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Reduced Peripheral Blood Natural Killer Cell Proportion
Predicts Poor Overall Survival in Advanced Gastric
Cancer Patients Treated With Apatinib
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Abstract

Background: Angiogenesis inhibition represents a key therapeutic
strategy in oncology, with apatinib showing significant efticacy for
advanced gastric cancer (AGC) therapy. Currently, no biomarkers
can reliably predict which AGC patients will benefit most from
apatinib. The purpose of this study was to evaluate apatinib plus
tegafur gimeracil oteracil potassium capsule (S-1) as a second-line
therapy in AGC and to investigate prognostic biomarkers associated
with outcomes.

Methods: All 60 patients received apatinib (250 or 500 mg once dai-
ly) in combination with S-1 (40 mg/m?, administered twice daily from
day 1 to day 14). Treatment was administered in 28-day cycles, with
each course encompassing two such cycles. Multiparameter flow cy-
tometry was used to analyze the subset distribution and immunophe-
notypes of T cells and natural killer (NK) cells in peripheral blood
mononuclear cell samples from AGC patients.

Results: Among all 60 evaluable patients, no complete responses
were observed. Partial responses were observed in 33.3% (20/60) of
patients (95% confidence interval (CI): 21.1-45.6%), stable disease
was observed in 38.3% (23/60) of patients (95% CI: 25.7-51.0%),
while progressive disease occurred in 28.3% (95% CI: 16.6-40.1%).
Notably, patients with NK cell proportions greater than 17% expe-
rienced longer progression-free survival (PFS) and overall survival
(OS) than those with lower proportions.
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Conclusions: Apatinib combined with S-1 exhibited favorable tol-
erability and promising clinical activity as a second-line option for
AGC patients. Importantly, we identified peripheral blood NK cell
proportion as a potential predictor of treatment response, where a low
NK cell proportion correlated with poorer outcomes.
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Introduction

Gastric cancer (GC) is among the most common malignancies
worldwide, ranking fifth in incidence and fourth in cancer-
related mortality globally [1, 2]. Although the incidence and
mortality of GC have declined in recent years, it continues to
rank as the second most prevalent malignancy in China [3, 4].
For GC patients without distant metastasis, surgery is the cor-
nerstone of treatment; however, in China, over 80% of patients
are diagnosed at an advanced stage and consequently lose the
opportunity for curative surgery [3]. Chemotherapy remains
the primary treatment option for advanced gastric cancer
(AGC). However, therapeutic options beyond first-line ther-
apy are limited, and nearly all patients eventually experience
disease progression. As a second-line strategy, salvage chemo-
therapy (SLC) has been shown to confer significant survival
benefits. In addition, inhibition of angiogenesis has emerged
as a promising strategy in cancer treatment.

Apatinib, a small-molecule targeted drug, inhibits vascular
endothelial growth factor (VEGF) binding and endothelial cell
proliferation. Preliminary data suggest that combining apatinib
with chemotherapy shows promising efficacy in AGC patients
[4]. To improve the survival of AGC patients, treatment strate-
gies must be optimized, with biomarker application playing a
crucial role in guiding therapeutic decisions. However, reliable
biomarkers to identify AGC patients who may derive benefit
from apatinib remain unavailable. Consequently, identifying
new prognostic biomarkers that can predict treatment response
has become an urgent priority. Notably, the immune system
is key to the development and progression of AGC. Clinical
research examining the immune profile of AGC patients has
highlighted its potential influence on therapeutic outcomes.
Functional analyses further suggest that variations in immune

Articles © The authors | Journal compilation © World | Oncol and Elmer Press Inc™ | https://wjon.elmerpub.com
546 This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited


https://crossmark.crossref.org/dialog/?doi=10.14740/wjon2655&domain=pdf&date_stamp=2025-10-13

Zhang et al

World ] Oncol. 2025;16(6):546-554

competence may modulate treatment responsiveness. Given
the influence of the immune system on treatment response,
certain immune cell populations - like T cells and natural killer
(NK) cells - have attracted considerable attention in clinical
biomarker research. Several immune cell populations, reported
to be associated with favorable prognoses, have been proposed
as potential predictors of prognosis and as indicators for evalu-
ating therapeutic outcomes in clinical practice [5-8].

In this study, the primary aim was to evaluate the prog-
nostic significance of circulating T cells and NK cells in AGC
patients using multiparameter flow cytometry (FCM), and to
determine whether these subsets could independently predict
progression-free survival (PFS) and overall survival (OS). The
secondary aim was to assess the effectiveness of apatinib plus
tegafur gimeracil oteracil potassium capsule (S-1) as a second-
line therapy for GC.

Materials and Methods

Patient eligibility and clinical characteristics

Between December 2015 and December 2020, 60 AGC patients
who had failed first-line chemotherapy were enrolled and fol-
lowed up retrospectively at the Department of Oncology, Affili-
ated People’s Hospital of Jiangsu University. The inclusion cri-
teria included: 1) age between 18 and 80 years; 2) histologically
confirmed GC; 3) presence of at least one measurable lesion; 4)
Eastern Cooperative Oncology Group (ECOQG) performance sta-
tus (PS) of 0 - 2; 5) sufficient organ function confirmed by labo-
ratory parameters; and 6) lymphocyte subsets were examined
before treatment. The exclusion criteria included: 1) pregnancy
or breastfeeding; 2) having a current or previous diagnosis of
another malignancy; and 3) patients with central nervous system
(CNS) metastases were excluded because their prognosis and
treatment response differ from patients without CNS involve-
ment, which could confound the analysis. Clinical characteris-
tics, including age, sex, ECOG PS, lymph node status, and com-
plete blood count (CBC) results, were obtained from medical
records. Computed tomography (CT) scans were conducted to
assess staging and evaluate treatment efficacy at diagnosis.

Immunophenotypic analysis

Peripheral blood (PB) samples were obtained from all pa-
tients before starting treatment. Additionally, peripheral blood
mononuclear cells (PBMCs) from a healthy donor served as
an internal control. FCM analysis was conducted to assess
the proportions of circulating lymphocyte subsets in PB, in-
cluding CD3*CD4"* T cells, CD3*CD8" T cells, and NK cells
(CD3-CD16°CD56"). These analyses were conducted with a
Becton-Dickinson flow cytometer (San Jose, CA). The follow-
ing murine anti-human monoclonal antibodies (BD Bioscienc-
es) were employed: CD16-PE (clone 3G8), CD8-APC (clone
SK1), CD4-PE (clone RPA-T4), CD3-FITC (clone SK7), and
CD56-APC (clone NCAM16.2). Isotype-matched IgGl an-
tibodies served as negative controls to minimize nonspecific

staining. The experimental procedures for assessing cellular
immunological indicators were conducted as previously de-
scribed [9]. Briefly, mature erythrocytes were lysed using a
Tris-NH,Cl solution. Fresh PB samples were then incubated
with a fluorescent antibody cocktail for 15 min at room tem-
perature (20 - 25 °C) in the dark. Data acquisition and analysis
were performed using CellQuest software (BD Biosciences).

Treatment and assessment

Apatinib and S-1 were provided by Jiangsu Hengrui Medicine
Co., Ltd. Patients were treated with apatinib (250 or 500 mg
once daily) and S-1 (40 mg/m? twice daily) on days 1 - 14.
Each treatment cycle lasted 28 days, with two cycles constitut-
ing one course. Therapy continued until disease progression,
intolerable toxicity, or another reason for discontinuation.
Dose reductions or treatment delays were implemented in the
event of significant adverse events (AEs).

Every 8 weeks, treatment efficacy was determined in ac-
cordance with Response Evaluation Criteria in Solid Tumors
(RECIST) criteria. Complete responses (CRs) and partial re-
sponses (PRs) were verified by sequential CT scans obtained
at an interval of 4 weeks or longer. Evaluation of AEs was per-
formed according to the National Cancer Institute Common
Terminology Criteria for Adverse Events (CTCAE), version 4.0.

Follow-up and statistical analysis

Statistical analyses were performed with SPSS software, ver-
sion 23.0 (SPSS Inc., Chicago, IL). Variables included in the
analysis comprised age, gender, histology, apatinib dose inten-
sity, and the proportions of circulating lymphocyte subsets pro-
portions (CD4", CD8" T cells, and NK cells). Student’s ¢-test or
corresponding nonparametric tests were applied for continuous
variables, and Pearson’s Chi-square or Fisher’s exact test was
used for categorical data, as appropriate. Receiver operating
characteristic (ROC) analysis was used to establish cutoff val-
ues. The primary endpoints comprised PFS and OS, while sec-
ondary endpoints encompassed objective response rate (ORR),
disease control rate (DCR), safety, and potential biomarkers.
PFS was measured from the beginning of therapy to either dis-
ease progression or death, and OS from treatment initiation to
death or the end of follow-up. ORR was defined as the propor-
tion of patients achieving a best overall response of either a CR
or a PR, confirmed by a subsequent assessment at least 4 weeks
later. DCR was defined as the proportion of patients achieving a
best overall response of CR, PR, or stable disease (SD). Kaplan-
Meier analysis with log-rank tests was employed to compare
OS and PFS, and Cox proportional hazards regression was used
for univariate and multivariate analyses. P-values < 0.05 (two-
tailed) were considered statistically significant.

Ethical statements

The study was approved by the Ethics Committee of the Affili-
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Table 1. Characteristics of 60 AGC Patients

Characteristics n %
Gender

Male 36 60.0

Female 24 40.0
Median age 64.6 + 8.3 years (range: 30 - 82)
Age (years)

<65 32 533

> 65 28 46.7
ECOG PS

0 45 75.0

1 10 16.7

2 5 8.3
Primary lesion

Gastric 43 71.7

Gastroesophageal junction 17 28.3
Histology, n (%)

Intestinal type 25 41.7

Diffuse type 9 15.0

Mixed 14 233

Unknown 12 20.0
Metastatic sites, n

<2 32 533

>2 28 46.7
Surgery of tumor

No 22 36.7

Yes 38 63.3
Initial dosage of apatinib (mg)

500 24 40

250 36 60
first-line chemotherapy regimen

SOX 40 66.7

Docetaxel plus S-1 9 15

Fluoropyrimidine-oxaliplatin combination 11 18.3

AGC: advanced gastric cancer; ECOG PS: Eastern Cooperative Oncology Group performance status; SOX: S-1 and oxaliplatin.

ated People’s Hospital of Jiangsu University and conducted in
accordance with the Declaration of Helsinki.

Results

Characteristics of enrolled patients

Sixty patients with AGC participated in the study, consisting of
36 men (60.0%) and 24 women (40.0%), with a median age of

548

64.6 £+ 8.3 years (range, 30 to 80 years). All patients exhibited
favorable ECOG PS, with 45 (75.0%) at PS 0, 10 (16.7%) at PS
1, and five (8.3%) at PS 2. Detailed patient characteristics are
presented in Table 1. Among the 60 patients, 38 (63.3%) had
undergone prior surgery, and all had received first-line chemo-
therapy. Metastases were most frequently observed in abdomi-
nal lymph nodes (78.3%), with the peritoneum (53.3%), liver
(43.3%), and lungs (26.7%) also commonly involved. The ini-
tial dose of apatinib was 500 mg in 24 patients and 250 mg
in 36 patients. The first-line chemotherapy regimens included
S-1 and oxaliplatin (SOX) in 66.7% of patients, docetaxel plus
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Figure 1. Kaplan-Meier estimates of PFS and OS. (a) PFS for the overall population and the median PFS was 175.8 + 12.6 days
(95% CI: 151.1 - 200.5). (b) OS for the overall population and the median OS was 280.4 + 18.8 days (95% Cl: 243.5 - 317.2). Cl:
confidence interval; OS: overall survival; PFS: progression-free survival.

S-1in 15%, and a fluoropyrimidine-oxaliplatin combination in
the remaining 18.3% (Table 1).

Efficacy

Treatment response was evaluable in all 60 patients. No CRs
were observed; 20 patients (33.3%, 95% CIL: 21.1-45.6%)
achieved PRs. SD occurred in 23 patients (38.3%, 95% CI:
25.7-51.0%), while progressive disease (PD) was noted in 17

patients (28.3%, 95% CI: 16.6-40.1%). The ORR was 33.3%
(95% CI: 21.1-45.6%) and the DCR was 71.7% (95% CI: 59.9-
83.4%). In the study population, the median PFS was 175.8
+ 12.6 days (95% CI: 151.1 - 200.5) and the median OS was
280.4 + 18.8 days (95% CI: 243.5 - 317.2) (Fig. 1).

Safety

Toxicity was assessed in all patients (n = 60), and the regi-
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Table 2. Incidence of AEs During the Treatment

AEs Grade 1 Grade3  Rate
or 2 (n) or 4 (n) (%)
Hematologic
Leukopenia 27 3 50.0
Anemia 6 0 10.0
Thrombocytopenia 11 0 18.3
Nonhematologic
Fatigue 27 4 50.7
Hypertension 27 2 48.3
Proteinuria 7 1 133
Hand-foot syndrome 13 1 233
Diarrhea 6 0 10.0

AEs: adverse events.

men was generally well tolerated. Neutropenia, anemia, and
thrombocytopenia were observed in 50.0%, 10.0%, and 18.3%
of patients, respectively. The most frequent non-hematological
toxicities included fatigue (50.7%), hypertension (48.3%),
hand-foot syndrome (23.3%), proteinuria (13.3%), and diar-
rhea (10.0%) (Table 2). Overall, non-hematological toxicities
were predominantly mild to moderate, with severe events oc-
curring infrequently.

Prognostic significance of NK cell proportion in GC
patients

To assess the prognostic value of NK cells in AGC patients,
time-dependent ROC analysis was performed and the area
under the curve (AUC) was calculated. Using SPSS, the ROC
curve was analyzed to establish the optimal cutoff, resulting
in an AUC of 0.863 (95% CI: 0.766 - 0.960) (Fig. 2). The

optimal cutoff for the percentage of NK cells was determined
to be 17%, based on the maximum Youden index of approxi-
mately 0.577. At this threshold, the corresponding sensitivity
and specificity were approximately 93% and 64.7%, respec-
tively.

Patients were divided into proportion of NK cells > 17%
(n = 39) and proportion of NK cells < 17% (n = 21). Follow-
ing dichotomization using the optimal cutoff value of 17%,
outcome analysis revealed significant differences between the
two subgroups. Patients with a high NK cell proportion (>
17%) had longer PFS than those with a low proportion, with
median PFS of 210.5 £ 15.3 days versus 111.4 + 14.1 days (P
< 0.001; Fig. 3a). Similarly, OS was longer in patients with a
high NK cell proportion than in those with a low proportion,
with a median OS of 329.4 + 24.0 days versus 189.3 + 18.7
days (P <0.001; Fig. 3b).

Prognostic significance of T-cell proportion in GC patients

To assess the clinical significance of CD8 T cells on survival
in patients with AGC, the AUC was calculated and found to
be 0.828 (95% CI: 0.718 - 0.937) (Fig. 4). The optimal cut-
off for the percentage of CD8" T cells was determined to be
25.5%, based on the maximum Youden index, which was
approximately 0.685. At this cutoff point, the corresponding
sensitivity was approximately 94.1%, and the specificity was
approximately 74.4%.

Patients were divided into CD8" T cell > 25.5% (n = 28)
and CD8" T cell <25.5% (n = 32). Following dichotomization
using the optimal cutoff value of 25.5%, PFS and OS did not
differ significantly between the high- and low-level groups.
Patients with a low CD8" T-cell proportion had a median PFS
of 164.0 + 19.9 days, compared with 186.1 £ 16.1 days in the
high-proportion group (P = 0.45; Fig. 5a). Median OS was
269.9 + 28.8 days for patients with a low CD8" T-cell propor-
tion and 289.5 + 25.0 days for those with a high proportion (P
= 0.84; Fig. 5b). After dividing patients by the 25.5% cutoff,

a 1o J b Cc
w L=}
o - [} -
JCD16+56+(46.28%) Q5-UR(2.36%) T 3 CD16+56+(13.29%) Q5-UR(6.43%)
08 . -
ig i 2 1
< =3 « 24
E. 06 u'_, E ; u'-' E
= o - 3 uky -
[ re B r A
- op ] op ]
0O~ 3 07 3 :
o 3 o 3 2
02 A 4 gg
© . o - A5 =
195-LL{0.64%) - QS-LR(50.52%) 5 QS-LL(W.UQ‘%): Y Q5-LR(70.18%)
TT [ rrrrrrng Ty T TTTITIT rrrrrrrimnmy T T Ty T T
0o 0 10* 108 108 ] 10 10% 108
00 02 04 06 08 1.0 CD3 FITC-A CD3 FlTC'A
1 - Specificity

Figure 2. (a) ROC curve of NK cell proportion. (b) NK cell proportion in the PB of responders. (c) NK cell proportion in the PB of
non-responders. NK: natural killer; PB: peripheral blood; ROC: receiver operating characteristic.
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Figure 3. (a) High and low NK cell proportion on PFS in AGC patients. (b) High and low NK cell proportion on OS in AGC patients.
AGC: advanced gastric cancer; NK: natural killer; OS: overall survival; PFS: progression-free survival.

no significant differences in PFS or OS were observed be-
tween the groups. Patients with a low CD8* T-cell proportion
had a median PFS of 164.0 + 19.9 days, compared with 186.1
+ 16.1 days in those with a high proportion (P = 0.45; Fig. 5a).
Patients with a low CD8" T-cell proportion had a median OS of
269.9 + 28.8 days, compared with 289.5 + 25.0 days in those
with a high proportion (P = 0.84; Fig. 5b).

Cox regression analyses were performed to evaluate clini-
cal characteristics, including gender, age, metastatic sites,
CD8" T-cell proportion, and NK cell proportion. Univariate
analysis revealed that ECOG PS was a significant predictor
of both PFS and OS (PFS: hazard ratio (HR) = 3.281, 95% CI:
2.14 - 5.04, P < 0.001; OS: HR =3.748, 95% CI: 2.37 - 5.92,
P <0.001). Multivariate analysis indicated that ECOG PS and
NK cell proportion were independent predictors of PFS and
OS in AGC patients. Conversely, age, gender, histology, apat-

inib dose intensity, and metastatic sites were not identified as
significant predictors of survival outcomes.

Discussion

To date, the role of systemic immune profiles in tumor pro-
gression remains incompletely understood. We investigated
the immunophenotypic characteristics of peripheral T and
NK cells in AGC and analyzed their correlation with patients’
clinical prognosis. Understanding how lymphocyte subsets re-
spond to therapeutic interventions is essential for the potential
use of PB immune cell profiles as biomarkers for patient moni-
toring. Clinical evidence indicates that combining anti-VEGF
antibodies with chemotherapy can markedly prolong PFS in
GC patients [10]. Therefore, we retrospectively analyzed the
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Figure 4. (a) ROC curve of CD8* T-cell proportion. (b) CD8* T proportion in the PB of responders. (c) CD8* T proportion in the
PB of non-responders. PB: peripheral blood; ROC: receiver operating characteristic.
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Figure 5. (a) PFS according to CD8* T-cell proportion in AGC patients. (b) OS according to CD8* T-cell proportion in AGC pa-
tients. AGC: advanced gastric cancer; OS: overall survival; PFS: progression-free survival.

safety and efficacy of apatinib plus S-1 in AGC patients whose
disease progressed following first-line chemotherapy. We fur-
ther explored whether circulating T and NK cells in PB could
serve as biomarkers linked to clinical outcomes.

In this study, the median PFS and OS were 175.8 and
280.4 days, respectively, which seem to surpass those report-
ed in earlier studies. In the study by Zhao et al, AGC patients
treated with the combination of apatinib and paclitaxel-based
chemotherapy showed a median PFS of 4.21 months and OS
of 7.49 months [11]. Furthermore, the median PFS and OS in
our cohort were similar to those observed in the RAINBOW
study, which assessed ramucirumab combined with paclitaxel
as second-line therapy for AGC (median PFS, 4.4 months;
median OS, 9.6 months) [12]. Thus, our findings suggest fa-
vorable efficacy and a manageable safety profile in Chinese
AGC patients treated in real-world settings. The combina-
tion of apatinib and S-1 targets the VEGF pathway, a well-
established and critical therapeutic target in cancer treatment.
VEGF promotes the expansion of immunosuppressive cells,
including regulatory T cells (Tregs) and myeloid-derived sup-
pressor cells (MDSCs), while suppressing the differentiation
of progenitor cells into CD4* and CD8* T lymphocytes. As
a result, T-cell expansion and cytotoxic activity are impaired.
Furthermore, VEGF contributes to the exhaustion of T cells
via the upregulation of checkpoint molecules like programmed
cell death protein 1 (PD-1), cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4), T-cell immunoglobulin mucin-3 (TIM-3),
and lymphocyte-activation gene 3 (LAG-3). Together, these
mechanisms provide a strong mechanistic rationale for the ap-
atinib/S1 combination therapy.

Recent research has emphasized the prognostic and pre-
dictive significance of certain immune cell subsets [13-15].
These immune cell subsets, representing both innate and adap-
tive branches, consist of T lymphocytes, NK cells, and den-
dritic cells. The immune status of the host can substantially
influence treatment efficacy through multiple mechanisms.
Lymphocytes contribute critically to both innate and adaptive

antitumor immunity and can be divided into distinct functional
subsets [13, 14]. NK cells, commonly characterized by CD16
and CD56 surface expression, exhibit potent cytotoxic activ-
ity and contribute synergistically to antitumor responses [15].
CD8" T cells target tumor antigens through classical HLA
class I molecules, while CD4" T cells exert crucial regulatory
functions by secreting cytokines and activating both B cells
and cytotoxic T cells.

Similar to how circulating non-coding RNA and DNA in
PB reflect certain tumor characteristics [16], lymphocytes in
PB have been shown to relate to the immune microenviron-
ment and lymphocyte infiltration within tumor tissues. In cer-
tain malignancies, elevated levels of cytotoxic lymphocytes
in PB often indicate high levels of immune infiltration within
the tumor, which are associated with favorable treatment out-
comes; whereas enrichment of immunosuppressive cells is
frequently associated with poor treatment outcomes and prog-
nosis [17, 18].

GC exhibits a highly heterogeneous clinical course, with
the immune system critically shaping the tumor microenviron-
ment and modulating patient outcomes in a treatment-depend-
ent manner [5]. Several studies have suggested that a higher
absolute lymphocyte count (ALC) correlates with improved
OS in follicular lymphoma (FL) patients [7]; however, these
associations remain controversial. Currently, no validated pre-
dictive biomarkers exist for apatinib, and data regarding NK
cells in the PB of GC patients are limited. In our research, we
retrospectively analyzed the distribution and immunopheno-
types of circulating T cells and NK cells in GC patients, quanti-
fying their proportions to inform treatment selection. Building
on prior findings, we focused on immune factors relevant to
the pharmacological mechanism underlying apatinib’s thera-
peutic effects. Specifically, NK cells and T cells were assessed
for their prognostic significance and potential predictive value
for apatinib efficacy.

Our findings suggest that a low NK proportion in the PB
may be associated with poorer outcomes in GC, whereas no
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significant correlation was observed between T cells and sur-
vival. Furthermore, multivariate analysis identified NK cells
proportion as an independent predictor of both PFS and OS.
Previous studies have shown that elevated NK cell counts cor-
relate with more favorable clinical outcomes in patients with
diffuse large B-cell lymphoma (DLBCL) [19], a reduced lym-
phocyte-to-monocyte ratio serves as a prognostic indicator of
unfavorable outcomes in DLBCL patients [20], and the ratios
of NK and T cells to tumor cells independently forecast the
time to treatment initiation in patients with chronic lympho-
cytic leukemia (CLL) [21].

To date, no data have linked specific populations of cir-
culating lymphocytes to survival outcomes in GC, and the
mechanisms underlying these potential associations remain
largely unknown. NK cells, which can directly target and kill
tumor cells without prior sensitization, are categorized into
two subsets based on the surface markers CD16 and CDS56.
CD16"CD56dim NK cells, which account for approximately
90% of PB NK cells, are rich in intracellular perforin, and ex-
hibit potent cytotoxic activity [15]. Emerging evidence also
indicates that, in addition to their direct cytolytic effects, NK
cells can influence the adaptive immune response by fostering
a T helper 1 (Th1) profile, which supports antitumor immunity
[15].

However, this study has several limitations that should
be acknowledged. First, it was a retrospective, single-center
analysis with a relatively small sample size, which may limit
the generalizability of our findings. Second, although we ob-
served correlations between treatment outcomes and NK cell
activity, functional assays were not performed to directly con-
firm the mechanistic role of NK cells. Third, heterogeneity in
apatinib dosing among patients may have influenced treatment
outcomes. Finally, the potential impact of prior treatment reg-
imens could not be fully excluded, as patients had received
different therapies before enrollment. These limitations should
be taken into consideration when interpreting our results, and
future large-scale, prospective studies incorporating mecha-
nistic investigations are warranted to validate and extend our
findings.

In conclusion, our study demonstrated that apatinib in
combination with S1 was well tolerated, with promising effi-
cacy data observed in the second-line treatment of AGC. Addi-
tionally, biomarker analysis suggested that the NK proportion
could serve as a prognostic indicator for OS in GC, providing
valuable insights for outcome assessment. Our study high-
lights potential candidate biomarkers that may aid in identify-
ing patients who are most likely to respond to apatinib therapy.
Our findings indicate that apatinib’s efficacy may be improved
in patients with a higher NK proportion. Furthermore, immune
cells are likely to play a crucial role in disease progression and
represent promising therapeutic targets in GC.
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