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Editorial on the Research Topic

Novel immunotherapies to treat gastrointestinal solid tumor cancers
Gastrointestinal (GI) solid tumor cancers include cancers of the colorectal, liver,

pancreas, gastric, and esophagus. There is an unmet medical need to treat GI cancers as

they are the leading cause of cancer-related deathsworldwide (1). Traditional therapies include

chemo and radiotherapy, and targeted therapies that do not eliminate GI cancers (2). Novel

immunotherapies that target checkpoint inhibitors and reactivation of the host’s anti-tumor

immunity to target and treat cancers have been gaining importance (3). Immunotherapies to

treat GI cancers are an emerging field of research and are of utmost importance (1, 3). These

data taken together provide the strongest rationale to initiate and complete a special issue

entitled: Novel Immunotherapies to Treat Gastrointestinal Solid Tumor Cancers

The special issue was focused on identifying novel immunotherapies that are effective

against GI cancers. Immunotherapies to treat GI cancers present challenges due to

resistance to immune checkpoints and hostile tumor microenvironments. We aimed to

provide a spotlight on research involving research-related immunotherapies to treat GI

tumors. This special issue includes 12 articles on this topic.
Original non-clinical research studies

This Research Topic within the Frontiers in Oncology journal has an accumulation of

various interesting original research articles. Some of them are so unique that they

provide a strong focus on novel and interesting topics.

Wang et al., have focused on a novel approach of conjugating PD-L1 polypeptide (PPA1)

with Doxorubicin (DOX) that alleviated resistance to chemotherapy thereby enhancing an

anti-colon cancer immune response. This study for the first time provided a dual-functional
frontiersin.org
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conjugate of PD-L1 peptide and DOX for cancer cell-targeted drug

delivery and inhibition of PD-1 and PD-L1 immune checkpoint

and DOX-induced cancer cell death with reduced toxicity. The

novelty of this study seems the demonstration of a combined anti-

cancer immune response and reduced drug resistance following the

treatment with PPA1-DOX.

Wang et al., provided novel evidence that loss of hyaluronan

and proteoglycan link protein-1 (HAPLN1), a component of the

tumor microenvironment within the extracellular matrix, induces

tumorigenesis in colorectal cancers (CRC). Earlier studies have

suggested that HAPLN1 plays an important role in cancer tumor

stem/progenitor cells under the control of the Wnt signaling

pathway (4). In this article, the authors found that expression

HAPLN1 was downregulated in CRC tissues when compared

with the normal adjacent tissues. HAPLN1 expression was

downregulated following TGF-b stimulation and overexpression

of HAPLN1 resulted in reduced tumor growth and cancer cell

migration via inhibition of collagen alpha-1 protein. Their findings

suggest that HAPLN1 controls the TGF-b signaling pathway and

collagen deposition via the TGF-b signaling pathway. Thismediates

E-adhesion to control tumor growth. The outcome of this study

indicates that treatments involving the induction of HAPLN1 levels

may represent a novel approach to treating CRC. (Wang et al.) This

is study provides novel and compelling evidence of the role of

HAPLN1 that is against the current norm. It is unique as the

emerging new roles can play a vital role in devising strategies

targeting HAPLN1. Also, this study demonstrates that HAPLN1

regulates collagen which is known to regulate immune cell motility

(5) providing novel avenues to further investigate the effect of

overexpression of HAPLN1 on immune modulation in CRC.

Another important study within this special issue is an

efficacy study by Smith et al., where they have demonstrated

that the gastrin vaccine treatment alone and with an immune

checkpoint antibody inhibits gastric cancer growth and

metastases. They have used an immunocompetent syngeneic

mouse model of gastric cancer to demonstrate the efficacy of

the gastrin vaccine (polyclonal antibody stimulator –PAS)with or

without PD-1 antibody. Tumor growth and metastases were

significantly inhibited following treatment either with PDS

alone or in combination with PD-1 antibody and increased

tumor CD8+ T-lymphocytes and decreased immunosuppressive

M2-polarized tumor-associated macrophages via a gastrin-CCK-

BR (cholecystokinin-B receptor) signaling pathway. This

compelling study is further validation of the use of the gastrin

vaccine as a treatment strategy against gastric cancer.
Original clinical and
retrospect studies

Pan et al., has provided a comprehensive study demonstrating

derived neutrophil-lymphocyte ratio (dNLR) with platelet-

lymphocyte ratio (PLR) as a potential composite biomarker to
Frontiers in Oncology
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identify or correlate the outcomes following the treatment of

advanced gastric cancer patient with anti-PD-1 antibodies. Based

on the retrospective data from 238 patients with advanced gastric

cancer and a significant correlation between the dNLR and PLR,

they concluded that their study demonstrates that the combination

of dNLR and PLR is a composite biomarker and an independent

prognostic factor to evaluate the survival of gastric cancer patients

treated with anti-PD-1. They also conclude that the patients with

intermediate/poor dNLR/PLR may not benefit from anti-PD-1

treatments. Furthermore, these outcomes need to be further

investigated in a larger study. These findings taken together

provide novel insights into the predictive efficacy and potentially

personalizing immunotherapy for advanced gastric cancer patients.

This study provides novel insights into the use of dNLR/PLR as a

predictive biomarker to evaluate the efficacy of anti-PD-1 or

perhaps other immune therapies.

Cho et al., provided strong clinical evidence of the cost-

effectiveness way to treat hepatocellular carcinoma (HCC) with

adjuvant immunotherapy using cytokine-induced killer cells.They

built a partitioned survivalmodel comparing the expected costs, life-

year, and quality of life-year of a hypothetical population of 10,000

patients between cytokine-induced killer (CIK) cell treatments and

controls (no adjuvant therapy groups). They concluded that, based

on their extensive analysis, HCC patients treated with adjuvant CIK

cell was more cost-effective than controls.A further extensive

evaluation of other types of immunotherapy needs to be

compared to validate this comprehensive study.

In another retrospective study by Sun et al., evidence of the

safety and efficacy of treatments with Fruquintinib and PD-1

inhibitors (FP) versus Regorafenib and PD-1 inhibitors (RP) in

metastatic colorectal cancer (mCRC). According to their study, the

disease control rate and progression-free survival (PFS) were better

in the FP group, however, the overall response rate was better in the

RP group. Benefits from the FP treatment were observed in patients

with no liver metastasis, KRAS wild type, and left colon tumor.

Finally, they conclude that their study indicates that better PFS time

of patients with mCRCwas observed following FP when compared

with RP treatments. Though the PFS is merely 2.5 months more

than the RP, this study provides insight into the possible treatment

strategies that can be considered for patients with no liver

metastasis and KRAS wildtype and further validation of this

study should be conducted with increasing the number of

patients and from various geographical locations.

A meta-analysis by Gu et al., showcased the safety and

efficacy of immune checkpoint inhibitors in advanced

esophageal squamous cell carcinoma (ESCC). Seven clinical

trials with 1733 patients were included in this analysis. The

authors conclude that treatment schedules with immune

checkpoint inhibitors as second and beyond second-line

therapy can improve response and overall survival of

esophageal adenocarcinoma patients with locally advanced or

metastatic disease. Although, the authors make a summary that

not all oncological outcomes for patients can be improved. This
frontiersin.org
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correlative study is a pilot study and provides novel insights into

the benefits of certain immunotherapies for treating ESCC.

Nie et al. demonstrated the clinical effect of Sintilimab in patients

with advanced gastric cancer. The authors concluded that Sintilimab

monotherapy or combination therapy had a median PFS of 2.5

months and provides a feasible therapeutic strategy for gastric cancer

patients.Thestudyprovidedthebasis for futuredevelopment therapy

of Sintilimab for gastric cancer. This is a good retrospective study that

evaluatedtheclinicalefficacyandpotentialavenuetouseSintilimabin

combination with other immunotherapies.

Zhou et al. showed the safety and efficacy of Camrelizumab

along with XELOX with bevacizumab or regorafenib in patients

with mCRC. This study is based on the study populations with

microsatellite-stable mCRC. This is a pilot study and further

evaluation with a larger patient population from a diverse

geographical location is warranted.

Zhang et al. demonstrated an analysis of the cost-

effectiveness of treatments between Cambrelizumab vs placebo

added to chemotherapy as primary/first-line therapy in patients

with metastatic ESCC. This analysis suggests that the addition of

Camrelizumab to chemotherapy is not cost-effective in patients

with advanced ESCC in China.

Hong et al. showed data on neoadjuvant immunotherapy

combined with chemotherapy followed by surgery versus

surgery alone for advanced esophageal squamous carcinoma

patients. The authors conclude that this therapy is safe and

effective. Further validation of this study is needed with

multicentered prospective trials.
Review article

The review of Huang et al., summarizes data on neoadjuvant

therapy for locally advanced esophageal cancers. The authors

describe research combining immunotherapy with adjuvant

therapy and conclude that for the best synergistic effect future

research should be focused on the sequence of immunotherapy and

radio(chemo)therapy and biomarkers. This is a very good review

article showcasing the development of neoadjuvant therapy for

locally advanced esophageal cancers and unsolved clinical problems.
Frontiers in Oncology
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Conclusions

We tried to provide a comprehensive and diverse type of

original research articles in the field of immunotherapies to treat

gastrointestinal cancers. This issue provides the current trend of

ongoing animal-based research and cost-effective clinical studies

and provides novel insights into the potential personalized

immunotherapies. The combination of these articles also

provides the best strategies for overcoming challenges in

treating cold and metastatic GI cancers. Some of the studies

also provide novel pathways and future directions in successfully

planning to treat GI cancers.
Author contributions

All authors listed have made a substantial, direct, and

intellectual contribution to the work and approved it

for publication.
Conflict of interest

SS has ownership interests in COARE Biotechnology Inc.,

and is an inventor on multiple patents.

The remaining author declares that the research was

conducted in the absence of any commercial or financial

relationships that could be construed as a potential conflict

of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Arnold M, Abnet CC, Neale RE, Vignat J, Giovannucci EL, McGlynn KA,
et al. Global burden of 5 major types of gastrointestinal cancer. Gastroenterology
(2020) 159:335–349.e15. doi: 10.1053/j.gastro.2020.02.068

2. Smyth EC, Moehler M. Late-line treatment in metastatic gastric cancer:
Today and tomorrow. Ther Adv Med Oncol (2019) 11:1758835919867522.
doi: 10.1177/1758835919867522

3. Wang DK, Zuo Q, He QY, Li B. Targeted immunotherapies in
gastrointestinal cancer: From molecular mechanisms to implications. Front
Immunol (2021) 12:705999. doi: 10.3389/fimmu.2021.705999
4. Mebarki S, Desert R, Sulpice L, Sicard M, Desille M, Canal F, et al.
De novo HAPLN1 expression hallmarks wnt-induced stem cell and
fibrogenic networks l eading to aggress ive human hepatoce l lu la r
carcinomas. Oncotarget (2016) 7:39026–43. doi : doi .org/10.18632/
oncotarget.9346

5. Kaur A, Ecker BL, Douglass SM, Kugel CH 3rd, Webster MR, Almeida FV,
et al. Remodeling of the collagen matrix in aging skin promotes melanoma
metastasis and affects immune cell motility. Cancer Discov (2019) 9:64–81.
doi: 10.1158/2159-8290.CD-18-0193
frontiersin.org

https://doi.org/10.3389/fonc.2021.741865
https://doi.org/10.3389/fonc.2021.774445
https://doi.org/10.3389/fonc.2021.790373
https://doi.org/10.3389/fonc.2021.797426
https://doi.org/10.3389/fonc.2022.734581
https://doi.org/10.1053/j.gastro.2020.02.068
https://doi.org/10.1177/1758835919867522
https://doi.org/10.3389/fimmu.2021.705999
https://doi.org/doi.org/10.18632/oncotarget.9346
https://doi.org/doi.org/10.18632/oncotarget.9346
https://doi.org/10.1158/2159-8290.CD-18-0193
https://doi.org/10.3389/fonc.2022.1043615
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Frontiers in Oncology | www.frontiersin.org

Edited by:
Sripathi Sureban,

University of Oklahoma Health
Sciences Center, United States

Reviewed by:
Wafaa M. Rashed,

Children’s Cancer Hospital, Egypt
Christian Cotsoglou,

Ospedale di Vimercate - ASST
Brianza, Italy

*Correspondence:
Xiaobing Chen

zlyychenxb0807@zzu.edu.cn

Specialty section:
This article was submitted to

Gastrointestinal Cancers: Gastric
Esophageal Cancers,

a section of the journal
Frontiers in Oncology

Received: 15 July 2021
Accepted: 03 September 2021
Published: 22 September 2021

Citation:
Nie C, Lv H, Liu Y, Chen B, Xu W,
Wang J and Chen X (2021) Clinical

Study of Sintilimab as Second-Line or
Above Therapy in Patients With
Advanced or Metastatic Gastric
Cancer: A Retrospective Study.

Front. Oncol. 11:741865.
doi: 10.3389/fonc.2021.741865

ORIGINAL RESEARCH
published: 22 September 2021
doi: 10.3389/fonc.2021.741865
Clinical Study of Sintilimab
as Second-Line or Above Therapy
in Patients With Advanced
or Metastatic Gastric Cancer:
A Retrospective Study
Caiyun Nie1,2, Huifang Lv1,2, Yingjun Liu3, Beibei Chen1,2, Weifeng Xu1,2,
Jianzheng Wang1,2 and Xiaobing Chen1,2*

1 Department of Medical Oncology, Affiliated Cancer Hospital of Zhengzhou University, Henan Cancer Hospital,
Zhengzhou, China, 2 State Key Laboratory of Esophageal Cancer Prevention & Treatment, Zhengzhou University,
Zhengzhou, China, 3 Department of General Surgery, Affiliated Cancer Hospital of Zhengzhou University, Henan Cancer
Hospital, Zhengzhou, China

Background: The present study was conducted to analyze the clinical efficacy and safety
of sintilimab as second-line or above therapy for patients with advanced or metastatic
gastric cancer.

Methods: Patients with advanced or metastatic gastric cancer that progressed after prior
systemic therapies and treated with sintilimab from March 2019 to July 2020 were
retrospectively analyzed in this study. The primary end point was progression-free survival
(PFS). Secondary end points included objective response rate (ORR), disease control rate
(DCR), overall survival (OS), and safety.

Results: Fifty-two patients with advanced or metastatic gastric cancer received sintilimab
monotherapy or combination therapy after they failed from prior systemic therapies. Eight
patients achieved partial response (PR), 26 patients had stable disease (SD), and 18
patients had progressive disease (PD). The ORR and DCR were 15.4% (8/52) and 65.4%
(34/52), respectively. Median PFS was 2.5 months (95% CI = 2.0–3.0), and median OS
was 5.8 months (95% CI = 4.9–6.7). The ORR and DCR were 30.0% (6/20) and 80.0%
(16/20), respectively, in intestinal subtype, which were superior than in non-intestinal
subtype (ORR: 6.3%, DCR: 56.3%). Patients with intestinal subtype obtained longer PFS
(4.0 vs. 1.9) and OS (9.0 vs. 4.1) than those with non-intestinal subtype. The incidence of
grade 3–4 adverse events was 44.2%.

Conclusions: Sintilimab monotherapy or combination therapy provides a feasible
therapeutic strategy for patients with advanced or metastatic gastric cancer who failed
from prior systemic therapies. The efficacy of sintilimab in intestinal subtype was superior
than that in non-intestinal subtype.

Keywords: gastric/gastroesophageal junction adenocarcinoma, sintilimab, immunotherapy, efficacy,
Lauren classification
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INTRODUCTION

Most cases of gastric cancer are advanced at diagnosis, the
prognosis is extremely poor, and there is a lack of effective
treatment. For some strictly selected cases, local treatment,
including surgical resection and hyperthermic intraperitoneal
chemotherapy, may be able to improve the prognosis of
patients (1, 2). Medical treatment, including chemotherapy and
targeted therapy, is currently the main treatment for advanced or
metastatic gastric cancer. However, the efficacy of chemotherapy
drugs seems to have reached a plateau, and the progress of
traditional targeted therapy drugs is relatively slow (3, 4). As an
emerging treatment method, immunotherapy is the current
research hotspot, and it is hoped that it can further improve
the curative effect of advanced gastric cancer (5). Based on the
ATTRACTION-02 and KEYNOTE-059 studies, nivolumab
and pembrolizumab have been approved in advanced gastric
cancer in Japan and the United States as third-line treatment,
respectively (6, 7).

Sintilimab is a fully human IgG4 monoclonal antibody that
acts on PD-1 and its ligands. It is the second approved Chinese
PD-1 inhibitor in China (8). In 2018, sintilimab received
indications for relapsed/refractory Hodgkin’s lymphoma in
China. Clinical trials on other tumor types are also underway,
including lymphoma (9), non-small cell lung cancer (10), liver
cancer (11), esophageal cancer (12), and gastric cancer (13).
Compared with other PD-1 inhibitors, sintilimab has similar
anti-tumor effects, better safety, and economic advantages. A
phase IB study evaluating sintilimab combined with XELOX
as first-line treatment for HER-2 negative gastric and
gastroesophageal junction (GEJ) adenocarcinoma showed that
the objective response rate (ORR) of sintilimab treatment was
85%, and the disease control rate (DCR) was 100% (13).

Although many advances have been made in immunotherapy
of gastric cancer, there are still many problems. Arranging the
troops, optimizing the treatment strategy, and better targeting
the patients who will benefit from immunotherapy based on
biomarkers have become an urgent clinical goal (14). Gastric
cancer is highly heterogeneous. In the classical Lauren
classification, gastric cancer can be divided into intestinal,
diffuse, and mixed types. Previous studies have shown that
immunotherapy is not effective in diffuse gastric cancer (6, 15).
The present study was performed to evaluate the efficacy and
safety of sintilimab for patients with advanced or metastatic
gastric cancer as second-line or above therapy.
METHODS

Patient Population
From March 2019 to July 2020, patients with advanced or
metastatic gastric cancer who failed from prior systemic
therapies at Henan Cancer Hospital were retrospectively
analyzed. Eligibility criteria were as follows: 1) patients with
gastric cancer that progressed after first-line chemotherapy and
treated with sintilimab as second-line or above therapy;
2) Eastern Cooperative Oncology Group (ECOG) performance
Frontiers in Oncology | www.frontiersin.org 29
status 0/1; 3) measurable disease per Response Evaluation
Criteria in Solid Tumors version 1.1 (RECIST v1.1), at least
one lesion can be measured by imaging examination, and the
lesion measured by spiral CT or MRI is ≥10 mm; and 4) adequate
organ function.

Study Treatment
Sintilimab was administered via intravenous infusion at a dose
of 200 mg once every 3 weeks until disease progression,
unacceptable toxicity, or death. In this study, sintilimab
monotherapy and combination therapy were the two regimens.
In the combination therapy regimen, sintilimab was given with
concurrent chemotherapy or targeted therapy, including
apatinib, trastuzumab, or nab-paclitaxel.

Efficacy and Safety Assessments
The primary end point was progression-free survival (PFS).
Secondary end points included ORR, DCR, overall survival
(OS), and safety. After treatment, all patients underwent
imaging examination every two cycles to evaluate the clinical
efficacy. The efficacy evaluation criteria are RECIST version 1.1
response evaluation criteria in solid tumors, including complete
response (CR), partial response (PR), stable disease (SD), and
progressive disease (PD). The ORR was CR + PR, and the DCR
was CR+ PR and SD. Adverse events (AEs) were assessed
according to the Common Terminology Criteria for Adverse
Events, version 4.0.

Statistical Analysis
Survival curves were estimated using the Kaplan–Meier method
and compared by log-rank test. PFS was defined as the period
from the time of treatment with sintilimab to disease progression
or patient death due to any cause. OS was defined as the period
from the time of treatment with sintilimab to patient death from
any cause or last follow-up. ORR and DCR with 95% CI were
calculated using the exact method based on binomial
distribution. Safety and efficacy were analyzed in all patients
who received ≥1 dose of study treatment. Safety was analyzed
using descriptive statistics. All the statistical and descriptive
analyses were conducted using SPSS software version 17.0
(SPSS, Chicago, IL). p < 0.05 was considered significant.
RESULTS

Patient and Treatment Characteristics
A total of 52 patients with advanced or metastatic gastric cancer
who progressed after first-line treatment were retrospectively
analyzed. Table 1 summarizes patient and treatment
characteristics. The median age was 64 years (range 30–80),
with 17 female patients and 35 male patients. Twenty-three
patients had advanced gastric cancer, and the other 29 patients
had GEJ adenocarcinoma. All the patients were diagnosed as
advanced or recurrent; the metastatic sites included the intra-
abdominal lymph node (65.4%), liver (42.3%), peritoneum
(28.8%), and lung (25%). In this study, 19 patients (36.5%)
received sintilimab as second-line treatment and the other
September 2021 | Volume 11 | Article 741865

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Nie et al. Sintilimab in Gastric Cancer
33 patients (63.5%) as third or above treatment. Eight patients
received sintilimab as monotherapy, and 44 patients received
sintilimab combination therapy. In the 44 patients who received
sintilimab combination therapy, 24 patients received sintilimab
combined with apatinib, and the other 20 patients received
sintilimab combined with nab-paclitaxel or irinotecan. In the
early days, due to the limitation of testing reagents, PD-L1 was
not a routine test item in the pathology department of our center.
Among the 52 patients in this study, there were 21 patients with
PD-L1 expression results, of which seven were PD-L1 positive
and 14 were PD-L1 negative.

Efficacy
In the general population, CR was not observed, eight patients
achieved PR, 26 patients had SD, and 18 patients had PD. The
ORR and DCR were 15.4% (8/52) and 65.4% (34/52),
respectively. In the intestinal subtype population, six patients
achieved PR, 10 patients had SD, and four patients had PD; the
ORR and DCR were 30.0% (6/20) and 80.0% (16/20),
respectively. In the non-intestinal subtype population, two
patients achieved PR, 16 patients had SD, and 14 patients had
PD; the ORR and DCR were 6.3% (2/32) and 56.3% (18/32),
respectively. In the PD-L1-positive population, four patients
achieved PR, three patients had SD, and no patients had PD;
the ORR and DCR were 57.1% (4/7) and 100% (7/7),
respectively. In the PD-L1-negative population, one patient
achieved PR, eight patients had SD, and five patients had PD;
Frontiers in Oncology | www.frontiersin.org 310
the ORR and DCR were 7.1% (1/14) and 64.3% (9/14),
respectively. In the sintilimab monotherapy population, one
patient achieved PR, three patients had SD, and four patients
had PD; the ORR and DCR were 12.5% (1/8) and 50.0% (4/8),
respectively. In the combination therapy population, seven
patients achieved PR, 23 patients had SD, and 14 patients had
PD; the ORR and DCR were 15.9% (7/44) and 68.2% (30/44),
respectively (Table 2).

Median PFS and OS were 2.5 months (95% CI = 2.0–3.0)
(Figure 1A) and 5.8 (95% CI = 4.9–6.7) months (Figure 1B),
respectively. The median PFS in patients who received mono- and
combo-regimens was 1.5 (95% CI = 0.3–2.7) and 2.9 (95% CI =
2.3–3.5) months, respectively (p = 0.088) (Figure 2A); and OS was
4.0 (95% CI = 0–8.7) and 6.0 (95% CI = 5.0–7.0) months,
respectively (p = 0.133) (Figure 2B). Twenty-four patients who
received sintilimab combined with apatinib obtained 2.4 (95% CI =
1.7–3.1) months’ PFS and 6.0 (95% CI = 2.1–9.9) months’ OS.
Twenty patients who received sintilimab combined with nab-
paclitaxel or irinotecan obtained 2.9 (95% CI = 1.9–3.9) months’
PFS and 5.8 (95% CI = 4.7–6.9) months’ OS (for PFS, p = 0.818;
for OS, p = 0.883) (Figures 2C, D). For Lauren classification, the
median PFS in intestinal and non-intestinal subtypes was 4.0 (95%
CI = 3.1–4.8) months and 1.9 (95% CI = 1.2–2.6) months,
respectively (p = 0.000) (Figure 3A). The median OS in
intestinal and non-intestinal subtypes was 9.0 (95% CI = 6.7–
11.3) months and 4.1 (95% CI = 2.7–5.4) months, respectively
(p = 0.000) (Figure 3B). The median PFS in PD-L1-positive and
TABLE 1 | Patient and treatment characteristics.

Characteristic Total (n = 52) n (%) Monotherapy (n = 8) n (%) Combination therapy (n = 44) n (%)

Age (years, median) 64 (30–80) 67.5 (62–75) 61 (30–80)
Gender
Female 17 (32.7%) 4 (50%) 13 (29.5%)
Male 35 (67.3%) 4 (50%) 31 (70.5%)
ECOG
0–1 40 (76.9%) 5 (62.5%) 35 (79.5%)
2 12 (23.1%) 3 (37.5%) 9 (20.5%)
Primary tumor site
Gastric 23 (44.2%) 0 (0%) 23 (52.3%)
GEJ 29 (55.8%) 8 (100%) 21 (47.7%)
Histopathology
Intestinal 20 (38.5%) 1 (12.5%) 19 (43.2%)
Diffuse 22 (42.3%) 6 (75%) 16 (36.4%)
Mixed 10 (19.2%) 1 (12.5%) 9 (20.4%)
MSI
dMMR 1 (1.9%) 0 (0%) 1 (2.3%)
MSS 51 (98.1%) 8 (100%) 43 (97.7%)
Metastatic site
Lymph node 34 (65.4%) 5 (62.5%) 29 (65.9%)
Peritoneum 15 (28.8%) 3 (37.5%) 12 (27.3%)
Liver 22 (42.3%) 3 (37.5%) 19 (43.2%)
Lung 13 (25%) 4 (50%) 9 (20.5%)
Others 9 (17.3%) 0 (%) 9 (20.5%)
Number of metastatic sites
1–2 41 (78.8%) 6 (75%) 35 (79.5%)
≥3 11 (21.2%) 2 (25%) 9 (20.5%)
Treatment line
2 19 (36.5%) 2 (25%) 17 (38.6%)
3–5 33 (63.5%) 6 (75%) 27 (61.4%)
Septemb
ECOG, Eastern Cooperative Oncology Group performance status; GEJ, gastroesophageal junction tumors; MSI, microsatellite instability; dMMR, deficient mismatch repair; MSS,
microsatellite stability.
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PD-L1-negative patients was 5.0 (95% CI = 4.0–6.0) months and
2.0 (95% CI = 1.1–2.9) months, respectively (p = 0.000)
(Figure 3C). The median OS in PD-L1-positive and PD-L1-
negative patients was 12.1 (95% CI = 6.4–17.8) months and 4.1
(95% CI = 2.0–6.2) months, respectively (p = 0.027) (Figure 3D).

Safety
In terms of safety, all of the 52 patients reported at least one
treatment-related AE (TRAE). In general, sintilimab treatment
was well tolerated, and only two patients discontinued treatment
due to intolerable toxicity. Most of the AEs were grade 1–2
(Table 3). Grade 3–4 adverse reactions occurred in 23 (44.2%)
patients. No unexpected side effects or treatment-related death
were observed. The most common sintilimab-related AEs were
hematological toxicity, including anemia (n = 32, 61.5%),
decreased neutrophil count (n = 42, 80.8%), decreased platelet
(n = 31, 59.6%), and decreased white blood count (n = 41,
78.9%). Other common sintilimab-related AEs were pyrexia (n =
15, 28.8%), increased aspartate aminotransferase and alanine
aminotransferase (n = 16, 30.8%), hypothyroidism (n = 12,
23.1%), rash (n = 18, 34.6%), and pneumonitis (n = 7, 13.5%).
Grade 3–4 AE rash occurred in two patients. Apatinib-related
Frontiers in Oncology | www.frontiersin.org 411
AEs were secondary hypertension (n = 11, 21.2%), hand and foot
syndrome (n = 8, 15.4%), and proteinuria (n = 6, 11.5%).
DISCUSSION

In the present study, the results from this retrospective study
demonstrated favorable anti-tumor activity and manageable
safety of sintilimab as second-line or above therapy for
advanced or metastatic gastric cancer.

Immune checkpoint inhibitors have been approved in gastric
cancer worldwide as a third-line treatment option. The results of
the ATTRACTION-02 study in the Asian population showed
that nivolumab treatment significantly reduced the risk of death
of advanced or metastatic gastric cancer patients (6). The 1-year
OS rates reached 26.2%. The National Medical Products
Administration has approved the use of nivolumab in the
treatment of patients with advanced or metastatic gastric
cancer or GEJ adenocarcinoma who failed from two or more
systemic treatment regimens. In the KEYNOTE-059 study,
pembrolizumab was confirmed to be effective in the treatment
TABLE 2 | Efficacy of sintilimab in patients with advanced or metastatic gastric cancer.

Parameter Best response ORR DCR Median PFS (95% CI) Median OS (95% CI)

CR PR SD PD

Total 0 8 26 18 15.4% (8/52) 65.4% (34/52) 2.5 (2.0–3.0) 5.8 (4.9–6.7)
Lauren classification
Intestinal 0 6 10 4 30.0% (6/20) 80.0% (16/20) 4.0 (3.1–4.8) 9.0 (6.7–11.3)
Non-intestinal 0 2 16 14 6.3% (2/32) 56.3% (18/32) 1.9 (1.2–2.6) 4.1 (2.7–5.4)
Treatment programs
Monotherapy 0 1 3 4 12.5% (1/8) 50.0% (4/8) 1.5 (0.3–2.7) 4.0 (0–8.7)
Combination 0 7 23 14 15.9% (7/44) 68.2% (30/44) 2.9 (2.3–3.5) 6.0 (5.0–7.0)
PD-L1
Positive 0 4 3 0 57.1% (4/7) 100.0% (7/7) 5.0 (4.0–6.0) 12.1 (6.4–17.8)
Negative 0 1 8 5 7.1% (1/14) 64.3% (9/14) 2.0 (1.1–2.9) 4.1 (2.0–6.2)
Combination type
Apatinib 0 3 13 8 12.5% (3/24) 66.7% (16/24) 2.4 (1.7–3.1) 6.0 (2.1–9.9)
Chemotherapy 0 4 10 6 20.0% (4/20) 70.0% (14/20) 2.9 (1.9–3.9) 5.8 (4.7–6.9)
September 2021 | Volum
CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, overall response rate; DCR, disease control rate; PFS, progression-free survival; OS,
overall survival.
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FIGURE 1 | Kaplan–Meier curve of PFS (A) and OS (B) in the general population. PFS, progression-free survival; OS, overall survival.
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of advanced or metastatic gastric cancer (7). But unfortunately,
in the subsequent clinical trials where immunotherapy was
moved to the second line before the treatment of advanced
gastric cancer, the results of KEYNOTE-061 brought confusion
to clinicians (15). The role of immune checkpoint inhibitors in
the second-line treatment of advanced gastric cancer has not
been established. However, data on second-line immunotherapy
for gastric cancer are also accumulating. In this study, 19 patients
(36.5%) received sintilimab as second-line treatment and the
other 33 patients (63.5%) as third or above treatment. Whether
in second-line or third to fifth-line treatment, sintilimab
demonstrated encouraging results. The results of this present
study substantiate evidence for gastric cancer immunotherapy,
especially in the second-line immunotherapy of gastric cancer.

The optimal drug treatment model of immunotherapy for
gastric cancer is still inconclusive. In this study, eight patients
received sintilimab monotherapy, and another 44 patients
received sintilimab combination therapy. In terms of efficacy,
the ORR and DCR of the combined treatment group were higher
than those of the monotherapy group, and the PFS and OS were
also superior. For drug safety, sintilimab monotherapy had a
lower incidence of TRAEs and superior tolerability. Most
patients with gastric cancer cannot tolerate chemotherapy for a
long time because of disease progression. For patients with poor
ECOG scores, immunotherapy like sintilimab monotherapy
could an optional strategy in terms of safety profile.
Frontiers in Oncology | www.frontiersin.org 512
In this study, 24 patients received sintilimab combined with
apatinib, and the other 20 patients received sintilimab combined
with nab-paclitaxel or irinotecan. In terms of efficacy, no significant
difference was found. Currently, clinical trials are exploring the
combination manner of immunotherapy. In addition to the
traditional immunotherapy combined with chemotherapy,
immunotherapy combined with targeted therapy has been proved
to be an effective combination mode. HER-2 and VEGF are two
vital targets (16, 17). Trastuzumab combined with pembrolizumab
has achieved good results in patients with HER2-positive second-
line and above treatment of gastric cancer. In this study, sintilimab
combined with apatinib achieved significant efficacy. Studies had
shown that antiangiogenic drugs can change the tumor immune
microenvironment and enhance the efficacy of immunotherapy,
which has become a new therapeutic strategy (18–20).

There are still no effective biomarkers to predict the efficacy of
immunotherapy for gastric cancer. Some studies suggest that PD-L1
expression level, tumor mutational burden (TMB), Epstein–Barr
virus (EBV) positive, and POLE gene mutation may be potential
biomarkers to predict the efficacy of immunotherapy, but it has not
been proved to be specific and effective enough, which is still
controversial (21). At present, deficient mismatch repair/
microsatellite instability-high (dMMR/MSI-H) is the only effective
marker for anti-PD-1 treatment (22, 23). However, in gastric cancer,
MSI-H accounted for only 20%, and 80% of gastric cancer patients
had microsatellite stability (MSS) (24). In this study, only one
A B

C D

FIGURE 2 | Kaplan–Meier curve of PFS (A) and OS (B) in sintilimab monotherapy and combination therapy population. Kaplan–Meier curve of PFS (C) and OS
(D) in sintilimab combination therapy population. PFS, progression-free survival; OS, overall survival.
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A B

C D

FIGURE 3 | Kaplan–Meier curve of PFS (A) and OS (B) in intestinal and non-intestinal subtype populations. Kaplan–Meier curve of PFS (C) and OS (D) in PD-L1-
positive and PD-L1-negative populations. PFS, progression-free survival; OS, overall survival.
TABLE 3 | Treatment-related adverse events (TRAEs).

Adverse event All grade n (%) ≥Grade 3 n (%)

Any event 52 (100.0) 23 (44.2)
AE led to any treatment discontinuation 4 (7.7) 3 (5.8)
AE led to death 0 (0.0) 0 (0.0)
Event occurring in ≥10% patients
Pyrexia 15 (28.8) 0 (0.0)
Anemia 32 (61.5) 4 (7.7)
Decreased neutrophil count 42 (80.8) 8 (15.4)
Decreased platelet 31 (59.6) 12 (23.1)
Decreased white blood count 41 (78.9) 6 (11.5)
Fatigue 20 (38.5) 0 (0.0)
Nausea 15 (28.8) 0 (0.0)
Vomiting 8 (15.4) 0 (0.0)
Increased aspartate aminotransferase 16 (30.8) 0 (0.0)
Increased alanine aminotransferase 16 (30.8) 0 (0.0)
Proteinuria 6 (11.5) 0 (0.0)
Hypothyroidism 12 (23.1) 0 (0.0)
Hand and foot syndrome 8 (15.4) 2 (3.8)
Rash 18 (34.6) 2 (3.8)
Pneumonitis 7 (13.5) 0 (0.0)
Sensory neurotoxicity 10 (19.2) 1 (1.9)
Diarrhea 7 (13.5) 0 (0.0)
Secondary hypertension 11 (21.2) 3 (5.8)
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patient was diagnosed as dMMR, and the others were MSS. In the
21 patients with PD-L1 expression results, PD-L1-positive patients
exhibited better anti-tumor immune response and longer PFS and
OS. Since only some patients have PD-L1 results, the predictive
value of PD-L1 in the immunotherapy of sintilimab for gastric
cancer still needs to be further explored.

Previous studies suggested that the expression level of PD-L1 in
diffuse gastric cancer may be lower than that in intestinal type.
ONO-4538 study and KEYNOTE-061 study demonstrated that
immunotherapy with nivolumab or pembrolizumab was not
effective in diffuse gastric cancer. Our present study showed the
ORR and DCR in the intestinal subtype population were
significantly higher than in the non-intestinal subtype population;
meanwhile, the intestinal subtype gastric cancer population has
achieved better prognosis. The relationship between the efficacy of
sintilimab immunotherapy and Lauren classification has not been
reported. Our research suggests that the Lauren classification may
affect the effect of sintilimab immunotherapy.

For safety, sintilimab treatment was well tolerated, and only
two patients discontinued treatment due to intolerable toxicity.
The most common sintilimab-related AEs were consistent with
previous studies (25, 26). Among all levels of AEs, hematological
toxicity is most common, including decreased neutrophil count,
decreased white blood count, decreased platelet, and anemia.
Rash was one of the most frequent grade 3 or 4 AEs. Other
≥grade 3 AEs were hand and foot syndrome, sensory
neurotoxicity, and secondary hypertension, which were similar
to previous data of chemotherapy and apatinib treatment.

A retrospective study obtained from a single center with not
sufficiently large patient cases is the limitation of our study. Thus,
we should design and conduct large randomized and prospective
trials to confirm the clinical value of sintilimab monotherapy or
combination therapy in advanced or metastatic gastric cancer.
CONCLUSION

Sintilimab monotherapy or combination therapy provides a
feasible therapeutic strategy in patients with advanced or
Frontiers in Oncology | www.frontiersin.org 714
metastatic gastric cancer who progressed after prior systemic
therapies, and a median PFS of 2.5 months was obtained with
well-tolerated toxicity. The efficacy of sintilimab in intestinal
subtype was superior than in non-intestinal subtype.
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Background: Microsatellite stability (MSS) or mismatch repair proficient (pMMR)
metastatic colorectal cancer (mCRC) is resistant to immune checkpoint inhibitors.
Studies have shown that antiangiogenic drugs combined with programmed death
receptor-1 (PD-1) inhibitors can improve immunosuppression. The purpose of this
study was to compare the efficacy of fruquintinib combined with PD-1 inhibitor (FP) and
regorafenib combined with PD-1 inhibitor (RP) in the treatment of advanced mCRC with
MSS or pMMR.

Materials and Methods: We retrospectively collected advanced MSS or pMMR mCRC
patient data from The Second Affiliated Hospital of Nanchang, China, from June 2019 to
March 2021. Then, we analyzed and compared the efficacy and safety of FP and RP.

Results: A total of 51 patients who met the criteria were divided into FP (n = 28) and RP
groups (n = 23). The overall response rate of the FP and RP groups was 7.1% and 8.7%
and the disease control rate was 89.3% and 56.5%, respectively. The median
progression-free survival (PFS) time was higher in the FP group than in the RP group
(6.4 vs. 3.9 months, respectively; P = 0.0209). Patients with no liver metastasis, KRAS wild
type, and left colon tumor may benefit from FP. Eight patients (15.7%) had grade 3 toxicity
related to treatment. Cox multivariate regression analysis showed that the treatment
method was an independent risk factor for median PFS time.

Conclusion: Our study indicates that FP could improve PFS time of patients with
advanced mCRC compared with RP.

Keywords: colorectal cancer, immunotherapy, microsatellite stable, fruquintinib, regorafenib, PD-1
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INTRODUCTION

Global colorectal cancer (CRC) ranks third in morbidity and
second in mortality (1). For patients with advanced CRC who
have failed to receive standard first-line and second-line
treatment, the third-line treatment consists of regorafenib,
fruquintinib, and TAS-102 (2), but the effects are not suitable
(3). In recent years, the application of immune checkpoint
inhibitor (ICI) has brought new hope for improving the
therapeutic effect of metastatic CRC (mCRC) treatment (4–6).

As monoclonal antibodies (mAb) to programmed death
receptor-1 (PD-1), pembrolizumab and nivolumab have shown
considerable activity in advanced CRC patients with high
microsatellite instability (MSI-H) or DNA mismatch repair
defects (dMMR) tumors (7–9). However, MSI-H or dMMR
mCRC patients account for only 5% of all CRC patients.
Ninety-five percent of CRC patients with microsatellite
stability (MSS) or mismatch repair proficient (pMMR) CRC do
not respond to immunotherapy (10), which is a key clinical
problem related to PD-1 inhibitors. Zelenay et al. found that
immunotherapy combined with antivascular endothelial growth
factor therapy can improve the immunosuppressive state in a
CRC mouse model (11, 12). Clinical studies have shown that
antiangiogenic drugs combined with immune checkpoint
blocking can significantly improve the effectiveness of
malignant tumor treatment (13–16). Therefore, ICI combined
with antiangiogenesis therapy may overcome the resistance of
MSS or pMMR mCRC to immunotherapy.

Fruquintinib is an effective and highly selective oral inhibitor
of vascular endothelial growth factor receptor (VEGFR) 1, 2, 3
tyrosine kinase (17, 18). The FRESCO trial—a multicenter,
randomized, double-blind, placebo-controlled phase III trial—
compared fruquintinib with placebo in patients with mCRC who
failed to receive standard chemotherapy (19). The results showed
that the median overall survival (OS) and the median
progression-free survival (PFS) of the patients receiving
fruquintinib were 9.3 and 3.71 months, respectively, which
were significantly longer than those of patients in the placebo
control group. Clinical studies have shown that fruquintinib has
the advantages of low off-target toxicity, good drug resistance,
and strong curative effect. Regorafenib is a new type of
multitarget tyrosine kinase inhibitor, which can inhibit the
activation of VEGFR-1, VEGFR-2, VEGFR-3, FGFR, PDGFR,
KIT, RET, TIE2, and BRAF (20). The results of CORRECT—an
international, multicenter, phase III clinical study—showed that
Abbreviations: PD-1, programmed death receptor-1; mCRC, metastatic colorectal
cancer; MSS, microsatellite stability; pMMR, effective mismatch repair; FP,
fruquintinib combined with PD-1 inhibitors; RP, regorafenib combined with
PD-1 inhibitors; ICI, immune checkpoint inhibitor; ECOG PS, Eastern
Cooperative Oncology Group performance status; mAb, monoclonal antibodies;
dMMR, DNA mismatch repair defects; MSI-H, high microsatellite instability; CR,
complete remission; PR, partial remission; SD, stable disease; PD, progression of
disease; ORR, objective response rate; DCR, disease control rate; PFS, progression-
free survival; OS, overall survival; CTC5.0, toxicity standard version 5.0; SE,
standard deviation; HR, hazard ratio; CI, confidence interval; IQR, interquartile
range; AE, adverse events; RCCEP, capillary endothelial hyperplasia; TAMs,
tumor-associated macrophages; VEGF, vascular endothelial growth factor;
EGFR, epidermal growth factor receptor.
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the median OS of the regorafenib group was 6.4 months, which
was significantly longer than that of the placebo group (21). A
subsequent CONCUR study conducted in Asia showed that
regorafenib significantly prolonged the median OS to
8.8 months in patients with advanced CRC (22), thus
indicating that regorafenib can improve the survival of patients
with refractory mCRC. Fruquintinib and regorafenib are both
third-line drugs for advanced CRC; indirect comparison by
meta-analysis showed no significant difference in their efficacy
and safety in advanced CRC (23–28).

In a phase Ib clinical study from Japan, the objective response
rate (ORR) of regorafenib combined with nivolumab in patients
with refractory mCRC was 36% and the median PFS was
7.9 months (29). The results of this early trial gave hope to
patients and oncologists worldwide and provided additional
options for patients with refractory mCRC. However, a
retrospective study of 18 patients at the American Cancer
Center failed to reveal comparable clinical activity of regorafenib
plus nivolumab (30). In a retrospective clinical study of
regorafenib combined with anti-PD-1 antibody in the treatment
of MSS or pMMR mCRC patients in China, some potential
benefits in disease control rate (DCR) and PFS were observed,
albeit the results showed no objective effect (31). Therefore,
additional evidence is needed to evaluate this joint strategy.
Reportedly, a patient with advanced MSS CRC showed a rapid
response after the failure of multiline therapy when fruquintinib
was combined with anti-PD-1; then, the effect of fruquintinib
combined with anti-PD-1 was verified in a CT26 cell (MSS) mouse
co-gene model (32). Studies have shown that fruquintinib
combined with PD-1 inhibitors can synergistically inhibit the
progression of CRC, change the tumor microenvironment, and
contribute to antitumor immune response. In a study conducted
in China, the ORR and DCR of regorafenib or fruquintinib
combined with camrelizumab in the treatment of MSS or
pMMR mCRC patients were 25.0% and 62.5%, respectively,
reflecting the good efficacy of regorafenib or fruquintinib plus
camrelizumab in MSS or pMMR mCRC patients and thereby
indicating the potential of ICI combined therapy (33).

There are no studies comparing the efficacy and safety of
fruquintinib combined with PD-1 inhibitors against those of
regorafenib and PD-1 inhibitors in the treatment of advanced
CRC. Therefore, in this study, we retrospectively analyzed the
treatment of refractory mCRC patients in the second affiliated
Hospital of Nanchang University in China and compared the
efficacy and safety of fruquintinib combined with PD-1 inhibitors
against those of regorafenib combined with PD-1 inhibitors in
the treatment of advanced CRC.
PATIENTS AND METHODS

Patients
We conducted a retrospective study of patients with advanced
MSS or pMMR CRC treated in the second affiliated Hospital of
Nanchang University. The patients received fruquintinib or
regorafenib combined with PD-1 inhibitors as third-line or
October 2021 | Volume 11 | Article 754881
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above posterior line therapy for a compassionate purpose.
Formalin-fixed paraffin-embedded tissue specimens were used
to detect the protein expression deletion of four kinds of MMR
(MLH1/MSH2/MSH6/PMS2) by immunohistochemistry (IHC),
or five tumor microsatellite sites [five single nucleotide sites
(BAT25, BAT26, NR21, NR24, Mono27)] were analyzed by
polymerase chain reaction (PCR) to determine the MMR/MSI
status of the tumor. The main selection criteria included 1)
advanced or mCRC that was histologically or cytologically
confirmed to be at least refractory to second-line system
treatment or could not tolerate standard treatment, 2) age 18–
79 years (3), performance status of (ECOG PS) 0–2 in the Eastern
Cancer Cooperation group, 4) adequate bone marrow reserve, 5)
adequate liver and kidney function, and 6) at least one
measurable lesion based on RECIST v1.1. The main exclusion
criteria included 1) history of active, chronic, or recurrent
autoimmune diseases and 2) severe complications. This study
was conducted in accordance with the Helsinki Declaration and
approved by the Ethics Review Committee of the Second
Affiliated Hospital of Nanchang University.

Treatment Methods
Patients in the FP group took 3–5 mg oral fruquintinib, and
patients in the RP group took 80–160 mg oral regorafenib once a
day for 21 consecutive days in 28-day cycles. In order to control
the side effects associated with treatment, some patients had
adjusted dosages. Regarding immunotherapy, the patients were
injected intravenously with PD-1 inhibitors at the recommended
dose from the first day of taking molecular targeted drugs:
toripalimab (240 mg) every 3 weeks, nivolumab (200 mg)
every 2 weeks, and sintilimab or camrelizumab (200 mg)
every 3 weeks.

Efficacy and Toxicities
The tumor was measured by computed tomography every 2–3
cycles of immunotherapy, and the tumor response was evaluated
according to RECIST version 1.1 until the disease progressed or
subsequent treatment began. Tumor remission was defined as
complete remission (CR), partial remission (PR), stable disease
(SD), or progression of disease (PD). ORR is defined as the best
percentage of patients with total remission in either CR or PR.
DCR was defined as the proportion of patients with the best
overall response to CR, PR, or SD. PFS was calculated from the
beginning of treatment to the time of disease progression or
death from any cause. The toxicity assessment was based on the
National Cancer Institute General Toxicity Standard version 5.0
(CTC5.0). The deadline for data was June 20, 2021.

Statistical Analysis
A Pearson chi-square test or Fisher exact test was used to
compare the classification variables in the baseline features.
The mean standard deviation (SE) was used to describe the
variable distribution in the normal distribution, and the median
and range were used to describe the variable distribution in the
non-normal distribution. The Kaplan–Meier method was used
for survival analysis, and the logarithmic rank test was used for
Frontiers in Oncology | www.frontiersin.org 318
the difference of survival curve. The Cox regression model was
used to analyze the variables with P <0.05 in univariate analysis.
The hazard ratio (HR) and confidence interval (CI) were
calculated. P <0.05 was considered to be statistically significant.
All data were analyzed using SPSS 26.0 software and GraphPad
Prism 8.0.
RESULTS

Patient Characteristics
We included 653 patients who were diagnosed with mCRC from
June 2019 to March 2021 at the Second Affiliated Hospital of
Nanchang University. Among them, 268 mCRC patients were
selected according to the inclusion criteria. Finally, 51 mCRC
patients treated with fruquintinib or regorafenib combined with
PD-1 inhibitors were enrolled in the present study (Figure 1).
The deadline for data was June 20, 2021, with a median follow-up
period of 6.2 months (IQR 3.9–8.43).

Table 1 shows the baseline characteristics of patients. Among
them, 28 mCRC patients received FP, and the other 23 mCRC
patients received RP. In this study, these patients were treated
with FP or RP as the third line (56.9%) or more than third line
(43.1%) of mCRC treatment. All patients experienced tumor
progression after standard chemotherapy. Thirty-nine patients
(76.5%) had left primary tumor, 12 patients (23.5%) had right
primary tumor, and 38 patients (74.5%) had liver metastasis. As
for primary tumor gene mutations, 14 patients had a RAS
mutation, 1 patient had a BRAF mutation, and 18 patients had
RAS/BRAF wild type. In the combined therapy, the initial doses
of fruquintinib were 3 mg (20 patients), 4 mg (5 patients), and
5 mg (3 patients); as for regorafenib, 17 patients started with
80 mg, 5 patients started with 120 mg, and 1 patient started with
160 mg. The types of PD-1 inhibitors used were sintilimab,
camrelizumab, toripalimab, and nivolumab. PD-1 inhibitors
sintilimab (53.6%) and camrelizumab (46.4%) were used in the
FP group, and camrelizumab (52.2%) was the most common PD-
1 inhibitor in the RP group. In the FP group, the cycles of PD-1
inhibitors plus fruquintinib ranged from 3 to 8, with a median of
6. In the RP group, the cycles of PD-1 inhibitor plus regorafenib
were 3 to 5, with a median of 4.

Clinical Efficacy
The treatment effect is summarized in Table 2. PR was the best
response, and an objective response was observed in two patients
in the FP group and two patients in the RP group. The SD of the
FP group was significantly higher than that of the RP group
(82.1% vs. 47.8%, P = 0.01). The ORR of the whole population
was 7.8% (4/51), the ORR of the FP group was 7.1% (2/28), and
the ORR of the RP group was 8.7% (2/23). The DCR of the FP
group (89.3%) was higher than that of the RP group (56.5%), and
the DCR of the whole population was 74.5%. The median PFS of
the FP group was 6.4 months (HR = 0.445; 95% CI: 5.527–7.273),
and that of RP group was 3.9 months (HR = 0.594; 95% CI:
2.736–5.064). The difference was statistically significant
(P = 0.0209, Figure 2).
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In order to analyze the beneficiaries of FP therapy compared
with those of RP therapy, we performed Kaplan–Meier survival
analysis and log-rank tests. In terms of patients with liver metastasis,
there was a significant difference in median PFS between the FP and
RP groups without liver metastasis (P < 0.0001, Figure 3A), but
there was no significant difference in patients with liver metastasis
(P > 0.05, Figure 3B). For patients with the wild type of KRAS, there
was a significant difference in median PFS between the FP and RP
groups (P = 0.0288, Figure 3C). For patients with the KRASmutant,
there was no significant difference between the two groups
(P = 0.1836, Figure 3D). Based on the primary location of the
tumor, there was a significant difference in median PFS between the
FP and RP groups with the left colon as the primary location
(P = 0.0105, Figure 3E) but not in the groups with the right colon as
Frontiers in Oncology | www.frontiersin.org 419
the primary location (P = 0.8538, Figure 3). In addition, there was
no significant difference in median PFS between the FP and RP
groups with or without peritoneal metastasis (P > 0.05, Figures
S1A, B).

Safety
Adverse events were evaluated in 28 patients in the FP group and
23 patients in the RP group. All patients experienced adverse
events. The common treatment-related adverse events (AE) of
any level in the FP group were liver dysfunction (42.8%),
palmar–plantar erythrodysesthesia (39.3%), hypertension
(35.7%), capillary endothelial hyperplasia (RCCEP) (39.3%),
and proteinuria (32.1%). The common treatment-related AE of
any level in the RP group were liver dysfunction (52.2%),
FIGURE 1 | Flowchart of the patient queue.
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palmar–plantar erythrodysesthesia (43.5%), hypertension
(39.1%), RCCEP (39.1%), proteinuria (30.4%), and fatigue
(30.4%). The incidence of liver dysfunction, palmar–plantar
erythrodysesthesia, and hypertension in the RP group was
higher than that in the FP group, but the difference was not
Frontiers in Oncology | www.frontiersin.org 520
statistically significant (Table 3). Grade 3 adverse events in the
FP group were diarrhea (n = 1) and liver dysfunction (n = 2);
there were no deaths due to adverse events. The adverse events
related to grade 3 treatment in the RP group were palmar–
plantar erythrodysesthesia (n = 1), rash (n = 1), liver dysfunction
TABLE 1 | Baseline clinical characteristics of patients.

Characteristic Total, n (%) FP group, n (%) RP group, n (%) P-value

Patients, N (%) 51 28 23
Median age (range) 54.2 ± 11.9 54.6 ± 11.7 53.0 ± 12.02 0.724
Age group 0.718
<65 years 41 (80.4) 22 (78.6) 19 (82.6)
≥65 years 10 (19.6) 6 (21.4) 4 (17.4)

Sex 0.304
Male 27 (52.9) 13 (46.4) 14 (60.9)
Female 24 (47.1) 15 (53.6) 9 (39.1)

Baseline ECOG PS 0.702
0 21 (41.2) 13 (46.4) 8 (34.8)
1 22 (43.1) 11 (39.3) 11 (47.8)
2 8 (15.7) 4 (14.3) 4 (17.4)

Time from first diagnosis to randomization, median (range), months 24 (16.0–47.0) 22 (15.3–39.5) 26 (18.0–50.0) 0.35
Time from first metastatic diagnosis to randomization 0.276
<18 months 15 (29.4) 10 (35.7) 5 (21.7)
≥18 months 36 (70.6) 18 (64.3) 18 (78.3)

Primary disease site at first diagnosis 0.18
Colon 28 (54.9) 13 (46.4) 15 (65.2)
Rectum 23 (45.1) 15 (53.6) 8 (34.8)
Colon and rectum 51 (100.0) 28 (100.0) 23 (100.0)

Primary tumor location at first diagnosis 0.11
Left 39 (76.5) 19 (67.9) 20 (87.0)
Right 12 (23.5) 9 (32.1) 3 (13.0)
Left and right 51 (100.0) 28 (100.0) 23 (100.0)

Multiple metastases
Liver 38 (74.5) 18 (64.3) 20 (87.0) 0.065
Lung 43 (84.3) 24 (85.7) 19 (82.6) 0.762
Peritoneum 13 (25.5) 7 (25.0) 6 (26.1) 0.929

Previous treatment agents
5-Fluorouracil 43 (84.3) 24 (85.7) 18 (78.3) 0.487
Oxaliplatin 47 (92.2) 26 (92.9) 21 (91.3) 0.837
Irinotecan 48 (94.1) 26 (92.9) 22 (95.7) 0.673
Bevacizumab 40 (78.4) 20 (71.4) 20 (87.0) 0.18
Cetuximab 20 (39.2) 14 (50.0) 6 (26.1) 0.082
Regorafenib 9 (17.6) 3 (10.7) 6 (26.1) 0.152
Fruquintinib 0 0 0

Number of prior treatment lines on metastatic disease 0.964
3 29 (56.9) 16 (57.1) 13 (56.5)
>3 22 (43.1) 12 (42.9) 10 (43.5)

Prior antitumor treatment
Chemotherapy and pharmacological treatment 51 (100.0) 28 (100.0) 23 (100.0) 1
Radiation therapy 9 (17.6) 5 (17.9) 4 (17.4) 0.965
Surgery 45 (88.2) 23 (82.1) 22 (95.7) 0.136

Gene mutation status 0.853
RAS/BRAF wild type 18 (35.3) 13 (46.4) 5 (21.7)
RAS mutant 14 (27.5) 10 (35.7) 4 (17.4)
BRAF mutant 1 (1.9) 0 (0.0) 1 (4.3)
Unknown 18 (35.3) 5 (17.9) 13 (56.5)

Prior chemotherapy with VEGF and EGFR inhibitors 0.348
Neither 2 (4.0) 1 (3.6) 1 (4.3)
VEGF only 28 (54.9) 12 (42.9) 16 (69.6)
EGFR only 8 (15.7) 6 (21.4) 2 (8.7)
Both 12 (23.5) 8 (28.6) 4 (17.4)
Unknown 1 (1.9) 1 (3.6) 0 (0.0)

PD-1 cycles 5 (3–8) 6 (3–8) 4 (3–5) 0.105
Octobe
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PD-1, programmed death receptor-1; FP, fruquintinib combined with PD-1 inhibitors; RP, regorafenib combined with PD-1 inhibitors; ECOG PS, Eastern Cooperative Oncology Group
performance status; VEGF, vascular endothelial growth factor; EGFR, epidermal growth factor receptor.
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(n = 1), colonic perforation (n = 1), and myocardial enzyme
elevation (n = 1); one patient died of immune myocarditis.

Prognostic Factor Analysis
The prognostic factors affecting survival are shown in Table 4.
Multivariate analyses showed that the comparison between
fruquintinib and regorafenib was identified as an independent
risk factor for two kinds of PFS (HR = 2.688; 95% CI: 1.246–
5.797; P = 0.012).
DISCUSSION

Immunotherapy is a promising treatment method for patients
with mCRC. Based on several large trials, ICIs, including anti-
PD-1 and CTLA-4 antibodies, have been approved by the US
Food and Drug Administration for the treatment of MSI-H or
dMMR mCRC patients (7, 9). However, MSS and pMMR CRC
have a low immune response, and most MSS CRC patients do
not benefit from ICIs alone (8, 34, 35).

Many studies are exploring anti-VEGF therapy combined
with ICIs to overcome the drug resistance of pMMR CRCs. First,
VEGF-driven angiogenesis can lead to the expansion of tumor-
suppressing immune cells (including Tregs and MDSCs) and
Frontiers in Oncology | www.frontiersin.org 621
increase the infiltration of tumor-associated macrophages
(TAMs) in the tumor site (36–38). Secondly, VEGF also exerts
immunosuppressive effects by inhibiting progenitor cells
differentiated with CD4+ and CD8+ lymphocytes (39); T-cell
proliferation is decreased, and cytotoxicity is weakened. In
addition, VEGF has been shown to increase T-cell failure by
increasing the expression of PD-1, CTLA-4, TIM3, and LAG3 on
T cells. This provides a strong theoretical basis for the
combination of angiogenesis inhibitors and ICIs.

Fruquintinib and regorafenib are both antiangiogenic drugs
and third-line treatments for advanced CRC (19, 21), but there is
a lack of head-to-head clinical research on their efficacy. Indirect
comparison of fruquintinib and regorafenib by meta-analysis
showed that there was no significant difference in efficacy and
safety between them (23–28). Preclinical studies have shown that
fruquintinib combined with PD-1 inhibitors and regorafenib
combined with PD-1 inhibitors have synergistic effects in a CRC
model (32, 40). At present, there is no research report comparing
the efficacy of FP and RP. Our retrospective study shows that FP
has better survival benefits than RP in late mCRC.

In the REGONIVO study, 24 Japanese MSS mCRC patients
were treated with regorafenib + nivolumab, the ORR was 36%,
and the median PFS time was 7.9 months (29). The preliminary
results provided MSS patients with refractory mCRC and
oncologists with hope. However, a retrospective study of 18
MSS CRC patients at the American Cancer Center in 2019 failed
to reveal the comparable clinical activity of regorafenib plus
nivolumab, with a median PFS of 2.0 months (30). In a
retrospective study, 23 Asian patients with MSS or pMMR
mCRC treated with regorafenib combined with anti-PD-1
antibody had an ORR of 0% and a median PFS of 3.1 months
(31). In our study, 23 MSS mCRC patients treated with
regorafenib combined with PD-1 inhibitors had an ORR of
8.7% and a median PFS of 3.9 months, similar to those in the
Asian population. The PFS (3.9 months) in our study was not as
long as the PFS (7.9 months) reported in the REGONIVO study,
but there was one patient in the RP group who had been taking
medication for as long as 21 months. The data at the cutoff time
showed SD, and the patient was still using RP. We need to
further analyze the clinical data of the patient. However, the PFS
(3.9 months) of the RP group was much better than the PFS
(2.0 months) of the group in the US study, probably because the
US study included only five Asian patients (27.8%). Different
ethnic characteristics may also lead to differences in the efficacy
of the combination.
TABLE 2 | Curative effect evaluation.

Best overall response Total, n (%) FP (n = 28), n (%) RP (n = 23), n (%) P-value

Complete response 0 0 0 1
Partial response 4 (7.8) 2 (7.1) 2 (8.7) 0.709
Stable disease 34 (66.7) 23 (82.1) 11 (47.8) 0.01
Progressive disease 13 (25.5) 3 (10.7) 10 (43.5) 0.08
Objective response rate 4 (7.8) 2 (7.1) 2 (8.7) 0.709
Disease control rate 38 (74.5) 25 (89.3) 13 (56.5) 0.08
October 2021 | Volume 11 | Article
FP, fruquintinib combined with PD-1 inhibitors; RP, regorafenib combined with PD-1 inhibitors.
The bold values represent P < 0.05, and the difference is statistically significant.
FIGURE 2 | Kaplan–Meier curves of median progression-free survival of
patients in the two groups. PD-1, programmed death receptor-1; FP,
fruquintinib combined with PD-1 inhibitors; RP, regorafenib combined with
PD-1 inhibitors; PFS, progression-free survival.
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The median PFS of the FP group was superior to that of the
RP group in the treatment of MSS mCRC. The reasons may be as
follows: first, fruquintinib belongs to a new generation of small
molecular tyrosine kinase inhibitors with strong effects, which is
highly selective to VEGFR-1, VEGFR-2, and VEGFR-3 but has
no obvious inhibitory effect on other kinase activities; it is
expected to maintain target inhibition and minimize toxicity
(17, 18). Regorafenib is a multitarget kinase inhibitor (MKI),
which inhibits the activation of VEGFR-1, VEGFR-2, VEGFR-3,
FGFR, PDGFR, KIT, RET, TIE2, and BRAF (20). Second, the
adverse reactions of inhibitors were more tolerable in the FP
group than in the RP group. Although there was no significant
difference in adverse reactions between the FP and RP groups,
the adverse reactions in the FP group were generally lower than
Frontiers in Oncology | www.frontiersin.org 722
those in the RP group. Third, the proportion of liver metastasis
in the FP group (64.3%) was lower than that in the RP group
(87%). As an immunologically tolerant organ, the liver may
reduce the intrahepatic and extrahepatic immune responses of
tumor patients (41, 42). Fourth, the RP group was treated with
regorafenib before the combined treatment, but the FP group
was not treated with fruquintinib before the combined treatment.
Notably, one patient in the FP group progressed 6.9 months after
the use of regorafenib combined with sintilimab, and the
regimen of fruquintinib combined with sintilimab still achieved
good results. As of the data cutoff date, fruquintinib was used in
combination with sintilimab for 5.06 months. Hence, in possible
future trials, patients who have made progress when previously
treated with regorafenib combined with immunosuppressants
A B

C D

E F

FIGURE 3 | Kaplan–Meier survival curves. (A) PFS in patients without liver metastasis. (B) PFS in patients with liver metastasis. (C) PFS in patients without KRAS
mutation. (D) PFS in patients with KRAS mutation. (E) PFS of the left colon. (F) PFS of the right colon. PD-1, programmed death receptor-1; FP, fruquintinib
combined with PD-1 inhibitors; RP, regorafenib combined with PD-1 inhibitors; PFS, progression-free survival.
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should not necessarily be excluded from receiving the
combination of fruquintinib and immunosuppressant therapy.

Owing to its evolving immune tolerance, the liver is thought
to be associated with a high proportion of immunosuppressive
cells (41). Both primary liver cancer and liver metastasis can use
liver immune tolerance to suppress the anticancer responses and
weaken the efficacy of ICIs (42). In this study, we observed that
the curative effect in the FP group was better than that in the RP
group in patients without liver metastasis; the difference was
statistically significant, but there was no significant difference in
the liver metastasis groups. This result suggests that the FP
regimen is more effective in advanced CRC patients without
liver metastasis than in those with metastasis. The KRAS
Frontiers in Oncology | www.frontiersin.org 823
oncogene is one of the most common mutation genes in
cancer. KRAS mutation has been found in approximately half
of mCRC patients. KRAS mutation results in highly invasive
tumor biology and poor prognosis (43–45). In the right colon,
KRAS mutations are common (46). In this study, we observed
that there was no significant difference in KRAS mutant and
right tumor between the FP and RP groups; however, the curative
effect in the FP group was better than that in the RP group for
mCRC patients harboring the KRAS wild type and having the left
colon as the primary location. These findings suggest that the FP
regimen is relatively effective in advanced CRC patients with
KRAS wild type and left tumor, but this needs to be confirmed in
large-sample randomized studies.
TABLE 3 | Adverse events.

All Grade >3

FP group (n = 28) RP group (n = 23) P-value FP group (n = 28) RP group (n = 23) P-value

n (%) 28 (100) 23 (100) 1 3 (10.7) 5 (21.7) 0.281
Palmar–plantar erythrodysesthesia 11 (39.3) 10 (43.5) 0.95 0 1 (4.3) 0.265
Hypertension 10 (35.7) 9 (39.1) 0.193 0 0 1
Fatigue 7 (25.0) 7 (30.4) 0.665 0 0 1
Rash 5 (17.8) 4 (17.30) 0.404 0 1 (4.3) 0.265
Capillary endothelial hyperplasia (RCCEP) 11 (39.3) 9 (39.1) 0.762 0 0 1
Proteinuria 9 (32.1) 7 (30.4) 0.358 0 0 1
Fever 2 (3.6) 1 (4.3) 0.673 0 0 1
Oral mucositis 2 (7.1) 1 (4.3) 0.238 0 0 1
Diarrhea 2 (7.1) 0 0.425 1 (3.6) 0 0.36
Decreased appetite 6 (21.4) 3 (13.0) 0.434 0 0 1
Liver dysfunction 12 (42.8) 12 (52.2) 0.575 2 (7.1) 1 (4.3) 0.673
Hyperthyroidism 1 (3.6) 0 0.36 0 0 1
Hypothyroidism 8 (28.5) 6 (26.1) 0.984 0 0 1
Platelet count decreased 5 (17.8) 2 (8.6) 0.493 0 0 1
Neutrophil count decreased 2 (7.1) 1 (4.3) 0.424 0 0 1
Hoarseness 1 (3.6) 0 0.36 0 0 1
Colonic perforation 1 (3.6) 2 (8.6) 0.529 0 1 (4.3) 0.265
Lipase elevated 0 0 1 0 0 1
Interstitial pneumonitis 0 0 1 0 0 1
Myocardial enzyme elevation 0 1 (4.3) 0.265 0 1 (4.3) 0.265
October 20
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FP, fruquintinib combined with PD-1 inhibitors; RP, regorafenib combined with PD-1 inhibitors; RCCEP, capillary endothelial hyperplasia.
TABLE 4 | Univariate and multivariate analyses of risk factors for progression-free survival.

Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value

Age (years), (</≥65) 1.082 0.467–2.511 0.854
Sex (female/male) 1.502 0.770–2.931 0.233
Baseline ECOG PS (0/1/2) 1.953 1.21–3.151 0.006 2.17 1.259–3.74 0.05
First diagnosis time (months), (</≥18) 1.161 0.557–2.421 0.69
Tumor location (left/right) 1.005 0.435–2.32 0.991
Primary disease site at first diagnosis (colon/rectum) 0.763 0.393–1.478 0.422
Liver metastasis (yes/no) 0.613 0.266–1.413 0.251
Treatment lines (3/>3) 1.269 0.652–2.472 0.483
Gene mutation status (RAS wild type/RAS mutant) 0.95 0.628–1.437 0.809
Targeted drugs (fruquintinib/regorafenib) 2.069 1.050–4.079 0.036 2.688 1.246–5.797 0.012
Prior chemotherapy with VEGF (yes/no) 2.999 1.052–8.545 0.04 2.135 0.664–6.863 0.203
Prior chemotherapy with EGFR (yes/no) 0.683 0.476–0.982 0.039 0.962 0.632–1.464 0.856
PD-1 inhibitors 1.567 0.986–2.49 0.057
ECOG PS, Eastern Cooperative Oncology Group performance status; HR, hazard ratio; CI, confidence interval; VEGF, vascular endothelial growth factor; EGFR, epidermal growth factor receptor.
The bold values represent P < 0.05, and the difference is statistically significant.
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This study has some limitations. First, this study is a single-
center retrospective study, which inevitably has selection bias.
Second, four different PD-1 inhibitors were used in this study,
which affected the uniformity of the treatment process. Third,
the number of cases was relatively small. Fourth, because of the
late market time of fruquintinib, patients in the FP group began
its use later than those in the RP group, and there may be a time
bias. Fifth, the doses of fruquintinib and regorafenib were not
uniform in patients, which further increased the heterogeneity of
this study. Sixth, not all patients were tested for RAS and BRAF
genes, which limited the analysis of their effects on the efficacy of
drug therapy. Finally, the PD-L1 CPS and TMB of this study are
unknown and cannot be used to determine the best population
for immunosuppressant use. Therefore, the results of this study
should be further extended to large-scale prospective studies in
order to obtain a higher level of medical evidence.

In summary, FP has better survival benefits than RP. Patients
with no liver metastasis, KRAS wild type, and left colon tumor
may be the beneficiaries of FP. FP may become a new treatment
option for advanced mCRC with MSS or pMMR.
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Background: Modifying the structure of anti-tumor chemotherapy drug is of significance
to enhance the specificity and efficacy of drug-delivery. A novel proteolysis resistant PD-
L1-targeted peptide (PPA1) has been reported to bind to PD-L1 and disrupt the PD-1/PD-
L1 interaction, thus appearing as an outstanding tumor-targeting modification of
synergistic drug conjugate for effective anti-tumor treatment. However, the combination
regimen of coupling PD-L1 polypeptide with chemotherapeutic drug in tumoricidal
treatment has not been reported thus far.

Methods:We developed a novel synergistic strategy by conjugating PPA1 to doxorubicin
(DOX) with a pH sensitive linker that can trigger the release of DOX near acidic tumor
tissues. The binding affinity of PPA1-DOX with PD-L1 and the acid-sensitive cleavage of
PPA1-DOX were investigated. A mouse xenograft model of colon cancer was used to
evaluate the biodistribution, cytotoxicity and anti-tumor activity of PPA1-DOX.

Results: PPA1-DOXconstruct showedhighbinding affinitywithPD-L1 in vitro and specifically
enriched within tumor when administered in vivo. PPA1-DOX exhibited a significantly lower
toxicity and a remarkably higher antitumor activity in vivo, as comparedwith freePPA1, random
polypeptide-DOX conjugate, DOX, or 5-FU, respectively. Moreover, increased infiltration of
both CD4+ and CD8+ T cells was found in tumors from PPA1-DOX treated mice.

Conclusions: We describe here for the first time that the dual-functional conjugate PPA1-
DOX, which consist of the PD-L1-targeted polypeptide that renders both the tumor-specific
drug delivery and inhibitory PD-1/PD-L1 immune checkpoint inhibition, and a cytotoxic
agent that is released and kills tumor cells once reaching tumor tissues, thus representing a
promising therapeutic option for colon cancer with improved efficacy and reduced toxicity.

Keywords: target delivery system, colon cancer, PD-L1 targeting polypeptide, pH sensitive linker,
chemotherapeutics drug release
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1 INTRODUCTION

Chemotherapy is one of the major categories of the medical
discipline specifically devoted to pharmacotherapy for variety of
cancers, including colon cancer (1, 2). Since the anti-tumor drugs
of chemotherapy do not distinguish tumor cells from normal
tissue cells, chemotherapeutic techniques have a range of
undesirable side effects (3). Modifying the structure of anti-
tumor chemotherapy drug is of significance, which allows the
drug to recognize tumor cells and reduce the lethality to normal
tissue cells. There have been several techniques that attach the
targeted recognition part to chemotherapy drugs. Antibody-drug
conjugate (ADC) is a class of biopharmaceutical drugs
combining antibodies with chemotherapy drugs, however, the
risk of immunogenicity and the raising incidents of resistance
still limit its clinical treatment (4–6). Aptamer drug conjugate
(ApDC) is another class of molecule that binds to a specific target
protein (7, 8). ApDCs are comprised of targeted component and
drug component. Generally, the nucleic acid and polypeptide are
utilized to bind to a specific target, such as nucleolin, EGFR and
Vimentin for tumor cells (9–11). However, this approach has
suffered from rapid elimination by systemic clearance. Therefore,
it is urgently desirable to develop a tumor targeting modification
method to enhance drug-delivery efficacy and reduce side effects.

Target polypeptides are artificial proteins selected or
engineered to bind specific target molecules, which consist of a
number of peptides forming loops of variable sequence and
displaying unique protein scaffold (12). To prevent the
degradation of proteolytic enzymes, D-polypeptide was chosen
as the target polypeptide. Programmed death-ligand 1 (PD-L1)
has been proven to play a major role in suppressing the activity of
T cells of immune system and up-regulated in various types of
cancers (13–15). The blockade of PD-L1 by target polypeptides
could disrupt the inhibitory PD-1/PD-L1 immune checkpoint
and provide a promising cancer treatment (16, 17). A novel
polypeptide PPA1 has been reported that it can bind PD-L1
in vitro and inhibit the tumor growth in CT26 bearing mice by
disrupting the PD-1/PD-L1 interaction. The D-peptide construct
of PPA1 may prevent the degradation of proteolytic enzymes in
serum (18). Therefore, PPA1 appears as an outstanding tumor-
targeting modification of synergistic drug conjugate for effective
anti-tumor treatment. However, the combination regimen of
coupling PD-L1 polypeptide with chemotherapeutic drug in
tumoricidal treatment has not been reported thus far.

Studies have shown that intracellular pH of solid tumors is
maintained in a range of 7.0 to 7.2, whereas the extracellular pH
demonstrates acidic microenvironment (19). The acidic
microenvironment may be a significant factor that could
trigger the release of the anti-tumor chemotherapeutic drug in
tumor tissues (20), but to keep the chemotherapeutic construct
steady in non-tumor tissues. Therefore, the polypeptide and drug
can be conjugated by an acid-sensitive linker, forming a
polypeptide-drug conjugate that is able to stay steady in
Abbreviations: PD-L1, programmed death-ligand 1; ApDC, aptamer drug
conjugate; DOX, doxorubicin; DMAP, 4-dimethylaminopyrid; TLC, thin-
layer chromatography.
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normal tissue and be specifically delivered to tumor tissue by
target polypeptide, then release chemotherapeutic drug due to
the cleavage of acidic pH sensitive linker.

In this study, the proteolysis resistant PD-L1-targeted
peptide, PPA1, was conjugated to doxorubicin (DOX) with a
pH sensitive linker. The reason that we did not select 5-Fu as the
conjugated drug was the lack of suitable synthetic site on 5-Fu.
Although the development of resistance to DOX in colon cancer
has been shown (21), DOX was selected as the candidate
chemotherapeutic drug herein to verify the feasibility of
reducing tumor drug-resistance by improving tumor-specific
targeted drug delivery. We found that PPA1-DOX construct
showed high binding affinity with PD-L1 in vitro and was
specifically enriched within tumor when administered in vivo.
Moreover, a significantly lower toxicity and higher antitumor
activity was achieved by PPA1-DOX in vivo, as compared with
the respective free PPA1, random polypeptide-DOX conjugate,
DOX, or 5-FU. Thus, we believe that the dual-functional
conjugates, which consist of the PD-L1-targeted polypeptide
that renders both the tumor-specific drug delivery and
inhibitory PD-1/PD-L1 immune checkpoint inhibition, and a
cytotoxic agent that kills tumor cells once reaching tumor tissues,
represents a promising therapeutic option for colon cancer.
2 MATERIAL AND METHODS

2.1 Synthesis Information
The PPA1 (nyskptdrqyhfk) and RNA (rhtndysqfypk) were
purchased from Chinapeptides Co.,Ltd., China. The
polypeptides were both in D-form.

Methanol, ethanol, trifluoroethanoic acid (TFA) and N,N-
dimethylformamid (DMF) were purchased from Sigma-Aldrich.
N,N’-dicyclohexylcarbodimide (DCC), 4-dimethylaminopyrid
(DMAP), hydrazine hydrate (N2H4, about 80% in H2O),
doxoriubicin, 4A molecular sieves, CuSO4.5H2O, sodium
ascorbate, 1-(1-benzyltriazol-4-yl)-N,N-bis[(1-benzyltriazol-4-yl)
methyl]- methanamine (TBTA) were purchased from TCI.
DOX and 5-Fu were purchased from J&K Scientific Ltd. Those
custom peptides of R(2-Azido) were synthesized by ChinaPeptides
Co,. Ltd. All of the purchased chemicals were of at least reagent
grade and were used without further purification. Reactions were
monitored by analytical thin-layer chromatography (TLC) using
silica gel 60 F254 pre-coated glass plates (0.25 mm thickness) and
visualized using UV light.

The 1H and 13C NMR spectra were recorded on a Bruker
Avance 400 MHz (1H: 400 MHz, 13C:101 MHz) spectrometer
using tetramethylsilane (TMS) as internal standard at 25°C.
Samples were prepared as solutions in deuterated solvent. Those
following abbreviations were used to indicate the observed spin
multiplicities on NMR spectra: s = singlet, d = doublet, t = triplet,
q = quartet, dd = doublet of doublets, m = multiplet, and br =
broad. High resolution mass spectra (HRMS) were recorded on
Bruker Autoflex MALDI-TOF mass spectrometer. Purity of all
final compounds was 95% or higher as determined by high
performance liquid chromatography (HPLC) (SHIMADZU
November 2021 | Volume 11 | Article 737323
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Labsolutions) analysis on the Aglilent C18 column (4.6 × 250 mm,
5 mm) using gradient elution (Mobile Phase: A Phase = ACN, B
Phase = 0.3% H3PO4 in H2O) at a flow rate of 1.0 mL/min.

2.1.1 Synthesis of Methyl hex-5-ynoate (2)
To a solution of 5-hexynoic acid (2.00 g, 17.85 mmol) in MeOH
(30 mL), DCC (3.67 g, 17.85 mmol) and DMAP (2.40 g,19.64
mmol) were added successively and the mixture was stirred at
room temperature for 4 h, then filtrated and concentrated under
reduced pressure. Weak acidic water was added and extracted
with EtOAc (4 * 30 mL). The organic layers were dried over
Na2SO4 and the solvent was removed under reduced pressure.
The residue was purified by column chromatography to give 2
(1.98 g, yield 88%) as a colorless oil.

2.1.2 Synthesis of Hex-5-ynehydrazide (3)
To the solution of 2 (1.26 g, 10 mmol) in EtOH (30 mL) was
added 80% hydrazine hydrate solution in H2O (1 mL) at room
temperature. Then the mixture was stirred at 80°C for 6 h and
the solution was evaporated in vacuo. The residue was dissolved
in EtOAc and washed with aqueous citric acid (*3) and brine
(*2). The organic solution was dried over Na2SO4, filtered and
evaporated in vacuo. The residue was purified by column
chromatography to obtain 3 (1.02 g, yield 81%) as a yellow solid.

2.1.3 Synthesis of Hydrazine-DOX (4)
Doxorubicin hydrochloride (1.56 g, 2.7 mmol) and 3 (0.38 g, 3.0
mmol) was dissolved in MeOH (30 mL) and treated with 4A
molecular sieves following a drop of TFA (20 mL). The resulting
mixture was stirred at room temperature for 24 h. Then the
solvent was evaporated and the crude product was purified by
column chromatography to provide 4 (1.12 g, yield 64%) as a
reddish-brown solid.

2.1.4 Synthesis of PPA1-DOX (5)
4 (65.1 mg, 0.1 mmol), azide end-functionalized peptide (PPA1)
(102.8 mg, 0.11 mmol) and Tris(benzyltriazolylmethyl)amine
(TATB) (10.6 mg, 0.02 mmol) were introduced in a Schlenk tube
and 4 mL of DMF: H2O (v: v = 3:1) were added. The solution was
degassed by bubbling argon for 10 min. CuSO4.5H2O (5.0 mg,
0.02 mmol) and sodium ascorbate (4.0 mg, 0.02 mmol) were
added to the mixture contained in the Schlenk tube and the
mixture was degassed once more by bubbling argon for 10 min.
The Schlenk tube was filled with argon and stirred at room
temperature for 4 h. The solution was filtered and concentrated
under vacuum. The resulting crude mixture was purified by
HPLC to offer 5 (95.9 mg, yield 43%) as a reddish-brown solid.

2.1.5 Synthesis of RNA-DOX (6), RhB-PPA1-DOX (7)
and RhB-RNA-DOX (8)
The conjugates of 6, 7 and 8 were prepared as the synthetic
procedure of conjugate 5.

2.2 Cell Culture
Mouse colorectal cancer cell line CT26 was purchased from
Shanghai Cell Bank of Chinese Academy of Sciences. The cells
Frontiers in Oncology | www.frontiersin.org 329
were maintained in RPMI-1640 medium, supplemented with
10% fetal bovine serum, 1% penicillin-streptomycin, and
incubated at 37°C with 5% CO2 and 95% humidity. The cells
were cultured in T75 culture flask and the cell density up to 80%
was used in experiments. The cell line was negative
for mycoplasma.

2.3 Simulation of Docking Calculation and
Molecular Dynamics
The three-dimensional models of PD-L1 were downloaded from
Protein Data Bank (PDB) (PDB ID: 3BIK). The structure of the
peptides was generated by Chimera 1.14. The molecular
dynamic for the coarse structures were implemented for
energy minimization and optimization in amber force field.
Molecular docking was performed to generate the initial
complex of PPA1-DOX or PPA1 and PD-L1 by using Cluspro
2.0 web server. The binding free energy was calculated with
MM-PBSA algorithm.

2.4 PD1/PD-L1 Binding Assay
The interaction between Tag1-PD-L1 and Tag2-PD1 is
detected by using anti-Tag1-Europium (HTRF donor) and
anti-Tag2-XL665 (HTRF acceptor). When the donor and
acceptor antibodies are brought into close proximity due to
PD-L1 and PD1 binding, excitation of the donor antibody
triggers fluorescent resonance energy transfer (FRET) towards
the acceptor antibody, which in turn emits specifically at 665
nm. This specific signal is directly proportional to the extent of
PD1/PD-L1 interaction. Thus, compound or antibody blocking
PD1/PD-L1 interaction will cause a reduction in HTRF signal.
The HTRF PD1/PD-L1 binding assay kit was from Cisbio. The
IC50 is calculated by fitting the dose-response data to a
sigmoidal curve, typically using the Hill equation. The
calculation is performed by using ECCpy (https://github.com/
teese/eccpy).

2.5 The Cleavage Assay for the PPA1-DOX
To verify the acid sensitivity of hydrazone bond linking the
PPA1 to DOX, a series of PPA1-DOX and DOX solutions
with different concentrations were configured in the sodium
phosphate buffer (pH= 9.0), respectively. A 5 mL aliquot of each
sample was injected onto an HPLC system with ultraviolet
detector wavelength to determine 254 nm absorbance values,
using hydrophilic interaction chromatography (HILIC) column
separation (Waters, XBridge BEH HILIC XP Column, 2.1 mm,
50 mm, 2.5 µm). Through simulating the linearity fitting
from disposed concentrations and detected absorbance
values, standard curves of PPA1-DOX and DOX were
obtained, respectively.

Preparing two partials of PPA1-DOX (1 mg/mol) were
dissolved into the 2 mL sodium phosphate buffer (pH = 5.0)
and 2 mL mouse serum (pH = 7.4), respectively, and the vials
were capped and kept 37°C under nitrogen with continuously
slight oscillaation. Samples (20 mL) were spiked and analyzed
by HPLC under the 254 nm absorbance value after incubating
November 2021 | Volume 11 | Article 737323
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0.5 h, 1 h, 2 h, 4 h, 12 h and 24 h. For evaluation of hydrazone
bond cleavage data was considered the disappearance of the
major peak related to the standard curves of PPA1-DOX
and DOX.

2.6 Immunohistochemistry
The tumor tissues were fixed in 4% paraformaldehyde, gradually
dehydrated, embedded in paraffin, cut into 4um sections, and
subjected for hematoxylin/eosin staining. For immuno-
histochemical staining of CD4/CD8 positive cells, tissue sections
processed through deparaffinage, rehydration and antigen
plerosised, and endogenous peroxidase activity blockade, were
incubated with mouse anti-human CD4(1:300, Proteintech, USA),
mouse anti-human CD8(1:200, Proteintech, USA) at 4°C
overnight, respectively. The secrions were then washed and
incubated with a HRP-labeled secondary antibody at RT for
40 min. After color development through incubation with
diaminobenzidine, the sections were counterstained with
hematoxylin. The stained sections were observed and imaged
under a light microscope.

2.7 Ethics Committee Approval
Animal experiments and maintenance were approved by the
Laboratory Animal Ethics Committee of Shenzhen University.

2.8 Animal Model
Currently the institute does not provide approval or accreditation
number. Six-week-old female Balb/c mice were inoculated
subcutaneously with 5 × 106 CT26 cells in the left armpit. The
mice were randomly divided into groups with 7 mice in each
group after the tumor reached about 100 mm3. The mice were
housed in animal house of Shenzhen University. For the survival
experiment, the mice were killed when the tumor reached about
1500 mm3. The tumor size and body weight were monitored every
day after the injection of the drugs. At the end of the experiment,
the tumors and major organs (heart, liver, spleen, lung, and
kidney) were collected for immunohistochemistry and/or
histological tests. For the PPA1-DOX distribution experiment,
the tumors and major organs were subsequently analyzed with an
in vivo imaging system (IVIS Spectrum, PerkinElmer).

2.9 Dosage of the Injection to Mice
DOX at 5 mg/kg, 5-Fu at 10 mg/kg, PPA1 and RAN at 15mg/kg,
PPA1-DOX and RAN-DOX at 20 mg/kg were injected
intraperitoneally to mice twice a week for two weeks. From the
fifteen day, no further injections of the drugs were given because
mice injected with 5-Fu andDOX became very sick due to toxicity.
For the PPA1-DOX distribution experiment, RhB-PPA1-DOX
and RhB-RAN-DOX at 20mg/kg were injected into the tail vein of
the mice.

2.10 Statistical Analysis
All the variables were expressed as mean ± standard deviation.
Student’s t-test or one-way analyses of variance (ANOVA) were
performed in statistical evaluation. A p-value <0.05 was
considered to be significant.
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3 RESULTS

3.1 Design of the Polypeptide-Drug
Conjugate
A tumor-specific targeted synergistic strategy was designed by
coupling anti-PD-L1 polypeptide with chemotherapy for colon
cancer, where a proteolysis resistant PD-L1-targeted peptide
PPA1 was conjugated to DOX with a pH sensitive linker
(Figure 1A). To verify the binding mode of PD-L1 and PD-1,
we downloaded and visualized the crystal complex of PD-L1 and
PD-1. PD-L1 is composed of one N-terminal V domain and one
C-terminal C domain, which are joined by a short linker (22).
The complex shows that PD-1 binds to the V domain of PD-L1
(Figure 1B). The PD-1/PD-L1 interaction could then halt or
limit the development of the T cell response (23). Polypeptide
PPA1 was reported to show the potential of targeting PD-L1 in
colorectal cancer cell. In order to ensure the binding mode of
PD-L1 and polypeptide PPA1, we performed a protein-peptide
docking simulation. The results show that PPA1 possesses the
PD-1 binding position, which could competitively bind to the V
domain of PD-L1 (Figure 1C). Thus, we designed the
polypeptide-drug conjugate by linking the C terminal (tail) of
PPA1 and the carboxylic acid group of DOX with a linker
(Figure 1D). Quantitatively, further binding free energy of
PPA1 and PPA1-DOX showed no significant difference when
binding to PD-L1.

3.2 Synthesis of the PD-L1-Targeted
Peptide-DOX Conjugate (PPA1-DOX)
For the synthesis of acid-sensitive PPA1-DOX (Figure 2), the
carboxylic acid group of 5-hexynoic acid 1 was reacted with
methanol under the condensation reagent of DCC and catalysis
reagent of DMAP to effectively provide the methyl 5-hexynoate
2. Ester 2 was treated with 80% aqueous hydrazine hydrate in
ethanol at 80°C for 6 hours to smoothly give acyl hydrazide 3.
The desired compound 4 with an acid-sensitive hydrazone was
afforded by compound 3 coupling to commercially available
doxorubicin in methanol. Compound 4 was allowed to undergo
cycloaddition reaction with various peptide azides under
sharpless click chemistry condition to offer the target
compound 5 (PPA1-DOX) in good to excellent yields.
Compound 6 (RAN-DOX) was synthesized in the similar
routine by using a random polypeptides. Compound 7 and 8
with rhodamine (RhB) were designed and synthesized to verify
the distribution of the compounds. The intermediates were
characterized by Nuclear Magnetic Resonance (NMR),
including 1H-NMR, 13C-NMR, and high resolution mass
spectrometry (HRMS), and the conjugates were confirmed by
high performance liquid chromatography (HPLC) and HRMS.
(Supplementary Figures S1–S7).

3.3 PPA1-DOX Conjugate Cleavages
Around Tumor-Like Environment
We designed an acidic pH sensitive linker to link the polypeptide
and drug. To test whether the acidic pH sensitive linker can enable
the split of PPA1-DOX construct into two components around the
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tumor tissue, theHPLC experiment was performed (Figures 3A, B).
When PPA1-DOX conjugate was incubated in the mouse serum
(pH=7.4) at 37°C for 24 h, the HPLC result showed little change on
peaks, suggesting that PPA1-DOX conjugate existed stable in nearly
neutral solution. In contrast, in an acidic environment (pH=5.0),
HPLCresults implied thatPPA1-DOXconjugate rapidlycleaved into
Frontiers in Oncology | www.frontiersin.org 531
PPA1 and DOX (Supplementary Figure S8). Given the neutral
physiological environment around normal tissue and the acidic
microenvironment around solid tumor tissues, these results thus
indicate that PPA1-DOX conjugate is able to stay steady in normal
tissue, while release DOX to tumor tissues due to the cleavage of
acidic pH sensitive linker.
A B

DC

FIGURE 1 | The design of the polypeptide-drug conjugate (PPA1-DOX). (A) The mechanism of tumor inhibition by PPA1-DOX. (B) The crystal structure of the PD-1/
PD-L1 complex from Protein Data Bank (PDB ID: 3BIK). (C) The structure of PD-L1/PPA1 from molecular dynamic simulation. (D) The structure of PD-L1/PPA1-DOX
from molecular dynamic simulation. The yellow ribbon structure stands for PD-L1; The red ribbon structure stands for PD-1; The green ribbon structure stands for
PPA1; The green stick and ball molecule stands for DOX.
FIGURE 2 | The synthesis of PPA1-DOX conjugate with an acid-labile linker. Reagents and conditions: (i) MeOH, DCC, DMAP, r.t., 4h; (ii) NH2-NH2 80% in H2O,
EtOH, 80°C, 6h; (iii) doxoriubicin, TFA, MeOH, 4A molecular sieves, r.t., 24h, (iv) nyskptdrqyhf-Lys(N3), CuSO4.5H2O, sodium ascorbate, TBTA, DMF/H2O, r.t., 4h, N2.
November 2021 | Volume 11 | Article 737323

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Wang et al. PD-L1 Conjugation Enhances Immune Response
3.4 PPA1-DOX Conjugate Exhibits High
Binding Affinity With PD-L1
The HTRF (Homogeneous Time-resolved Fluorescence) PD1/
PD-L1 binding assay is designed to measure the interaction
between PD1 and PD-L1 proteins. By utilizing HTRF
technology, the assay enables simple and rapid characterization
of compound and antibody blockers in a high throughput format
(Figure 3C). The detailed information is listed in Material and
Methods section. The HTRF data showed no significant
difference in the binding affinity between free PPA1 and
PPA1-DOX with PD-L1. The inhibition effect of compounds
and PD-L1 was shown in Figure 3D, with the IC50 = 0.174 µM of
PPA1 and IC50 = 0.281 µM of PPA1-DOX, respectively. The
results suggested that the PPA1-DOX conjugate did not affect the
interaction between PPA1 and PD-L1, which is consistent with
the calculated results. Of note, both of the random polypeptide
(RAN) and RAN-DOX conjugate exhibited low binding affinity
with PD-L1.

3.5 PPA1-DOX Conjugate Shows Low
Toxicity In Vivo
Since DOX can cause multi-organ toxicities in various patients,
including cumulative and dose-dependent cardiotoxicity (24), we
evaluated the toxicity of PPA1-DOX conjugate in vivo. Firstly, we
measured the body weight of the tumor-bearing mice every day
after 10 days of CT26 subcutaneous injection. The DOX and
Frontiers in Oncology | www.frontiersin.org 632
5-Fu treated group showed significant weight loss after day 7,
suggesting that the chemotherapeutic reagents could cause the
potential systematic toxicity. In contrast, no remarkable body
weight loss was observed in PPA1 and PPA1-DOX groups
(Figure 4A). Then, the histology analysis with H&E staining
was performed to evaluate the in vivo toxicity to major organs.
The chemotherapy treated groups (DOX and 5-Fu) showed
severe damages in the H&E stained sections of heart, liver and
kidney, respectively (Figure 4B). The cytoplasmic vacuolation
and loss of myofibrillar were observed in heart damage. For liver
damage, hepatic cords loss, mild steatosis, and dilatation of blood
sinus were observed. By contrast, PPA1-DOX and free PPA1
exhibit rather low toxicity to major organs of tumor-
bearing mice.

3.6 PPA1-DOX Conjugate Improves
Tumor-Specific Drug Delivery and
Enhances Immune Response In Vivo
Firstly, to test the specificity of tumor targeting by the PPA1-
DOX conjugate, we synthesized RhB-PPA1-DOX (fluorescence
of PPA1-DOX) and RhB-RAN-DOX (fluorescence of a random
polypeptides-DOX) and evaluated the biodistribution of the
compound in the CT26-bearing mice after 24h intravenous
injection by collecting major organs for ex vivo fluorescence
imaging. We found that the RhB signals in the tumor tissues of
RhB-PPA1-DOX group were remarkably higher than those of
A B

C

FIGURE 3 | The cleavage and binding affinity of the PPA1-DOX conjugate. (A) Representative HPLC chromatograms of PPA1-DOX in mouse serum (pH = 7.4)
upon time. Representative HPLC chromaograms of PPA1-DOX and free DOX in the weak-acid PBS buffer (pH = 5) upon time. (B) The mechanism of HTRF assay to
test the blocking of PD-1 and PD-L1. (C) The result of HTRF assay of 4 kinds of drugs. Error bars indicate mean± standard deviation. n = 3.
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RhB-RAN-DOX group (Figure 5A), while the one in liver tissues
of RhB-PPA1-DOX group were significant lower than those of
RhB-RAN-DOX group (Figure 5A), suggesting that a tumor-
specific targeting was achieved by the PPA1-DOX construct.
Accordingly, the improved specificity of tumor-targeted drug
delivery by PPA1-DOX renders itself a significantly increased
antitumor activity, as demonstrated by improved tumor growth
inhibition and prolonged survival time in PPA-DOX-treated
CT26 bearing mice, in comparison with RAN-DOX-treated
Frontiers in Oncology | www.frontiersin.org 733
group (Figures 5B, C). Interestingly, despite that PPA1-DOX
and PPA1 are expected to harbour similar targeting ability in
principle, the PPA1-DOX treatment led to effective suppression
of tumor growth and longer survival time superior to free PPA1
treatment, most probably benefited from the cytotoxic effect of
DOX once released into tumor tissues (Figures 5B, C).

Last but not least, to evaluate the functional reinvigoration of
tumor-infiltrating lymphocytes, a sign for successful immune
checkpoint blockage, we examined the functional effect of PPA1-
A B

DC

FIGURE 5 | The antitumor activity of PPA1-DOX in CT26-bearing mice. (A) The distribution of PPA1-DOX-RhB and RAN-DOX-RhB in tumor and major tissues at 24h
post-intravenous injection. (B) Analysis of tumor sizes from 5 respective treatment group at a dosing frequency of twice a week via intraperitoneal injection. (C) The survival
curve of 5 groups of treatment at a dosing frequency of twice a week via intraperitoneal injection. (D) CD4 and CD8 immunohistochemical staining of tumor tissues from
the respective treatment group. Scale bars, 50 mm. The data were represented by means ± SEM. n = 7.
A B

FIGURE 4 | The toxicity of PPA1-DOX for treating CT26-bearing mice. (A) The body weight analysis of 5 groups of treatment at a dosing frequency of twice a week
via intraperitoneal injection. (B) H&E staining analysis of individual tissues from 5 respective treatment groups. The cytoplasmic vacuolation and loss of myofibrillar
were observed in heart damage in 5-Fu and Dox groups. For liver damage, hepatic cords loss, mild steatosis, and dilatation of blood sinus were observed in 5-Fu
and Dox groups. All the damages were highlighted in red circles. Scale bars, 100 mm. The data were represented by means ± SEM. n = 7.
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DOX on restoring intratumoral CD4+ and CD8+ T cells by
immunohistochemistry staining. We found that tumors from
PPA1-DOX-treated mice showed obviously increased infiltration
of both CD4+ and CD8+ T cells, as compared with RNA-DOX-,
DOX-, or 5-FU-treated mice, respectively (Figure 5D),
suggesting that PPA1-DOX can enhance immune response in
colon cancer due to disruption of the inhibitory PD-1/PD-L1
immune checkpoint by the PD-L1 targeted polypeptide PPA1.
The positive cell number of different groups for CD4 and CD8
were provided in Supplementary Figure S9.
4 DISCUSSION

Severe toxic side effects and developed drug resistance
are the major drawbacks of DOX in its clinical use in treating
colon cancer (21, 25). Modifying the structure of DOX
offers the opportunity to overcome these limitations. Recently,
a novel proteolysis resistant PD-L1-targeted polypeptide, PPA1,
has appeared as an outstanding tumor-targeting modification of
synergistic drug conjugate for effective anti-tumor treatment
(18). However, the combination regimen of coupling PD-L1
polypeptide with DOX in anti-tumor treatment has not been
reported so far. In this study, we developed a novel synergistic
strategy in which PPA1 was conjugated to DOX with a pH
sensitive linker. Such sophisticated design could enable a tumor-
specific targeted delivery of the conjugate to PD-L1 expressing
tumor cells with the guidance of PPA1, as well as the controlled
release of DOX to acidic tumor tissues due to the cleavage of
acid-sensitive linker, thus reducing the toxicity of DOX to non-
tumor tissues. In addition, given that the antitumor mechanism
of DOX is its action as a topoisomerase II poison by intercalating
DNA via its anthracycline structure (26–28) (Supplementary
Figure S10) to inhibit DNA replication, the pH sensitive linker
was designed to be connected to the azide part of DOX to reduce
the steric hindrance from PPA1 (Figure 2). As a result, PPA1-
DOX conjugate was found to exhibit a significantly lower toxicity
to non-tumor cells, in particular for cardiomyocytes and
hepatocytes that are major toxic targets of DOX (28, 29), and a
remarkably higher antitumor activity in vivo, as compared with
DOX and free PPA1, respectively. Of note, despite that PPA1-
DOX and PPA1 are expected to harbor similar targeting ability
in principle, the superiority of PPA1-DOX in tumor treatment is
most likely benefited from the cytotoxic effect of DOX once
released into tumor tissues, demonstrating that the combination
regimen of coupling PD-L1 polypeptide with DOX represents a
potential targeted treatment strategy of colon cancer.

In order to verify that the improved therapeutic efficacy and
reduced toxicity of the PPA1-DOX conjugate is attributed to the
tumor-targeted delivery offered by the PPA1 polypeptide, but not
to the random changes in the surface modification of DOX, a
random polypeptide (RAN) was conjugated to DOX as a control
and the biodistribution of the fluorescence labelled compound
was evaluated in the CT26-bearing mice after intravenous
injection. As expected, a remarkably higher tumor-specific
enrichment and lower distribution in other non-tumor major
Frontiers in Oncology | www.frontiersin.org 834
tissues was achieved by the PPA1-DOX construct, as compared
with the RAN-DOX construct. Accordingly, PPA-DOX
conjugate demonstrated a significantly increased antitumor
activity and remarkably reduced off-target toxicity, in
comparison with RAN-DOX construct, which even though
showed a weak tumor inhibition effect, probably due to a few
of DOX released from RAN-DOX conjugate. Thus, delivery of
DOX guided by PD-L1-targeted polypeptide contributes to the
improved anti-tumor effect of PPA1-DOX conjugate.

It is worth to note that the traditional drug delivery system,
including DNA aptamers (11), RNA aptamers (30), peptide
aptamers (12) etc., could only deliver the drugs to specific
target cells or proteins with little activity itself. Compared to
the traditional drug delivery system, PPA1 not only acts as a
targeting navigator for the drug, but also binds with PD-L1 to
improve the antitumor activity of immune cells. It is well known
that when PD-L1 is bound to PD-1, these ‘coinhibitory’ receptors
function as breaks for the adaptive immune response to protect
the host from being attacked by its own adaptive immune
system, serving as immune checkpoints that effector T cells
must pass to exert their functions (31). However, some
cancers, including colon cancer, exploit this negative feedback
loop by expressing PD-L1 to avoid being killed by T cells.
Recently, antagonizing the PD-1/PD-L1 interaction has been
shown to revert the exhausted phenotype of T cells and allow
efficient killing of tumor cells (32, 33). In this study, binding of
PD-1 by PPA1-DOX was approved in vitro and increased
infiltration of both CD4+ and CD8+ T cells was found in
tumors from PPA1-DOX treated mice. CD4+ and CD8+ T cell
responses are part of the cancer immune cycle, which
significantly influence the clinical treatment outcome, while the
phenotype of T cell exhaustion usually occurs in both CD4+ and
CD8+ T cell populations (34). Therefore, the increased CD4+

and CD8+ T cell frequencies by PPA1-DOX indicates that this
conjugate is able to restore T cell function and enhance immune
response in colon cancer.

The antimetabolite 5-FU remains a mainstay of standard
therapy in colon cancer and is effective as a part of combination
therapies that induce remissions (35). However, the chemical
structure of 5-FU lacks the active synthetic site for PPA1 linker
conjugation. We are working on PPA1 targeting nanoparticles,
which could deliver various kinds of drugs to tumor tissues.
5 CONCLUSION

To summarize, we have designed and synthesized a novel
strategy of coupling PD-L1 polypeptide with cytotoxic agent
for tumor-targeted therapy in colon cancer, in which a
proteolysis resistant PD-L1 targeting peptide PPA1 is
conjugated with DOX by a pH sensitive linker, which could
trigger the release of drugs near tumor tissues. Our data
demonstrate that PPA1-DOX harbour high binding affinity
with PD-L1 in vitro and specifically enriched within tumor
when administered in vivo. Importantly, PPA1-DOX exhibits a
significantly improved antitumor activity in vivo, most likely by
November 2021 | Volume 11 | Article 737323
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alleviating chemotherapeutic resistance of DOX and enhancing
immune response in colon cancer. Thus, targeted delivery of
chemotherapeutic reagent to tumor tissues by PD-L1
polypeptide represents a potential treatment strategy of colon
cancer with improved efficacy and reduced toxicity.
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Background: For a majority of patients with metastatic colorectal cancer (mCRC) with MS
stable (MSS) or mismatch repair proficient (pMMR), the role of immunotherapy is
undetermined. This study investigated the efficacy and safety of camrelizumab when added
to XELOX chemotherapy plus bevacizumab or regorafenib as first-line therapy for mCRC.

Materials and Methods: Medical records of mCRC patients who received
camrelizumab and XELOX plus bevacizumab or regorafenib at the First Hospital of
Quanzhou Affiliated to Fujian Medical University between June 1, 2019, and April 30,
2021, were retrospectively collected. The objective response rate (ORR), disease control
rate (DCR), progression-free survival (PFS), overall survival (OS), and side effects of the
drug were recorded and reviewed.

Results: Twenty-five eligible patients received combination therapy, including
bevacizumab in 19 patients and regorafenib in 6. Twenty-one patients had pMMR/MSS
and one MSI-H. Of the 25 patients who could be evaluated for efficacy, 18 (72%) achieved
PR, 6 (24%) achieved SD, and 1 (4%) achieved PD. The ORR and DCR were 72% (18/25)
and 96% (24/25), respectively. The median progression-free survival (PFS) was 11.2
months (95% CI 8.9–13.9), and OS had not yet been reached. The combination regimen
of regorafenib in six (24%) patients was unassociated with treatment outcomes. Most AEs
were either grade 1 or 2, and treatment-related grade 3 toxicities were observed in 8/25
(32%) patients.
November 2021 | Volume 11 | Article 774445137

https://www.frontiersin.org/articles/10.3389/fonc.2021.774445/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.774445/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.774445/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.774445/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.774445/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.774445/full
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:hxm1987@alumni.hust.edu.cn
https://doi.org/10.3389/fonc.2021.774445
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2021.774445
https://www.frontiersin.org/journals/oncology
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2021.774445&domain=pdf&date_stamp=2021-11-25


Zhou et al. Combination Immunotherapy in CRC

Frontiers in Oncology | www.frontiersin.org
Conclusion: Camrelizumab combined with XELOX plus bevacizumab or regorafenib was
feasible, producing high rates of responses as first-line therapy in unselected Chinese
patients with MSS mCRC. The toxicities were generally tolerable and manageable.
Prospective randomized trials with large sample sizes are needed to evaluate these findings.
Keywords: colorectal cancer, camrelizumab, immune checkpoint inhibitor, microsatellite stable,
bevacizumab, regorafenib
INTRODUCTION

Immune checkpoint inhibitors (ICIs) have been shown to benefit
patients with metastatic colorectal cancer (mCRC) with
mismatch repair deficiency (dMMR) or high microsatellite
instability (MSI-H) (1, 2). However, PD-1/PDL1 blockade
immunotherapy is not effective in pMMR/MSS, which
constitutes a large population of patients (3). Ongoing clinical
trials are evaluating the efficacy of immunotherapy-based
strategies, including chemotherapy, radiotherapy, MEK
inhibitors, or other agents in pMMR/MSS mCRC (4). In the
REGONIVO study (5), regorafenib combined with nivolumab
produced an ORR of 33% (95% CI, 15.6% to 55.3%) in 24
patients with pMMR/MSS refractory mCRC, indicating that
anti-angiogenic drugs may enhance the efficacy of immune
checkpoint inhibitors. In addition, a single-arm phase II
AVETUX trial produced a high ORR of 79.5% in 39 patients,
showing the feasibility and early efficacy of avelumab and
cetuximab combined with FOLFOX as first-line therapy in
RAS/BRAF wildtype MCRC patients (6).

Camrelizumab (SHR-1210) a high-affinity, humanized
immunoglobulin and selective IgG4-anti-PD-1 monoclonal
antibody, has been approved for the treatment of classical
Hodgkin’s lymphoma, advanced hepatic cancer, advanced
esophageal cancer, and advanced non-small-cell lung cancer in
China (7). Camrelizumab is one of the most widely used anti-
PD-1 antibodies for various solid tumors in real-time practice
owing to drug accessibility and economic pressure for patients in
China. It has shown promising clinical efficacy in several kinds of
solid tumors, based on positive efficacy results in clinical trials
(8–11), and has also been shown to be effective in MSI-H/dMMR
solid tumors (12). The combination of regorafenib and
camrelizumab achieved an ORR of 25% in 16 patients with
MSS refractory mCRC, indicating the potential benefit of
immunotherapy under an appropriately combined therapeutic
strategy (13). Hence, we evaluated the efficacy and safety of
camrelizumab when added to the first-l ine XELOX
chemotherapy with bevacizumab or regorafenib in patients
with metastatic colorectal cancer.
MATERIALS AND METHODS

Patients
The medical records of patients with mCRC who were treated
with camrelizumab combined with XELOX plus bevacizumab or
regorafenib at the First Hospital of Quanzhou Affiliated to Fujian
238
Medical University between June 1, 2019, and April 30, 2021,
were retrieved. The data cutoff date was October 15, 2021.
Eligibility for inclusion included histologically-confirmed
metastatic colorectal cancer, treated with camrelizumab
combined with XELOX plus bevacizumab or regorafenib and
no prior systemic therapy, and one or more uni-dimensional
measurable lesions according to Response Evaluation Criteria in
Solid Tumors (RECIST) version 1.1. Prior adjuvant therapy and
radiotherapy or surgery for mCRC were allowed. There were no
exclusion criteria. This study was performed in accordance with
the Declaration of Helsinki and was approved by the Ethics
Review Board of the First Hospital of Quanzhou Affiliated to
Fujian Medical University (Fujian Province, China).

Treatment Methods
Camrelizumab was intravenously administered at a dose of 200
mg on day 1 every 3 weeks. XELOX consisted of oxaliplatin 130
mg/m2 on day 1, followed by oral capecitabine 1,000 mg/m2

twice daily on days 1 through 14 (28 doses) of a 21-day cycle.
Bevacizumab was administered before oxaliplatin at a dose of 7.5
mg/kg on day 1 every 3 weeks. Regorafenib was orally
administered 80 mg once per day on day 1 through 21 in a 28-
day cycle. Camrelizumab was administered prior to bevacizumab
and chemotherapy.

Efficacy and Toxicities
Tumor responses were evaluated after every two or three cycles of
the combination therapy according to theRECIST1.1 by computed
tomography (CT) scan. The objective response rate (ORR) was
calculated by pooling the complete response (CR) and partial
response (PR) rates. The disease control rate (DCR) was defined
as the proportion of patients with a CR, PR, or stable disease (SD).
Progression-free survival (PFS) was defined as the time from the
beginning of treatment to the first documentation of disease
progression, or final follow-up. Overall survival (OS) was defined
as the time from the beginning of treatment to the point of death or
final follow-up. Toxicities were graded according to the National
Cancer Institute Common Toxicity Criteria for Adverse Events,
version 5. The data cutoff date was October 15, 2021.

Statistical Analysis
Statistical analysis was performed using SPSS version 19.0(SPSS,
Inc., Chicago, IL, USA). The Kaplan–Meier method was used for
PFS and OS. Median follow-up times were computed by the
reverse Kaplan-Meier method. Log-Rank test was performed to
compare the different groups for PFS univariate analysis. A two-
tailed p<0.05 was considered statistically significant in all tests.
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RESULTS

Patient Characteristics
The baseline characteristics of the 25 patients with mCRC are
shown in Table 1. The median age was 64 years (range 43-86
years). Among all patients, 13 (52%) were male and 12 (48%)
female. Fifteen (60%) were ECOG PS 0 and 8 (32%) ECOG PS 1.
In total, 18 (72%) patients were left-sided primary colorectal
cancer, and seven (28%) patients right-sided primary colon
cancer. Fourteen (56%) patients had Liver metastases. Twenty-
one (84%) patients were confirmed as pMMR/MSS. Among
the 25 patients, 19 (76%) patients received combination
immunotherapy of bevac i zumab, and 6 (24%) of
regorafenib (Table 2).

Efficacy
Of the 25 patients, none achieved CR; 18(72%) experienced
partial responses and 6(24%) experienced stable disease as best
responses, while one (4%) patient had progressive disease. The
ORR and DCR were 72% (18/25) and 96% (24/25), respectively
(Table 3). The median follow-up for overall survival was
11.5months (95% CI10.3–12.7). The median progression-free
survival(mPFS) was 11.2 months (95% CI 8.9–13.9) (Figure 1A).
The OS was still immature and one-year OS rates were 70.4%
(95% CI 43.7–86.1) (Figure 1B). In addition, the mPFS of the
regorafenib-containing regimen was 9.6 months and PFS of
Frontiers in Oncology | www.frontiersin.org 339
bevacizumab-containing regimen has not yet been reached,
although the difference was considered not statistically
significant (p = 0.08, Figure 1C). The difference in patients
with liver metastasis did not reach statistical significance
compared with patients without liver metastasis (11.2 vs.
10.9months, p = 0.81, Figure 1D).
Safety
All 25 patients were assessed for toxicities. The overall incidence
of any grade toxicity was 72% (18/25). Common treatment-
related adverse events (AEs) of any grade were neutropenia
(36%) reactive cutaneous capillary endothelial proliferation
(32%), decreased platelet count (28%), hand-foot syndrome
(28%), and liver dysfunction (16%). Grade ≥3 treatment-
related AEs occurred in 8(32%) patients. They included
neutropenia, gastric hemorrhage, hand-foot syndrome,
hyperglycemia, and elevated ALT. A fatal event of gastrointestinal
perforation complicated by febrile neutropenia occurred in a
patient treated with regorafenib. Treatment was switched from
capecitabine to raltitrexed due to intolerable grade 3 hand-foot
syndrome in three (12%) patients. The most common
camrelizumab-related adverse events were reactive cutaneous
capillary endothelial proliferation (32%) and thyroid dysfunction
(24.0%), and all of them were either grade 1 or 2. A new
camrelizumab-related adverse event, mild bilateral optic disc
disease, was observed. Details of the adverse events are presented
in Table 4.
DISCUSSION

Although recently, rapid development has been made in the field
of immunotherapy (14, 15), the first-line standard treatment
for metastatic colorectal cancer (mCRC) is 5FU-based
chemotherapies, with or without anti-angiogenic agents. ICI
monotherapy is efficacious in the treatment of mCRC with
dMMR/MSI-H. The role of the combination of PD-1 blockade
with VEGF inhibition has been investigated in MSS mCRC.
Adding atezolizumab to FP/BEV (standard of care) as first-line
maintenance treatment for patients with BRAF wild-type mCRC
did not lead to improvement in the outcomes for efficacy (16).
However, in the AVETUX trial, avelumab and cetuximab in
combination with FOLFOX in patients with previously untreated
mCRC produced a high response rate of 79.5%, disease control
rate of 92.3% and mPFS of 11.1months in 39 patients with RAS/
BRAF wild-type MSS mCRC (6). In this study, a high ORR of
72% and a DCR of 96% were recorded. The mPFS of 11.2 months
is as long as that of the AVETUX trial (11.1 months), which
is much better than that of bevacizumab plus XELOX
chemotherapy (9.4 months) as first-line therapy in patients
with mCRC (17). The main factors leading to different
efficacies may be that populations in the AVETUX trial
included more patients with left-sided tumors (91%) compared
to our study (68.8%), and all patients were RAS/BRAF wild-type.
Patients with RAS with left-sided mCRC had significantly
superior PFS, OS, and ORR compared with patients with
TABLE 1 | Baseline Characteristics.

Characteristics Patients N (%)

Age (year)
Median age (range) 64 (43–86)
≥60 15 (60)
<60 10 (40)

Sex
Male 13 (52)
Female 12 (48)

ECOG PS
0 15 (60)
1 8 (32)
2 2 (8)

Primary tumor location
Colon 14 (56)
Right-side 7 (28)
Left-side 7 (28)
Rectum 11 (44)

Type of metastasis
With liver metastasis 14 (56)
Without liver metastasis 11 (44)

Site of distant metastasis
Liver 14 (56)
Lung 7 (28)
Lymph nodes 6 (24)
Peritoneum 6 (24)
Peritoneal cavity 8 (32)
Other 5 (20)

MMR or MSI status
pMMR or MSS 21 (84)
dMMR or MSI-H 1 (4)
Unknown 3 (12)
ECOG PS, Eastern Cooperative Oncology Group performance score.
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right-sided tumors (18), and cetuximab plus FOLFIRI versus
bevacizumab as first-line treatment clearly benefitted patients
with left-sided tumors (18, 19).

Several studies have suggested that liver metastases are
predictive of a lack of benefit from PD-1/PD-L1 inhibitors in
MSS mCRC (5, 20). The liver is considered an immunologically-
tolerant organ that is characterized by a much higher proportion
Frontiers in Oncology | www.frontiersin.org 440
of immunosuppressive cells (21). In the present study, the
difference in patients with liver metastasis was considered not
statistically significant compared with those without liver
metastasis, probably due to the small sample size.

Recently, in the REGONIVO trial, the combination of
regorafenib and nivolumab achieved a robust response rate of
33% in pMMR/MSS refractory mCRC (5). More and more
TABLE 2 | Characteristics of individual patients.

No. Age
(year)

Sex ECOG
PS

Cancer type Sites of metastasis when on
treatment

KRAS/
BRAF

mutation
status

MMR or MSI
status

Combining
regimen

No. of
cycles

Response

1 62 F 0 Rectum Abdomino-pelvic cavity Wt pMMR/MSS Cam+Rego+
XELOX

17 PR

2 68 F 1 Rectum Liver, lung, kidney, peritoneal cavity, RPLN Wt pMMR/MSS Cam+Rego+
XELOX

4 PD

3 45 F 1 Right-sided
colon

Peritoneal cavity, RPLN, abdominal aortic
LN

KRAS Mt pMMR/MSS Cam+Rego+
XELOX

8 SD

4 70 M 0 Right-sided
colon

Liver, lung, peritoneal cavity KRAS Mt pMMR/MSS Cam+Rego+
XELOX

15 PR

5 58 M 0 Right-sided
colon

Liver Wt pMMR/MSS Cam+Rego+
XELOX

14 PR

6 55 M 0 Rectum Lung Wt pMMR/MSS Cam+Rego+
XELOX

15 PR

7 53 F 0 Rectum Liver KRAS Mt pMMR/MSS Cam+Bev+
XELOX

4 PR

8 64 M 0 Right-sided
colon

Liver, lung, peritoneal cavity Unknown Unknown Cam+Bev+
XELOX

18 PR

9 86 F 2 Right-sided
colon

Abdomino-pelvic cavity Unknown Unknown Cam+Bev+
XELOX

2 SD

10 78 M 0 Left-sided
colon

Liver Wt pMMR/MSS Cam+Bev+
XELOX

4 PR

11 65 M 0 Left-sided
colon

Liver Wt pMMR/MSS Cam+Bev+
XELOX

7 PR

12 64 M 0 Rectum Lung Wt pMMR/MSS Cam+Bev+
XELOX

8 PR

13 69 M 0 Left-sided
colon

Peritoneum KRAS Mt pMMR/MSS Cam+Bev+
XELOX

6 PR

14 70 M 1 Rectum Pelvic cavity Unknown pMMR/MSS Cam+Bev+
XELOX

10 SD

15 66 F 0 Left-sided
colon

Liver KRAS Mt dMMR/MSI-H Cam+Bev+
XELOX

14 PR

16 62 F 0 Right-sided
colon

Adrenal gland, peritoneal cavity,
peritoneum, lymph nodes

Unknown pMMR/MSS Cam+Bev+
XELOX

6 SD

17 43 F 0 Left-sided
colon

Liver Wt pMMR/MSS Cam+Bev+
XELOX

8 PR

18 55 F 1 Right-sided
colon

Liver, peritoneum, peritoneal cavity Unknown pMMR/MSS Cam+Bev+
XELOX

12 PR

19 52 M 0 Rectum Lung KRAS Mt pMMR/MSS Cam+Bev+
XELOX

8 SD

20 57 F 1 Rectum Liver, peritoneal cavity, bilateral ovarian KRAS Mt pMMR/MSS Cam+Bev+
XELOX

11 PR

21 67 M 2 Rectum Liver, peritoneum Unknown Unknown Cam+Bev+
XELOX

5 PR

22 63 M 0 Left-sided
colon

Liver, lymph nodes KRAS Mt pMMR/MSS Cam+Bev+
XELOX

5 PR

23 54 F 1 Rectum Liver Wt pMMR/MSS Cam+Bev+
XELOX

4 PR

24 77 F 1 Rectum Lung, bone, cervical and pelvic wall Wt pMMR/MSS Cam+Bev+
XELOX

3 PR

25 76 M 1 Left-sided
colon

Abdominal wall, abdomino-pelvic cavity Wt pMMR/MSS Cam+Bev+
XELOX

8 SD
Nove
mber 2021 | Volu
me 11 | Art
ECOG PS, Eastern Cooperative Oncology Group performance status; F, female; M, male; Mt, mutant; Wt, wild-type; Cam, camrelizumab; Bev, bevacizumab; Rego, regorafenib; XELOX,
capecitabine and oxaliplatin; PR, partial response; SD, stable disease; PD, progression of disease; RPLN, retroperitoneal lymph node.
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research focused on the regorafenib plus ICIs in MSS refractory
mCRC, the current conclusion is controversial due to the small
sample size and inconsistency (5, 13, 22–24). In this study, we
observed that the mPFS of regorafenib-containing therapies was
not as long as that of bevacizumab-containing therapies.
Moreover, capecitabine-related hand-foot syndrome (HFS),
one of the causes of the switch in three treatments, was in a
regorafenib-containing regimen. HFS is a common skin reaction
to capecitabine with rates of any grade, of 22%–77% (25).
Similarly, regorafenib-associated hand-foot skin reactions
occurred at a rate of 61% overall and 20% at grade 3 (26, 27).
Regorafenib combined with capecitabine treatment should be
used cautiously due to the risk of overlapping skin toxicity.
Therefore, this might suggest that as first-line therapy for mCRC,
regorafenib may not be a suitable choice for combination with
XELOX chemotherapy in future trials.
Frontiers in Oncology | www.frontiersin.org 541
The combination strategy indicated a potential benefit in
terms of ORR and PFS with a acceptable safety profile. Despite
its strengths, there are some limitations to consider. First, this is a
retrospective pilot study with a small sample size, reflecting its
preliminary nature. Second, although antitumor response was
observed in mCRC in spite of RAS mutations, a small number of
patients had unknown RAS or BRAF status before the beginning
TABLE 3 | Tumor response.

Response Patients N
(%)

CR 0
PR 18 (72)
SD 6 (24)
PD 1 (4)
ORR 18 (72)
DCR 24 (96)
CR, complete response; PR, partial response; SD-stable disease; PD, progression of
disease; ORR, objective response rate; DCR, disease control rate.
A B

DC

FIGURE 1 | (A), Kaplan–Meier survival curves of progression-free survival; (B), overall survival; (C), PFS of Cam+XELOX+Bev vs Cam+XELOX+Rego (p > 0.05); and
(D), PFS in patients with or without liver metastasis (p > 0.05); Cam, camrelizumab; Bev, bevacizumab; Rego, regorafenib; XELOX, capecitabine and oxaliplatin.
TABLE 4 | Adverse events.

Adverse event Grade 1-2, N
(%)

Grade ≥3, N
(%)

Any grade, N
(%)

Neutropenia 8 (32) 1 (4) 9 (36)
Decreased platelet
count

6 (24) 1 (4) 7 (28)

Nausea and Vomiting 1 (4) 1 (4) 2 (8)
Liver dysfunction 2 (8) 2 (8) 4 (16)
Hand-foot syndrome 4 (16) 3 (12) 7 (28)
Gastric hemorrhage 0 1 (4) 1 (4)
Diarrhea 1 (4) 1 (4) 2 (8)
Fever 2 (8) 1 (4) 3 (12)
Hyperthyroidism 4 (16) 0 4 (16)
Hypothyroidism 2 (8) 0 2 (8)
Hyperglycemia 1 (4) 1 (4) 2 (8)
RCCEP 8 (32) 0 8 (32)
Vision changes 1 (4) 0 1 (4)
Myocarditis 2 (8) 0 2 (8)
Infusion-related
reactions

2 (8) 0 2 (8)

ALL 16 (64) 8 (32) 18 (72)
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RCCEP, reactive cutaneous capillary endothelial proliferation.
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of the combination treatment. Besides, the MMR orMSI status of
three patients was unknown. Finally, even if the same
chemotherapy regimen was adopted, different courses of
treatment and varying follow-up intervals may have increased
the heterogeneity. Thus, the findings need to be further assessed
in a large prospective study.

In conclus ion, our study di ffers from previous
immunotherapy study in MSS mCRC based on the study
populations and the novel combination regimen. In present
study showed the addition of camrelizumab to the first-line
XELOX chemotherapy with bevacizumab have demonstrated
high response rates, and this immunotherapy combination was
practical and helpful in unselected patients with mCRC. Further
randomized trials with large sample sizes for this combination
strategy are warranted.
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Objective: The purpose of this cost-effectiveness analysis was to estimate the effects of
adding camrelizumab to standard chemotherapy as the first-line treatment in patients with
advanced or metastatic esophageal squamous cell carcinoma (ESCC) on health and
economic outcomes in China.

Methods: A Markov model was developed to simulate the clinical course of typical
patients with advanced or metastatic ESCC in the ESCORT-1st trial. Weibull survival
model was employed to fit the Kaplan-Meier progression-free survival and overall survival
probabilities of the camrelizumab-chemotherapy and placebo-chemotherapy strategy,
respectively. Quality-adjusted life-years (QALYs) and incremental cost-effectiveness ratios
(ICER) were estimated over a 5-year lifetime horizon. Meanwhile, one-way and
probabilistic sensitivity analyses were conducted to test the uncertainty in the model.

Results: On baseline analysis, the incremental effectiveness and cost of camrelizumab-
chemotherapy versus placebo-chemotherapy were 0.15 QALYs and $7,110.56, resulting
in an ICER of $46,671.10/QALY, higher than the willingness-to-pay (WTP) threshold
of China ($31,498.70/QALY). The results were sensitive to the utility of PFS and cost
of camrelizumab.

Conclusion: The findings from the present analysis suggest that the addition of
camrelizumab to chemotherapy might not be cost-effective in patients with advanced
or metastatic ESCC in China.

Keywords: cost-effectiveness analysis, ESCORT-1st trial, esophageal squamous cell carcinoma, camrelizumab,
first-line treatment
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INTRODUCTION

Esophageal cancer is the seventh most frequently diagnosed
malignant cancer and ranks sixth in mortality worldwide
(1). China has a high incidence of esophageal cancer,
accounting for more than 50% of the global morbidity and
mortality (2). Esophageal squamous cell carcinoma (ESCC)
and esophageal adenocarcinoma (EAC) are the two major
histological types of esophageal cancer. In China, approximately
90% of esophageal cancer patients are diagnosed with ESCC
(3). Palliative chemotherapy regiments, including fluorouracil
plus platinum, and paclitaxel plus platinum, are the current
recommended standard first-line therapy for patients with
unresectable advanced, relapsed or metastatic ESCC
(4). However, the prognosis of patients with advanced ESCC is
still poor. The 5-year survival rate is only 12.4% in Europe and
20.9% in China (5, 6). Therefore, new treatment options for
patients with advanced or metastatic ESCC are urgently needed.

In recent years, immune checkpoint inhibitors (ICIs) have
made exciting breakthroughs in cancer therapy by blocking
CTLA-4 or PD-1 pathways to enhance the antitumor activity
of T cells, and have also shown outstanding performance in the
treatment of esophageal cancer (7, 8). Among them, KEYNOTE-
181, ATTRACTION-3 and ESCORT studies focusing on
advanced or metastatic ESCC patients successfully presented
excellent efficacy in the second-line treatment, indicating the
arrival of the era of esophageal cancer immunotherapy (7, 9,
10). The Chinese Society of Clinical Oncology (CSCO)
Guidelines for the Diagnosis and Treatment of Esophageal
Cancer in the 2021 edition have recommended camrelizumab
combined with paclitaxel and cisplatin chemotherapy as the first-
line treatment of advance or metastatic ESCC.

The world’s first phase III clinical trial of the first-line
immunotherapy combined with chemotherapy for the
advanced ESCC was the ESCORT-1st trial conducted in China,
and we performed a cost-effectiveness analysis based on
ESCORT-1st trial (11). The ESCORT-1st trial was conducted
Frontiers in Oncology | www.frontiersin.org 245
to evaluate the efficacy and adverse events of camrelizumab
combined with paclitaxel and cisplatin compared with placebo
combined with paclitaxel and cisplatin for the first-line treatment
of advanced ESCC (11). Results demonstrated that camrelizumab
combined with chemotherapy significantly prolonged median
OS (mOS, 15.3 months vs. 12.0 months) and median PFS
(mPFS, 6.9 months vs. 5.6 months) compared with placebo
plus chemotherapy. The objective response rate was higher
(ORR, 72.1% vs. 62.1%) and the duration of response was
longer (DOR, 7.0 months vs. 4.6 months) with patients in the
camrelizumab plus chemotherapy group. In terms of safety, the
incidence of grade ≥3 treatment-related adverse events were
similar in both groups (63.4% vs. 67.7%), with the most
common grade ≥3 treatment-related adverse event being
neutrophil count reduction (39.9% vs. 43.4%).

The statistically significant improvements in PFS and OS
demonstrated the apparent benefit of camrelizumab in the
treatment of advanced ESCC. However, the high cost of
camrilizumab may have profound economic consequences.
Hence, this study aims to assess the economics of
camrelizumab plus chemotherapy for the first-line treatment of
advanced or metastatic ESCC based on the ESCORT-1st trial
from the perspective of the Chinese healthcare system.
METHODS

Model Structure
A state-transition Markov model was established to integrate
clinical and economic outcomes of camrelizumab-chemotherapy
versus placebo-chemotherapy as first-line therapy for patients with
advanced or metastatic ESCC in China. The model comprised
three mutually exclusive health states: progression-free survival
(PFS), progressive disease (PD) and death (Figure 1). The initial
health state for all patients was PFS and patients either remained in
their assigned health state or progressed to a new health state
FIGURE 1 | The Markov model simulated three health states: progression-free survival, progressive disease and death.
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during each Markov cycle (12). The tracked time horizon of the
model was 5 years and theMarkov cycle in the model was 1month.
The primary outcomes were quality-adjusted life-years (QALYs)
and cost in the study. The future costs and benefits were discounted
using a 3% annual discount rate according to the WHO guidelines
for pharmacoeconomic evaluations (13). All costs had been
adjusted to 2020 prices according to the local Consumer Price
Index and were presented in US dollars ($1 = ¥6.9). A cost-
effectiveness analysis was conducted to evaluate the outcomes of
the two strategies and presented as incremental cost-effectiveness
ratios (ICERs). The formula used to calculate the ICER as
following: ICER = [Cost (camrelizumab)-Cost (placebo)]/[QALY
(camrelizumab)-QALY (placebo)]. We used 3×the per capita
gross domestic product (GDP) of China in 2020 ($31,498.70)
as the willingness-to-pay (WTP) threshold according to the
WHO recommendations. Model development and outcomes
analysis were performed in the TreeAge Pro 2019 software
(Williamstown, MA, USA) and R software (version 4.0.5,
Vienna, Austria). This economic analysis was based on a
randomized clinical trial and an experimental model and did not
require approval from an institutional review board or
ethics committee.

Clinical Data
The clinical efficacy and safety data were based on the patients in
the ESCORT-1st trial, a randomized, double-blind, placebo-
controlled, multicenter, phase 3 trial enrolled patients from 60
hospitals in China (11). Patients were eligible if they conformed to
the following conditions: 1. 18-75 years old and had adequate
organ function; 2. cytologically or histologically confirmed ESCC;
3. unresectable, locally advanced, or recurrent disease that
precluded esophagectomy or definitive chemoradiation, or
distant metastatic disease; 4. received no previous systemic
therapy (patients who had progressed ≥6 months after definitive
chemoradiation were eligible); 5. an Eastern Cooperative
Oncology Group performance status score of 0 or 1, and had at
least 1 measurable lesion according to the Response Evaluation
Criteria in Solid Tumors (RECIST) version 1.1; 6. a life expectancy
of at least 12 weeks. Eligible patients were randomly assigned in a
1:1 ratio to either the camrelizumab-chemotherapy group (n =
298) or the placebo-chemotherapy group (n = 298).
Camrelizumab (200 mg) or placebo were given every 3 weeks
until disease progression or unacceptable toxicity. Paclitaxel (175
Frontiers in Oncology | www.frontiersin.org 346
mg/m2) and cisplatin (75 mg/m2) were given every 3 weeks up to 6
cycles after randomization. The median OS was 15.3 months (95%
CI:12.8-17.3) in the camrelizumab-chemotherapy group and 12.0
months (95% CI: 11.0-13.3) in the placebo-chemotherapy group.
The median PFS was 6.9 months (95% CI: 5.8-7.4) in the
camrelizumab-chemotherapy group and 5.6 months (95%
CI:5.5-5.7) in the placebo-chemotherapy group.

Transition probabilities between the different health states
were estimated from Kaplan-Meier survival curves which
obtained from the ESCORT-1st trial. As individual patient data
were not available, the Kaplan-Meier curves of PFS and OS for
the two groups were read by GetData Graph Digitizer software
(Version 2.26), which digitized data points from an image file. To
extrapolate the probability of survival beyond the observation
period, theWeibull distribution was fitted to the data for PFS and
OS curves using R statistical software (version 4.0.5, Vienna,
Austria). The estimated scale (l) and shape (g) parameters,
standard error, and 95% confidence interval were presented in
Table 1. Formula S(t)=exp(-ltg) was used to calculate the
survival probability at time t and we used formula P(t)=1-exp
[l(t-1)g-ltg] to estimate the transition probability at a given cycle
t (14, 15). The transition probability from PFS to death state is
derived from the natural death rate of Chinese population in
2020 (0.707%) (16). The survival curve simulation results were
shown in Figure 2.

Costs and Utilities
Costs were estimated from the perspective of the Chinese
healthcare system. Only direct medical costs, including the
costs of camrelizumab and chemotherapy, laboratory tests and
radiological examinations, management of treatment-related
grade 3-4 serious adverse events (SAEs), best supportive care
(BSC), cost of salvage therapy per cycle, routine follow-up and
terminal care in end-of-life, were included in the model
(Table 2). To estimate the dosage of chemotherapeutic agents
(17), it was assumed that a typical patient weighed 65 kg and had
a height of 1.64 m, resulting in a body surface area (BSA) of 1.72
m2. The costs related to SAEs were calculated by multiplying the
incidence of the SAEs by the costs of managing the SAEs per
event. The most common adverse events, including anemia,
white blood cell count decreased, neutrophil count decreased,
and the incidence rates of adverse events that occurred with two
groups were obtained from the ESCORT-1st trial (11). Once the
TABLE 1 | Weibull parameters of model estimated for progression-free and overall survival curves.

Group Parameter Mean SE 95% CI

Low Up

CTP PFS scale (l)
shape (g)

0.035843
1.440454

0.007191
0.082920

0.024190
1.286766

0.053110
1.612498

OS scale (l)
shape (g)

0.005274
1.798021

0.001911
0.135765

0.002593
1.550680

0.010729
2.084815

PTP PFS scale (l)
shape (g)

0.030222
1.824045

0.005986
0.092109

0.020499
1.652161

0.044558
2.013811

OS scale (l)
shape (g)

0.006991
1.818036

0.002212
0.120060

0.003760
1.597315

0.013000
2.069258
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FIGURE 2 | (A) Kaplan–Meier curve of the overall survival from the ESCORT-1st trial. (B) Simulate overall survival curve for the CTP group and the PTP group.
(C) Kaplan-Meier curve of progression-free survival from the ESCORT-1st trial. (D) Simulate progression-free survival curve for the CTP group and the PTP group.
CTP, camrelizumab-chemotherapy; PTP, placebo-chemotherapy; OS, overall survival; PFS, progression-free survival.
TABLE 2 | Model economic parameters and the range of the sensitivity analysis.

Variables Base Case (Rang) Distribution Source

Costs ($)
Camrelizumab (200 mg) 424.35 (339.40-509.10) Triangle Local charge
Paclitaxel (100 mg) 108.26 (86.61-129.91) Triangle Local charge
Cisplatin (100 mg) 10.97 (8.78-13.16) Triangle Local charge
Routine follow-up cost per cycle 73.57 (58.86-88.28) Triangle (17)
Cost of laboratory tests and radiological examinations 356.60 (285.28-427.92) Triangle (17)
Cost of salvage therapy per cycle 638.43 (510.74-766.12) Triangle Local charge
Cost of supportive care per cycle 167.29 (133.83-200.75) Triangle (17)
Cost of terminal care in end-of-life 1,460.30 (1,168.24-1,752.36) Triangle (18)
Costs of serious adverse events ($)
Anemia 508.2 (381.2-635.3) Triangle (17)
White blood cell count decreased 466.00 (372.80-559.20) Triangle (17)
Neutrophil count decreased 534.40 (427.52-641.28) Triangle (19)
Risks of serious adverse events in CTP group (grade 3 or 4) %
Anemia 17.40 (13.92-20.88) Beta (11)
White blood cell count decreased 24.20 (19.36-29.04) Beta (11)
Neutrophil count decreased 39.90 (31.92-47.88) Beta (11)
Risks of serious adverse events in PTP group (grade 3 or 4) %
Anemia 13.50 (10.80-16.20) Beta (11)
White blood cell count decreased 26.60 (21.28-31.92) Beta (11)
Neutrophil count decreased 43.40 (34.72-52.08) Beta (11)
Utility value
PFS 0.68 (0.54-0.82) Beta (19)
PD 0.42 (0.34-0.50) Beta (19)
Body surface area (m2) 1.72 (1.38-2.06) Triangle (17)
Discount rate (%) 3 (0–8) Fixed in PSA (13)
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disease progressed, salvage chemotherapy and best supportive
care were prescribed. All costs were derived from local hospitals
or previously published studies (17–19). As no data on quality of
life were estimated in the ESCORT-1st trial, the utility scores of
PFS and survival after progression were obtained from the
literature (19). Furthermore, terminal cost and a half-cycle
correction were implemented, according to the TreeAge Pro
2019 manual.

Sensitivity Analyses
To assess the impact of uncertainty in model inputs on the
outcomes, one-way and probabilistic sensitivity analyses (PSA)
were performed in this research. In the one-way sensitivity
analysis, relevant parameters were changed one-by-one to their
respective upper and lower boundaries, with a range of ± 20% of
the base case value, in order to identify the parameters that most
significantly influenced the economic outcomes. The result of the
Frontiers in Oncology | www.frontiersin.org 548
one-way sensitivity analysis was presented in a Tornado
diagram. The PSA was performed to assess the effects of
uncertainty in all model parameters simultaneously. The model
was run 1000 times, in which the parameters were changed with
a specific pattern of distribution (triangle distribution for costs,
beta distribution for the probability parameters and utilities).
The results of the PSA were presented as cost-effectiveness
acceptability curve and probabilistic scatter plot, to estimate
the WTP threshold for an incremental unit of effectiveness.
RESULTS

Base Case Analysis
The base case analysis showed that over 5-year time horizon,
camrelizumab-chemotherapy group gained 0.79 QALYs at a cost of
$20,460.60. In the placebo-chemotherapy group, the effectiveness
was 0.64 QALYs while the cost was $13,350.04. Compared with
placebo-chemotherapy, the mean incremental effect and cost were
0.15 QALYs and $7,110.56 for the camrelizumab-chemotherapy
group. The ICER for camrelizumab-chemotherapy versus placebo-
chemotherapy was $46,671.10/QALY (Table 3). At the Chinese
cost-effectiveness WTP threshold of $31,498.70/QALY,
camrelizumab-chemotherapy was not a cost-effective treatment
strategy compared with placebo-chemotherapy.
Sensitivity Analyses
In the tornado diagram of one-way sensitivity analysis
(Figure 3), the most influential variables were the utility of
PFS and the cost of camrelizumab per 200 mg. However, altering
these parameters could not yield substantial changes in the ICER,
$38,293.88-$59,739.88/QALY and $38,999.36-$54,342.85/
TABLE 3 | The cost and outcome results of the cost-effectiveness analysis.

Parameters CTP group PTP group

Costs ($)
PFS state 13,518.28 6,180.97
PD state 6,942.32 7,169.07
Total Cost 20,460.60 13,350.04
Incremental costs ($) 7,110.56 /
Effectiveness (QALYs)
PFS state 0.55 0.39
PD state 0.24 0.25
Total effectiveness 0.79 0.64
Incremental effectiveness (QALYs) 0.15 /
ICER ($/QALY) 46,671.10 /
CTP, camrelizumab-chemotherapy; PTP, placebo-chemotherapy; PFS, progression-free
survival; PD, progressive disease; QALYs, Quality-adjusted life-years; ICER, incremental
cost-effectiveness ratios.
FIGURE 3 | Tornado diagram of one-way sensitivity analysis. It summarized the results of one-way sensitivity analysis, which listed influential parameters in
descending order according to their effect on the ICER over the variation of each parameter value. ICER, incremental cost-effectiveness ratios; CTP, camrelizumab-
chemotherapy; PTP, placebo-chemotherapy; PFS, progression-free survival; PD, progressive disease; SAEs, serious adverse events.
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QALY, respectively. Other parameters influencing the model
were the duration of PFS, discount rate, cost of laboratory tests
and radiological examinations, cost of managing SAEs, body
surface area, cost of paclitaxel per 100 mg. Changes in
parameters, the utility of PD, routine follow-up cost per cycle,
and the costs of salvage therapy per cycle, supportive care per
cycle, cisplatin per 100 mg, terminal care in end-of-life had a
mild impact on economic outcomes. Nevertheless, none of the
variables could reduce the ICERs below the thresholds. The cost-
effectiveness acceptability curve and probabilistic scatter plot
were shown in Figures 4, 5. Regardless of the scenarios, the
camrelizumab-chemotherapy group was cost-effective in
Frontiers in Oncology | www.frontiersin.org 649
approximately less than 1% of the simulations compared with
placebo-chemotherapy group, with a cost-effectiveness threshold
of $31,498.70 in China.
DISCUSSION

ESCC is one of the most commonly malignant gastrointestinal
tumors globally. Palliative chemotherapy as the first-line
treatment for advanced/refractory ESCC, which not only had
limited survival benefits, but also had poor prognosis and
relatively high adverse reactions. ICIs significantly improved
FIGURE 4 | Cost-effectiveness acceptability curve. CE, cost-effectiveness; CTP, camrelizumab-chemotherapy; PTP, placebo-chemotherapy; WTP, willingness-to-pay.
FIGURE 5 | A probabilistic scatter plot of the ICER between the CTP and PTP group. Each dot represents the ICER for 1 simulation. An ellipse means 95%
confidence interval. Dots that are located below the ICER threshold represent cost-effective simulations. CTP, camrelizumab-chemotherapy; PTP, placebo-
chemotherapy; WTP, willingness-to-pay, ICER, incremental cost-effectiveness ratios.
December 2021 | Volume 11 | Article 790373

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhang et al. Cost-Effectiveness Analysis of Camrelizumab
survival and quality of life in a range of malignancies by
inhibiting the CTLA-4 or PD-1 pathway (20, 21). On
September 14, 2021, the ESCORT-1st trial, the world’s first
phase III clinical trial using immunotherapy combined with
chemotherapy as first-line treatment for advanced ESCC, was
completed at more than 60 hospitals in China and published in
⟪JAMA⟫, comparing the efficacy and safety of camrelizumab
combined with paclitaxel and cisplatin versus placebo combined
with paclitaxel and cisplatin (11). As compared to standard
chemotherapy, camrilizumab-chemotherapy significantly
prolonged patients’ median OS and median PFS, reducing the
risk of death by 30% and the risk of disease progression by 44%.
It has achieved the longest OS (15.3 months) and the highest
response rate (72.1%) in the field of first-line treatment for
esophageal cancer, which provided a novel first-line treatment
option for patients with ESCC.

However, the price of ICIs is usually high, which may
significantly increase the healthcare expenditures. Hence, it is
important to evaluate the effect of ICIs from the perspective of
pharmacoeconomics. In choosing a phase III trial for cost-
effectiveness analysis, ESCORT-1st trial was the best choice. In
this study, our analysis showed that the ICER of camrelizumab-
chemotherapy for first-line treatment of advanced ESCC in
China was $46,671.10/QALY and the WTP threshold was
$31,498.70/QALY, revealing that camrelizumab-chemotherapy
strategy may not be a cost-effective treatment option compared
with chemotherapy.

In the one-way sensitivity analysis, the utility of PFS and the
cost of camrelizumab per 200 mg had the highest impacts on the
ICER. Probabilistic sensitivity analysis of 1000 Monte Carlo
simulations was adopted to alter the cost of camrelizumab. Only
about 1% of simulations in the camrelizumab-chemotherapy
group are cost-effective at the WTP threshold ($31,498.70/
QALY). The ICER ($31,362.86/QALY) approached the WTP
threshold with cost-effectiveness when the price of camrilizumab
was reduced to $255/200 mg in China. However, different regions
have different cost-effectiveness WTP threshold value. The ICER
in the camrelizumab-chemotherapy group was higher than the
threshold recommended by wealthier developed countries, such as
£20,000-30,000 per QALY proposed by the UK’s National Institute
for Health and Care Excellence (NICE) (22). Assuming that the
prices of camrelizumab and chemotherapy remain constant,
camrelizumab-chemotherapy may not be cost-effective as a first-
line treatment for patients with advanced or metastatic ESCC in
other countries as well. Particularly, camrelizumab-chemotherapy
strategy might be the optimal alternative option in developed cities
and provinces of China, such as Beijing (WTP = $72,886.96/
QALY), Shanghai (WTP = $69,297.83/QALY), Jiangsu (WTP =
$55,341.30/QALY), Fujian (WTP = $48,046.09/QALY) and
Zhejiang (WTP = $48,021.74/QALY), which had over 50%
chance to be cost-effective. In addition, the utility of PFS had a
higher impact on the model outcomes, but even if the utility of PFS
varied from 0.42 to 1, the ICER ranged from $78,606.77/QALY to
$31,513.53/QALY, which was still higher than the WTP.

Currently, pharmacoeconomic studies on ESCC were limited,
with only 10 articles been searched in PubMed, and most of them
Frontiers in Oncology | www.frontiersin.org 750
focused on screening, surgical techniques or chemoradiation (23–
25). There were only two economic analyses of immunotherapy
for ESCC. A recent study was the cost-effectiveness analysis of
nivolumab in the second-line treatment for advanced ESCC.
Their study included 419 advanced ESCC patients and showed
an ICER of $136,709.35/QALY for nivolumab versus
chemotherapy at a $29,306.43/QALY WTP threshold (17).
From the perspective of Chinese society, nivolumab is not a
cost-effective treatment option compared with chemotherapy,
which were basically consistent with our results. Another study
compared the economics of camrelizumab versus chemotherapy
as second-line therapy for advanced ESCC (26). The study
included 457 advanced ESCC patients at 43 hospitals,
demonstrating that camrelizumab had higher QALYs (0.782 vs.
0.499) and higher cost ($31,537 vs. $6,998) than chemotherapy.
The ICER of camrilizumab versus chemotherapy was $86,745/
QALY, which was far above the WTP threshold ($30,094/QALY
gained). Therefore, camrelizumab is not cost-effective in China
compared with chemotherapy as second-line treatment for
advanced or metastatic ESCC. Generally, the prices of PD-1
inhibitors in China are higher than those of conventional
chemotherapy (17, 26). Based on previous studies and our
results, it is demonstrated that camrelizumab was not cost-
effective compared with chemotherapy, whether it is first-line
treatment or second-line treatment for advanced or metastatic
ESCC in China. Consequently, from the perspective of policy, the
price of camrelizumab needs to be reduced to reduce the financial
burden on the healthcare system and provide more access to
Chinese patients.

In our study, higher QALYs (0.79 vs. 0.64) are obtained in
camrelizumab- chemotherapy as first-line treatment for
advanced or metastatic ESCC compared with chemotherapy.
The ICER is $46,671.10/QALY. Although it is not economical,
the ICER value is lower compared with second-line treatment.
One possible reason is that the cost of camrelizumab per 200 mg
has fallen from $2,802 in 2020 to $424 in 2021 (26). The second
may be the effect of camrelizumab as first-line treatment is better
than second-line treatment and it also could be the different
utility values of PFS and PD in different studies. In recent years,
China has formulated a series of preferential policies for
antitumor drugs. In addit ion, with the continuous
improvement of national medical insurance policies and the
unique price advantage brought by volume-based procurement,
the prices of PD-1 inhibitors may be further reduced, and this
treatment could help ESCC patients obtain a first-line treatment
that is safer and has a longer overall survival rate than
traditional chemotherapy.

This study has several advantages. First, this is the first cost-
effectiveness analysis of camrelizumab combine with
chemotherapy as first-line treatment for advanced or
metastatic ESCC in China and the world. In addition, it is also
the largest ESCC immunotherapy trial with the largest sample
size, longest overall survival and highest response rate among
first-line therapies. Therefore, the results of this analysis could be
taken into consideration by the National Healthcare Security
Administration in its annual price negotiations. Our study
December 2021 | Volume 11 | Article 790373
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inevitably had some limitations that warrant discussion. First,
due to lack of long-term (>5 years) survival data, we used a two-
parameter Weibull survival model to extrapolate the tails of
survival beyond the follow-up time horizon, which may not
accurately reflect the real world condition (27). The current cost-
effective analysis must be updated when long-term survival data
are reported. Second, we assumed patients received paclitaxel
after disease progression, which may not reflect the current
Chinese clinical practice situation precisely because patients
might switch to subsequent therapy upon the further
progression. However, the result of the sensitivity analysis
supported that the costs associated with disease progression
did not have an important impact on economic outcomes.
Third, we only considered the most common grade 3/4 SAEs
in the model. We hypothesized that low-probability adverse
events would not change the final conclusions of the study,
and the sensitivity analysis showed that the result was not
sensitive to SAEs-related parameters. Fourth, although all
patients in the ESCORT-1st trial were from China, the utility
values in this study were derived from western countries, which
might lead to bias in the model outcomes. Finally, due to the
strict eligible conditions of clinical trials and the unbalanced
economic development in various regions of China, the
applicability of this study may be limited. Despite these
limitations, this study might be a valuable reference for
decision makers about camrelizumab as a first-line treatment
for advanced or metastatic ESCC in China.
CONCLUSION

In conclusion, camrelizumab combined with chemotherapy
treatment is unlikely to be considered cost-effective as
Frontiers in Oncology | www.frontiersin.org 851
compared to conventional chemotherapy as a first-line
treatment for advanced or metastatic ESCC from the
perspective of the Chinese healthcare system. However, if the
price is reduced, camrelizumab may be a cost-effective treatment
option. Our results are potentially helpful to healthcare systems
decision-making, but real-world studies are further needed to
verify the efficacy, safety and economics of these regimens for
first-line therapy of ESCC.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
AUTHOR CONTRIBUTIONS

Conceptualization, QZ, YD, and YS. Data curation, YS. Formal
analysis, QZ, YD, and YS. Funding acquisition, QZ.
Methodology, PW, XH, and YS. Project administration, QZ
and YS. Software, YS. Supervision, QZ, YD, and YS.
Validation, QZ. Writing – original draft, QZ, PW, XH, YD,
and YS. Writing – review & editing, QZ, YD, and YS. All authors
contributed to the article and approved the submitted version.
FUNDING

This work was supported by the National Natural Science
Foundation of China (No. 82104476) and National Key R&D
Program of China (No. 2017YFC0909900).
REFERENCES
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global

Cancer Statistics 2018: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA: Cancer J Clin (2018) 68
(6):394–424. doi: 10.3322/caac.21492

2. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer Statistics
in China, 2015. CA: Cancer J Clin (2016) 66(2):115–32. doi: 10.3322/
caac.21338

3. Abnet CC, Arnold M, Wei WQ. Epidemiology of Esophageal Squamous Cell
Carcinoma. Gastroenterology (2018) 154(2):360–73. doi: 10.1053/
j.gastro.2017.08.023

4. Kitagawa Y, Uno T, Oyama T, Kato K, Kato H, Kawakubo H, et al. Esophageal
Cancer Practice Guidelines 2017 Edited by the Japan Esophageal Society: Part
2. Esophagus Off J Japan Esophageal Soc (2019) 16(1):25–43. doi: 10.1007/
s10388-018-0642-8

5. Anderson LA, Tavilla A, Brenner H, Luttmann S, Navarro C, Gavin AT, et al.
Survival for Oesophageal, Stomach and Small Intestine Cancers in Europe
1999-2007: Results From EUROCARE-5. Eur J Cancer (Oxford Engl 1990)
(2015) 51(15):2144–57. doi: 10.1016/j.ejca.2015.07.026

6. Zeng H, Zheng R, Guo Y, Zhang S, Zou X, Wang N, et al. Cancer Survival in
China, 2003-2005: A Population-Based Study. Int J Cancer (2015) 136
(8):1921–30. doi: 10.1002/ijc.29227

7. Huang J, Xu J, Chen Y, Zhuang W, Zhang Y, Chen Z, et al. Camrelizumab
Versus Investigator's Choice of Chemotherapy as Second-Line Therapy for
Advanced or Metastatic Oesophageal Squamous Cell Carcinoma (ESCORT):
A Multicentre, Randomised, Open-Label, Phase 3 Study. Lancet Oncol (2020)
21(6):832–42. doi: 10.1016/s1470-2045(20)30110-8
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Gastric cancer is a leading cause of cancer-related deaths worldwide. Recently, clinical
studies have demonstrated that many of those with advanced gastric cancer are
responsive to immune checkpoint antibody therapy, although the median survival even
with these new agents is less than 12 months for advanced disease. The gastrointestinal
peptide gastrin has been shown to stimulate growth of gastric cancer in a paracrine and
autocrine fashion through the cholecystokinin-B receptor (CCK-BR), a receptor that is
expressed in at least 56.6% of human gastric cancers. In the current investigation, we
studied the role of the gastrin-CCK-BR pathway in vitro and in vivo as well as the
expression of the CCK-BR in a human gastric cancer tissue array. CCK-BR and PD-L1
receptor expression and gastrin peptide was found in two murine gastric cancer cells
(NCC-S1 and YTN-16) by qRT-PCR and immunocytochemistry. Treatment of NCC-S1
cells with gastrin resulted in increased growth. In vivo, the effects of a cancer vaccine that
targets gastrin peptide (polyclonal antibody stimulator—PAS) alone or in combination with
a Programed Death-1 antibody (PD-1 Ab) was evaluated in immune competent mice (N =
40) bearing YTN-16 gastric tumors. Mice were treated with PBS, PD-1 Ab (50 µg), PAS
(250 µg), or the combination of PD-1 Ab with PAS. Tumor growth was significantly slower
than controls in PAS-treated mice, and tumor growth was decreased even more in
combination-treated mice. There were no metastases in any of the mice treated with PAS
either alone or in combination with PD-1 Ab. Tumor proliferation by the Ki67 staining was
significantly decreased in mice treated with PASmonotherapy or the combination therapy.
PAS monotherapy or combined with PD-1 Ab increased tumor CD8+ T-lymphocytes and
decreased the number of immunosuppressive M2-polarized tumor-associated
macrophages. CCK-BR expression was identified in samples from a human tissue
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array by immunohistochemistry confirming the clinical relevance of this study. These
results confirm the significance of the gastrin-CCK-BR signaling pathway in gastric cancer
and suggest that the addition of a gastrin vaccine, PAS, to therapy with an immune
checkpoint antibody may decrease growth and metastases of gastric cancer by altering
the tumor microenvironment.
Keywords: gastric cancer, immune checkpoint, tumor microenvironment, metastases, gastrin, fibrosis,
PAS, G17DT
INTRODUCTION

Gastric adenocarcinoma (gastric cancer) is a common
malignancy and is the world’s second leading cause of cancer
mortality worldwide (1). Novel therapeutic targets are
desperately needed because the meager improvement in the
cure rate of about 10% realized by adjunctive treatments to
surgery is unacceptable as >50% patients with localized gastric
cancer succumb to their disease (2). The prognosis of those with
advanced gastric cancer is poor with a five-year survival of only
20–30% (3, 4). The current standard of care for advanced gastric
cancer in the first line setting remains a combination of a
fluoropyrimidine (e.g., 5-fluorouracil; 5FU) and a platinum
(e.g., cis-platinum) containing chemotherapeutic agent.
Targeted therapy may offer new possibilities for the treatment
of gastric cancer. Since HER2 receptors are found in
approximately 20% of gastric cancers, the addition of a HER2
receptor antibody to standard chemotherapy may be beneficial as
demonstrated in the ToGA study where Trastuzumab
(Herceptin) was beneficial in subjects with HER2-positive
gastric cancer (5). The Cancer Genome Atlas (TCGA)
Research Network described four groups of gastric cancer
based upon molecular classifications including: EBV (Epstein–
Barr virus), MSI (microsatellite instability), GS (genomically
stable), and CIN (chromosomal instability) (6). The immune
response to the tumor could play an important role within the
EBV and MSI subgroups (7). With the recent use of immune
checkpoint antibodies, investigators have been exploring
whether this immunotherapy would be beneficial for gastric
cancer (7). The KEYNOTE-012 study tested 39 subjects in a
Phase 1 trial that were PD-L1 positive with pembrolizumab and
found an overall survival of 11.4 months (8). The KEYNOTE-
059 trial showed that pembrolizumab monotherapy was effective
treating those with previously treated gastric or gastroesophageal
cancer (9). Another PD-1 antibody, nivolumab, has been
approved for first line therapy in gastric cancer in combination
with chemotherapy after the results of the CheckMate-649
clinical trial (10). A number of clinical trials have been
conducted now with various immune checkpoint antibodies
(11) and although these agents have provided additional
therapeutic options for those with gastric cancer, unfortunately
the median overall survival still remains less than 12 months
(12). For these reasons novel strategies are needed to improve
response of those with gastric cancer to immunotherapy. One
possible reason for the still low response to immune checkpoint
antibodies may be related to the paucity of tumor infiltrating
254
CD8+ lymphocytes in the tumor (13). Another possible reason
for the low response rate may be due to the fibrosis of the tumor
microenvironment that prevents penetration of therapies and
immune cells (14). Therapeutic agents that target cancer cell
receptors such as HER2 (5) have been shown to improve survival
and yet most chemotherapy agents used in gastric cancer are not
target-specific.

The gastrointestinal (GI) peptide gastrin is responsible for
gastric acid secretion and growth of the GI tract, and gastrin
mediates its effects through the cholecystokinin-B receptor or
CCK-BR (Figure 1) (16). Unlike the physiologic expression of
gastrin in the G cells of the stomach antrum (17), the gastrin gene
also becomes overexpressed de novo in non-endocrine epithelial
cells of gastric cancer (18) where it can stimulate growth in an
autocrine fashion. Likewise, the CCK-BR also becomes over-
expressed in cancer cells (19) and this receptor is responsive to
both paracrine and autocrine stimulation by gastrin.
Investigators have studied the expression of gastrin and the
CCK-BR from resected human gastric cancers and found that
most expressed CCK-BRs and gastrin (20–22). Gastrin may also
stimulate growth of gastric cancer when blood gastrin levels are
increased from chronic use of high dose proton pump inhibits
(PPIs), achlorhydria or Helicobacter pylori infection (Figure 1)
(15). Since gastrin has been shown to stimulate growth of human
gastric cancer (19), researchers have been studying means to
block gastrin’s actions in gastric cancer using CCK-BR
antagonists (23, 24) and their use in human trials reviewed
(25–27).

Polyclonal Antibody Stimulator (PAS) is a therapeutic
immunogen cancer vaccine comprised of a nine amino acid
epitope derived from the amino-terminal sequence of gastrin-17
that is conjugated to diphtheria toxoid. PAS exerts an
immunomodulatory effect by activating both B (28–30) and T
cells (31). PAS stimulates the production of antibodies to
different epitopes of the G17 and precursor G17-Gly gastrin
peptides. These antibodies can bind to gastrin peptides to
prevent their interaction with the CCK-BRs on the surface of
tumor cells. Preclinical studies were performed in several animal
models that have CCK-BRs including gastric cancer (32). In
animal models, PAS-generated anti-gastrin antibodies have been
shown to reduce the growth and metastases (28, 29, 33). Passive
immunization with PAS antibodies raised in rabbits improved
survival of SCID mice bearing gastric cancers compared to
diluent treated controls (32).

To date 22 clinical studies have been conducted with PAS. Of
these, 840 patients have been enrolled in five clinical trials for the
December 2021 | Volume 11 | Article 788875
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treatment of pancreatic cancer; 234 subjects enrolled in five clinic
studies in gastric cancer (34, 35); and 475 subjects enrolled in 10
clinical studies with advanced colon cancer. In the gastric cancer
clinical trial (designated GC4 Study), the median survival of
those with advanced gastric cancer treated with PAS plus
cisplatin and 5FU was significantly prolonged (10.8 months) in
subjects that mounted a protective antibody titer against gastrin
compared to subjects treated with PAS plus cisplatin and 5FU
that failed to generate an antibody response (4.8 months). The
only notable PAS-related adverse events in all 22 studies were
injection-site reaction and pyrexia. The purpose of the current
Frontiers in Oncology | www.frontiersin.org 355
study is to evaluate the effect of PAS and PD-1 antibody therapy
alone or in combination in a murine model of gastric cancer.
MATERIALS AND METHODS

Cell Lines
Two murine cell lines were evaluated in this investigation.
Murine gastric cancer cell line NCC-S1 (NCC) (36) was
provided by Dr. Kim through his collaborator Dr. Timothy
Wang of Columbia University, NY. The second gastric cancer
cell line YTN-16 (YTN), was established and provided by
Professor Sachiyo Nomura (37) through her collaborator Dr.
James R. Goldenring of Vanderbilt University School of
Medicine, TN. The YTN cells are known to be invasive and
metastatic even after subcutaneous injection in mice. Before the
cells were used in animals, they were tested by IMPACT II PCR
Profile and were negative for all pathogens. YTN cells were
grown in culture using DMEM and NCC cells were grown in
RPMI media; both with 10% fetal bovine serum in a humidified
5% CO2 incubator at 37°C.

CCK-BR and PD-L1 Receptor
Characterization in Gastric Cancer
Cells by Quantitative PCR
Total RNA was extracted from cells (Qiagen) and subjected to
quantitative PCR (qRT-PCR) in the fast cycling mode using a
thermal cycler (Applied Biosystems) to examine the expression
of the CCK-BR and PD-L1 expression. Primers used included:
CCK-BR: F-5’GATGGCTGCTACGT-GCAACT-3’and R-
5’CGCACCACCCGCTTCTTAG-3’; and PD-L1: F-5’TGCGGA
CTACAAGCG-AATCACG-3’ and R-5’-CTCAGCTTCTGGA
TAACCC-TCG-3’. PCR was performed with 40 cycles and an
annealing temperature at 60°C. HPRT was used as a normalizer
control gene. Control RNA was extracted from normal mouse
liver because it does not express either CCK-BR or PD-L1. Each
reaction was performed in triplicate and each PCR test was
performed three times for each receptor.

Effects of Gastrin Administration on
In Vitro Growth of Gastric Cancer Cells
In order to determine if exogenous administration of gastrin
could stimulate growth of gastric cancer cells, murine NCC cells
(10,000) were plated into each well of a 96-well plate. After an
overnight incubation, wells were exposed to gastrin 10 nM (N =
12 each) or media alone (control, N = 12). After an additional 24
h, the growth of the cells was evaluated with the MTT (3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide;
thiazolyl blue) cell proliferation assay and differences analyzed
by a colorimetric assay in a plate reader at 450 nm.

Gastrin Peptide Expression by
Immunocytochemistry in Gastric
Cancer Cells
NCC and YTN gastric cancer cells were plated onto glass
coverslips in 4 cm2 petri dishes. When cells reached log-phase
A

B

FIGURE 1 | Physiologic and pathologic roles of gastrin. (A) Under
physiologic conditions, gastrin is released from the G-cells in the antrum of
the stomach and stimulates the release of acid (HCl) by activation of the
enterochromaffin-like cells and gastric parietal cells. (B) Gastrin stimulates
growth of gastric cancer by activating the CCK-BR by an autocrine
mechanism or exogenous stimulation by high gastrin blood levels induced by
achlorhydria, chronic use of proton pump inhibitors (PPI), or infection with
Helicobacter pylori (H. pylori). Reproduced with permission from the Cell Mol
Gastroenterol Hepatol (15).
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growth, the cells were fixed and reacted to a rabbit polyclonal
antibody (Peninsula Laboratories, Belmont, CA; cat#: T4347)
with a titer 1:50 overnight at 4°C, followed by incubation with
one to three drops of Biotinylated Secondary Antibody (Vial A,
Novus Biologicals; Centennial, CO) for 60 min. The slides were
treated with one to three drops of HSS-HRP (Vial B, Novus) for
30 min, washed and DAB Chromogen was added for 3 min.
Control cells were reacted with secondary antibody only. Images
were taken of each sample from the slides using an Olympus
BX61 microscope with a DP73 camera.

In Vivo Animal Studies
All animal studies were done in an ethical fashion and under the
approval of the IACUC from Georgetown University. Several
attempts were made to establish tumors in C57BL/6 mice using
the NCC cells unsuccessfully. The first attempt included the
injection of luciferase tagged 5 × 105 NCC cancer cells
orthotopically into the stomach subserosa (N = 40). After
imaging with luciferin and dissecting mice, no tumors were
found. The NCC cells were then injected subcutaneously on
the right flank with a total of 0.1 ml volume of 1.5 × 106 NCC
cancer cells, but after 33 days, no tumors formed. It appears that
the NCC cells will only form tumors in SCID mice or Villin-Cre,
Smad4F/F, Trp53F/F, Cdh1F/wt mice according to Park et al. (36).
The YTN gastric cancer cells are known to be invasive and
metastatic even after subcutaneous injection in C57BL/6 mice
(37). Therefore, YTN were used for the in vivo studies by
injecting (5 × 106) cells into each of 40 female C57BL/6 mice
in 0.2 ml volume. Tumor growth was measured weekly with
calipers and volume calculated by L × W2 × 0.5.

Treatments
Mice bearing YTN tumors were divided into four treatment
groups (N = 10 each). Control mice were treated with PBS in 0.1
ml ip injection given at the same time as the other treatments.
PD-1 antibody 50 mg ip (PD-1 Ab; Clone RMPI-14 was
purchased from Bio X Cell, West Lebanon, NH) was
administered at baseline (one week after tumor inoculation;
week 0) and at weeks 1, 3, and 6. PAS 250 mg was
administered subcutaneously in 0.1 ml volume at the same
time as PD-1 Ab and also at week 9. After 10 weeks of growth
the control mice were appearing moribund so the mice were
ethically euthanized, tumors removed and weighed and
metastases counted.

Tissue Analysis
All observed metastases counted were dissected and formalin
fixed and paraffin embedded for confirmation by hematoxylin
and eosin (H&E) staining. Tumors were reacted with Masson’s
trichrome stain for analysis of fibrosis in the tumor
microenvironment. To determine the proliferation index of the
tumors, tissue sections (5 µm) were reacted with a rabbit
monoclonal antibody for Ki67 (Biocare, cat# CRM325; 1:80).
Immunohistochemical staining was also performed of tumor
tissue sections (5 µm) to evaluate tumor infiltrating lymphocytes
with CD8, (1:25, Cell Signaling, cat # 98941) and with rabbit
polyclonal antibody against arginase-1 (ThermoFisher, cat #
Frontiers in Oncology | www.frontiersin.org 456
PA5-29645) at a dilution 1:1,800 to examine M2-polarized
tumor associated macrophages.

CCK-BR Expression in Human
Gastric Cancer
A human tissue microarray containing 24 cases/72 cores of
human gastric cancer and samples from normal stomach was
obtained from US Biomax (Rockville, MD; Cat#BC01011). After
antigen retrieval, the array was incubated with the primary goat
polyclonal antibody CCK-BR (#Ab77077, Abcam) at 1:200 titer
overnight at 4°C. After rinsing, the slide was incubated with one
to three drops of Biotinylated Secondary Antibody (Vial A,
Novus) for 60 min. The slide was then treated with one to
three drops of HSS-HRP (Vial B, Novus) for 30 min, washed and
DAB Chromogen was added for 3 min. Images were scanned
using an Aperio GT450 machine and images captured with
software from Aperio Image Scope. CCK-BR staining was
analyzed by densitometry with Image-J software corrected for
area of tissue examined.

Statistical Analysis
Tumor growth rates were analyzed using linear regression
analysis to compare slopes of the growth curves between each
treatment group. Slides were scanned using an Aperio GT450
machine and images analyzed with software from Aperio Image
Scope for the number of immunoreactive cells per high powered
field (for Ki67 and CD8 cells). Images at the same magnification
and identical surface area were taken (up to N = 10 per slide) for
each tumor using the Aperio software. Slides for fibrosis and M2
polarized macrophage were quantitatively analyzed for
integrated density with ImageJ computer software. Raw data
results from images were analyzed using ANOVA and T-Test
(with Bonferroni correction for multiple comparisons to
controls) with GraphPad Prism version 9.
RESULTS

Characterization of Gastric Cancer
Cells In Vitro
Two separate murine gastric cancer cells were evaluated for
expression of CCK-BR, PD-L1 receptors and gastrin peptide
in vitro. Gene expression of CCK-BR and PD-L1 were increased
in both NCC and YTN gastric cancer cells compared to
noncancerous mouse tissues (Figure 2). CCK-BR expression was
increased greater than 60-fold in mouse YTN and NCC gastric
cancer cells compared to normal mouse tissues (Figure 2A). PD-L1
mRNA expression was increased 52-fold in YTN cells and 24-fold
in NCC cells over normal tissues (Figure 2B). Growth of NCC cells
increased significantly (P = 0.004) when exposed to exogenous
gastrin (Figure 2C). Immunocytochemistry revealed endogenous
gastrin peptide expression in both NCC (Figure 2D) and YTN
(Figure 2E) gastric cancer cells suggesting that these gastric cancer
cells produce their own gastrin peptide to stimulate growth via the
CCK-BR in an autocrine fashion. Control cells that reacted with the
secondary antibody alone were negative for staining (Figure 2F).
December 2021 | Volume 11 | Article 788875
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Effects of PAS and PD-1 on Growth
and Metastases of YTN Tumors
YTN gastric cancer tumor volumes measured over time are shown in
Figure 3A. Therapy with PD-1 Ab monotherapy had no effect on
tumorgrowthcomparedtocontrols. Incontrast,mice treatedwithPAS
monotherapy or PAS in combination with PD-1 Ab had significantly
slowed tumor growth over time. PAS monotherapy slowed tumor
Frontiers in Oncology | www.frontiersin.org 557
growth by 31% compared to PBS-treated controls (P = 0.023). When
PASwasgiven incombinationwith thePD-1Abthe tumorgrowthwas
slowed by 59% compared to tumors of PBS-treated controls (P =
0.0003). When the growth rate of tumors from PAS-vaccinated mice
was compared to that of the tumors of mice treated with the
combination therapy, the difference was statistically significant (P =
0.0018). These results would suggest that the combination therapy is
FIGURE 2 | Characterization of murine gastric cancer cells in vitro. (A) mRNA expression of CCK-BR is increased greater than 60-fold in YTN and NCC gastric
cancer cells compared to normal mouse tissue. (B) mRNA expression by qRT-PCR of PD-L1 is markedly increased in gastric cancer YTN and NCC cells compared
to normal tissues. (C) Exogenous gastrin stimulates growth of murine NCC gastric cancer cells in vitro (P = 0.004). **Significantly different from control. (D) Gastrin
peptide expression is detected in NCC gastric cancer cells. (E) Gastrin peptide expression is detected in YTN gastric cancer cells. (F) Control cells stained with the
secondary antibody only show no evidence of nonspecific immunoreactivity. Scale bar 200 mm.
December 2021 | Volume 11 | Article 788875
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better than PAS monotherapy. The mass of the tumors when excised
was less in the PAS- and combination-treatedmice, but this difference
did not reach significance (Figure 3B). The total number ofmetastases
in each group were counted at autopsy and confirmed by histology.
Figure 3C shows the remarkablefinding that therewere nometastases
in themice treatedwith PASmonotherapy or PAS combinedwith the
PD-1 Ab. Hematoxylin & eosin staining confirmed that the tissues
dissected from control mice and PD-1 Ab treated mice were
metastases. Figures 3D–G show representative histology of YTN
metastases from the stomach wall, mesentery, peritoneum, and
abdominal wall, respectively.

Another demonstration of the effects on tumor growth
is the measurement of the Ki67 proliferation index. Ki67
Frontiers in Oncology | www.frontiersin.org 658
immunoreactivity is increased in the tumors of PBS and PD-1
Ab treated mice (Figure 4A). The proliferation index is
significantly decreased in tumors of mice treated with PAS
monotherapy or in combination with PD-1 Ab (Figure 4A). A
low power (magnification 2×) representative image from each
treatment group is shown in Figure 4B with a higher
magnification (40×) insert image for each tumor. Marked Ki67
immunoreactivity is identified in tumors from PBS and PD-1 Ab
treated mice. In contrast, the Ki67 staining is markedly decreased
in tumors of mice treated with PAS with or without PD-1 Ab.
These histologic sections confirm tumors of the PAS and
combination-treated mice had decreased proliferation or
growth rate.
FIGURE 3 | PAS vaccination alone or in combination with PD-1 Ab inhibits growth and metastases of YTN gastric cancer tumors in mice. (A) YTN tumor volumes
over time for each treatment group and respective slope of the line are shown. PD-1 Ab monotherapy did not alter rate of YTN tumor growth compared to PBS-
treated controls. Tumors of mice treated with PAS monotherapy (P = 0.023) or in combination with PD-1 Ab (P = 0.0003) significantly reduced tumor growth in mice
compared to PBS control treated mice. Tumors of mice treated with both PAS and the PD-1 Ab exhibited significantly smaller tumors compared to PAS monotherapy
(P = 0.0018). (B) Final tumor mass ex vivo showed a reduction in size in mice treated with PAS in combination with the PD-1 Ab (P = 0.09). (C) Number of metastases
for each treatment group demonstrates that metastases were only observed in Control (PBS-treated) mice and in mice treated with PD-1 Ab. No metastases were
found in mice treated with PAS monotherapy or PAS in combination with the PD-1 Ab. (D–G) Metastases were confirmed histologically by H&E stain. (D) Invasive YTN
tumor invading the stomach wall. (E) Peritoneal seeding with metastases. (F) Invasion of YTN tumor cells in the mesentery fat. (G) YTN cancer invading the abdominal
wall skeletal muscle.
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PAS and PD-1 Ab Therapy Decrease
Fibrosis in the Gastric Cancer
Tumor fibrosis is thought to impede the penetration of
chemotherapeutic agents into cancers and also restrict the influx
of T-lymphocytes. YTN gastric tumors demonstrate characteristic
dense fibrosis as seen in tumors of PBS-treated control mice with
the Masson’s trichrome stain of Figure 4C. There is visibly less
fibrosis noted in the tumors of mice treated with PAS monotherapy
or PAS in combination with PD-1 Ab. Computerized analysis and
quantification of the integrated density of fibrosis is shown for each
Frontiers in Oncology | www.frontiersin.org 759
treatment group in Figure 4D. Although there was modest decrease
in fibrosis in tumors of PD-1 Ab treated mice, when combined
with PAS therapy, the amount of fibrosis was significantly
further decreased.

PAS and PD-1 Ab Therapy Change the
Immune Cell Signature of Gastric Cancer
One reason for the lack of effect of immune checkpoint therapy
in cancers is thought to be due to the paucity of tumor infiltrating
T-cells. Tumors from each treatment group were stained for
A B

C D

FIGURE 4 | Effects of PAS and PD-1 Ab treatment on tumor proliferation and fibrosis. (A) The mean number ± SEM of Ki67 stained cells is shown for each cohort of
YTN tumors. Ki67 immunoreactivity in PD-1 Ab tumors increased compared to PBS-treated controls (P <0.05). * Significantly different from control. Ki67 staining was
significantly reduced in tumors of mice treated with PAS monotherapy or in combination with the PD-1 Ab (P <0.0001). (B) Representative images from tumors reacted
with Ki67 antibody for each treatment group is show at low magnification (2×, bar scale, 2 mm) and at a higher magnification (40×, Box insert). (C) Representative
images of tumors from each treatment group stained for fibrosis with Masson’s trichrome stain (scale bar = 200 mm). (D) Mean values ± SEM for fibrosis staining is
shown for each treatment as analyzed by integrated density. Intratumoral fibrosis was decreased in all treatment groups compared to PBS-treated control tumors.
Tumors of the combination therapy group also exhibited less fibrosis than tumors of the mice treated with PD-1 Ab monotherapy. (Compared to PBS **P < 0.01;
***P < 0.001; compared to PD-1 Ab #<0.05).
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CD8+ T-lymphocytes and the number of immunoreactive cells
compared between groups. Figure 5A shows the lack of CD8+
T cells in gastric tumors of PBS control mice and in PD-1
Ab-treated mice. The number of CD8+ immunoreactive cells is
visibly increased in tumors of PAS-treated mice and mice treated
with the combination therapy (Figure 5A). Computer analysis of
the YTN tumors stained with the CD8+ antibody show marked
increase in CD8+ T-lymphocytes in tumors of PAS-treated mice
and even a significantly greater increase of CD8+ T cells in mice
treated with the combination therapy (Figure 5B).

Tumors from each group also underwent immunohistochemical
staining with an antibody for arginase to detect M2-polarized
tumor-associated macrophages (TAMs). These immunosuppressive
Frontiers in Oncology | www.frontiersin.org 860
TAMs are abundant in the tumors of control mice and PD-1 Ab-
treated mice (Figure 5C). In contrast, there are noticeably fewer
arginase+ TAMS in the gastric tumors of mice treated with
PAS which confirms that the immunoreactivity is significantly
decreased in tumors of PAS-treated mice. Tumors of mice treated
with both PAS and the PD-1 Ab have even further decreased
immunoreactivity of arginase positive TAMs (Figure 5D).

Human Gastric Cancer Expresses CCK-
BR by Immunohistochemistry
Human gastric cancer epithelial cells were positive for CCK-BR
immunoreactivity (Figure 6) implying that the administration
of PAS to human subjects would also decrease activation of this
A B

C D

FIGURE 5 | PAS monotherapy and in combination with PD-1 Ab alter the tumor immune cell signature. (A) Representative low magnification tumor from each
treatment or control group (scale bar 600µm) and a higher magnification (20×; Box insert) of tumors stained with an antibody for CD8+ T-lymphocytes.
(B) Columns represent the mean ± SEM of the number of CD8+ immunoreactive cells in sections of YTN tumors from each group. PAS monotherapy and in
combination with a PD-1 Ab significantly increase the number of CD8+ immunoreactive T-cells in the YTN tumors compared to tumors of PBS-treated mice. The
combination of PAS with PD-1 Ab also markedly increased the number of CD8+ cells compared to PAS monotherapy. (***P <0.001 compared to PBS; ###P <0.001,
compared to PAS). (C) Representative low magnification tumor from each treatment or control group (scale bar 600µm) and a higher magnification (20X; Box insert)
of tumors stained with and antibody for M2-polarized tumor-associated macrophages (TAMs). (D) Columns represent the mean ± SEM of integrated density from
ImageJ analysis for concentration of M2-polarized TAMs. The number of TAMs decreased significantly in tumors of mice treated with PAS monotherapy or in
combination with the PD-1 Ab. Analysis showed that the combination therapy reduced TAMs significantly more than PAS alone. (***P<0.001 compared to PBS; ###
P<0.001, compared to PAS). NS, not significant.
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receptor by neutralizing gastrin. The most common histologic
classification was described by Lauren (38) where cancers were
categorized histologically into one of two types: intestinal or
diffuse. Figures 6A–C show CCK-BR immunoreactivity in
Frontiers in Oncology | www.frontiersin.org 961
tissues from the human gastric cancer array with the
intestinal-type histology showing the characteristic glands or
tubules lines by epithelial cells. Histological diffuse gastric
carcinoma cells lack cohesion and invade tissues independently
FIGURE 6 | CCK-BR protein expression by immunohistochemistry in human gastric cancer and normal tissues from a human gastric tissue array (US Biomax #
BC01011). The array was stained with a CCK-BR antibody (Abcam 77077) at a titer of 1:200 overnight at 4°C. (A–C) Gastric cancer images representative of the
intestinal type histology are shown. (D, E) Representative images of gastric cancers with the diffuse histologic type are shown. (F) Gastric carcinoma mucinous
adenocarcinoma. (G) Gastric cancer signet ring histology; arrows point to signet ring cells. (H) Histology normal human stomach.
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or in small clusters (39). Representative diffuse type gastric
cancers also expressed CCK-BR expression and are shown in
Figures 6D–E. Mucinous gastric cancer (Figure 6F) and signet
ring gastric cancer (Figure 6G) are less common histologic types
of gastric cancer. Characteristic staining of CCK-BR positive cells
in the glands of the normal human stomach are seen in
Figure 6H. There was not significant difference in the intensity
of the CCK-BR staining according to the integrated density
analyzed with ImageJ between tumors classified as Grade 1
(164.8 ± 1.4), Grade 2 (159.7 ± 1.4), and Grade 3 (162.8 ± 1.1).
DISCUSSION

In the current investigation, we demonstrated using two murine
gastric cancer cell lines and a human tissue microarray that the
gastrin: CCK-BR signaling pathway is important in stimulating
growth of gastric cancer. CCK-BRs were expressed in both cell
lines and exogenous gastrin stimulated cell growth in vitro
confirming gastrin sensitivity. Immunocytochemistry revealed
endogenous gastrin expression within the gastric cancer cells
suggesting that gastric cancer may regulate its own growth by an
autocrine mechanism. Since exogenously administered gastrin or
endogenously produced gastrin from the cancer cells can activate
the CCK-BR receptor resulting in cellular or tumor proliferation,
strategies to interrupt the interaction of gastrin should inhibit
growth. Indeed, we showed that a vaccine that targets gastrin can
inhibit growth of gastric cancer in mice and prevent metastases.
The PAS vaccine when administered as monotherapy decreased
tumor growth in mice; however, the tumor inhibitory effect was
significantly affected by co-administration of the PD-1 Ab with
PAS. The advantage of having a therapy such as the PAS vaccine
that shows efficacy with monotherapy is that when treating
subjects with gastric cancer, not all subjects are eligible for
immune checkpoint antibody treatment or some may have
experienced adverse effects from the immune checkpoint
therapy; hence, monotherapy may provide an alternative
option to treat these subjects. However, in those subjects
eligible for immune checkpoint therapy, the addition of PAS
could significantly decrease tumor growth and prevent
metastases. This vaccine, PAS, significantly decreased gastric
cancer proliferation and this change was confirmed
histologically with marked decreased in the number of Ki67
immunoreactive tumor cells. PAS therapy also decreased fibrosis
in the tumor microenvironment. Vaccination with PAS also
altered the tumor immune cell signature by increasing the
number of CD8+ T-cells and decreasing the number of M2-
polarized immunosuppressive macrophages rendering the tumor
microenvironment more susceptible to other treatments, such as
PD-1 Ab therapy.

Although the cancer cells expressed receptors for PD-L1,
monotherapy with a PD-1 Ab did not significantly decrease
gastric cancer growth or metastases. However, when PD-1 Ab
therapy was administered in combination with PAS, there was a
greater inhibitory effect on tumor growth rate than with PAS
therapy alone. One explanation for the additive effect of PAS
Frontiers in Oncology | www.frontiersin.org 1062
with the PD-1 Ab may be attributed to the marked increase in
CD8+ T-cells when the two immune therapies are given together.
Another beneficial finding of combined administration included
the additive effect seen on the number of arginase positive M2-
polarized macrophages. We previously described an additive
effect on tumor inhibition in pancreatic cancer when PD-1 Ab
therapy alone had no inhibitory effects but when combined with
PAS, the combination therapy had a greater effect than PAS
alone (31). In the prior study in pancreatic tumors, we also
showed that PAS in combination with the PD-1 Ab decreased
fibrosis in the tumor microenvironment. The decrease in fibrosis
may perhaps allow for the influx of T cells.

Although this investigation was performed in immune
competent mice with syngeneic murine tumors, the results of
the CCK-BR immunoreactivity on the human gastric cancer
array support the important translational and clinical relevance
of this work. We found that both murine gastric cancers (YTN
and NCC) expressed CCK-BRs and when YTN tumor bearing
mice were treated with a gastrin vaccine, the tumor growth rate
and metastases significantly decreased. Gastrin is the major
ligand activating the CCK-BR and because PAS therapy
induces neutralizing gastrin antibodies and gastrin-activated
memory T cells (31), the ability to decrease signaling at this
receptor is central to inhibiting cancer growth. Sheng et al. (40)
demonstrated that that mature enterochromaffin-like cells (ECL)
cells in the gastric corpus express CCK-BRs, and that that gastric
isthmal progenitor cells also expressed CCK-BRs that responded
to hypergastrinemia by supplying new ECL cells. Their elegant
work supports the importance of gastrin as a trophic peptide
activating the CCK-BR in the gastric mucosa. We previously
showed that CCK-BRs are expressed on several human gastric
cancer cell lines (19) and that gastrin-stimulated growth in vitro
was only blocked by the selective CCK-BR antagonist, L265,260.
The human gastric cancer tissue array immunoreactivity for
the CCK-BR in numerous human gastric cancers in this current
study suggests the importance of this receptor as a potential
target for therapy in human subjects. The finding of CCK-BR
staining in both the intestinal and diffuse histologic gastric
cancer types suggests the broad implication of utilizing a
therapy that targets this proliferative pathway. Although
mucinous and signet ring histologic types occur less often, the
prognosis with these histologic types is typically more severe
(41). Tissues in the human gastric cancer array with these less
frequent histologic types also stained positive for the CCK-BR
suggesting the potential broad application of PAS therapy in
gastric cancer.

Research on PAS was initiated by Dr. Susan Watson in the
early 1990s (29, 32, 33). Although not popular at the time, Dr.
Watson decided to take an immune approach to treating GI
cancers by producing high-affinity anti-G17 antibodies that
could neutralize serum gastrin and cell-associated gastrin.
Since it had previously been reported that serum gastrin levels
are elevated in colorectal tumors (42), she decided to begin her
investigation in that tumor (28, 29). A wealth of clinical data was
generated over the years that have been used to determine an
appropriate adjuvant, dosing schedule, dose concentration and
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boosters required to produce high affinity anti-G17 antibodies. It
was discovered that as antibody titers rose, serum gastrin levels
decreased (43). It was found that antibody titers could be
followed and subjects with titers 1.2 units above baseline, on
average, doubled their survival times in colon, pancreatic and
gastric cancers. There were some surprising results along the
way. PAS was synergistic with Gemcitabine, and unexpected
long-term survivors were observed in several studies including in
pancreatic cancer. These results led to discussions that perhaps
something beyond neutralizing gastrin was occurring; however,
the tools available today were not available then. Although there
were positive studies in all three GI cancer indications and a well
characterized safety profile of the product, the development of
PAS took a major set-back when the company funding its
development failed. The last subjects treated with PAS were
in 2004.

In the last two years, a great deal has been learned about the
mechanism of action of PAS. Not only does it produce high affinity
anti-G17 antibodies, but PAS activates a cellular immune response
that increases memory T-cells, NKT-cells and gamma-delta cells
(31). Furthermore, it consistently changed the microenvironment in
several animal models (pancreatic and gastric) leading to a
synergistic effect with checkpoint inhibitors (31). The prevention
of metastases in mice treated with PAS (44) was due to the
inhibition of epithelial mesenchymal transition, and this
mechanism of action may help explain the long-term survivors
previously observed in the clinical program. The decreased fibrosis
observed with PAS therapy may help to explain the synergy
previously found with gemcitabine. PAS vaccination in a
precancerous KRAS murine model demonstrated that PAS not
only decreases pancreatic fibrosis and alters the immune cell
signature of the tumor microenvironment but that it also
decreases proliferation and progression on precancerous PanIN
lesions preventing pancreatic cancer (45). The data are compelling
for PAS to return to the clinic with a much better understanding of
how to use the product.
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Background: Studies using data from randomized controlled trials (RCTs) and real-world
data (RWD) have suggested that adjuvant cytokine-induced killer (CIK) cell
immunotherapy after curative treatment for hepatocellular carcinoma (HCC) prolongs
recurrence-free survival (RFS) and overall survival (OS). However, the cost-effectiveness of
CIK cell immunotherapy as an adjuvant therapy for HCC compared to no adjuvant therapy
is uncertain.

Methods:We constructed a partitioned survival model to compare the expected costs,
life-year (LY), and quality-adjusted life-year (QALY) of a hypothetical population of
10,000 patients between CIK cell immunotherapy and no adjuvant therapy groups.
Patients with HCC aged 55 years who underwent a potentially curative treatment were
simulated with the model over a 20-year time horizon, from a healthcare system
perspective. To model the effectiveness, we used OS and RFS data from RCTs and
RWD. We estimated the incremental cost-effectiveness ratios (ICERs) and performed
extensive sensitivity analyses.

Results: Based on the RCT data, the CIK cell immunotherapy incrementally incurred a
cost of $61,813, 2.07 LYs, and 1.87 QALYs per patient compared to no adjuvant
therapy, and the estimated ICER was $33,077/QALY. Being less than the willingness-
to-pay threshold of $50,000/QALY, CIK cell immunotherapy was cost-effective. Using
the RWD, the ICER was estimated as $25,107/QALY, which is lower than that obtained
using RCT. The time horizon and cost of productivity loss were the most influential
factors on the ICER.
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Conclusion:We showed that receiving adjuvant CIK cell immunotherapy was more cost-
effective than no adjuvant therapy in patients with HCC who underwent a potentially
curative treatment, attributed to prolonged survival, reduced recurrence of HCC, and
better prognosis of recurrence. Receiving CIK cell immunotherapy may be more cost-
effective in real-world clinical practice.
Keywords: cost-effectiveness, immunotherapy, adjuvant therapy, cytokine-induced killer cell, economic evaluation,
hepatocellular carcinoma
INTRODUCTION

Hepatocellular carcinoma (HCC) is an aggressive and frequently
occurring cancer, with approximately 670,000 new cases and
625,000 deaths worldwide in 2018 (1). Interestingly, most HCC
cases occur in individuals with well-known risk factors, such as
chronic hepatitis B virus (HBV) or hepatitis C virus (HCV)
infection, nonalcoholic steatohepatitis, chronic alcoholism, and
liver cirrhosis. Thus, a regular surveillance program for
populations with such risk factors is recommended to detect
HCC at an early stage, and more than half of new HCC cases are
now diagnosed at very early or early stages in Japan and Taiwan
owing to the implementation of nationwide surveillance
programs (2).

Generally, in the very early or early stages of HCC, potentially
curative treatments, such as surgical resection or radiofrequency
ablation (RFA), can be applied; however, even after successful
resection, 50–70% of patients experience recurrence within 5
years (3, 4). The long-term prognosis of patients with recurrent
HCC remains poor because of deterioration of liver function with
repeated recurrences even after curative treatment following early
detection of HCC and during a successful regular surveillance
program (5). Therefore, in the treatment of HCC, recurrence after
curative treatment is an important indicator that is negatively
related to long-term survival (6). To improve recurrence-free
survival (RFS) in patients with HCC, several studies on adjuvant
therapy have been conducted; however, none of these studies
provide sufficient evidence of improvement except for antiviral
treatment for HBV- or HCV-related HCC (3).

Since the first report on the antitumor activity of cytokine-
induced killer (CIK) cells, 106 clinical trials for various types of
cancers have been registered in the international registry of CIK
cells in the past decade (7, 8). Fortunately, recent phase III trials
and real-world data (RWD) have shown that adjuvant CIK cell
immunotherapy administered after curative treatment for HCC
prolongs RFS, cancer-specific survival, and overall survival (OS)
with minimum adverse effects. According to previous studies,
patients who underwent repeated transfer of individualized
autologous CIK cell agents had significantly longer RFS than
the control group with a hazard ratio of 0.42 (95% confidence
interval [CI], 0.22–0.80) to 0.63 (95% CI, 0.43–0.94) (9–11).
These results have generated interest in the economic assessment
of the benefits obtained and the input cost for adjuvant CIK
immunotherapy. Nevertheless, there is limited data on the cost-
effectiveness of immunotherapy in patients with HCC who have
undergone potentially curative treatment.
267
Therefore, it is important for healthcare policymakers,
providers, and patients to determine whether adjuvant CIK
immunotherapy reflects an appreciable value in the current
healthcare environment. We investigated the cost-effectiveness
of CIK cell immunotherapy as an adjuvant therapy for patients
with HCC using data from a recently reported phase III trial
and RWD.
MATERIALS AND METHODS

Overview of Partitioned Survival Model
A cost-utility analysis was performed to evaluate the cost-
effectiveness of receiving CIK cell immunotherapy compared
with not receiving any adjuvant treatment (no adjuvant therapy)
in patients with HCC who underwent a potentially curative
treatment (surgical resection, RFA, or percutaneous ethanol
injection [PEI]). Aligning with the phase III clinical study (the
randomized controlled trial, hereafter referred to as RCT), its
extended follow-up study (9, 10), and the phase IV clinical study
(hereafter referred to as RWD) of CIK cell immunotherapy (11),
we constructed a partitioned survival model, which has been
widely used for the economic evaluation of oncology drugs, using
Microsoft Excel (Microsoft, Redmond, Washington, USA) (12).
The time horizon of the model was twenty years, and the cycle
length was three months.

Our model included four conceptual health states:
recurrence-free, curable recurrence, incurable recurrence, and
death (Figure 1A). Because our population included patients
with HCC who underwent a potentially curative treatment, all
patients started from the recurrence-free state. RFS was defined
as the time from randomization in RCT (in RWD, from curative
treatment) to the first recurrence or death. Patients without
recurrence remained in the recurrence-free state as the cycle
went on. Otherwise, the patient experienced recurrence or death.
Unlike a typical partitioned survival model, we divided the
recurrence condition into two states according to the curability
of treatment to consider the different treatments patients
undergo. We assumed that patients received either curative or
noncurative treatments once they demonstrated a recurrence. If
patients remained in the curable recurrence state, they were
treated with curative treatments, such as surgical resection, liver
transplantation, RFA, or PEI. By contrast, patients staying in an
incurable recurrence state would receive noncurative treatments
including transarterial chemoembolization (TACE), external-
December 2021 | Volume 11 | Article 728740
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beam radiation therapy, and systemic therapies including
cytotoxic chemotherapy. We performed a post-hoc analysis of
the records of individual patients on subsequent treatment and
follow-up time after recurrences observed in phase III clinical
trials to calculate the proportion of patients with curable
recurrence and the incidence rates of each curative treatment
applied in the curable recurrence state. For the treatment of
HCC, liver transplantation, surgical resection, or RFA is
considered as potentially curative treatment. In the base-case
analysis, according to the international guideline, we assumed
that once the patient received other non-curative therapy, such
as TACE or systemic therapies including cytotoxic
chemotherapy, the recurrence was classified as incurable (13).
However, some of these patients might have received TACE for
curative intent as curative treatment was not technically feasible;
therefore, we adjusted the proportion of curative TACE to the
calculation of curable recurrence in the sensitivity analysis. Our
model simulated a cohort of 55-year-old patients, considering
Frontiers in Oncology | www.frontiersin.org 368
the mean age of patients in the RCT (9). To validate our model,
clinical experts verified the key model assumptions.

The model estimated the costs, gained life-years (LYs), and
quality-adjusted life-years (QALYs) for a 20-year time horizon.
An annual discount rate of 5% was applied to the outcomes and
costs, according to the pharmacoeconomic evaluation guideline
from the Health Insurance Review & Assessment Service (HIRA)
of the South Korean government (14). This economic evaluation
was conducted and reported based on the Consolidated Health
Economic Evaluation Reporting Standards (CHEERS)
guidelines (15).

RFS and OS
Two survival curves of RFS and OS derived from the RCTs and
RWD were applied in the model to estimate the distribution of
patients in modeled health states following CIK cell
immunotherapy or no adjuvant therapy (9–11). Using the
effectiveness data from the RWD, we tried to reflect current
A

B

FIGURE 1 | Cost-effectiveness model. (A) Conceptual model and (B) partitioned survival model. OS, overall survival; RFS, recurrence-free survival.
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clinical practice for the early stage of HCC and to reduce the gap
between the RCTs and the real-world setting Both RCT and
RWD routine surveillance with CIK cell immunotherapy in an
adjuvant setting for HCC were compared. At the median follow-
up of 68.5 months for RCT and 28.0 months for RWD,
investigators found statistically and clinically significant
improvements in RFS (9–11). The patient characteristics and
main results of both RCT and RWD were summarized in
Supplementary Table 1.

RFS at a specific time was defined as the proportion of
patients staying in the recurrence-free state (Figure 1B). The
fraction of patients with recurrence was the difference between
the OS and RFS (OS-RFS). The proportions of curable and
incurable recurrence states were obtained from the RCTs to
differentiate between patients receiving curative and noncurative
treatment (Table 1). The incidence of curative treatment was
estimated from the individual patient data reported in the RCTs.
With regard to the distribution of patients who died, [1-OS] was
adapted, as shown in Figure 1B.

To extrapolate patient survival beyond the duration of the
clinical trial, parametric survival curves were fitted to our model:
Frontiers in Oncology | www.frontiersin.org 469
exponential, Weibull, generalized gamma, log-normal, and log-
logistic. They were modeled jointly for each treatment group,
and the best fit was determined using the Akaike information
criterion, Bayesian information criterion, plausibility of the
est imated long-term surviva l , and expert opinion
(Supplementary Table 2 and Supplementary Figures 1, 2)
(12, 19). The parameter estimates for survival curves are
presented in Supplementary Table 3.

Cost and Utility
We considered direct medical costs, which were represented in
the model either as episodic costs for curative treatments and
death (end-of-life) or state-based costs, in terms of the healthcare
system perspective. The input costs, presented in USD in 2020 (1
USD = 1,166.51 KRW), are shown in Table 1. The cost data
before 2020 were corrected for inflation using the national
inflation calculator.

Treatment-specific costs in the recurrence-free state were
estimated based on healthcare utilization from RCT and the
unit cost from the reimbursement price list from HIRA. In
accordance with the label of CIK cell immunotherapy,
TABLE 1 | Model input parameters.

Model input Value PSA distribution Sources

Patient characteristics
Starting age, years 55 Lee et al. (9)
Proportion of curable recurrence, % Lee et al.a (10)
Treatment 56.6
Control 47.8

Incidence rate of curative treatments (/person-year), mean (95% CI) Lee et al.a (10)
Resection 0.0888 (0.0385, 0.1390) Normal
Radiofrequency ablation 0.3033 (0.2105, 0.3962) Normal
Percutaneous ethanol injection 0.2071 (0.1304, 0.2839) Normal
Liver transplantation 0.0148 (0.0000, 0.0353) Normal

Utilities
Health state utility (95% CI) Pollom et al. (16)

Recurrence-free state 0.88 (0.85, 0.92) Beta
Curable recurrence 0.88 (0.85, 0.92) Beta
Incurable recurrence 0.40 (0.32, 0.48) Beta

Treatment-related disutility Ock et al.b (17)
Resection - 0.26
Radiofrequency ablation - 0.33
Percutaneous ethanol injection - 0.33
Transplantation - 0.21

Costs (USD), mean (SD)c

Treatment cost (per injection) 3,807
Health state cost (per cycle)

Recurrence-free stated 211 (21) Gamma Micro-costing
Curable recurrenced 211 (21) Gamma Micro-costing

Incurable recurrence 2,505 (711) Gamma HIRA data
Event cost for curative treatments HIRA data
Resection 8,082 (3,015) Gamma
Radiofrequency ablation 2,085 (1,039) Gamma
Percutaneous ethanol injection 1,640 (1,282) Gamma
Liver transplantation 67,142 (23,888) Gamma

End-of-life costd 6,798 (679) Gamma Yang, (18)
December 2021 | Volume 11
CI, confidence interval; HIRA, Health Insurance Review & Assessment Service of Korea; PSA, probabilistic sensitivity analysis; SD, standard deviation.
aDerived from post-hoc analysis of recurrence data from phase III trial (Lee et al., 2015 & Lee et al., 2018).
bConverted to disutility from Ock et al., 2017.
c1 USD = 1,166.51 KRW.
dStandard deviation is assumed to be 10% of the mean value.
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treatment cost was considered for a total of 16 times at the price
proposed by the manufacturer.

The medical costs for recurrence were obtained from the
HIRA National Patient Sample (HIRA-NPS-2016-0106) data.
The cost analysis of HIRA-NPS data was approved by the
institutional review board of Sungkyunkwan University. The
HIRA-NPS data are representative of the South Korean
population, which includes approximately 3% of the total
population (20, 21). From the HIRA-NPS data, we extracted
the medical costs per episode of each curative treatments (i.e.,
resection, RFA, PEI, and transplantation) and noncurative
treatments (i.e., TACE, external-beam radiation therapy, and
systemic therapy with sorafenib or cytotoxic chemotherapy)
from patients with the main diagnosis code of HCC (C22.0 of
ICD-10, International Classifications of Disease 10th version) in
2016. The detailed procedure codes which were used to estimate
the medical costs for each treatment were presented in
Supplementary Table 4. For the curable recurrence state, the
cost for each curative treatment was individually applied
according to the incidence of curative treatment in the model.
For the incurable recurrence state, the state-based cost was
calculated by multiplying the cost of noncurative treatment by
the frequency obtained from the RCT. The end-of-life costs were
adapted from a previous study that observed end-of-life costs for
patients with cancer (18).

We performed a systematic literature review using PubMed
and the Cochrane library to obtain utility values for each health
state in our model (16, 17). Utility is a number between 0 (death)
and 1 (perfect health), which is used to calculate QALY by taking
length and quality of life into consideration (22). A detailed list of
the utilities and disutilities included in the model are shown
in Table 1.

Analysis
The main output of this study was the incremental cost-
effectiveness ratio (ICER), which was calculated by dividing the
incremental costs by the incremental LYs and QALYs between
the CIK cell immunotherapy group and no adjuvant therapy
group. The cost-effectiveness was interpreted using ICER at the
willingness-to-pay (WTP) threshold of $50,000/QALY.

Furthermore, one-way deterministic and probabilistic
sensitivity analyses were performed to explore the robustness
of the results by varying the parameter values and assumptions.
For the one-way sensitivity analysis, clinical variables
Frontiers in Oncology | www.frontiersin.org 570
(parametric survival distribution to OS and RFS, and the
proportion of patients receiving curative treatment), utility
weights, medical costs, analytic perspective, time horizon, and
discount rate were changed. Medical costs in other countries
were also applied to the sensitivity analysis and are presented in
Supplementary Table 5 (23–25).

For the probabilistic sensitivity analysis, a comprehensive
estimate of the uncertainty around the results was calculated
using simultaneous random sampling of input parameters. The
range and distribution of the parameters are listed in Table 1 and
Supplementary Table 2. The probabilistic sensitivity analysis
consisted of 1,000 iterations with random values generated
according to the range or distribution of each parameter
included in the model. In addition, a cost-effectiveness
acceptability curve (CEAC) was constructed to show the
likelihood of the intervention being cost-effective according to
the various WTP thresholds.
RESULTS

Based on the RCT data, the CIK cell immunotherapy resulted in
11.68 LYs and 8.80 QALYs per patient costing $115,002, whereas
no adjuvant therapy resulted in 9.60 LYs and 6.94 QALYs per
patient costing $53,190 (Table 2). Throughout the time horizon,
the incremental LYs was 2.07 years, and the patients treated with
CIK cell immunotherapy remained in the recurrence-free state
longer than the patients without treatment (5.43 vs. 4.07 years,
Figure 2). For treatment costs, a substantial difference between
the two interventions was observed in the recurrence-free state.
The incremental QALYs was 1.87 costing $61,813, and the ICER
was $33,077/QALY.

Based on the RWD, the CIK cell immunotherapy resulted in
12.53 LYs and 9.76 QALYs per patient with a treatment cost of
$110,670, whereas no adjuvant therapy resulted in 10.68 LYs and
7.66 QALYs per patient costing $57,959. The incremental life-
years gained was 1.85, and the incremental QALY was 2.10,
resulting in an ICER of $25,107/QALY. The ICERs estimated
based on RCT data and RWDwere both less than $50,000, which
showed the cost-effectiveness of CIK cell immunotherapy.

The results of the deterministic sensitivity analysis are
presented in Supplementary Figure 3 and Table 3, showing
the 10 most sensitive input parameters, given RCT data and
RWD. The parameter that most influenced the ICER was the
TABLE 2 | Result of the cost-effectiveness analysis.

CIK cell Immunotherapy No adjuvant therapy Incremental ICER ($/LY or $/QALY)

Based on RCT data
Cost $115,002 $53,190 $61,813
LY 11.68 9.60 2.07 $29,791
QALY 8.80 6.94 1.87 $33,077

Based on RWD
Cost $110,670 $57,959 $52,711
LY 12.53 10.68 1.85 $28,437
QALY 9.76 7.66 2.10 $25,107
December 2021 | Vo
CIK, cytokine-induced killer cell; LY, life-year; QALY, quality-adjusted life-year; ICER, Incremental cost-effectiveness ratio; RCT, randomized controlled trial; RWD, real-world data.
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time horizon. Regarding other parameters, including
productivity loss in the analysis (societal perspective) resulted
in lower ICER ($ 25,562), whereas applying medical costs from
Italy and the USA showed the robustness of the study results
with ICER ranging from $34,141–$38,425 (Supplementary
Table 3). All ICERs based on the RWD were lower than those
based on the RCTs. The CEAC calculated from our model
showed that the likelihood of CIK cell immunotherapy being
cost-effective was 95% and 88% based on RCT and RWD,
respectively, with a WTP threshold of $50,000 (Figure 3). For
WTP values below $42,350, the cost-effectiveness acceptability
Frontiers in Oncology | www.frontiersin.org 671
based on RWDwas higher than that based on RCT, but the trend
reversed for WTP values beyond $42,350.
DISCUSSION

This study demonstrated that adjuvant CIK cell immunotherapy
in patients who received curative treatment for HCC is cost-
effective as compared with no adjuvant therapy. By applying data
from RCTs and an extended follow-up study, we showed that the
higher LYs and QALYs gained from receiving CIK cell
A

B

C

FIGURE 2 | Base-case results. (A) Cost, (B) life-year gained, and (C) quality-adjusted life-year gained. The bold text indicates the total value estimated from the
analyses. CIK, cytokine-induced killer.
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immunotherapy compared with no adjuvant therapy resulted
from prolonged survival, reduced recurrence of HCC, and better
prognosis of recurrence (9, 10). Furthermore, decreased medical
expenses for the treatment of incurable recurrent HCC partially
offset the considerable treatment cost of CIK cell
immunotherapy in patient with curable recurrent HCC.
Frontiers in Oncology | www.frontiersin.org 772
Consequently, adjuvant CIK cell immunotherapy could be a
cost-effective option based on a WTP threshold of US$
50,000/QALY.

The simulation results using RWD, where CIK cell
immunotherapy prolonged the RFS of patients with HCC,
showed further improvement in cost-effectiveness, which was
FIGURE 3 | Cost-effectiveness acceptability curve for clinical data from the real-world data and randomized clinical trial.
TABLE 3 | Deterministic sensitivity analyses..

Scenario ICER (US$/QALY)

RCT RWD

Base-case 33,077 25,107
Clinical outcomes
Survival*

RFS [Best case; Weibull (RCT), Weibull (RWD)] 31,260 22,948
RFS [Worst case; Log-normal (RCT), Generalized gamma (RWD)] 33,077 31,695
OS [Best case; Weibull (RCT), Generalized gamma (RWD)) 31,009 22,587
OS [Worst case; Generalized gamma (RCT), Log-normal (RWD)] 38,831 27,545

Proportion of curable recurrence
Considering a portion of TACE as a curative treatment (CIK 75.8% vs No Tx 72.6%) 36,293 29,237

Health-related quality of life
Health state utilities

Cancer free and incurable recurrence state (Upper bound) 31,876 24,978
Cancer free and incurable recurrence state (Lower bound) 33,971 25,236

Costs
Medical costs from other healthcare systems

The USA [derived from Cardier et al., (23)] 38,425 9,505
France [derived from Cardier et al., (23)] 34,617 25,626
Italy [derived from Rognoni et al., (24)] 34,141 22,197

End-of-life cost
Upper bound (+20%) 32,930 24,695
Lower bound (–20%) 33,223 25,187

Analytic perspective (Societal perspective)
Including productivity loss cost 25,562 19,858

Model parameters
Time horizon (15 years) 41,628 32,730
Time horizon (25 years) 28,799 21,263
Annual discount rate (3%) 27,617 20,336
Annual discount rate (7.5%) 40,926 31,973
December 2021 | Volume 11 | Articl
ICER, incremental cost-effectiveness ratio; RCT, randomized controlled trial; RWD, real-world data; RFS, recurrence-free survival; OS, overall survival; TACE, transarterial chemoembolization.
*To see the uncertainty from the selected survival curve, we carried out a sensitivity analysis that calculated the lowest (best case) and the highest (worst case) ICER by applying each
parametric survival distribution to OS and RFS.
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attributed to more favorable survival for CIK cel l
immunotherapy than that from the RCT data. The cost-
effectiveness model using RWD shows that more patients
stayed in recurrence-free health state due to better RFS than
that from RCT. Therefore, scenario using RWD incurred less
medical expenditure and have more health-related quality of life
due to prolonged recurrence-free survival, which means the cost-
effectiveness results using RWD were better than that from
RCT data.

In the RCT, adjuvant CIK cell immunotherapy was more
effective at reducing the rate of early recurrence within the first
24 months (which is mainly associated with residual tumor cells)
than late recurrence beyond 24months (which is mainly related
to de novo carcinogenesis from diseased liver). Based on this
result, the authors of the RWD study suggested that a shorter
follow-up duration of RWD (28.0 months) than that of RCT
(68.5 months) may be associated with lower HR of tumor
recurrence (0.42 vs 0.67) (9–11). However, it should be noticed
that the baseline characteristics of patients were worse with
higher tumor stage and larger tumor size in RWD than in
RCT. These baseline characteristics might be unfavorable to
RWD as CIK cell treatment is expected to be more effective in
patients with less tumor burden (9). Thus, the lower HR of tumor
recurrence or death in RWD is not simply explainable with
currently available data and further real-world studies
are warranted.

Our findings provide evidence for generalizing the
effectiveness of RCTs conducted in controlled populations in
the real-world population. The participants in the RCT, who
were included following clear inclusion and exclusion criteria
and treated following a well-defined schedule, may not represent
patients in real-world practice (26). Thus, the validation of the
effectiveness of CIK cell adjuvant therapy in RWD is essential,
and the benefit of RFS is reproducible. Furthermore, our findings
are meaningful in that a more beneficial economic value of CIK
cell immunotherapy could be obtained in real-world clinical
practice. In addition, the cost-effectiveness results from both
RCT and RWD can support decision-making on introducing
CIK cell immunotherapy in an adjuvant setting.

The analysis conducted under the societal perspective
considering productivity loss was remarkable compared to that
conducted from the healthcare system perspective. HCC occurs
more frequently in men and is most frequently diagnosed among
people aged 55–64 years who are economically active, and also
occurs at a younger age, especially in Asia and sub-Saharan
Africa, where HBV is endemic, than in other regions where HBV
is not a predominant etiology of HCC (27–30). As the
socioeconomic burden of disease because of premature death is
substantial, preventing recurrence in such patients would reduce
productivity loss in society. In South Korea, an HBV-endemic
country, HCC was the second-highest cause of cancer-related
death (21.5 per 100.000 population) in 2016 following lung
cancer but resulted in the highest economic burden (USD
3.144 million) in 2010 among all cancers (31). It is a
disappointing outcome considering that the nationwide regular
surveillance program is now working well and approximately
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40% of new HCC cases are diagnosed at a very early or early
stage, where potentially curative treatment can be applied (32).
Accordingly, the urgent need for cost-effective adjuvant therapy
should be highlighted again.

Our findings on the cost-effectiveness of CIK cell
immunotherapy, which prevents the recurrence of HCC, align
with the results of previous cost-effectiveness studies on adjuvant
therapies. Although there is no guideline-suggested adjuvant
therapy for patients with HCC, several RCTs were conducted
for adjuvant therapy with an effective drug used in the
management of advanced HCC, such as sorafenib (33, 34).
Because our study was the first to demonstrate the cost-
effectiveness of treatment to prevent recurrence in HCC, there
was no previous study to report the cost-effectiveness of adjuvant
therapy in patients with HCC who underwent a potentially
curative treatment. However, there have been several studies
on other types of cancers, in which cost-effectiveness was verified
by preventing recurrence or relapse (35–37). Our results
emphasize the importance of preventing recurrence after
successful primary therapy, which is in line with previously
reported findings.

Our research has significant strengths, although decision-
analytic models have limitations regarding the input parameters
applied in the model. First, our original model was designed to
reflect the prognosis of HCC recurrence, which is not generally
considered in the conventional three-state model. To reflect the
heterogeneous prognosis of recurrence, we conducted a post-hoc
analysis of subsequent treatments (curative and noncurative
treatments) from the phase III clinical trial, followed by the
proportion of curable recurrence that we applied to our original
model. Therefore, we have improved the model plausibility by
reflecting the different prognoses of recurrence and health-
related quality of life of patients. In addition, we demonstrated
the robustness of cost-effectiveness by performing probabilistic
and deterministic sensitivity analyses. Most of the input
parameters were derived from the patient-level data of the
phase III trial, and the remaining input parameters were
verified by clinical experts. Moreover, we applied a wide range
of costs and effect iveness to our model to assess
inherent uncertainties.

Although our study considered various ranges of uncertainty,
there were some limitations. First, the applied costs were
obtained from the Korean healthcare system. Therefore, the
costs were potentially lower than those in other developed
countries, such as the USA. However, cost-effectiveness
evaluations focus on the ‘incremental’ costs and effectiveness of
CIK cell immunotherapy, and because the unit medical costs
affected both the intervention and comparator in our model, the
impact of lower costs in South Korea on the results would be
limited. Even if the local cost data were replaced with those in
other developed countries, including the USA, France, and Italy,
the estimated ICERs from those scenarios ($34,000–$38,000/
QALY) were similar to our base-case analysis results and were
similar to or lower than each country’s gross domestic product
(GDP) per capita. Because the cost-effectiveness threshold for
anticancer drugs is generally accepted as approximately twice the
December 2021 | Volume 11 | Article 728740
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GDP per capita, CIK cell immunotherapy would be a cost-
effective alternative in all of these countries as well. In
addition, the discount rate applied to our model was 5%,
which was slightly higher than that in other developed
countr ies ; thus , the cost-e ffect iveness of CIK cel l
immunotherapy was analyzed conservatively because the long-
term effectiveness and offset treatment costs of incurable
recurrent HCC were underestimated in the base-case setting.

Second, survival data from RWD study has a relatively shorter
observation period than RCTs, and there were some differences
in the baseline characteristics among RWD and RCTs. This may
increase the uncertainty of modeled survival output using RWD.
Therefore, we simulated various parametric survival functions in
sensitivity analyses to alleviate the uncertainty caused by short
observation periods and different patient characteristics from
RCTs, and presented the minimum and maximum values of
ICER according to various survival functions in the tornado
diagram (Supplementary Figure 3). As a result, our model
showed robust results even when using RWD data. Finally, the
proportion of curable recurrent HCC was calculated based on
operational definitions using the subsequent treatment data of
patients obtained from RCTs. For example, each recurrence
treated with TACE was classified as incurable recurrence.
However, there could be a curative TACE for patients who are
not eligible for other curative treatments, which could lead to an
underestimation of the proportion of curable recurrence. Even if
we adopted the most generous criteria for classifying the
curability of recurrence, the ICER increased by only 7% from
the base-case analysis, and CIK cell immunotherapy was still
cost-effective.

In conclusion, we showed that receiving CIK immunotherapy
was more cost-effective than no adjuvant therapy in patients with
HCC who underwent a potentially curative treatment, attributed
to the prolonged survival, reduced recurrence of HCC, and better
prognosis of recurrence, and it could be even more cost-effective
in the real-world clinical practice.
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Colorectal cancer (CRC) is the third most common diagnosed cancer worldwide, but
there are no effective cures for it. Hyaluronan and proteoglycan link protein-1 (HAPLN1) is
a component of the extracellular matrix (ECM) proteins and involved in the tumor
environment in the colon. Transforming growth factor (TGF)-b is a key cytokine that
regulates the deposition of ECM proteins in CRC. However, the role of HAPLN1 in TGF-b
contributions to CRC remains unknown. We found that the mRNA expression of HAPLN1
was decreased in tumors from CRC patients compared with healthy controls and normal
tissue adjacent to the tumor using two existing microarray datasets. This was validated at
the protein level by tissue array from CRC patients (n = 59). HAPLN1 protein levels were
also reduced in human CRC epithelial cells after 24 h of TGF-b stimulation, and its protein
expression correlated with type I collagen alpha-1 (COL1A1) in CRC. Transfection of
HAPLN1 overexpression plasmids into these cells increased protein levels but reduced
COL1A1 protein, tumor growth, and cancer cell migration. TGF-b stimulation increased
Smad2/3, p-Smad2/3, Smad4, and E-adhesion proteins; however, HAPLN1
overexpression restored these proteins to baseline levels in CRC epithelial cells after
TGF-b stimulation. These findings suggest that HAPLN1 regulates the TGF-b signaling
pathway to control collagen deposition via the TGF-b signaling pathway and mediates E-
adhesion to control tumor growth. Thus, treatments that increase HAPLN1 levels may be
a novel therapeutic option for CRC.
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INTRODUCTION

Colorectal cancer (CRC) is the third most commonly diagnosed
cancer worldwide and the second most lethal with more than
900,000 deaths annually (1). The number of new cases is
predicted to reach 2.5 million in 2035 (1). With early
diagnosis, the 5-year survival rate of CRC is ~65%, but this
drops to less than 10% at later stages (2). The cause of tumor
formation in CRC remains unknown. Polyps induce long-term
inflammation in the colon and may contribute to tumor
development of CRC (3). Tissue microenvironment changes
also result in tumor formation in CRC. Therefore, it is
important to understand the processes that lead to the
development and growth of tumors in CRC.

Extracellular matrix (ECM) proteins are a group of
macromolecules that provide structural support to cells.
Alterations in ECM protein deposition result in aberrant
structural changes in tissues, and ECM protein levels need to
be balanced to maintain a normal microenvironment in the
colon. Hyaluronan and proteoglycan link protein-1 (HAPLN1) is
an ECM component that stabilizes other ECM proteins (4).
Studies show that a loss of HAPLN1 proteins promotes
metastasis of melanoma in patients, and tumor growth is
inhibited by reconstitution of HAPLN1 (5). Also, HAPLN1 has
important roles in maintaining endothelial permeability, and its
loss promotes metastasis via blood vessels (6). However, the role
of HAPLN1 in CRC has not been widely studied and
remains unclear.

Transforming growth factor (TGF)-b is an important
cytokine that has major beneficial functions in wound repair,
but is also involved in tumor cell survival, invasion, and
metastasis in many cancers, including CRC (7). Indeed,
previous studies show that increased TGF-b promotes tumor
cell proliferation in CRC patients (8, 9). TGF-b is also a central
factor in regulating ECM genes and proteins in many diseases
(10). Previous studies showed that TGF-b challenge reduced
HAPLN1mRNA expression in human brain cells after 24 h (11).
Another study found amplified HAPLN1 mRNA levels in CRC
patients (n = 15) (12), but protein levels have not been assessed in
CRC. Links between TGF-b signaling and HAPLN1 in CRC
remain unknown.

We hypothesized that HAPLN1 is a key ECM protein that
regulates tumor growth and development in CRC. In this study,
HAPLN1 mRNA and protein levels were measured in tumor,
normal tissue adjacent to tumors, and healthy control tissue in
existing microarray datasets and protein tissue arrays. TGF-b
challenge reduced HAPLN1 protein levels in human CRC
epithelial cells. We also found that decreased HAPLN1
negatively correlated with collagen expression and contributes
to tumor development in CRC.HAPLN1 overexpression restored
protein levels in human CRC cells after TGF-b challenge and
reduced collagen and tumor cell growth in CRC. Thus, we
propose that TGF-b signaling reduces HAPLN1 levels that
leads to collagen production and CRC. These data highlight
the role of HAPLN1 as an important suppressor of tumor growth
in CRC.
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MATERIALS AND METHODS

Gene Expression in Human CRC
Microarray Datasets
HAPLN1 gene expression in colorectal tumor and normal tissue
adjacent to tumors from CRC patients and healthy controls was
assessed in two existing microarray datasets (GSE128449 and
GSE110224) in the Gene Expression Omnibus (GEO). Normal
tissues adjacent to tumors were described to be those normal
samples dissected from adjacent tumors (>4 cm from the tumor)
from the same CRC patients (13). The data were analyzed using
Bioconductor in R as previously described (14–16).

In the GSE128449 dataset, gene microarray from colorectal
tissues was obtained from healthy controls (n = 5) and CRC
patients (n = 31). Data were profiled by Agilent-014850 Whole
Human Genome Microarray 4x44K G4112F. In the GSE110224
dataset, gene microarray from colorectal tissues and normal
tissues adjacent to tumors was obtained from 17 CRC patients
of similar age during surgery (17). mRNAs were profiled by
Affymetrix Human Genome U133 Plus 2.0 array. The
Benjamini–Hochberg method for adjusted P-value/false
discovery rate (FDR) was used to analyze differences between
groups. Statistical significance was set at FDR <0.05. All target
gene expression was calculated as log2 intensity robust multi-
array average signals (log2-transformed intensity value) (18).

Human Subjects
Human colon cancer tumor (CD4, SuperBioChips Laboratories,
Seoul, South Korea) and normal tissues adjacent to tumor
samples (CDN4, SuperBioChips Laboratories, Seoul, South
Korea) were obtained from 59 stage I–IV CRC patients in
tissue array slides (Table 1). The tumor and normal tissues
adjacent to tumor tissues were collected during colorectal surgery
and fixed with formalin. The tissues were dehydrated with
gradient ethanol (70%, 90%, 95%, 99%, and 100%) for 1 h for
each progressive step and paraffin embedded at 60°C for 3 h. The
tissue blocks were sectioned in 4 mm thickness on new silane III
slides (Cat # 5116-20F, Muto Pure Chemicals).

Survival Analysis
CRC samples with HAPLN1 low (n = 176) and high (n = 242)
gene expression were obtained from the colons of CRC patients
(stages I–IV, Supplementary Table S1) based on The Cancer
Genome Atlas Program (TCGA, https://ww.cancer.gov/tcga)
(19). The Kaplan–Meier survival curve was produced using R
packages survival and survminer by OncoLnc (http://www.
oncolnc.org) (20). The relationship between HAPLN1 gene
expression and overall patient survival time was verified using
a log-rank test.

Single-Cell Analysis of Human
CRC Dataset
HAPLN1 gene expression from different cell clusters in CRC was
assessed in previously published single-cell RNA-sequencing
dataset (21). Single cells were obtained from tumor tissues
that were resected from CRC patients (n = 31) as previously
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described (21). RNA-sequencing was performed using a
Chromium system (10x Genomics) across eight lanes on a
HiSeq 4000 platform. Cells were clustered and visualized using
t-distributed stochastic neighbor embedding (tSNE) plots as
previously described (16, 21). The cellular sources of HAPLN1
mRNA in CRC were identified using the UCSC cell browser.

Immunohistochemistry
Slides of human colon cancer and normal tissues adjacent to
tumor tissue were incubated at 60°C for 30 min, deparaffinized
with xylene (5 min twice), and dehydrated in 100%, 95%, 90%,
and 75% ethanol for 2 min (twice each). They were then
incubated in citrate buffer (pH 6.0) at 100°C (35 min) for
antigen retrieval and blocked with 5% bovine serum albumin
(A9418, Sigma-Aldrich) at room temperature for 1 h. Slides were
then incubated with HAPLN1 (1:100, sc-46826, Santa Cruz
Biotechnology), p-Smad2/3 (1:100, SAB454208, Merck), and
type I collagen alpha-1 (COL1A1, 1:100, ab21286, Abcam)
antibodies at 4°C overnight, and then with anti-rabbit
horseradish peroxidase-conjugated secondary antibody
(HAF008, R&D Systems, USA) at room temperature for 1 h.
They were washed in PBS-Tween 20 (three times, 5 min)
with shaking, and sections were incubated with 3,3′-
diaminobenzidine (DAB) chromogen solution at room
temperature for 10 min according to the instruction of the
manufacturer (GV825, Agilent). Slides were counterstained
with hematoxylin at room temperature for 5 min. Images were
taken under ×5 and ×20 magnifications using a light microscope.
The area of HAPLN1 proteins was calculated using ImageJ with a
color deconvolution plug-in (ImageJ) as previously described
(22). The percentage of HAPLN1 protein in each image (at least
20 random images) was calculated by the area of positive staining
divided by the total area of the view under ×20 magnification.

Cell Culture
Human CRC epithelial cells (Caco-2, HTB-37, ATCC, Manassas,
VA, USA) were maintained in Eagle’s minimum essential
medium (EMEM) containing 2.5 mM L-glutamine, 10 mM
HEPES, and 10% fetal bovine serum (FBS) at 37°C with 5%
CO2. Cells (1 × 105 cells/well) were seeded in a six-well plate and
cultured in EMEM medium with 0.1% FBS at 37°C with 5% CO2

for 24 h. Human recombinant TGF-b protein (50 mg/ml, 7666-
MB-005/CF, R&D Systems) was added to the cell media, and
control cells received an equal volume of EMEM medium. Cell
Frontiers in Oncology | www.frontiersin.org 378
lysates were collected after 6, 12, 24, and 48 h for immunoblot.
Some cells were seeded on coverslips in a 24-well plate overnight
and treated with TGF-b recombinant protein for 6, 12, 24, and
48 h, and cells were collected for immunofluorescence assays.

Protein Extraction
Cell lysates were obtained using radioimmunoprecipitation assay
buffer (RIPA; Sigma-Aldrich, St. Louis, USA) supplemented with
protease and phosphatase inhibitors (Thermo Fisher Scientific,
MA, USA). Lysed cell samples were centrifuged (8,000×g,
10 min, 4°C) and supernatants were collected for protein
assays. Total protein concentrations in cell lysates were
determined using a Pierce bicinchoninic acid (BCA) protein
assay kit (Thermo Fisher Scientific, MA, USA) according to the
instructions of the manufacturer.

Immunoblot
Proteins from cell lysates were separated by electrophoresis
under 110 V for 1.5 h and transferred onto polyvinylidene
difluoride (PVDF) membranes. Membranes were blocked with
5% BSA for 2 h at room temperature, and then incubated with
anti-HAPLN1 (1:100, sc-46826, Santa Cruz Biotechnology),
COL1A1 (1:2,000, ab21286, Abcam), E-cadherin (1:2,000,
3195S, Cell Signaling), Smad2/3 (1:2,000, 8685S, Cell
Signaling), Smad4 (1:2,000, 46535S, Cell Signaling), p-Smad2/3
(1:1,000, SAB454208, Merck), and anti-b-actin (1:10,000,
ab8226, Abcam, Cambridge, UK) antibodies at 4°C overnight.
Blots were washed with TBS-Tween 20 (three times, 10 min) and
incubated with anti-rabbit or anti-mouse IgG HRP-conjugated
antibodies (R&D Systems, MN, USA) at room temperature for
2 h. Substrate (SuperSignal™ West Femto Maximum Sensitivity
Substrate, Thermo Fisher Scientific, MA, USA) was added to the
membrane and images of immunoblots were captured using a
ChemiDoc MP System (Bio-Rad, Hercules, USA). Some blots
were stripped (15 g glycine, 1 g SDS, 10 ml Tween 20, pH 2.2) but
only once to avoid background effects. Densitometry analysis
was performed relative to the housekeeping protein b-actin using
ImageJ (NIH, Bethesda, USA) as previously described (23, 24).
The fold change of normalized area in each challenge/treatment
group was compared with the control group.

Immunofluorescence
Caco-2 cells were fixed with cold methanol (−20°C) and 3%
paraformaldehyde in PBS (pH 7.4) both at room temperature for
10 min each, permeabilized with 0.2% Triton X-100, and blocked
with 5% BSA at room temperature for 1 h. Cells were incubated
with anti-human HAPLN1 (1:100, sc-46826, Santa Cruz
Biotechnology), COL1A1 (1:100, ab21286, Abcam), or p-
Smad2/3 (1:100, SAB454208, Merck) antibodies at 4°C
overnight. After three washes with PBS-Tween 20, cells were
incubated with FITC-conjugated anti-rabbit secondary antibody
(1:100, ab6717, Abcam) or AF594 anti-rabbit secondary
antibody (1:200, ab150080, Abcam) at room temperature for
1 h. Nuclei were counterstained with DAPI at room temperature
for 5 min. Ten random images per section were visualized using
an Axio Imager M2 microscope and analyzed using an imaging
TABLE 1 | Patient characteristics (n = 59).

No. of patients %

Sex
Male 15 25.5
Female 44 74.5

Age mean = 60.6 ± SD 10.58 (range 35–86 years old)
Stage

I 2 3.3
II 33 55.9
III 20 33.9
IV 4 6.9
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software (Zen, Zeiss) as previously described (24, 25). The
percentage of HAPLN1-positive cells was calculated as the
percentage of the total cell number (DAPI-positive cells).

HAPLN1 Overexpression Treatment
HAPLN1 overexpression plasmids within a pCMV3-C-GFPSpark®

vector (HG10323-ACG, Sino Biological, China) or negative control
(CV026, Sino Biological, China) plasmids (200 pg/ml) were
transformed into SIG10 chemically competent cells (CMC0001,
Sigma-Aldrich) according to the instructions of the manufacturer.
Cells were cultured in LB broth at 37°C for 3 h with 200 rpm
shaking. Cells were then cultured on LB agar plates (L3147, Sigma‐
Aldrich, St. Louis, USA) containing kanamycin sulfate (200 mg/ml,
60615, Sigma‐Aldrich, St. Louis, USA) at 37°C overnight. A single
colony was collected and cultured in LB broth at 37°C for 6 h with
200 rpm shaking, and bacterial cells were collected by centrifugation
(6,000 rpm at room temperature for 10min). Plasmids were isolated
and purified using a PureLink HiPure Plasmid Midiprep kit
(Thermo Fisher Scientific, Waltham, USA) according to the
instructions of the manufacturer (25). Caco-2 cells (2 × 105 cells/
well) were seeded in EMEM media (0.1% BSA and without
antibiotics) on a 24-well plate at 37°C overnight. HAPLN1 or
negative control plasmids (1,000 ng) were transfected into Caco-2
cells using Lipofectamine 3000 transfection reagent (L3000008,
Thermo Fisher Scientific, Waltham, USA) according to the
instructions of the manufacturer. Cell lysates were collected after
12, 24, and 48 h for immunoblot analysis. Some cells were seeded on
coverslips for immunofluorescence assays.

Cell Proliferation Assay
To investigate cell proliferation, Caco-2 cells (1 × 104 cells/well)
were seeded in a 96-well plate and then transfected with
HAPLN1 overexpression or negative control plasmids. Cells
were incubated with TGF-b recombinant protein (50 mg/ml)
for 24 h and control cells received media only. Cells were stained
with crystal violet (10%) at room temperature for 20 min and
incubated with methanol at room temperature for 10 min. At
least 10 random images were taken using a light microscope
under ×40 magnification. Crystal violet-positive cells were
enumerated using ImageJ as previously described (26).

Wound Healing Assay
Caco-2 cells were cultured on a 24-well plate with serum-free
media for 24 h. The cells were scratched with a p200 pipette tip to
generate a straight line across the center of each well as
previously described (26), and then gently washed three times
with PBS. Fresh serum-free EMEM media with TGF-b
recombinant protein (50 mg/ml) were added to each well and
control cells received media only. Cells were incubated at 37°C
for 24 h with 5% CO2. Images were taken using a phase-contrast
microscope at 0, 6, 12, and 24 h after scratching. The area of each
scratch at each time point was compared to images from 0 h
using ImageJ software.

Cell Migration Assay
CRC cell migration was assessed using Boyden’s chamber assay
as previously described (27). Caco-2 cells (2 × 104 cells/ml) were
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seeded in upper chambers (Transwell) with 200 ml of DMEM
media (1% FBS). Chambers were cultured in wells of 24-well
plates containing 750 ml of DMEM overnight. Some cells were
transfected with HAPLN1 overexpression or negative control
plasmids for 24 h using Lipofectamine 3000. Controls received
equal volumes of media. Cells were then incubated with
recombinant TGF-b protein for 24 h. Non-migrated cells
remaining on the top surface of Transwell membrane were
removed using cotton swabs. Cells that migrated to the lower
surface of the membranes were fixed with 10% formalin (15 min)
and permeabilized with methanol (5 min). Cells were then
stained with crystal violet. Migrated cells were visualized and
counted in at least five random fields per well under ×20
magnification using an inverted microscope.

Tissue Atlas Protein Analysis
Representative immunohistochemistry images of Smad2, Smad3,
Smad4, and COL1A1 proteins in human healthy control colon
and tumors from CRC patients were obtained from the Human
Atlas database (version 19.3) as previously described (16).

Statistical Analysis
Results are presented as mean ± standard error of the mean (SEM).
Each in-vitro experiment was performed in triplicate and repeated
in three to four independent experiments. Unpaired Student’s t-tests
were used to compare two groups, and one-way analysis of variance
(ANOVA) with Bonferroni comparisons was used to compare the
results of more than two groups. All statistical analyses were
performed using GraphPad Prism Software (San Diego, CA,
USA). Statistical differences were accepted at P <0.05.
RESULTS

HAPLN1 Gene Is Decreased in
CRC Patients
Previous studies showed that HAPLN1 was involved in tissue
remodeling (6), but its role in CRC remains unknown. We
assessed the HAPLN1 mRNA levels in CRC patients and
colons from healthy controls using an existing microarray
dataset (GSE128449). We found that HAPLN1 mRNA was
significantly decreased in CRC patients compared with healthy
tissues (Figure 1A). To further assess the level of HAPLN1 in
CRC patients, we measured HAPLN1 mRNA in tumor tissues
and their normal tissues adjacent to the tumor in CRC patients
using another microarray dataset (GSE110224).HAPLN1mRNA
levels were also decreased in tumor compared with normal
tissues adjacent to tumor tissues in the same CRC patients
(Figure 1B). We also found that low expression of the
HAPLN1 gene in CRC patients correlated with shorter survival
periods than those with high HAPLN1 expression (P = 0.035,
Figure 1C). To define the cellular source of HAPLN1 in CRC,
tumors were collected from 31 CRC patients (21) and single-cell
RNA-sequencing analysis was preformed (Figure 1D). HAPLN1
mRNA was found in epithelial, stromal, and endothelial cells and
myofibroblasts (Figure 1E).
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Decreased HAPLN1 Protein in
CRC Patients
To confirm that the decrease of HAPLN1 mRNA translates to
reduced protein levels in CRC patients, we assessed the HAPLN1
protein in tumor and normal tissues adjacent to tumor tissues from
59 CRC patients using immunohistochemistry (Figure 2A), and the
HAPLN1 protein was mainly produced by CRC epithelial cells. The
HAPLN1 protein was decreased in tumor (stage I–IV cancer)
compared with normal tissues adjacent to tumor tissues
(mean = 35.56 vs. 22.73, Figure 2B). The level of HAPLN1
protein was further reduced in severe stage (III–IV) CRC
compared with early stages (mean 13.48 vs. 10.5, Figure 2C).

TGF-b Reduces HAPLN1 Proteins in
Cancer Cells
Many studies have shown that CRC is associated with increased
TGF-b protein and its downstream signaling is the key driver of
Frontiers in Oncology | www.frontiersin.org 580
tumor development (28). Previous studies also showed that TGF-b-
induced ECM proteins led to the changes in the tissue
microenvironment and tumor formation (26). COL1A1 is the
most abundant ECM proteins in human (10). We examined the
presence of abnormal ECM deposition and microenvironment
change in CRC using TGF-b challenge of human CRC epithelial
cells and assessing the levels of COL1A1 proteins over a time course
(6, 12, 24, and 48 h, Figure 3A and Supplementary Figure S1A).
TGF-b challenge resulted in significantly increased COL1A1 protein
in the cell lysates reaching a peak after 24 h (Figure 3B).

To assess the role of HAPLN1 in CRC, we then measured its
protein levels in cell lysates by immunoblot (Figure 3A). TGF-b
challenge reduced HAPLN1 proteins in CRC epithelial cells from
the 6-h time point with the maximal decrease after 24 h
compared with controls (Figure 3C).

To further assess HAPLN1 in CRC, we challenged human
CRC epithelial cells with TGF-b and assessed downstream
A D

E

B

C

FIGURE 1 | HAPLN1 gene expression is decreased in colorectal cancer (CRC) patients. (A) HAPLN1 gene expression was analyzed in colon tissues from healthy
(n = 5) and CRC patients (n = 31) in the GSE128449 dataset. (B) HAPLN1 gene expression was analyzed in colon tissues from tumor and normal tissue adjacent to
the tumor from the same CRC patients (n = 17) in the GSE110224 dataset. (C) The Kaplan–Meier survival curve of the correlations between the mRNA expression of
the HAPLN1 gene and survival days, and the cutoff value of RNA expression was 27.8. (D) Single cells were isolated from tumors in CRC patients (n = 31) after
surgery. Cells were clustered using a graph-based shared nearest neighbor clustering approach and visualized in a t-distributed stochastic neighbor embedding
(tSNE) plot in UCSC cell browser. (E) mRNA expression of HAPLN1 in different cells in CRC patients. Results are mean ± SEM. **P < 0.01, ***P < 0.001 compared
with healthy control or non-tumor adjacent tissues.
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signaling and HAPLN1 by immunofluorescence (Figure 3D).
p-Smad2/3 (active version of Smad2/3) is an important
downstream mediator in the TGF-b signaling pathway.
p-Smad2/3-positive cells increased after 6 h of TGF-b
compared with controls, were then maintained at the same
level up to 24 h, but then decreased at further time points
(48 h, Figure 3E). TGF-b reduced the percentage of HAPLN1-
positive cells, with the greatest effect after 24 h (Figure 3F), and
this confirmed our result in cell lysates.

Overexpression of HAPLN1 Gene in CRC
Epithelial Cells Reduces Tumor Growth
Given that CRC development was associated with a decrease in
HAPLN1 protein levels, to further understand its role, we
transfected HAPLN1 overexpression or negative control plasmid
into human CRC epithelial cells. We assessed HAPLN1
overexpression plasmid transfection efficiency by enumerating
GFP-positive cells at different time points (6, 12, 24, and 48 h)
after plasmid transfection as the plasmid contained the GFP
gene (Figure 4A). The number of GFP-positive cells peaked
24 h after transection (Figure 4B) with a decrease after 48 h.
We also measured HAPLN1 proteins in cell lysates during
the transfection time course by immunoblot (Figure 4C
and Supplementary Figure S1B). HAPLN1 proteins were
significantly increased 24 h after transfection, but the levels
decreased thereafter (Figure 4D), which confirmed the
immunofluorescence data (Figure 4A). Therefore, we chose
24 h as the optimized transfection time point.
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We also found that COL1A1 proteins were decreased in CRC
epithelial cells after HAPLN1 overexpression plasmid transfection
(Figure 4E). COL1A1 proteins were the lowest after 24 h
corresponding with the highest level of HAPLN1 proteins,
indicating a correlation between HAPLN1 and COL1A1 proteins.

HAPLN1 Changes the Tumor
Microenvironment by Regulating Collagen
Production in CRC
To better understand the role of HAPLN1 in regulating CRC
growth, we transfected HAPLN1 overexpression plasmid with and
without TGF-b recombinant protein and examined the effects after
24 h. Human CRC epithelial cell growth significantly increased with
concomitant TGF-b protein challenge, with an ~3-fold increase of
cells after 24 h compared with controls (Figure 5A). HAPLN1
overexpression reduced CRC growth compared with cells
transfected with the negative control plasmid and media controls
with concomitant TGF-b (Figures 5A–C). We further assessed the
role of HAPLN1 in CRC using migration assays (Figure 5D). TGF-
b recombinant protein significantly increased CRC epithelial cell
migration; however, HAPLN1 overexpression substantially reduced
the number of migrated cells (Figure 5E). We then assessed the role
of HAPLN1 in CRC growth using wound healing assays
(Figure 5F). The wounds in the CRC epithelial cells started to
recover 6 h after TGF-b challenge and resolved after 24 h in cells
treated with media control or negative control plasmid (Figure 5G).
However, cells overexpressingHAPLN1 had reduced wound healing
speed, even slower than in control cells without TGF-b challenge,
A B

C

FIGURE 2 | Colorectal cancer (CRC) patients have decreased HAPLN1 protein in tumors. (A) Colon tissues were collected from tumors and normal tissue adjacent to the
tumor from CRC patients (n = 59). Tissues were sectioned and stained with HAPLN1 antibody by immunohistochemistry (low magnification scale bar = 200 mm; high
magnification scale bar = 50 mm). (B) The area of HAPLN1 staining in all stages of CRC patients was normalized to the total area of the colon section. (C) The area of HAPLN1
staining in early (stages I and II, n = 36) and severe stages (stages III and IV, n = 18) of CRC patients was normalized to the total area of the colon section. Results are mean ±
SEM. **P < 0.01, ****P < 0.0001 compared with a normal tissue adjacent to the tumors from CPC patients. #P < 0.05 compared with early stage tumour of CPC patients.
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indicating that the HAPLN1 protein reduces CRC epithelial
cell growth.

HAPLN1 Regulates Collagen via the TGF-b
Signaling Pathway in CRC
To assess the mechanisms of how HAPLN1 regulates CRC
epithelial cell growth, we transfected these cells with HAPLN1
overexpression plasmid with and without TGF-b for 24 h. TGF-b
significantly reduced the numbers of HAPLN1-positive cells but
increased collagen proteins (COL1A1) in those cells (Figure 6A).
HAPLN1 overexpression restored the numbers of HAPLN1-
positive cells but reduced collagen deposition after TGF-b challenge.

To confirm that HAPLN1 regulates collagen in CRC, we also
collected cell lysates 24 h after HAPLN1 overexpression with or
without 24 h TGF-b challenge. TGF-b reduced the HAPLN1
protein in CRC epithelial cells, and HAPLN1 overexpression
increased the HAPLN1 proteins after TGF-b challenge
compared with control cells (Figures 6B, C and Supplementary
Figure S2A). HAPLN1 overexpressing cells also had reduced
collagen after TGF-b challenge (Figure 6D).
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Given that reduced HAPLN1 was associated with increased
collagen in CRC, we investigated the mechanism of how
HAPLN1 regulates collagen in CRC. Previous studies showed
that the TGF-b signaling pathway regulates collagen deposition
(10, 22); thus, we assessed the key downstream proteins (Smad2,
Smad3, Smad4, and COL1A1) in this signaling pathway in
normal colon tissue and tumors from CRC patients. Smad2,
Smad3, Smad4, and COL1A1 proteins were strongly expressed in
tumor tissues from CRC patients compared with normal colon
controls (Figure 6E). We also measured Smad2/3, p-Smad2/3,
and Smad4 proteins in an in-vitromodel of CRC. We found that
Smad2/3, p-Smad2/3 and Smad4 proteins were significantly
increased in CRC epithelial cells after TGF-b challenge, but
were decreased with HAPLN1 over-expression (Figures 6E–I
and Supplementary Figure S2B).

To further understand how HAPLN1 regulates CRC growth, we
assessed E-cadherin protein in our in-vitro model of CRC. E-
cadherin is an important molecule involved in cell adhesion and
tumor development (29). TGF-b challenge increased E-cadherin
protein levels in CRC epithelial cells; however, the levels were
A

D

E F

B C

FIGURE 3 | TGF-b stimulation reduces HAPLN1 protein in human colorectal cancer (CRC) cells. Human CRC epithelial cells (Caco-2) were challenged with
recombinant TGF-b protein (5 ng/ml), and controls cells received media. (A) HAPLN1 and COL1A1 protein levels were assessed in cell lysates over a time course (6,
12, 24, and 48 h) of TGF-b challenge by immunoblot. Fold change of densitometry of HAPLN1 (B) and COL1A1 (C) was normalized to b-actin. (D) Caco-2 cells
were stained with HAPLN1 and nuclei were stained with DAPI and assessed using immunofluorescence (n = 4, scale bar = 100 mm). p-Smad2/3 (E) and HAPLN1
(F)-positive cells were normalized to total cells to determine the percentage of HAPLN1-positive cells. Results are mean ± SEM. *P < 0.05, **P < 0.01, ***P < 0.001,
****P < 0.0001 compared with control cells that received media. ##P < 0.01, ###P < 0.001 compared with TGF-b-challenged cells after 48 h.
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significantly decreased with HAPLN1 overexpression compared
with cells transfected with the negative control plasmid (Figure 6J).
DISCUSSION

HAPLN1 is an ECM protein that contributes to cell proliferation,
cell–cell interactions, and tumor development. In this study, we
found that the HAPLN1 gene and proteins are decreased in
tumors from CRC patients compared with colon healthy controls
and normal colon regions of CRC patients. We also show that
decreases in HAPLN1 proteins are associated with increased
COL1A1 protein levels in CRC epithelial cells after TGF-b
challenge and control tumor growth. A potential mechanism is
that HAPLN1 regulates tumor cell proliferation via the TGF-b
(Smad2/3, p-Smad2/3, and Smad4) signaling pathway. HAPLN1
also mediates E-cadherin to regulate tumor cell attachment in
CRC. However, HAPLN1 overexpression restored COL1A1,
TGF-b signaling, and E-cadherin proteins in CRC epithelial cells.

Studies have shown that HAPLN1mRNA is downregulated in
chondrocytes in endoplasmic reticulum stress-induced cartilage
damage (30). HAPLN1 expression is significantly reduced by
interleukin-1 alpha stimulation and further results in decreased
cell proliferation in cartilage injury (31). Previous studies showed
thatHAPLN1mRNA was decreased in brain cells 24 h after TGF-
b-induced brain damage (11). These studies indicate that
HAPLN1 is associated with cell growth, but HAPLN1 levels
vary in different cancers. HAPLN1 gene expression is increased
in lung tissues from patients with pleural mesothelioma compared
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with healthy controls (32), while some other studies showed
HAPLN1 levels decreased during aging, and this is potentially
involved in cancer invasion (6). The decrease in HAPLN1 protein
results in the disruption of the vascular basement membrane and
induces vessel permeability, and this enhances melanoma
metastasis (6). To our knowledge, only one other study has
assessed the HAPLN1 gene in a small cohort (n = 15) of CRC
patients and it was found to be elevated in CRC (12). However,
previous studies indicated that HAPLN1 expression may be
altered during colorectal carcinogenesis (33). In our study, we
observed a decreased gene expression of HAPLN1 in CRC
patients compared with healthy controls and normal tissue
adjacent to the tumor. The decreased in HAPLN1 protein has
also been confirmed in CRC patients by histological analysis in a
larger cohort (n = 59). The HAPLN1 protein is further decreased
in severe CRC patients, indicating a correlation between HAPLN1
and CRC severity. Low levels of HAPLN1 gene in the colon are
associated with a lower survival rate of CRC patients, indicating
that factor downregulation of HAPLN1 may drive CRC
development. We have also shown that epithelial, stromal, and
endothelial cells and myofibroblasts express HAPLN1 gene in the
colon by RNA-sequencing, but only epithelial cells are associated
with tumor formation in CRC.

Abnormal deposition of ECM leads to tissue stiffening and is
associated with the tumor microenvironment in CRC (34).
Collagen is the most abundant component of ECM protein and
increased collagen deposition results in tissue remodeling and
tumor formation (10). We previously showed that collagen
(COL1A1 and COL3A1) mRNAs are increased in tumor tissues
A

D E

B

C

FIGURE 4 | HAPLN1 overexpression increases HAPLN1 but decreases COL1A1 proteins in human colorectal cancer (CRC) epithelial cells. HAPLN1 overexpression
plasmids conjugated with GFP were transfected into human CRC epithelial (Caco-2) cells. (A) GFP-positive cells were assessed over a time course of transfection (0,
6, 12, 24, and 48 h) by immunofluorescence (n = 4, scale bar = 100 mm), and (B) GFP-positive cells were normalized to total cells (per view). (C) HAPLN1 and
COL1A1 proteins were assessed in cell lysates over a time course of HAPLN1 overexpression plasmid transfection (0, 6, 12, 24, and 48 h) by immunoblot. Fold
changes of densitometry of HAPLN1 (D) and COL1A1 (E) were normalized to b-actin. n = 4. Results are mean ± SEM. *P < 0.05, **P < 0.01, ****P < 0.0001
compared with cells 0 h after HAPLN1 overexpression plasmid transfection. #P < 0.05, ####P < 0.0001 compared with cells 48 h after HAPLN1 overexpression
plasmid transfection.
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from CRC patients compared with normal tissue adjacent to the
tumor (26). In this study, we show that COL1A1 protein is
significantly increased in CRC epithelial cells after TGF-b
challenge. We also show that HAPLN1 correlated with collagen
in CRC, indicating that HAPLN1 may regulate collagen in the
tumor microenvironment. Increased collagen deposition in tissues
results in cancer cell proliferation and tumor growth (35).
However, increased collagen is associated with decreased
HAPLN1 in CRC epithelial cells after TGF-b challenge. We also
observed an increase of HAPLN1 protein in CRC epithelial cells
Frontiers in Oncology | www.frontiersin.org 984
after 24 h of HAPLN1 overexpression compared with earlier time
points. This leads to a decrease of collagen in the cancer cells,
indicating that HAPLN1 may regulate collagen formation in CRC.

TGF-b is an important cytokine in the regulation of cell
proliferation, differentiation, adhesion, and migration in many cell
types (36). It is a key regulator of ECM products and the
microenvironment in cancers (36). The TGF-b signaling pathway
is involved in cancer development and tumor growth in CRC, and
Smad family members are important downstream molecules in the
TGF-b signaling pathway (37). Studies show that Smad2 knockout
A
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FIGURE 5 | HAPLN1 overexpression reduces tumor cell growth in colorectal cancer (CRC). Human CRC epithelial (Caco-2) cells were transfected with HAPLN1
overexpression or negative control plasmid, and vehicle controls received media. Cells were then challenged with human recombinant TGF-b protein. (A) Live cells
were enumerated during the time course of TGF-b challenge (0, 6, 12, and 24 h) using a cell viability assay. (B) Cells were stained with crystal violet after 24 h of
TGF-b challenge and (C) visualized using light microscopy (scale bar = 100 um). (D) Cell migration was assessed by boyden’s chamber assay after 24 hours TGF-b
challenge that Caco-2 cells were stained with crystal violet (scale bar = 100 um) and (E) migrated were counted in at least 5 random fields per well under 20x
magnification lens by an inverted microscope. (F) Cell Scratch assays were performed in wells cultured with Caco-2 cells, and cancer cell invasion and migration
were assessed by wound healing (scale bar = 200 um). (G) Wound area was assessed by measuring wound closure size after 0, 6, 12, and 24 h post-scratch. n =
4. Results are mean ± SEM. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 compared with control cells. #P < 0.05, ####P < 0.0001 compared with cells
transfected with negative control plasmid.
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mice are embryonic lethal (38). Smad3 protects against the
development of colorectal tumors, and specifically, knockout of
exon 2 in Smad3 promotes metastasis of large bowel cancer (39).
However, knockout of exon8 in Smad3 results in autoimmunitywith
abnormally activated T cells, and this induces colon inflammation
and adenocarcinomas (40). Smad4 knockout mice are prone to
embryonic lethality due to defects in gastrulation (41). Depletion of
Smad4 from T cells in mice leads to epithelial carcinomas in the gut
(42). We show that TGF-b stimulation increases both Smad2/3 and
p-Smad2/3 proteins in CRC epithelial cells, and this confirmed the
findings of a previous study (43). This demonstrates that the balance
of Smad proteins is critical in tumor formation in CRC. We have
shown that HAPLN1 overexpression in cancer cells restored p-
Frontiers in Oncology | www.frontiersin.org 1085
Smad2/3 to control levels, indicating that HAPLN1 may regulate
the TGF-b signaling pathway.

Changes in the tissue microenvironment contribute to cell–cell
adhesion, and loss of adhesion is a key mechanism of cancer
invasion and progression (44). E-cadherin is a key adhesion
protein that promotes cell–cell adhesion and maintains epithelial
morphology (45). Studies have identified that low levels of E-
cadherin expression are associated with colon cancer invasiveness
(44). The expression of E-cadherin in cancer patients with
metastasis is lower than that in normal tissue adjacent to the
tumor (45). Patients with cancer had decreased E-cadherin
expression and this led to a lower survival time (44). This
indicates that E-cadherin is associated with tumor differentiation,
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FIGURE 6 | HAPLN1 regulates collagen via the TGF-b signaling pathway and E-cadherin to control tumor growth in colorectal cancer (CRC). Human CRC epithelial
(Caco-2) cells were transfected with HAPLN1 overexpression or negative control plasmid, and vehicle controls received media. Cells were then challenged with human
recombinant TGF-b protein. (A) Cells were stained with HAPLN1 and COL1A1 fluorescent antibody after 24 h of TGF-b and assessed by immunofluorescence (scale
bar = 100 mm). (B) HAPLN1 and COL1A1 proteins were assessed in cell lysates by immunoblot. Fold change of densitometry of HAPLN1 (C) and COL1A1 (D) was
normalized to b-actin. (E) Smad2, Smad3, Smad4, and COL1A1 proteins in human colon healthy controls and tumors from CRC patients by immunohistochemistry
in the Pathology Atlas database (scale bar = 200 mm). (F) Smad2/3, Smad4, p-Smad2/3, and E-cadherin proteins were assessed in cell lysates by immunoblot. Fold
change of densitometry of Smad2/3 (G), Smad4 (H), p-Smad2/3 (I), and E-cadherin (J) was normalized to b-actin. n = 4. Results are mean ± SEM. *P < 0.05,
**P < 0.01, ***P < 0.001, ****P < 0.0001 compared with control cells receiving media. #P < 0.05, ##P < 0.01, ###P < 0.001, ####P < 0.0001 compared with cells
transfected with negative control plasmid.
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invasion, lymph node metastasis, and severity of cancer (46). In
this study, we have shown that TGF-b challenge reduces E-
cadherin protein in CRC cells, and this confirmed previous
observations (47). However, overexpression of HAPLN1 in CRC
cells increased E-cadherin proteins after TGF-b stimulation,
indicating that HAPLN1 regulates E-cadherin and reduces
tumor cell growth.

Taken together, our data show that low levels of HAPLN1
induces collagen deposition in the colon via p-Smad2/3 involved
in the TGF-b signaling pathway. Increased collagen leads to cell
microenvironment changes and tumor cell proliferation,
migration, and invasion in CRC. HAPLN1 overexpression
restored HAPLN1 protein and reduced cancer cell growth
(Figure 7). This provides a new therapeutic approach by
restoring HAPLN1 in CRC patients.
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Background: Combination of neoadjuvant immunotherapy and chemotherapy (nICT) is a
novel treatment for locally esophageal cancer squamous cell carcinoma (ESCC). This
study aimed to evaluate the potential effect of nICT on surgery safety by comparing short-
term outcomes between the surgery alone group and the nICT followed by surgery group.

Methods: A retrospective analysis was performed to identify patients (from January 2017
to July 2021) who underwent surgery for ESCC with or without nICT. A propensity score
matching (PSM) comparison (1:1) was conducted to reduce selection biases and balance
the demographic and oncologic characteristics between groups.

Results: After PSM, the nICT group (n = 38) was comparable to the surgery alone group
(n = 38) in the following characteristics: age, sex, BMI, ASA status, smoking, tumor
location, lymph node resection, clinical stage, anastomotic location, surgical approach,
and surgical approach. The operation time and incidence of postoperative pneumonia in
the nICT group were higher than those in the control group (p < 0.05). However, other
complications and major complications were comparable between the two groups. There
was no significant difference between the two groups in intraoperative blood loss, ICU stay
time, postoperative hospital stay, and hospitalization cost. The 30-day mortality, 30-day
readmission, and ICU readmission rates were also similar in the nICT and control groups.
In the nICT group, the pathological complete response rate in primary tumor was 18.4%,
and the major pathological response rate in tumor was 42.1%.
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Conclusions: Based on our preliminary experience, nICT followed by surgery is safe and
effective with acceptable increased operation risk, manageable postoperative
complications, and promising pathological response. Further multicenter prospective
trials are needed to validate our results.
Keywords: esophagectomy, neoadjuvant immunotherapy, surgery, esophageal cancer squamous cell carcinoma,
operation difficulty
BACKGROUND

Esophageal cancer (EC) is one of the most prevalent types of
cancer and a major cause of death with 572,000 new diagnosis
cases and 500,000 deaths annually. Esophageal cancer squamous
cell carcinoma (ESCC) is the main sub-type in Asians (1, 2).
Esophagectomy plays an important role in treatment for locally
advanced ESCC (3). However, surgery alone is often associated
with high recurrence and metastasis rates up to 43.3%–50.0% (4).

Compared to surgery alone, neoadjuvant chemotherapy
(nCT) and neoadjuvant chemoradiotherapy (nCRT) have been
proven to improve long-term survival without additional
postoperative morbidity and mortality (5). In Asia, nCT
followed by surgery has been advocated as standard treatment
for locally advanced ESCC (6). Kamarajah et al. reported that
compared to nCT, overall survival benefit was evident for nCRT
(HR 0.78, 0.62 to 0.97), and recommended nCRT followed by
surgery for ESCC (6). A meta-analysis including 4,529 patients
(nCT: 2,035; nCRT: 2,494) found that compared to the nCT
group, deaths caused by tumor progression or recurrence were
significantly less in the nCRT group than in the nCT group;
however, there was not an increase in 5-year survival (7).
Optimal neoadjuvant treatment strategy for locally advanced
ESCC is still controversial and not promising. It is necessary to
explore novel treatment regiments to achieve better long-term
prognosis (8).

Antibodies against the immune inhibitory pathway of
programmed death 1 (PD-1) protein or PD-1 ligand 1 (PD-L1)
checkpoint inhibitors is a milestone in treatment of ESCC. In
CheckMate 577 trails, Kelly et al. reported that nivolumab
adjuvant therapy could prolong 11.4 months disease-free
survival among patients with resected esophageal or
gastroesophageal junction cancer who had received nCRT (9).
Recently, pembrolizumab plus chemotherapy has been
recommended as first-line treatment for advanced EC (10).
Considering the promising results in advanced EC, it is
reasonable to explore the efficacy and safety of neoadjuvant
immunotherapy combined chemotherapy (nICT) (11, 12).

Recently, Shen et al. reported a cohort of 27 patients who
received surgery after 2 cycles of nICT with a low-toxicity profile,
a high R0 resection rate, and a promising pathological complete
response (pCR) rate (13). Although the nICT has become
popular, there were still concerns that immune therapy may
affect surgical safety, complications, and mortality. To date, there
was only a handful of study focusing on the above concerns and
there remains a need for further evidence. This study aimed to
evaluate the potential effect of nICT on surgery by comparing
290
short-term outcomes in the surgery alone group and
esophagectomy followed by nICT.
METHODS

Patient Selection and Study Design
This study was approved by the Ethics Committee of Fujian
Medical University Union Hospital. Patients’ written informed
consent was obtained. Consecutive patients were recruited
retrospectively who underwent esophagectomy with or without
nICT for ESCC at Fujian Medical University Union Hospital
from January 2017 to July 2021. The inclusion criteria were as
follows: (1) thoracic ESCC; (2) receiving minimally invasive
esophagectomy (MIE); and (3) with complete clinical data.
Patients with nonresectable tumors or metastases during
exploratory surgery or who received either neoadjuvant
chemotherapy or chemoradiotherapy were excluded.

A propensity score matched analysis (1:1) was conducted to
balance the demographic and oncologic characteristics.
Propensity score was measured based on 4 factors: age, BMI,
clinical tumor-lymph node-metastasis (cTNM) stage (for nICT
group: cTNM stage after neoadjuvant therapy), and American
Society of Anesthesiologists (ASA) status. We chose cTNM stage
after neoadjuvant therapy due to two reasons: First, before
treatment, most patients in the nICT group were diagnosed
with III or IV cTNM stage, and it is hard to conduct a balanced
match with the surgery alone group. Second, compared with
using cTNM stage before neoadjuvant therapy, using cTNM
stage after neoadjuvant therapy could better reflect the clinical
reality, and further confirm the safety and efficacy of nICT
followed by surgery. The 8th edition American Joint
Committee on Cancer/Union for International Cancer Control
staging system was used in clinicopathologic staging.

Treatment Protocols
Patients who meet the following inclusions received nICT: (1)
aged between 18 and 75 years old; (2) staged as cT1-2N1-3M0 or
cT3-4aN0-3M0; (3) with normal hematologic, hepatic, and renal
function; and (4) ECOG status ranged 0–2. The patients received
2–4 cycles of intravenous PD-1 inhibitor (sintilimab at a dose of
200 mg, pembrolizumab at a dose of 200 mg, and camrelizumab
at a dose of 200 mg) every 3 weeks (day 1). Chemotherapy
mainly consisted of simultaneous treatment with platinum-based
drugs and paclitaxel [TP regimen, with cisplatin (60 mg/m2) on
day 1, and albumin-bound paclitaxel (125 mg/m2) on days 1 and
8]. Surgery was performed within 4–8 weeks after the end of the
December 2021 | Volume 11 | Article 797426
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last neoadjuvant treatment. All patients received MIE with
standard 2-field or 3-field lymphadenectomy and gastric
reconstruction. We regularly conducted standard 2-field
lymphadenectomy. Neck lymphadenectomy was conducted
when patients were suspected with swollen lymph nodes in
the neck.

Outcome Measures
Postoperative complications in hospital were coded using the
Clavien-Dindo classification; major complications were defined
as Clavien-Dindo classification grade ≧ 3 (14). The primary end
point was 30-day complications. Secondary end points were
interval to surgery, operation time, thoracic drainage tube stay,
30-day readmission rate, and 30-day mortality. Interval to
surgery was defined as the last measured from the end of last
neoadjuvant treatment to the date of surgery. Operative time was
measured from incision to wound closure. ICU stay was defined
as from the day of entry into the ICU to the day of leaving
the ICU.

Statistical Analysis
Patients were classified into two groups, the surgery alone group
and the nICT group. The propensity score (PS) matched analysis
was used to reduce the bias. PS was calculated with a logic model
to fit the following variables: age, sex, BMI, and tumor-node-
metastasis (TNM) stage. Setting caliper = 0.05, matching ratio =
1:1, and two comparable groups of patients were created with 38
patients in each group. The continuous variable of normal
distribution was expressed as mean ± standard deviation, the
continuous variable of abnormal distribution was expressed as
median (quartile range), and the classified variable was expressed
as number (percentage). For equivalent variables with a normal
distribution, an independent Student’s t-test was used. The
Mann–Whitney U test was used to compare the abnormal
distribution variables between the two groups. The frequency
of the classification variables was determined by using Pearson 2
or Fisher’s exact test, where appropriate. Statistical analysis was
conducted in R version 4.0.4 (R Foundation for Statistical
Computing, Vienna, Austria). A two-sided p-value < 0.05 was
considered as significant.
RESULTS

Patient Selection and Baseline
Characteristics
To reduce the confounding bias, we conducted a 1:1 PSM cohort
between the nICT group (n = 38) and surgery alone group (n =
38). After PSM, the clinical and demographic characteristics of
the two groups were well balanced, including age, gender, BMI,
ASA status, hypertension history, smoking, tumor location,
lymphadenectomy, pathological stage, anastomotic position,
route of gastric conduit, procedure type, and operative
approach. The baseline characteristics are summarized
in Table 1.
Frontiers in Oncology | www.frontiersin.org 391
Complications and Short-Term Outcomes
All patients successfully received MIE. No patients converted to
open surgery. The nICT group had a significantly longer
operation time (311.7 ± 74.5 min), compared to that in the
surgery alone group (273.4 ± 51.5 min). The number of removed
lymph nodes were more in the nICT group, with a median 35.5
and 30 in the nICT group and surgery alone group, respectively
(p = 0.039). The intraoperative blood loss was comparable. The
nICT group had more thoracic drainage volume (p = 0.25).
Furthermore, the thoracic drainage tube stay was significantly
longer in the nICT group (p < 0.001). The ICU stay, hospital stay,
postoperative hospital stays, hospital cost, 30-day mortality, 30-
day readmission, and ICU readmission were similar in both
groups. Perioperative outcomes before and after PSM are
summarized in Table 2.

Complications within 30 days after PSM are summarized in
Table 3. Incidences of anastomotic leakage, pleural effusion,
palsy of recurrent laryngeal nerve, chylothorax, bleeding, and
postoperative blood transfusion were similar in nICT group and
surgery alone group. The incidence of pneumonia was
significantly higher in the nICT group (24/38, 63.2%) than that
in the surgery alone group (11/38, 28.9%). Frequency of 30-day
major complications after PSM is listed in Figure 1.

Efficacy
R0 resection was achieved in all patients in the nICT group and
control group. In the nICT cohort, 21 patients achieved clinical
partial recovery, and 17 patients achieved clinical stable disease.
In the surgery alone group, 1 patient achieved clinical partial
advance; others achieved clinical stable disease during the period
of waiting for surgery. In the nICT group, seven patients (7/38,
18.4%) achieved pCR in primary tumors, and sixteen patients
(16/38, 42.1%) achieved major pathological response (MPR) in
primary tumors. Two patients still had cancer residual in lymph
node, while achieving pCR in primary tumors. The median
tumor regression rate was 72.5%. The details of tumor
regression are shown in Figure 2.
DISCUSSION

In this study, there were no significant postponement of surgery
after completion of neoadjuvant therapy. Although the operation
time in the nICT group was longer than that in control, which
contributed to a higher incidence of pneumonia in nICT group,
other major complications were comparable between the nICT
group and control group after PSM. Furthermore, there was no
significantly increased risk of 30-day mortality, 30-day
readmission, and ICU readmission due to neoadjuvant
immunotherapy. The postoperative hospital stay and hospital
cost were similar in the nICT group and control group. From our
preliminary experience, nICT followed by surgery is safe and
effective with acceptable increased operation risk and
manageable postoperative complications.

Operation time, especially duration of one-lung ventilation
(OLV), is a risk factor for postoperative pneumonia. OLV is
December 2021 | Volume 11 | Article 797426
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necessary to help achieve optimal surgical exposure during
thoracic surgery and reduce the contralateral lung
contamination (15). However, OLV can cause serious
physiological disorders. Then, the ventilated lung is exposed to
hyperperfusion and ventilator-induced lung injury, whereas the
Frontiers in Oncology | www.frontiersin.org 492
collapsed lung is mainly affected by ischemia-reperfusion injury
(16). Lai et al. found that OLV ≥150 min is an important risk
factor for postoperative pneumonia after McKeown
esophagectomy and recommended that lung protection should
be taken when OLV prolongation is expected (17). We found
TABLE 2 | Perioperative outcomes after propensity score matching.

Outcomes nICT group Control group p

Operative time (min) 311.7 ± 74.5 273.4 ± 51.5 0.01
Converted to open surgery 0 0 NA
Intraoperative blood loss (ml) 100 (50, 100) 100 (80, 100) 0.77
Lymph nodes moved number 35.5 (28.3, 42) 30(21.8, 37.8) 0.039
Thoracic drainage tube stay (days) 7 (8, 12.5) 4 (3, 5.3) <0.001
Thoracic drainage volume (ml) 1,895 (1,150, 2,675) 1,500 (1,173.5, 1,086.5) 0.25
ICU stay (days) 0 (0, 0.5) 0 (0, 0) 0.38
ICU readmission (n) 2 1 0.39
30-day mortality (n) 0 0 NA
30-day readmission (n) 2 2 1.00
Postoperative hospital stay (days) 9 (9, 14.3) 10 (8, 14.5) 1.00
Hospital stay (days) 21.5 (15.8, 28.5) 19 (16, 25) 0.49
Hospital cost (10,000 RMB) 8.8 (7.9, 11.3) 8.9 (8.4, 10.9) 0.82
December 2021 | Volume 11 | Article
Hb, hemoglobin; ICU, intensive care unit; CCI, comprehensive complications index. NA, Not available.
TABLE 1 | Baseline characteristics after propensity score matching.

Characteristics nICT group Control group p

Number 38 38 NA
Age 58.8 ± 7.6 59.1 ± 7.91 0.9
Male 22 21 0.74
BMI 22.4 ± 1.9 22.9 ± 3.1 0.57
ASA 0.60
1 1 0
2 35 36
3 2 2

Diabetes 2 1 0.60
Hypertension 4 6 0.50
Smoking history 24 22 0.64
FEV1 2.8 ± 0.6 2.5 ± 0.6 0.28
EF% 67.8 ± 6.2 67.7 ± 5.9 0.94

Neoadjuvant cycle 2 (2, 2) NA NA
Interval to surgery 46.5 ± 19.1 NA NA
Tumor location 0.17
Upper 1 3
Middle 21 26
Lower 16 9

cTNM Stage (nICT Group: stage after neoadjuvant therapy) 0.21
I 19 16
II 4 10
III 15 12
IV 0 0

Lymphadenectoy 0.08
2-field 35 38
3-field 3 0

Anastomotic position NA
Cervical 38 38
Thoracic 0 0

Route of gastric conduit 0.08
Posterior mediastinal 38 35
Restro-sternal 0 3

Procedure type 0.64
Robot-assisted 35 36
Thoracoscopy 3 2
79
ASA, American Society of Anesthesiologists; BMI, body mass index; FEV1, Forced expiratory volume in one second; EF, Ejection Fractions. NA, Not available.
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that incidence of major pneumonia was similar in the nICT
group and control group. The possible reason is that early
intervention could treat pneumonia. In our institution, we
positively managed preoperative comorbidities, such as
diabetes and chronic obstructive pulmonary disease (18), and
advise patients to do respiratory function exercise. Sputum
suction was conducted during operation and after operation.
Early diagnosis of pneumonia and antibiotic treatment can
prevent progression to respiratory failure and an increased risk
of death. For patients who received nICT, pneumonitis may
occur after operation, and sometimes it is difficult to diagnose
based on CT scan. One patient underwent pneumonitis on the
7th day after operation, and this patient finally recovered with
methylprednisolone treatment. Thus, for patients who have
received nICT, pneumonitis should be considered when
postoperative pneumonia does not respond to antibiotic
treatment. Totally, the postoperative complications in nICT
group were manageable.

In this study, we attributed the higher incidence of
postoperative pneumonia to the longer operation time in the
nICT group. From our experience, the thoracic surgery led to a
longer operation time. Previous studies on the safety and feasibility
of surgical resection after neoadjuvant immunotherapy for non-
small cell lung cancer have shown increased surgical difficulty and
technical challenges. Chaft et al. reported that response to
Frontiers in Oncology | www.frontiersin.org 593
immunotherapy in patients with non-small cell lung cancer may
lead to high-density fibrosis. For patients with dense fibrosis (19),
dissection of the mediastinum and hilum is technically challenging.
Bott et al. reported the possibility of an unexpected transition from
thoracoscopic lobectomy after immunotherapy (20), although
there was still no report of an unexpected transformation from
thoracoscopic surgery to open surgery in patients receiving nICT.
However, the adhesions at the site of tumor retreat would result in
unclear interstitial boundaries, especially if the tumor is located in
the middle thoracic region adjacent to the trachea. Thus, when
there is an adhesion between the esophagus and surrounding
tissue, the surgeon needs to carefully distinguish the tissue
boundaries to avoid damage to trachea, thoracic duct, and
important nerve and vessels. For surgeons still on a learning
curve, esophagectomy on patients who received nICT is not
recommended. Fortunately, there were no dense adhesions that
would require unexpected thoracotomy. Sihag et al. conducted a
PSM to compare the short-term outcomes between the
neoadjuvant immunotherapy and chemoradiotherapy, and the
chemoradiotherapy alone group. Based on their preliminary
experience, esophagectomy is safe and feasible following
combined neoadjuvant immunotherapy and standard
chemoradiotherapy for locally advanced esophageal cancer (21).
Thus, from our opinions, the operation risk and technical challenge
from immune therapy were acceptable.

Hao Wang et al. reported the pCR rate of resected tumors of
35.7% in the nCRT group and 3.8% in the nCT group (22). In
this study, the anti-tumor effect of nICT were promising, with a
pCR rate of 18.4% in primary tumor and a MPR rate in tumor
TABLE 3 | Postoperative complications within 30-day after operation coded by
the Clavien-Dindo classification.

Complications nICT group Control group p

Pneumonia 0.005
Grade 0 14 27
Grade 2 6 5
Grade 3 11 6
Grade 4 7 0

Anastomotic leakage 0.18
Grade 0 35 31
Grade 1 0 0
Grade 2 3 7
Grade 3 0 0

Pleural effusion 0.16
Grade 0 19 23
Grade 1 13 9
Grade 2 3 0
Grade 3 3 6

Palsy of recurrent laryngeal nerve 1.00
Grade 0 36 36
Grade 1 2 2

Cardiac events 0.06
Grade 0 29 36
Grade 1 2 0
Grade 2 7 2

Chylothorax 0.16
Grade 0 36 37
Grade 1 2 1

Bleeding 0.33
Grade 0 37 38
Grade 1 0 0
Grade 2 1 0

Postoperative blood transfusion 1.00
Grade 0 37 37
Grade 2 1 1
FIGURE 1 | Frequencies of 30-day major complications (defined as Clavien-
Dindo classification grade ≧ 3) after propensity score matching in the
neoadjuvant immunotherapy combined chemotherapy (nICT) group and the
surgery alone group.
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42.1%. Pathological response to neoadjuvant therapy is
significantly associated with long-term survival in patients with
ESCC (23). It seems that a combination of immune therapy
appears to be superior to that with nCT only and inferior to that
in nCRT. Considering that most patients in this study were at the
clinical III or IVA stage, there is a need to conduct long-term
follow-up to evaluate the efficacy of nICT pattern.

The current study is known to have limitations. Its
retrospective design introduces the inevitable risk of selection
and information bias. Although propensity score matching was
used to minimize indication confusion, potential bias can never
be completely eliminated. All operations were performed by
specialized, experienced thoracic surgeons in high-volume
centers with surgery volume over 300 cases per year to ensure
the treatment standardization. The sample size is relatively
limited, and a multi-center large-sample study is needed to
further verify the current results.
CONCLUSION

Compared with the control group, esophagectomy followed by
nICT would increase operation time and incidence of
pneumonia. However, the nICT group and control group were
similar in major postoperative complications and mortality.
Based on our preliminary experience, nICT followed by
Frontiers in Oncology | www.frontiersin.org 694
surgery is safe and effective with acceptable increased operation
risk and promising pathological response.
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Background: The published evidence from several randomized controlled clinical trials of
immunotherapy for advanced esophageal squamous cell carcinoma has shown
promising results. This study aimed to investigate the efficacy and safety of immune
checkpoint inhibitor treatment in esophageal squamous cell carcinoma.

Methods: PubMed, Web of Science, Cochrane Library, and Embase databases were
searched for relevant articles published before December 30, 2020. The data for efficacy
and safety of immune checkpoint inhibitor treatment were subjected to meta-analysis.

Results: Seven clinical trials comprising 1733 patients were included. The results showed
that immune checkpoint inhibitor treatment as second- or later-line treatment was
associated with an increased risk of the objective response rate (relative risk: 1.82,
95% confidence interval: 0.82–4.04; P=0.002) and median overall survival (hazard ratio:
0.75, 95% confidence interval: 0.67–0.85; P<0.001) compared with chemotherapy in
locally advanced or metastatic esophageal squamous cell carcinoma. Moreover, immune
checkpoint inhibitor treatment was associated with significant improvement in median
overall survival (hazard ratio: 0.61, 95% confidence interval: 0.48–0.77, P<0.001)
compared with chemotherapy in the programmed death-ligand 1 (PD-L1)-positive
population. However, immune checkpoint inhibitor treatment was also effective in all
patients independent of PD-L1 expression. The most common grade ≥3 treatment-
related adverse events with immune checkpoint inhibitor therapy were anemia, asthenia,
rash, fatigue, decreased appetite, diarrhea, pneumonia, decreased neutrophil count, and
vomiting. Patients undergoing immune checkpoint inhibitor therapy was associated with a
decreased risk of treatment-related adverse events (relative risk: 0.82, 95% confidence
interval: 0.62–1.08; P<0.001) and grade ≥3 treatment-related adverse events (relative risk:
0.50, 95% confidence interval: 0.42–0.60; P<0.001) compared with those undergoing
chemotherapy.

Conclusions: Immune checkpoint inhibitors as second- or later-line therapy may improve
overall response rate and overall survival but not all oncological outcomes for patients with
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locally advanced or metastatic esophageal squamous cell carcinoma. Patients treated
with immune checkpoint inhibitors might experience fewer treatment-related adverse
events of any grade, but specifically grade ≥3, compared with those treated with
chemotherapy.
Keywords: esophageal squamous cell carcinoma, immune checkpoint inhibitor, anti-tumor activity, survival,
adverse event
INTRODUCTION

Esophageal cancer is the seventh most common malignant
tumor and the sixth leading cause of cancer death worldwide
(1). To date, the optimal therapy for local advanced esophageal
cancer has consisted of multidisciplinary therapy involving
neoadjuvant chemotherapy or chemoradiotherapy plus surgery.
Despite improvements in treatment, the long-term survival for
patients with advanced esophageal cancer is still unsatisfactory
(2, 3).

Immunotherapy, with agents such as immune checkpoint
inhibitors (ICIs), cancer vaccines, and adoptive T-cell therapy,
has recently increased hope for improved survival outcomes in
patients with esophageal cancer (4–7). ICI therapy has
dramatically changed the treatment of melanoma and
advanced non-small cell lung cancer (8–12). In the past few
years, published evidence from randomized controlled clinical
trials (RCTs) has shown promise for treatment of esophageal
squamous cell carcinoma (ESCC) (13–15). The two most
common types of esophageal cancer are ESCC and esophageal
adenocarcinoma (EAC), the incidence of which can vary by
region, with the highest rate of EAC occurring in Western
countries and of ESCC occurring in East Asian countries.
There are clear differences between the etiology, molecular
biological features, and prognosis of ESCC and EAC (16, 17).
ESCC with a high level of tumor mutations appeared to be more
sensitive to treatment than EAC (18). The randomized phase 3
trial KEYNOTE-181 showed that patients with ESCC treated
with anti-programmed death-ligand 1 (PD-L1) antibody therapy
tended to survive longer than the overall patient population but
did not make a direct comparison between treatments (13).
Given the high prevalence of ESCC in East Asia and the
shortage of effective treatment options for advanced ESCC,
conventional chemotherapy is far from satisfactory. Thus,
there is an urgent need for the development of novel and
effective treatments for advanced ESCC.

This study aimed to perform a meta-analysis to assess the
efficacy and safety of ICI treatments for patients with advanced
ESCC. Findings from this meta-analysis may be helpful in
guiding ICI treatment for patients with ESCC.
METHODS

Study Search
We conducted a systematic literature review according to the
Preferred Reporting Items for Systematic Reviews and Meta-
297
Analyses (PRISMA) 2009 guidelines (19). Two authors
independently searched PubMed, Web of Science, Cochrane
Library, and Embase for relevant clinical trials published before
December 31, 2020. The search keyword terms were as follows:
((esophageal neoplasm [MeSH Terms]) OR ((((((esophageal
squamous cell carcinoma) OR (oesophageal squamous cell
carcinoma)) OR (squamous cell carcinoma of esophagus)) OR
(squamous cell carcinoma of oesophagus)) OR (esophageal
cancer)) OR (oesophageal cancer))) AND (immunotherapy
[MeSH Terms]) OR ((((((((((((immune checkpoint inhibitor)
OR (PD-1 ) ) OR (PD-L1 ) ) OR (N i vo l umab ) OR
(Pembrolizumab)) OR (Camrelizumab)) OR (SHR-1210)
OR (Toripalimab)) OR (Ipilimumab)) OR (Avelumab) OR
(Atezolizumab)) OR (Durvalumab))).
Study Selection, Data Extraction, and
Quality Assessment
The inclusion criteria were clinical trials that included ICI
monotherapy as second- or later-line treatment for patients
with advanced or metastatic ESCC. Hazard ratio (HR) and
relative risk (RR) for antitumor activity, survival outcomes,
and safety indicators were available. Two researchers
independently selected studies and extracted data; if there were
any questions, another senior researcher was invited to discuss
these. The following information was extracted from the selected
articles: author, year, study name, study design, participant
characteristics, sample size, and interventions. A quality
appraisal of three randomized trials was performed using the
Cochrane Risk of Bias tool (20).
Statistical Analysis
HR, RR, and their associated 95% confidence interval (CI) were
extracted from each article and combined to estimate the
prognostic value. HR or RR <1 indicated a better oncologic
outcome in patients with esophageal cancer treated with ICI than
in those treated with chemotherapy. The Q test and I-squared
statistic were used to assess the heterogeneity of the included
studies. Pooled estimates of HR or RR were calculated initially
using a fixed-effect model. If significant heterogeneity existed
(P<0.10 or I2>50%), a random-effect model was used.
Publication bias was evaluated by both Begg’s and Egger’s tests.
All P-values were two-sided and significant publication bias was
defined as P<0.05. Subgroup analyses were performed on the
basis of which anti-PD-L1 antibody was used. All statistical
analyses were performed using Stata/SE 12.0 software
(StataCorp. LLC, version 12.0, College Station, TX, USA).
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RESULTS

Study Identification and Study
Characteristics
Our search screened 1452 eligible studies and identified nine
clinical trials; one study by Kato et al., 2020 (21) used the same
dataset as that reported by Kudo et al., 2017 (22). In another trial
by Zhang et al., 2020 (23) the study arm applied ICI combined
with chemotherapy, which did not meet the inclusion criteria.
Finally, a total of seven articles (13–15, 22, 24–26) were included
in this meta-analysis. The flow diagram for identifying relevant
studies is shown in Figure 1A.

All the included studies were published in peer-reviewed
journals between 2010 and 2019 and were performed in eight
countries (Japan, China, France, South Korea, USA, France,
United Kingdom, and Germany). Of these clinical trials, three
were multicenter, open-label, phase 3 RCTs (13–15) comparing
ICI monotherapy vs. chemotherapy, and four were single-arm,
prospective, phase 1–2 trials (22, 24–26) applying ICI
monotherapy. Four trials enrolled patients with ESCC, three
enrolled patients with both ESCC and EAC. All trials
investigated anti-PD-L1 antibody therapy (three with
pembrolizumab, two with camrelizumab, and two with
nivolumab). A comprehensive outline of the characteristics of
the included clinical trials are presented in Table 1. Three
randomized trials reported the sample size assessment and
follow-up time, but the method used for study allocation
concealment in one study was unclear (Figure 1B). Because of
a lack of appropriate evaluation tools, the risk of bias in the four
single-arm trials was not estimated.

Objective Response Rate (ORR) and
Disease Control Rate (DCR)
The pooled ORR and DCR of ICI treatment and a subgroup
analysis are summarized in Table 2. The pooled ORR of ICI
treatment was 18.3%. The ORRs of the pembrolizumab,
camrelizumab, and nivolumab ICI subgroups were 16.3%,
Frontiers in Oncology | www.frontiersin.org 398
24.2%, and 18.5%, respectively. The pooled DCR of ICI
treatment was 38.4%. The DCRs of the pembrolizumab,
camrelizumab, and nivolumab subgroups were 28.0%, 46.1%,
and 33.0%, respectively.

Three RCTs including 1268 patients demonstrated that ICI
treatment was significantly associated with improvement of
ORR compared with chemotherapy, with an estimated RR of
1.82 (95% CI: 0.82–4.04, P=0.002) with significant heterogeneity
(I2 = 85.7%, P=0.001) (Figure 2A). These results suggested that
ICI as second- or later-line treatment for patients with locally
advanced or metastatic ESCC was associated with an increased
risk of response compared with chemotherapy.

However, two studies comprising 867 patients compared the
DCR between two groups, ICI versus chemotherapy. Pooled data
from the two studies showed no significant difference between
ICI treatment and chemotherapy, with an estimated RR of 0.88
(95% CI: 0.41–1.88, P=0.739) without apparent heterogeneity
(I2 = 95.4%, P<0.001) (Figure 2B).

Overall Survival Rate, Median Overall
Survival (OS) and Median Progression-
Free Survival (PFS)
The results of analysis of pooled 6-month and 12-month OS rate
of ICI treatment and the associated subgroup analysis are also
summarized in Table 2. The pooled 6-month OS rate of ICI
treatment was 57.1%. The 6-month OS rate of the
pembrolizumab and camrelizumab ICI subgroups was 50.8%
and 63.0%, respectively. The pooled 12-month OS rate of ICI
treatment was 37.5%. The 12-month OS rate of the
pembrolizumab, camrelizumab, and nivolumab ICI subgroups
was 34.9%, 34.0%, and 47.0%, respectively. The highest 6-month
OS rate (63.0%) was observed in the camrelizumab subgroup and
the highest 12-month OS rate (47%) in the nivolumab subgroup.

Meta-analysis of three RCTs comprising 1268 patients
revealed that ICI treatment improved median OS compared
with chemotherapy when used as second- or later-line
treatment of locally advanced or metastatic ESCC. This
A B

FIGURE 1 | Study identification and risk of bias (A) Flow diagram of identification of relevant studies; (B) Summary of risk of bias summary of randomized controlled
trials. + low risk,? unclear risk, – high risk.
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corresponded to a pooled HR of 0.75 (95% CI: 0.67–0.85;
P<0.001) without obvious heterogeneity (I2 = 0.0%,
P=0.801) (Figure 3A).

However, no significant difference was found in the median
PFS of patients treated with ICI or chemotherapy (HR: 0.88,
95% CI: 0.68–1.14, P=0.330) with significant heterogeneity
(I2 = 76.7%, P=0.014) (Figure 3B).
Frontiers in Oncology | www.frontiersin.org 499
PD-L1-Positive Tumors
Three studies compared the antitumor activity of treatment in
patients with PD-L1 positive (≥1%) and negative (<1%) tumors.
The ORR and DCR of patients with PD-L1 positive tumors were
22.2% and 48.0%, while those of patients with PD-L1 negative
tumors were 6.7% and 26.9% (Table 2). Meta-analysis of three
RCTs comprising 561 patients revealed that in patients with high
TABLE 2 | ORR, DCR and OS rate in different subgroups.

Sourcea Outcome Heterogeneity Rate (95% CI) %

13-15,22,24-26 ICI ORR Fixed 18.3 (15.8-20.9)
13,24,26 Pembrolizumab ORR Fixed 16.3 (12.3-20.2)
14,26 Camrelizumab ORR Random 24.2 (12.4-36.0)
15,22 Nivolumab ORR Fixed 18.5 (13.9-23.1)
14,15,22,25,26 ICI DCR Random 38.4 (30.1-46.8)
26 Pembrolizumab DCR —— 28.0 (35.2-43.2)
14,26 Camrelizumab DCR Fixed 46.1 (40.0-52.2)
15,22 Nivolumab DCR Random 33.0 (23.4-42.6)
14,24,26 ICI 6-month OS rate Random 57.1 (46.6-67.7)
24,26 Pembrolizumab 6-month OS rate Fixed 50.8 (42.7-59.0)
14 Camrelizumab 6-month OS rate —— 63.0 (56.7-69.3)
13-15,24,26 ICI 12-month OS rate Random 37.5 (30.6-44.4)
13,24,26 Pembrolizumab 12-month OS rate Random 34.9 (26.0-43.7)
14 Camrelizumab 12-month OS rate —— 34.0 (27.0-40.1)
15 Nivolumab 12-month OS rate —— 47.0 (40.2-53.8)
13,24,25 PD-L1+ ORR Random 22.2 (10.5-34.0)
13,24,25 PD-L1+ DCR Random 48.0 (34.2-61.9)
24,25 PD-L1- ORR Fixed 6.7 (0.9-12.4)
24,25 PD-L1- DCR Fixed 26.9 (12.0-41.7)
December 2021 | Volume 1
aSource appertain to corresponding references; ORR, objective response rate; DCR, disease control rate; OS, overall survival; ICI, immune checkpoint inhibitor.
TABLE 1 | Baseline characteristics of included studies.

Author Study name Study
design

Participants characteristics Sample
size

Study arm (N) Control arm (N)

Kojima
T, (13)

KEYNOTE-
181

RCT
phase 3

Advanced/metastatic ESCC or EAC that progressed after one
prior therapy

628 (401
ESCC &
227EAC)

Pembrolizumab Chemotherapy with paclitaxel,
docetaxel, or irinotecan (314)200 mg/3 weeks i.v.

(314)
Huang
J, (14)

ESCORT RCT
phase 3

Advanced/metastatic ESCC; ECOG 0-1; and had progressed
on, or were intolerant to, first-line standard therapy

448 Camrelizumab Chemotherapy with docetaxel
75 mg/m2/3 weeks or
irinotecan 180 mg/m2/2 weeks
(220)

200 mg/2 weeks i.v.
(228)

Kato
K, (15)

ATTRACTION-
3

RCT
phase 3

Unresectable advanced or recurrent ESCC; ≥20 years old;
ECOG 0–1; and who were refractory or intolerant to previous
chemotherapy and had a life expectancy of ≥ 3 months

419 Nivolumab Chemotherapy with paclitaxel
100 mg/m2/week or docetaxel
75 mg/m2/3 weeks (209)

240 mg/2 weeks i.v.
(210)

Shah
MA,
(24)

KEYNOTE-
180

Single-
arm
phase 2

Advanced/metastatic esophageal cancer that progressed after
2 or more lines of therapy

121 (63
ESCC &
58 EAC)

Pembrolizumab NA
200mg/3 weeks i.v.
(121)

Huang
J, (25)

NCT02742935 Single-
arm
phase 1

Advanced ESCC who were refractory or intolerant to previous
chemotherapy

30 SHR-1210 NA
60 mg, with
escalation to 200 mg
and 400 mg/2 weeks
i.v. (30)

Doi T,
(26)

KEYNOTE-
028

Single-
arm
phase
1b

ESCC or EAC of the esophagus or gastroesophageal junction
in whom standard therapy failed

23 (18
ESCC &
5 EAC)

Pembrolizumab NA
10 mg/kg/2 weeks
i.v. (23)

Kudo
T, (22)

ATTRACTION-
1

Single-
arm
phase 2

Advanced ESCC refractory or intolerant to fluoropyrimidine-
based, platinum-based, and taxane-based chemotherapy

64 Nivolumab NA
3 mg/kg/2 weeks i.v.
(64)
ESCC, esophageal squamous cell carcinoma; EAC, esophageal adenocarcinoma; ECOG, Eastern Cooperative Oncology Group; NA, not available.
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PD-L1 expression, median OS was improved with ICI treatment
versus chemotherapy. This corresponded to a pooled HR of 0.61
(95% CI: 0.48–0.77; P<0.001) without obvious heterogeneity
(I2 = 0.0%, P=0.681) (Figure 4).

Treatment-Related Adverse Events
(TRAEs)
We investigated the pooled incidence of any-grade TRAEs and
grade ≥3 TRAEs (both total and specific events) (Table 3). The
overall incidence of TRAEs in patients treated with ICI was
61.9%. The incidence of TRAEs in the pembrolizumab and
nivolumab subgroups was 50.7% and 85.0%, respectively.
However, the incidence of grade ≥3 TRAE in patients treated
with ICI was 16.7%. The incidence of grade ≥3 TRAE in the
pembrolizumab, nivolumab, and camrelizumab subgroups was
16.2%, 19.5%, and 15.0%, respectively. The patients in
camrelizumab subgroup had the least incidence (15%).

The most common TRAEs with ICI therapy of locally advanced
or metastatic ESCC were rash (10.8%), hypothyroidism (10.1%),
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fatigue (9.3%), asthenia (7.0%), decreased appetite (7.0%),
diarrhea (6.0%), anemia (4.7%), nausea (3.0%), pneumonia
(2.7%), vomiting (2.0%), decreased neutrophil count (1.1%),
and alopecia (0.7%). The most common grade ≥3 TRAEs with
ICI therapy were anemia (1.8%), asthenia (1.2%), rash (1.1%),
fatigue (0.8%), decreased appetite (0.8%), diarrhea (0.8%),
pneumonia (0.5%), decreased neutrophil count (0.5%), and
vomiting (0.3%).

The meta-analysis of the three RCTs indicated that patients
undergoing ICI therapy was associated with a decreased risk of
overall TRAEs (RR: 0.82, 95% CI 0.62–1.08; P<0.001) (Figure 5A)
and grade ≥3 TRAEs (RR=0.50, 95% CI 0.42–0.60; P<0.001)
(Figure 5B) compared with those undergoing chemotherapy.

Publication Bias
Publication bias was evaluated by both Begg’s and Egger’s tests
(Table 4). All outcomes had P>0.05, except for the Egger’s test of
ICI vs. chemotherapy TRAEs (P<0.05). Overall, no obvious
publication bias was observed.
A

B

FIGURE 2 | Forest plots. (A) Forest plots of RR comparing the objective response rate between patients treated with ICI and chemotherapy; (B) Forest plots of RR
comparing disease control rate between patients treated with ICI and chemotherapy. RR, relative risk; CI, confidence interval; ICI, immune checkpoint inhibitor.
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FIGURE 4 | Forest plots of HR comparing overall survival between patients with PD-L1-positive tumors treated with ICI treatment and chemotherapy. HR, hazard
ratio; CI, confidence interval; ICI, immune checkpoint inhibitor.
A

B

FIGURE 3 | Forest plots. (A) Forest plots of HR comparing overall survival between patients treated with ICI and chemotherapy; (B) Forest plots of HR comparing
progression-free survival between patients treated with ICI and chemotherapy. HR, hazard ratio; CI, confidence interval; ICI, immune checkpoint inhibitor.
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DISCUSSION AND CONCLUSIONS

To our knowledge, this is the first meta-analysis to evaluate the
efficacy and safety of ICIs (anti-PD-L1 antibody) as second- or
later-line treatment for unresectable locally advanced or
recurrent/metastatic ESCC. This study included seven
published clinical trials including three RCTs and four
single-arm trials published before December 31, 2020. The
main outcomes showed that ICI therapy used as second- or
Frontiers in Oncology | www.frontiersin.org 7102
later-line treatment for advanced or metastatic ESCC
could increase ORR, improve OS, and decrease the incidence
of any-grade TRAEs and grade ≥3 TRAEs compared
with chemotherapy.

Several RCTs of ICIs have reported the clinical outcomes in
patients with ESCC. The randomized phase 3 trial KEYNOTE-
181 (13) reported that patients with ESCC treated with anti-PD-
L1 antibody therapy showed a trend toward longer survival
compared with the overall population of patients with ESCC
TABLE 3 | The incidence of specific TRAEs, grade ≥3 TRAEs.

TRAE Name Subgroup Sourcea TRAE Grade ≥3 TRAE

Heterogeneity Rate (95% CI) % Heterogeneity Rate (95% CI) %

Total TRAE Anti-PD-1 13-15,22,24-26 Random 61.9 (37.9-85.9) Fixed 16.7 (14.4-19.0)
Pembrolizumab 13,24,26 Random 50.7 (32.6-68.7) Fixed 16.2 (12.9-19.6)
Nivolumab 15,22 —— 85.0 (76.3-93.7) Fixed 19.5 (14.8-24.2)
Camrelizumab 14,25 —— —— Fixed 15.0 (10.7-19.4)

Rash Anti-PD-1 15,22,25,26 Fixed 10.8 (7.5-14.2) Fixed 1.1 (-0.2-2.4)
Pembrolizumab 26 —— 13.0 (-0.7-26.7) —— 0.4 (-0.4-12.0)
Nivolumab 15,22 Fixed 10.8 (7.1-14.5) —— 1.0 (-0.3-2.3)
Camrelizumab 25 —— 10 (-0.7-20.7) —— 0

Hypothyroidism Anti-PD-1 13,14,24-26 Random 10.1 (5.4-14.7) —— 0
Pembrolizumab 13,24,26 Random 7.6 (3.6-11.5) —— 0
Camrelizumab 14,25 Fixed 16.5 (12.0-21.0) —— 0

Fatigue Anti-PD-1 13,15,22,24-26 Fixed 9.3 (7.3-11.4) Fixed 0.8 (0.1-1.5)
Pembrolizumab 13,24,26 Fixed 10.6 (7.8-13.4) —— 0.6 (-0.3-1.5)
Nivolumab 15,22 Fixed 8.0 (4.8-11.2) Fixed 1.1 (-0.1-2.4)
Camrelizumab 25 —— 6.7 (-2.2-15.6) —— 0

Asthenia Anti-PD-1 13,14,26 Fixed 7.0 (4.2-9.8) Fixed 1.2 (0.3-2.1)
Pembrolizumab 13,26 Fixed 6.7 (4.0-9.3) —— 1.3 (0.0-2.6)
Camrelizumab 14 —— 9.0 (5.3-9.6) —— 1.0 (-0.3-2.3)

Decreased appetite Anti-PD-1 13-15,22,26 Fixed 7.0 (5.2-8.7) Fixed 0.8 (0.1-1.5)
Pembrolizumab 13,26 Fixed 8.0 (5.1-10.9) —— 0.6 (-0.3-1.5)
Nivolumab 15,22 Fixed 8.2 (5.0-11.5) Fixed 1.2 (-0.1-2.5)
Camrelizumab 14 —— 5.0 (2.2-7.8) —— 0

Diarrhea Anti-PD-1 13-15,22,24-25 Fixed 6.0 (4.5-7.6) Fixed 0.8 (0.2-1.4)
Pembrolizumab 13,24 Fixed 5.3 (3.2-7.3) Fixed 0.6 (-0.1-1.4)
Nivolumab 15 —— 11.0 (6.8-15.2) —— 1.0 (-0.3-2.3)
Camrelizumab 14,25 Fixed 5.3 (2.6-8.1) —— 1.0 (-0.3-2.3)

Anemia Anti-PD-1 13-15,24-25 Random 4.7 (1.4-8.1) Fixed 1.8 (0.8-2.7)
Pembrolizumab 13 —— 2.5 (0.8-4.2) —— 1.3 (0.0-2.6)
Nivolumab 15 —— 3.0 (0.7-5.3) —— 2.0 (0.1-3.9)
Camrelizumab 14,25 Random 7.6 (0.1-15.1) —— 3.0 (0.8-5.2)

Nausea Anti-PD-1 13-15,25 Random 3.0 (1.8-4.1) —— 0
Pembrolizumab 13 —— 7.0 (4.2-9.8) —— 0
Nivolumab 15 —— 2.0 (0.1-3.9) —— 0
Camrelizumab 15,22 Fixed 2.2 (0.4-4.0) —— 0

Pneumonia Anti-PD-1 14,22,24-26 Random 2.7 (-0.5-5.9) Random 0.5 (-0.2-1.2)
Pembrolizumab 24,26 Fixed 6.5 (2.5-10.5) —— 2.4 (-0.3-5.1)
Nivolumab 22 —— 2.0 (-1.4-5.4) —— 0
Camrelizumab 14,25 —— 0.3 (-0.4-1.0) Fixed 0.3 (-0.4-1.0)

Vomiting Anti-PD-1 13,14 Random 2.0 (-0.2-4.1) —— 0.3 (-0.3-0.9)
Pembrolizumab 13 —— 3.2 (1.3-5.1) —— 0.3 (-0.3-0.9)
Camrelizumab 14 —— 1.0 (-0.2-4.1) —— 0

Neutrophil count decreased Anti-PD-1 13-15,22 Random 1.1 (0.4-1.9) Fixed 0.5 (-0.1-1.0)
Pembrolizumab 13 —— 0.6 (-0.3-1.5) —— 0.3 (-0.3-0.9)
Nivolumab 15,22 —— 2.0 (0.1-3.9) Fixed 1.1 (-0.1-2.4)
Camrelizumab 14 —— 4.0 (1.5-6.5) —— 0

Alopecia Anti-PD-1 13-15,24,26 Fixed 0.7 (-0.0-1.4) —— 0
Pembrolizumab 13,24,26 —— 0.6 (-0.3-1.5) —— 0
Nivolumab 15 —— 1.0 (-0.3-2.3) —— 0
Camrelizumab 14 —— 0 —— 0
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but did not make a direct comparison. The randomized trial
ATTRACTION-3 reported by Kato et al. (15) also demonstrated
that median OS was significantly improved in patients treated
with nivolumab compared with those treated with chemotherapy
(10.9 months vs 8.4 months; HR: 0.77, 95% CI: 0.62–0.96;
P=0.019). However, the effects of ICI on PFS and its antitumor
Frontiers in Oncology | www.frontiersin.org 8103
activity differ between studies. The ESCORT randomized phase 3
study (14) showed that camrelizumab improved OS compared
with chemotherapy as second-line therapy in Chinese patients
with advanced ESCC.

Patients with PD-L1-positive tumors may derive more
survival benefit with ICI therapy than with chemotherapy.
A

B

FIGURE 5 | Forest plots. (A) Forest plots of RR comparing TRAEs between patients treated with ICI and chemotherapy; (B) Forest plots of RR comparing grade ≥3 TRAEs
between patients treated with ICI and chemotherapy. RR, relative risk; CI, confidence interval; ICI, immune checkpoint inhibitor; TRAEs, treatment-related adverse events.
TABLE 4 | Publication bias of different outcomes.

Outcomes Included study numbers Effect size P

Begg Egger

ICI ORR 3 logRR 1.000 0.171
ICI DCR 2 logRR 1.000 ——

ICI OS 3 lnHR 1.000 0.815
ICI PFS 3 lnHR 1.000 0.967
ICI TRAEs 3 logRR 0.296 0.000
ICI grade≥3 TRAEs 3 logRR 0.296 0.077
PD-L1+ ICI OS 3 lnHR 1.000 0.505
Decembe
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ICI, immune checkpoint inhibitor; ORR, objective response rate; DCR, disease control rate; OS, overall survival; PFS, progression-free survival; TRAEs, treatment-related adverse events;
PD-L1+, PD-L1 positive; RR, relative risk; HR, hazard ratio.
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However, ICI therapy was also reported to be effective in all
patients independent of PD-L1 expression (14). The RCT
reported by Kato et al. also observed no significant interaction
between the effectiveness of ICI therapy and PD-L1 status (15).
This suggests that PD-L1 might not be sufficiently specific to
serve as the optimal biomarker for ICI treatment of ESCC. In
advanced gastric or gastroesophageal junction cancer, high
microsatellite instability and tumor mutational burden has
been shown to be associated with the ORR of patients (27, 28).
Studies have found that the tumor mutation burden is usually
higher in ESCC than in EAC (18, 29). Further investigation of
candidate biomarkers for ICI treatment is warranted.

The three randomized trials included in this meta-analysis all
involved monotherapy with ICI vs. chemotherapy as a second- or
later-line treatment. There are a number of unpublished clinical
trials with an accessible conference abstract that evaluated the
efficacy of ICI as first-line therapy and adjuvant therapy, such as
theKEYNOTE-590 randomizedphase3 study (30); this showed that
the median OS of patients with ESCC was longer with first-line
treatment with pembrolizumab plus chemotherapy than with
chemotherapy alone (12.6 months vs. 9.8 months; HR: 0.72, 95%
CI:0.60–0.88,P=0.0006). In theCheckMate577 randomizedphase3
study (31), median DFS in patients treated with nivolumab after
surgery was twice that in the placebo population (22.4 months vs.
11.0months;HR: 0.69; 96.4%CI: 0.56–0.86; P=0.0003). The optimal
timing, dosing, and combination of ICI regimens for treatment of
esophageal cancer require further study.

The safety profile of ICIs showed a lower incidence of any-
grade TRAEs and grade ≥3 TRAEs compared with
chemotherapy. In this meta-analysis, 61.9% patients receiving
ICI treatment reported TRAEs, but the probability of developing
grade ≥3 TRAEs was 16.7%. Notably, the incidence of reactive
cutaneous capillary endothelial proliferation after receiving
camrelizumab was high (14, 23). However, no similar adverse
event was noted in patients receiving pembrolizumab or
nivolumab. Moreover, the incidence of treatment leading to
death was almost zero. Accordingly, ICI treatment can be
considered a relatively safe option.

This meta-analysis has some limitations that should be
acknowledged. First, it included only seven studies comprising
Frontiers in Oncology | www.frontiersin.org 9104
three RCTs and four single-arm trials. Even though no obvious
publication bias was detected in the included RCTs by Begg’s or
Egger’s test, the single-arm studies without a control group might
introduce a potential bias. The low number of trials may limit the
accuracy of the test. However, the number of 1733 included
patients is relatively high, indicating reliability. Second, three
studies included both patients with ESCC and those with EAC.
Specific information about squamous cell carcinoma patients
was provided by Kojima et al. (13), but was not available for two
single-arm studies (24, 26) that included 81 ESCC patients and
63 EAC patients. Unfortunately, we do not have access to their
raw data. These confounding factors may limit the interpretation
of our results.

In conclusion, ICI treatment in patients with locally advanced
or metastatic ESCC may improve the ORR and median OS but
not all oncological outcomes, and result in a lower incidence of
TRAEs compared with chemotherapy. Although ICI treatment
was more effective in patients with PD-L1-positive tumors, it was
also effective in all patients with ESCC independent of their PD-
L1 expression. Further investigation of the optimal timing,
dosing, combination of drug regimens, and candidate
biomarkers for ICI treatment of esophageal cancer is warranted.
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ZhiKuan Wang2* and Guanghai Dai2*

1 Chinese People’s Liberation Army Medical School, Beijing, China, 2 Medical Oncology Department, The First Medical
Center, Chinese People’s Liberation Army General Hospital, Beijing, China

Background: The highly heterogeneous characteristics of GC may limit the accuracy of a
single biomarker for screening populations benefiting from immunotherapy. However, the
combination of multiple indicators can provide more directed information for the detection
of potential immune benefit subgroups. At present, there are no recognized complex
indexes to identify advanced GC (AGC) in patients who likely benefited from
immunotherapy. The objective of this research is to explore whether the composite
biomarker of derived neutrophil–lymphocyte ratio (dNLR) and platelet–lymphocyte ratio
(PLR) can be used as a reliable prognostic factor for the survival of AGC patients receiving
immunotherapy.

Methods: From December 2014 to May 2021, a total 238 AGC patients at a single Center
were included in this retrospective cohort research study. The cutoff value of dNLR was
obtained by the ROC curves to predict the disease progression rate at the 8th month and
the cutoff value of PLR was estimated by the median value. The cutoff values of dNLR and
PLR were 1.95 and 163.63, respectively. The high levels of dNLR (≥1.95) and PLR
(≥163.63) were considered to be risk factors. Based on these two risk factors, patients
were categorized into 3 groups: the risk factor number for the “good” group was 0, that for
the “intermediate” group was 1, and that for the “poor” group was 2. The subjects were
divided into two groups: dNLR/PLR-good and dNLR/PLR-intermediate/poor.

Results: Of the 238 patients, the median overall survival (mOS) and progression-free
survival (mPFS) were 12.5 and 4.7 months, respectively. Multivariate analysis revealed that
the good dNLR/PLR group was independently associated with better prognosis. The
intermediate/poor dNLR/PLR group was independently correlated with an over 1.4 times
greater risk of disease progression (4.1 months vs. 5.5 months; p = 0.016) and an over
1.54 times greater risk of death (11.1 months vs. 26.3 months; p = 0.033) than the good
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dNLR/PLR group. However, no clear differences in the disease control rate (DCR) and
overall response rate (ORR) were observed between the intermediate/poor dNLR/PLR
group and the good dNLR/PLR group (51.5% vs. 56.3%, 26.3% vs. 29.6%; p = 0.494,
p = 0.609).

Conclusion: Our study firstly verifies that the composite biomarker of dNLR and PLR is
an independent prognostic factor affecting survival of advanced AGC patients receiving
immunotherapy. It may be difficult for patients with the intermediate/poor dNLR/PLR
group to benefit from immunotherapy.
Keywords: immunotherapy, advanced gastric cancer, dNLR, PLR, efficacy, prognosis
INTRODUCTION

Gastric cancer (GC) is one type of very common gastrointestinal
tumors around the world. The incidence rate of GC ranks fifth
globally and second domestically in China (1). The progress of
GC treatment is relatively slow, and traditional chemotherapy,
such as surgery, chemotherapy, and targeted therapy, is therefore
limited. The emergence of immunotherapy brings a new option
for GC; nevertheless, its application in GC is still difficult.
Researchers have been trying both back line and front line,
as well as single-drug and different combinations. The
“ATTRACTION-2” study confirms the efficacy of nivolumab
for the back line of GC (2, 3). The results of the “KEYNOTE-061”
study were negative, and pembrolizumab failed in the second-
line chemotherapy challenge (4–6). The “CheckMate 649”
study explored whether the nivolumab-based first-line
immunotherapy was suitable for advanced GC (AGC) (7).
Moehler et al. found that patients treated with a combination
of nivolumab and chemotherapy showed consistent overall
survival (OS) benefits in the whole population and the Chinese
subgroup, regardless of the expression status of programmed
death ligand-1 (PD-L1) (8). The first result of the “KEYNOTE-
811” study showed that HER2-positive metastatic gastric or
gastroesophageal junction cancer could benefit from using the
combinat ion of pembrol izumab, trastuzumab, and
chemotherapy (9). However, the current evaluation of
biomarkers for immunotherapy has been limited. There is a
lack of effective biomarkers that can be used as prognostic factors
for AGC-treated patients with immune checkpoint inhibitors
(ICIs). In recent years, the expression of PD-L1 and
microsatellite steady-state (MSI) in AGC patients can be
effectively assessed for the efficacy of immunotherapy (10, 11).
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Peripheral inflammatory blood complex index such as
neutrophil–lymphocyte ratio (NLR), platelet–lymphocyte ratio
(PLR), and hemoglobin (Hb) levels have demonstrated a
promising and suitable biomarker prognostic for GC (12–15).
However, the highly heterogeneous characteristics of GC may
limit the accuracy of a single biomarker for screening
populations benefiting from immunotherapy. In contrast, the
combination of multiple indicators can provide more targeted
information for the detection of potential immune benefit
subgroups. Dharmapuri S et al. established a statistical model
by NLR/PLR groups and found that the high-NLR/ low-PLR
group in advanced hepatocellular carcinoma patients treated
with anti–PD-1 therapy has shorter OS and progression free
survival (PFS) than the low-NLR/ low-PLR group (16). However,
as a biomarker of poor prognosis in AGC patients undergoing
immunotherapy, the role of NLR is quite well defined in some
studies (17–19). Furthermore, in May 2021, a study conducted by
Lim et al. showed that non-small-cell lung cancer (NSCLC)
patients with a high level of derived neutrophil–lymphocyte
ratio (dNLR) baseline value were associated with poor
outcomes, when they were treated with ICIs (20).

Our research found that patients with an elevated dNLR value
(≥ the best cutoff value) were associated with shorter OS and PFS
too. However, patients with high levels of PLR (≥ the median
value) were only associated with shorter OS, but not PFS. Thus,
we combined dNLR and PLR to stratify risk factors. The high
levels of dNLR (≥1.95) and PLR (≥163.63) were considered to be
risk factors. Based on these two risk factors, patients were
categorized into 3 groups: the risk factor number for the
“good” group was 0, that for the “intermediate” group was 1,
and that for the “poor” group was 2. The subjects were divided
into two groups: dNLR/PLR-good and dNLR/PLR-intermediate/
poor. We then began to evaluate the differences in prognosis and
survival of AGC patients after immunotherapy between the good
and the intermediate/poor groups.
MATERIALS AND METHODS

Study Population
From December 2014 to May 2021, all patients involved were
diagnosed with GC at stage IV and received ICI treatment in the
Senior Department of Oncology at Chinese PLA General
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Hospital. We set the inclusion criteria as follows: (1) patients
detected with measurable lesions, (2) patients who underwent
blood routine and blood biochemistry tests within 1 week before
ICI administration, and (3) patients who have received at least
two rounds of ICI treatment continuously. Patients failing to
provide imaging data for comparing the efficacy of ICIs before
and after treatment were excluded. As a result, a total of 238
patients were considered eligible for this cohort study. Clinical
parameters of those AGC patients from their medical records
were collected, including sex, age, Eastern Cooperative Oncology
Group performance status scores (ECOG PS), smoking history,
smoking exposure, history of diabetes, tumor type, the status of
HER-2 expression, the dose of ICIs, the status of bone metastasis,
the status of liver metastasis, response to line before
immunotherapy, the status of pleural fluid, the status of ascites,
the number of metastatic sites, lines of treatment with ICIs, ICIs
agent, and immunotherapy scheme. Meanwhile, blood
parameters were analyzed routinely, including absolute
neutrophil count (ANC), absolute lymphocyte count (ALC),
white blood count cells (WBC), and platelet count (PLT) 7
days before immunotherapy implementing to obtain dNLR
and PLR values.

Treatment Regimens
Five treatment methods were used in this research study: (1) ICI
monotherapy, (2) ICIs combined with chemotherapy, (3) ICIs
combined with anti-angiogenic therapy, (4) ICIs combined with
DNA-derived humanized monoclonal antibodies (trastuzumab)
and chemotherapy, and (5) ICIs combined with chemotherapy
and anti-angiogenic therapy. The types and doses of ICIs were as
follows: (1) Sintilimab was injected intravenously 200 mg once
every 3 weeks. (2) Toripalimab was injected intravenously 240
mg once every 3 weeks. (3) The recommended dose of
pembrolizumab injection for intravenous infusion was a dose
of 3 mg/kg, administered once every 3 weeks. (4) The
recommended dose of nivolumab injection for intravenous
infusion was a dose of 2 mg/kg, administered once every 2
weeks. The first imaging evaluation of nivolumab was carried out
2–4 weeks after the 3rd intravenous injection; nevertheless, the
evaluation of toripalimab, sintilimab, and pembrolizumab was
carried out 3–5 weeks after the 2nd intravenous injection. The
trastuzumab course was administered for 3 weeks. For the first
course, the dose was 8 mg/kg, applied by intravenous injection
for 90 min. Starting from the 2nd course, the dose was lowered to
6 mg/kg. For the infusion time, if the patients tolerate
trastuzumab well in the first course, the 2nd course was
applied by intravenous injection for 30 min. course. Anti-
angiogenic drugs involved were apatinib (850 mg, orally
administrated 30 min after a meal, once a day) and
bevacizumab (5 mg/kg body weight, once every 2 weeks; or 7.5
mg/kg body weight, once every 3 weeks). The chemotherapy
regimens include (1) XELOX regimen: capecitabine (1,000 mg/
m²) was used 2 times a day orally after breakfast and dinner for
14 consecutive days with 7 days of rest as a treatment cycle.
Oxaliplatin (130 mg/m²) was added on the first day of each cycle
by intravenous injection. (2) SOX regimen: tiggio (40–60 mg)
was used 2 times a day orally after breakfast and dinner for 14
Frontiers in Oncology | www.frontiersin.org 3108
consecutive days with 7 days of rest as a treatment cycle.
Oxaliplatin (130 mg/m²) was added on the first day of each
cycle by intravenous injection. (3) DCF regimen: docetaxel (75
mg/m²), cisplatin (75 mg/m²), and fluorouracil (750 mg/m²)
were applied by intravenous injection. On the first day of every
course, each course lasted 21 days. (4) The combined regimen of
irinotecan and oxaliplatin: irinotecan (180 mg/m²) and
oxaliplatin (130 mg/m²) were applied by intravenous injection.
On the first day of every course, each course lasted 14 days. (5)
The combined regimen of irinotecan and raltitrexed: irinotecan
(180 mg/m²) and raltitrexed (3 mg/m²) were applied by
intravenous injection. On the first day of every course, each
course lasted 14 days. (6) Others. The choice of the above
regimens was based on the patient’s pathological stage and
general health conditions.

Assessment
For effectiveness evaluation, the disease control rate (DCR) and
the overall response rate (ORR) is termed as the percentage of
patients with complete response (CR), partial response (PR), and
stable disease (SD) and the percentage of patients with CR and
PR, respectively. For prognosis analysis, OS and PFS are counted
from the time of the immunotherapy beginning to death and the
time between the onset of ICIs and the progression or death of
the tumor, respectively.

dNLR, PLR, and Statistical Models by
dNLR/PLR Groups
We analyzed the value of PLR (platelet/lymphocyte ratio) and
NLR (neutrophi l / lymphocyte rat io) 7 days before
immunotherapy was implemented. With dNLR before
treatment as the test variable, and the disease progression rate
at the 8th month as the state variable, the receiver operating
characteristic (ROC) curve of immunotherapy effect and dNLR
level before treatment was drawn. The area under the ROC curve
was 0.584, which indicated a statistically significant difference
(p = 0.037). The best cutoff value of dNLR was 1.95, and its
corresponding sensitivity and specificity were 61.1% and 60.5%,
respectively (Figure 1). The cutoff value of PLR was estimated by
the median value. The high levels of dNLR (≥ the best cutoff
value) and PLR (≥ the median value) were considered to be risk
factors. Based on these two risk factors, patients were categorized
into 3 groups: the risk factor number for the “good” group was 0,
and that for the “poor” group was 1 or 2. The risk factor number
for the “good” group was 0, that for the “intermediate” group was
1, and that for the “poor” group was 2. Due to the similar efficacy
and survival outcomes of patients in the intermediate and good
groups (Supplementary Table 1 and Supplementary Figure 1),
we integrated the intermediate group into the poor group,
forming the intermediate/poor group.

Statistical Analysis
SPSS 26.0 software was used to perform all statistical analyses.
Data were summarized as the median values for non-normally
distributed continuous variables. Based on the values of a (a =
0.05) and b (b = 0.2), the expected median OS (mOS) of the
good group and the intermediate/poor group, we evaluated the
February 2022 | Volume 11 | Article 798415
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number of the sample size of our retrospective cohort study.
the expected mOS of the good group and the intermediate/
poor group were 17 and 11 months, respectively. Data were
reported as percentages and counts for categorical variables.
The ROC curves were applied to clarify the best cutoff value of
dNLR. c2 or Fisher’s exact test was carried out to evaluate the
relationship between clinical response and dNLR/PLR groups
of AGC patients. The survival curve was depicted by
Kaplan–Meier analysis. Logistic regression models and Cox
proportional hazard were applied to assess the prognostic
values of dNLR/PLR groups for DCR and survival ,
respectively. p-values less than 0.05 (p < 0.05) were
considered statistically significant.
RESULTS

Baseline Characteristics
A total of 238 AGC patients receiving ICIs were reviewed in the
retrospective cohort study. The clinical features of patients are
provided below (Table 1). The median age was 58 years. Among
these patients, 121 patients were elders (≥58 years); 188 patients
were male, 63 patients had Cardia, 99 had body/fundus, and 76
patients had pylorus cancer; 223 patients had ECOG PS scores of
0–1; 33 patients had positive HER-2 expression, 163 patients had
a negative expression, and 42 patients were untested; 118 patients
had poor tumor differentiation, 101 patients had moderate
tumor di fferent iat ion , 4 pat ients had good tumor
differentiation, and tumor differentiation was unknown for 15
patients; 12 patients had pleural fluid; 54 patients had ascites; 22
patients had bone metastases before immunotherapy. After
grouping, 71 patients were in the good dNLR/PLR group and
167 patients were in the intermediate/poor dNLR/PLR group.
Frontiers in Oncology | www.frontiersin.org 4109
Treatment Characteristics
Of 238 patients, 158 (66.8%) patients had previously progressed
before using ICIs; 84 (35.3%) patients received nivolumab, 30
(12.6%) patients were treated with pembrolizumab, and 124
(52.1%) patients received other immunotherapy drugs; 130
(54.6%) patients used the 1st line ICIs and 108 (45.4%)
patients used ICIs after the 1st line; 186 (78.2%) patients were
treated with ICIs combined with other therapies; 52 (21.8%)
patients were treated with ICI monotherapy (Table 1).

A Composite Biomarker of dNLR and PLR
for Response to ICIs
The optimal efficacy of all AGC patients was evaluated in the
study, and the results were as follows: 112 (47.1%) patients had
progressive disease (PD), 4 (1.7%) patients had CR, 62 (26.1%)
patients had PR, and 60 (25.2%) patients had SD. The ORR was
27.7% and DCR was 52.9% (Table 2). No clear differences in
DCR and ORR were observed between the intermediate/poor
dNLR/PLR group and the good dNLR/PLR group (51.5% vs.
56.3%, 26.3% vs. 29.6%; p = 0.494, p = 0.609) (Table 2).

dNLR and PLR for Survival of
AGC Patients
The cutoff value of dNLR and PLR were 1.95 and 163.63,
respectively. For patients with an elevated dNLR value (≥1.95)
and with a lower dNLR value (<1.95), the mPFS was 3.6 (95% CI,
2.855–4.345) and 6.2 (95% CI, 4.488–7.912) months,
respectively, and the mOS was 9 (95% CI, 6.032–11.968) and
26 (95% CI, 14.286–37.714) months, respectively. Patients with
an elevated dNLR value were associated with an over 1.8 times
greater risk of disease progression (HR = 1.807; 95% CI, 1.356–
2.407; p < 0.001) and an over 2.1 times greater risk of death
(HR = 2.161; 95% CI, 1.542–3.028; p < 0.001) than those with a
FIGURE 1 | ROC curve of pretreatment dNLR in assessment of the disease progression rate at the 8th month. Sensitivity:61.1%; Specificity:60.5%; AUC:0.584;
p = 0.037. dNLR, derived neutrophil–lymphocyte ratio; ROC, receive operating characteristic; AUC, areaunder the curve.
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lower dNLR value (Table 3 and Figures 2A, B). For patients with
an elevated PLR value (≥163.63) and with a lower PLR value
(<163.63), the median PFS was 4.6 (95% CI, 3.549–6.251) and 4.9
(95% CI, 2.983–6.017) months, respectively, and the mOS was
Frontiers in Oncology | www.frontiersin.org 5110
10.4 (95% CI, 7.386–13.414) and 15.8 (95% CI, 4.400–27.200)
months, respectively. Patients with an elevated PLR value were
associated with an over 1.4 times greater risk of death than those
with a lower PLR value (<163.63) (HR = 1.416; 95% CI, 1.026–
TABLE 1 | General data and clinical features.

Characteristics Number of Patients (%)

Overall (n = 238) The good group (n = 71) The intermediate/poor group (n = 167)

Median age (range), years 58 (18–86) 58 (27–82) 58 (18–86)
Sex
Female 62 (26.1) 21 (29.6) 41 (24.6)
Male 176 (73.9) 50 (70.4) 126 (75.4)

Smoking history
Yes 88 (37) 26 (36.6) 62 (37.1)
No 150 (63) 45 (63.4) 105 (62.9)

Smoking exposure
>30 packs per year 44 (18.5) 14 (19.7) 30 (18.0)
≤30 packs per year 194 (81.5) 57 (80.3) 137 (82.0)

Drinking history
Yes 85 (35.7) 26 (36.6) 59 (35.3)
No 153 (64.3) 45 (63.4) 108 (64.7)

Tumor location
Cardia 60 (25.2) 18 (25.4) 42 (25.1)
Body/Fundus 89 (37.4) 23 (32.4) 66 (39.5)
Pylorus 86 (36.1) 30 (42.3) 56 (33.5)
Unknown 3 (1.3) 0 (0) 3 (1.8)

Response to line before immunotherapy
PD 159 (66.8) 40 (56.3) 119 (71.3)
Others 79 (33.2) 31 (43.7) 48 (28.7)

Liver metastasis
Present 100 (42) 30 (42.3) 70 (41.9)
Absent 138 (58) 41 (57.7) 97 (58.1)

Pleural fluid
Present 12 (5.0) 3 (4.2) 9 (5.4)
Absent 226(95) 68 (95.8) 158 (94.6)

Ascites
Present 54 (22.7) 8 (11.3) 46 (27.5)
Absent 184 (77.3) 63 (88.7) 121 (72.5)

Bone metastasis
Present 22 (9.2) 8 (11.3) 14(8.4)
Absent 216 (90.8) 63 (88.7) 153(91.6)

Number of metastatic sites
≥3 58 (24.4) 11 (15.5) 47 (28.1)
<3 180 (75.6) 60 (84.5) 120 (71.9)

Dosage of immunotherapy
≥200 mg 147 (61.8) 49 (69.0) 98 (58.7)
<200 mg 91 (38.2) 22 (31.0) 69 (41.3)

Tumor differentiation
Poorly 176 (73.9) 50 (70.4) 126 (75.4)
Moderately 42 (17.6) 14 (19.7) 28 (16.8)
Well 4 (1.7) 3 (4.2) 1 (0.6)
Unknown 16 (6.7) 4 (5.6) 12 (7.2)

Lines of immunotherapy
≥2 130 (54.6) 33 (46.5) 97 (58.1)
<2 108 (45.4) 38 (53.5) 70 (41.9)

ECOG PS
≥2 15 (6.3) 1 (1.4) 14 (8.4)
0-1 223 (93.7) 70 (98.6) 153 (91.6)

PD-1 inhibition agent
Nivolumab 84 (35.3) 25 (35.2) 59 (35.3)
Pembrolizumab 30 (12.6) 6 (8.5) 24 (14.4)
Others 124 (52.1) 40 (56.3) 84 (50.3)

Therapies
ICIs monotherapy 52 (21.8%) 14 (19.7) 38 (22.8)
ICIs combined with other therapies 186 (78.2%) 57 (80.3) 129 (18.6)
Feb
PD, progressive disease; PD-1, programmed cell death-1; ECOG PS, Eastern Cooperative Oncology Group performance status scores; ICIs, immune checkpoint inhibitors.
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1.956; p = 0.033). However, no clear difference of PFS was
observed between the two groups of patients (HR = 1.237; 95%
CI, 0.936–1.636; p = 0.132) (Table 3; Figures 2C, D).

The Composite Biomarker of dNLR and
PLR for PFS of AGC Patients
Among 238 AGC patients, 203 (85.3%) patients had tumor
progression by the last follow-up date of July 1, 2021. The
median PFS was 4.7 (95% CI: 3.686–5.714) months (Table 4).
After we checked for hazard proportionality, Cox regression
multivariable approach was performed (Supplementary
Figure 2A). Univariate and multivariate analyses of factors
associated with PFS were shown in Table 5. In univariate
analysis, patients with a good dNLR/PLR score, with fewer
organ metastases (<3), with a good PS (ECOG PS of 0–1), with
no ascites, or with no pleural fluid showed improved PFS.
Moreover , pat ients who did not reach PD before
immunotherapy, who were treated with the 1st line ICIs, who
were treated with more doses of ICIs (≥200 mg), or who were
treated with ICIs combined with other therapies were also
associated with improved PFS. Patients in the good dNLR/PLR
group were closely related to longer PFS, compared to those in
the poor dNLR/PLR group (5.5 months vs. 4.1 months; p =
0.005) (Figure 3A and Table 4). Multivariate analysis revealed
that patients in the intermediate/poor dNLR/PLR group were
independently correlated with an over 1.4 times greater risk of
disease progression (HR = 1.499; 95% CI, 1.078–2.086; p = 0.016)
than those in the good dNLR/PLR group. In addition, we also
noticed that patients in the intermediate dNLR/PLR group were
closely related to longer PFS, compared to those in the poor
dNLR/PLR group (5.8 months vs. 3.8 months). In other words,
the intermediate group was correlated with an over 1.3 times
greater risk of disease progression (HR = 1.394; 95% CI, 1.009–
Frontiers in Oncology | www.frontiersin.org 6111
1.926; p = 0.044) than the poor group (Table 6). Multivariate
analysis revealed that patients in the intermediate/poor dNLR/
PLR group were independently correlated with an over 1.4 times
greater risk disease progression (HR = 1.499; 95% CI, 1.078–
2.086; p = 0.016) than those in the good NLR/PLR group.
Moreover, patients who had fewer organ metastases (<3) and
treated with the 1st line ICIs were independently associated with
improved PFS. Additionally, patients who had more organ
metastases (≥3) were independently correlated with an over 1.5
times greater risk of disease progression (HR = 1.581; 95% CI,
1.108–2.256; p = 0.011) than those that had fewer organ
metastases (<3). Moreover, patients treated with ICIs after 1st
line were independently correlated with an over 2.3 times greater
risk of disease progression (HR = 2.355; 95% CI, 1.645–3.370; p <
0.001) than those treated with the 1st line ICIs.

The Composite Biomarker of dNLR and
PLR for OS of AGC Patients
Among 238 AGC patients, 150 (63%) patients died by the last
follow-up date of July 1, 2021. The mOS was 12.5 (95% CI,
10.278–14.722) months (Table 4). After we checked for hazard
proportionality, Cox regression multivariable approach was
performed (Supplementary Figure 2B). Univariate and
multivariate analyses of factors associated with OS are shown
in Table 5. In univariate analysis, patients with a good dNLR/
PLR score, with fewer organ metastases (<3), with a good PS
(ECOG PS of 0–1), with no bone metastasis, with no ascites, or
with no pleural fluid showed improved OS. Moreover, patients
who did not reach PD before immunotherapy, and those who
were treated with ICIs combined with other therapies, who were
treated with the 1st line ICIs, who were treated with more doses
of ICIs (≥200 mg), or who treated with ICIs combined with other
therapies were also associated with improved OS. Patients in the
TABLE 3 | Survival of dNLR and PLR.

Classification PFS (months) OS (months)

Median (95% CI) HR (95% CI) p Median (95% CI) HR (95% CI) p

dNLR<1.95 6.2 (4.488–7.912) 1 [the reference] 26.0 (14.286–37.714) 1 [the reference]
dNLR≥1.95 3.6 (2.855–4.345) 1.807 (1.356–2.407) <0.001 9.0 (6.032–11.968) 2.161 (1.542–3.028) <0.001
PLR<163.63 4.9 (2.983–6.017) 1 [the reference] 15.8 (4.400–27.200) 1 [the reference]
PLR≥163.63 4.6 (3.549–6.251) 1.237 (0.936–1.636) 0.132 10.4 (7.386–13.414) 1.416 (1.026–1.956) 0.033
Februar
y 2022 | Volume 11 | Article
PFS, progression-free survival; OS, overall survival; HR, hazard ratio; dNLR, derived neutrophil‐to‐lymphocyte, PLR, platelet–lymphocyte ratio.
TABLE 2 | Relationship between the good group and the intermediate/poor group and response to ICIs treatment.

Best Overall Response Number of Patients (%) p-value

Overall, n = 238 The good group, n =71 The intermediate/poor group, n = 167

CR 4 (1.7) 2 (2.8) 2 (1.2) 0.388
PR 62 (26.1) 20 (28.2) 42 (25.1) 0.627
SD 60 (25.2) 18 (25.4) 42 (25.1) 0.974
PD 112 (47.1) 31 (43.7) 81 (48.5) 0.494
ORR 65 (27.3) 21 (29.6) 44 (26.3) 0.609
DCR 126 (52.9) 40 (56.3) 86 (51.5) 0.494
ICIs, immune checkpoint inhibitors; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; DCR, disease control rate; ORR, overall response rate.
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good dNLR/PLR group were closely related to longer OS,
compared to those in the intermediate/poor dNLR/PLR group
(26.3 months vs. 11.1 months; p = 0.001) (Figure 3B and
Table 4). In addition, we also noticed that patients in the
intermediate dNLR/PLR group were closely related to longer
OS, compared to those in the poor dNLR/PLR group (12.1
months vs. 8.2 months). In other words, the intermediate
group was correlated with an over 1.56 times greater risk of
death (HR = 1.562; 95% CI, 1.083–2.253; p = 0.017) than the poor
group (Table 6). Multivariate analysis revealed that patients in
the intermediate/poor dNLR/PLR group were independently
correlated with an over 1.54 times greater risk of death (HR =
1.540; 95% CI, 1.036–2.288; p = 0.033) than those in the good
dNLR/PLR group. Moreover, patients with fewer organ
metastases (<3) or with a good PS (ECOG PS of 0–1) were
independently associated with improved OS. Furthermore,
patients who were treated with the 1st line ICIs or who were
treated with more doses of ICIs (≥200 mg) were also
independently associated with improved OS. Firstly, patients
who had more organ metastases (≥3) were independently
correlated with an over 1.5 times greater risk of death (HR =
Frontiers in Oncology | www.frontiersin.org 7112
1.581; 95% CI, 1.108–2.256; p = 0.011) than those who had fewer
organ metastases (<3). Moreover, patients who had a good PS
(ECOG PS of 0–1) were independently correlated with an over
1.9 times greater risk of death (HR = 1.937; 95% CI, 1.075–3.489;
p = 0.028) than those had a poor PS (ECOG PS of ≥2).
Furthermore, patients treated with ICIs after 1st line were
independently correlated with an over 2.3 times greater risk of
death (HR = 2.355; 95% CI, 1.645–3.370; p < 0.001) than those
treated with the 1st line ICIs. Patients treated with less doses of
ICIs (<200 mg) were independently correlated with an over 1.6
times greater risk of death (HR = 1.625; 95% CI, 1.156–2.286; p =
0.005) than those treated with more doses of ICIs (≥200 mg).
Association of the Composite Biomarker
of dNLR and PLR With Outcomes in Lines
of Immunotherapy of 1 or a Large Number
of Lines of Immunotherapy (≥2):
Subgroup Analysis
Multivariate analysis revealed that patients treated with the 1st line
ICIs were independently correlated with improved OS and PFS.
TABLE 4 | Efficacy and prognosis based on the good and the intermediate/poor groups.

dNLR combined with PLR score
classification

Response rate OS (months) PFS (months)

DCR (n, %) OR (95% CI) Median HR (95% CI) Median HR (95% CI)

Overall (n = 238) 126 (52.9) 12.5 (10.278–14.722) 4.7 (3.686–5.714)
The good group (n = 71) 40 (56.3) 1 [the reference] 26.3 (18.895–33.705) 1 [the reference] 5.5 (3.787–7.213) 1 [the reference]
The intermediate/poor group (n = 167) 86 (51.5) 0.823 (0.471–1.439) 11.1 (8.823–13.377) 1.909 (1.299–2.805) 4.1 (2.961–5.239) 1.582 (1.147–2.181)
p-value 0.494 0.001 0.005
Febr
uary 2022 | Volume
PFS, progression-free survival; OS, overall survival; HR, hazard ratio; DCR, disease control rate; OR, odds ratio.
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FIGURE 2 | PFS (A) and OS (B) of the dNLR of patients with AGC receiving ICIs cohort, and OS (C) and PFS (D) of the PLR of patients with AGC, receiving ICIs
cohort. PFS, progression free survival; OS, overall survival; AGC, advanced gastric cancer; ICIs, immune checkpoint inhibitors; dNLR, derived neutrophil‐to‐
lymphocyte; PLR, platelet–lymphocyte ratio.
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TABLE 5 | Univariate and multivariate analyses of factors associated with PFS and OS.

Patient Characteristics Univariate Analysis Multivariate Analysis

PFS HR (95% CI) p HR (95% CI) p

Lines of immunotherapy
<2 1 [the reference] <0.001 1 [the reference] <0.00
≥2 2.402 (1.798–3.208) 2.387 (1.783–3.196) 1

Pleural fluid
Absent 1 [the reference] 0.017 1 [the reference] 0.055
Present 2.062 (1.140–3.727) 1.792 (0.987–3.252)

Ascites
Absent 1 [the reference] 0.012 1 [the reference] 0.674
Present 1.511 (1.094–2.087) 1.081 (0.753–1.550)

ECOG PS
0–1 1 [the reference] 0.002 1 [the reference] 0.376
≥ 2 2.316 (1.363–3.936) 1.310 (0.721–2.379)

Dosage of immunotherapy, median
<200 mg 1 [the reference] 0.026 1 [the reference] 0.557
≥200 mg 1.375 (1.040–1.817) 1.098 (0.804–1.499)

Response to line before immunotherapy
Others 1 [the reference] 0.007 1 [the reference] 0.857
PD 1.518 (1.120–2.058) 0.968 (0.684–1.372)

Number of metastatic sites
<3 1 [the reference] 0.020 1 [the reference] 0.027
≥3 1.458 (1.061–2.003) 1.439 (1.042–1.987)

ICIs combined with other therapies
Yes 1 [the reference] 0.024 1 [the reference] 0.541
No 1.495 (1.050–2.000) 1.116 (0.785–1.584)

dNLR combined with PLR score
The good group 1 [the reference] 0.005 1 [the reference] 0.016

The intermediate/poor group 1.582 (1.147–2.181) 1.499 (1.078–2.086)

Patient Characteristics Univariate Analysis Multivariate Analysis

OS HR (95% CI) p HR (95% CI) p

ECOG PS
0–1 1 [the reference] <0.001 1 [the reference] 0.028
≥ 2 4.251 (2.471–7.312) 1.937 (1.075–3.489)
Lines of immunotherapy
<2 1 [the reference] <0.001 1 [the reference] <0.00
≥2 2.668(1.881–3.785) 2.355 (1.645–3.370) 1
Bone metastasis
Absent 1 [the reference] 0.019 1 [the reference] 0.186
Present 1.782(1.100–2.887) 1.453 (0.835–2.527)
Ascites
Absent 1 [the reference] 0.031 1 [the reference] 0.785
Present 1.485 (1.037–2.125) 1.056 (0.715–1.560)
Pleural fluid
Absent 1 [the reference] 0.035 1 [the reference] 0.315
Present 2.002(1.050–3.815) 1.445 (0.705–2.961)
Number of metastatic sites
<3 1 [the reference] 0.002 1 [the reference] 0.011
≥3 1.765 (1.242–2.507) 1.581 (1.108–2.256)
Response to line before immunotherapy
Others 1 [the reference] 0.001 1 [the reference] 0.404
PD 1.896 (1.302–2.760) 1.204 (0.779–1.862)
Dosage of immunotherapy, median (range)
≥200 mg 1 [the reference] <0.001 1 [the reference] 0.005
<200 mg 1.984 (1.440–2.734) 1.625 (1.156–2.286)
ICIs combined with other therapies
Yes 1 [the reference] 0.001 1 [the reference] 0.760
No 1.825 (1.280–2.603) 1.064 (0.713–1.588)
dNLR combined with PLR score
The good group 1 [the reference] 0.001 1 [the reference] 0.033
The intermediate/poor group 1.909 (1.299–2.805) 1.540 (1.036–2.288)
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PFS, progression-free survival; OS, overall survival; AGC, advanced gastric cancer; ICIs, immune checkpoint inhibitors; HR, hazard ratio; dNLR, derived neutrophil‐to‐lymphocyte, PLR,
platelet–lymphocyte ratio; PD, progressive disease; ECOG PS, Eastern Cooperative Oncology Group performance status scores.
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Our study then conducted subgroup analysis based on different
lines of immunotherapy. Univariate analyses of association of the
dNLR/PLR group with outcomes in a large number of lines of
immunotherapy (≥2) are shown in Table 7. For 130 patients
treated with ICIs in subsequent lines, 97 (58.1%) patients were in
the intermediate/poor dNLR/PLR group and 33 (46.5%) patients
were in the good group. The median PFS and OS were 8.4 and 3
months, respectively. Patients of the intermediate/poor dNLR/PLR
group had shorter PFS and OS than the good dNLR/PLR group
(2.9 months vs. 3.3 months, 8.1 months vs. 11.2 months; p = 0.007,
p = 0.014) (Figures 4A, B, and Table 7). Moreover, Kaplan–Meier
analysis show that patients using ICIs in multilines with an elevated
dNLR value (≥1.95) had shorter PFS and OS than those with a
lower dNLR value (2.8 months vs. 4.2 months, 5.8 months vs. 11.6
months; p < 0.001, p = 0.001) (Figures 4C, D). However, no clear
differences in PFS and OS were observed between the patients with
an elevated PLR value (≥163.63) and those with a lower PLR value
(<163.63) (2.8 months vs. 3.2 months, 8.2 months vs. 9.7 months;
p = 0.308, p = 0.210) (Figures 4E, F).

Univariate analyses of association of the dNLR/PLR group with
outcomes in lines of immunotherapy of 1 are shown inTable 8. For
the 108 patients treated with ICIs in the 1st line, 70 (41.9%) patients
were in the intermediate/poor dNLR/PLR group and 38 (53.5%)
Frontiers in Oncology | www.frontiersin.org 9114
patients were in the good dNLR/PLR group. The median PFS and
OS were 9.1 and 29 months, respectively. No clear differences in
PFS and OS were observed between the intermediate/poor dNLR/
PLR group and the good dNLR/PLR group (9.1 months vs. 9.1
months, 24.4 months vs. 32.8 months; p = 0.414, p = 0.128)
(Figures 5A, B, and Table 8). Moreover, Kaplan–Meier analysis
show that patients implementing ICIs in the 1st line with an
elevated dNLR value (≥1.95) had shorter OS than those with a
lower dNLR value (17.1 months vs. 35.2 months; p = 0.016)
(Figure 5C). However, no clear difference of PFS was observed
between the patients with an elevated dNLR value and with a lower
dNLR value (7.6 months vs. 10.5 months; p = 0.090) (Figure 5D).
Furthermore, there were no statistical differences in PFS and OS
between the patients with an elevated PLR value (≥163.63) and
with a lower PLR value (<163.63) (7.6 months vs. 9.1 months, 24.4
months vs. 32.8 months; p = 0.766, p = 0.391) (Figures 5E, F).

Association of the Composite Biomarker
of dNLR and PLR With Outcomes in ICIs
Combined With Other Therapies or ICIs
Monotherapy: Subgroup Analysis
Univariate analysis revealed that patients treated with ICIs
combined with other therapies were correlated with improved
A B

FIGURE 3 | PFS (A) and OS (B) according to the good group and the intermediate/poor group of patients with AGC receiving ICIs cohort. PFS, progression free
survival; OS, overall survival; AGC, advanced gastric cancer; ICIs, immune checkpoint inhibitors.
TABLE 6 | Efficacy and prognosis based on the good, the intermediate, and the poor groups.

dNLR combined with PLR score
classification

Response rate OS (months) PFS (months)

DCR (n, %) OR (95% CI) Median HR (95% CI) Median HR (95% CI)

Overall (n = 238) 126 (52.9) 12.5 (10.278–14.722) 4.7 (3.686–5.714)
The good group (n = 71) 40 (56.3) 1 [the reference] 26.3 (19.029–33.571) 1 [the reference] 5.5 (3.787–7.213) 1 [the reference]
The intermediate group (n = 86) 43 (50.0) 1.290 (0.686–2.426) 12.1 (10.687–13.513) 1.540 (0.999–2.373) 5.8 (3.437–8.163) 1.355 (0.944–1.944)
The poor group (n =81) 43 (53.1) 1.140 (0.601–2.164) 8.2 (4.966–11.434) 2.406 (1.579–3.665) 3.8 (3.017–4.583) 1.889 (1.319–2.704)
P-value 0.730 <0.001 0.002
The intermediate group (n = 86) 43 (50.0) 1 [the reference] 12.1 (10.687–13.513) 1 [the reference] 5.8 (3.437–8.163) 1 [the reference]
The poor group (n =81) 43 (53.1) 0.884 (0.481–1.622) 8.2 (4.966–11.434) 1.562 (1.083–2.253) 3.8 (3.017–4.583) 1.394 (1.009–1.926)
p-value 0.690 0.017 0.044
The good group (n = 71) 40 (56.3) 1 [the reference] 26.3 (19.029–33.571) 1 [the reference] 5.5 (3.787–7.213) 1 [the reference]
The intermediate group (n = 86) 43 (50.0) 1.290 (0.686–2.426) 12.1 (10.687–13.513) 1.540 (0.999–2.373) 5.8 (3.437–8.163) 1.355 (0.944–1.944)
p-value 0.050 0.099
The good group (n = 71) 40 (56.3) 1 [the reference] 26.3 (19.029–33.571) 1 [the reference] 5.5 (3.787–7.213) 1 [the reference]
The poor group (n =81) 43 (53.1) 1.140 (0.601–2.164) 8.2 (4.966–11.434) 2.406 (1.579–3.665) 3.8 (3.017–4.583) 1.889 (1.319–2.704)
p-value <0.001 0.001
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OS and PFS. Our study then conducted subgroup analysis based
on ICIs combined with other therapies or ICI monotherapy.
Univariate analyses of association of the dNLR/PLR group with
outcomes in patients treated with ICIs combined with other
therapies are shown in Table 9. For 186 patients in whom ICIs
are combined with other therapies, 129 (69.4) patients were in
the intermediate/poor dNLR/PLR group and 57 (30.6%) patients
Frontiers in Oncology | www.frontiersin.org 10115
were in the good group. The median PFS and OS were 5.1 and
14.2 months, respectively. Patients of the intermediate/poor
dNLR/PLR group had shorter PFS and OS than the good
dNLR/PLR group (4.7 months vs. 5.5 months, 24.4 months vs.
32.8 months; p = 0.026, p = 0.002) (Table 9). Patients in the
intermediate/poor dNLR/PLR group were correlated with an
over 2 times greater risk of death (HR = 2.063; 95% CI, 1.305–
TABLE 7 | Univariate analyses of the good group and the intermediate/poor group associated with OS and PFS of AGC patients treated with ICIs in the multi-line.

dNLR combined with PLR score classification Patients treated with ICIs in the multi-line

OS (months) PFS (months)

Median HR (95%CI) Median HR (95%CI)

The good 11.2 1 [Reference] 3.3 1 [Reference]
The intermediate/ poor group 8.1 1.811 (1.117-2.935) 2.9 1.844 (1.168-2.909)
P value 0.014 0.007
F
ebruary 2022 | Volume
PFS, progression free survival; OS, overall survival; AGC, advanced gastric cancer; ICIs, immune checkpoint inhibitors; HR, hazard ratio; dNLR, derived neutrophil‐to‐lym‐ phocyte: PLR,
platelet-lymphocyte ratio.
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FIGURE 4 | PFS (A) and OS (B) of the good group and the intermediate/poor group of the multi-line of patients with AGC, receiving ICIs cohort, PFS (C) and OS
(D) of the dNLR of the multi-line of patients with AGC, receiving ICIs cohort, and PFS (E) and OS (F) of the PLR of the multi-line of patients with AGC, receiving ICIs
cohort. PFS, progression-free survival; OS, overall survival; ICIs, immune checkpoint inhibitors; dNLR, derived neutrophil‐to‐lymphocyte; PLR, platelet–lymphocyte ratio.
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3.260; p = 0.002) and with an over 1.5 times greater risk disease
progression (HR = 1.507; 95% CI, 1.046–2.170; p = 0.028) than
those in the good NLR/PLR group (Figures 6A, B, and Table 9).
Moreover, Kaplan–Meier analysis shows that patients using ICIs
combined with other therapies with an elevated dNLR value
Frontiers in Oncology | www.frontiersin.org 11116
(≥1.95) had shorter PFS and OS than those with a lower dNLR
value (3.9 months vs. 5.8 months, 9.5 months vs. 29.0 months;
p = 0.002, p < 0.001) (Figures 6C, D). Furthermore, patients with
an elevated PLR value (≥163.63) had shorter OS than those with
a lower PLR value (<163.63) (11.6 months vs. 29.0 months;
TABLE 8 | Univariate analyses of the good group and the intermediate/poor group associated with OS and PFS of AGC patients treated with 1st line ICIs.

dNLR combined with PLR score classification Patients treated with the 1st line ICIs

OS (months) PFS (months)

Median HR (95%CI) Median HR (95%CI)

The good 32.8 1 [Reference] 9.1 1 [Reference]
The intermediate/ poor group 24.4 1.641 (0.861-3.127) 9.1 1.219 (0.756-1.963)
P value 0.128 0.414
F
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FIGURE 5 | PFS (A) and OS (B) of the good group and the intermediate/poor group of the 1st line of patients with AGC, receiving ICIs cohort, OS (C) and PFS
(D) of the dNLR of the 1st line of patients with AGC, receiving ICIs cohort, and OS (E) and PFS (F) of the PLR of the 1st line of patients with AGC, receiving ICIs
cohort. PFS, progression-free survival; OS, overall survival; ICIs, immune checkpoint inhibitors; dNLR, derived neutrophil‐to‐lymphocyte; PLR, platelet–
lymphocyte ratio.
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p = 0.005) (Figure 6E). However, no clear difference in PFS was
observed between the patients with an elevated PLR value and
with a lower PLR value (4.7 months vs. 5.5 months; p =
0.068) (Figure 6F).
Frontiers in Oncology | www.frontiersin.org 12117
Univariate analyses of association of the dNLR/PLR group
with outcomes in patients treated with ICIs monotherapy are
shown in Table 10. For the 52 patients treated with ICI
monotherapy, 38 (73.1%) patients were in the intermediate/
TABLE 9 | Univariate analyses of the good group and the intermediate/poor group associated with OS and PFS of AGC patients treated with ICIs combined with other
therapies.

dNLR combined with PLR score classification Patients treated with ICIs combined with other therapies.

Overall
n = 186

OS (months) PFS (months)

Median HR (95% CI) Median HR (95% CI)

The good 57 (30.6) 32.8 1 [Reference] 5.5 1 [Reference]
The intermediate/poor group 129 (69.4) 11.8 2.063 (1.305–3.260) 4.7 1.507 (1.046–2.170)
p-value 0.002 0.028
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FIGURE 6 | PFS (A) and OS (B) of the good group and the intermediate/poor group of patients with AGC, receiving ICIs combined with other therapies cohort, OS
(C) and PFS (D) of the dNLR of patients with AGC, receiving ICIs combined with other therapies cohort, and OS (E) and PFS (F) of the PLR of patients with AGC,
receiving ICIs combined with other therapies cohort. PFS, progression-free survival; OS, overall survival; ICIs, immune checkpoint inhibitors; dNLR, derived
neutrophil‐to‐lymphocyte; PLR, platelet–lymphocyte ratio.
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poor dNLR/PLR group and 14 (26.9%) patients were in the good
dNLR/PLR group. The median PFS and OS were 2.4 and 8.1
months, respectively. No clear differences in PFS and OS were
observed between the intermediate/poor dNLR/PLR group and
the good dNLR/PLR group (2.2 months vs. 2.7 months, 8.1
months vs. 7.9 months; p = 0.061 p = 0.302) (Figures 7A, B, and
Frontiers in Oncology | www.frontiersin.org 13118
Table 10). Moreover, Kaplan–Meier analysis shows that patients
in whom ICIs were implemented in the multiline with an
elevated dNLR value (≥1.95) had shorter PFS and OS than
those with a lower dNLR value (1.9 months vs. 7.4 months, 5.7
months vs. 11.2 months; p = 0.008, p = 0.028) (Figures 7C, D).
However, no clear differences in PFS and OS were observed
TABLE 10 | Univariate analyses of the good group and the intermediate/poor group associated with OS and PFS of AGC patients treated with ICIs monotherapy.

dNLR combined with PLR score classification Patients treated with ICIs combined without chemotherapy

Overall
n = 52

OS (months) PFS (months)

Median HR (95% CI) Median HR (95% CI)

The good 14 (26.9) 7.9 1 [Reference] 2.7 1 [Reference]
The intermediate/poor group 38 (73.1) 8.1 1.448 (0.711–2.948) 2.2 1.887 (0.953–3.738)
p-value 0.307 0.069
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FIGURE 7 | PFS (A) and OS (B) of the good group and the intermediate/poor group of patients with AGC, receiving ICIs monotherapy cohort, OS (C) and PFS (D)
of the dNLR of patients with AGC, receiving ICIs monotherapy cohort, and OS (E) and PFS (F) of the PLR of patients with AGC, receiving ICIs monotherapy cohort.
PFS, progression-free survival; OS, overall survival; ICIs, immune checkpoint inhibitors; dNLR, derived neutrophil‐to‐lymphocyte; PLR, platelet–lymphocyte ratio.
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between the patients with an elevated PLR value (≥163.63) and
those with a lower PLR value (<163.63) (2.1 months vs. 4.9
months, 7.6 months vs. 9.4 months; p = 0.952, p = 0.518)
(Figures 7E, F).
DISCUSSION

The usage of immunotherapy in the field of GC treatment has
increased annually worldwide (7, 21). Based on the current
clinical trial results, the positive effect of immune checkpoint
inhibitors is very apparent (22). Comparatively, immunotherapy
drugs are expensive and prone to drug resistance and even super-
progress (23, 24). Therefore, finding an effective predictive
marker is an urgent matter to be solved. These indicators can
predict immune curative effect, so as to achieve precise
treatment. However, the current evaluation of biomarkers for
immunotherapy is relatively limited (15). The highly
heterogeneous characteristics of GC may limit the accuracy of
a single biomarker for screening populations benefiting from
immunotherapy (25). In contrast, the combination of multiple
indicators can provide more targeted information for the
detection of potential immune benefit subgroups. Peripheral
inflammatory blood indexes such as NLR, dNLR, and PLR are
independent prognostic biomarkers for patients receiving
immunotherapy (13, 14, 20). A prognostic correlation analysis
of patients with advanced non-small cell lung cancer treated with
peripheral blood biomarkers and anti-PD-1 antibody treatment
by Soyano et al. showed that patients with an elevated PLR value
were correlated independently with poor prognosis (26). When
the fluctuations of PLR are interpreted along with other
complementary hematologic indices, its value as an
inflammatory marker will increase. One typical example of the
complementary hematologic index is NLR, which provides
additional information about neutrophilic inflammation and
infectious complications (27). Consequently, Dharmapuri et al.
established a statistical model by NLR/PLR groups and found
that there were significant differences in survival between the
high-NLR/low-PLR group and the low-NLR/low-PLR group in
advanced hepatocellular carcinoma patients treated with ICIs
(16). The efficiency of dNLR as useful biomarkers, predicting ICI
response, has been proved by Lim et al. (20). Our research also
found that patients with an elevated dNLR value (≥ the best
cutoff value) were associated with shorter OS and PFS. Patients
with an elevated dNLR value were associated with an over 1.8
times greater risk of disease progression (HR = 1.807; 95% CI,
1.356–2.407; p < 0.001) and an over 2.1 times greater risk of
death (HR = 2.161; 95% CI, 1.542–3.028; p < 0.001) than those
with a lower dNLR value. However, patients with high levels of
PLR (≥ the median value) were only associated with shorter OS,
but not PFS. Patients with an elevated PLR value were associated
with an over 1.4 times greater risk of death than those with a
lower PLR value (<163.63) (HR = 1.416; 95% CI, 1.026–1.956; p =
0.033). On the other hand, Baicun Hou et al. noticed that the
Lung immune prognostic index (LIPI), consisting of lactate
dehydrogenase (LDH) levels and dNLR, was correlated with
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the outcomes of AGC patients receiving immunotherapy (28).
As such, we combined dNLR and PLR to stratify risk factors. The
high levels of dNLR (≥1.95) and PLR (≥163.63) were considered
to be risk factors. Based on these two risk factors, patients were
categorized into 3 groups: the risk factor number for the “good”
group was 0, that for the “intermediate” group was 1, and that for
the “poor” group was 2. Due to the similar efficacy and survival
outcomes of patients in intermediate and good groups, the
subjects were divided into two groups: dNLR/PLR-good and
dNLR/PLR-intermediate/poor. We then began to evaluate the
differences in prognosis and survival of AGC patients after
immunotherapy between the good and the intermediate/poor
groups. The cutoff value of dNLR was obtained by the ROC
curves to predict the disease progression rate at the 8th month
and the cutoff value of PLR was estimated by the median value.
The cutoff values of dNLR and PLR were 1.95 and 163.63,
respectively. Dharmapuri et al. found that the high-NLR/low-
PLR group has shorter OS and PFS than the low-NLR/low-PLR
group. We also found that the good dNLR/PLR group was
independently associated with better prognosis. The
intermediate/poor dNLR/PLR group was independently
correlated with an over 1.4 times greater risk of disease
progression (4.1 months vs. 5.5 months; p = 0.016) and an
over 1.54 times greater risk of death (11.1 months vs. 26.3
months; p = 0.033) than the good dNLR/PLR group. However,
no clear differences in the disease control rate (DCR) and overall
response rate (ORR) were observed between the intermediate/
poor dNLR/PLR group and the good dNLR/PLR group (51.5%
vs. 56.3%, 26.3% vs. 29.6%; p = 0.494, p = 0.609). Baicun Hou
et al. noticed that patients with a good PS (ECOG PS of 0–1) were
also independently associated with PFS and OS for AGC patients
treated with ICIs (28). However, in our study, patients who had a
good PS (ECOG PS of 0–1) were independently associated with
improved OS, but without improved PFS. Baicun Hou et al.
noticed that patients treated with combinat ion of
immunotherapy and other therapies were associated with
longer OS, with HRs of 0.58 (95% CI, 0.37–0.93; p = 0.024),
and PFS, with HRs of 0.49 (95% CI, 0.30–0.81; p = 0.005) (28).
However, in our study, there were no statistical differences for OS
and PFS between patients treated with ICIs, ICI plus
chemotherapy, ICI plus antiangiogenic and chemotherapy
group, and ICI plus antiangiogenic or target agents. We found
that patients treated with the 1st line ICIs were independently
associated with improved PFS and OS. However, no clear
differences in OS and PFS were observed between patients
treated with the 1st line ICIs and those treated with ICIs after
the 1st line in the study of Baicun Hou et al. (28). We also found
that patients who had fewer organ metastases (<3) were
independently associated with improved PFS and OS.
However, Baicun Hou et al. found that patients who had fewer
organ metastases (< 2) were not independently associated with
improved PFS and OS than those who had more organ
metastases (≥2) (28). In addition, our study firstly found that
patients treated with more doses of ICIs (≥200 mg) were
independently associated with improved OS, but without
improved PFS. However, the mechanism of the correlation
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between this peripheral blood inflammatory complex index and
the tumor prognosis is relatively complicated, and it still needs to
be further explored through basic experiments and clinical trials.
Some studies suggested that this may be related to the tumor-
immune microenvironment of patients (29, 30). In addition to
direct immune killing effects on tumor cells, these biomarkers are
also related to tumor immunostimulatory signals and the
activation of effector cells. Neutrophils are derived from bone
marrow hematopoietic stem cells and have chemotaxis,
phagocytosis, and bactericidal effect (31). Moreover, not
only can it enhance the growth of tumor cells under the
effect of tumor, its microenvironment reproduction and
invasion can also promote angiogenesis and mediate tumor
immunosuppression (32).

Lymphocyte is an important component for the body’s
immune response function (33). Elevated neutrophils can
inhibit the immune attack ability of lymphocytes (34).
Consequently, NLR, defined as the ratio of neutrophils to
lymphocytes, can comprehensively reflect the immune status
and inflammation of the tumor patients (35). dNLR is defined as
the ratio between the neutrophil and white blood cell minus
neutrophil. The dNLR can reflect changes in the body’s immune
system, so it is more meaningful than NLR (36). Platelets are
produced by mature megakaryocytes in bone marrow
hematopoietic tissue (37). It can release inflammatory factors
such as thrombospondin and vascular endothelial growth factor,
and participates in tumor cell adhesion, extravasation, invasion,
immune escape, and tumor angiogenesis (38). Moreover,
tumors grow and evolve through constant crosstalk with the
surrounding microenvironment, and emerging evidence
indicates that angiogenesis and immunosuppression frequently
occur simultaneously in response to this crosstalk (39).
Accordingly, strategies combining anti-angiogenic therapy and
immunotherapy seem to have the potential to tip the balance of
the tumor microenvironment and improve treatment response
(39). Therefore, based on the value of PLR, we may be able to
roughly assess whether patients can benefit from the therapy of
ICI combined with antiangiogenic agents. dNLR and PLR are
composite indicators of lymphocyte, neutrophil, and platelet, so
they can reflect the balance of the body’s tumor inflammatory
response to a certain extent. Therefore, the higher dNLR and
PLR tumor patients get, the worse their prognosis will be.

As a retrospective data collection, this study might have some
reporting errors. Due to these, positive results could be
exaggerated, and some false positives could appear on research
results. However, these errors were inevitable in research design.
Moreover, this study had some limitations, including a relatively
small sample size with a mixed population of GC of cardia, GC of
body/fundus, and GC of pylorus, as well as a lack of comparison
of the two groups among the three cancers.
CONCLUSION

This retrospective cohort study has demonstrated that a
composite biomarker of dNLR and PLR is independently
Frontiers in Oncology | www.frontiersin.org 15120
correlated with the survival of AGC patients implementing
immunotherapy. It may be difficult for patients with the
intermediate/poor dNLR/PLR group to benefit from
immunotherapy. However, the possibility of using the complex
index as an effective and economic prognostic biomarker to
select patients who are best suited to receiving ICIs needs further
investigation in a larger prospective study.
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Esophageal carcinoma is one of the most aggressive malignant diseases. At present,
neoadjuvant chemotherapy and neoadjuvant chemoradiotherapy are regarded as the
standard modalities for the treatments of locally advanced esophageal cancers based on
several landmark trials. However, the optimal regimen, radiation dose, and surgical
intervals are uncertain and the rate of recurrence after neoadjuvant therapy is high.
Patients receiving neoadjuvant therapy and reaching a pathological complete response
have been reported to have a better survival benefit and a fewer recurrence risk than those
non-pathological complete responses. Nevertheless, less than half of patients will reach a
pathological complete response after neoadjuvant therapy, and the methods to evaluate
the efficacy after neoadjuvant therapy accurately are limited. Immune checkpoint inhibitors
have been recommended for the treatments of advanced esophageal cancers. Recently,
research has been beginning to evaluate the safety and efficacy of immunotherapy
combined with neoadjuvant therapy. Here, we will review and discuss the development
of the neoadjuvant therapy of locally advanced esophageal cancers and unsolved
clinical problems.

Keywords: locally advanced esophageal cancers, neoadjuvant, chemoradiotherapy, chemotherapy, immunotherapy
INTRODUCTION

Esophageal carcinoma has been regarded as the seventh common cancer and the sixth leading cause
of cancer death (1). Histologically, esophageal cancers include squamous cancer, which is common
in Asian countries, and adenocarcinoma, which is common in western countries. To date, the
treatment for esophageal cancers is still a tough clinical problem. For locally advanced esophageal
cancers (LAECs), neoadjuvant chemotherapy (nCT) and neoadjuvant chemoradiotherapy (nCRT)
have been recommended as standard treatments. Many studies have proved their anti-tumor
efficacy, while some unsolved clinical problems also exist (2–4). Immune checkpoint inhibitors
(ICIs) are being widely researched in various tumors. For esophageal cancers, ICIs have been
recommended for the second/first-line treatment of advanced esophageal cancers. Recently,
research regarding immunotherapy combined with conventionally neoadjuvant chemo(radio)
therapy is ongoing. Hence, here we review and discuss the development of neoadjuvant therapy
for LAECs and potential clinical problems.
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NEOADJUVANT CHEMOTHERAPY

The research regarding the efficacy of nCT for LAECs has been
conducted since the 1980s. As we summarized in Table 1, for
adenocarcinoma, the utilization status of neoadjuvant treatments
is owed to three randomized controlled trials. The UK Medical
Research Council (OE02) trial was the first large-sized study to
demonstrate a survival benefit of nCT for patients with esophageal
cancer, in which patients were randomly assigned to receive
preoperative chemotherapy or surgery alone, showing a 5%
increase in 5-year survival for patients with adenocarcinoma (6,
7). Thus, nCT became a standard treatment for local esophageal
adenocarcinoma (EAC). Besides, the Medical Research Council
Adjuvant Gastric Infusional Chemotherapy (MAGIC) and
Fédération Nationales des Centres de Lutte Contre le Cancer/
Fédération Francophone de Cancérologie Digestive trials
(FNCLCC-FFCD), which included 26% and 75% LAEC in the
group receiving perioperative epirubicin, cisplatin, fluorouracil
and cisplatin, fluorouracil respectively, showed that the
perioperative chemotherapy group had a higher overall survival
as shown by a hazard ratio (HR) reduction from 25% to 31% and a
5-year survival increase from 13% to 14% (8, 9). Since the benefit
of survival, perioperative chemotherapy has become a standard
treatment for locally gastroesophageal carcinoma. Recently, results
from the trial 5-FU, Leucovorin, Oxaliplatin and Docetaxel
(FLOT) Versus Epirubicin, Cisplatin and 5-FU (ECF) in
Patients With Locally Advanced Resectable Gastric Cancer
(FLOT4-AIO) revealed that the regimen with docetaxel,
oxaliplatin, leucovorin, and fluorouracil showed better survival
and disease control. Compared with perioperative epirubicin,
cisplatin, and fluorouracil/capecitabine, the median overall
survival (mOS) in patients administered with the FLOT regimen
increased by 15 months (P=0.012) and the median disease-free
survival (mDFS) increased by 12 months (P=0.0036) (10, 11).
Thus, the FLOT has been one of the standard regimens for
perioperative chemotherapy.

For esophageal squamous carcinoma (ESCC), in the OE02
trial, 247 patients with ESCC were randomly assigned to receive
nCT or surgery alone (6). Long-term results showed a benefit
survival outcome (25.5% vs. 17.0% in 5-year OS) (7). The
standard preoperative chemotherapy for locally advanced
ESCC is cisplatin-fluorouracil based, which improved the R0
resection and overall survival (OS) in the Japan Clinical
Oncology Group (JCOG) 9907 trial showing a 5-year OS of
55% in the nCT group while 43% in the postoperative treatment
group (P=0.04). Based on this trial, the nCT based on cisplatin–
fluorouracil (CF) has become the standard treatment for locally
ESCC in Japan (2).

In summary, compared with surgery alone, adding
chemotherapy before surgery has been proved to improve R0
resection rate and survival for patients with LAEC. For
adenocarcinoma, the 5-year OS increased by 13%–15% by
adding nCT. For ESCC, evidence from large-scale clinical trials
is limited. The efficacy of nCT was confirmed in the JCOG9907
trial by comparing it with postoperative therapy (2). Nevertheless,
Frontiers in Oncology | www.frontiersin.org 2124
the efficacy of nCT remains unsatisfactory as shown by a low
pathological complete response (pCR) rate after nCT. For
adenocarcinoma, thanks to the FLOT regimen, the pCR rate has
been significantly improved, showing an increase of up to 16%
(10). For ESCC, the pCR rate after a preoperative CF-based
treatment was only 5%. Furthermore, although the JCOG9907
trial showed anOS benefit after nCT compared with postoperative
therapy, there were no differences in progression-free survival
(PFS; HR 0.84, 95%CI 0.63–1.11) indicating no improvement in
the quality of life. Subgroup analysis reported that patients at stage
III had less benefit than those at stage II. Thus, a more effective
regimen is needed (2). Recent research has shown the promising
efficacy of the regimen with docetaxel, cisplatin, and 5-FU (DCF).
Results from a phase II trial reported a 90.5% completion rate and
17% pCR rate suggesting the feasibility of the DCF regimen (12).
For disease control, the DCF regimen showed a higher 5-year PFS
than that in the CF regimen (38.2% vs. 58.3%, P=0.006) (13). For
security, the DCF regimen had no effects on surgical outcomes
(14). However, the incidence of blood adverse events (AEs) was
high (grade ≥3 neutropenia: 83%) (12). A propensity score-
matched analysis reported that the DCF showed better efficacy
for patients with locally advanced squamous carcinoma at stage III
[objective response rate (ORR): 61.0% vs. 43.2%, P=0.021; HR for
death 0.49, 95%CI 0.24–0.999, P=0.050] (15). Most recently, the
JCOG1109 NExT trial (UMIN000009482), aiming to compare the
efficacy between the CF regimen, the DCF regimen, and CF
combined with radiotherapy in patients with locally advanced
ESCC, reported its results in the 2022 American Society of Clinical
Oncology Gastrointestinal Cancers Symposium (ASCO-GI)
meeting, demonstrating that the DCF regimen was superior to
the CF regimen in both OS and PFS with a high pCR rate of 19.8%
and a manageable toxicity profile (mOS: 4.6 years versus not
reach; median progression-free survival (mPFS): 2.7 years versus
not reach). Based on this result, the DCF might be a new standard
neoadjuvant treatment for locally advanced ESCC (16). In
addition, there are other regimens for nCT (Table 2). However,
it should be pointed out that there is a lack of large size, head-to-
head clinical trials to compare the efficacy between nCT regimens.
Besides exploring new regimens, the exploration of new
modalities has also attracted much attention, like the
combination of chemotherapy and immunotherapy, which will
be shown below.
NEOADJUVANT CHEMORADIOTHERAPY

Preoperative chemoradiotherapy plus surgery has been widely
used for LAECs (Table 3). At the early stage, the results from
clinical research were controversial since the heterogeneity
between the studies included chemoradiotherapy regimens,
surgical technique, tumor histology, sample size, and less
advanced diagnostic methods. Until the ChemoRadiotherapy for
Oesophageal cancer followed by Surgery Study (CROSS) trial and
the Phase III Study of Neo-adjuvant Chemoradiotherapy
Followed by Surgery for Squamous Cell Esophageal Cancer
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(NEOCRTEC5010) trial, the standard treatment status of nCRT
for LAEC was established.

For adenocarcinoma, in the CROSS trial, 336 patients, in
which EAC accounted for 75%, were enrolled to receive nCRT or
surgery alone. Initial results showed that after nCRT, the
resection specimen demonstrated that a pCR was 23% and
there were no differences in postoperative complications and
in-hospital mortality between the nCRT group and the surgery
group, which meant the feasibility and acceptable toxicity of the
CROSS regimen (3). Long-term results revealed a benefit of OS
[mOS: 43.2 vs. 21.7 months (m)] and PFS (mPFS: 29.9 vs. 17.7
m), and the effect of OS was up to 10 years of follow-up,
indicating that compared with surgery, the nCRT based on the
CROSS regimen significantly prolonged lifespans and improved
disease control (27, 28). Thus, nCRT was regarded as the
standard treatment for locally EAC and the regimen; 5 cycles
of paclitaxel (50 mg/m2) and 3 cycles of carboplatin (2 mg/AUC)
concurrent with 41.4Gy became the standard regimen for nCRT.

For ESCC, however, although the CROSS trial reported a
much better efficacy of nCRT (pCR rate: 49%; mOS: 81.6 m:21.1
m; mPFS: 74.7 m: 11.6 m; 10-year OS rate: 46% vs. 23%), it
should be noted that only 23% tumor types were ESCC, which
might make it hard to convince the benefit of ESCC (3, 27, 28).
Most recently, the results from the NEOCRTEC5010 trial
demonstrated the better efficacy of nCRT (vinorelbine,
cisplatin, 40.0 Gy) versus surgery alone. The R0 rate was
significantly higher in the nCRT group than that in the surgery
group. Resection specimens showed that the pCR rate was 43.2%.
With a median follow-up of 41.0 months, significant differences
in mOS and 3-year OS were found in favor of nCRT (mOS: 100.1
vs. 66.5 m, P=0.025; 3-year OS: 69.1% vs. 58.9%). Furthermore,
disease-free survival (DFS) was also significantly improved in the
nCRT group compared with the surgery group (100.1 vs. 41.7 m,
P<0.001) (4). Based on these two trials, nCRT also became the
standard treatment modality for locally ESC and the regimen, 2
cycles of vinorelbine (25 mg/m2) and cisplatin (75 mg/m2)
concurrent with 40.0 Gy became the standard regimen for
nCRT in China.

In summary, most of the studies comparing the efficacy of
nCRT to surgery alone obtained negative results before the
2000s. After the 2000s, many studies showed that nCRT was
better than surgery alone. Based on the results from the
landmark trials, CROSS and NEOCRTEC5010, nCRT has
become the standard treatment for LAECs. The CROSS
regimen has been widely used around the world. Current
evidence shows that compared with surgery alone treatment,
nCRT can ameliorate R0, pCR, OS, and recurrence. After nCRT,
R0, pCR, and OS range from 81% to 98%, 25% to 43%, and 16 to
100.1 months, respectively.
NEOADJUVANT CHEMORADIOTHERAPY
VS. NEOADJUVANT CHEMOTHERAPY

As mentioned above, nCT and nCRT are two main modalities
for the treatment of LAECs. In Japan, based on its own research,
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cé
ro
lo
gi
e
D
ig
es
tiv
e
tr
ia
l;
JC

O
G
99

07
,t
he

Ja
pa

n
C
lin
ic
al
O
nc

ol
og

y
G
ro
up

99
07

tr
ia
l;
FL

O
T4

-A
IO

5-
FU

,l
eu

co
vo

rin
,o

xa
lip
la
tin
,a

nd
do

ce
ta
xe
l(
FL

O
T)

ve
rs
us

ep
iru

bi
ci
n,

ci
sp

la
tin
,
an

d
5-
FU

(E
C
F)

in
pa

tie
nt
s
w
ith

lo
ca

lly
ad

va
nc

ed
re
se
ct
ab

le
ga

st
ric

ca
nc

er
;
EA

C
,
es
op

ha
ge

al
ad

en
oc

ar
ci
no

m
a;

ES
C
C
,
es
op

ha
ge

al
sq

ua
m
ou

s
ca

rc
in
om

a;
A
C
,
ad

en
oc

ar
ci
no

m
a;

G
EJ

,
ga

st
ro
es
op

ha
ge

al
ju
nc

tio
n;

P
re
,

pr
eo

pe
ra
tiv
e;

P
os

t,
po

st
op

er
at
iv
e;

5-
FU

,5
-fl
uo

ro
ur
ac

il;
pC

R
,p

at
ho

lo
gi
ca

lc
om

pl
et
e
re
sp

on
se
;m

O
S
,
m
ed

ia
n
ov

er
al
ls
ur
vi
va
l;
m
,m

on
th
s;

N
A
,
no

t
av
ai
la
bl
e.
April 2022 | Volume 12 | Article 734581

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Huang et al. Neoadjuvant Therapy for Esophageal Cancers
nCT was the standard modality for LAECs. In some western
countries, nCRT was the preferred treatment modality based on
the results of the CROSS trial. Based on the NEOCRTEC5010,
nCRT also has become the standard treatment for locally ESCC
in China. Whether nCRT or nCT brings better efficacy for
patients with LAECs is still uncertain so far. Research
regarding the comparison between nCT versus nCRT directly
is limited and the current evidence is inconclusive. Current
research demonstrated that whether in ESCC or EAC, patients
receiving nCRT are more likely to reach pCR. The pCR rate in
nCRT is higher than that in nCT. However, there are no
differences between these two modalities in survival outcomes.

For EAC, only three prospective studies directly compared
the advantages and disadvantages of the two modalities. In the
PreOperative therapy in Esophagogastric Adenocarcinoma
(POET) trial, patients after nCRT showed a significantly higher
pCR rate of 14.3% compared with 1.9% after nCT. For OS, there
was a trend in favor of nCRT as shown by a longer mOS and
higher rate of long-term survival (29, 30). In the Neoadjuvant
Chemotherapy Versus Radiochemotherapy for Cancer of the
Esophagus or Cardia (NeoRes) trial, which enrolled over 70% of
patients with EAC, the authors demonstrated a significant
increase of 19% of pCR in the nCRT setting but no differences
for OS compared with nCT (31, 32). Also, Burmeister et al.
Frontiers in Oncology | www.frontiersin.org 4126
reported similar results that the pCR rate in nCRT significantly
increased, while mOS and the long-term survival rate were only
higher numerically (33).

The research about the efficacy of nCRT versus nCT in ESCC
is limited (Table 4). The results from the NeoRes trial containing
less than 30% of patients with ESSC could not find benefit in
long-term survival although the pCR rate after nCRT was
significantly higher than after nCT. The trial, Comparison
Between NCRT and NCT Followed by MIE for Treatment of
Locally Advanced Resectable ESCC (CMISG1701), reported its
initial results, which were to compare the efficacy of four cycles of
paclitaxel (50 mg/m2)/cisplatin(25 mg/m2) as nCRT regimen,
followed by minimally invasive esophagectomy (MIE) versus two
cycles of paclitaxel (135 mg/m2)/cisplatin(75 mg/m2) as nCT
regimen followed MIE in ESCC. The study showed that patients
undergoing nCRT had better pathologic outcomes including
higher pCR (35.7% vs. 3.8% P<0.01) and less lymph nodes
involved (66.1% vs. 46.2%, P = 0.03). However, 1-year OS was
not different between the two groups (34).

As the lack of evidence of direct comparison, meta-analyses
were conducted. A network meta-analysis including 26 studies
compared the efficacy of surgery alone, nCT, neoadjuvant
radiotherapy, nCRT, surgery followed by adjuvant chemotherapy,
adjuvant radiotherapy, or adjuvant chemoradiotherapy. A ranking
TABLE 2 | Main outcomes of studies regarding different regimens used in neoadjuvant chemotherapy.

Regimen Phase Target Interventions Size Rate of
completion (%)

pCR (%) Major adverse events
(Grades 3–4)

CF (2) III ESCC 2 cycles cisplatin, 5-FU 164 85.4 5 Leukopenia 3%
Thrombocytopenia 1%
Diarrhea 1%
Mucositis 3%

DCF (12) II ESCC 3 cycles of docetaxel, cisplatin,5-
FU

42 90.5 17 Leukopenia 45.2%
Neutropenia 83.3%
Anorexia 7.1%

ACF (17) II ESCC 2 cycles of adriamycin, cisplatin,
and 5-FU

81 88 0.00 Neutropenia 69%
Leukopenia 58%
Febrile neutropenia 17%

DOS (18) I Locally advanced AEG;
advanced
AEG, without distant
metastasis

Level 1: 2 cycles of docetaxel,
cisplatin,S-1
Level 2: 2 cycles of docetaxel,
cisplatin, S-1

12 100 25 level 1:
Neutropenia 50%
Leukopenia 17%
Febrile neutropenia 17%
Level 2:
Neutropenia 83%
Leukopenia 50%

DCS (19) II ESCC of the thoracic
esophagus

3 cycles of docetaxel, cisplatin,
S-1

58 90 10 Leukopenia 50%
Neutropenia: 68%
Fbrile neutropenia: 18%
hyponatremia 23%

DNF (20) II ESCC 3 cycles of docetaxel, nedaplatin,
5‐FU

28 89.30 32 Neutropenia 39.3%
Leukocytopenia 32.1%
Febrile neutropenia 10.7%

ECX (21) III EAC 4 cycles of epirubicin, cisplatin,
capecitabine

446 81 Local pathology
assessment: 11
Central pathology
assessment: 7

Neutropenia 23%
Diarrhea: 8%
Nausea: 6%
Vomiting: 6%

DNS (22) II ESCC 2 cycles of docetaxel, nedaplatin,
S-1

32 96.90% 15.60% Neutropenia 25%
Leukopenia 18.8%
Mucositis 15.6%
Hyponatremia 15.6%
April 2022
pCR, pathological complete response; ESCC, esophageal squamous carcinoma; AEG, adenocarcinoma of esophagogastric junction; EAC, esophageal adenocarcinoma.
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analysis reported that nCRT might be the best option for patients
diagnosed with LAECs. When compared to surgery alone, in all the
treatments, nCRT yielded the best benefit in terms of OS and PFS/
DFS (HR = 0.76, 95%CI 0.67–0.85; HR = 0.8, 95%CI 0.68–0.94,
respectively). Also, only nCRT associated with a statistically
confident decrease in locoregional recurrence or distant
metastasis [odd ratios (OR)=0.48, 95%CI 0.30–0.77; OR = 0.67,
95%CI 0.49–0.93, respectively] (35).

To sum up, currently, it is still unable to define which
modality is better for LAECs. Current evidence suggests that
despite the histological type, patients with LAECs are more likely
to develop pCR after nCRT, whereas in the OS of nCRT, there
was no statistical improvement compared to that of nCT.
Reasons why the higher rate of pCR after nCRT fails to
translate into the benefit of survival, are still a primary
concern. The toxicities of treatments and perioperative
complications may contribute to the problem. The POET trial
showed that the grade 3/4 toxicities were 5% in the nCT group,
while grade 3/4 leukocytopenia and thrombocytopenia were 12%
and 5%, respectively, in the nCRT group (29). The NeoRes trial
demonstrated that the severity of postoperative complications in
the nCRT group was significantly higher than that in the nCT
group (P=0.001) (31). Long-term results showed that the patients
after nCRT had higher risks of postoperative complications (9%
vs. 1% P=0.02) (32). Meta-analyses also reported a significantly
higher postoperative mortality in nCRT (RR 1.58, 95% CR 1.00–
2.49) (36). We hypothesize that in looking for new drugs or
treatment modalities that can lead to fewer toxicities, and the
improvement of surgery technology, the introduction of early
interdisciplinary supportive care (ESC) may help solve the
problem. Most recently, a phase III clinical trial explored
whether ESC combined with the standard first-line treatment
for patients with metastatic esophageal cancers could improve
the prognosis. Results showed the mOS in the ESC group was
significantly higher than those in the standard care group (14.8
vs. 11.9 m, HR 0.68, 95%CI 0.51–0.9, P=0.021) (37). Another
study demonstrated that a multidisciplinary team approach
started before neoadjuvant therapy would decrease the risk of
AE rate during chemotherapy (P=0.007) and provide safe
perioperative conditions(P=0.003) (38). MIE is becoming more
and more common in surgical treatments. A new meta-analysis
has reported that MIE decreased 18% risk of all-cause 5-year
mortality for patients with esophageal cancers compared with
open surgery (39). Nowadays, the regimens of neoadjuvant
therapy are various. CROSS, MAGIC, and FLOT regimens
have been widely used. Here, we summarize the ongoing
clinical trials comparing the efficacy of nCRT versus nCT
based on these regimens, expecting that more valid and
powerful evidence can be provided by these trials (Table 5).
PROBLEMS IN NEOADJUVANT
CHEMORADIOTHERAPY

For nCRT, however, there are some problems to be solved, which
are shown as follows.
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Nowadays, the optimal regimen for nCRT is still inconclusive.
The excellent efficacy of nCRT showed in clinical trials cannot be
reproduced completely in a real-world scenario (Table 6). Four
studies that evaluated the efficacy of the CROSS regimen in the
real-world scenario demonstrated that patients who did not fully
meet the CROSS criteria had a lower efficacy than those who
fully met them, showing a lower pCR and mOS and possibly
higher postoperative morbidity and mortality (40–43).
Moreover, even patients eligible for the criteria could not
obtain the efficacy as well as that in the CROSS trial. Based on
the results of the CROSS trial, the CROSS regimen has replaced
the CF-based regimen that was used widely before. However, no
prospective head-to-head comparative study was conducted. A
propensity score-matched study, comparing the efficacy of the
cisplatin/fluorouracil regimen versus the CROSS regimen in
patients with locally advanced ESCC, recently reported that
there were no differences in the pathological or survival
outcome between the two regimens but the study showed a
trend in favor of the cisplatin/fluorouracil regimen (44). For
adenocarcinoma, one retrospective study (adenocarcinoma:
86%) showed that the CF regimen could increase the pCR rate
(P=0.032), improve the recurrence-free survival (HR 0.39, 95%CI
0.21–0.73, P=0.003) and OS (HR 0.46, 95%CI 0.24–0.87,
P=0.016) (45). In addition, retrospective research, comparing
the NEOCRTECT5010 regimen to the CF regimen,
demonstrated the former increased pCR rate (47.4% vs. 28.1%,
P=0.034) and contributed to better OS (52.8 vs. 25.2 m, P=0.001)
while leading to increasing hematologic toxicities (P=0.03) (46).

The radiation dose is various in nCRT ranging from 37 to 50.4
Gy. A retrospective study evaluated the efficacy of high dose
(>45Gy) versus low dose (≤45 Gy) in ESCC, showing no
differences in pCR rate and survival (47). Recently, a
systematic review incorporated 110 studies, involving ESCC/
EAC, where patients receiving nCRT up to a dose of 50.4 Gy, to
evaluate the efficacy and safety of different radiation doses and
try to find an optimal dose. Results demonstrated that 40.0–41.4
Gy might be a rational dose for nCRT (48). Prospective
controlled studies are needed to confirm the optimal dose.

So far, the surgical interval for nCRT is 4–6 weeks. The optimal
surgical interval for nCRT is still inconclusive. The proper
extension of the surgical interval may increase the pCR rate
because of the shrinkage of tumors under the effects of nCRT.
Also, it gives patients more time to recover from the preoperative
treatments, which may reduce the risk of surgical-related AEs. All
these may bring a benefit of survival. However, some research
reported the increase in pCR rate profiting from the extending
surgical interval failed to translate into a benefit of survival (49, 50).
There may be several reasons. First, these studies are retrospective
studies where patients delayed surgeries because of their poor body
conditions or the AEs from nCRT rather than their preferences.
Second, although extending surgical interval increases the pCR
rate, its contribution is not enough to reflect on a statistically
significant benefit in survival. Subgroup analysis, comparing the
efficacy of extension of surgical interval between patients reaching
pCR versus non-pCR, showing a significantly better survival
benefit supported this point (8.7 years for patients with pCR vs.
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2.0 years) (49). Recently, one prospective research, avoiding the gap
of the first reason, reported that the extension of the surgical
interval had no effects on short-term operative outcomes (overall
postoperative complication: 63.2% vs. 72.6%, P=0,134; severe
postoperative complications: 31.6% vs. 34.9%; median length of
hospital stays: 15 vs. 17 d, P=0.234) (51). More prospective studies
are needed to focus on the effect of surgical interval on survival.

Although nCRT improves the recurrences of patients compared
with surgery, the recurrent rate after nCRT is still high. The ten-year
outcome of the CROSS trial revealed that recurrences occurred in
48% of patients, and 33.7% of patients reported in the
NEOCRTEC5010 trial (4, 28). Most recurrences occurred in the
first 3 years after surgery. Compared with distant metastases, nCRT
mainly improved local or regional recurrences. Data from the ten-
year outcome of the CROSS trial demonstrated that the overall
local-regional recurrence rate after nCRT reduced significantly from
40% to 21% compared with surgery alone (28). Similarly, in the
Frontiers in Oncology | www.frontiersin.org 7129
NEOCRTEC5010 trial, nCRT significantly improved the overall
local–regional recurrence rate (14.1% vs. 22.5%, P=0.031) while the
overall distant metastasis rate had no statistical differences (23.9%
vs. 31.7%, P=0.08) (52). Thus, distant metastasis is the main failed
mode after nCRT. Subgroup analysis showed that patients who
reached pCR had a lower recurrence rate than those with non-pCR.
Histologically, the patients with ESCC or EAC who did not reach
pCR after nCRT showed a different recurrent pattern. The patients
with EAC showed a likelihood of recurrence compared with ESCC
(43.2% vs. 34.3%, P=0.023). The patients with ESCC had a higher
risk of regional and supraclavicular recurrences while a lower
hematogenous metastasis compared with EAC. In addition, it was
reported compared with EAC, patients with ESCC had a
significantly higher rate of failure to receive salvage treatments
(P=0.005) mainly because of poor performance status (53).

The high recurrence rate after nCRT demands a close monitor.
Besides, salvage measures are essential when recurrence occurs. The
TABLE 5 | Characteristics clinical trials regarding neoadjuvant chemotherapy vs. neoadjuvant chemoradiotherapy.

Clinical trials Phase Size Conditions Interventions Endpoints Status

Primary Secondary

NCT01404156 II/III 60 EAC, AEG nCT: FLOT/ECF/ECX regimen + surgery
nCRT: CROSS regimen concurrently
with 45 Gy + surgery

Compliance to
treatment,
Treatment response

3-year OS, DFS
QoL

Recruiting

NCT02509286 III 438 EAC, AEG nCT: FLOT
nCRT: CROSS regimen concurrently
with 41.4 Gy + surgery

OS PFS, site of failure, RFS, QoL,
complications

Not recruiting

NCT01726452 III 377 EAC, AEG nCT: modified MAGIC/FLOT + surgery
nCRT: CROSS regimen concurrently
with 41.4 Gy + surgery

OS None Not recruiting

UMIN000009482 III 600 ESCC nCT: 2 cycles of cisplatin,5-FU or
docetaxel, cisplatin,
5-FU +surgery
nCRT: 2 cycles of cisplatin, 5-FU
concurrently with 41.4
Gy + surgery

OS PFS, R0, pCR, AE, morbidity,
toxicity, response rate

No longer
recruiting

NCT03001596 NA 264 ESCC nCT: 2 cycles of paclitaxel, cisplatin
+MIE
nCRT: 4 cycles of paclitaxel, cisplatin
concurrently with 40
Gy+MIE

OS PFS, R0, RFS, QoL, pathological
response rate, treatment-related
complication, positive lymph
nodes’ number

Completed

NCT04138212 III 456 ESCC nCT: 2 cycles of paclitaxel, cisplatin +
surgery
nCRT: CROSS regimen concurrently
with 41.4 Gy + surgery

OS DFS, pCR, AE, complications Recruiting

NCT03579004 II 48 ESCC nCRT: 2 cycles of paclitaxel, cisplatin+
paclitaxel, cisplatin concurrently with 44
Gy+surgery

DFS OS, ORR, pCR, number of
treatment-related AEs

Unknown

NCT03013010 III 682 AC of
stomach,
GEJ

nCT: 3 cycles of S-1, oxaliplatin+
surgery
nCRT: 1 cycle of S-1, oxaliplatin +5
weeks of S-1and oxaliplatin concurrently
with 45 Gy+surgery+3 cycles of S-1 and
oxaliplatin

DFS OS, R0, toxicity, complications,
pathological response rate

Recruiting
April 2022 | Volume 12 |
EAC, esophageal adenocarcinoma; AEG, adenocarcinoma of esophagogastric-junction; nCT, neoadjuvant chemotherapy; nCRT, neoadjuvant chemoradiotherapy; AC, adenocarcinoma;
GEJ, gastroesophageal junction; ESCC, esophageal squamous carcinoma; MIE, minimally invasive esophagectomy; OS, overall survival; DFS, disease-free survival; PFS, progression-free
survival; RFS, recurrence-free survival; pCR, pathological response rate; QoL, quality of life; AE, adverse events; RFS, recurrence-free survival time; ORR, objective response rate; NA, not
applicable. FLOT 4 cycles of 5FU (2,600 mg/m2), leucovorin (200 mg/m2), oxaliplatin (85 mg/m2), and docetaxel (50 mg/m2) on day 1, q2w perioperatively, ECF/ECX 3 cycles of epirubicin
(50 mg/m2) on day 1 cisplatin (60 mg/m2),5-FU (200 mg/m2)/capecitabine (625 mg/m2) for 21 days perioperatively, CROSS 5 cycles of paclitaxel (50 mg/m2) and carboplatin (2 mg/AUC)
on days 1, 8, 15, 22, and 29, modified MAGIC 3 cycles of epirubicin (50 mg/m2) on day 1, cisplatin (60 mg/m2) on day1/oxaliplatin (139 mg/m2) on day 1, 5-FU (200 mg/m2) for 21 days/
capecitabine (625 mg/m2) perioperatively.
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differences in recurrence patterns between ESCC and EAC require
different strategies based on histological tumor types. For EAC,
distant metastasis was the main recurrence pattern, which means
the necessity of the systematic treatment after nCRT. The
Checkmate577 trial had reported that the addition of nivolumab
as an adjuvant therapy could significantly reduce the risk of
recurrences for patients with residual disease after nCRT (HR
0.74, 95%CI 0.60–0.92). The DFS in the nivolumab group was
twice as long as that in the nCRT alone group (22.4 vs. 11.0 m,
P<0.001) (54). For ESCC, local–regional recurrence was the main
failed mode, indicating the need for the enhancement of local
treatment. Systematic lymph node dissection has been
recommended in the surgery alone for patients with esophageal
cancers. However, whether patients with nCRT followed by
systematic lymph node dissection can obtain a survival benefit is
debatable. Most recently, a second analysis from the result of the
NEOCRTEC5010 trial revealed that systematic lymph node
dissection did not increase the surgical risk and could improve
the survival and control of disease for patients with nCRT (mOS:
100.0 vs. 85.5 m, P=0.01; 3-year OS: 75.2% vs. 61.5%; 3-year DFS:
70.2% vs. 55.5%, P<0.001). Compared with the dissection of lymph
node <20, the dissection of lymph node ≥20 brought a lower
recurrence rate (25.8% vs. 41.2%, P=0.027) and better control of
disease (5.2% vs. 18.8%, P=0.004) (55). Thus, systematic lymph
node dissection should be recommended in nCRT for ESCC.
EVALUATION FOR THE EFFICACY OF
NEOADJUVANT SETTING

pCR is a strong predictor of a good prognosis after nCRT. Many
studies have shown that patients reaching pCR after nCRT would
Frontiers in Oncology | www.frontiersin.org 8130
obtain a longer survival and a lower risk of recurrences compared
with those with non-pCR. Current evidence shows that after
nCRT, the rate of pCR ranges from 20% to 43%, which means
that a lot of patients still cannot benefit from nCRT.
Furthermore, treatment-related toxicities and the extension of
operation may lead to a poorer physical condition and tumor
progression. Thus, the development of methods to evaluate a
pathological response after nCRT is essential to improve the
efficacy of nCRT and avoid unnecessary treatments.

The accuracy of using a single imaging method to find
residual disease after nCRT is limited. Recently, a meta-
analysis reported the limited accuracy of endoscopic biopsies,
endoscopic ultrasound, and positron emission tomography with
2-deoxy-2-[fluorine-18]fluoro-D-glucose integrated (with
computed tomography) (18F-FDG PET(-CT)) as single
modalities to detect residual disease after nCRT for patients
with LAECs (56).

Magnetic resonance imaging (MRI) has been reported to have
a promising accuracy in the evaluation of efficacy after nCRT. A
prospective study showed the relative increase of the parameter of
diffusion-weighted magnetic resonance imaging (DW-MRI),
DADCduring-pre(median apparent diffusion coefficient; during 2–
3 weeks during nCRT) was positively correlatively with pCR. A
cut-off value of 29% yielded a sensitivity of 100%, specificity of
75%, accuracy of 95%, positive predictive value of 94%, and
negative predictive value of 100% (57). The parameters of
diffusion contrast-enhanced magnetic resonance imaging
(DCE-MRI), DAUC (area under the concentration–time curve),
were reported to predict pCR. At a cut-off of 24.6%, DAUCpost-pre

mostly predicted a pCR, yielding a sensitivity of 83%, specificity
of 88%, positive predictive value of 71%, and negative predictive
value of 93% (58). Based on these two studies, another study
evaluated the accuracy of the combination of DW-MRI and
TABLE 6 | Comparison of efficacy of CROSS regimen in real-world scenario versus clinical trial.

Indexes CROSS-eligible Extended-CROSS P-value CROSS trial`

R0 95.8%1

83.3% for ESCC2
95.2%1

84% for ESCC2
0.4061

0.9592
92%

pCR 16.8% for EAC1

48.2% for ESCC1

33.3% for ESCC2

27% for overall3

16.9 for EAC1

33.3 for ESCC1

20% for ESCC2

28% for overall3

0.908 for EAC1

0.000 for ESCC1

0.2532

0.763

29% for overall
23% for EAC
49% for ESCC

mOS 24.2 m for ESCC2

58.5 m for overall3

37.3 m for overall4

12.7 m for ESCC2

35.0 m for overall3

17.2 m for overall4

0.0472

0.903

0.0044

48.6 m for overall
43.2 m for EAC
81.6 m for ESCC

Postoperative mortality
(<30 d)

3.2%1

02

3%3

2.2%4

4.6%1

02

3%3

4.2%4

0.0371

1.003

0.4864

2%

Postoperative morbidity 58.3%1

16.7% for anastomotic leakage2

2.8% for chylothorax2

5.6% for fistula2

2.8 for ischemic conduit2

22.2 for cardiac complications2

19.4% for pulmonary complications2

2.8% for urinary complications2

19.4% for vocal cord palsy2

64%3

61.8%1

12% for anastomotic leakage2

4% for ischemic conduit2

4% for mediastinitis2

24% for cardiac complications2

16% for pulmonary complications2

8% for urinary complications2

12% for vocal cord palsy2

63%3

0.0481

NS2

0.833

NS4

46% for pulmonary complications
21% for cardiac complications
10% for chylothorax
3% for mediastinitis
22% for anastomotic leakage
April 20
pCR, pathological complete response; mOS, median overall survival; ESCC, esophageal squamous carcinoma; EAC, esophageal adenocarcinoma, 1 (40), 2 (41), 3 (42), 4 (43).
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DCE-MRI and reported their complementary value (59). The
addition of MRI into gastroscopy with biopsies and
endosonographic ultrasound with fine-needle aspiration has
been reported to improve the detection of residual tumor after
nCRT, as shown by an increased sensitivity from 47% to 89%
(60). A prospective study evaluated the combined value of DW-
MRI and 18F-FDG PET/CT to predict pCR in patients after
nCRT. Results showed that early changes of the parameter on
DW-MRI during nCRT and changes on 18F-FDG PET/CT after
nCRT might yield a complementary value in the assessment of
pCR (61). The Surgery AS Needed for Oesophageal Cancer
(preSANO) trial evaluated the efficiency of the combination of
different methods to detect residual disease after nCRT and tried
to propose an optimal modality. Results showed that endoscopic
ultrasonography, bite-on-bite biopsies, and a fine-needle
aspiration of suspicious lymph nodes to detect locoregional
residual disease combined with PET-CT for the detection of
interval metastases were an effective modality for clinical
evaluation (62). Now, a phase III trial (NTR6803) has been
conducted to compare the outcome of active surveillance with
standard resection in patients who reached pCR by using this
strategy. Based on the preSANO trial, Chinese scholars are
evaluating this strategy in patients with locally advanced ESCC
(NCT03937362). Another ongoing trial is evaluating the
combined value of DW-MRI, DCE-MRI, 18F-FDG PET/CT,
and circulating tumor DNA (ctDNA) to predict the
pathological response (NCT03474341).

Compared with multi-imaging methods, a single-imaging
method provides limited information. Moreover, usually,
imaging methods like CT and endoscopic ultrasound mainly
provide anatomical information. However, there are lots of
biological parameters like tumor metabolism, structure, and
function of blood vessels in tumor tissues, which are sensitive
and change early when the tumor tissues react to clinical
interventions. This may explain that the combination of
multiple imaging methods and addition of MRI can improve
the evaluation of pathological response after nCRT. In the future,
more attention should be paid to the application of radiomics in
the efficacy evaluation after nCRT.

Biomarkers, related to tumor growth, DNA repair, cell cycle,
etc., have been investigated to see the predictive value in
histology response after nCRT in LAECs. ERCC1 and p53
were probably studied widely. As results regarding the
predictive value of p53 to pCR were debatable, Zhang et al.
assembled 28 studies in their meta-analysis and reported that the
wild-type form of p53 status was probably a predictive biomarker
for pCR after nCRT (63). Other molecular markers like cyclinD,
p53R2, COX-2, Gli-1, and miRNA also have been explored.
Recently, one meta-analysis analyzed that 56 biomarkersm
except for p53 from 46 articles, demonstrated that the low
expression of COX2, miR-200c, ERCC1, and TS, or a higher
expression of CDC258 and p16, were associated with the
prediction of response for patients receiving neoadjuvant
chemo(radio)therapy (64). However, there are still no effective
biomarkers to predict whether someone will respond to
chemoradiotherapy or not. The joining of imaging techniques
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and specimen detection (tissue and/or liquid) has rarely been
reported yet, which may have synergistic effects on the evaluation
or prediction of response to the neoadjuvant setting.
IMMUNOTHERAPY IN LOCALLY
ADVANCED ESOPHAGEAL CANCER

With the insight of the molecular mechanisms of tumors and
highlight of individualized treatment, targeted therapy has
emerged as a hot direction. The overexpression of Epidermal
Growth Factor Receptor (EGFR), Erb-B2 Receptor Tyrosine
Kinase 2 (HER2), and Vascular Endothelial Growth Factor
Receptor (VEGFR) has been reported in esophageal cancer,
which enhances tumor occurrence, progression, and drug
resistance. Adding drugs targeting these molecules to the
current treatment may bring a synergistic effect. However, so
far, most studies failed to show a satisfactory efficacy (65, 66). In
recent years, ICIs have been a new modality used in tumor
treatments like none small cell lung cancer and melanoma
because of their promising efficacy. For esophageal cancer,
some research has reported the anti-tumor activity of ICIs.
Three landmark clinical trials, Study of Pembrolizumab (MK-
3475) Versus Investigator’s Choice Standard Therapy for
Participants With Advanced Esophageal/Esophagogastric
Junction Carcinoma That Progressed After First-Line Therapy
(KEYNOTE181), Study of Nivolumab in Unresectable Advanced
or Recurrent Esophageal Cancer (ATTRACTION-3), and Study
of SHR-1210 Versus Investigator’s Choice Standard Therapy for
Participants With Advanced Esophageal Cancer (ESCORT) have
confirmed the anti-tumor activity of pembrolizumab,
nivolumab, and camrelizumab in second-line treatment for
advanced/metastatic esophageal cancer by demonstrating that
these drugs improved survival, the ORR, and duration of
response (DoR) compared with conventional chemotherapy
(67–69). With the success in second-line treatments, the usage
as first-line treatment in advanced/metastatic esophageal cancer
is already being developed. A KEYNOTE-590 trial reported that
pembrolizumab combined with a platinum-based regimen
(cisplatin/5-FU) as the first-line treatment for advanced/
metastatic esophageal cancers showed better survival outcomes
compared with a platinum-based regimen alone. For safety, the
two regimens were similar (70). A Checkmate-649 trial firstly
compared the efficacy of nivolumab combined with capecitabine/
oxaliplatin or leucovorin/fluorouracil/oxaliplatin to
chemotherapy alone. Data showed that the ORR in patients
receiving the new regimen was more than 50%. Compared with
chemotherapy alone, the new regimen prolonged the DoR by 2.5
months, reduced the risk of death by 23%, increased the median
OS by 2.2 months (71). The Study of SHR-1210 in Combination
With Chemotherapy in Advanced Esophageal Cancer
(ESCORT-1st) trial evaluated the efficacy of camrelizumab
combined with paclitaxel/cisplatin as the first-line regimen for
advanced/metastatic ESCC. Data demonstrated that compared
with chemotherapy alone, camrelizumab combined with
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chemotherapy reduced the risk of death by 30% and 44% in the
risk of progression. The median OS and PFS were prolonged by
2.1 and 1.3 months, respectively. The ORR rate was 72.1% in the
new regimen group, and the DoR increased by 2.4 months.
Moreover, the addition of camrelizumab did not increase the rate
of AEs (72).

All these results revealed that immunotherapy combined with
chemotherapy could improve survival with no unacceptable AEs
for advanced/metastatic esophageal cancers. Notably, the higher
ORR after immunotherapy combined with chemotherapy means
more patients can reduce their tumor volume by 30% after the
treatment. Tumor shrinking may lead to downstage, which may
lay a foundation for the addition of ICIs into neoadjuvant
therapy for LAECs (Supplementary Table 1).

For EAC, one trial (NCT03044613) evaluated the safety and
efficacy of the induction therapy of nivolumab, followed by
mivolumab concurrently with nCRT. Data suggested
acceptable toxicities without the delay of surgery and a high
pCR of 40% (73).

For ESCC, one research reported a promising efficacy with
acceptable toxicity of the addition of pembrolizumab to
paclitaxel–carboplatin-based perioperative therapy, showing a
high pCR rate of 46.1% and a rate of 82.1% in 1-year OS (74).
The trial, Preoperative Anti-PD-1 Antibody Combined With
Chemoradiotherapy for Locally Advanced Squamous Cell
Carcinoma of Esophageus, was conducted to evaluate the safety
and efficacy of a combination of pembrolizumab and the CROSS
regimen. Of 65% grade ≥3 AEs, the most common were leukopenia,
lymphopenia, anemia, esophagitis, alopecia, and fatigue, which were
all acceptable in clinical practices. The addition of pembrolizumab
did not lead to the delay of surgery. After the treatment, the pCR
reached 55.6%, which was higher than 49% in the CROSS trial and
43.2% in the NEOCRTEC5010 trial (75). The trial, PDL-1 Targeting
in Resectable esophageal Cancer (PERFECT), reported the
feasibility of atezolizumab combined with the CROSS regimen for
locally advanced ESCC. The rate of completion was 83% with no
effects on operation interval. 40% of grade ≥3 AEs were observed, of
which the most common AEs were anorexia, nausea, and syncope.
The rate of immune-related AEs was 16% including 2 for grade 3
rash, 2 for grade 2 colitis/proctitis, and 2 for grade 2 thyroiditis.
However, PCR, mOS, and mPFS had no statistical differences
compared with a CROSS regimen cohort (114 patients) (76).

As shown above, current studies suggested neoadjuvant
immunotherapy combined with chemo(radio)therapy was
feasible. Patients who received such modality had a comparable
or even higher pCR compared with conventionally neoadjuvant
therapy. Notability, most current results are from phase I/II trials.
Whether neoadjuvant immunotherapy combined with chemo
(radio)therapy can bring a long survival benefit for patients with
LAEC requires adequately valid evidence from phase III trials.
The synergistic effects between immunotherapy, chemotherapy,
and radiation have been reported. Chemotherapy can either lead
to immunosuppression or immune activation, which is related to
the change of the composition of the tumor microenvironment
like priming or inhibiting the expression of immunosuppressor
genes (77). Radiation can help expose the tumor antigen to
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enhance immune response, while immunotherapy can increase
the sensitivity of tumors to radiation. These interactive actions
should inspire scientists to focus on the sequence between
immunotherapy and conventional chemo(radio)therapy. So far,
a trial (NCT03985670) is exploring the effect of the sequence of
toripalimab and chemotherapy (paclitaxel/cisplatin, sequential or
concurrent) on pCR. Initial results showed a fivefold discrepancy
in DFS between the two settings (78). Moreover, as the
synergistic effects between immunotherapy and radiation, the
modality of radiation including dose and fraction may be
changed since its role is no longer to lead to cytotoxicity alone
but also to assist the immune system. The interactive actions
between radiation and tumor microenvironment should be paid
attention to. In addition, the KEYNOTE181 trial showed
different efficacy in different populations. Also, some research
demonstrated that patients with a higher expression of PD-L1
obtain more benefits. All these raise another question about how
to screen the benefit population.
SUMMARY

At present, neoadjuvant therapy is the mainstay for patients with
locally esophageal carcinoma. Based on several landmark trials,
nCRT has been confirmed to be superior to surgery alone in R0
resection, survival outcomes, and recurrence. So far, the standard
regimens for nCRT are the paclitaxel–carboplatin-based regimen
for EAC or ESCC from the CROSS trial and vinorelbine–cisplatin-
based regimen for ESCC from the NEOCRTEC5010 trial. nCT is
also a kind of strategy for LAECs. Especially in Japan, based on its
own studies, nCT with the CF-based regimen is the standard
modality for locally advanced ESCC. The DCF regimen may
replace the CF regimen as a new standard regimen for nCT
based on the results from the JCOG1109 NExT trial recently.
For locally advanced EAC, nCT based on the MAGIC regimen or
perioperative chemotherapy based on the FLOT regimen are the
main strategies. As the evidence from randomized clinical trials is
limited, it is not yet clear which of these two treatment modalities
is better. Histologically, the OE02 trial demonstrated that the
efficacy of nCT based on the CF regimen is irrespective of the
histological type as no heterogeneity of treatment effect (P=0.81).
However, the results from meta-analyses demonstrated that nCT
did not improve the survival of patients with ESCC(P=0.18) but
increased the survival of those with EAC (P=0.01) (79). Besides, as
mentioned above, the recurrence pattern between these two
pathologic tumor types is different. Patients with EAC are more
likely to have distant metastasis, while those with ESCC are more
prone to local recurrence. Furthermore, compared with EAC,
ESCC is more sensitive to radiation. Considering these facts,
patients with locally advanced EAC might be prone to receive
preoperative or perioperative chemotherapy, while those with
locally advanced ESCC might be prone to choose nCRT.
However, it is more essential to depend on individual
characteristics and the building of hospital technology such as
physical conditions, individual tumor characteristics, the
prediction of pCR or recurrence, and a multidisciplinary cancer
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treatment team. Although nCRT has been regarded as the
standard treatment for LAECs, some unsolved clinical problems
exist like the optimal regimen, radiation dose, surgical intervals,
and a high risk of recurrences. pCR is an important predictor of a
good prognosis of patients. However, currently, accurate methods
to evaluate pathological response after nCRT are limited. Future
studies should focus on the research regarding multiple
parameters to predict pCR. Immunotherapy combined with
neoadjuvant therapy has shown promising anti-efficacy. For a
better synergistic effect, future research should focus on the
sequence of immunotherapy and chemo(radio)therapy and
biomarkers to the recognized beneficiary population.
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HR hazard ratio
FLOT-AIO, 5-FU leucovorin, oxaliplatin, and docetaxel (FLOT) versus epirubicin,

cisplatin, and 5-FU (ECF) in patients with locally advanced
resectable gastric cancer

FLOT 5-fluorouracil, leucovorin, oxaliplatin, docetaxel
mOS median overall survival
mDFS median disease-free survival
ESCC esophageal squamous carcinoma
OS overall survival
JCOG9907 trial the Japan Clinical Oncology Group 9907 trial
CF cisplatin/5-fluorouracil
pCR pathological complete response
DCF docetaxel, cisplatin, 5-FU
PFS progression-free survival
JCOG1109
NExT trial

the Japan Clinical Oncology Group NexT trial

ASCO-GI American Society of Clinical Oncology Gastrointestinal
Cancers Symposium

CROSS trial the ChemoRadiotherapy for Oesophageal cancer followed by
Surgery Study trial

NEOCRTEC5010 Phase III Study of Neo-adjuvant Chemoradiotherapy
Foloowed by Surgery for Squamous Cell Esophageal Cancer

mPFS median progression-free survival
DFS disease-free survival
OR odd ratios
ESC interdisciplinary supportive care
AEs adverse events
ORR objective response rate
DoR duration of response
POET PreOperative therapy in Esophagogastric adenocarcinoma
NeoRes Neoadjuvant Chemotherapy Versus Radiochemotherapy for

Cancer of the Esophagus or Cardia
CMISG1701 Comparison Between NCRT and NCT Followed by MIE for

Treatment of Locally Advanced Resectable ESCC
MIE minimally invasive esophagectomy
18F-FDG PET
(-CT)

Positron emission tomography with 2-deoxy-2-[fluorine-18]
fluoro-D-glucose integrated (with computed tomography)

MRI magnetic resonance imaging
DW-MRI Diffusion-weighted magnetic resonance imaging
DCE-MRI Dynamic contrast-enhanced magnetic resonance imaging
preSANO trial the Surgery As Needed for Oesophageal Cancer trial
KEYNOTE 181 Study of(MK-3475) Versus Investigator’s Choice Standard

Therapy for Participants With Advanced Esophageal/
Esophagogastric Junction Carcinoma That Progressed After
First-Line Therapy

KEYNOTE 590 First-line Esophageal Carcinoma Study With Chemo cs.
Chemo Plus Pembrolizumab

ATTRACTION-3 Study of Nivolumab in Unresectable Advanced or Recurrent
Esophageal Cancer

ESCORT Study of SHR-1210 Versus Investigator’s Choice Standard
Therapy for Participants With Advanced Esophageal Cancer

ESCORT-1st Study of SHR-1210 in Combination With Chemotherapy in
Advanced Esophagea Cancer

PALACE-1 Preoperative Anti PD-1 Antibody Combined With
Chemoradiotherapy for Locally Advanced Squamous Cell
Carcinoma of Esophageus

PERFECT PDL-1 targeting in resectable esophageal cancer
XELOX capecitabine, oxaliplatin
FOLFOX leucovorin, fluorouracil, oxaliplatin
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