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ABSTRACT
Immune checkpoint inhibitors have greatly improved the 
prognoses of diverse advanced malignancies, including 
gastric and gastroesophageal junction (G/GEJ) cancer. 
However, the role of anti-programmed cell death protein-1 
treatment in the neoadjuvant setting remains unclear. This 
phase 2 study aimed to evaluate sintilimab plus CapeOx 
as a neoadjuvant regimen in patients with advanced 
resectable G/GEJ adenocarcinoma. Eligible patients with 
resectable G/GEJ adenocarcinoma stage cT3-4NanyM0 
were enrolled. Patients received neoadjuvant treatment 
with sintilimab (3 mg/kg for cases <60 kg or 200 mg 
for those ≥60 kg on day 1) plus CapeOx (oxaliplatin at 
130 mg/m2 on D1 and capecitabine at 1000 mg/m2 two 
times per day on D1–D14) every 21 days, for three cycles 
before surgical resection, followed by adjuvant treatment 
with three cycles of CapeOx with the same dosages after 
surgical resection. The primary endpoint was pathological 
complete response (pCR) rate. Secondary endpoints 
included objective response rate, tumor regression grade 
per Becker criteria, survival and safety. As of July 30, 
2020, 36 patients were enrolled. Totally 7 (19.4%) patients 
had GEJ cancer, and 34 (94.4%) patients were clinical 
stage III cases. A total of 35 (97.2%) patients completed 
three cycles of neoadjuvant treatment, and 1 patients 
received two cycles due to adverse events. All patients 
underwent surgery and the R0 resection rate was 97.2%. 
In this study, pCR and major pathological response were 
achieved in 7 (19.4%, 95% CI: 8.8% to 35.7%; 90% 
CI: 10.7% to 33.1%) and 17 (47.2%, 95% CI: 31.6% to 
64.3%) patients, respectively. Thirty-one patients received 
adjuvant treatment. By December 20, 2021, three patients 
died after disease relapse, and two patients were alive 
with relapse. Median disease-free survival (DFS) and 
overall survival (OS) were not reached. The 1-year DFS 
and OS rates were 90.3% (95% CI: 80.4% to 100.0%) 
and 94.1% (95% CI: 86.5% to 100.0%), respectively. The 
most common (>1 patient) grade 3 treatment-related 
adverse events during neoadjuvant treatment were anemia 

and neutropenia (n=5 each, 13.9%). No serious adverse 
events (AEs) or grade 4–5 AEs were observed. Sintilimab 
plus oxaliplatin/capecitabine showed promising efficacy 
with encouraging pCR rate and good safety profile in the 
neoadjuvant setting. This combination regimen might 
present a new option for patients with locally advanced, 
resectable G/GEJ adenocarcinoma. Trial registration; 
NCT04065282.

BACKGROUND
Gastric cancer (GC) is the fifth most commonly 
diagnosed malignancy, accounting for about 
33% of cancer-related deaths worldwide, with 
the highest mortality and incidence rates 
reported in Eastern Asia.1 Surgical resection 
is the primary treatment option for early-stage 
and locally advanced tumors; nevertheless, 
most patients relapse after surgery, which is 
considered to be associated with the ‘residual 
tumor’2 or ‘tumor micrometastasis’.3

Neoadjuvant therapy is a well-established 
practice to improve efficacy beyond surgery 
alone in gastric (G) and gastroesophageal 
junction (GEJ) cancer with the advantages of 
reducing tumor burden and assessing tumor 
response before surgery, as well as improving 
overall survival (OS).4 Although studies have 
demonstrated the clinical benefit of neoadju-
vant chemotherapy for G/GEJ cancer, patho-
logical regression and long-term survival rate 
are still unsatisfactory.5–9

Immune checkpoint inhibitors have revo-
lutionized the treatment of malignancies. 
Currently, anti-programmed cell death 
protein-1/programmed death-ligand 1 
(PD-1/PD-L1) antibodies are approved 
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mostly for unresectable or metastatic solid tumors, and its 
activity in the neoadjuvant setting is not well established. 
Liu et al recently demonstrated in preclinical mouse 
models the significantly greater therapeutic effect of 
neoadjuvant, compared with adjuvant, immunotherapy in 
eradicating metastases by systemically expanding tumor-
specific CD8 +T cells in peripheral blood and organs.10 
Based on these findings, neoadjuvant PD-1 blockade is 
likely to prime an effective systemic immunity, thus eradi-
cating residual micrometastases after surgical resection of 
primary tumors. In addition, conventional chemotherapy 
has demonstrated properties of enhancing tumor anti-
genicity, interfering suppressive immune pathways, and 
increasing effector T-cell reactions.11 Therefore, neoad-
juvant PD-1 blockade in combination with chemotherapy 
may potentially contribute to a stronger and broader 
tumor-specific T-cell response.

Sintilimab is a recombinant humanized lgG4 anti-
PD-1 antibody, with greater affinity to human PD-1 than 
nivolumab and pembrolizumab.12 In a phase Ib trial in 
Chinese patients, sintilimab in combination with capecit-
abine and oxaliplatin (CapeOx) demonstrated a supe-
rior efficacy profile as first-line treatment regimen for 
advanced or metastatic G/GEJ adenocarcinoma, with 
acceptable safety outcomes.13

Here, we report the results of a phase 2 study evaluating 
the efficacy and safety of sintilimab in combination with 
CapeOx in the neoadjuvant setting in patients with resect-
able G/GEJ adenocarcinoma. To our best of knowledge, 
it is currently the first prospective study of neoadjuvant 
anti-PD-1 immunotherapy combined with chemotherapy 
in G/GEJ cancer.

METHODS
Patients
Eligible patients were previously untreated, histologi-
cally confirmed G/GEJ adenocarcinoma, clinical stage 
cT3–4NanyM0 according to eighth Edition Gastric Cancer 
Staging of American Joint Committee on Cancer (AJCC) 
as assessed by contrast-enhanced CT of the abdomen and 
pelvis. The tumor must be resectable before neoadju-
vant therapy as evaluated by surgeons. Further inclusion 
criteria were 18–75 years of age, Eastern Cooperative 
Oncology Group (ECOG) performance status (PS) of 
0–1 and adequate hematopoietic, hepatic and renal func-
tions. Patients were excluded with a history of gastroin-
testinal perforation or fistula within 6 months, high risk 
of gastrointestinal hemorrhage before enrollment, active 
infections, active or refractory autoimmune diseases, or 
uncontrolled systematic diseases. Full eligibility criteria 
are listed in the protocol in online supplemental materials.

Study design
This study was an investigator-initiated, single-arm, 
phase 2 study conducted at the First Affiliated Hospital 
of College of Medicine, Zhejiang University. All subjects 
provided written informed consent before enrollment. 

The study was prospectively registered at ​ClinicalTrials.​
gov.

Treatment
Neoadjuvant sintilimab and CapeOx was administered for 
three cycles before surgery. Each 3-week cycle consisted 
of sintilimab (3 mg/kg for cases <60 kg and 200 mg for 
those  ≥60 kg) intravenously on day 1, oxaliplatin (130 
mg/m2) intravenously on day 1 and capecitabine (1000 
mg/m2 two times per day) orally at days 1–14. Dose modi-
fication or interruption was allowed and specified in the 
protocol (online supplemental materials). Surgery was 
scheduled within 1–4 weeks after completion of neoadju-
vant treatment. Gastrectomy with D2 lymphadenectomy 
was required based on the study protocol. The scope of 
gastrectomy was determined by the location and extent of 
the primary tumor to ensure an adequate surgical resec-
tion margin. Additional three cycles of adjuvant CapeOx 
at the same dosages were scheduled within 4–6 weeks 
after surgery.

Assessments
Medical history, physical examination, weight, vital signs, 
ECOG PS, ECG, complete blood count, blood chem-
istry, urinary test, thyroid function test, gastroscopy 
with biopsy, and pathological evaluation were obtained 
or performed for each patient at baseline and before 
the start of each treatment cycle. Adverse events (AEs) 
during the neoadjuvant and adjuvant treatment periods 
were graded according to the National Cancer Institute’s 
Common Toxicity Criteria, V.5.0. Perioperative morbidity 
and mortality were recorded.

Tumors were evaluated according to Response Evalu-
ation Criteria in Solid Tumors (RECIST) V.1.1 based on 
contrast-enhanced CT and PET Response Criteria in Solid 
Tumors (PERCIST) based on positron emission tomog-
raphy and CT (PET/CT) at baseline and before surgery. 
Tumor staging was also performed at baseline (clinical 
TNM Classification of Malignant Tumors: cTNM) and 
after surgery (postneoadjuvant pathologic TNM Clas-
sification of Malignant Tumors: ypTNM) according to 
eighth Edition Gastric Cancer Staging of AJCC. Contrast-
enhanced CT performed before the first dose of adju-
vant treatment and every 3 months until disease relapse 
or death, for up to 2 years after surgery. Pathological 
response of the primary tumor after surgery was graded 
according to Becker criteria of Tumor Regression Grade 
(TRG)14: TRG1a (no residual tumor cells), which is equiv-
alent to pathological complete response (pCR); TRG1b 
(<10% residual tumor cells); TRG2 (10%–50% residual 
tumor cells) and TRG3 (>50% residual tumor cells). 
Major pathological response (MPR) was defined as <10% 
residual tumor cells (TRG1a/b).

PD-L1 expression was assessed in formalin-fixed, 
paraffin-embedded tumor samples with the PD-L1 immu-
nohistochemistry (IHC) 22C3 pharmDx assay (Dako, 
Glostrup, Denmark). Patients in this cohort were required 
to provide biopsy samples before treatment. PD-L1 
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evaluation was performed using the combined propor-
tional score (CPS). PD-L1 positivity was defined as CPS 
≥1, where CPS is the number of PD-L1-positive cells—
tumor cells, lymphocytes, and macrophages— divided 
by the total number of tumor cells × 100. The mismatch 
repair (MMR) and Epstein-Barr virus (EBV) statuses of all 
patients were assessed by IHC.

Outcomes
The primary endpoint was the proportion of patients with 
pCR. Secondary endpoints included objective response 
rate (ORR, defined as the proportion of patients with 
the best overall response of complete response (CR) or 
partial response (PR)) before surgery, rate of each TRG 
after surgery, disease-free survival (DFS) defined as the 
time from enrollment to disease relapse or death from 
any cause, 1-year and 2-year OS rates and safety profile 
of the neoadjuvant regimen. Exploratory endpoints 
included the associations of pathological responses with 
survival outcomes and the associations of treatment 
efficacy with PD-L1 expression in the tumor tissue and 
biomarkers in peripheral blood. The primary analyses 
were performed in the intention-to-treat population. All 
AEs were analyzed in the safety population, defined as 
patients administered at least one dose of neoadjuvant 
or adjuvant treatment. Neoadjuvant or adjuvant treat-
ment emergent AEs were reported separately due to the 
different regimens applied. Surgery-related morbidity 
and mortality were analyzed in the per-protocol popu-
lation, defined as patients who were compliant with the 
study protocol and proceeded to surgery.

Statistical analysis
The sample size was calculated based on the assump-
tion that the true pCR rate of neoadjuvant sintilimab 
in combination with CapeOx is 25%. Thus, 36 subjects 
would provide 70% power to ensure the lower boundary 
of 90% CI of a pCR rate higher than 10%. Descriptive 
statistics of baseline and clinicopathological characteris-
tics were performed. The pCR, MPR, ORR and R0 resec-
tion rate were calculated, and the corresponding CIs were 
estimated by the Blaker’s binomial exact method. Kaplan-
Meier estimates of DFS and OS probabilities were deter-
mined, with respective 95% CIs. Statistical analyses were 
performed with the R Statistical Software (V.3.5.3).

RESULTS
Patient characteristics
From August 1, 2019, to July 30, 2020, 45 patients were 
screened and 36 patients were eligible and included in 
this study. Nine patients were excluded for unresectable 
tumors or metastasis (n=5), not being clinical stage T3–
T4 (n=1), inadequate organ functions (n=2), or consent 
withdrawal before treatment (n=1) (figure 1). The base-
line characteristics of the 36 patients are shown in table 1. 
The median age was 65.5 years (range, 43–76). Totally 7 

(19.4%) patients had GEJ cancer, and 34 (94.4%) cases 
were clinical stage III.

Treatments
By the cut-off date of December 20, 2021, all patients had 
discontinued the treatment. Thirty-five (97.2%) patients 
completed three cycles of neoadjuvant treatment, and one 
received two cycles due to grade 3 aspartate aminotrans-
ferase (AST) increase. Twenty-five patients completed 
three cycles, and six received one or two cycles of adju-
vant treatment. Of the 11 patients who did not complete 
the planned adjuvant treatment, 8 discontinuations were 
requested by the patient and 3 were determined by inves-
tigators due to unsatisfied risk-benefit ratio.

Totally 13 (36.1%) and 19 (52.8%) patients experienced 
dose reductions of oxaliplatin and capecitabine, respec-
tively. Median dose intensities for sintilimab, oxaliplatin 
and capecitabine were 100% (range, 66.7%–105.0%), 
95.1% (32.1%–100.5%) and 97.2% (22.1%–120.0%), 
respectively.

All patients proceeded to surgery after neoadjuvant 
treatment. The median interval time between the last 
dose of sintilimab and surgery was 36 days (28–70). Totally 
18 (50%) patients underwent total gastrectomy, and the 
other 18 received distal gastrectomy. D2 lymphadenec-
tomy was performed in all patients. One patient under-
went R1 resection with positive surgical margin. The R0 
resection rate was 97.2% (95% CI: 85.7% to 99.9%).

The median time interval between surgery and the first 
dose of adjuvant treatment was 37 days (27–116).

Tumor response and survival outcomes
Based on pathological evaluation after surgery, pCR 
(TRG1a) was observed in seven patients (19.4%, 95% 
CI: 8.8% to 35.7%; 90% CI: 10.7% to 33.1%). TRG1b, 
TRG2 and TRG3 were observed in 10 (27.8%), 15 
(41.7%) and 4 (11.1%) patients, respectively. The MPR 

Figure 1  Trial flowchart. IV, intravenous; Q3W, every 3 
weeks.
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(TRG1a/b) rate was 47.2% (95% CI: 31.6% to 64.3%), 
the pCR and MPR rates were 27.3% and 59.1%, respec-
tively (table  2). Compared with clinical stage before 
treatment, 26 (72.2%) patients had T downstaging, 25 
(69.4%) had N downstaging and 27 (75.0%) had overall 
tumor, node, metastases (TNM) downstaging (table  3). 
Among 36 patients whose pretreatment biopsy samples 
were screened for PD-L1 expression, 4 (11.1%) had no 
PD-L1 expression data due to poor sample quality, and 21 
(58.3%) had PD-L1 positive expression (CPS ≥1). Here 

we analyzed the associations of pathological pCR and 
MPR with PD-L1 expression according to four thresholds 
(CPS <1, CPS ≥1, CPS ≥5 and CPS ≥10). In the PD-L1 CPS 
<1 subgroup (n=11), the pCR and MPR rates were 9.1% 
and 27.3%, respectively. In the 21 patients with PD-L1 
CPS ≥1, the pCR and MPR rates were 28.6% and 57.1%, 
respectively. Among the 11 patients with PD-L1 CPS ≥5, 
the pCR and MPR rates were 27.3% and 54.5%, respec-
tively. Among the six patients with PD-L1 CPS ≥10, the 
pCR and MPR rates were 33.3% and 50.0%, respectively.

In this cohort, only two (5.6%) patients were deficient 
MMR (dMMR). One of them, with a high PD-L1 expres-
sion (CPS=68), had pCR; the other patient whose PD-L1 
expression is unknown had non-MPR (TRG2). Of two 
(5.6%) patients with EBV-positive status, CPS of 10 and 
0 were found, respectively, and none of them achieved 
MPR. Furthermore, these two EBV-positive patients were 
proficient mismatch repair (pMMR).

Among the six patients with target lesions per RECIST 
V.1.1, four achieved PR and two had stable disease 
(SD). In the overall population, the disease control rate 

Table 1  Baseline demographic and patient characteristics

Characteristic All patients (N=36)

Age—year

 � Median (range) 65.5 (43–76)

Sex—no. (%)

 � Male 24 (66.7)

 � Female 12 (33.3)

ECOG performance status—no. (%)

 � 0 36 (100)

Primary tumor location—no. (%)

 � Gastric 29 (80.6)

 � Gastric-esophageal junction 7 (19.4)

Histological type

 � Adenocarcinoma 35 (97.2)

 � Signet cell carcinoma 1 (2.8)

Lauren’s classification—no. (%)

 � Intestinal 17 (47.2)

 � Diffuse 13 (36.1)

 � Mixed 5 (13.9)

 � Unknown or unclassifiable 1 (2.8)

Clinical T stage—no. (%)

 � cT3 11 (30.6)

 � cT4a 25 (69.4)

Clinical N stage—no. (%)

 � cN0 2 (5.6)

 � cN1 18 (50.0)

 � cN2 15 (41.7)

 � cN3 1 (2.8)

Clinical tumor, node, metastases 
stage—no. (%)

 � IIB 2 (5.6)

 � III 34 (94.4)

PD-L1 status—no. (%)

 � CPS ≥1 21 (58.3)

 � CPS <1 11 (30.6)

 � Unknown 4 (11.1)

CPS, combined positive score; ECOG, Eastern Cooperative 
Oncology Group; PD-L1, programmed cell death ligand-1.

Table 2  Tumor responses

Tumor responses All patients

Radiological evaluation

RECIST 1.1—no. (%) N=36

 � Patients with target disease 6 (16.7)

 � Patients with non-target disease only 30 (83.3)

 � Complete response (CR) 0

 � Partial response 4 (66.7)

 � Stable disease 2 (33.3)

 � Non-CR/non-PD 30 (83.3)

 � Progressive disease (PD) 0

 � Objective response rate 66.7

 � Disease control rate 100

PERCIST—no. (%) N=31

 � Complete metabolic response 0

 � Partial metabolic response 19 (61.3)

 � Stable metabolic response 11 (35.5)

 � Progressive metabolic response 1 (3.2)

Pathological evaluation

Becker criteria—no. (%) N=36

 � pCR (TRG1a) 7 (19.4)

 � TRG1b 10 (27.8)

 � TRG2 15 (41.7)

 � TRG3 4 (11.1)

 � MPR (TRG1a/b) 17 (47.2)

MPR, major pathological response ; pCR, pathological complete 
response ; PERCIST, PET Response Criteria in Solid Tumors; 
RECIST, Response Evaluation Criteria in Solid Tumors; TRG, Tumor 
Regression Grade .
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(percentage of patients who achieved PR, CR or SD) was 
100%. No patients had progressive disease before surgery.

All patients underwent PET-CT both at baseline and 
before surgery. Among the 31 patients with measurable 
target lesions based on PERCIST, 19 (61.3%) achieved 
partial metabolic response (PMR), 11 (35.5%) had stable 
metabolic disease and 1 (3.2%) showed progressive meta-
bolic disease (table  2). The changes of standardized 
uptake value(SUV) corrected for lean body mass (SUL) 
peak before surgery from baseline, as well as pathological 
response and PD-L1 CPS data are presented in a waterfall 
plot (figure 2). The PMR per PERCIST predicted patho-
logical response in 4 (80.0%) of 5 patients with pCR and 
9 (64.3%) of 14 patients with MPR.

By the cut-off date, the median follow-up time was 19.1 
months, and 30.6% patients were follow-up for over 2 
years. Three patients died after disease relapse, and two 
were alive with relapse. Median DFS and OS were not 
reached. In these cases, 1-year DFS and OS rates were 

90.3% (95% CI: 80.4% to 100.0%) and 94.1% (95% CI: 
86.5% to 100.0%), respectively (figure 3).

Safety
During the neoadjuvant treatment period, 35 (97.2%), 33 
(91.7%) and 4 (11.1%) patients experienced treatment 
emergent adverse events (TEAEs), treatment-related 
adverse events to any drug (TRAEs) and sintilimab-
related AEs, respectively. The most common (>10%) 
TRAEs were anemia (n=26, 72.2%), leukopenia (n=18, 
50.0%), neutropenia (n=15, 41.7%), vomiting (n=10, 
27.8%), alanine transaminase (ALT) and AST increases 
(n=7 each, 19.4%), hypokalemia (n=6, 16.7%), thrombo-
cytopenia (n=6, 16.7%) and γ-glutamyl transferase (GGT) 
increase (n=4, 11.1%). Most of the TRAEs were grade 1 
or 2. Ten (27.8%) patients experienced grade 3 TRAEs. 
The most common (>1 patient) grade 3 TRAEs were 
anemia and neutropenia (n=5 each, 13.9%); other grade 
3 TRAEs included leukopenia, AST increase, thrombocy-
topenia and γ-GGT increase (n=1 each, 2.8%). No serious 
AEs and grade 4 or grade 5 AEs were observed. Three 
(8.3%) patients experienced AEs with potential immuno-
logic etiology, including two grade 1 hyperthyroidism and 
one grade 1 hypothyroidism cases (table 4).

One patient experienced grade 3 AST increase after 
two cycles of neoadjuvant treatment and skipped the 
third cycle. Four (11.1%) patients experienced surgery 

Figure 2  Tumor responses per PERCIST and Becker 
criteria. CPS, combined proportional score; pCR, 
pathological complete response; TRG, Tumor Regression 
Grade; SUL, standardized uptake value (SUV) corrected for 
lean body mass; PRECIST: Response Evaluation Criteria in 
Solid Tumors .

Figure 3  Survival outcomes. (A) Disease-free survival of all 
patients; (B) overall survival of all patients.

Table 3  Tumor downstaging rates

Clinical stage before 
treatment

Pathology stage after 
operation No. (%)

T stage

 � cT3 ypT0 3 (8.3)

ypT1 3 (8.3)

ypT2 2 (5.6)

ypT3 3 (8.3)

 � cT4 ypT0 4 (11.1)

ypT1 5 (13.9)

ypT2 5 (13.9)

ypT3 5 (13.9)

ypT4a 6 (16.7)

N stage

 � cN0 ypN0 2 (5.6)

 � cN1 ypN0 14 (38.9)

ypN1 1 (2.8)

ypN2 1 (2.8)

ypN3 2 (5.6)

 � cN2 ypN0 6 (16.7)

ypN1 4 (11.1)

ypN2 2 (5.6)

ypN3 3 (8.3)

 � cN3 ypN0 1 (2.8)

Overall tumor, node, metastases stage

 � IIB I 2 (5.6)

 � III 0 7 (19.4)

I 12 (33.3)

II 6 (16.7)

III 9 (25.0)
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delay (>28 days after the end of the last neoadjuvant 
cycle) due to AEs or deterioration of performance status 
after neoadjuvant treatment.

Seven (19.4%) patients experienced grade 3 surgery-
related complications, including anemia (n=5, 13.9%), 
AST increase (n=2, 5.6%), ALT increase (n=1, 2.8%), 
γ-GGT increase (n=1, 2.8%) and thrombocytopenia 
(n=1, 2.8%). No emergency reoperation or inten-
sive care was required. No postoperative mortality was 
observed.

During the adjuvant treatment period, TEAEs occurred 
in 28 (90.3%) patients, and all were treatment related. 
Most of these TRAEs were grade 1 or grade 2. Two (6.5%) 
patients experienced grade 3 TRAEs that included 
neutrophil count decrease (n=2, 6.5%) and vomiting 
(n=1, 3.2%) (table 4).

DISCUSSION
In this phase 2 study, we evaluated the efficacy and safety 
of neoadjuvant sintilimab in combination with CapeOx 
followed by gastrectomy with D2 lymphadenectomy in 
patients with locally advanced, resectable G/GEJ adeno-
carcinoma. The study met the pre-specified primary 
endpoint with a pCR rate of 19.4% (95% CI: 8.8% to 
35.7%; 90% CI: 10.7% to 33.1%). To our knowledge, 
this is the first report evaluating the efficacy and safety 
of neoadjuvant anti-PD-1 immunotherapy combined with 
chemotherapy in G/GEJ cancer.

Perioperative chemotherapy has been the standard of 
care for locally advanced GC since the MAGIC study.6 
Pathological response is commonly recommended as a 
surrogate short-term endpoint, while pCR is believed to 
predict the long-term benefit in neoadjuvant trials.15 16 

Table 4  Neoadjuvant and adjuvant treatment-related adverse events

Neoadjuvant treatment (N=36) Adjuvant treatment (N=31)

Any grade Grade 3 Any grade Grade 3

Treatment-related AEs, n (%) 33 (91.7) 10 (27.8) 28 (90.3) 2 (6.5)

Anemia 26 (72.2) 5 (13.9) 5 (16.1) 0

White blood cell count decrease 18 (50.0) 1 (2.8) 20 (64.5) 0

Neutrophil count decrease 15 (41.7) 5 (13.9) 20 (64.5) 2 (5.6)

Vomiting 10 (27.8) 0 9 (29.0) 1 (2.8)

Alanine aminotransferase increase 7 (19.4) 0 3 (9.7) 0

Aspartate aminotransferase increase 7 (19.4) 1 (2.8) 4 (12.9) 0

Hypokalemia 6 (16.7) 0 3 (9.7) 0

Platelet count decrease 6 (16.7) 1 (2.8) 6 (19.4) 0

Gamma-glutamyl transferase increase 4 (11.1) 1 (2.8) 5 (16.1) 0

Constipation 3 (8.3) 0 0 0

Fever 3 (8.3) 0 0 0

Rash 3 (8.3) 0 0 0

Hypophagia 2 (5.6) 0 2 (6.5) 0

Hyperthyroidism 2 (5.6) 0 0 0

Urinary tract infection 1 (2.8) 0 0 0

Nausea 1 (2.8) 0 1 (3.2) 0

Lymphocyte count decrease 1 (2.8) 0 0 0

Hypothyroidism 1 (2.8) 0 3 (9.7) 0

Enteritis 1 (2.8) 0 0 0

Dermatitis allergic 1 (2.8) 0 0 0

Lower gastrointestinal hemorrhage 0 0 1 (3.2) 0

Palmar–plantar erythrodysesthesia syndrome 0 0 1 (3.2) 0

Diarrhea 0 0 1 (3.2) 0

Blood alkaline phosphatase increase 0 0 1 (3.2) 0

Immune-related AEs, n (%) 1 (2.8) 0 0 0

Hyperthyroidism 2 (5.6) 0 0 0

Hypothyroidism 1 (2.8) 0 0 0

AEs, adverse events.
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CapeOx is one of regimens widely adopted in the periop-
erative treatment of GC. The pCR rate of neoadjuvant 
CapeOx ranged from 4% to 9% in previous studies.17–19 
Chemotherapy with the FLOT regimen achieved the 
highest pCR (16%) and MPR (37%) rates in the neoad-
juvant setting in GC, but also showed greater toxicity, 
with 27% patients experiencing treatment-related 
serious AEs in the FLOT4 study.20 In this study, adding 
sintilimab to CapeOx achieved higher pCR (19.4%) and 
MPR (47.2%) rates with better safety profile in a small 
cohort with cT3–4 and a large proportion of cN  +GC 
cases, compared with the FLOT4 study. Camrelizumab, 
another PD-1 inhibitor, combined with FOLFOX as 
neoadjuvant therapy for GC, achieved a pCR rate of 
8%.21 We attribute our favorable results to the combina-
tion of different drugs, more patients with good perfor-
mance status, more accurate clinical staging with less 
occult metastasis during surgery, and a higher rate of 
PD-L1 positive patients (CPS ≥1, 58.3%). In addition to 
the promising pCR and MPR results, a remarkable down-
staging effect was also observed in this study, even though 
it may be potentially confounded by preoperative over-
staging. Compared with previously reported proportions, 
from 43.3% to 55.2%,22 23 downstaging of overall TNM 
stage was achieved in 75% patients, which was also trans-
lated into a high R0 resection rate (97.2%) in this study. 
Notably, 21 (58.3%) patients achieved nodal downstage 
to ypN0 after neoadjuvant treatment. This is reportedly 
an important hallmark demonstrating the effectiveness 
of preoperative therapy.24 The high pCR and downstage 
rates also led to the promising survival rate observed in 
this study, although continued follow-up is required to 
demonstrate the long-term benefit of this treatment.

PD-L1 expression is a potential biomarker for anti-
PD-1/PD-L1 treatment. However, its predictive value 
in GC remains unclear. CPS assesses PD-L1 positive 
cells, including tumor cells, lymphocytes and macro-
phages, and has been used as a stratification factor or a 
companion diagnostic in unresectable and metastatic GC 
studies.25–27 In these studies, patients with metastatic GC 
with a higher CPS showed a longer survival and better 
response to anti-PD-1 combination therapies.26 28 29 In the 
KEYNOTE-062 study, pembrolizumab in combination 
with chemotherapy had a greater ORR benefit versus 
chemotherapy in patients with CPS ≥10 (52.5% vs 37.8%), 
compared with those with CPS ≥1 (48.6% vs 37.2%) in 
unresectable or metastatic GC.28 29 In recently completed 
CheckMate-649 study, nivolumab plus chemotherapy 
prolonged the median survival time over chemotherapy 
in similar patients with GC, by 2.2, 2.7 and 3.3 months in 
the overall, CPS ≥1, and CPS ≥5 populations, respectively. 
A similar predictive value of CPS was observed with PD-1 
inhibitor plus chemotherapy in locally advanced, patients 
with resectable GC in this study. Higher pCR and MPR 
rates were observed in 6 (28.6%) and 12 (57.1%) among 
the 21 patients with CPS ≥1, compared with overall popu-
lation (19.4% and 47.2%, respectively). The predictive 
value with CPS ≥1 was consistent with these previous 

studies, but the response rate did not further rise when 
the cut-off was escalated to CPS ≥5 or CPS ≥10. This may 
due to the small sample size of this study. These results 
support CPS as a predictive biomarker for selecting 
patients who may benefit more from neoadjuvant anti-
PD-1 treatment; however, this prediction warrants further 
investigation.

As previously reported, microsatellite instability-
high/dMMR occurs in a sizeable share of GC cases 
(8%–22%),30 31 and EBV-positivity is present in about 9% 
of GC cases.31 Patients with GC with dMMR or EBV posi-
tivity are likely to respond to immunotherapy,31 32 and 
both are mutually exclusive. In this study, two patients 
with dMMR and two with EBV were identified, which 
was consistent with the prevalence reported previously. 
Although one patient with dMMR achieved pCR, no 
conclusion can be drawn due to the limited sample size 
of this study.

RECIST V.1.1 is a standard radiological evaluation crite-
rion for various solid tumors, but not always considered 
optimal in neoadjuvant treatment of GC. In this study, 
only six patients had measurable lesions, which made it 
inadequate to use RECIST V.1.1 for tumor assessment. In 
order to monitor tumor response during the neoadjuvant 
period, we also performed PET-CT in all patients and 
adopted PERCIST criteria to quantify tumor metabolic 
changes. A few studies have proposed that 18F-fluoro-2-
deoxy-D-glucose (18FDG) changes in terms of PERCIST 
criteria are highly predictive of treatment efficacy in 
patients with non-small cell lung cancer undergoing 
immune checkpoint inhibitor therapies, although not 
immune-chemo-combinations therapy.33–35 However, 
18FDG changes were not well correlated with patho-
logical responses in this study examining patients with 
GC. A longer follow-up is required to evaluate whether 
18FDG changes predict survival benefit in patients with 
GC. In addition, new 18FDG PET-based response assess-
ment criteria, for example, PECRIT36 and PET Response 
Evaluation Criteria for Immunotherapy (PERCIMT),37 
have also been developed to better fit PET imaging 
into immunotherapy.38 High-quality prospective trials 
are still warranted to determine whether patients with 
GC could benefit from PET-CT in terms of prognosis of 
immunotherapy.

This study was designed to employ sintilimab only in 
the preoperative treatment phase, rather than for periop-
erative treatment, with several considerations. At the 
time of study design, both efficacy and long-term safety 
of sintilimab in patients with resectable GC remained 
unknown. As an investigator-initiated study with the 
primary endpoint of pCR, only preoperative sintilimab 
treatment was approved by the institutional ethics 
committee. This design was proposed to meet the study 
endpoint and to mitigate the safety risk of exposure to 
extra treatment. However, the pathological response and 
safety data obtained in this study support further studies 
to fully evaluate sintilimab in combination with chemo-
therapy in the perioperative setting.
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The toxicity of sintilimab in combination with CapeOx 
was manageable with the most frequent TRAEs being 
anemia, leukopenia and neutropenia, which is consis-
tent with previous findings.13 Most TRAEs were grade 1 
or grade 2. There was only one patient who skipped the 
last cycle of preoperative treatment due to grade 3 AST 
increase and grade 2 ALT increase, which were manage-
able and attenuated to grade 1 within 9 days after treat-
ment interruption and without corticosteroid given.

There were several limitations in this study. First, this 
was a phase 2 study with a small sample size, the results 
may not be generalized beyond the study population. 
Second, survival data were not obtained due to a short 
follow-up time. All patients are still on follow-up. The 
survival results will be reported when data are available. 
Finally, the clinical response observed in this study should 
be further accompanied and explained with biomarker 
and translational studies. These analyses are still ongoing.

In conclusion, neoadjuvant sintilimab, oxaliplatin 
and capecitabine showed encouraging clinical benefits 
and acceptable safety, providing a promising treatment 
option for locally advanced, resectable G/GEJ adeno-
carcinoma. Several well-designed phase 3 randomized 
controlled trials have been initiated to confirm the role 
of neoadjuvant anti-PD-1/PD-L1 antibodies in combi-
nation with chemotherapy for G/GEJ adenocarcinoma 
(NCT03221426, NCT04592913, NCT04139135).
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