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Abstract: Objective: To investigate the effects and safety of immune checkpoint inhibitors (ICIs) combined with 
chemotherapy for advanced gastric cancer, and to evaluate the predictive value of pretreatment peripheral blood 
inflammatory markers and tumor markers for progression-free survival (PFS). Methods: A retrospective analysis 
was performed on 89 patients with advanced gastric cancer who received ICI-based treatment. All patients com-
pleted at least three cycles of ICI-based treatment. Pretreatment peripheral blood inflammatory markers, including 
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), systemic immune-inflammation index (SII), 
and serum carbohydrate antigen 19-9 (CA19-9) levels were collected. Treatment regimens consisted of ICIs com-
bined with chemotherapy, with or without targeted therapy. Tumor response was assessed using contrast-enhanced 
CT or MRI according to RECIST version 1.1. PFS was analyzed using the Kaplan-Meier method and Cox proportional 
hazards regression model. ROC curve analysis was conducted to explore the prognostic efficacy of the above bio-
markers. Results: No patient achieved complete response. Among all cases, 17 patients achieved partial response, 
51 had stable disease, and 21 experienced progressive disease. The overall objective response rate (ORR) and 
disease control rate (DCR) were 19.10% and 76.40%, respectively, with no significant difference between the two 
treatment groups in ORR or DCR (P=0.930 and P=0.954, respectively). Compared to baseline levels, NLR, PLR, 
SII, and CA19-9 levels were significantly decreased after treatment (all P<0.05), suggesting improved systemic 
inflammatory status in patients. Kaplan-Meier analysis demonstrated that patients with elevated baseline NLR, 
PLR, SII, and CA19-9 levels had significantly shorter PFS (P=0.002, P<0.001, P<0.001, and P=0.002, respectively). 
Univariate Cox regression analysis revealed that poor histologic differentiation (P=0.009), lymph node metastasis 
(P=0.036), high NLR (P=0.002), high PLR (P=0.001), high SII (P<0.001), and high CA19-9 levels (P=0.002) were 
correlated with shortened PFS. Multivariate Cox regression analysis further identified poor histologic differentiation 
(P<0.001), elevated SII (P=0.001), and high CA19-9 levels (P=0.003) as independent adverse prognostic factors for 
shorter PFS. Most treatment-related adverse events were manageable, and no new safety signals were observed 
in this cohort. Conclusion: ICI combined chemotherapy yields favorable disease control and acceptable safety in 
patients with advanced gastric cancer. Pretreatment elevated peripheral blood inflammatory markers and CA19-9 
levels are associated with poor prognosis, among which SII and CA19-9 were independent risk factors for shortened 
PFS. Dynamic monitoring of these biomarkers can facilitate clinical risk stratification and individualized treatment 
decision-making for advanced gastric cancer patients receiving ICI-based therapy.
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Introduction

Gastric cancer is a prevalent malignant tumor 
and ranks as the most common digestive tract 
malignancy in China [1, 2]. According to the lat-
est data from the National Cancer Center of 
China, there were approximately 358,700 new 
stomach cancer cases and 260,400 stomach 

cancer-related deaths in China in 2022 [3]. 
Gastric cancer ranks fifth in the incidence of all 
malignant tumors and third in mortality nation-
wide [3]. Due to the absence of typical early 
clinical symptoms and imperfect early screen-
ing systems in China, most patients are diag-
nosed with advanced unresectable gastric can-
cer at the time of initial consultation, for whom 
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radical surgical treatment is no longer fea- 
sible. Consequently, non-surgical comprehen-
sive therapies, including radiotherapy, chemo-
therapy, and molecular targeted therapy, have 
become the mainstay of clinical treatment. 
With the rapid advancement of tumor immuno-
therapy, immune checkpoint inhibitors (ICIs) 
have shown promising application prospects in 
the treatment of advanced gastric cancer [4, 
5]. However, accurate prediction of ICI treat-
ment efficacy, precise patient screening, and 
reversal of tumor immune tolerance still re- 
quire further clinical verification.

Carbohydrate antigen 19-9 (CA19-9) is a clas-
sic serologic biomarker for digestive tract ma- 
lignancies, and its elevation indicates a high 
risk of tumor occurrence and progression [6, 7]. 
Previous studies have confirmed that elevated 
serum CA19-9 levels in gastric cancer patients 
are closely correlated with advanced tumor  
progression and poor clinical prognosis [7]. 
Systemic inflammatory response is also a key 
component of the tumor immune microenviron-
ment. Peripheral blood inflammatory cells pro-
mote tumor cell proliferation and metastasis, 
disrupt host immune surveillance, and acceler-
ate tumor progression by secreting cytokines 
and chemokines [8]. The widespread clinical 
application of ICIs has driven the exploration  
of tumor predictive biomarkers. Inflammation-
related indicators including neutrophil-to-lym-
phocyte ratio (NLR) and platelet-to-lymphocyte 
ratio (PLR) have been validated as valuable 
prognostic biomarkers for multiple malignant 
tumors, such as non-small cell lung cancer and 
esophageal cancer [9-11]. Systemic Immune-
inflammation Index (SII), a novel composite 
index calculated based on peripheral blood 
neutrophil, lymphocyte and platelet counts, 
has also been proven effective for prognostic 
evaluation of immunotherapy in advanced ma- 
lignancies [12]. Elevated SII levels were found 
to be closely associated with shortened over- 
all survival (OS) and progression-free survival 
(PFS), making SII a reliable indicator for pre- 
dicting immunotherapy outcomes in advanced 
tumor patients [13]. Nevertheless, the predic-
tive value of NLR, PLR, SII and CA19-9 for ICI 
treatment response in advanced gastric can-
cer remains insufficiently clarified. Therefore, 
this study aimed to analyze the correlation 
between the above inflammatory biomarkers, 
CA19-9 levels, and the efficacy of ICI-based 

therapy in advanced gastric cancer, so as  
to provide evidence for individualized clinical 
treatment.

Materials and methods

Research subjects

A total of 89 patients with advanced gastric 
cancer who received ICI-based therapy at 
Shijiazhuang People’s Hospital from Septem- 
ber 2021 to December 2023 were enrolled in 
this retrospective study.

Inclusion Criteria: aged ≥18 years; pathologi-
cally confirmed gastric cancer; received at least 
three cycles of ICI-based treatment; complete 
pretreatment hematologic and tumor marker 
detection data.

Exclusion criteria: (1) history of hematologic 
diseases or acute severe infection; (2) compli-
cated with autoimmune diseases or severe or- 
gan dysfunction; (3) inability to complete post-
operative imaging follow-up after ICI treat- 
ment.

All patients received regular follow-up via out-
patient review and telephone interview, with 
the final follow-up deadline set as May 31, 
2025. This study was approved by the Medi- 
cal Ethics Committee of Shijiazhuang People’s 
Hospital (Approval No. [2024]059).

Follow-up was terminated upon disease pro-
gression, patient death, or the final follow-up 
date. All statistical analyses including ROC 
curve analysis, Kaplan-Meier survival analysis 
and Cox regression analysis were performed 
based on the full cohort of 89 patients.

Treatment regimens

The treatment regimens in this study includ- 
ed ICIs combined with chemotherapy and ICIs 
combined with chemotherapy plus targeted 
therapy. The administered ICI drugs and stan-
dard doses per treatment cycle were as follows: 
200 mg sintilimab, toripalimab, camrelizumab 
or pembrolizumab; 240 mg tislelizumab; and  
3 mg/kg nivolumab. Chemotherapy regimens 
were based on platinum, taxane or fluorouracil 
agents. Targeted drugs included apatinib and 
trastuzumab. All treatment regimens were for-
mulated individually based on patients’ specific 
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clinical conditions. Imaging evaluation by CT  
or MRI was performed every two treatment 
cycles to assess tumor response.

Outcome measures

The primary endpoint of this study was PFS, 
defined as the interval from the initiation of  
ICI-based treatment to confirmed disease pro-
gression or all-cause death. Secondary end-
points included objective response rate (ORR), 
disease control rate (DCR), changes in pretreat-
ment and post-treatment inflammatory mark-
ers and CA19-9 levels, and the incidence of 
treatment-related adverse events. ORR was 
defined as the proportion of patients achieving 
complete response (CR) or partial response 
(PR), and DCR referred to the proportion of 
patients achieving CR, PR, or stable disease 
(SD).

Clinical baseline data of enrolled patients were 
extracted from the hospital electronic medi- 
cal record system, including age, gender, body 
mass index (BMI), metastasis status (liver me- 
tastasis, lymph node metastasis), tumor TNM 
stage, histological differentiation grade, tumor 
size and specific treatment regimens. Periphe- 
ral blood samples were collected before the 
first cycle of ICI treatment to detect neutro- 
phil, lymphocyte and platelet counts as well as 
serum CA19-9 levels. NLR, PLR and SII were 
calculated accordingly, and the SII calculation 
formula was as follows: SII = platelet count × 
neutrophil count/lymphocyte count. Tumor re- 
sponse was evaluated strictly in accordance 
with the Response Evaluation Criteria in Solid 
Tumors version 1.1.

Statistical analysis

SPSS 27.0 software was used for all statistical 
analyses. Categorical variables were express- 
ed as frequencies and percentages, and inter-
group differences were compared using the 
chi-square test. Continuous variables conform-
ing to normal distribution were presented as 
mean ± standard deviation (

_
x±SD), and inde-

pendent samples t-test was used for inter-
group comparison. ROC curve analysis was 
performed to determine the optimal cut-off 
values of NLR, PLR, SII, and CA19-9 for pre-
dicting disease progression after ICI treatment. 
Kaplan-Meier survival curves were plotted, and 
the Log-rank test was used to compare inter-
group survival differences.

Variables with P<0.05 by univariate analysis 
were included in the multivariate Cox propor-
tional hazards regression model. To avoid mul-
ticollinearity, NLR, PLR, and SII were not incor-
porated into the multivariate model simultane-
ously. SII was selected as the representative 
systemic inflammatory marker for subsequent 
multivariate analysis due to its comprehensive 
inclusion of neutrophil, platelet, and lympho-
cyte values. Bootstrap resampling with 1,000 
repetitions was performed for internal valida-
tion of the predictive model. Calibration curves 
for 2-month, 6-month and 12-month PFS were 
plotted to evaluate the calibration degree of  
the model, and Brier scores were calculated to 
assess prediction error. The C-index was used 
to evaluate the discriminatory ability of the 
model. A P value of <0.05 was considered 
significant.

Results

Comparison of baseline characteristics

Baseline characteristics were generally com- 
parable between the two treatment groups, 
with no statistically significant differences in 
demographic characteristics, clinicopathologic 
features, or treatment-related variables (all 
P>0.05; Table 1).

Comparison of treatment efficacy

In the ICIs combined with chemotherapy plus 
targeted therapy group (28 cases), no patients 
achieved CR, 6 cases achieved PR, 16 cases 
had SD, and 6 cases developed PD. In the ICIs 
combined with chemotherapy alone group (61 
cases), no patients achieved CR, 11 cases 
achieved PR, 35 cases had SD, and 15 cases 
developed PD. The ORR was 21.43% in ICI  
combined with chemotherapy plus targeted 
therapy and 18.03% in the ICI combined with 
chemotherapy while the DCR was 78.57% and 
75.41%, respectively. There were no signifi- 
cant inter-group differences in ORR (χ2=0.008, 
P=0.930) and DCR (χ2=0.003, P=0.954, Table 
2).

Comparison of laboratory indicators

Pretreatment NLR, PLR, SII and CA19-9 levels 
showed no significant differences between the 
two groups (all P>0.05). After treatment, the ICI 
combined with chemotherapy plus targeted 
therapy exhibited significantly lower NLR, SII 
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and CA19-9 levels than ICI combined with  
chemotherapy (all P<0.05), while no significant 
difference in post-treatment PLR levels was 
observed between the two groups (P>0.05; 
Table 3).

Comparison of general data from different 
prognosis groups

All 89 patients were divided into the non-pro-
gression group (25 cases) and the progres-
sion/death group (64 cases) according to the 
occurrence of PFS events. There were no sig-
nificant differences in age, gender, BMI, liver 
metastasis, lymph node metastasis, tumor 
stage, differentiation degree, surgical history, 
treatment regimen and ICI agent type between 
the two groups (all P>0.05). The progression/
death group had significantly higher baseline 
PLR (P=0.005) and SII (P<0.001) levels than 
the non-progression group, while baseline NLR 

and CA19-9 levels showed no significant in- 
ter-group differences (P>0.05; Table 4).

ROC curve analysis of inflammatory markers 
and CA19-9

ROC curves were plotted with PFS events as 
the endpoint to evaluate the predictive efficacy 
of each biomarker. The optimal cut-off values  
of NLR, PLR, SII, and CA19-9 were 4.54, 
108.10, 311.36 and 22.53 U/mL, respectively. 
According to these thresholds, patients were 
divided into high and low level subgroups: 36 
high-NLR and 53 low-NLR patients, 50 high-
PLR and 39 low-PLR patients, 41 high-SII, and 
48 low-SII patients, 49 high-CA19-9 and 40 
low-CA19-9 patients.

ROC analysis results showed that the AUC of 
NLR, PLR, SII, and CA19-9 for predicting prog-
nosis of advanced gastric cancer patients 

Table 1. Comparison of baseline characteristics

Variable ICI combined with chemotherapy 
plus targeted therapy (n=28)

ICIs combined with chemotherapy 
(n=61) P

Age, years 0.248
    <65 11 (39.3) 32 (52.5)
    ≥65 17 (60.7) 29 (47.5)
Male sex 17 (60.7) 42 (68.9) 0.451
BMI <18.5 kg/m2 7 (25.0) 12 (19.7) 0.569
Liver metastasis 7 (25.0) 13 (21.3) 0.699
Lymph node metastasis 10 (35.7) 28 (45.9) 0.367
Stage IV disease 19 (67.9) 48 (78.7) 0.271
Poor differentiation 15 (53.6) 37 (60.7) 0.529
Previous surgery history 12 (42.9) 22 (36.1) 0.540
ICI agent type - - 0.367
Note: Data are presented as n (%) or mean ± standard deviation. ICIs, immune checkpoint inhibitors; BMI, body mass index; 
NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index; CA19-9, carbo-
hydrate antigen 19-9.

Table 2. Comparison of the therapeutic effects

RECIST ICI combined with chemotherapy plus 
targeted therapy (n=28)

ICI combined with  
chemotherapy (n=61) χ2 P

CR 0 0
PR 6 11
SD 16 35
PD 6 15
ORR (%) 21.43 18.03 0.008 0.930
DCR (%) 78.57 75.41 0.003 0.954
Note: CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response rate; 
DCR, disease control rate.
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receiving ICI therapy was 0.627 (95% CI:  
0.508-0.745, P=0.065), 0.742 (95% CI: 0.614-
0.870, P<0.001), 0.722 (95% CI: 0.611-0.834, 
P=0.001) and 0.608 (95% CI: 0.478-0.738, 
P=0.114), respectively. PLR and SII exhibit- 
ed significant predictive value, whereas NLR 
and CA19-9 did not (Table 5 and Figure 1). 
Therefore, the cut-off values of NLR and CA19-

9 were exploratory and should be interpreted 
cautiously.

Kaplan-Meier PFS analysis of inflammatory 
markers and CA19-9

Kaplan-Meier survival analysis confirmed that 
baseline levels of all biomarkers were signifi-

Table 3. Comparison of laboratory indicators

Variable
ICI combined with chemotherapy plus targeted 

therapy (n=28) ICI combined with chemotherapy (n=61)

Before Treatment After Treatment Before Treatment After Treatment
NLR 4.39±1.28 2.09±0.97* 4.24±1.38 2.73±1.02*,#

PLR 140.73±69.77 108.72±35.44* 121.13±59.83 112.72±30.62*

SII 318.88±132.64 231.09±82.35* 329.76±135.74 291.22±87.42*,#

CA19-9 24.49±11.20 13.09±9.87* 26.38±11.49 19.55±9.66*,#

Note: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index; CA19-9, 
carbohydrate antigen 19-9. *P<0.05 compared to before treatment in the same group; #P<0.05 compared to the ICIs plus che-
motherapy plus targeted therapy group after treatment.

Table 4. Comparison of general data different prognosis groups

Variable Non-progression 
group (n=25)

Progression-or-death 
group (n=64) t/χ2 P

Age (%) <65 12 (48.0) 31 (48.4) 0.001 0.970
≥65 13 (52.0) 33 (51.6)

gender (%) Female 6 (24.0) 24 (37.5) 1.466 0.226
Male 19 (76.0) 40 (62.5)

BMI (%) ≥18.5 17 (68.0) 53 (82.8) 2.349 0.125
<18.5 8 (32.0) 11 (17.2)

liver_meta (%) No 21 (84.0) 48 (75.0) 0.836 0.361
Yes 4 (16.0) 16 (25.0)

LN_meta (%) No 19 (76.0) 41 (64.1) 1.166 0.280
Yes 6 (24.0) 23 (35.9)

stage (%) III 4 (16.0) 18 (28.1) 1.420 0.233
IV 21 (84.0) 46 (71.9)

differentiation (%) Moderate/High Differentiation 15 (60.0) 26 (40.6) 2.716 0.099
Poor Differentiation 10 (40.0) 38 (59.4)

surgery (%) No 18 (72.0) 37 (57.8) 1.533 0.216
Yes 7 (28.0) 27 (42.2)

treatment (%) ICI + Chemotherapy + Targeted 10 (40.0) 18 (28.1) 1.176 0.278
ICI + Chemotherapy 15 (60.0) 46 (71.9)

ICI agent type (%) Other ICIs 14 (56.0) 24 (37.5) 2.515 0.113
Sintilimab 11 (44.0) 40 (62.5)

NLR 3.87±1.00 4.45±1.43 -1.856 0.067
PLR 85.07±33.48 112.70±43.15 -2.877 0.005
SII (×109/L) 232.02±99.45 343.76±129.79 -3.878 <0.001
CA19-9 (U/mL) 22.52±10.89 27.06±11.38 -1.714 0.090
Note: BMI, body mass index; ICI, immune checkpoint inhibitor; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte 
ratio; SII, systemic immune-inflammation index; CA19-9, carbohydrate antigen 19-9.
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cantly correlated with patients’ PFS. The me- 
dian PFS was 6.60 months in the high-NLR 
(≥4.54) group and 9.90 months in the low-NLR 
(<4.54) group (Log-rank χ2=10.033, P=0.002). 
The median PFS was 5.80 months in the  
high-PLR (≥108.10) group and 9.90 months  
in the low-PLR (<108.10) group (χ2=11.549, 
P<0.001). For SII subgroups, the median PFS 
was 5.50 months in the high-SII (≥311.36) 
group and 10.50 months in the low-SII 
(<311.36) group (χ2=16.239, P<0.001). The 
median PFS was 7.00 months in the high-
CA19-9 (≥22.53 U/mL) group and 12.10 mon- 
ths in the low-CA19-9 (<22.53 U/mL) group 
(χ2=9.809, P=0.002; Table 6 and Figure 2).

Although NLR and CA19-9 failed to show sig- 
nificant discriminatory ability in ROC analysis, 
their high and low level subgroups presented 
significant PFS differences by survival analysis. 
This discrepancy is attributed to the different 
analytical purposes: ROC analysis evaluates 

(CI) were as follows: BMI (HR=0.503, 95% CI: 
0.262-0.965, P=0.039), lymph node metasta-
sis (HR=1.700, 95% CI: 1.038-2.785, P=0.036), 
poor histological differentiation (HR=1.341, 95% 
CI: 1.039-1.696, P=0.009), NLR (HR=2.253, 
95% CI: 1.342-3.782, P=0.002), PLR (HR= 
2.327, 95% CI: 1.407-3.849, P=0.001), SII 
(HR=2.733, 95% CI: 1.640-4.553, P<0.001), 
CA19-9 (HR=2.315, 95% CI: 1.346-3.982, P= 
0.002). In contrast, age, gender, liver metasta-
sis, tumor stage, surgical history, treatment re- 
gimen and ICI agent type were not correlated 
with patients’ prognosis (all P>0.05, Table 7).

Multivariate Cox regression analysis

Variables with statistical significance by univar-
iate analysis were considered for inclusion in 
the multivariate Cox regression model. To avoid 
overfitting and multicollinearity, NLR and PLR 
were excluded, and SII was selected as the rep-
resentative systemic inflammatory marker. The 

Table 5. ROC curve analysis of inflammatory markers and CA19-9
Variable AUC SE P 95% CI Cut-off Value Sensitivity (%) Specificity (%) Youden Index
NLR 0.627 0.060 0.065 0.508-0.745 4.54 48.44 80.00 28.44
PLR 0.742 0.065 <0.001 0.614-0.870 108.10 70.31 80.00 50.31
SII 0.722 0.057 0.001 0.611-0.834 311.36 57.81 84.00 41.81
CA19-9 0.608 0.066 0.114 0.478-0.738 22.53 60.53 59.45 19.98
Note: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index; CA19-9, 
carbohydrate antigen 19-9.

Figure 1. Receiver operating characteristic (ROC) curves for the neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), systemic immune-
inflammation index (SII), and carbohydrate antigen 19-9 (CA19-9).

binary classification efficacy, 
while Kaplan-Meier and Log-
rank analyses assess time- 
to-event survival differences. 
Notably, all cut-off values 
were derived from the same 
retrospective cohort, so the 
survival stratification results 
of NLR and CA19-9 need fur-
ther external validation.

Univariate Cox regression 
analysis

Univariate Cox regression 
analysis indicated that low 
BMI, lymph node metastasis, 
poor histological differentia-
tion, elevated NLR, PLR, SII 
and CA19-9 levels were sig-
nificant risk factors for poor 
prognosis (all P<0.05). The 
detailed hazard ratios (HR) 
and 95% confidence intervals 
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results showed that poor histologic differentia-
tion, elevated SII and high CA19-9 levels were 
independent adverse prognostic factors for 
shortened PFS. Specifically, poor histologic dif-
ferentiation increased the risk of disease pro-
gression or death (HR=3.236, 95% CI: 1.674-
6.255, P<0.001). Elevated SII (HR=3.166, 95% 
CI: 1.808-5.546, P=0.001) and high CA19-9 
level (HR=2.396, 95% CI: 1.358-4.227, P= 
0.003; Table 8) were also independent risk fac-
tors for poor prognosis.

Calibration and discrimination verification of 
the predictive model

Internal validation using 1,000 bootstrap re- 
sampling was performed to verify the stability 
of the predictive model. The 2-month, 6-month, 
and 12-month PFS calibration curves showed 
high consistency between predicted and ac- 
tual observed probabilities. The Brier scores  
for the three time points were 0.103, 0.201 
and 0.156, respectively. The C-index of the 
model was 0.727 (95% CI: 0.658-0.792), indi-
cating favorable discriminatory ability and pre-
dictive stability of the model (Figure 3).

Discussion

Gastric cancer is a common malignant tumor 
with high morbidity and mortality, imposing  
a heavy socioeconomic burden worldwide. 
According to GLOBOCAN 2022, there were 
approximately 968,784 new stomach cancer 
cases and 660,175 related deaths worldwide, 
with Asia accounting for 71.4% of new cases 
and 70.1% of deaths [14]. The current 5-year 
survival rate of gastric cancer is only 35.1%, 
which is significantly lower than the average 

survival level of common malignancies. In 
recent years, immunotherapy has achieved 
remarkable breakthroughs in the treatment of 
unresectable and metastatic advanced gastric 
cancer, fundamentally optimizing the clinical 
treatment [15, 16]. Multiple landmark clinical 
trials, including ATTRACTION-2, CheckMate 
649, KEYNOTE-811 and ORIENT-16, have con-
firmed that PD-1 inhibitors can significantly 
improve OS and PFS in advanced gastric can-
cer patients, establishing ICI-based therapy as 
a first-line standard treatment for advanced 
gastric cancer [17-19].

Nevertheless, ICI treatment still has limitations 
in clinical application. Not all gastric cancer 
patients can benefit from immunotherapy, and 
approximately 2%-4% of patients may develop 
severe TRAEs. Moreover, there is currently no 
rapid and convenient biomarker for accurate 
prediction of ICI treatment efficacy. Traditional 
predictive biomarkers such as PD-L1 expres-
sion, tumor mutational burden and microsatel-
lite instability are widely recognized for their 
predictive value, but their clinical application 
is restricted by cumbersome detection proce-
dures, high costs and inconsistent diagnostic 
criteria [20-22]. Therefore, it is urgent to iden-
tify simple, economical and easily accessible 
peripheral blood biomarkers to improve the 
accuracy of immunotherapy prognosis predi- 
ction.

Accumulating studies have confirmed that sys-
temic inflammatory response is closely corre-
lated with tumor occurrence, progression and 
immune status. Peripheral blood inflammatory 
markers including NLR, PLR and lymphocyte-
to-monocyte ratio can indirectly reflect the 

Table 6. Kaplan-Meier PFS curves based on inflammatory markers and CA19-9 levels

Variable
Kaplan-Meier Survival Analysis Log-Rank Test

Cut-off Value Grouping PFS SE 95% CI χ2 P
NLR ≥4.54 6.60 1.133 4.379-8.821 10.033 0.002

<4.54 9.90 2.584 4.835-14.965
PLR ≥108.10 5.80 0.796 4.239-7.361 11.549 0.001

<108.10 9.90 0.823 8.287-11.513
SII ≥311.36 5.50 0.767 3.996-7.004 16.239 <0.001

<311.36 10.50 2.825 4.963-16.037
CA19-9 ≥22.53 7.00 1.295 4.462-9.538 9.809 0.002

<22.53 12.10 3.227 5.776-18.424
Note: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index; CA19-9, 
carbohydrate antigen 19-9; PFS, progression-free survival; SE, standard error; CI, confidence interval.
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Figure 2. Kaplan-Meier PFS analysis of inflammatory markers and CA19-9. Note: PFS was estimated using the Kaplan-Meier method. (A) Neutrophil-to-lymphocyte 
ratio (NLR); (B) platelet-to-lymphocyte ratio (PLR); (C) systemic immune-inflammation index (SII); and (D) carbohydrate antigen 19-9 (CA19-9). The blue line indicates 
the low-level group, and the red line indicates the high-level group.
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tumor immune microenvironment and serve as 
effective indicators for tumor prognosis eva- 
luation and treatment response monitoring. 
Muangto et al. found that elevated NLR and 
PLR were positively correlated with the depth  
of myometrial invasion in endometrial cancer, 
which could assist in evaluating tumor invasion 
degree [23]. Knetki-Wróblewska et al. demon-
strated that low NLR and PLR levels were asso-
ciated with prolonged PFS and OS in patients 
with non-small cell lung cancer [9]. Consistent 
with previous studies, our research further ve- 
rified the prognostic value of systemic inflam-
matory markers and CA19-9 in gastric cancer 
immunotherapy.

Our ROC curve analysis, Kaplan-Meier survival 
analysis, and Cox regression analysis system-
atically confirmed that elevated pretreatment 
NLR, PLR, SII, and CA19-9 levels were correlat-
ed with poor prognosis in advanced gastric can-

cer patients receiving ICI therapy. The median 
PFS of patients with high levels of the four bio-
markers was significantly shorter than that of 
patients with low levels. Multivariate analysis 
further screened out poor histologic differen- 
tiation, high SII, and high CA19-9 as indepen-
dent adverse prognostic factors.

Poorly differentiated gastric cancer is charac-
terized by severe cellular atypia, strong tumor 
heterogeneity and weak immunogenicity, whi- 
ch easily induces tumor immune escape and 
forms an immunosuppressive “cold tumor” 
microenvironment, resulting in poor immuno-
therapy efficacy. Elevated SII reflects an ex- 
cessive systemic inflammatory state; activated 
neutrophils and platelets secrete a large num-
ber of pro-inflammatory cytokines, which pro-
mote tumor angiogenesis, proliferation, and 
metastasis, and inhibit anti-tumor immune 
responses. CA19-9 is closely associated with 

Table 7. Univariate Cox regression analysis

Variable
Univariate

HR (95% CI) Wald χ2 P-value
Age 0.722 (0.440-1.184) 1.67 0.196
Gender 0.698 (0.413-1.181) 1.80 0.180
BMI 0.503 (0.262-0.965) 4.27 0.039
Liver Metastasis 0.993 (0.562-1.753) 0.06 0.980
Lymph Node Metastasis 1.700 (1.038-2.785) 4.44 0.036
Stage 0.679 (0.373-1.236) 0.03 0.205
Differentiation Degree 1.341 (1.039-1.696) 6.74 0.009
Surgical History 0.831 (0.479-1.440) 0.44 0.509
Treatment Plan 1.422 (0.820-2.465) 1.57 0.21
ICI agent type 0.979 (0.583-1.644) 0.01 0.936
NLR 2.253 (1.342-3.781) 9.45 0.002
PLR 2.327 (1.407-3.849) 10.81 0.001
SII 2.733 (1.640-4.553) 15.17 <0.001
CA19-9 2.315 (1.346-3.982) 7.21 0.002
Note: BMI, body mass index; ICI, immune checkpoint inhibitor; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte 
ratio; SII, systemic immune-inflammation index; CA19-9, carbohydrate antigen 19-9.

Table 8. Multivariate Cox regression analysis

Variable
Multivariate

HR (95% CI) Wald χ2 P-value
Lymph Node Metastasis 1.067 (0.604-1.885) 0.056 0.824
Differentiation Degree 3.236 (1.674-6.255) 12.19 <0.001
High SII 3.166 (1.808-5.546) 16.24 0.001
High CA19-9 2.396 (1.358-4.227) 9.10 0.003
Note: SII, systemic immune-inflammation index; CA19-9, carbohydrate antigen 19-9.
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Figure 3. Calibration and discrimination verification of the predictive model. Note: A-C. These images are the calibration curve of 2-, 6- and 12-month PFS respec-
tively. The abscissa is the predicted probability and the ordinate is the observed probability. The dotted line is an ideal state (45-degree diagonal), and among other 
things, red shows the curve after model correction. The blue error bars show the 95% confidence intervals for each group. The closer the calibration curve is to the 
reference line, the better it fits the predicted and observed data.
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tumor burden, peritoneal metastasis and cli- 
nical stage; its persistent elevation indicates 
uncontrolled tumor progression and severe 
immune escape, thereby shortening patient 
survival.

The predictive model constructed in this study 
exhibited favorable calibration and discrimina-
tory ability verified by internal bootstrap vali- 
dation, with a C-index of 0.727, confirming its 
good predictive performance for immunothera-
py prognosis.

However, this study also has several limita-
tions. First, this was a single-center retrospec-
tive study with inherent selection bias, and  
the enrolled patient population was relatively 
homogeneous. Second, although internal vali-
dation was performed, external validation ba- 
sed on multi-center, large-sample prospective 
cohorts is still required to verify the genera- 
lizability and robustness of the model. Third, 
some clinically important variables, such as 
Eastern Cooperative Oncology Group perfor-
mance status, human epidermal growth factor 
receptor 2 status, PD-L1 combined positive 
score and prior treatment lines, were not com-
pletely recorded in the retrospective medical 
data, which may affect the comprehensiveness 
of baseline balance assessment. In addition, 
all cut-off values were derived from the study 
cohort, which may cause data-driven bias and 
model overfitting. Therefore, the exploratory 
cut-off values of NLR and CA19-9 need further 
external validation before clinical application.

In conclusion, pretreatment peripheral blood 
inflammatory markers (NLR, PLR, SII) and 
CA19-9 levels are closely correlated with PFS  
in advanced gastric cancer patients receiving 
ICI-based therapy. Among these biomarkers,  
SII and CA19-9 are simple, economical and 
effective independent predictive indicators for 
immunotherapy efficacy and prognosis, which 
have great potential to guide clinical individu- 
alized treatment and risk stratification.
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