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Background: Peritoneal metastases (PMs) are the most frequent metastatic pattern with a very poor
prognosis in stage IV gastric cancer (GC). An effective therapeutic option has yet to be established.
Combination therapy of anti-angiogenesis therapy, immunotherapy and chemotherapy was first used in
advanced GC for perioperative treatment in this case.

Case Description: A 39-year-old man was diagnosed with stage IV GC with PM (CY1, P1) and the
patient had an Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 1 and adequate
organ function. After disease progression on the first-line chemotherapy of paclitaxel plus S-1, the patient
received a transformational therapy of camrelizumab (immune checkpoint inhibitors) plus apatinib (anti-
angiogenic agent) combined with chemotherapy leading to macroscopic disappearance of the peritoneal
lesions, negative peritoneal cytology, and the absence of other distant metastases, rendering him suitable
to accept a radical gastrectomy with D2 lymph node dissection. The postoperative histopathology showed
a tumor regression rate of more than 90%. Later, the patient was admitted for adjuvant therapy of
camrelizumab plus apatinib combined with chemotherapy and relapsed at around 8 months after surgery.
Treatment was well tolerated with no significant adverse effects.

Conclusions: Camrelizumab plus apatinib combined with chemotherapy as second-line treatment
demonstrated feasible anti-tumor activity and manageable safety in this advanced GC patient with PM and
provided an opportunity for radical resection, improving the objective response rate (ORR) and prolonging
patient survival. The incorporation may overcome resistance to treatment with therapy alone and produce

synergistic effects, indicating a promising treatment option in the clinic to GC with PM.
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Introduction

Gastric cancer (GC) is the fifth most common cancer and
the third leading cause of cancer-related deaths in the
world (1). Around 42.6% of patients with newly diagnosed
GC are from China (2). Currently, although early diagnosis
and multimodal treatment strategies have improved the
survival rate of GC patients, the prognosis of patients
with advanced GC is still poor due to tumor recurrence
and metastasis, with a mere 20% five-year survival rate
(3,4). Patients with GC who undergo potentially curative
resection (10-20%) exhibit peritoneal seeding on abdominal
examination (5), and 17% of patients with GC will show
peritoneal carcinomatosis at the time of diagnosis (6). Due
to the poor prognosis of peritoneal dissemination of GC,
surgery has not been the standard therapy for patients
other thank those who need relief from symptoms such as
bleeding or obstruction. The standard management for
GC patients with peritoneal metastasis (PM) in the front-
line setting has not yet been established. Despite advances
in multimodal therapy including chemo-hyperthermia,
early postoperative intraperitoneal chemotherapy,
and peritonectomy, the prognosis of advanced GC
remains poor and there is still room for improvement in
survival rates. It is believed that combination therapy of
intraperitoneal chemotherapy with systemic chemotherapy
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* Camrelizumab plus apatinib in combination with chemotherapy
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or the combination of intraoperative hyperthermic
intraperitoneal chemotherapy with cytoreductive surgery is
safe and efficient for GC patients with PM (7,8). Although
combination therapy plays an important role in metastatic
GC, the chemotherapeutic resistance and peritoneal-plasma
barrier restrict its effectiveness (9).

With the development of new drugs and therapies, an
improved understanding of the tumor immune escape and
angiogenesis mechanism has revealed new possibilities for
anti-cancer treatment. Over the years, the application of
anti-programmed death-1 (PD-1) and anti-programmed
death-ligand 1 (PD-L1) antibodies has demonstrated
their superior efficacy and safety (10,11), and PD-L1-
negative tumors can still respond to anti-PD-1 therapy
(10,12). Apatinib is a novel oral tyrosine kinase inhibitor
(TKI) that selectively targets vascular endothelial growth
factor receptor 2 (VEGFR2). Camrelizumab is a potent
PD-1 inhibitor monoclonal antibody which has exhibited
promising activity and tolerable toxicity in several kinds
of solid tumors (13,14). Although the efficacy of PD-1
blockade or VEGFR inhibitor, or chemotherapy as
monotherapy has been limited in the management of cancer
patients, the combination of these three therapies may have
synergistic effects. A phase II clinical trial of camrelizumab
and apatinib plus chemotherapy in advanced esophageal
squamous cell carcinoma has demonstrated improved
survival outcomes (15), providing compelling evidence
supporting the use of immune checkpoint inhibitors (ICls)
and molecular anti-angiogenic agents in combination
with chemotherapy in patients with GC with PM. This
may be because of the potential ability of chemotherapy
to overcome immunosuppression, facilitate tumor antigen
presentation, and modulate anti-angiogenesis activity;
meanwhile, anti-PD-1 therapy may have enhanced the
efficacy of the subsequent chemotherapy by an immune-
mediated mechanism, and anti-angiogenic agents may
modulate the tumor immunosuppressive microenvironment,
as previously reported (16-18). Based on the promising
anti-tumor activity of camrelizumab plus apatinib combined
with chemotherapy in advanced malignant tumor patients
that we observed in the previous study (15), and their
potential synergy, we investigated the efficacy and safety of
camrelizumab plus apatinib combined with chemotherapy
as the front-line treatment for GC patients with PM.

Herein, we report the case of a GC patient with PM
who had a favorable response and tumor shrinkage revealed
by imaging and staging laparoscopy following 10 cycles
of camrelizumab plus apatinib combined with SOX + IP-
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Table 1 Patients demographics and operative outcomes

Characteristics Patient
Sex Male
Age, years 39
Body mass index, kg/m” 20.8
Tumor size, cm? 4%3

Tumor location The lesser curvature, gastric body

TNM stage T4aN1M1
Operating time, min 190
Blood loss, mL 60

Prophylactic stoma -
Anastomotic leakage -

Anastomotic stricture -

TNM, tumor-node-metastasis.

PTX. Apatinib combined with S-1 oral administration was
continued as postoperative adjuvant therapy for 2 months.
After recurrence was observed, the patient was treated
with the regimen of camrelizumab plus apatinib combined
with TAS-102 plus IP-PTX. We present this article in
accordance with the CARE reporting checklist (available at
https://jgo.amegroups.com/article/view/10.21037/jgo-23-
741/rc).

Case presentation

A 39-year-old male was seen at the Peking University
Cancer Hospital on 27 March 2019 due to upper abdominal
discomfort for 7 months without a history of smoking
and alcohol abuse. The patient had no family history and
no specific social history. He was diagnosed with well-
differentiated adenocarcinoma by gastroscopy, with a
computed tomography (CT) scan suggesting thickening of
the gastric wall at the gastric horn and multiple enlarged
lymph nodes in the abdominal cavity (Zable 1). On 10 April
2019, a laparoscopic examination was performed, and
advanced peritoneal disseminated nodules were confirmed
(CY1, P1). The patient underwent 2 cycles of chemotherapy
on 13 April 2019 and 26 April 2019, respectively.
The chemotherapy regimen comprised paclitaxel,
180 mg/dose, intraperitoneal infusion (days 1, 8), S-1
(120 mg/day, days 1-14), and the efficacy was assessed as
stable-disease after chemotherapy. The chemotherapy
regimen was later changed to paclitaxel 300 mg/dose,
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intravenous (day 1) + S-1, 60 mg/dose, twice/day, orally
(days 1-14), with 1 cycle lasting for 21 days. The patient
underwent 5 cycles of treatment from 15 May 2019 to
17 July 2019, after which his disease progressed. He also
developed fourth degree leukopenia and was unable to
tolerate further chemotherapy due to severe nausea and
vomiting.

On 2 August 2019, the patient visited the Department of
Gastrointestinal Surgery of Ruijin Hospital, Shanghai Jiao
Tong University for further consultation. The ECOG score
was 1 and Nutritional Risk Screening (NRS) score was
0. The patient underwent four laparoscopic explorations
during the treatment period for diagnostic purposes
or surgical treatment (Figure I). After hospitalization,
the patient completed a preoperative examination and
underwent a second laparoscopic exploration on 20
August 2019 to assess the stage of GC (Figure 1A). After
laparoscopic exploration, the patient was diagnosed with
positive PM (P1), and the cancer cells were found by
the cytology of peritoneal washing fluids (CY1), so an
intraperitoneal access port (PORT-A-CATH II implantable
drug delivery system; Smiths Medical Corp., Minneapolis,
MN, USA) was implanted to allow for chemotherapy
administration. Similar to our previous study (19), the
extent of peritoneal spread was assessed by the peritoneal
cancer index (PCI), which was 4 (range, 0 to 39) in this
case. We further ascertained the preoperative expression
status of human epidermal growth factor receptor 2
(HER2) and PD-L1 and verified the negative protein
expression of HER2 and PD-L1 in tumor tissues by
immunohistochemical analysis. Tumor PD-L1 expression
was evaluated by the PD-L1 22C3 pharmDx assay (Dako,
Agilent Technologies, Santa Clara, CA, USA) and measured
by using the combined positivity score (CPS), defined as the
number of PD-L1 stained cells divided by the total number
of surviving tumor cells, multiplied by 100. We defined PD-
L1 positivity as CPS >1 and negative expression was judged
as CPS <1. After a coordinated multidisciplinary discussion
and obtaining the patient’s consent, we scheduled him for
subcutaneous subabdominal chemotherapy with a treatment
regimen of camrelizumab (200 mg, every 2 weeks) plus
apatinib (250 mg, once daily) combined with systemic
SOX (S-1 100 mg/body on day 1-14, followed by 7 days of
rest, and then oxaliplatin 130 mg/m’ on day 1) + IP-PTX
(50 mg/m’ on days 1, 8) for 5 cycles of conversion therapy
from 23 August 2019 to 1 November 2019.

After confirmation of negative cytology, we performed a
third laparoscopic exploratory surgery on the patient on 23
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Figure 1 Laparoscopic studies of the patient. (A) Detection of peritoneal dissemination and positive cytology by staging laparoscopy for the
second time. (B) Peritoneal metastatic nodules have partially disappeared and show a white scar-like appearance by staging laparoscopy for
the third time. (C) The fourth laparoscopy is showing the disappearance of peritoneal metastasis. (D) Massive bloody ascites and peritoneal
metastatic nodules were observed by the fifth staging laparoscopy.

Figure 2 The abdominal CT images (preoperative images). (A) Abdominal CT prior to treatment showed the wall thickening of the
stomach when the patient came to our hospital. (B) CT scan revealed the wall thickness of the stomach improved after two cycles of

treatment. (C) CT scan indicated the size of the primary lesion decreased after 10 cycles of treatment. The clinical response was evaluated as

PR. CT, computed tomography; PR, partial response.

December 2019, and found that the peritoneal and greater
omentum metastatic nodules had partially disappeared or
were showing a white scar-like appearance (Figure 1B).
Another 7 courses of the same conversion regimen were
continued from 1 January 2020 to 12 April 2020. Under this
therapeutic regimen, the patient experienced no significant
adverse effects throughout the chemotherapy period, and
his abdominal distention and appetite gradually improved.
A CT scan revealed a reduction in the primary lesion of GC

© Journal of Gastrointestinal Oncology. All rights reserved.

(Figure 2) and blood tests showed a decrease in the level of
tumor markers, such as carbohydrate antigen 125 (CA125)
(from 60 U/mL to normal range), but no significant trend
in carcinoembryonic antigen (CEA), carbohydrate antigen
19-9 (CA199), and serum a-fetoprotein (AFP) values
were observed (Figure 3). These data suggest that the new
second-line therapy had achieved its anti-cancer effect. The
clinical response was evaluated as partal response (PR).
When the macroscopic disappearance of the peritoneal
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Figure 3 Trends in tumor indicators. CA125 (reference value <35.00 U/mL); CA199: glycoprotein antigen 199 (reference value
<35.00 U/mL); CEA (reference value <5.00 ng/mL); AFP (reference value <8.78 ng/mL). Units of AFP and CEA are ng/mL, Units of
CA125 and CA199 are U/mL. CA125, carbohydrate antigen 125; CEA, carcinoembryonic antigen; AFP, alpha fetoprotein.
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Figure 4 The excision including the tumor. Ulcerative and infiltrative (type 3) tumor of the gastric body (approximately 40 mm x 30 mm)

with an infiltrative serosal surface.

lesion was confirmed by staging laparoscopy (Figure 1C),
along with negative peritoneal cytology on examination
and the absence of other distant metastases, the patient
was subjected to a total gastrectomy with D2 lymph node
dissection on 13 May 2020. Gross findings of the excised
specimen included an ulcerative and infiltrative (type 4)
tumor (approximately 40 mm x 30 mm) with a serous
surface infiltrate (Figure 4). We also performed “the
intraperitoneal infuser port removal surgery” at the same
time due to chemotherapy pump infection. The excised

© Journal of Gastrointestinal Oncology. All rights reserved.

specimens were pathologically classified according to the
Union for International Cancer Control tumor-node-
metastasis (UICC TNM) classification of malignancies (8th
edition) (20). The postoperative pathological diagnosis was
ypT4aN1M1, ypStage IV. Histopathology showed that the
GC cells mainly regressed to the mucosa and submucosa
layer after preoperative combination therapy; the post-
treatment tumor specimens also indicated extensive
degenerative changes, and the tumor cells in the plasma
muscle layer were replaced by granulomas or fibrous tissue
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Figure 5 Representative tumor histology of the patient indicating pathological PR. (A) Tumor regression to the mucosa and submucosa

after preoperative combination therapy. (B) Fibrotic changes in the pulpy muscle layer after tumor regression. (H&E staining; original

magnification x25). PR, partial response; H&E, hematoxylin and eosin.

of the lesion, showing a significant reduction in the number
of cancer cells and a tumor regression rate of more than
90% (Figure 5). The patient recovered well after surgery,
and 4 weeks later he was admitted for a total of 7 cycles of
adjuvant therapy with camrelizumab (200 mg every 2 weeks)
plus apatinib (250 mg, once daily) combined with S-1 oral
administration (100 mg/body on days 1-14, followed by
7 days of rest) for 6 months, during which abdominal CT
scans were performed every 3 months (Figure 64-6D).

The patient visited the hospital for review on 9 January
2021 due to abdominal distension and loss of appetite,
and a CT scan indicated PM with ascites (Figure 6C),
and CA125 and CEA values were significantly elevated
(Figure 3). On 12 January 2021, we performed the 5th
laparoscopic exploration (Figure 1D) and inserted a
subcutaneous subabdominal chemotherapy port in the
lower abdomen. On 5 February 2021, the patient was
treated with third-line chemotherapy with camrelizumab
plus apatinib combined with TAS-102 (35 mg/m®/dose,
twice daily for 5 days a week with 2 days rest for 2 weeks
followed by a 14-day rest, repeated every 4 weeks) + IP-
PTX. TAS-102 is a preconstituted drug combination
comprising an oral fluoropyrimidine and a potent inhibitor
of thymidine phosphorylase (21). The patient’s physical
condition is currently significantly better than before, with
less discomfort, and the recent CT scan shows a significant
reduction in ascites (Figure 6D) and CA125 and CEA values
gradually decreased (Figure 3).

All procedures performed in this study were in accordance
with the ethical standards of the institutional and/or
national research committee(s) and with the Declaration of

© Journal of Gastrointestinal Oncology. All rights reserved.

Helsinki (as revised in 2013). Written informed consent was
obtained from the patient for publication of this case report
and accompanying images. A copy of the written consent
is available for review by the editorial office of this journal.

Discussion

PM and recurrence are a prevalent cause of death in
patients with GC in clinical practice (22). The treatment
options for patients with PM of GC are limited and include
palliative systemic chemotherapy and/or best supportive
care according to the National Comprehensive Cancer
Network (NCCN) guidelines (23). As no treatment method
has a sufficient level of evidence of success in the treatment
of GC with PM, there is an urgent need to develop a new
treatment that considers the pathophysiology of the disease.
A novel multidisciplinary treatment approach combining
IP-PTX, systemic chemotherapy, immunotherapy,
targeted therapies, and gastrectomy is one of the promising
treatment options, which may produce synergistic effects.

In this case, we firstly reported the efficacy and safety of
camrelizumab and apatinib combined with chemotherapy in
perioperative therapy for advanced GC with PM. This case
demonstrated that multimodal treatment could improve the
survival rate of patients with GC with PM by downgrading
the primary site of GC and effectively controlling the PM
through novel drugs and chemotherapy, and then providing
a chance to accept radical resection of GC (RO surgery).

As new class I drugs which have been independently
developed in China, both camrelizumab and apatinib
are effective. Several studies have demonstrated that
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Figure 6 The abdominal CT images after surgery. (A) CT scan 1 month after surgery. (B) CT scan 3 months after surgery. (C) CT scan

8 months after surgery showing recurrence of gastric cancer. (D) CT scan 10 months after surgery revealing the ascites reduction after one

cycle of third-line treatment. CT, computed tomography.

apatinib could shorten the onset time and potentiate
the anti-tumor effects of camrelizumab across various
types of solid tumors, including advanced hepatocellular
carcinoma, cervical cancer, lung cancer, and osteosarcoma
(18,24-27). Peng et al. investigated the effects of
camrelizumab in combination with CAPOX followed
by camrelizumab plus apatinib therapy on advanced GC
patients and revealed encouraging anti-tumor activity
and manageable toxicity (28), Pan et al. also evaluated
the efficacy and safety of apatinib in combination with
camrelizumab and the SOX regimen as a first-line
treatment for advanced gastric/gastro-oesophageal junction
adenocarcinoma and the results showed a high objective
response rate (ORR) (29). Therefore, camrelizumab in
combination with apatinib has strong clinical data to
support the treatment of GC. In a phase II clinical trial of

© Journal of Gastrointestinal Oncology. All rights reserved.

camrelizumab combined with apatinib and chemotherapy
for the first-line treatment of advanced esophageal
squamous cell carcinoma, the ORR of the combined therapy
reached 80%. The main endpoints of the study were median
progression-free survival (PFS) of 6.85 months and overall
survival (OS) of 19.43 months, which demonstrated that the
combination treatment for advanced esophageal squamous
cell carcinoma had already achieved higher response rate,
disease control rate, and longer PFS (15). As the regimen
of this trial was similar to the drug backbone in this case,
the notable effect in ORR and long survival of the patients,
consistent with the remarkable tumor regression in this
case, strongly supports the hypothesis of synergy between
immunotherapy, anti-angiogenesis, and chemotherapy. In
this case, we explored the addition of a chemotherapeutic
regimen to the combination of camrelizumab and apatinib,
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which also showed better results, and the patient converted
successfully and was able to receive surgery. Although the
patient eventually relapsed after surgery, his condition
improved significantly after continued treatment with the
combination of chemotherapy with camrelizumab and
apatinib. We believe that this combination regimen has
an improving effect for perioperative use in GC patients
with PM.

In the case report presented here, combination treatment
of camrelizumab and apatinib combined with chemotherapy
resulted in significant regression of the malignant lesions,
representing PR. The encouraging effect suggests the
potential future application of this regimen not only in
patients with GC with PM, but also in those who were
initially considered as only marginally resectable or
unresectable and may be convertible to a resectable status.
However, the current research is mostly a case report, it is
insufficient to screen outpatient characteristics that benefit
from this combination therapy. Therefore, we established
a multicenter, randomized, open-label, parallel-controlled
trial to examine the potential benefits of camrelizumab
or/and apatinib, either alone or in combination with
chemotherapies (SOX), in the treatment of patients with
resectable, locally advanced gastric or gastroesophageal
junction adenocarcinoma (30). The results will contribute
to optimal perioperative GC treatment.

In addition to efficacy, safety is an important factor
to be considered in the treatment process. In this case,
the majority of the adverse events (AEs) observed were
consistent with the safety profiles of the individual
drugs. The most common toxicities of this regimen
were neutropenia, leukopenia, and peripheral sensory
neuropathy. Hepatic toxicity, diarrhea, hypertension, or
immune-related AEs were not reported in our combination
therapy. All treatment-related AEs were managed with
appropriate medical care. Due to the patient’s inability to
tolerate the neurotoxicity of oxaliplatin and the fact that his
chemotherapy pump had to be removed during gastrectomy
due to infection, the oxaliplatin and intraperitoneal
infusion chemotherapy was switched to a combination of
camrelizumab plus apatinib and S-1 after surgery until
recurrence. Compared with camrelizumab monotherapy,
the skin capillary hyperplasia symptoms, which are the most
common side effect of camrelizumab, were lower (31,32);
the mechanism may be that apatinib inhibits the VEGFR?2
related to vascular endothelial proliferation and blocks
angiogenesis (32). Considering the efficacy and tolerability,
the dose of camrelizumab 200 mg every 2 weeks and
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apatinib 250 mg once per day are recommended. This case
indicates that camrelizumab plus apatinib combined with
chemotherapy for the perioperative treatment of GC with
PM has a good safety and anti-cancer effect, and the tumor
shrinkage rate of this regimen is significant and worthy
of further study. The continuous emergence of various
therapeutic methods, such as molecular targeted therapy
and immunotherapy, has made personalized treatment
possible, and the selection of targeted individualized
treatment based on patients’ clinical characteristics and
biomarker expression may be the direction of the treatment
of PM of GC in the future.

Conclusions

This case study reports a case of GC with PM, which
progressed after the first-line chemotherapy and benefited
from immunotherapy and targeted therapy combined
with chemotherapy. To our knowledge, this case is the
first report of advanced GC treated with camrelizumab
plus the combination of apatinib and chemotherapy. The
patient’s condition improved significantly after treatment,
and no serious AEs greater than grade 3 were observed,
thus confirming the favorable safety and efficacy profiles
of this treatment regimen, which may provide a means to
improve the clinical prognosis of patients with GC with
PM. Therefore, the efficacy of this combination treatment
in GC patients with PM resistant to conventional therapies
should be further evaluated in a large cohort study.
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