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Background: The addition of immune checkpoint inhibitors to neoadjuvant chemotherapy in operable advanced gastric or
gastroesophageal junction (G/GEJ) cancer aroused wide interest. This study was designed to assess the efficacy and safety of
neoadjuvant sintilimab, a programmed cell death protein-1 (PD-1) inhibitor, in combination with fluorouracil, leucovorin, oxaliplatin,
and docetaxel (FLOT) chemotherapy for HER2-negative locally advanced G/GEJ cancer.
Methods: Eligible patients with clinical stage cT4 and/or cN+M0 G/GEJ cancer were enroled in this phase II study. Patients
received neoadjuvant sintilimab (200 mg every 3 weeks) for three cycles plus FLOT (50 mg/m2 docetaxel, 80 mg/m2 oxaliplatin,
200 mg/m2 calcium levofolinate, 2600 mg/m2 5-fluorouracil every 2 weeks) for four cycles before surgery, followed by four cycles of
adjuvant FLOT with same dosages after resection. The primary endpoint was the pathological complete response (pCR) rate.
Results: Thirty-two patients were enroled between August 2019 and September 2021, with a median follow-up of 34.8 (95% CI,
32.8–42.9)months. Thirty-two (100%) patients received neoadjuvant therapy, and 29 underwent surgery with an R0 resection rate of 93.1%.
The pCR (TRG0) was achieved in 5 (17.2%; 95% CI, 5.8–35.8%) patients, and the major pathological response was 55.2%. Twenty-three
(79.3%) patients had T downstaging, 21 (72.4%) had N downstaging, and 19 (65.5%) had overall TNM downstaging. Six (20.7%) patients
experienced recurrence. Patients achieving pCR showed better event-free survival (EFS), disease-free survival (DFS), and overall survival (OS)
than non-pCR. The estimated 3-year EFS rate, 3-year DFS rate, and 3-year OS rate were 71.4% (95% CI, 57.2–89.2%), 78.8% (95% CI,
65.1–95.5%), and 70.9% (95% CI, 54.8–91.6%), respectively. The objective response rate and disease control rate were 84.4% (95% CI,
68.3–93.1%) and 96.9% (95%CI, 84.3–99.5%), respectively. Twenty-five (86.2%) received adjuvant therapy. Themain grade ≥3 treatment-
related adverse events (TRAEs) were lymphopenia (34.4%), neutropenia (28.1%), and leukopenia (15.6%). no patients died from TRAE. The
LDH level exhibited a better predictive value to pathological responses than PD-L1 and MSI status.
Conclusions: The study demonstrated an encouraging efficacy and manageable safety profile of neoadjuvant sintilimab plus FLOT in
HER2-negative locally advanced G/GEJ cancer, which suggested a potential therapeutic option for this population.
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Introduction

Gastric cancer (GC), including gastroesophageal junction (GEJ)
cancer, is the fourth deadly leading cancer worldwide with almost
770 000 deaths annually and the highest mortality and incidence
rates reported in Eastern Asia.[1] Although the consensus on sur-
gical resection has resulted in the improvement of curative effect
during the past decades, most patients relapsed after surgery.[2,3]

Neoadjuvant therapy, as a well-established practice, has improved
overall survival (OS) and tumour response beyond surgery alone
in gastric (G) or GEJ (G/GEJ) cancer with the advantages of
reducing tumour burden and assessing tumour response before
surgery.[4,5] Especially, accumulating randomized clinical trials
have demonstrated the survival benefits of the addition of perio-
perative chemotherapy to surgery alone.[6–9] Thus, this strategy
was established as one of the standard treatments for resectable
G/GEJ cancers. Nonetheless, overall improvements following the
neoadjuvant chemotherapy were poor and disappointing, with
pathological complete response (pCR) of 2–16%[8,10,11] and a
5-year survival rate of 36–45%.[6–8] Therefore, therapeutic
breakthroughs in the neoadjuvant setting are still emphasized to
improve pathological regression and long-term survival for
patients with locally advanced G/GEJ cancer.

At present, based on the encouraging efficacy of immune
checkpoint inhibitors (ICIs) in advanced G/GEJ cancer,[12,13] the
addition of ICIs to neoadjuvant chemotherapy has also raised
great interest in treating patients with locally advanced, resectable
G/GEJ cancer. Several trials have shown that the neoadjuvant
therapy applied pre-surgically of ICIs plus chemotherapy played a
pivotal role in radical treatment for this population.[14–18] Despite
the promising margin-free (R0) resection rates of 97.0–100.0%
and pCR rates of 10.0–33.0%,[14–18] the preliminary outcomes of
these reports were few and limited to early-phase trials.
Furthermore, numerous questions including the optimal choice of
ICI and chemotherapy backbone and predictive roles of potential
reliable biomarkers for response and survival remained unan-
swered. Therefore, while the addition of ICIs to neoadjuvant
chemotherapy shows great potential in the treatment of locally
advanced, resectable G/GEJ cancer, further research is needed to
address the remaining uncertainties and optimize treatment
strategies.

Sintilimab is a humanized IgG4 monoclonal antibody against
programmed cell death protein-1 (PD-1),[19] with higher binding
affinity to human PD-1 than well-studied and approved PD-1
inhibitors like nivolumab and pembrolizumab.[20] Sintilimab has
shown promising anti-tumour efficacy and manageable safety
profiles in various solid tumours.[19,21] Notably, early results of a
phase 2 study demonstrated an encouraging efficacy profile of
sintilimab in combination with capecitabine and oxaliplatin
(CapeOx) as neoadjuvant therapy for locally advanced, resect-
able G/GEJ cancer, with acceptable safety outcomes.[18]

Therefore, the combination of sintilimab and chemotherapy
could be considered a potential neoadjuvant therapy for locally
advanced G/GEJ cancer, warranting further investigation. Of
note, fluorouracil, leucovorin, oxaliplatin, and docetaxel (FLOT)
as a combination chemotherapy regimen was recommended in
our study rather than the commonly used SOX regimen (S-1 plus
oxaliplatin) in East Asia. A phase II randomized clinical trial in
Chinese patients with locally advanced GC has demonstrated
favourable safety and no significant differences in clinical
downstaging, pathological response, and radiological response

between neoadjuvant FLOT and SOX regimen.[22] However,
there was no data regarding FLOT plus ICI in the neoadjuvant
setting for patients with locally advanced G/GEJ cancer. Taken
together, this phase II study was conducted to assess the efficacy
and safety of neoadjuvant sintilimab plus FLOT in patients with
locally advanced G/GEJ cancer. We also investigated the rela-
tionships between potential biomarkers, tumour genetic profiles,
and pCR.

Methods

Study design

This study was an investigator-initiated, single-arm, open-label,
phase 2 study. It was approved by the Ethics Committee of the
Hospital. The primary goal of this study was to evaluate the
efficacy and safety of neoadjuvant sintilimab plus FLOT che-
motherapy in patients with HER2-negative locally advanced
G/GEJ cancer. The study was conducted in accordance with the
International Conference on Harmonization of Good Clinical
Practice guidelines, the Declaration of Helsinki, and applicable
local laws and regulations. The patients were informed of the
investigational nature of the study and providedwritten informed
consent before enrolment. The work has been reported in line
with the STROCSS criteria.[23] Supplemental Digital Content 1,
http://links.lww.com/JS9/B804.

Patient population

Eligible patients were previously untreated and aged between 18
and 75 years with histologically confirmed G/GEJ cancer.
Patients had clinical stage cT4 and/or cN+M0 by endoscopic
ultrasound or enhanced computed tomography (CT)/MRI
according to the eighth edition of the American Joint Committee
on Cancer TNM staging system.[24] The tumour must be resect-
able before neoadjuvant therapy as evaluated by surgeons.
Further inclusion criteria were Eastern Cooperative Oncology
Group performance status (ECOG PS) of 0 or 1, adequate
hematopoietic, hepatic, and renal functions, availability to pro-
vide a tumour sample to evaluate PD-1 and its ligand (PD-L1) and
microsatellite instability (MSI) status.

Patients who experienced active autoimmune diseases or had
other primary malignancies at screening were ineligible for this
study. Patients with active hepatitis B or C, chronic enteritis, prior
allergy or intolerance to study drugs or their excipients, or human
immunodeficiency virus (HIV)-positive were excluded from

HIGHLIGHTS

• First study evaluating neoadjuvant sintilimab plus fluor-
ouracil, leucovorin, oxaliplatin, and docetaxel in resectable
gastric or gastroesophageal junction cancer.

• Favourable pathologic response and survival and safety
profiles with this combination.

• Patients achieving pathological complete response had
better event-free survival, disease-free survival, and overall
survival.

• Lactate dehydrogenase level may be a predictor of patho-
logic response for resectable gastric or gastroesophageal
junction cancer.

Li et al. International Journal of Surgery (2024) International Journal of Surgery

2072

http://links.lww.com/JS9/B804


the study. Pregnant or lactating patients, as well as patients with
childbearing potential who did not use contraception if sexually
active, were also excluded. Detailed eligibility criteria were listed
in Additional File 1, Supplemental Digital Content 2, http://links.
lww.com/JS9/B805.

Procedures

Neoadjuvant sintilimab plus FLOT were administered before
surgery. Eligible patients received 200 mg intravenous sintilimab
on day 1 every 3 weeks for 3 cycles. The investigator’s choice of
FLOT chemotherapy consisted of 1-h 50 mg/m2 docetaxel, 2-h
80 mg/m2 oxaliplatin, and 200 mg/m2 calcium levofolinate and
24-h 2600 mg/m2 5-fluorouracil on day 1. All chemotherapy was
administered intravenously and repeated every 2 weeks for 4
cycles. An overview of the therapeutic procedures was shown in
Fig. 1.

The criteria of dose modification or interruption were applic-
able and specified in the protocol. The dose reduction of sintili-
mab was not considered. The first chemotherapy dose was
allowed to fluctuate up to 10% of the recommended dosage
depending on the patient’s general health status. A maximum of
two dose reductions of chemotherapy (to 80% or even 60% of
the initial dose and then discontinuation) was permitted when
serious treatment-related adverse events (TRAEs) occurred. The
decision to discontinuemedication was based on patients’ choices
and investigators’ judgments.

Surgery was scheduled within 2–6 weeks after completion of
neoadjuvant therapy for patients without tumour progression by
preoperative imaging assessment. Patients with resectable disease
proceeded to gastrectomy with D2 lymph node dissection, and
the scope of resection was determined by the location and extent
of the primary tumour according to Japanese gastric cancer
treatment guidelines (version 4).[25] Subsequent treatment regi-
mens were confirmed by the investigators based on the assess-
ment of patients’ clinical conditions if disease progression or
metastasis occurred during the neoadjuvant therapy. Adjuvant
chemotherapy with the FLOT regimen at the same dosages was
recommended for four cycles at 3–8 weeks after surgery.

Assessments

Laboratory tests (including complete blood counts, chemistry,
urinalysis, thyroid function tests, and electrocardiograms), phy-
sical examination, ECOG PS, gastroscopy with biopsy, and
pathological evaluation were performed at baseline and before
the start of each treatment cycle. Safety was assessed by TRAEs;
TRAEs since the initiation of neoadjuvant therapy until the last
dose of adjuvant therapy were graded according to the National
Cancer Institute’s Common Toxicity Criteria for Adverse Events
(NCI-CTCAE), version 5.0.[26] Perioperative morbidity and
mortality were recorded. Patients were followed up every
2–3 months after the completion of postoperative treatment until
death. Postoperative surgical complications were graded
according to the Clavien–Dindo classification.[27]

Tumour responses were assessed by two independent pathol-
ogists using Response Evaluation Criteria in Solid Tumours
version 1.1 (RECIST v1.1)[28] with MRI or CT at baseline and
every 2 cycles. Imaging studies were also performed before sur-
gical resection to confirm resectability and response and before
the first cycle of postoperative treatment for routine examination.
Tumour staging was performed at baseline (clinical TNM

Classification of Malignant Tumours: cTNM) and after surgery
(post-neoadjuvant pathologic TNM Classification of Malignant
Tumours: ypTNM) according to the 8th edition of the American
Joint Committee on Cancer (AJCC) classification. Pathological
regression in the primary tumour and lymph nodes after surgery
was graded according to the Ryan criteria for tumour regression
grading (TRG):[29] TRG0 (no viable cancer cells), which was
equivalent to a pCR; TRG1 (single cells or small groups of cancer
cells, moderate response); TRG2 (residual cancer outgrown by
fibrosis, minimal response); and TRG3 (minimal or no tumour
cells killed, poor response).

Biomarker analysis

Tumour specimens from gastroscopy biopsy and surgical resec-
tion were collected for biomarker analysis. PD-L1 expression was
assessed in formalin-fixed, paraffin-embedded (FFPE) tumour
samples with the PD-L1 immunohistochemistry (IHC) 22C3
pharmDx assay (Dako, Glostrup, Denmark). A combined posi-
tive score (CPS) was used to characterize the PD-L1 expression.
PD-L1 positivity was defined as CPS greater than or equal to 1,
calculated as the number of all PD-L1-positive cells (tumour cells,
lymphocytes, and macrophages) divided by the number of all
tumour cells × 100.

TheMSI/mismatch repair (MMR) status was assessed by next-
generation sequencing (NGS) or IHC for MLH1,MSH2, MSH6,
and PMS2.

Multiplex immunofluorescence (MIF) staining was used to
evaluate the expression of CD8, FoxP3, CD3, CD19, and CD68
on tumour and/or tumour-infiltrating immune cells. Details
regarding NGS, IHC, and MIF staining were provided in
Additional Files 2–4, Supplemental Digital Content 2, http://
links.lww.com/JS9/B805.

Venous blood samples were taken at baseline, preoperatively,
and on day 7, one month, three months, and six months post-
operatively and centrifuged to obtain the supernatant. The lactate
dehydrogenase (LDH) activity, one feature of venous blood
composition, was detected using a BECKMANAU680 automatic
biochemical analyzer (BECKMAN), according to manufacturers’
declarations.

Nanostring-based multigene assay

The NanoString nCounter platform was developed to measure
the expression of 750 immune-related human genes from the
FFPE-derived tumour tissues. The detailed method was presented
in Additional File 5, Supplemental Digital Content 2, http://links.
lww.com/JS9/B805.

Endpoints

The primary endpoint was the pCR rate, whichwas defined as the
proportion of patients with grade 0 regression (TRG0). The
secondary endpoints were objective response rate [ORR, calcu-
lated as the proportion of patients achieving complete response
(CR) and partial response (PR)], disease control rate [DCR,
referred to the proportion of patients with CR, PR, and stable
disease (SD)], OS (defined as the period from enrolment to all-
caused death), disease-free survival (DFS, defined as the time from
surgery to disease progression, relapse, or death from any cause),
event-free survival (EFS, defined as the time from enrolment to the
disease progression that precluded surgery, postoperative disease
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progression or recurrence, or death from any cause), major
pathological response (MPR) rate (defined as the proportion of
patients with TRG0 and TRG1), R0 resection rate, downstaging,
and safety. The exploratory endpoints were the pre-treatment
and post-treatment dynamics of alterations in the tumour
immune microenvironment or biomarkers and their correlation
with the pathological response to the study treatment.

Statistical analysis

The sample size of 32 patients was determined based on the
exploratory nature of this study.

Analyses of the primary endpoint and secondary endpoints
(including DFS, MPR rate, R0 resection rate, downstaging, rate
of each TRG after surgery, and surgical complications) were
performed in the surgery set, which was defined as all eligible
patients who received at least one dose of the study drug and
underwent surgery based on an intention-to-treat (ITT) basis.
EFS, OS, ORR, and DCR were analyzed in the full analysis set
(FAS), which was defined as all patients who had received at least
one dose of the study drug, regardless of whether they underwent
surgery. Safety analysis was performed in the safety analysis set
(SAS), which was defined as all patients who received the study
drug medication at least once and had safety records. The bio-
marker population was defined as patients with at least one
evaluable tumour sample.

Categorical variables were summarized as frequencies [per-
centage (%)], and continuous variables were presented as med-
ians with interquartile range (IQR) or range. The 95% CI of the
pCR, MPR rate, R0 resection rate, ORR, and DCR were calcu-
lated using the Clopper-Pearson method. DFS, EFS, and OS were
calculated using the Kaplan–Meier method with a 95% CI. The
log-rank test determined survival differences across subgroups.
Median follow-up was calculated using reverse Kaplan–Meier
method. Patients without documented evidence of an event were
censored at the date of last follow-up. Wilcoxon matched-pairs
signed-rank test was used to assess the significant difference in
serum LDH levels between the two groups. The diagnostic
accuracy was determined using receiver operating characteristic
curves (ROC) and its corresponding area under the ROC curve

(AUC) and the optimal cut-off point with its corresponding sen-
sitivity and specificity. Statistical comparisons of baseline char-
acteristics between TRG0 and TRG1-3 groups according to
clinicopathological variables were performed using Fisher’s
exact test. Statistics of density in immune cells between TRG0
and TRG3 groups were analyzed using the two-tailed student’s t-
tests. In order to identify differentially expressed genes related
to the TRG, we performed the Mann–Whitney U test. All sta-
tistical tests were two-sided, with significance set at P less than
0.05. All analyses were conducted using R Statistics software
version 4.1.0.

Results

Patient characteristics

Between August 2019 and September 2021, 35 patients were
screened and 3 were excluded from the enrolment due to the use
of banned treatment defined in this study. A total of 32 patients
were enroled and received study treatment and were thus inclu-
ded in the FAS and SAS (Fig. 2). Besides, 3 patients did not pro-
ceed with surgery because of disease progression (n=1) and
refusal of surgery (n=2); thus, 29 patients were included in the
surgery set.

The baseline characteristics of 32 patients were shown in
Table 1. The median age was 58 (range, 43–70) years and the
majority of the patients were male (25/32, 78.1%). Most of the
primary tumours were located in the G (26/32, 81.3%) and all
cases had clinical stage III disease. The baseline clinical tumour
stage of cT4a and the clinical node stage of N+ were observed in
19 (59.4%) and 32 (100.0%) patients, respectively. Twenty-nine
(90.6%) patients were assessed for PD-L1 expression; of whom
13 (44.8%) had a CPS of greater than or equal to 1. All patients
were evaluated for MSI status and most tumours (26/32, 81.3%)
were MSI-low/microsatellite stability (MSS). There were no sig-
nificant differences in clinical characteristics between the TRG0
and TRG1-3 groups (Additional File 6, Supplemental Digital
Content 2, http://links.lww.com/JS9/B805).

Figure 1. Treatment schedule. The treatment procedures for patients with locally advanced resectable G/GEJ cancer. FLOT, = fluorouracil, leucovorin, oxaliplatin,
and docetaxel; G/GEJ, = gastric or gastroesophageal junction; PD-1, programmed death 1.
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Treatment

Of patients with neoadjuvant therapy, one requested surgery
following three cycles of neoadjuvant therapy and one received
only one cycle of sintilimab and three cycles of FLOT due to grade
3 increased alanine aminotransferase (ALT).

Totally 29 patients proceeded with gastrectomy with D2
lymph node dissection, with a mean time between the last
neoadjuvant therapy and surgery of 26.8 (range, 19–73) days.
Two (6.9%) patients underwent R1 resection with positive sur-
gical margins; the R0 resection rate was 93.1% (95% CI,
77.2–99.2%). The mean number of lymph nodes resected was 26
(range, 14–53). The mean operative time was 219.1 (range,
166.0–272.2) min. The mean intraoperative blood loss was 210
(range, 14–406) ml. The mean length of postoperative hospital
stay was 12 (range, 7–32; Additional File 7, Supplemental Digital
Content 2, http://links.lww.com/JS9/B805) days.

Postoperative adjuvant therapy was initiated in 25 (86.2%)
patients with 4 discontinuations due to the COVID-19 pandemic.
Among them, 12 (41.4%) completed 4 cycles; while 5 (17.2%)
received two, and 8 (27.6%) received three cycles of adjuvant
therapy.

Pathological responses and survival outcomes

Based on the pathological evaluation of 29 patients in the surgery set,
pCR (TRG0) was achieved in 5 (17.2%; 95% CI, 5.8–35.8%)
patients. TRG1, TRG2, and TRG3were observed in 11 (37.9%), 10
(34.5%), and 3 (10.3%) patients, respectively (Table 2 and Fig. 3).
The MPR (TRG0/1) rate was 55.2% (95% CI, 35.7–73.6%).
Compared with the clinical stage before treatment, 23 (79.3%)
patients had T downstaging, 21 (72.4%) had N downstaging, and
19 (65.5%) had overall TNM downstaging.

At the cut-off date of 1 November 2023, the median follow-up
for surviving patients was 34.8 (95% CI, 32.8–42.9) months and
8 (25%) of 32 patients in the FAS population had died and

6 (20.7%) of 29 patients in the surgical setting had relapsed.
Totally 11 (34.4%) patients were follow-up for over 3 years.
Median DFS, median EFS, and median OS were not reached. The
EFS, DFS, OS rates at 2 years were respectively estimated as 75%
(95% CI, 61.4–91.6%), 82.8% (95% CI, 70.1–97.7%), and
84.4% (95%CI, 72.7–97.9%). The estimated 3-year EFS rate, 3-
year DFS rate, and 3-year OS rate were 71.4% (95% CI,
57.2–89.2%), 78.8% (95% CI, 65.1–95.5%), and 70.9% (95%
CI, 54.8–91.6%), respectively (Fig. 4A). Patients who achieved
pCR (TRG0) showed numerically better EFS, DFS, and OS than
patients with non-pCR (TRG1-3) (Fig. 4B). Of all 32 patients
with preoperative imaging assessment, ORR was observed in 27
patients (84.4%; 95%CI, 68.3–93.1%), including 4 (12.5%) CR
and 23 (71.9%) PR (Table 2). Four (12.5%) had SD per RECIST
v1.1; thus, the DCR was 96.9% (95% CI, 84.3–99.5%). Only 1
(3.1%) had progressive disease (PD) before surgery. A total of 31
(96.9%) patients had tumour shrank and the best change in target
lesion diameter from baseline was shown in Fig. 4C.

Safety and tolerability

In the SAS population, 32 (100.0%) patients experienced at least
one TRAE during neoadjuvant therapy (Table 3). Common
TRAEs of any grade were nausea (100.0%), decreased appetite
(100.0%), hypodynamia (100.0%), lymphopenia (96.9%),

Figure 2. Consort diagram. FAS, full analysis set; FLOT, fluorouracil, leucov-
orin, oxaliplatin, and docetaxel; Q2W, every 2 weeks; Q3W, every 3 weeks;
SAS, safety analysis set.

Table 1
Baseline characteristics.

Characteristics All patients (n= 32)

Age, years-median (range) 58 (43–70)
Sex, n (%)
Male 25 (78.1)
Female 7 (21.9)

Primary tumour location, n (%)
Gastric 26 (81.3)
Gastric-oesophageal junction 6 (18.7)

Histologic grade, n (%)
Moderately differentiated 7 (21.9)
Poorly differentiated 19 (59.4)
Not evaluable 6 (18.7)

Clinical T-stage, n (%)
cT3 13 (40.6)
cT4a 19 (59.4)

Clinical N-stage, n (%)
cN0 0
cN+ 32 (100.0)

MSI status, n (%)
MSI-H 2 (6.3)
MSS 26 (81.3)
Not reported or invalid 4 (12.5)
PD-L1 status 29 (90.6)

CPS <1a 16 (55.2)
CPS ≥ 1a 13 (44.8)

Clinical tumour, node, metastases (TNM) stage, n (%)
III 32 (100.0)

ECOG PS, n (%)
0 8 (25.0)
1 24 (75.0)

Data are presented as the median (IQR) or n (%).
CPS, combined positive score; ECOG PS, Eastern Cooperative Oncology Group Performance Score;
MSI, microsatellite instability; MSI-H, MSI-high; MSS, MSI-low/microsatellite stability; PD-L1,
programmed cell death protein-1 and its ligand.
aThe proportion was calculated in the 29 patients with evaluable PD-L1 status.
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anaemia (84.4%), leukopenia (75.0%), and neutropenia
(65.6%). The majority of TRAEs were grade 1–2. Grade 3 or
higher TRAEs occurred in 19 (59.4%) patients and mainly
included lymphopenia (34.4%), neutropenia (28.1%), leukopenia
(15.6%), and anaemia (12.5%). Of note, 6 (18.8%) patients had
hypothyroidism, which was considered a potential immunologic
cause. No grade 5 TRAEs were reported.

Among 29 patients in the surgery set, 15 (51.7%) patients
experienced grade 1–2 surgical complications, mainly including
anaemia (44.8%), fever (13.8%), weight loss (10.3%), and
intestinal obstruction (10.3%) (Table 4). No grade 3 or higher
surgical complications and postoperative mortality were

observed. No surgical complications leading to readmission
within 30 days, emergency reoperation, or intensive care
occurred.

Biomarker analysis

Regarding MSI status, only 2 patients were identified as MSI-H
with high PD-L1 expression (CPS ≥ 1) and did not achieve the
pCR (Fig. 3). Therefore, we were unable to provide information
on the relationship between MSI-H and tumour response in
this study.

The LDH activity was detected in 24 of 29 surgical patients.
Elevated LDH levels following the neoadjuvant therapy and
decreased LDH after surgery were observed (Fig. 5A). In addi-
tion, we divided the patients into two groups according to
pathological responses: the TGR0 group representing marked
tumour regression, and the TRG1-3 group showing mild or no
regression. It was found that the TRG1-3 group had a higher
LDH level after neoadjuvant therapy, while there was no sig-
nificant difference in the TRG0 group (Fig. 5B). We defined
baseline LDH level as the base-LDH group, preoperative as the
pre-LDH group, the difference between pre-LDH and base-LDH
as the pre-base group, and postoperative as the post-LDH group.
ROC analysis showed that LDH levels in the pre-base group
exhibited a better predictive value for pathological response than
LDH contents in base-LDH, pre-LDH, and post-LDH groups
(Fig. 5C). Moreover, compared with PD-L1 expression andMSS/
MSI-H status, LDH levels in the pre-base group could sig-
nificantly differentiate patients with different pathological
responses (Fig. 5D). AUC, optimal cut-off value, sensitivity, and
specificity for the diagnosis of pathological response were shown
in Additional File 8, Supplemental Digital Content 2, http://links.
lww.com/JS9/B805.

Since partial responders (TRG1 and 2) did not show a distinct
immune profile, the opposite ends of the histopathological
response spectrum were compared [TRG0, complete responders
(CRs), n=5 vs. TRG3, non-responders (NRs), n= 3]. MIF
staining showed that despite no statistically significant (P> 0.05),
the increase of CD3+ T cells, CD8 + T cells, and CD19 + B cells,
and the decrease in CD68+ tumour-associated macrophages
(TAM) was observed in the TRG0 group (Fig. 6A). In addition,
FoxP3 + regulatory T cells (Tregs) were not significantly different
between the TRG0 and TRG3 groups. To identify transcriptional
differences in the tumour immune microenvironment in patients
with differential pathological responses to this combination,
NanoString analysis was performed to measure the expression of
770 immune-related genes. A differential gene expression analy-
sis comparing CRs and NRs revealed a total of 25 significantly
differentially expressed genes (DEGs); therefore, 9 were upregu-
lated and 16 were downregulated (Fig. 6B). IL6 and HRAS genes
were amongst the most highly and least expressed, respectively.
KEGG enrichment analysis demonstrated that the Toll-like
receptor, T-cell receptor signalling pathway, natural killer cell-
mediated cytotoxicity, and chemokine signalling pathway were
prominent in the TRG3 group. In contrast, the mTOR signalling
pathway, antigen processing and presentation, and Th17 cell
differentiation significantly enriched in the TRG0 group
(Fig. 6C). Collectively, these data suggested the dynamic com-
plexity and diverse behaviour of the tumourmicroenvironment in
patients with different pathological responses.

Table 2
Radiological response in the FAS and pathological response in the
surgery set.

Best responses

Radiological evaluation, n (%) Patients (n= 32)
CR 4 (12.5)
PR 23 (71.9)
SD 4 (12.5)
PD 1 (3.1)
ORR 27 (84.4, 68.3–93.1%)
DCR 31 (96.9, 84.3–99.5%)

Pathological evaluation, n (%) Patients (n= 29)
Pathology T-stage

ypT0 5 (17.2)
ypT1 5 (17.2)
ypT2 4 (13.8)
ypT3 10 (34.5)
ypT4 3 (10.3)
ypTx 2 (6.9)
Downing T 23 (79.3)

Pathology N-stage
ypN0 16 (55.2)
ypN1 7 (24.1)
ypN2 4 (13.8)
ypN3 2 (6.9)
Downing N 21 (72.4)

Nerve invasion
0 17 (58.6)
1 8 (27.6)
Unknown 4 (13.8)

Vessel invasion
0 14 (48.3)
1 11 (37.9)
Unknown 4 (13.8)

Pathological regression (as per the Mandard criteria)
TRG0 (pCR rate) 5 (17.2)
TRG1 11 (37.9)
TRG2 10 (34.5)
TRG3 3 (10.3)
MPR rate 16 (55.2)

TNM stage after operation
ypT0N0 5 (17.2)
Stage I 8 (27.6)
Stage II 11 (37.9)
Stage III 5 (17.2)

Data are presented as n (%) or n (%, 95% CI).
CR, complete response; DCR, disease control rate; FAS, full analysis set; MPR, major pathological
response; ORR, overall response rate; pCR, pathological complete response; PD, progressive disease;
PR, partial response; SD, stable disease; TNM, tumour/node/metastases; TRG, tumour regression
grading.
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Discussion

Neoadjuvant chemotherapy has been widely utilized to enhance
R0 resection rates and improve survival time for patients with
locally advanced GC, given its low survival rate. The role of
immunotherapy combined with chemotherapy in the periopera-
tive treatment of G/GEJ cancers is unknown. To our knowledge,
this was the first long-term follow-up study to investigate the
feasibility of neoadjuvant sintilimab plus FLOT chemotherapy in
patients with resectable G/GEJ cancer, which demonstrated
encouraging efficacy with a pCR (ypT0N0) rate of 17.2%, an
MPR rate of 55.2%, and manageable safety profiles. The esti-
mated 3-year EFS rate, 3-year DFS rate, and 3-year OS rate were
71.4% (95% CI, 57.2–89.2%), 78.8% (95% CI, 65.1–95.5%),
and 70.9% (95%CI, 54.8–91.6%), respectively. These data may
provide potential evidence for the neoadjuvant PD-1 blockade
plus chemotherapy for this population.

Regarding perioperative standard chemotherapy for G/GEJ
cancer, the neoadjuvant FLOT regimen has been shown to
achieve higher rates of pCR at 16.0% and MPR at 37.0%
compared to the SOX and CapeOx regimens.[8] However,
there is still some controversy regarding whether neoadjuvant
FLOT is equally beneficial compared to the popular SOX or
XELOX regimens in East Asian patients.[22] A phase II ran-
domized trial conducted in China demonstrated that only 2%
of patients in the FLOT group achieved a pathological com-
plete regression, whereas none of the patients in the SOX

group achieved pCR.[22] In contrast, our study reported even
more promising results, with a numerically higher rate of pCR
at 17.2% and MPR at 55.2%. Additionally, the R0 resection
rate of 93.1% might be slightly underestimated due to two
patients refusing surgery after radiological assessment indi-
cating CR and PR. These encouraging outcomes can be
attributed to the additional therapeutic benefits of neoadjuvant
ICIs in combination with chemotherapy, compared to che-
motherapy alone, for advanced G/GEJ cancer.

The interim results of the DANTE trial reported a pCR rate of
25% in patients treated with a combination of atezolizumab and
FLOT chemotherapy.[30] It was important to note that the pCR
rate in our trial (17.2% vs. 25.0%) was moderately lower com-
pared to the DANTE trial using the same chemotherapy back-
bone. There were a couple of reasons that could explain this
difference. Firstly, there was some controversy regarding whether
neoadjuvant FLOT chemotherapy is equally beneficial in East
Asian patients compared to German patients.[22] In addition, due
to the lack of head-to-head comparisons, it was difficult to
directly compare treatment outcomes and safety profiles between
anti-PD-1 and anti-PD-L1 therapies. Secondly, it was worth
noting that our study had poorer baseline characteristics. All of
our patients (100.0%) had locally advanced tumours (cT3/T4)
and lymph node involvement (cN+ ), whereas the proportions in
the DANTE trial were 77.0% and 78.0%, respectively.[30]

Therefore, it was possible that our patients had inferior outcomes
compared to those in the DANTE trial.

Figure 3. Pathological response in the surgery set. The pathological response of each patient was assessed according to the Ryan criteria (n= 29). MSI-H, high
microsatellite instability; MSS, MSI-low/microsatellite stability; OS, overall survival; PD-L1, programmed death 1 and its ligand; Pt, patient; TRG, tumour regression
grading.
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Regarding relapse and survival, our study estimated a 3-
year DFS rate of 78.8% (95% CI, 65.1–95.5%) and a 3-year
OS rate of 70.9% (95% CI, 54.8–91.6%). With a sufficient
follow-up period, our findings indicated that patients who
achieved a pCR had numerically better EFS, DFS, and OS
compared to those who did not achieve a pCR. It was

important to note that previous reports on neoadjuvant
immunotherapy had short follow-up time and immature OS
data. Therefore, our results were mainly compared with the
FLOT4 trial and showed better outcomes than what has been
reported in that trial (the 3-year DFS rate was 48%, and the
3-year OS rate was 58%).[31–35]

Figure 4. Survival outcomes and tumour radiological response. (A) Kaplan–Meier curves for event-free survival and overall survival in the FAS population (n=32),
and disease-free survival in the surgery set (n=29). (B) Kaplan–Meier curves for event-free survival, overall survival and disease-free survival in the surgery set
(n= 29) under the stratification factor of TRG status. (C) Waterfall plot of tumour size change from baseline to maximum percentage in FAS as per RECIST version
1.1 (n= 32). CR, complete response; FAS, full analysis set; PD, progressive disease; PR, partial response; RECIST, response evaluation criteria in solid tumours;
SD, stable disease; TRG, tumour regression grading.
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Furthermore, the promising 3-year survival rates observed in our
study can be partly attributed to the fact that over half of the patients
(55.2%) achieved nodal downstaging to ypN0 after treatment. Nodal
downstaging has been recognized as an important indicator of the
effectiveness of neoadjuvant therapy for G/GEJ cancer and has a
positive impact on the survival of this patient population.[36–38]

Additionally, our study observed a remarkable downstaging of the
overall TNM stage (65.5%), which was higher compared to pre-
viously reported rates (43.3–55.2%).[39,40] This downstaging indicated
that neoadjuvant therapy effectively reduced the tumour burden

before surgery. Moreover, the evaluation of radiological response
using RECIST criteria was important for assessing the effectiveness of
neoadjuvant therapy for G/GEJ cancer.[41] In our study, an ORR of
84.4% was observed, and tumour shrinkage was observed in 31 out
of 32 patients (96.9%). These findings suggested that neoadjuvant
therapy significantly reduced the tumour size, which may have con-
tributed to the low recurrence rate (20.7%) observed in our study.

Although prior studies showed that patients with PD-L1-posi-
tive and MSI-H may achieve prolonged response duration,[42–45]

no compelling conclusions regarding correlations between both
and pathological response were drawn due to the limited sample
size in this study. Although preoperative LDH level was an unfa-
vourable prognosticator for the prediction of survival (OS and
DFS) in patients with D2-resected GC,[46] limited data were
available on the changes in LDH levels on the pathological
response in G/GEJ cancer. In our study, a significantly increased
LDH level from baseline was observed in the non-pCR (TRG1-3)
group after neoadjuvant therapy, while no obvious LDH changes
in the pCR (TRG0) group; it may indicate the potential of LDH as
a biomarker for selecting patients who achieved better pCR and
tumour regression from neoadjuvant anti-PD-1 plus chemother-
apy. These results have prompted us to consider whether different
tumour regression grades correspond to varying degrees of LDH
level changes from baseline; regrettably, this would require further
exploration in the future, as we did not refine the subgrouping in
our current study. Of note, results with better pathologic response
achieved in patients with preoperative three-/four/drug che-
motherapy compared to thosewith two-drug regimen[8,9] indicated
that chemotherapy intensity may affect histologic tumour regres-
sion; we reasoned that the addition of higher-intensity che-
motherapy to the PD-1 inhibitors may result in stronger tumour
regression, reflected in smaller or even non-significant changes in
LDH levels. Overall, LDH as a potential biomarker may monitor
response to therapeutic interventions and help clinicians develop
more personalized treatment regimens for patients with different
prognosis, warranting further investigation for prognostic value. In
addition, we also found that LDH in the pre-base group
(AUC=0.742), as a potential cost-effective biomarker, may have a
higher predictive value to pathological response than MSI/MSI-H
(AUC=0.548) or PD-L1 (AUC=0.548). Despite the provision of
some insights, the results should be interpreted with caution due to
the limited sample size and urge the need for further large-scale
multicenter randomized trials.

Increasing evidence suggested that elevated levels of CD19+ B
cells, CD3+ T cells, CD8+ T cells, and FoxP3 Tregs, as well as
decreased levels of CD68 + TAMs, were significantly correlated
with a better prognosis in GC.[47–49] Although our study did not
show statistically significant differences in outcomes, we observed
a similar trend in these tumour-infiltrating lymphocytes (TILs).
Whether the infiltration density of TILs is considered as the pre-
dictive biomarkers for prognosis warrants additional observation
and verification in studies with a larger sample size, which may
allow further customization of treatments and prediction of
individualized therapeutic responses.

The safety profiles of neoadjuvant sintilimab plus FLOT che-
motherapy were manageable with the most frequent TRAEs
being nausea, decreased appetite, and hypodynamia, which was
similar to previous findings.[18,22,50] No new safety signals were
identified. The lower incidence of commonly reported grade 3–4
haematological toxicity including leucopenia (15.7% vs. 28.0%)
and neutropenia (28.1% vs. 52.0%) was observed in our study

Table 3
Treatment-related adverse events (TRAEs) in the SAS population.

Safety population (n= 32), n (%)

Any grade Grade 1–2 Grade 3 Grade 4

Nausea 32 (100.0) 31 (96.9) 1 (3.1) 0
Decreased appetite 32 (100.0) 32 (100.0) 0 0
Hypodynamia 32 (100.0) 29 (90.6) 3 (9.4) 0
Lymphopenia 31 (96.9) 20 (62.5) 7 (21.9) 4 (12.5)
Anaemia 27 (84.4) 23 (71.9) 4 (12.5) 0
Leukopenia 24 (75.0) 19 (59.4) 3 (9.4) 2 (6.3)
Neutropenia 21 (65.6) 12 (37.5) 5 (15.6) 4 (12.5)
Alopecia 17 (53.1) 17 (53.1) 0 0
Increased alanine aminotransferase 17 (53.1) 16 (50.0） 1 (3.1) 0
Increased aspartate aminotransferase 17 (53.1) 17 (53.1) 0 0
Vomiting 14 (43.8) 13 (40.6) 1 (3.1) 0
Decreased platelet count 13 (40.6) 12 (37.5) 1 (3.1) 0
Diarrhoea 12 (37.5) 10 (31.2) 2 (6.3) 0
Hypokalemia 7 (21.9) 7 (21.9) 0 0
Hypothyroidism 6 (18.8) 6 (18.8) 0 0
Hyperbilirubinemia 5 (15.6) 5 (15.6) 0 0
Fever 5 (15.6) 5 (15.6) 0 0
Peripheral neuropathy 4 (12.5) 4 (12.5) 0 0
Subclinical hypothyroidism 3 (9.4) 3 (9.4) 0 0
Hypoproteinemia 3 (9.4) 3 (9.4) 0 0
Abdominal pain 3 (9.4) 2 (6.3) 1 (3.1) 0
Febrile neutropenia 3 (9.4) 0 3 (9.4) 0
Hyperthyroidism 2 (6.3) 2 (6.3) 0 0
OEdema 2 (6.3) 2 (6.3) 0 0
Proteinuria 2 (6.3) 2 (6.3) 0 0
Dyspnoea 1 (3.1) 1 (3.1) 0 0

Data are n (%).
SAS, safety analysis set.

Table 4
Surgical complications in the surgery set.

Patients (n= 29), n (%)

Surgical complication Any grade Grade 1–2 Grade 3 or higher

Anaemia 13 (44.8) 13 (44.8) 0
Fever 4 (13.8) 4 (13.8) 0
Weight loss 3 (10.3) 3 (10.3) 0
Intestinal obstruction 3 (10.3) 3 (10.3) 0
Intra-abdominal infections 2 (6.9) 2 (6.9) 0
Pneumonia 2 (6.9) 2 (6.9) 0
Bloodstream infection 2 (6.9) 2 (6.9) 0
Anastomotic leak 2 (6.9) 2 (6.9) 0
Hypoproteinemia 1 (3.4) 1 (3.4) 0
Pancreatic fistula 1 (3.4) 1 (3.4) 0
Incision infection 1 (3.4) 1 (3.4) 0

Data are n (%).
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Figure 5. The predictive value of the LDH levels/PD-L1 expression/MSI status to pathological response. (A) Boxplots of the LDH levels between the baseline group
and the pre-operation group and between the pre-operation group and the post-operation group. (B) The correlation between variations in the LDH levels after
neoadjuvant therapy and pathological response (non-TRG0 and TRG0). (C) The receiver operating characteristic curves of predictive value regarding serum LDH
levels at baseline (base), pre-operation (pre), post-operation (post), or between baseline and pre-operation (pre-base) to the pathological response. (D) The receiver
operating characteristic curves of predictive value regarding serum LDH levels at the pre-base group, PD-L1 expression, and MSI status to the pathological
response. AUC, area under the receiver operating characteristic curve; LDH, lactate dehydrogenase; MSI, microsatellite instability; MSS, MSI-low/microsatellite
stability; PD-L1, programmed death 1 and its ligand; TRG, tumour regression grading.
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Figure 6. Dynamic complexity and diverse behaviour of tumour microenvironment in patients with different pathological responses. (A) Immune cell infiltration in
tumour parenchyma by multiple immunofluorescence staining. Densities of the following cells are compared between patients with TRG0 (n=5) and TRG3 (n=3):
infiltrating CD3+ cells, infiltrating CD8+ cells, infiltrating CD19+ cells, infiltrating CD68+ cells, infiltrating FOXP3 cells. (B) Volcano plot displaying significantly
differentially expressed immune-related genes between TRG0 and TRG3 groups. (C) Immune pathways with a significantly different expression between TRG0 and
TRG3 groups per gene set enrichment analysis. TRG, tumour regression grading.
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over the FLOT4 trial.[50] It may be due to the use of a perio-
perative granulocyte colony-stimulating factor in the study.
Moreover, it demonstrated that the addition of sintilimab might
not increase toxicity mainly caused by chemotherapy. Similar
outcomes were seen in a study of neoadjuvant sintilimab plus
CapeOx chemotherapy.[18] Of note, compared with patients with
chemotherapy backbone alone (1.0%),[50] 12.5% experienced
grade 3-4 anaemia in this study. We recommended that the sur-
veillance for anaemia should be strengthened in the application of
this combination regimen. All surgical complications were mild
(grade 1–2) in our study. On the whole, our data indicated that
sintilimab plus FLOT might be safe but also reminded us to pay
more attention to and improve the management of AEs during
immunotherapy.

There were several limitations in this study. First, since there
was no available prior data for anti-PD-1 plus chemotherapy in
patients with G/GEJ cancer at the time of design, the sample size
was not calculated. Therefore, the study was exploratory and
empirically estimated the sample size. Second, the single-arm,
single-centre phase 2 design might lead to potential selection bias.
In this setting, a compelling assessment of the contribution of the
combination regimen was difficult. Third, the biomarker corre-
lative analyses were exploratory. Therefore, it was limited
regarding the ability to identify new biological processes asso-
ciated with treatment response. The clinical response observed in
this study should be further accompanied and explained with
biomarker and translational studies.

Conclusions

Neoadjuvant sintilimab plus FLOT regimen showed encouraging
clinical benefits and acceptable safety, providing a feasible and
promising treatment option for locally advanced, resectable G/
GEJ cancer. Well-designed phase 3 randomized controlled trials
are warranted soon to further confirm our findings. Moreover,
predictive biomarkers for pathological response and survival
should also be the focus of future studies while precisionmedicine
is awaited.
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