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SUMMARY

The use of trastuzumab and programmed death-1 (PD-1) inhibitor is effective in patients with HER2-positive 

advanced gastric or gastro-esophageal junction cancer; however, their use has not been investigated in pa

tients with localized disease. This phase 2 trial evaluates the safety and efficacy of dual PD-1 (sintilimab) and 

HER2 blockade with chemotherapy in patients with resectable HER2-positive gastric and gastro-esophageal 

junction adenocarcinoma. 22 patients are enrolled, and 20 patients undergo surgery. The primary endpoint is 

achieved; 12 (55%, 95% confidence interval [CI]: 32–76) of 22 patients have a major pathological response, 

and 11 (50%, 95% CI: 28–72) of 22 patients achieve pathological complete response. The most common 

grade 3 treatment-related adverse events are neutropenia and thrombocytopenia. No treatment-related 

deaths occur. Transcriptomic analysis, bioinformatics analysis, and immunofluorescence staining demon

strate that regulatory T cells are associated with possibility of drug resistance. This study was registered 

at the Chinese Clinical Trial Registry (identifier: ChiCTR2200058732).

INTRODUCTION

Gastric and gastro-esophageal junction adenocarcinoma rank 

as the fifth disease worldwide in terms of both incidence and 

mortality, with an estimated 0.97 million new diagnoses and 

0.66 million deaths in 2022.1 Patients with gastric and gastro- 

esophageal junction adenocarcinoma are often diagnosed in a 

locally advanced stage.2 Despite curative resection being the 

gold standard treatment, patients with localized disease 

continue to have a high risk of recurrence.3,4 While a multimodal 

approach integrating curative resection and perioperative 

chemotherapy has led to enhanced survival, the 5-year overall 

survival rate remains <50%,5,6 highlighting the urgent need for 

more effective treatment strategies in these patients.

Approximately 17%–20% of patients with gastric and gastro- 

esophageal junction adenocarcinoma harbor HER2 (also known 

as ERBB2) amplification or protein overexpression.7,8 The ToGA 

trial showed that patients exhibiting HER2 amplification or over

expression benefit from treatment with the anti-HER2 antibody 

trastuzumab with cytotoxic chemotherapy.9 Furthermore, the 

KEYNOTE-811 trial revealed that the addition of the anti-pro

grammed death-1 (PD-1) antibody pembrolizumab to trastuzu

mab and chemotherapy improved the objective response, pro

gression-free survival, and overall survival in patients with 

metastatic HER2-positive gastric and gastro-esophageal junc

tion adenocarcinoma, especially in patients with tumors with a 

PD-L1 combined positive score (CPS) of 1 or more.10–12 There

fore, this regimen is recommended as a first-line therapy.

Several randomized controlled trials, including KEYNOTE- 

585,13 MATTERHORN,14 and NEOSUMMIT-01,15 have indicated 

that perioperative chemotherapy with PD-1 or PD-L1 inhibitors 

significantly enhances the pathological response, irrespective of 

the HER2 status. The HER-FLOT and NEOHX trials assessed 

the addition of perioperative trastuzumab to chemotherapy in pa

tients with HER2-positive localized gastric and gastro-esophageal 

junction adenocarcinoma, with moderate improved pathological 

response.16,17 Herein, we report the results of the prospective, 

non-randomized, open-label, phase 2 NEOSUMMIT-02 trial to 

evaluate the efficacy and safety of the perioperative anti-PD- 

1 antibody sintilimab, trastuzumab, and chemotherapy in 
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localized HER2-positive gastric and gastro-esophageal junction 

adenocarcinoma.

RESULTS

Of the 10 patients enrolled in the first stage of the trial, four had a 

major pathological response (MPR); therefore, we enrolled 12 

more patients in the second stage. Between November 3, 

2022, and October 18, 2023, 28 patients were screened, of 

whom six were excluded based on the eligibility criteria 

(Figure 1). The median age was 61 (interquartile range [IQR], 

52–69) years; 16 (73%) were males, and 18 (82%) had an Eastern 

Cooperative Oncology Group (ECOG) performance status of 0. 

Of the 22 eligible patients, 45% (10 of 22) had gastro-esophageal 

Figure 1. Trial profile
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junction adenocarcinoma and 59% (13 of 22) had an intestinal- 

type histology. All patients had mismatch repair (MMR)-profi

cient tumors. Nineteen (86%) of the 22 patients had a PD-L1 

CPS of 1 or more, and nine (41%) had a PD-L1 CPS of 5 or 

more. One patient (4.5%) had an Epstein-Barr virus-positive tu

mor. Diagnostic laparoscopic exploration was performed in 20 

(91%) of 22 patients (Table 1).

All 22 eligible patients received at least one cycle of the as

signed neoadjuvant sintilimab, trastuzumab, and chemo

therapy, of whom 20 (91%) completed the four planned cycles 

of neoadjuvant therapy. One patient (4.5%) developed im

mune-related hepatitis after the first cycle of sintilimab, 

trastuzumab, and chemotherapy and subsequently received 

two cycles of trastuzumab and chemotherapy. One patient 

(4.5%) received six cycles of neoadjuvant sintilimab, trastuzu

mab, and chemotherapy owing to hypothyroidism and patient 

request (Figure 1). No grade 4 or 5 treatment-related adverse 

events were recorded during neoadjuvant therapy, while grade 

3 treatment-related adverse events were recorded in three 

(14%) patients (Table S1). The Response Evaluation Criteria 

in Solid Tumors (RECIST) 1.1 evaluation was performed in 22 

patients after the completion of neoadjuvant therapy: complete 

response was seen in 2 patients (9.1%), partial response in 6 

patients (27%), stable disease in 2 patients (9.1%), and it was 

not evaluable due to the lack of measurable lesions in 12 pa

tients (55%).

Following neoadjuvant treatment, 20 patients (91%) under

went surgery and were subsequently subjected to per-protocol 

analyses. Two patients declined surgery after neoadjuvant ther

apy. The median interval between the completion of last cycle of 

neoadjuvant therapy and surgery was 3 (IQR: 3–4) weeks. Total 

gastrectomy was performed in 12 (60%) of 20 patients. D2 lym

phadenectomy was performed in all 20 patients, and complete 

R0 resection was performed in 19 patients (95%). Three (15%) 

patients experienced at least one serious adverse event related 

to perioperative morbidity, and none died within 30 days of sur

gery (Table S2).

The primary endpoint is MPR in the intention-to-treat 

population. In the intention-to-treat population, 12 (55%, 95% 

confidence interval [CI]: 32–76) patients achieved MPR in pri

mary tumor, and 11 (50%, 95% CI: 28–72) patients achieved 

pathological complete response in primary tumor and lymph 

nodes. Pathological outcomes and tumor regression results in 

the per-protocol population are shown in Table 2. Of the 20 pa

tients who underwent surgery, 12 (60%, 95% CI: 36–81) patients 

achieved MPR. Eleven (55%, 95% CI: 32–77) of 20 patients 

achieved pathological complete response in primary tumor and 

lymph nodes (Table 2; Figure 2A).

All the 20 patients who underwent surgery received adjuvant 

therapy (Figure 2B). Of these, 10 (50%) patients who achieved 

pathological complete response received sintilimab and chemo

therapy. Two patients whose postoperative HER2 status was 

negative were administered sintilimab and chemotherapy. One 

patient who achieved a pathological complete response but 

developed immune-related hepatitis during the neoadjuvant 

stage was administered chemotherapy alone. The remaining 

seven (35%) patients whose post-surgery HER2 status was pos

itive were administered sintilimab, trastuzumab, and chemo

therapy. Of the 20 patients, 11 (55%) completed the four planned 

adjuvant therapy cycles, and seven (35%) and two (10%) 

stopped receiving treatment because of patient refusal and 

treatment-related adverse events, respectively (Figure 1 and 

Tables S3 and S4).

At the data cutoff date on March 11, 2025, the median follow- 

up time was 22 (IQR: 19–24) months. The treatment times for all 

Table 1. Baseline demographic and clinical characteristics 

(N = 22)

Characteristic Patients, no. (n = 22)

Age, years 61 (52–69)

Male 16 (73%)

ECOG performance status

0 18 (82%)

1 4 (18%)

Primary site

Gastro-esophageal junction 10 (45%)

Gastric 12 (55%)

HER2 by IHC, FISH, at SYSUCC

IHC HER2 2+ FISH-positive 7 (32%)

IHC HER2 3+ 15 (68%)

Clinical T stage

cT3 6 (27%)

cT4a 16 (73%)

Clinical N stage

cN0-1 9 (41%)

cN2-3 13 (59%)

Lauren’s classification

Diffuse 3 (14%)

Intestinal 13 (59%)

Mixed 5 (23%)

Unknown 1 (5%)

PD-L1 CPS

<1 (negative) 2 (9%)

≥1 (positive) 19 (86%)

<5 12 (55%)

≥5 9 (41%)

Not available 1 (5%)

MMR status

pMMR 22 (100%)

EBV status

Positive 1 (5%)

Negative 21 (95%)

Laparoscopic exploration

Yes 20 (91%)

No 2 (9%)

Data are n (%) or median (IQR), unless otherwise indicated. ECOG, 

Eastern Cooperative Oncology Group; HER2, human epidermal growth 

factor receptor 2; IHC, immunohistochemistry; SYSUCC, Sun Yat-sen 

University Cancer Center; PD-L1, programmed cell death-ligand 1; 

CPS, combined positive score; MMR, mismatch repair; pMMR, 

mismatch repair-proficient; EBV, Epstein-Barr virus.
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the treated patients are shown in Figure 2B. Of the 22 treated pa

tients, 21 (95%) survived (Figure 2B). One patient refused sur

gery and died of progressive disease; the other patient who 

refused surgery survived. Two patients suffered recurrence, 

including one case with loss of HER2 positivity. Overall, the me

dian event-free survival was not reached, and the Kaplan-Meier 

estimate of the 24-month event-free survival was 73% (95% CI: 

46–100; Figure S1A). The median overall survival was not 

reached, with a 24-month overall survival rate of 96% (95% CI: 

87–100; Figure S1B).

Treatment-related adverse events occurred in all patients 

during perioperative therapy, with nausea, leukopenia, neutro

penia, and thrombocytopenia being the most frequent 

(Table 3). Grade 3 treatment-related adverse events were re

ported in six (27%) of the 22 patients, and no grade 4 or 5 treat

ment-related adverse events were observed. Immune-related 

adverse events were reported in 4 (18%) patients, and all 

were grade 1 or 2. No deaths were considered treatment 

related.

In the post hoc analysis, we found that tumor regression 

was comparable irrespective of tumor location, Lauren classifica

tion, and PD-L1 CPS. Notably, a MPR was achieved in five (39%) 

of 13 patients with HER2 immunohistochemistry (IHC) 3+ and in 

all seven patients with HER2 IHC 2+ fluorescence in situ hybridi

zation (FISH)-positive (Figure 2A and Table S5). Of the 

seven patients with HER2 IHC 2+ FISH-positive, five had gas

tro-esophageal junction adenocarcinoma, and two had gastric 

adenocarcinoma.

Subsequently, we conducted RNA sequencing on baseline 

tumor biopsies and post-treatment samples from 21 patients 

to assess whether immune cell types within the tumor immune 

microenvironment (TIME) control the treatment response 

(Figures 3A and 3B). Of note, the baseline immune compo

nents could not predict the treatment response of neoadjuvant 

treatment (Figure S2). After neoadjuvant treatment, increased 

levels of CD8 T cells and follicular helper T cells (Tfh) were 

found in patients achieving MPR than in patients not achieving 

MPR (Figures 3C and 3D). In addition, increased levels of reg

ulatory T cells (Tregs) and γδT cells were found in patients not 

achieving MPR than in patients achieving MPR (Figures 3E 

and 3F). We also conducted immunofluorescence staining 

and confirmed that Tregs were reduced in patients who 

achieved MPR yet elevated in those who did not achieve 

MPR (Figure 3G).

DISCUSSION

In this study, we aimed to evaluate the efficacy and safety of the 

perioperative anti-PD-1 antibody sintilimab, trastuzumab, and 

chemotherapy in localized HER2-positive gastric and gastro- 

esophageal junction adenocarcinoma. Our trial successfully 

reached its primary endpoint, with 12 (55%) of 22 patients in 

the intention-to-treat population achieving an MPR. This is a 

notably high proportion for this tumor type. Furthermore, a com

plete pathological response was recorded in 11 (50%) of 22 pa

tients. The addition of sintilimab and trastuzumab to chemo

therapy did not result in increased surgical or non-surgical 

adverse events. These findings indicate that the administration 

of sintilimab, trastuzumab, and chemotherapy in the context of 

perioperative treatment is safe and effective for the treatment 

of HER2-positive gastric or gastro-esophageal junction 

adenocarcinoma.

There is no globally accepted standard of care for patients 

with operable HER2-positive gastric or gastro-esophageal junc

tion adenocarcinoma.3,4,18 Based on the results of the FLOT4 

trial,5 the perioperative administration of fluorouracil, leucovorin, 

oxaliplatin, and docetaxel (FLOT) is recommended for patients 

with locally advanced HER2-positive disease in non-Asian coun

tries.3,4 Given the successful results of the RESOLVE trial,6 the 

adoption of perioperative S-1 and oxaliplatin is recommended 

for HER2-positive cases in China.18 Therefore, in this trial, we 

used S-1 and oxaliplatin as the backbone of the perioperative 

chemotherapy regimen.

Tumors with HER2 amplification or overexpression exhibit 

several unique characteristics. HER2-positive is a predictor of un

favorable survival outcomes and plays a critical role in contributing 

chemoresistance.19–21 In terms of the underlying mechanism, 

perioperative chemotherapy may not be sufficient for locally 

advanced HER2-positive cases. Several phase 2 trials have 

sought to incorporate anti-HER2 therapy into perioperative man

agement, resulting in favorable pathological response.16,17,22 The 

analysis of preclinical models and tumor samples has shown that 

trastuzumab can upregulate PD-1 and PD-L1 expression, 

enhance immune infiltration, and augment HER2-specific T cell 

responses.23,24 Oxaliplatin has unique effects on the stimulation 

and trafficking of dendritic cells, which in turn promote adaptive 

Table 2. Pathological and tumor regression in the per-protocol 

population (N = 20)

Characteristic Patients, no. (%)

Pathological T stage (ypT)

ypT0 11 (55%)

ypT1 2 (10%)

ypT2 2 (10%)

ypT3 4 (20%)

ypT4 1 (5%)

Pathological N stage (ypT)

ypN0 15 (75%)

ypN1 2 (10%)

ypN2 3 (15%)

TRG

TRG 0 11 (55%)

TRG 1 1 (5%)

TRG 2 5 (25%)

TRG 3 3 (15%)

Combined TRG 0-1 12 (60%)

Tumor residual percentage

0% 11 (55%)

1%–10% 1 (5%)

11%–100% 8 (40%)

MPR (0%–10%) 12 (60%)

Data are n (%). Percentages may not add up to 100 because of rounding. 

TRG, tumor regression grade; MPR, major pathological response.
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immunity against tumors.25,26 The treatment approach of 

combining dual PD-1 and HER2 blockade with chemotherapy is 

strongly supported in patients with metastatic HER2-positive 

gastric and gastro-esophageal junction adenocarcinoma.10,11

Our trial revealed that the addition of sintilimab and trastuzumab 

to chemotherapy led to a robust pathological response, with ma

jor and complete pathological response rates of 55% and 50%, 

respectively. These results exceed those achieved with neoadju

vant chemotherapy combined with either anti-PD-113–15,27 or anti- 

HER2 therapy.16,17 At the 2024 American Society of Clinical 

Oncology Gastrointestinal Cancers Symposium, a randomized 

phase 2 trial reported the preliminary efficacy of adding atezolizu

mab to treatment with trastuzumab and chemotherapy compared 

to trastuzumab and chemotherapy in the perioperative setting.28

Figure 2. Tumor response and follow-up 

(A) Waterfall plot of tumor regression to sintilimab, 

trastuzumab, and chemotherapy. Patients who 

refused to surgery are not shown (n = 2). 

(B) Swimmer plot showing the treatment events 

and follow-up in the intent-to-treat population. 

GEJ, gastro-esophageal junction; PD-L1, pro

grammed cell death-ligand 1; CPS, combined 

positive score; HER2, human epidermal growth 

factor receptor 2; IHC, immunohistochemistry; 

FISH, fluorescence in situ hybridization; EBV, 

Epstein-Barr virus.

The trial reported a complete pathological 

response rate of 38% versus 14%, which 

is worth anticipating.

To investigate the characteristics that 

predicted primary resistance to this inves

tigational therapy, we performed several 

subgroup analyses. The PD-L1 CPS was 

predictive of survival benefits in trials of 

first-line anti-PD-1 antibodies plus 

chemotherapy for advanced gastric carci

nomas.27,29 However, no improvement in 

the pathological response was observed 

in patients with high PD-L1 CPS in this 

study population, which is consistent 

with the findings of several trials in 

the perioperative setting.13,15 A previous 

study highlighted that HER2 amplification 

using next-generation sequencing is pre

dictive of the therapeutic benefits of tras

tuzumab-based therapy.30 Intriguingly, 

our trial found that patients with HER2 

IHC 2+ FISH positivity demonstrated a 

higher pathological response than those 

with HER2 IHC 3+ positivity. Notably, our 

study found distinct anatomical distribu

tion patterns, with higher proportion of 

HER2 amplification in tumor with gastro- 

esophageal junction adenocarcinoma, 

highlighting the attention of HER2 testing 

for this cancer types. In addition, we 

observed two cases in which HER2 positivity was lost following 

four cycles of neoadjuvant therapy, and an MPR was not 

achieved. This suggests that the loss of HER2 positivity can 

contribute to acquired resistance to trastuzumab-based 

therapy.31,32

In this study, the TIME dynamic change after perioperative 

dual PD-1 and HER2 blockade was assessed. Consistent with 

prior research,33 patients who achieved MPR exhibited elevated 

levels of CD8 T cells and Tfh cells. From a mechanistic stand

point, PD-1 suppresses Treg activity, and PD-1 blockade leads 

to enhanced Treg activation.34 In our study, we found that, after 

neoadjuvant treatment, non-responders exhibited an increase in 

Tregs, while responders showed a decrease in Tregs. γδT cells 

constitute a minor subset of immune cells that have been 
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relatively under-researched, yet their potential has been 

acknowledged in the context of cancer immunotherapy.35 We 

also found that, after neoadjuvant treatment, non-responders 

demonstrated an increase in γδT cells, indicating that γδT cells 

were associated with possibility of drug resistance. However, 

the mechanism by which γδT cells regulate drug resistance re

mains under investigation.

Although all patients experienced treatment-related adverse 

events, no grade 4 or 5 adverse events were associated with 

the treatment. The occurrence of grade 3 events was compara

ble to that observed with a combination of trastuzumab or anti- 

PD-1 therapy and chemotherapy.13,15,16 No new safety concerns 

were observed in this trial, and the perioperative morbidity was 

acceptable, with no 30-day mortality.

Limitations of the study

The limitations of this trial include its single-arm design and 

modest sample size. Furthermore, the fact that this trial was 

conducted at a single center may limit the generalizability of 

the findings. We conducted a multicenter randomized trial 

(NEOSUMMIT-02B) to further validate the efficacy of the periop

erative anti-PD-1 antibodies sintilimab and trastuzumab and 

chemotherapy in localized HER2-positive gastric and gastro- 

esophageal junction adenocarcinoma (Chinese Clinical Trial 

Registry, identifier: ChiCTR2400081665). In addition, the MPR 

was assessed through a local review. Moreover, the biomarker 

analysis is preliminary; additional analyses and experiments 

would ideally be necessary to elucidate potential mechanisms. 

Finally, a continued follow-up is required for the survival data 

to mature and evaluate whether the improvement in the patho

logical response can translate into a survival benefit.

In conclusion, perioperative sintilimab, trastuzumab, and 

chemotherapy have promising antitumor activity with a manage

able safety profile and might be promising options for patients 

with localized HER2-positive gastric and gastro-esophageal 

junction adenocarcinoma.
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STAR★METHODS

Detailed methods are provided in the online version of this paper and include 

the following:

• KEY RESOURCES TABLE

• EXPERIMENTAL MODELS AND STUDY PARTICIPANT DETAILS

○ Human subjects and ethical approval

Table 3. Summary of adverse events (N = 22)

TRAE

No. (%)

Any grade Grade 1 Grade 2 Grade 3

Any events 22 (100%) 6 (27%) 10 (45%) 6 (27%)

TRAEs leading to 

treatment 

discontinuation

2 (9%) 0 1 (5%) 1 (5%)

Nausea 14 (64%) 12 (55%) 2 (9%) 0

Vomit 10 (45%) 9 (41%) 1 (5%) 0

Diarrhea 11 (50%) 7 (32%) 4 (18%) 0

Decreased appetite 9 (41%) 9 (41%) 0 0

Infusion reaction 1 (5%) 0 2 (9%) 0

Pneumonia 1 (5%) 0 2 (9%) 0

Edema 1 (5%) 1 (5%) 0 0

Peripheral neuropathy 4 (18%) 2 (9%) 1 (5%) 1 (5%)

Increased ALT or AST 10 (45%) 7 (32%) 2 (9%) 1 (5%)

Leukopenia 14 (64%) 4 (18%) 9 (41%) 1 (5%)

Neutropenia 14 (64%) 3 (14%) 8 (36%) 3 (14%)

Thrombocytopenia 14 (64%) 3 (14%) 8 (36%) 3 (14%)

Anemia 4 (18%) 3 (14%) 1 (5%) 0

Immune-related AE 4 (18%) 2 (9%) 2 (9%) 0

Rash 1 (5%) 1 (5%) 0 0

Enteritis 1 (5%) 0 1 (5%) 0

Hepatitis 1 (5%) 0 1 (5%) 0

Hypothyroidism 1 (5%) 1 (5%) 0 0

Data are n (%). TRAE, treatment-related adverse event; AE, adverse 

event; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

6 Cell Reports Medicine 6, 102190, June 17, 2025 

Article
ll

OPEN ACCESS

mailto:liyuanf@sysucc.org.cn
https://ngdc.cncb.ac.cn/gsa-human


• METHOD DETAILS

○ Patients and study design
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○ Assessments and outcomes

○ Sample size calculation

○ Biomarker analysis

• QUANTIFICATION AND STATISTICAL ANALYSIS

• ADDITIONAL RESOURCES

SUPPLEMENTAL INFORMATION

Supplemental information can be found online at https://doi.org/10.1016/j. 

xcrm.2025.102190.

Figure 3. Immune cell landscape of patients at baseline and after neoadjuvant treatment 

(A and B) Heatmaps depicting 22 immune cell types at baseline and after neoadjuvant treatment in patients who achieved an MPR (A) and those who did not (B). 

(C–F) Analysis of CD8 T cell (C), follicular helper T cell (Tfh) (D), regulatory T cell (Tregs) (E), and γδT cell (F) infiltration at baseline and after neoadjuvant treatment in 

patients who achieved an MPR (left, N = 12) and those who did not (right, N = 9). 

(G) Immunofluorescence staining and quantification of Tregs at baseline and after neoadjuvant treatment in patients who achieved an MPR (N = 12) and those who 

did not (N = 6). 

MPR, major pathological response. Wilcoxon rank-sum test.
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STAR★METHODS

KEY RESOURCES TABLE

EXPERIMENTAL MODELS AND STUDY PARTICIPANT DETAILS

Human subjects and ethical approval

This study included human participants from China. The study protocol and amendments were approved by the Institutional Review 

Board of the SYSUCC. The study was performed in accordance with the protocol, Good Clinical Practice guidelines, and Declaration 

of Helsinki. All patients provided written informed consent to participate in the study. This trial was registered in the Chinese Clinical 

Trial Registry (chictr.org.cn; identifier: ChiCTR2200058732). HER2-positive patients with localised advanced gastric or gastro-oeso

phageal junction adenocarcinoma were enrolled. Demographic information, including age and gender, was provided in Table 1.

METHOD DETAILS

Patients and study design

This investigator-initiated, open-label, single-arm, phase 2 trial was conducted at the Sun Yat-sen University Cancer Center 

(SYSUCC), Guangzhou, China. Eligible patients had histologically confirmed HER2-positive (defined as immunohistochemistry 

[IHC] 3+ or IHC 2+ and HER2:CEP17 fluorescence in situ hybridisation ratio [FISH] ≥ 2.0) and clinical stage cT3-4aNanyM0 or 

cT1-2N + M0 gastric or gastro-oesophageal junction adenocarcinoma according to the eighth edition of the International Union 

against Cancer tumour-node-metastasis classification. HER2 status was evaluated using a monoclonal antibody against HER2/ 

neu (clone CB-11, USA), and HER2 fluorescent in situ hybridisation was performed in cases with HER2 equivocal (2+ intensity) using 

the Vysis PathVysion HER-2/neu DNA Probe Kit (Dako, Denmark). The clinical stage was determined by examination, oesophago

gastroduodenoscopy, and computed tomography (CT) or magnetic resonance imaging (MRI) of the chest, abdomen, and pelvis. 

Before enrollment, diagnostic laparoscopy was recommended to exclude occult peritoneal metastases. The key inclusion criteria 

were age 18 years or more; an Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1 with no surgical contra

indication, life expectancy of 3 months or longer, adequate bone marrow reserve (leukocyte count ≥4000/μL, neutrophil count 

≥1500/μL, platelet count ≥10×104/μL, and hemoglobin ≥9.0 g/dL), and normal hepatic (bilirubin ≤1.5 times the upper limit of normal, 

aspartate aminotransferase and alanine aminotransferase ≤2.5 times the upper limit of normal), renal (creatinine ≤1.5 times the up

per limit of normal or serum clearance rate >60 mL/min) and coagulation (international normalised ratio and activated partial throm

boplastin time ≤1.5 times the upper limit of normal) functions. The major exclusion criteria were previous chemotherapy, radio

therapy, targeted therapy, immunotherapy, or surgical treatment; history of other malignancies within the last 5 years (except for 

completely resected basal cell carcinoma, stage I squamous cell carcinoma, carcinoma in situ, intramucosal carcinoma, and super

ficial bladder cancer); history of HIV infection, active tuberculosis, or hepatitis B or C; and allergy to the investigational medicine. A full 

list of inclusion and exclusion criteria can be found in the study protocol (Supplementary protocol).

Treatment

In the neoadjuvant phase, eligible patients were administered 200 mg of sintilimab intravenously once every 3 weeks for four cycles. 

In addition, all patients received trastuzumab at a dose of 6 mg/kg intravenously once every 3 weeks, following an initial loading dose 

of 8 mg/kg, oxaliplatin (130 mg/m2 administered intravenously once every 3 weeks), and S-1 (40–60 mg orally twice daily for 2 weeks 

REAGENT or RESOURCE SOURCE IDENTIFIER

Antibody

CD3 ZSGB-Bio Cat #ZA-0503; RRID:AB_3665339

FOXP3 Abcam Cat #ab215206; RRID:AB_2860568

Biological samples

Pre-treatment biopsy samples This study N/A

Post-treatment resected samples This study N/A

Deposited data

RNAseq data This study GSA: HRA008961

Software and algorithms

R (version 4.3.2) R Development Core Team, 2008 www.r-project.org

PASS software (version 2021) NCSS, LLC https://www.ncss.com/software/pass/
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in each 3-week cycle) for four cycles. Surgery was performed within 2–4 weeks of the last cycle of the neoadjuvant phase. In the 

adjuvant phase, patients were scheduled to receive sintilimab (200 mg administered intravenously once every 3 weeks), oxaliplatin 

(130 mg/m2 administered intravenously once every 3 weeks), and S-1 (40–60 mg orally twice daily for 2 weeks in each 3-week cycle) 

for four cycles. If the HER2 status of the surgical sample was positive, patients would receive trastuzumab (6 mg/kg, administered 

intravenously once every 3 weeks) for four cycles. Dose reduction was not allowed for sintilimab or trastuzumab treatment; patients 

were permitted a maximum of two reductions in chemotherapy dosage (Supplementary protocol).

Assessments and outcomes

Imaging assessments by CT or MRI were performed after completion of cycles two and four of neoadjuvant treatment. The patients 

who underwent surgery were scheduled to undergo repeat scans every 3 months during the first 3 years, every 6 months for 5 years, 

and annually thereafter. The patients who did not undergo surgery were followed-up every 3 months. Radical response was evalu

ated according to the Response Evaluation Criteria in Solid Tumors (RECIST; version 1.1). The type of gastrectomy was determined 

by proficient abdominal surgeons based on tumor location, and D2 lymphadenectomy was recommended in this study. An experi

enced surgeon (YFL) assessed the surgical quality.

The MMR status was evaluated using IHC for MLH1, PMS2, MSH2, and MSH6. PD-L1 expression was assessed using an IHC kit 

with the 22C3 pharmDx assay (Agilent Technologies, Santa Clara, CA, USA) based on the combined positive score (CPS), which was 

defined as the number of PD-L1-positive tumor cells (partial or complete membrane staining), lymphocytes, and macrophages 

(membrane staining, intracellular staining, or both) divided by the total number of viable tumor cells multiplied by 100. Epstein- 

Barr virus status was determined by EBER using an in situ hybridisation (ISH) kit (ISH-7001; Zhongshan Jinqiao Biotechnology 

Co., Ltd., Beijing, China; Leica Biosystems, Newcastle, UK). Tumor samples were reviewed and evaluated by local pathologists 

(JLD and MYC). The adverse events and laboratory abnormalities were routinely recorded during the treatment for up to 30 days. 

The surgical complications were assessed using the Clavien–Dindo classification within 30 days of surgery.

The primary endpoint was major pathological response, defined as 10% or less of residual viable tumor cells at the time of definitive 

surgery in the intention-to-treat population. The intention-to-treat population included all patients, regardless of the treatment 

received or deviations from the protocol. The per-protocol population was defined as patients who received at least one dose of 

treatment, underwent surgery, and showed no major deviations from the protocol. Secondary endpoints included pathological com

plete response (defined as no residual viable tumor cells at the time of definitive surgery), pathological complete response (TRG 0) or 

near-complete response (TRG 1) according to the scoring system for tumor response of NCCN Guidelines for Gastric Cancer,3

margin-free resection (R0), objective response rate (proportion of patients with partial or complete response per RECIST version 

1.1 by investigator), recurrence-free survival (time from the first cycle of treatment to disease recurrence or metastasis, or death 

from any cause), event-free survival (time from the first cycle of treatment to disease progression, local or distant recurrence, or death 

from any cause), overall survival (time from the first cycle of treatment to death from any cause), surgical safety, treatment-related 

adverse events assessed per the CTCAE version 5.0, and quality of life.

Sample size calculation

The planned sample size was 22 patients based on Simon’s optimal two-stage design (one-sided α 5% and power 80%; PASS 2021 

software).36 The major pathological response rate to neoadjuvant chemotherapy for locally advanced gastric cancer in the phase 2 

NEOSUMMIT-01 trial was 22%,15 regardless of HER2 status. The patients in our trial were HER2-positive, potentially leading to a 

decreased pathological response. Therefore, the major pathological response rate could be lower than 22%. In this trial, we consid

ered that an additional increase of at least 25% in the major pathological response was essential to indicate a clinically meaningful 

antitumour activity. Therefore, the threshold for a major pathological response was set to 20%, and the expected major pathological 

response was 45%. Ten patients were enrolled in the first stage of the study. If three or more patients showed a major pathological 

response, 12 more patients were enrolled in the second stage; otherwise, the study would not have advanced to the second stage, 

and the trial would have been discontinued. If a major pathological response was observed in eight or more of 22 patients, it would 

indicate that the primary endpoint had been achieved.

Biomarker analysis

We conducted RNA sequencing on baseline tumor biopsies and post-treatment samples from 21 patients to evaluate whether 

distinct immune cell components within the TIME control the treatment response. The expression matrix of RNA sequencing was 

normalized to transcripts per kilobase million (TPM) format. Using the CIBERSORTx (https://cibersortx.stanford.edu/) algorithm,37

we estimated a total of 22 immune cell types. Subjects were deemed eligible for subsequent stages of rigorous analysis only if 

they exhibited a statistically significant empirical p-values below the threshold of 0.05.

We further conducted multi-color immunofluorescence staining on baseline tumor biopsies and post-treatment samples from 18 

patients. For multi-color immunofluorescence staining, tissue samples were fixed in formalin, embedded in paraffin, and 4μm 

sectioned. The tissue sections were deparaffinized in xylene and rehydrated by serial passage through graded concentrations of 

ethanol. Endogenous peroxidase in tissues was blocked with Endogenous Peroxidase Blocking Buffer for 10 min. Heat-induced 

epitope retrieval was performed for 10 min at 95◦C in Tris–EDTA pH 8.0 buffer or EDTA pH 9.0 buffer. Sections were washed in 

cold running tap water and Tris-buffered saline–0.05% Tween 20 (TBST) and blocked with blocking Buffer for 20 min. Specimens 
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were incubated with primary antibodies specific for the following proteins:CD3 (diluted at 1:100, ZA-0503, ZSGB-BIO), FOXP3 

(diluted at 1:100, ab20034, Abcam). Then, sections were incubated with polymer HRP Mouse + Rabbit (PANOVUE) for 30 min, fol

lowed by incubation with an Opal fluorophore from Opal Multiplex Kit (PANOVUE) for 20 min. After washing in cold running tap water 

and TBST, the process of staining and antibody removal was repeated using a different Opal fluorophore. Finally, the samples were 

mounted with Antifade Mounting Medium and DAPI (PANOVUE).

QUANTIFICATION AND STATISTICAL ANALYSIS

Patient characteristics, safety, pathological, and tumor regression data are represented using frequency and percentage for cate

gorical variables and median and interquartile range (IQR) for continuous variables. The intention-to-treat population was assigned 

to analyze the primary endpoints of major pathological responses, non-surgical and serious adverse events, and survival outcomes. 

The per-protocol population was assigned to analyze surgical and pathological results, and adverse surgical events. The 95% con

fidence intervals (CIs) of the major pathological response rates were calculated using the Clopper–Pearson method, and event-free 

survival and overall survival were estimated using the Kaplan–Meier method and evaluated with 95% CIs calculated using the Green

wood formula. Post hoc analyses were conducted to evaluate tumor regression between groups defined by tumor location (gastric 

vs. gastro-oesophageal junction), Lauren classification (intestinal vs. non-intestinal), HER2 status (IHC 3+ vs. IHC 2+ FISH-positive), 

and PD-L1 CPS (<1 vs. ≥ 1; <5 vs. ≥ 5). Categorical variables between groups were compared using the χ2 test or Fisher’s exact test. 

Continuous variables between groups were compared using the Wilcoxon rank-sum test. All p-values were two-sided, and statistical 

significance was set at p < 0.05. Statistical analyses were performed using R version 4.3.2.

ADDITIONAL RESOURCES

Chictr.org.cn: ChiCTR2200058732.
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