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Abstract

BACKGROUND

Although treatment options for gastric cancer (GC) continue to advance, the
overall prognosis for patients with GC remains poor. At present, the predictors of
treatment efficacy remain controversial except for high microsatellite instability.

AIM

To develop methods to identify groups of patients with GC who would benefit
the most from receiving the combination of a programmed cell death protein 1
(PD-1) inhibitor and chemotherapy.

METHODS

We acquired data from 63 patients with human epidermal growth factor receptor
2 (HER2)-negative GC with a histological diagnosis of GC at the Cancer Hospital,
Chinese Academy of Medical Sciences between November 2020 and October 2022.
All of the patients screened received a PD-1 inhibitor combined with chemo-
therapy as the first-line treatment.

RESULTS

As of July 1, 2023, the objective response rate was 61.9%, and the disease control
rate was 96.8%. The median progression-free survival (mPFS) for all patients was
6.3 months. The median overall survival was not achieved. Survival analysis
showed that patients with a combined positive score (CPS) = 1 exhibited an
extended trend in progression-free survival (PFS) when compared to patients
with a CPS of 0 after receiving a PD-1 inhibitor combined with oxaliplatin and
tegafur as the first-line treatment. PFS exhibited a trend for prolongation as the
expression level of HER2 increased. Based on PFS, we divided patients into two

May 24,2024 | Volumel5 | Issue5 |


https://www.f6publishing.com
https://dx.doi.org/10.5306/wjco.v15.i5.635
mailto:linyangcicams@126.com

Ma XT et al. HER2 expression to predict GC survival

groups: A treatment group with excellent efficacy and a treatment group with poor efficacy. The mPFS of the
excellent efficacy group was 8 months, with a mPFS of 9.1 months after excluding a cohort of patients who received
interrupted therapy due to surgery. The mPFS was 4.5 months in patients in the group with poor efficacy who did
not receive surgery. Using good/poor efficacy as the endpoint of our study, univariate analysis revealed that both
CPS score (P = 0.004) and HER2 expression level (P = 0.015) were both factors that exerted significant influence on
the efficacy of treatment the combination of a PD-1 inhibitor and chemotherapy in patients with advanced GC
(AGCQC). Finally, multivariate analysis confirmed that CPS score was a significant influencing factor.

CONCLUSION
CPS score and HER?2 expression both impacted the efficacy of immunotherapy combined with chemotherapy in
AGC patients who were non-positive for HER2.

Key Words: First line; Gastric cancer; Human epidermal growth factor receptor 2; Programmed cell death protein 1;
Progression-free survival

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: For when considering non-positive human epidermal growth factor receptor 2 (HER2) advanced gastric cancer
(AGC), combined positive score and HER2 expression are represent influencing factors for the treatment efficacy of AGC
patients receiving immunotherapy combined with chemotherapy. Survival analysis with When using progression-free
survival (PFS) as the end point, survival analysis suggested that the HER2 expression level was levels are suggestive of the
efficacy of treatment featuring a programmed cell death protein 1 inhibitor combined with and chemotherapy. With the
increase of HER2 expression, PFS also showed a tendency to prolong increase with an increase in HER2 expression.
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INTRODUCTION

Gastric cancer (GC) is one of the most common forms of malignant tumor with the fifth highest incidence of cancer in the
world; in addition, GC ranks third in terms of global fatalities from cancer, thus representing a serious threat to
population health[1]. Surgical resection remains as the main radical treatment for GC at present. However, most patients
with GC are in advanced stages of the disease at diagnosis; consequently, < 50% of patients can achieve RO resection. A
previous study reported that > 80% of GC patients are diagnosed at an advanced stage, and most are accompanied by
extensive invasion and distant metastasis, thus missing the opportunity for radical surgery[2]. Despite the continuous
progression of treatment options for GC, the overall prognosis for GC remains poor, traditional chemotherapy drugs
have entered a bottleneck period, and the selection of targeted drugs is limited.

Over recent years, immune checkpoint inhibitors (ICIs), such as programmed cell death protein 1 (PD-1)/programmed
cell death 1 Ligand 1 (PD-L1) inhibitors or cytotoxic T lymphocyte-associated antigen-4 inhibitors, have become the main
treatment options for many types of cancer. For the first-line treatment of advanced GC (AGC), the combination of a PD-1
inhibitor and chemotherapy has gradually become the new standard mode of treatment. Multiple clinical studies have
reported that approximately 85% of human epidermal growth factor receptor 2 (HER2)-negative (HER2 IHC 0 or 1+ or
2+/FISH-) patients achieved efficacious results following first-line treatment involving the combination of a PD-1
antibody and chemotherapy in the first-line treatment of AGC via the administration of ICIs and different chemotherapy
regimens, when considering the comprehensive positive score (CPS) of PD-L1 expression on immunohistochemistry and
different research endpoint indicators[3-6]. However, not all patients can benefit from treatment based on PD-1 inhibitors.
In addition to the clear status of high microsatellite instability, the predictive value of the PD-L1 CPS score remains
controversial, and other predictive factors, such as high tumor mutational burden, remain uncertain. Therefore, there is a
clear need to develop a method to identify groups of patients with AGC who might benefit the most from the
combination of a PD-1 inhibitor and chemotherapy.

In this study, we analyzed the efficacy of a first-line PD-1 inhibitor combined with chemotherapy in patients with
AGC. We aimed to identify relevant risk factors that can predict treatment efficacy in order to provide a method to
identify potential beneficiaries as early as possible and provide a basis for clinical practice.
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MATERIALS AND METHODS

Patient population
We reviewed and collected data from 63 patients with HER2-negative patients with AGC who were diagnosed histolo-
gically at the Cancer Hospital, Chinese Academy of Medical Sciences from November 2020 to October 2022 (Table 1). All
patients had proficient mismatch repair (pMMR). These patients were treated with oxaliplatin and tegafur (SOX)
chemotherapy combined with tislelizumab (a PD-1 monoclonal antibody). All patients were at least 18 years of age and
had measurable lesions according to the RECIST 1.1 criteria. The initial TNM staging was stage IV or recurrence and
metastasis after radical surgery. Common distant metastatic sites included retroperitoneal lymph nodes, supraclavicular
lymph nodes, peritoneum, liver, and ovaries. Patients with initial stage IV had not previously received anti-tumor
therapy, and patients with postoperative recurrence had an interval of more than 6 months between adjuvant treatment
after radical resection. The main exclusion criteria included previous chemotherapy or targeted therapy, ICI treatment
history (excluding patients with recurrence and metastasis more than 6 months after adjuvant or neoadjuvant chem-
otherapy), and other malignant tumors over the previous 5 years (excluding radical cervical cancer, skin squamous
cancer, or basal-cell carcinoma).

This study was approved by the Ethics Committee of the National Cancer Center/Cancer Hospital, Chinese Academy
of Medical Sciences, and Peking Union Medical College.

Treatment plan

All of the selected patients received tislelizumab combined with chemotherapy every 3 wk. The specific dose of SOX
regimen was 130 mg/m? oxaliplatin (2 h intravenous infusion) on day 1, and tegafur was taken orally at doses of 80 mg,
100 mg, or 120 mg/d (< 1.25 m? 1.25 to 1.5 m? or > 1.5 m?) depending on body surface area, on days 1 to 14. Tislelizumab
was given every 3 wk at a standard dose of 200 mg. If the combination treatment reached six cycles, we continued to
maintain tegafur combined with tislelizumab after stopping oxaliplatin. The clinicians followed institutional guidelines
for the use of premedication anti-emetics and growth factors. The dose of the chemotherapy regimen was reduced at the
discretion of the clinicians. Some patients who were evaluated as operable by multi-disciplinary treatment after
chemotherapy underwent radical gastrectomy.

Evaluation indicators

We collected the following baseline demographic and clinical data: age, sex, performance status (PS) score, primary
cancer site, metastatic organs, HER2 expression level, PD-L1 CPS score[7], Epstein-Barr virus-encoded small RNA (EBER)
status, treatment plan and drug dosage adjustment, all of which were recorded in our medical record system.

All patients underwent tumor imaging examinations (computed tomography and/or magnetic resonance imaging)
every two cycles, and were evaluated according to the response evaluation criteria in solid tumors 1.1 criteria. Objective
response rate (ORR) was defined as the sum of the proportions of complete remission (CR) and partial remission (PR).
Disease control rate (DCR) was defined as the proportion (%) of patients who achieved remission (PR + CR) and stable
disease following treatment. Progression-free survival (PFS) was defined as the time from the beginning of chemotherapy
to the date of imaging confirmation of disease progression or the date of radical surgical resection, or the time of death
from any cause before disease progression (whichever came first). Overall survival (OS) was defined as the time from the
beginning of chemotherapy to death due to any cause.

Statistical analysis

Data were statistically analyzed with R-language. PFS was estimated by Kaplan-Meir survival curve analysis. The Cox
proportional risk model was used to estimate the risk ratio. All statistical tests were bidirectional, and P value of < 0.05
was considered significant. Logistic regression model analysis was performed to determine whether gender, age, PS
score, PD-L1 CPS score, HER2 expression, EBER expression, and the number of distant metastasized organs were risk
factors for efficacy. The Kruskal-Wallis test was used to analyze the variance of all patients after two cycles of treatment.

RESULTS

Patient characteristics

The clinical and pathological features of the patients included in this study are shown in Table 1. As of July 1, 2023, all
patients had been followed-up for more than 6 months from enrollment to date. A total of 63 patients were included in
this study, including 34 males and 29 females. The initial diagnosis was stage IV in 56 patients and postoperative
recurrence occurred in seven patients. The included patients ranged in age from 27 to 76 years, with a mean and median
age of 54 and 56 years, respectively. PS score ranged from 0 to 2. Distant sites of metastasis mainly included the liver,
peritoneum, ovary and distant lymph nodes. pMMR status was determined by immunohistochemistry. HER2 was either
not expressed or expressed at low levels (1+/2+ and FISH was not amplified). EBER status and PD-L1 CPS score were
also determined by immunohistochemistry.

Efficacy
As of the July 1, 2023, the numbers of patients experiencing disease progression and death were 40 and 17, respectively.
The ORR was 61.9% (range: 48.8%-73.4%) and the DCR was 96.8% (range: 89.0%-99.6%). The median PFS (mPFS) for the
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Table 1 Baseline characteristics, n (%)

Variable All (63) Excellent efficacy group (42) Poor efficacy group (21)
Age 56 (51, 58) 56 (50, 58) 59 (50, 62)
Sex
Male 34 (54.7) 20 (47.6) 14 (66.7)
Female 29 (45.3) 22 (52.4) 7 (33.3)
ECOG-PS
0 17 (27.0) 12 (28.6) 5 (23.8))
1 39 (61.9) 26 (61.9) 13 (61.9)
2 7 (11.1) 4(9.5) 3 (14.3)

Disease status
Unresectable 55 (87.3) 38 (90.5) 17 (81.0)
Recurrent 8 (12.7) 4 (9.5) 4 (19.0)

Number of organs involved

1 40 (63.5) 27 (64.3) 13 (61.9)
22 23 (36.5) 15 (35.7) 8 (38.1)
HER?2 status
0 31 (49.2) 17 (40.5) 14 (66.7)
1 15 (23.8) 10 (23.8) 5(23.8)
2 11 (17.5) 11 (26.2) 0(0)
Unmeasured 6 (9.5) 4(9.5) 2(9.5)
CPS
0 8 (12.7) 2 (4.8) 6 (28.6)
1<CPS<5 11 (17.5) 7 (16.7) 4 (19.0)
5<CPS<10 12 (19.0) 9(21.4) 3 (14.3)
CPS =10 21 (33.3) 18 (42.9) 3 (14.3)
Unmeasured 11 (17.5) 6 (14.3) 5(23.8)
EBER
Positive 7 (11.1) 6 (14.3) 1(4.8)
Negative 42 (66.7) 26 (61.9) 16 (76.2)
Unmeasured 14 (22.2) 10 (23.8) 4 (19.0)

ECOG-PS: Eastern cooperative oncology group-performance status; CPS: Combined positive score; HER2: Human epidermal growth factor receptor 2;
EBER: Epstein-Barr virus-encoded small RNA.

entire cohort was 6.3 months (range: 6.0-7.8 months). The median OS was not attained. Survival analysis was performed
for patient age, sex, PS score, PD-L1 CPS score, HER2 expression, EBER status, and number of metastatic organs
(Figure 1). Analysis showed that patients with a CPS = 1 showed an extended trend in PFS when compared to the
population of patients with a CPS score of 0 after receiving a PD-1 inhibitor combined with chemotherapy as the first-line
treatment (P = 0.06). PFS exhibited a trend for prolongation as the expression level of HER2 increased (P = 0.074).

Predictive effect of clinicopathological factors on immunotherapy efficacy in patients with GC

We divided patients into two groups based on their mPFS: A treatment group with excellent efficacy and a treatment
group with poor efficacy. The excellent efficacy group included patients with a PFS > 6.3 months, or those who met
surgical standards (the primary lesion was resectable and the metastases were indistinct) within 6.3 months and achieved
radical resection. The poor efficacy group included patients with a PFS not exceeding 6.3 months or those who died from
any cause within 6.3 months. The two sets of baseline characteristics are shown in Table 1.
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Figure 1 Progression-free survival of clinicopathological factors. A: The progression-free survival (PFS) of different combined positive scores of
programmed cell death 1 ligand 1; B: PFS according to different human epidermal growth factor receptor 2 expression levels; C: PFS according to Epstein-Barr virus-
encoded small RNA status; D: PFS according to patient gender; E: PFS according to different numbers of metastatic organs; F: PFS according to different
performance status scores.

The mPFS of the excellent efficacy group was 8 months (range: 6.9-9.2 months and 16 patients underwent surgery in
this group. Excluding those who experienced an interruption of immunotherapy due to surgery, the remaining 26
patients had a mPFS of 9.1 months (range: 8.8-11.1 months). Patients in the group with poor efficacy who did not receive
surgery had a mPFS of 4.5 months (range: 3.7-4.9 months).

Next, we attempted to identify risk factors by analyzing patient age, sex, PS score, PD-L1 CPS score, HER2 expression,
EBER status, and the number of metastatic organs. Univariate analysis revealed that age, sex, PS score, EBER status, and
number of metastatic organs were not significant factors influencing the efficacy of AGC patients receiving a combination
of a PD-1 inhibitor and chemotherapy. However, CPS score (P = 0.004) and HER2 expression (P = 0.015) were identified
as factors influencing the efficacy of AGC patients receiving a combination of a PD-1 inhibitor and chemotherapy
(Figure 2). The therapeutic effect of a CPS > 1 was significantly better than that of a CPS = 0, and the therapeutic effect of a
CPS 2 5 was significantly better than that of a CPS < 5. However, no significant difference in efficacy was detected
between the two groups with a CPS > 10 when compared with patients with a CPS < 10. The higher the expression of
HER?2, the better the therapeutic effect. Multivariate analysis further suggested that CPS score was a factor influencing the
efficacy of AGC patients receiving a combination of a PD-1 inhibitor and chemotherapy, further confirming the role of
CPS score in predicting the efficacy of immunotherapy in GC patients (Supplementary material).

The predictive effect of short-term objective remission on immunotherapy efficacy in patients with GC

Finally, we analyzed the objective efficacy of all patients after two cycles of treatment, with excellent/ poor efficacy as the
research endpoint. Of the 42 patients in the excellent efficacy group, 30 patients achieved PR after two cycles of treatment,
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Figure 2 Risk factor analysis of clinicopathological factors. A: Risk factor analysis of programmed cell death 1 Ligand 1 combined positive score scores;
B: Risk factor analysis of patient age; C: Risk factor analysis of different numbers of metastatic organs; D: Risk factor analysis of human epidermal growth factor
receptor 2 expression; E: Risk factor analysis of performance status scores. PS: Performance status; CPS: Combined positive score; HER2: Human epidermal
growth factor receptor 2.

with an ORR of 71.4% (range: 55.4%-84.3%). Of the 21 individuals in the poor efficacy group, nine achieved PR after two
cycles of treatment, with an ORR of 42.9% (range: 21.8%-66.0%). There was a significant difference between the two
groups in terms of ORR (P = 0.029) (Table 2). These findings suggested that patients who achieved PR in the first efficacy
evaluation after two cycles of treatment were more likely to experience PFS for more than 6 months or have the
opportunity for radical surgery.

DISCUSSION

In this study, we found that HER2-negative, pMMR AGC, patients with a CPS > 1 experienced significantly better
treatment efficacy and a longer PFS when compared to those with a CPS of 0. Furthermore, PFS also exhibited a trend for
prolongation as the expression level of HER?2 increased.

HER?2 is an important member of the ERBB family of receptors encoded by the ERBB2 gene, and can bind to other
family members to form heterodimers and transmit proliferation and survival signals to cells by activating the
downstream RAS-RAF-MEK-ERK or P13K-AKT-mTOR pathways. When cells overexpress HER2 or exert increased
functionality, excessive cell proliferation signals can be transmitted downstream; this can lead to tumor formation[8]. At
present, the prognostic value of HER2 status in GC remains controversial. Some studies have reported that HER2
positivity is a poor prognostic factor, while other studies have linked HER2 to better survival; other studies have reported
that there is no association between HER2 and patient survival[9-11]. Continuous advancement in the field of precision
therapy and the advent of ADC drugs has redefined HER2 expression into different classifications: HER2-negative (IHC
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Table 2 Best overall response (patients with measurable lesions)

Group A (N=42) Group B (N=21)
P value
n (%) 95%Cl n (%) 95%Cl
Best overall response
Complete response (CR) 0 - 0 - -
Partial response (PR) 30 (71.4) - 9 (42.9) - -
Stable disease (SD) 12 (28.6) - 10 (47.6) - -
Progressive disease 0 (0) - 2(9.5) - -
Overall response rate (CR + PR) 30 (71.4) 55.4-84.3 9 (42.9) 21.8-66.0 0.03
Disease control rate (CR + PR + SD) 42 (100) 91.6-1.00 19 (90.5) 69.6-98.8 2.527e-13

N: The total number of subjects in the treatment group. It is the denominator for percentage (%) calculation. n: Number of subjects who are at the
corresponding category. The exact 95%ClI for the frequency distribution of each variable were computed using Clopper and Pearson method.

0), HER2-low expression (IHC 1+/2+ and FISH negative) and HER2-positive (IHC 3+ or 2+ and FISH positive). Zhang et
al[12] analyzed the clinical characteristics and prognosis of these HER2 expression subtypes in breast cancer and found
that when compared with patients who were HER2-negative, those with low levels of HER2 expression were more
inclined to express low levels of Ki67 and have a better trend for long-term survival. Previous data analysis of 2310 non-
HER2-amplified patients showed that breast cancer patients with low levels of HER2 expression were significantly
different from those who were HER2-negative in terms of biological behavior, clinicopathological features, treatment
response, and clinical outcomes[13]. According to previous studies, low levels of HER2 expression account for 40% to
60% of all GC patients[14]. In a study involving patients with stage III GC, Gao et al[15] reported that the prognosis of
patients with an HER2 score of 1 or 2+ was significantly better than that of patients with an HER2 score of 0 or 3+. In
addition, most previous studies focused on the relationship between HER2 and tumor cell growth and apoptosis;
relatively few studies have been conducted on the role of HER2 with respect to the immune cycle of tumors and the role
of immunotherapy.

The tumor immune microenvironment is composed of various immune cells and immune-active substances. Tumor
infiltrating lymphocytes (TILs), macrophages, and neutrophils are the main immune cells that are found in the tumor
microenvironment. PD-1/PD-L1 is considered an important pathway for immune escape in tumor cells. Changes in the
immune microenvironment play an important role in the recurrence and metastasis of GC patients, and PD-L1 positivity
has also been proven to be sensitive to immunotherapy. The immune response of the body to tumors mainly involves
CD8+T cells, which infiltrate into tumor tissue and participate in the tumor immune cycle[16,17]. In the early stages of
disease, the body can clear tumors by immune monitoring functionality; tumor cells can also suppress the immune
system by immune editing functionality, and even evade immune system attacks via a range of different mechanisms[18].
No studies have directly analyzed the tumor-associated immune environment associated with low levels of HER2
expression and HER2-negative expression. However, a previous study involving breast ductal carcinoma in situ (DCIS),
researchers found that the densities of intraepithelial lymphocytes, CD3+T cells, CD3+CD8 T cells, CD3+FOXP3+T cells
and CD8+Ki67+T cells in HER2 positive DCIS were significantly higher than those of immune cell subsets in HER2-
negative DCIS (P < 0.05)[19]. In another study, Mutka et al[20] reported that HER2-positive tumors had more TILs.

In the present study, the included population were all HER2-negative or HER2-low expression patients. We conducted
subgroup analysis of our patient population. Multivariate analysis demonstrated that the expression levels of HER2 did
not present an independent risk factor. However, survival analysis, using PFS as the endpoint, still indicated the
predictive effect of HER2 expression on the efficacy of treatments involving a PD-1 inhibitor combined with
chemotherapy. However, some previous reports contradicted our current findings. Some studies have found that HER2
bound to the carboxyl end tail of STING, and inhibited TBKL activity by phosphorylating specific positions of AKTI, thus
preventing STING from binding to TBKL and inhibiting anti-tumor immune activity. These findings suggest that the
level and activity of HER?2 in tumor cells may also be a decisive factor in controlling immune perception ability[21-23].
Therefore, the relationship between HER2 expression level and the tumor immune environment needs to be further
investigated by clinical research and basic scientific experiments with larger data sets.

Multiple large phase III randomized controlled studies have confirmed the efficacy of immunotherapy combined with
chemotherapy for non-positive HER2 AGC; the most recent published data state that the mPFS is around 7 months[3-6].
Our study differed from other studies in that we directly used the PFS of the patient population as the cut-off point and
the outcome endpoint as the binary variable to analyze efficacy. In addition, we also analyzed efficacy for all patients
receiving two cycles of treatment to determine the predictive value of the first efficacy evaluation after treatment for
subsequent efficacy.

There were some limitations to this study that need to be considered. First, the small sample size of patients and the
lack of sufficient universality in a study based in a single center made it difficult to generalize our findings. Second, the
small sample size caused by sub-grouping limited further subgroup analysis. In the future, we will conduct a multi-center
study with a larger cohort to further validate our findings.
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CONCLUSION

Analysis showed that CPS score and HER?2 expression were both influencing factors for the efficacy of AGC patients who
were non-positive for HER2 and receiving immunotherapy combined with chemotherapy. Multivariate analysis further
confirmed the role of CPS score in predicting the efficacy of immunotherapy in patients with GC. Survival analysis, using
PFS as the end point, suggested that the level of HER2 expression was suggestive of the efficacy of treatment involving
the combination of a PD-1 inhibitor and chemotherapy. Finally, PFS showed a tendency to increase with an increased
expression level of HER2.
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