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Background: The standard treatment for advanced gastric/gastroesophageal junction cancer
(AGC/GEJC) is palliative chemotherapy combined with targeted therapy. The SOX regimen
(S-1 plus oxaliplatin) is recommended as neoadjuvant or palliative first-line chemotherapy in
Asian patients. Apatinib, an oral VEGFR tyrosine kinase inhibitor, is associated with
additional survival benefit as third- or subsequent-line therapy. However, the median overall
survival time of AGC/GEJC is only 8-11 months in the West and 13—17 months in East Asia/
Japan, even with the application of anti-angiogenic agents. Hence, the multimodal and
individual management of patients is challenging standards to improve prognosis, including
the preferential use of low-dose anti-angiogenic drugs and immunotherapy, as well as the
application of multi-disciplinary treatment (MDT)-directed conversion therapy.
Methods/Design: This single-center study was designed to combine low-dose apatinib with
camrelizumab plus the SOX regimen in diagnosed potentially resectable and initially unre-
sectable AGC/GEJC. This a prospective, open-label, single-arm, dose escalation and exten-
sion phase Ib clinical trial, conducted in Jiangsu Province Hospital, beginning from
June 2020. All patients will first receive this combined regimen (3 weeks/cycle) for at
most eight cycles, then apatinib and camrelizumab in maintenance therapy until disease
progression, intolerable toxicity, death, a maximum 2 years of treatment or discontinuation
for any reason. Follow-up and evaluation will be carried out regularly. If surgery is allowed
by MDT discussions, oral apatinib will be discontinued during the last preoperative cycle.
The primary endpoints are the objective response rate and maximum tolerated dose accord-
ing to the Response Evaluation Criteria In Solid Tumors (RECIST) criteria (version 1.1) and
the Common Terminology Criteria for Adverse Events (CTCAE) criteria (version 5.0).
Discussion: This study will assess the response and side effects of AGC/GEJC patients in
the use of low-dose apatinib combined with camrelizumab and the SOX regimen, and this
combined therapy is expected to be a feasible and optimized first-line treatment option. In
addition, this study will provide robust evidence and novel ideas for conversion therapy.
Trial Registration: ChiCTR.gov.cn: ChiCTR2000034109.
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Background

As a highly malignant and lethal tumor,' advanced gastric/
gastroesophageal junction cancer (AGC/GEJC) is a major
healthcare problem across the world. Surgery is considered
the most effective treatment for gastric cancer. However,
only 50-60% of patients are considered appropriate for
radical surgery, while those who do not have the chance of
surgery usually have a rather poor prognosis.>* Currently,
the standard treatment for AGC/GEJC is palliative che-
motherapy combined with targeted therapy. Combination
chemotherapy with S-1 plus oxaliplatin (SOX) for meta-
static gastric cancer has shown potent efficacy with accep-
table toxicity*® and has been recommended as
neoadjuvant or palliative first-line chemotherapy in Asian
patients.”® In the field of targeted therapy, apatinib is an
oral VEGFR tyrosine kinase inhibitor, which is associated
with additional survival benefit as third- or subsequent-line
therapy.” However, the median overall survival (OS) time
of AGC/GEJC is only 8-11 months in the West and 13-17
months in East Asia/Japan, even with the application of
anti-angiogenic agents.'*""

With the ongoing development of immunotherapy,
blockade
angiogenic agents have shown promising antitumor effi-

immune checkpoint and low-dose anti-
cacy and interactive effects.'>'® Immune checkpoint
blockade, represented by anti-programmed death-1 (PD-
1) antibodies and antibodies to its ligand (PD-L1),
has been approved for use in microsatellite instability
(MSI)-high and DNA mismatch repair deficient ({MMR)
phenotype of AGC/GEJC as second- or subsequent-line
therapy, or as third-line therapy for PD-L1-positive AGC/
GEJC, yet with limited monotherapy efficacy.'> "¢ T-cell
infiltration, visceral metastases, tumor burden and diverse
degrees of systemic immune suppression are shown to be
different in early, middle and advanced stages of cancer.
Hence, more and more clinical trials are attempting to
investigate whether the front-line or preoperative use of
immune checkpoint blockade helps to potentiate the anti-
tumor effect of immunotherapy.'” ' Unlike chemora-
diotherapy, the advancing use of immunotherapy aims to
enhance systemic immunity against tumor antigens, elim-
inating micro-metastases that would otherwise be the
source of relapse.”” Besides, the favorable effects of anti-
angiogenic agents are thought to play a role in immuno-
modulation when administered at a lower dose, not merely
to reduce the blood supply to tumor cells.'”'®* Of impor-

tance, such multimodal and individual management is

challenging standards to improve prognosis. Apart from
the innovative treatments mentioned above, perioperative
chemotherapy and conversion therapy have also become
hot topics in the clinical treatment of locally advanced or
unresectable gastric/gastroesophageal junction cancer.
Furthermore, their significance in practice has been
shown in some related clinical trials.***> Preoperative
chemotherapy can not only effectively reduce the clinical
stage of the tumor and improve the rate of surgical resec-
tion, but also eliminate the vascular residual survival of
tumor cells and micro-metastases, reduce the rate of post-
operative recurrence and improve patient prognosis.

Based on the above application prospects, we prospec-
tively designed a treatment plan for locally advanced and
unresectable gastric/gastroesophageal junction cancer. The
main objective of this study is to investigate the impact of
first-line use of low-dose apatinib (Jiangsu Hengrui
Medicine Co., Ltd, Lianyungang City, Jiangsu Province,
China) combined with camrelizumab (Jiangsu Hengrui
Medicine Co., Ltd, Lianyungang City, Jiangsu Province,
China) and SOX regimen (Jiangsu Hengrui Medicine Co.,
Ltd, Lianyungang City, Jiangsu Province, China) on the
clinical safety, feasibility and prognosis, and this com-
bined therapy is expected to achieve a tolerable and sig-
nificant curative effect, and even lead to access to surgical
conversion with a sufficient pathological response. On the
other hand, screening therapeutic-related biomarkers and
further enriching the preferential targeted population to
improve response rates are potential goals.

Patients and Methods

Recruitment and Allocation

Patients who have a diagnosed, potentially resectable
AGC/GEJC, including local progression or oligometas-
tases (cohort 1), and patients with unresectable tumors
with widespread metastases (cohort 2), will be recruited.
Each patient will give their written informed consent prior
to enrolment.

Eligibility criteria include age 18-75 years, males or
females (non-pregnant and non-lactating females), histolo-
gically and/or cytologically proven AGC/GEJC with
HER2-negative or unknown HER2 status, treatment-
naive or relapsed more than 6 months after the last post-
operative chemotherapy using platinum/fluorouracil with
no more than level 2 toxicities, clinical stage IV and
assessed as being potentially resectable or unresectable
(MDT), Eastern

by multidisciplinary  discussion
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Cooperative Oncology Group (ECOG) performance status
of 0-1, and adequate bone marrow, hepatic and renal
functions. Moreover, patients with at least one measurable
lesion (in accordance with the Response Evaluation
Criteria In Solid Tumors [RECIST] criteria [version 1.1])
are eligible. The main exclusion criteria are a potential
gastrointestinal bleeding tendency and/or coagulation dis-
orders, uncontrolled blood pressure and prior cardiac dys-
function, and a history of immunodeficiency or other
severe autoimmune disease. Patients with a history of
prior or concurrent malignancies (except for skin basal
cell carcinoma, in situ carcinoma of the cervix or stage
I lung/colorectal cancer), central nervous system metasta-
sis or pleural/peritoneal effusion requiring clinical inter-
vention are also excluded. Further details are available in
the Supplementary Data.

Trial Design

This study was designed as a prospective, open-label,
single-arm, dose escalation and extension phase Ib clinical
trial (registered at ChiCTR.gov.cn: ChiCTR2000034109)
conducted in Jiangsu Province Hospital beginning from
June 2020. All patients will first receive this combined
regimen (3 weeks/cycle) for at most eight cycles, then
apatinib and camrelizumab in maintenance therapy until
death,
a maximum 2 years of treatment or discontinuation for

discase  progression, intolerable  toxicity,
any reason. Follow-up and evaluation will be carried out
regularly. If surgery is allowed by MDT discussions, oral
apatinib will be discontinued during the last preoperative
cycle.

The primary endpoints are the objective response rate
(ORR) and maximum tolerated dose (MTD) according to
RECIST vl.1 criteria and the Common Terminology
Criteria for Adverse Events (CTCAE) criteria (version
5.0). The secondary study endpoints include progression-
free survival time (PFS), total survival time (OS), disease
control rate (DCR), duration of remission (DOR) and
adverse events (AEs). RO/R1 resection rate, perioperative
safety and the main pathological remission rate (MPR)
will be evaluated in patients undergoing conversion sur-
gery. The exploratory endpoints include changes in speci-
fic T-cell subsets, vascular normalization structure and
functional indices, autophagy-related genes (Beclin-1,
P53 and Klotho genes, and LC3 protein), PI3K/Akt/
mTOR and AMPK/mTOR signaling pathways, tumor
microenvironment (TME) and host immune system

response biomarkers (PD-L1, CD8" TILs, etc.) and regu-
lators (non-coding RNA).

Intervention and Assessment

There are two cohorts (called “cohort 1”” and “cohort 2”),
and a total of about 42 patients with locally advanced or
unresectable gastric/gastroesophageal junction cancer will
be recruited. The trial consists of two parts: the dose
escalation and extension phases. Owing to the lack of
evidence-based data from previous clinical studies, the
dose escalation phase is converted into three dose gradi-
ents (group 1: apatinib 250 mg, po, qod + camrelizumab
200 mg, iv, d1 + oxaliplatin 100 rng/mz, iv, d1+ S-1
40 mg, po, bid, d1-14; group 2: apatinib 250 mg, po,
god + camrelizumab 200 mg, iv, dl + oxaliplatin
130 mg/m?, iv, dI + S-1 40 mg, po, bid, d1-14; group 3:
apatinib 250 mg, po, qd + camrelizumab 200 mg, iv, d1 +
oxaliplatin 130 mg/m?, iv, d1 + S-1 40 mg, po, bid, d1—14)
for at most eight cycles to identify the MTD and recom-
mended dose for the second phase. In consideration of
immunomodulation and the vascular normalization effect

of anti-angiogenesis drugs,?-*%2

oral apatinib will be
given 10 days (£3 days) before the use of camrelizumab
and the SOX regimen during the first cycle. Moreover, the
dosage of apatinib and oxaliplatin will be escalated if <1
patient per cohort experiences dose-limiting toxicity
(DLT) within the first 28 days of treatment. DLT is defined
as any grade 4 hematological toxicity or any grade 3 or
greater non-hematological toxicity that occurs within the
first 21 days of treatment, or any drug toxicity that causes
a delay of >21 days in treatment. If two patients experi-
ence DLT, the prior dose is considered the MTD. Once the
MTD is established, additional patients will be enrolled at
that level in the dose expansion phase and only use apati-
nib and camrelizumab in maintenance therapy until dis-
ease progression, intolerable toxicity, death, a maximum 2
years of treatment or discontinuation for any reason. The
study flowchart is shown in Supplementary Materials
Figure 1.

The findings of follow-up examinations, including rou-

tine blood, liver and kidney function tests, electrolytes,
thyroid function, tumor markers (carcinoembryonic anti-
gen [CEA], carbohydrate antigen 199 [CA199], CA125,
CA724, CA242, and alpha-fetoprotein [AFP]), hepatitis,
human immunodeficiency virus, syphilis, blood coagula-
tion, routine physical examination and any AEs before
each cycle of treatment, should be recorded on the case
report form (CRF) in detail. When an AE occurs, the
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investigators should decide whether to stop the trial
according to the severity assessed by CTCAE v5.0 criteria,
and the corresponding treatment should be given in time.
Thoracoabdominal enhanced computed tomography (CT)
or magnetic resonance imaging (MRI) will be executed
every 6 weeks (+7 days) for the first 4 months during
treatment (the time is calculated in calendar days, and is
not affected by drug withdrawal), and every 12 weeks (7
days) thereafter (excluding legal holidays). For patients
with MDT-directed conversion therapy, its preoperative
combined therapy is used for at most eight cycles, and
oral apatinib will be discontinued during the last preopera-
tive cycle. Postoperative adjuvant therapy will be decided
based on pathological reports and surgical results accord-
ing to the Chinese Society of Clinical Oncology guideline
version 2020. Information on the surgical process, surgical
pathology and perioperative complications will be
recorded.

Data Collection and Management

The clinical researchers will collect baseline data such as
age, sex, body mass index and complications, after written
informed consent has been provided. As well as the
laboratory indices and imaging examinations mentioned
above (see “Intervention and Assessment”), blood and
tissue samples obtained from patients will be collected
for flow cytometry analysis, immune microenvironment
tests and gene sequencing.

All relevant patient information will be recorded in the
CRF in a timely and accurate manner by trained and
independent clinical research coordinators. If there are
any mistakes in the CRF, the investigator will correct
them in time. All data will be acquired only by researchers
who have signed a confidential disclosure agreement.
Significantly, any collected information that could be
used to disclose an individual’s identity will not be
released without consent in this clinical study, except in
special and legally permitted circumstances. The ethics
committee of Pukou Branch Hospital of Jiangsu Province
Hospital will be responsible for ensuring that the rights
and well-being of patients are protected, and for maintain-
ing compliance with the approved protocol, data collec-
tion, statistical analysis and anonymity in publications.

Statistical Analysis

A sample size of at least 42 patients in total is planned and
the study will be carried out in two phases. The null
hypothesis is that the true response rate is 0.5 and the

alternative hypothesis is that the true response rate is 0.7.
In the dose escalation phase (n>3 per dosage group),
a total of nine patients will be recruited. If there are five
or fewer responses among these patients, the study will be
stopped early. Otherwise, an additional 33 patients will be
enrolled in the dose extension phase, resulting in a total
sample size of 42. If there are 29 or more responses among
these 42 patients, we can reject the null hypothesis and
claim that the treatment is promising. The design controls
the type I error rate at 0.05 and yields a power of 0.8.

Classification variables will be analyed by the chi-
squared test, Fisher’s exact test, Wilcoxon rank sum test
or Cochran—Mantel-Haenszel (CMH) chi-squared test; con-
tinuous variables according with the normal distribution
will be compared by the #-test, and those according with
the non-normal distribution by the Wilcoxon rank sum test
and Wilcoxon signed rank sum test. The Kaplan—Meier
method and the log-rank test will be used to generate
survival curves and compare the differences, respectively.
The hazard ratio and 95% confidence interval will be cal-
culated with the Cox regression model. A two-sided test is
used in the hypothesis test, and the test statistics with their
corresponding P values are given such that P<0.05 will be
considered to indicate statistical significance and P<0.01
deemed as highly statistically significant. Data analysis
will be performed using SPSS® software package version
22.0 and will cover the actual number of subjects enrolled,
shedding and exclusion of cases, demographics and other
baseline characteristics, compliance, efficacy and safety
analysis. The study is registered with ChiCTR.gov.cn (num-
ber ChiCTR2000034109).

Discussion

The 5-year survival rate of gastric cancer patients in China
is lower than that in Japan and South Korea, mainly
because of the advanced stage of clinical diagnosis in
China.?® Therefore, tumor staging is one of the most
important prognostic factors in patients with gastric can-
cer, which also lays the foundation of treatment decisions.
The multimodal management of patients with advanced
gastric adenocarcinoma is now recognized as an optimal
treatment, including the combination of local and systemic
treatment methods,?® and is expected to achieve significant
curative effects, and even lead to access to surgical con-
version achieving a sufficient pathological response.
Surgery is the cornerstone of therapeutic strategies, to
achieve a curative effect or reduction of the tumor burden,
while the addition of chemotherapy, anti-angiogenic or
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other immune agents can decrease the rate of recurrence
and prolong survival.

Results from the KEYNOTE-061 trial (NCT02370498)
showed that PD-1 antibody could be used early in
a specific subgroup of patients (ECOG PS 0, MSI-H/
dMMR, EBVaGC, high tumor burden, PD-L1 CPS >10),
with long-term survival benefits.'” The randomized, phase
IIT KEYNOTE-062 study (NCT02494583) was designed
to compare the efficacy and safety of pembrolizumab
combination  with
with those of
a fluoropyrimidine as first-line therapy for PD-L1"
/HER2™ AGC/GEIC, suggesting that the efficacy of an
immune checkpoint inhibitor (as monotherapy) in the first-
line treatment of AGC/GEJC is not inferior to standard
chemotherapy.?® Furthermore, the ATTRACTION-04
study confirmed that an immune checkpoint inhibitor

alone or in cisplatin  plus

a fluoropyrimidine cisplatin  plus

added to chemotherapy gave encouraging results, improv-
ing the ORR (up to 57.5%) and PFS (median survival time
up to 10.45 months) for first-line treatment.® On the one
hand, although the KEYNOTE-062 trial showed negative
results, it also contributed to the application of immune
checkpoint inhibitors in perioperative treatment of gastric
cancer. On the other hand, the promising results obtained
from the ATTRACTION-04 and CheckMate-649 trials,
involving the first-line use of nivolumab, reveal bright
prospects for the front-line use of PD-1 antibody in com-
bination therapies.

However, successful immunotherapy requires not only
the infiltration of immune cells, but also an immune-
supported microenvironment to maintain T-cell prolifera-
tion and function. The team from Xingiao Hospital Cancer
Institute identified that angiogenesis, a negative correlation
with the magnitude of the signature of cytotoxic function,
was demonstrated particularly in patients with an inflamed
TME."” The REGONIVO trial added regorafenib to nivo-
lumab for advanced gastric and colorectal cancer, obser-
ving that the objective tumor response was as high as 40%,
including 11 patients with gastric cancer (44%) and nine
with colorectal cancer (36%); at the same time, the median
PFS was 6.3 months, which was better than the historical
control.®' Tt seems that vascular normalization could pro-
vide such an immune-supported microenvironment for
immunotherapy.”” To further explore the mechanism
behind this phenomenon, preclinical studies based on
lung cancer and breast cancer models found that appro-
priate use of low-dose anti-angiogenic drugs could
induce tumor vascular normalization, alleviate tumor

hypoxia, increase CD8" T-cell infiltration, hinder recruit-
ment of tumor-associated macrophages (TAMs) and mye-
(MDSCs),
a potential

loid-derived ~ suppressor  cells and

TGEF-B,
immunomodulation.”>?° In turn, the activation of immune

decrease suggesting role of
cells can promote vascular normalization, thus forming
a positive feedback loop. Hence, apatinib is recognized
to optimize the TME and potentiate the antitumor efficacy
of PD-1/PD-L1 blockade in its immunomodulatory and
normalization window of tumor vasculature effects at
lower doses.'”'®%*7 In a phase II clinical study of cam-
relizumab plus CapeOX sequential camrelizumab plus
apatinib for first-line treatment of AGC/GEJC, initiated
by Professor Lin Shen (NCT04609176) of Peking
University Affiliated Cancer Hospital, the ORR and DCR
of 46 evaluable patients reached 58.7% and 78.3%, respec-
tively, indicating a manageable safety profile and encoura-
ging antitumor activity. These findings provide a rationale
for the potential combination of anti-angiogenic and
immune agents, and further clinical investigations of com-
bination therapies.

The research objective of our design is mainly aimed at
patients with locally advanced or unresectable gastric/gas-
troesophageal junction cancer, who have missed the
chance of RO resection, a situation which is associated
with worse outcomes. However, guidelines differ between
countries and there is no universal standard of care.***
With the introduction of multimodal methods during the
critical perioperative period, the survival time of patients
has been somewhat prolonged, but the perioperative safety
issues have long been debated. Regarding perioperative
therapy, the related outcomes demonstrated that patients
had favorable response rates and tumor shrinkage follow-
ing neoadjuvant S-1, oxaliplatin, apatinib (SOXA) and
surgery, in research published in the past few years.**>’
the RESOLVE that

a perioperative SOX regimen can improve the 3-year dis-

A report in research found
case-free survival rate compared with postoperative
XELOX for patients with locally advanced gastric
cancer.>* The other randomized controlled trials on AGC/
GEJC revealed that the pathological response rate (pRR)
was 56% in Chinese and 53.2% in Japanese patients.**-
The pRR of 89.7% in the present study is higher than that
for the SOX regimen previously reported in Japan and
China. This improvement may be attributed to the addition
of apatinib to chemotherapy.***’ Based on the above
research results, this topic has gradually aroused great
researchers in the front-line or

interest in even
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perioperative treatment of gastric cancer with anti-
angiogenic agents and immune checkpoint inhibitors, and
the results are highly anticipated.

The management of patients with AGC/GEJC is multi-
modal and individual. The timing of conversion therapy and
perioperative methods for tumor control is becoming ever
more critical in optimizing patient outcome by improving
the effectiveness of systemic treatments. Our study com-
bines low-dose apatinib with camrelizumab plus the SOX
regimen in diagnosed potentially resectable and initially
unresectable AGC/GEJC. To ensure the safety and efficacy
of this combined therapy, this study is designed as
a prospective, open-label, single-arm, dose escalation and
extension phase Ib clinical trial, which is expected to func-
tion as a feasible and optimized first-line treatment option. In
addition, this study will provide robust evidence and novel
ideas for conversion therapy. As clinical trials continue to
clarify and guide the roles of chemotherapy, targeted mole-
cular agents and immunotherapy, we anticipate that all the
related concerns about MDT-directed conversion therapy for
AGC/GEJC will be resolved.

Trial Status

The trial was registered at ChiCTR.gov.cn and the protocol
version is ChiCTR2000034109. The clinical study will last
for 32 months and run from June 2020 to December 2023.
The first patient was recruited at Pukou Branch Hospital of
Jiangsu Province Hospital and 42 patients will be included
in this study in total.

Ethical Statement

The ethics committee of Jiangsu Province Hospital
approved the study (approval number 2020-SR-002). The
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Clinical Practice guidelines and the Declaration of
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