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Abstract

Objectives To evaluate the efficacy of SOX combined with a programmed cell death protein-1 (PD-1) inhibitor compared
with SOX alone in the perioperative management of locally advanced gastric cancer and to explore biomarkers that may
predict response to anti-PD-1 therapy.

Methods Data of patients with clinical stage T3—4aN0-3MO (IIb—III) gastric cancer were reviewed to create a primary data-
base. Patients treated with perioperative SOX combined with sintilimab were included in Group A, while those treated with
SOX alone were included in Group B. After one-to-one propensity score matching, pathological response and short-term
survival outcomes were compared between the two groups. In addition, potential efficacy-related biomarkers were analyzed.
Results Between January 2018 and December 2022, a total of 150 patients were included in the analysis, with 75 patients
in each group. The rates of pathological complete response (21.3% vs. 4.0%; P=0.001) and major pathological response
(45.3% vs. 22.7%; P=0.003) in Group A were statistically higher than those in Group B. There was no significant difference
in 1-year overall survival (92.8% vs. 92.0%; P=0.392) and disease-free survival (88.9% vs. 88.0%; P=0.357) between the
two groups. Subgroup analysis of Group A showed that the pathological complete response (40.6% vs. 8.6%; P=0.002)
and major pathological response (65.6% vs. 28.6%; P=0.002) rates were significantly higher in programmed death ligand-
1-positive patients with a combined positive score of > 5. A pathological complete response was achieved in 42.9% patients
(3/7) with mismatch repair deficiency. For the two patients confirmed as Epstein-Barr virus-positive, one patient achieved
a pathological complete response and the other achieved a major pathological response.

Conclusions The adoption of SOX combined with a PD-1 inhibitor may improve the pathological response rate of patients
with locally advanced gastric cancer, especially those with programmed death ligand-1 combined positive score > 5, Epstein—
Barr virus-positivity and mismatch repair deficiency. However, further prospective studies are still warranted to confirm the
long-term survival benefit.
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dMMR  MMR deficiency
EBV Epstein—Barr virus
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ICI Immune checkpoint inhibitor

irAEs Immune-related adverse events
LAGC Locally advanced gastric cancer
MLH1 MutL homolog 1

MMR Mismatch repair

MPR Major pathological response
MSH2 MutS homolog 2

MSH6 MutS homolog 6

MSI Microsatellite instability

oS Overall survival

pCR Pathological complete response
PD-1 Programmed cell death protein-1
PD-L1/2  Programmed death ligand-1/2
PMS2 PMS1 homolog 2

PSM Propensity score matching

TRG Tumor regression grading
Introduction

Gastric cancer ranks as the fifth most common malignancy
and the fourth most common cause of cancer death around
the world [1]. Most patients are diagnosed at an advanced
stage. Radical gastrectomy is the main treatment strategy for
locally advanced gastric cancer (LAGC) [2, 3]. However,
postoperative tumor recurrence and distant metastasis are
common and can lead to poor prognosis [4, 5].

Different management strategies have been proposed to
improve the prognosis of patients with LAGC, and periop-
erative chemotherapy has increasingly become an important
treatment modality [6]. Studies have shown that preoperative
chemotherapy can eliminate occult micrometastases, achieve
tumor downstaging, and improve the curative resection rate
[7-9]. Additional studies have shown that perioperative
chemotherapy can improve the prognosis of patients with
LAGC compared with adjuvant chemotherapy alone [8, 10].
However, the relatively low pathological complete response
(pCR) rate was unsatisfactory, which may be caused by the
high heterogeneity of gastric cancer.

The introduction of immune checkpoint inhibitors (IClIs)
has provided clinical benefits for patients with gastric cancer,
especially those with late-stage disease [11-13]. As ICIs,
programmed cell death protein-1 (PD-1) inhibitors elicit a
strong immune response by blocking the interaction of PD-1
with its ligands, programmed death ligand-1 [PD-L1] and
PD-L2, which are highly expressed on cancer cells [14]. The
CheckMate-649 trial reported that PD-1 inhibitors in com-
bination with chemotherapy improved the overall survival
(OS) and progression free survival (PFS) of patients with
advanced gastric, gastroesophageal junction, or esophageal

adenocarcinoma, especially for those with PD-L1 combined
positive score (CPS)>5 [12]. Anti-PD-1 therapy also exerts
a positive effect on patients with LAGC. The addition of
PD-1 inhibitors to cytotoxic chemotherapy as neoadjuvant
treatment for LAGC showed encouraging results in terms
of pathological response [15-18]. However, most studies
were single-arm studies with small sample sizes, and there
is a lack of effective biomarkers for predicting the efficacy
of anti-PD-1 therapy.

We conducted a retrospective study to evaluate the effi-
cacy of SOX combined with sintilimab compared with SOX
alone in the perioperative management of patients with stage
IIb—IIT LAGC using propensity score matching (PSM) and to
explore biomarkers that may predict response to anti-PD-1
therapy.

Methods
Study design

This was a single-center, retrospective study conducted
using PSM. The study aimed to compare the short-term
effects of perioperative chemotherapy plus a PD-1 inhibi-
tor versus chemotherapy alone in patients with stage IIb—III
gastric cancer.

The data of 897 patients with LAGC who received peri-
operative treatment at the Department of Gastric Surgery,
Zhejiang Cancer Hospital, China, between January 2018 and
December 2022 were collected and reviewed to create an
analytical database. The main selection criteria were: aged
18 to 75 years, histological diagnosis of gastric cancer, clini-
cal stage T3—4aN0-3MO (IIb-III) disease, received perioper-
ative treatment (SOX plus sintilimab/SOX alone) and radical
gastrectomy, Eastern Cooperative Oncology Group perfor-
mance status 0-1, with adequate organ function to tolerate
chemoimmunotherapy or surgery. Patients were excluded if
they had remnant gastric cancer, concomitant malignancies
or refractory autoimmune diseases, a long-term history of
steroid or immunosuppressant use, or missing clinicopatho-
logical data. A total of 658 patients were excluded due to
the adoption of other treatment modalities (n=419), loss
to follow-up (n=97), palliative-intent gastrectomy (n=49),
insufficient data (n=_81), and incomplete treatment (n=12).
The remaining 239 patients who met the selection criteria
were enrolled. Patients treated with perioperative SOX plus
sintilimab were included in Group A (n=79), while those
treated with SOX alone were included in Group B (n=160).

In order to reduce selection bias and ensure comparability
between the two groups, PSM without replacement was per-
formed in a 1:1 ratio with a 0.05 caliper width. The result-
ing propensity score-matched pairs were used in subsequent
analyses. Covariates included age, sex, and clinical stage,
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which were considered to have an effect on the study end-
points. Balance was checked by computing absolute stand-
ardized mean differences (SMD) between the two groups for
each covariate in the PSM sample. A SMD threshold of 0.2
was considered to detect substantial imbalance. After PSM,
the propensity score-matched cohort comprised 75 patients
in each group and the baseline variables between the groups
were comparable (P> 0.05, SMD < 0.200, Table 1). The pro-
cess of patient selection is presented in Fig. 1.

This study was approved by the Ethics Committee of Zhe-
jiang Cancer Hospital (approval number: IRB-2022-592)

and was conducted in accordance with the Declaration of
Helsinki. Informed consent was obtained from each patient
enrolled in the study.

Treatment
Perioperative chemotherapy and immunotherapy
SOX plus sintilimab was administered to patients in Group

A, while those in Group B were treated with SOX alone.
Patients received 2—4 cycles of preoperative treatment and

Table 1 Baseline characteristics before and after propensity score matching (PSM)

Variable Before PSM After PSM
Group A (n=79) Group B (n=160) P-value SMD Group A (n=75) Group B (n=75) P-value SMD
Age (years) 0.088 0.235 0.866 0.029
<60 33 (41.8) 49 (30.6) 29 (38.7) 28 (37.3)
>60 46 (58.2) 111 (69.4) 46 (61.3) 47 (62.7)
Gender 0.790 0.037 0.707 0.062
Male 59 (74.7) 122 (76.3) 55(73.3) 57 (76.0)
Female 20 (25.3) 38 (23.8) 20 (26.7) 18 (24.0)
Clinical stage (cTNM) 0.570 0.078 0.754 0.050
b 7(8.9) 18 (11.3) 5(6.7) 6 (8.0)
I 72 (91.1) 142 (88.8) 70 (93.3) 69 (92.0)
Preoperative CEA 0.787 0.039 0.402 0.136
<5 61 (77.2) 126 (78.8) 59 (78.7) 63 (84.0)
>5 18 (22.8) 34 (21.3) 16 (21.3) 12 (16.0)
Preoperative CA125 0.167 0.185 0.239 0.191
<35 65 (82.3) 142 (88.8) 62 (82.7) 67 (89.3)
>35 14 (17.7) 18 (11.3) 13 (17.3) 8 (10.7)
Preoperative CA199 0.371 0.123 0.577 0.091
<37 56 (70.9) 122 (76.3) 54 (72.0) 57 (76.0)
>37 23 (29.1) 38 (23.8) 21 (28.0) 18 (24.0)

CEA carcinoembryonic antigen, CA125 carbohydrate antigen 125, CA199 carbohydrate antigen199

Fig. 1 Flow diagram of the |
patient selection process.

Assessed for eligibility: AGC patients received perioperative treatment

Jan 2018 ~ Dec 2022, n=897)

*Including 3 patients treated
with SOX plus sintilimab and 9

Eligible

Exclusion:
other treatment strategy (n=419)
loss to follow-up (n=97)

Not Eligible

patients treated with SOX alone |

Inclusion: patients met the inclusion criteria (n=239)

palliative intent gastrectomy (n=49)

J, insufficient data for analysis (n=81)

preoperative treatment
(SOX plus PD-1 inhibitor)
+gastrectomy
+adjuvant treatment
(Group A, n=79)

l incomplete treatment (n=12*)

preoperative treatment
(SOX alone)
+gastrectomy
+adjuvant treatment
(Group B, n=160)

‘ Propensity Score Matching 1:1 l

Group A (n=75)

Group B (n=75)

Note: *including 3 patients treated with SOX plus sintilimab and 9 patients treated with SOX alone
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4-6 cycles of postoperative treatment, with each cycle last-
ing 3 weeks. The dose of SOX regimen was calculated
according to body surface area (BSA): oxaliplatin (130 mg/
m?) was administered intravenously on Day 1 and S-1
(BSA < 1.25 m?, 80 mg/day; 1.25 <BSA < 1.50 m?, 100 mg/
day; BSA > 1.50m?, 120 mg/day) was administered orally on
Days 1-14, followed by a 1-week rest. Sintilimab (200 mg
every 3 weeks) was administered intravenously on Day 1
after the beginning of each cycle in Group A.

Surgery

All patients underwent D2 radical gastrectomy according
to the Japanese Gastric Cancer Treatment Guidelines [19,
20]. Distal or total gastrectomy was performed according to
tumor location. Different reconstruction methods, including
Roux-en-Y esophagojejunostomy, Billroth II gastrojejunos-
tomy, and Billroth I gastroduodenostomy, were performed
according to the extent of gastrectomy. Resected specimens
were assessed by two experienced pathologists to determine
the overall response and pathological staging after neoad-
juvant treatment. The residual tumor (R) classification was
used to categorize tumor status after treatment. Surgical
margins with no residual tumor, microscopic residual tumor,
and macroscopic residual tumor were defined as R0, R1, and
R2 resection, respectively [21]. Postoperative complications
were graded according to the Clavien—Dindo classification
[22].

Endpoints and assessment

The pCR rate was the primary endpoint, and the major
pathological response (MPR), RO resection, disease-free
survival (DFS) and OS rates were analyzed as the second-
ary endpoints.

Adverse events were graded according to the latest
version of the National Cancer Institute’s Common Ter-
minology Criteria for Adverse Events (CTCAE, V.3.0)
[23]. Tumor response was assessed in accordance with the
Response Evaluation Criteria in Solid Tumors (RECIST)
guidelines (version 1.1) [24]. The responses were catego-
rized as follows: complete response (CR), partial response
(PR), stable disease (SD), and progressive disease (PD).
Tumor regression grading (TRG) was adopted to evaluate the
tumor regression of resected specimens. TRG was defined
as follows: TRG1a, no residual tumor cells; TRG1b, < 10%
residual tumor cells; TRG2, 10-50% residual tumor cells;
TRG3, > 50% residual tumor cells [25]. Resected specimens
without viable tumor cells were considered as pCR (TRG1a).
Less than 10% residual tumor cells after preoperative treat-
ment were considered as MPR (TRG1a/b). Downstaging was
assessed by comparing the differences between clinical and
pathological staging.

PD-L1 expression, mismatch repair (MMR) status, and
Epstein-Barr virus (EBV)-positivity were retrospectively
assessed in formalin-fixed, paraffin-embedded biopsy sam-
ples from Group A patients. PD-L1 expression was deter-
mined using immunohistochemistry (PD-L1, Clone 22C3;
Dako) and described using CPS. CPS was defined as the
total number of PD-L1-positive cells, including tumor cells,
lymphocytes, and macrophages, divided by the total num-
ber of living tumor cells multiplied by 100. Patients with a
CPS > 1 were considered PD-L1-positive. MMR proteins,
including MLH1 (clone ES05; Dako), MSH2 (clone FE11;
Dako), MSH6 (clone EP49; Dako), and PMS2 (clone EP51;
Dako), were stained by immunohistochemistry to determine
MMR status. Loss of any of the four MMR proteins was
defined as MMR deficiency (AIMMR). Additionally, in situ
hybridization was performed to evaluate the EBV status
(EBV-0050; EBER ISH Kit, MXB).

Follow-up

After treatment, follow-up was performed every 3 months
for the first 2 years and then every 6 months from years
3 to 5. Follow-up was mainly conducted by telephone and
outpatient review. Physical examination, imaging studies,
and blood tests (including tumor markers) were performed
regularly in the outpatient clinic. DFS was calculated from
the date of gastrectomy until the date of recurrence. OS was
calculated from the date of diagnosis until the date of death
or last follow-up. The last follow-up was performed on Feb-
ruary 28, 2023.

Statistical analysis

Categorical variables were presented as frequencies and
percentages, and analyzed using either the Chi-square test
or Fisher's exact test depending on the situation. Continu-
ous variables were compared using the Mann—Whitney U
test. Survival curves were plotted using the Kaplan—-Meier
method and compared using the log-rank test. A two-tailed
P-value <0.05 was considered statistically significant. All
statistical analyses were conducted using SPSS (version
26.0; SPSS Inc., Chicago, IL, USA).

Results

Clinicopathological characteristics

In the entire cohort, 112 patients (74.7%) were men. The
median age was 64 (range: 31-75) years. One hundred and
thirty-nine patients (92.7%) had stage III disease. Most

patients (96.0%) had gastric adenocarcinoma. Furthermore,
88.7% of tumors were poorly differentiated. Regarding tumor
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location, 83.3% of tumors were located in the stomach, while
the remaining 16.7% were located at the gastroesophageal
junction. Detailed information is provided in Table 1 and 2.

Treatment outcomes
Perioperative treatment

In both groups, the median number of preoperative treatment
cycles was three, and the median number of postoperative
treatment cycles was four. After neoadjuvant treatment, all
patients underwent D2 radical gastrectomy. RO resection was
performed in 75 patients (100%) in Group A and 74 patients
(98.7%) in Group B, with no significant difference between
the groups (P=1.000, Table 2). Four patients in Group B
underwent multivisceral resection due to tumor invasion or
lymph node metastasis (splenectomy in three patients, pan-
createctomy in two patients, and colectomy in one patient).
The median time between preoperative treatment and sur-
gery was 29 (range 22-54) days in Group A and 30 (range:
21-49) days in Group B (P =0.265). The median time
between surgery and postoperative treatment was 27 (range
21-32) and 26 (range 21-29) days, respectively (P=0.307).
In the entire cohort, surgical complications were observed
in 16 patients (10.7%), including nine patients in Group A
(pneumonia in five patients, intraperitoneal infection in
two patients, and abdominal hemorrhage and anastomotic
leakage in one patient each) and seven patients in Group B
(pneumonia in three patients, anastomotic leakage in two
patients, and intraperitoneal and wound infection in one
patient each). There was no significant difference between
the two groups (P=0.597). The postoperative condition of
these patients improved after symptomatic treatment. No
surgery-related deaths occurred in either group.

Tumor regression and survival

Tumor responses were assessed in all patients. CR, PR,
and SD were achieved in 5 (6.7%), 48 (64.0%), and 22
(29.3%) patients in group A, and 2 (2.7%), 46 (61.3%), and
27 (36.0%) patients in group B, respectively, without a sig-
nificant difference (P =0.434, Supplementary Table S1).
After surgery, the pathological regression of resected speci-
mens was evaluated according to the Becker criteria. In the
entire cohort, 19 patients (12.7%) achieved pCR (TRG1a),
including 16 patients (21.3%) in Group A and three patients
(4.0%) in Group B, with a significant difference between the
groups (P=0.001). The MPR rate was significantly higher
in Group A than in Group B (45.3% vs. 22.7%, respectively;
P=0.003). Significant downstaging of TNM stage and the T
and N categories were observed in Group A. Detailed infor-
mation is provided in Tables 3 and Supplementary Tables
S2, S3.
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All discharged patients were followed-up, with a
median duration of 26 (range: 6—52) months. Median OS
and DFS data are not yet mature. The 1-year OS rate was
92.8% for Group A and 92.0% for Group B, with no statis-
tical difference between the groups (P=0.392). The 1-year
DFS rate for Group A and Group B was 88.9% and 88.0%,
respectively (P=0.357; Fig. 2).

Safety profile

As shown in Table 4, grade 3 or 4 adverse events were
identified in 17 (22.7%) patients in Group A and 13
(17.3%) patients in Group B during the neoadjuvant treat-
ment period, with no significant difference (P=0.414).
Meanwhile, during the adjuvant treatment period, grade 3
or 4 adverse events were observed in 11 (14.7%) patients in
Group A and 5 (6.7%) patients in Group B (P=0.113). In
the entire cohort, the most common hematological toxici-
ties were leucopenia, neutropenia, and anemia, while the
most common non-hematological toxicities were transami-
nase elevation, vomiting, and pneumonia. In Group A, two
patients suffered from grade 3 hypothyroidism and were
treated with thyroid hormone and steroid hormone. The
condition of all patients with adverse events was well-
controlled after conversion treatment. No treatment-related
deaths occurred in either group.

Potential biomarkers

PD-L1 expression, MMR status, and EBV-positivity were
analyzed in Group A patients. Detailed information is
provided in Table 5 and Supplementary Tables S4-S6.
PD-L1 data were available for 67 patients. The number of
patients with a CPS< 1, I <CPS <5, 5<CPS< 10, and
CPS > 10 was 20 (29.9%), 15 (22.4%), 14 (20.9%), and
18 (26.9%), respectively. Forty-seven patients (70.1%)
were PD-L1-positive (CPS > 1). The pCR rate of PD-
L1-positive and -negative patients was 27.7% and 15.0%
(P=0.215), and the MPR rate was 48.9% and 40.0%
(P=0.502), respectively. Further analysis showed that
the pCR (40.6% vs. 8.6%; P=0.002) and MPR (65.6%
vs. 28.6%; P=0.002) rates were higher in patients with a
CPS > 5 compared to those with a CPS <5, with significant
differences between the groups. MMR data were available
for 71 patients, of whom seven (9.9%) had dAMMR. Three
patients (42.9%) with dMMR achieved pCR. EBV data
were available for 65 patients. Only two patients (3.1%)
were EBV-positive (one achieved pCR; the other achieved
MPR). Both EBV-positive patients had a CPS of 5 and
pMMR.
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Table 2 Clinicopathological characteristics before and after propensity score matching (PSM)

Variable Before PSM After PSM

Group A (n=79)  Group B (n=160)  P-value Group A (n=75) GroupB (n=75)  P-value

Radical resection 0.174%* 1.000*
RO resection 79 (100.0) 155 (96.9) 75 (100) 74 (98.7)

Non-RO resection 0(0.0) 5(@3.1) 0(0.0) 1(1.3)

Surgical procedures 0.910 1.000
Distal gastrectomy 31(39.2) 64 (40.0) 29 (38.7) 29 (38.7)

Total gastrectomy 48 (60.8) 96 (60.0) 46 (61.3) 46 (61.3)

Reconstruction method 0.111%* 0.153*
Billroth I 0(0.0) 10 (6.3) 0(0.0) 4(5.3)

Billroth II 31(39.2) 54 (33.8) 29 (38.7) 25 (33.3)
Roux-en-Y esophagojejunostomy 48 (60.8) 96 (60.0) 46 (61.3) 46 (61.3)

Tumor location 0.703* 0.421
Upper 21 (26.6) 51 (31.9) 20 (26.7) 26 (34.7)

Middle 22 (27.8) 39 (24.4) 22 (29.3) 16 (21.3)
Lower 36 (45.6) 68 (42.5) 33 (44.0) 33 (44.0)
Total stomach 0 (0.0) 2(1.3) 0(0.0) 0(0.0)

Pathologic stage (ypTNM) <0.001 0.006
ypTONOMO 16 (20.3) 4(2.5) 16 (21.3) 34.0)

1 19 (24.1) 34 (21.3) 18 (24.0) 14 (18.7)
I 17 (21.5) 42 (26.3) 17 (22.7) 23 (30.7)
il 27 (34.2) 80 (50.0) 24 (32.0) 35 (46.7)

Differentiation degree 0.610 0.440
Poorly 70 (88.6) 138 (86.3) 68 (90.7) 65 (86.7)
Moderately-highly 9(11.4) 22 (13.8) 7(9.3) 10 (13.3)

Pathological type 0.290* 0.557*
Adenocarcinoma 74 (93.7) 156 (97.5) 71 (94.7) 73 (97.3)

Signet-ring cell carcinoma 2(2.5) 2(1.3) 22.7) 0(0.0)
Other* 3(3.8) 2(1.3) 227 2.7

Nerve infiltration 0.722 0.479
No 51 (64.6) 107 (66.9) 50 (66.7) 54 (72.0)

Yes 28 (35.4) 53 (33.1) 25 (33.3) 21 (28.0)

Vascular tumor embolus 0.795 0.484
No 51 (64.6) 106 (66.3) 49 (65.3) 53 (70.7)

Yes 28 (35.4) 54 (33.8) 26 (34.7) 22 (29.3)

Postoperative CEA 0.309 0.290
<5 67 (84.8) 143 (89.4) 65 (86.7) 69 (92.0)
>5 12 (15.2) 17 (10.6) 10 (13.3) 6 (8.0

Postoperative CA125 0.542 0.723
<35 54 (68.4) 103 (64.4) 51 (68.0) 53 (70.7)
>35 25 (31.6) 57 (35.6) 24 (32.0) 22 (29.3)

Postoperative CA199 0.688 0.575
<37 71 (89.9) 141 (88.1) 67 (89.3) 69 (92.0)
>37 8 (10.1) 19 (11.9) 8 (10.7) 6 (8.0)

CEA carcinoembryonic antigen, CA125 carbohydrate antigen 125, CA199 carbohydrate antigen199

*Fisher’s test

*Including adenosquamous carcinoma and squamous cell carcinoma
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Table 3 Pathological evaluation of response to neoadjuvant treatment
in GC patients

Variable Group A (No., %) Group B (No.,%) P-value
TRG 0.006

la 16 (21.3) 3 (4.0

1b 18 (24.0) 14 (18.7)

2 32 (42.7) 43 (57.3)

3 9 (12.0) 15 (20.0)
pCR 16 (21.3) 3 (4.0 0.001
MPR 34 (45.3) 17 (22.7) 0.003
Discussion

In this study, we compared the efficacy of SOX plus a
PD-1 inhibitor and SOX alone for the perioperative man-
agement of patients with stage IIb—III LAGC, focusing
on pathological response and potential biomarkers. The
PCR and downstaging rates of patients treated with perio-
perative SOX plus sintilimab were significantly higher
than those of patients treated with SOX alone, which met
the endpoints of this study as expected. Further analysis
revealed that PD-L1 CPS > 5, dMMR, or EBV-positivity
were associated with improved efficacy.

The clinical benefit of neoadjuvant chemotherapy
in patients with gastric cancer has been widely studied.
Randomized trials reported that the addition of chemo-
therapy before gastrectomy improves the radical resection
rate and prognosis compared to surgery alone [9, 10, 26,
27]. However, the pathological response rate of patients
receiving neoadjuvant chemotherapy was relatively low,

- SOX
~SOX plus PD-1 inhibitor

Overall Survival (%)

[ 6 12 18 24 30 36

Time (months)

and the long-term survival was still unsatisfactory. There-
fore, more effective strategies are needed to improve the
efficacy and prognosis of LAGC.

Previous studies have demonstrated that immunotherapy
may enhance the antitumor activity of chemotherapeutic
drugs by exerting a synergistic effect [28, 29]. Further-
more, several studies have shown that the combination of
chemotherapy and ICIs can improve the efficacy and prog-
nosis of patients with advanced gastric cancer [11, 12, 30].
Encouraged by these results, studies focusing on the effi-
cacy and safety of preoperative chemotherapy in combina-
tion with a PD-1 inhibitor were performed in patients with
LAGC. Jiang et al. [16] evaluated the benefit of preopera-
tive oxaliplatin/capecitabine plus sintilimab for patients with
resectable gastric and gastroesophageal junction cancer in
a single-arm phase II trial. Improved pCR (19.4%, 7/36)
and MPR (47.2%, 17/36) rates were achieved compared
to traditional neoadjuvant chemotherapy. In our study, the
PCR and MPR rates of patients treated with perioperative
SOX plus sintilimab were significantly higher than those
of patients treated with SOX alone, showing superiority
in the pathological response to this combination strategy
directly based on the PD-1 inhibitor. However, for patients
treated with neoadjuvant nivolumab monotherapy followed
by gastrectomy, Hasegawa et al. [31] reported that the pCR
(3.2%, 1/31) and MPR (16.1%, 5/31) rates were lower than
those of patients treated with combination therapy, indicat-
ing that the effect of immunotherapy based on a single agent
may be limited and the synergistic effect of immunother-
apy and chemotherapy may yield better results. However,
it remains unclear whether the superiority in pathological
regression could translate into a survival benefit for patients
with LAGC treated with chemotherapy and PD-1 inhibitors.

B

-SOX
~SO0OX plus PD-1 inhibitor

T

P=0.424

LL
0s —‘_L

Disease Free Survival (%)

0.2

o 6 12 18 24 30 36

Time (months)

Fig.2 Kaplan—Meier estimates of overall survival (A) and disease free survival (B) of patients in group A and group B
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Table 4 Perioperative treatment-related adverse events
Neoadjuvant treatment Adjuvant treatment
Group A (n.%) Group B (n.%) Group A (n.%) Group B (n.%)
Any grade Grade 34 Any grade Grade 34 Any grade Grade 34 Any grade Grade 3—4
Total 70 (93.3) 17 (22.6) 67 (89.3) 13 (17.3) 68 (90.7) 11 (14.7) 64 (85.3) 5(6.7)
Hematological
Leucopenia 39 (52.0) 4(5.3) 37 (49.3) 3(4.0) 32 (42.7) 227 28 (37.3) 2(2.7)
Neutropenia 33 (44.0) 4(5.3) 34 (45.3) 3(4.0) 36 (48.0) 3(4.0) 23 (30.7) 1(1.3)
Anemia 32 (42.7) 227 34 (45.3) 2(2.7) 25(33.3) 1(1.3) 30 (40.0) 2(2.7)
Thrombocytopenia 21 (28.0) 3 (4.0 25(33.3) 4 (5.3) 13 (17.3) 227 9 (12.0) 2(2.7)
Non-hematological
Elevated ALT/AST 18 (24.0) 4(5.3) 19 (25.3) 3(4.0) 21 (28.0) 3 (4.0 13 (17.3) 1(1.3)
Nausea/vomiting 15 (20.0) 2(2.7) 13 (17.3) 1(1.3) 8 (10.7) 1(1.3) 10 (13.3) 1(1.3)
Pneumonia 5(6.7) 0 (0.0 4(5.3) 0(0.0) 1(1.3) 0 (0.0 0 (0.0 0(0.0)
Diarrhea 5(6.7) 0 (0.0 3 (4.0 0(0.0) 1(1.3) 0 (0.0 2(2.7) 0(0.0)
Elevated creatinine 4(5.3) 0(0.0) 22.7) 0 (0.0) 4(5.3) 0(0.0) 6 (8.0) 0(0.0)
Dermatitis 227 0(0.0) 0(0.0) 0(0.0) 1(1.3) 0(0.0) 0(0.0) 0(0.0)
Hypothyroidism 4(5.3) 2(2.7) 0(0.0) 0(0.0) 1(1.3) 0(0.0) 0(0.0) 0 (0.0
Hyperthyroidism 1(1.3) 0(0.0) 0(0.0) 0 (0.0 0 (0.0 0(0.0) 0(0.0) 0 (0.0
ALT alanine aminotransferase, AST aspartate aminotransferase
Table5 Associations between  yypgple  CPS<1(n=20) CPS21(n=47) P-value CPS<5(n=35) CPS25(n=32) P-value
the expression of PD-L1 and
pathological response TRG 0.738 0.008
la 3(15.0) 13 (27.7) 3(8.6) 13 (40.6)
1b 5(25.0) 10 (21.3) 7 (20.0) 8(25.0)
2 9 (45.0) 18 (38.3) 19 (54.3) 8(25.0)
3 3(15.0) 6(12.8) 6(17.1) 309.4)
pCR 3(15.0) 13 (27.7) 0.215 3(8.6) 13 (40.6) 0.002
MPR 8 (40.0) 23 (48.9) 0.502 10 (28.6) 21 (65.6) 0.002

Jiang et al. [16] showed that the 1-year OS and DFS rates in
patients treated with preoperative chemotherapy plus sin-
tilimab were 94.1% and 90.3%, respectively. In our study,
the survival curves gradually separated during the follow-up
period, however, there was no significant difference in the
I-year OS and DFS rates between the two groups. Long-
term follow-up is needed to determine the survival benefit
of perioperative chemotherapy plus immunotherapy in these
patients. Moreover, the ongoing phase IIl KEYNOTE-585
trial of the perioperative XP/FP/FLOT regimen combined
with pembrolizumab, with the primary endpoint of OS, will
provide additional data in the future [32].

Regarding the safety of preoperative treatment, a meta-
analysis reported that the incidence of grade 3—4 adverse
events in patients treated with neoadjuvant chemoim-
munotherapy and chemotherapy was 20.6% and 25.7%,
respectively, with no significant difference (P=0.380) [33].
Similarly, our results indicated that the addition of a PD-1

inhibitor to chemotherapy did not significantly increase the
incidence of adverse events compared to chemotherapy
alone. Therefore, the toxicity of PD-1 inhibitors in combi-
nation with chemotherapy may be tolerable. However, the
potential immune-related adverse events (irAEs) should not
be ignored. Previous studies indicate that organ-specific
irAEs occur most frequently in the endocrine organs and
skin, followed by the gastrointestinal and pulmonary tracts,
most of which are grade 1-2 [16, 17]. In our study, a total of
five patients (6.7%) in Group A experienced irAEs, includ-
ing two cases of grade 3 hypothyroidism that required hor-
mone replacement therapy. With the increased use of ICIs
in the treatment of LAGC, it is important to be aware of
potential adverse events and to become better at recognizing
and managing these specific toxicities.

Biomarkers are increasingly driving systemic therapy.
PD-L1 expression, MMR status, and EBV-positivity have
been identified as potential biomarkers for immunotherapy
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benefit, however, evidence in the perioperative setting is still
unclear [6]. Therefore, further exploratory analyses were
performed in patients treated with PD-1 inhibitors in this
study.

PD-L1 is a widely accepted biomarker for immuno-
therapy in gastric cancer. The CPS, which indicates PD-L1
expression levels on tumor cells and tumor-related immune
cells, may be useful in predicting the efficacy of anti-PD-1
therapy [34]. However, the optimal cutoff value has not been
established. Tang et al. [15] and Guo et al. [17] reported a
higher pathological response rate in patients with a CPS > 1
who were treated with preoperative chemoimmunotherapy.
However, superior pCR and MPR rates were only observed
in patients with a CPS > 5 in the present study. Therefore,
further research is needed to determine the appropriate cut-
off value of PD-L1 CPS, which could improve patient selec-
tion for perioperative treatment.

Patients with microsatellite instability (MSI)/dMMR are
characterized by increased PD-L1-positive T-cell infiltra-
tion and are more likely to respond to PD-1 inhibitors [35].
In this study, the pathological regression rate in patients
with dJMMR was higher than that in those with proficient
MMR, indicating that the combination of chemotherapy and
immunotherapy may be beneficial in these patients. How-
ever, whether patients with dMMR gastric cancer treated
with perioperative chemoimmunotherapy have a superior
prognosis compared to patients treated with chemotherapy
alone is not clear, and there is still a lack of consensus on
the treatment of these patients. An exploratory analysis of
the MAGIC trial [36] revealed that preoperative chemo-
therapy may exert a negative effect on the prognosis of
patients with MSI/dAMMR LAGC. Meanwhile, the GER-
COR NEONIPIGA phase II trial [37] reported a promising
pCR rate (58.6%, 17/29) in patients with resectable MSI/
dMMR gastric/gastroesophageal junction adenocarcinoma
(T2—4NxMO0) who were treated with neoadjuvant nivolumab
plus ipilimumab. However, the most effective perioperative
strategies for the management of patients with MSI/dMMR
gastric cancer remain controversial, and further clinical stud-
ies are warranted.

As a distinct molecular subtype of gastric cancer,
EBV-positivity has also been reported as a biomarker for
anti-PD-1 therapy. Previous studies have indicated that
EBV-associated gastric cancer (EBVaGC) exhibits higher
expression of PD-L1 and lymphocytic infiltration [38, 39].
Patients with EBVaGC may be more susceptible to PD-1
blockade and may have a better prognosis [40-42]. Tang
et al. [15] reported an exceptional pCR rate of 33.3% (2/6)
in patients with EBVaGC who were treated with neoadju-
vant PD-1 blockade plus chemotherapy. In this study, both
patients with EBV-positive gastric cancer had encouraging
outcomes: one achieved MPR and the other achieved pCR.
Therefore, patients with EBVaGC may be an additional

@ Springer

population with high potential for clinical benefit to
chemoimmunotherapy.

Although the baseline characteristics were balanced and
comparable between the two groups after PSM, there are
several limitations in the present study. First, this was a sin-
gle-center study, and selection bias was unavoidable given
the retrospective design of the study. Second, the safety
results of perioperative chemotherapy plus PD-1 inhibitor
may be compromised due to the exclusion of some patients
with incomplete treatment. Third, long-term survival and
recurrence could not be fully analyzed due to the relatively
short follow-up period. Finally, we did not explore the effi-
cacy of perioperative chemotherapy plus PD-1 inhibitors in
patients with different genomic backgrounds (tumor muta-
tion burden, high microsatellite instability, etc.). Despite
these limitations, our results are valuable for future research
on the perioperative management of patients with LAGC.

In conclusion, perioperative SOX plus sintilimab may
improve tumor downstaging and pathological regression rate
of LAGC. Patients with PD-L1 CPS > 5, EBV-positivity, or
dMMR responded better to chemoimmunotherapy. However,
long-term survival requires further follow-up, and more pro-
spective clinical studies with larger sample sizes are needed
to validate the findings of our study.
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