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Perioperative camrelizumab and apatinib combined with
chemotherapy for locally advanced gastric cancer in China:
three-year survival outcomes of phase 2 randomized
controlled trial
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Summary

Background The Arise-FJ-G005 study compared the efficacy and safety of perioperative camrelizumab and apatinib
combined with chemotherapy with those of perioperative chemotherapy alone for locally advanced gastric cancer
(LAGC) and assessed its effect on major pathological response (MPR). Herein, we report the 3-year survival
outcomes of this trial.

Methods Arise-FJ-G005 was a multicenter, open-label, phase 2, randomized controlled trial (NCT 04195828),
conducted between June 2020 and March 2022. Patients with LAGC (clinical T2-4, N+, M0) were randomly
assigned to receive perioperative CA-SAP (camrelizumab and apatinib combined with nab-paclitaxel plus S-1
[SAP]) or SAP alone for three cycles preoperatively and five cycles postoperatively. The primary endpoint was the
MPR. This report focuses on the secondary endpoints of 3-year progression-free survival (PFS) and overall
survival (OS).

Findings Between June 18, 2020, and March 31, 2022, 106 patients were randomly assigned to the CA-SAP or the
SAP group in a 1:1 ratio, of whom 51 in the CA-SAP and 53 in the SAP group were included in the modified
intention-to-treat analysis. The 3-year PFS was 64% (95% confidence [CI]: 52%-79%) and 48% (95% CI: 36%—
64%) in the CA-SAP and SAP groups, respectively, with an adjusted hazard ratio (HR) of 0.512 (95% CI:
0.263-0.998). The 3-year OS was 63% (95% CI: 51%-78%) and 61% (95% CI: 49%-77%) in the CA-SAP and
SAP groups, respectively (adjusted HR: 0.987, 95% CI: 0.481-2.026). Exploratory analysis revealed heterogeneity
in the treatment effect among subgroups according to performance status.

Interpretation Adding camrelizumab and apatinib to perioperative chemotherapy did not result in a meaningful
improvement in the 3-year OS of unselected patients with LAGC. Due to its suboptimal tolerability and
effectiveness, future research should focus on identifying subpopulations that may benefit from this combination
treatment strategy.
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Research in context

Evidence before this study

We searched PubMed and the abstracts of the American
Society of Clinical Oncology, European Society for Medical
Oncology, and Chinese Society of Clinical Oncology and other
major oncology congresses with the keywords “gastric” OR
“gastroesophageal junction”, “neoadjuvant” OR
“perioperative” as well as “PD-1" OR “PD-L1", for articles
published between Jan 1, 2020, and June 30, 2025. We
identified two phase 3 trials of perioperative PD-1/PD-L1
inhibitors combined with chemotherapy in patients with
locally advanced gastric cancer: KEYNOTE-585 and
MATTERHORN. The former reported that adding
immunotherapy to perioperative chemotherapy did not
significantly improve event-free survival, while the latter
reported that perioperative immunochemotherapy
significantly improved event-free survival compared to
perioperative chemotherapy. Another phase 3 trial, DRAGON
IV/CAP 05, reported that neoadjuvant chemotherapy
combined with immunotherapy and antiangiogenic therapy
significantly improved the pathological complete response
rate in locally advanced gastric cancer compared to
chemotherapy alone. Likely, our group previously
demonstrated that neoadjuvant camrelizumab

Introduction

Radical surgical resection is the only curative treatment
available for locally advanced gastric cancer (LAGC).!
However, achieving a biologically complete resection
without any residual cancer cells remains challenging
due to the presence of micrometastases. To address this
dilemma, a multidisciplinary treatment strategy,
incorporating perioperative chemotherapy, has been
adopted. Neoadjuvant chemotherapy enhances the
chance of radical resection, eliminates micrometastases
early, and enables an assessment of in-vivo response,
making it the standard treatment for patients with
LAGC in the Western countries and some countries in
the Asia—Pacific region.”* Nevertheless, more than half
of the patients experience tumor relapse following
perioperative chemotherapy and surgery,”” high-
lighting the urgent need to develop more effective
regimens.

Neoadjuvant immunotherapy, which involves
administering an immune checkpoint inhibitor prior to
surgical resection, represents an emerging strategy in
oncology.® Compared with adjuvant immunotherapy,
neoadjuvant immunotherapy can alleviate the immu-
nosuppressive effects associated with surgical proced-
ures.” Currently, neoadjuvant immunotherapy has

(immunotherapy) and apatinib (antiangiogenic therapy)
combined with chemotherapy significantly increased the
proportions of patients achieving major pathological
response with acceptable safety compared with neoadjuvant
chemotherapy alone.

Added value of this study

In this updated report of survival outcomes, for unselected
patients with locally advanced gastric cancer, the addition of
camrelizumab and apatinib to perioperative chemotherapy
was associated with a modestly improved 3-year
progression-free survival, but it did not improve the 3-year
overall survival and showed suboptimal tolerability.
Exploratory analysis revealed heterogeneity in the treatment
effect among subgroups according to performance status.

Implications of all the available evidence

The failure of the “one-size-fits-all” strategy for this
combination treatment underscores the urgent need for a
reliable and precise method to stratify patients based on
clinical, pathological, and molecular biomarkers, in order to
enable optimal personalized treatment strategies for each
individual.

shown survival benefits in multiple cancer types.'”" For
LAGC, several randomized controlled trials (RCTs)
have demonstrated that adding anti-PD-1/PD-L1 ther-
apy to neoadjuvant chemotherapy significantly im-
proves the pathological complete response (PCR)
rate.”* In the interim analysis of the KEYNOTE-585
study, although neoadjuvant immunochemotherapy
prolonged the median event-free survival compared
with that of neoadjuvant chemotherapy (44.4 vs. 25.3
months), this difference was not statistically signifi-
cant.” The recently published MATTERHORN study
reported encouraging results, showing that adding
durvalumab to neoadjuvant chemotherapy significantly
improved the 2-year event-free survival (67.4% vs.
58.5%)." The overall survival (OS) results are imma-
ture, and follow-up is still ongoing.

Vascular endothelial growth factor (VEGF) is a bio-
logical mediator that has simultaneous tumor angio-
genesis and immunosuppressive effects. VEGF
indirectly influences antitumor immunity by hindering
the infiltration of immune effector cells into tumors.
Additionally, it has direct local and systemic immuno-
suppressive effects. Anti-VEGF therapy has the poten-
tial to reverse these immunosuppressive mechanisms,
thereby “normalizing” the tumor microenvironment
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and enhancing sensitivity to immunotherapy.'® Several
clinical trials have demonstrated that the combined
blockade of VEGF and the PD-1/PD-L1 axis has
promising antitumor effects in solid tumors,” " sug-
gesting a novel combination strategy.

Anti-PD-1 therapy combined with anti-VEGF ther-
apy and chemotherapy has been shown to have anti-
tumor activity in metastatic gastric cancer,”®”' but its
effect on LAGC remains unclear. Therefore, we con-
ducted a multicenter phase 2 RCT to explore the effi-
cacy and safety of camrelizumab and apatinib
combined with chemotherapy compared with chemo-
therapy alone in the perioperative treatment of LAGC.
The primary report demonstrated that adding camreli-
zumab and apatinib to neoadjuvant chemotherapy
significantly improved the major pathological response
(MPR).”> Herein, we report the 3-year survival
outcomes.

Methods

Study design and population

Arise-FJ-GO005 is a multicenter, open-label, phase 2 RCT
conducted in China from June 18, 2020 to March 31,
2022. Details on the eligibility criteria have been re-
ported previously.” Briefly, participants were treatment-
naive patients with histopathologically confirmed
gastric adenocarcinoma, clinically staged as cT2-4, N+,
MO, with at least one measurable lesion according to
the Response Evaluation Criteria in Solid Tumors
(RECIST) (version 1.1). Additional eligibility criteria
included age between 18 and 75 years, an Eastern
Cooperative Oncology Group (ECOG) performance
status (PS) score of 0 or 1, and no active autoimmune
disease or history of autoimmune disease. Full inclu-
sion and exclusion criteria are in the protocol. This
study was registered with  ClinicalTrials.gov
(NCT04195828). The results were reported in accor-
dance with the Consolidated Standards of Reporting
Trials (CONSORT) guidelines.

Ethics

The study was approved by the ethics committee of the
Fujian Medical University Union Hospital (approval
number: 2020YF013) and was conducted in adherence
to the Declaration of Helsinki. All participants provided
written informed consent before undergoing any
experimental treatment.

Randomization

After enrollment, participants were randomly assigned
in a 1:1 ratio to receive perioperative camrelizumab and
apatinib combined with chemotherapy or perioperative
chemotherapy alone. Simple randomization was per-
formed, without block or stratification. The randomi-
zation sequence was generated by an independent
statistician using SAS software, version 9.2 (SAS

www.thelancet.com Vol 89 November, 2025

Institute, Cary, NC, USA). An independent data man-
ager maintained this sequence and communicated the
randomization results to clinicians via phone or text
message. Both the participants and care providers were
aware of the treatment allocation, but the outcome as-
sessors, staff involved in follow-up, and statisticians
were blinded to the treatment assignment.

Procedures
All participants underwent a perioperative treatment
consisting of three neoadjuvant cycles and five adjuvant
cycles, with each cycle lasting 21 days. Any incomplete
neoadjuvant cycles were continued postoperatively to
complete a total of eight cycles. Chemotherapy con-
sisted of nab-paclitaxel 125 mg/m” intravenously on
days 1 and 8 combined with S-1 40-60 mg orally twice
daily, with the dose based on body surface area, on days
1-14 (SAP group). The CA-SAP group received the
same chemotherapy as that of the SAP group, with the
addition of camrelizumab (200 mg intravenously on day
1) and apatinib (250 mg orally once daily on days 1-21).
D2 gastrectomy was performed by experienced sur-
geons. During the perioperative treatment, dose modi-
fications (e.g., dose interruption, skip, delay, or
reduction) were allowed in cases of grade 3—4
treatment-related adverse events (TRAE) or intolerable
grade 2 non-hematologic adverse events. Up to two
dose reductions of nab-paclitaxel and S-1 were allowed.
Dose escalation was not permitted in participants who
had undergone a dose reduction. Dose adjustments of
camrelizumab and apatinib were not permitted. The
criteria for discontinuation included patient request,
disease progression or death, investigator decision, and
intolerable adverse events despite dose modification.
The follow-up period started on completion of all
study medications. The follow-up procedures included
physical examinations, laboratory tests (including
measurements of tumor markers such as carbohydrate
antigen 19-9 and carcinoembryonic antigen), and im-
aging (using chest radiography or computed tomogra-
phy [CT], abdominal ultrasound or CT, and endoscopy).
In the first 2 years after surgery, follow-up was con-
ducted every 3 months, and from the third year on-
wards, follow-up was performed every 6 months.
Information on survival status and subsequent treat-
ment was collected through outpatient visits or tele-
phone calls to participants, their family members, or
local physicians, until the endpoint of death, loss to
follow-up, or study termination. According to the study
protocol, all surviving participants were followed up for
3 years after randomization. The evaluation of adverse
events continued until 90 days after the last adminis-
tration of camrelizumab and 30 days after the last
administration of the other trial medications. Subse-
quent antitumor treatments were determined by the
investigators and based on the most recent clinical
practice guidelines, in particular the 2018 Japanese
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gastric cancer treatment guidelines” and its later ver-
sions. Since SAP was used as the chemotherapy
regimen, paclitaxel-based regimens were not recom-
mended as subsequent-line therapy in either group;
instead, platinum-based regimens were permitted.
Immunotherapy was allowed upon disease progression
in both groups.

Endpoints

The primary endpoint was the centrally assessed MPR
rate. Tumor regression was graded according to Beck-
er’s criteria by two blinded pathologists at the main
institution. MPR was defined as TRG 1a (no viable tu-
mor cells) or TRG 1b (viable tumor cells <10%).>* The
primary endpoint and several secondary endpoints,
including the RO resection rate, radiologic response,
and safety, have been reported previously.”” This report
focuses on 3-year survival outcomes, including OS and
progression-free survival (PFS). OS was defined as the
time from the date of randomization to the last follow-
up or death from any cause. PFS was defined as the
time from randomization to the first documented pro-
gression or recurrence or the last follow-up, whichever
occurred first.

Statistical analysis

The calculation of sample size has been reported pre-
viously.”? All efficacy analyses were conducted in both
the modified intent-to-treat (mITT) population and the
per protocol (PP) population. The mITT population
included all participants who were randomly assigned
and received at least one dose of the allocated treat-
ment, whereas the PP population included participants
in the mITT population who were treated without any
major deviations from the protocol. The safety analysis
population consisted of all participants who received at
least one dose of allocated treatment.

Categorical variables were reported as frequencies
(percentages) and compared using the X* test or
Fisher’s method, as appropriate. In the latter method,
the two-tailed P value was calculated as two times the
minimum of the left-tailed or right-tailed P value and
0.5. Continuous variables were reported as medians
and interquartile ranges (IQRs) and compared using
the Mann—Whitney U test. Survival curves were plotted
using the Kaplan-Meier method. Cox regression was
used to compare survival rates between the CA-SAP and
SAP groups, and hazard ratios (HRs) and correspond-
ing 95% confidence intervals (Cls) were calculated after
adjusting for baseline clinicopathological characteris-
tics. Several post-hoc sensitivity analyses were per-
formed in the PP population. To minimize the potential
impact of baseline occult metastases, analyses were
repeated after excluding participants with intra-
operatively confirmed peritoneal metastases following
neoadjuvant treatment. Subsequent sensitivity analyses
excluded participants in the CA-SAP group who did not

resume postoperative camrelizumab or apatinib, to
assess the impact of early discontinuation. Heteroge-
neity in treatment effect was evaluated by creating
interaction terms between treatment assignment and
baseline characteristics. An additional analysis was
performed to compare survival outcomes between the
SAP group and a historical series treated with periop-
erative oxaliplatin plus S-1 (SOX). To reduce bias, we
applied a target trial emulation analysis” and overlap
weighting.”® Further details are provided in the
Supplementary Methods. The survival analyses were
descriptive and exploratory; therefore, adjustments for
multiple comparisons were not performed. Statistical
significance was set at a two-tailed P < 0.05. All statis-
tical analyses were conducted using R software (version
4.4.0; The R Foundation for Statistical Computing,
Vienna, Austria).

Role of funding source

The funder had no role in the design or conduct of the
study; collection, management, analysis, and interpre-
tation of the data; preparation, review, or approval of the
manuscript; or decision to submit the manuscript for
publication.

Results

Study population and perioperative treatments
Between June 18, 2020, and March 31, 2022, a total of
106 patients with LAGC were randomly assigned to the
CA-SAP group or the SAP group. After excluding 2
participants who withdrew their consent after random
assignment, 51 participants in the CA-SAP group, and
53 participants in the SAP group were included in the
mlITT analysis (Fig. 1). The baseline characteristics
were generally balanced between the two groups
(Table 1).

Forty-nine of the 51 participants in the CA-SAP
group and 50 of the 53 participants in the SAP group
received surgery (including one participant with an
unresectable tumor who underwent exploratory sur-
gery). These 99 participants constituted the PP popu-
lation. Postoperatively, 44 participants in the CA-SAP
group and 47 in the SAP group received adjuvant
treatment (Fig. 1).

Overall, 26 of the 51 participants (51%) in the CA-
SAP group completed all eight cycles of periopera-
tive treatment. Specifically, 25 participants (49%)
completed eight cycles of chemotherapy and immu-
notherapy. Reasons for discontinuation included
disease progression or recurrence (chemotherapy:
n = 2; immunotherapy: n = 2), adverse events
(chemotherapy: n = 12; immunotherapy: n = 9), pa-
tient refusal (chemotherapy: n = 6; immunotherapy:
n = 9), and other reasons (chemotherapy: n = 6;
immunotherapy: n = 6). Only seven participants
(14%) completed full cycles of apatinib, with reasons
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Eligible patients who received randomization, n = 106

Did not start CA-SAP, n=2

Metastatic disease, n =1 <
Withdrew consent, n = 1

v

A 4

CA-SAP group, n= 51

(mITT population)

SAP group, n= 53
(mITT population)

Discontinued treatment, n =2
Adverse events, n = 1 <
Progressive disease, n =1

A

Discontinued treatment, n =3
Adverse events, n =2
Progressive disease, n = 1

A

Proceeded to surgery
(per-protocol population)
RO =48
RI=1

Proceeded to surgery
(per-protocol population)
RO =43

R1=6
Unresectable tumor, n =1

Did not start postoperative
treatment,n =5

Worsening of performance
status, n =1

Patient’s request, n = 4

A 4

Did not start postoperative
treatment, n = 2

Worsening of performance
status,n =0

Patient’s request, n =2

A

Initiated adjuvant chemotherapy, n = 44

Initiated adjuvant chemotherapy, n = 47

Completed all eight cycles, n =26

Completed all eight cycles, n =28

Fig. 1: Trial Profile. RO indicates complete resection without macroscopic or microscopic residual disease, whereas R1 indicates gross removal
of tumors with microscopic resection margin involvement. CA-SAP = camrelizumab, apatinib, nab-paclitaxel, and S-1; SAP = nab-paclitaxel

and S-1; mITT = modified intention-to-treat.

for discontinuation including disease progression or
recurrence (n = 1), adverse events (n = 25), patient
refusal (n =7), and other reasons (n = 11). In the SAP
group, 28 of the 53 participants (53%) completed all
eight cycles of perioperative treatment. The reasons
for discontinuation were disease progression or
recurrence (n = 6), adverse events (n = 13), patient
refusal (n = 3), and other reasons (n = 3) (Table S1).
Additionally, 32 of the 51 participants (63%) in the
CA-SAP group and 24 of the 53 participants (45%) in
the SAP group underwent TRAE-related dose modi-
fications; 10 participants (20%) in the CA-SAP group
and 4 participants (8%) in the SAP group received at
least one dose reduction.

Primary endpoint: MPR

As previously reported,” the MPR rates in the CA-SAP
group and the SAP group were 33% (17/51) vs. 17% (9/
53) in the mITT population and 35% (17/50) vs. 18%
(9/49) in the PP population, with significant differences
of 16% (95% CI: 0-33%) and 17% (95% CI: 0-34%),
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respectively. The prespecified subgroup analysis
revealed a significant interaction between treatment
assignment and ECOG PS (P for interaction = 0.042
and 0.031, respectively, in the mITT and PP analyses)
(Figure S1).

Secondary endpoint: 3-year survival outcomes

As of March 24, 2025, all surviving participants except
one participant in the CA-SAP group, had completed
the 3-year follow-up. The mITT analysis showed disease
progression or recurrence occurred in 17 of the 51
participants (33%) in the CA-SAP group and 26 of the
53 participants (49%) in the SAP group. The 3-year PFS
rates for the CA-SAP and SAP groups were 64% (95%
CI: 52%-79%) and 48% (95% CI: 36%-64%), respec-
tively, with an adjusted HR of 0.512 (95% CI:
0.263-0.998, P = 0.049) (Fig. 2A). In the PP population,
the 3-year PFS rates in the CA-SAP and SAP groups
were 66% (95% CI: 53%-81%) and 49% (95% CI: 37%—
65%), respectively, with an adjusted HR of 0.462 (95%
CI: 0.229-0.934, P = 0.032) (Figure S2A).
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Lauren classification, No. (%)

Intestinal 11 (22) 10 (19)
Diffuse 39 (77) 42 (79)
Unknown 1(2) 1(2)

Tumor location, No. (%)

Upper 1/3 22 (43) 29 (55)
Middle 1/3 10 (20) 6 (11)
Lower 1/3 11 (22) 11 (21)
Mixed 8 (16) 7 (13)

Tumor size, median (Q1-Q3), mm 65 (45-80) 60 (50-75)
Borrmann type, No. (%)

M- 43 (84) 48 (91)

v 8 (16) 5(9)
T stage, No. (%)

1E} 5 (10) 8 (15)

T4 46 (90) 45 (85)
PD-L1 expression (CPS), No. (%)

<1 23 (45) 23 (43)

>1 27 (53) 28 (53)

Unknown 1(2) 2 (4)
MMR status, No. (%)

PMMR 47 (92) 48 (91)

dMMR 3(6) 3(6)

Unknown 1(2) 2 (4)

Pathological findings N =49 N =49

ypT stage, No. (%)

To 8 (16) 3 (6)

T1 4 (8) 5 (10)

T2 5 (10) 5 (10)

3 23 (47) 23 (47)

T4a 9 (18) 13 (27)
ypN stage, No. (%)

No 18 (37) 21 (43)

N1 12 (25) 8 (16)

N2 7 (14) 7 (14)

N3 12 (25) 13 (27)
ypM stage, No. (%)

Mo 49 (100) 47 (96)

M1 0 (0) 2 (4)
Lymphovascular invasion, No. (%)

No 25 (51) 28 (57)

Yes 24 (49) 21 (43)
Neural invasion, No. (%)

No 21 (43) 19 (39)

Yes 28 (57) 30 (61)

(Table 1 continued on next column)

Variable CA-SAP group  SAP group Variable CA-SAP group  SAP group
Patient characteristics N =51 N =53 (Continued from previous column)

Age, median (Q1-Q3), years 63 (57-68) 63 (56-68) R category, No. (%)

Sex, No. (%) RO 48 (98) 43 (88)
Male 42 (82) 35 (66) R1 1(2) 6 (12)
Female 9 (18) 18 (34)

8 e S, (V6 () Abbreviations: ECOG = Ea'stern Cooperative anology Grgup; PD- _

L1 = programmed death-ligand 1; MMR = mismatch repair; dMMR = deficient
0 33 (65) 36 (68) mismatch repair; pPMMR = proficient mismatch repair.
1 18 (35) 17 (32)
Baseline tumor characteristics N =51 N =53 Table 1: Baseline characteristics and pathological findings.

Among the mITT population, 18 of the 51 partici-
pants (35%) in the CA-SAP group and 20 of the 53
participants (38%) in the SAP group died before the
final follow-up. The 3-year OS in the CA-SAP and SAP
groups was 63% (95% CI: 51%-78%) and 61% (95% CI:
49%-76.5%), respectively, with an adjusted HR of 0.987
(95% CI: 0.481-2.026, P = 0.97) (Fig. 2B). Similar re-
sults were obtained in the PP population (Figure S2B).

In the mITT population, dose modifications were
not significantly associated with PFS (unadjusted HR
0.764, 95% CI 0.420-1.389, P = 0.38) or OS (unadjusted
HR 0.899, 95% CI 0.472-1.714, P = 0.75), with similar
findings in the PP population (Figure S3). No signifi-
cant interaction was observed between treatment
assignment and dose modification (P for interac-
tion = 0.26 for OS and 0.13 for PFS) (Figure S4).

We conducted three sensitivity analyses in the PP
population. First, we excluded three participants with
intraoperatively confirmed peritoneal metastases,
resulting in adjusted HRs of 0.514 (95% CI:
0.255-1.037, P = 0.063) for PFS and 0.899 (95% CIL:
0.432-1.873, P = 0.78) for OS. Then, we excluded par-
ticipants who received camrelizumab or apatinib only
in the preoperative setting, and the results remained
consistent with the primary analysis (Figure S5).

In participants who underwent gastrectomy, the 3-
year cumulative recurrence rates were 33% (16 of 49)
in the CA-SAP group and 49% (24 of 49) in the SAP
group. The most common site of recurrence in both the
CA-SAP and SAP groups was the peritoneum, with 3-
year cumulative recurrence rates of 12% and 17%,
respectively. The cumulative recurrence rates of other
sites were similar in the two groups (Table S2). After
recurrence, 9 of the 16 participants (56%) in the CA-
SAP group and 17 of the 24 participants (71%) in the
SAP group received a subsequent line of antitumor
treatment. Most participants received second-line plat-
inum-based chemotherapy. In the SAP group, 13 of the
24 participants (54%) received second-line immuno-
therapy, whereas only 2 of the 16 participants (13%) in
the CA-SAP group received second-line immuno-
therapy (P = 0.017) (Table S3). The median post-
recurrence survival in the CA-SAP and SAP groups
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1.00 4

0.75 1

0.50 -

0.25 4

PFS (probability)

== SAP

== CA-SAP

0.00] Adjusted HR 0.512 (95% CI 0.263 to 0.998)

0 6 12 18 24 30 36
Months
Number at risk
- 53 46 38 32 27 25 23
- 51 49 41 34 30 29 29
0 6 12 18 24 30 36
B == SAP == CA-SAP
1.00
2 0.75 -
p
)
S
S 0.50 1
} =
2
& 0251
0.00{ Adjusted HR 0.987 (95% CI 0.481 to 2.026)

0 6 12 18 24 30 36
Months
Number at risk
- | 53 49 44 40 36 33 30
- 51 49 46 40 33 31 30
0 6 12 18 24 30 36

Fig. 2: Kaplan-Meier estimates of progression-free survival (PFS) (A) and overall survival (OS) (B) in the modified intention-to-treat popu-
lation. Hazard ratios (HRs) of CA-SAP vs. SAP were adjusted for baseline characteristics.

was 4 (IQR: 2 to 10) months and 8 (IQR: 4 to 16)
months, respectively, with an adjusted HR of 3.306
(95% CI 1.078-10.141, P = 0.037) (Figure S6). Addi-
tionally, the 3-year cancer-specific death rates were 31%
(15 of 49) in the CA-SAP group and 37% (18 of 49) in
the SAP group. Two participants in the CA-SAP group
died due to strangulated intestinal obstruction at 8

www.thelancet.com Vol 89 November, 2025

months and 1 year after surgery, without preoperative
and intraoperative evidence of recurrence; one partici-
pant died due to cerebral infarction (drug withdrawal
over 90 days at the time of onset). In the SAP group,
two participants died, one due to cerebral infarction
(drug withdrawal over 30 days at the time of onset) and
one due to an accidental event (Table S2).
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Among these 98 participants, we explored the
prognostic value of postoperative pathological charac-
teristics. Multivariable analysis revealed that MPR was
not an independent prognostic factor for either PFS
(HR: 0.271, 95% CI: 0.045-1.639, P = 0.16) or OS (HR:
0.477,95% CI: 0.073-3.107, P = 0.44). Instead, the ypN
stage (lymph node status after neoadjuvant therapy)
was the only independent prognostic factor identified
for PFS and for OS (both P < 0.0001) (Figure S7).

Subgroup analysis for 3-year survival

In the PP population, the treatment effect of CA-SAP
was consistent across most subgroups (P for interac-
tion >0.05), but heterogeneity was observed among
subgroups with different ECOG PS scores. In partici-
pants with an ECOG PS of 0, the 3-year OS in the CA-
SAP group and SAP group was 71% (95% CI: 57%—
89%) and 53% (95% CI: 39%—73%), respectively; how-
ever, in participants with an ECOG PS of 1, the 3-year
OS in the CA-SAP group and SAP group was 48%
(95% CI: 29%-79%) and 80% (95% CI: 62%-100%),
suggesting a significant interaction effect (P for inter-
action = 0.018) (Fig. 3). A significant interaction was
also observed between treatment assignment and
ECOG PS on 3-year PFS (P for interaction = 0.032)
(Fig. 4). Similar results were obtained in the mITT
population (Figures S8-S9).

We further evaluated the association between the
ECOG PS and treatment effect in the PP population.
After adjusting for patient characteristics, the interac-
tion between treatment assignment and ECOG PS
remained significant (P for interaction = 0.0064 for OS
and 0.023 for PES); however, this interaction was no
longer significant after adjustment for both patient and
tumor characteristics (P for interaction = 0.074 for OS
and 0.26 for PFS) (Figure S10). Two additional sensi-
tivity analyses, which excluded participants with intra-
operatively confirmed peritoneal metastases and those
with deficient MMR (dMMR), supported this interac-
tion effect (all P for interaction <0.05) (Figure S11).

We also investigated the association between com-
bined positive score (CPS, a scoring method used to
quantify the expression of PD-L1 in tumor tissue sam-
ples), mismatch repair (MMR) status, and survival
outcomes. Interaction analyses showed that there was
no heterogeneity of the treatment effect in subgroups
with different CPS (all P for interaction >0.05) (Figs. 3
and 4, Figures S8-S9). Additionally, three participants
with dMMR in the CA-SAP group survived without
recurrence until the end of follow-up, whereas two of
the three participants with dMMR in the SAP group
experienced recurrence.

Safety

TRAEs during perioperative treatment for the safety
analysis population are summarized in Table 2. The
most common TRAEs in both groups were leukopenia

(80% [41 of 51] and 83% [44 of 53] in the CA-SAP and
SAP group, respectively) and neutropenia (59% [30 of
51] and 64% [34 of 53], respectively). Grade 3 or 4
adverse events occurred in 22 participants (43%) in the
CA-SAP group and 17 participants (32%) in the SAP
group. In the CA-SAP group, the most common grade 3
or 4 adverse event was leukopenia (n = 10, 20%), fol-
lowed by neutropenia (n = 7, 14%) and elevated alanine
transaminase (ALT) (n =5, 10%). In the SAP group, the
most common grade 3 or 4 adverse events were
leukopenia (n = 5, 9%) and neutropenia (n = 5, 9%),
followed by elevated ALT (n = 3, 6%) and elevated
aspartate aminotransferase (AST) (n = 3, 6%). Addi-
tionally, 17 participants (33%) in the CA-SAP group
experienced immune-related adverse events (irAEs),
with hypothyroidism being the most common (n = 8,
16%). Except for one case of grade 3 disseminated
intravascular coagulation, all other irAEs were grade 1
or 2 (Table S4).

Historical comparison between SAP and SOX

An additional analysis was performed including a his-
torical cohort of patients treated with perioperative SOX
for comparison with the SAP group. After weighting,
the 3-year PFS (52% [95% CI: 39%—69%] vs. 45% [95%
CI: 36%-56%)) and 3-year OS (67% [95% CI: 55%-82%]
vs. 52% [95% CI: 43%—64%)]) were comparable between
the SAP group and the historical (SOX) cohort (P = 0.40
and 0.14, respectively) (Supplementary Methods).

Discussion

The Arise-FJ-G005 study evaluated the efficacy and
safety of adding anti-PD-1 and anti-VEGF therapies to
perioperative chemotherapy in patients with LAGC. An
analysis of the short-term efficacy showed that the MPR
rate in the CA-SAP group was significantly higher than
that in the SAP group (33% [17 of 51] vs. 17% [9 of 53)),
achieving the primary endpoint.”” In the analysis of 3-
year survival, the 3-year PFS was higher in the CA-
SAP group than in the SAP group, with the emer-
gence of a characteristic tail plateau. However, the ad-
vantages in MPR and PFS did not achieved a clinically
significant improvement in OS.

The primary objective of the Arise-FJ-G005 study
was to determine whether the addition of immuno-
therapy and antiangiogenic therapy to neoadjuvant
chemotherapy could effectively improve the MPR, and
consequently, prognosis. Although this combination
treatment modality significantly increased the MPR by
almost 100% compared with treatment with chemo-
therapy alone, the improvement in short-term efficacy
did not translate into a marked improvement in the 3-
year OS. The topic whether pathological response can
serve as a surrogate endpoint for OS in neoadjuvant
clinical trials is the subject of ongoing debate. In the
context of LAGC, the findings of the AIO-FLOT4 study
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CASAP SAP

Subgroup Events/No. %) Crude HR(95%CI) P for interaction

Overall 18/49 20/50 |—-|—| 0.96 (0.50-1.83)

Age, years E 0.59
<65 12/29 10/26 I—irl—i 1.12 (0.48-2.59)
>65 6/20 10/24 |—-—é—| 0.77 (0.28-2.18)

Sex i 0.74
Male 1441 11/32 — 1.17 (0.52-2.64)

Female 4/8 9/18 '—'E—' 0.94 (0.29-3.06)

ECOG PS 0018
0 9/31 17/34 |—-—;-1 0.53 (0.24-1.21)

1 9/18 3/16 |i—.—> 3.27 (0.88-12.15)

Lauren classification i 0.62
Intestinal or unknown  3/11 3/10 ' i 1.51 (0.25-9.03)

Diffuse 15/38 17/40 l—ﬂ-i'—i 0.90 (0.45-1.81)

Tumor location E 0.46
Cardia 8/26 14/32 |—-—;—| 0.76 (0.32-1.84)
Noncardia 10/23 6/18 |—£—-—4 1.25 (0.45-3.45)

Borrmann type i 0.90

II-111 12/41 15/45 |—-§—f 0.88 (0.41-1.91)
v 6/8 5/5 p—.J:—l 0.86 (0.26-2.87)

cT stage i NE
T3 0/4 2/8 NE
T4 18/45 18/42 |—+—| 1.00 (0.51-1.94)

Tumor size, mm E 0.77
<60 5/20 9/25 |—-—§—| 0.78 (0.26-2.40)
>60 1329 11/25 ——t 097 (0.43-2.17)

CPS i 0.35
<1 or unknown 7/22 11/23 ——ty 0.70 (0.27-1.84)
>1 11/27 9/27 |—§—-—| 1.31 (0.54-3.17)

MMR status NE
pMMR or unknown 18/46 17/47 |_§.._| 1.16 (0.59-2.27)
dMMR 0/3 3/3 i NE

ol os 1 2 s

Favor CA-SAP  Favor SAP

Fig. 3: Overall survival in subgroups on the basis of the baseline characteristics in the per protocol population. NE (i.e., not evaluable) indicates
estimates could not be obtained because of the small sample size and low number of events.

suggested that an increase in PCR rate could lead to
improved OS.” However, both the TOPGEAR” and
KEYNOTE-585" studies demonstrated that an increase
in PCR rate did not result in survival benefits. This may
be primarily because of the current evaluation system of
using pathological response, which mainly measures
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the primary tumor. Micrometastasis, as an important
factor influencing recurrence, is itself the major target
of neoadjuvant treatment*; however, it is rarely evalu-
ated in clinical practice. Gastric cancer is highly het-
erogeneous, and previous evidence has shown
variability in the effects of neoadjuvant treatment on
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Subgroup CASAP  SAP Crude HR(95%CI) P for interaction
Events/No. (%)

Overall 16/49 25/50 —— 0.60 (0.32-1.13)

Age, years E 0.55
<65 11/29 14/26 ._._._. 0.70 (0.32-1.55)
>65 5/20 1124 —_— 0.48 (0.17-1.37)

Sex i 0.73
Male 1341 17/32 —a— 0.58 (0.28-1.18)

Female 3/8 8/18 .—._.—. 0.74 (0.20-2.79)

ECOG PS ! 0.032
0 10/31 22/34 —— 0.38 (0.18-0.81)

1 6/18 3/16 — e 5 1.89(0.47-7.60)

Lauren classification i 0.91
Intestinal or unknown  3/11 4/10 [ E | 0.68 (0.15-3.04)

Diffuse 1338 21/40 ._._-. 0.60 (0.30-1.20)

Tumor location i 0.49
Cardia 6/26 15/32 — 0.45 (0.17-1.16)
Noncardia 10/23 10/18 r—-—s—| 0.71 (0.30-1.71)

Borrmann type i 0.72

1111 12/41 21/45 .—-—r. 0.55 (0.27-1.12)
v 4/8 4/5 —et 075 (0.18-3.05)

cT stage i NE
T3 0/4 2/8 E NE
T4 16/45  23/42 ._._H 0.60 (0.32-1.14)

Tumor size, mm E 0.86
<60 6/20 11/25 .—._._. 0.62 (0.23-1.69)
>60 1029 14/25 — 0.56 (0.25-1.26)

CPS 0.22
<1 or unknown 6/22 13/23 — 0.39 (0.15-1.03)
>1 10127 12/27 ._.,_. 0.88 (0.38-2.03)

MMR status E NE
pPMMR or unknown 16/46 23/47 ._._§_| 0.67 (0.35-1.27)
dMMR 0/3 23 NE

01 s 1 2 5

Favor CA-SAP  Favor SAP

Fig. 4: Progression-free survival in subgroups on the basis of the baseline characteristics in the per protocol population. NE (i.e., not evaluable)
indicates estimates could not be obtained because of the small sample size and low number of events.

primary tumors and lymph node metastases.” There-
fore, merely evaluating the degree of regression in the
primary tumor does not fully reflect the impact of
neoadjuvant treatment on the overall tumor burden.
The current evaluation system provides inadequate

10

information about even the primary tumor. For
example, patients with residual tumors concentrated in
the serosal layer have more heterogenous prognosis
than those with residual tumors concentrated in the
mucosal layer.”® Future neoadjuvant clinical trials in

www.thelancet.com Vol 89 November, 2025



Articles

LAGC should avoid setting the pathological response as
the only primary endpoint and instead consider other
validated surrogate endpoints.”

MPR not only failed to serve as a surrogate marker
for OS at the trial level but also lacked independent
prognostic value at the patient level. In contrast, ypN
staging demonstrated an ability to independently pre-
dict both OS and PFS. Similarly, a pooled analysis of
four RCTs revealed that the prognostic value of ypN
staging was significantly better than that of MPR.*
Although the CA-SAP group had significantly better
MPR, this did not significantly increase the N down-
staging rate (26% [13 of 51] vs. 17% [9 of 53]). This may
be why the improvement in MPR did not translate into
OS Dbenefits. Moreover, we observed that post-
recurrence survival was better in the SAP group
compared with the CA-SAP group, which could be
another significant factor contributing to the similar OS
between the two groups. Consistent with the findings of
this study, the ATTRACTON-4 study showed that
although the addition of nivolumab to first-line
chemotherapy significantly improved PFES, it did not
significantly improve OS.** Boku et al.** attributed this
phenomenon to the higher utilization of immuno-
therapy as a subsequent treatment in the
chemotherapy-only group. Similarly, in this study, a
larger proportion of patients in the SAP group who
experienced recurrence received immunotherapy as
their subsequent-line treatment. Of note, the propor-
tion of patients receiving subsequent-line treatment
was lower in the CA-SAP group than in the SAP group
(56% [9 of 16] vs. 71% [17 of 24]). A similar phenome-
non was observed in the double-blinded KEYNOTE-
585" and MATTERHORN® studies, which may partly
reflect the impact of residual toxicity from the combi-
nation therapy on subsequent treatment choices.
Further optimization of subsequent treatment strate-
gies following CA-SAP may represent a feasible
approach to enhance its survival benefit.

We selected paclitaxel-based chemotherapy as the
control regimen. This decision was made based on our
previous study which demonstrated higher MPR and
PCR rates with SAP than with SOX for LAGC.** Several
RCTs have also demonstrated that paclitaxel-based
chemotherapy is noninferior to platinum-based
chemotherapy.”* Additionally, apatinib combined
with SOX has shown a high incidence of thrombocy-
topenia in previous studies,”®* which may be associ-
ated with the combined use of oxaliplatin and
apatinib.** The frequent occurrence of thrombocyto-
penia may have a negatively effect on treatment out-
comes.” Based on this evidence and the principle of the
patient’s best interests, this study chose SAP, which is
associated with a lower incidence of thrombocyto-
penia,” non-inferior efficacy, and synergistic effects
with anti-PD-1 and anti-VEGF therapies* as the
chemotherapy regimen. The DRAGON IV/CAP 05

www.thelancet.com Vol 89 November, 2025

Adverse events CA-SAP group (n = 51) SAP group (n = 53)
Grade 1-2 Grade 3-4 Grade 1-2 Grade 3-4
Hematologic
Neutropenia 22 (43) 8 (16) 29 (55) 5(9)
Leukopenia 31 (61) 10 (20) 39 (76) 5(9)
Thrombocytopenia 11 (22) 1(2) 4 (8) 2 (4)
Anemia 19 (37) 1(2) 28 (53) 0 (0)
Gastrointestinal
Nausea 21 (41) 2(4) 24 (45) 2(4)
Vomiting 11 (22) 1Q) 15 (28) 1(2)
Anorexia 12 (24) 1(2) 12 (23) 1(2)
Diarrhea 16 (31) 3 (6) 10 (19) 2 (4)
Bleeding 8 (16) 1(2) 8 (15) 1(2)
Liver
AST elevation 15 (29) 3 (6) 13 (26) 3 (6)
ALT elevation 14 (28) 5 (10) 12 (23) 3 (6)
Bilirubin increased 15 (29) (0) 10 (19) 0 (0)
Cardio-renal
Hypertension 12 (24) 2) 2 (4) 0 (0)
Proteinuria 10 (20) 0 (0) 1(2) 0 (0)
Dermatologic
Rash 11 (22) @ 5(9) 0 (0)
Hand-foot syndrome 10 (20) 0 (0) 1(2) 0 (0)
Systemic
Fatigue 15 (29) (4) 21 (31) @)
Fever 11 (22) 0 (0) 6 (11) 0 (0)
Others
Peripheral sensory neuropathy 6 (12) 0 (0) 8 (15) 1(2)
Stomatitis 10 (20) 1(2) 9) 0 (0)
Table 2: Adverse events graded based on CTCAE 5.0 during perioperative therapy.
study compared the efficacy of SOX combined with
camrelizumab and apatinib (SOXRC) with SOX alone
in the neoadjuvant treatment of LAGC,” which was
similar with our study. The results showed that the PCR
rates of SOXRC and SOX were 18.3% and 5.0%,
respectively, which were similar to the PCR rates of CA-
SAP and SAP (16% [8 of 51] and 6% [3 of 53], respec-
tively); however, the MPR rates of SOXRC and SOX
were 51.1% and 37.8%, respectively, which were higher
than those of CA-SAP and SAP (33% [17 of 51] and 17%
[9 of 53], respectively). This discrepancy may be attrib-
uted to the higher proportion of cT4-stage patients in
our study. The incidence of any grade thrombocyto-
penia during neoadjuvant SOXRC and SOX was 37%
and 319%, respectively, which was higher than those
with CA-SAP and SAP (16% [8 of 51] and 4% [2 of 53],
respectively), indirectly indicating the rationality of our
selected regimen. Additionally, 20 of the 53 patients
(38%) in the SAP group died within 3 years, which was
similar to the 3-year survival outcome of the
perioperative-SOX group in the RESOLVE study (38.7%
of patients died within 3 years), with similar baseline
stages.® A comparison between the SAP group in this
study and the historical SOX cohort from the partici-
pating centers also demonstrated comparable 3-year
11
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survival outcomes (Supplementary Methods). Given
this evidence, SAP appears to be noninferior to SOX.
However, high-level evidence supporting the use of
SAP as a first-line treatment remains limited, and it has
not been established as a standard neoadjuvant
chemotherapy option. Therefore, the findings of this
study should be interpreted with caution.

For patients receiving neoadjuvant immunotherapy,
there is currently no consensus on whether to continue
immunotherapy postoperatively or whether to proceed
with maintenance immunotherapy. Theoretically, neo-
adjuvant immunotherapy can elicit a stronger systemic
antitumor response than that of adjuvant immuno-
therapy, because tumors carrying neoantigens and
antitumor T-cells within the lesions have not been
surgically removed.® In this study, the CA-SAP group
was intended to receive five cycles of adjuvant immu-
notherapy combined with chemotherapy and anti-
angiogenic therapy. The DRAGON IV/CAP 05 study
continued with three cycles of camrelizumab and apa-
tinib maintenance therapies following three cycles of
adjuvant SOXCA,” while the KEYNOTE-585 study
administered a total of 14 cycles of immunotherapy
postoperatively (with 11 cycles as maintenance ther-
apy)."”* Notably, our sensitivity analysis did not indicate
that continued postoperative camrelizumab or apatinib
treatment conferred additional benefit to the CA-SAP
group. Likewise, current evidence has not demon-
strated a survival benefit of adjuvant immunotherapy in
gastric cancer.**¥ Further investigation is needed to
determine whether differences in adjuvant treatment
affect the overall efficacy.

The exploratory subgroup analysis suggested
improved survival with CA-SAP compared with SAP
among patients with an ECOG PS of 0. This corre-
sponds to the short-term efficacy, that is, an ECOG PS
of 0 was associated with greater MPR benefit from CA-
SAP over SAP.” Similarly, in the KEYNOTE-059,*
KEYNOTE-061,* and ORIENT-16" studies, patients
with an ECOG PS of 0 were more likely to benefit from
immunochemotherapy. However, in the DRAGON IV/
CAP 05* and KEYNOTE-585" studies, neoadjuvant
immunochemotherapy with or without antiangiogenic
therapy significantly improved the PCR compared with
neoadjuvant chemotherapy alone, regardless of the
ECOG PS score. The effect of poor PS on immuno-
therapy remains controversial. Various factors such as
older age, comorbidities, and advanced staging can
contribute to a decline in patients’ physical conditions,
resulting in significant heterogeneity among this pop-
ulation. Moreover, the assessment of physical condition
is relatively subjective, potentially leading to inter-
observer variation.”' In this study, patients with
different ECOG PS scores showed differences in base-
line characteristics, especially age (Table S5). Addi-
tionally, the interaction between treatment assignment
and ECOG PS was not significant after controlling for

tumor characteristics. Further exploration is needed to
understand the relationship between physical condition
and the efficacy of immunotherapy in patients with
gastric cancer.

For advanced gastric cancer, patients with a high
PD-L1 expression were more likely to benefit from
immunochemotherapy.””** However, in this study, the
effect of CPS on long-term treatment effect was not
heterogenous, which was similar to the findings of the
KEYNOTE-585"" and the MATTERHORN" studies.
Interestingly, we observed heterogeneity in the effect of
CPS on short-term treatment effect, with greater benefit
from CA-SAP over SAP in the CPS >1 subgroup
compared with the CPS <1 subgroup (absolute MPR
difference: 22% vs. 10%).” A similar phenomenon was
also observed in the KEYNOTE-585 study (absolute
PCR difference: 12.1% vs. 4.2% for CPS >1 and < 1
subgroups, respectively) and the MATTERHORN study
(absolute PCR difference: 13.4% vs. 0% for CPS >1
and < 1 subgroups, respectively). This may be attributed
to heterogeneity in the response of primary tumors and
micrometastases to immunotherapy. On one hand, PD-
L1 expression can differ between primary tumors and
micrometastases®’; on the other hand, the low immu-
nogenicity of micrometastases impairs their ability to
induce an adaptive immune response in the context of
immunotherapy, especially after the removal of the
primary tumor.*® Additionally, we found that patients
with dAMMR appeared to benefit more from immuno-
therapy. Given the small sample size, this result should
be interpreted with caution and requires validation in
larger cohorts.

Consistent with our previous report,”” the most
common grade 3 or 4 adverse advent with perioperative
CA-SAP was myelosuppression. Additionally, the
adverse events related to antiangiogenic agents (e.g.,
hypertension, proteinuria, and hand-foot syndrome)
and irAEs was mild, which were consistent with the
results of the DRAGON IV/CAP 05*° and the SPACE”
studies. Notably, dose modifications were more com-
mon in the CA-SAP group than in the SAP group.
Moreover, only 14% of patients (7 of 51) in the CA-SAP
group completed the full cycle of apatinib treatment,
suggesting that the tolerability of this combination
regimen may be suboptimal. Although tolerability did
not appear to impact survival outcomes, further in-
vestigations are needed to explore more optimal com-
bination strategies, such as alternative administration
routes for antiangiogenic agents, to improve treatment
compliance.

The Arise-FJ-G005 study has some limitations. First,
as a two-arm design, it cannot prove whether the CA-
SAP is superior to camrelizumab combined with
chemotherapy or apatinib combined with chemo-
therapy. The open-label design may have influenced
patient willingness and investigators’ decisions, poten-
tially Dbiasing post-progression treatment (e.g.,
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subsequent immunotherapy) and survival. Second,
most enrolled patients had advanced stages, but lapa-
roscopic staging and peritoneal lavage cytology were not
routinely performed before neoadjuvant treatment.
Therefore, it cannot be ruled out that some patients
may have had occult metastatic lesions that were diffi-
cult to identify by baseline examinations. Based on our
sensitivity analyses, this limitation likely had minimal
impact on the overall results. Third, given that all sur-
vival analyses and subgroup analyses are descriptive
and exploratory, results from a large-scale, interna-
tional, phase 3 RCT are expected to further validate our
findings.

In conclusion, for unselected patients with LAGC,
the addition of camrelizumab and apatinib to periop-
erative chemotherapy was associated with a modestly
improved 3-year PFS, but it did not improve the 3-year
OS and showed suboptimal tolerability. The failure of
the “one-size-fits-all” strategy underscores the urgent
need for a reliable and precise method to stratify pa-
tients based on clinical, pathological, and molecular
biomarkers, in order to enable optimal personalized
treatment strategies for each individual. Moreover, the
forthcoming long-term survival results from the
DRAGON IV/CAP 05 study are anticipated to provide
further insights into this treatment strategy.

Contributors

Huang CM had full access to all the data in the study and takes re-
sponsibility for the integrity of the data and the accuracy of the data
analysis. Huang CM and Lin JX obtained funding, conceived of and
designed the study, and supervised the whole study. Huang ZN, Tang
YH, Ye K, Wang ZF, Cai LS, Lin W, Li P, Xie JW, Wang JB, Chen QY,
Cao LL, and Zheng CH acquired the data, were responsible for study
administration, and provided technical and material support. Huang
CM and Lin JX accessed and verified the underlying data. Huang ZN
interpreted and analyzed the data. Tang YH drafted the manuscript.
Huang CM, Lin JX, and Huang ZN critically revised the manuscript. All
authors reviewed the manuscript and agreed to submit it for
publication.

Data sharing statement
The datasets used and analyzed during the current study are available
from the corresponding author (C.M.-H.) on reasonable request.

Declaration of interests
There are no conflicts of interest or financial ties to disclose from any of
author.

Acknowledgements
We thank those who have devoted a lot to this study, including nurses,
pathologists, further-study doctors, statisticians, reviewers, and editors.

Appendix A. Supplementary data
Supplementary data related to this article can be found at https://doi.
0rg/10.1016/j.eclinm.2025.103568.

References

1  Smyth EC, Nilsson M, Grabsch HI, van Grieken NC, Lordick F.
Gastric cancer. Lancet. 2020;396:635-648. https://doi.org/10.1016/
s0140-6736(20)31288-5.

2 Ajani ], D’Amico TA, Bentrem DJ, et al. Gastric cancer, version 2.
2022, NCCN clinical practice guidelines in oncology. J Natl Compr

www.thelancet.com Vol 89 November, 2025

10

11

12

13

14

15

16

17

18

19

Canc Netw. 2022;20:167-192. https://doi.org/10.6004 /jnccn.2022.
0008.

Lordick F, Carneiro F, Cascinu S, et al. Gastric cancer: ESMO
clinical practice guideline for diagnosis, treatment and follow-up.
Ann Oncol. 2022;33:1005-1020. https://doi.org/10.1016/j.annonc.
2022.07.004.

Wang FH, Zhang XT, Tang L, et al. The Chinese society of clinical
oncology (CSCO): clinical guidelines for the diagnosis and treat-
ment of gastric cancer, 2023. Cancer Commun. 2024;44:127-172.
https://doi.org/10.1002/cac2.12516.

Al-Batran SE, Homann N, Pauligk C, et al. Perioperative chemo-
therapy with fluorouracil plus leucovorin, oxaliplatin, and docetaxel
versus fluorouracil or capecitabine plus cisplatin and epirubicin for
locally advanced, resectable gastric or gastro-oesophageal junction
adenocarcinoma (FLOT4): a randomised, phase 2/3 trial. Lancet.
2019;393:1948-1957. https://doi.org/10.1016/s0140-6736(18)
32557-1.

Zhang X, Liang H, Li Z, et al. Perioperative or postoperative
adjuvant oxaliplatin with S-1 versus adjuvant oxaliplatin with
capecitabine in patients with locally advanced gastric or gastro-
oesophageal junction adenocarcinoma undergoing D2 gastrec-
tomy (RESOLVE): an open-label, superiority and non-inferiority,
phase 3 randomised controlled trial. Lancet Oncol. 2021;22:1081—
1092. https://doi.org/10.1016/s1470-2045(21)00297-7.

Kang Y, Yook JH, Park YK, et al. PRODIGY: a phase III study of
neoadjuvant docetaxel, oxaliplatin, and S-1 plus surgery and adju-
vant S-1 versus surgery and adjuvant S-1 for resectable advanced
gastric cancer. J Clin Oncol. 2021;39:2903-2913. https://doi.org/10.
1200/jc0.20.02914.

Krishnamoorthy M, Lenehan ]G, Maleki Vareki S. Neoadjuvant
immunotherapy for high-risk, resectable malignancies: scientific
rationale and clinical challenges. | Natl Cancer Inst. 2021;113:823—
832. https://doi.org/10.1093/jnci/djaa216.

Topalian SL, Taube JM, Pardoll DM. Neoadjuvant checkpoint
blockade for cancer immunotherapy. Science (New York, NY).
2020;367:€aax0182. https://doi.org/10.1126/science.aax0182.
Forde PM, Spicer J, Lu S, et al. Neoadjuvant nivolumab plus
chemotherapy in resectable lung cancer. N Engl ] Med.
2022;386:1973-1985. https://doi.org/10.1056/NEJMoa2202170.
Schmid P, Cortes J, Dent R, et al. Overall survival with pem-
brolizumab in early-stage triple-negative breast cancer. N Engl |
Med. 2024;391:1981-1991. https://doi.org/10.1056/
NEJMo0a2409932.

Yuan SQ, Nie RC, Jin Y, et al. Perioperative toripalimab and
chemotherapy in locally advanced gastric or gastro-esophageal
junction cancer: a randomized phase 2 trial. Nat Med.
2024;30:552-559. https://doi.org/10.1038/s41591-023-02721-w.
Shitara K, Rha SY, Wyrwicz LS, et al. Neoadjuvant and adjuvant
pembrolizumab plus chemotherapy in locally advanced gastric or
gastro-oesophageal cancer (KEYNOTE-585): an interim analysis of the
multicentre, double-blind, randomised phase 3 study. Lancet Oncol.
2024;25:212-224. https://doi.org/10.1016/s1470-2045(23)00541-7.
Lorenzen S, Gétze TO, Thuss-Patience P, et al. Perioperative ate-
zolizumab plus fluorouracil, leucovorin, oxaliplatin, and docetaxel
for resectable esophagogastric cancer: interim results from the
randomized, multicenter, phase II/III DANTE/IKF-s633 trial.
J Clin Oncol. 2024;42:410-420. https://doi.org/10.1200/jco.23.
00975.

Janjigian YY, Al-Batran SE, Wainberg ZA, et al. Perioperative
durvalumab in gastric and gastroesophageal junction cancer.
N Engl ] Med. 2025;393:217-230. https://doi.org/10.1056/
NEJMoa2503701.

Saeed A, Park R, Sun W. The integration of immune checkpoint
inhibitors with VEGF targeted agents in advanced gastric and
gastroesophageal adenocarcinoma: a review on the rationale and
results of early phase trials. | Hematol Oncol. 2021;14:13. https://
doi.org/10.1186/s13045-021-01034-0.

Finn RS, Qin S, Tkeda M, et al. Atezolizumab plus bevacizumab in
unresectable hepatocellular carcinoma. N Engl ] Med.
2020;382:1894-1905. https://doi.org/10.1056/NEJMoa1915745.
Ding X, Zhang WJ, You R, et al. Camrelizumab plus apatinib in
patients with recurrent or metastatic nasopharyngeal carcinoma:
an open-label, single-arm, phase II study. J Clin Oncol.
2023;41:2571-2582. https://doi.org/10.1200/jc0.22.01450.

Lan C, Shen ], Wang Y, et al. Camrelizumab plus apatinib in pa-
tients with advanced cervical cancer (CLAP): a multicenter, open-
label, single-arm, phase II trial. J Clin Oncol. 2020;38:4095-4106.
https://doi.org/10.1200/jc0.20.01920.

13


https://doi.org/10.1016/j.eclinm.2025.103568
https://doi.org/10.1016/j.eclinm.2025.103568
https://doi.org/10.1016/s0140%2D6736%2820%2931288%2D5
https://doi.org/10.1016/s0140%2D6736%2820%2931288%2D5
https://doi.org/10.6004/jnccn.2022.0008
https://doi.org/10.6004/jnccn.2022.0008
https://doi.org/10.1016/j.annonc.2022.07.004
https://doi.org/10.1016/j.annonc.2022.07.004
https://doi.org/10.1002/cac2.12516
https://doi.org/10.1016/s0140%2D6736%2818%2932557%2D1
https://doi.org/10.1016/s0140%2D6736%2818%2932557%2D1
https://doi.org/10.1016/s1470%2D2045%2821%2900297%2D7
https://doi.org/10.1200/jco.20.02914
https://doi.org/10.1200/jco.20.02914
https://doi.org/10.1093/jnci/djaa216
https://doi.org/10.1126/science.aax0182
https://doi.org/10.1056/NEJMoa2202170
https://doi.org/10.1056/NEJMoa2409932
https://doi.org/10.1056/NEJMoa2409932
https://doi.org/10.1038/s41591%2D023%2D02721%2Dw
https://doi.org/10.1016/s1470%2D2045%2823%2900541%2D7
https://doi.org/10.1200/jco.23.00975
https://doi.org/10.1200/jco.23.00975
https://doi.org/10.1056/NEJMoa2503701
https://doi.org/10.1056/NEJMoa2503701
https://doi.org/10.1186/s13045%2D021%2D01034%2D0
https://doi.org/10.1186/s13045%2D021%2D01034%2D0
https://doi.org/10.1056/NEJMoa1915745
https://doi.org/10.1200/jco.22.01450
https://doi.org/10.1200/jco.20.01920

Articles

14

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Wang Y, Lu J, Chong X, et al. PD-1 antibody camrelizumab plus
apatinib and SOX as first-line treatment in patients with AFP-
producing gastric or gastro-esophageal junction adenocarcinoma
(CAP 06): a multi-center, single-arm, phase 2 trial. Signal Transduct
Target Ther. 2025;10:100. https://doi.org/10.1038/s41392-025-
02193-z.

Peng Z, Wei ], Wang F, et al. Camrelizumab combined with
chemotherapy followed by camrelizumab plus apatinib as first-line
therapy for advanced gastric or gastroesophageal junction adeno-
carcinoma. Clin Cancer Res. 2021;27:3069-3078. https://doi.org/10.
1158/1078-0432.Ccr-20-4691.

Lin JX, Tang YH, Zheng HL, et al. Neoadjuvant camrelizumab and
apatinib combined with chemotherapy versus chemotherapy alone
for locally advanced gastric cancer: a multicenter randomized
phase 2 trial. Nat Commun. 2024;15:41. https://doi.org/10.1038/
s41467-023-44309-5.

Japanese Gastric Cancer Association. Japanese gastric cancer
treatment guidelines 2018 (5th edition). Gastric Cancer. 2021;24:1—
21. https://doi.org/10.1007/s10120-020-01042-y.

Becker K, Langer R, Reim D, et al. Significance of histopathological
tumor regression after neoadjuvant chemotherapy in gastric ade-
nocarcinomas: a summary of 480 cases. Ann Surg. 2011;253:934—
939, https://doi.org/10.1097/SLA.0b013e318216f449.

Fu EL. Target trial emulation to improve causal inference from
observational data: what, why, and how? ] Am Soc Nephrol.
2023;34:1305-1314. https://doi.org/10.1681 /asn.
0000000000000152.

Thomas LE, Li F, Pencina M]. Overlap weighting: a propensity
score method that mimics attributes of a randomized clinical trial.
JAMA. 2020;323:2417-2418. https://doi.org/10.1001/jama.2020.
7819.

Leong T, Smithers BM, Michael M, et al. Preoperative chemo-
radiotherapy for resectable gastric cancer. N Engl | Med.
2024;391:1810-1821. https://doi.org/10.1056/NE]Moa2405195.
Rose BS, Winer EP, Mamon HJ. Perils of the pathologic complete
response. | Clin Oncol. 2016;34:3959-3962. https://doi.org/10.
1200/jc0.2016.68.1718.

Reim D, Novotny A, Friess H, et al. Significance of tumour
regression in lymph node metastases of gastric and gastro-
oesophageal junction adenocarcinomas. | Pathol Clin Res.
2020;6:263-272. https://doi.org/10.1002/cjp2.169.

Hashimoto T, Makino T, Yamasaki M, et al. The pattern of residual
tumor after neoadjuvant chemotherapy for locally advanced
esophageal cancer and its clinical significance. Ann Surg.
2020;271:875-884. https://doi.org/10.1097/s12.0000000000003129.
Wainberg ZA, Xie J, Valderrama A, et al. Event-free survival as a
surrogate for overall survival in gastric and gastroesophageal
junction adenocarcinoma: a meta-analysis in the neoadjuvant +
adjuvant setting. Clin Cancer Res. 2023;29:1360-1367. https://doi.
org/10.1158/1078-0432.Ccr-22-2920.

Fujitani K, Nakamura K, Mizusawa J, et al. Posttherapy topo-
graphical nodal status, ypN-site, predicts survival of patients who
received neoadjuvant chemotherapy followed by curative surgical
resection for non-type 4 locally advanced gastric cancer: supple-
mentary analysis of JCOG1004-A. Gastric Cancer. 2021;24:197-204.
https://doi.org/10.1007/s10120-020-01098-w.

Boku N, Omori T, Shitara K, et al. Nivolumab plus chemotherapy
in patients with HER2-negative, previously untreated, unresect-
able, advanced, or recurrent gastric/gastroesophageal junction
cancer: 3-year follow-up of the ATTRACTION-4 randomized,
double-blind, placebo-controlled, phase 3 trial. Gastric Cancer.
2024;27:1287-1301. https://doi.org/10.1007/s10120-024-01535-0.
Lin J, Lin JX, Lin JP, et al. Safety and efficacy of camrelizumab in
combination with nab-paclitaxel plus S-1 for the treatment of
gastric cancer with serosal invasion. Front Immunol. 2021;12:
783243. https://doi.org/10.3389 /fimmu.2021.783243.

Dai Y, Yu XJ, Xu HT, et al. Nab-paclitaxel plus S-1 oxaliplatin plus
S-1 as first-line treatment in advanced gastric cancer: results of a
multicenter, randomized, phase III trial (GAPSO study). Ther Adv
Med Oncol. 2022;14:17588359221118020. https://doi.org/10.1177/
17588359221118020.

Thuss-Patience P, Kretzschmar A, Repp M, et al. Docetaxel and
continuous-infusion fluorouracil versus epirubicin, cisplatin, and
fluorouracil for advanced gastric adenocarcinoma: a randomized
phase II study. J Clin Oncol. 2005;23:494-501. https://doi.org/10.
1200/jc0.2005.02.163.

Mochiki E, Ogata K, Ohno T, et al. Phase II multi-institutional
prospective randomised trial comparing S-1+paclitaxel with S-1

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

+cisplatin in patients with unresectable and/or recurrent advanced
gastric cancer. Br J Cancer. 2012;107:31-36. https://doi.org/10.
1038/bjc.2012.222.

Lin JX, Xu YC, Lin W, et al. Effectiveness and safety of apatinib
plus chemotherapy as neoadjuvant treatment for locally advanced
gastric cancer: a nonrandomized controlled trial. JAMA Netw Open.
2021;4:€2116240. https://doi.org/10.1001/jamanetworkopen.2021.
16240.

Zheng Y, Yang X, Yan C, et al. Effect of apatinib plus neoadjuvant
chemotherapy followed by resection on pathologic response in
patients with locally advanced gastric adenocarcinoma: a single-
arm, open-label, phase II trial. Eur J Cancer. 2020;130:12-19.
https://doi.org/10.1016/j.ejca.2020.02.013.

Tang Z, Wang Y, Yu Y, et al. Neoadjuvant apatinib combined with
oxaliplatin and capecitabine in patients with locally advanced
adenocarcinoma of stomach or gastroesophageal junction: a single-
arm, open-label, phase 2 trial. BMC Med. 2022;20:107. https://doi.
0rg/10.1186/s12916-022-02309-0.

Jardim D, Rodrigues C, Novis Y, Rocha V, Hoff P. Oxaliplatin-
related thrombocytopenia. Ann Oncol. 2012;23:1937-1942. https://
doi.org/10.1093 /annonc/mds074.

Al-Samkari H, Soff G. Clinical challenges and promising therapies
for chemotherapy-induced thrombocytopenia. Expet Rev Hematol.
2021;14:437—448. https://doi.org/10.1080/17474086.2021.1924053.
Crawford K, Bontrager E, Schwarz MA, et al. Targeted FGFR/
VEGFR/PDGFR inhibition with dovitinib enhances the effects of
nab-paclitaxel in preclinical gastric cancer models. Cancer Biol
Ther. 2021;22:619-629. https://doi.org/10.1080/15384047.2021.
2011642.

Chen Y, Liu R, Li C, et al. Nab-paclitaxel promotes the cancer-
immunity cycle as a potential immunomodulator. Am ] Cancer
Res. 2021;11:3445-3460.

Li C, Tian Y, Zheng Y, et al. Pathologic response of phase III study:
perioperative camrelizumab plus rivoceranib and chemotherapy
versus chemotherapy for locally advanced gastric cancer
(DRAGON IV/CAP 05). J Clin Oncol. 2025;43:464—474. https://doi.
org/10.1200/jco.24.00795.

Kang YK, Terashima M, Kim YW, et al. Adjuvant nivolumab plus
chemotherapy versus placebo plus chemotherapy for stage III
gastric or gastro-oesophageal junction cancer after gastrectomy
with D2 or more extensive lymph-node dissection (ATTRACTION-
5): a randomised, multicentre, double-blind, placebo-controlled,
phase 3 trial. Lancet Gastroenterol Hepatol. 2024;9:705-717. https://
doi.org/10.1016/52468-1253(24)00156-0.

Lordick F, Mauer ME, Stocker G, et al. Adjuvant immunotherapy
in patients with resected gastric and oesophagogastric junction
cancer following preoperative chemotherapy with high risk for
recurrence (ypN+ and/or R1): European organisation of research
and treatment of cancer (EORTC) 1707 VESTIGE study. Ann
Oncol. 2025;36:197-207. https://doi.org/10.1016/j.annonc.2024.10.
829.

Fuchs C, Doi T, Jang RW, et al. Safety and efficacy of pem-
brolizumab monotherapy in patients with previously treated
advanced gastric and gastroesophageal junction cancer: phase 2
clinical KEYNOTE-059 trial. JAMA Oncol. 2018;4:e180013. https://
doi.org/10.1001/jamaoncol.2018.0013.

Shitara K, Ozgiiroglu M, Bang Y], et al. Pembrolizumab versus
paclitaxel for previously treated, advanced gastric or gastro-
oesophageal junction cancer (KEYNOTE-061): a randomised,
open-label, controlled, phase 3 trial. Lancet. 2018;392:123-133.
https://doi.org/10.1016/s0140-6736(18)31257-1.

Xu J, Jiang H, Pan Y, et al. Sintilimab plus chemotherapy for
unresectable gastric or gastroesophageal junction cancer: the
ORIENT-16 randomized clinical trial. JAMA. 2023;330:2064—2074.
https://doi.org/10.1001/jama.2023.19918.

Léna H, Greillier L, Cropet C, et al. Nivolumab plus ipilimumab
versus carboplatin-based doublet as first-line treatment for pa-
tients with advanced non-small-cell lung cancer aged >70 years
or with an ECOG performance status of 2 (GFPC 08-2015 EN-
ERGY): a randomised, open-label, phase 3 study. Lancet Respir
Med. 2025;13:141-152. https://doi.org/10.1016/52213-2600(24)
00264-9.

Janjigian Y, Shitara K, Moehler M, et al. First-line nivolumab plus
chemotherapy versus chemotherapy alone for advanced gastric,
gastro-oesophageal junction, and oesophageal adenocarcinoma
(CheckMate 649): a randomised, open-label, phase 3 trial. Lancet
(London, England). 2021;398:27-40. https://doi.org/10.1016/s0140-
6736(21)00797-2.

www.thelancet.com Vol 89 November, 2025


https://doi.org/10.1038/s41392%2D025%2D02193%2Dz
https://doi.org/10.1038/s41392%2D025%2D02193%2Dz
https://doi.org/10.1158/1078%2D0432.Ccr%2D20%2D4691
https://doi.org/10.1158/1078%2D0432.Ccr%2D20%2D4691
https://doi.org/10.1038/s41467%2D023%2D44309%2D5
https://doi.org/10.1038/s41467%2D023%2D44309%2D5
https://doi.org/10.1007/s10120%2D020%2D01042%2Dy
https://doi.org/10.1097/SLA.0b013e318216f449
https://doi.org/10.1681/asn.0000000000000152
https://doi.org/10.1681/asn.0000000000000152
https://doi.org/10.1001/jama.2020.7819
https://doi.org/10.1001/jama.2020.7819
https://doi.org/10.1056/NEJMoa2405195
https://doi.org/10.1200/jco.2016.68.1718
https://doi.org/10.1200/jco.2016.68.1718
https://doi.org/10.1002/cjp2.169
https://doi.org/10.1097/sla.0000000000003129
https://doi.org/10.1158/1078%2D0432.Ccr%2D22%2D2920
https://doi.org/10.1158/1078%2D0432.Ccr%2D22%2D2920
https://doi.org/10.1007/s10120%2D020%2D01098%2Dw
https://doi.org/10.1007/s10120%2D024%2D01535%2D0
https://doi.org/10.3389/fimmu.2021.783243
https://doi.org/10.1177/17588359221118020
https://doi.org/10.1177/17588359221118020
https://doi.org/10.1200/jco.2005.02.163
https://doi.org/10.1200/jco.2005.02.163
https://doi.org/10.1038/bjc.2012.222
https://doi.org/10.1038/bjc.2012.222
https://doi.org/10.1001/jamanetworkopen.2021.16240
https://doi.org/10.1001/jamanetworkopen.2021.16240
https://doi.org/10.1016/j.ejca.2020.02.013
https://doi.org/10.1186/s12916%2D022%2D02309%2D0
https://doi.org/10.1186/s12916%2D022%2D02309%2D0
https://doi.org/10.1093/annonc/mds074
https://doi.org/10.1093/annonc/mds074
https://doi.org/10.1080/17474086.2021.1924053
https://doi.org/10.1080/15384047.2021.2011642
https://doi.org/10.1080/15384047.2021.2011642
http://refhub.elsevier.com/S2589-5370(25)00501-2/sref44
http://refhub.elsevier.com/S2589-5370(25)00501-2/sref44
http://refhub.elsevier.com/S2589-5370(25)00501-2/sref44
https://doi.org/10.1200/jco.24.00795
https://doi.org/10.1200/jco.24.00795
https://doi.org/10.1016/s2468%2D1253%2824%2900156%2D0
https://doi.org/10.1016/s2468%2D1253%2824%2900156%2D0
https://doi.org/10.1016/j.annonc.2024.10.829
https://doi.org/10.1016/j.annonc.2024.10.829
https://doi.org/10.1001/jamaoncol.2018.0013
https://doi.org/10.1001/jamaoncol.2018.0013
https://doi.org/10.1016/s0140%2D6736%2818%2931257%2D1
https://doi.org/10.1001/jama.2023.19918
https://doi.org/10.1016/s2213%2D2600%2824%2900264%2D9
https://doi.org/10.1016/s2213%2D2600%2824%2900264%2D9
https://doi.org/10.1016/s0140%2D6736%2821%2900797%2D2
https://doi.org/10.1016/s0140%2D6736%2821%2900797%2D2

Articles

53

54

55

Shitara K, Van Cutsem E, Bang Y], et al. Efficacy and safety of
pembrolizumab or pembrolizumab plus chemotherapy vs chemo-
therapy alone for patients with first-line, advanced gastric cancer: the
KEYNOTE-062 phase 3 randomized clinical trial. JAMA Oncol.
2020;6:1571-1580. https://doi.org/10.1001 /jamaoncol.2020.3370.
Rha SY, Oh DY, Yafiez P, et al. Pembrolizumab plus chemotherapy
versus placebo plus chemotherapy for HER2-negative advanced
gastric cancer (KEYNOTE-859): a multicentre, randomised, double-
blind, phase 3 trial. Lancet Oncol. 2023;24:1181-1195. https://doi.
0rg/10.1016/51470-2045(23)00515-6.

Josephides EC, Smith D, Bille A, et al. A retrospective evaluation of
PD-L1 expression and heterogeneity in early-stage non-small cell

www.thelancet.com Vol 89 November, 2025

56

57

lung cancer (REPLICA). Clin Lung Cancer. 2025;26:e223-e231.
https://doi.org/10.1016/j.cllc.2025.01.008.

Petricevic B, Kabiljo J, Zirnbauer R, Walczak H, Laengle J,
Bergmann M. Neoadjuvant immunotherapy in gastrointestinal

cancers - the new standard of care? Semin Cancer Biol.
2022;86:834-850.  https://doi.org/10.1016/j.semcancer.2022.05.
015.

Chen X, Xu H, Chen X, et al. First-line camrelizumab (a PD-1
inhibitor) plus apatinib (an VEGFR-2 inhibitor) and chemo-
therapy for advanced gastric cancer (SPACE): a phase 1 study.
Signal Transduct Target Ther. 2024;9:73. https://doi.org/10.1038/
541392-024-01773-9.

15


https://doi.org/10.1001/jamaoncol.2020.3370
https://doi.org/10.1016/s1470%2D2045%2823%2900515%2D6
https://doi.org/10.1016/s1470%2D2045%2823%2900515%2D6
https://doi.org/10.1016/j.cllc.2025.01.008
https://doi.org/10.1016/j.semcancer.2022.05.015
https://doi.org/10.1016/j.semcancer.2022.05.015
https://doi.org/10.1038/s41392%2D024%2D01773%2D9
https://doi.org/10.1038/s41392%2D024%2D01773%2D9

	Perioperative camrelizumab and apatinib combined with chemotherapy for locally advanced gastric cancer in China: three-year ...
	Introduction
	Methods
	Study design and population
	Ethics
	Randomization
	Procedures
	Endpoints
	Statistical analysis
	Role of funding source

	Results
	Study population and perioperative treatments
	Primary endpoint: MPR
	Secondary endpoint: 3-year survival outcomes
	Subgroup analysis for 3-year survival
	Safety
	Historical comparison between SAP and SOX

	Discussion
	ContributorsHuang CM had full access to all the data in the study and takes responsibility for the integrity of the data an ...
	Data sharing statementThe datasets used and analyzed during the current study are available from the corresponding author ( ...
	Declaration of interests
	Acknowledgements
	Appendix A. Supplementary data
	References


