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Protocol for a randomized controlled trial of perioperative S-1 plus
oxaliplatin combined with apatinib and camrelizumab in patients
with resectable, locally advanced gastric or gastroesophageal
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Background: Perioperative therapy can improve the low survival benefit of surgery alone for locally
advanced gastric cancer. The introduction of immunotherapy and its combination with chemotherapy and/
or targeted therapy has created more opportunities for optimal treatment. The aim of the present study was
to compare the efficacy and safety of S-1 plus oxaliplatin (SOX) combined with apatinib (SOXA) or SOX
combined with apatinib and camrelizumab (SOXAP) versus SOX as the perioperative therapy for resectable,
locally advanced gastric or gastroesophageal junction (GE]) adenocarcinoma.

Methods: The study was a multicenter, randomized, open-label, parallel-controlled trial conducted in
China. Eligible participants were randomized to the SOX, SOXA, and SOXAP groups. Patients received
three pre-operative and three postoperative 3-week cycles of SOX or SOXA or SOXAP, followed by
apatinib (SOXA group) or apatinib combined with camrelizumab (SOXAP group) for 3 cycles, which
could be continued at the investigator's choice. Overall treatment is up to 1 year of apatinib and up to 17
cycles of camrelizumab. SOX is 130 mg/m’ oxaliplatin on day 1 plus S-1 orally twice daily on days 1 to 14.
Apatinib is orally administered at a dose of 500 mg (SOXA group) or 250 mg (SOXAP group) on days 1 to
21, and camrelizumab 200 mg is given intravenously once every 3 weeks. The primary endpoint was major
pathological response assessed by blinded independent review committee. The secondary endpoints included
pathological complete response, lymph node status after neoadjuvant therapy, margin-free resection rate,
progression-free survival (PFS), disease-free survival (DFS), overall survival (OS), and safety.

Discussion: The trial provides important data regarding the use of perioperative SOXAP and SOXA for
patients with resectable, locally advanced gastric or GEJ adenocarcinoma. The results will contribute to
optimal perioperative disease treatment.

Trial registration: Clinical Trials.gov (no. NCT04208347). First posted on December 23, 2019.
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Introduction

Gastric cancer is one of the most common cancers
worldwide, and 42.6% patients with newly diagnosed
gastric cancer are from China (1). Surgery is the most
effective treatment for gastric cancer. However, the survival
benefit of surgery alone is inadequate in a large number
of patients with resectable disease due to advanced stage.
The 3-year overall survival (OS) rate is <50% in Chinese
patients with stage III gastric cancer after surgery (2). The
application of perioperative chemoradiotherapy may shrink
the tumor and eradicate the micrometastases, leading to an
increased margin-free (R0) resection rate, fewer recurrences
and metastases, and improved survival. The MAGIC and
FNCLCC/FFCD trials confirmed the efficacy and safety
of perioperative chemotherapy in patients with resectable
gastric cancer (3,4), which has been recommended in
various guidelines (5,6). The RESOLVE trial compared
perioperative chemotherapy of S-1 plus oxaliplatin (SOX)
versus SOX or capecitabine plus oxaliplatin (XELOX) as
a postoperative chemotherapy in Chinese patients with
locally advanced gastric or gastroesophageal junction
(GEJ) adenocarcinoma. The primary endpoint, 3-year
disease-free survival (DFS) rate was significantly higher
with perioperative SOX than with postoperative XELOX
(62% wvs. 54.8%), suggesting perioperative SOX as a novel
standard regimen for locally advanced gastric or GEJ
adenocarcinoma (7). A recent phase II trial of perioperative
SOX plus preoperative apatinib, a vascular endothelial
growth factor (VEGF) receptor tyrosine kinase inhibitor,
showed favorable antitumor activity and manageable
toxicity in patients with locally advanced gastric cancer (8),
indicating the value of anti-angiogenic agents in the
perioperative setting.

The introduction of immunotherapy and its combination
with chemotherapy and/or targeted therapy has created
more opportunities for the optimal treatment of cancer.
In recent years, numerous studies have demonstrated the
mechanisms and therapeutic effects of immune checkpoint
inhibitors in combination with conventional chemotherapy
or targeted therapy for a variety of cancers (9-13), including
gastric cancer (14,15). Camrelizumab (SHR-1210), a
novel programed cell death protein 1 antibody, has shown
promising efficacy in patients with recurrent or metastatic
gastric or GEJ cancer (16). A recent phase II trial suggested
that camrelizumab combined with XELOX, followed by
camrelizumab combined with apatinib, was well tolerated
and generated a good response as the first-line therapy
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for advanced or metastatic gastric or GEJ cancers (17).
Many trials of neoadjuvant immunotherapy, including
camrelizumab, combined with other perioperative therapy,
are ongoing to establish an optimal perioperative strategy.

The aim of the present study was to compare the efficacy
and safety of SOX combined with apatinib (SOXA) or SOX
combined with apatinib and camrelizumab (SOXAP) versus
SOX as the perioperative therapy for resectable, locally
advanced gastric or GEJ adenocarcinoma.

We present the protocol in accordance with the SPIRIT
reporting checklist (available at http://dx.doi.org/10.21037/
atm-20-7802).

Methods
Study design

The present study was a multicenter, randomized, open-
label, parallel-controlled trial conducted in China
(NCT04208347). The study flow is displayed in Figure 1.

Inclusion criteria

The present study is performed in accordance with the
Declaration of Helsinki (as revised in 2013), Good Clinical
Practice, and related laws. The protocol has been approved
by the Ethics Committee at Ruijin Hospital affiliated with
the School of Medicine at Shanghai Jiao Tong University
(2019), (clinical ethics approval No. 212-3). All study
participants provided signed informed consent prior to
study commencement. The inclusion criteria were: (I)
age 18-75 years; (I) pathologically proven gastric or GEJ
adenocarcinoma; (III) resectable cancer with clinical stage
cI'3/4aN+MO confirmed by computed tomography (CT)
and or magnetic resonance imaging (MRI), according to
American Joint Committee on Cancer (AJCC) criteria,
8th edition (18); (IV) no prior cancer treatment; (V)
intention to have surgery after completing neoadjuvant
therapy; (VI) ability to swallow tablets; (VII) Eastern
Cooperative Oncology Group performance status of 0-1;
(VII) life expectancy >12 months; and (IX) adequate organ
functions, as follows: absolute neutrophil count >1.5x10"/L,
platelets >80x10°/L, hemoglobin >80 g/L (did not receive
blood transfusion or blood products, and granulocyte-
colony stimulating factors or other hematopoietic
stimulating factors within the past 14 days); total bilirubin
<1.5x the upper limit of normal (ULN) and aspartate
aminotransferase and/or alanine transaminase <2.5x ULN;
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Screening

Treatment-naive patients with resectable, stage T3-4aN+MO0 gastric
or GEJ adenocarcinoma (according to AJCC criteria; 8th edition)

]

| Randomization (dosing within 72 h after randomization); stratified by tumor location (gastric vs. GEJ) and Bulky N (yes vs. no)

Neoadjuvant therapy

| Apatinib + SOX (3 cycles) | | Apatinib + camrelizumab + SOX (3 cycles) | | SOX (3 cycles)

1 ]

Recovery phase (time from the last dosing to surgery: 3-6 weeks)

L

Surgery

| Radical surgery (D2 lymphadenectomy) |

5

Recovery phase (time from surgery to postoperative adjuvant therapy: at least 4 weeks and up to 6 weeks recommended)

1

Adjuvant therapy Apatinib + SOX (3 cycles)

| | Apatinib + camrelizumab + SOX (3 cycles)

‘ | SOX (3 cycles)

5

Apatinib (3 cycles, apatinib can
be continued after cycle 3 at the
option of the investigator for a
total of 1 year from preoperative
to postoperative)

Apatinib + camrelizumab + SOX (3 cycles,
apatinib in combination with camrelizumab can
be continued after cycle 3 at the option of the
investigator for a total of 1 year with apatinib
and up to 17 doses of camrelizumab from
preoperative to postoperative )

!

| Follow-up (every 3 months in the first postoperative year and every 6 months thereafter)

Figure 1 Study flowchart. AJCC, American Joint Committee on Cancer; GEJ, gastroesophageal junction; SOX, S-1 plus oxaliplatin.

and serum creatinine <1.5x ULN or endogenous creatinine
clearance rate >50 mL/minute.

Female participants of reproductive age took a serum
pregnancy test within 72 hours prior to the first dose.
Those with a negative result were included, and the women
consented to using contraception during the study and
within 120 days after the last dose. Male participants with
partners of reproductive age underwent surgical sterilization
or consented to using contraception during the study and
within 120 days after the last dose.

Exclusion criteria

Exclusion criteria were (I) human epidermal growth factor
receptor-2 positive; (II) gastric proximal GEJ cancer,
and distance from the tumor center to GEJ <2 c¢m; (I11)
peritoneal metastasis, positive peritoneal cytology results
(CY1PO), or T4b according to the AJCC criteria, 8th
edition (18); (IV) presence of unresectable factors, including
tumours, or contraindications to surgery, or refusal
to undergo surgery; (V) previous or other co-existing
malignant tumors, except for cured cutaneous basal cell
carcinoma, cervical carcinoma z situ, or breast carcinoma 7
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situ; (VI) uncontrolled hypertension (systolic blood pressure
>140 mmHg or diastolic blood pressure 290 mmHg);
(VII) clinical manifestations or diseases of the heart: New
York Heart Association grade >2 heart failure or color
Doppler echocardiography showing left ventricular ejection
fraction <50%; unstable angina pectoris; myocardial
infarction within 1 year; resting electrocardiogram (ECGQG)
showing corrected QT interval (QTc) >450 ms in males or
>470 ms in females; resting ECG showing abnormalities
of important clinical significances (i.e., abnormalities in
heart rate, conduction, and morphologic characteristics),
complete left bundle branch block, grade 2-3 heart block,
or PR interval >250 ms; and having factors that can increase
the risks of QIc prolongation or heart rate abnormalities
(i.e., heart failure, hypokalemia, congenital long QT
syndrome, family history of long QT syndrome, QT
prolonging drugs, or direct relative having died of unknown
reasons <40 years of age); (VIII) history of gastrointestinal
perforation, abdominal abscess, or intestinal obstruction
(within 3 months), or imaging examinations and/or clinical
manifestations suggesting current intestinal obstruction;
(IX) coagulation disorders (international normalized ratio
>2.0 or prothrombin time >16 seconds), bleeding tendency,
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or currently receiving thrombolysis or anticoagulation
therapy (prophylactic use of low-dose aspirin or low-
molecular heparin is acceptable); (X) clinically significant
bleeding symptoms or evident bleeding tendency within
3 months before randomization (i.e., gastrointestinal
bleeding, hemorrhagic gastric ulcer, or vasculitis);
(XI) arterial/venous thrombus within 6 months before
randomization, such as cerebrovascular accident (including
transient ischemic attack, cerebral hemorrhage, and
cerebral infarction), deep venous thrombosis, or pulmonary
embolism; (XII) hereditary or acquired bleeding or
thrombosis tendency, such as hemophilia, coagulation
disorders, or thrombocytopenia; (XIII) active ulcer, unhealed
trauma, or bone fracture; (XIV) urine routine examinations
suggesting urine protein >++ and 24-hour proteinuria
>1.0 g; (XV) active infection requiring antimicrobial
treatment; (XVI) active hepatitis; (XVII) congenital or
acquired immunodeficiency; (XVIII) history or planned
organ transplantation or allogeneic bone marrow
transplantation; (XIX) current interstitial pneumonia or
interstitial lung disease; history of interstitial pneumonia
or interstitial lung disease requiring steroid treatment;
pulmonary fibrosis, cryptogenic organizing pneumonia
(i.e., obliterative bronchiolitis), pneumoconiosis, drug-
related pneumonia, or idiopathic pneumonia that can
influence the assessment and treatment of immune-
related pulmonary toxicity; CT showing active pneumonia
or severe pulmonary dysfunction at screening; or active
pulmonary tuberculosis; and (XX) any active autoimmune
disease or history of autoimmune disease with relapse
risk [including autoimmune hepatitis, interstitial
pneumonia, uveitis, enteritis, hypophysitis, vasculitis,
nephritis, hyperthyroidism, and hypothyroidism (except
for participants for whom the disease can be controlled
by hormone replacement therapy)]; participants with skin
diseases requiring systemic treatments (i.e., leukoderma,
psoriasis, and hair loss) or type I diabetes mellitus not
controlled by insulin treatment, or a history of asthma
that requires intervention; asthma participants requiring
bronchodilators; (XXI) taking immunosuppressive drugs
or systemic corticosteroid treatment within 7 days before
randomization (>10 mg/day prednisone or other equivalent
drugs); (XXII) receiving attenuated live vaccine within
28 days before randomization or intending to receive
attenuated live vaccine during the treatment period or
within 60 days after the last dose; (XXIII) using potent
CYP3A4 inducer within 2 weeks or potent CYP3A4
inhibitor within 1 week before randomization; (XXIV)
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therapeutic antibiotics administered orally or intravenously
for 4 weeks prior to randomization (except prophylactic
antibiotics administered intravenously for less than
48 hours); (XXV) allergic to any study drug or ingredient;
(XXVI) participating in other clinical trials within 4 weeks
before randomization; (XXVII) lactating women; and
(XXVIII) any other factors that can influence the study
results or lead to study termination, as deemed by the
investigators.

Randomization and treatiment

Eligible participants were randomized to the SOX, SOXA,
and SOXAP groups. The participants were stratified by
tumor location (GE] vs. gastric) and bulky N (yes vs. no).
Bulky N was defined as at least two adjacent lymph nodes
along the celiac artery, splenic artery, common hepatic
artery or proper hepatic artery >1.5 cm or one such lymph
node >3 cm. Surgery was conducted 3—6 weeks after the
last dose of neoadjuvant therapy, and the postoperative
adjuvant therapy was conducted at least 4 weeks later, with a
maximum recommended interval of 6 weeks.

The SOX group underwent preoperative SOX treatment
(3 cycles) + surgery + postoperative SOX treatment (3
cycles). The SOXA group underwent preoperative SOXA
treatment (3 cycles; apatinib was discontinued in the third
cycle, along with S-1) + surgery + postoperative SOXA
treatment (3 cycles) + apatinib (3 cycles, apatinib can be
continued after cycle 3 at the option of the investigator,
overall treatment is up to 1 year of apatinib). The SOXAP
group underwent preoperative SOXAP treatment (3 cycles;
apatinib was discontinued in the third cycle, along with S-1)
+ surgery + postoperative SOXAP treatment (3 cycles) +
apatinib combined with camrelizumab (3 cycles, apatinib in
combination with camrelizumab can be continued after cycle
3 at the option of the investigator, overall treatment is up to
1 year of apatinib and up to 17 cycles of camrelizumab).

S-1 was administrated orally twice a day after meals,
with the initial dose determined according to the body
surface area: 80 mg daily for participants with body surface
area <1.25 m’, 100 mg daily for those with body surface
area 1.25-1.49 m’, and 120 mg daily for those with body
surface area >1.5 m’. After continuous dosing for 2 weeks,
S-1 treatment was discontinued for 1 week. Oxaliplatin was
administered intravenously at 130 mg/m’ on the first day
of each cycle. Apatinib was orally administered once daily
within 0.5 hours after a meal for 21 days at 500 mg (SOXA
group) or 250 mg (SOXAP group). Camrelizumab was
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administered intravenously at 200 mg (within 30-60 minutes)
once every 3 weeks. Twenty-one days of treatment was
considered one cycle. Standard D2 lymphadenectomy was
recommended for radical surgery.

Primary endpoint

The primary endpoint was major pathological response
(MPR) assessed by blinded independent review committee
(BIRC), which was defined as the proportion of participants
with a residual tumor in the primary tumor <10% and
Becker tumor regression grading 1 (1a or 1b) (19).

Secondary endpoints

The secondary endpoints were: (I) pathological complete
response, which was defined as the proportion of participants
with no residual tumor cells in the primary tumor and
Becker stage 1a (19); (I) lymph node status after neoadjuvant
therapy (ypN stage); (IIT) RO resection rate; (IV) progression-
free survival (PFS), which was defined as the time from
randomization to disease progression, recurrence, or death
(whichever occurred first); (V) DFS, which was defined as the
time from the first imaging assessment to disease recurrence
or death (whichever occurred first); (VI) OS, which was
defined as the time from randomization to all-cause death;
and (VII) safety (including surgical and drug safety).

Exploratory endpoint

The exploratory endpoint was exploring and validating
biomarkers as the predictors of efficacy with camrelizumab.

Follow up and assessment

The pathological response was assessed by a blinded
independent review committee, according to the Becker
criteria (19). The lymph node status and RO resection rate
were assessed according to the AJCC criteria, 8th edition (18).
PFS, DFS, and OS were assessed by investigators, according
to the Response Evaluation Criteria for Solid Tumors,
version 1.1 (20). The participants were followed up every
3 months for the first year, and every 6 months thereafter.
A second primary tumor and non-R0 resection are not
considered in the assessment of PFS and DFS.

Surgical safety was assessed based on 30-day mortality,
surgical complications (surgical site infection, anastomotic
fistula, gastrointestinal bleeding, incision rupture, adhesive
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intestinal obstruction, biliary fistula, chylous fistula, fever
[temperature >37.5 °C] of unknown origin), reoperation rate,
length of hospital stay after surgery, and operation time. Drug
safety was assessed with adverse events (AE), according to the
National Cancer Institute Common Terminology Criteria
for Adverse Event, version 5.0. Electronic case report forms
were used for the data collection and data management.

Sample size calculation

Based on the literature, we assumed that the MPR in the
SOXA, SOXAP, and SOX groups would be 36%, 40%,
and 18%, respectively (3,21,22). Considering a 1:1:1
randomization and one-sided significance level of 0.05,
we determined that 73 participants in each group would
contribute >80% power to determine the superiority
in the SOXA or SOXAP group versus the SOX group.
Considering a 15% drop-out rate, 86 participants were
required in each group, and thus 258 participants needed to
be included in the present study.

Statistical analysis

The present study was a superiority trial that investigated the
efficacy difference between the SOXAP and SOX groups.
If there was a statistically significant difference between
the SOXAP and SOX groups (one-sided P<0.05), then the
efficacy difference between the SOXA and SOX groups were
investigated. If there was no statistically significant difference
between the SOXAP and SOX groups, the comparison
between the SOXA and SOX group were exploratory.

The intent-to-treat (I'T'T") population included all the
participants randomized in the present study. The per-
protocol set (PPS) included participants with no major
deviation of the study protocol and the participants with
protocol deviations that did not substantially influence the
study results. The safety set (SS) included participants who
were randomized and received at least one dose of the study
drug. In the present study, the IT'T population and PPS were
used for the efficacy assessment, and the I'TT population was
the primary set. Safety was assessed with the SS.

The Cochran-Mantel-Haenszel test was used for
comparisons of the primary and secondary endpoints (except
for survival) between the SOX group and the other two
groups. The Kaplan-Meier method was used to estimate
the median survival and to plot the survival curve, the
Brookmeyer-Crowley method was used to calculate the
95% confidence interval of the median survival, and the
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stratified log-rank test was used to compare survival among
the different groups. Logistic regression and forest plot
were employed for the subgroup analysis of the primary
endpoint.

Discussion

The aim of the present study was to compare the efficacy and
safety of SOXA or SOXAP with SOX as the perioperative
therapy for resectable, locally advanced gastric or GE]
adenocarcinoma. There are several advantages of the study
design. First, we selected low-toxic chemotherapy drugs, anti-
VEGF targeting drugs, and immune checkpoint inhibitors
in combination to improve patients’ tolerance to the
scheduled therapy. Resolve study demonstrated that SOX was
suitable for the perioperative treatment (7). SOX combined
with apatinib also showed safety in patients with locally
advanced gastric adenocarcinoma (8). Moreover, apatinib
plus camrelizumab had manageable safety in hepatocellular
carcinoma, gastric or esophagogastric junction cancer (23).
Any known potential adverse events to the study drugs were
addressed in the protocol. Second, both regimens, SOXAP
and SOXA, were tested in the present study, with standard
SOX regimen as the positive control, which may successfully
yield more treatment options for patients when the efficacy of
the novel therapies is confirmed in the present study. Finally,
preoperative staging was performed because all patients were
pathologically diagnosed by gastroscopy and biopsy before
randomization according to the investigator's judgment.
Peritoneal dissemination and intra-abdominal metastasis
were excluded by peritoneal cytological examination and
exploratory laparoscopy based on the investigator’s judgment.
In conclusion, the trial provides prospective multicenter
data indicating the therapeutic potential of the perioperative
SOXAP and SOXA regimens compared with the SOX
regimen in patients with resectable, locally advanced
gastric or GEJ adenocarcinoma in China. The results will
contribute to optimal perioperative disease treatment.
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