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Simple Summary

Advanced gastric cancer has limited treatment options and poor prognosis. Nivolumab
plus chemotherapy offers clinical benefit, but predictive biomarkers remain unclear. We
analyzed blood samples from patients before and after treatment to assess immune activa-
tion markers, including cytotoxic molecules and CD8+ T cell subsets. Early increases in
plasma Granzyme B and CXCL10, and specific activated CD8+ T cells, were associated with
better outcomes. Some immune cell subsets showed marked declines after chemotherapy,
indicating both stimulatory and suppressive immune effects. These findings may help
identify patients most likely to benefit from immunotherapy, supporting personalized
treatment strategies in advanced gastric cancer.

Abstract

Background: Nivolumab plus chemotherapy is a standard first-line treatment for advanced
gastric cancer (GC), but reliable early biomarkers for predicting treatment outcomes remain
lacking. This study aimed to identify early immunological predictors through dynamic
immune profiling. Methods: Fifty patients with advanced or unresectable GC receiving
nivolumab plus XELOX or FOLFOX were enrolled. Peripheral blood was collected at
baseline, week 1, and week 6. Plasma biomarkers (Granzyme B, Ki-67, CXCL10, IFN-γ,
TGF-β1) were measured by ELISA, and immune cell subsets, including cytotoxic T cells,
immune checkpoint–positive populations, and memory T-cell subsets, were analyzed by
flow cytometry. Cutoffs were defined by medians, established thresholds for NLR and
lymphocyte count, and criteria for long-term response (≥9.5 months). Associations with
response and progression-free survival (PFS) were evaluated using Kaplan–Meier analysis,
Cox regression, and ROC curves. Results: Early responders exhibited significant increases
in Granzyme B and CXCL10, with ∆Granzyme B alone and in combination with ∆Ki-
67 predicting response with high accuracy. A lower week 1 neutrophil-to-lymphocyte
ratio was associated with long-term benefit. Elevated week 1 CD8+ T-cell proportion and
greater decreases in PD1+CD69+Ki-67+CD8+ T cells were linked to improved PFS. Higher
baseline PD1+LAG-3+Ki-67+CD8+ T-cell levels and combined TIM-3+/LAG-3+ expression
enhanced prognostic stratification. Additionally, elevated baseline activated TEMRA cells
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and declines at week 6 in the same subset correlated with better outcomes. Conclusions:
These findings highlight the clinical utility of serial immune monitoring to enable early
treatment stratification and guide personalized immunotherapy strategies in advanced GC.

Keywords: advanced gastric cancer; nivolumab; immune profiling; early biomarker; cyto-
toxic T cells; immune checkpoints; memory T cells

1. Introduction
Advanced gastric cancer (GC) remains a leading cause of cancer-related mortality

worldwide, with poor long-term survival despite recent advances in systemic therapy [1].
Since the landmark CheckMate 649 trial, the combination of nivolumab with platinum-
fluoropyrimidine chemotherapy has become a widely adopted first-line regimen for pa-
tients with advanced GC [2]. Beyond antibody-based checkpoint inhibitors, peptide-based
antagonists are emerging as novel targeted therapeutics with potential applications in can-
cer immunotherapy [3]. In current clinical practice, a programmed death-ligand 1 (PD-L1)
combined positive score (CPS) of ≥5 serves as the primary biomarker for patient selec-
tion [2,4]. In addition, microsatellite instability-high (MSI-H) status and Epstein–Barr virus
(EBV) positivity have emerged as promising biomarkers that may guide patient selection for
immunotherapy, reflecting the distinct immune microenvironment of these subgroups [5].
However, beyond these markers, no validated biomarkers are available to further refine
patient stratification or optimize treatment decisions.

Importantly, immune responses during chemo-immunotherapy are highly dynamic,
reflecting not only baseline immune status but also treatment-induced changes in im-
mune activation, exhaustion, and memory formation [6–9]. Real-time monitoring of these
changes may provide critical insights into treatment efficacy, enable early identification
of responders and non-responders, and inform the development of novel therapeutic
strategies [10].

In this context, the present study aimed to comprehensively characterize early and
longitudinal changes in plasma immune markers and peripheral immune cell subsets in
patients with advanced GC receiving nivolumab plus chemotherapy. By correlating these
immune dynamics with treatment response and progression-free survival (PFS), we sought
to identify novel prognostic and predictive biomarkers that could complement PD-L1 CPS
and improve clinical decision-making.

2. Materials and Methods
2.1. Patient Population and Study Design

This observational study included 50 patients with metastatic or unresectable ad-
vanced gastric cancer who received nivolumab in combination with chemotherapy at Seoul
St. Mary’s Hospital between July 2021 and September 2023. Integrative immune profil-
ing was performed, incorporating analyses of cytotoxicity markers, immune checkpoint
expression, and memory T-cell subsets to capture the dynamic immune landscape during
treatment.

Eligible patients had histologically confirmed adenocarcinoma or poorly cohesive
carcinoma, received at least two cycles of treatment, and underwent radiologic response
assessment. Patients with HER2-positive tumors or prior exposure to immune checkpoint
inhibitors were excluded. Radiologic evaluation was performed using contrast-enhanced
computed tomography (CT) and assessed according to the Response Evaluation Criteria in
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Solid Tumors (RECIST) version 1.1. Baseline demographic and clinical data were collected
from medical records.

The study was approved by the Institutional Review Board of Seoul St. Mary’s
Hospital (KC18TNSI0361), and written informed consent was obtained from all patients.

2.2. Treatment Regimen

Nivolumab was administered at a fixed dose of 360 mg every 3 weeks or 240 mg
every 2 weeks, in combination with chemotherapy. Chemotherapy consisted of either
capecitabine plus oxaliplatin every 3 weeks or leucovorin, fluorouracil, and oxaliplatin
every 2 weeks, according to institutional protocols and physician discretion.

2.3. Blood Sampling and Immune Monitoring

Peripheral blood was collected at three timepoints: pre-treatment (within 1 day before
or on the day of treatment initiation), week 1 after treatment start, and week 6 (at the time
of the first radiologic response assessment). The week 6 sampling was performed only in
patients who maintained consent and for whom sample collection was feasible, resulting in
a smaller subset for this timepoint analysis.

Peripheral blood mononuclear cells (PBMCs) were isolated using Ficoll–Hypaque
density-gradient centrifugation. Flow cytometry (FACS) was performed to quantify im-
mune cell subsets, including CD8+CD3+ T cells, PD1+CD8+ T cells, PD1+CD69+Ki67+CD8+

T cells, PD1+CD69+GranzymeB+CD8+ T cells, and CD69+TEMRA (terminally differentiated
effector memory CD45RA+) cells, using commercially available antibody panels (BioLe-
gend, San Diego, CA, USA, Cat# 300910, 310912, 329908, 151212, 372208, 304112, 369206,
345014; Thermo Fisher Scientific, Waltham, MA, USA, Cat# L34965). Plasma levels of
Granzyme B, Ki-67, CXCL10, IFN-γ, and TGFβ1 were measured using commercially avail-
able enzyme-linked immunosorbent assay (ELISA) kits (BioLegend, Cat# 151212, 372208).
All experiments were performed according to the manufacturer’s instructions.

2.4. Definition of Groups and Cutoff Values

Treatment response was categorized as complete response (CR) or partial response
(PR) for responders, and stable disease (SD) or progressive disease (PD) for non-responders.

Cutoff values were defined as follows: for immune cell subset analysis, the me-
dian value was used; for the neutrophil-to-lymphocyte ratio (NLR), a threshold of 3.5
was applied based on prior literature in gastric cancer; and for the absolute lymphocyte
count, 1500/µL was adopted, consistent with commonly accepted normal values (WBC
4000–5000/µL with about 30% lymphocytes). Long-term responders were defined as those
with a duration of response ≥ 9.5 months, according to the median duration reported for
the nivolumab plus chemotherapy group in the CheckMate 649 trial. For dynamic changes,
∆ (delta) values were calculated as week 1 minus baseline levels.

2.5. Statistical Analysis

Progression-free survival (PFS) and overall survival (OS) were estimated using the
Kaplan–Meier method, and differences between groups were evaluated with the log-rank
test. Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated using Cox
proportional hazards regression models. Receiver operating characteristic (ROC) curve
analysis was performed to assess the predictive performance of biomarkers for treatment
response, with the area under the curve (AUC) reported. Pairwise correlations between
continuous immune marker values were assessed using Pearson’s correlation coefficient.

All statistical analyses were performed using R software (version 4.3.1; R Foundation
for Statistical Computing, Vienna, Austria). Two-sided p-values < 0.05 were considered
statistically significant.
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3. Results
3.1. Participants Characteristics

A total of 50 patients with advanced gastric cancer were included in this study (Table 1).
Histologically, adenocarcinoma was the most common type (n = 32), followed by poorly
cohesive carcinoma (n = 18). Peritoneal carcinomatosis was present in 19 patients, liver
metastasis in 9 patients, and bone metastasis in 5 patients. No patients were HER2-positive,
whereas 7 patients had microsatellite instability-high (MSI-H) tumors and 4 were Epstein–
Barr virus (EBV) positive. PD-L1 CPS ≥ 5 was observed in 28 patients. Forty-two patients
received nivolumab in combination with XELOX, and the remaining 8 patients received
nivolumab with FOLFOX. Among all 50 patients, the best overall response was an objective
response in 28 patients.

Table 1. Baseline characteristics of patients with advanced gastric cancer (n = 50).

Characteristic Group n (%)

Total 50 (100)

Sex Female 22 (44.0)
Male 28 (56.0)

Age <65 years 38 (76.0)
≥65 years 12 (24.0)

Histology Adenocarcinoma 32 (64.0)
Poorly cohesive carcinoma 18 (36.0)

Peritoneal carcinomatosis No 19 (38.0)
Yes 31 (62.0)

MSI-H No 41 (82.0)
Yes 7 (14.0)

Unknown 2 (4.0)

HER2 Negative 21 (42.0)
Low 29 (58.0))

Positive 0 (0.0)

EBV Negative 46 (92.0)
Positive 4 (8.0)

PD-L1 CPS <5 20 (40.0)
≥5 28 (56.0)

Unknown 2 (4.0)

Treatment Nivolumab + XELOX 42 (84.0)
Nivolumab + FOLFOX 8 (16.0)

Best response CR or PR 28 (56.0)
SD or PD 22 (44.0)

Abbreviations: MSI-H, microsatellite instability-high; EBV, Epstein–Barr virus; PD-L1, programmed death-
ligand 1; CPS, combined positive score; XELOX, capecitabine plus oxaliplatin; FOLFOX, fluorouracil, leucovorin,
and oxaliplatin.

3.2. Early Immune Response and Dynamic Changes in Cytotoxicity

Patients with CR or PR were classified as responders, whereas those with SD or PD
were classified as non-responders. Plasma levels of Granzyme B, Ki-67, CXCL10, IFN-γ,
and TGFβ1 were assessed at baseline and at week 1 after treatment initiation (Figure 1,
Table 2).
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Figure 1. Early immune response and cytotoxic activation markers in patients with advanced gastric
cancer receiving nivolumab plus chemotherapy. (a) Changes in plasma Granzyme B from baseline
to week 1 in responders and non-responders; (b) ∆GranzymeB (week 1—baseline) according to
response group; (c) Changes in Ki67 levels from baseline to week 1; (d) ∆Ki67 (week 1—baseline)
according to response group; (e) Changes in CXCL10 levels from baseline to week 1; (f) ∆CXCL10
(week 1—baseline) according to response group; (g) Changes in IFNγ levels from baseline to week 1;
(h) ∆IFNγ (week 1—baseline) according to response group; (i) Changes in TGFβ1 levels from baseline
to week 1; (j) ∆TGFβ1 (week 1—baseline) according to response group. Error bars indicate the
standard error of the mean (SEM). Statistical significance was determined using the Mann–Whitney
U test (* p < 0.05; ** p < 0.01).
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Table 2. Early changes in plasma cytotoxicity and activation markers between responders and
non-responders.

Marker Responder (Mean Change) Non-Responder
(Mean Change) p-Value

∆Granzyme B +9.81 −3.44 <0.01

∆Ki-67 +8.35 −18.13 0.17

∆CXCL10 +48.68 −1.17 0.02

∆IFNγ +0.56 −0.51 0.25

∆TGFβ1 +53.22 +268.68 0.16
Abbreviations: CXCL10, C-X-C motif chemokine ligand 10. ∆ (delta) values represent week 1 minus baseline
levels.

Responder patients showed significant increases in Granzyme B (p < 0.01) and CXCL10
(p = 0.02), whereas these markers decreased in the non-responder group. Ki-67 and IFN-γ
showed similar trends, increasing in responders and decreasing in non-responders, but
without statistical significance. TGFβ1 increased in both groups, with a greater rise in
non-responders (p = 0.16). Pairwise correlation analysis demonstrated positive associations
between CXCL10, Granzyme B, and Ki-67 levels (Figure 2).

Figure 2. Pairwise correlations between immune markers in patients with advanced gastric cancer
receiving nivolumab plus chemotherapy. (a) Scatter plot between CXCL10 and Granzyme B at
baseline; (b) Scatter plot between CXCL10 and Ki67 at baseline; (c) Scatter plot between Granzyme B
and Ki67 at baseline; (d) Spearman correlation matrix of immune markers at baseline; (e) Scatter plot
between CXCL10 and Granzyme B at week 1; (f) Scatter plot between CXCL10 and Ki67 at week 1;
(g) Scatter plot between Granzyme B and Ki67 at week 1; (h) Spearman correlation matrix of immune
markers at week 1. Each dot represents an individual patient in scatter plots. Correlation coefficients
(r) and p-values were calculated using Pearson’s correlation analysis.

3.3. Prediction for Initial Immune Response

Receiver operating characteristic (ROC) curve analysis was performed with Granzyme
B as the primary variable (Figure 3). Both ∆Granzyme B alone and the combination of
∆Granzyme B with ∆Ki-67 showed effective prediction of response (AUC = 0.794 and 0.810,
respectively). CXCL10 and IFN-γ may serve as supplementary indicators. These early
response markers did not correspond to significant differences in PFS.
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Figure 3. ROC curve analysis of changes (∆, week 1—baseline) in immune markers for predicting
initial treatment response and progression-free survival (PFS) in patients with advanced gastric cancer
receiving nivolumab plus chemotherapy. (a) ROC curves of ∆GranzymeB, ∆Granzyme B + ∆Ki67,
∆Granzyme B + ∆Ki67 + ∆CXCL10, and ∆GranzymeB + ∆Ki67 + ∆CXCL10 + ∆IFNγ for predicting
initial treatment response; (b) PFS analysis based on the median value of ∆GranzymeB + ∆CXCL10.
Statistical significance for survival analysis was determined using the log-rank test.

3.4. Prognostic Implications of Classic Immune Markers

NLR and absolute lymphocyte count are established immune markers associated with
prognosis in various cancers. Although NLR did not reach statistical significance in this
cohort, week 1 NLR showed a trend toward prognostic relevance (HR = 2.034, p = 0.076)
(Figure 4).

Using the 9.5-month median duration of response from the CheckMate-649 trial,
patients were classified into long-term and non–long-term responders. Week 1 NLR was
significantly lower in the long-term responder group (p = 0.045) (Table 3).

Table 3. Comparison of neutrophil-to-lymphocyte ratio (NLR) in long-term responders and non–
long-term responders (PFS ≥ 9.5 months).

Timepoint Group Mean Median IQR (25–75%) Max p-Value

Baseline Non-LT 3.83 3.23 1.96–4.19 20.37 0.822
LT 3.44 2.35 1.92–4.37 10.07

Week 1 Non-LT 2.93 2.76 1.95–3.67 8.70 0.045
LT 2.14 1.73 1.33–2.94 5.72

Abbreviations: LT, long-term responder; NLR, neutrophil-to-lymphocyte ratio; PFS, progression-free survival;
IQR, interquartile range.
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Figure 4. Kaplan–Meier curves of progression-free survival (PFS) according to classical immune
markers in patients with advanced gastric cancer receiving nivolumab plus chemotherapy. (a) PFS
according to baseline neutrophil-to-lymphocyte ratio (NLR) with a cut-off value of 3.5; (b) PFS
according to baseline lymphocyte count with a cut-off value of 1500/µL; (c) PFS according to week 1
NLR with a cut-off value of 3.5; (d) PFS according to week 1 lymphocyte count with a cut-off value of
1500/µL. Statistical significance was determined using the log-rank test.

3.5. Prognostic Role of PD1+CD8+ T Cells and Dynamics of CD8+ T-Cell Subsets

CD8+ T cells were analyzed by stratifying patients into high and low groups based on
the median value using FACS. Patients with higher week 1 CD8+ T-cell proportions had
significantly longer PFS (HR = 0.479, p = 0.030). Higher baseline PD1+CD8+ T-cell levels
showed a trend toward longer PFS (HR = 0.548, p = 0.073) (Figure 5).
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Figure 5. Kaplan–Meier curves of progression-free survival (PFS) according to CD8+ T-cell subsets at
baseline and week 1 in patients with advanced gastric cancer receiving nivolumab plus chemotherapy.
(a) PFS according to baseline CD8+ T-cell percentage; (b) PFS according to week 1 CD8+ T-cell
percentage; (c) PFS according to baseline PD1+CD8+ T-cell percentage; (d) PFS according to week 1
PD1+CD8+ T-cell percentage. In all analyses, patients were dichotomized into high and low groups
based on the median value of each marker. Statistical significance was determined using the log-
rank test.

Dynamic changes in CD8+ T-cell subsets were also examined. Both ∆PD1+CD8+ T cells
and ∆PD1+CD69+Ki67+CD8+ T cells had median values below zero, indicating a decrease
after treatment. Greater decreases in these subsets were associated with more favorable
PFS (∆PD1+CD8+: p = 0.080; ∆PD1+CD69+Ki67+CD8+: p = 0.019) (Figure 6).
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Figure 6. Kaplan–Meier curves of progression-free survival (PFS) according to changes (∆, week 1—
baseline) in CD8+ T-cell subsets in patients with advanced gastric cancer receiving nivolumab plus
chemotherapy. (a) PFS according to ∆CD8+ T-cell percentage; (b) PFS according to ∆PD1+CD8+ T-cell
percentage; (c) PFS according to ∆PD1+CD69+Ki67+CD8+ T-cell percentage; (d) PFS according to
∆PD1+CD69+GranzymeB+CD8+ T-cell percentage. In all analyses, patients were dichotomized into
high and low groups based on the median value of each marker. Of note, for panels (b–d), the median
∆ value was negative, indicating that most patients experienced a decrease in cell counts. Groups
below the median therefore represent those with a greater reduction, which may reflect the cytotoxic
effect of chemotherapy. Statistical significance was determined using the log-rank test.

3.6. Prognostic Role of Immune Checkpoint Markers in Treatment Outcomes

Baseline immune checkpoint markers beyond PD1, specifically TIM3 and LAG3, were
evaluated for their association with PFS. Higher baseline PD1+LAG3+Ki67+CD8+ T-cell
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levels were significantly associated with longer PFS (HR = 1.937, p = 0.032), whereas higher
baseline TIM3 expression tended to be associated with longer PFS. Combining TIM3+ and
LAG3+ markers resulted in a more pronounced separation of PFS curves (HR = 2.186,
p = 0.014) (Figure 7).

Figure 7. Kaplan–Meier curves of progression-free survival (PFS) according to baseline immune-
checkpoint marker expression in patients with advanced gastric cancer receiving nivolumab plus
chemotherapy. (a) PFS according to PD1+LAG3+Ki67+CD8+ T-cell percentage; (b) PFS according to
PD1+TIM3+Ki67+CD8+ T-cell percentage; (c) PFS according to the combined value of PD1+LAG-3+Ki-
67+CD8+ T-cell percentage and PD1+TIM-3+Ki-67+CD8+ T-cell percentage. In all analyses, patients
were dichotomized into high and low groups based on the median value of each marker. Statistical
significance was determined using the log-rank test.

3.7. Memory T Cells in Long-Term Responders

At baseline, higher levels of activated TEMRA cells were associated with significantly
longer PFS (HR = 0.619, p = 0.019), and this trend persisted at week 1 (HR = 0.700, p = 0.087)
(Figure 8). Long-term responders, defined using the 9.5-month threshold, had higher
activated TEMRA levels than non–long-term responders.

Activated TEMRA cells at week 6 were analyzed in patients with available samples
(n = 13). At this timepoint, patients with decreased activated TEMRA levels were more
likely to be long-term responders (p = 0.011) (Figure 8).

 

Figure 8. Kaplan–Meier curves of progression-free survival (PFS) and distribution of activated
TEMRA (terminally differentiated effector memory CD8+ T cells) in long-term responders
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(PFS ≥ 9.5 months) and non-long-term responders (PFS < 9.5 months) among patients with advanced
gastric cancer receiving nivolumab plus chemotherapy. (a) PFS according to baseline activated
TEMRA percentage; (b) PFS according to week 1 activated TEMRA percentage; (c) PFS accord-
ing to the change in activated TEMRA percentage from baseline to week 6 (∆, median = −0.16);
(d) Distribution of baseline activated TEMRA percentage in long-term responders vs. non-long-term
responders; (e) Distribution of week 1 activated TEMRA percentage in long-term responders vs.
non-long-term responders; (f) Distribution of change in activated TEMRA percentage from baseline
to week 6 in long-term responders vs. non-long-term responders. For PFS analyses, patients were
dichotomized into high and low groups based on the median value of each marker, and statistical
significance was determined using the log-rank test. For distribution analyses, data are shown as
median with interquartile range (IQR), with diamonds representing outliers, and comparisons were
performed using the Mann–Whitney U test.

4. Discussion
In this observational study, we systematically investigated dynamic immune changes

in patients with advanced GC treated with nivolumab plus chemotherapy, integrating
plasma biomarker profiling (ELISA) and peripheral immune cell subset analysis (flow
cytometry). Our results identified distinct immunological signatures that correlated with
both early treatment response and PFS, highlighting the value of serial immune monitoring
in this setting.

The initial analysis focused on soluble immune markers measured by ELISA. At
week 1, responders showed significant increases from baseline in plasma Granzyme B and
CXCL10, both linked to cytotoxic T-cell activation and immune cell recruitment [6,11–14].
ROC curve analysis showed that ∆Granzyme B alone, and in combination with ∆Ki-67,
effectively predicted early clinical response. However, these early treatment-induced in-
creases did not translate into improved PFS, underscoring a well-recognized challenge
in cancer immunotherapy: initial immune activation does not necessarily ensure durable
tumor control. This discrepancy may reflect the emergence of adaptive resistance mecha-
nisms or the development of treatment-induced immune dysfunction and T-cell exhaus-
tion [15,16].

To identify prognostic indicators more closely associated with survival, we next
examined classical systemic immune markers. NLR at week 1, rather than at baseline,
was more closely related to long-term outcomes, with lower week 1 NLR associated with
durable benefit. This pattern echoed the ELISA results, where post-treatment changes were
more informative than static baseline values [8,17]. The importance of immune dynamics
prompted further investigation using cellular immune profiling by FACS.

Flow cytometric analysis revealed that patients with higher CD8+CD3+ T-cell propor-
tions at week 1 experienced significantly longer PFS, supporting the biological plausibility
that rapid immune activation after treatment initiation portends better outcomes [6]. Base-
line PD1+CD8+ T-cell levels also showed a favorable trend for PFS. This association may
be explained by two, non-mutually exclusive mechanisms. First, PD1+CD8+ T cells may
represent antigen-experienced T cells that are functionally impaired but susceptible to
restoration by PD1 blockade [15]. Second, PD1 expression may reflect recent antigen expo-
sure and T-cell activation, thereby marking an ongoing anti-tumor immune response at
baseline [8,18].

An unexpected finding was that greater decreases from baseline in PD1+CD8+ and
PD1+Ki-67+CD8+ T cells at week 1 were linked to improved PFS. This seemingly paradoxi-
cal association may reflect the cytotoxic effects of chemotherapy not only on tumor cells but
also on rapidly proliferating lymphocytes. Such treatment-induced depletion could prefer-
entially eliminate dysfunctional or terminally exhausted T-cell populations, thereby “reset-
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ting” the immune milieu and enabling more effective anti-tumor responses—a phenomenon
consistent with recent observations of immunogenic modulation by chemotherapy [19].

Baseline activated TEMRA cells were significantly associated with prolonged PFS, and
long-term responders exhibited markedly higher baseline CD69+ TEMRA levels. While
early treatment responses in our study appeared to be driven predominantly by cytotoxic
activity and T-cell recruitment, these findings suggest that durable benefit may depend
more on the presence of pre-existing, activation-ready memory T-cell subsets capable of
sustained anti-tumor surveillance. This aligns with recent evidence that higher baseline
levels of activated or antigen-experienced TEMRA cells are linked to improved long-
term outcomes across several solid tumors [20–22]. In week 6 samples, however, we
observed the opposite trend—greater decreases from baseline in activated TEMRA levels
among long-term responders. Although this finding should be interpreted cautiously
given the small sample size (n = 13), several plausible explanations exist. These include
direct cytotoxic effects of chemotherapy on circulating lymphocytes, diminished antigenic
stimulation as tumor burden decreases in responders, and homeostatic rebalancing of the
T-cell compartment following early immune activation. Similar temporal contraction of
effector populations after initial expansion has been described in other settings of effective
immune responses [23,24], suggesting that this pattern may represent a physiological
resolution phase rather than immune suppression. Further longitudinal studies with larger
cohorts will be needed to confirm this observation.

Our analysis of immune-checkpoint markers beyond PD1 revealed that baseline
LAG3 expression and combined TIM3+/LAG3+ profiles were significantly associated with
improved PFS. These findings align with emerging evidence that co-expression of multiple
inhibitory receptors can identify a subset of partially exhausted T cells with retained
proliferative potential, suitable for functional restoration by checkpoint blockade [25,26].
This provides a robust biological rationale for dual immune checkpoint inhibition strategies,
such as PD1 plus LAG-3 or PD1 plus TIM3, that are currently being evaluated across
several cancers.

In melanoma, PD1 plus LAG3 blockade has yielded favorable outcomes in phase III
trials [27,28]. However, in gastric cancer, results have been less promising. The phase II
RELATIVITY-060 trial, which added relatlimab to nivolumab and chemotherapy, failed to
improve efficacy despite selecting patients with ≥1% LAG3 expression [29], highlighting
uncertainty about the optimal biomarker threshold and patient selection strategy [30].
Encouragingly, a recent phase Ib neoadjuvant trial in resectable gastroesophageal junc-
tion cancers showed acceptable safety and promising pathological response rates with
nivolumab plus relatlimab in combination with chemoradiotherapy. Higher baseline PD-L1
and LAG3 expression correlated with deeper pathological responses, and ctDNA clearance
was strongly associated with improved recurrence-free and overall survival [31]. Although
this trial involved a different setting, the results underscore both the potential and com-
plexity of dual checkpoint therapy in upper GI cancers. Future studies must focus on
refining biomarker cutoffs and defining patient subgroups most likely to benefit from
such combinations.

Taken together, our findings highlight several key points. First, early treatment-
induced increases in soluble cytotoxic and chemokine markers can help identify likely
responders within the first treatment week. Second, dynamic cellular immune profiling
offers prognostic value beyond classical markers such as NLR. Third, baseline immune-
checkpoint expression patterns and memory T-cell landscapes may inform predictions of
durable benefit. Finally, certain treatment-induced decreases in specific T-cell subsets may
reflect favorable chemo–immunotherapy interactions rather than immune suppression.
Collectively, these observations support the integration of dynamic immune monitoring
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into future clinical trials to refine patient selection and enable adaptive treatment strategies,
while also reinforcing the rationale for multi-checkpoint blockade and memory T cell–
oriented interventions in advanced gastric cancer.

The single-center design and limited sample size, particularly for the week 6 subset,
may constrain the generalizability of our findings, and the observational nature of the
study precludes definitive causal inference. The week 6 analysis of activated TEMRA
cells was limited to only 13 patients, not based on pre-specified selection but rather on
the availability of consented patients for additional sampling, which raises the possibility
of selection bias. Therefore, these results should be interpreted with great caution, and
validation in larger prospective cohorts will be necessary. In addition, heterogeneity in
baseline clinical characteristics and the lack of an independent validation cohort may further
limit external applicability. Future investigations should aim to validate these findings in
larger, multicenter cohorts and incorporate integrated tissue- and blood-based immune
profiling, including ctDNA and spatial immune contexture analyses. Such approaches
may not only confirm the predictive value of the identified biomarkers but also refine
patient stratification for immunotherapy. Nonetheless, the serial biospecimen collection,
and comprehensive immune profiling enhance the robustness and translational relevance
of our conclusions.

5. Conclusions
In conclusion, dynamic immune profiling revealed early plasma and cellular markers

that predict treatment response and prognosis in advanced GC treated with nivolumab
plus chemotherapy. These findings provide a basis for biomarker-driven patient stratifi-
cation and support the integration of real-time immune monitoring into future clinical
trial designs.
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