai, China) between January

2014 and December 2016. Operative variables and short-term complications were

documented and analyzed. Clavien-Dindo classification system was used to identify

surgical complications.

Results: Among 183 patients, 108 (59.02%) patients received distal gastrectomy and

75 (40.98%) received total gastrectomy. 88 (48.09%) patients underwent Roux-en-Y

reconstruction and 95 (51.91%) patients underwent Billroth-II reconstruction. The mean

time of laparoscopic single purse-string suture was 5.01 ± 1.33min (range from 3.6

to 10.2min). Postoperative early complication occurred in 26 cases of the patients.

There were 4 cases of system-related complications (2.19%), including 3 cases of

pulmonary infection (1.64%) and 1 cases of cardiovascular event (0.55%); and 22 cases

of surgery-related complications (12.02%), including 6 cases of intra-abdominal infection

(3.28%), 4 cases of pancreatic leakage (2.19%), 4 cases of wound complications

(2.19%), 3 cases of gastroparesis (1.64%), 2 cases of intra-abdominal bleeding (1.09%),

2 cases of ileus (1.09%), 1 cases of lymphatic leakage (0.55%), and no duodenal

stump leakage.

Conclusion: Reinforcement on duodenal stump using laparoscopic single purse-string

suture during laparoscopic radical gastrectomy is simple and effective and could avoid

the incidence of duodenal stump leakage to some extent.

Keywords: gastric cancer, laparoscopic radical gastrectomy, duodenal stump leakage, laparoscopic single

purse-string suture, reinforcement
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INTRODUCTION

Duodenal stump leakage (DSL) is serious surgical
complication following radical gastrectomy with Roux-en-
Y or BillrothII reconstruction (1). It is very hard to treat and
is fatal in some cases (2–4). Factors associated with DSL can
be divided into systemic factors and local factors (5, 6). Age,
nutritional status, comorbidities were considered as systemic
factors associated with DSL (5). The local factors, such as
excessive vascular dissection around duodenal stump and direct
thermal injury, might influence the healing of duodenal stump
and result in DSL (6). In addition, DSL can also be associated
with high pressure in the cavity of duodenal stump due to
afferent loop obstruction or acute pancreatitis (7, 8).

Traditionally, surgeons may choose interrupted or continuous
sutures to reinforce the duodenal stump in open gastrectomy
(1, 8). While, it is relatively more difficult for most unexperienced
surgeons to manually perform it during laparoscopic surgery
as sophisticatedly as open surgery. Based on this practical
problem, and the incidence of DSL is not very high, some
surgeons proposed their view that duodenal stump do not need
to be reinforced in laparoscopic gastrectomy. However, the
consequences of DSL are very serious. It is necessary to develop a
simple and effective method to reinforce the duodenal stump and
release the pressure at the edge of the duodenal stump during
laparoscopic surgery.

In the current study, we introduced a new and simple
maneuver, single purse-string suture, for laparoscopic
reinforcement of duodenal stump, which could be done by
the surgeon alone easily and avoid the incidence of DSL to
some extent.

METHODS

Patients
We prospectively recruited consecutive patients with gastric
cancer, collected the clinicopathological data, and detailed
retrospectively analyzed the clinicopathological features
correlating with morbidity and mortality and their role in
decreasing the incidence of complications and the death rate,
and improving the effect of operation (9). Between January 2014
and December 2016, a total of 183 patients harboring gastric
adenocarcinoma following laparoscopic radical gastrectomy
with Roux-en-Y or Billroth II reconstruction and single
purse-string suture for reinforcement of duodenal stump
were retrospectively enrolled from Zhongshan Hospital of
Fudan University (Shanghai, China). Excluded were patients
with distant metastases, gastric stump cancer, and peritoneal
dissemination. In addition, patients were excluded if they had
previously been exposed to any chemotherapy, radiotherapy,
targeted therapy, or intervention therapy for gastric cancer.
A retrospective review of prospectively collected data was
performed, and the clinicopathological features (patient’s age,
gender, tumor localization, co-morbidity, tumor size, history
of abdominal surgery, depth of tumor invasion, lymphatic
vessel invasion, distant metastases, and pathological TNM
stage) and the operation results (morbidity and mortality) were

analyzed. The stage of gastric cancer is classified according to
the tumor-node-metastasis (TNM) staging system of the eighth
UICC/AJCC manual (10). The postoperative complications
are defined and graded according to the grading system of
Clavien-Dindo classification (11).

Surgical Procedure
Patients were placed in amodified reverse trendelenburg position
with the head slightly elevated. The primary operator stood
on the left side of the patient, the first assistant was on the
opposite side and the camera assistant stood between the legs of
the patient.

During the port placement process, a 1–1.5 cm curved incision
was made just below the umbilicus for a 10-mm trocar. After
establishing pneumoperitoneum at 12 mmHg, the camera was
inserted and the diagnostic laparoscopy was performed. The
major operative port was placed in the left upper quadrant at
the crossing of mid-clavicle line and arc of rib with a 12mm
trocar, and another trocar of 5mm was inserted in the left
lower quadrant at the crossing of mid-clavicle line and umbilical
horizon. Two additional ports were placed in the right upper
and right lower quadrant, both with 5mm trocars, for the first
assistant’s instruments. The process of port placement could
be adjusted according to the body shape of the patient and
operator’s preference.

Depending on the location of the tumor, the proximal free
margin was at least 3 cm of esophagus for total gastrectomy
and at least 5 cm for advanced tumors for distal gastrectomy.
R0 resection and standard D1+/D2 lymphadenectomy was
performed according to guideline of Japanese Gastric Cancer
Association. Roux-en-Y and Billroth II reconstruction was
performed in laparoscopic distal gastrectomy according to the
size of residual stomach and operator’s choice.

Laparoscopic Duodenal Stump
Reinforcement
Before dissecting the duodenum, approximately 2–3 cm of
dissociated duodenum stump was preserved for reinforcement.
A 60mm endoscopic linear cutter (staple height 1.5–1.8mm)
was used to cut the duodenum from left side to right side. After
cutting of duodenal stump, reinforcement on duodenal stump
using laparoscopic single purse-string suture was performed as
follows (Figure 1): a. place a seromuscular purse-string suture on
the duodenum wall 1.0–1.5 cm away from the duodenal stump
using 3-0 single-strand absorbable suture; b. place a knot before
tightening the purse-string suture; c. push the duodenal stump
into the purse-string suture using laparoscopic needle holding or
grasping forceps; d. tighten the knot of the purse-string suture
and reinforce it with 4–5 knots.

Duodenal Stump Leakage
Duodenal stump leakage (DSL) was defined by the presence of
bile in the drainage tube, which was placed near the duodenal
stump during the operation; or there was regional or diffuse
fluid collection near the duodenal stump and confirmed by
an abdominal CT scan, which was performed in patients who
represented symptoms of clinical suspects of DSL, such as severe
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FIGURE 1 | Reinforcement on duodenal stump using laparoscopic single

purse-string suture. (A) Place a seromuscular purse-string suture on the

duodenum wall 1.0–1.5 cm away from the duodenal stump using 3–0

single-strand absorbable suture; (B) Place a knot before tightening the

purse-string suture; (C) Push the duodenal stump into the purse-string suture

using laparoscopic needle holding or grasping forceps; (D) Tighten the knot

after the duodenal stump into the purse-string suture totally; (E) Reinforce the

knots of purse-string suture with 4–5 knots; (F) The photo of reinforcement

finished.

and abrupt abdominal pain, fever, worsening leukocytosis, and
so on.

Statistical Analysis
The data were presented as mean ± standard deviation for
continuous variables and as numbers and percentages for
categorical variables. All analyses were performed using SPSS
software (version 20.0, SPSS Inc., Chicago, IL, USA).

RESULTS

Clinicopathological Features
The clinical and pathological characteristics were summarized
in Table 1. The mean age of the patients was 54.25 ± 9.27 ys
(range from 24 to 87 ys). Most patents were male (122 of 183,
66.67%), and 66 (36.07%) patients had co-morbidity, of which,
hypertension (34 of 183, 18.58%) ranked the highest. The mean
preoperative blood albumin was 41.31± 3.88 g/L (range from 28
to 51 g/L). 9 (4.92%) patients presented with history of abdominal
surgery, including cholecystectomy, appendectomy, and others.
More than a half (121 of 183, 66.12%) of patients presented with

TABLE 1 | Patient demographics and clinicopathological characteristics.

Factor No. of

patients

% Mean SD

All patients 183 100

Age(years) 54.25 9.27

Preoperative blood albumin, g/L 41.31 3.88

Preoperative blood creatinine, mmol/L 74.68 17.77

Gender

Female 61 33.33

Male 122 66.67

Localization

Proximal 53 28.96

Middle 59 32.24

Distal 71 38.80

Co-morbidity

Hypertension 34 18.58

Diabetes mellitus 19 10.38

Cardiac 13 7.10

Tumor size (cm) 2.76 1.56

Differentiation

Well 10 5.46

Moderate 72 39.34

Poorly 101 55.19

History of abdominal surgery

Cholecystectomy 1 0.55

Appendectomy 5 2.73

Others 3 1.64

Pathological T Stage

T1a 53 28.96

T1b 51 27.87

T2 39 21.31

T3 24 13.11

T4a 16 8.74

T4b 0 0

Pathological N Stage

N0 123 67.21

N1 21 11.48

N2 25 13.66

N3a 11 6.01

N3b 3 1.64

Pathological M Stage

M0 183 100

M1 0 0

Pathological TNM Stage

IA 93 50.82

IB 28 15.30

IIA 15 8.20

IIB 31 16.94

IIIA 8 4.37

IIIB 5 2.73

IIIC 3 1.64

IV 0 0
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TABLE 2 | Surgical outcomes.

Outcome No. of

Patients

% Mean SD

All patients 183 100

Extent of resection

Distal gastrectomy 108 59.02

Total gastrectomy 75 40.98

Reconstruction

Billroth-II 95 51.91

Roux-en-Y 88 48.09

Lymphadenectomy

D1+ 41 22.40

D2 142 77.60

Combined resection

Gallbladder 27 14.75

Spleen 1 0.55

Adrenal gland 1 0.55

Retrieved lymph node 37.83 14.35

Embedding time, minutes 5.01 1.33

Estimated blood loss, mL 136.52 86.95

Surgical time, minutes 238.02 53.07

Postoperative hospital stay, days 9.82 6.81

TNM stage I gastric cancer, no lymph node metastasis (123 of
183, 67.21%), and poorly differentiation (101 of 183, 55.19%).

Surgical Outcomes
Table 2 summarizes the surgical outcomes. Distal gastrectomy
was performed in 108 (59.02%) patients and total gastrectomy
was performed in 75 (40.98%) patients. Billroth II reconstruction
was performed in 95 (51.91%) patients, Roux-en-Y
reconstruction for 88 (48.09%) patients. The mean surgical
time was 238.02 ± 53.07min (range from 178 to 314min). The
procedure of laparoscopic single purse-string suture took 5.01 ±
1.33min (range from 3.6 to 10.2min). 37.83± 14.35 (range from
17 to 98) lymph nodes were retrieved from the patients enrolled
in this study. There were 29 combined surgeries, including 27
cases of cholecystectomy, 1 case of splenectomy, and 1 case of
adrenalectomy. Mean postoperative hospital stay was 9.82 ±

6.81 days (range from 5 to 50 days).

Morbidity and Mortality
In all, postoperative early complication occurred in 26 cases of
the patients and no patient died (Table 3). There were 4 cases
of system-related complications (2.19%), including 3 cases of
pulmonary infection (1.64%) and 1 cases of cardiovascular event
(0.55%); and 22 cases of surgery-related complications (12.02%),
including 6 cases of intra-abdominal infection (3.28%), 4 cases
of pancreatic leakage (2.19%), 4 cases of wound complications
(2.19%), 3 cases of gastroparesis (1.64%), 2 cases of intra-
abdominal bleeding (1.09%), 2 cases of ileus (1.09%), 1 cases
of lymphatic leakage (0.55%), and no duodenal stump leakage.
According to Clavien-Dindo classification, 23 patients were
classified as ≤ II and 2 patients as IIIa. Only one case of

TABLE 3 | Morbidity and mortality.

Morbidity type/Mortality No. of Patients %

Morbidity 26 14.21

Surgery-related complications 22 12.02

Intra-abdominal infection 6 3.28

Pancreatic leakage 4 2.19

Wound complications 4 2.19

Gastroparesis 3 1.64

Intra-abdominal bleeding 2 1.09

Ileus 2 1.09

Lymphatic leakage 1 0.55

Duodenal stump leakage 0 0.00

System-related complications 4 2.19

Pulmonary infection 3 1.64

Cardiovascular event 1 0.55

Mortality 0 0.00

Clavien-Dindo Classification

I 2 1.09

II 21 11.48

IIIa 2 1.09

IIIb 1 0.55

intestinal obstruction recovered after reoperation, and patients
with other complications were discharged successfully after
conservative treatment.

Potential Mechanism
As shown in Figure 2, there are two potential mechanisms
of the avoidance of DSL after single purse-string suture for
reinforcement of duodenal stump. First, the reinforcement was
performed on the relatively normal tissue in contrast to other
methods, such as barbed suture and Lembert suture, which are
performed on the staple-line of duodenal stump directly; Second,
the field of single purse-string suture (point A) is the force-
bearing point, and the staple-line of duodenal stump (weak point,
point B) has been protected. Above all, the field to take the
pressure of duodenum (point A) is the relatively normal tissue,
and the weak point (point B) is protected and not need to take
the pressure in the duodenum, especially when the afferent loop
obstruction occurred, so this maneuver could avoid the incidence
of DSL effectively.

Case Presentation
In Dec. 2015, a 52-year-old man with adenocarcinoma of gastric
antrum was referred to our institution and had laparoscopic
assisted radical distal gastrectomy with Billroth II reconstruction
and single purse-string suture for reinforcement of duodenal
stump. After the operation, the afferent loop obstruction
occurred, and the diameter of duodenum was more than 6 cm.
However, we found the duodenal stump was intact according
to the image of CT scan and confirmed it during our second
operation (Figure 3). This case showed that single purse-string
suture can withstand huge pressure in the duodenum.
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DISCUSSION

Duodenal stump leakage (DSL) is severe complication with a
high mortality rate after radical gastrectomy with Roux-en-Y or
BillrothIIreconstruction, and the incidence rate is ranging from
1.6% to 5% (1, 2). Once DSL occurred, it is very difficult to treat
and the mortality rate is reported as high as 16% to 20% (8).
Patient age, nutritional status, comorbidities were considered as
risk system factors associated with DSL after gastrectomy (5). In
addition, the surgical techniques and many other local factors,
including the insufficient blood supply, the tissue vulnerability,
such as local edema and scar on duodenal wall, the length of

FIGURE 2 | The pattern of the reinforcement of duodenal stump with single

purse-string suture. The reinforcement was performed on the relatively normal

tissue, which was the field to take the pressure of duodenum (point A). The

staple-line of duodenal stump was the weak point (point B), which was

protected and not need to take the pressure in the duodenum after the

reinforcement.

duodenal stump, and high pressure inside duodenal cavity might
influence the healing of duodenal stump and result in DSL (6).
So, in order to prevent DSL, reinforcement of duodenal stump
is necessary and some reinforcement methods have been applied
widely, including barbed suture (12), Lembert suture (13), two
half-purse-string sutures (14). However, these methods require
multiple stitches and knots, which is rather different for the
unexperienced surgeons (12–14). This study was a retrospective,
one-arm clinical trial focusing on a new maneuver, single purse-
string suture, for reinforcement of duodenal stump in patients
harboring gastric adenocarcinoma following laparoscopic radical
gastrectomy with Roux-en-Y or BillrothIIreconstruction. The
results showed that the morbidity rate was lower compared to
laparoscopic assisted distal gastrectomy (morbidity rate 15.2%) in
our previous CLASS-01study (15), and there was no incidence of
DSL in this research, which proved that single purse-string suture
is feasibility and safety.

The laparoscopic duodenal stump reinforcement was thought
to be relatively difficult for most even experienced surgeons to
perform due to the complexity of duodenal anastomosis, the

restriction of sewing angles, and the uncontrollably of knotting
strength (16–18). Based on this situation, we proposed a novel
reinforcement method, single purse-string suture, which is an
easy and effective method to reinforce the duodenal stump, and
could avoid DSL to the some extent. There are three key points
about this maneuver. First, the interval of sutures is the critical
point for this maneuver. The duodenal wall is vulnerable of being

FIGURE 3 | One case of afferent loop obstruction after Billroth II reconstruction and single purse-string suture for reinforcement of duodenal stump. (A) Abdominal CT

image of the case with adenocarcinoma of gastric antrum; (B) After the operation, the afferent loop obstruction occurred, and the diameter of duodenum was more

than 6 cm; (C,D) The reinforced duodenal stump (arrows) was intact.
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grasped, which could easily arouse acute local inflammation
and cause local edema and tissue injuries. If the intervals of
sutures are too large, the intervals may expand after local edema
recedes, which may increase the risk for DSL. Therefore, we
positioned our sutures with an interval of 8–10mm, which can
reinforce the duodenal stump well, and does not affect the
blood supply of the duodenal stump. Second, if the length of
duodenal stump is <1 cm, the single purse-string suture is not
recommended. In this case, continuous suture or interrupted
suture of duodenal stump is a better choice. Third, this maneuver
should be performed by one operator alone. Many surgeons
prefer grasping the duodenum or pushing the duodenal stump
by the assistant. While, according to our experience, the kernel
of controlling the knotting strength is to perform the knotting
alone. The purse string suture is satisfying and trustworthy only
when the direction and strength of pushing the duodenal stump
are synchronous. The knotting balance could be hardly achieved
by manipulation of four laparoscopic instruments.

Reinforcement suturing of the staple line after cutting
the duodenum has commonly been accepted and performed
for prevention of DSL in patients undergoing laparoscopic
gastrectomy (1, 8). Many literatures have proved the effectiveness
of reinforcement of duodenal stump in laparoscopic gastrectomy
with different methods. Sang Yun Kim proved that laparoscopic
reinforcement suture on staple-line of duodenal stump using
barbed suture can be considered as one of prevention methods
of DSL during laparoscopic gastrectomy for gastric cancer (12).
Inoue et al. demonstrated the effectiveness of intracorporeal
Lembert’s sutures in laparoscopic distal gastrectomy receiving
Roux-en-Y reconstruction while with no postoperative DSL
in 223 patients (13). Ri et al. reported that duodenal stump
reinforcement in laparoscopic gastrectomy with Roux-en-Y
reconstruction may reduce the risk of DSL development (0.67%
vs. 5.71%, P < 0.001) and minimize its severity (16). In
addition to the reinforcement suturing of the staple line, Ojima
et al. introduced a new method, reinforced stapling technique,
to reinforce the reconstruction after laparoscopic gastrectomy,
which is a feasible and safe procedure for gastric cancer with
regard to short-term surgical outcomes (19).

There are several limitations of this study. First, this study
was a retrospective analysis and the selection biases cannot

be totally avoided; Second, this study was a one-arm clinical
trial and there was no control group in this study, while, the
result is satisfied, and the advantages of this method also can
be confirmed according to previous published researches; Third,
the number of patients enrolled in this study was small. The
feasibility and safety of laparoscopic single purse-string suture
for reinforcement of duodenal stump should be confirmed by a
prospective randomized controlled multicenter clinical trial with
a large sample size in the future.

In conclusion, laparoscopic single purse-string suture for
reinforcement of duodenal stump showed its simplicity and
efficiency, which could avoid the incidence of DSL to some extent
and might improve overall outcomes of patients with gastric
cancer receiving laparoscopic radical gastrectomy.
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N6-methyladenosine (m6A) is the most common form of mRNA modification, and is

dynamically regulated by the m6A RNA methylation regulators. However, little is known

about m6A in gastric cancer. The aim of this work is to investigate the effects of m6A RNA

methylation regulators in gastric cancer. Here, we found that most of the 13 main m6A

RNA methylation regulators are higher expressed in 375 patients with gastric cancer.

We identified two subgroups of gastric cancer (cluster1 and 2) by applying consensus

clustering to m6A RNAmethylation regulators. Compared with the cluster1 subgroup, the

cluster2 subgroup correlates with a poorer prognosis, and most of the 13 main m6A RNA

methylation regulators are higher expressed in cluster2. Moreover, the cancer-specific

pathways are also significantly enriched in the cluster2 subgroup. This finding indicates

that m6A RNA methylation regulators are closely associated with gastric cancer. Based

on this finding, we derived a risk signature, using 3 m6A RNA methylation regulators

(FTO, RBM15, ALKBH5), that is not only an independent prognostic marker but can

also predict the clinicopathological features of gastric cancer. Moreover, FTO is higher

expressed in high risk scores subtype in gastric cancer. Thus, this first finding provide us

clues to understand epigenetic modification of RNA in gastric cancer.

Keywords: gastric cancer, m6A, TCGA, epigenetic modification, FTO

INTRODUCTION

N6-methyladenosine (m6A) is a methylation modification that can occur on RNA adenine
(A) (1). Of the 171 known RNA post-transcriptional modifications (2), m6A is one of the
most abundant modifications in most eukaryotic mRNA and lncRNA, accounting for 0.1–0.4%
of adenylate and 50% of total ribonucleotides in mammalian RNA (3, 4). In addition to
the extensive m6A modification in plants and vertebrates, this modification has also been
found in single-celled organisms such as bacteria and yeast (5, 6). m6A modification mainly
occurred in the common sequence of RRACH (R = G or A, H = A, C, or U) (7, 8).
Through high throughput sequencing, it was found that m6A was not randomly distributed.
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Instead, it was aggregated in the stop codon, 3′ untranslated
region (3′UTR), and internal exons (9–11), and more were found
in the precursor mRNA (12). More and more studies have shown
that m6A modification plays an important role in the occurrence
and development of human complex diseases, especially in the
occurrence and development of cancer (13–15).

Through the study of m6A related proteins, it is found that
m6A methylation is a dynamic reversible process (16), which is
composed of methyltransferase complex (writers), demethylase
(erasers), and function manager (readers) (17). Writers is a
process of “writing” methylated modifications into RNA, that
is, mediating the process of methylated modification of RNA,
including METTL3, METTL14, KIAA1429, WTAP, RBM15,
and ZC3H13 (18).Erasers can “erase” the RNA methylation
modification signal, that is, mediating the demethylation process
of RNA, including FTO and ALKBH5 (19, 20). Readers is
responsible for “reading” RNA methylated information and
participating in the translation and degradation of downstream
RNA, including YTHDC1, YTHDC2, YTHDF1, YTHDF2, and
HNRNPC (21). m6A, under the influence of the “writer,” adds
methyl groups to RNA, and recognizes those m6A-modified
RNAs through different “readers” to produce different functions,
including RNA processing, nuclear export, translation, and
decay. Finally, relying on the role of “Erasers,” the process of
m6A modification becomes dynamic and reversible, thereby
functioning to regulate the expression of various genes (14).

Due to RNA regulation is closely related to human diseases, as
one of the most abundant internal modifications in mammalian
cells, m6A methylation modification has been confirmed with
various diseases such as obesity (22), diabetes (23), infertility
(24), tumor (25), and neuronal diseases (26). However, little
is known about m6A in gastric cancer. In this study, we
systematically analyzed the expression of 13 widely reportedm6A
RNA regulators in 375 gastric cancer with RNA sequencing data
from The Cancer Genome Atlas (TCGA) datasets, as well as the
association between clinicopathological characteristics.

MATERIALS AND METHODS

Data Acquisition
The RNA-seq transcriptome data and corresponding clinical
information of STAD cohort were downloaded from TCGA
(https://cancergenome.nih.gov/) data portal (level 3). All
mRNASeq gene expression data are downloaded through the R
package “TCGA-Assembler.”

Selection of m6A RNA Methylation
Regulators
There are 13 genes in the m6A RNA methylation regulator. We
extracted the expression matrix of these 13 genes and the clinical
information of the sample. The extracted information is used for
subsequent bioinformatics analysis.

Bioinformatic Analysis
To investigate the function of m6A RNA methylation regulators
in gastric cancer, we used Limma package to analyze the
expression of 13 genes in 375 tumor patients and 32 normal

gastric tissue. The upper tree diagram represents clustering
results for different samples from different experimental groups,
and the left tree shows cluster analysis results for different genes
from different samples. Next, we used a vioplot to visualize the
expression of 13 genes in 375 tumor patients and 32 normal
gastric tissue. The white point represents the median Q2 (half
of the data is greater than the median, above it, and the other
half is less than the median, below it). The black rectangle is
the range from the lower quartile to the upper quartile. The
upper edge of the rectangle is the upper quartile Q3, which
means that one quarter of the data is larger than the upper
quartile, and the lower edge is the lower quad. The quantile Q1
represents that one quarter of the data is less than the lower
quartile. The length of the interquartile range IQR (the upper
quartile and the lower quadrant) represents the dispersion and
symmetry of the non-abnormal data. The length is scattered and
the short is concentrated. The black line running through the
violin map represents the minimum non-abnormal value min.
To the interval of the maximum non-outlier max, the lower and
upper limits represent the upper and lower limits, respectively,
and the range is beyond the abnormal data; the outer shape of
the black rectangle is the kernel density estimation, the length
of the vertical axis of the graph represents the degree of data
dispersion, and the length of the horizontal axis represents the
Data distribution of an ordinate position.

Next, we removed 32 normal tissue samples and grouped 375
cancer tissues using the ConsensusClusterPlus package, using
PCA to verify the results of the grouping. GO and KEGG analysis
of genes with different expression of cluster2 relative to cluster1
using GOplot package. Finally, we use the survival package to
analyze the survival of the cluster, and we performed univariate
Cox regression analyses of their expression in the TCGA dataset.

Statistical Analyses
One-way ANOVA was used to compare the expression level of
13 genes in 375 tumor patients and 32 normal gastric tissue in
TCGA dataset, and t-tests were used to compare the expression
levels in gastric cancer for age, gender, stage, T status, M status,
and N status. Overall survival (OS) is defined as the interval from
the date of diagnosis to the date of death. Before constructing
the scoring model, we first obtain the optimal cut-off value of
each risk score in the training group through the “survminer”
package in the software, and divide the cells into high and low
groups according to the best cutoff value, and was represented by
1.0. Cox regression analysis was used to evaluate the association
between risk score and OS, in which age and sex were used as
covariates. The missing data is processed by list deletion, and if
any single value is missing, the entire sample is excluded from
the analysis. Using R version 3.5 for all statistical analysis, P <

0.05 was statistically significant.

RESULTS

The Landscape of m6A RNA Methylation
Regulators in Gastric Cancer
Considering the important biological functions of each m6A
RNA methylation regulator in tumorigenesis and development.
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We first compare the expression level of 13 m6A RNA
methylation regulators in 375 gastric cancer tissues and 32
normal gastric tissue in TCGA dataset. Compared with normal
gastric tissue, gastric cancer patients generally contain a
higher proportion of METTL3, METTL14, WTAP, KIAA1429,
RBM15, ZC3H13, YTHDC1, YTHDC2, YTHDF1, YTHDF2,
HNRNPC, and FTO (Figures 1A,B). We speculate that the
change of m6A RNA methylation regulators ratio may be an

intrinsic feature that can characterize individual differences,
Figure 1C showed the proportion of different m6A RNA
methylation regulators is weakly to moderately correlated. The
relationship between the 13 m6A RNA methylation regulators

is positively correlated, and the YTHDF2 gene and the

RBM15 gene are most relevant. When the YTHDF2 gene
is up-regulated, the RBM15 gene is most likely to be up-
regulated (Figure 1C). We also systematically investigated the
relationships between each individual m6A RNA methylation

regulator and the pathological features of gastric cancer,
including age, gender, grades, stage status, T status, M status,
and N status, and found there is relationship between m6A

RNA methylation regulator and pathological features of gastric
cancer (Figure 1D).

Consensus Clustering of m6A RNA
Methylation Regulators Identified Two
Clusters of Gastric Cancer
Next, we removed 32 normal gastric tissue samples and grouped
375 cancer tissues using the ConsensusClusterPlus package.
Based on the expression similarity of m6A RNA methylation
regulators, k = 3 seemed has smaller CDF value in the TCGA
datasets (Figures 2B,C), however, after being divided into three
groups, the correlation between the groups is high, and there is
a small number of samples. Therefore, we are divided into two
groups (Figure 2A). In order to judge whether our classification
is correct, we will analyze the two subclasses by PCA, and the
results show cluster 1 can gathered together and cluster 2 can also
be gathered together (Figure 2D). These results indicate that the
results of our classification by m6A RNA methylation regulators
are correct.

FIGURE 1 | The landscape of m6A RNA methylation regulators in gastric cancer. (A) The expression levels of 13 m6A RNA methylation regulators in gastric cancer.

The higher or lower the expression, the darker the color (red is up-regulated and green is down-regulated). The upper tree diagram represents clustering results for

different samples from different experimental groups, and the left tree shows cluster analysis results for different genes from different samples. (B) Vioplot visualizing

the differentially m6A RNA methylation regulators in gastric cancer (assume blue is normal and red is gastric cancer). (C) Spearman correlation analysis of the 13 m6A

modification regulators in gastric cancer. (D) Expression of m6A modification regulators in gastric cancer with different clinicopathological features. *P < 0.05,

**P < 0.01, and ***P < 0.001.
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FIGURE 2 | Identification of consensus clusters by m6A RNA methylation regulators. (A) Consensus clustering matrix for k = 2; (B) consensus clustering cumulative

distribution function (CDF) for k = 2–9; (C) relative change in area under CDF curve for k = 2–9; (D) principal component analysis of the total RNA expression profile in

the TCGA dataset. Gastric cancer in the cluster1 subgroup are marked with red, and the cluster2 subgroup are marked with blue.

Categories Identified by Consensus
Clustering Are Closely Correlated to
Clinical Outcomes and Clinicopathological
Features
To better understand the clustering result and clinical outcomes
and clinicopathological features, we analyzed the clustering
result and OS curves for 375 gastric cancer patients. We
found the cluster 2 subgroup has a significantly shorter
OS than the cluster 1 subgroup (Figure 3A). Moreover, we
found that most of m6A RNA methylation regulators have
high expression in cluster 2 subgroup. Compare with the
cluster 1 subgroup, the cluster 2 subgroup is significantly
correlated with older age at diagnosis at diagnosis, higher
grade, higher stage, higher T status, higher M status, and
higher N status (Figure 3B). According to the evidence, the
clustering result was closely correlated to the malignancy of
the gastric cancer. To better understand the clustering result
and their function, we analyzed GO and KEGG analysis of
genes with different expression of cluster2 relative to cluster1
using GOplot package. Go results indicated that upregulated

genes are enriched in malignancy-related biological processes,
including extracellular structure organization, extracellular
matrix organization, humoral immune response, humoral
immune response mediated by circulating immunoglobulin,
and complement activation, classical pathway (Figures 3C,D).
KEGG results indicated that upregulated genes are enriched
in cell cycle, ras signaling pathway and platinum drug
resistance (Figures 3E,F).

Prognostic Value of Risk Signature and
m6A RNA Methylation Regulators
To better understand the prognostic role of m6A RNA
methylation regulators in gastric cancer, we performed a
univariate Cox regression analysis on the expression levels in the
TCGA dataset. The results indicated that high expression of FTO
(HR= 1.15, 95% CI= 1.02–1.29), HNRNPC (HR= 1.09, 95% CI
= 1.02–1.18), YTHDC2 (HR = 1.22, 95% CI = 1.07–1.42), and
WTAP (HR = 1.18, 95% CI = 1.02–1.33) have a worse survival
in patients with gastric cancer. In contrast, high expression of
ALKBH5 (HR = 0.94, 95% CI = 0.89–0.98) and RBM15 (HR =
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FIGURE 3 | Differential clinicopathological features and overall survival of gastric cancer in the cluster 1/2 subgroups. (A) Kaplan–Meier overall survival (OS) curves for

375 TCGA gastric cancer patients. Gastric cancer patients in the cluster1 subgroup are marked with red, and the cluster2 subgroup are marked with blue.

(B) Heatmap and clinicopathologic features of the two clusters (cluster1/2) defined by the m6A RNA methylation regulators consensus expression. The higher or lower

the expression, the darker the color (red is up-regulated and green is down-regulated). The upper tree diagram represents clustering results for different samples from

different experimental groups, and the left tree shows cluster analysis results for different genes from different samples. (C–F) Functional annotation of the genes with

higher expression in the clusters 2 subgroup using GO terms of biological processes (C,D) and KEGG pathway (E,F). *P < 0.05, **P < 0.01.

0.83, 95% CI= 0.74–0.93), have a better survival in patients with
gastric cancer (Figure 4A).

In order to predict the clinical outcomes of gastric cancer with
m6A RNA methylation regulators, we applied the least absolute
shrinkage and selection operator (LASSO) Cox regression
algorithm to the 13 genes in the TCGA dataset. Three genes
(FTO, ALKBH5, and RBM15) were selected to build the risk
signature based on the minimum criteria, and the coefficients
obtained from the LASSO algorithm were used to calculate the
risk score for TCGA dataset (Figures 4B,C). To investigate the
prognostic role of the three-gene risk signature, we separated the
gastric cancer patients in TCGA dataset into low and high-risk
groups based on the median risk score, the results indicated that
high-risk group have a worse survival in patients with gastric
cancer (Figure 4D).

Prognostic Risk Scores Showed Strong
Associations With Clinicopathological
Features in Gastric Cancer
In order to better understand the clinical outcomes of gastric
cancer with high-risk groups, we systematically investigated the
relationships between the three selected m6A RNA methylation
regulators in high risk group and low risk group patients
in the TCGA dataset and the pathological features of gastric

cancer, including age, stage status, T status, M status, and N
status, and found there is relationship between three selected
m6A RNA methylation regulators in high risk group and low
risk group patients and pathological features of gastric cancer
(Figure 5A). Moreover, compare with low risk group patients,
gastric cancer patients generally contain a higher proportion of
FTO, lower proportion of ALKBH5 and RBM15 in the high risk
group (Figure 5A).

To better understand the relationships between risk scores
and gastric cancer patients, firstly, we do a ROC curve to
predict risk scores and 3-year survival rates for gastric cancer
patients, the results indicated that the risk score can predict 3-
year survival rates for gastric cancer patients (AUC = 0.781)
(Figure 5B). Next, we performed univariate andmultivariate Cox
regression analyses for the TCGA dataset to determine whether
the risk signature is an independent prognostic indicator. Both

the univariate and multivariate Cox regression analyses results
indicated that the risk score, age, stage status, T status, M

status, and N status were all correlated with the OS. As the

risk score, age, stage status, T status, M status, and N status
increases, the risk increases (Figures 5C,D). According to the

evidence, prognostic risk scores showed strong associations with
clinicopathological features in gastric cancer, and FTO was
correlated with the malignancy of gastric cancer.
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FIGURE 4 | Risk signature with three m6A RNA methylation regulators. (A) The process of building the signature containing 13 m6A RNA methylation regulators. The

hazard ratios (HR), 95% confidence intervals (CI) calculated by univariate Cox regression. (B,C) The coefficients calculated by multivariate Cox regression using

LASSO are shown. (D) Kaplan–Meier overall survival (OS) curves for patients in the TCGA datasets assigned to high and low risk groups based on the risk score.

FTO Showed High Expression in Human
Tissues
To better understand FTO in human tissues, we used GTEx
(Genotype-tissue expression) dataset to know FTO expression
differs among different tissues and individuals. The GTEx
database contains more than 7,000 autopsy samples from
449 pre-healthy human donors, covering 44 organizations (42
different tissue types), including 31 solid organ tissues, 10 brain
regions, whole blood, and 2 from donor blood and skin cell lines.
The results indicated higher of FTO expression was found in
the 31 solid organ tissues (Figure 6D) and in female and male
(Figures 6A,B). In most female and male tissues, there is no
difference in the expression of FTO, and there were significantly
differences in breast, colon, spleen, and thyroid (Figure 6C).

DISCUSSION

Gastric cancer is the fifth largest malignant tumor in the world,
which is a serious threat to human health and life safety (27).
Surgery is the first choice for the treatment of gastric cancer,

combined with adjuvant chemotherapy, radiotherapy, targeted
drugs, and immunotherapy (28). Although, the global incidence
of gastric cancer has declined significantly over the past few
decades, the 5-year survival rate of gastric cancer is usually
<30%, and there are still many key issues that remain unresolved
(29). The occurrence and development of gastric cancer is very
complicated. It is a multi-factor, multi-step complex process
involving external environmental factors, diet, living habits, and
also involves tissue cell differentiation, genetic changes, cell cycle
changes, metabolism, gene expression, molecular interaction,
signal transduction pathway changes, it is also related to host
immune status, homeostasis and other factors (30). Although
targeted therapy can prolong the survival of patients, tumor

drug resistance and economic burden are considerable problems

in clinical practice (31). Therefore, exploring the molecular

mechanisms of gastric cancer pathogenesis and new therapeutic

targets remains a challenging issue.
m6A, as a member of RNA epigenetic modification families,

is not “good or bad” based on the current understanding of
m6A and tumor. It can promote or inhibit tumor cells mainly
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FIGURE 5 | Relationship between the risk score, clinicopathological features, and clusters subgroups. (A) The heatmap shows the expression levels of the three m6A

RNA methylation regulators in low and high risk gastric cancer patients. The distribution of clinicopathological features was compared between the low- and high-risk

groups. (B) ROC curves showed the predictive efficiency of the risk signature. (C) Univariate Cox regression analyses of the association between clinicopathological

factors (including the risk score) and overall survival of patients in the TCGA datasets. (D) Multivariate Cox regression analyses of the association between

clinicopathological factors (including the risk score) and overall survival of patients in the TCGA datasets. *P < 0.05, **P < 0.01, and ***P < 0.001.

by regulating the mRNA expression of related oncogenes or
tumor suppressor genes. The m6A methylation site appeared
in the nuclear RNA under the action of Writers. The m6A
methylation site of RNA in the nucleus can also be erased under
the action of erasers. Subsequently, in the further processing of
the nuclear RNA, the readers (reading protein) in the nucleus
will bind to the m6A methylated site; when the mature RNA
comes out of the nucleus, there will still be some readers outside
the nucleus will bind to its m6A site. It is worth noting that
different Reader binding to m6A will produce different biological
effects (14). The methylation level of m6A is closely related to the
expression level of intracellular writing and erasing genes, while
the protein molecules that read gene expression are combined
with the m6A methylation site to perform a series of biological
functions (32). Therefore, in tumors, both m6A-related genes
and protein expression levels may become potential markers for
tumor molecular diagnosis, and will also provide new targets for
the development of clinical molecular targeted therapeutic drugs.

This study attempted to the effects of m6A RNA methylation
regulators in gastric cancer, and found m6A RNA methylation
regulators was closely associated with pathological features of
gastric cancer. We identified two subgroups of gastric cancer

by applying consensus clustering to m6A RNA methylation
regulators, and the cluster 2 subgroup correlates with a poorer
prognosis. In addition, we derived a risk signature by using
3 m6A RNA methylation regulators. The risk score is not
only an independent prognostic marker but can also predict
the clinicopathological features of gastric cancer. Moreover,
FTO is higher expressed in high risk scores subtype in gastric
cancer. According to the evidence, FTO was correlated with the
malignancy of gastric cancer.

FTO was originally reported as a demethylase for
N3-methylthymidine in single-stranded DNA and for N3-
methyluridine in single-stranded RNA in vitro. Depletion
of FTO induces significant increase in total m6A levels of
polyadenylated RNA. As FTO oxidizes m6A to A, it generates
N6-hydroxymethyladenosine (hm6A) as an intermediate
product, and N6-formyladenosine (f6A) as a further oxidized
product. The potential function of these oxidized labile
intermediates needs further exploration (17). Li et al. found that
in acute myeloid leukemia (AML), high expression of FTO can
reduce the level of m6A methylation in the mRNA of ASB2 and
RARA genes, which leads to the occurrence and development
of AML, and it was found that high expression of FTO could
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FIGURE 6 | FTO showed high expression in human tissues. (A,B) The map shows the expression levels of the FTO in the 31 solid organ tissues in female and male.

(C) Histogram visualizing the differentially FTO in the 31 solid organ tissues in female and male. (D) Histogram visualizing the differentially FTO in the 31 solid organ

tissues. *P < 0.05, **P < 0.01, and ***P < 0.001.

inhibit the differentiation of AML cells into normal blood cells
mediated by all-trans-retinoic acid (33). This makes the FTO
demethylation gene an oncogene for AML. Zhou et al. found a
significant increase in the expression of FTO in tumor tissues
of patients with cervical squamous cell carcinoma (CSCC), and
found that these patients developed tolerance to radiotherapy
and chemotherapy. This may be due to the fact that FTO
reduces the m6A methylation level of certain genes, thereby
activating the β-catenin pathway and affecting the expression of
ERCC1 genes. In addition, it was also found that both FTO and
β-catenin expression in CSCC patients showed a worse prognosis
than patients who were elevated alone (P = 0.041). Thus, the
expression of FTO and β-catenin has certain value in evaluating
the clinical prognosis of CSCC (34).

Tumor stem cells are a kind of pluripotent tumor cells,
which are highly malignant and have the ability of self-renewal
to mutate more quickly to produce drug resistance or adapt
to changes in the microenvironment. It has been found that
a certain number of m6A methylation and tumor studies are
related to tumor stem cells (35–37). Cui et al. found that the
use of FTO inhibitors can significantly inhibit the growth of
glioblastoma stem cells (GSC) and reduce the frequency of
transformation of GSC cells into tumor stem cells. Moreover,
the use of MA2 in glioblastoma can effectively inhibit FTO
expression and inhibit tumor progression. This also provides
guidance for people looking for new targeted drugs (38). The

above studies emphasize the importance of FTO and provide
evidence for exploring the pathogenesis of some tumors and
seeking new potential therapeutic targets by revealing the
previously unconfirmed mechanism of tumor gene regulation. It
also provides a new idea for the mechanism of tumor epigenetic
modification and tumor gene targeting therapy.

However, to date, many FTO inhibitors (rheumine, IOX3, and
meclofenamic acid) have been reported, most of which are not
specific. Meclofenamic acid can stably bind to FTO, but the effect
on ALKBH5 is still in the research stage (39). IOX3 is a HIF
proline hydroxylase inhibitor, which can bind to the active site
of FTO and reduce the expression level of FTO, but the inhibitor
failed to alter the level of intracellular m6A (40). So far, the role
and specific mechanism of m6A demethylase inhibitors found
in in vitro and in vivo studies are not fully understood and lack
specificity. Therefore, researchers are expecting more inhibitors
against m6A-related factors, especially more specific inhibitors,
to bring new dawn to guide tumor gene targeting therapy.

In conclusion, our results systematically demonstrate
the expression, potential function, and prognostic value
of m6A RNA methylation regulators in gastric cancer.
The expression of m6A RNA methylation regulator is
highly correlated with the malignant clinicopathological
features of gastric cancer. Our study provides important
evidence for future detection of the role of m6A methylation
in gastric cancer.
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Introduction: People with metastatic gastric cancer (GC) have a poor prognosis. The

study aims to investigate the efficacy of multi-modality treatment for patients with

metastatic GC.

Methods: We retrospectively identified 267 patients with stage IV gastric cancer who

were treated with systemic chemotherapy: 114 received multi-modality treatments,

153 received systematic chemotherapy alone. The survival of these two groups was

compared by log rank test, the independent prognostic factors were investigated using

univariate and multivariate analyses.

Results: The median survival of metastatic GC patients who received multi-modality

treatment was significantly longer than those who received systematic chemotherapy

alone (18.4 vs. 11.4 months, P < 0.001). Multivariate analysis identified tumor histologic

differentiation, CA19–9 level, previous curative resection, palliative gastrectomy,

and metastasectomy as independent prognostic factors for overall survival. In

the multimodality treatment group, patients who received palliative gastrectomy or

metastasectomy had a longer survival than those who only received intraperitoneal

chemotherapy or radiotherapy (21.6 vs. 15.2 months, P = 0.014).

Conclusion: Multi-modality treatments offer a survival benefit for patients with

metastatic GC. Future prospective studies are needed to confirm the result.

Keywords: gastric cancer, multi-modality treatment, chemotherapy, gastrectomy, metastasectomy

INTRODUCTION

Gastric cancer (GC) is the fifth most common cancers and the third leading cause of cancer death
worldwide (1). Almost one million new cases of GC were diagnosed each year, and about 50%
of them occurred in Eastern Asia (mainly in China) (2). Although an improvement of 5-years
survival for GC was observed in the past 10 years, the prognosis of Chinese GC patients was
still poor. Compared with a very high survival of GC in Korea (68·9%) and Japan (60·3%), the
age-standardized 5-years relative survival was only 35.1% in China because most patients have
inoperable disease at the time of initial presentation (3–5).

Gastrectomy is the only potentially curative therapy for resectable GC, but a major proportion
of patients could have local or distant recurrence even after curative resection (6, 7). People with
metastatic GC have a poor prognosis with amedian survival time of around 4months in the absence

67

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2019.01155
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2019.01155&domain=pdf&date_stamp=2019-11-01
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:linguole@126.com
https://doi.org/10.3389/fonc.2019.01155
https://www.frontiersin.org/articles/10.3389/fonc.2019.01155/full
http://loop.frontiersin.org/people/740520/overview
http://loop.frontiersin.org/people/786900/overview


Zhao et al. Multi-Modality Treatment for Metastatic Gastric Cancer

of systemic chemotherapy (5). For patients with metastatic
diseases, it has been demonstrated in multiple trials and
meta-analysis that systemic chemotherapy could extend overall
survival (OS) by about 7 months more than best supportive
care (8). Therefore, systemic chemotherapy is the standard
treatment modality for stage IV GC patients. However, systemic
chemotherapy still cannot provide significant survival benefits
and the disease will progress ultimately. Although some clinical
guidelines had recommendations about second- and further-line
treatment regimen currently, there is still no global consensus
across countries regarding the best therapeutic approach after
failure of the first-line therapy (9, 10). The management of
patients with metastatic GC is challenging.

Recent years, the number of options available for GC has been
increasing rapidly (11). In addition to the development of new
anticancer drugs, multi-modality treatments, such as palliative
surgery, radiation therapy, intraperitoneal chemotherapy, and
other approaches, are gaining support in the management
of metastatic gastric cancer (12–18). However, despite these
advances, their impact on long-term survival outcome for
patients with metastatic GC remains unsatisfactory and the
best form of multidisciplinary therapeutic strategy is still not
established. In this real-world study, we will focus on the role of
multi-modality treatment for patients with metastatic GC.

METHODS

Study Design and Participants
Between December 2011 and November 2018, a total of 267
patients with initial stage IV gastric cancer in Peking Union
Medical College Hospital were included consecutively. The
eligibility criteria were: (1) histologically confirmed gastric or
gastroesophageal junction (GEJ) adenocarcinoma; (2) distant
metastases verified by enhanced computed tomography (CT)
or other approaches; (3) over 18 years old; (4) ECOG 0-
2; (5) received first-line systematic treatment. Patients were
divided into two groups according to treatment modality: the
multi-modality treatment group comprised 114 patients and
the chemotherapy only group comprised 153 patients. The
multi-modality treatment group was defined as patients who
received both systematic chemotherapy and other modality
treatments including palliative gastrectomy and metastasectomy,
intraperitoneal chemotherapy, radiotherapy, radiofrequency
ablation, and transarterial chemoembolization (TACE). The
chemotherapy only group was defined as patients who received
systematic chemotherapy alone. This study was approved by the
ethics committee of Peking Union Medical College Hospital.

Treatment
The treatment regimens of gastric cancer were mainly based on
clinical guidelines of the Chinese Society of Clinical Oncology
(CSCO) and the National Comprehensive Cancer Network
(NCCN) (12, 19). Several cytotoxic agents are adopted to
treat metastatic gastric cancer, including fluoropyrimidines
(5-fluorouracil, S-1, capecitabine), platinum agents (cisplatin,
oxaliplatin), taxanes (paclitaxel, docetaxel), and irinotecan. For
some patients with human epidermal growth factor receptor 2

(HER2)-overexpressing tumors, trastuzumab is combined with
cytotoxic chemotherapy. The method used by the hospital to test
the HER2 status was immunohistochemistry and fluorescence
in situ hybridization (FISH). Each patient’s chemotherapy
plan (including intraperitoneal perfusion) is individualized
by senior medical oncologists in the department of medical
oncology depending on the tolerance and response to different
treatment regimens. All patients in this study received first-
line chemotherapy. If patients had disease progression evaluated
by medical oncologists and good performance status, they
would consider receiving second- or further-line treatment. The
palliative gastrectomy or metastasectomy were performed by
surgeons from different specialties. Appropriate radiotherapy
plan was determined by radiation oncologists based on the
patient’s general condition, irradiation field, possible normal
tissue damage and so on. Radiofrequency ablation and TACE
were performed by specialists from the department of radiology.

Assessment and Follow-Up
The following assessment were applied every two to three cycles
typically: detailed medical history, physical examination, serum
tumor marker analysis, and contrast enhanced CT of the chest,
abdomen and pelvis. Additional approaches such as positron
emission tomography (PET) and bone scan were undertaken
depending on a clinical suspicion of recurrence or metastasis.
Radiographic tumor response is quantified by using Response
Evaluation Criteria in Solid Tumors (RECIST).

All patients followed up every 3 months, either in a clinical
visit or by telephone. At each the out-patient review, physical
examination, necessary radiological examinations (enhanced CT
or occasional PET-CT), and routine laboratory examinations
were performed regularly. The follow-up data were updated until
January 31, 2019.

Statistical Analysis
All statistical analyses were performed using SPSS software
(version 25, IBM Corp., Armonk, NY, USA). The OS is defined
as the interval from the stage IV disease diagnosis to the latest
follow-up or death. Continuous variables were assessed by t-
test, and categorical variables were analyzed with Chi squared
test. Related survival curves were constructed according to
the Kaplan-Meier method, and a log-rank test was applied to
compare these curves. The Cox proportional hazards regression
model was adopted to identify the independent prognostic
factors for survival, variables (P < 0.10) in univariate analysis
were entered into multivariate analysis. A P < 0.05 was
considered significant.

RESULTS

Patient Characteristics
The baseline characteristics of patients at diagnosis of metastatic
disease are shown in Table 1. The average age of included
patients was 56.4 years old, and 67.8% of the participants were
male. At the time of stage IV disease diagnosis, the metastatic
sites included peritoneum (31.8%), liver (28.1%), Krukenberg
tumor (14.2%), lung (6.0%), bone (9.4%), non-regional lymph
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TABLE 1 | Baseline characteristics of patients with metastatic gastric cancer.

Characteristic, n (%) Total

(n = 267)

Multimodality treatment

(n = 114)

Chemotherapy only

(n = 153)

P-value

Age (years), mean ± SD 56.4 ± 12.5 55.3 ± 11.9 57.1 ± 12.8 0.242

Sex 0.257

Male 181 (67.8) 73 (64.0) 108 (70.6)

Female 86 (32.2) 41 (36.0) 45 (29.4)

Differentiation 0.565

Well/median 61 (22.8) 28 (24.6) 33 (21.6)

Poor 206 (77.2) 86 (75.4) 120 (78.4)

HER2 status 0.520

Positive 54 (20.2) 26 (22.8) 28 (18.3)

Negative 98 (36.7) 43 (37.7) 55 (35.9)

Unknown 115 (43.1) 45 (39.5) 70 (45.8)

Tumor location 0.496

Upper 79 (29.6) 29 (25.4) 50 (32.7)

Middle 86 (32.2) 36 (31.6) 50 (32.7)

Lower 94 (35.2) 45 (39.5) 49 (32.0)

Diffuse 8 (3.0) 4 (3.5) 4 (2.6)

CA19–9 level 0.184

Normal 161 (60.3) 74 (64.9) 87 (56.9)

Elevated 106 (39.7) 40 (35.1) 66 (43.1)

CEA level 0.062

Normal 144 (53.9) 69 (60.5) 75 (49.0)

Elevated 123 (46.1) 45 (39.5) 78 (51.0)

Metastatic site

Peritoneum 85 (31.8) 43 (37.7) 42 (27.5) 0.075

Liver 75 (28.1) 27 (23.7) 48 (31.4) 0.167

Krukenberg 38 (14.2) 22 (19.3) 16 (10.5) 0.041

Lung 16 (6.0) 7 (6.1) 9 (5.9) 0.930

Bone 25 (9.4) 7 (6.1) 18 (11.8) 0.119

Non-regional lymph nodes 117 (43.8) 45 (39.5) 72 (47.1) 0.217

Other 61 (22.8) 25 (21.9) 36 (23.5) 0.925

Number of metastatic sites 0.529

1 138 (51.7) 63 (55.3) 75 (49.0)

2 80 (30.0) 33 (28.9) 47 (30.7)

≥3 49 (18.3) 18 (15.8) 31 (20.3)

Curative surgery 99 (37.1) 46 (40.4) 53 (34.6) 0.339

Neoadjuvant treatment 23 (23.2) 10 (21.7) 13 (24.5) 0.257

Adjuvant treatment 85 (85.9) 39 (84.8) 46 (86.8) 0.225

Follow-up period (months),

median (95%CI)

63.5 (50.4–76.5) 60.4 (48.3–72.5) 63.5 (44.7–82.3) 0.492

nodes (43.8%), and other distant metastases (22.8%). The
multimodality treatment group displayed a higher proportion
of Krukenberg tumors (19.3% vs. 10.5%, P = 0.041) than the
chemotherapy only group. Curative surgery was performed in
37.1% of patients before the diagnosis of metastatic disease.
Neoadjuvant treatment and adjuvant treatment were given to
23.2 and 85.9% of patients who underwent curative resection
separately. The median follow-up periods of multimodality
treatment group and chemotherapy only group were 60.4
(95%CI: 50.4–76.5) months and 63.5 (95%CI: 44.7–82.3) months,
respectively. There was no statistical difference between the
multimodality treatment group and the chemotherapy only
group in age, sex, histologic differentiation, HER2 status, tumor

location, tumor marker level at diagnosis, number of metastatic
sites, previous curative resection, and follow-up period.

Treatment
In the first-line systematic treatment, 4.1% of them received a
single drug treatment (fluoropyrimidine, taxane, or irinotecan
monotherapy), 78.3% of them received a two-drug combination
(fluoropyrimidine, platinum, or taxane), and 7.5% of them
received a three-drug combination (Table 2). Only 4.9%
patients received trastuzumab targeted therapy. Second-line
therapy was administered in about half of patients. Among
the patients that received second-line chemotherapy, the
most frequent regimen type was still two-drug combination
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TABLE 2 | Treatment regimens of patients with metastatic gastric cancer.

Characteristic, n (%) Total

(n = 267)

Multimodality treatment

(n = 114)

Chemotherapy only

(n = 153)

P-value

First-line treatment 267 (100) 114 (100) 153 (100) 1.000

Single-agent (fluoropyrimidine or taxane) 11 (4.1) 3 (2.6) 8 (5.2)

Double agent combination (fluoropyrimidine, platinum, or taxane) 209 (78.3) 89 (78.1) 120 (78.4)

Taxane + platinum + Fluoropyrimidine 20 (7.5) 10 (8.8) 10 (6.5) 0.654

Trastuzumab involved 13 (4.9) 7 (6.1) 6 (3.9)

Others 14 (5.2) 5 (4.4) 9 (5.9)

Second-line treatment 139 (52.1) 67 (58.8) 72 (47.1) 0.058

Single agent (fluoropyrimidine, taxane, or irinotecan) 14 (10.1) 5 (7.5) 9 (12.5)

Double agent combination (fluoropyrimidine, platinum, taxane, or irinotecan) 102 (73.4) 49 (73.1) 53 (73.6)

Apatinib 12 (8.6) 7 (10.4) 5 (6.9) 0.683

Trastuzumab involved 8 (5.8) 5 (7.5) 3 (4.2)

Others 3 (2.2) 1 (1.5) 2 (2.8)

Third-line treatment 69 (25.8) 38 (33.3) 31 (20.3) 0.016

Single agent (fluoropyrimidine, taxane, or irinotecan) 13 (18.8) 5 (13.2) 8 (25.8)

Double agent combination (fluoropyrimidine, platinum, taxane or irinotecan) 35 (50.7) 22 (57.9) 13 (41.9)

Apatinib 13 (18.8) 5 (13.2) 8 (25.8) 0.255

Trastuzumab involved 7 (10.1) 5 (13.2) 2 (6.5)

Others 1 (1.4) 1 (2.6) 0 (0)

Further-line treatment 24 (9.0) 15 (13.2) 9 (5.9) 0.040

TABLE 3 | Treatment regimens of patients received multimodality treatment.

Treatment regimens, n (%) Multimodality treatment

(n = 114)

Palliative gastrectomy 35 (30.7)

Metastasectomy 19 (16.7)

Oophorectomy 15 (78.9)

Adrenalectomy 1 (5.3)

Hepatectomy 1 (5.3)

Colectomy 1 (5.3)

Retroperitoneal lymphadenectomy 1 (5.3)

Intraperitoneal chemotherapy 37 (32.5)

Platinum 18 (48.6)

Fluoropyrimidine 15 (40.5)

Taxane 4 (10.8)

Radiotherapy 52 (45.6)

Radiofrequency ablation 6 (5.3)

TACE 6 (5.3)

Others 2 (1.8)

(Table 2). Irinotecan or apatinib were prescribed in single
agent or double agent combination regimen in second- or
further-line treatment. The multimodality treatment group
had a higher proportion of receiving third- (33.3 vs. 20.3%,
P = 0.016) and further-line (13.2 vs. 5.9%, P = 0.040)
systematic treatment than chemotherapy alone group. There
was no statistical difference between these two groups in the
chemotherapy regimen.

Among 114 patients who received multimodality treatment,
35 (30.7%) received palliative gastrectomy and 19 (16.7%)

FIGURE 1 | Kaplan–Meier curve of overall survival in multimodality treatment

group and chemotherapy only group.

received metastasectomy (Table 3). The metastasectomy
includes oophorectomy, adrenalectomy, hepatectomy,
colectomy, and retroperitoneal lymphadenectomy. Fifty-
two patients (45.6%) received palliative radiotherapy.
In 37 patients who had peritoneal carcinomatosis and
received intraperitoneal chemotherapy, fluoropyrimidine,
or platinum agents were used most frequently. In
addition, six patients with liver metastasis received
TACE and six patients with liver metastasis received
radiofrequency ablation.
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TABLE 4 | Prognostic factors for OS of patients with metastatic gastric cancer on the univariate and multivariate analysis.

Characteristic n MST (m) Univariate analysis Multivariate analysis

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

Age 267 14.0 1.003 (0.993–1.014) 0.567

Gender 0.865

Male 181 13.4 Ref

Female 86 15.2 1.024 (0.779–1.346)

Location 0.305

Upper 79 14.1 Ref

Middle 86 13.1 1.260 (0.905–1.755) 0.171

Lower 94 15.4 0.974 (0.702–1.353) 0.877

Diffuse 8 14.2 1.423 (0.681–2.973) 0.348

Differentiation 0.022 0.001

Well/median 61 21.3 Ref Ref

Poor 206 13.1 1.443 (1.053–1.977) 1.723 (1.231–2.410)

CA19–9 level <0.001 0.011

Normal 161 15.6 Ref Ref

Elevated 106 12.2 1.604 (1.219–2.110) 1.459 (1.089–1.956)

CEA level 0.056 0.134

Normal 144 15.4 Ref Ref

Elevated 123 12.2 1.291 (0.993–1.678) 1.246 (0.935–1.660)

Curative surgery <0.001 <0.001

No 169 12.2 Ref Ref

Yes 98 18.3 0.605 (0.461–0.795) 0.588 (0.440–0.786)

Second- and further-line chemotherapy 0.859

No 128 11.3 Ref

Yes 139 15.2 0.976 (0.751–1.270)

Palliative gastrectomy 0.044 0.014

No 232 13.2 Ref Ref

Yes 35 18.4 0.661 (0.442–0.989) 0.590 (0.387–0.899)

Metastasectomy 0.001 0.007

No 248 13.2 Ref Ref

Yes 19 35.6 0.423 (0.249–0.720) 0.468 (0.270–0.810)

Intraperitoneal chemotherapy 0.474

No 230 13.2 Ref

Yes 37 17.6 0.872 (0.604–1.264)

Radiotherapy 0.024 0.325

No 215 13.2 Ref Ref

Yes 52 17.6 0.682 (0.489–0.952) 0.842 (0.597–1.186)

Survival
The median OS of patients who received multimodality
treatment was prolonged significantly than patients who received
systematic treatment only (18.4 vs. 11.4 months, P < 0.001,
Figure 1).

Univariate analysis of clinical prognostic factors that
might influence the survival was performed on all included
patients. The results demonstrated that factors such as
differentiation, CA19–9 level, previous curative surgery,
palliative gastrectomy, metastasectomy, and radiotherapy
were correlated with OS (Table 4). Multivariate analysis
was performed by incorporating related factors with Cox
regression, and the results indicated that differentiation, CA19–9

level, previous curative surgery, palliative gastrectomy, and
metastasectomy were the independent prognostic factors of OS.
In the multimodality treatment group, patients who received
palliative surgery (gastrectomy or metastasectomy) also had
a longer survival than those who received intraperitoneal
chemotherapy or radiotherapy (21.6 vs. 15.2 months, P = 0.014,
Figure 2).

DISCUSSION

This real-world single center study showed that median
survival of patients with stage IV gastric cancer who received
multimodality treatment was significantly longer compared with
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FIGURE 2 | Kaplan–Meier curve of overall survival of patients who received

palliative surgery (gastrectomy or metastatectomy) and other treatments

(intraperitoneal chemotherapy or radiotherapy) in multimodality treatment

group.

those who received systematic therapy alone. In multivariate
analysis, palliative gastrectomy, and metastasectomy were
identified as independent improved survival factors, while
second- and further-line chemotherapy, radiotherapy, and
intraperitoneal chemotherapy were considered to be irrelevant.

Patients with stage IV GC usually have a poor prognosis and
several randomized studies have provided evidence that first-line
chemotherapy is more effective in terms of survival than best
supportive care alone for patients with metastatic tumors (8).
Therefore, patients with metastatic GC are primarily considered
for systemic chemotherapy. However, treatment options after
failure of standard first-line therapy are scarce and related benefit
has to be weighed against treatment-related toxicities. Some
randomized trials showed a survival advantage of the second-
and further-line treatment over the best supportive care (20–23).
However, such benefit was not seen in this real-world study even
most patients still received two-drug combination regimen in the
second- and further-line chemotherapy.

Surgery is not a standard treatment option for patients with
stage IV GC, except for those who need alleviate symptoms
such as bleeding and obstruction caused by the tumor (24).
Although patients with metastases from gastric cancer are
traditionally treated with systematic chemotherapy, this research
and several retrospective studies indicated that gastrectomy or
metastasectomy offered a more favorable survival compared with
palliative chemotherapy alone by removing macroscopic lesions
remaining (25–29). Even in the multimodality treatment group,
patients who received surgery had a better survival than those
who only received intraperitoneal chemotherapy or radiotherapy
in our study. However, the clinical benefit of palliative surgery for
stage IV GC is uncertain. A significant problem of these reports is
selection bias. Candidates for surgical resection were more likely
to have smaller disease burden and better performance status
than those who received no surgical intervention. Recently, a
phase III, randomized controlled trial (REGATTA trial) failed

to show any survival benefit of gastrectomy in patients with
advanced gastric cancer (30). Furthermore, patients undergoing
gastrectomy had a significantly higher incidence of several
serious adverse events related to chemotherapy in REGATTA
trial. However, because of the presence ofmicrometastatic disease
in advanced GC, it is more reasonable for advanced GC patients
to receive the palliative surgery following a good response to
systemic therapy. Palliative surgery in metastatic GC is a highly
controversial topic, and the door to surgical resection are still
not definitely closed (31). In the future, the effect of palliative
resection in stage IV GC should be assessed as a component of
multimodal treatment.

Peritoneal metastases are detected in about 30% of patients
with advanced gastric cancer (32). Intraperitoneal chemotherapy
is a reasonable strategy to approach peritoneal metastasis directly
since it enables relatively high concentration of anticancer drugs
to directly target cancer lesions in the peritoneum (33–35).
In addition, patients with peritoneal metastasis can benefit
from intraoperative chemotherapy administration combined
with surgery (36). However, intraperitoneal chemotherapy in the
current study yielded conflicting results and did not demonstrate
a survival benefit. Similarly, the PHOENIX-GC trial failed
to show statistical superiority of intraperitoneal paclitaxel in
terms of overall survival (37). The possible clinical benefits
of intraperitoneal chemotherapy for GC still need exploratory
clinical trials.

In this research, palliative radiation therapy as a single
modality in multivariate analysis also did not improve survival
of metastatic GC patients. However, it is still attractive and
has a well-defined role in symptomatic palliation in patients
with unresectable gastric cancer, such as pain, bleeding, and
obstruction (38). A population-based study demonstrated that
radiation, surgery, or combination of both were associated with
improved survival in advanced GC patients (39). The role of
radiation therapy in stage IV GC remains controversial.

Our study has some limitations. First, this study was a
retrospective design. Because of the retrospective nature, the
selection bias exists inevitably and may influence the survival
analysis. For example, patients with better status and less
comorbidities are more likely to undergo more aggressive
treatments, which may result in a better survival outcome.
Second, this research was performed at a single institute.
The indication for multi-modality therapy is various and
dependents on the institute, the patients included in our
center cannot represent the whole population of patients
with stage IV GC who received multi-modality treatments.
Third, as a real-world study, the heterogenous treatment
schemes may be potential confounding variables that may
influence the survival result although we have used the Cox
regression analysis.

Up to now, it is impractical to cure stage IV GC, but the
evidence is clear that using only one treatment modality cannot
control this metastatic disease efficiently. Medical oncologists,
surgeons, and radiologists from different disciplines should work
together and offer the patients a comprehensive treatment plan
to offer a chance of survival improvement. Optimal management
of patients with metastatic GC is still challenging usually requires
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the integration of multidisciplinary therapeutic strategies either
concurrently or sequentially.

CONCLUSION

In conclusion, this real-world study provided the evidence that
multi-modality treatment showed a significant survival benefit
for patients with metastatic gastric cancer. Palliative gastrectomy
and metastasectomy were independent prognostic factors for
survival. In the future, large-scale prospective randomized
clinical trials are needed to determine the optimal treatment
strategy for stage IV gastric cancer.
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Background: Acellular dermal matrix is a biologic material derived from the skin

of human cadaveric donors. It has been used successfully in the past to reduce

complications in breast surgery and hernia repair. This investigation was aimed at

assessing the feasibility of using acellular dermal matrix to support the anastomosis after

gastrectomy with the aim of reducing anastomotic site leakage complications.

Methods: Patients were randomly assigned to standard anastomotic reconstruction

(control arm) or anastomotic reconstruction with acellular dermal matrix reinforcement

(intervention arm). Surgical outcomes related to anastomotic complications were

collected. Because actual anastomotic leaks found on imaging studies are infrequent

and thus require a very high number of patient recruitment to detect statistically significant

difference between the two groups, in this pilot investigation other clinical and laboratory

measures that have been shown to correlate to or predict anastomotic leaks were also

collected. Each surgical outcome was compared.

Results: A total of 94 patients (intervention arm: 50, control arm: 44), were included in

the analysis. Two patients in the control arm (4.55%) and one patient in the intervention

arm (2.00%) experienced anastomotic leakage (p= 0.598), a difference without statistical

significance. However, average postoperative C-reactive protein (CRP) levels and NUn

scores, both of which have been shown to reflect likelihood of progressing to anastomotic

leakage, were significantly lower for the intervention arm. The control arm showed an

average CRP level of 128.77 mg/dL (SD: 97.08) while the intervention arm showed 77.38

mg/dL (SD: 49.08, p = 0.049).

Conclusions: Leakage rate reduction with acellular dermal matrix reinforcement

of anastomotic site was not detected in this investigation. However, postoperative

inflammation levels and numerical predictors of anastomotic leakage development were

significantly lower with acellular dermal matrix reinforcement of surgical anastomosis.

This finding is worthy of further investigation, as reduction of inflammation with

anastomotic site reinforcement is a novel finding, and more in-depth research may lead
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to discoveries on the physiologic role of the surgical anastomosis in post-gastrectomy

patients. In addition, lower CRP and NUn scores for the intervention arm suggest

potential for larger studies to detect reduction in clinical leak rates after acellular dermal

matrix reinforcement.

Keywords: anastomotic leak, surgical anastomosis, gastrectomy, postoperative complications, gastric cancer,

acellular dermal matrix

INTRODUCTION

Surgery of the gastrointestinal tract is most often concluded with
anastomotic reconstruction of resection planes to restore gut
continuity. Surgeons pay careful attention to these anastomotic
sites as they are critical to procedure-related complications. The
most dangerous and important anastomotic site complication is
leakage, which is associated with increased morbidity and longer
hospital stay as well as higher mortality (1). As the management
of the anastomotic site during the reconstruction process is
crucial in reducing these potentially fatal complications, the
rates of such postoperative complications are often used as a
surrogate marker for the quality of surgery (1–3). Although
the surgical outcome for gastrointestinal surgeries has improved
over time with experience and advancements in technique, the
rate of postoperative complications remains high worldwide (4,
5). Various implements have been introduced in the surgical
procedure, with the aim of reducing these complications:
examples include the surgical stapler and bioabsorbable synthetic
material scaffolds that support the anastomotic site (6–11). These
new additions to the surgeon’s arsenal have succeeded in reducing
postoperative anastomotic complications to a certain degree (11,
12); but there is still much room for improvement, and various
new approaches are being investigated by surgeons to further
decrease anastomotic complication rates.

In contrast to the aforementioned bioabsorbable “synthetic”
material, the acellular dermal matrix was developed as a
“biologic” material scaffold for tissue reinforcement. The
most prominent synthetic material reinforcement in use is
the polyglycolic acid:trimethylene carbonate copolymer (Gore
Seamguard R©), which features an interconnected pore structure
that allows the cells of the host to grow within it; it is then
absorbed into host tissue around the staple line within six
to seven months. It has been used to reduce postoperative
complications in patients who have undergone gastrointestinal
surgery. Biologic material like the acellular dermal matrix used
in this investigation stands apart from the synthetic counterparts
owing to its biologic origin. It is a connective tissue matrix of
dermis harvested from the skin of human cadaveric donors,
with the cellular components removed, based on the hypothesis
that this may confer an advantage over synthetic material
reinforcements as it can be revascularized with autologous tissue,
resulting in reduced rates of infection and better maintenance
of tissue strength, which have been shown to be true in animal
studies (13, 14). Acellular dermal matrix is already being used
in a number of applications, such as the repair of difficult hiatal
hernias and the treatment of intestinal fistulization in patients
with open peritoneal cavities (15, 16). The specific material used
in this investigation (MegaDerm R© - L&C Bio, SKN Techno

Park, Sagimakgol-ro, Jungwon-gu, Seongnam-si, Gyeonggi-do,
Korea) has also been used in plastic and reconstructive surgical
applications (17–20). In this study, we aimed to assess the
feasibility of using acellular dermal matrix reinforcement to
reduce complications in patients who underwent gastrectomy,
with a focus on anastomotic site leakage.

MATERIALS AND METHODS

Study Design
This pilot investigation is a randomized, double-arm, open-
label, superiority study conducted in a single institute. Patients
who had undergone total or subtotal gastrectomy for gastric
adenocarcinoma were enrolled in this study. Enrollment took
place from July of 2015 to April of 2016. Patients who provided
their informed consent were randomized to either the control
arm or the intervention arm: randomization sequence was
created using Excel 2010 (Microsoft, Redmond,WA, USA) with a
1:1 allocation using simple randomization without stratification.
Patients who underwent total or subtotal gastrectomy followed
by standard anastomotic reconstruction without acellular dermal
matrix reinforcement comprised the control arm, while those
who underwent gastrectomy with the acellular dermal matrix
reinforcement comprised the intervention arm. Data collected
from the patients were analyzed by an independent investigator
who was unaware of the allocation of each patient. The study
protocol was approved by the institutional review board of Korea
University Medical Center, Anam Hospital (Institutional Review
Board number: MD15006). All procedures were conducted
in accordance with the ethical standards of the institution’s
Committee on Human Experimentation and the Helsinki
Declaration of 1975.

Patient Enrollment
The following inclusion and exclusion criteria were used for
patient enrollment:
Inclusion criteria:

i) Patients between the ages of 20 and 90 years;
ii) Patients who were diagnosed with primary gastric

adenocarcinoma by endoscopic biopsy;
iii) Patients who were fit for total or subtotal gastrectomy;

A. ECOG (Eastern Cooperative Oncology Group)
performance status 0 or 1

B. ASA (American Society of Anesthesiologists) score
between 1 and 3

C. Patients who were not contraindicated for surgery based
on the preoperative work-up
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iv) Patients who provided informed consent by signing the
IRB-approved consent form.

Exclusion criteria:

i) Patients who developed complications of gastric cancer (i.e.,
obstruction, perforation);

ii) Patients who received neoadjuvant chemotherapy or
radiation therapy for the target gastric cancer of the surgery;

iii) Patients who received surgical or medical treatment for any
other cancers in the last 5 years;

iv) Vulnerable patients (patients who are unable to make their
own decisions, pregnant patients, patients planning on
getting pregnant);

v) Patients who are currently or were enrolled in any time in the
last 6 months in another clinical trial.

Operative Procedures and Postoperative
Management
Patients were treated according to the standard guidelines
for treatment of gastric cancer in Korea (21), which outlines
the principles and standards of surgery for gastric cancer.
All cases were laparoscopic with no conversion to open
laparotomy. In all patients, lymphadenectomy was facilitated
by an ultrasonic energy device (SOUND REACH R©; Reach
Surgical Inc., TEDA, Tianjin). Reconstruction procedures used
were Billroth I, Billroth II, and Roux-en-Y esophagojejunostomy.
Anastomotic reconstruction was conducted using the surgical
stapler (ENDO REACH R©; Reach Surgical Inc., TEDA, Tianjin);
for patients in the intervention arm, acellular dermal matrix
(MegaDerm R© - L&C Bio, SKN Techno Park, Sagimakgol-ro,
Jungwon-gu, Seongnam-si, Gyeonggi-do, Korea) was installed
onto the surgical stapler with a hygroscopic suture fiber
before use, after being moisturized to increase adhesiveness
(Figure 1). Postoperative care was provided according to the
institution’s protocols.

Clavien-Dindo Classification Assessment
The main surgical outcome assessed in this investigation is the
rate of anastomotic leakage. We primarily compared the severity
of these postoperative anastomotic site complications in each
group as measured by the modified Clavien-Dindo system, which
is a widely adopted, objective classification system that grades
the severity of surgical complications based on the level of
intervention needed to resolve them (22). When the outlines

FIGURE 1 | Acellular dermal matrix loaded for use (A) linear stapler (B) circular

stapler.

proposed by the Clavien-Dindo classification were vague, the
Japanese Clinical Oncology Group postoperative complications
criteria (JCOG PC) criteria (23), which expands on the Clavien-
Dindo system and more specifically delineates grades of each
postoperative complication, were applied. As the potential for
interpersonal variation remained, the classification process was
conducted by two independent researchers who were unaware
of each patient’s treatment arm allocation. When discrepancies
arose, the principal investigator (S.P.) was consulted to determine
the final Clavien-Dindo classification for the patient.

Anatomic Leakage Assessment
Computed tomography (CT), considered the best modality for
the detection of gastrointestinal leakage (24), was the modality
of choice when imaging was deemed clinically necessary. The
clinical suspicion of leakage warranting imaging work-up was
made by the patient’s physician or the attending surgeon, with
the basic consensus that episodes of fever peaking around 38.0◦C
constitute the most important clinical sign, as it has been
designated a critical criterion for the suspicion of anastomotic
leakage in previous studies (24–26). In addition, because
post-gastrectomy leak rates are low and therefore difficult to
statistically detect differences in leak rates between the two
groups, other laboratory measurements that have been shown
to predict anastomotic leak were also obtained. Inflammatory
marker (e.g., white blood cell count, C-reactive protein) levels
were obtained for patients when risk of leakage was even slightly
suspected as there has been evidence that elevation of the C-
reactive protein (CRP) level can be predictive of anastomotic leak
complications (27–29).Whenmultiple measurements were taken
for a same patient, the highest value was used. In addition, Noble
et al. showed that a combination of multiple laboratory values
[the NUn score = 11.3894 + (0.005 × CRP) + (WCC × 0.186)
– (0.174 × albumin); WCC refers to white blood cell count]
can serve as a strong predictor of anastomotic leaks and other
complications in esophageal resection (30); the NUn score was
also obtained.

Statistical Analyses
Data were analyzed using IBM SPSS Statistics 24.0 (SPSS,
Inc., Chicago, IL, USA). Continuous data were represented by
their mean and standard deviation and the categorical data
as frequencies and percentages. Student’s t-test was used to
compare continuous variables, and the χ2 test and two-tailed
Fisher’s exact test were used to compare categorical variables.
The average CRP values of postoperative days one, four, and
seven were calculated for each treatment arm and plotted in a
line graph.

RESULTS

A total of 94 patients were analyzed in the study. Of these
patients, 50 were included in the intervention arm and 44 in the
control arm. The scheme of enrollment is shown in Figure 2.

Patient demographics including age, sex, body mass index
(BMI), comorbidities, American Society of Anesthesiologists
(ASA) score, Eastern Cooperative Oncology Group (ECOG)
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FIGURE 2 | Flow diagram of patient enrolment.

performance status, type of reconstruction received, and the
extent of lymphadenopathy are described in Table 1. There
were no significant differences in these baseline characteristics
between the two groups.

Comparison of Clinicopathologic
Outcomes
Postoperatively, data related to clinical outcomes including
operation time, length of hospital stay, proximal resection
margin, and complication rates were compared between the
two groups (Table 2). There were no significant differences
in the proximal resection margin, length of hospital stay, and
operating time. The Clavien-Dindo (C-D) classification
system was used for the comparison of complication
rates. Of 44 patients in the control arm and 50 patients
in the intervention arm, 19 (43.18%) and 20 (40.00%),
respectively, experienced complications. No patients experienced
complications of C-D class IIIb or higher. Although the
control arm showed a tendency toward more severe (grade
II or IIIa) complications, the difference was not statistically
significant (p= 0.1157).

Comparison of Anastomotic Site Leakage
Complications
The results of the comparison of anastomotic leak rates are
shown in Table 3. Two of 44 patients in the control group
developed leakage during the 6-month follow-up period, whereas
one of the 50 suffered leakage in the intervention arm during
the same period. The patients in the control arm developed 13
and 6 days after surgery; the patient in the intervention arm
developed leakage 18 days after surgery. This difference did not
have a statistically significant value (p = 0.598). There were
also no significant differences in the number of episodes of
fever, the clinical sign most commonly used to suspect leakage
after gastrointestinal surgery. Postoperative CRP levels, on the
other hand, were found to be significantly lower in patients who
received acellular dermal matrix reinforcement. Comparison of
average CRP levels of each patient showed that the control
arm had an average CRP level of 128.77 mg/dL, compared to
the average of 77.38 mg/dL in the intervention arm. The NUn
score, developed by Noble et al. (30) to predict anastomotic
leak in esophageal resection patients using postoperative CRP
levels, white blood cell counts, and albumin levels, also showed
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TABLE 1 | Baseline characteristics of patients.

Characteristics Control Biomaterial

reinforcement

P

(n = 44) (n = 50)

Age (years)(SD) 61.7 (10.6) 59.9 (10.4) 0.402

Sex ratio (M:F) 0.87

Male 28 (63.6%) 31 (62.0%)

Female 16 (36.4%) 19 (38.0%)

Body mass index (kg/m2 ) 23.53 (2.93) 23.65 (2.92) 0.85

Comorbidities 0.225

None or 1 30 28

>2 14 22

Types of reconstruction 0.254

Billroth I 27 37

Billroth II 6 7

Esophagojejunostomy 11 6

Extent of lymphadenopathy 0.694

D1+a 2 1

D1+b 14 14

D2 28 35

T stage 0.365

T1a 12 18

T1b 11 12

T2 8 9

T3 6 9

T4a 7 2

N stage 0.55

N0 22 32

N1 11 8

N2 5 6

N3a 3 3

N3b 3 1

ECOG 0.544

0 41 48

1 3 2

ASA 0.231

1 2 5

2 42 43

3 0 2

a statistically significant higher likelihood of progression to
leakage for the control arm, with average scores of 13.29 (SD
0.667) and 12.71 (SD 0.667) for the control and intervention
arms, respectively.

DISCUSSION

The primary endpoint of this study was clinically discovered
episodes of anastomotic leakage. However, because we expected
the number of these episodes to be low and our aim in this pilot
investigation was to see the potential effect of acellular dermal
matrix on postgastrectomy patients, clinical and laboratory

TABLE 2 | Comparison of clinicopathologic outcomes.

Control no.

(%)

Biomaterial

reinforcement

no. (%)

P

Proximal resection margin

(cm)

4.45 4.47 0.974

Length of stay (days) 15.48 13.38 0.142

Postoperative fever 0.385

≥1 Fever episode 16 (36.4%) 14 (28.0%)

No fever 28 (63.6%) 36 (72.0%)

Operation time (minutes) 185.91 164.90 0.060

C-D class

0 25 (56.8%) 30 (60.0%)

I 6 (13.6%) 12 (24.0%)

II 9 (20.5%) 5 (10.0%)

IIIa 4 (9.1%) 3 (6.0%)

IIIb 0 0

IVa 0 0

IVb 0 0

V 0 0

Total 44 50

0 + I 31 (70.5%) 42 (84.0%) 0.1157

II + III 13 (29.5%) 8 (16.0%)

TABLE 3 | Comparison of results related to anastomotic leakage.

Variables Control Biomaterial

reinforcement

P

Leak found on imaging 2 (4.55%) 1 (2.00%) (Fisher’s)

0.598

Average CRP 128.77 (n = 17)

(SD 97.08)

77.38 (n = 19)

(SD 49.08)

0.049

NUn score 13.28 (n = 12)

(SD 0.67)

12.71 (n = 13)

(SD 0.67)

0.042

measures that have been shown to predict anastomotic leaks
were collected as secondary endpoints. These include cases
of postoperative fever, inflammatory marker levels (i.e., CRP),
and a scoring system developed to predict leaks in esophageal
resection patients (i.e., NUn score). The severity of postoperative
complications, as graded by the Clavien-Dindo classification
system, was also collected as a secondary endpoint.

Acellular dermal matrix reinforcement of the anastomotic
line after gastrectomy did not result in statistically significant
improvements in either the occurrence of anastomotic site
leakage. In addition, in terms of overall complication rates as
represented by the Clavien-Dindo postoperative complication
severity scale, there were no significant differences between the
two treatment arms. However, the laboratory markers that reflect
the likelihood of leakage, i.e., postoperative CRP levels and the
NUn score, were significantly lower in the intervention arm.

The major limitation of our study is the small sample size.
Because of the low rate of leakage complications, a large sample
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size—more than 1,500 patients in each arm based on the findings
of this pilot investigation—is required for enough statistical
power to demonstrate leak rate differences between the two
arms. While an expected weakness, this pilot study is obviously
underpowered to detect differences in clinical leak rates, and
we have had to rely on extrapolation from secondary endpoints
to draw conclusions about the effect of acellular dermal matrix
reinforcement of the anastomotic site. However, the potential
significance of our findings is discussed below, detailing findings
that can serve as a reference for future studies of treatment for
anastomotic leakage.

The most notable outcome of this investigation was the
discrepancy in postoperative inflammation levels reflected by the
CRP levels and NUn scores. Lower levels of these indicators
have been shown to reflect lower likelihood of progressing to
anastomotic leak (27–30). Studies have also shown that there is
a correlation between overall postoperative complication rates
and postoperative CRP levels as well (17, 31–33). Therefore,
the reduced inflammatory levels in the acellular dermal matrix
reinforcement group of this study may suggest that the
anastomotic site reinforcement makes the operation more
tolerable for the patient and has the potential to decrease
likelihood of anastomotic leak development. In addition, the
NUn score was specifically included in the analysis because while
CRP is a nonspecificmarker of inflammation and even CT images
for leakage can be uncertain, the NUn score is a marker that
is specifically designed to assess risk of leakage in the foregut.
As such, it shows much less variance in either group compared
to that of the nonspecific CRP. The lower NUn score in the
intervention arm substantiates CRP findings. However because
it is unknown how postoperative inflammation relates to each
specific complication such as leakage, it must be noted that it
is premature to firmly conclude on the clinical ramifications of
lessened inflammation from these results alone.

Synthetic material reinforcements (as opposed to the biologic
material acellular dermal matrix employed in this investigation)
to anastomotic sites have been investigated in previous studies
with positive results in reducing anastomotic complications. This
material is already adopted for gastrectomy procedures. Similar
to our investigation, Gayrel et al. have noted lower CRP levels
in patients who received synthetic material reinforcement after
sleeve gastrectomy than in those who did not, but this difference
was without statistical significance (9). To the best of our
knowledge, our investigation is the first to clinically show that a
reinforcement material is able to statistically significantly reduce
postoperative inflammation in upper gastrointestinal surgery.
This may be related to the fundamental physiologic differences
between biologic and synthetic materials. Acellular dermal
matrix such as one used in this investigation is derived from
human skin and treated with AlloClean R© technology to leave
only the extracellular matrix three-dimensional structure of the
dermis. Synthetic buttress material, such as Gore Seamguard R©,
is made of polyglycolic acid:trimethylene carbonate (PGA:TMC)
to form an interconnected pore structure to allow for cell
infiltration and growth. Descriptions of both materials suggest
they consist of comparable structures designed to perform similar
functions. Synthetic buttress material is more integrated into the

practice of current surgeons, but there were previous studies
that have suggested superior performance of acellular dermal
matrix over synthetic mesh reinforcement for hernia repairs
and chest wall constructions (13, 14). A laboratory investigation
found less inflammatory response in the integration of biologic
materials compared to synthetic materials into tissue (34). We
also speculate that the physiologic characteristic of biologic
material has reduced postoperative inflammation as it leads
to faster recovery of the anastomotic site, conferring a higher
degree of protection against the development of anastomotic
site weakness. However, we cannot yet draw conclusions on the
difference between acellular dermal matrix reinforcement and
synthetic reinforcements in the setting of gastrointestinal surgery,
as no formal comparison between the two materials have been
published to date.

In conclusion, this study was unable to detect any differences
in leak rates or complication severity levels as measured by
the Clavien-Dindo classification after application of acellular
dermal matrix to reinforce the anastomotic site in patients who
have undergone total or subtotal gastrectomy. The only notable
difference between the intervention arm and the control arm
was in the levels of postoperative inflammation. Findings from
previous studies suggest that this decreased level of postoperative
inflammation leads to more positive surgical outcomes in
patients who received the biomaterial reinforcement, as these
postoperative inflammatory marker levels are predictors of
anastomotic leaks among other postoperative complications.
Follow-up studies with larger sample sizes and longer follow-
up periods may yield clinically significant differences in
actual leak rates as well. In addition, further investigations
into the mechanism behind postoperative inflammation after
gastrointestinal surgery and the reason behind the decrease in
inflammation with reinforcement of the anastomotic site with
buttress materials may also uncover previously undiscovered
surgical physiology.
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Background: The present study aimed to compare the feasibility and safety of early

oral feeding (EOF) with traditional oral feeding (TOF) after radical total gastrectomy for

gastric cancer.

Methods: This retrospective study included consecutive patients who underwent total

gastrectomy from April 2016 and November 2018. These patients were divided into two

groups, according to their postoperative feeding protocol: EOF group (n = 314) and

TOF group (n = 433). Propensity score matching was used to balance the potential

confounders, and 276 patients were selected from each group. The EOF group received

oral diet on postoperative day one, while the TOF group were started on oral feeding

after the passage of flatus.

Results: No significant differences were found in the postoperative complications

(P = 0.426) and tolerance to oral feeding (P > 0.056) between the two groups. The

changes in perioperative nutritional markers were also similar between the two groups

(P > 0.05). The time to first passage of flatus or defecation (47.19 ± 12.00 h vs. 58.19

± 9.89 h, P < 0.0001) and length of postoperative hospital stay (6.84 ± 2.31 days vs.

7.72 ± 2.86 days, P < 0.0001) were significantly lower in the EOF group compared to

the TOF group.

Conclusion: EOF may be safe and feasible after radical total gastrectomy with faster

recovery and no increased risk of postoperative complications.

Keywords: early oral feeding, traditional oral feeding, total gastrectomy, gastric cancer, propensity scorematching

INTRODUCTION

Gastric cancer is the third most common cause of cancer-related death, and has the fifth highest
incidence of cancer worldwide (1). Most of these patients require multimodality treatment
including endoscopic resection, surgical resection, chemotherapy, immunotherapy, and radiation
therapy. The stomach is also themost common site for gastrointestinal lymphoma (2). However, the
treatment for both these diseases are completely different. For early stage gastric adenocarcinoma,
complete endoscopic, or surgical resection is the only curative treatment as recommended by
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the NCCN guidelines (3). Chemotherapy and immunotherapy
are used in the neoadjuvant and adjuvant settings to take care of
the micro-metastases and cannot achieve complete pathological
response. Hence, they are not the preferred first line therapies.
Unlike adenocarcinoma, gastric lymphoma shows very good
response to chemotherapy, and Helicobacter pylori eradication
therapy. Hence, chemotherapy is the first-line treatment for
gastric lymphoma (4).

Traditionally, oral feeding is delayed after gastric surgery, until
the passage of flatus, or appearance of audible bowel sounds or
bowel movements due to the theoretical concerns of increased
risk of anastomosis leakage (5). The rationale of nil by mouth was
to allow the anastomosis to heal before being stressed by food (6).
However, recent studies have questioned this traditional concept
of fasting until passage of flatus after gastric surgery (7–9).

Contrary to the widespread belief, various studies have
confirmed the safety and feasibility of early oral feeding (EOF)
(6, 7, 10–13). A randomized clinical trial performed by Hur
et al. demonstrated that EOF was feasible, and could result in
shorter hospitalization and improvements in the quality of life
of 54 patients receiving open gastrectomy (7). A case-control
study and pilot study revealed that EOF after gastrectomy is
feasible, with no increase in morbidity (8, 14). A meta-analysis
of patients who underwent distal gastrectomy also revealed that
EOF is safe and feasible (15). Another systematic review and
meta-analysis conducted by Liu et al. revealed that EOF after
gastrectomy did not increase the incidence of postoperative
complications or readmissions, and significantly reduced the
length of hospital stay (15). Furthermore, a recent meta-analysis
of six randomized controlled trials (RCTs) of gastric cancer
surgery (15) and the combined meta-analysis of 15 RCTs and
other studies of open upper gastrointestinal surgery (16) revealed
that EOF could reduce the length of hospital stay and bowel
recovery time without increasing postoperative complications in
gastrectomy patients. Moreover, early oral nutrition is one of the
most important elements of the enhanced recovery after surgery
(ERAS) strategy after gastrointestinal surgery (7, 8).

Although a number of studies have reported the outcomes
of EOF after gastric surgery, most of these studies have focused
on EOF after distal gastrectomy. Hence, the outcomes of early
oral nutrition after total gastrectomy for gastric cancer is
scarce and limited. In recent years, gastric cancer surgery has
developed from open surgery, laparoscopic-assisted surgery, to
total laparoscopic surgery. However, due to the high position
of the gastroesophageal junction and small operating space,
it remains difficult to laparoscopically perform a complete
total gastrectomy. At present, in China, pure laparoscopic total
gastrectomy is only performed in few high-volume centers, and
its safety and long-term survival effects have not been confirmed
by large-scale clinical studies. Therefore, in the present study,
a single center retrospective cohort study was conducted using
propensity score matching, in order to compare EOF with
traditional oral feeding (TOF) following total gastrectomy (for
both open and laparoscopic surgery) in gastric cancer patients.
The propensity score matching analysis was used to for the
confounding factors by forming a matched cohort, taking in to
consideration various variables (17).

PATIENTS AND METHODS

Study Design and Propensity Score
Matching
In the present study, the data of patients who underwent radical
total gastrectomy for gastric carcinoma between April 2016 and
November 2018 at the Department of Gastrointestinal Surgery
of Xijing Hospital Affiliated to the Fourth Military Medical
University were retrospectively analyzed (Figure 1). According
to the time when oral nutrition was initiated, these patients
were divided into two groups: EOF group and TOF group.
Propensity score matching was performed using the logistic
regression model to generate a propensity score for balancing
the baseline characteristics and potential confounders between
these two groups. Specifically, the tendency score was used to
synthesize all the observed variable information and balance
the variables in order to reduce bias. In the present study,
patients were matched one-to-one by propensity score (random
selection from severe nearest-neighbor individual propensity
score match of which difference between the standard and the
matching value <0.001, calculated and matched with logistic
regression, a caliper of 0.2 without replacement) using the
covariates of age, gender, body mass index (BMI), NRS2002
score (18), American Society of Anesthesiologists (ASA) score,
tumor differentiation, clinical stage, and surgical approach as
the confounding variables for propensity score matching. The
propensity scoring function of the SPSS 22.0 software was used
to perform the variable matching. The confounding factors were
balanced in the two groups after the propensity score matching.
McNemar’s Test was used for sensitivity analysis (19). Then, the
matched and adjusted cohort data were analyzed, and the results
were obtained.

NRS2002 was first introduced by Kondrup (18), and has three
components: impaired nutritional status (0–3 points), severity of
disease (0–3 points), and age (0–1 points). Patients with NRS
2002 <3 and≥3 (original scale) were classified as “no nutritional
risk” and “nutritional risk,” respectively.

Selection Criteria
The present study included patients with histologically proven
gastric adenocarcinoma by preoperative gastroscopy biopsy or
postoperative pathology, who received radical total gastrectomy
with R0 resection margins.

The exclusion criteria were as follows: (1) patients with severe
cardiovascular disease, respiratory disease, hepatopathy,
renal impairment, and abnormal nutritional status; (2)
patients with metastatic disease or another type of cancer;
(3) patients with a history of neoadjuvant chemo/radiotherapy;
(4) patients who underwent emergency operation due to
gastric perforation or bleeding; (5) patients with serious
complications such as major bleeding occurring within
24 h after surgery, which may affect the oral feeding; (6)
patients with combined resection of other organs (except
for the gallbladder) or thoracotomy; (7) patients with a
preoperative NRS2002 score >3 points or BMI <17 kg/m2; (8)
patients who were admitted to the intensive care unit (ICU)
after surgery.
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FIGURE 1 | Flow chart depicting the patient selection, propensity score matching, and postoperative variables used for analysis (EOF, early oral feeding; TOF,

traditional oral feeding).

An informed consent was obtained from all patients. The
Institutional Review Board of the Air force Military Medical
University approved the present study.

Postoperative Feeding
For patients in the EOF group, oral feeding was initiated by
giving water on the first postoperative day. These patients were
started on a clear liquid diet on the second postoperative day,
which contained glucose, sodium chloride water, and enteral
nutrient solution. From the third postoperative day up to the
day of discharge, patients were instructed to eat a liquid diet,
and when they passed the flatus or bowel sounds appeared, soft
diet was gradually given. The daily calorie requirements were met
by supplementing with parenteral nutrition (1,200–1,400 kcal,
20–25 mL/kg/d). For patients who developed intractable nausea,
vomiting, or distension, the diet was stopped, and a nasogastric
tube was inserted.

For patients in the TOF group, oral feeding was started by
giving water when the bowel sounds were audible, or with the
passage of flatus. Prior to that, patients were maintained nil-
by-mouth, and the daily calorie requirements were provided by
parenteral nutrition. A clear liquid diet was given on the next

day, and a soft diet was gradually given when the liquid diet
was well-tolerated. The diet was stopped and a nasogastric tube
was inserted when patients complained of intractable nausea,
vomiting, or abdominal distension.

Perioperative Treatment
Before surgery, preoperative bowel preparation was avoided.
Both groups received similar prophylactic antibiotics before
the skin incision. General anesthesia with similar anesthetic
drugs was administered to all patients. All surgeries were
performed by experienced surgeons. Total gastrectomy with a
Roux-en-Y esophagojejunostomy reconstruction and D2 lymph
node dissection was performed for all patients, as described
in the Japanese gastric cancer treatment guidelines (20). All
anastomoses were strengthened by a 3–0 silk thread. A
nasogastric tube and urinary catheter were routinely inserted
in the operating room, and was removed on the morning
of postoperative day (POD) 1. An abdominal drain was also
routinely placed. Postoperative pain was managed by non-
steroidal anti-inflammatory drugs (NSAIDs), but no epidural
analgesia was given. All the patients were encouraged to start
active ambulation from POD1. Patients in both the groups were
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discharged using the same criteria. The criteria for discharge were
as follows: (1) no pyrexia; (2) passage of flatus and feces in the
postoperative period; (3) removal of the abdominal drain; (4)
no obvious symptoms such as nausea, vomiting and abdominal
distention; (5) tolerance of oral feeding for at least 24 h. When
the patients were suspected to have anastomotic complications,
such as anastomotic leakage or ileus, oral intake was immediately
stopped, and the appropriate treatment was given.

Data Collection and Definitions
Data regarding the demographic and clinicopathologic
characteristics of the patients were retrieved from the
medical records. The following data was collected: age, gender,
NRS2002 score, ASA score, BMI, histologic differentiation,
pathological stage, surgical approach (laparoscopic surgery or
open surgery), complications (including anastomotic leakage,
duodenal stump leakage, pancreatic fistula, abdominal bleeding,
abdominal infection, pulmonary infection, wound infection,
wound dehiscence, and ileus), the prevalence and grade
of all postoperative complications (revised Clavien-Dindo
classification) (21), reoperation, re-hospitalization, 30-day
mortality, oral feeding tolerance (including postoperative
nausea or vomiting, and abdominal distention), changes in
nutritional markers (preoperative and postoperative serum
albumin and serum prealbumin level on POD1 and POD3), time
to first passage of flatus or feces, and length of postoperative
hospital stay.

The pathological stage was performed according to the
seventh edition of the American Joint Committee on Cancer
TNM classification of gastric carcinoma. Complications were
detected using the clinical symptoms, or the laboratory and
imaging tests. The anastomotic leakage was radiologically
(extravasation of the contrast medium at the anastomotic site) or
clinically (abdominal pain, fever, and discharge of gastrointestinal
content through a drain) confirmed. Postoperativemorbidity and
mortality were defined as complications or deaths within 30 days
after surgery.

Follow-Up
After discharge from the hospital, patients were followed up
in the Outpatient Department or by telephone. Blood or
imaging studies (X-radiography, CT scan, or angiography) were
performed according to the clinical symptoms.

Statistical Analysis
Data were expressed as mean ± standard deviation (SD), or
number and percentage. The categorical variables were compared
using chi-square test, and Student t-test was used to compare
continuous variables. The difference in changes in postoperative
nutritional markers was analyzed by two-way repeated-measures
ANOVA. Two-sided P-values <0.05 were considered to be
statistically significant. The statistical analysis was performed
using the IBM R© SPSS R© Statistics Version 22.0 (Corp, Armonk,
NY, USA).

RESULTS

Patient Characteristics Before and After
Propensity Score Matching
A total of 747 patients were included in the present study.
Among these patients, 314 patients (42.03%) were treated with
EOF, while the remaining 433 patients (57.97%) received TOF.
The clinicopathological characteristics of these patients are
presented in Table 1. Before the propensity score matching, there
were significant differences in gender (P = 0.022), histological
differentiation (P < 0.0001), and surgical approach (P < 0.0001)
between the EOF and TOF groups (Table 1). However, there
were no statistically significant differences in age, NRS2002 score,
ASA score, BMI and pathological stage between the two groups
(Table 1). After the propensity score matching, 276 patients were
selected from each group, and the baseline characteristics were
well-balanced between the two matched groups (Table 1).

Postoperative Complications
Table 2 presents the incidence of each complication in the
two groups. In the two matched groups, 43 (15.58%) and 50
(18.12%) patients developed postoperative complications in the
EOF and TOF groups, respectively. Although the incidence of
postoperative complications was higher in the TOF group, the
difference was not statistically significant (P > 0.050, Table 2).
Serious complications (Clavien-Dindo grade >III) developed
in 27.91% (12/43) and 36.00% (18/50) of patients in the EOF
and TOF groups, respectively. Reoperation were performed in
11 (3.99%) patients in EOF group and 17 (6.16%) patients in
TOF group, and the re-hospitalization rate was 0.36% both in
the EOF and TOF groups. The reoperation rate (P = 0.245),
re-hospitalization rate (P = 1.000), and serious complications
(Clavien-Dindo grade>III) rate (P= 0.405) were not statistically
different between the two groups. No 30 day-mortality occurred
in either of the groups.

Tolerance to Oral Feeding
After the propensity scorematching, 15 (5.43%) and nine (3.26%)
patients had nausea or vomiting in the EOF and TOF groups,
respectively (P = 0.210). Furthermore, 20 patients (7.25%) in
the EOF group and 10 patients (3.62%) in the TOF group
had abdominal distention (P = 0.060). The tolerance of oral
feeding in the EOF and TOF groups was 88.41 and 93.12%,
respectively (P = 0.056, Table 3).

Changes in Perioperative Nutritional
Markers
In the present study, serum albumin levels and serum prealbumin
were used as the nutritional markers. There was no statistical
difference between these nutritional markers in the EOF and
TOF groups, before and after the surgery (Table 4). The two-way
repeated-measures ANOVA analysis revealed that the changes in
serum albumin levels from the day before surgery to POD3 was
similar between these two groups (P = 0.638).

Serum pre-albumin, which has a short half-life and is more
sensitive to changes in nutritional status, was also tested, and no
statistical difference was found between the two groups, before
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TABLE 1 | Patient demographics and baseline clinicopathological characteristics before and after propensity score matching.

Characteristics Before matching χ
2 P1 value After matching χ

2 P2 value

EOF group TOF group EOF group TOF group

Age (years) 0.343 0.558 0.000 1.000

≤60 162 214 140 140

>60 152 219 136 136

Gender 5.246 0.022 0.011 0.915

Male 244 365 222 221

Female 70 68 54 55

NRS2002 Score 0.727 0.394 0.034 0.854

1 216 285 190 192

2 98 148 86 84

ASA score 5.079 0.079 2.225 0.329

I 79 86 71 63

II 182 250 153 170

III 53 97 52 43

BMI 0.014 0.907 0.282 0.595

≤25 252 346 218 223

>25 62 87 58 53

Tumor differentiation 23.860 <0.001 5.455 0.065

I 52 107 52 41

II 168 258 149 176

III 94 68 75 59

Pathological stage 0.155 0.694 0.212 0.645

I+II 103 148 88 83

III 211 285 188 193

Surgical approach 15.56 <0.001 0.000 1.000

Laparoscopic surgery 166 166 142 142

Open surgery 148 267 134 134

EOF, early oral feeding; TOF, traditional oral feeding; P1, represents the variable comparison of baseline clinicopathological characteristics before matching; P2, represents the variable

comparison of baseline clinicopathological characteristics after matching.

and after surgery (before surgery: t = 0.155, P = 0.877; POD1:
t = 0.188, P = 0.851; POD3: t = 1.620, P = 0.106). The two-
way repeated-measures ANOVA analysis also revealed that the
changes in serum prealbumin levels from the day before surgery
to POD3 was similar between the two groups (P = 0.285).

Postoperative Recovery Outcomes
There was a significant decrease in the time to first passage
of flatus or feces in the EOF group, when compared to the
TOF group (47.19 ± 12.00 h vs. 58.19 ± 9.89 h, P < 0.0001;
Table 5). Furthermore, the length of postoperative hospital stay
also significantly decreased in the EOF group (6.84 ± 2.31 days
vs. 7.72± 2.86 days, P < 0.0001; Table 5).

Sensitivity Analysis for Propensity Score
Matching
Since the propensity score only balances the matched variables
between the two groups and does not eliminate potential
confounding factors, sensitivity analyses were performed to
determine the impact of potential confounding factors that fail
to match between the two groups. In the sensitivity analysis, the

calculations for gamma values ranged between 1.0 (i.e., no hidden
bias) and 6.0, stepping by 0.5. The sensitivity analysis tips over
significance at the two-tailed α = 0.05 level somewhere between
gamma = 5.0 and gamma = 5.5. A gamma threshold was 5.472
for overall postoperative complications and the tolerance of oral
feeding. This suggests that an unobserved covariate would be
need to producemore than a 5-fold increase in the odds of overall
postoperative complications and the tolerance of oral feeding
(Supplementary Tables 1, 2).

DISCUSSION

In China, there is high incidence of gastric cancer. Approximately
40% of new cases of gastric cancer diagnosed every year,
worldwide occur in China (1). Various newer therapies,
including targeted therapy and immunotherapy, have been
developed to improve the survival outcomes of gastric cancer
(22). However, the best treatment option for gastric cancer
continues to be surgery despite its associated morbidities and
the risk of postoperative mortality. Various advancements in
the surgical techniques such as minimally invasive surgeries
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TABLE 2 | Comparison of postoperative complications between the EOF and

TOF groups after propensity score matching.

Complications EOF TOF χ
2 P-value

group (n = 276) group (n = 276)

All postoperative complications 43 (15.58%) 50 (18.12%) 0.634 0.426

Clavien-dindo grade >III 12/43 (27.91%) 18/50 (36.00%)

Anastomosis leakage 7 (2.54%) 8 (2.90%) 0.069 0.793

Duodenal stump leakage 3 (1.09%) 6 (2.17%) 1.017 0.313

Pancreatic fistula 0 0

Abdominal bleeding 2 (0.72%) 4 (1.45%) 0.674 0.412

Abdominal infection 5 (1.81%) 9 (3.26%) 1.173 0.279

Pulmonary infection 23 (8.33%) 27 (9.78%) 0.352 0.553

Wound infection 5 (1.81%) 4 (1.45%) 0.113 0.737

Wound dehiscence 2 (0.72%) 6 (2.17%) 2.029 0.154

Ileus 6 (2.17%) 6 (2.17%) 0.000 1.000

Reoperation 11 (3.99%) 17 (6.16%) 1.354 0.245

Rehospitalization 1 (0.36%) 1 (0.36%) 0.000 1.000

30-day mortality rate 0 0

TABLE 3 | Comparison of tolerance to oral feeding between the EOF and TOF

groups after propensity score matching.

Symptoms EOF group TOF group χ
2 P-value

(n = 276) (n = 276)

Nausea or vomiting 15 (5.43%) 9 (3.26%) 1.568 0.210

Abdominal distention 20 (7.25%) 10 (3.62%) 3.525 0.060

Tolerance of oral feeding 244 (88.41%) 257 (93.12%) 3.651 0.056

and perioperative care, have led to substantial improvements
in postoperative outcomes. Various studies have shown
laparoscopic gastrectomy to be associated with lesser blood loss,
reduced postoperative pain, faster recovery, and reduced hospital
stay (23–25). A key aspect of perioperative care that has been
found to improve short-term outcomes includes the adaptation
of the ERAS strategy.

Traditionally, oral feeding is started after the appearance of
bowel movements, or passage of flatus or defecation after gastric
surgery (26). Early oral intake has been considered dangerous
due to the fear of anastomotic leakage caused by the increased
intraluminal pressure of the postoperative atonic intestine and
poor tolerability of patients (6). This concern is particularly
evident after total gastrectomy, because the esophageal-jejunal
anastomosis is considered to be more prone to develop
anastomotic leakage. However, EOF is an important component
of ERAS strategy. In the present study, it was found that EOF after
radical total gastrectomy for gastric cancer significantly enhanced
the recovery of bowel function (P < 0.0001) and decreased
the length of hospital stay (P < 0.0001) without increasing the
risk of postoperative complications and mortality. Although a
lower occurrence of postoperative complications was observed
in the EOF group, the difference was not statistically significant
(P > 0.05), which implies that EOF is a safe option after
radical total gastrectomy. It was also found that there were no

TABLE 4 | Comparison of perioperative nutritional markers between the EOF and

TOF groups after propensity score matching.

Nutritional

markers

EOF group TOF group t-value P-value

Serum preoperative

albumin (g/L)

39.27 ± 2.34 39.20 ± 2.24 0.391 0.696

Serum preoperative

prealbumin (g/L)

30.89 ± 2.96 30.86 ± 3.06 0.155 0.877

Serum albumin on

POD1 (g/L)

34.33 ± 2.35 34.03 ± 2.84 1.355 0.176

Serum prealbumin

on POD1 (g/L)

38.51 ± 2.21 28.54 ± 2.32 0.188 0.851

Serum albumin on

POD3 (g/L)

31.80 ± 3.17 31.78 ± 2.24 0.080 0.937

Serum prealbumin

on POD3 (g/L)

30.08 ± 3.64 30.57 ± 3.45 1.620 0.106

TABLE 5 | Comparison of postoperative outcomes between the EOF and TOF

groups after propensity score matching.

Outcomes EOF group TOF group t-value P-value

Time to first passage of

flatus or defecation (hr)

47.19 ± 12.00 58.19 ± 9.89 11.750 <0.0001

Length of postoperative

hospital stay (d)

6.84 ± 2.31 7.72 ± 2.86 3.984 <0.0001

significant differences in serum albumin and prealbumin levels
before and after surgery in EOF and TOF groups. Hence, it was
considered that EOF not only provides nutritional support, but
also accelerates the recovery of gastrointestinal function through
food stimulation, thereby reducing surgical complications.

In recent years, various studies have shown that EOF after
surgery for gastric cancer is feasible and safe (8, 10, 14, 15, 27, 28).
Fukuzawa et al. revealed that EOF can promote anastomotic
healing (27). A meta-analysis reported by Willcutts et al. (16)
analyzed eight RCTs and seven non-RCTs to compare EOF with
TOF, and demonstrated that the mean postoperative hospital
stay was significantly shorter in the EOF group, with no
significant difference in postoperative complications. Liu et al.
(15) reported another meta-analysis of six RCTs on EOF after
gastrectomy, and demonstrated that postoperative complications
and tolerability of oral feeding were not significantly different,
and that EOF was associated with a significantly earlier onset
of flatulence and defecation, and shorter postoperative hospital
stay. However, in the above-mentioned studies, oral feeding was
started on postoperative day two or three, while in the present
study, oral intake was started in the EOF group on the first
postoperative day.

Tolerability of patients is another important factor that
should be considered when adopting EOF. Most patients tolerate
immediate postoperative feeding without developing major
complications, as reported in several studies (26, 29, 30). In the
present study, although the rate of intolerance in the EOF group
was higher than that in the conventional feeding group, the
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difference was not statistically significant. This indicates that EOF
remains feasible.

Many studies have demonstrated that EOF is safe, and
provides nutritional and immunological benefits with better
protein kinetics and preservation of the immune system over
TOF (31–33). Furthermore, starting EOF can accelerate wound
healing and increase anastomotic strength (34). Animal studies
conducted using a rat model revealed that starvation after
intestinal anastomosis leads to poor quality of healing, and
demonstrated that EOF can increase wound healing and strength
in esophageal anastomoses (27, 35, 36).

Studies on early oral nutrition after total gastrectomy are
limited. Some early RCTs (7, 37) and retrospective studies (14, 38)
have reported the outcomes of EOF after total gastrectomy.
Kamei et al. revealed that patients who underwent total
gastrectomy for gastric cancer were randomized to receive oral
enteral nutrition beginning on post-operative day three (39).
However, the present results revealed that the mean time to the
first passage of flatus or defecation was 58.19 ± 9.89 h, which
means that bowel movements starts by third postoperative day
three. Hence, oral feeding initiated on POD3 cannot be regarded
as EOF. In a RCT and retrospective study that compared early
oral nutrition and conventional diet after total gastrectomy,
patients who received EOF exhibited no increase in morbidity
and anastomosis-related complications, when compared with
patients receiving a conventional diet (40). Jang et al. (41)
also reported a retrospective study that used propensity score
matching to compare EOF with conventional oral feeding after
total gastrectomy in gastric carcinoma patients. However, that
study was limited by the fact that the patients in the two groups
were treated in different time periods, causing the results to
be likely in?uenced by the advances in operative skills and
perioperative management with time.

At present, surgery is the only curative treatment for gastric
cancer. Although, distal gastrectomy is the most common
surgery for gastric cancer, total gastrectomy is performed
in selected cases with advanced gastric cancer in order to
achieve R0 resection. The long-term survival of gastric cancer
continues to remain poor despite R0 resection especially for
advanced stages of the disease. Hence, multimodality treatment
is very important for improving long-term survival. Apart from
surgery, other therapies used to treat gastric cancer includes
chemotherapy, radiation therapy, immunotherapy and targeted
therapy. Since surgery alone is insufficient for most patients with
cT2 or higher tumors, perioperative chemotherapy (category 1;
preferred) or preoperative chemoradiation (category 2B) are
recommended (42–45). Chemoradiation or systemic therapy are
the recommended treatment options for medically fit patients
whose locoregional cancer is found to be surgically unresectable
(46, 47). Postoperative chemoradiation is recommended for
all patients following an R1 or R2 resection. Postoperative
chemoradiation is also recommended following an R0 resection
in selected patients having pT2N0 tumors with high-risk features
(poorly differentiated tumor, lymphovascular invasion, neural
invasion, age <50 years, and patients who did not undergo
D2 lymph node dissection) (48) and for patients with pT3-
pT4, any N or any pT, N+ tumors who received less than a

D2 dissection (category 1). Patients with pT3-pT4, any N or
any pT, N+ tumors who have undergone primary D2 lymph
node dissection should receive postoperative chemotherapy
(category 1) (49, 50). Recently, biological therapies such as
ramucirumab, trastuzumab have been found to improve overall
survival in patients with advanced gastric cancer (51). In locally
advanced or unresectable cases of gastric cancer, neoadjuvant
therapy has been found to be effective in downstaging the tumor
(52). In patients showing favorable response to neoadjuvant
therapy, subtotal or distal gastrectomy with lymph node
dissection can be performed thereby avoiding the morbidities
associated with total gastrectomy. Malignant gastric lymphoma
refers to a malignant tumor originating from the submucosal
lymphoid tissue of the stomach, and may also be a part of
systemic malignant lymphoma. Gastric lymphoma is highly
sensitive to chemotherapy and can achieve good survival in
most patients. Surgery is considered in patients with local
complications such as bleeding, obstruction, etc. In addition,
the surgical strategy for gastric cancer and gastric lymphoma
is different. In gastric adenocarcinoma, due to high incidence
of lymph node metastasis, D2-lymph node dissection is
performed along with gastrectomy. While, in gastric lymphoma
lymph node dissection is not required. Moreover, the first-line
chemotherapy for gastric cancer is tegafur, gimeracil, and oteracil
potassium (S-1) with oxaliplatin, while the chemotherapy for
lymphoma is mostly CHOP (cyclophosphamide + doxorubicin
+ vincristine+ prednisone).

There were some limitations of the present study. First, the
present study was retrospective in nature. Retrospective studies
have their own biases, which may not be correctable even with
propensity score matching. Although propensity score matching
can balance the confounding factors between the two groups,
the one-on-one matching itself will result in a decrease in the
sample size of the pairing and decrease the statistical efficiency
to some extent. Furthermore, only observed confounders could
be included in the construction of the propensity scores which
does not represent all confounding factors. Some other potential
confounders not included in this study may affect oral feeding
after surgery, for example, anesthetics. The use of opioid
analgesics may cause nausea and vomiting in some patients
after surgery. This will affect the patient’s early oral intake. In
addition, the amount of oral intake in the early postoperative
period is also a potential confounding factor. The difference
in early oral intake of different patients will have certain
effects on the tolerance of enteral nutrition and nutritional
indicators. Therefore, we intend to include these factors in our
future research. Second, this was a single-center study. A single
hospital-based design might limit the generalizability of this
study. Third, the sample size of this study was relatively small.
For safety evaluation, future studies with larger sample size
are required.

CONCLUSION

The present study reveals that EOF may be safe and feasible
after radical total gastrectomy, with faster postoperative recovery
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and no increased risk of postoperative complications. Future
prospective multicenter studies are required to validate the
findings of the present study. A wider clinical use of the
ERAS strategy can help in significantly reducing hospital cost
and improving the postoperative outcomes of patients with
gastric cancer.
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The prognosis of stage IV gastric cancer (GC) is poor, with palliative chemotherapy

remaining the main therapeutic option. Studies increasingly indicate that patients

with unresectable stage IV GC, who undergo gastrectomy with radical intention

after responding to several regimens of combined chemotherapy, can achieve good

survival outcomes. Thus, surgery aiming at radical resection for unresectable stage IV

GC after combined chemotherapy has received increasing attention in recent years.

This novel therapeutic strategy was defined as conversion surgery in patients with

unresectable stage IV GC and it can associate with significant improved survival when

R0 resection can be achieved. Despite the recent advances in conversion surgery for

patients with unresectable stage IV GC, selection criteria for combination chemotherapy

regimens, indications for conversion surgery, optimal timing to surgery, and postoperative

chemotherapy all remain controversial. This article reviews the current state of conversion

surgery for unresectable stage IV GC.

Keywords: conversion surgery, conversion therapy, metastatic gastric cancer, unresectable gastric cancer,

combined chemotherapy, stage IV gastric cancer

INTRODUCTION

Despite early screening and improved intensive therapy, gastric cancer (GC) remains to be the fifth
most common cancer and thirdmost common cause of cancer-related deaths worldwide, leading to
increased health care burden (1, 2). The prognosis for patients with stage IV gastric cancer is poor,
and palliative chemotherapy remains the main therapeutic approach for this cohort (3, 4). Despite
recent developments in chemotherapy, the median overall survival (OS) of stage IV GC patients
remains to be 9–11 months (5, 6). For unresectable stage IV GC patients, only surgeries to relieve
symptoms, such as a palliative resection or bypass operations, are commonly considered (7–9). The
possibility of additional survival benefits achieved by chemotherapy following palliative surgery has
been controversial. Recently, the REGATTA trial randomized 175 stage IVGC patients with a single
incurable factor (liver metastases, peritoneal metastases, or para-aortic lymph node metastases)
to chemotherapy alone or to initial gastrectomy followed by chemotherapy, but the surgery-first
approach failed to show improvements in survival (10). Even with the greater advances achieved by
adding a targeted monoclonal antibody to conventional chemotherapy (11–13), the prognosis for
unresectable stage IV GC is still unsatisfactory. Thus, novel therapeutic strategies are required for
treating unresectable stage IV GC patients.

Several combined S-1 based chemotherapy regimens may allow for conversion of initially
unresectable GC to resectable cancer in clinical trials, and additional surgery following this
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chemotherapy was associated with long-term survival in selected
patients (14–16). These advances raise new clinical issues in
the treatment of unresectable stage IV GC patients. In some
patients, incurable factors apparently disappear or are well-
controlled during chemotherapy. For such patients, surgery with
curable intent may be possible. Previous reviews investigating
the effects of surgery for unresectable stage IV GC patients after
chemotherapy also indicate that surgery with curable intention
after chemotherapy is associated with prolonged survival in
selected patients with a single incurable factor (17, 18), such
as liver metastases, peritoneal metastases, or para-aortic lymph
node metastases (19, 20). Thus, “conversion surgery” is defined
as a surgical treatment aiming at a curable intention after tumors
initially deemed technically or oncologically unresectable or only
marginally resectable respond to chemotherapy (21, 22). Notably,
conversion surgery refers to a radical cure and is different from
palliative surgery or other terms concerning surgical resection
for advanced incurable tumors such as “salvage,” “adjuvant,” or
“secondary” surgery (23–27). Furthermore, there is no consensus
on a clear border between curative surgery scheduled after
neoadjuvant chemotherapy and conversion surgery (28, 29).
Neoadjuvant chemotherapy can be used for initially resectable
advancedGC to reduce tumor size and eradicatemicrometastases
to improve survival (30, 31), whereas chemotherapy for
conversion surgery is used for unresectable advanced GC
patients (18, 21).

Developments in conversion surgery have improved
life expectancy in patients with incurable advanced GC,
attracting increasing attention to conversion surgery for
unresectable advanced GC in recent years (18, 32–34).
However, selection criteria for combination chemotherapy
regimens, indications for conversion surgery, optimal time
to surgery, and postoperative chemotherapy all remain
controversial. Therefore, we summarize the current state of
the field regarding conversion surgery for stage IV GC in
this review.

SEARCH STRATEGY AND SELECTION
CRITERIA

We searched PubMed for articles published in English
from 1997 to 2019 using the search terms “gastric cancer”,
“conversion therapy,” “conversion surgery,” “stage IV gastric
cancer,” “incurable advanced GC,” and “unresectable advanced
GC.” No other parameters were applied. Case reports were
excluded. Ultimately, 20 articles were included (shown
in Table 1).

Abbreviations: CRS, cytoreductive surgery; CR, complete response; EIPL,

extensive intraoperative peritoneal lavage; GC, gastric cancer; HIPEC,

hyperthermic intraperitoneal chemotherapy; IP, intraperitoneal; LM, liver

metastases; MST, median survival time; NAC, neoadjuvant chemotherapy;

NLHIPEC, neoadjuvant laparoscopic hyperthermic intraperitoneal

chemoperfusion; NIPS, neoadjuvant intraperitoneal and systemic chemotherapy;

OS, overall survival; PAN, para-aortic lymph node; PM, Peritoneal metastases; PR,

partial response; RR, response rate.

CONVERSION SURGERY OF PERITONEAL
DISSEMINATION

Peritoneal metastases (PM), or peritoneal carcinomatosis, is the
most common type of metastasis in stage IV GC with poor
prognosis (38, 50, 51). Although GC patients with PM undergo
combined intensive chemotherapy, the prognosis for this cohort
was still unsatisfactory due to their relative resistance to systemic
chemotherapy and low drug delivery into the abdominal cavity
(35, 36). Developments in S-1 based chemotherapeutic regimens
(S-1 plus cisplatin, SP; docetaxel plus cisplatin and S-1, DCS)
for advanced GC patients (52–55) resulted in improved overall
survival (OS) rate for advanced GC patients with PM. Thus,
these advances in chemotherapy are expected to improve survival
in unresectable stage IV GC patients with PM. A phase II trial
of preoperative S-1 plus cisplatin (SP, oral S-1 plus intravenous
cisplatin) chemotherapy, followed by gastrectomy with curable
intention in unresectable stage IV GC patients with PM, showed
a high response rate to SP with a longer OS over chemotherapy
alone. Although most of the eligible patients in this trial
had PM, R0 resection was still achieved in 51% of patients
after preoperative SP chemotherapy, suggesting that controlling
peritoneal dissemination is extremely important in conversion
surgery for this cohort (15). Similarly, a trial of SP induction
chemotherapy, followed by curative resection in unresectable
stage IV GC patients with PM, showed a good response to SP
chemotherapy followed by R0 resection with a high median
survival time (MST) relative to chemotherapy alone (39). Despite
advances in intravenous chemotherapy for unresectable stage
IV GC patients with PM (22, 38–40, 55), drug delivery into
the abdominal cavity remained low and sustained intraperitineal
concentrations were still relatively poor with limited controlled
efficacy (56).

Since intraperitoneal (IP) delivery of chemotherapy can
attain higher drug exposure in the peritoneal cavity with
reduced systemic toxicity (57), intraperitoneal administration
of paclitaxel can provide sustained high local concentrations
to increase its antitumor effects in GC patients with PM (58).
Although promising results have been achieved for combination
chemotherapy of IP paclitaxel with S-1 for patients with
unresectable GC and PM, yielding a MST of 17.6 months and
a 1-year OS of 77.1%(59), salvage gastrectomy on advanced
GC patients with PM after disappearance or apparent shrinkage
of PM yielded a MST of 26.4 months and a 1-year OS of
82%(60), indicating that conversion surgery may be considered
in the cohort with a favorable response after IP paclitaxel plus
systemic chemotherapy (50). A single-arm phase II study of
conversion surgery following eight cycles of IP paclitaxel with
systemic oxaliplatin and capecitabine (XELOX) in unresectable
GC patients with PM and/or positive peritoneal washing cytology
showed that six patients who underwent conversion gastrectomy,
after a favorable response rate to combined XELOX and
IP paclitaxel experienced a MST of 21.6 months, compared
to patients receiving systemic chemotherapy alone in other
trials who had MST of 3.1–10.6 months (50). Additionally, a
recent meta-analysis indicated that there are survival benefits
associated with hyperthermic intraperitoneal chemotherapy
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TABLE 1 | Unresectable characteristics and conversion surgical treatments.

Year References Unresectable criteria Chemotherapy Surgery type ≥D2 Conversion surgery

(%)*

R0

n (%)**

T4 P1 H1 PAN/N3 Other

1997 Nakajima et al. (35) 8 (27%) 9 (30%) 11 (37%) 23 (77%) 3 (10%) FLEP NS NS 19/30 (63.33%) 9 (47%)

2002 Yano et al. (36) 12 (35%) 26 (76%) 4 (12%) 10 (3.4%) 1 (3.4%) FEMTXP or THP-FLPM NS NS 14/34 (41.17%) 8 (57%)

2012 Satoh et al. (15) − 24 (49%) 3 (6%) 7 (14%) 17 (33%) S1+Cisplatin TG (58.0%)

DG (21.5%)

82% 44/51(86.27%) 26 (59%)

2012 Kanda et al. (16) 9 (32%) 7 (25%) 4 (14.3%) 15 (54%) − S1 + Cisplatin or

Paclitaxel or Irinotecan

TG (42.89%)

DG (57.1%)

96.30% 28/31 (90.32%) 26 (93%)

2013 Han et al. (37) − 7 (14%) 5 (10%) 15 (29.4%) 7 (14%) 5-FU ± Platinum or

Taxane ± 5-FU ±

Platinum

NS NS 34/34 (100%) 26 (76%)

2014 Kim et al. (38) − 43 (100%) − − − 5-FU + Cisplatin or S1

+ Cisplatin

TG (72.2%)

DG (27.7%)

100% 18/43 (41.86%) 10 (55%)

2014 Saito et al. (39) 9 (10.22%) 26 (29.54%) 7 (7.95%) 21 (23.86%) 7 (7.95%) S-1 + cisplatin TG (38.4%)

DG (61.6%)

100% 59/88 (67.04%) 13 (22%)

2015 Fukuchi et al. (22) 6 (15%) 11 (28%) 5 (13%) − 29 (73%) S1 + Cisplatin or S1 +

Paclitaxel

TG (72.5%)

DG (27.5%)

NS 40/151 (26.49%) 32 (80%)

2015 Kinoshita et al. (40) − 15 (26%) 18 (32%) 23 (40%) 2 (3.5%) DCS TG (64.7%)

DG (26.5%)

50% 34/57 (59.64%) 27 (79%)

2017 Sato et al. (41) 14 (14%) 33 (33%) 29 (29%) 61 (61%) 11 (11%) DCS Iline, CPT-11 II line TG (84.8%)

DG (12.1%)

100% 33/100 (33%) 28 (85%)

2017 Mieno et al. (42) 8 (25.8%) 8 (25.8%) 5 (16%) 18 (58%) − DCS + DS TG (74.2%)

DG (22.6%)

77% 31 23 (74%)

2017 Uemura (43) 6 (13.9%) 16 (37.2%) 14 (32.6%) 22 (51.2%) 4 (9.3%) Modified DCS NS 100% 43/49 (87.75%) 15 (35%)

2017 Einama et al. (44) 1 (10%) 3 (30%) 1 (10%) 4 (40%) 1 (10%) S1 + CDDP or DOC TG (40%)

DG (30%)

100% 10 10 (100%)

2017 Maeda et al. (45) − − 3 (37.5%) 8 (100%) − Modified DCX NS 100% 3/8 (37.5%) 3 (100%)

2017 Yamaguchi et al. (46) − 35 (41%) − 37 (44%) 34 (40%) DCS or S1 or S1 +

Cisplatin or S1 +

Taxane

TG (82.1%)

DG (17.9%)

NS 84/259 (32.43%) 43 (51%)

2017 AIO-FLOT3 (29) 13 (21.8%) 4 (6.7%) 11 (18.3%) 36 (60.1%) 2 (3.3%) FLOT NS NS 36/60 (60%) 29 (80%)

2018 Morgagni et al. (47) 8 (36.36%) 2 (9.09%) 2 (9.09%) 11 (50%) − Epirubicin +

Cisplatinum + 5-FU or

Oxaliplatin + 5-FU or

Docetaxel + Oxaliplatin

+ 5-FU or Other

TG (72.7%)

DG (22.7%)

91.9% 33/57 (57.89%) 22 (67%)

2018 Beom et al. (32) 2 (2.0%) 33 (32.7%) 11 (10.9%) 35 (34.7%) 20 (19.8%) Platinum + 5-FU or

Taxane + 5-FU or

Platinum + Taxane +

5-FU or Taxane +

Platinum or Others

TG (56.4%)

DG (43.6%)

75.2% 101 57 (56%)

(Continued)
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(HIPEC), delivering a high drug concentration for advanced
GC patients with PM involvement compared with systemic
chemotherapy alone (61). A cohort study of conversion surgery
after HIPEC, plus chemotherapy in a small cohort of stage
IV GC patients with PM, showed good long-term outcomes,
suggesting that combination HIPEC may represent a useful
and feasible technique to improve survival in GC patients
with PM undergoing conversion surgery (47). In a GIRCG
retrospective cohort study, 23 unresectable stage IV GC patients
with PM received conversion gastrectomy after HIPEC plus
chemotherapy, with a conversion rate of 60.5%(48).

A phase III trial was conducted (PHOENIX-GC), with the
IP arm showing a better response in the amount of ascites and
a high negative conversion rate of 78% for peritoneal cytology,
further supporting the clinical benefit of the IP regimen for
advanced GC with PM. However, OS was not significantly
affected, indicating that further studies might be necessary
to explore favorable candidate selection and new therapeutic
strategies for intraperitoneal therapy (62). On the other
hand, cytoreductive surgery plus hyperthermic intraperitoneal
chemotherapy (CRS+HIPEC) has been applied in GC with
PM (63, 64). Although a large retrospective study showed
that long-term survival could only be achieved in GC patients
with limited PM, it is still expected to explore in unresectable
GC patients with advanced PM (63). Therefore, additional
trials involving various combinations of therapeutic options
for GC patients with PM including cytoreductive surgery plus
hyperthermic intraperitoneal chemotherapy (CRS+HIPEC),
neoadjuvant intraperitoneal and systemic chemotherapy (NIPS),
and neoadjuvant laparoscopic hyperthermic intraperitoneal
chemoperfusion (NLHIPEC) are still needed to explore their
feasibility and efficacy for conversion.

CONVERSION SURGERY OF LIVER
METASTASES

Stage IV GC patients present with various metastatic sites, and
the liver is one of the most common sites of synchronous
and metachronous GC metastases through the hematogenous
pathway (65, 66). For unresectable advanced GC patients with
liver metastases (LM), conversion surgery options encompass
surgical therapies including liver resection, radiofrequency
ablation (RFA), or microwave coagulation therapy (MCT)
combined with systemic chemotherapy. Han et al. retrospectively
reviewed clinicopathological data for surgery aiming at curative
resection in GC patients with LM who responded well to
induction chemotherapy. Of these, five GC patients with LM
underwent radical gastric resection plus liver metastectomy
after Docetaxel-Cisplatin-5-FU (DCF) chemotherapy, with a R0
resection rate of 100% (37). A retrospective trial conducted
by Kinoshita et al. included 18 stage IV GC patients with
LM receiving DCS chemotherapy. Among them, 11 underwent
conversion gastrectomy (including 5 liver metastectomy) after
DCS chemotherapy, with a MST of 18.9 months and a 3-year OS
rate of 40.4%, whereas the MST was 15.6 months and 3-year OS
rate was 27.5% for the 7 patients who did not achieve conversion

Frontiers in Oncology | www.frontiersin.org 4 November 2019 | Volume 9 | Article 115895

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Zhang et al. Conversion Surgery for Gastric Cancer

surgery (40). Following this, a multi-institutional retrospective
study conducted by Sato et al. included 29 GC patients with
LM, among whom six underwent conversion surgery after DCS
chemotherapy. Importantly, among the six patients with liver
metastases, two underwent partial hepatectomies with a complete
pathological response and two were treated with RFA, and after
chemotherapy the metastatic lesions completely disappeared in
two cases. Interestingly, DCS treatment led to conversion therapy
in these patients with synchronous unresectable LM, and this
cohort had good prognosis with a MTS of 22 months compared
with chemotherapy alone (41). Additionally, Yamaguchi et al.
reported that 20 stage IV GC patients with LM underwent
conversion surgery plus livermetastasectomy after chemotherapy
with a conversion rate of 21.5% (20/93), and suggested that
metastasectomy along with primary tumor resection might be
feasible for this population, provided that the metastases respond
well to chemotherapy (46). Similarly, Beom et al. reported
that three stage IV GC patients with LM who received radical
gastrectomy plus hepatectomy after a better response (CR/PR,
complete response/partial response) to chemotherapy had a good
MST of 49.2 months compared with other types of distant
metastasis with a MST of 13.6 months (32). Furthermore, Li
et al. reported that stage IV GC patients with LM saw remarkable
survival benefit from simultaneous liver resection or RFA after
a good response to chemotherapy relative to chemotherapy
alone, which may relate to their nearly tumor-free status after
simultaneous surgery or RFA of LMs (49).

Although there is good prognosis for multiple conversion
options in stage IV GC patients with LM, a multi-institutional
retrospective study of conversion surgery after DCS
chemotherapy in GC patients with LM showed a recurrence
rate was 50% (41). Furthermore, previous studies of incurable
GC patients with LM undergoing liver resection or RFA without
preoperative therapy found recurrence rates up to 63.6–91.0%
(65–67). Therefore, postoperative chemotherapy should be
accompanied by cautious follow up (37). Despite promising
indications for conversion surgery in unresectable GC patients
with LM, the potential benefits of surgical resection and best
treatment regimens in this cohort remain to be determined by
further prospective studies and randomized controlled trials.

CONVERSION SURGERY OF LYMPH NODE
METASTASES

GC patients with extensive lymph node metastases, including
para-aortic lymph node (PAN)metastases or bulky nodes around
the hepatic, splenic, or celiac arteries, are often considered
to be unresectable and have poor prognosis (68). However,
an adequate lymphadenectomy during surgical treatment is
crucial for GC treatment, especially for unresectable GC patients
with PAN metastases who undergo combined chemotherapy.
A study conducted by Park et al. followed outcomes of
GC patients with isolated PAN metastases following palliative
chemotherapy, finding a 3-year OS of only 13.1% (69).
Even when GC patients with PAN metastases can undergo
gastrectomy, these patients still had poor survival outcomes,

with a 3-year OS of 5% (68). Therefore, a preoperative
chemotherapy approach has been recommended as a treatment
strategy for GC patients with PAN metastases. Alternatively,
a randomized controlled trial of JCOG9501 indicated that D2
lymphadenectomy plus preventative PAN dissection (PAND)
does not improve survival rate in patients with curable GC
compared with D2 lymphadenectomy alone (70), however cases
with macroscopic PAN metastases at surgery were excluded
from analysis, leading to a low incidence of metastatic PAN in
patients with PAND. Therefore, the prognostic efficacy of PAND
after chemotherapy for GC patients with PAN metastases is still
unclear (71). Thus, further studies are necessary to clarify the
importance of PAND after induction chemotherapy.

Two phase II trials (JCOG0001and JCOG0405) were
conducted to evaluate the safety and efficacy of gastrectomy
with D2 lymphadenectomy plus PAND for GC patients with
PAD metastases after preoperative combined chemotherapy. In
JCOG001 and JCOG0405, GC patients with PAD metastases
who received two or three cycles of irinotecan and cisplatinor
cisplatin and S-1 chemotherapy, followed by gastrectomy
with D2 lymphadenectomy plus PAND yielded a 3-year
survival of 27.0 and 58.5%, respectively (72, 73). Therefore,
combined chemotherapy followed by gastrectomy with D2
lymphadenectomy plus PAND are considered as safe and
effective treatments for GC patients with PAD metastases. Since
S-1 based chemotherapy was indicated to improve outcomes
for advanced unresectable GC patients with PAD metastases
(53, 54, 74), recent trials have seen encouraging outcomes
for conversion gastrectomy with D2 lymphadenectomy plus
PAND after chemotherapy in stage IV GC patients with PAN
metastases. Saito et al. reported that unresectable stage IV
GC patients with PAN metastases, who underwent radical
gastrectomy with D2 lymphadenectomy plus PAND after
induction CS chemotherapy, yielded a conversion surgery
rate of 25.0% (4/16) (39). Additionally, a multi-institutional
retrospective study of unresectable advanced GC patients with
PAN metastases who underwent radical gastrectomy with D2
lymphadenectomy plus PAND after DCS chemotherapy showed
a good conversion surgery rate of 33.3% (9/27) and a good
median OS of 47.8 months, over the median OS of 15.7 months
for chemotherapy alone (41). Furthermore, a retrospective
study of stage IV GC patients with PAN metastases undergoing
conversion surgery with D2 lymphadenectomy plus PAND after
DCS chemotherapy showed a high conversion surgery rate of
73.9% (17/23) and a good 3-year OS over chemotherapy alone
(72.9 vs. 15.2%) (40).

Although, unresectable stage IV GC patients with PAN
metastases, receiving induction chemotherapy followed by
conversion surgery with D2 lymphadenectomy plus PAND, have
achieved better conversion resection rates and survival outcomes
compare to chemotherapy alone, the prognosis for this cohort
is still unsatisfactory. Based on the promising outcomes of
radiotherapy combined with chemotherapy for locally advanced
GC patients with lymph node metastases (75–77), preoperative
radiotherapy may improve the long-survival of unresectable
stage IV GC patients with PAN metastases. Therefore, further
research must identify optimal preoperative multimodal

Frontiers in Oncology | www.frontiersin.org 5 November 2019 | Volume 9 | Article 115896

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Zhang et al. Conversion Surgery for Gastric Cancer

treatments of radiotherapy combined with chemotherapy for
this cohort and further explore its feasibility and efficacy in the
near future.

FUTURE WORK AND PERSPECTIVES

Selecting Stage IV GC Patients That Can
Benefit From Conversion Surgery
It is extremely important to identify stage IV GC patients
that can benefit from conversion surgery. Although palliative
gastrectomy followed by chemotherapy showed no survival
benefit for these patients, compared with chemotherapy alone in
the REGATTA trial (10), this trial helped oncological surgeons
to select eligibility criteria for surgery in unresectable advanced
GC. Further studies also indicated that unresectable stage IV
GC patients with a single incurable factor (liver metastases,
peritoneal metastases, or para-aortic lymph node metastases)
receiving combined chemotherapy followed by conversion
surgery have achieved high R0 resection rates and good
prognosis (32, 41–43, 46–48). Thus, the number of metastatic
sites may be an important indicator for obtaining down-
staging by chemotherapy and a good prognosis after conversion
surgery. Additionally, rates of relatively severe postoperative
complications between 24.2 and 40% (35, 40, 41, 48) make
stringent selection of unresectable stage IV GC patients who may
benefit from conversion surgery increasingly necessary. Criteria
for conversion surgery included: no sign of organ failure, age
between 20 and 80 years, Eastern Cooperative Oncology Group
scale performance status 0–2, and one single incurable factor
(41, 45). Moreover, modern diagnostic tools, such as computed
tomography (CT), magnetic resonance imaging (MRI), positron
emission tomography CT (PET-CT), upper gastrointestinal
tract endoscopy, and ultrasonography, may help determine
clinical staging before undertaking surgical intervention for GC
patients (41, 42, 44). Additionally, staging laparoscopy with
or without peritoneal lavage also plays an important role in
order to confirm whether the peritoneal deposits disappeared
completely or whether positive cytology turned negative (50).
Despite recent trials suggesting that candidates for conversion
surgery were those for whom R0 resection could be obtained
following response to chemotherapy (22, 41), new categories
of classification were proposed by Yoshida et al. based on the
absence or presence of macroscopic peritoneal dissemination
(17) (shown in Figure 1). Optimal recommended indications
for conversion surgery include marginally resectable metastasis,
some incurable and unresectable except certain circumstances of
local palliation needs, and a few non-curable metastasis patients
with GC. Based on this novel classification, promising results
of conversion surgery in unresectable stage IV GC patients
have been achieved in three cohort studies (46–48). However,
as it is sometimes extremely difficult to determine between
marginally resectable or unresectable tumors, it is controversial
whether the Yoshida classification can be used as a definite
standard (18). Thus, adequate selection of stage IV GC patients
for conversion surgery is an important upcoming task for
surgical oncologists.

FIGURE 1 | Biological categories for conversion surgery introduced by

Yoshida et al. (17).

Selecting the Best Timing for Conversion
Surgery
Optimally, surgery is performed when the tumor has decreased
most in size in response to chemotherapy and before
chemotherapy resistance allows it to grow again (17, 22, 78). This
literature review found interval times between chemotherapy
and surgery ranging from 4 to 391 days (Table 2). Yoshida et al.
estimated the optimal operation opportunity to be after a CR
or PR response is determined following chemotherapy (17),
with a mean interval time for resection after chemotherapy of
approximately 126 days (Table 2). However, a randomized phase
II study (COMPASS trial) by Yoshikawa et al. reported that 2–6
weeks after completion of neoadjuvant chemotherapy might be
adequate (79). This is consistent with results from many studies
listed in Table 2. Thus, there are currently two perspectives
for optimal surgery time among surgical oncologists: (1)
patients who have achieved the indications of surgical treatment
after definitive chemotherapy should have conversion surgery
performed, or (2) the chemotherapy duration could be extended
to 6 months or even 1 year. After the disease condition is stable,
conversion surgery could then be carried out, possibly increasing
patient benefits and safety. Both views are reasonable, however
whether one is superior remains to be further explored with
additional evidence needed.

Selecting Preoperative Drug Therapeutic
Strategies to Achieve Conversion
Based on good response to S-1/cisplatin (SP)(52), S-1/docetaxel
(DS) (80), capecitabine plus cisplatin (XP) with or without
trastuzumab (11), S-1 plus irinotecan (IRI-S) (81) and S-1
plus docetaxel, cisplatin (DCS) (68), and cisplatin/paclitaxel
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TABLE 2 | Time of interval to surgery, postoperative chemotherapy, overall survival, and median survival time.

Year References Interval between

chemotherapy

and surgery

Postoperative

chemotherapy

OS (rate) MST (months)

CHT CHT + surgery CHT CHT + surgery

R1/R2 R0 R1/R2 R0

1997 Nakajima et al. (35) NS NS 5-yr (55.6%) 4.7 6.5

2002 Yano et al. (36) NS NS

2012 Satoh et al. (15) 2–4 weeks Yes 2-yr (12%) 2-yr (75.0%)* 19.2

2012 Kanda et al. (16) 130 (59–391) days Yes 3-yr (0%) 3-yr (49.5%) 29

2013 Han et al. (37) 1.3 (0.3–2.3) months Yes 3-yr (41.4%) 7.8 22.9

2014 Kim et al. (38) 5.6 (2–12) months Yes 3-yr (0%) 3-yr (0%) 3-yr (50%)

5-yr (40%)

8 18 37

2014 Saito et al. (39) 4–6 weeks Yes 3-yr (53.8%) 53

2015 Fukuchi et al. (22) 6 weeks Yes 5-yr (1%) 5-yr (15%) 5-yr (49%) 14 30 62

2015 Kinoshita et al. (40) 85 (43–414) days Yes 3-yr (0%) 3-yr (16%) 3-yr (50.1%) 9.6 15.6 29.9

2017 Sato et al. (41) 5–6 weeks Yes 5-yr (0%) 5-yr (0%) 5-yr (48.6%) 15.7 21.7 47.9

2017 Mieno et al. (42) 36 (4–70)days Yes 3-yr (73.1%)

2017 Uemura (43) NS NS 13.7 24

2017 Einama et al. (44) 5–6 weeks Yes 29

2017 Maeda et al. (45) NS Yes 2-yr (100%)

2017 Yamaguchi et al. (46) 126 days* Yes 11.3 21.2 41.3

2017 AIO-FLOT3 (29) 3 weeks Yes 15.9

2018 Morgagni et al. (47) NS NS 3-yr (0%) 3-yr (39.4%) 38

2018 Beom et al. (32) 24 weeks Yes

2019 Solaini et al. (48) 3–6 months Yes

2019 Li et al. (49) NS Yes 10.9

OS, Overall survival; MST, Median survival time; CHT, Chemotherapy; *R0 in only pre-Cy1 patients; **Data from consultation with authors by email.

(82) in advanced unresectable GC, preoperative S-1 based
chemotherapies are considered as main therapeutic options
for conversion therapy. Additionally, clinical targeted drugs
have been developing quickly, especially in the fields of lung
cancer, breast cancer and soft tissue tumor. For GC, the ToGA
study gives hope that HER2 positive advanced GC patients
undergoing chemotherapy combined with trastuzumab can
significantly prolong their OS compared with chemotherapy
alone, and this regimen has become a standard treatment for
HER2 positive advanced GC patients (11, 56). Additionally,
ramucirumab, an anti-angiogenesis drug, has been well-verified
in clinical practice for treating advanced GC (12, 13), indicating
that targeted drugs for conversion surgery in unresectable
stage IV GC patients may serve as promising therapeutic
options to improve clinical outcomes. Furthermore, combination
immunotherapy for conversion therapy in unresectable advanced
colorectal cancer or inoperable advanced lung cancer has
achieved broad prospects with a good rate of conversion or
high rate of R0 resection (83, 84). Although several clinical
trials examining PD-1/PD-L blockade combination treatments
in advanced GC were identified (NCT01848834, NCT01928394,
NCT02335411, NCT02340975), studies of immunotherapy for
conversion surgery in unresectable stage IV GC are still
scarce. Thus, combination immunotherapy for conversion
surgery in unresectable stage IV GC is expected to prolong
survival of this cohort with a high rate of conversion,

and further studies are necessary to determine its feasibility
and safety.

In conclusion, conversion surgery for unresectable stage
IV gastric cancer was associated with longer survival over
chemotherapy alone. GC patients with a single incurable
factor who experienced a favorable response to combination
chemotherapy achieved better survival outcomes than those with
multiple metastatic organs. Additionally, patients undergoing
R0 resection had better prognosis than those with R1 or
R2 resection. Common definitions remain to be clarified
regarding the selection of initial combination chemotherapy, the
timing of conversion surgery, and indications for postoperative
chemotherapy. Additional trials are imperative to address these
important issues and to confirm their feasibility and validity
to further improve the prognosis of unresectable stage IV
GC patients.
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Despite the gradual decrease in incidence, gastric cancer is still the third leading cause of

cancer death worldwide. Although chemotherapy enhances overall survival and quality of

life in advanced disease, the median overall survival is < 12 months. In recent years, the

human epidermal growth factor receptor (ErbB) family has been extensively investigated

in gastric cancer. The ErbB family is composed of four closely-related members: ErbB-1

(HER1 or epidermal growth factor receptor, EGFR), ErbB-2 (HER2), ErbB-3 (HER3), and

ErbB-4 (HER4), all of which play a critical role in regulating cell growth, proliferation

and migration of tumors. It is well known that gastric cancer overexpresses HER in

a heterogeneous pattern, especially EGFR, and HER2. HER3 is another important

member of the ErbB family that preferentially activates the phosphatidylinositol 3-kinase

(PI3K) pathway. Furthermore, its heterodimerization with HER2 seems fundamental for

steering HER2-overexpressing breast cancer tumor growth. Less is known about the

impact of HER4 on gastric cancer. Improved survival from the use of trastuzumab has

paved the way for ErbB receptor family-targeted treatments in gastric cancer. However,

unlike trastuzumab, ErbB receptor-targeted drugs have not consistently maintained the

encouraging results obtained in preclinical and early clinical trials. This may be attributable

to the intrinsic heterogeneity of gastric cancer and/or to the lack of standardized test

quality for established biomarkers used to evaluate these biological targets. This review

presents an overview of the most recent clinical studies on agents targeting the ErbB

family in gastric cancer.

Keywords: HER2, EGFR, tyrosine kinase inhibitor, targeted therapy, gastric cancer, clinical trial

INTRODUCTION

Gastric cancer is the fifth most common malignancy and the third leading cause of cancer death
worldwide (1). In Europe, it is the fifth most common cancer in both sexes, accounting for around
23% of all cancers. The annual incidence is 20/100,000 for men and 9/ 100,000 for women, resulting
in ∼107,000 deaths annually (2). There is a distinct geographic variability in gastric cancer, the
highest rates being observed in East Asia, South America and Eastern Europe, and the lowest rates
in the U.S. and Western Europe (3).

TREATMENT OPTIONS FOR GASTRIC CANCER

Surgery
Surgical resection remains the primary treatment for all patients with regionally confined disease,
the extent of the intervention depending on the site of the tumor. Total gastrectomy is usually
recommended for proximal tumors but is not considered superior to subtotal gastrectomy in terms
of survival in distal gastric cancer (4, 5).
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Patients with superficial early gastric cancer (T1a) are
candidates for endoscopic mucosal resection (EMR). T1a is
defined as adenocarcinomas confined to the mucosa, <2 cm
in diameter, low-moderate differentiation, no evidence of ulcer,
and with no lymphovascular involvement (6, 7). The extent of
lymph node dissection is hotly debated and studies have failed
to confirm a survival benefit of D1 dissection (dissection of the
perigastric nodes) over D2 dissection (dissection of perigastric
nodes and nodes along the left gastric, hepatic, celiac, and splenic
arteries). D2 dissection is associated with fewer locoregional
recurrences and gastric cancer-related death, but also with
higher rates of morbidity and mortality. A modified (spleen-
preserving) D2 dissection is considered standard treatment in
many hospitals. The addition of para-aortic dissection to D2
dissection does not improve survival (8–10).

Surgical resection represents standard curative gastric cancer
treatment (11), but around 25% of patients have unresectable
tumors at diagnosis due to the presence of metastatic disease.

Chemotherapy or Chemoradiation
Chemotherapy is considered a feasible option in patients
with metastases but good functional status and an acceptable
life expectancy (12, 13). First-line treatment for metastatic
disease includes a combination of a platinum compound
and fluorouracil. The addition of another agent such as an
anthracycline (e.g., epirubicin) in Europe (ECF = epirubicin,
cisplatin, and fluorouracil) or a taxane (e.g., docetaxel) in
the U.S. (DCF = docetaxel, cisplatin, and fluorouracil) is
common practice (14–16). Other studies have demonstrated that
fluorouracil can be substituted by capecitabine, and cisplatin
by oxaliplatin (17, 18). Substituting oxaliplatin for cisplatin
is associated with lower toxicity (17, 19). Recent trials have
used EOX (epirubicin, oxaliplatin, and fluorouracil) and FLO
(fluorouracil, calcium folinate [leucovorin], and oxaliplatin)
(17, 18).

Overall survival is higher in patients with locally advanced
gastric cancer treated with chemoradiation than in those treated
with radiation alone (20, 21). Adverse effects of radiation include
nausea, vomiting (patients may need to be pre-treated with
antiemetics prior to radiation), weight loss, and diarrhea. Less
commonly, radiation can cause small bowel obstruction, liver
damage, and kidney damage.

Perioperative Chemoradiation or
Chemotherapy
In patients with pathologic stage II-IIIC or any T, N+ disease
or R1 resection, postoperative radiation combined with adjuvant
fluorouracil has been shown to improve overall survival (22,
23). Postoperative chemoradiation consists of one cycle of
fluorouracil (with or without calcium folinate) given prior
to radiation, followed by two cycles after radiation. During
radiation, patients receive fluorouracil on the first 4 and last
3 days of radiation. Preoperative chemoradiation consisting of
radiotherapy and fluorouracil (or fluorouracil and paclitaxel) is
used to induce tumor downstaging and increase respectability
(24). Another option is adjuvant chemotherapy, which improves
survival in patients undergoing curative resection (25, 26). In

patients with stage II or higher gastric cancer, perioperative
chemotherapy with ECF (epirubicin, cisplatin, and fluorouracil)
has been shown to improve overall survival (27), although results
of trials of postoperative chemotherapy vary substantially. In fact,
in the U.S., postoperative studies have failed to demonstrate any
benefit, whereas Japanese data favor adjuvant chemotherapy after
D2 dissection (28).

Despite the significant improvements obtained from
chemotherapy and chemoradiotherapy regimens, the prognosis
for patients with advanced gastric cancer remains poor, with a
median survival of <12 months, mainly because the disease is
already advanced when the initial diagnosis is made. In recent
years, substantially longer survival and significantly improved
quality of life of gastric cancer patients have been obtained
using targeted therapies (29, 30). In particular, molecular drugs
targeting the human epidermal growth factor receptor (ErbB)
family have been amply investigated and are currently under
evaluation in several phase III clinical trials.

ErbB Family
The epidermal growth factor receptor family consists of four
related receptor tyrosine kinases: EGFR (ErbB1, HER1), ErbB2
(HER2, neu in rodents), ErbB3 (HER3), and ErbB4 (HER4)
(31). Although the human ErbB genes are found on four
different chromosomes, all members share a common structure,
including an extracellular domain, lipophilic transmembrane
region, intracellular domain containing tyrosine kinase, and a
carboxy-terminal region. EGFR, the first member of this receptor
family to be discovered (32), was also the first receptor for
which evidence emerged of a relationship between receptor
overexpression and cancer (33). Several alterations in ErbB family
members were subsequently found to be correlated with the
development and progression of numerous human cancers, e.g.,
non-small cell lung cancer (34), breast (35), colorectal (36),
laryngeal (37), esophageal (38), ovarian (39), and prostate cancer
(40), and melanoma (41) as a result of their pivotal role in signal
transduction. In particular, the ErbB signaling network consists
of several overlapping and interconnected modules including
the phosphatidylinositol 3-kinase (PI3K)/Akt (PKB) pathway,
the Ras/Raf/MEK/ERK1/2 pathway, and the phospholipase C
(PLCγ) pathway. The PI3K/Akt pathway plays an important
role in mediating cell survival, while the Ras/ERK1/2 and PLCγ

pathways are involved in cell proliferation (42). These and other
ErbB signalingmodules influence angiogenesis, cell adhesion, cell
motility, development, and organogenesis (43).

The ligands that bind to each monomeric receptor are shown
in Table 1. Notably, 7 growth factors bind to EGFR, none binds
to HER2, 2 bind to HER3, and 7 bind to HER4. The 4 ErbB family
members form 28 homo- and heterodimers. The 11 growth
factors in the EGF-like family and the 28 dimers make 614
receptor combinations possible. The binding of ligands to the
extracellular domain of EGFR, HER3, and HER4 leads to the
formation of kinase-active hetero-oligomers (31). The activation
of HER2 and EGFR results in transphosphorylation of the
ErbB dimer partner, stimulating intracellular pathways including
RAS/RAF/MEK/ ERK, PI3K/AKT/TOR, Src kinases, and STAT
transcription factors (42). In particular, HER2 does not bind
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TABLE 1 | Pattern of ErbB receptor binding.

Growth factor Receptor binding

EGFR HER2 HER3 HER4

Epidermal growth factor

(EGF)

+ – – –

Epiregulin + – – +

Epigen + – – –

Betacellulin + – – +

Heparin-binding

epidermal growth factor

(HB-EGF)

+ – – +

Transforming growth

factor-α

+ – – –

Amphiregulin + – – –

Neuregulin 1 – – + +

Neuregulin 2 – – + +

Neuregulin 3 – – – +

Neuregulin 4 – – – +

directly to any ErbB ligand but rather is fixed in a conformation
resembling a ligand-activated state, favoring dimerization (44,
45). In fact, although EGFR, HER3, and HER4 are activated by
ligand binding, the specific ligands to which HER2 binds have
still not been identified (46). However, aberrant HER2 activity
and HER2 receptor activation results in receptor dimerization
(e.g., HER2/HER3), which triggers a complex signal transduction
cascade, modulating survival, proliferation, mobility and cancer
cell invasiveness (47).

The HER3 receptor, despite showing weaker kinase activity
than that of its ErbB co-receptors, plays a key role in
promoting cell survival (48). HER3 binds ATP and catalyzes
autophosphorylation. After transphosphorylation by another
ErbB family member, HER3 acts as an efficient phosphotyrosine
scaffold, leading to strong downstream signaling activation. In
particular, HER3 is a powerful inducer of the PI3K/Akt pathway
through six consensus phosphor-tyrosine sites on its C-terminal
tail which bind the PI3K p85 subunit (49–51). Furthermore,
in HER2-driven tumors, the HER2-HER3 dimer has proven
essential for tumor formation and maintenance (52, 53). In
particular, the role of HER3 in resistance to HER2-targeted
therapy in this tumor subtype has been underlined in numerous
studies showing that HER3 upregulation may induce resistance
to several signaling inhibitors designed to directly or indirectly
antagonize activated PI3K signaling. Furthermore, although the
HER2-HER3 dimer is the strongest HER family dimer, HER3
has been seen to dimerize with EGFR and with non-ErbB family
members, including c-MET (54, 55).

HER4 is a unique cell surface receptor that mediates
the activity of transmembrane tyrosine kinase. Unlike other
ErbB receptors, there is evidence that HER4 is characterized
by antiproliferative and pro-apoptotic activity (56, 57). In
cell line experiments when HER2-positive cancer cells were
transfected to overexpress HER4, researchers observed reduced
proliferation and increased apoptosis (56), suggesting that

HER4 antagonizes HER2 signaling activity (58). Four HER4
receptor isoforms resulting from the alternative splicing of
HER4 mRNA have been described (JMa or JMb, Cyt1 or Cyt2)
(59). The JMa isoform comprises an extracellular proteolytic
site cleaved by the metalloproteinase tumor necrosis factor-
alpha converting enzyme (TACE) (60). After cleavage, the
transmembrane cleavage product (m80) undergoes a second
intramembrane-secretase cleavage that releases a soluble HER4
intracellular domain (4ICD) into the cytoplasm (61). The
4ICD either remains in the cytosol or translocates to the
nucleus. The HER4 intracellular domain is characterized by
multiple biological activities and cellular responses including
differentiation, pro-apoptotic pathway activation, cell cycle
arrest, transcription modulation through the formation of
complexes with transcription factors, and cell proliferation.
These responses are associated with 4ICD localization in different
cell compartments (62). Nuclear 4ICD has been found to be
a powerful ER co-activator, interacting directly with ligand-
associated ER and promoting ER-positive breast tumor cell
proliferation (63). It has also been seen that 4ICD accumulates
within the mitochondria, promoting tumor cell apoptosis
through the activity of the cell-killing BH3 domain (57). The
manipulation of 4ICD cell localization is thus a potentially
effective therapeutic strategy.

ErbB Expression and Gastric Cancer
EGFR is overexpressed in 27%−64% of gastric tumors (64, 65)
and its role as an oncogene in this malignancy is well-known.
However, there is no general consensus on the prognostic value of
EGFR status in gastric cancer patients. Some authors suggest that
high gene amplification is associated with poor outcome (66, 67),
while others sustain the opposite (68). Moreover, a 2013 meta-
analysis comparing the results obtained in 5 different studies on
a total of 1,600 patients concluded that EGFR expression is not
an independent predictor of survival in gastric cancer (69).

HER2 overexpression/amplification varies considerably
among studies (6 to 30%) and is partly attributable to variability
in histologic subtype and primary tumor localization (70). The
highest expression rates have been seen in intestinal type tumors
located proximally to the gastroesophageal junction (71). Studies
on gastric cancer have obtained inconsistent results on the
prognostic role of HER2. Although the majority reported that
positivity to HER2 is associated with a poor prognosis (72, 73),
some did not observe an association between HER2 status and
outcome (74) or a longer median overall survival in patients with
HER2-positive gastric cancer compared with those with HER2-
negative tumors (74, 75). Although the correlation between
HER2 status and gastric cancer prognosis is still open to debate,
HER2 protein expression or gene amplification is currently used
as a biomarker for targeted therapy in this tumor (71–76).

HER3 and HER4, like EGFR and HER2, have also been
found to be expressed in 20.7% and 13.3% of gastric cancers,
respectively (77). A correlation between high HER3 expression
and poor survival has been described in several studies (78–80).
Conversely, the few studies performed to date on HER4 in gastric
cancer have not clarified its role as a prognostic marker. A recent
work by He et al. highlighted an association between high HER4
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TABLE 2 | Evaluation of immunostaining for EGFR and HER2.

Classification IHC Score EGFR HER2

Negative 0 No staining or

background type

staining

No staining or <10%

Negative 1+ Discontinuous

membrane staining;

>10%

Faint/barely

perceptible >10%

Equivocal 2+ – Weak to moderate;

complete or

basolateral membrane

staining; >10%

Positive 2+ Weak to moderate;

>10%

IHC2+ and FISH+

Positive 3+ Moderate to strong;

complete membrane

staining; >10%

Moderate to strong;

complete or

basolateral membrane

staining; >10%

IHC, immunohistochemistry; FISH, fluorescence in situ hybridization.

expression and TNM (Tumor-Nodes-Metastasis) but not HER4
overexpression and survival (77).

ErbB Testing in Gastric Cancer
Several studies have been conducted on EGFR expression in
gastric cancer, and variations in the reported expression of the
receptor may be due to differences in sample size, detection
methods or evaluation standards used. Some authors observed
that EGFR was not expressed in normal gastric mucosa but
highly expressed in gastric cancer tissue, concluding that EGFR
expression could be related to EGFR gene amplification and
mutation, continuous EGFR activation, and activation of an
abnormal signal transduction pathway. However, it has yet to be
proven that high EGFR expression in gastric cancer is a result of
gene amplification or mutation.

EGFR expression can be detected in several ways, e.g.,
by genomic assays that quantify the number of EGFR gene
copies or number of cell surface receptors (Table 2). Genomic
assays include:

1. Fluorescence in situ hybridization (FISH) and chromogenic in
situ hybridization (CISH), both of which measure EGFR gene
amplification by quantifying gene copy number (66);

2. Immunohistochemistry (IHC), which measures the number
of cell receptors, thus enabling quantification of receptor
overexpression (81).

The widespread use of trastuzumab in breast cancer underlines
the importance of high-quality HER2 testing and scoring to
ensure the accurate identification of patientsmost likely to benefit
from this targeted therapy. HER2 testing in gastric cancer differs
from that of breast cancer because of the inherent differences
in tumor biology, i.e., HER2 heterogeneity (focal staining) and
incomplete membrane staining are more frequent in gastric
cancer. These observations have led to the development and
standardization of gastric cancer-specific HER2 testing protocols
which must be adhered. HER2 status is mainly assessed by

IHC (which measures the number of HER2 receptors on the
cell surface, thus detecting receptor overexpression) or FISH
(which detects gene amplification by measuring the number of
HER2 gene copies in tumor cell nuclei) using biopsy or surgical
specimens (82). However, following the results obtained in the
ToGA trial, trastuzumab was approved for use in HER2-positive
gastric cancer defined as IHC 3+ or, alternatively, in FISH-
positive gastric cancer in the USA and Japan. Of note, in Europe
HER2-positive gastric cancer is defined as IHC 3+ or IHC 2 +

plus positive FISH (83) (Table 2).
Unlike EGFR and HER2, there is no standardized method

for assessing HER3 status. The most widely used methods are
IHC, FISH and quantitative reverse transcription polymerase
chain reaction (RT-PCR), which evaluates HER3 on the basis
of messenger RNA levels (79, 84). Finally, as HER4 testing is
not routinely performed in clinical practice, there is no standard
method for its assessment. However, the method most widely
used in clinical trials is IHC (77).

Agents Targeting the ErbB Family in
Advanced Gastroesophageal Cancers
Chemotherapy is the cornerstone of treatment for locally
advanced and metastatic gastroesophageal cancer. Targeted
therapies, in particular those directed against ErbB family
receptors, have been investigated in the preclinical setting
and some are currently undergoing assessment in clinical
trials (Figure 1). However, unlike EGFR and HER2, relatively
little is known about the role of HER3 and HER4 in
gastric carcinogenesis or about the relationship between
HER3 and HER4 and clinical pathological features, including
overall survival. In particular, a better understanding of
HER3 receptor functionality has unveiled the molecular
cornerstones of its complex mechanism of action that are
targetable through multiple pharmacological strategies, i.e.,
inhibition of ligand binding to the extracellular domain,
receptor dimerization inhibition, and inhibition of the partner
tyrosine kinase activity, all of which have the potential to
benefit patients with HER3 overexpressing tumors. A lasting
response was obtained in a phase I trial of anti-ERBB3
mAb therapy (GSK2849330) in individuals with advanced
HER3-positive solid tumors (http://www.clinicaltrials.gov/show/
NCT01966445). Moreover, a phase III clinical trial (http://www.
clinicaltrials.gov/show/NCT02134015) focusing on new HER3-
targeted antibodies was recently concluded and results are
eagerly awaited.

A phase I clinical trial (http://www.clinicaltrials.gov/show/
NCT03552406) and a phase I/II clinical trial (http://www.
clinicaltrials.gov/show/NCT02980341) focusing on new HER3-
targeted antibodies are currently recruiting patients with
different solid tumors. Furthermore, 2 phase II clinical trials
(http://www.clinicaltrials.gov/show/NCT03810872 and http://
www.clinicaltrials.gov/show/NCT02501603), both focusing on
afatinib, are currently recruiting patients with different solid
tumors. Afatinib is a promising novel small ErbB family blocker
that covalently binds and irreversibly blocks signaling mediated
by activated EGFR, HER2, and HER4 receptors, and also HER3
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FIGURE 1 | Agents targeting the ErbB family. Search for article appearing in PUBMED database over the past 10 years using the mesh terms “Stomach Neoplasms”

AND “ErbB Receptors” in the Advance research builder option.

transphosphorylation. Another phase II study (http://www.
clinicaltrials.gov/show/NCT01953926) is currently exploring the
efficacy and safety of neratinib, an irreversible panHER inhibitor
in solid tumors with activating HER2, HER3 or EGFR mutations
or with EGFR gene amplification. Confirmation of their efficacy
could pave the way for their use in gastric cancer as well (Table 3).

The following novel anti-ErbB inhibitors targeting EGFR and
HER2 have been approved and are currently being developed for
use in patients with gastroesophageal cancer.

EGFR Inhibition
The most common approaches to the inhibition of EGFR
require the use of monoclonal antibodies. Cetuximab
(Erbitux R©) is a chimeric monoclonal antibody (IgG1) that
binds the extracellular domain of human EGFR, inducing its
internalization, downregulation, and degradation. Furthermore,
this antibody-receptor interaction competitively inhibits EGF
binding, preventing receptor dimerization and blocking ligand-
induced EGFR tyrosine kinase auto-phosphorylation and
activation (85). Promising phase II data formed the basis for the
phase III EXPAND trial (erbitux in combination with xeloda
and cisplatin in advanced gastroesophageal cancer) in which 904
patients were randomized to receive cisplatin with capecitabine
with or without cetuximab. However, a benefit in terms of
progression-free (PFS) or overall survival (OS) was not observed
in the cetuximab group (86).

RTOG 0436 is a randomized phase III trial comparing
the efficacy of paclitaxel and cisplatin in combination with
radiation therapy (daily 50.4 Gy/1.8 fractions) with or without
cetuximab in patients with locally advanced esophageal cancer.
The study is ongoing but currently not recruiting patients

(https://clinicaltrials.gov/show/NCT00655876).
In contrast to their role in colorectal cancer, KRAS mutations

have not proven to be a negative predictive biomarker of response
to cetuximab in gastroesophageal cancer (87). Other biomarkers

such as EGFR expression, copy number and phosporylation have
also been evaluated, but sample size and the retrospective nature
of the research have not led to meaningful conclusions (88, 89).

The other antibody used to inhibit EGFR is panitumumab
(Vectibix R©), the first fully human IgG2 monoclonal antibody
targeting EGFR. Its activity in gastric cancer was studied in
a randomized open-label multicenter trial on the efficacy
of epirubicin, oxaliplatin, and capecitabine (EOX) with or
without panitumumab in untreated advanced gastroesophageal
cancer (REAL-3 study) (http://www.clinicaltrials.gov/show/
NCT00824785). The results from this clinical trial did not show
any benefit for the panitumumab-treated group, possibly due,
in part, to reduced doses of chemotherapy administered in the
combination arm, and the study was interrupted early (90).

In the ACOSOG Z4051 phase II study, patients with
potentially resectable disease underwent neoadjuvant docetaxel,
cisplatin, and panitumumab in combination with radiotherapy
(91) (http://www.clinicaltrials.gov/show/NCT00757172).
However, the activity of the multidrug combination was
outweighed by the significant toxicity observed.

Nimotuzumab is a humanized therapeutic monoclonal
antibody directed against EGFR. A phase II clinical trial is
currently ongoing to assess the efficacy and safety of adding
nimotuzumab to irinotecan after first-line treatment failure
in patients with recurrent or metastatic EGFR-overexpressing
gastric adenocarcinoma. In addition, as secondary aims,
biomarkers for nimotuzumab efficacy in gastric cancer will be
investigated (http://www.clinicaltrials.gov/show/NCT03400592).

Another phase II trial is ongoing to determine the safety and
efficacy of varlitinib plus mFOLFOX6 for the treatment of gastric
cancer (http://www.clinicaltrials.gov/show/NCT03130790).
Varlitinib (also known as ASLAN001) is a small-molecule,
adenosine triphosphate competitive inhibitor of EGFR, HER2
and HER4. EGFR inhibition by tyrosine kinase inhibitors (TKIs)
such as iressa (Gefinitib R©) and tarceva (Erlotinib R©) (both oral
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TABLE 3 | Ongoing clinical investigations of HER3 targeted agents.

Clinical trial

identifier

Investigational

compound

Target Phase Condition Status

NCT03065387 Neratinib

Palbociclib

EGFR, HER2,

HER3, HER4

I Solid tumors with EGFR

mutation/amplification,

HER2 mutation/amplification,

HER3/4 mutation,

treatment refractory and advanced

or metastatic

Recruiting

CT03552406 ISU104 HER3 I Solid Tumor Recruiting

NCT02980341 U3-1402 HER3 I/II Metastatic Breast Cancer Recruiting

NCT03499626 ASLAN001 EGFR,HER2,HER3,

HER4

I/II Advanced/ Metastatic

Hepatocellular Carcinoma

Recruiting

NCT01953926 Neratinib EGFR, HER2,

HER3

II Solid tumors with somatic human

epidermal growth factor receptor

(EGFR, HER2, HER3) Mutations or

EGFR gene amplification

Recruiting

NCT03810872 Afatinib EGFR, HER2,

HER3

II Cancers Harboring an EGFR

Mutation (Excluding Non-squamous

Non- Small Cell Lung Cancer, a

Registered Indication), a HER2

Mutation or a HER3 Mutation

Recruiting

NCT02501603 Afatinib EGFR,HER2,HER3,HER4 II Gastric Cancer, Gastroesophageal

Junction Cancer

Recruiting

EGFR TKIs) has also been investigated in clinical trials on
gastroesophageal cancer (92, 93).

HER2 Inhibition
On the basis of preclinical studies highlighting the significant
activity of anti-HER2 therapies in both in vitro and in vivo gastric
cancer models (73, 94, 95), molecular drugs targeting HER2
have been widely studied in clinical trials on gastroesophageal
cancer. Trastuzumab (Herceptin R©), a humanized monoclonal
antibody that targets the extracellular binding domain of the
HER2 receptor, was the first molecular targeted agent to be
approved as standard treatment for gastric cancer (29, 96). It
has been used in combination with cytotoxic chemotherapy in
several clinical trials on gastric and gastroesophageal junction
(GEJ) tumors (Table 4). The international, open-label phase III
ToGA trial randomized patients with treatment-naive metastatic
or locally advanced unresectable HER2-overexpressing gastric
or GEJ adenocarcinoma to chemotherapy with trastuzumab or
chemotherapy alone. HER2 overexpression was defined as 3+
staining by IHC or as positive FISH (29). The combination
was generally well tolerated and a 2.7 month improvement in
median OS was observed in the trastuzumab arm. Furthermore,
response rate, time to progression and duration of response were
significantly higher in the trastuzumab plus chemotherapy group.

The HELOISE trial was a randomized, multicenter,
international phase IIIb study comparing the effectiveness
and safety of 2 trastuzumab dosing regimens in combination
with cisplatin/capecitabine in patients with metastatic
gastric or GEJ cancer (http://www.clinicaltrials.gov/
show/NCT01450696). This study was interrupted for
futility on the basis of results from the pre-planned
interim analysis confirming the standard trastuzumab

dose with chemotherapy as the standard-of-care for
first-line treatment.

NCT01130337 is a sponsored phase II clinical trial designed
to evaluate the disease-free survival rate of a combination of
capecitabine and oxaliplatin with trastuzumab administered pre-
surgery in patients with resectable gastric cancer. If a complete
(R0) or microscopic residual tumor (R1) resection is obtained,
patients receive a further two cycles of treatment. Trastuzumab
is continued for a maximum of 1 year (available online: http://
clinicaltrials.gov/show/NCT01130337, results not yet posted).

Another sponsored phase II trial (TOXAG) has recently
concluded proving that trastuzumab in combination with
capecitabine, oxaliplatin and radiotherapy in the adjuvant
setting for gastric or gastroesophageal junction adenocarcinoma
is safe and tolerable (http://www.clinicaltrials.gov/show/
NCT01748773).

The Her-FLOT phase II study was designed to assess the
efficacy of perioperative treatment based on trastuzumab
in combination with FLOT (5FU, leucovorin, docetaxel,
and oxaliplatin) in patients with HER2-positive locally
advanced esophagogastric adenocarcinoma. Patients were
administered trastuzumab with FLOT for four cycles prior
to surgical resection followed by a further four cycles of
chemotherapy with trastuzumab and nine additional cycles
of trastuzumab alone. The aim of the study was to determine
the rate of complete pathological response (http://www.
clinicaltrials.gov/show/NCT01472029, results have yet to
be posted).

RTOG 1010 is an ongoing phase III trial in which patients
with locally advanced HER2-overexpressing esophageal or
GEJ adenocarcinoma are randomized to receive combination
treatment comprising radiotherapy, paclitaxel and carboplatin
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TABLE 4 | Ongoing clinical investigations of trastuzumab in gastric cancer.

Clinical trial identifier Investigational compound Phase Status

NCT03680560 ACTR T Cell Product; Trastuzumab I Recruiting

NCT03319459 FATE-NK100; Cetuximab; Trastuzumab I Recruiting

NCT02805829 Trastuzumab; NK cells I/II Not yet recruiting

NCT02901301 Pembrolizumab; Trastuzumab; Capecitabine; Cisplatin I/II Recruiting

NCT01191697 Bevacizumab; Trastuzumab; Oxaliplatin; Capecitabine II Active, not recruiting

NCT03766607 Trastuzumab; Ramucirumab; Paclitaxel II Not yet recruiting

NCT02954536 Pembrolizumab; Trastuzumab; Capecitabine; Cisplatin; Oxaliplatin; 5-FU II Recruiting

NCT03588533 Trastuzumab; Capecitabine; Cisplatin II Recruiting

NCT04014075 Trastuzumab; Deruxtecan II Not yet recruiting

NCT02205047 Cisplatin; 5-FU; Capecitabine; Trastuzumab; Pertuzumab II Recruiting

NCT02678182 Capecitabine; MEDI4736; Trastuzumab; Rucaparib II Recruiting

NCT03556345 RC48-ADC II Recruiting

NCT02581462 FLOT; Herceptin; Pertuzumab II/III Active, not recruiting

NCT01774786 5-FU; Capecitabine; Cisplatin; Pertuzumab;Trastuzumab III Active, not recruiting

NCT03615326 Pembrolizumab; Cisplatin; 5-FU; Oxaliplatin; S-1; Capecitabine; Trastuzumab III Recruiting

NCT02578368 5-FU; Leucovorin; Oxaliplatin; Docetaxel; Trastuzumab III Recruiting

with or without trastuzumab prior to surgery (http://
clinicaltrials.gov/show/NCT01196390, study is active but
currently not recruiting).

What is emerging from these studies is that a growing number
of patients are experiencing resistance to trastuzumab (97).
This has aroused great interest in second- generation HER2-
targeting agents such as pertuzumab (Perjeta R©). Pertuzumab
binds a distinct site on the HER2 receptor (extracellular
domain II) and disrupts HER2 dimerization, subsequently
blocking downstream signaling (98). On the basis of pre-clinical
studies on GEJ and of the effectiveness of the trastuzumab
and pertuzumab combination in breast cancer (99), the
JACOB phase III study was designed to investigate the efficacy
and safety of pertuzumab in patients with HER2-positive
metastatic or locally advanced unresectable GEJ or gastric cancer
receiving first-line treatment with cisplatin, fluoropyrimidine
(5-fluoruracil or capecitabine) and trastuzumab (https://
clinicaltrials.gov/show/NCT01774786, study is active but
currently not recruiting).

Trastuzumab emtansine (TDM-1, KadCyla R©) is an antibody-
drug conjugate of trastuzumab and DM1 (derivative of
maytansine, a macrolide isolated from plants), a powerful
microtubule inhibitor. In preclinical gastric cancer models,
TDM-1 has demonstrated more aggressive antitumor activity
than trastuzumab (100). A multicenter adaptive phase II/III of
TDM-1 recruited patients with HER2-positive advanced gastric
cancer in progression after first-line treatment (http://www.
clinicaltrials.gov/show/NCT0164tab1939). In particular, patients
with higher HER2 expression experienced a better treatment
effect from TDM-1than those with lower HER2 expression (101).

Another approach to targeting HER2 is through inhibition
by TKIs. Lapatinib (Tykerb R© (USA)/ Tyverb R© (Europe) is
an oral small molecule dual TKI of EGFR and HER2 that
inhibits the activation of PI3K and Ras pathways, which
is activation, dependent on both receptors, leading to the

downregulation of receptor tyrosine kinase phosphorylation
in cancer cells. Lapatinib was evaluated in combination with
standard chemotherapy in patients with HER2-positive gastric
and GEJ adenocarcinomas (phase III LOGIC study, http://
www.clinicaltrials.gov/show/NCT00680901). This international
multicenter trial investigated whether the addition of lapatinib to
a capecitabine plus oxaliplatin regimen would extend the time to
progression and OS. Although the trial did not meet its primary
endpoint of improved OS, some subgroups (the Asian population
and patients <60 years of age) were shown to benefit.

CONCLUSIONS

Several clinical trials using ErbB receptor family targeted
treatment strategies have been carried out over the past few years,
with varying results. Others are currently ongoing, as extensively
described in the present review. The ToGA study paved the way
for the use of ErbB receptor family targeted treatments, showing
that trastuzumab improves survival in HER2-overexpressing
advanced gastric cancer patients. This monoclonal antibody is
now acknowledged as the standard first-line treatment in this
subset of patients. The role of combinations of anti-ErbB drugs
and cytotoxic therapies is currently being explored in the area
of advanced gastric cancer in an effort to prevent or delay drug
resistance. On the other hand, drugs targeting EGFR have not
repeated the encouraging results seen in early clinical trials.
Similarly, lapatinib, a dual TKI of EGFR, and HER2, failed to
induce a benefit in patients enrolled onto two large phase III
trials. The modest efficacy of these agents may be attributable
to acquired resistance or to an mismatched combination with
known cytotoxic agents. Furthermore, the clinical data collected
to date on molecular drugs directly targeting HER3 suggest a
limited potential of these agents for the treatment of gastric
cancer. However, several clinical trials are still ongoing.
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It is now clear that results can only be improved by
taking into account a number of important issues. First, the
effects of the targeted therapy may be weakened because
of differences in tumor histology (biomarkers), etiology
(gastroesophageal reflux/Barret’s esophagus, H. Pylori infection,
alcohol and hot liquid intake, and smoking), and heterogeneity.
Furthermore, tumor site (gastric, GEJ or esophagus) and
population (Asia, America, Europe) should be considered
background variables. For these reasons it is crucial to
characterize tumors using established biomarkers, even
though the diversity of molecular alterations acquired during
malignant transformation, recurrence or metastasis makes
it difficult to incorporate biomarkers into clinical trials.
Finally, a better understanding of the complex interplay
between growth factors and signaling pathway cross-talk would
play a fundamental role in helping to identify individual
patients who could benefit from ErbB receptor family
targeted therapies.

CORE TIP

Despite substantial improvements in targeted therapies for
advanced gastric cancer, median overall survival remains <12
months. A better understanding of the molecular pathways
associated with gastric cancer carcinogenesis could lead to new
and better targeted treatment options. In particular, there is
increasing evidence of the important role played by ErbB family
members in driving gastric cancer growth. Our paper provides
an overview of published and ongoing clinical studies evaluating
the antitumor potential of molecular drugs targeting EGFR
and HER2.
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Background: Reports regarding liquid biopsy and gastric cancer (GC) have emerged

rapidly in recent decades, yet their prognostic value still remains controversial. This study

was aimed to assess the impact of liquid biopsy, including circulating tumor cells (CTCs)

and cell-free nucleic acids, on GC patients’ prognosis.

Methods: PubMed, Medline, EMBASE, and ClinicalTrial.gov databases were searched

for studies that report GC patient survival data stratified by CTC/circulating tumor

DNA (ctDNA)/circulating miRNAs’ status. The hazard ratios (HRs) and their 95%

confidence intervals (CIs) for patients’ overall survival (OS) and disease-free survival

(DFS)/progression-free survival (PFS) were recorded or calculated depending on

circulating target status.

Results: We initially identified 4,221 studies, from which 43 were eligible for further

analysis, comprising 3,814 GC patients. Pooled analyses showed that detection of

certain CTCs, ctDNA, and circulating miRNA was associated with poorer OS (CTCs: HR

= 1.84, 95%CI 1.50–2.26, p < 0.001; ctDNA: HR= 1.78, 95%CI 1.36–2.34, p < 0.001;

circulating miRNA: HR = 1.74, 95%CI 1.13–2.69, p < 0.001) and DFS/PFS (CTCs: HR

= 3.39, 95%CI 2.21–5.20, p < 0.001; ctDNA: HR= 2.38, 95%CI 1.31–4.32, p= 0.004;

circulating miRNA: HR = 3.30, 95%CI 2.39–4.55, p < 0.001) of GC patients, regardless

of disease stage and time point at which sample is taken (at baseline or post-treatment).

Conclusions: The presence of CTCs and/or cellular components identifies a group

of GC with poorer prognosis. Among circulating markers, CTCs demonstrated a

stronger and more stable predictive value for late-stage disease and among Mongolian

populations with GC. Less data are available for ctDNA and miRNA; however, their

presence may also reflect aggressive biology and warrants further prospective study.

Keywords: liquid biopsy, circulating tumor cells, circulating tumor DNA, circulating mRNA, gastric cancer,

prognosis
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INTRODUCTION

Gastric cancer (GC) remains the fifth most common cancer
and the third leading cause of cancer-related death worldwide
(1, 2). Although some therapeutic advances have been made, its
prognosis remains unfavorable owing to the aggressive tumor
biology, late detection, and high disease progression/recurrence
rate (3). Few clinicopathological factors are used to guide
therapy or disease monitoring, and ideal peripheral blood
biomarkers have been lacking. Although enhanced endoscopic
techniques, such chromoendoscopy (4) and endoscopy with
narrow-band imaging (NBI) (5), are considered to be the
more reliable and credible methods for diagnosis of GC
than conventional diagnostic tools, their applications are
limited because of their invasive nature and cost-efficacy
concerns (5).

Although serum-based protein biomarkers such as
carcinoembryonic antigen (CEA) (6), carcinoma antigen
125 (CA-125) (7), carcinoma antigen 724 (CA-724) (8), and
carcinoma antigen 19-9 have commonly been used for GC
patient management, they are plagued by limited diagnostic,
and prognostic capacity (9). Circulating tumor cells (CTCs) and
cell-free nucleic acids (cfNAs), known as “liquid biopsies,” are
detectable biomarkers across tumor types and represent attractive
putative targets in GC (10–13). The potential advantages of liquid
biopsy have been demonstrated in the management of breast
cancer, colorectal cancer, and prostate cancer (14–16), but
evidence of their effectiveness in GC management is limited
and controversial.

Theoretically, tumor-derived blood-based biomarker tests
have multiple application in GC including detecting/monitoring
response after therapies, identification of actionable tumor
alterations, and patient stratification (17, 18). Currently, the
diagnostic value of liquid biopsy is still under debate, and
it has been questioned for its low sensitivity and yields in
some series (12, 19). In contrast, the prognostic importance
is increasingly supported by mounting evidence in breast
(20) and colorectal (21) cancers. Although cfNAs include
several cellular components, the most commonly investigated
in GC research are circulating tumor deoxyribonucleic acid
(ctDNA) (22) and circulating microRNA (miRNA) (23).
Variability in detection methodology, genomic coverage,
specimen processing, and reproducibility has not always been
consistent. Moreover, the most appropriate sampling time
point for accurate detection (at baseline or post-treatment),
the most appropriate test population and disease stage, and
even the predictive value of certain types of biomarkers
have not yet been agreed (12, 24). With the continuously
emerging data in GC, there is a need to conduct quantitative
analysis evaluating the most commonly used liquid biopsy
methods currently in GC management. Therefore, we
sought to conduct a systematic review and meta-analysis to
evaluate the significance of CTCs and cfNAs in predicting
GC progression and recurrence in a methodologically
consistent manner.

METHODS

Literature Search
MOOSE (Meta-analysis Of Observational Studies in
Epidemiology) (25) and PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) (26) guidelines
were applied to conduct the systematic review. The following
databases were systematically searched for relevant studies
published up to December 2017: PubMed, Medline, EMBASE,
Web of Science, and the Cochrane Central Register of Controlled
Trials. Bibliographies of all relevant papers were also checked
for further eligible studies. There was no restriction on language
of publication (Table S1).

Selection Criteria
Studies were included in the analysis if they met the following
criteria: (1) they enrolled patients with pathologically confirmed
gastric or gastroesophageal junction adenocarcinoma;
(2) they reported GC patient survival data stratified by
CTC/ctDNA/circulating miRNA status (presence/positive
and absence/negative); (3) they provided sufficient data for
determining or calculating a hazard ratio (HR) and 95%
confidence interval (95%CI); and (4) they enrolled patients who
did not overlap with patients included in other eligible studies.

Studies were excluded if (1) fewer than 20 patients were
analyzed; (2) samples were not drawn from peripheral blood
(e.g., from urine or bone marrow); or (3) the histology
type of included GC patients was squamous carcinoma or
neuroendocrine carcinoma.

Data Extraction
Two authors (HX and JC) independently reviewed the eligible
studies and extracted the following information: first author
name, publication year, number of patients analyzed, age, gender,
tumor stage, clinical treatment, volume and timing of blood
withdrawal, marker detectionmethod, cutoff value, positive ratio,
and follow-up duration, if provided. When more than one
marker was assessed in studies and an HR for survival or the
survival curve was provided for each marker, results for all these
markers were recorded as independent data sets.

Assessment of Risk of Bias
Risk of bias for individual studies was assessed using a modified
Cochrane risk of bias instrument that included evaluation
options of “definitely or probably yes” or “definitely or probably
no” or “unknown or unclear” (27). The items included
“adequate eligibility,” “the measurement equality,” “controlled
confounding,” “adequate follow-up,” “free of selective outcomes,”
and “other factors” (Table S2) (21).

Statistical Analysis
The HRs and their 95%CIs for overall survival (OS) and
disease-free survival (DFS)/progression-free survival (PFS) were
recorded. For studies where HRs were not provided, we
approximated HRs from the Kaplan–Meier curves with the
use of an HR calculation Excel spreadsheet provided by
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Tierney et al. (28). All HR data extraction and calculations were
performed independently by YHG and HQX, and disagreements
were resolved by discussion. Survival outcomes generated
using multivariate analysis models were preferentially used
if available, to ensure results are as clinically relevant as
possible. By convention, an HR > 1 implies a worse prognosis
in the circulating marker positive/upregulated group than in
the negative/downregulated group, and p < 0.05 indicated
statistical significance.

We pooled the extracted HRs using the generic inverse
variance method. We anticipated interstudy heterogeneity and
so used a random-effect analysis model preferentially (29). If no
obvious heterogeneity was observed (p> 0.05), then a fixed-effect
model was applied. Analyses were conducted using Stata 12.0
(StatCorp, College Station, TX, USA).

Sensitivity Analysis, Subgroup Analysis,
and Meta-Regression Analysis
The stability of pooled HRs was tested by one-way sensitivity
analysis with omission of a single study. Subgroup analyses and
meta-regression were performed to explore potential sources
of heterogeneity, and the following clinicopathological features
were stratified: sampling time (at baseline or postoperatively),
number of tested targets, cutoff value, tumor–node–metastasis
(TNM) stage, risk of bias level, statistical methodology employed,
ethnicity, and sample size. Any subgroup comprising fewer than
two studies was excluded from the analysis.

RESULTS

Baseline Study Characteristics
Forty-three studies were eligible for inclusion, comprising 3,814
patients. These included 20 studies reporting on CTCs, 10 on
ctDNA, and 13 on circulating miRNAs. Considering CTCs could
also be performed at the DNA or RNA (mRNA or microRNA)
level, we classified enrolled studies into relevant groups according
to the authors’ description in their report (Figure 1).

The baseline characteristics and study design variables of the
included studies are shown in Table 1. All studies were written in
English. Sample sizes ranged from 27 to 277 patients (median:
73 patients). The studies were conducted in 11 countries or
regions (China, Egypt, Germany, Greece, Hong Kong, Italy,
Japan, Poland, Spain, Taiwan, and Thailand).

All 43 studies applied a molecular or cytological detection
method analyzing venous blood [polymerase chain reaction
(PCR), quantitative reverse PCR (qRT-PCR), methylation-
specific PCR (MSP), quantitative MSP (qMSP), next-generation
sequencing (NGS), immunofluorescence (IF), CellSearch System,
or colorimetric membrane array (CMA)]. Notably, three studies
applied a combination of molecular and cytological detection
methods (35, 37, 39). Five studies (37, 43, 57, 71, 72) analyzed the
same patient cohort but using two different targets. To account
for this, both markers were included in the pooled analysis,
whereas the total number of patients was only counted once.
The assessment of risk of bias for individual studies showed 31
and 12 studies with a low risk of bias and a high risk of bias,
respectively. HRs for OS and DFS/relapse-free survival (RFS)

could be extracted from 35 to 16 studies, respectively. Publication
bias analyses were carried out for the analysis of all studies in
Egger’s and Begg’s tests on OS and DFS/RFS, but no relevant
publication bias was observed (Figure S1).

Circulating Tumor Cells
HRs for OS were available in 17 studies, representing 1,239
patients. Two HR estimates for OS were extracted from Uen et al.
for the reason mentioned in the Methods part (43). The pooled
HR showed a significant prognostic effect of CTC detection in
GC patients (HR= 1.84, 95%CI 1.50–2.26, p< 0.001, Figure 2A),
with moderate heterogeneity (I2 = 44%, p= 0.024).

HRs for DFS/PFS were available in 11 studies, representing
848 patients. The pooled HR showed a significantly increased
risk of disease progression or recurrence in patients
with CTC positivity (HR = 3.39, 95%CI 2.21–5.20, p <

0.001). The heterogeneity between studies was significant
(I2 = 63.8%, p= 0.002).

Sensitivity analyses conducted by omitting each single study
changed this result only marginally (Figure S2). Table 2 shows
the results of subgroup analysis stratified by covariates of clinical
importance as described in the Methods. The most popular
applied markers were CellSearch-associated [a combination of
cytokeratins and epithelial cell adhesion molecule (EpCAM)]
cytokeratins and survivin, and a subgroup analysis based on
CTC markers showed that all CTC markers were significantly
associated with GC patients’ OS and DFS/PFS, except for CEA
(OS: HR = 1.68, 95%CI 0.76–3.71, p = 0.20; DFS/PFS: HR =

1.41, 95%CI 0.77–2.55, p = 0.262) (Figures 2B–D). There was a
more pronounced predictive value for CellSearch in both OS and
DFS/PFS prediction (OS: HR= 2.33, 95%CI 1.51–3.61; DFS/PFS:
HR = 4.54, 95%CI 1.82–11.33) than other CTC detection
markers. However, this observation could not be substantiated
by further statistical tests of interaction.

Meta-regression identified cancer stage and patient ethnicity
as variables influencing OS HR estimates for CTCs (Table 2, p
= 0.010 and p = 0.008, respectively). The presence of CTCs is
associated with a higher HR for OS in studies enrolling only late-
stage patients (HR = 2.81, 95%CI 1.79–4.40, p < 0.001) than
studies enrolling with both early- and late-stage patients (HR
= 1.84, 95%CI 1.50–2.26, p < 0.001). Nevertheless, both results
from subgroups by TNM stage indicated a significant association
between CTCs presence and worse prognosis of GC patients.

Studies involving GC patients of Mongolian ethnicity had
a significantly higher pooled HR (2.04, 95%CI 1.64–2.54, p <

0.001) than had studies involving Caucasian patients (HR= 1.34,
95%CI 1.16–1.54, p < 0.001). This was further supported by tests
for interaction (p = 0.008, Table 2). However, these differences
by disease stage and ethnicity found in a subgroup analysis of OS
HRs were absent in the analysis of DFS/PFS (Table 2). No other
variables were found to be significant, which may be because of
the relatively limited number of studies reporting DFS/PFS (11
studies in total, only one of which studied a primarily Caucasian
patient population).

The subgroup analysis on sampling time showed a prognostic
effect of CTC detection for both time points (baseline and
during/post-treatment). HRs for CTCs predicting the survival
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FIGURE 1 | Flowchart of enrolled studies investigating the association of liquid biopsy and gastric cancer patients’ prognosis.

of GC patients where liquid biopsies were taken during/post-
treatment were higher than HRs of patients where biopsies were
taken at baseline. This was the case for both OS (HR = 2.30,
95%CI 1.52–3.49, p < 0.001 during/post-treatment; HR = 1.63,
95%CI 1.30–2.04, p < 0.001 at baseline) and DFS/PFS (HR =

4.04, 95%CI 1.21–13.44, p = 0.023 during/post-treatment; HR
= 3.15, 95%CI 1.99–5.0, p < 0.001 at baseline). However, this
difference did not reach statistical significance and could not be
substantiated by further tests of interaction.

Circulating Tumor DNA
HRs for OS were reported in six studies, representing 624
patients. More than one HR for OS was extracted from three
studies, because multiple detection approaches were used. The

pooled HRs showed a significant prognostic effect of the
detection of ctDNA in GC patients’ OS (HR= 1.78, 95%CI 1.36–
2.34, p < 0.001, Figure 3A), with moderate heterogeneity (I2 =
46.7%, p = 0.059). No ctDNA targets were assessed by more
than two independent studies. Therefore, a subgroup analysis by
target was not performed. A subgroup analysis by other variables
revealed that ctDNA presence was significantly associated with
shorter survival for all subgroups except in studies conducted
primarily in Caucasian patients (N = 2, HR = 1.55, 95%CI
0.85–2.83, p = 0.156). However, this result must be interpreted
with caution, given the small sample size. A Galbraith plot
indicated that the study by Pimson et al. (58) might be one
important source of heterogeneity (Figure S3A). Exclusion of
Pimson et al. focusing on PCDH10 resulted in a significant
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TABLE 1 | Baseline characteristics of included studies.

Target Detection

method

References Year Number M/F Age Region Cancer

stage

Treatment Sample

volume

Sample

time

Positive

ratio

Follow-up Cutoff HR

estimate

Outcomes Bias

CIRCULATING TUMOR CELLS

CellSearch CellSearch Hiraiwa et al.

(30)

2008 27 NR 68.9 ± 9.6 Japan IVm NR 7.5ml Baseline 15/27 5.8 (1.0–15.0) 2/7.5ml FC OS Low

CellSearch CellSearch Matsusaka

et al. (31)

2010 52 44/8 62 (24–78) Japan IVm Chemo 7.5ml AOT 17/52 / 4/7.5ml Provided (M) PFS, OS High

CellSearch CellSearch Uenosono

et al. (32)

2013 148 99/49 57 (>70) Japan I–IV Surgery (R0) 7.5ml Baseline 16/148 31.6 (4–72) 1/7.5ml Provided (M) OS Low

CellSearch CellSearch Li et al.

(33)

2015 136 89/47 59 (25–80) China II–IV Chemo 7.5ml Post-therapy 57/136 28.3 (median) 3/7.5ml Provided (M) RFS, OS Low

CellSearch CellSearch Okabe et al.

(34)

2015 136 87/49 NR Japan II–IV NR 7.5ml Baseline 25/136 26 1/7.5ml Provided (M) PFS, OS Low

Survivin RT-PCR

ELISA

Yie et al.

(35)

2008 26 NR NR China I–IV Surgery (R0)

+ chemo

2ml Baseline 12/26 36 ROC Provided (M) RFS High

Survivin qRT-PCR Bertazza et al.

(36)

2009 70 39/31 68 (28–90) Italy I–IV Surgery 6ml AOS 53/70 15 (6–119) 75th Provided (M) OS Low

Survivin RT-PCR

ELISA

Cao et al.

(37)

2011 98 63/35 NR China I–IV Surgery 6ml Baseline 45/98 47.5 (36.5–56) ROC Provided (M) DFS Low

CK19 RT-PCR Majima et al.

(38)

2000 52 NR NR Japan I–IV Surgery 10ml Baseline 5/52 NR HC FC OS High

CK FC+ IF Noworolska

et al.

(39)

2007 57 44/13 NR Poland I–IV Surgery +

chemo

NR Baseline 31/57 NR 3/slides FC OS Low

CK20 RT-PCR Illert et al.

(40)

2005 70 48/22 69 (41–87) Germany I–IV Surgery (R0

+ R2)

9ml Baseline 28/70 20 (1–57) HC FC OS High

CK18/

E-cadherin

qRT-PCR Saad et al.

(41)

2010 30 16/14 NR Egypt I–IV Surgery +

chemo

2ml Baseline 15/15 NR HC Provided (M) OS, RFS Low

CK IF Liu et al.

(42)

2017 59 35/24 59 (median)China III–IV Chemo 5ml Baseline 36/23 NR 2/5 ml+ Provided (M) OS/DFS Low

MUC1/C-

Met

RT-PCR Uen et al.

(43)

2006 52 31/21 30 (>60) Taiwan I–IV Surgery 5ml AOS 32/52

(C-met),

37/52 (MUC1)

NR 5/ml FC OS High

hTERT/

CK19/CEA/MUC1

CMA3 Wu et al.

(44)

2006 64 41/23 60.5

(36–84)

Taiwan I–IV Surgery 4ml AOS 25/39 28 (20–33) ROC FC OS/DFS Low

CEA RT-PCR Ikeguchi et al.

(45)

2005 59 38/21 66.3

(26–86)

Japan I–IV Surgery 1.5ml AOS 27/43 20.1 (2–31) PC FC OS/DFS High

CEA qRT-PCR Ishigami et al.

(46)

2007 67 46/21 65 (median)Japan I–IV Surgery (R0) 5ml AOS 33/67 37 (23–48) PC FC OS High

CEA RT-PCR Qiu et al.

(47)

2010 123 82/41 59 (28–84) China I–IV Surgery (R0)

+ chemo

5ml Baseline 45/123 37 (3.0–73.6) PC Provided (M) DFS Low

B7-H3 RT-PCR Arigami et al.

(48)

2010 95 64/31 47 (>70) Japan I–IV Surgery (R0) 5ml Baseline 48/95 24 (1–74) ROC Provided (M) OS Low

Telomerase IF Ito et al.

(49)

2016 65 46/19 58.8

(33–76)

Japan I–IV Surgery (R0

+ R1)

7.5ml Baseline 18/47 60 ROC Provided (M) OS/RFS Low

(Continued)
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TABLE 1 | Continued

Target Detection

method

References Year Number M/F Age Region Cancer

stage

Treatment Sample

volume

Sample

time

Positive

ratio

Follow-up Cutoff HR

estimate

Outcomes Bias

CIRCULATING TUMOR DNA

APC/E-

cadherin

MSP Leung et al. (50) 2005 60 35/25 66 (35–96) Hong KongI–IV Surgery NR Baseline 7/53 8 (0–40) HC FC OS High

SOX17 MSP Ioanna et al. (51) 2013 73 51/22 56 (>60) Greece NR Surgery (R0) NR Baseline 43/30 56 (20–111) HC FC OS Low

BCL6B BGS Yang et al. (52) 2013 40 33/7 NR China IV NR 1ml Baseline 17/23 NR HC FC OS High

XAF1 MSP Ling et al. (53) 2013 202 120/87 57 (≥60) China I–IV Surgery NR Baseline 141/61 NR HC FC DFS Low

MINT2 qMSP Han et al. (54) 2014 92 53/39 24 (≥60) China I–IV Surgery NR Baseline 36/56 NR ROC Provided (U) DFS Low

P16 qMSP Wu et al. (55) 2014 92 53/39 24 (≥60) China I–IV Surgery NR NR 63/29 NR HC FC DFS Low

TIMP−3 MSP Yu et al. (56) 2014 92 54/38 24 (≥60) China I–IV Surgery NR Baseline 54/38 NR ROC Provided (U) PFS Low

APC/

RASSF1A

MSP Ioanna et al.

(57)

2015 73 51/11 70.5

(28–82)

Greece I–III Surgery(R0) NR Baseline 61.50/73 56 (12–111) HC FC OS Low

PCDH10/

RASSF1A

MSP Pimson et al.

(58)

2016 101 44/57 30 (≥61) Thailand I–IV NR NR NR 95.17/101 NR HC FC OS High

ARID1A/

P53/PIK3CA/

PTEN/AKT2

NGS Fang et al. (59) 2016 277 212/65 174/277 Taiwan I–IV Surgery NR Baseline 138/139 61 (2–232) Median FC OS Low

CIRCULATING microRNAs

MiR-200c RT-PCR Ayerbes et al.

(60)

2012 52 42/10 65.3

(49–74)

Spain I–IV Surgery +

chemo

10ml AOS 28/24 24 (6–53) ROC Provided (M) OS, PFS Low

MiR-200c qRT-PCR Zhang et al. (61) 2015 98 53/45 51 (≥60) China I–IV Surgery 5ml Baseline 50/48 NR Median Provided (M) OS Low

MiR-20a-5p RT-qPCR Yang et al. (62) 2017 55 35/20 33 (≥60) China I–IV Surgery 4ml Baseline 27/28 NR Median FC OS High

MiR-20a qRT-PCR Wang et al. (63) 2012 65 34/31 44 (>60) China I–IV Surgery 2ml Baseline 34/31 NR Median Provided (M) OS Low

MiR-21 qRT-PCR Komatsu et al.

(64)

2013 69 43/26 40 (>65) China I–IV Surgery 7ml Baseline 47/22 NR HC Provided (M) DFS Low

MiR-21 qRT-PCR Song et al. (65) 2013 103 68/35 60 (27–87) China I–IV Surgery 5ml Baseline 51/52 35.9 (24.4–53.1)Median Provided (U) OS Low

MiR-206 RT-PCR Hou et al. (66) 2016 150 98/52 59.8 (mean)China I–IV Surgery (R0) 5ml Baseline 75/75 38 ROC FC OS, DFS Low

Mir203 qRT-PCR Imaoka et al.

(67)

2016 130 122/61 66 (≥68) Japan I–IV Surgery +

chemo

5ml NR 53/77 31.4 (1–78) ROC FC OS, DFS Low

MiR-222 qRT-PCR Fu et al. (68) 2014 114 54/60 46 (>50) China I–IV NR <8ml Baseline 75/39 24 (4–60) ROC Provided (M) OS, DFS Low

MiR-27a qRT-PCR Huang et al.

(69)

2014 82 52/30 31 (>60) China IV Chemo NR Baseline 41/41 NR Median Provided (M) OS Low

MiR-23b qRT-PCR Zhuang et al.

(70)

2016 138 85/53 64 (≥60) China I–IV NR 5ml Baseline 79/79 NR Median Provided (M) OS, DFS Low

MiR-196a/b qRT-PCR Tsai et al. (71) 2016 98 57/41 53 (≥65) Taiwan I–IV Surgery NR Baseline/AOS 49/49 83 (64–137) ROC Provided (M) OS, Low

MiR-

192/MiR-

122

qRT-PCR Chen et al. (72) 2013 72 54/18 57 (44–62) China III–IV Chemo 3–5ml Baseline 34, 35/72 NR ROC Provided (M) OS Low

Total 43 3814

HC, healthy control; NC, negative control; PC, positive control; NR, not reported; FC, figure calculation; HR, hazard ratio; ROC, receiver operating characteristic curve; OS, overall survival; DFS, disease-free survival; PFS, progression-free

survival; +, 5/ml KATO-III GC cell in healthy control volunteers; 3, colorimetric membrane array; MSP, methylation-specific PCR; BGS, bisulfite genomic sequence; qMSP, quantitative methylation-specific PCR; NGS, next generation

sequencing; U, univariate; M, multivariate; R0, radical resection; m, metastatic cancers.
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FIGURE 2 | Forest plots of HRs for OS and DFS/PFS of GC patients, by CTC status. (A) Overall analysis of HR for OS of GC patients. (B) Subgroup analysis of HR for

OS of the GC patients by detection targets. (C) Overall analysis of HR for DFS/PFS of GC patients. (D) Subgroup analysis of HR for DFS/PFS of GC patients by

detection targets. HRs, hazard ratios; OS, overall survival; DFS, disease-free survival; PFS, progression-free survival; GC, gastric cancer; CTC, circulating tumor cell.

decrease in heterogeneity (I2 = 33.2%, p = 0.163), but the
association between ctDNA and OS remained significant (HR =

1.64, 95%CI 1.28–2.10, p < 0.001).
HRs for DFS/PFS were reported by five studies utilizing

ctDNA, representing 731 patients. The pooled HR showed a
significantly increased risk of disease progression or recurrence
in patients with ctDNA detection (HR = 2.38, 95%CI 1.31–4.32,
p = 0.004). Heterogeneity between studies was significant (I2 =
87.2%, p< 0.001). A Galbraith plot and a sensitivity analysis were
performed to explore the source of heterogeneity and stability of
the results. Although a sensitivity analysis showed that omission
of any single study would not substantially alter the outcomes,
the Galbraith plot showed that Fang et al. (59) and Ling et al.
(53) were outliers and the main contributors to heterogeneity
(Figure S3B). Excluding these two studies reduced heterogeneity
somewhat (I2 = 56.5%, p = 0.100) and made the association

between ctDNA and DFS/PFS more significant (HR = 2.19,
95%CI 1.31–3.66, p= 0.003, Figure 3B).

Circulating miRNA
HRs for OS in circulating miRNA were available in 13 studies,
representing 1,157 patients, and indicated a prognostic effect of
circulating miRNA detection (HR = 1.75, 95%CI 1.13–2.70, p
< 0.001), and there was considerable heterogeneity (I2 = 83.3%,
p= 0.000) (Figure 4A).

After sensitivity analyses were performed, it was found that
by excluding the only two studies with an HR estimate < 1
(67, 72), the adjusted pooled HR for OS was higher (HR =

2.13, 95%CI 1.61–2.83, p < 0.001) whereas heterogeneity was
substantially reduced (I2 = 53.4%, p = 0.014). In a manual
review of the original work of these two studies, the authors
considered the two targets, miR-203 and miR-122, as anti-tumor
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TABLE 2 | Subgroup analyses and meta-regression analyses.

CTCs miRNA ctDNA

OS DFS OS OS

N HR (95%CI) I2 (%) Pm N HR (95%CI) I2 (%) Pm N HR (95%CI) I2 (%) Pm N HR (95%CI) I2 (%) Pm

Sampling time

Baseline 10 1.63 (1.30–2.04) 13.3 0.225 8 3.15 (1.99–5.0) 56.1 0.755 2 2.58 (1.55–4.31) 0 0.9 / / / /

Post-op 8 2.30 (1.52–3.49) 64.4 3 4.04 (1.21–13.44) 82.4 9 2.04 (1.45–2.88) 63.9 / / / / /

Cutoff

HC/NC 5 1.57 (1.13–2.19) 0 0.267 3 1.86 (0.84–4.13) 46.6 0.278 / / / 5 1.94 (1.35–2.78) 49.7 0.520

ROC 3 1.62 (1.10–2.39) 5.8 3 3.88 (2.52–5.97) 0.00 5 2.60 (1.83–3.71) 15.3 0.275 / / / /

Percentiles 9 2.27 (1.60–3.22) 67.0 5 4.02 (2.00–8.10) 73.4 6 1.86 (1.26–2.75) 63.0 1 1.78 (1.36–2.34) / /

TNM stage

With early stage 13 1.45 (1.28–1.63) 0.2 0.01 7 3.38 (1.91–5.99) 61.4 0.437 9 2.32 (1.67–3.23) 57.7 0.268 5 1.79 (1.28–2.49) 58.8 0.865

Advanced or late stage 5 2.81 (1.79–4.40) 38.0 4 3.49 (1.63–7.53) 75.2 2 1.53 (0.97–2.41) 0 2 1.92 (1.15–3.20) 0 /

Risk bias

Low 11 1.84 (1.50–2.26) 52.1 0.689 6 2.87 (1.58–5.24) 60.0 0.497 2 2.34 (1.37–3.98) 0 0.27 3 1.52 (1.14–2.05) 41. 0.148

High 7 1.96 (1.36–2.82) 21.3 5 4.06 (2.15–7.68) 67.6 9 2.11 (1.51–5.94) 61.0 3 2.33 (1.56–3.50) 17.5

Ethnicity

Caucasian 4 1.34 (1.16–1.54) 0 0.008 1 6.14 (1.06–35.58) / 0.600 1 2.24 (1.09–4.61) / / 4 1.92 (1.38–2.67) 45.3 0.465

Mongolian 14 2.04 (1.64–2.54) 20.8 10 3.31 (2.12–5.16) 66.6 10 2.13 (1.57–2.90) 57.4 2 1.55 (0.85–2.83) 54.2

Sample size

<100 14 1.84 (1.45–2.33) 44.5 0.955 6 4.95 (2.92–8.37) 43.0 0.075 7 2.04 (1.56–2.67) 25.3 0.14 4 1.81 (1.25–2.62) 42.3 0.975

≥100 4 1.86 (1.19–2.92) 44.0 5 2.25(1.32–3.86) 59.1 4 2.27 (1.08–4.76) 53.4) 2 1.81 (1.11–2.95) 66.2

HR, hazard ratio; Ph, p value for inter-study heterogeneity; Pm, p value for meta-regression; HC, healthy control; NC, negative control; ROC, receiver operating characteristic curve.
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FIGURE 3 | Forest plots of HRs for (A) OS and (B) DFS/PFS of GC patients, based on detection of circulating tumor DNA status. HRs, hazard ratios; OS, overall

survival; DFS, disease-free survival; PFS, progression-free survival; GC, gastric cancer.

FIGURE 4 | Forest plots of HRs for (A) OS and (B) DFS/PFS of GC patients, based on detection of circulating miRNA status. HRs, hazard ratios; OS, overall survival;

DFS, disease-free survival; PFS, progression-free survival; GC, gastric cancer.

microRNAs on the basis of biological function. Therefore, a
subgroup analysis and ameta-regression analysis were performed
after excluding these targets, and then significant associations
between circulating miRNA detection and OS were found in both
sample time point groups (baseline and during/post-treatment).
Unlike CTC analyses, a subgroup analysis stratified by tumor
stage (all stages vs. advanced stage only) and ethnicity (Caucasian
vs. Mongolian) did not alter the bias and differences significantly
between these subgroups.

HRs for DFS/PFS in circulating miRNA were available in five
studies, representing 584 patients. The pooled HR for DFS/PFS
was 3.30 (95%CI 2.39–4.55, p< 0.001, Figure 4B). Heterogeneity
between HR estimates was not significant (I2 = 0.0%, p= 0.835).

DISCUSSIONS

Here, we report the largest meta-analysis of circulating tumor-
derived biomarkers and identify prognostic value for CTCs. Our

meta-analysis provides strong evidence, even after adjustment
for clinical variables. With over 3,800 included GC patients,
our study is the most comprehensive systematic review of the
association between liquid biopsy and GC prognosis to date,
substantially larger than previous studies (73, 74).

Importantly, we attempted to address biomarker detection

method, study heterogeneity, and disease stage. The association
between biomarker detection (CTC, ctDNA, or miRNA) was

relatively stable and not influenced largely by liquid biopsy
detection methods or disease stage. Even among GC patients
where samples were taken post-treatment, the association
remained significant, highlighting the potential clinical utility of
blood-based biomarkers in GC.

Overall, we observed a stronger association between
circulating marker detection and DFS than OS, suggesting
an important role in prognosis and patient stratification,
particularly in non-metastatic patients. We acknowledge
that an optimal cutoff value for each detection method
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remains to be determined, and a decreased heterogeneity was
observed in the receiver operating characteristic (ROC) cutoff
determination subgroups, indicating more consistent results
in studies that adapted ROC curves to determine patients’
tumor status.

Among the detection platforms examined, several important
observations warrant further discussion, and the analysis of
whole CTCs can be performed at the DNA or RNA (mRNA
or microRNA) and protein levels, whereas the analysis of
ctDNA and microRNAs can be performed only at the genomic
level. For example, one alternative to enumerating CTCs by
immunocytochemistry (ICC) is to estimate their presence using
RT-PCR to discover epithelial transcripts, which should not
be present in normal hematopoietic cells. However, detection
of CTCs often requires more cumbersome enrichment and
detection methods, whereas the detection of cfNAs can be
performed using blood plasma or serum, and easier methods
(24). Huang et al. (73) and our previous report (75) have
demonstrated the significance of CTC and ctDNA in GC patients’
prognosis prediction.

Among studies examining CTCs, the CellSearch System was
the most widely used method for detecting and enumerating
CTCs from blood samples, using a combination of epithelial
markers (EpCAM+; cytokeratin 8, 18, and/or 19; and CD45–).
It is still the first and only actionable commercial test for
detecting CTCs in cancer patients, including metastatic breast
(14), prostate (15), and colorectal cancers (16). Our results
further support its application for GC patients as a statistically
significant predictor of shorter OS and DFS/PFS.

Another popular marker type in CTC detection was found to
be cytokeratins (CKs). CKs have been found to have different
predictive values in patients from Asian (N = 2, HR = 3.54,
95%CI 1.84–6.82, p < 0.001) and Western populations (N = 3,
HR = 1.38, 95%CI 0.73–2.61, p = 0.328), which suggests that
they may play a different role in different ethnicities. Moreover,
CKs have tended to serve as biomarkers in a combination of their
own components (e.g., CK18, CK19, and CK20) (76) or alongside
other targets such as EpCAM (77, 78) to identify the epithelial
cells more precisely.

Circulating tumor DNA is composed of small fragments of
nucleic acid that are not associated with cells or cell fragments
(79). The most widely used method of detection is methylated
DNA in plasma/serum, which is usually identified by MSP
or quantitative MSP (qPCR) assays (80). All included studies
withdrew blood for ctDNA detection at the baseline time
point, which is probably because ctDNA is rapidly cleared
from circulation after surgery or other therapy because of its
short half-life (80). However, a previous study reported that
DNA methylation is relatively chemically stable and can be
detected at a sensitivity of up to 1:1,000 molecules (81). It is
therefore not surprising that most of the studies included in our
review focused on epigenetic regulation of circulating markers.
Only Fang et al. investigated the role of gene mutation and
copy number.

Although the dysregulation of ctDNA is relatively common
in gastroesophageal cancers (22), a reliably detectable prognostic

ctDNAs with high specificity is yet to be identified. Our meta-
analysis only covers genes and epigenetic regulators relevant
to GC. Whole gene screening assays, especially for genetic
mutations, are required to identify more associations (82, 83).

Beyond CTCs and ctDNA, circulating miRNAs (miRNAs) are
a large group of short, non-coding RNAs, 19–25 nucleotides long,
which regulate gene expression by pairing to the 3′ untranslated
region (3′-UTR) of their target mRNA (84). It has been suggested
that miRNAs could function as either tumor suppressor or
oncogenes by regulating gene expression at transcriptional
and translational levels in GC (85). Notably, although not all
detected CTCs are predictors of adverse outcomes (86), the
majority of them are. In contrast, certain miRNAs detected in
serum/plasma may be positive predictors of GC patient survival,
acting as tumor-suppresser genes, such as miR-192 and miR-
203. Nevertheless, our results also support previous evidence
that oncogenic circulating miRNAs are strongly significant
predictors of poorer outcomes, particularly for GC recurrence,
and progression (HR = 3.41, 95%CI 2.48–4.69, p < 0.001; I2 =
0.0%, p= 0.670).

In the past, it has been difficult to obtain tumor samples
fromGC patients without surgery, as endoscopic biopsy provides
limited genetic or cellular materials in most cases. Although
the optimal platform remains open to debate, the ability of
ctDNA to simultaneously detect genomic alterations is attractive
and might have a prognostic role. Our meta-analysis supports
the use of a series of detection targets and methods for
predicting GC patients’ OS and DFS. Intriguingly, our data
suggest that detection of certain circulating markers at any
time, pre-treatment, or post-treatment, provides important
prognostic information. Among the overall advanced disease
population, the presence of CTCs and tumor-related nucleic
acids may help identify those patients that could benefit most,
or at least, from systematic therapy including chemotherapy,
target therapy, or immunotherapy (87, 88). In the era of NGS
and a combination of multi-analytic biomarkers (89–91), our
meta-analysis provides a solid foundation and methodological
reference for further study.

We acknowledge several limitations to our large meta-
analysis. First, studies may tend to selectively report their
positive results, leading to risk of selection and publication
bias. Second, the majority of our studies enrolled patients
from all disease stages, making it difficult to stratify the
prognostic value of circulating biomarkers by stage. In addition,
a subgroup analysis of some variables involved groups with
small sample sizes, which might bias our conclusions.
Although meta-regression has indicated that tumor stage
and ethnicity may contribute to inter-study heterogeneity in
prognostic value, large, multicenter prospective studies based on
homogeneous patient populations are still required to validate
our findings.

CONCLUSIONS

In conclusion, results of this meta-analysis demonstrated a
significant role for liquid biopsy, including CTCs, ctDNA,
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and circulating miRNA, in predicting worse prognosis of
patients with GC. By analyzing currently available studies,
CTCs demonstrated a stronger and more stable predicative
value in late-stage disease and Mongolian populations
compared with early-stage disease and Caucasian populations,
respectively. Careful selection of circulating markers and
standard detection methods are likely to be fundamental
to optimizing the accuracy of liquid biopsy in determining
GC patients’ prognosis. And further multicentered studies
applying specific circulating biomarkers are warranted to
clarify the clinical validity of liquid biopsy and its utility in
GC patients.
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Introduction: Biomarkers are biological molecules entirely or partially participating in

cancerous processes that function as measurable indicators of abnormal changes in the

human body microenvironment. Aiming to provide an overview of associations between

prognostic biomarkers and gastric cancer (GC), we performed this umbrella review

analyzing currently available meta-analyses and grading the evidence depending on the

credibility of their associations.

Methods: A systematic literature search was conducted by two independent

investigators of the PubMed, Embase, Web of Science, and Cochrane Databases to

identify meta-analyses investigating associations between prognostic biomarkers and

GC. The strength of evidence for prognostic biomarkers for GC were categorized into

four grades: strong, highly suggestive, suggestive, and weak.

Results: Among 120 associations between prognostic biomarkers and GC survival

outcomes, only one association, namely the association between platelet count and

GC OS, was supported by strong evidence. Associations between FITC, CEA, NLR,

foxp3+ Treg lymphocytes (both 1- and 3-year OS), CA 19-9, or VEGF and GC OS were

supported by highly suggestive evidence. Four associations were considered suggestive

and the remaining 108 associations were supported by weak or not suggestive evidence.

Discussion: The association between platelet count and GC OS was supported by

strong evidence. Associations between FITC, CEA, NLR, foxp3+ Treg lymphocytes (both

1- and 3-year OS), CA 19-9, or VEGF and GC OS were supported by highly suggestive

evidence, however, the results should be interpreted cautiously due to inadequate

methodological quality as deemed by AMSTAR 2.0.

Keywords: biomarkers, gastric cancer, umbrella review, prognostic, survival

INTRODUCTION

Gastric cancer (GC) was the most common cancer worldwide less than a century ago (1). Despite
a decreasing incidence in recent decades, GC remains the most commonly diagnosed cancer
in Eastern Asia (2). According to the National Central Cancer Registry in China, GC is the
second most common cancer in china, with 298,800 cases in 2013 alone, which means that
approximately 42 individuals suffer GC in every 100,000 people (3). The best options to reduce
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mortality are treatments aimed at early detection, systematic
prevention and personalized therapy. Meanwhile, traditional
treatment strategies such as surgery have potentially reached a
ceiling regarding locoregional control and mortality reduction,
reflecting the dilemma that GC remains unsatisfactorily incurable
worldwide (4).

Biomarkers are biological molecules entirely or partially
participating in cancerous processes that function as
measurable indicators of abnormal changes in the human
body microenvironment (5, 6). Many studies have reported the
importance of biomarkers in clinical GC applications including
diagnosis, treatments and prognosis. There are currently three
main types of cancer biomarkers distinguished by clinical
use: predictive, prognostic, and pharmacodynamic markers
(7–10). Countries with high GC incidence, such as Japan, have
established adequate tumor monitoring systems to detect and
diagnose GC at early stages, greatly improving survival (4).
Prognostic biomarkers play essential roles in distinguishing
between benign and malignant tumors, monitoring progress
of advanced GCs, and predicting survival outcomes. Several
protein cancer biomarkers are widely used and have become
routine in clinical practice, especially α-fetoprotein (AFP) which
has been proven to improve early diagnosis of hepatocellular
cancer, resulting in more superior survival outcomes (11, 12).
Many cohort and case-control studies have explored biomarkers
associated with GC, and several meta-analyses have been
published to systematically analyze these results. Aiming
to provide an overview of associations between prognostic
biomarkers and GC, we performed this umbrella review
analyzing currently available meta-analyses and grading the
evidence depending on the credibility of their associations.

METHODS

Search Strategy and Eligibility Criteria
A systematic literature search was conducted by two independent
investigators of the PubMed, Embase, Web of Science, and
Cochrane Databases to identify meta-analyses investigating
associations between prognostic biomarkers and GC published
from inception through April 11, 2019. The following relevant
keywords were used to conduct our electronic database search:
(risk factors ORHelicobacter pylori ORH. pylori OR peptic ulcer
disease OR gastritis OR inflammation OR IL-7 OR IL-10 OR
gastric ulcer OR gastroesophageal reflux disease OR GERD OR
esophagogastric junction OR dysplastic intestinal metaplasia
OR cardia OR smoking OR smoker OR alcohol OR chemical
exposure OR occupational exposure OR high temperature OR
particulates OR metal OR chromium OR asbestos OR talc OR
crystalline silica OR diet OR salt OR preserved meat OR red
meat OR coffee OR caffeinated intake OR caffeine intake OR
caffeine OR decaffeinated OR decaffeinated intake OR fruits OR
vegetables OR obesity OR obese OR BMI OR body mass index
OR anemia OR gastric surgery OR radiation OR Epstein-Barr
virus OR EBV OR socioeconomic status OR poverty OR wealth
OR education OR level of education OR educational level OR
schooling OR blood group OR blood type OR sex OR gender
OR sexuality OR man OR male OR woman OR female OR

anti-estrogen drugs OR tamoxifen OR hormone replacement
therapy OR HRT OR parity OR pregnancy OR menopause
OR premenopausal OR post-menopausal OR ethnic origin OR
ethnicity OR race OR screening programs OR radiography
OR endoscopy OR serum pepsinogen level OR exercise OR
physical activity OR family history OR familial OR radiation
OR radiotherapy OR cohabiting OR living together OR partner
OR partnered OR insulin OR metformin OR aspirin OR aspirin
containing medications OR drugs OR medicine) AND (gastric
cancer OR gastric carcinoma OR gastric neoplasia OR gastric
tumor OR gastric neoplasm OR gastric maligna∗ OR GC
OR stomach carcinoma OR stomach neoplasia OR stomach
tumor OR stomach neoplasm OR stomach maligna∗) AND
(systematic review OR meta-analysis OR metaanalysis). Only
meta-analyses were included in this umbrella review, irrespective
of publication year or language; case reports, commentaries,
editorials, conference abstracts and letters were excluded. We
also manually reviewed the reference lists in the retrieved meta-
analyses to include any related studies.

A detailed eligibility criterion was formulated for study
inclusion: (1) we included studies clearly examining associations
between prognostic biomarkers, rather than predictive or
pharmacodynamic markers, and GC survival outcomes
including but not limited to overall survival (OS), disease-free
survival (DFS), progression-free survival (PFS) and cancer-
specific survival (CSS). (2) We excluded studies investigating
genetic polymorphism and GC incidence. Studies focusing
on benign gastric tumors such as leiomyoma, neurofibroma
and gastrointestinal stromal tumors were also excluded (3).
We excluded meta-analyses containing less than three original
studies or not providing sufficient data from each individual
study. When two or more meta-analyses focused on one
specific association, we included the meta-analysis with largest
sample size.

Data Extraction
Two investigators independently performed data extraction
from included meta-analyses and resolved differences through
discussion. The following values were retrieved from each
included study: first author name, publication year; country,
name and classification of biomarker and its associations with
GC, relative risk estimates, including risk ratio (RR), odds ratio
(OR), hazard ratio (HR) and the corresponding 95% confidence
interval (CI), number of include studies, number of cases, and
population size.

Quality Assessment
The methodological quality of included meta-analyses was
evaluated through AMSTAR (A MeaSurement Tool to Assess
systematic Reviews) version 2.0 (2017) (13), a vital appraisal tool
for umbrella reviews to assess involved randomized trials with
high efficiency. The revised version simplifies response categories
and contains 16 items in all which provide a more comprehensive
appraisal compared with the original AMSTAR. Rather than
outputting an overall score, AMSTAR 2 evaluates single study
quality by calculating scores in specific items and then describes
results as either high, moderate, low, or critically low grade.
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Statistical Analysis
Statistical analyses were conducted using STATA version
12.0 (StataCorp. LLC, College Station, TX, USA). Random-
effect models were used to estimate summary effects for
included studies considering the inevitable heterogeneity
caused by multiple sources. Relative risk estimates,
95% confidence interval (CI) and corresponding P-
values were calculated. The significance level was set to
P < 0.05 (14).

Interstudy heterogeneity was analyzed through Cochran’s Q
test and the I2 statistic was calculated. Ranging from 0 to 100%,
I2 quantitatively demonstrates variability among risk estimates,
with I2 > 50% indicating great heterogeneity (15). Interstudy
heterogeneity was also analyzed using 95% prediction intervals
(PI), assessing the impact of uncertainty in individual studies and
prone to be more conservative (16, 17).

Several methods were used to evaluate bias in associations
between prognostic biomarkers and GC. Egger’s regression

FIGURE 1 | Flow diagram.
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asymmetry test was performed to assess whether small-study
effects existed (17), with a P < 0.01 considered statistically
significant with more conservative results in the largest study.

Excess significance bias was applied to avoid potential biases
such as selective reporting biases or publication biases. To assess
whether the number of expected studies (E) was in accordance
with the observed number (O) with nominally significant results
or less, chi-square statistics were performed (18) with a two-
tailed P < 0.10 as the statistical significance threshold. The
number of studies expected to be statistically significant was
calculated by summing up statistical power estimates extracted
from each component using an algorithm from a non-central
t distribution. The observed number was extracted from the
relative risk estimate of the largest study. In cases where O > E
and P < 0.10, excess significance was considered positive.

Credibility ceiling sensitivity analyses were performed for
weak evidence to skeptically analyze precise results provided by
included meta-analyses. The credibility ceiling was set at 10%
for this study, based on the assumption that the likelihood of a
specific effect always has a limitation, in other words, no matter
how well-designed a study was, its effect in this particular aspect
is restricted and impossible to exceed maximum value (19).

Strength of Existing Evidence
The strength of evidence for prognostic biomarkers for GC
were categorized into four grades in accordance with previous
studies (20, 21): strong, highly suggestive, suggestive, and weak.
Categorization criteria are as follow: (1) a study was considered
as strong evidence if it presented a P< 10−6, I2 < 50%, calculated
95% PI excluding the null value, a sample size >1,000 cases, was
absent evidence of small-study effects and excess significance and
survived the 10% credibility ceiling (P > 0.05); (2) a study would
be rated as highly suggestive evidence if it presented a P < 10−6

with a sample size >1,000 cases; (3) a study would be categorized
as suggestive evidence if it presented a P < 10−3 with a sample
size >1,000 cases; (4) a study would be assessed as weak evidence
if it presented a P < 0.05.

RESULTS

Characteristics of the Included Systematic
Reviews and Meta-Analyses
A total of 2,484 records were identified from the literature
search and manual screening of references, of which 2,283 were
excluded after title and abstract screening. Ultimately, 74 of
the remaining 201 studies met the inclusion criteria after full-
text review (22–97). The search flowchart is shown in Figure 1,
and the full list of the 201 studies and exclusion reasons
for 127 of them are shown in Supplementary Table S1. Of
note, we selected the most recent systematic review and meta-
analysis investigating the association between HER2 and GC
mortality (96) rather than the study with the largest number of
primary studies (98) for inclusion because the latter searched
for studies published in 2015 while the former was published
in 2017 and the included studies needed to be updated. The
included studies covered 120 different associations between
prognostic biomarkers and GC survival outcomes, more than

79,000 subjects, and over 1,000 studies. Characteristics of the
120 associations in the included systematic reviews and meta-
analyses are shown in Table 1. Data on the primary studies
included in the 74 systematic reviews and meta-analyses were
also extracted, processed, and coded to perform various analyses.

Methodological Quality Assessment Using
AMSTAR 2.0
The methodological quality of all included systematic reviews
and meta-analyses was deemed critically low using the 16-item
AMSTAR 2.0. Detailed results, scoring criteria, and rating criteria
are shown in Supplementary Table S2. All included studies had
more than two critical flaws [usually in items 2 (74/74, 100%),
7 (74/74, 100%), and 13 (74/74, 100%)] and several non-critical
flaws [usually in items 3 (74/74, 100%), 10 (74/74, 100%), and 12
(74/74, 100%)]. Of note, studies with at least two critical flaws
with or without non-critical flaws were considered as having
critically low methodological quality.

Summary Effect Size
The quantitative syntheses of the 120 associations were re-
performed using a random-effect model to provide more
conservative estimates. Forty-seven associations reached
P < 10−6 (Table 2 and Supplementary Table S3). Twenty-one
associations had moderate statistical significance (P < 10−3).
The remaining 52 associations presented either P < 0.05 or no
statistical significance. Most associations that reached statistical
significance reported an increased risk of mortality of GC,
indicating the potential prognostic effect of biomarkers for GC.
Associations between Foxp3+ Treg lymphocytes and 1-, 3-, and
5-year survival of GC, between intraperitoneal free cancer cell
(IFCC) and OS of GC, between Forkhead Box M1 (FOXM1)
and 1- and 5-year survival of GC, between Silent information
regulator 1 (Sirt1) and 3-year survival of GC, and between CC
chemokine receptor type 7 (CCR7) and 5-year survival of GC all
reported a decreased risk of mortality of GC.

Heterogeneity
Seventy-six of the 120 (63.3%) associations demonstrated
significant heterogeneity (P < 0.1), of which 54 showed high
heterogeneity and 23 presented moderate to high heterogeneity.
The 95% PI was also calculated to further assess inter-study
heterogeneity. The 95% PIs of 38 associations excluded the null
value (Table 2 and Supplementary Table S3).

Small-Study Effects
Small study effects were found in fifteen associations: FITCs and
GC OS, tissue VEGF and GC OS, β-catenin and GC OS, p53 and
GC OS, MAPF and GC OS, uPAR and GC OS, MET and GC OS,
CD133 and 5-year-survival of GC, PTEN and 5-year-survival of
GC, FOXM1 and 5-year-survival of GC, Sirt1 and 3-year-survival
of GC, MMP9 and 5-year-survival of GC, SOX2 and GC OS,
S100A4 and GCOS, NME1 and GCOS all had P < 0.1 for Egger’s
test (Table 2 and Supplementary Table S3). Only one of the 120
associations contained an inadequate number of studies (<10)
and failed to empower Egger’s test to identify small-study effects:
CD44v6 and GC OS.
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TABLE 1 | Characteristics of the 120 associations in the included systematic reviews and meta-analyses.

References Biomarker Association

between

biomarker and

gastric cancer

Effect

metrics

Country No. of

study

estimates

No. of

cases/total

population

Summary relative risk

estimate (95% CI)

Kim et al. (25) ARID1A OS HR Korea 4 344/1,316 1.51 (1.25–1.82)

Liu et al. (88) BIRC5 OS HR China 18 492#/1,528# 1.15 (0.82–1.61)

Chen et al. (82) BIRC5 5-year OS OR China 6 230#/634 1.61 (1.41–1.85)

PTEN 5-year OS OR China 9 639#/1,548 1.59 (1.38–1.84)

HIF-1α 5-year OS OR China 10 454/1,400 1.52 (1.28–1.81)

Shao et al. (75) Bmi-1 OS HR China 3 396#/633 1.50 (1.22–1.85)

Song et al. (57) CA 19-9 OS HR China 29 2609#/8882 1.83 (1.56–2.15)

DFS HR China 7 497#/2037 1.86 (1.17–2.96)

DSS HR China 6 473#/1304 1.30 (1.04–1.61)

Du et al. (37) CCR7 5-year OS HR China 4 94#/569 0.47 (0.31–0.70)

Lu et al. (41) CD44 5-year OS HR China 9 653/1234 1.87 (1.55–2.26)

CD133 5-year OS HR China 8 901/1424 2.15 (1.71–2.70)

Jiang et al. (26) CD3+ T lymphocytes OS HR China 11 826#/1851 0.66 (0.54–0.80)

CD4+ T lymphocytes OS HR China 9 655#/1762 0.80 (0.64–1.00)

CD8+ T lymphocytes OS HR China 13 1012/2185 0.83 (0.70–0.99)

Foxp3+ Treg lymphocytes OS HR China 20 1147/2725 0.97 (0.74–1.28)

Dendritic cells OS HR China 3 149/402 0.62 (0.15–2.51)

Wu et al. (54) CD44 OS HR China 9 594/1210 0.91 (0.59–1.41)

DFS HR China 3 121/286 1.68 (1.14–2.49)

CD44v6 OS HR China 5 154#/441 1.26 (0.33–4.84)

Lu et al. (42) CD44v6 5-year OS OR China 5 394/796 1.41 (0.80–2.49)

Meng et al. (60) CDH17 5-year OS RR China 6 456#/1716 0.87 (0.67–1.14)

Wang et al. (92) Cdx2 5-year OS HR China 4 199/475 2.21 (1.78–2.74)

Deng et al. (65) CEA OS HR China 51 3491#/8519 1.73 (1.57–1.90)

DFS HR China 6 295#/1535 2.27 (1.72–3.01)

DSS HR China 7 542/1227 1.95 (1.50–2.54)

Liu et al. (94) Tissue VEGF OS HR China 21 1056#/2691 2.13 (1.71–2.64)

DFS HR China 7 465/1114 2.03 (1.57–2.62)

DSS HR China 3 190/381 2.59 (1.33–5.06)

Circulating VEGF OS HR China 3 105/209 4.22 (2.47–7.18)

Tissue VEGF-D OS HR China 4 99#/282 1.73 (1.25–2.40)

Liu et al. (62) CLDN4 OS HR China 7 378#/1030 2.01 (1.62–2.50)

Yu et al. (85) c-Met OS HR China 16 770#/1789 2.11 (1.62–2.75)

Yu et al. (86) CRP OS HR China 12 996#/2597 1.77 (1.56–2.00)

Zhang et al. (68) CTCs OS HR China 30 698#/2090 1.79 (1.49–2.15)

RFS HR China 10 201#/781 2.91 (1.83–4.62)

Wang et al. (72) CTCs RFS* HR China 11 259#/1538 2.41 (1.93–3.01)

Liu et al. (43) DKK1 OS RR China 3 209/616 2.67 (2.05–3.48)

Li et al. (78) E-cadherin 5-year OS RR China 8 584#/1265# 1.61 (1.37–1.88)

Chen et al. (90) EGFR OS HR China 7 613/1289 1.66 (1.35–2.03)

Song et al. (58) ERCC1 OS HR China 15 869#/1594 1.48 (1.02–2.13)

Guo et al. (80) EZH2 OS HR China 4 282/496 1.20 (0.51–2.81)

Zeng et al. (34) FAK OS HR China 7 750#/2408 2.65 (1.74–4.02)

Tan et al. (87) Fascin-1 OS HR UK 3 273#/750 1.15 (0.83–1.57)

Liu et al. (24) FGFR2 3-year OS OR China 10 1154/2093 1.90 (1.17–3.07)

FGFR2 5-year OS OR China 8 973/1922 1.77 (1.04–3.02)

Wang et al. (73) FHIT OS HR China 8 855#/1361 1.27 (1.07–1.51)

(Continued)
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TABLE 1 | Continued

References Biomarker Association

between

biomarker and

gastric cancer

Effect

metrics

Country No. of

study

estimates

No. of

cases/total

population

Summary relative risk

estimate (95% CI)

Pecqueux et al.

(59)

FITC OS HR Germany 51 5567#/11540 3.23 (2.79–3.73)

Dai et al. (66) FOXM1 OS HR China 3 41#/220 2.27 (1.13–4.58)

Jiang et al. (26) FOXM1 1-year OS OR China 6 46#/419 0.23 (0.11–0.48)

3-year OS OR China 4 35#/282 0.14 (0.04–0.56)

5-year OS OR China 4 38#/282 0.16 (0.07–0.38)

Huang et al. (97) Foxp3+ Treg lymphocytes 1-year OS OR China 12 1672/1901 0.39 (0.29–0.54)

3-year OS OR China 11 1167/1825 0.28 (0.21–0.38)

5-year OS OR China 12 964/1888 0.31 (0.21–0.44)

Lei et al. (96) HER2 OS RR China 10 2170#/3913 1.47 (1.09–1.98)

Gu et al. (81) HER2 RFS HR China 4 701/3054 1.07 (0.84–1.37)

Cao et al. (51) HER4 3-year OS OR China 3 27#/415 1.00 (0.85–1.18)

Zhang et al. (84) HIF-1α OS HR China 10 533/1252 1.34 (1.13–1.58)

DFS HR China 5 266/403 1.67 (0.99–2.82)

Ma et al. (61) HOTAIR OS HR China 4 239/396 1.55 (0.84–2.88)

Tustumi et al. (39) IFCC OS RD Brazil 11 984#/2520 0.37 (0.31–0.44)

Gao et al. (63) IGF-1R OS HR China 4 373#/1289 2.63 (1.29–5.40)

Luo et al. (22) Ki-67 OS HR China 22 1741#/3197 1.23 (1.06–1.42)

DFS HR China 5 217/464 1.87 (1.30–2.69)

Huang et al. (46) LGR5 OS HR China 4 39/359 1.66 (1.02–2.69)

Wang et al. (38) TAMs OS HR China 7 462#/771 1.71 (1.35–2.15)

M2 TAM OS HR China 4 537/886 1.71 (1.19–2.45)

Deng et al. (50) MAPF OS HR China 7 348#/871 2.74 (2.20–3.42)

DFS HR China 6 381#/750 3.28 (1.93–5.59)

Peritoneal RFS HR China 6 323/822 4.95 (3.23–7.57)

Peng et al. (76) MET (HGFR) OS HR China 16 749/2302 2.57 (1.97–3.35)

Dong et al. (64) MMP14 OS HR China 3 360594 2.17 (1.64–2.86)

Shen et al. (74) MMP2 OS HR China 10 1020/1514 1.92 (1.48–2.48)

Zhang et al. (91) MMP9 OS HR China 11 790#/1611 1.25 (1.11–1.40)

Chen et al. (67) MMP9 5-year OS RR China 8 328#/1090 1.51 (1.24–1.84)

Wang et al. (37) MUC1 5-year OS HR China 4 423/758 0.28 (0.12–0.66)

Zhang et al. (52) MUC5AC OS HR China 6 422#/1384 1.34 (1.00–1.81)

Sun et al. (40) NLR OS HR China 19 2926#/5431 1.98 (1.75–2.25)

DFS HR China 3 382/488 1.48 (1.05–2.09)

PFS HR China 4 452/488 1.62 (1.32–1.98)

Fang et al. (29) NM23 5-year OS OR China 9 732/1685 0.60 (0.24–1.46)

Han et al. (47) NME1 OS HR China 5 444/960 0.75 (0.35–1.63)

Gu et al. (48) OPN OS HR China 8 879/1633 1.59 (1.15–2.22)

Wei et al. (56) P53 OS HR China 21 2487#/4670 1.56 (1.23–1.98)

DSS HR China 14 1015#/2053 1.59 (1.34–1.88)

Brungs et al. (33) uPA OS HR Australia 12 537#/1130 2.21 (1.74–2.8)

RFS HR Australia 3 287/468 1.90 (1.17–1.98)

uPAR OS HR Australia 11 459#/1016 2.19 (1.80–2.66)

PAI-1 OS HR Australia 9 407#/798 1.80 (1.25–2.60)

RFS HR Australia 3 161/465 1.96 (1.07–3.57)

Cao et al. (32) p-Akt OS HR China 11 615#/1737 1.41 (1.01–1.97)

Gu et al. (27) PD-L1 OS HR China 15 1312#/3291 1.46 (1.08–1.98)

Wu et al. (55) PD-L1 3-year OS OR China 3 161/313 4.13 (1.84–9.21)

(Continued)
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TABLE 1 | Continued

References Biomarker Association

between

biomarker and

gastric cancer

Effect

metrics

Country No. of

study

estimates

No. of

cases/total

population

Summary relative risk

estimate (95% CI)

Xin-Ji et al. (53) Platelet count OS HR China 7 1132#/5515 1.74 (1.41–2.13)

Xu et al. (35) PLR OS HR China 7 1290#/4121 0.99 (0.89–1.10)

Hu et al. (89) PRL-3 OS HR China 6 756#/1249 1.90 (1.38–2.60)

Ji et al. (45) pSTAT3 OS HR China 11 815#/1547 1.97 (1.49–2.63)

Wang et al. (71) S100A4 OS HR China 7 500#/866# 1.47 (0.77–2.81)

Jiang et al. (44) Sirt1 3-year OS OR China 5 618/987 0.32 (0.19–0.55)

5-year OS OR China 4 785/1264 0.44 (0.15–1.29)

Zhang et al. (69) SK1 5-year OS HR China 3 597/677 1.58 (1.08–2.30)

Lin et al. (77) SOX2 OS HR China 8 415/875 1.46 (0.84–2.54)

Wang et al. (70) SPARC OS RR China 6 458/851 1.67 (1.44–1.93)

Wu et al. (36) STAT3 3-year OS OR China 10 960/1647 4.08 (1.81–9.21)

5-year OS OR China 10 768/1647 5.47 (2.16–13.86)

Gao et al. (49) TS OS HR China 12 735#/2174 1.07 (0.75–1.52)

EFS HR China 10 667#/2072 1.16 (0.84–1.61)

Chen et al. (95) VEGF 5-year OS RR China 11 468#/1195# 2.43 (1.95–3.03)

Peng et al. (93) VEGF-A OS HR China 15 657#/2166 1.96 (1.56–2.45)

DFS HR China 7 370#/1233 2.10 (1.57–2.81)

VEGF-D DFS HR China 5 138#/536 2.54 (1.58–4.07)

Cao et al. (83) VEGF-C OS HR China 11 520#/1594 1.67 (1.26–2.21)

DFS HR China 5 217#/1020 1.53 (0.92–2.57)

Ge et al. (28) VEGFR-3 3-year OS HR China 6 334/699 1.38 (0.93–2.04)

5-year OS HR China 6 373/511 1.45 (1.06–1.97)

Chen et al. (31) ZEB1 OS HR China 3 373/511 2.06 (1.49–2.84)

ZEB2 OS HR China 3 309/481 2.06 (1.57–2.62)

Li et al. (79) β-catenin OS HR China 15 1215#/2261 1.85 (1.39–2.46)

CI, confidence interval; OS, overall survival; DFS, disease free survival; RFS, recurrence free survival; PFS, progression free survival; EFS, event-free survival; peritoneal RFS, peritoneal

recurrence-free survival; DSS, disease-specifc survival; RFS
*
, relapse free survival; ARID1A, AT-rich interactive domain-containing 1A protein; BIRC5, (Survivin); PTEN, Phosphatase and

tensin homolog; HIF-1α, Hypoxia inducible factor-1α; Bmi-1, B-cell-specific moloney leukemia virus insertion site 1; CA 19-9, serum carbohydrate antigen 19; CCR7, CC chemokine

receptor type 7; CDH17, cadherin-17; CEA, carcinoembryonic antigen; Tissue VEGF, tissue vascular endothelial growth factor; Circulating VEGF, circulating vascular endothelial growth

factor; Tissue VEGF-D, tissue vascular endothelial growth factor D; CLDN4, claudin 4; CRP, C-reactive protein; CTCs, circulating tumor cells; DKK1, Dickkopf-1; EGFR, human epidermal

growth factor receptor; ERCC1, excision repair cross-complementing group 1; EZH2, Zeste homolog 2; FAK, focal adhesion kinase; FGFR2, fibroblast growth factor receptors; FHIT

(bis(5
′

-adenosyl)-triphosphatase), fragile histidine triad protein; FITC, free intraperitoneal tumor cells; FOXM1, forkhead Box M1; HER2, human epidermal growth factor receptor-2;

HOTAIR, HOX transcript antisense intergenic RNA; IFCC, intraperitoneal free cancer cell; IGF-1R, insulin-like growth factor receptor type I; LGR5, leucinerich repeat-containing G-

protein-coupled receptor 5; TAMs, Tumor-associated macrophages; MAPF, molecular analysis of peritoneal fluid; MET (HGFR), hepatocyte growth factor receptor; MMP14, matrix

metalloproteinase 14; MMP2, matrix metalloproteinase 2; MMP9, matrix metalloproteinase 9; MUC1, mucin 1; MUC5AC, mucin 5AC; NLR, neutrophil-to-lymphocyte ratio; NM23, non-

metastatic protein 23; NME1 (NM23-H1 or NDPK-A); OPN, osteopontin; uPA, the urokinase plasminogen activation; uPAR, urokinase plasminogen activator receptor; PAI-1, plasminogen

activator inhibitor-1; p-Akt, phosphorylated protein kinase B; PD-L1, programmed cell death ligand 1; PLR, platelet-lymphocyte ratio; PRL-3, phosphatase of regenerating liver 3; pSTAT3,

phosphorylated signal transducer and activator of transcription proteins 3; Sirt1, silent information regulator 1; SOX2, Sex-determining region Y-box 2; SPARC (osteonectin or BM-40),

secreted protein acidic and rich in cysteine; STAT3, signal transducer and activator of transcription proteins 3; TS, thymidylate synthase; VEGF, vascular endothelial growth factor; VEGF,

vascular endothelial growth factor; VEGF-C, vascular endothelial growth factor-C; VEGFR-3, vascular endothelial growth factor receptors 3; ZEB1, (TCF8, AREB6 or Zfhx1a) zinc fnger

E-box binding homeobox 1; ZEB2, (SIP1, HSPC082 and Zfhx1b) zinc fnger E-box binding homeobox 2. #Contain missing values.

EXCESS SIGNIFICANCE

Excess significance was significant (O>E and P < 0.1) in 45
associations (Table 2 and Supplementary Table S3).

10% Credibility Ceiling
Seventy-seven of the 120 associations survived the 10% credibility
ceiling, including all associations graded as strong, highly
suggestive, or suggestive and most of the associations classified
as weak evidence. Details can be found in Table 2 and
Supplementary Table S3.

Robustness of Evidence
None of the 120 associations between prognostic biomarkers and
GC survival outcomes were considered strong evidence.
Only one association, namely the association between
platelet count and GC OS, was supported by strong
evidence. Seven associations were supported by highly
suggestive evidence, including associations between free
intraperitoneal tumor cells (FITCs) and GC OS, between
CEA and GC OS, between neutrophils to lymphocytes ratio
(NLR) and GC OS, between foxp3+ Treg lymphocytes
and 1- and 3-year-OS of GC, between serum carbohydrate
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TABLE 2 | Evidence-rating results based on the results of statistical analyses of the 120 associations.

Study Association between

biomarkers and gastric

cancer

Summary

relative risk

estimate

(random-

effect

P)*

Cases

>1000

Largest

study

relative

risk

estimate

P<0.05

I2 < 50% Small

study

effects

95%

prediction

interval

exclude

the null

value

Excess

significance

10%

credibility

ceiling

survival

Associations supported by strong evidence (1)

Zhang et al. (52) platelet count OS +++ + + – – + – +

Associations supported by highly suggestive evidence (7)

Song et al. (57) CA 19-9 OS +++ + + – – – + +

Deng et al. (65) CEA OS +++ + + + – + – +

Pecqueux et al.

(59)

FITC OS +++ + + – + + + +

Huang et al. (97) Foxp3+ Treg lymphocytes

1-year OS

+++ + + + – + – +

Huang et al. (97) Foxp3+ Treg lymphocytes

3-year OS

+++ + + + – + + +

Sun et al. (40) NLR OS +++ + + – – + + +

Liu et al. (94) Tissue VEGF OS +++ + + – + – + +

Associations supported by suggestive evidence (4)

Shen et al. (74) MMP2 OS +++ + – – – – + +

Wei et al. (56) p53 OS ++ + – – + – + +

Wei et al. (56) p53 DSS +++ + – + – + + +

Li et al. (79) β-catenin OS ++ + – – + – – +

Associations supported by weak evidence (84)

Kim et al. (25) ARID1A OS ++ – + + – + + +

Chen et al. (82) BIRC5 5-year OS +++ – + + – + – +

Shao et al. (75) Bmi-1 OS ++ – + + – – – +

Song et al. (57) CA 19-9 DFS + – + – – – – +

Song et al. (57) CA 19-9 DSS + – + + – – – –

Du et al. (37) CCR7 5-year OS ++ – + + – – – –

Lu et al. (41) CD133 5-year OS +++ – + + + + – +

Jiang et al. (26) CD3+ T lymphocytes OS ++ – + + – – – +

Jiang et al. (26) CD4+ T lymphocytes OS + – + – – – – –

Lu et al. (41) CD44 5-year OS +++ – – + – + + +

Wu et al. (54) CD44 DFS + – – + – – – –

Jiang et al. (26) CD8+ T lymphocytes OS + + + + – – + –

Wang et al. (92) Cdx2 5-year OS +++ – + + – + – +

Deng et al. (65) CEA DFS +++ – + + – + – +

Deng et al. (65) CEA DSS +++ – + + – + – +

Liu et al. (94) Circulating VEGF OS +++ – + + – – – +

Liu et al. (62) CLDN4 OS +++ – + + – + – +

Yu et al. (85) c-MET OS +++ – – – – – + +

Yu et al. (86) CRP OS +++ – + + – + + +

Zhang et al. (68) CTCs OS +++ – + + – + – +

Zhang et al. (68) CTCs RFS +++ – + – – – – +

Wang et al. (72) CTCs RFS* +++ – + + – + + +

Liu et al. (43) DKK1 OS +++ – + + – – – +

Li et al. (78) E-cadherin 5-year OS +++ – + + – + – +

Chen et al. (90) EGFR OS +++ – + + – + + +

(Continued)
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TABLE 2 | Continued

Study Association between

biomarkers and gastric

cancer

Summary

relative risk

estimate

(random-

effect

P)*

Cases

>1000

Largest

study

relative

risk

estimate

P<0.05

I2 < 50% Small

study

effects

95%

prediction

interval

exclude

the null

value

Excess

significance

10%

credibility

ceiling

survival

Song et al. (58) ERCC1 OS + – + – – – + –

Zeng et al. (34) FAK OS +++ – + – – – – +

Liu et al. (24) FGFR2 3-year OS + + + – – – – +

Liu et al. (24) FGFR2 5-year OS + – – – – – – –

Wang et al. (73) FHIT OS + – – + – + – +

Dai et al. (66) FOXM1 OS + – – + – – – –

Jiang et al. (26) FOXM1 1-year OS ++ – + + – + – +

Jiang et al. (26) FOXM1 3-year OS + – + – – – – +

Jiang et al. (26) FOXM1 5-year OS ++ – + + + – – +

Huang et al. (97) Foxp3+ Treg lymphocytes

5-year OS

+++ – + – – – + +

Lei et al. (96) HER2 OS + + + – – – – –

Zhang et al. (84) HIF-1α OS ++ – – + – + + +

Chen et al. (82) HIF-1α 5-year OS +++ – + + – + – +

Tustumi et al.

(39)

IFCC OS +++ – + + – + + +

Gao et al. (63) IGF-1R OS + – + – – – – +

Luo et al. (22) Ki-67 OS + + – – + – + –

Luo et al. (22) Ki-67 DFS ++ – – + – – + +

Huang et al. (46) LGR5 OS + – + – – – + –

Wang et al. (38) M2 TAM OS + – + – – – – +

Deng et al. (50) MAPF OS +++ – + + + + – +

Deng et al. (50) MAPF DFS ++ – + – – – + +

Deng et al. (50) MAPF peritoneal RFS +++ – + + – + + +

Peng et al. (76) MET OS +++ – – + + + – +

Dong et al. (64) MMP14 OS +++ – + + – – – +

Zhang et al. (91) MMP9 OS ++ – – – – – + +

Chen et al. (67) MMP9 5-year OS ++ – + – + – – +

Wang et al. (37) MUC1 5-year OS + – + – – – – +

Sun et al. (40) NLR DFS + – + + – + – –

Sun et al. (40) NLR PFS +++ – + + – + + +

Gu et al. (48) OPN OS + – + – – – + –

Brungs et al. (33) PAI-1 OS + – + – – – + –

Brungs et al. (33) PAI-1 RFS + – – – – – + –

Cao et al. (32) p-Akt OS + – + – – – – +

Gu et al. (27) PD-L1 OS + + – – – – + –

Wu et al. (55) PD-L1 3-year OS ++ – + – – – – +

Hu et al. (89) PRL-3 OS ++ – + – – – + +

Ji et al. (45) pSTAT3 OS +++ – + – – – – +

Chen et al. (82) PTEN 5-year OS +++ – – + + + + +

Jiang et al. (44) Sirt1 3-year OS ++ – + – + – + +

Zhang et al. (69) SK1 5-year OS + – – + – – – –

Wang et al. (70) SPARC OS +++ – + + – + + +

(Continued)
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TABLE 2 | Continued

Study Association between

biomarkers and gastric

cancer

Summary

relative risk

estimate

(random-

effect

P)*

Cases

>1000

Largest

study

relative

risk

estimate

P<0.05

I2 < 50% Small

study

effects

95%

prediction

interval

exclude

the null

value

Excess

significance

10%

credibility

ceiling

survival

Wu et al. (36) STAT3 3-year OS ++ – + – – – – +

Wu et al. (36) STAT3 5-year OS ++ – – – – – – +

Wang et al. (38) TAMs OS +++ – – + – + + +

Liu et al. (94) Tissue VEGF DFS +++ – + + – + – +

Liu et al. (94) Tissue VEGF DSS + – – – – – + –

Brungs et al. (33) uPA OS +++ – + + – + + +

Brungs et al. (33) uPA RFS + – – – – – + –

Brungs et al. (33) uPAR OS +++ – + + + + – +

Chen et al. (95) VEGF 5-year OS +++ – + – – + – +

Peng et al. (93) VEGF-A OS +++ – + + – + – +

Peng et al. (93) VEGF-A DFS +++ – + + – + – +

Cao et al. (83) VEGF-C OS ++ – + + – – – +

Liu et al. (94) VEGF-D OS ++ – – + – – – +

Peng et al. (93) VEGF-D DFS ++ – + + – – – +

Ge et al. (28) VEGFR-3 5–year OS + – – + – – – –

Chen et al. (31) ZEB1 OS +++ – + + – – + +

Chen et al. (31) ZEB2 OS +++ – + + – – + +

Associations supported by not suggestive evidence (24)

Liu et al. (88) BIRC5 OS – – + – – – + +

Wu et al. (54) CD44 OS – – – + – – – –

Wu et al. (54) CD44v6 OS – – – – – – –

Lu et al. (41) CD44v6 5-year OS – – + – – – – –

Meng et al. (60) CDH17 5-year OS – – + – – – + –

Jiang et al. (26) Dendritic cells OS – – + – – – – –

Guo et al. (80) EZH2 OS – – + + – – – –

Tan et al. (87) Fascin-1 OS – – – + – – – –

Jiang et al. (26) Foxp3+ Treg lymphocytes OS – + – – – – + –

Gu et al. (81) HER2 RFS – – – + – – – –

Cao et al. (51) HER4 3-year OS – – – + – – – –

Zhang et al. (84) HIF-1α DFS – – – – – – + –

Ma et al. (61) HOTAIR OS – – + + – – – –

Zhang et al. (52) MUC5AC OS – – + + – – – –

Fang et al. (29) NM23 OS – – + – – – – –

Han et al. (47) NME1 OS – – + – + + – –

Xu et al. (35) PLR OS – + – + – – – –

Wang et al. (71) S100A4 OS – – – + + – + –

Jiang et al. (44) Sirt1 5-year OS – – + – – – + –

Lin et al. (77) SOX2 OS – – + – – – – –

Gao et al. (49) TS OS – – – – – – – –

Gao et al. (49) TS EFS – – – – – – – –

(Continued)
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TABLE 2 | Continued

Study Association between

biomarkers and gastric

cancer

Summary

relative risk

estimate

(random-

effect

P)*

Cases

>1000

Largest

study

relative

risk

estimate

P<0.05

I2 < 50% Small

study

effects

95%

prediction

interval

exclude

the null

value

Excess

significance

10%

credibility

ceiling

survival

Cao et al. (83) VEGF-C DFS – – – – – – – –

Ge et al. (28) VEGFR-3 3-year OS – – – + – – – –

*P-value calculated using random-effect model:+++P< 10−6;++P< 10−3;+P< 0.05; –P> 0.05. For other items,+ = yes, –= no. CI, confidence interval; OS, overall survival; DFS,

disease free survival; RFS, recurrence free survival; PFS, progression free survival; EFS, event-free survival; peritoneal RFS, peritoneal recurrence-free survival; DSS, disease-specifc

survival; RFS
*
, relapse free survival; ARID1A, AT-rich interactive domain-containing 1A protein; BIRC5, (Survivin); PTEN, phosphatase and tensin homolog; HIF-1α, hypoxia inducible

factor-1α; Bmi-1, B-cell-specific moloney leukemia virus insertion site 1; CA 19-9, serum carbohydrate antigen 19; CCR7, CC chemokine receptor type 7; CDH17, cadherin-17;

CEA, carcinoembryonic antigen; Tissue VEGF, tissue vascular endothelial growth factor; Circulating VEGF, circulating vascular endothelial growth factor; Tissue VEGF-D, tissue vascular

endothelial growth factor D; CLDN4, claudin 4; CRP, C-reactive protein; CTCs, circulating tumor cells; DKK1, dickkopf-1; EGFR, human epidermal growth factor receptor; ERCC1, excision

repair cross-complementing group 1; EZH2, zeste homolog 2; FAK, focal adhesion kinase; FGFR2, fibroblast growth factor receptors; FHIT (bis(5
′

-adenosyl)-triphosphatase), fragile

histidine triad protein; FITC, free intraperitoneal tumor cells; FOXM1, forkhead box M1; HER2, human epidermal growth factor receptor-2; HOTAIR, HOX transcript antisense intergenic

RNA; IFCC, intraperitoneal free cancer cell; IGF-1R, insulin-like growth factor receptor type I; LGR5, leucinerich repeat-containing G-protein-coupled receptor 5; TAMs, tumor-associated

macrophages; MAPF, molecular analysis of peritoneal fluid; MET (HGFR), hepatocyte growth factor receptor; MMP14, matrix metalloproteinase 14; MMP2, matrix metalloproteinase

2; MMP9, matrix metalloproteinase 9; MUC1, mucin 1; MUC5AC, mucin 5AC; NLR, neutrophil-to-lymphocyte ratio; NM23, non-metastatic protein 23; NME1 (NM23-H1 or NDPK-A);

OPN, osteopontin; uPA, the urokinase plasminogen activation; uPAR, urokinase plasminogen activator receptor; PAI-1, plasminogen activator inhibitor-1; p-Akt, phosphorylated protein

kinase B; PD-L1, programmed cell death ligand 1; PLR, platelet-lymphocyte ratio; PRL-3, phosphatase of regenerating liver 3; pSTAT3, phosphorylated signal transducer and activator

of transcription proteins 3; Sirt1, Silent information regulator 1; SOX2, Sex-determining region Y-box 2; SPARC (osteonectin or BM-40), secreted protein acidic and rich in cysteine;

STAT3, signal transducer and activator of transcription proteins 3; TS, thymidylate synthase; VEGF, vascular endothelial growth factor; VEGF, vascular endothelial growth factor; VEGF-C,

vascular endothelial growth factor-C; VEGFR-3, vascular endothelial growth factor receptors 3; ZEB1, (TCF8, AREB6 or Zfhx1a) zinc fnger E-box binding homeobox 1; ZEB2, (SIP1,

HSPC082 and Zfhx1b) zinc fnger E-box binding homeobox 2.

antigen 19-9 (CA 19-9) and GC OS, and between tissue
vascular endothelial growth factor (VEGF) and GC OS
(Table 2). Evidence supporting associations between p53
and OS or disease-specific survival of GC, between matrix
metalloproteinase 2 (MMP2) and GC OS, and between β-
catenin and GC OS were considered suggestive. The remaining
108 associations were supported by weak or not suggestive
evidence. Detailed results of these analyses are shown in
Supplementary Table S3.

DISCUSSION

Principal Finding
Biomarkers play essential role in clinical applications during
several procedures in cancers including diagnosis, treatment, and
prognosis. Cancer diagnosis based on biomarkers may improve
the accuracy of early diagnosis and facilitate efficient subsequent
treatment. Quite a few biomarkers have been identified in clinical
trials, which show promises in the benefit of cancer patients,
yet limitations exist. Some appear to be predictive biomarkers
and their potential of indicating cancer developments remains
to be seen. Others are restricted in clinical application due to
the poor efficiency of traditional detection methods such as
enzyme-linked immunosorbent assay (ELISA) and polymerase
chain reaction (PCR). As novel biosensing approaches sprang
up, the predictive and prognostic value of the biomarker has
been widely tested in clinical trials. Since clinical practitioners
can hardly perform intervention in cancer patients before
diagnosis, we focused more on prognostic biomarkers instead
of predictive biomarkers. To evaluate the prognostic potential
of existing biomarkers and to facilitate the clinical application

of more robust prognostic biomarkers, we performed this
umbrella review.

This umbrella review was the first to comprehensively
collect existing meta-analyses and systematically appraise the
robustness of evidence to provide an overview of associations
between prognostic biomarkers and GC. Overall, 74 meta-
analyses comprising 80 different kinds of biomarkers were
included in our umbrella review, only one association (the
association between platelet count and GC OS) was supported by
strong evidence. Several associations were supported by highly
suggestive evidence, namely associations between GC OS and
free intraperitoneal tumor cells (FITC), CEA, neutrophils to
lymphocytes ratio (NLR), foxp3+ Treg lymphocytes (1- and 3-
year OS), serum carbohydrate antigen 19-9 (CA 19-9), and tissue
vascular endothelial growth factor (VEGF). Associations between
p53, matrix metalloproteinase 2 (MMP2), β-catenin and GC OS
were graded as suggestive and the remaining were graded as
weak evidence. These results should be interpreted cautiously
considering the poor methodological quality of the included
meta-analyses as ascribed by AMSTAR 2.0.

Comparison With Other Studies and
Possible Explanations
Classical Biomarkers and GC

CEA and CA 19-9 are two classical biomarkers detected in the
last century and their predictive value for several cancers have
been clinically confirmed (99, 100). However, the prognostic
value of these two blood group antigens remains controversial.
After systematically assessing the methodological quality and
robustness of the pooled meta-analysis of 41 studies covering
14,651 participants, we found that CEA overexpression may
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relate to reduced OS for GC patients. However, associations
between elevated CEA and GC DFS and GC disease specific
survival (DSS) were found to be supported by weak evidence.
These results might be explained by the low numbers of included
studies and subjects: 29/3,491 for OS, 6/295 for DFS, and 7/542
for DSS. Another possible explanation is that elevated CEA is
often detected in patients with GC of later stage, meaning the
cause of death is not necessarily GC itself, considering severe
complications. Of note, this pattern also holds for associations
between CA19-9 and GC survival outcomes.

Novel Biomarkers and GC

Blood contains rich sources of tumor-associated biomarkers
and is one of the human fluids that are easily accessible and
can be analyzed in anytime and anywhere. These biomolecules
are considered to be part of primary tumors, products of
passive release during apoptosis and necrosis of tumor cells or
biomolecules affected by tumor microenvironment (101).

In our research, we found that several biomolecules in
blood may be considered as candidate prognostic biomarkers
for GC patients. The association between platelet count and
GC OS was the only one association that was supported
by strong evidence. Platelet was previously reported to
extensively interact with tumor cells, promoting tumor
chemotaxis, adhesion, proliferation, and metastasis, which
reasonably accounts for the robust indicative role of platelet
in GC prognosis (102). High platelet count has proven to be
associated with increased mortality in several cancers such
as gynecologic malignancies, breast cancer, and lung cancer
(103–105). Platelet count may also serve as an indicator of
worse prognosis in GC based on the meta-analysis covering
5,515 subjects.

The prognosis indicative role of another inflammatory
marker, NLR, is supported by highly suggestive evidence.
Convincing evidence have been found between systematic
inflammatory and tumor development. On one hand, myeloid
growth factors secreted by cancer cells can upregulate
production of neutrophils, on the other hand, immune
cytokines provided by cancer cells downregulate function of
lymphocyte (106). Elevated neutrophil stimulates angiogenesis
and aids tumor progression while relative lymphocytopenia
depresses innate anti-tumor cellular immunity, which
explains why elevated NLR indicates poor OS in GC
patients (107).

The other two highly suggestive evidences are that
Foxp3+ Treg lymphocytes contribute to significantly
poorer 1- and 3-year OS, while inconsistent result was
found in 5-year OS. As a subgroup of CD4+ T help
cells, Foxp3+ Treg lymphocytes play a critical role in
suppressed T-cell immunity. Foxp3+ Treg lymphocytes
turned out to be an unfavorable indicator of poor prognosis
in GC.

Peritoneal dissemination is one of the most common and
severe complications for GC. Detection of ascitic fluids and
blood samples is frequently used clinically for easy accessibility
and enhanced modern technologies. Evidence supporting the
association between FITC and GC OS was graded as highly

suggestive while the associations between circulating tumor cells
(CTCs) and several GC survival outcomes were deemed to be
supported by weak evidence. These results demonstrate that
the role of FITC as a specific prognostic indicator of GC is
more certain than that of CTC. Previous studies also suggest
that FITC is a convincing predictive and prognostic biomarker
for GC (108, 109) while the prognostic role of CTCs still need
further confirmation.

Angiogenesis, the formation of new vascular network, plays
an essential role in tumorigenesis and metastasis. As a vital
target for prognosis evaluation, indicators to assess disease
severity qualitatively and quantitatively are urgently needed. The
vascular endothelial growth factor (VEGF) and its receptors
(VEGFRs), which may modulate angiogenesis, show promises
in this regard. Numerous studies report increased VEGFs and
VEGFRs in both resectable and advanced GC patients. Five
relevant meta-analyses of more than 11,307 participants were
included in our umbrella review. The association between tissue
VEGF and GC OS was supported by highly suggestive evidence
while the association between tissue VEGF and GC DFS and
other associations concerning VEGF, circulating VEGF, VEGF-
A, VEGF-C, VEGF-D, VEGFR-3, andGC survival outcomes were
supported by weak evidence. These differences can be explained
by inadequate data and data quality as almost all relevant meta-
analyses included less than five studies, covered fewer than
1,000 cases, or had high heterogeneity. The results concerning
VEGF-C, VEGF-D are basically consistent with those concerning
VEGFR-3, as the former two are essential factors in combination
with the latter.

LIMITATIONS

This umbrella review was the first to provide an overview
of associations between prognostic biomarkers and GC, and
several limitations exist in this work. First, the umbrella review
included published meta-analyses, meaning that studies that
had not been systematically evaluated were unintentionally
excluded, leading to unreliable results. Second, we only focused
on associations between prognostic biomarkers and GC survival
outcomes, while predictive biomarkers, mostly genetic markers
comprising essential component of biomarkers, were not taken
into consideration. Third, the majority of cases included in
these meta-analyses are from Eastern countries and in this
regard, we should interpret the findings with caution when
it comes to population of Western origin. Fourth, subgroup
analysis was not performed due to insufficient data provided
by the included meta-analyses. Future work is required to
establish a more comprehensive review to assess the true
associations between prognostic biomarkers and GC survival
and translate these associations into clinical practice to the
utmost extent.

In conclusion, the association between platelet count and
GC OS was supported by strong evidence. Associations between
FITC, CEA, NLR, foxp3+ Treg lymphocytes (both 1- and 3-year
OS), CA 19-9, or VEGF and GC OS were supported by highly
suggestive evidence, however, the results should be interpreted
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cautiously due to inadequate methodological quality as deemed
by AMSTAR 2.0.
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Gastric cancer with liver metastasis is defined as advanced gastric cancer and remains

one of the deadliest diseases with poor prognosis. Approximately 4–14% of patients

with gastric cancers presented with liver metastases at the initial diagnosis. Owing to

its incurability, first-line treatment for gastric cancer with liver metastases is systematic

chemotherapy, whereas surgery is usually performed to alleviate severe gastrointestinal

symptoms. However, continuously emerging retrospective studies confirmed the role

of surgery in gastric cancer with liver metastases and showed significantly improved

survival rate in patients assigned to a group of surgery with or without chemotherapy.

Therefore, more and more convincing data that resulted from prospective randomized

clinical trials is in need to clarify the surgery strategies in patients with gastric cancer with

liver metastasis.

Keywords: gastric cancer, liver metastasis, surgery, strategy, R0 resection

INTRODUCTION

Gastric cancer (GC), as the third most frequent cause of cancer-related death for human
cancers in the world, continues to carry a noticeably higher fatality-to-case ratio, accounting for
exceeding 782,000 confirmed cases died in 2018 worldwide (1). Especially in China, based on data
from National Central Cancer Registry of China (NCCR) in 2015, gastric cancer was the most
common cancer and the leading cause of cancer death except for lung cancer (2). Predominantly
due to late-onset and non-specific symptoms and lack of active screening programs, ∼34% of
patients have distant metastases according to the Surveillance, Epidemiology, and End Results
(SEER) Database (3), and nearly 4–14% of patients present with liver metastases at the initial
presentation (4). In fact, the leading causes of death for gastric cancer include local recurrence, gross
peritoneal dissemination, direct invasion to other organs, and extensive distant organ metastases.
Anatomically speaking, the liver is themost common site of hematogenousmetastases for advanced
gastric cancer. Gastric cancer with liver metastases (GCLM) is generally classified into two types:
one is synchronous metastases, which defined as metastases occurring before or during surgery or
within 6 months after gastrectomy, and the other is metachronous metastases, which defined as
metastases identified at least 6 months after gastrectomy (5). Synchronous GCLM is detected in
nearly 5–10% of gastric cancer patients at diagnosis (6), whereas metachronous GCLM is in up to
37% after “curative” resection of primary gastric cancer (7).

According to practical clinical guidelines, such as the National Comprehensive Cancer
Network (NCCN), GCLM was regarded as stage IVb disease and unresectable tumor, which
not only showed aggressive oncological behavior but also accompanied by distant metastases.
And it was traditionally recommended with systemic chemotherapy including CF (cisplatin
and fluorouracil) or ECF (epirubicin, cisplatin, and fluorouracil) chemotherapeutic regimens
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(8). Recently, accumulating clinical trials have achieved
significant progress in chemotherapy. For example, for HER2-
negative advanced gastric cancer, the findings of the SPIRITS
trial revealed the superiority of S-1 plus cisplatin to S-1 alone in
advanced gastric cancer (9). Furthermore, results of the G-SOX
trial found that S-1 plus oxaliplatin was non-inferior to S-1 plus
cisplatin in advanced gastric cancer, mainly in less toxic andmore
convenient clinically (10). For HER2-positive advanced gastric
cancer, discoveries of the ToGA trial found that chemotherapy
regimen consisting of capecitabine plus or fluorouracil plus
cisplatin in combination with trastuzumab was a promising
option for patients with HER2-positive advanced gastric cancer
(11). In addition, results of the ATTRACTION-2 trial indicated
the survival benefits of nivolumab in patients with advanced
gastric or gastroesophageal junction cancer (12). Although major
progress was made in chemotherapy and molecularly targeted
biological therapy (13, 14), until now, the median survival time
(MST) of patients with GCLM was between 7 and 14.1 months
(9–12). Given the dismal prognosis of patients with GCLM, there
was an urgent need to develop better treatment strategies for
GCLM in the absence of institutional guidelines or protocols.

Inspired by substantial survival benefits and compelling
evidence of surgery in patients with colorectal cancer liver
metastases (15, 16), many clinical surgeons explored the role
of surgery in GCLM, which was considered as a crucial
intervention and the most essential step to cure disease and
to prolong patient life (17). Increasing systemic and aggressive
oncological behaviors were shown in GCLM (18), compared
with colorectal cancer liver metastases; gastrectomy was reserved
for the palliation of severe gastrointestinal symptoms such as
refractory hemorrhage and obstruction in patients with GCLM
based on NCCN (8). On the contrary, the Guidelines Committee
of the Japan Gastric Cancer Association was in favor of surgical
resection of potentially resectable M1 disease (19), and recent
studies showed that the potential of surgical resection in selected
GCLM, which can bring MST between 9 and 67.5 months and
5-year survival, varies from 0 to 42%, inspiringly (5, 20, 21).
This review aims to summarize recent studies underpinning the
surgical resection for GCLM and to explain the surgery strategies
in different clinical classifications of GCLM.

CURRENT EVIDENCE

Controversies in the Surgical Resection of
Gastric Cancer With Liver Metastasis
From the perspective of the routine clinical application, objective
assessments of clinical data about surgical resection in GCLM are
essential to investigate the surgery strategies in GCLM. Although
surgery is recommended to alleviate severe gastrointestinal
symptoms in consensus, the utility of surgery in GCLM still
remains highly controversial. More recently, inconsistent and
contradictory findings of surgical resection in GCLM have
emerged in published literature (22, 23).

A public clinical trial (REGATTA) (22) failed to improve the
overall survival (OS) rate in advanced gastric cancer patients
assigned to gastrectomy plus post-operative chemotherapy

than in those assigned to chemotherapy alone (14.3 vs. 16.6
months). However, evidence from a clinical trial (AIO-FLOT3)
(23) showed different outcomes. Compared with patients who
experienced chemotherapy alone, patients who experienced
neoadjuvant chemotherapy followed by surgical resection had
superior OS (22.9 vs. 10.7 months). Notably, the design of
the REGATTA trial differed from the design of the AIO-
FLOT3 trial in some respects, which possibly had influenced
outcomes of the trial. First, most GCLM patients enrolled in
the REGATTA trial were accompanied by peritoneal metastases,
who were recognized as the worst kind in advanced GC
patients in prognosis. Second, the surgical management in the
REGATTA trial was restricted to D1 lymphadenectomy only,
whereas in the AIO-FLOT3 trial, the surgical management
adopted gastrectomy with D2 lymphadenectomy, which was
recommended for total or subtotal distal gastrectomy (24).
Third, compared with gastrectomy plus chemotherapy adopted
in the REGATTA trial, the AIO-FLOT3 trial utilized neoadjuvant
chemotherapy followed by surgical resection in the treatment
plan. Collectively, the above evidence reveals the crucial factors
including patient selection, surgical procedures, and treatment
options in a multimodality approach to GCLM.

Potential Superiority of Surgery in Gastric
Cancer With Liver Metastasis
Available evidence of surgery for patients with GCLM mostly
relies on retrospective studies, systematic reviews, and
prospective trials. Data published after 2000 mostly showed
significant and prognostic benefits of surgical resection for
GCLM (Table 1) (5, 6, 20, 21, 25, 73), and the benefits were
in continuous increase owing to advancements in accurate
diagnosis, patient selection, perioperative nutritional support,
anesthetic techniques, surgery approaches, management
of post-operative complications, and enhanced recovery
after surgery.

Recently, principally from East Asia and Europe, large
retrospective studies on the surgical resection of GCLM have
shown continuously acceptable survival outcomes for selected
patients. Nishi et al. (51) demonstrated that the overall 1- and
3-year survival rates after hepatic resection for GCLM were
88.9 and 17.8% in 10 selected patients, respectively, with an
MST of 21.5 months and no post-operative mortality. Similarly,
in a retrospective single-center study involving 34 patients
with GCLM, Ryu et al. (59) investigated the significance of
surgical procedures including hepatic resection for more massive
metastases and surgical microwave ablation for patients who had
a high operative risk and identified prognostic factors. The results
showed acceptable morbidity and favorable long-term outcomes,
as the 1-, 3-, and 5-year OS rates after surgery were 86.5, 51.4,
and 42.1%, respectively, and the 1-, 3-, and 5-year recurrence-free
survival (RFS) rates were 38.5, 28.0, and 28.0%, respectively, with
no significant survival differences for varied surgical treatments
(P = 0.213).

Meanwhile, a nationwide retrospective study from England
also showed that gastrectomy combined with hepatectomy
for synchronous GCLM might carry survival benefits in
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TABLE 1 | Demographics and survival in GCLM patients underwent surgical resection.

References Year Country Type Study

interval

No. of

Patients

Median

Age

Post-operative

30-day mortality

(%)

Overall survival

1 year (%) 3 years (%) 5 years (%) MST

(months)

Adam et al. (25) 2006 France Retro 1983–2004 64 NR NR NR NR 27 15

Aizawa et al. (26) 2014 Japan Retro 1997–2010 53 66 NR NR NR 18.6 27.4

Ambiru et al. (27) 2001 Japan Retro 1975–1999 40 63 0 NR NR 18 12

Baek et al. (28) 2013 Korea Retro 2003–2010 12 61 0 65 NR 39 31

Chen et al. (29) 2013 China Retro 2007–2012 20 57 0 NR NR 15 22.3

Cheon et al. (30) 2008 Korea Retro 1995–2005 41 60 1.72 75 32 21 17

Choi et al. (31) 2010 Korea Retro 1986–2007 14 65 NR 67 38.3 NR NR

Dittmar et al. (32) 2012 Germany Retro 1995–2009 15 57 0 NR NR 27 48

Fukami et al. (33) 2017 Japan Retro 2001–2012 14 66 NR 71.4 42.9 42.9 27.9

Fuji et al. (34) 2001 Japan Retro 1979–1999 10 58.5 10 60 20 10 NR

Garancini et al. (35) 2012 Italy Retro 1998–2007 21 64 0 68 31 19 11

Guner et al. (36) 2016 Korea Retro 1998–2013 68 61 NR 79.1 40.6 30 NR

Hirai et al. (37) 2006 Japan Retro 1993–2004 14 NR NR NR NR 41.6 NR

Hwang et al. (38) 2009 Korea Retro 1995–2005 73 59 NR NR NR NR 20

Imanura et al. (39) 2001 Japan Retro 1990–1997 17 NA NR 60 25 NR NR

Kinoshita et al. (40) 2015 Japan Retro 1990–2010 256 64 NR 77.3 41.9 31.1 31.1

Koga et al. (41) 2007 Japan Retro 1985–2005 42 64 0 76 48 42 34

Kokkola et al. (42) 2012 Finland Retro 2000–2009 23 61.4 NR NR NR NR 14.3

Komeda et al. (43) 2014 Japan Retro 2000–2012 24 69.5 0 78.3 40.1 40.1 22.3

Lee et al. (20) 2017 Korea Retro 2000–2014 7 59.2 NR NR NR 68.6 67.5

Li et al. (6) 2015 China Retro 2008–2011 25 61.4 NR 72 NR NR 20.5

Li et al. (44) 2017 China Retro 1996–2012 34 62 NR 73.5 36.9 24.5 26.2

Liu et al. (45) 2012 China Retro 1995–2010 35 NR NR 58.1 21.7 NR 15

Liu et al. (46) 2015 China Retro 1990–2009 35 56 0 NR NR 14.3 33

Makino et al. (47) 2010 Japan Retro 1992–2007 16 NA 0 82.3 46.4 37.1 31.2

Markar et al. (48) 2016 UK Retro 1997–2012 78 NR 7.2 64.1 NR 38.5 NR

Miki et al. (49) 2012 Japan Retro 1995–2009 25 72 NR 73.9 42.8 36.7 33.4

Morise et al. (50) 2008 Japan Retro 1989–2004 18 64 NR 56.3 27.3 27.3 13

Nishi et al. (51) 2018 Japan Retro 1996–2008 39 64 0 56.4 17.9 10.3 14

Nomura et al. (52) 2009 Japan Retro 1991–2005 17 65.8 NR NR NR 30.8 21

Ohkura et al. (53) 2015 Japan Retro 1985–2014 9 66 NR 88.9 29.6 NR NR

Okano et al. (54) 2002 Japan Retro 1986–1999 19 69 NR 77 34 34 21

Oki et al. (55) 2016 Japan Retro 2000–2010 94 70 NR 86.5 51.4 42.1 40.8

Qiu et al. (56) 2013 China Retro 1998–2009 25 NR 0 96 70.4 29.4 38

Roh et al. (et al. (57) 2005 Korea Retro 1988–1996 11 61 0 73 NR 27 19

Rudloff et al. (58) 2014 USA Pro 2009–2012 9 45 NR 44.4 33.3 22.2 11.3

Ryu et al. (59) 2017 Japan Retro 1997–2015 14 NR NR 84.6 51.3 51.3 NR

Saiura et al. (60) 2002 Japan Retro 1981–1998 10 60.5 30 50 30 20 25

Sakamoto et al. (61) 2007 Japan Retro 1990–2005 37 64 0 NR NR 11 31

Schildberg et al. (62) 2012 Germany Retro 1972–2008 31 65 6 NR NR 13 NR

Shinohara et al. (63) 2015 Japan Retro 1995–2010 22 NR 0 86 26 26 22

Shirabe et al. (64) 2003 Japan Retro 1979–2001 36 66 0 64 26 26 NR

Song et al. (65) 2017 China Retro 2001–2012 96 63 0 87.5 47.6 21.7 34

Takemura et al. (66) 2012 Japan Retro 1993–2011 64 65 0 84 50 37 34

Thelen et al. (5) 2008 Germany Retro 1988–2002 24 64 4.2 38 16 10 9

Tiberio et al. (67) 2016 Italy Retro 1990–2013 105 68 0.9 58.2 20.3 13.1 14.6

Tsujimoto et al. (68) 2010 Japan Retro 1980–2007 17 66 NR 75 37.5 31.5 34

Turanli et al. (21) 2010 Turkey Pro 2005–2008 18 NR NR NR 0 0 14.1

Ueda et al. (69) 2009 Japan Retro 1991–2005 15 NR 0 80 NR 60 13.4

Viganò et al. (70) 2013 Italy Retro 1997–2008 20 61.5 0 95 63.2 33.2 52.3

Wang et al. (71) 2012 China Retro 2003–2008 30 60 0 43.3 16.7 16.7 11

Wang et al. (72) 2014 China Retro 1996–2008 39 64 0 56 17.9 10.3 14

Zacherl et al. (73) 2002 Austria Retro 1980–1999 15 62 0 36 14.3 0 8.8

Retro indicates retrospective study; NR, not reported; MST, median survival time.
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selected patients (48). Kaplan–Meier curve analyses showed that
patients who were selected to have gastrectomy with additional
hepatectomy for liver metastases (GGH group) had survival
similar to that of patients who had gastrectomy in the absence of
liver metastases (GG group) (P = 0.196) and improved survival
than did patients who had gastrectomy without liver resection
for liver metastases (GGNH group) (P < 0.001) and patients
with GCLM who had no surgery (GNS group) (P < 0.001). As
for mortality, the GGH group and GGNH group had similar 30-
day mortality (P = 0.246), whereas the former had significantly
improved 90-day mortality (P = 0.009), 1-year mortality (P <

0.001), and 5-year mortality (P < 0.001); and the GNS group had
the worst OS and highestmortality at 30, 90 days, 1, and 5 years (P
< 0.001) in the four groups. The results of this study revealed that
gastrectomy combined with additional surgical resection of liver
metastases was better than palliative treatment or gastrectomy
without resection of liver metastases for patients with GCLM in
survival benefits.

To reassess this bias problem in full measure, many systematic
reviews and pooled analyses were conducted. A systematic review
launched by Liao et al. (74) included eight non-randomized
studies, representing a total of 677 patients with GCLM.
The median OS time in patients who underwent gastrectomy
combined with hepatectomy was significantly prolonged, as
compared with the median OS time of those who underwent
palliative therapy (23.7 vs. 7.6 months), with survival rates of
the two arms of 69, 40, 33%, and 27, 8, 4% at 1, 2, and 3 years,
respectively. Compared with palliative therapy, hepatectomy was
associated with significantly lower mortality at 1-year (OR 0.17,
P < 0.001) and 2-year (OR 0.15, P < 0.001). Owing to the
disparity in the stage of disease, differences of the regimen
of chemotherapy, and preference of surgery of surgeons (75),
patients who underwent hepatectomy in Western countries
showed lower median rates of OS at 1 year (60 vs. 76%), 2
years (30 vs. 47%), and 3 years (23 vs. 39%) than did those in
Asian countries.

As previously stated, most of the published papers on surgical
resection in patients with GCLM came from retrospective
data, whereas only four randomized controlled trials (RCTs)
investigated the role of surgery for patients with GCLM so far.
The REGATTA trial was the first RCT to compare gastrectomy
followed by chemotherapy with chemotherapy alone concerning
OS in patients with GCLM (22). Findings from this trial
denied the survival efficacy of palliative gastrectomy followed by
chemotherapy from an interim analysis, which had caused the
interruption of this trial in 2016. However, to some extent, results
from the AIO-FLOT3 trial countered those of the REGATTA trial
by strict inclusion criteria, surgical approaches, and treatment
regimens (23). The AIO-FLOT3 trial exhibited favorable survival
in patients with GCLM who received neoadjuvant chemotherapy
and later underwent surgical resection, which had provided
a rationale for the ongoing AIO-FLOT5 trial (NCT02578368)
(76). Compared with the REGATTA trial, the AIO-FLOT5
trial excludes the enrollment of patients with clinically visible
tumors of the peritoneum and >P1 peritoneal tumors, adopts
a complete resection of a primary tumor including standardized
lymphadenectomy (R0 and at least D2), and adjusts the place of

chemotherapy and surgery. Hopefully, if this trial was proved to
be effective, it could potentially lead to a new standard of therapy.
Another ongoing trial named SURGIGAST (NCT03042169),
which has not recruited patients, aims to compare the OS
of palliative surgical resection plus chemotherapy with that
of chemotherapy alone for stage IV gastric cancer including
GCLM (77).

Despite the significant survival benefits from gastrectomy
combined with hepatectomy over non-resectional management
in patients with GCLM, as well as favorable published outcomes
from chemotherapy followed by surgery over chemotherapy
alone, it must be stressed that most of data came from
retrospective studies and systematic reviews. Thus, outcome data
from the AIO-FLOT5 trial and the SURGIGAST trial are awaited
to verify the survival benefit of surgical resection suggested by
retrospective studies and systematic reviews.

Prognostic Factors and Patient Selection
in Gastric Cancer With Liver Metastasis
A considerable amount of published literature about surgery
in GCLM illustrates the ascendency of surgery. However, it is
conspicuous that not every patient will benefit from surgery.
Hence, prognostic evaluation is crucial to identify the suitable
candidates for radical surgery, which are of gastric cancer,
liver metastases (synchronous disease), and liver metastases
alone (metachronous disease), from those who will not benefit
from surgery.

Lately, in a multicenter retrospective study, Tiberio et al.
(78) compared the application of radical surgery vs. palliative
gastrectomy or palliative surgery without resection in GCLM, in
which radical surgery had achieved better long-term results than
others in the 5-year survival rate (9.3, 2.1, and 0%, respectively).
In light of this, they further recognized the best candidates for
radical surgery through systematically investigating the patient-
related, gastric cancer-related, metastasis-related, and treatment-
related prognostic factors. Results confirmed that the invasive
depth of primary tumor (P < 0.001), curative surgical procedure
(R0 resection; P = 0.001), timing of hepatic involvement
(P < 0.001), and adjuvant chemotherapy (P < 0.001) were
associated with long-term survival, independently. Especially in
R0 resection, results implied that it can significantly reduce the
possibility of recurrence in GC patients with liver oligometastasis,
even in patients with multiply scattered metastases in both lobes
of the liver.

Accordingly, in the metachronous disease, Tiberio et al.
(79) also revealed that T4 gastric cancer (P = 0.019), the
presence of lymph node metastases (P = 0.05), and grade 3 GC
(P = 0.018) displayed negative prognostic factors. Moreover, a
multivariate analysis demonstrated that a therapeutic strategy of
liver metastases was highly associated with survival as well, in
particular when R0 resection was performed (P < 0.001).

Likewise, based on real-world data, the AGAMENON registry
involving 1,792 patients with advancedGC (80), distal esophagus,
or gastroesophageal junction revealed higher 3-year survival rate
after metastasectomy than non-metastasectomy (30.6 vs. 8.4%; P
< 0.001) and median OS since metastasectomy of 16.7 months.
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With the use of a state-arrival extended Markov proportional
hazard (PH)model, a multivariate analysis indicated the presence
of a HER2-positive tumor treated with trastuzumab (P = 0.001)
and chemotherapy followed by surgical procedure (P < 0.001)
as favorable predictors of survival. Moreover, they also found
that the unreasonable interval time between the initiation of
chemotherapy and surgery appeared to worsen outcomes. Their
results also recommended that 5 months as interval time benefits
most patients, which is consistent with the AIO-FLOT3 trial.

Also, Takemura et al. (66) reported the overall 5-year survival
rate of 37% and the MST of 34 months in 64 patients achieved
macroscopically complete (R0 or R1) resections. Among 64
patients, 50 patients had the largest hepatic metastasis of more
than 5 cm in diameter, and 14 patients had <5 cm in diameter
(P = 0.07). Results demonstrated that patients with a maximum
diameter of hepatic metastasis >5 cm had poorer long-term
survival (P = 0.018).

Above all, most of identified prognostic factors were similar
with those in various literature through multivariate analyses,
which could be roughly divided into five major categories
that consisted of primary tumor-associated, liver metastasis-
associated, extrahepatic metastasis-associated, and treatment-
associated prognostic factors and others, as shown in Table 2.
However, these factors were mainly identified from retrospective
studies in single center or multicenter, which need to be
validated in prospective clinical studies to further confirm their
prognostic role.

SURGERY IN DIFFERENT CATEGORIES OF
GASTRIC CANCER WITH LIVER
METASTASIS

New Classified Evaluation for Gastric
Cancer With Liver Metastasis
Although the Lauren classification and the WHO classification
are popular in pathological grading of GCs, they are
insufficient to guide personalized treatments, especially in
GCLM. New classified evaluation for GCLM is thus required.
Encouragingly, recent advancements in retrospective studies and
prospective studies have greatly facilitated the identification of
potential candidates.

Referring to the clinical study on GCLM and classification
of stage IV GC (83), we divided GCLM patients into three
categories, as shown in Figure 1. First, GCLM could be divided
into the potentially resectable tumor (category I), marginally
resectable tumor (category II), and unresectable tumor (category
III) according to the analysis of clinical decision making
in multidisciplinary treatment. For example, macroscopic
peritoneal dissemination was considered an essential factor
during the classification process, because patients with peritoneal
dissemination or positive peritoneal cytology had significantly
poor prognosis (84). Second, patients of category I were
recommended to undergo surgery followed by post-operative
chemotherapy or to receive neoadjuvant chemotherapy
combined with surgery. Patients in category II were suggested
to adopt conversion therapy aimed to an R0 resection after

combined chemotherapy. Patients in category III, who also had
obstruction and bleeding of the gastrointestinal tract in some
cases, were advised to receive palliative chemotherapy.

Surgery Strategies in Different Categories
of Gastric Cancer With Liver Metastasis
Surgery in Resectable Liver Metastases (Category I)
Potentially resectable liver metastases (category I) were
characterized by <5 metastasis (better for solitary metastasis),
with the diameter of the largest metastatic lesion measuring
<5 cm and metastasis occurring in one liver lobe, which was
regarded as a technically resectable metastasis.

For patients who conformed to the defining characteristics of
category I, evidence from clinical trials and retrospective studies
recommended them to undergo neoadjuvant chemotherapy
followed by R0 resection of hepatic metastasis with or
without primary GC and D2 lymphadenectomy and post-
operative chemotherapy. Komeda et al. (43) indicated that
the overall 5-year survival rate and MST of patients with
GCLM who underwent gastrectomy followed by curative
hepatectomy were 40.1% and 22.3 months, respectively.
Especially in patients with a maximum size of liver metastasis
≤5 cm, they had higher overall 5-year survival than had
patients with a maximum size of liver metastasis > 5 cm
(51.7 vs. 14.3%). Furthermore, in a retrospective study that
enrolled 24 patients with GC with two or three liver-limited
metastases, Shirasu et al. (81) found no survival benefit for
patients who experienced hepatectomy only compared with
chemotherapy only (P = 0.146). However, recurrence and
death occurred in none of the patients who received initial
chemotherapy followed by surgery. Despite small sample size
of patients, this study still should be regarded as a direction for
further study.

Similarly, in a prospectively comparative study involving
49 patients with synchronous GCLM, Li et al. (6) compared
patients assigned to R0 resection of primary tumor and liver
metastasis as well as D2 lymphadenectomy followed by post-
operative chemotherapy with patients assigned to chemotherapy
only. Results revealed that the MST of surgery group was
significantly longer than that of the control group (20.5 vs. 9.1
months). Moreover, the response to chemotherapy was indicated
by the prognostic factors only through their multivariate
analysis. Remarkably, the AIO-FLOT3 trial (23) enrolled 60
patients with liver metastases of <5 to receive eight cycles of
the FOLT (fluorouracil, oxaliplatin, leucovorin, and docetaxel)
chemotherapy in total, 36 of whom underwent surgery to
achieve margin-free (R0) resection after the first four cycles of
neoadjuvant chemotherapy. Compared with 24 patients assigned
to chemotherapy only, 36 patients with surgery had more
favorable MST (31.3 vs. 15.9 months) and progression-free
survival (26.7 vs. 8.4 months).

In this case, initial gastrectomy and hepatectomy aimed
to achieve R0 resection; otherwise, it should combined
with neoadjuvant chemotherapy. Indeed, R0 resection was a
microscopically margin-negative resection, in which no gross
or microscopic tumor was kept in the primary tumor site,
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TABLE 2 | Independent favorable prognostic factors for surgery in patients with GCLM.

Categories Favorable prognostic factors References

Primary tumor No serosal invasion (40, 66)

Lower T stage (33, 49, 65, 67, 78, 79)

No lymphatic or venous invasion (46, 55, 72, 79)

Liver metastases Unilobar involvement (26, 47, 61, 73, 78, 81)

Number of metastatic lesions ≤ 3, especially for solitary metastasis (30, 35, 40, 41, 46, 52–56, 61–63, 65, 69–72)

Diameter of greatest lesion ≤ 5 cm (36, 40, 43, 53, 66, 68)

Metachronous metastases (27, 51, 54, 62, 67)

Extrahepatic metastasis Absence of peritoneal metastasis (38, 39, 44, 69, 71)

Treatment Negative margin (R0) (5, 21, 30, 35, 62, 67, 69, 82)

D2 Lymphadenectomy (68)

Neoadjuvant chemotherapy (23)

Post-operative chemotherapy (42, 56, 67, 78)

Response to chemotherapy (6, 70)

Other Lower CEA and CA 19-9 levels (33, 59)

HER2-positive tumor treated with trastuzumab (23, 80)

GCLM, gastric cancer with liver metastases; CEA, carcinoembryonic antigen; CA 19-9, carbohydrate antigen 19-9.

FIGURE 1 | Clinical classification, characteristics, and treatment of gastric cancer with liver metastases (GCLM).

which could remove the tumor and retain tissues to the hilt.
Simultaneously, neoadjuvant chemotherapy was able to treat
micrometastases at an early stage to downstage the primary
tumor and obtained a higher R0 resection rate. Moreover, post-
operative chemotherapy acted as a “supervisor” to maintain
the state of R0 resection, for prevention of progression and
recurrence of metastasis of gastric cancer. Thus, patients in this
category were highly inclined to achieve R0 resection and obtain
reduced recurrence rate.

Surgery in Marginally Resectable Liver Metastases

(Category II)
Marginally resectable liver metastases (category II) was
composed of patients with multiple liver metastases (>3),
maximum tumor diameter that exceeds 5 cm, or bilobar invasion
with the absence of peritoneal metastases. This category was
regarded as oncologically and technically unresectable.

In clinical practice, surgery is controversial for these patients,
as they are usually offered chemotherapy. However, existing
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evidence indicated that initially marginally resectable and
unresectable gastric cancer could be converted into resectable
gastric cancer by novel combined chemotherapy (83–85). Thus,
recent studies begin to focus on surgery with an expectation of
R0 resection performed in originally unresectable and marginally
resectable GCLM that responded to chemotherapy. Fukuchi et al.
(84) selected S-1 plus cisplatin or paclitaxel as initial combination
chemotherapy for advanced gastric cancer including GCLM.
Compared with patients who only received chemotherapy,
patients treated with chemotherapy plus surgery had a prolonged
survival at 5 years (43 vs. 1%).

Moreover, among patients who underwent conversion
therapy, patients who underwent R0 resection had significantly
more favorable survival as opposed to those who underwent
R+ resections (49 vs. 15% in a 5-year survival rate). In a recent
retrospective study involving patients with marginally resectable
tumor, Yamaguchi et al. (82) reported that the MST of patients
assigned to conversion therapy was 30.5 months, whereas that
of patients assigned chemotherapy alone was 11.0 months (P
< 0.05). In a group of conversion therapy, patients underwent
R0 resection had prolonged survival time than had those who
underwent R+ resection (56.2 vs. 16.3 months).

In spite of the encouraging outcomes mentioned, the
limitations of the above studies should be noted. First,
enrolled patients for most studies have experienced for a
long period lack of consistencies in the decision making of
diagnosis and in approaches of chemotherapeutic regimen
and surgery. Second, inherent selection bias occurred in
retrospective data including response to chemotherapy and
performance status, which could affect outcomes. Third, in
almost all retrospective studies, owing to the insufficiency
in evidence of clinical characteristics including laboratory
data and molecular classification, clinicopathological factors
and response to chemotherapy were considered as major
factors to predict the candidates for potential R0 surgical
resection. Consequently, existing studies should accelerate the
implementation of randomized clinical trials to determine the
role of conversion therapy and to explore the effect of laboratory
data and molecular classification on survival benefit to provide a
guideline for patient stratification and personalized treatment in
GCLM (86).

Surgery in Unresectable Liver Metastases

(Category III)
Unresectable liver metastases (category III) contained patients
with macroscopically peritoneal dissemination or extensive

metastases in multiple organs, who carry a worse or less
favorable prognosis.

According to recent studies, patients in category III
could benefit from conversion therapy as well. However,
only a small fraction of patients who responded well to
chemotherapy were accessible to achieve R0 resection (87).
Moreover, palliative chemotherapy remained as a mainstream
treatment according to clinical guidelines. Consistent with
palliative radiotherapy (88), palliative surgery also plays a
vital role in coping with obstruction and bleeding of the
gastrointestinal tract.

Above all, because most evidence came from retrospective
studies, defining the role of surgery in different categories of
GCLM was in need of more robust evidence from prospective
randomized clinical trials. Furthermore, a combination of clinical
classification and molecular classification of GCLM might
accelerate the identification of novel therapeutic targets and
formation of personalized treatment (89, 90).

PERSPECTIVES

In summary, despite the increasing evidence in favor of surgery
in GCLM, the indication and extent of surgery, including the
selection of patients and the potential to achieve R0 resection,
should be carefully discussed and determined. Emerging research
indicated that hepatic arterial infusion chemotherapy (HAIC),
radiation therapy, and radiofrequency ablation (RFA) provided
alternative treatment modalities for GCLM (36, 91, 92).
Importantly, prospective randomized clinical trials are needed
urgently to clarify the indication and the surgery strategies
in GCLM.
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Circulating tumor cells (CTCs), which are now defined as the “break away” cancer cells

that derive from primary- or metastatic-tumor sites and present in the bloodstream,

are considered to be the precursors of metastases. Considering the key role of

CTCs in cancer progression, researchers are committed to analyze them in the past

decades and many technologies have been proposed for achieving CTCs isolation and

characterization with highly sensitivity and specificity until now. On this basis, clinicians

gradually realize the clinical values of CTCs’ detection through various clinical studies. As

a “liquid biopsy,” CTCs’ detection andmeasurement can supply important information for

predicting patient’s survival, monitoring of response/resistance, assessment of minimal

residual disease, evaluating distant metastasis, and sometimes, customizing therapy

choices. Nowadays, eliminating CTCs of the blood circulation has been regarded as

a promising method to prevent tumor metastasis. However, research on CTCs still faces

many challenges. Herein, we present an overview to discuss the current concept of

CTCs, summarize the available techniques for CTCs detection, and provide an update

on the clinical significance of CTCs in gastrointestinal malignancies, especially focus on

gastric and colorectal cancer.

Keywords: circulating tumor cells, gastric cancer, colorectal cancer, detection, identification, clinical application

INTRODUCTION

According to the GLOBOCAN 2018 reports, cancer is estimated to rank as the leading cause of
death worldwide (1). Gastrointestinal (GI) malignancies, an important component of solid tumors,
bear a heavier cancer-associated burden (2). At present, metastasis remains the main cause for GI
malignancy-related deaths (3). Even for the early-stage patients who underwent curative resection,
a considerable portion suffer metastatic disease within 5 years of surgery (4). This evidence implies
that an occult metastatic process is parallel with primary tumor development (5) or that tumor
cells with metastatic potential have entered the bloodstream from the primary tumor site during
surgery and cause subsequent distant metastasis in the aforementioned patients (6). These cells are
termed circulating tumor cells (CTCs), which have been proposed to be the important mediators
of hematogenous metastasis of solid malignant tumors (6, 7).

CTCs, first reported by Ashworth in 1869 and further demonstrated by Engell in 1955, are now
defined as the “break away” cancer cells that derive from primary or metastatic tumor sites and
present in the blood circulation (8). These cells shed intermittently from the tumor site, circulate
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within the bloodstream, potentially seed into distant organs
and finally form vital metastases (8). Therefore, research on
CTCs can provide more insights into metastasis-associated
progression. However, the extremely low concentration in
the peripheral blood (one CTC in millions of blood cells)
makes CTCs detection a technical challenge (9), which in
turn greatly limits in-depth studies on the biological properties
of CTCs (10). Nevertheless, given the critical role of CTCs
in tumor progression, many researchers have expended much
effort to explore efficiently capture CTCs (9). Consequently, a
considerable amount of scientific literature has published over
the past decade, occurring in parallel with technical progress
that has propelled this field forward. To date, a number of
technologies based on the biological or physical properties of
CTCs have been developed for achieving CTCs isolation and
identification (9, 11–13), which lay the technical foundation for
conducting more clinical research to explore the clinical value
of CTCs detection in predicting patient survival, customizing
therapy choices, monitoring response/resistance, and evaluating
distant metastasis in numerous types of cancer (14). Over the
past few years, our group has been working on CTCs detection
methods and has developed a variety of methods based on
the different biophysical characteristics of CTCs (15–24); these
studies have enabled us to efficiently capture CTCs in the
peripheral blood and to further analyze the prognostic value
of quantitative and qualitative CTCs analysis in gastrointestinal
(GI) malignancies (25–27).

In this review, we aim to outline the current status of
CTCs detection techniques, the clinical implications, and the
limitations and opportunities in GI cancers, including gastric
cancer (GC) and colorectal cancer (CRC); we then provide
new insights into the applications of CTCs detection to guide
clinical practice.

ISOLATION AND ENRICHMENT
TECHNOLOGIES OF CTCS

Although the primary tumor or metastasis site releases tumor
cells into the blood at all times, most of them are eliminated
by the body’s immune system, and only a few CTCs survives in
the blood circulation. Therefore, the number of CTCs is sparse
(∼1 CTC per ml of blood) compared to the number of other
cellular components in the peripheral blood (5). This situation
poses a high technical challenge for us to accurately isolate CTCs
from millions of blood cells, indicating that an ideal technology
for CTCs separation needs to have the following characteristics:
(1) the ability to isolate all heterogeneous CTCs; (2) the ability
to exclude the background interference caused by normal blood
cells; and (3) the ability to accurately identify all candidate CTCs.
At present, it has been well-recognized that the biological and
physical characteristics of CTCs are obviously different from
those of other cells in the blood (8). Consequently, many capture
and identification technologies based on different CTCs features
are gradually being developed to pursue the ultimate goal of
achieving CTCs enrichment with high specificity and sensitivity
(9, 11–13). For CTC enrichment, the isolation of CTCs is usually

the first step, and the characterization of CTCs (the second step)
further distinguishes the CTCs from the remaining normal blood
cells. As shown in Figure 1, we presented an overview of the
technologies utilized for CTCs isolation and characterization,
and these technologies are commonly used in GC and CRC.

Immunoaffinity-Based Technologies of
CTCs
Immunoaffinity-based technologies, including positive or
negative selection assays, achieve CTCs isolation with an
antibody-immobilized inert surface combined with magnetic
beads (28). Among these assays, positive selection assays
frequently rely on two types of antigens, either single or a
combination, that include the epithelial- or tumor-specific cell
surface antigens (12). In the process of GC- and CRC-CTCs
isolation, the most commonly used epithelial-specific cell surface
antigens are cytokeratins (CKs) 18, 19, 20 and epithelial cell
adhesion molecules (EpCAMs). CKs are intermediate filament
keratins found in the cytoskeletons of epithelial cells (29).
EpCAM is a human cell surface glycoprotein involved in cell-to-
cell adhesion, which overexpresses in epithelial cancers and has
been extensively used in proof-of-concept studies (30). Among
tumor-specific cell surface antigens, carcinoembryonic antigen
(CEA) has been largely utilized to isolate CRC-CTCs (31), and
human epithelial growth factor receptor-2 (HER-2) was used for
GC-CTCs isolation (32). Currently, several platforms, such as the
CellSearch R© System and AdnaTest R© kit, have been developed
for GC- and CRC-CTCs detection based on positive selection,
and are now have achieved for commercially available (27, 33).
Conversely, negative selection assays generally remove white
blood cells (WBCs) from blood samples by targeting leukocyte
surface-specific antigens (e.g., CD45 and CD61) that are not
expressed in CTCs to achieve GC- and CRC-CTCs enrichment;
the kits and techniques include the EasySep R© Human CD45
Depletion Kit (34) and MACS R© (35). Notably, Nagrath et al.
developed the “CTC-Chip” platform by combining microfluidic
technology with positive selection methods 10 years ago, and
this method was able to selectively and efficiently isolate CTCs
from whole blood using anti-EpCAM-coated posts with this
microfluidic chip (36). Microfluidic devices are promising
technologies for CTC isolation, which allow the separation of
CTCs from small fluid volumes under laminar flow and eliminate
the need for pre-labeling or sample processing (32). The Isoflux R©

System (Fluxion Biosciences Inc., South San Francisco, CA)
was another classic automated EpCAM-based immunoaffinity
functionalized microfluidic system that used immunomagnetic
beads to facilitate the use of single or multiple capture antibodies
to target cells of a specific pathology, providing near-perfect
isolation efficiency (37). Although, given that there are no 100%
tumor-specific antibodies, the false-positive (specificity) and
false-negative (sensitivity) of CTCs isolation continue to impose
shackles on immuno-magnetic detection techniques.

Among the commercially available semiautomated devices,
the CellSearch R© System (Veridex LLC, Raritan, NJ, USA) is
the most reported immunoaffinity (EpCAM-based) method for
CTCs isolation and counting, which has been approved by

Frontiers in Oncology | www.frontiersin.org 2 December 2019 | Volume 9 | Article 1427153

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Yang et al. CTCs in Gastrointestinal Cancers

FIGURE 1 | Overview of technologies for circulating tumor cells (CTCs) capture, enrichment, and characterization. Immunoaffinity-based enrichment technologies

capture CTC by positive or negative selection, typically using antibodies bound to the device surface or to magnetic beads. Positive selection is based on the specific

targeting of CTCs epithelial biomarkers, whereas negative selection depletes hematopoietic cells by targeting cell-surface antigens not expressed in CTCs.

Functionalized microfluidics platforms can combine the advantages of microfluidic and the characters of positive capture and negative enrichment. Biophysical

methods are label-free technologies relying on cell size, shape, density, and electric charge differences between CTC and other blood constituents. Density gradient

centrifugation relies in the separation of different cell populations based on their relative densities. Microfiltration consists on size-based cell separation using pores or

three-dimensional geometries. Inertial focusing relies on the passive separation of cells by size, through the application of inertial forces that affect positioning within

the flow channel in microfluidics devices. Electrophoresis separates cells based on their electrical signatures, using an electric field. The methods of CTCs

characterization include immunocytochemistry (ICC)-based approaches and molecular assays. Of which, ICC-based approaches are consist of immunofluorescence

and immunohistochemistry technology, and molecular assays are consist of fluorescent in situ hybridization (FISH), real-time polymerase chain reaction (RT-PCR),

genomic analysis, and RNA sequencing.

the Federal Drug And Food Administration (FDA) for use in
metastatic breast and colon cancer patients (38). Additionally, it
has also been widely used in the capture of GC and CRC-CTCs
in recent years (27, 31). As one of the immunoaffinity assays,
the major advantages of the CellSearch R© System are the direct
visualization and quantification of CTCs and the detection of
living cells without the need for cell lysis. However, there is a non-
negligible fact that CellSearch detects a relatively low number
of CTCs from the peripheral blood of patients with cancer, and
this low sensitivity may be because the system captures solely
EpCAM-positive CTCs that are significantly reduced or absent
in certain CTCs subpopulations, especially for those undergoing
epithelial-to-mesenchymal transition (EMT); this characteristic
is still considered a major pitfall of this device (38).

Previously, our group also reported several immunoaffinity-
based technologies for CTCs detection. First, we developed a
new CTCs detection platform by using an electrospun TiO2
nanofiber-deposited substrate grafted with anti-EpCAM, which
achieved high efficiency in CTCs detection from the blood of GC
and CRC patients (15). Meanwhile, a new CTCs capture platform
based on the transparent and biocompatible TiO2 nanoparticle
spin coated on a glass substrate conjugated with anti-EpCAM
also was successfully used to capture GC- and CRC-CTCs (16,
17). However, preparation of the above nanostructures requires
either specialized equipment or complex process control, which

limits its high-throughput fabrication. Moreover, the non-
transparent nature makes them incompatible with many optical
imaging systems (such as immunocytochemical techniques),
which also constrains further application. Therefore, our group
further used a hydroxyapatite/chitosan (HA/CTS) material as a
nano-substrate, which was characterized by transparency and
excellent biological compatibility, and conjugated this material
with anti-EpCAM to develop simple but efficient CTCs detection
platforms (18, 22). More importantly, the enumeration of CTCs
by these platforms in GC patients could predict the clinical
response to anticancer therapy (19). Furthermore, we coated
anti-CD45 and anti-EpCAM onto the surface of the above
nano-substrate to develop a combined negative and positive
enrichment assay, exhibiting equally high capture efficiency and
excellent purity for CRC-CTCs detection (21).

Biophysical Property-Based Technologies
of CTCs
Considering the bias and narrow capture spectrum presented
by the aforementioned immunoaffinity-based approaches in
CTCs isolation, researchers began to develop a variety of CTCs
isolation technologies based on the biophysical properties of
CTCs to achieve a wide-scale and high-performance capture
of CTCs (39). Biophysical CTCs enrichment technologies,
characterized as “label-free,” isolate CTCs from the blood based
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on the biophysical property differences, such as density, size,
deformability, and electrical charge, that present among CTCs
and other blood cells for CTCs separation and capture (40).
Recently, there have been commercially available reagents
and platforms based on the above different principles for
separating GC- and CRC-CTCs, including density gradient
centrifugation (Ficoll-Pauqe R©; OncoQuick R©; RosetteSep R©

CTC), microfiltration (ScreenCell R©; ISET R©), inertial focusing
(Vortex R©), and electrophoresis (DEPArray R©) (41). The most
common biophysical CTCs enrichment technology is size-based
microfiltration, which assumes that CTCs can be isolated from
blood cells due to their larger volume and more rigid shape,
and this technology has been improved by the introduction
of nano to micron-sized filter pores (42). Currently, new
lab-on-a-chip microfluidics devices have gradually appeared
and significantly improved the GC- and CRC-CTCs yields
compared with the conventional membrane microfiltration
and EpCAM-based immunoaffinity assays (43, 44). Moreover,
these technologies have provided improved in situ platforms for
molecular analysis by fluorescent in situ hybridization (FISH)
or immunofluorescence (IF) (45), as well as for the extraction
of biomolecules for downstream genomic and transcriptomic
sequencing (43). In addition, these platforms also provide the
opportunity for CTCs release and ex vivo expansion, which lays
an important foundation to further understand the biological
characteristics of CTCs (46).

Previously, our group reported several biophysical property-
based assays of CTCs detection.We fabricated a label-free wedge-
shaped microfluidic chip (named CTC-1chip) based on the
size characteristics of CTCs, which exhibited high performance
in capturing GC-CTCs and a great potential clinical value
(24). Additionally, our group co-operated with YZY Medical
Science and Technology Company (Wuhan, China) to develop
a novel isolation by size of epithelial tumor cells device named
CTCBIOPSY R© (Wuhan YZY Medical Science and Technology
Co., Ltd., Wuhan, China), which achieved CTCs isolation
and identification through a polymer membrane made by
biocompatible parylene andWright’s staining (23). As a one-stop
ISET device, CTCBIOPSY R© exhibited excellent performance
in capturing patients’ CTCs and has now been approved by
the China Food and Drug Administration (CFDA) for clinical
application in cancer management (23, 26).

Molecular (RNA-Based) Assays of CTCs
(Without Prior Enrichment)
The aforementioned immunoaffinity- or biophysical property-
based technologies of CTCs detection need to separate GC-
and CRC-CTCs from blood cells before identification. Molecular
assays, represented by RT-PCR, can directly achieve the detection
and characterization of CTCs by analyzing the expression of GC
and CRC-CTCs-related genes without prior CTCs enrichment
(47, 48). In contrast to enrichment technologies, RT-PCR has the
advantages of being rapid, well-implemented, sensitive, and cost
effective (41). Previously, our group conducted a series of meta-
analyses to explore the clinical role of CTCs detected by RT-PCR
in GC and CRC and summarized the commonly usedmarkers for

GC-CTCs (including CK19, CK20, CEA, hTerT, c-MET, MUC1,
VEGFR-1, Survivin, uPAR, B7-H3, and STCs) and CRC-CTCs
(including CK19, CK20, CEA, PLS3, CD133, hTerT, EphB4,
LAMγ2, andMAT) detection (25, 49). Using these cancer-related
genes for CTCs detection is of great value in evaluating the
prognosis of patients with both GC and CRC (25, 49). However,
tumor-derived circulating RNAs (such as miRNAs and lncRNAs)
present in the blood of cancer patients may affect the accuracy of
RT-PCR for CTCs detection, contributing a major limitation of
this technology (41).

Molecular Characterizing Technologies of
CTCs
After enrichment by the above platforms, the candidate
CTCs need to be further identified as “true” CTCs. Currently, the
identification andmolecular characterization of CTCs is achieved
by (a) immunocytochemistry (ICC)-based assays, including
IF and immunohistochemistry (IHC), and (b) molecular
approaches, including RT-qPCR, FISH and next-generation
sequencing (NGS) (41). The most commonly used assay for
the identification of GC- and CRC-CTCs from contaminating
cells is IF, which achieves CTCs identification by staining and
visualizing related-antibody biomarkers. Such biomarkers can
be specific for nuclear content, epithelial proteins (i.e., CKs),
mesenchymal proteins (i.e., vimentin), and hematopoietic
markers (i.e., CD45). A common immunocytological
CTC definition is nucleus+/CK+/vimentin–/CD45–
cell for epithelial-CTC, nucleus+/CK–/vimentin+/CD45– cell
for mesenchymal-CTC, and nucleus+/CK+/vimentin+/CD45–
for epithelial/mesenchymal-CTC (50). However, the detection of
CTCs by classical IF, which is typically performed by pathologists
through the visual observation of stained CTCs based on the
above principles, is time consuming and subjective-dependent.
By contrast, PCR-based molecular assays provide objective
and quantifiable CTCs measurements with the advantages
of automated, sensitive, relatively low-cost and amenable to
quantifiable quality control. Moreover, these methods require a
small amount of cells for analysis, which is also in line with the
fact that the amount of CTCs is less (51). However, since the
molecular characterization of CTCs by PCR assays is based on
the detection of mRNA markers that are specifically expressed
in CTCs but not in leukocytes, the risk of false-positive results
might be increased due to the non-specific amplification of
RNA (50–52).

Notably, nucleic acid-based technologies, as improvements
to non-fixating enrichment procedures, allow the use of RT-
PCR and qRT-PCR to amplify single or multiple gene transcripts
for CTCs detection, and these technologies have provided an
alternate avenue for the molecular characterization of GC- and
CRC-CTCs (53–55). In particular, recent emerging single-cell
sequencing techniques, including DNA and RNA sequencing,
have turned the research direction toward analyzing the genetic
characteristics of individual CTCs to assist in exploring tumor
metastasis mechanisms, finding drug targets, monitoring therapy
responses, and assessing drug resistance (54). Although, because
single-cell CTC analyses are limited by the heterogeneity between
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FIGURE 2 | Overview of the CTCs detection technologies and the potential clinical applications of CTCs in gastric and colorectal cancer.

cancer subtypes, the usefulness of these analyses has hindered the
discovery of universal markers (54).

CLINICAL VALUE OF CTCS DETECTION IN
GASTROINTESTINAL CANCER

In recent years, the clinical applications of CTCs detection via
various technologies have been gradually involved in multiple
aspects of GI cancers, including early diagnosis, treatment
planning, efficiency evaluation, prognostic stratification, and
metastasis monitoring (56) (summarized in Figure 2). Despite
this, there is still no universally applicable “gold standard”
method so far (41, 56). Therefore, the aforementioned assays
must be validated in clinical trials to achieve clinical validity and
utility in the future.

Prognostic Stratification
The role of CTCs in the prognostic stratification of patients
with GC and CRC, as the most studied aspect of CTCs’ clinical
value, has been demonstrated by numerous studies (26, 57–
91). For both GC and CRC, CTCs detection is considered
to be significantly correlated with disease progression and
patient’s prognosis (56). Previously, our group conducted a
prospective cohort study that recruited 138 patients with stage
I–III CRC to assess the prognostic value of the change in
CTCs counts before and after curative surgery. The results
found that postoperative CTCs-positive but not preoperative
CTCs-positive is an independent indicator of poor prognosis
for CRC patients, and the patients with preoperative CTCs-
positive that normalized after surgery have similar outcomes to
patients with preoperative CTC-negative (26). Meanwhile, our
clinical study demonstrated that combining the preoperative
controlling nutritional status score and circulating tumor cell
status could strongly predict the prognosis for CRC patients

treated with curative resection (92), which indicated that the
state of CTCs in the blood is closely related to the nutrition
and immune status of the host. In addition, a series of
meta-analyses conducted by our group also provided strong
evidence for the prognostic significance of CTCs detection in GI
malignancies, which showed that CTCs-positive predicts a poor
patient prognosis and unfavorable clinicopathological factors
for both GC and CRC, regardless of whether the detection
method was RT-PCR, CellSearch or cytological methods (25,
27, 49, 93). In these processes, an unneglectable fact is that
CTCs detection at different time points during treatment might
exhibit different prognostic significance (14). The reason is that
a cancer (or a minimal residual disease) evolves with time,
treatment, selection pressure from surgery, chemotherapy and
radiotherapy and that tumoricidal immunity could stimulate
the expansion of tumor subclones, leading to a change in the
number and molecular characteristics of CTCs (94). In the
future, repeated CTCs detection may be necessary to capture
the changing genetics attributed to anticancer therapies. In the
present review, we summarized the prognostic value of CTCs
detection using different methods at different time points in
GC and CRC (summarized in Table 1). As shown in Table 1,
although there are many CTCs detection methods, none of
them are generally accepted and could be really applied to
clinical practice. At the same time, the cut-off values of the
same CTCs detection method are different from study to study.
Therefore, it is necessary for larger clinical studies to further
validate whether CTCs are used in clinical practice to guide
prognostic assessment. Of course, this may still have a long way
to go.

Therapeutic Implications
Currently, there is limited evidence showing that CTCs detection
at baseline can predict the response to systemic therapy in
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TABLE 1 | CTCs detection for prognosis of gastric and colorectal cancer.

Cancer types Cut-off value Technique Patients (n) HR for death (95% CI) HR for progression/recurrence (95% CI) References

Before treatment After treatment Before treatment After treatment

Gastric cancer ≥2.8 CTCs ISET Non-metastatic

GAC (88)

– – – – (57)

≥5 CTCs CellSearch® Resectable GC

(93)

– – – – (67)

>17 CTCs IsoFlux® Stage II–IV EGC

(43)

3.7 (1.2–12.4) – – – (58)

≥1 CTCs ISET Stage II–IV GC (86) 2.96 (1.25–7.04) - 3.94 (1.38–11.27) – (68)

>2 CTCs CELLectionTM Stage II–IV GC (59) 3.59 (1.66–7.82) 0.77 (0.27–2.25) 2.81 (1.31–6.00) 6.58 (1.37–31.6) (63)

≥4 CTCs SE-iFISH Advanced GC (31) – – – – (62)

>5 CTCs GFP

fluorescence

Stage II–IV GC (65) 0.90 (0.29–2.59) – 1.97 (0.47–8.86) – (59)

≥3 CTCs CellSearch® Advanced EGC

(106)

– 3.46 (1.82–6.58) – 2.15 (1.11–4.16) (61)

≥2 CTCs Cytometry, FISH Advanced EGC

(60)

4.30 (0.82–22.90) – 6.70 (1.43–31.03) – (64)

≥1 CTCs CellSearch® Advanced GC

(136)

1.37 (0.68–2.77) – 2.14 (1.09–4.20) – (65)

≥5 CTCs CellSearch® Advanced GC

(100)

2.58 (1.57–4.27) – 2.06 (1.26–3.38) – (60)

≥1 CTCs CellSearch® Resectable GC

(148)

1.73 (1.08–2.77) – – – (66)

Colorectal

cancer

≥3 CTCs Cyttel+imFISH Advanced CRC

(121)

– 2.68 (1.19-6.03) – 2.79 (1.01–7.71) (69)

≥4 CTCs CellSearch® Non-metastatic

CRC (63)

41.03

(0.00–102.40)

– 17.6 (3.7–82.6) – (70)

≥1 CTCs ISET Non-metastatic

CRC (138)

– – 2.17 (0.75–6.31) 2.82 (1.39–5.75) (26)

≥1 CTCs Immunomagnetic

selection

mCRC (77) 0.32 (0.72–2.79) 0.35 (0.12-0.99) – – (71)

≥1.92 CTCs CEACAM5

RT-PCR

mCRC (436) 2.1 (1.3–3.2) – 1.6 (1.1–2.5) – (72)

≥6 CTCs CanPatrolTM Stage I-IV (66) 59.7 (0.002–1.6 ×

106)

– 7.42 (1.06–51.74) – (73)

>30 CTCs Vita-AssayTM Stage I-IV (88) 1.04 (1.01–1.06) – – – (74)

≥2 CTCs CellSearch® mCRC (79) 2.51 (0.69–9.09) – 3.28 (1.24–8.67) – (75)

>30 CTCs Negative

selection

mCRC (55) 2.61 (1.39–4.93) – 4.94 (2.60–9.39) – (76)

(Continued)
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TABLE 1 | Continued

Cancer types Cut-off value Technique Patients (n) HR for death (95% CI) HR for progression/recurrence (95% CI) References

Before treatment After treatment Before treatment After treatment

NR Multiparameter

flow cytometry

mCRC (152) 6.46 (1.46–28.56) – – – (77)

≥1 CTCs ISET Stage II-IV (98) – 1.15 (0.68-1.94) – 1.99 (1.14–3.48) (78)

≥1+ PCR test

out of 3

CK20 RT-PCR Resectable colon

cancer (299)

1.94 (1.0–3.7) – 1.94 (1.1–3.7) – (79)

≥1 CTC CellSearch® Stage I–III CRC

(239)

5.5 (2.3–13.6) – 12.7 (5.2–31.1) – (80)

Stage I–IV CRC

(287)

5.6 (2.6–12.0) – 7.8 (3.9–15.5) –

≥1 CTC CellSearch® Stage III CRC

(519)

– 0.96 (0.56-1.65) – 0.97 (0.65–1.45) (81)

≥2 CTCs CellSearch® Resectable CRC

LM (194)

2.48 (1.40–4.38) – 2.32 (1.26–4.27) – (82)

>0.1 ng/µL for

≥1 out of 3 gene

AdnaTest® Metastatic

RAS-BRAF wt

CRC (38)

9.32 (2.63–33.1) – 6.24 (2.54–15.3) – (83)

≥1 CTC CellSearch® Resectable colon

cancer (183)

2.88 (1.46–5.66) – 1.96 (1.06–3.61) – (84)

≥3 CTCs CellSearch® Metastatic KRAS

wt CRC (63)

2.08 (1.16–3.73) – – – (85)

≥1 CTC CellSearch® mCRC (119) – – 2.05 (1.29–3.28) – (86)

≥3 CTCs CellSearch® mCRC (180) 1.54 (1.00–2.37) – 1.47 (0.98–2.22) – (87)

≥3 CTCs CellSearch® mCRC (64) – 1.44 (1.14–1.82) 1.06 (0.98–1.15) 1.21 (1.09–1.34) (88)

All markers

positive

CK19, CK20,

CEA, CD133

RT-PCR

Resectable CRC

(315)

3.20 (1.67–6.31) – 3.04 (1.79–5.22) – (89)

≥3 CTCs CellSearch® mCRC (467) 1.9 – 1.4 – (90)

>3 CTCs CellSearch® mCRC (430) 2.45 (1.77–3.39) 9.35 (5.28–16.54) 1.74 (1.33–2.26) 3.64 (2.10–6.30) (91)

CTCs, circulating tumor cells; HR, hazard ratio; CI, confidence interval; ISET, isolation by size of epithelial tumor cells; GAC, gastric adenocarcinoma; GC, gastric cancer; EGC, esophagogastric cancer; FISH, fluorescent in situ hybridization;

CRC, colorectal cancer; mCRC, metastatic CRC; RT-PCR, real-time polymerase chain reaction; CK, cytokine; CEA, carcinoembryonic antigen; wt: wild type; LM, lung metastasis; NR, not reported.
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TABLE 2 | CTCs as predictive factors for cancer therapy efficacy in gastric and colorectal cancer.

Cancer types Cut-off value Technique Patients (n) Treatment Conclusions References

Gastric cancer ≥1 CTC 3D-IF-FISH method Unresectable

metastatic or recurrent

GC (15)

1st-line CT +

trastuzumab

ORR was 53.3% in CTCs-HER2 positive patients at

first response evaluation (6 weeks) vs. 7.7% in

CTCs-HER2 negative patients (p = 0.016)

(98)

≥3 CTCs CellSearch® Advanced GC (106) 1st-line CT ORR was 30.0% in CTCs-negative patients at first

response evaluation

(61)

≥5 CTCs CellSearch® Metastatic GC (100) ≥1st-line CT Chemotherapy response (CR or PR or SD) was

76.6% in CTCs-negative patients vs. 40.0% in

CTCs-positive patients (p = 0.004)

(60)

≥1 of the marker

genes positive

EpCAM + RT-PCR Advanced GC (61) 1st or 2nd-line CT 100% of progressive patients were CTCs-positive at

baseline vs. 73.5% of non-progressive patients

(p = 0.003)

(96)

Colorectal

cancer

2 + PCR results RT-PCR LARC (79) CRT + surgery After CRT, CTCs were detected in 54.4% of the

non-responders vs. 27.2% of the responders

(p = 0.030)

(95)

≥1 CTC CellSearch® LARC (85) CRT + surgery pCR/downstaging/downsizing rate was 80% in

baseline CTCs-negative patients vs. 40% in

CTCs-positive patients (p = 0.02)

(97)

≥1 out of 3

CTCs markers

AdnaTest® Metastatic RAS-BRAF

wt CRC (38)

≥1st-line CT ORR in unfavorable and favorable CTCs-changes

profiles were respectively 0% and 59% (p < 0.0001)

(83)

≥3 CTCs CellSearch® Metastatic KRAS wt

CRC (61)

3rd-line CT ORR was not different between the high and the low

CTCs groups (27.7 vs. 18.36%, p = 0.498)

(85)

≥3 CTCs CellSearch® mCRC (180) 1st-line CT CTCs negativity after 3 cycles of CT was associated

with higher ORR (OR, 3.22; 95% CI 1.25–9.43)

(87)

≥3 CTCs CellSearch® mCRC (60) 1st or 2nd-line CT CTCs positivity at 8–12 weeks was 2% in non-PD

patients vs. 43% in PD patients (p = 0.004)

(88)

≥3 CTCs CellSearch® mCRC (307) 1st-line CT ORR was 40% in patients with low CTCs count at

1–2 weeks vs. 11% in patients with high CTCs

count (p = 0.022)

(90)

≥3 CTCs CellSearch® mCRC (430) 1st, 2nd, or 3rd CT CTCs positivity at 3–5 weeks was 7% in non-PD

patients vs. 27% in PD patients

(91)

CTCs, circulating tumor cells; GC, gastric cancer; CRC, colorectal cancer; mCRC, metastatic CRC; LARC, localize advanced rectum cancer; IF, immunofluorescence; FISH, fluorescent in situ hybridization; EpCAM, epithelial marker

epithelial cell adhesion molecule; HER2, human epidermal growth factor receptor 2; RT-PCR, real-time polymerase chain reaction; CT, chemotherapy; CRT, chemoradiotherapy; CR, complete response; PR, part response; SD, stable

disease; ORR, overall response rate = complete response + partial response; OR, odds ratio.
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GI cancers (60, 61, 83, 85, 87, 88, 90, 91, 95–98). However,
a few studies have demonstrated the predictive value of CTCs
detection during chemotherapy (summarized in Table 2). Li
et al. conducted a single-center, prospective study to measure
the level of CTCs before and at 6 weeks of chemotherapy
in 136 patients with newly diagnosed advanced GC, and the
results showed that the posttherapy CTCs levels may help
evaluate the therapeutic response; in addition, the changes in
CTCs following therapy may be useful in rapidly identifying
ineffective treatments for patients with advanced GC (61).
Similarly, a study including 430 patients with metastatic
CRC also found that there were significantly higher disease
progression rates among patients who were CTCs-positive after
3–4 weeks of chemotherapy (91). Additionally, CTCs have
also been used as a vehicle to assess genotyping changes
in primary tumor and metastatic lesions; this is relevant
for patients for whom a targeted therapy against known
resistance-causing mutations is available, such as HER2-directed
treatment for GC and EGFR-directed treatment for CRC (14).
Overall, although the therapeutic predictive value of CTCs
is not as well-studied as their prognostic value, using CTCs
detection for determining the choice of systemic treatment
and monitoring the treatment effects is promising, illustrating
the possibility of liquid biopsy assessments to change future
cancer management.

Early Diagnosis
In the early stage of the disease, tumor cells may separate
from the primary tumor and enter the bloodstream; this
circumstance provides a theoretical basis for CTCs detection
as a tool for early diagnosis. Over the past few years, several
studies have explored the early diagnostic value of CTCs
detection based on different methods in GI malignancies,
and the results found that the fraction of patients positive
for CTCs is generally considered too low to obtain sufficient
sensitivities for true early diagnosis (66, 99–101). Therefore,
screening general populations with a CTCs assessment
is not logistically realistic, but may be realistic in the
high-risk groups, such as those with a family history of
GI cancers.

CONCLUDING REMARKS

Although the detection and measurement of CTCs is expected to
become a promising tool as prognostic, predictive, and diagnostic
markers for patients with GC and CRC, CTCs have yet to be
realized owing to residual surmountable challenges. To achieve
this goal, a CTCs detection device that is universally accepted,
fast, and low-cost with low false-negative and false-positive
results is first needed; simultaneously, standard procedures for
CTCs detection must also be established. Then, clinical research
into CTCs as a circulating marker needs to be performed, and
issues and promising results should be validated in large-scale,
long-term follow-up, prospective clinical trials to ensure clinical
applicability. Furthermore, conducting more basic research to
gain an in-depth understanding of cancer biology may provide
new insights into how and when to perform CTCs detection
with the best clinical use. Despite these obstacles, we still have
enough reason to believe that, with advances in detection and
subsequent analytical techniques, CTCs will provide abundant
useful information for the diagnosis and therapy in clinical
practice for patients with GI cancers in the near future.
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Background:Only few surgeons have tried to perform laparoscopic combined resection

for T4b gastric cancer. The purpose of this study was to investigate the feasibility

of laparoscopic combined resection through a comparison of the clinical outcomes

between cT4a and cT4b cases.

Methods: We reviewed the medical charts of patients who underwent laparoscopic

gastrectomy for clinically T4 gastric cancer from May 2014 and July 2018. During

this period, 62 patients with serosa-positive gastric cancer underwent laparoscopic

curative surgery. The patients were divided into the following groups: patients who

underwent gastrectomy and combined resection for the invaded organs (combined

resection group) and those who did not undergo combined organ surgery (gastrectomy

only group). Clinical outcomes were compared between the gastrectomy only and

combined resection groups.

Results: Of 62 patients included in this study, 43 and 19 patients were included in the

gastrectomy only and combined resection groups, respectively. The operation time was

significantly longer in the combined resection group (364.6± 102.5 vs. 247.7± 66.1min;

p < 0.001). The incidence of grade ≥ III complications was comparable between the

groups (26.3% vs. 11.6%; p = 0.147). The time from the first operation to the initiation of

adjuvant chemotherapy showed no statistically significant difference between the groups

(48.1 ± 45.4 days vs. 31.6 ± 9.2; p = 0.134).
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Conclusions: Focusing on the high quality of image and new devices of laparoscopic

surgery, it is necessary to re-evaluate the oncologic outcomes of combined resection for

T4b gastric cancer.

Keywords: combined resection, gastric cancer, laparoscopic, T4a, T4b

INTRODUCTION

R0 resection is the mainstay to achieve the survival benefit in
patients with gastric adenocarcinoma. This principle should be
also considered as a significant endpoint in the treatment for
locally advanced cases; therefore, the current treatment guideline
suggested combined resection in T4b gastric cancer. However,
regarding this issue, several representative trials showed that
combined organ resection resulted in a high rate of morbidities
after curative surgery for advanced gastric cancer (AGC).
Cuschieri et al. reported that combined pancreatectomy and
splenectomy to achieve D2 resection increased the morbidity
and mortality rates after gastric cancer surgery (1). Similarly,
combined organ resection might be attributed to the higher
morbidity rate of patients undergoing D2 dissection than D1
dissection according to the result of a Dutch trial (2). Given that
postoperative morbidity is known to be correlated with oncologic
outcomes, many concerns in performing combined surgery for
patients with T4b disease have existed.

However, it is remarkable that all of these data have been
acquired from the clinical experiences of open surgery for
gastrectomy. To date, it has been difficult to apply the minimally
invasive procedures in patients with AGC. Although several
trials have been planned for investigating the oncologic safety
of laparoscopic surgery in patients with AGC, many concerns
still exist in the minimally invasive approach for serosa-positive
disease. Thus, it has taken quite a long time to apply laparoscopic
combined resection in patients with T4b cases.

These reluctances to the laparoscopic approach for AGC
seem to be contradictory to the known advantages of minimally
invasive approaches. For decades, many trials have proved that
adjuvant chemotherapy (AC) showed a significant prognostic
effect in patients undergoing curative gastrectomy (3, 4). With
regard to this issue, it is necessary to consider the key
characteristics of laparoscopic surgery. The fast recovery resulted
from the reduced wound size, which enables the patients to
undergo AC in a timely period. Actually, even though we achieve
R0 resection in patients with AGC, the late induction of AC may
cause a poor oncologic outcome (5).

In T4b diseases that necessitate combined organ resection,

laparoscopic surgery is more effective than open surgery in

terms of reducing the abdominal wound size. Although it can

be necessary to extend the abdominal incision for combined
resection during open surgery, laparoscopic combined resection
requires only the addition of no or several port incisions.

For the recent years, we accumulated the clinical experience

of laparoscopic surgery for serosa-positive gastric cancer. Of

these, some patients with cT4b diseases underwent laparoscopic
combined resection. Therefore, in this study, we investigated

the feasibility of laparoscopic combined resection through
a comparison of the clinical outcomes between cT4a and
cT4b cases.

METHODS

Study Design and Participants
This was a retrospective cohort study performed in a single
institution. We reviewed the medical charts of patients who
underwent laparoscopic gastrectomy for clinically T4 gastric
cancer between May 2014 and July 2018. During this period, a
total of 65 patients with serosa-positive gastric cancer underwent
laparoscopic curative surgery. Of these, 62 patients were treated
with AC (Figure 1). According to whether combined organ
resection was performed, the patients were divided into the
following two groups: patients who underwent gastrectomy and
combined resection for the invaded organs (named the combined
resection group) and those who did not undergo combined organ
surgery (named the gastrectomy only group). Clinical outcomes
were compared between the gastrectomy only and combined
resection groups.

The approval to perform research on human subjects in this
study was provided by the Institutional Review Board of Korea
University Medical Center Ansan Hospital (registration number:

FIGURE 1 | Schematic of this study.
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2019AS0205). This study adhered to the tenets of the Declaration
of Helsinki.

Procedures
All surgical procedures were performed by one surgeon (CML),
who had been trained in a high-volume center performing more
than 500 laparoscopic gastric cancer surgeries per year.

In the operating room, the procedure was performed under
general anesthesia with the patient placed on the bed with
both legs abducted. The bed was adjusted to create a reverse
Trendelenburg position for the patient. The operator sat on the
right side of the patient, while the scopist was positioned between
the patient’s legs.

A 12-mm channel trocar was inserted through a
transumbilical incision using the Hasson’s method (6). After
a pneumoperitoneum was formed with carbon dioxide at a
pressure of 15 mmHg, a flexible scope was inserted through this
umbilical port. Under the guidance of flexible scope, one 5-mm
channel trocar was established on the right subcostal margin and
the other 12-mm channel trocar on the right midclavicular line.
Additionally, two 5-mm channel trocars were established on the
left subcostal margin and left midclavicular line.

The falciform ligament and the left lobe of the liver were raised
toward the cephalad direction by combined suture retraction (7).

Lymphadenectomy for curative distal gastrectomy was
accomplished based on the criteria of the Japanese Gastric Cancer
Treatment Guidelines 2010 (ver. 3) (8). We performed D2

lymphadenectomy in all of the patients who were preoperatively
diagnosed with clinically T4.

After the completion of lymphadenectomy, the stomach and
adjacent organs (particularly in the combined resection group)
were resected. The gastrointestinal or hepatopancreaticoenteric
continuity was recovered according to the following types of
the resected organs: (i) in cases of Billroth II anastomosis after
subtotal gastrectomy, Braun anastomosis was also performed
to reduce bile reflux to the remnant stomach. All of the
gastrointestinal anastomoses were performed with laparoscopic
linear staplers; (ii) in cases of Roux-en-Y esophagojejunostomy
after total gastrectomy, jejunojejunostomy was made at the 45-

cm distal point from the esophagojejunostomy. In all of these

cases, the mesentery defect was closed using non-absorbable

knotless barbed sutures. All of the gastrointestinal anastomoses
were performed with laparoscopic linear staplers; (iii) in

cases invading the transverse colon, the involved segment was

resected using laparoscopic linear staplers (Figure 2a). Colo-

colic anastomosis was performed by overlap stapling using
laparoscopic linear staplers; (iv) in cases invading the body or
tail of the pancreas, distal pancreatectomy was performed using
laparoscopic linear staplers (Figure 2b). Reinforcement sutures
were performed using knotless barbed sutures; (v) in cases
invading the head of the pancreas, pancreaticoduodenogastric
resection was performed (Figure 2c). To restore the bilio-
pancreatico-intestinal continuity, pancreaticojejunostomy and
hepaticojejunostomy were performed by hand-sewing. Billroth II

FIGURE 2 | The procedures of combined resection for advanced gastric cancer invading the adjacent organs. (a) Laparoscopic linear stapler is used to resect the

colon invaded by advanced gastric cancer. (b) Distal pancreatectomy is performed using a laparoscopic linear stapler. (c) Pancreas is transected using an ultrasonic

energy device during pancreaticoduodenectomy (SMV, superior mesenteric vein). (d) Ultrasonic energy device is used to resect the liver invaded by advanced gastric

cancer.
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anastomosis was performed for the recovery of gastrointestinal
continuity; and (vi) in cases invading the liver, the resection
ranges were determined according to the location and size of
the involved segments. If the tumor extensively involved both
segments 2 and 3, left lateral sectionectomy was performed
(Figure 2d). If the invaded lesion was localized in segment 2 or
3, non-anatomical resection was performed.

Assessments
Demographic data, including age, sex, body mass index (BMI),
and American Society of Anesthesiologists (ASA) score, were
obtained from all enrolled patients. In addition, clinical
outcomes, including the operation time, conversion to open
surgery, reconstruction method, resected organs, postoperative
hospital stay, time to the first semi-blend diet, postoperative
complications, and the time from the first operation to
the initiation of AC were also investigated. Postoperative
complications were classified based on the Clavien-Dindo
classification of surgical complications (9).

We also investigated the pathologic results, including tumor
depth, and number of retrieved and metastatic lymph nodes.

As a subgroup analysis, the patients in the combined resection
group were subdivided into the following three groups: patients
who underwent splenectomy (named as SP group), those who
underwent distal pancreatectomy and splenectomy (named as
DP group), and the others (named as OT group). Clinical
outcomes were compared between the SP, DP, and OT groups.

Analysis
Patients with and without undergoing combined resection
were compared using chi-square test or Fisher’s exact test
for categorical data and Student’s t-test or Mann–Whitney U
test or one-way ANOVA for continuous data without normal
distribution. In the two-tailed tests, a p ≤ 0.05 was considered
statistically significant. Statistical analysis was performed using
SPSS 24.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

Of 62 patients included in this study, 43 patients had clinically
T4a disease (gastrectomy only group) and 19 had clinically T4b
(combined resection group). All of the patients in the combined
resection group underwent laparoscopic en bloc resection of the
stomach and adjacent organs.

Demographic Data
The mean age of the patients was 62.6 ± 13.1 years, and the
gastrectomy only group was significantly older (65.9 ± 13.1 vs.
55.2 ± 9.6 years; p = 0.001). The sex ratio was not different
between two groups (p = 0.172). Baseline BMI was significantly
higher in the gastrectomy only group (23.0 ± 3.1 vs. 21.0 ± 3.5
kg/m2; p= 0.031). Most of the patients’ pathologic T stages were
similar to the clinical T stage before the surgery (83.9%), with
the exception of 10 patients (seven with combined resection and
three with gastrectomy only).

Clinical Outcomes
The clinical outcomes showed that the operation time was
significantly longer in the combined resection group (247.7 ±

66.1 vs. 364.6± 102.5min; p < 0.001). The time to the first semi-
blend diet and the length of hospital stay were also significantly
longer in the combined resection group (Table 1).

The combined resection group experienced postoperative
complications more frequently (63.2%) than the gastrectomy
only group (20.9%); however, the incidence of grade ≥ III was
comparable between the groups (11.6% in the gastrectomy only
group vs. 26.3% in the combined resection group; p = 0.147).
In addition, the time from the first operation to the initiation
of AC showed no statistically significant difference between the
groups (31.6 ± 9.2 in gastrectomy only group vs. 48.1 ± 45.4
days in combined resection; p = 0.134) (Table 1). There was no
complication that resulted in mortality in both groups.

Detailed Information for the Combined
Resection Group
In the combined resection group, three transverse colon
invasions, six pancreas invasions (one head, three body, and two
tail), five liver invasions, seven spleen invasions, and one lung
invasion were noted in the laparoscopic images (Table 2).

The postoperative complications in cases 8, 9, 10, and 19
appeared as intra-abdominal fluid collections, which were treated
with the intravenous antibiotics (grade II by the Clavien-Dindo
classification of surgical complications). Cases 2 and 17 also
manifested the intra-abdominal fluid collection, but required
the percutaneous abscess drainage (grade IIIa). Case 4 showed
the anastomotic leakage of esophagojejunostomy, which was
conservatively treated after endoscopic stent insertion (grade
IIIa). Case 5 manifested duodenal stump leakage, which was
treated with intravenous antibiotics (grade II). Case 12 was
diagnosed with intractable pneumonia, which was treated in
intensive care unit for more than 5 months; therefore, started AC
treatment was started at 182 days postoperatively.

Subgroup Analysis for the Combined
Resection Group
The subgroup analysis (performed in the combined resection
group) showed a statistically significant difference between the
SP, DP, and OT groups in terms of the pathologic T stage.
However, the operation time, the pathologic N stage, the length
of hospital stays, morbidity, severe morbidity, and the time from
the first operation to the initiation of AC did not differ between
the three groups (Table 3).

DISCUSSION

Laparoscopic surgery has been established as an effective
modality for the surgical treatment of gastric cancer. Although
it is still necessary to acquire the clinical evidences regarding
laparoscopic combined surgery in patients with gastric cancer,
the laparoscopic approach also has some advantages in terms
of multi-organ resection. Most importantly, surgical trauma is
minimized, because the diversity of the laparoscopic procedures
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TABLE 1 | Characteristics of patients who underwent laparoscopic gastrectomy

with D2 lymphadenectomy for clinical T4 gastric cancer (n = 62).

Gastrectomy

only group

(n = 43)

Combined

resection group

(n = 19)

p

Age 65.9 ± 13.1 55.2 ± 9.6 0.001

Sex (Male:Female) 2.1:1 5.3:1 0.172

BMI 23.0 ± 3.1 21.0 ± 3.5 0.031

ASA score (%) 0.710

1 4 (9.3) 3 (15.8)

2 31 (72.1) 12 (63.2)

3 8 (18.6) 4 (21.1)

The type of surgery (DG:TG) <0.001

DG 31 (72.1) 4 (21.1)

TG 12 (27.9) 15 (78.9)

The operation time (min) 247.7 ± 66.1 364.6 ± 102.5 <0.001

Suture for intraoperative bleeding (%) 5 (11.6) 6 (31.6) 0.135

Portal vein injury 3 (7.0) 3 (15.8)

Splenic artery injury 0 2 (10.5)

Gastroduodenal artery injury 1 (2.3) 1 (5.3)

Proper hepatic artery injury 1 (2.3) 0

Pathologic T stage (%) <0.001

pT1 0 0

pT2 3 (7.0) 0

pT3 0 1 (5.3)

pT4a 40 (93.0) 6 (31.6)

pT4b 0 12 (63.2)

Number of retrieved lymph nodes 43.1 ± 22.2 54.4 ± 27.3 0.090

Number of metastatic lymph nodes 10.3 ± 13.4 7.5 ± 7.8 0.400

Pathologic N stage 0.601

pN0 8 (18.6) 3 (15.8)

pN1 6 (14.0) 5 (26.3)

pN2 9 (20.9) 5 (26.3)

pN3a 11 (25.6) 3 (15.8)

pN3b 9 (20.9) 2 (10.5)

The length of hospital stays (day) 15.2 ± 5.4 36.0 ± 40.9 0.040

Morbidity (%) 9 (20.9%), 12 (63.2%) 0.001

Severe morbidity (≥grade III) (%) 5 (11.6%) 5 (26.3%) 0.147

The details of morbidity (%) 0.014

Fluid collection 4 (9.3) 8 (42.1)

Duodenal stump leakage 2 (4.7) 1 (5.3)

Anastomosis leakage 0 1 (5.3)

Pneumonia 2 (4.7) 1 (5.3)

Bleeding 1 (2.3) 0

Afferent loop syndrome 0 1 (5.3)

The time to adjuvant chemotherapy 31.6 ± 9.2 48.1 ± 45.4 0.134

BMI, body mass index; ASA score, score graded by the American Society

of Anesthesiologists physical status classification; DG, distal gastrectomy; TG,

total gastrectomy.

can be expanded by adding several (sometimes no) port wounds.
This characteristic has been known to be correlated with the
fast recovery; therefore, the promising outcomes are expected
in laparoscopic combined resection. Although many surgeons

are concerned about whether all the procedures could not be
realized with the laparoscopic approach, the recent advances in
laparoscopic instruments (i.e., energy devices, surgical staplers,
and high-resolution laparoscopes) have facilitated us to overcome
the technical difficulty of laparoscopic procedures.

Nevertheless, only few surgeons have tried to perform
laparoscopic combined resection for T4b gastric cancer (10).
This tendency involves the following reasons. First, when gastric
cancer shows the feature of T4b disease, the adjacent organs
or tissues might be deprived of their inherent structures. Such
deformities make it difficult to perform a laparoscopic approach;
therefore, open surgery is generally preferred to control the risk
from the unusual anatomy of T4b disease (i.e., the distorted
flow of the named vessels, unexpected hemorrhage due to the
neovascularization around the tumor, and ambiguous boundaries
between the organs).

Meanwhile, another reason is associated with the current
training systems for the surgeons. Nowadays, to acquire the
qualified procedures for the oncologic principles, the surgeon’s
training program has been subdivided in Korea. Thus, most
surgeons who had been trained for gastric cancer surgery
might be unfamiliar with laparoscopic resection of the colon,
pancreas, and liver. To solve these problems, some surgeons
adopt the multidisciplinary approach for combined resection.
However, unlike concomitant resection for the double primary
malignancies, combined resection for T4b gastric cancer should
be very organized that the main procedures cannot be distributed
to each surgeon of the multidisciplinary team. Therefore, the
foregut surgeons who usually deal with AGC should take the
responsibility for en bloc resection of the invaded organs, which
has been usually performed in open surgery.

Regarding this issue, we have prepared the clinical practice
for a foregut surgeon to perform laparoscopic en bloc resection
in patients with AGC invading the adjacent organs. Before the
actual practice, we had organized many times multidisciplinary
conference between the surgeons with different subspecialties
in our institute. Nowadays, the well-developed video recording
systems could provide high-quality images showing the details of
laparoscopic surgery; therefore, our multidisciplinary conference
has been operated based on the discussions regarding such
video records. Moreover, in Korea, there had been some
annual international conferences held by the Korean Society of
Endoscopic and Laparoscopic Surgeons, in which many surgeons
share the expertise from each subspecial division of laparoscopic
surgery. From all of these programs outside and inside our
institute, we have accumulated expertise in performing surgeries
of the adjacent organs surrounding the stomach.

Nevertheless, there are several technically demanding points
when performing combined surgery for T4b gastric cancer. First,
such an advanced tumor makes the significant desmoplastic
reaction around the major vessels; therefore, it can cause
unexpected bleeding during the operation. In our results, there
were many hemorrhagic events, all of which were controlled by
laparoscopic suture. Even though the unexpected hemorrhage
can happen during laparoscopic surgery for AGC, it can be even
more dangerous to control the bleeding from the unaccustomed
structures beyond the perigastric vascular anatomies. However,
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TABLE 2 | Clinicopathologic data of the patients who underwent laparoscopic combined resection.

Serial

number

Age Sex BMI ASA

score

Tumor

location

Tumor

size

(cm)*

Type of

gastrectomy

Invaded organ in

laparoscopic

view

Procedures for

invaded organs

Operation

time

(min)

EBL

(ml)

Hospital

stay

(days)

Time to

the first

SBD

(days)

Morbidity C-D

grade

1 58 Male 23.0 1 Low body 7.0 TG Transverse colon Segmental resection of

transverse colon

282 50 13 6 None 0

2 50 Male 18.2 2 Antrum 7.0 DG Pancreas (head) Pancreaticoduodenectomy 650 500 34 9 Fluid collection IIIa

3 73 Male 15.3 1 High body 6.0 TG Liver LLS 463 100 15 7 None 0

4 59 Male 17.6 2 From high body

to distal

esophagus

10.0 TG Liver, lung Splenectomy, LLS,

wedge resection of lung

487 100 49 42 Anastomotic

leakage of

esophagojejunostomy

IIIa

5 40 Male 17.0 2 Antrum 4.5 DG Liver Wedge resection of liver 282 100 39 9 Leakage of

duodenal stump

II

6 55 Male 20.0 2 High body 9 TG Spleen Splenectomy 358 250 20 8 None 0

7 51 Male 22.6 2 High body 6.5 TG Spleen Splenectomy 350 350 15 8 Afferent loop

syndrome

IIIa

8 53 Male 20.4 1 High body 8 TG Spleen Splenectomy 402 50 43 4 Fluid collection II

9 55 Male 23.5 2 High body 6.5 TG Spleen Splenectomy 273 50 22 9 Fluid collection II

10 46 Male 22.1 2 From high body

to cardia

6 TG Pancreas (body) DP, Splenectomy 412 450 22 8 Fluid collection II

11 62 Male 22.0 2 Low body 4.5 DG Liver Wedge resection of liver 266 100 17 5 None 0

12 66 Male 26.1 3 From mid to

high body

9 TG Spleen Splenectomy 369 300 182 10 Pneumonia IVa

13 53 Male 24.3 2 High body 5 TG Pancreas (body) DP, splenectomy,

segmental resection of

transverse colon

397 50 16 5 None 0

14 45 Female 16.8 2 From mid to

high body

12.5 TG Spleen Splenectomy. 340 100 11 9 None 0

15 41 Female 19.9 2 High body 6 TG Spleen Splenectomy 285 350 22 8 Fluid collection II

16 71 Male 29.7 3 From cardia to

distal

esophagus

8 TG Liver Wedge resection of liver 319 100 13 6 None 0

17 69 Male 19.7 3 From high body

to cardia

10 TG Pancreas (tail),

transverse colon

DP, splenectomy,

segmental resection of

transverse colon

391 100 22 12 Fluid collection IIIa

18 52 Male 20.9 3 From low body

to cardia

13 TG Pancreas (body) DP, splenectomy 293 450 52 7 Fluid collection II

19 49 Female 29.3 2 From high body

to cardia

10 TG Pancreas (tail),

transverse colon

DP, splenectomy 408 200 27 8 Fluid collection II

BMI, body mass index; ASA score, score graded by the American Society of Anesthesiologists physical status classification; EBL, estimated blood loss; C-D grade, grade by the Clavien-Dindo classification of surgical complications;

TG, total gastrectomy; DG, distal gastrectomy; LLS, left lateral sectionectomy of liver; DP, distal pancreatectomy.

*These values are expressed as the longest diameter of the tumor.
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TABLE 3 | Subgroup analysis for combined resection group.

Splenectomy (n = 7) Splenectomy and DP (n = 3) Others (n = 9) p

Age 52.3 ± 8.0 49.0 ± 3.0 59.4 ± 10.8 0.164

Sex (Male:Female) 2.5:1 2:1 9:0 0.198

BMI 21.3 ± 3.0 24.1 ± 4.5 19.6 ± 3.2 0.170

ASA score (%) 0.869

1 1 (14.3) 0 2 (22.2)

2 5 (71.4) 2 (66.7) 5 (55.6)

3 1 (14.3) 0 2 (22.2)

The type of surgery (DG:TG) 0.060

DG 0 0 4 (44.4)

TG 7 (100) 3 (100) 5 (55.6)

The operation time (min) 339.6 ± 45.9 371.0 ± 67.6 381.9 ± 141.6 0.733

Suture for intraoperative bleeding (%) 0.481

Portal vein injury 1 (14.3) 1 (33.3) 1 (11.1)

Splenic artery injury 2 (28.6) 0 0

Gastroduodenal artery injury 0 0 1 (11.1)

Proper hepatic artery injury 0 0 0

Pathologic T stage (%) 0.020

pT1 0 0 0

pT2 0 0 0

pT3 1 (14.3) 0 0

pT4a 5 (71.4) 0 1 (11.1)

pT4b 1 (14.3) 3 (100) 8 (88.9)

Number of retrieved lymph nodes 65.3 ± 33.5 49.7 ± 13.3 47.4 ± 24.7 0.434

Number of metastatic lymph nodes 6.7 ± 9.8 8.3 ± 6.4 7.8 ± 7.4 0.949

Pathologic N stage 0.690

pN0 1 (14.3) 1 (33.3) 1 (11.1)

pN1 3 (42.9) 1 (33.3) 1 (11.1)

pN2 1 (14.3) 0 4 (44.4)

pN3a 1 (14.3) 1 (33.3) 1 (11.1)

pN3b 1 (14.3) 0 1 (11.1)

The length of hospital stays (days) 45.0 ± 61.3 33.7 ± 16.1 29.8 ± 27.6 0.777

Morbidity (%) 5 (71.4) 3 (100) 4 (44.4) 0.191

Severe morbidity (≥grade III) (%) 3 (42.9) 0 2 (22.2) 0.344

The details of morbidity (%) 0.359

Fluid collection 3 (42.9) 3 (100) 2 (22.2)

Duodenal stump leakage 0 0 1 (11.1)

Anastomosis leakage 0 0 1 (11.1)

Pneumonia 1 (14.3) 0 0

Bleeding 0 0 0

Afferent loop syndrome 1 (14.3) 0 0

The time to adjuvant chemotherapy 59.7 ± 70.8 35.7 ± 3.8 43.1 ± 26.0 0.698

DP, distal pancreatectomy; BMI, body mass index; ASA score, score graded by the American Society of Anesthesiologists physical status classification; DG, distal gastrectomy; TG,

total gastrectomy.

the recent technologic advances have enabled us to overcome
the difficulties of laparoscopic surgery for AGC. Most of all, the
high-resolution view of the current laparoscopic image induces
us to comprehend the distorted anatomies around the tumor
(11). Such a high-quality imaging system is expected to enhance
the surgeons’ eyes during gastric cancer surgery; therefore, it is
possible that we may reach the stage that our ancestor surgeons

could not achieve. Moreover, the diverse types of the energy
devices allow us to perform the meticulous dissection over the
desmoplastic adhesion.

The next demanding point lies in the poor surgical view
due to the heavy tumor burden. Since lymph node dissection
should precede the removal of tumor-involved organs, the huge
and heavier tumor causes significant obstacles to the surgical
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FIGURE 3 | The poor surgical views due to the heavy tumor burden. (a) The surgical view can be limited by the heavy stomach (due to tumor weight or impacted food

contents). (b) The pancreatic invasion can limit the exposure of the surgical field. (c) The surgical view can be limited by lung invasion (indicated by the white arrow) in

case of esophagogastric junction cancer (RE, resected esophagus).

view. For instance, when we elevate the stomach to expose
the lymphadenectomy field, the heavy stomach (due to tumor
weight or impacted food contents) can restrict the surgical
view (Figure 3a). Sometimes, tumor invasion also limits the
exposure of the surgical field (Figure 3b). Additionally, in case of
esophagogastric junction cancer, the surgical view can be limited
by the chest organ invasion that is rarely encountered during
gastric cancer surgery (Figure 3c). In our practice, the only
strategy we applied in such conditions was to find the appropriate
arrangement of the counter-traction. To ameliorate the clinical
outcomes, it was necessary to establish an innovative method of
overcoming tumor burden during lymphadenectomy.

Finally, combined resection itself can increase the
postoperative morbidity rate regardless if the approach is
laparoscopic or open. This issue should be solved to take
the legitimacy of laparoscopic combined surgery, since the
postoperative complications can delay the initiation of AC. In
other words, it is necessary to show that the poor prognosis
is not caused by the “laparoscopic combined resection”
itself. In this study, no statistically significant difference was
found between gastrectomy only and combined resection
groups in terms of the time to the initiation of AC. Even
though we investigated the small number of cases, it is
expected that combined resection itself was not the only
factor delaying the initiation of AC, because duodenal stump
leakage, postoperative ileus, and complicated fluid collection
can happen after the standard surgery for gastric cancer,
even in early disease. Moreover, these parameters should
be carefully interpreted in our results, because we have
contrived ways to proceed with AC despite the postoperative
complications, which are as follows: (1) we have intraoperatively
inserted percutaneous transhepatic biliary drainage (PTBD) to
prepare for postoperative pancreatic fistula (POPF) in patients
undergoing pancreaticoduodenectomy (12); therefore, a patient
in the combined resection group (case 2, Table 2) started
treatment with AC at 52 days postoperatively with PTBD kept;
(2) although a patient in the combined resection group (case 7,
Table 2) had afferent loop syndrome, AC was started at 21 days
postoperatively with PTBD kept. He recovered later without
any re-operation; (3) a sump drain was routinely inserted to
prepare for POPF in patients undergoing distal pancreatectomy;

therefore, a patient in the combined resection group (case
18, Table 2) started AC treatment at 33 days postoperatively.
All of these strategies have been adopted to avoid the delay
of AC.

In conclusion, it is necessary to reboot the survival outcomes
regarding gastric cancer surgery. Such trials can be supported
by the results of CLASS-01 studies, in which non-inferiority
of laparoscopic surgery for AGC was shown (13). Although
laparoscopic surgery for AGC should be verified in the various
aspects, it obviously provides the new surgical view and skills for
gastric cancer surgery. These items may provide us with a chance
to re-evaluate the oncologic outcomes of combined resection
for T4b gastric cancer. In addition, if we consider the ways to
abolish the correlation between postoperative complication and
chemotherapy, all of these strategies should be based on the
surgeon performing AC (14).
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Background: The number of retrieved lymph nodes (RLNs) affects the likelihood of

detecting metastatic lymph nodes (MLNs) for gastric cancer (GC), but the retrieval of

LNs is not satisfactory worldwide. There is no standard for LN examination.

Methods: We retrospectively analyzed 2,163 patients diagnosed with GC who

underwent surgery at Nanfang Hospital between October 2004 and September 2016.

According to themethods of LN examination, patients were classified into two groups: LN

detection by pathologists (pathologist group) and LN examination by surgicopathologic

team (surgicopathologist group). The relationship between RLNs and LN staging

accuracy as well as the factors influencing the detection of MLNs were evaluated.

Results: There were 472males in pathologist group and 467males in surgicopathologist

group. The number of RLNs and MLNs in surgicopathologist group was significantly

higher than that in pathologist group (RLNs: 53.8 ± 20.9 vs. 18.8 ± 11.5, p < 0.001;

MLNs: 5.6± 9.8 vs. 3.9± 5.7, p< 0.001). Notably, the detection of N3b node status was

significantly improved in surgicopathologist group [83 (11.9%) vs. 34 (4.8%), p < 0.001].

Additionally, the detection rate of N3b status gradually increased from 0 in patients with

1-16 RLNs to 16.6% in patients with more than 49 RLNs. The MLNs detected increased

gradually from 2.3 ± 3.0 in patients with 1-16 RLNs to 7.3 ± 11.7 in patients with more

than 49 RLNs. Univariate and multivariate analyses indicated that LN examination by

surgicopathologic team, more advanced pT, tumor size ≥5 cm and combined organ(s)

resection were related to detecting more MLNs.

Conclusions: The retrieval of nodes immediately postoperatively by the

surgicopathologic team could significantly improve the number of RLNs, detect

more MLNs, and screen more patients with N3b node status.

Keywords: gastric cancer, lymph node, examination, node staging, N3b

INTRODUCTION

Many studies have suggested that overall survival (OS) is associated with the number of retrieved
lymph nodes (RLNs) (1–3). The results based on data from the Surveillance, Epidemiology, and
End Results (SEER) database showed that OS was dependent on the number of RLNs (1). For
every 10 additional LNs examined, all four stage subgroups could yield superior survival, and this
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tendency could continue to be detected for cutoff points of
up to 40 LNs. However, the number of RLNs cannot separate
the impact of stage migration versus improved regional disease
control to favor survival. Recently, Hayashi et al. showed that
the number of RLNs < 40 could be attributed to an inferior
survival for stage III gastric cancer (GC) patients who underwent
total gastrectomy (2). Consistently, another large international
dataset analysis, including the SEER database (n = 13,932) and
the Yonsei University Gastric Cancer database (n = 11,358),
also proposed that a greater number of RLNs (a minimum of
29) improves staging and OS in GC patients undergoing radical
resection (3). All of these quality studies proposed a higher
number of RLNs than that recommended by the 8th edition of
the American Joint Committee on Cancer (AJCC) TNM staging
system for GC (at least 16).

To determine why OS following operations for GC
in Japan are far superior to the results obtained in
Western countries, Noguchi et al. reviewed the Japanese
literature and found that the meticulous histopathological
evaluation of surgical specimens in Japan resulted in
more accurate pathologic staging, which was one of the
main reasons for the improved OS (4). Consistent with
this finding, many subsequent studies also demonstrated
that the number of RLNs could affect the likelihood
of detecting metastatic LNs (MLNs) (5) and stage
migration (6–8).

For standard D2 lymphadenectomy, which can guarantee
the efficiency of locoregional disease control for resectable
GC, the number of RLNs is mainly dependent on the
approach of LN examination. Furthermore, the results of
the retrieval of LNs in the Dutch Gastric Cancer Trial
suggest that LN retrieval rather than the extent of surgical
LN dissection was mainly responsible for the number of
RLNs (9).

Taken together, these findings suggest that the improper
approach of LN examination could result in the insufficiency
of RLNs and the underestimation of LN metastasis status,
which could have an undesirable impact on prognostic
evaluation and the strategy formulation of adjuvant
therapy. However, Sano et al. collected analytic data
on 25,411 patients from 59 institutions in 15 countries,
showing that the mean/median (range) number of LNs
examined in Japan, Korea, selected other Asian centers
and selected Western centers was 39.4/36 (1–171),
33/31 (1–129), 24.8/22 (1–103), and 29.5/27 (1–123),
respectively (10).

Therefore, more standard and normative LN examination
techniques are urgently needed, as well as the identification
of confounding factors in nodal status assessment,
to further improve the accuracy of node assessment
and therefore improve survival (7, 8, 11, 12). Hence,
we summarize the methods and experiences of LN
examination for GC specimens at the Department of
General Surgery of Nanfang Hospital by comparing
the nodal yields obtained by conventional sampling by
pathologists vs. immediate postoperative retrieval by the
surgicopathologic team.

METHODS

Patients
In the period between October 2004 and September 2016, 2,163
consecutive patients were diagnosed with GC and underwent
surgery at Nanfang Hospital, Southern Medical University. The
analyses were based on the prospective GC database, which
includes information on GC derived from electronic medical
records that have been maintained in the Nanfang Hospital since
2004 (13). Data monitoring was performed by a specific medical
recorder with ∼10 years of relevant work experience. The
recorded variables included demographic, clinical, pathological,
and surgical characteristics. After two independent surgical
oncologists reviewed the pathological reports and medical
records of the patients retrospectively, patients who did not
receive gastrectomy, underwent non-radical resection, had stage
IV GC, underwent only D1/D1+ lymphadenectomy rather than
D2/D2+ lymphadenectomy, had gastric stump cancer or had
neoadjuvant chemotherapy before gastrectomy were excluded.
After the above exclusion criteria were evaluated, 1,404 patients
were enrolled. According to the methods of LN examination,
patients were classified into two groups: conventional method
for retrieving LNs by pathologists (pathologist group) and
standard operating procedure (SOP) of LN examination by a
specialized surgicopathologic team (surgicopathologist group)
(Figure 1). For patients in the pathologist group, the pathologists
retrieved LNs after the specimens were fixed in 10% neutral
buffered formalin. For patients in surgicopathologist group, a
member of the surgicopathologic team sequentially retrieved LNs
postoperatively within 5min according to the LN station and
then submitted the LN specimens to the Pathology Department
for further examination.

The cancer stage was determined or recoded according to
the 7th edition of the AJCC TNM staging system (13). Tumor
location was categorized as the upper, middle, or lower third of
the stomach. The resection approach [laparoscopic gastrectomy
(LG) or open gastrectomy (OG)] and reconstruction methods
followed standard guidelines (14–17). The study complied with
the principles set forth in the Declaration of Helsinki. The
data collection protocol was approved by the Ethics Committee
of Nanfang Hospital, Southern Medical University. Written
informed consent was obtained from all the patients in the study.

LN Examination Approaches
Pathologist Group
LN retrieval was conventionally performed by pathologists via
inspection, palpation, and/or serial sectioning of the formalin-
fixed specimens.

Surgicopathologist Group
The practice of LN examination by the specialized
surgicopathologic team included three parts (18): the
establishment of a special team (the surgicopathologic team)
to examine LNs, the development of an effective SOP for LN
examination, and long-term and sustained quality control. The
special team was composed of postgraduate students who were
not involved in surgery but trained professionally by surgeons.
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FIGURE 1 | Flow chart of the study cohort.

The SOP includes studying the anatomy of the perigastric
region, learning surgical procedures to identify LN stations and
specifying procedures for LN examination. The specification
procedures in more detail are showed in Appendix. Last, quality
control consisted of periodic data reporting and continuous
feedback to ensure the high quality of the LN examination since
personnel changes occurred often.

Statistical Analysis
Data are presented as the mean ± standard deviation
(SD) for continuous variables (for variables with non-normal
distributions, themedians and ranges are shown) and as numbers
(%) for categorical variables. Student’s t test and the Mann-
Whitney U test were used to compare continuous variables,
and the χ

2 test and Fisher’s exact test were used to compare
categorical variables as appropriate. Risk factors for the number
of MLNs were evaluated by univariate analyses and multivariate
analyses using a general linear regression model. p < 0.05 (two-
tailed) was considered statistically significant. The statistical
software SPSS version 17.0 for Windows (SPSS, Inc., Chicago, IL,
USA) was used for all statistical analyses.

RESULTS

Patient Characteristics
The clinical and pathological characteristics of the patients are

shown in Table 1. There were 472 males in the pathologist group

and 467 males in the surgicopathologist group (p = 0.805).
The mean age in the pathologist group and surgicopathologist
group was 55.7 and 56.1 years (p = 0.485), with a mean
body mass index of 21.6 and 22.5 kg/m2 (p = 0.030),
respectively. The clinical depth of tumor invasion (cT) was
more advanced in patients in the pathologist group than
in those in the surgicopathologist group [cT1/cT2/cT3/cT4:
124(17.5%)/60(8.5%)/110(15.5%)/415(58.5%) vs. 53(7.6%)/74
(10.6%)/101(14.5%)/467(67.2%), p < 0.001]. Similarly,
pathological tumor depth (pT) was also increased in
patients in the pathologist group than in those in the
surgicopathologist group [pT1a/pT1b/pT2/pT3/cT4a/pT4b:
61(8.6%)/61(8.6%)/80(11.3%)/15(2.1%)/430(60.6%)/62(8.7%)
vs. 71(10.2%)/88(12.7%)/69(9.9%)/111(16.0%)/309(44.5%)/
47(67.6%), p < 0.001]. Nevertheless, although the clinical
LN status (cN) was more advanced in the pathologist group
[cN0/cTN1/cN2/cN3: 220(31.0%)/119(16.8%)/246(34.7%)/
124(17.5%) vs. 330(47.5%)/143(20.6%)/108(15.5%)/114(16.4%),
p < 0.001], the pathological LN status (pN) was not significantly
different between the two groups [pN0/pTN1/pN2/pN3a/pN3b:
263(37.1%)/135(19.0%)/166(23.4%)/111(15.7%)/34(4.8%) vs.
328(47.2%)/92(13.2%)/86(12.4%)/106(15.3%)/83(11.9%), p
= 0.248]. Consistent with the pT status, the patients in the
pathologist group more likely underwent gastrectomy with
combined organ(s) resection [60(8.5%) vs. 40(5.8%), p =

0.049]. Patients in the pathologist group were more inclined to
undergo open surgery [345(48.7%) vs. 83(11.9%), p < 0.001]
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TABLE 1 | Clinicopathologic characteristics of the two groups of patients.

Characteristic Total

(n = 1,404)

Pathologist

group

(n = 709)

Surgico-

pathologist

group

(n = 695)

Statistic p-value

Gender [n (%)] 0.061 0.805

Male 939 (66.9) 472 (66.6) 467 (67.2)

Female 465 (33.1) 237 (33.4) 228 (32.8)

Age, y, mean ± SD 55.7 ± 12.0 56.1 ± 11.7 −0.699 0.485

Body mass index,

mean ± SD

21.6 ± 3.0 22.5 ± 8.1 −2.178 0.030

Diabetes [n (%)] 0.345 0.557

Yes 66 (4.7) 31 (4.4) 35 (5.0)

No 1,338 (95.3) 678 (95.6) 660 (95.0)

Tumore size [n (%)] 0.793

<5 cm 940 (67.0) 477 (67.3) 463 (66.6)

≥5 cm 464 (33.0) 232 (32.7) 232 (33.4)

cT-stage [n (%)] −4.062 <0.001

cT1 177 (12.6) 124 (17.5) 53 (7.6)

cT2 134 (9.5) 60 (8.5) 74 (10.6)

cT3 211 (15.0) 110 (15.5) 101 (14.5)

cT4 882 (62.8) 415 (58.5) 467 (67.2)

pT-stage [n (%)] −5.195 <0.001

pT1a 132 (9.4) 61 (8.6) 71 (10.2)

pT1b 149 (10.6) 61 (8.6) 88 (12.7)

pT2 149(10.6) 80(11.3) 69(9.9)

pT3 126 (9.0) 15 (2.1) 111 (16.0)

pT4a 739 (52.6) 430 (60.6) 309 (44.5)

pT4b 109 (7.8) 62 (8.7) 47 (67.6)

cN stage [n (%)] −6.403 <0.001

cN0 550 (39.2) 220 (31.0) 330 (47.5)

cN1 262 (18.7) 119 (16.8) 143 (20.6)

cN2 354 (25.2) 246 (34.7) 108 (15.5)

cN3 238 (17.0) 124 (17.5) 114 (16.4)

pN stage [n (%)] −1.155 0.248

pN0 591 (42.1) 263 (37.1) 328 (47.2)

pN1 227 (16.2) 135 (19.0) 92 (13.2)

pN2 252 (17.9) 166 (23.4) 86 (12.4)

pN3a 217 (15.5) 111 (15.7) 106 (15.3)

pN3b 117 (8.3) 34 (4.8) 83 (11.9)

No. lesions [n (%)] 0.543 0.461

Single 1,385 (98.6) 701 (98.9) 684 (98.4)

Multiply 19 (1.4) 8 (1.1) 11 (1.6)

Approach [n (%)] 223.282 <0.001

Open 428 (30.5) 345 (48.7) 83 (11.9)

Laparoscopy 976 (69.5) 364 (51.3) 612 (88.1)

Gastrectomy [n (%)] 11.947 0.001

Distal 952 (67.8) 511 (72.1) 441 (63.5)

Total 452 (32.2) 198 (27.9) 254 (36.5)

Combined organ(s)

resection [n(%)]

3.888 0.049

Yes 100 (7.1) 60 (8.5) 40 (5.8)

No 1,304 (92.9) 649 (91.5) 655 (94.2)

Surgery time [n (%)] 32.894 <0.001

<240min 1,072 (76.4) 587 (82.8) 485 (69.8)

≥240min 332 (23.6) 122 (17.2) 210 (30.2)

Blood loss [n (%)] 29.945 <0.001

<400ml 1,268 (90.3) 610 (86.0) 658 (94.7)

≥400min 136 (9.7) 99 (14.0) 37 (5.3)

and distal gastrectomy [511(72.1%) vs. 441(63.5%), p < 0.001],
with less surgery time [surgery time ≥240 min: 122(17.2%) vs.
210(30.2%), p < 0.001] but more blood loss [estimated blood
≥400 ml: 99(14.0%) vs. 37(5.3%), p < 0.001]. There were no
significant differences between the pathologist group and the
surgicopathologist group in terms of tumor size, number of
primary lesions, or comorbidity of diabetes.

Effect of the LN Examination Approach on
the Number of RLNs and MLNs and the
Detection of N3b Status
As shown in Table 2, the mean number of RLNs in the
surgicopathologist group was significantly higher than that in
the pathologist group (18.8 ± 11.5 vs. 53.8 ± 20.9, p < 0.001)
(Figure 2); the same trend was observed in the mean number
of MLNs between two groups (3.9 ± 5.7 vs. 5.6 ± 9.8, p <

0.001) (Figure 3). More importantly, the detection of N3b node
status was significantly improved in the surgicopathologist group
[34(4.8%) vs. 83(11.9%), p < 0.001] (Figure 4).

Effect of the Number of RLNs on MLNs and
the Detection of N3b Status
The relationship between the number of MLNs and the number
of RLNs and the association between the detection of N3b nodes
and the number of RLNs are shown in Table 3. With the increase
in RLNs, the number of MLNs also increased [1–16 RLNs vs. 17–
32 RLNs vs. 33–48 RLNs vs. >49 RLNs: 2.3 ± 3.0 vs. 4.3 ± 6.1
vs. 4.6 ± 7.0 vs. 7.3 ± 11.7, p < 0.001] (Figure 5). In addition,
the detection of N3b nodes was also dependent on the number of
RLNs [1–16 RLNs vs. 17–32 RLNs vs. 33–48 RLNs vs. >49 RLNs:
0 vs. 25(6.9%) vs. 24(8.7%) vs. 68(13.9%), p < 0.001].

Factors Influencing the Detection of MLNs
As shown in Table 4, univariate analyses revealed that the
method of LN examination, pT, tumor size, and combined
organ resection were related to the number of detected
MLNs. Furthermore, multivariate analyses indicated that LN
examination by the specialized surgicopathologic team, more
advanced pT, tumor size≥5 cm, and combined organ(s) resection
were associated with detecting a greater number of MLNs.

DISCUSSION

At most GC centers, LNs are retrieved by pathologists, especially
inWestern countries and in China. However, pathologists usually
describe only the positive and total numbers of greater and
lesser curvature LNs. By comparing the significant disparity
in nodal yields between surgeons and pathologists, Bunt et al.
proposed that the retrieval of LNs should be performed
immediately postoperatively by surgeons (9). In their opinion,
the following factors may contribute to the essential higher
nodal yielding obtained by surgicopathologic teams compared
with pathologists: (1) better knowledge of the locations of LNs;
(2) more experienced with and dedication to the mission of
retrieving more LNs (19, 20); and (3) immediate postoperative
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TABLE 2 | The number of retrieved lymph nodes and metastatic lymph nodes and the dectecting of N3b status in the two groups.

Variables Total

(n = 1,404)

Pathologist group (n = 709) Surgicopathologist group (n = 695) Statistic p-value

RLNs*, mean ± SD 18.8 ± 11.5 53.8 ± 20.9 −38.788 <0.001

MLNs#, mean ± SD 3.9 ± 5.7 5.6 ± 9.8 −3.917 <0.001

N3b status [n (%)] −4.843 <0.001

N3b 117 (8.3) 34 (4.8) 83 (11.9)

Non-N3b 1,287 (91.7) 675 (95.2) 612 (88.1)

*RLNs, retrieved lymph nodes. #MLNs, metastatic lymph nodes.

FIGURE 2 | The number of retrieved lymph nodes between the pathologist

group and surgicopathologist group.

processing of the fresh specimen without being fixed by formalin,
which facilitates the detection of LNs due to the differences in
consistency from fatty tissue. LN retrieval from the operation
specimen not by pathologists but by the surgicopathologic team
(who have been trained with anatomical and surgical learning
programs) can obtain a better three-dimensional view of the
anatomical relationships. Furthermore, previous studies have
demonstrated that despite some anatomical variability in the
distribution of LNs, LN retrieval by the surgicopathologic team,
rather than by the pathologists, could lead to more RLNs,
which is helpful for standardizing the nodal status assessment
(9, 21). Consistently, in our trial, the number of RLNs in the
surgicopathologist group was significantly higher than that in
the pathologist group (18.8 ± 11.5 vs. 53.8 ± 20.9, p < 0.001);
the surgicopathologist group also detected a greater number of
MLNs (3.9 ± 5.7 vs. 5.6 ± 9.8, p < 0.001). More importantly,
our trial evaluated the impact of the LN examination approach
and the number of RLNs on the N stage assessment, especially
the N3b stage, which has not yet been investigated in other
similar studies. In our study, patients in the pathologist group had

FIGURE 3 | The number of detected metastatic lymph nodes between the

pathologist group and surgicopathologist group.

more advanced cT and subsequent pT. Nevertheless, although
the cN status was more advanced in the pathologist group,
the pN status was not significantly different between the two
groups. These results contradict the fact that the more advanced
the depth of tumor invasion is, the more advanced the LN
status becomes in GC (22–25). Since our trial excluded patients
with preoperative chemotherapy or D1/D1+ gastrectomy, we
speculated that the inconsistency between cN and pN could
be attributed to the methods of LN examination. Additionally,
the detection of N3b node status was significantly improved
in the surgicopathologist group [34(4.8%) vs. 83(11.9%), p <

0.001]. Notably, the N3b status was first put forward by the
7th AJCC TNM staging system in 2014, and the 8th AJCC
edition incorporated it into the TNM stage for the first time.
The International Gastric Cancer Association (IGCA) Project
study, which analyzed the clinical and pathological data of
25,441 patients from 15 countries and 53 institutions who
underwent curative gastrectomy, demonstrated that the N3a,

Frontiers in Oncology | www.frontiersin.org 5 February 2020 | Volume 10 | Article 123177

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Chen et al. Lymph Node Examination for Gastric Cancer

FIGURE 4 | The rate of detecting N3b status between the pathologist group

and surgicopathologist group.

and N3b subgroups significantly differed in terms of the 5-
year survival rate (10). On the basis of this analysis, the 8th
edition AJCC attached great importance to the impact of N3b
on the TNM stage. Even in early GC, the N3b node status
(T1N3b) could classify patients as stage IIIB, while the T1N0,
T1N1, T1N2, and T1N3a were classified as only stage IA, IB,
IIA, and IIB, respectively. It showed that N3b node status
could have a great impact on disease stage. Thus, the N3b
subgroup should be particularly evaluated. A study based on a
Chinese cohort also confirmed this phenomenon (26). In this
study, N3b patients, regardless of the depth of tumor invasion,
exhibited late-stage disease. Sun et al. even classified T4N3b as
stage IV (27). Some fundamental research has supported the
phenomenon of LN metastasis extension in clinical practice.
Recently, a study conducted by Massachusetts General Hospital
(MGH) showed that cancer cells from metastatic LNs can escape
into the circulation and become the main source of cancer
cells for distant metastasis in mouse models (28). The same
conclusion was independently obtained at Medical University of
Vienna using different methodologies at almost the same time
(29). These findings are helpful in providing clues to the clinical
significance of N3b and provide implications for facilitating
a decision regarding the subsequent use of radiotherapy and
chemotherapy treatment and predicting prognosis. Since all
N3b patients are classified as stage IIIA or IIIB according to
the 8th edition AJCC, the detection of N3b could be used to
identify more high-risk stage III GC patients, which is important
regarding adjuvant treatment. The positive result of the phase
III trial the Adjuvant Chemotherapy Trial of S-1 for Gastric
Cancer (ACTS-GC) laid the foundation of ACT for patients with

stage II and III GC who had undergone D2 surgery with the
regimen of a postoperative S-1 single-agent for 12 months (30).
However, subgroup analysis found that the 5-year OS rate of
stage IIIB GC patients was 50.2% in the group receiving S-1 after
surgery and 44.1% in the group receiving surgery only (HR, 0.791;
95% CI, 0.520–1.205), indicating that there is still some room
for improvement. Recently, the Japan Clinical Cancer Research
Organization (JACCRO) further conducted the JACCRO GC-
07 trial, showing that S-1 plus docetaxel for 6 months and
followed by S-1 alone for 6 months is a better choice for stage
III GC patients (31, 32). In Western patients, postoperative
chemoradiotherapy should be a considered addition for these
patients (33). Therefore, the improvement of detecting N3b,
which could detect more stage IIIB or IIIC patients, could also
make the adjuvant treatment strategy more reasonable and has
great clinical significance for appraising prognosis. Overall, the
upstaging caused by the N status implies a change in patient
treatment (with the indication of adjuvant therapy) and adds
greater clinical significance to the present study.

Importantly, surgeons can not only could retrieve more LNs
but also divide LNs into stations and count sectioned LNs
as a single LN at each station. The status of MLNs at each
station could be vital for further investigating the regulation
of LN metastasis and elucidating the metastasis model of LNs,
both of which are also very important for assessing biological
characteristics and making suitable treatment strategies in
subsequent research. At the same time, the count of RLNs at
each station could also improve quality control in the surgical
treatment of GC and promote the implementation of standard
D2 radical LN dissection for GC (34).

In our analysis, LN examination by the specialized
surgicopathologic team, more advanced pT, tumor size
≥5 cm and combined organ resection were associated with
more MLNs. Clearly, T staging, tumor size, and combined
organ(s) resection represent the biological characteristics of
GC that are related to LN metastasis; this has been widely
proven (23, 35–37). The method of LN examination is not
associated with the biological characteristics but was still related
to the number of MLNs detected, which was mainly due to
their impact on the number of RLNs. Given our results, the
retrieval of LNs by surgeons immediately after an operation
should be the preferred technique over the conventional method
by pathologists.

Also, the conventional LN examination by inspection,
palpation, and/or serial sectioning is prone to missing very
small LNs, and small LNs can also possibly metastasize (38).
Noda et al. reported that ignoring small LNs can be a major
cause of staging error in GC (38). In his investigation, the
mean size of metastatic LNs was 7.80mm for a total of
23233 LNs. If all LNs with a size of 5mm or less are
ignored when fixed, then 37.8% of all MLNs would have been
missed, and downstaging would occur in 14.9 and 4.2% of
the cases if all LNs <6 and 4mm, respectively, were ignored.
Therefore, they proposed that all LNs 4mm or more in size
(5mm when fresh) should be retrieved and examined. Thus,
adjuvant technologies are expected to further improve the
efficiency of LN examination by harvesting more LNs and
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TABLE 3 | The number of metastatic lymph node and the dectecting of N3b status in the four groups with different retrieved lymph node.

RLNs* 1–16 LNs (n = 355) 17–32 LNs (n = 364) 33–48

LNs (n = 276)

≥49

LNs (n = 409)

Statistic p-value

MLNs#, mean ± SD 2.3 ± 3.0 4.3 ± 6.1 4.6 ± 7.0 7.3 ± 11.7 26.414 <0.001

N3b stage [n (%)] 70.162 <0.001

N3b 0 (0) 25 (6.9) 24 (8.7) 68 (16.6)

Non-N3b 355 (100) 339 (93.1) 252 (91.3) 341 (69.6)

*RLNs, retrieved lymph nodes. #MLNs, metastatic lymph nodes.

FIGURE 5 | Relationship between the number of retrieved lymph nodes and

the rate of the detection of N3b status.

detecting smaller LNs on the basis of the conventional LN
examination. This method includes LN-revealing solutions and
lymphatic tracers.

To detect very small LNs, Koren et al. used LN-revealing
solutions to prevent small LNs from being obscured by the
surrounding adipose tissue (39). This method yielded LNs
significantly smaller than the traditional method (mean size: 3.03
± 3.43 vs. 6.69 ± 3.43mm). However, this method required
that the entire perigastric fat was carefully detached from the
stomach and immersed for 6–12 h in ∼3 times its volume of
LN-revealing solution, which is a mixture composed of 65mL
of 95% ethanol, 20mL of diethyl ether, 5mL of glacial acetic
acid and 10mL of buffered formalin. Subsequently, the fat
was washed thoroughly under running tap water and sectioned
again at intervals of 2–3mm. Thus, although this method could
significantly increase the number of RLNs and decrease the
size of the nodes, its operational program is tedious and time
consuming, which makes it difficult to generalize in clinical
practice. Subsequently, Carnoy’s solution (CS) has been used as
a new fat-clearing solution in LN-revealing solutions; however, it
also had similar methodological limitations (40). Over decades,

lymphatic tracers, including methylene blue, indocyanine green,
and the intraoperative radiation technique with a gamma probe,
have also been used as guidance for LN searching and dissection
(41, 42). However, no ideal materials have been found due
to the limitation of their staining efficiency, the relatively
complicated lymphatic flow of the gastric system, radiation
injury, and expense. Carbon nanoparticles (CN) are one of
the most commonly used nanoparticles to trace LNs in some
tumors because they are inexpensive and widely available (43–
45). Recently, LN labeling with CN was applied to GC and
can improve the number of RLNs and the detection of MLNs
(46). To evaluate the application value of LN tracing with CN
by preoperative endoscopic subserosal injection in laparoscopic
radical gastrectomy, Hong et al. randomly assigned patients to a
trial group and control group. The results showed that the mean
number of RLNs in the trial group was significantly higher than
that in the control group (35.5 ± 8.5 vs. 29.5 ± 6.5, p < 0.05).
Regarding the LNs with and without black dye in the trial group,
the rate of MLNs was significantly higher than that in LNs with
black dye (17.3 vs. 4.0%, p < 0.01) (46). In our center, we use
the method of preoperative submucosal injection of CN followed
by a conventional LN examination approach in rectal cancer
after neoadjuvant chemoradiotherapy. Similarly, a more precise
oncologic prognostic assessment is provided by increasing the
number of RLNs (21.1 vs. 8.0, p < 0.001) using the dye-tracing
method. Furthermore, in the CN group, the mean time for LN
retrieval was shorter than that in the control group (27.6 vs.
34.6min, p < 0.001) (45). Li et al. conducted a prospective
randomized trial to evaluate the efficiency and safety of CN
for retrieving LNs in advanced GC (47). In the experimental
group, 1.0mL of CN was injected into the subserosa of the
stomach at five points around the tumor about 10min before
open gastrectomy with D2 dissection. The same procedure was
performed directly without any coloring material in the control
arm. In line with previous studies, the mean number of RLNs
was higher in the experimental group than that in the control
group (38.33 vs. 28.27, p= 0.041). A smaller diameter of LNs was
observed in the experimental arm (3.32 vs. 4.30mm, p = 0.023).
However, subgroup analysis showed that no additional MLNs
were harvested in the experimental group. Nevertheless, the CN
approach also has many potential weaknesses that limit its use,
regardless of whether 0.5mL of CN suspension is injected into
the submucosal layer using a rectal speculum at 3 points around
the primary tumor 1 day before surgery or whether it is injected
into the subserosa of the stomach at five points around the
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TABLE 4 | Univariate and multivariate analyses of factors influencing the detecting

of metastatic lymph node in this cohort.

Variables MLNs#

(x ± s)

Univariate

analyses

Multivariate

analyses

Mean

square

p Mean

square

p

Approach of LN

examination

989.3 <0.001 848.7 <0.001

By pathologists 3.9 ± 5.7

By surgicopathologists 5.6 ± 9.8

Gender 90.1 0.237 0.6 0.919

Male 4.9 ± 8.5

Female 4.4 ± 7.1

Age 10.2 0.691 28.2 0.479

<65 years 4.7 ± 8.1

≥65 years 4.9 ± 7.7

Body mass index 5.0 0.782 7.9 0.707

<28 kg/m2 4.7 ± 8.0

≥28 kg/m2 7.7 ± 1.3

Diabetes 30.2 0.494 48.6 0.352

Yes 5.4 ± 8.7

No 4.7 ± 8.0

pT stage 1772.4 <0.001 1191.7 <0.001

pT1a 0.1 ± 0.7

pT1b 1.2 ± 3.7

pT2 2.0 ± 3.6

pT3 5.3 ± 10.6

pT4a 6.3 ± 8.6

pT4b 8.2 ± 9.3

No. of lesion 58.9 0.339 26.4 0.493

Single 4.8 ± 8.0

Multiply 3.0 ± 9.6

Tumor size [n (%)] 4484.7 <0.001 1472.4 <0.001

<5 cm 3.5 ± 7.1

≥5 cm 7.3 ± 9.2

Approach [n (%)] 676.7 <0.001 90.5 0.204

Open 3.7 ± 5.6

Laparoscopy 5.2 ± 8.9

Gastrectomy [n (%)] 2121.3 <0.001 61.8 0.294

Total 6.5 ± 9.1

Distal 3.9 ± 7.3

Combined organ(s)

resection [n (%)]

1.1 0.897 242.3 0.038

No 4.7 ± 8.1

Yes 4.9 ± 7.0

Surgery time 983.2 <0.001 141.2 0.113

<240min 4.3 ± 7.3

≥240min 6.3 ± 9.9

Blood loss 0.212 0.954 3.690 0.798

<400ml 4.8 ± 8.1

≥400ml 4.8 ± 7.1

#MLNs, metastatic lymph nodes.

tumor about 10min before surgery, both require highly technical
operation, have a steep learning curve, and increase the workload
for surgeons. Particularly, the injection of the CN suspension

into the submucosal layer around the primary tumor is a highly
technical operation, and has the risk of colliding the tumor.
Furthermore, the diffusion of CN may affect the judgment of the
location of the tumor and the extent of resection during surgery.

Therefore, adjuvant technology has not been widely used
in the clinic as the main approach because of its inherent
weaknesses. However, adjuvant technology has the potential to
help detect more LNs with high efficacy, especially for small LNs,
on the basis of routine LN examination relying on the operator’s
vision and tactile sense to detect LNs. Hence, the interdisciplinary
cooperation of clinicians, basic medical researchers and
chemical material researchers is expected to facilitate the
development of a more accurate and effective new tracer or
LN-revealing solutions.

There are also apparent limitations in our study. Although the
data in our study were prospectively collected (48), our study
was not prospectively designed but retrospectively analyzed. Of
course, we tried our best to compensate for this limitation.
For example, only standard curative D2 distal/total gastrectomy
was considered, and patients with previous gastrectomy (gastric
stump cancer) were excluded, as were those who underwent
neoadjuvant therapy to control for other surgically-related
variables. In addition, as a result of the non-prospective design,
the duration of the dissection of each case was not recorded, so
the assessment of the two approaches on the prospect of time was
not possible. Therefore, the operation duration of each method
should be taken into consideration in the design of subsequent
RCTs. In addition, the size of the RLNs and MLNs in each group
was not registered in our database, so we could not investigate
whether the method by the specialized surgicopathologic team
could retrieve smaller LNs and detect small MLNs than that by
pathologists. Since ignoring small LNs can be a major cause of
staging error in GC (38), the size of the RLNs and MLNs should
also be recorded and analyzed in the subsequent RCTs.

CONCLUSIONS

The retrieval of LNs immediately postoperatively by the
surgicopathologic team in our center could significantly improve
the number of RLNs, detect more MLNs, and screen more
patients with N3b node status for GC. This method could
reduce stage migration and therefore has a significant impact
on prognostic evaluation and the formulation of adjuvant
therapy strategies.
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APPENDIX

The procedures of LNs examination after gastrectomy by the
surgicopathologists.

The division of regional fatty tissue-containing LNs

into stations was performed by a surgicopathologic team
postoperatively within 5 min. To improve the accuracy of

perigastric LN substation and the number of LNs detected,

vessel clip markers were used on the side of the specimen when
severing the important perigastric vessels (left gastroepiploic,
right gastroepiploic, left gastric and right gastric arteries, and
veins). After the specimens were removed extracorporeally, the
anatomical position of the main perigastric vessels was marked

and located by a vessel clip. Then, according to the Japanese
Convention on the Treatment of Gastric Cancer, the perigastric
tissues of the lesser and greater curvatures were subjected to
substation disposal. After separation, the LNs were removed
from the perigastric tissues by experienced sample handlers
through visual and tactile approaches. LNs are mostly distributed
along blood vessels, so we should pay attention to protecting
the main blood vessels when we examine LNs and retrieve them
along blood vessels. LNs are easily confused with fat granules. In
color discrimination, fat particles tend to be orange, some LNs
tend to white and more transparent. The texture of the LNs is
tougher, harder and less fragile. Finally, the LNs were sent to
each station in separate bags for pathological examination.
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Background: Serous cystadenoma (SCA), mucinous cystadenoma (MCN), and

intraductal papillary mucinous neoplasm (IPMN) are three subtypes of pancreatic cystic

neoplasm (PCN). Due to the potential of malignant-transforming, patients with MCN

and IPMN require radical surgery while patients with SCA need periodic surveillance.

However, accurate pre-surgery diagnosis between SCA, MCN, and IPMN remains

challenging in the clinic.

Methods: This study enrolled 164 patients including 76 with SCA, 40 with MCN

and 48 with IPMN. Patients were randomly split into a training cohort (n = 115) and

validation cohort (n= 41). We performed statistical analysis and Boruta method to screen

significantly distinct clinical factors and radiomics features extracted on pre-surgery

contrast-enhanced computed tomography (CECT) images among three subtypes. Three

reliable machine-learning algorithms, support vector machine (SVM), random forest

(RF) and artificial neural network (ANN), were utilized to construct classifiers based on

important radiomics features and clinical parameters. Precision, recall, and F1-score

were calculated to assess the performance of the constructed classifiers.

Results: Nine of 547 radiomics features and eight clinical factors showed

a significant difference among SCA, MCN, and IPMN. Five radiomics features

(Histogram_Entropy, Histogram_Skeweness, LLL_GLSZM_GLV, Histogram_Uniformity,

HHL_Histogram_Kurtosis), and four clinical factors, including serum carbohydrate

antigen 19-9, sex, age, and serum carcinoembryonic antigen, were identified important

by Boruta method. The SVM classifier achieved an overall accuracy of 73.04% in training

cohort and 71.43% in validation cohort, respectively. The RF classifier achieved overall

accuracy of 84.35 and 79.59%, respectively. The constructed ANN model showed an
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overall accuracy of 77.39% in the training dataset and 71.43% in the validation dataset.

All the three classifiers showed high F1 score for differentiation among the three subtypes.

Conclusion: Our study proved the feasibility and translational value of CECT-based

radiomics classifiers for differentiation among SCA, MCN, and IPMN.

Keywords: pancreatic cystic neoplasm, contrast-enhanced computed tomography, radiomics, differentiation

diagnosis, machine learning

INTRODUCTION

Pancreatic cystic neoplasm (PCN) has been estimated to be
present in 2–45% of the general population (1, 2). As computed
tomography (CT) and magnetic resonance imaging (MRI)
become widely used in clinical work, the incidence of PCN has
increased to 3–13% for individuals undergoing cross-sectional
imaging (3–5). Serous cystadenomas (SCA), mucinous cystic
neoplasm (MCN), and intraductal papillary mucinous neoplasm
(IPMN) constitute a majority of the PCN subtypes encountered
in practice (6, 7). SCA is of benign nature and periodical
surveillance is enough (8). MCN, IPMN are with the degree of
malignancy, and thus close surveillance and radical surgery are
recommended (8–10).

The pre-surgery classification of PCN subtypes is crucial
for making personalized treatment strategies. However, it is
still challenging to achieve an accurate differential diagnosis
(9, 11, 12) preoperatively in the clinic. Till now, no nucleic
acid or protein biomarkers in blood are available to precisely
differentiate PCN subtypes in clinical work. DNA markers in
cyst fluid, like GNAS, show potential in identifying mucin-
producing cyst lesions but far from the bench. The differentiating
value of RNA or non-carcinoembryonic antigen (CEA) protein
markers is still lacking sufficient evidence (10, 13). Brugge et al.
claimed cyst fluid CEA level (>192 ng/mL) could differentiate
mucinous from non-mucinous lesions with an accuracy of
79%, while cystic fluid carbohydrate antigen (CA 19-9) (>2,900
U/mL) presented a sensitivity of 68% and specificity of 62%
(13, 14). As for radiology method, radiological examination
(CT/MRI/Magnetic Resonance Cholangiopancreatography) has
limited diagnostic accuracy, even by experienced radiologists.
Endoscopic ultrasound (EUS)-based diagnosis methods like
endoscopic ultrasound (EUS) guided fine needle aspiration
(FNA) should be performed only when diagnosis of CT or MRI
are unclear (10). The limit of current methods will hamper the
making of proper medical decisions, increase the suffering of
the patients and waste of limited medical resources. Thus, a
reliable approach for classifying the subtypes of PCN per-surgery
is urgently needed to facilitate personalized medicine.

Past decades had witnessed the rapid development of the
field of medical image analysis, facilitating the development of
the radiomics method which quantifies the tumor heterogeneity
into high-dimension features (15). The radiomics approach
can help clinicians make individualized decisions based on
the quantitative radiomics features and machine-learning-based
models (16). Chakraborty et al. investigated the CT based
radiomics features as markers for stratifying the high-risk IPMN

patients (17). However, the potential of radiomics methods in
helping accurate diagnose of subtypes of PCN has yet been
fully investigated.

AlthoughMRI is the preferred modality according to the 2018
European evidence-based guideline (10), in developing countries
like China, South America, and Africa, MRI is not always
accessible. Contrast-enhanced CT (CECT) is the main diagnosis
modality for PCN in China. In our center, SCA, MCN, and
IPMN aremost common subtypes. From retrospective analysis of
pre-surgery radiological diagnoses and pathological examination
results, we found diagnosis of SCA andMCNwere either obscure
or wrong. And IPMN was the main misdiagnosed type for both
SCA and MCN. Therefore, in this study, we aimed to investigate
the feasibility of using CECT based radiomics approach for
preoperatively classifying SCA, MCN, and IPMN to facilitate the
personalized treatment for patients with PCN.

MATERIALS AND METHODS

Patients
Patients with pancreatic lesions treated from January 2014
to March 2019 in our center were retrospectively evaluated.
Patients with pathologically proven SCA, MCN, and IPMN
were selected for further analysis. The inclusion criteria were
as following: (i) patients had undergone a CECT scan within 2
weeks before surgery; (ii) patients had postoperative pathological
diagnosis of SCA, MCN or IPMN. The exclusion criteria were:
(i) patients diagnosed with concurrent hepatic-pancreato-biliary
malignancies, such as hepatocellular carcinoma; (ii) patients
whose CT images were affected by strong imaging artifacts,
i.e., artifacts obscuring more than 10% of whole volume of
interest; (iii) patients whose clinical data or CT images were
missing. Collected clinical data includes patient age, gender,
abdominal symptoms (including abdominal pain, diarrhea and
obscure abdominal discomfort), tumor location (head and neck,
body and tail, both), calcification, tumor maximum diameter,
serum platelet count, serum alanine aminotransferase (ALT),
serum aspartate aminotransferase (AST), serum albumin (ALB),
serum fasting blood glucose (FBG), serum tumormarkers [alpha-
fetoprotein (AFP), CEA, CA19-9, and serum ferritin (SF)],
familial history of pancreatic cancer, chronic pancreatitis history,
history of smoking, history of alcoholic consumption, obesity
[based on body mass index (BMI), patients with BMI equal
to or larger than 25 were identified as obesity], and blood
type. The final enrolled patient dataset was randomly split into
independent training group (70%) and validation group (30%),
using a stratified sampling method (18). Ethical approval was
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FIGURE 1 | First, we performed delineation of the region of interest and segmentation, then features belong to different categories (Histogram, GLCM, GLRLM,

GLSZM, NGTDM, and wavelet) were extracted and further analyzed. According to feature selection algorithm, the most important features were selected for model

construction. Then, the performance of constructed model was evaluated in the validation dataset.

obtained from Human Research Ethics Committee (HREC) of
our hospital. The patient informed consent was waived by the
HREC for the retrospective usage of patients’ medical images.

Study Design
The analysis workflow of this study was shown in Figure 1.
After delineation and segmentation of the region of interest,
features belong to different categories [histogram, gray-level
co-occurrence matrix (GLCM), gray-level run-length matrix
(GLRLM), gray-level size zone matrix (GLSZM), neighborhood
gray-tone difference matrix (NGTDM) and wavelet] were
extracted and analyzed. Then the most important features
were selected for model construction using supporting vector
machine (SVM), random forest (RF) and artificial neural network
(ANN) algorithm.

Image Acquisition
The preoperative CECT images of patients were retrieved from
the Picture Archiving and Communication Systems in our

institution. All scans were performed on a 256-Slice CT scanner

(Brilliance iCT, Philips, Cleveland, OH, USA) in our hospital.
The scan voltage was 100 or 120 kV and the scan current was

110–835 mAs, adjustable for different patient conditions. The
CECT images were reconstructed with a standard kernel. The
reconstruction slice thickness was 3–5mm and the pixel spacing
of CT images ranged from 0.5 to 1mm. The scan is performed
after a 60 s delay following intravenous administration of 1.5
ml/kg of iodinated contrast medium (Iohexol Injection, 300mg
I/ml, Ousu, Yangtze River Pharmaceutical Group) and 20ml of
saline at a rate of 3ml/s with an automatic pump injector. Arterial
phase was carried out at 25–35 s after contrast injection and CT
scans of arterial phase were used for subsequent process.

Tumor Segmentation and Quantification
The arterial phase of the CECT scan showed an enhanced pattern
of the tumor region (19) and thus was selected for quantifying
the tumor heterogeneity in this study. The delineation of tumor
regions was performed, on all 3D CT slices, by a board-
certified radiologist using ITK-SNAP [www.itksnap.org (20)].
The radiologist was blind to the clinical information before
performing segmentation. The final tumor regions of patients
were checked and agreed by a senior radiologist. The sample
delineation results of SCA, MCN, and IPMN were shown in
Figure 2. The uncertainty of tumor segmentations contributes to
the variation of radiomics feature extraction which is challenging
for the reproducibility of radiomics study, as reported in previous
studies (21, 22). It is important to screen radiomics features
that are robust against tumor segmentation uncertainty. In
this study, we conducted a random expansion and corrosion
process on the initial tumor region to mimic the uncertainty
of manual tumor segmentation. Each slice of the initial tumor
segmentation was controlled by a random seed to expand,
corrode or keep unchanged. The range of expansion and erosion
was 1–4 pixels, controlled by a random seed. By mimicking
the tumor segmentation uncertainty, another two sets of tumor
regions were generated.

The tumor region on CT images was quantified as quantitative
features, namely radiomics features, for building classifier
purposes. To eliminate the effect of different voxel spaces on
feature extraction, the voxel size of images was resampled
into a normalized, 1∗1∗5 mm3, voxel size and all the tumor
regions were quantified as 64 gray levels (23) to normalize the
inhomogeneity of datasets due to variable tube voltages. The
histogram of the tumor region was quantified as seven features,
which are variance, skewness, kurtosis, mean, energy, entropy,
and uniformity. The textures of the tumor region were quantified
using the GLCM, GLRLM, GLSZM, NGTDM methods. The
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FIGURE 2 | Typical CT imaging (arterial phase) of SCA, MCN, and IPMN were shown in (A,C,E). The region of interest on CT imaging after delineation were shown in

(B,D,F).

wavelet transform was used to decompose the images into
eight images of different scales to enforce the information in
different directions. A total of 547 radiomics features were
extracted from the tumor region in this study. The details of
the feature quantification method can be found in the study
of Vallieres et al. (24). The feature extraction was implanted
on the MATLAB 2017b.

Feature Selection and Classifier
Construction
Three sets of radiomics features were extracted for robust
feature selection, using tumor regions delineated by radiologists
and generated using random expansion or corrosion. The
radiomics features with an intraclass correlation coefficient of
higher than 0.75 were selected for model construction (25).
Further, the intercorrelation among radiomics features was
assessed to exclude the highly inter-correlated radiomics features
(correlation coefficient > 0.75, Pearson) from this study. Only
radiomics features and clinical factors that were significantly
different among three subtypes were selected.

Then the Boruta algorithm was used for further feature
selection (26). Boruta algorithm uses a wrapper method based
on the RF classifier for feature selection. A “shadow” attribute
was created for each feature in the feature pool by shuffling
values of the original feature across all patients. Then the shadow
attributes are combined with original features for classification
using an RFmodel. The importance of shadow attribute is used as
a reference for selecting truly important features, as determined
by RF permutation importance measure.

The multi-class classifiers using the SVM, RF, and ANN
models were built based on the final selected features in the
training dataset. For SVM modeling, 4 kinds of the kernel were
tested, which are “Linear,” “Laplacian,” “Gaussian,”and “ANOVA
RBF.” The cost of constraints violation (C-value) ranging from
1 to 10 was tested. For RF modeling, the number of variables
randomly sampled as candidates at each split and total tree

numbers was tested. For ANN modeling, the number of units
in the hidden layer of the network and the parameter for
weight decay were optimized using a grid-search strategy. The
mean errors for SVM, mean out-of-bag (OOB) errors for RF
and accuracy for ANN in 4-fold cross-validation were used to
determine the optimal parameters for constructing the SVM, RF,
and ANN models. Then the developed models were validated on
the independent validation dataset.

For multi-class classification analysis, the precision, recall,
and F1-score are suitable to assess the agreement between true
class and predicted the result (27). As such, in this study, for
characterization of three subtypes of PCNs, the precision, recall
and F1 score of each subtype and overall accuracy were used
to access the prediction performance of the proposed radiomics
SVM and RF models. The precision is used to evaluate the
accuracy for users. For example, the precision for IPMN is
defined as the rate of truly predicted IPMN patients in all the
patients who are predicted as IPMN. The recall is used to evaluate
the accuracy of classifier, i.e., the recall for IPMN is defined
as the rate of truly predicted IPMN patients in all the IPMN
patients. F1 score is an indicator of comprehensively evaluating
the performance of a classifier. The F1 score is defined as:

F1 =
2× Precision× Recall

(Precision+ Recall)

Statistical Analysis
The Kruskal-Wallis test was performed to evaluate the difference
of the radiomics features and continuous clinical factors
among three sub-types. The chi-squared test, corrected chi-
square test, and Fisher test were performed to find significant
different categorical clinical factors among three subtypes, where
appropriate. All the statistical analyses and classifier construction
were performed with R 3.4.1 (www.R-project.org, 2016). The
Boruta feature selection was based on the package “Boruta”
in R. The R package “kernlab,” “RandomForest,” and “nnet”
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TABLE 1 | Patient clinical factors in training and validation cohort.

Clinical factors Training Validation p-value

Tumor type 0.9914

SCA 53 23

MCN 28 12

IPMN 34 14

Age

median [range]

57 [20–79] 57 [26–79] 0.3844

Maximum Diameter

median [range]

3.5 [0.6–14.8] 3.3 [0.5–11] 0.4936

Serum platelet

median [range]

199 [46–443] 202 [87–397] 0.8871

Serum ALB

median [range]

44.4 [22.9–54.9] 45 [32.9–52.8] 0.7261

Serum ALT

median [range]

16 [5–452] 14 [6–134] 0.2255

Serum AST

median [range]

19 [10–280] 19 [11–68] 0.4175

Serum FBG

median [range]

5.12 [2.65–15.03] 4.85 [3.98–7.07] 0.1699

Serum AFP

median [range]

2.3 [0.2 −2374.9] 2.3 [0.7–5.2] 0.2905

Serum CEA

median [range]

1.9 [0.6–682.8] 1.8 [0.6–19.1] 0.3389

Serum CA 19–9

median [range]

9.6 [1–8170.2] 9.8 [1–128.8] 0.9799

Serum SF

median [range]

132.4

[4.7–23290.9]

124 [3.8–1547.2] 0.7807

Sex 0.5605

Male 35 12

Female 80 37

Location 0.1927

Head and neck 45 21

Body and tail 62 28

Other 8 0

Number of tumors 0.3821

Single 104 47

Multiple 11 2

Calcification 1

Without 109 46

With 6 3

Chronic Pancreatitis

History

1

Without 114 49

With 1 0

Abdominal symptom 0.4125

Without 66 24

With 49 25

Pancreatic neoplasm

family history

1

Without 115 49

History of smoking 0.6427

Without 101 41

With 14 8

(Continued)

TABLE 1 | Continued

Clinical factors Training Validation p-value

History of alcoholic

consumption

0.4710

Without 94 43

With 21 6

Blood type 0.6167

A 34 14

B 22 6

AB 9 6

O 50 23

Obesity 0.5724

Without 93 37

With 22 12

were implanted in the construction of the SVM, RF and ANN
model, respectively.

RESULTS

Patient Characteristics
From January 2014 to March 2019, 91 patients were
pathologically diagnosed with SCA. Of 91 SCA patients, 15
patients were excluded (one with concurrent malignancy,
one patient was sent to our center for emergency exploratory
laparotomy, 10 patients’ preoperative CT images were missing,
three patients’ clinical data were missing). Forty-eight patients
were pathologically diagnosed with MCN. Of 48 MCN patients,
eight patients were excluded (two with concurrent malignancies,
four patients’ preoperative CT images were missing, two patients’
clinical data were incomplete). When we retrospectively analyzed
the radiological diagnosis of all 139 patients, the preoperative
radiological diagnosis was quite unsatisfying, with only 13.4
and 10.4% were consistent with pathological diagnosis for SCA
and MCN, respectively. The most common misdiagnosis for
both SCA and MCN was IPMN, indicating difficulty in imaging
diagnosis between these three subtypes. Therefore, we randomly
enrolled 50 IPMN patients who received surgery in our center
between January 2014 and March 2019 based on post-surgery
pathology diagnosis, two IPMN patients were excluded for
incomplete clinical data. Finally, 164 patients were enrolled
(SCA, n = 76; MCN, n = 40; IPMN, n = 48). The patient
recruitment process and inclusion/exclusion criteria were shown
in Figure S1.

The training cohort included 53 SCA patients, 28 MCN
patients, and 34 IPMN patients. The validation cohort included
23 SCA patients, 12 MCN patients, and 14 IPMN patients. The
patient characteristics in the two cohorts were summarized in
Table 1. The two datasets showed consistent distribution in all
the clinical characteristics.

Feature Selection
A total of 402 radiomics features were robust against the
segmentation uncertainties. Among the robust features, 55
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FIGURE 3 | The feature importance in the Boruta feature selection process. The green box showed the features which are confirmed important, the yellow box

showed the tentative attributes and the green box showed the unimportant features. Five important radiomics features include Histogram_Entropy, Histogram_

Skewness, LLL_GLSZM_GLV, Histogram_Uniformity, HHL_Histogram_Kurtosis. Four important clinical parameters include serum CA 19-9, sex, age, and serum CEA.

TABLE 2 | Diagnosis performance of the constructed SVM model in the training and validation dataset.

Training dataset Validation dataset

TP IPMN MCN SCA Pre Rec F1 IPMN MCN SCA Pre Rec F1

IPMN 27 3 5 0.7714 0.7941 0.7826 11 0 4 0.7333 0.7857 0.7586

MCN 2 16 7 0.6400 0.5714 0.6038 0 7 2 0.7778 0.5833 0.6667

SCA 5 9 41 0.7455 0.7736 0.7593 3 5 17 0.6800 0.7391 0.7083

Total 34 28 53 OA 0.7304 14 12 23 OA 0.7143

T, True type; P, Predicted type; Pre, Precision; Rec, Recall; OA, Overall accuracy.

features with an inter-correlation coefficient of <0.75 were
preliminarily selected in the training dataset. Nine radiomics
features showed significant differences among the SCA, MCN,
and IPMN. Nine radiomics features and eleven significant
clinical factors (age, ALT, AST, FBG, CEA, CA 19-9, sex,
location, blood type, cigarette history, alcoholic history) were
further selected utilizing Boruta feature selection method. In the
end, five radiomics features and four clinical parameters were
confirmed important. The rank plot of feature importance was
shown in Figure 3. The radiomics feature, Histogram_Entropy,
showed the highest importance. The clinical factor, serumCA 19-
9, was the second most important feature. The other 4 radiomics
features were the Histogram_Skeweness, LLL_GLSZM_GLV,
Histogram_Uniformity and HHL_Histogram_Kurtosis. The
detailed formula of the five selected radiomics features
was shown in Table S1. The other three clinical factors
included sex, age, and serum CEA. The radiomics features
showed comparable value with clinical factors in these
selected features.

Model Construction and Evaluation
The SVM, RF, and ANN models were constructed based on
the nine important features. An SVM model with a Gaussian
kernel and C-value of 2 showed the least mean error and was
selected for classification of SCA, MCN, and IPMN. The detailed
parameter optimization process in construction of SVM model
was shown in Table S2. The constructed SVM model showed an
accuracy of 73.04% in the training dataset as shown in Table 2.
The precision for diagnosis of SCA, MCN, and IPMN was 74.55,
64.00, and 77.14%, respectively. In the validation dataset, the
SVM model achieved an overall accuracy of 71.43%, consistent
with its performance in the training cohort. The precision for
each type was 68.00% for SCA, 77.78% for MCN and 73.33%
for IPMN.

The error plot in selecting the tree numbers in the RF model
construction was shown in Figure 4. When the tree number is
more than 3,000, the errors became stable in building RF models.
When two variables were randomly sampled as candidates at
each split in RF, the mean OOB error was least (Table S3. Thus,
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the RF model with 3,000 trees and two candidate variables was
established for tumor diagnosis. In the training dataset, the RF
model showed 84.35% overall accuracy in the classification of
SCA, MCN, and IPMN. In the validation dataset, the RF model
had a precision of 72.41% for SCA, 90.00% for MCN, 90.00% for
IPMN (Table 3).

The number of hidden units was selected from 10 to 15 and the
weight decay was chosen from 2, 1, 0.5, 0.25, 0.125, and 0.0625
in the cross-validation process of ANN structure optimization.
The accuracy of ANN in optimizing the number of hidden units
and weight decay was shown in Figure 5A. When the hidden
units are 14 and the weight decay is 1, the mean accuracy in
the cross-validation reached the highest and the corresponding
ANN structure was shown in Figure 5B. The constructed ANN
showed an overall accuracy of 77.39% in the training dataset and
71.43% in the validation dataset (Table 4). The precision of SCA
in the validation dataset was 77.78%. For MCN and IPMN, the
precisions were 66.67 and 68.42%, respectively.

The RF model showed the highest overall accuracy in both
the training and validation dataset, showing the advantage of RF
models in the differential diagnosis of SCA, MCN, and IPMN.

FIGURE 4 | The error plot corresponding different tree numbers in the

construction of the RF model. The red line showed the error of “SCA” class;

the green line showed the error of “MCN” class; the blue line showed the error

of “IPMN” class; the black line showed the OOB error. When tree number is

more than 3,000, the errors become stable and thus 3,000 was chosen as the

optimal tree number.

As for F1-score, the RF model showed higher F1-score for SCA
and MCN, but lower F1-score for IPMN than SVM and ANN
model. ANN model showed the highest F1-score for IPMN in
the validation dataset. The performance of the three developed
models in this study demonstrated the feasibility of models
constructed with radiomics and clinical features in the diagnosis
of SCA, MCN, and IPMN.

DISCUSSION

In this study, we investigated the potential of the radiomics
method for classification of three subtypes of pancreatic cystic
neoplasm, i.e., SCA, MCN, and IPMN. All the radiomics features
used in the final models developed in this study were robust
against tumor segmentation uncertainty. Five radiomics features
and four clinical factors were identified important and used for
classifier construction.

Three reliable machine learning methods, SVM, RF and
ANN methods, were utilized to construct diagnostic classifiers.
The built SVM model showed an overall accuracy of 73.04%
for training and 71.43% for validation. The RF model showed
an overall accuracy of 84.35 and 79.59% in two independent
datasets. As for ANN, the overall accuracy in two independent
datasets was 77.39 and 71.43%, respectively. All three classifiers
present good performance in distinguishing SCA from MCN
and IPMN. The result showed that the CECT based radiomics
method could classify three subtypes of PCN and may help make
personalized treatment decisions preoperatively.

Now the clinical management of patients with pancreatic
cystic neoplasm is mainly based on clinical presentation and
radiological examinations. EUS-based methods are not routinely
performed in every medical center. From the retrospective
comparison between preoperative radiology diagnosis and
postoperative pathology diagnosis in our center, the pre-surgery
accurate diagnosis rate is very low (13.4% for SCA and 10.4% for
MCN). Even in Massachusetts General Hospitals, a world-class
medical center, over 20% of the cyst lesions resected for concerns
about their malignant potential were entirely benign based on
histopathologic examination (28). This clinical dilemma reflects
the urgent need for an effective and efficient differential method
of PCN.

Pancreatic cystic neoplasm is heterogeneous, while the
radiologists’ diagnosis or cyst fluid examination just reflects a
relatively small part of the whole tumor. In this study, the
classifiers were constructed by combining radiomics features

TABLE 3 | Diagnosis performance of the constructed RF model in the training and validation dataset.

Training dataset Validation dataset

TP IPMN MCN SCA Pre Rec F1 IPMN MCN SCA Pre Rec F1

IPMN 30 4 1 0.8571 0.8824 0.8696 9 0 1 0.9000 0.6429 0.7500

MCN 1 18 3 0.8182 0.6429 0.7200 0 9 1 0.9000 0.7500 0.8182

SCA 3 6 49 0.8448 0.9245 0.8829 5 3 21 0.7241 0.9130 0.8077

Total 34 28 53 OA 0.8435 14 12 23 OA 0.7959

T, True type; P, Predicted type; Pre, Precision; Rec, Recall; OA, Overall accuracy.
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FIGURE 5 | (A) the ANN parameters optimization process: when the hidden units were 14 and the weighted decay was 1, the accuracy reached highest and thus the

ANN model was constructed with 14 hidden units and the weighted decay value of 1. (B) the final constructed ANN model in this study.

TABLE 4 | Diagnosis performance of the constructed ANN model in the training and validation dataset.

Training dataset Validation dataset

TP IPMN MCN SCA Pre Rec F1 IPMN MCN SCA Pre Rec F1

IPMN 31 4 7 0.7381 0.9118 0.8158 13 1 5 0.6842 0.9286 0.7879

MCN 1 15 3 0.7895 0.5357 0.6383 0 8 4 0.6667 0.6667 0.6667

SCA 2 9 43 0.7963 0.8113 0.8037 1 3 14 0.7778 0.6087 0.6829

Total 34 28 53 OA 0.7739 14 12 23 OA 0.7143

T, True type; P, Predicted type; Pre, Precision; Rec, Recall; OA: Overall accuracy.

with clinical factors (serum CA 19-9, sex, age, serum CEA)
and showed promising differential performance. The result was
consistent with previous studies. Giuseppe et al. found that
age was one of the significant predictors of SCA growth (29).
Leung KK et.al found elevated cystic CEA was associated with
potentially malignant/malignant cysts (30). Also, Bassi et al.
found that positive CEA and/or co-presence of more than
two positive serum markers (CEA, CA 19-9, or CA 125) were
indicative of presence of mucinous cystic tumors, i.e., MCN
and IPMN (31). Our results proved that clinical factors like
serum tumor markers together with radiomics features could
help differential diagnosis among SCA, MCN, and IPMN.

Treatment choices are sharply different for SCA, MCN,
and IPMN. As SCA is a benign entity, periodic surveillance
is recommended. MCN had the potential to progress to
malignancy. According to current guidelines (10), patients with
MCN larger than 4 cm or symptoms should undergo surgery.
Ideally, IPMNs with high-grade dysplasia or with invasive
adenocarcinoma should undergo resection. But it is still difficult
to differentiate low-grade dysplasia in clinical work. Over 20%
of the cysts were entirely benign based on histopathologic
examination and over 75% of resected IPMNs could have been
safely observed (32). With the radiomics approach developed in
this study for differentiating SCA, MCN, and IPMN, we might
avoid the 20% wrong clinical decision.

There are some limitations to our study. Firstly, as a
retrospective study based on single-center data, the sample size of
each subtype is relatively small. We take some measures to avoid
bias. The training and validation datasets were randomly split
(ratio= 7:3) to test the robustness of the results. Multifold cross-
validation was carried out in constructing the machine learning
classifiers to avoid the over-fitting. However, the bias may still
exist due to small sample size. Secondly, there is inevitable
subjectivity in the process of manual tumor segmentation. To
minimize this bias caused by segmentation uncertainty, all
segmentation results were checked and approved by a senior
radiologist to ensure the segmentation accuracy. The random
expansion and corrosion was also performed to select robust
radiomics features. To further improve the performance of CECT
based radiomics method, a multicenter-based prospective study
with a large study population is needed.

CONCLUSIONS

In conclusion, our study provided preliminary evidence that
CECT-based radiomics analysis was feasible and reliable to
differentiate SCA, MCN, and IPMN, which is convenient, non-
invasive, and repeatable. On the basis of multicenter validation,
the present findings may be applicable to clinical routine.
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Colorectal cancer (CRC)-associated senescent fibroblasts may play a crucial role

in tumor progression, but the mechanism remains unclear. In order to solve this

complicated problem, we randomly collected 16 patients with CRC, who had

been treated with oxaliplatin and capecitabine (XELOX). Hematoxylin-eosin (HE)

staining revealed that the tumor-stroma ratio (TSR) of CRC was affected by XELOX

treatment. Immunohistochemistry (IHC) and senescence-associated β-galactosidase

(SAβG) staining were used to verify a stable model of senescent fibroblasts. IHC analysis

showed that high expression levels of galactosylceramidase (GALC) and significant

senescence-associated β-galactosidase (SAβG) staining were associated with CRC

patient survival. We observed that fibroblasts overexpressing GALC underwent cell cycle

arrest. Changes in cell morphology and cell cycle characteristics were accompanied

by the upregulation of the p16, p21, and p53 gene, and the downregulation of

hTERT expression. In a co-culture system, fibroblasts overexpressing GALC significantly

increased the proliferation of CRC cells. Transmission electron microscopy (TEM) analysis

confirmed that GALC overexpression fibroblasts co-cultured with CRC caused changes

in CRC cell morphology. The aging fibroblast co-culture group (70%) had a higher

migration ability. In vivo experiments and transcriptomics analysis were performed to

verify the effect of senescent fibroblasts on tumor formation and to identify the potential

mechanisms for the above results. We found that a high expression of ATF3 was related

to good survival rates. However, a high expression of KIAA0907 was bad for survival

rates (p < 0.05). The knockdown of ATF3 can promote cell proliferation, migration, and

clonogenic assays, while downregulation of KIAA0907 inhibits cell proliferation, migration,

and clonogenic assays. The results demonstrate that senescent fibroblasts with a high

level of GALC regulated several aspects of the tumor growth process, including migration

and invasion.

Keywords: senescent fibroblasts, tumorigenicity, colorectal cancer, galactosylceramidase, tumor

microenvironment
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INTRODUCTION

Colorectal cancer (CRC) remains one of the leading causes of
mortality worldwide, and it is a severe threat to public health (1,
2). Treatment of CRC is a critical challenge, since many patients
do not respond to therapy and those that do respond can develop
drug resistance after most advanced treatment strategies that are
provided in the clinics (3, 4). Previous studies have demonstrated
that senescent fibroblasts are abundant and heterogeneous in the
tumor microenvironment (TME), and they are closely associated
with cancer progression and resistance to therapy (5, 6). As
fibroblasts are the most abundant cell type in the tumor stroma,
the deregulation of secreted paracrine factors from fibroblasts has
been shown to influence the growth, invasion, and metastasis of
cancer cells (7). While several mechanisms have been reported
for the regulation of cancers by senescent fibroblasts (8–10), it is
clear that additional mechanisms also contribute to the stromal
regulation of cancers, and thus, additional studies are warranted.

Senescent fibroblasts are thought to be precursors to cancer-
associated fibroblasts (CAFs) (11, 12). They share the ability to
stimulate proliferation and invasive behavior (13, 14). Senescence
was originally used as a model to study the aging of fibroblasts
both in vitro and in vivo (15). However, senescent cells induced
by traditional methods are difficult to obtain in large quantities.
In cell culture experiments and in aging humans, senescent
fibroblasts have been associated with increased β-galactosidase
(SAβG) activity (16). Galactosylceramidase (GALC) is a
lysosomal protein that hydrolyzes the galactose ester bonds of
galactosylceramide, galactosylsphingosine, lactosylceramide,
and monogalactosyldiglyceride (17). High levels of GALC
expression can increase the expression of β-galactosidase. Thus,
the cell senescence status can be assessed by detecting GALC
expression. Metastatic CRC remains one of the most malignant
human gastrointestinal carcinomas, with one of the worst 5-year
prognoses (18, 19). While there is known to be an interaction
between fibroblasts and CRC cells (20), the mechanisms are yet
to be fully elucidated. Hence, this study aims to examine the
effect of senescent fibroblasts on various CRC cell phenotypes.

MATERIALS AND METHODS

Human Tissue Samples
The present study was reviewed and approved by the Ethics
Committee of Shanghai Jiao Tong University Affiliated Sixth
People’s Hospital (2017-037). Written informed consent was
obtained from all patients. The enrolling criteria included
the following: (1) Colonoscopy diagnosed as CRC. (2) The
preoperative imaging data were clearly T3-4N1-2M0, and
the preoperative staging must have reached stage IIIB–IIIC
(according to the American Cancer Society TNM staging
standard) without distant metastasis. (3) Patients must be older
than 18 years old and younger than 80 years old, and have a
Kamofsky score of 70 or higher, with no history of tumor-related
bleeding. (4) White blood cell count >4 × 109/L, platelets >100
× 109/L. The clearance rate of creatinine should be >60 ml/min,
and there is sufficient liver function reserve: serum bilirubin
<2.5 times the upper limit of normal, AS/ALT < 2.5 times the

TABLE 1 | Basic information of clinical patients.

Characteristics Number Percent

(%)

Gender Man 9 56.25

Woman 7 43.75

Tumor site

Colon

Ascending colon 4 25

Sigmoid colon 3 18.75

Rectum

High position (>10 cm) 3 18.75

Median (7–10 cm) 2 12.5

High position(<7 cm) 4 25

Surgical

approach

Laparoscopic radical

resection

10 62.5

Dixon 3 18.75

Miles 3 18.75

Pathology

Medium differentiated

adenocarcinoma

5 31.25

Low-grade

adenocarcinoma

7 43.75

Mucinous

adenocarcinoma

4 25

upper limit of normal. (5) The patient had no previous bowel
surgery and no history of radiotherapy and chemotherapy. The
patient does not have any other malignant diseases. All patients
received at least three cycles of the XELOX regimenwith a 3-week
course (oxaliplatin 130 mg/m2, day 1; capecitabine 1,250 mg/m2

twice daily, days 1–14). (6) Puncture samples from patients
enrolled should be usable to perform clinical IHC and TSR
analysis. (7) Patients should be available for follow-ups. Sixteen
patients undergoing surgery after neoadjuvant chemotherapy at
Shanghai Sixth People’s Hospital and Shanghai Tenth People’s
Hospital between January 2010 and December 2012 were selected
for this study. Biopsy specimens were collected from each
patient before and after chemotherapy. The colonoscopy results
before chemotherapy confirmed the diagnosis of CRC, and the
computed tomography (CT) and magnetic resonance imaging
(MRI) data of all patients were available. The characteristics of
the patients included in this study are listed in Table 1.

Cell Culture
Fibroblasts HFL1 (ATCC R© CCL-153), HFF-1 (ATCC R© SCRC-
1041), CRC cell lines LoVo (ATCC R© CCL-229), RKO (ATCC R©

CRL-2577), HCT116 (ATCC R© CCL-247), HT-29 (ATCC R© HTB-
38), and virus-packaging 293T (ATCC R© CRL-11268) cells were
all purchased from the Institute of Biochemistry and Cell Biology,
Chinese Academy of Science (Shanghai, China). The details
of these cell lines can be obtained from the American Type
Culture Collection (https://www.atcc.org/products). HFL1, HFF-
1, LoVo, RKO, HCT116, HT-29, and virus-packaging 293T cells

Frontiers in Oncology | www.frontiersin.org 2 April 2020 | Volume 10 | Article 380195

https://www.atcc.org/products
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Yang et al. Fibroblasts Expressed GALC Trigger Tumorigenicity

were cultured in Dulbecco’s Modified Eagle Medium (DMEM;
Invitrogen, Carlsbad, CA, USA), supplemented with 10% fetal
bovine serum (FBS) and 1% penicillin/streptomycin, at 37◦C
under 5% CO2.

Lentivirus Packaging
The transfection mixture was prepared according to the
following ratio: 600 µl OPTI-MEM plus, 72 µl PEI, and 24
µg plasmid [PLVX-GFP-GALC, PLVX-GFP, shCK, shATF3
(shATF3-1: TGCTGTTGACAGTGAGCGCAAAGAGGCGAC
GAGAAAGAAATAGTGAAGCCACAGATGTATTTCTTTCTC
GTCGCCTCTTTTTGCCTACTGCCTCGGA; shATF3-2:TGC
TGTTGACAGTGAGCGCAAAGAGGCGACGAGAAAGAA
ATAGTGAAGCCACAGATGTATTTCTTTCTCGTCGCCTCT
TTTTGCCTACTGCCTCGGA), shKIAA0907(shKIAA0907-
1:TGCTGTTGACAGTGAGCGACTGGTGGTAGCTGAAGT
AGAATAGTGAAGCCACAGATGTATTCTACTTCAGCTACC
ACCAGGTGCCTACTGCCTCGGA, shKIAA0907-2:TGCTGT
TGACAGTGAGCGATAGATTTGTGAATCAGATTAATAGTG
AAGCCACAGATGTATTAATCTGATTCACAAATCTAGTGC
CTACTGCCTCGGA)], which included 12-µg target plasmid,
10.68-µg dR8.9, and 1.32-µg VSV-G. Then the mixture was
allowed to stand for 10min. Transfection occurred for 4–6 h,
and the medium was then changed. The medium was collected
at 48 and 72 h, respectively.

SAβG Staining
A Senescence β-Galactosidase Staining Kit (Beyotime, Shanghai,
China; C0602) was used for SAβG staining. The SAβG staining
efficiency was calculated as the number of positively stained cells
divided by the total number of cells in a single field of view.
Fibroblasts with a staining rate greater than 10% were used for
subsequent experiments.

Cell Co-culture
CRC (LoVo, RKO, HCT116, HT29) cells were thawed and
plated on 10-mm glass coverslips (Menzel Glaser; Braunschweig,
Germany) in 24-well plates for co-culture experiments or directly
onto Transwell chambers (24 wells, each with a 4 µm pore size
polycarbonate membrane; Corning Incorporated, USA) for cell
migration experiments. LoVo and RKO cells were separately
added to a 24-well plate at 5 × 105 cells per well. LV-GALC and
LV-NC HFL1 cells were then seeded in the lower chamber of the
transwell chamber at 2 × 105 cells per well, with three replicate
wells per group. Co-culture experiments were performed in
duplicate and repeated on three independent occasions. Data
from the three independent experiments were pooled.

Animal Experiments
Experimental animals were ordered through the Animal Ethics
Committee of Shanghai Jiao Tong University Affiliated Sixth
People’s Hospital, and all animal experiments were performed
under a protocol approved by the Committee (2016-0137). Two
million viable LV-GALC, LV-NC, and LoVo cells were injected
subcutaneously into the following two groups of 6-week-old nude
male mice: (A) LoVo and LV-GALC (n = 12); and (B) LoVo and
LV-NC (n = 11). Mice were sacrificed when the tumor volume

in control mice reached 1,200 mm3. Tumor volume (mm3) was
calculated based on the formula for approximating the volume
of a spheroid. The tumor volume is calculated as V = (Length
× width2)/2.

Tumor-Stroma Ratio
The tumor-stroma ratio (TSR) was first used for the early
evaluation of colon cancer in 2007 (21). The percentage of each
field of view occupied by tumor cells was then evaluated under
a microscope at 200× magnification, and the remaining area
was considered as the percentage of stroma. At least two fields
of view were selected for evaluation, and the highest percentage
of stroma was used as the final value. TSR calculations were
performed by at least two certified pathologists who were blind
to the patients’ information.

Immunofluorescence
The immunofluorescence assay was performed using the primary
antibodies against Ki67 (Abcam, #ab15580, 1:100). The samples
were then incubated with 1:200 for 1 h, and then incubated
with 4

′

,6-diamidino-2-phenylindole (DAPI) (Santa Cruz TM)
for 15min. The images were captured and analyzed using Leica
TCS SP8.

Immunohistochemical Studies
Paraffin-embedded sections were incubated with a primary
antibody against ki-67 (Abcam, #ab15580, 1:100), GALC
(Proteintech #21544-1-AP), p53 (CST #2527, 1:200), p21
(CST #2947, 1:100), and p16 (Abcam, #ab51243, 1:500),
followed by incubation with a secondary biotinylated antibody
(Kirkegaard & Perry Laboratories). The method used for
immunohistochemistry has been described previously (22, 23).

Cell Cycle Analysis
Cell cycle analysis of LV-NC-HFL1/HFF-1, LV-GALC-
HFL1/HFF-1, and/or HFL1/HFF-1 co-cultured with CRC
cell lines was performed using propidium iodide (PI) staining
(Beyotime, Shanghai, China; C1062). The experiment was
performed according to the instructions of the reagent. The
cells (5 × 105) were analyzed using a BD LSR Fortessa (BD
Biosciences, USA), and the data were analyzed using the FlowJo
software (TreeStar, USA).

Quantitative Reverse-Transcriptase PCR
Analysis
Triplicate samples of total RNA were transcribed into
complementary DNA (cDNA) using AMVReverse Transcriptase
(Promega, Madison, Wisconsin, USA). qPCR was performed
on the cDNA samples using gene-specific primers, the Maxima
TM SYBR Green/ROX qPCR Master Mix (Fermentas, Glen
Burnie, Maryland), and a 7300HT real-time PCR instrument
(Applied Biosystems, Foster City, CA, USA). PCR results
were evaluated by melting curve analysis and by confirming
the expected PCR products on 2% (w/v) agarose gels. The
following equation was used for the analysis: 1CT = CTtargetgene

- CT Internalreferencegene; the comparison between samples:
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TABLE 2 | RT-PCR primers in this study.

Genes Sequences

galc Forward TATTTCCGAGGATACGAGTGGT

galc Reverse CCAGTCGAAACCTTTTCCCAG

p16 Forward GATCCAGGTGGGTAGAAGGTC

p16 Reverse CCCCTGCAAACTTCGTCCT

p21 Forward GGGGACCTAGAGCAACTTACT

p21 Reverse CAGCGCAGTCCTTCCAAAT

tert Forward GGCACGGCTTTTGTTCAGAT

tert Reverse TCCGGGCATAGCTGGAGTAG

p53 Forward AGCTTGATCGCCTCTATAAGGA

p53 Reverse CCCTCAGCTCATTAACACGCT

11CT = 1CT Experimentalgroup− 1CT Controlgroup; foldchange =

2−11CT. The sequences of all PCR primers are listed in Table 2.

Western Blotting Analysis
Total cell lysates were prepared using a RIPA buffer. Equal
amounts of protein were separated by electrophoresis,
transferred onto polyvinylidene fluoride membranes, and
incubated with primary antibodies against anti-p53 (CST #2527,
1:1,000), anti-p21 (CST #2947, 1:1,000), anti-p16 (Abcam,
#ab51243, 1:1,000), and anti-GADPH (Abcam #8245, 1:2,000),
and a Horseradish peroxidase-conjugated secondary antibody
(Jackson ImmunoResearch, West Grove, PA, USA, 1:5,000) was
used; blots were developed with the ECL Plus reagent (Millipore,
Burlington, MA, USA).

Transmission Electron Microscope
Analysis
Samples were placed into 5-ml centrifuge tubes, fixed in
glutaraldehyde for 1 h at room temperature, and then stored
at 4◦C for 4 h. After fixation, the samples were washed three
times with 0.2M phosphate buffer (pH 7.4) for 10min each
wash. The samples were then serially dehydrated in ethanol at
concentrations of 30, 50, 75, 90, 95, and 100% for 10min at each
concentration. After desiccation in a drying oven for 12 h, the
samples were fixed on the copper plates of the microscope for
analysis by transmission electron microscopy (TEM).

RNA-Seq
After 24 h of co-culture, as described above, the Transwell
chamber was discarded and RNA was extracted from co-
cultured LoVo cells in a 6-well plate for RNA-seq analysis. The
samples were sent to Genechem (Shanghai, China) for RNA-
seq library preparation. The library quality was assessed on
the Agilent Bioanalyzer 2100 system. Three biological replicates
were used for RNA-seq experiments. Sequencing libraries were
generated using a NEBNext UltraTM RNA Library Prep Kit
for Illumina (NEB, USA). The clustering of the index-coded
samples was performed on a cBot Cluster Generation System
using a TruSeq PE Cluster Kit v4-cBot-HS (Illumia), following
the manufacturer’s instructions.

Transwell Assays
In total, 1 × 105 cells were seeded into the upper Transwell
chambers (Corning, NY, USA), and media with 10% FBS were
added to the lower chamber. After incubation for 24 h, the
chamber was fixed in methanol and then stained using crystal
violet (Beyotime). Using a lightmicroscope, at least five randomly
selected fields were photographed, after which the counts were
averaged. All experiments were performed in triplicate.

Cell Count Kit-8
The cells were cultured in a 96-well plate for 0, 24, 48, 72, and
96 h. Thereafter, a Cell Count Kit-8 (CCK-8, Dojindo, Japan) with
a medium volume of 10% was added into the wells and incubated
for 2–4 h at 37◦C. The absorbance (OD) of the solution was then
measured using a microplate reader (Biorad, USA) at 450 nm.
The experiments were carried out in sextuplicate.

Colony Formation Assay
Cells were plated in a six-well plate and incubated at 37 ◦C for 2
weeks. Colonies were fixed with 4% phosphate-buffered formalin
(pH 7.4) and stained with Giemsa for 15min. Each experiment
was performed in triplicate.

Statistical Analysis
Data were analyzed by ANOVA, the chi-square test, or the
two-tailed Student’s t-test, the Fisher-exact test, and the Mann–
Whitney U-test, as appropriate, using SPSS version 20.0 (SPSS
Inc., Chicago, IL, USA). All data are presented as the mean± SD,
and ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001 was considered to be
statistically significant. All experiments were performed on three
independent occasions.

RESULTS

Analysis of Interstitial Cell Senescence and
Related Pathological Parameters in
Patients Undergoing Neoadjuvant
Chemotherapy for Advanced CRC
To understand the changes that occur in the tumor stroma
in patients undergoing neoadjuvant chemotherapy for CRC, 16
patients with locally advanced CRC, who had been treated with
oxaliplatin and capecitabine (XELOX), were randomly selected.
HE staining was performed on tumor samples to determine TSR
before and after (Figure 1A) neoadjuvant chemotherapy. The
characteristics of the patients included in the study are listed in
Table 1. We found that 37.50% of patients (n = 6) had increased
TSR after chemotherapy; however, changes in total TSR had no
significant effect on the prognosis of patients (p= 0.3) (Table 3).
We also stained tumor tissue samples for GALC, Ki67, p53, and
E-cadherin (Figures 1B–E) to explore the relationship between
these markers and prognosis. The results showed that high levels
of GALC expression were associated with a poor prognosis (p <

0.01; Table 4).
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FIGURE 1 | Disease-related indicators before and after neoadjuvant chemotherapy for colorectal cancer. (A) Hematoxylin-eosin (HE) staining showing the

tumor-stroma ratio before and after neoadjuvant chemotherapy. Immunohistochemical staining of GALC (B), Ki67 (C), p53 (D), and E-cadherin (E) was performed to

explore the relationship between these markers and prognosis. p < 0.05 was considered statistically significant.

TABLE 3 | The relationship between the clinical pathological factors and

prognosis.

TSR State p

Survival (n = 11) Died (n = 5)

Up 3 3 0.3

Down or not change 8 2

TABLE 4 | The relationship between the immunohistochemical markers and

prognosis.

Proteins Expression State P

Survival (n = 11) Died (n = 5)

GALC H 1 5 <0.01**

L 10 0

Ki67 H 7 4 0.6

L 4 1

p53 H 5 2 1

L 6 3

E-cadherin H 4 2 1

L 7 3

Generation of Senescent Fibroblasts
Through GALC Overexpression
To explore the mechanism for the association between high
GALC expression fibroblasts and poor prognosis in CRC
patients, we transfected fibroblast cells with PLVX-GFP (LV-
NC) or PLVX-GFP-GALC (LV-GALC) vectors (Figure 2A). We
then determined the expression of GALC in LV-NC, LV-GALC,
and un-transfected HFF1/HFL1 cells (NC) using qRT-PCR (p
< 0.05, Figure 2B). These results demonstrated the successful
overexpression of GALC in LV-GALC HFL1/HFF-1 fibroblasts.
We also observed senescent features (24), including increased

SAβG staining (Figure 2C) and morphological changes to larger,
more flattened, and more irregularly shaped cells in LV-GALC
HFF1/HFL1 cells, not observed in LV-NC HFF-1/HFL1 cells.

GALC-Overexpressing Senescence
Fibroblast Cells
Relative to LV-NC and NC fibroblast cells, there was a significant
increase in the number of LV-GALC HFF1/HFL1 fibroblasts
in the G0/G1 phase and a significant decrease in the number
of cells in the G2/M phase (Figure 2D). We further examined
the cell cycle profile and the expression of additional protein
markers associated with senescence, including p16, p21, and p53.
LV-GALC HFF1/ HFL1 fibroblast cells had elevated p16, p21,
and p53 mRNA levels (Figures 2E,F, p < 0.05), while LV-GALC
cells had lower (p < 0.05) levels of hTERT mRNA. The protein
expression of P16, P21, and P53 was found to be higher in
LV-GALC HFF1/HFL1 fibroblast cells than in LV-NC and NC
fibroblast cells (Figures 2G,H). Overall, our results demonstrated
that GALC overexpression led to the senescence of HFF1/HFL1
fibroblast cells.

Impact of Senescent Fibroblasts on CRC
Cells
We sought to determine the effects of LV-GALC fibroblast cells
on several aspects of tumor regulation in co-culture models with
CRC cells. Through cell cycle profile analysis, we observed a
decreased percentage of RKO and HCT116 cells in the G0/G1
phase, but an increased percentage in the G2/M phase, when
they were co-cultured with LV-GALC fibroblast cells. The most
significant effect was seen in RKO cells at 48 h (p < 0.05). A
similar phenomenon was observed in LoVo cells after 24 and
48 h of co-culture (p < 0.05); however, there was no enrichment
of HT29 cells in the G2/M phase (Figure 3A). In the Transwell
migration assays, RKO and LoVo cells co-cultured with LV-
GALC HFL1 fibroblast cells had significantly enhanced cell
mobility (p < 0.05). The mobility of HT29 cells co-cultured
with LV-GALC HFL1 fibroblast cells was not different from
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FIGURE 2 | Generation of senescent fibroblasts, and the cell cycle and senescence-associated markers in LV-GALC HFF1/HFL1 fibroblasts cells. (A) Construction of

the LV-GALC HFF1/HFL1 fibroblasts cells. (B) The expression of GALC in normal HFF1/HFL1 cells (NC), LV-NC HFF1/HFL1 fibroblasts, and LV-GALC HFF1/HFL1

fibroblast cells. (C) β-galactosidase staining of LV-NC HFF1/HFL1 fibroblasts and LV-GALC HFF1/HFL1 fibroblast cells. (D) Cell cycle analysis of NC, LV-NC

HFF1/HFL1 fibroblasts, and LV-GALC HFF1/HFL1 fibroblast cells. (E,F) qRT-PCR analysis of hTERT, p16, p21, and p53 expression in NC, LV-NC HFF1/HFL1

fibroblasts, and LV-GALC HFF1/HFL1 fibroblast cells. (G) The expression of p53, p21, and p16 proteins in NC, LV-NC, and LV-GALC HFF1/HFL1 cells.

(H) Quantitative analysis of the expression of p16, p53, and p21 proteins in NC, LV-NC, and LV-GALC HFF1/HFL1 cells.
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FIGURE 3 | In vitro impact of senescent fibroblasts on CRC cells. (A) After co-culture with LV-GALC fibroblasts cells, the proportion of G0/G1 phase LoVo cells shown

at 24 and 48 h (p < 0.05) and the proportion of G0/G1 phase RKO cells shown at 48 h (p < 0.05). (B,C) Migration ability in a Transwell migration assay for RKO, LoVo,

HCT116, and HT29 cells co-cultured with LV-GALC fibroblast cells and control cells (p < 0.05). (D,E) Ki-67 staining of LoVo cells co-cultured with LV-GALC fibroblast

cells (p < 0.05). p < 0.05 was considered statistically significant.

their mobility when co-cultured with LV-NC HFL1 fibroblast
cells (Figures 3B,C). We also examined the proliferation indices
represented by Ki67 expression in LoVo and HT29 cells. The
proliferation indices for LoVo cells when co-cultured with LV-
NC and LV-GALC fibroblast cells were 12.72 ± 2.26% and 18.71
± 2.88%, respectively (p < 0.05). However, no apparent changes
were seen in the proliferation of HT29 cells (Figures 3D,E).

Changes in the Structure of CRC Cells
Co-cultured With Senescent Fibroblasts
We utilized TEM to examine the structure of CRC cells
co-cultured with senescent LV-GALC HFL1 fibroblasts
(Figures 4A–C) or LV-NC HFL1 fibroblasts (Figures 4D–F).
We observed 10 cells in each group and found that seven of
the aging fibroblast co-culture group (70%) contained cell
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FIGURE 4 | Transmission electron microscopy analysis of colorectal cell lines in the presence and absence of senescent fibroblasts. (A–C) Structural characteristics of

the LoVo cells that co-cultured with LV-GALC fibroblasts and (D–F) LoVo cells that co-cultured with LV-NC fibroblasts. Nuclear membrane (white arrow), mitochondria

(purple arrow), visible increase in rough endoplasmic reticulum ribosomes (blue arrow), tight connection between cells (red arrow), microfilament (yellow), and

microtube (green).

morphological changes, compared with only two in the control
group (20%). The aging fibroblast co-culture group (70%)
had a higher migration ability: large nuclear heteromorphism,
nuclear chromatin accumulation, increased mitochondria
(Purple arrow), visible increase in rough endoplasmic reticulum
ribosomes (Blue arrow), fewer tight connection between cells
(Red Arrow), microfilament (Yellow), microtube (Green),
changes in cell polarity, with more elongated protrusions and
foot processes, and an increase in the number of extracellular
microvilli, which are not easily observed in attached and
centrifuged cells. We observed that senescent fibroblasts induced
notable morphological changes in the cancer cell cytoskeletal
structure, with an increased number of microfilament structures.
These changes may contribute to the mobility of the cancer cells
and potentially enhance their metastatic capacity.

In vivo Impacts of Senescent Fibroblasts
on CRC
To further investigate the in vivo effects of senescent fibroblasts
on CRC, we also implanted xenografts of LV-GALC HFL1
fibroblasts co-cultured LoVo cells into nude mice. Seven days
after the subcutaneous injection of cancer cells, 12 group A mice
(LV-GALCHFL1 fibroblasts and LoVo cells) and 11 group Bmice
(LV-NC HFL1 fibroblasts and LoVo cells) demonstrated tumor
formation (Figure 5A). Group A mice showed a statistically

significant increase in tumor volume compared to group B
mice. In the first 2 weeks, there was no significant difference
in the tumor volume between the tumors of group A mice
and those of group B. After the third week, in concordance
with tumor growth, mice in group A demonstrated significantly
greater weight loss compared to mice in group B (Figure 5B).
When senescent fibroblast and tumor cells were first inoculated
in mice, senile fibroblasts promoted tumor growth. However,
the phenotype of senile fibroblasts was lost as the cells were
inoculated for a longer period. Finally, we investigated the
expression of p16, p21, and p53 (Figure 5C) in groups A and
B mice. We found that P16, P21, and P53 were more highly
expressed in group Amice (LV-GALC fibroblasts and LoVo cells)
than group B mice (LV-NC fibroblasts and LoVo cells). Overall,
our results suggested that exogenous senescent fibroblasts likely
contribute to the grafting and growth of tumor cells.

Transcriptomics and Biochemical Analysis
Revealed the Putative Mechanism
Underlying the Impact of Senescent
Fibroblasts on CRC
To elucidate the mechanism by which senescent fibroblasts
promote the tumor properties of CRC cells, we performed
transcriptomics and biochemical analysis of CRC co-cultured
with LV-GALC and LV-NC fibroblast cells. First, we constructed
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FIGURE 5 | In vivo impact of senescent fibroblasts on cancer cells. (A) Group A (LoVo and LV-GALC fibroblast cells) and Group B (LoVo and LV-NC fibroblast cells)

mice, tumors sizes, and green fluorescence staining were shown. Tumor volume (B) and weight data for the two groups of mice. p < 0.05 was considered statistically

significant. (C) Group A (LoVo and LV-GALC fibroblast cells) and group B (LoVo and LV-NC fibroblast cells) mice tumors were stained with P16, P21, and P53 using

IHC.
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Volcano maps (Figure 6A) and Heat maps (Figure 6B) to
identify the genes differentially expressed between these two
groups. Next, we examined the expression of several genes using
the TCGA database and found that low levels of ATF3 expression
and high levels of KIAA0907, LOC388152, and ZNF529
expression contributed to tumorigenicity. Furthermore, based on
TCGA follow-up and statistical analyses, we found that low levels
of ATF3 expression and high levels of KIAA0907, LOC388152,
and ZNF529 expression were significantly associated with
reduced survival (p < 0.05, Figure 6C). Gene ontology (GO)
pathway enrichment analysis [biological process (BP), molecular
function (MF), and cellular component (CC)] suggested that
co-culturing with senescent fibroblasts led to the activation
of several pathways associated with tumor cell survival and
metastasis (Figure 6D). We also analyzed the expression of ATF3
and KIAA0907 in CRC using The Human Protein Atlas (www.
proteinatlas.org). Compared with normal tissues, ATF3 is weakly
expressed in CRC, while KIAA0907 is highly expressed in CRC
(Figure 6E).

ATF3 and KIAA0907 Are Closely Related to
Tumorigenesis and Metastasis
In order to verify the transcriptome results, we knocked down
KIAA0907 (Figure 7A), which was highly expressed, and ATF3
(Figure 7B), which was weakly expressed. We then conducted
the CCK8 (Figures 7C,D) and colony formation (Figures 7E,F)
assay to explore the influence of ATF3 and KIAA0907 on
CRC. We found that the knockdown of ATF3 promoted cell
proliferation and the knockdown of KIAA0907 inhibited cell
proliferation. The Transwell assay found that the knockdown
of KIAA0907 (Figure 7G) inhibited cell migration, and the
deregulation of ATF3 (Figure 7H) promoted it. These results
revealed that LV-GALC fibroblast cells co-cultured with CRC
upregulates oncogenes and downregulates tumor suppressor
genes, thereby affecting tumor progression.

DISCUSSION

CRC is the fourth most common cancer diagnosed in adults
and the second leading cause of death from cancer in the
United States (25). Neoadjuvant systemic chemotherapy is
advocated by current treatment guidelines (26). However, not
all neoadjuvant chemotherapies are effective for all patients. A
better understanding of the biology of CRC is imperative for the
development of more effective therapeutic approaches (27).

Cellular senescence is a stable state of proliferative arrest
that provides a barrier to malignant transformation and
contributes to the antitumor activity of certain chemotherapies
(28, 29). Senescent fibroblasts are already highly resistant to
chemotherapy (30). Specifically, senescent stromal cells have
been shown to play a role in carcinogenesis (31). Senescent
fibroblasts can stimulate cancer cell proliferation and invasion
(32). The results from this study demonstrated that tumors
treated with chemotherapy were enriched in these stromal cells
and this, in turn, worsened patient outcomes. These findings led
us to subsequently examine the effect of senescent fibroblasts

on the regulation of several phenotypes that are key to CRC
tumorigenesis by GALC.

First, we established a stable model of senescent fibroblasts
and we then used co-culture experiments to examine the effects
of LV-GALC fibroblast effects on several tumor phenotypes
relevant to CRC biology. The overexpression of GALC in
HFL1/HFF-1 fibroblasts cells resulted in positive SAβG staining
and the morphological changes to larger, more flattened, and
more irregularly shaped cells that closely resembled senescent
cells compared to LV-NC HFF1/HFL1 fibroblasts. We found
that the percentage of LV-GALC cells in the G0/G1 phase
was significantly higher than the percentage of control cells in
the G0/G1 phase, whereas the percentage of LV-GALC cells
in the G2/M phase was significantly lower, suggesting that
cells have undergone cell cycle arrest. Notably, p53/P21/P16
is a vital signal axis that can induce cell senescence (33). We
further identified LV-GALC senescent fibroblasts with higher
G0/G1 cell cycle characteristics, which were accompanied by
the upregulation of p16, p21, and p53 not only at the gene
level but also in proteins. In co-culture experiments, LV-GALC
fibroblast cells significantly increased the proliferation of LoVo
cells and, expectedly, reduced the number of LoVo cells in the
G0/G1 phase, while increasing those in the G2/M phase. In
vivo experiments assessing subcutaneous tumor formation in
mice showed that both tumor volume and tumor weight were
greater in group A than in group B. In the early period when
LV-GALC fibroblasts possess senescent properties (p < 0.05),
P16, P21, and P53 were more highly expressed in group A mice
(LV-GALC fibroblasts and LoVo cells) than group B mice (LV-
NC fibroblasts and LoVo cells). This indicates that senescent
interstitial fibroblasts can increase the tumorigenic ability of
human CRC cells in vivo.

Understanding the transcriptome is essential for
understanding development and disease processes (34, 35).
In the present study, we performed RNA-seq experiments to
further analyze the effects of co-culture on cell function and
tumorigenesis. Furthermore, transcriptomics and biochemical
analysis of CRC cells showed that there are many genes that
are differentially expressed between co-cultures of LV-GALC
senescent fibroblasts and LV-NC fibroblast cells. GO pathway
enrichment analysis suggested that co-culturing CRC cells with
senescent fibroblasts led to the activation of several pathways
associated with tumor cell survival and metastasis. Cellular
Component Ontology (CC) revealed that the co-culture group
had more desmosome components. This is consistent with our
TEM results, which further illustrated that CRC cell co-cultured
with LV-GALC senescent fibroblasts had an increased number of
microfilament structures, which may contribute to the mobility
of cancer cells and potentially enhance metastatic capacity.
ATF3 and KIAA0907 potentially contribute to tumorigenicity,
and these factors were significantly associated with survival
in the TCGA. We further explored the roles of ATF3 and
KIAA0907 in CRC cells. We found that the knockdown of
ATF3 promoted cell proliferation, migration, and clonogenic
formation, while the deregulation of KIAA0907 inhibited it,
which may explain the above results that senescent fibroblasts
and CAFs share the ability to stimulate proliferation and invasive
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FIGURE 6 | Transcriptomics and biochemical analysis revealed the putative mechanism for the impact of senescent fibroblasts on CRC. (A) Volcano map and (B)

heat map analyses were performed to identify genes that were differentially expressed between LV-GALC and LV-NC fibroblast cells co-cultured with LoVo cells.

(C) Survival analysis of ATF3, KIAA0907, LOC388152, and ZNF529 using datasets from the TCGA database. (D) Gene ontology pathway enrichment analysis

suggested that co-culture LV-GALC fibroblasts with LoVo led to the activation of several pathways. (E) The expression of ATF3 and KIAA0907 in CRC and normal

colon tissue by IHC [data from The Human Protein Atlas (www.proteinatlas.org)]. p < 0.05 was considered statistically significant.
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FIGURE 7 | ATF3 and KIAA0907 are closely related to tumorigenesis and metastasis. Knockdown efficiency of KIAA0907 (A) and ATF3 (B). CCK8 assays showed the

cell proliferation after Knockdown KIAA0907 (C) and ATF3 (D). Colony formation assays showed the proliferation after Knockdown KIAA0907 (E) and ATF3 (F).

Transwell assay revealed the cell migration after Knockdown KIAA0907 (G) and ATF3 (H).
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behavior and also indicate the potential mechanisms. Taken
together, these results showed that senescent fibroblasts regulate
the tumorigenicity of CRC cells and play important roles in
tumor biology.

Herein, we demonstrated that senescent fibroblasts regulated
several aspects of the survival and metastasis of CRC. Targeting
these processes may improve the efficacy of clinical treatment.
New therapeutic strategies should be developed based on our
understanding of the regulatory roles of the TME in CRC.
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Objectives: The strategy for the treatment of stage IV gastric cancer remains

controversial. The objective of this study was to assess whether tumor resection is

beneficial to survival in gastric cancer patients with incurable stage IV disease.

Methods: This is a retrospective cohort study of gastric cancer patients in the

Surveillance, Epidemiology, and End Results (SEER) database between 2010 and 2015.

Due to the baseline bias, 1:1 propensity score matching (PSM) was used in this cohort.

Patients were grouped by treatment, (1) gastrectomy with chemoradiotherapy (CRT), or

(2) CRT only, and a Cox proportional hazards regression model was used to identify

predictors of survival. Overall survival was compared between the two groups using the

Kaplan-Meier method.

Result: After propensity score matching, 162 stage IV gastric cancer patients diagnosed

from 2010 to 2015 were identified. Among these patients, half underwent gastrectomy

with CRT, while the others received CRT only. The median overall survival rates were 22

months from the date of surgery for the gastrectomy with CRT group and 9.0 months

for CRT only group. In the multivariable Cox regression analysis, surgery was associated

with a significant improvement in overall survival [hazard ratio (HR) of death = 0.31, 95%

confidence interval (CI) = 0.21–0.46, P < 0.0001].

Conclusion: In conclusion, stage IV gastric cancer is still a fatal disease. This

population-based study found that compared with CRT alone, CRT with gastrectomy

may be associated with a survival benefit in patients with metastatic GC. In selected

patients’ survival can be prolonged when the primary tumor is removed. Prospective,

randomized trials are required to determine the best strategy for metastatic GC and to

describe the characteristics of the selected patients.

Keywords: gastric cancer, metastasis, gastrectomy, chemoradiotherapy, survival

INTRODUCTION

Gastric cancer (GC) is an aggressive cancer and the third leading cause of cancer-related death
worldwide (1). Since it is usually diagnosed when the tumor is locally advanced or metastatic,
it has a poor prognosis. However, the standard treatment strategy for metastatic gastric cancer
remains controversial. Many clinical trials have proven that combination chemotherapy improves

208

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2020.00630
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2020.00630&domain=pdf&date_stamp=2020-04-28
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:zanglu@yeah.net
https://doi.org/10.3389/fonc.2020.00630
https://www.frontiersin.org/articles/10.3389/fonc.2020.00630/full
http://loop.frontiersin.org/people/956038/overview
http://loop.frontiersin.org/people/804713/overview


Li and Zang Effectiveness of CRT With Surgery

the overall survival (OS) and quality of life of metastatic gastric
cancer compared that in patients treated with supportive care
(2, 3). For patients with a good general condition, current
practice guidelines recommend palliative chemotherapy in the
European Society for Medical Oncology (ESMO) guidelines
(4) and chemoradiotion or systemic therapy in the National
Comprehensive Cancer Network (NCCN) guidelines (5). Due to
the poor prognosis, it is crucial to look for innovative methods or
the appropriate combination of treatments.

The value of surgery in metastatic GC remains controversial.
Recently, REGATTA, a randomized controlled trial, has denied
the effectiveness of palliative gastrectomy for metastatic GC
(6). However, some studies indicated that many patients with
unresectable tumors survived for a long period when they
underwent curative resection after chemotherapy. Curative
surgery after chemotherapy is called as conversion surgery.
It is defined as a surgical treatment aiming at R0 resection
after systemic therapy in initially unresectable tumors (7). This
approach has been shown to be a potential option for some
metastatic GC patients.

The aim of this population-based cohort study was to
determine the efficacy of chemoradiotherapy with gastrectomy
and whether it could prolong survival in patients with stage IV
gastric cancer.

MATERIALS AND METHODS

Data Source
A retrospective cohort study was carried out using the
Surveillance, Epidemiology, and End Results (SEER) database1,
which is a population-based cancer registry covering ∼34.6%
of the U.S. population. The SEER database has collected cancer
incidence, prevalence, and survival data from 18 registries of
the U.S. since 1973 (www.seer.cancer.gov). The SEER database
includes data on patient demographics, cancer site, histologic
type, stage, dates of diagnosis and survival. SEER∗Stat version
8.3.5 was used to extract the patient data. The chemotherapy and
radiation therapy (RT) status was obtained after an additional
authorization and informed the potential bias related to these
data (8).

Patient Selection
Patients with gastric adenocarcinoma diagnosed in 2010–2015
were included in this study. Histologically diagnosed cases were
identified by the specific codes of the International Classification
of Diseases for Oncology, 3rd edition (ICD-O-3), including
8140/3, 8144/3, 8145/3, 8255/3, 8260/3, 8480/3, 8481/3, and
8490/3. The primary sites with ICD-O-3 topography codes from
C16.0 to C16.9 were used in this study. The workflow for
patient selection is shown in Figure 1. We identified 32,008
patients 18 years or older with gastric cancer. Among these,

1Surveillance, Epidemiology, and End Results (SEER) Program (www.seer.

cancer.gov) SEERStat Database: Incidence - SEER 9 Regs Research Data, Nov

2017 Sub (1973–2015) <Katrina/Rita Population Adjustment> - Linked To

County Attributes - Total U.S., 1969–2016 Counties, National Cancer Institute,

DCCPS, Surveillance Research Program, released April 2018, based on the

November 2017 submission.

FIGURE 1 | Flowchart of data extraction from SEER database.

6,215 patients were excluded because GC was not the initial
diagnosis, and we subsequently also removed patients who
were diagnosed at autopsy or from death certificate or who
were missing baseline information. To prevent the limitation of
missing treatment records, we only enrolled patients who had
both chemotherapy and radiotherapy. Finally, 249 cases were
enrolled for further analysis.

Statistical Analysis
Chi-square tests were used to compare categorical variables. In
an observational study, a propensity score matching analysis
can be used to balance the distribution of observed baseline
covariates between treated and untreated subjects and reduce
the bias of selection (9, 10). By applying propensity score
matching to adjust for group differences in this cohort, we first
used demographic parameters, including age, sex, race, tumor
location, primary site invasion depth, regional lymph nodes
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TABLE 1 | Clinical characteristics of patients who were diagnosed with stage IV gastric cancer involved in study.

Patient characteristics in raw data Patient characteristics after propensity score

weighting

CRT only n = 103 Gastrectomy + CRT n = 146 p CRT only n = 81 Gastrectomy + CRT n = 81 p

Age at diagnosis (years) 0.924 0.926

20–39 12 (11.65) 14 (9.58) 10 (12.35) 10 (12.35)

40–59 43 (41.75) 64 (43.84) 34 (41.98) 30 (37.04)

60–79 46 (44.66) 64 (43.84) 35 (43.21) 39 (48.15)

>=80 2 (1.94) 4 (2.74) 2 (2.47) 2 (2.47)

Sex 0.883 0.863

Male 73 (70.87) 101 (69.19) 58 (71.60) 57 (70.37)

Female 30 (29.13) 45 (30.82) 23 (28.40) 24 (29.63)

Race 0.224 0.240

White 77 (75.76) 102 (69.86) 62 (76.54) 61 (75.31)

Black 7 (6.80) 20 (13.70) 3 (3.70) 8 (9.88)

Others 19 (18.45) 24 (16.44) 16 (19.75) 12 (14.81)

T stage <0.001 <0.001

T1 15 (14.56) 6 (4.11) 15 (18.52) 2 (2.47)

T2 3 (2.91) 12 (8.22) 3 (3.70) 5 (6.17)

T3 28 (27.18) 60 (41.10) 27 (33.33) 38 (46.91)

T4 17 (16.50) 63 (43.15) 14 (17.28) 31 (38.27)

TX 40 (38.83) 5 (3.42) 22 (27.16) 5 (6.17)

N Stage <0.001 0.001

N0 29 (28.16) 21 (14.38) 16 (19.75) 18 (22.22)

N1 49 (47.57) 40 (27.40) 40 (49.38) 28 (34.57)

N2 11 (10.68) 38 (26.03) 11 (13.58) 20 (24.69)

N3 4 (3.88) 45 (30.82) 4 (4.94) 14 (17.28)

NX 10 (9.71) 2 (1.37) 10 (12.35) 1 (1.23)

Location <0.001 0.165

Cardia & Fund 74 (71.84) 58 (39.73) 54 (66.67) 44 (54.32)

Body 10 (9.71) 11 (7.53) 9 (11.11) 8 (9.88)

Antrum & Pylorus 6 (5.83) 33 (22.60) 6 (7.41) 15 (18.52)

Others 13 (12.62) 44 (30.14) 12 (14.81) 14 (17.28)

Year of diagnosis 0.108 0.245

2010–2011 27 (26.21) 57 (39.04) 24 (29.63) 32 (39.51)

2012–2013 38 (36.89) 44 (30.14) 29 (35.80) 20 (24.69)

2014–2015 38 (36.89) 45 (30.82) 28 (34.57) 29 (35.80)

Lauren classification 0.154 0.170

Intestinal 78 (75.73) 94 (64.38) 64 (79.01) 58 (71.60)

Diffuse 24 (23.30) 49 (33.56) 17 (20.99) 20 (24.69)

Others 1 (0.97) 3 (2.05) 0 (0) 3 (3.70)

Extend of gastrectomy – –

Total – 67 (45.89) – 39 (48.15)

Partial/sub-total – 79 (54.11) – 42 (51.85)

Regional node examined – –

<15 – 59 (40.41) – 31 (38.27)

15–25 – 45 (30.82) – 27 (33.33)

>25 – 27 (18.50) – 14 (17.28)

UK – 15 (10.27) – 9 (11.11)

In the tables, the number in parentheses is the constituent ratio.

involved, Lauren classification and marital status, to create a
logistic regression model. Then, every patient had a propensity
score, which was utilized to match between the CRT with

surgery group and the CRT only group (1:1 matching). The
median overall survival duration was measured by the Kaplan-
Meier method. The survival durations in the CRT group and
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the CRT with surgery group were compared by the log-rank
test. Multivariable Cox proportional hazards regression models
were assessed to determine the factors that were associated with
survival. Statistical analyses were performed with SPSS, version
23 (IBMCorporation, Armonk, NY, USA), and R, version 3.5.1 (R
Foundation for Statistical Computing, Vienna, Austria. https://
www.R-project.org/). All statistical tests were two-sided, and p <

0.05 was considered statistically significant.

RESULTS

Demographics and Clinical Parameters of
the Cohort
There were 32,008 gastric adenocarcinoma patients extracted
from the SEER database from 2010 to 2015. Finally, we identified
249 patients who met the inclusion criteria (Figure 1). Among
the unmatched cohort, 103 underwent CRT only, and 146 had
CRT with gastrectomy. Chi-square tests revealed a significant
difference between the two groups. Compared with the CRT
group, the CRT with gastrectomy group had a higher proportion
of patients with more lymph node metastasis, especially for
N3 grade (30.82 vs. 3.88%; p < 0.001). The primary site of
the lesion was more likely located in the lower third of the
stomach in the CRT with gastrectomy group (22.6 vs. 5.83; p
< 0.001) (Table 1). The mean number of regional lymph nodes
examined in the CRT with gastrectomy group was 18.40± 13.08.
Approximately 43% of the patients had more than 15 lymph
nodes examined. For the data on the surgical methods, the
extent of gastrectomy was classified as total or partial/subtotal
gastrectomy. The information on distant metastasis is shown
in Table 2. The reasons for diagnosing stage IV gastric cancer
varied, including liver involvement (23.29%), distant lymph
nodes (22.49%), brain involvement (11.24%), bone involvement
(13.65%), and lung involvement (12.05%). A propensity score
matched analysis was used to partially reduce the baseline
imbalance between the groups. Finally, 81 pairs of patients were
generated by PSM one-to-one matching. For the patients who
underwent surgery, 39 (48.15%), and 42 (51.85%) underwent
total and partial/subtotal gastrectomy, respectively. A detailed
comparison of the demographics and clinical characteristics of
unmatched and matched patients is shown in Table 1.

Survival Outcomes
In the unmatched cohort, the median overall survival was 10
months for patients in the CRT group vs. 17 months for patients
in the CRT with gastrectomy group. The Kaplan-Meier curves
for overall survival are shown in Figure 2A. The log-rank test
showed that the CRT with gastrectomy group had better overall
survival than the CRT only group (p < 0.0001). After matching,
the results were similar between the two groups (Figure 2B). The
CRT with gastrectomy group had a 13-month longer median
overall survival than the CRT only group (22 vs. 9 months for
OS, p < 0.0001 log-rank test).

Evaluation of Prognostic Factors
The multivariate analysis of all patients indicated that surgery
(HR = 0.23, 95% CI 0.14–0.36, p < 0.0001) and primary site

TABLE 2 | Type of distant metastasis in the cohort before matching.

Distant metastasis

organ involved

Patient numbera

N = 25183

Patient numberb

N = 249

Liver 3909 (15.52) 58 (23.29)

Distant lymph nodes 2960 (11.75) 56 (22.49)

Lung 1369 (5.44) 30 (12.05)

Bone 1208 (4.80) 34 (13.65)

Brain 189 (0.75) 28 (11.24)

aThe gastric cancer patients extracted from SEER database. bThe patients enrolled in this

study. In the tables, the number in parentheses is the constituent ratio.

located in antrum & pylorus (HR = 1.82, 95% CI 1.00–3.30, p =
0.05) were related to reducedmortality (Table 3). In the 81 paired
cases, the Cox proportional hazards model was used to evaluate
the prognostic factors for overall survival. Surgery was the only
independent prognostic factor for OS (HR = 0.31, 95% CI 0.21–
0.46, p < 0.001). The influence of surgery on mortality remained
robust with adjustment for age, sex, race, tumor invasion depth,
lymph node metastasis and primary site location. The details are
illustrated in Figure 3.

DISCUSSION

Stage IV gastric cancer remains a lethal disease, and the
median overall survival of metastatic or unresectable GC is
∼4.6–13.1 months, as reported in previous studies (11–13). In
this population-based analysis, the medial OS was 14 months,
which is similar to that in a previous report. Interestingly, our
investigation provides evidence of a strong association between
surgery and decreased overall mortality in metastatic gastric
cancer patients who received chemoradiotherapy in a large
population-based study. The sensitivity analysis showed that
surgery was a prognostic factor for overall survival in both the
unmatched and matched cohorts. Gastric cancer disseminates
principally through hematic flow or peritoneal spread. The most
common metastatic distribution is to the liver and peritoneal
surfaces. In previous reports, the overall rates of metastasis to
the liver and peritoneumwere 9.9–18.7% and 12.3%, respectively,
(14, 15). In our study, the hepatic metastatic rate was 15.52%,
which is similar to that in a previous study. However, there is
little information on other metastatic sites in the SEER database,
especially peritoneal metastasis.

The primary aim of treatment for stage IV GC is to delay
disease progression and relieve symptoms such as tumor-related
hemorrhage or obstruction. Systemic therapy is the primary
treatment formetastatic gastric cancer. Surgery is only performed
when bleeding or obstruction occurs (16). However, whether the
addition of gastrectomy to chemotherapy improves survival for
metastatic GC remains controversial. The Dutch Gastric Cancer
Group reported that palliative resectionmay increase the survival
rate (8.1 vs. 5.4 months, p < 0.001) in patients with incurable
GC, especially in patients with only one metastatic site who are
under 70 years old (17). A retrospective study including 288
patients also showed that the median overall survival rates were
12 months and 7.8 months for patients with and without primary
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FIGURE 2 | (A) Overall survival rate according to the treatment modalities in all patients. (B) Overall survival rate according to the treatment modalities in matched

patients. CRT, chemoradiotherapy.

tumor resection, respectively (p < 0.001) (18). Leonardo et al.
used the GIRGC database and analyzed stage IV unresectable
tumors. These tumors became resectable after chemotherapy.
Further analysis showed that these patients could benefit from
radical gastrectomy. More than one type of metastatic lesion was

the main prognostic factor in these patients (HR 4.41, 95% CI
1.72–11.3, p= 0.002) (19).

These results indicate that tumor burden reduction was
correlated with prolonged OS in patients with metastatic GCs.
Moreover, circulating tumor cells (CTCs) are the tumor cells
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TABLE 3 | Multivariable cox regression analysis predicting mortality risk for metastatic GC both in unmatched and matched cohorts.

Unmatched cohort Matched cohort

Characteristics n HR (95CI%) p-Value n HR (95CI%) p-Value

Age at diagnosis (years)

20–39 26 1[Reference] NA 20 1[Reference] NA

40–59 107 1.28 (0.73–2.24) 0.39 64 1.16 (0.64–2.12) 0.62

60–79 109 1.27 (0.71–2.28) 0.42 74 1.10 (0.60–2.02) 0.75

>=80 7 0.92 (0.29–2.95) 0.89 4 0.52 (0.12–2.30) 0.39

Sex

Male 174 1[Reference] NA 115 1[Reference] NA

Female 75 0.85 (0.58–1.24) 0.39 47 0.85 (0.56–1.29) 0.45

Race

White 179 1[Reference] NA 123 1[Reference] NA

Black 27 1.05 (0.59–1.86) 0.86 11 0.74 (0.34–1.59) 0.44

Others 43 0.85 (0.53–1.37) 0.51 28 0.89 (0.54–1.49) 0.67

T stage

T1 21 1[Reference] NA 17 1[Reference] NA

T2 15 1.74 (0.72–4.25) 0.22 8 0.97 (0.34–2.75) 0.95

T3 88 1.07 (0.56–2.04) 0.84 65 0.59 (0.31–1.13) 0.11

T4 80 1.13 (0.56–2.33) 0.71 45 0.77 (0.40–1.49) 0.43

TX 45 0.90 (0.47–1.72) 0.76 27 1.17 (0.57–2.40) 0.67

N Stage

N0 50 1[Reference] NA 34 1[Reference] NA

N1 89 1.22 (0.76–1.95) 0.41 68 1.21 (0.73–2.03) 0.46

N2 49 1.22 (0.69–2.17) 0.49 31 0.81 (0.43–1.54) 0.53

N3 49 1.74 (1.00–3.04) 0.05 18 1.55 (0.77–3.1) 0.22

NX 12 1.24 (0.61–2.55) 0.55 11 1.73 (0.81–3.68) 0.16

Location

Cardia & Fund 132 1[Reference] NA 98 1[Reference] NA

Body 21 0.85 (0.44–1.65) 0.63 17 0.68 (0.36–1.26) 0.22

Antrum & Pylorus 39 1.82 (1.00–3.30) 0.05 21 0.87 (0.49–1.56) 0.64

Others 57 2.10 (1.20–3.68) 0.01 26 1.14 (0.68–1.91) 0.62

Surgery

No 103 1[Reference] NA 81 1[Reference] NA

Yes 146 0.23 (0.14–0.36) <0.0001 81 0.31 (0.21–0.46) <0.0001

left from the primary site, and they enter the bloodstream. It
has recently been a topic of interest in clinical cancer research
(20). In other solid tumors, such as colorectal cancer (21) and
ovarian cancer (22), a reduction in tumor burden was related
to longer survival. Recent research on CTCs in gastric cancer
provides some evidence for the positive effects of tumor resection
because the OS is significantly lower for patients in whom CTCs
are identified than for those without them (23).

The REGATTA trial, an open label, randomized, phase 3
trial, was designed to determine the value of gastrectomy
in unresectable advanced GC, providing the highest level of
evidence about this question (6). This study demonstrated
that gastrectomy followed by chemotherapy did not show
any survival benefit compared with chemotherapy alone. This
conclusion was adopted in the new version of the Japanese
gastric cancer treatment guidelines (16). Reduction surgery is not
recommended for GC with a single non-cured factor. Although

this study represents the highest level of evidence for gastrectomy
for metastatic GC, there remain some limitations that deserve
discussion. First, this study started in 2008. The chemotherapy
regimen used in this study was S-1 plus cisplatin, which is
the standard treatment for advanced GC in East Asia (24).
However, with the development of chemotherapy, it has been
showed that SOX (S-1 plus oxaliplatin) is a preferable regimen
in terms of the safety profile (13). Second, the gastrectomy arm
in this study had neither D2 lymphadenectomy nor adjacent
organ resection, which suggested that it did not achieve R0
resection. D2 lymphadenectomy has been the standard procedure
for resectable advanced GC for a long time (25). At the same time,
previous studies demonstrated that R0 resection was a significant
independent predictor of overall survival in patients who
underwent conversion surgery (26, 27). D2 lymphadenectomy is
related to higher post-operative mortality and morbidity, which
may have negative effects on stage IV GC patients. Even so,
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FIGURE 3 | Forest plot of overall survival stratified analysis in the matched cohort.

R0 resection is important for prolonging OS. Furthermore, in
the subgroup analyses of overall survival, the median number
of chemotherapy cycles was decreased in gastrectomy with
chemotherapy group compared with the chemotherapy alone
group in patients with upper-third tumor (3 vs. 6 cycles). All
of the points mentioned above had side effects on achieving
the positive results for the trial. Besides, in the chemotherapy
alone group, 5 patients underwent curable gastrectomy and get
a long-term survival since complete disappearance of incurable
factors after chemotherapy. Therefore, the value of gastrectomy
in patients with metastatic GC should not be denied absolutely.

Conversion surgery is defined as a surgical treatment aiming
at R0 resection after systemic therapy for tumors that were
initially incurable (28). In recent years, positive progress for
conversion surgery has been made in clinical trials. AIO-FLOT3
is an II-phase clinical study which is designed to investigate the
efficacy of chemotherapy and surgery in patients with advanced
gastric cancer (29). The study consisted of 3 arms. A total
of 51 patients with resectable gastric cancer were included in
arm A, who underwent radical surgery after 4 cycles of FLOT
neoadjuvant chemotherapy and were treated with 4 cycles of
FLOT chemotherapy after surgery. A total of 60 patients with
localized metastatic gastric cancer were included in arm B. The
localized metastasis refers to single organ metastasis with or
without retroperitoneal lymph node metastasis. The patients in

arm B received at least 4 cycles of FLOT chemotherapy and
proceeded to surgery if it was possible to achieve a R0 resection
for the primary tumor and metastatic lesions after re-evaluation.
Otherwise systemic chemotherapy will be continued (8 cycles
in total). A total of 127 patients with extensive metastasis were
included in arm C, who underwent at least 8 cycles of FLOT
palliative chemotherapy. The study endpoint was overall survival
(OS). Finally, with a median follow-up time of 28.6 months,
more than half of the patients in arm A were still alive. 36 (60%)
patients in arm B underwent surgery, and their overall survival
was significantly longer than that of arm C (22.9 vs. 10.7 months,
p< 0.001). Even within arm B, the overall survival of the patients
underwent surgery was significantly longer than those who could
not undergo surgery (31.3 vs. 15.9months, p< 0.001). The results
of the study indicated that long-term survival benefit could
be obtained for patients with advanced gastric cancer through
full-course comprehensive treatment and the tumor curative
resection. In our cohort, the CRT with gastrectomy group had a
significantly longer median overall survival than CRT only group
(22 vs. 9 months).

In terms of the value of radiotherapy, it is usually
used patients with stage IB to IIIB GC to downstage or
downsize the primary site, increasing the possibility for radical
resection (30). However, patients with stage IV GC has remote
organ involvement, which is not appropriate for radiotherapy.
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Therefore, the main purpose was to control bleeding and
improve quality of life (QoL) (31). However, concurrent
chemoradiotherapy shows superiority to chemotherapy or
radiotherapy alone in prolonging the survival of patients with
metastatic GC (32, 33).

We acknowledge that our study still has some limitations.
First, as a retrospective cohort study, although PSM was used
to minimize the effect of the differences between the groups,
selection bias is still a potential limitation of this study.
Patients who underwent surgery were likely to have a potentially
resectable disease when it was diagnosed, which might be one
source of selection bias as well. In addition, due to the limitations
of the SEER database, some information was not available to
access, such as: removal of the metastatic sites, surgical margin
status, D1/D2 node dissection, the chemotherapy regimen and
the dose/field/intent of radiotherapy. In this study, the CRT
with gastrectomy group had total or partial gastrectomy, which
means the primary site was removed. However, it is unknown
whether the metastatic sites were removed, which is a prognostic
factor in stage IV GC as well. In terms of lymph node dissection
extent, among the 146 patients who underwent surgery, the mean
number of regional lymph nodes examined was 18.40, which
was more than 15 lymph nodes minimum, as recommended
by NCCN gastric cancer guidelines, to avoid stage migration
(5). Therefore, considering the importance of these factors,
the prolonged survival in the CRT with gastrectomy group
that was observed in the current results should be interpreted
with caution.

CONCLUSIONS

In summary, stage IV gastric cancer remains a fatal disease.
This study was a population-based study that revealed that,

compared with CRT alone, CRT with gastrectomy may achieve

a survival benefit in patients with metastatic GC. This indicated
that selected metastatic gastric cancer patients may experience
prolonged survival with primary tumor removal. Although
its characteristics cannot be described currently, a further
well-designed investigation is required to determine the best
treatment strategy. Conversion therapy may provide a direction
for the treatment of stage IV gastric cancer patients.
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