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Background: The prognosis of gastric cancer (GC) patients with human epidermal growth factor receptor 2
(HER?2) positive was poor. To illustrate the underlying effective and distinctive molecular characteristics of
programmed cell death protein 1 (PD-1) blockade in the treatment of GC with HER?2 positive, we analyzed
the survival outcome of PD-1 inhibitors combination regimen as the first-line treatment for GC patients
with HER2-positive in China.

Methods: This retrospective real-world study compared the prognoses of first-line systemic treatment
of PD-1 inhibitors combined with trastuzumab and chemotherapy (PTC group) and trastuzumab and
chemotherapy (T'C group) in Chinese patients with HER2-positive GC, and then further to identify the
specific and molecular characteristics of PD-1 inhibitors treatment by hierarchical analysis. The patients
were matched using propensity score matching (PSM). Overall survival (OS) and progression-free survival
(PFS) were used as the primary and secondary endpoints of the study.

Results: A total of 95 patients with HER2-positive GC receiving first-line treatment at Zhongshan
Hospital of Fudan University from January 2019 to September 2022 were included. The median OS (24.67
vs. 16.00 months, P=0.01) and median PFS (15.57 vs. 7.57 months, P=0.008) of patients with HER2-
positive GC who received PTC regimen were longer than those treated by T'C regimen as first-line systemic
treatment after PSM analysis. In hierarchical analysis, we discovered that programmed cell death ligand 1
(PD-L1) positive expression in tumor tissues was not a predictor of PD-1 inhibitors in HER2-positive GC.
However, PD-L1 was an indicator of better survival outcomes by combined trastuzumab treatment in all GC
patients. Furthermore, in the subgroup analysis, we found that the median OS for the PTC group was longer
by nearly 8 months than the TC group in patients with HER2 gene copy number [HER2 fluorescence
in situ hybridization (FISH) test] more than six, while the median OS for the PTC group was longer by
approximately 12 months than the T'C group in patients with HER2-positive GC with TP53 mutations.
Conclusions: The results suggested that patients with HER2-positive GC could benefit from PD-1
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inhibitors combination with trastuzumab and chemotherapy, especially patients with HER-2 FISH more
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Introduction

Gastric cancer (GC) is reported as the fifth frequent
cancer in humankind and the third leading cause of tumor
associated death worldwide (1). Human epidermal growth
factor receptor 2 (HER2; also known as ERBB2) is a
vital pathological feature of GC (2). HER2 belongs to a
family of receptors involved in tumor cell proliferation,
migration, and differentiation, and it promotes the
malignant biological behavior of tumors (3). The first-line
recommended systemic chemotherapy for advanced and
metastasis GC is fluoropyrimidine plus platinum, combined
with trastuzumab for patients with HER2-positive (4).
Patients with advanced GC have a poor prognosis, with
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survival from 4 months to 12 months (5). The prognosis of
GC patients with HER2-positive is even worse than that of
GC patients with HER2-negative (2). However, when the
anti-HER? strategy, especially trastuzumab, was performed
for HER2-positive GC, the survival time was even more
prolonged than that for HER2-negative GC (6). Although
we have clarified the role of HER2 in GC, we do not fully
understand the molecular characteristics of HER2 in GC.

Recently, increasing evidence has shown that
immunotherapy with immune checkpoint inhibitors
(ICIs), especially programmed cell death protein-1 (PD-1)
blockades, has revolutionized the therapeutic strategy
of advanced and metastasis GC patients that are HER2-
negative (7,8). However, for GC patients with HER2-
positive, there remains a lack of relevant real-world clinical
data on ICIs treatment. The ongoing KEYNOTE-811 trial
showed the possibility of PD-1 inhibitors for GC patients
with HER2-positive (9-11). The molecular characteristics
of the beneficiary population have not yet been thoroughly
elucidated. Thus, we designed this real-world retrospective
study to draw a comparison of PD-1 inhibitor efficacy in
GC patients with HER2-positive and attempted to identify
the characteristics of the population with the most benefit
from PD-1 inhibitor treatment. We present this article in
accordance with the STROBE reporting checklist (available
at https://tgh.amegroups.com/article/view/10.21037/tgh-
24-95/rc).

Methods
Study design

This real-world retrospective study of patients with HER2-
positive advanced or metastasis GC between January 2019
and September 2022 was carried out at the Zhongshan
Hospital of Fudan University and was approved by the
Institutional Ethics Committee (No. B2020-253R2).
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Written informed consent for publication was obtained
from all participants. All data were anonymized before
processing. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013).

Sample selection and data collection

Inclusion criteria for patients with HER2-positive
GC with survival outcomes were as follows: (I)
histologically confirmed for advanced or metastasis
gastric adenocarcinoma; (II) diagnosed of positive HER?2
expression in cancer tissues by immunohistochemical
(IHC) 3+ or IHC 2+ and fluorescence in situ hybridization
(FISH) positive (HER2:CEP17 ratio >2) or both or next
generation sequencing (NGS) testing; (III) application
of first-line PD-1 inhibitor plus trastuzumab and
chemotherapy (PTC) or trastuzumab and chemotherapy
(TC) regimen; (IV) Eastern Cooperative Oncology Group
(ECOQG) performance status of 0 or 1. Data on gender, age,
pathological information, and therapeutic regimen were
collected. The dates of diagnosis, initiation of treatment,
termination of treatment, progress and death of patients
were all collected. National Cancer Institute Common
Toxicity Criteria version 5.0 was used to assess adverse
events.

Therapeutic strategy

The first-line systemic chemotherapy regimen of GC
patients with HER2-positive was constituted by the
guideline of the National Comprehensive Cancer Network.
The TC regimen included three-week cycles of trastuzumab
(initially at 8 mg/kg then 6 mg/kg of body weight every
21 days intravenously) combined with chemotherapy
regimen chosen by the investigator, such as XELOX
(capecitabine and oxaliplatin), SOX (S-1 and oxaliplatin), AS
(albumin-bound paclitaxel and S-1), etc. The PTC regimen
involved a T'C regimen combined with 3-week cycles of the
PD-1 inhibitor intravenously, which the researchers chose.
The types and dosages of PD1 inhibitors included 15 cases
of keytruda (200 mg), 4 cases of nivolumab (360 mg), 6 cases
of toripalimab (200 mg), 4 cases of tislelizumab (200 mg),
1 case of sintilimab (200 mg), 1 case of camrelizumab
(200 mg), and 1 case of penpulimab (200 mg). There was
no limitation on the secondary or posterior therapeutic
schedule. The number of treatment cycles was decided
by investigators according to the general conditions of
patients. Treatment was discontinued as soon as the disease
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progressed, at a point of unacceptable toxicity, or upon
patient refusal.

Endpoints

The primary endpoint was overall survival (OS), and the
secondary endpoint was progression-free survival (PES).
OS was considered to be the time from the initiation of
tumor treatment to the final follow-up or the death of
GC patients. PFS was defined from the time of treatment
initiation until disease progression. The disease assessment
was executed by the Response Evaluation Criteria in Solid
Tumors version 1.1.

Statistical analysis

The ages of patients with HER2-positive GC were divided
into two groups based on the threshold of 65 years.
Categorical data were analyzed with the chi-square test
or Fisher’s exact test. OS and PFS were displayed by the
Kaplan-Meier method. Propensity score matching (PSM)
was executed at a ratio of 1:2 of PT'C group and TC group.
Efficacy was calculated as a hazard ratio (HR) with a 95%
confidence interval (CI). Analysis was carried out using
GraphPad Prism 8 (GraphPad Software, La Jolla, CA,
USA) and Statistical Package for the Social Sciences 26.0
(IBM, Armonk, NY, USA). P value <0.05 was considered
statistically significant.

Results
Characteristics of patients with survival analysis

From January 2019 to September 2022, ninety-five GC
patients with HER2-positive met the inclusion criteria,
including 32 patients of the PTC regimen and 63 patients
of the TC regimen (Figure 1). After PSM analysis, there
were 32 cases in the PTC group and 43 in the TC group.
The secondary or posterior therapeutic regimen was not
restricted. All patients were comprehensively collected
and monitored according to the experimental design. The
final follow-up date was November 30, 2022. The baseline
characteristics of the GC patients with HER2-positive
before and after PSM were listed in Table 1. Patients in
the PTC and TC groups were well balanced in gender,
age, pathological Lauren type, HER2 expression, PD-L1
expression, cycles of trastuzumab, and other anti-HER2
regimens after PSM analysis. Up to the deadline of follow-
up, 61 patients died (64.2%; 13 and 48 in each group,
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Figure 1 Flowchart of the study. HER2, human epidermal
growth factor receptor 2; NGS, next-generation sequence; PSM,
propensity score matching; PT'C, PD-1 inhibitor combined with
trastuzumab and chemotherapy; PD-1, programmed cell death
protein 1; T'C, trastuzumab and chemotherapy.

respectively). Before PSM, there was a statistical difference
in Lauren types between the PTC and TC groups. The
data showed that the mixed Lauren type was the major type
in the PTC group, while the intestinal Lauren type was
the main type in the T'C group. However, the difference in
Lauren type was well balanced between the two groups after
PSM analysis. The expression levels of HER2 determined
by IHC and FISH methods were not different between the
two groups before and after PSM. PD-L1 expression in the
tissues of 95 patients with HER2-positive GC was collected.
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In total, 85.7% of GC patients had PD-L1 expression data.
The positive rate of PD-L1 expression was slightly higher
in the PTC group than that in the TC group (59.4% uvs.
31.7%). However, statistical difference was not discovered
both before and after the PSM analysis. The mismatch
repair status of all patients was proficient.

The median cycles of trastuzumab treatment were 11 and
7 in the PTC and TC groups. Before PSM analysis, there
were 11 patients (34.4%) in the PTC group and 40 patients
(63.5%) in the TC group of trastuzumab therapeutic
cycles less than 6 of the first-line treatment (P=0.009).
The cases of trastuzumab cycles over 6 were more in the
PTC group than in the TC group. However, the number
of cycles of trastuzumab between <6 and >6 in each group
was balanced after PSM analysis (P=0.25). We also analyzed
the regimens after first-line treatment to minimize the
effects of other variables. Three patients (9.4%) in the PTC
group and 12 patients (19.0%) in the TC group continued
to apply trastuzumab after the first-line treatment. Five
patients in the PTC group and nine cases in the TC
group implemented other anti-HER2 treatment, except
trastuzumab, including RC48 and pyrotinib. Given the
above, the two groups were also well balanced regarding the
application of trastuzumab in the posterior line treatment
and the other anti-HER?2 regimen in the posterior line
treatment.

Follow-up

The median age of the GC patients with HER2-positive
was 63 years (range from 31 to 82 years). The median
follow-up time was 26 months. Before PSM, we found the
median OS is 24.67 and 17.70 months of patients receiving
PTC and TC regimens, respectively, with a significant
difference (P=0.02; HR =0.4980, 95% CI: 0.2928-0.8468)
(Figure 2A, Table I). Furthermore, we found a significant
difference in median PFS (P=0.007; HR =0.4454, 95% CI:
0.2639-0.7519) between these HER2-positive GC patients
receiving PTC and TC regimens (Figure 2B).

After further PSM analysis, the median OS of GC
patients was 24.67 and 16.00 months (P=0.01; HR
=0.4613, 95% CI: 0.2584-0.8238) of the PTC and TC
groups, while the median PFS was 15.57 and 7.57 months
(P=0.008; HR =0.4393, 95% CI: 0.2463-0.7838)
respectively (Figure 2C,2D). Both OS and PFS were
prolonged in the PTC group, indicating that a combined
PD-1 inhibitor in first-line treatment can improve the
therapeutic effect in GC patients with HER2-positive.

Transl Gastroenterol Hepatol 2025;10:23 | https://dx.doi.org/10.21037/tgh-24-95



Translational Gastroenterology and Hepatology, 2025 Page 5 of 13

Table 1 Comparison of characteristics of HER2-positive gastric cancer patients before and after PSM

Before PSM, n (%) After PSM, n (%)
Variable
PTC TC P value PTC TC P value

Gender 0.15 0.81
Male 20 (62.5) 49 (77.8) 20 (62.5) 29 (67.4)
Female 12 (37.5) 14 (22.2) 12 (37.5) 14 (32.6)

Age (years) 0.52 0.35
<65 19 (59.4) 32 (50.8) 19 (59.4) 20 (46.5)
>65 13 (40.6) 31 (49.2) 13 (40.6) 23 (53.5)

Lauren type 0.003 0.35

Intestinal 11 (34.4) 42 (66.7) 11 (34.4) 22 (51.2)
Diffuse 8 (25.0) 13 (20.6) 8 (25.0) 8(18.6)
Mixed 13 (40.6) 8(12.7) 13 (40.6) 13 (30.2)

HER2 IHC 0.94 0.97
2+ 9 (28.1) 17 (27.0) 9 (28.1) 11 (25.6)
3+ 21 (65.6) 43 (68.2) 21 (65.6) 29 (67.4)
Other® 2 (6.3) 3 (4.8) 2(6.3) 3(7.0)

HER2 FISH 0.18° 0.25¢
<6 9(28.1) 29 (46.0) 9 (28.1) 19 (44.2)
>6 17 (63.1) 22 (34.9) 17 (53.1) 15 (34.9)
N/A 6(18.8) 12 (19.0) 6(18.8) 9 (20.9)

PD-L1 0.07° 0.09°
Positive 19 (59.4) 20 (31.7) 19 (59.4) 14 (32.5)
Negative 13 (40.6) 34 (54.0) 13 (40.6) 23 (53.5)
N/A 0 9 (14.3) 0 6 (14.0)

Trastuzumab 0.009 0.17
<6 11 (34.4) 40 (63.5) 11 (34.4) 22 (51.2)
>6 21 (65.6) 23 (36.5) 21 (65.6) 21 (48.8)

Posterior line” 0.37 0.72
Yes 3(9.4) 12 (19.0) 3(9.4) 6 (14.0)
No 29 (90.6) 51 (81.0) 29 (90.6) 37 (86.0)

Other anti-HER2° >0.99 0.74
Yes 5(15.6) 9 (14.3) 5(15.6) 5(11.6)
No 27 (84.4) 54 (85.7) 27 (84.4) 38 (88.4)

Total 32 (100.0) 63 (100.0) 32 (100.0) 43 (100.0)

?, HER2 positive expression by NGS test; °, trastuzumab in posterior line treatment of gastric cancer patients; °, other anti-HER2
treatment, including RC48 and pyrotinib; ¢ Fisher’s exact test between FISH <6 and >6; ¢, Fisher’s exact test between PD-L1 positive and
negative. FISH, fluorescence in situ hybridization; IHC, immunohistochemical; N/A, not available; NGS, next generation sequencing; PSM,
propensity score matching; PTC, PD-1 inhibitor plus trastuzumab and chemotherapy; PD-1, programmed cell death protein 1; PD-L1,
programmed cell death ligand 1; TC, trastuzumab and chemotherapy.
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Figure 2 Kaplan-Meier survival curves for OS and PFS before and after PSM. (A) OS and (B) PFS analyses for the PT'C (n=32) and TC (n=63)
regimens in HER2-positive gastric cancer patents. (C) OS and (D) PFS analyses for the PTC (n=32) and TC (n=43) regimens in patients

with HER2-positive gastric cancer after PSM. CI, confidence interval; HR, hazard ratio; OS, overall survival; PFS, progression-free survival;

PSM, propensity score matching; PTC, PD-1 inhibitor combined with trastuzumab and chemotherapy; PD-1, programmed cell death

protein 1; T'C, trastuzumab and chemotherapy.

As we knew, HER2 status influence the treatment
strategy of GC, while FISH testing results indicating the
amplification of HER2. We further analyzed whether
HER2-FISH results were relevant to clinical treatment
efficiency. Totally, we have 72 patients has HER2-FISH
testing results. The median HER2-FISH testing number
is 6. Then we conduct an analysis of the survival time
according to HER2-FISH results in all GC patients with
HER2-positive, including both PTC and T'C groups. It was
a significant statistical difference of OS (P=0.02; 24.00 vs.
16.30 months) and PFS (P=0.0003; 15.57 vs. 7.00 months)
in all GC patients with HER2-positive between FISH
>6 and FISH <6 (Figure 34,3B; Table 2). After a stratified
analysis of HER2-FISH number in PTC and TC groups,
we found the patients with HER2-FISH >6 has a better PFS
outcome than HER2-FISH <6 in PTC group (undefined
vs. 8.4 months, P<0.001), while no significant difference in
other subgroups (Figure 3C-3H). The data suggested that

© AME Publishing Company.

patients with higher HER2 amplification may benefit from
systemic therapy. The median number was not available in
Table 2 may due to the death rate was no higher than 50%,
which need to extend the duration of follow-up.

Increasing data showed that PD-L1 expression may be
one of the factors predicting therapeutic effects in patients
with HER2-negative GC. Therefore, we tried to conduct a
stratified analysis of the survival time according to PD-L1
expression in GC patients with HER2-positive. It was no
significant statistical difference of OS in the PTC group and
TC group between PD-L1 positive (CPS >1) and negative
(CPS <1) GC patients with HER2-positive. However,
there was a significant difference of PFS in the sub-analysis
(Figure 44,4B). 'To further analyze the PFS outcome, we
found that the difference mainly occurred between patients
that were PD-L1 positive and PD-L1 negative sub-groups in
the PTC regimen. Additionally, HER2-positive GC patients
with PD-L1 positive expression in the PTC regimen
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Figure 3 Kaplan-Meier survival curves for sub-groups by HER2-FISH number. (A) OS and (B) PFS analyses by HER2-FISH cut-off by 6.
(C) OS and (D) PES in PTC and TC groups stratified by HER2-FISH at 6. (E) OS of HER2-FISH >6 and HER2-FISH <6 patients in PTC
group. (F) PFS of HER2-FISH >6 and HER2-FISH <6 patients in the PT'C group. (G) OS of HER2-FISH >6 and HER2-FISH <6 patients
in TC group. (H) PES of HER2-FISH >6 and HER2-FISH <6 patients in the TC group. CI, confidence interval; FISH, fluorescence in situ
hybridization; HR, hazard ratio; OS, overall survival; PFS, progression-free survival; PSM, propensity score matching; PTC, PD-1 inhibitor
combined with trastuzumab and chemotherapy; PD-1, programmed cell death protein 1; T'C, trastuzumab and chemotherapy.
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Table 2 Overall survival time and progress free survival time of HER2-positive gastric cancer patients

OS (months) PFS (months)
Variable N
Median 95% ClI Median 95% ClI

Before PSM

PTC 32 24.67 19.32-30.02 15.57 11.63-19.50

TC 63 17.70 13.90-21.50 7.37 4.23-10.50
After PSM

PTC 32 24.67 19.32-30.02 15.57 12.63-19.50

TC 43 16.00 11.95-20.05 7.57 3.62-11.52
HER2 FISH

>6 38 24.00 17.05-30.95 15.57 14.44-16.70

<6 38 16.30 12.22-20.38 7.00 5.91-8.09

PTC >6 17 21.40 N/A N/A N/A

PTC <6 9 17.43 10.00-24.87 8.37 6.51-10.23

TC >6 21 24.00 12.88-35.12 10.40 0.00-21.27

TC <6 29 16.00 10.67-21.33 6.77 5.64-7.89
PD-L1 subgroup

PTC_PD-L1+ 19 25.83 19.05-32.16 15.80 N/A

PTC_PD-L1- 13 22.73 14.42-28.05 8.40 4.49-12.31

TC_PD-L1+ 20 24.00 18.99-29.01 15.10 7.90-22.30

TC_PD-L1- 34 16.00 11.34-20.66 6.97 6.53-7.41
TP53 subgroup

PTC_TP53m 19 24.67 18.84-30.50 12.93 5.90-19.97

TC_TP53m 15 12.10 10.29-13.91 6.77 4.87-8.66

Cl, confidence interval; FISH, fluorescence in situ hybridization; HER2, human epidermal growth factor receptor 2; N/A, not available
by Kaplan-Meier analysis; OS, overall survival time; PFS, progress free survival time; PD-L1, programmed cell death ligand 1; PSM,
propensity score matching; PTC, PD-1 inhibitor plus trastuzumab and chemotherapy; PD-1, programmed cell death protein 1; TC,

trastuzumab and chemotherapy; TP53m, TP53 mutation.

showed a better PFS than patients that are PD-L1 negative
in the TC regimen (Figure 4C,4D, Table 2). However, the
advantage of PFS was not transferred to that of OS.

Among these, 19 patients in the PTC group and 17 cases
in the TC group underwent NGS testing respectively.
From the NGS results, we found that TP53 was the
most common abnormal gene in patients with GC. After
confirming the TP53 mutation status, we found 19 cases
in the PTC group and 15 cases in the TC group with
TP53 mutations. Although it was no statistically significant
difference in the median PFS (12.93 vs. 6.77 months)
between the PTC and TC groups (P=0.15; HR =0.5027,

© AME Publishing Company.

95% CI: 0.1879-1.344), however, we found the median OS
was 24.67 and 12.10 months (P=0.001; HR =0.3115, 95%
CI: 0.1345-0.7218) with a significant statistical difference
between the two groups (Figure 4E,4F, Table 2). The OS
outcome was prolonged by approximately 12 months for the
PTC regimen, compared with that of the TC regimen. The
data showed that GC patients with HER2-positive could

benefit more from ICI combination treatment.

Adverse events

Adverse events in both groups are displayed in Table 3.
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Figure 4 Kaplan-Meier survival curves for sub-groups. (A) OS and (B) PFS analyses by PD-L1 clarification. (C) PFS of PD-L1 positive and
negative expression patients in PTC group. (D) PES of PD-L1 positive expression patients in the PTC group and PFS of PD-L1 negative

expression patients in the T'C group. (E) OS and (F) PES analyses of gastric cancer patients with HER-2 positive and TP53 mutations. CI,

confidence interval; HR, hazard ratio; m, mutation; OS, overall survival; PFS, progression-free survival; PD-L1, programmed cell death

ligand 1; PSM, propensity score matching; PTC, PD-1 inhibitor combined with trastuzumab and chemotherapy; PD-1, programmed cell

death protein 1; TC, trastuzumab and chemotherapy.

Myelosuppression including leukocytopenia, thrombocytopenia,
and anemia was the most common hematological adverse
event in the PTC and TC groups. Diarrhea, vomiting,
hepatic dysfunction, and hand-foot syndrome also occurred
in these patients. Vomiting occurred in approximately 20%
of all GC patients. The data displayed that the incidence

of peripheral neurotoxicity was slightly higher in the
PTC group (21.88%) than that in the TC group (9.52%).
However, there was no significant statistical difference. The
incidences of heart failure were similar in the PTC and
TC groups. There were no serous immune-related adverse
events in PTC group.
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Table 3 Incidence of adverse events
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PTC (n=32) TC (n=63)
Event P value
Grade1/2 (%) Grade3/4 (%) Grade1/2 (%) Grade3/4 (%)
Anemia 3(9.39) N/A 5 (7.94) N/A >0.99
Leukocytopenia 5(15.63) 1(3.13) 11 (17.46) 2(3.17) >0.99
Thrombocytopenia 5(15.63) 2 (6.25) 11 (17.46) 2(3.17) 0.57
Diarrhea 5(16.38) 1(3.13) 2(3.17) 1(1.59) >0.99
Vomiting 8 (25.00) N/A 12 (19.05) N/A >0.99
Hepatic dysfunction 3(9.38) N/A 4 (6.35) N/A >0.99
Hand-foot syndrome 13.13) N/A 2(3.17) N/A >0.99
Peripheral neurotoxicity 6 (18.75) 1(3.13) 3 (4.76) 3(4.76) 0.27
Heart failure 3(9.38) N/A 2(3.17) N/A >0.99
N/A, not available; PTC, PD-1 inhibitor plus trastuzumab and chemotherapy; PD-1, programmed cell death protein 1; TC, trastuzumab and
chemotherapy.
Discussion treatment could lengthen the survival time of HER2-positive

There is increasing evidence that HER? is one of the most
important biomarkers and a key driver of tumorigenesis
in human GC. Overexpressed HER2 protein has been
reported in 10-20% of patients with GC and was
considered to be an inverse prognostic factor (12,13). Since
HER?2 is recognized as a crucial molecular biomarker,
HER2-targeted treatment has drawn wide attention in GC
patients with HER2-positive. A typical clinical trial showed
that trastuzumab combined with systemic chemotherapy
improved OS from 11.1 to 13.8 months and PFS from
5.5 to 6.7 months in GC patients with HER2-positive (6).
Therefore, the recommended standard first-line regimen
for GC patients with HER2-positive disease is trastuzumab
combined with fluoropyrimidine and platinum-based
chemotherapy. Although trastuzumab, one of the most
important anti-HER?2 target regimens, had improved the
survival times of patients that are HER2-positive, many
patients still could not benefit from the recommended
treatment. Many HER2-positive patients have still not
prolonged survival time through anti-HER?2 therapy. Thus,
it is urgent to elucidate the underlying reason for this
phenomenon and to find a more useful strategy for these
patients.

The Checkmate-649 and ATTRACTION-4 trials
showed a promising survival outcome of PD-1 blockade
combined with systemic chemotherapy in the first-line
treatment of GC patients with HER2-negative (7,8). We
were interested in whether a PD-1 inhibitor as the first-line

© AME Publishing Company.

GC patients. The Phase III KEYNOTE-811 study was
designed to assess the efficacy of pembrolizumab combined
with trastuzumab and chemotherapy as a first-line regimen
for advanced and metastatic GC patients with HER2-
positive (9,11). However, there was no sufficient evidence of
molecular characteristic regarding PD-1 blockade combined
treatment in HER2-positive GC. Thus, we conducted a
retrospective study to define the efficacy of PD-1 inhibitors,
trastuzumab, and chemotherapy as first-line therapies
in advanced and metastatic GC patients with HER2-
positive. Patients with 7P53 or KRAS mutations, especially
those with TP53/KRAS mutation co-occurrence, showed
remarkable clinical benefits with PD-1 inhibitors (14).
Thus, we deduced that 7P53 mutations might also influence
the efficacy of PD-1 blockades in GC.

Our study found that the PTC regimen as the first-
line therapeutic strategy for GC with HER2-positive
can prolong OS and PFS times compared with the TC
regimen with a significant difference. The data suggested
that the patients with HER-2 positive GC who received
PTC treatment reached a better median OS (24.67 vs.
16.00 months, P=0.01) and PFS (15.57 vs. 7.37 months,
P=0.008) than T'C treatment. The OS was extended for
approximately 8 months after combining with PD-1
inhibitor in GC patients with HER2-positive in the first-
line systemic treatment. From our data we found that the
amplification number of HER2 by HER2-FISH testing can
indicate the survival outcome of GC patients. GC patients
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with higher HER2-FISH numbers (>6) are more likely
to benefit from combination therapy. We also conducted
subgroup analyses for HER2 IHC2+ and 3+ of PTC group
and TC group, respectively, but there was no statistically
significant difference.

Increasing evidence supports that the expression level
of PD-L1 is frequently abnormal in GC tissues and its
upregulation may be a prognostic factor for better outcomes
(15,16). We found that the PD-L1 positivity rate was
49.6% in our gene testing analysis data and 45.3% (39 cases
positive and 47 cases negative) in our survival analysis of
GC patients with HER2-positive. Previous studies have
suggested that PD-L1 positive expression is a predictor
of the benefit of PD-1 inhibitor therapy in GC patients
with HER2-negative (7,17). Through the survival time
analysis, we found that GC patients with HER2-positive
could also benefit from PD-1 inhibitor therapy. However,
whether PD-L1 is also a symbolic sign of immunotherapy
effect in HER2-positive GC remains to be answered. We
then conducted a stratified analysis of survival time by the
expression of PD-L1. Whether a PD-L1 CPS of >1 or
<1, the OS of GC patients with HER2-positive was not
significantly different after PD-1 inhibitors combination
treatment. Interestingly, during the PTC group analysis, we
found that PFS was longer in the PD-L1 positive expression
subgroup. However, no statistical difference was determined
in OS among these subgroups. Overall, our data suggested
that the expression of PD-L1 was not a major factor in the
benefit of immunotherapy in patients with HER2-positive
GC. Therefore, it remains a clinical challenge which needs
to further explore the molecular characteristics that can
benefit from immunotherapy of GC patients with HER2-
positive.

Tumor suppressor gene tumor protein p53 (7P53) is
reported as one of the most common mutated genes in
various malignancies (18,19). As we found that the 7P53
mutation is the most frequent gene in patients that are
HER2-positive, we analyzed whether 7P53 mutation could
affect the treatment effect in these patients. We found
the median OS was 24.67 and 12.10 months (P=0.001;
HR =0.3115, 95% CI: 0.1345-0.7218) between the PTC
group and TC group. The median OS was prolonged
by approximately 12 months when PD-1 inhibitors were
added in GC patients that are HER2-positive with TP53
mutations. These data indicated that 7P53 mutation may
be a potential indicator of ICIs in GC patients with HER2-
positive. The higher frequency of TP53 mutations may
affect the therapeutic effect of ICIs in GC patients with

© AME Publishing Company.
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HER2-positive. Thus, the available evidence suggested
that PD-1 inhibitors have durable efficacy in GC patients
and PD-1 inhibitors plus trastuzumab and systemic
chemotherapy is a promising treatment option in GC
patients with HER2-positive, especially in those with 7P53
mutations.

The study also has some limitations. This was a
retrospective study, which was subject to bias. The number
of patients who participated in the survival analysis was
relatively small. The cycles of trastuzumab between PTC
and TC groups were slightly different which may also
influence the survival results. Inconsistencies in the timing
of the selection of samples for genetic testing may also
influence the analysis of results to some extent.

Conclusions

In conclusion, this study manifested that the PD-1 inhibitor
combination regimen was an effective and well-tolerated
therapy for the first-line treatment of patients with HER2-
positive GC, especially those with HER2 FISH more than
six and 7P53 mutations.
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