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Background: Aging has a negative impact on the immune function of patients. The purpose of this study was to construct an age- 
related specific immune index according to the immune aging phenomenon of gastric cancer (GC) and explore its prognostic value.
Methods: This study retrospectively analyzed patients who underwent radical GC surgery in the Department of Gastrointestinal 
Surgery, Affiliated Cancer Hospital of Harbin Medical University, from August 2014 to December 2016 and divided them into 
a training cohort and a validation cohort. A new immune score, the GC-specific immune index (GSII), was developed as a series of 
lymphocyte subsets associated with the prognosis of patients with GC. Then, the receiver operating characteristic (ROC) curve was 
used to compare the prediction performance. The Kaplan‒Meier method and Log rank test were used to analyze the overall survival of 
patients. Cox hazard regression models were used to identify independent risk factors associated with prognosis. Finally, a nomogram 
model was constructed by combining the GSII and clinicopathological characteristics, and the calibration chart, consistency index, and 
decision curve were used to test the performance of the model.
Results: Aging did not significantly affect CD8 cell counts but decreased CD4 and CD19 cell counts. Based on the Cox analysis, the 
GSII of patients ≤60 years old was 0.079×lg CD4+0.348×lg CD19, and the GSII of patients >60 years old was 0.058×lg CD4. 
A decreased GSII was indicative of a poor prognosis and was an independent risk factor associated with patient outcomes. The 
nomogram constructed based on the GSII and clinicopathological features accurately predicted patient prognosis. Furthermore, the 
GSII was well validated in the validation cohort.
Conclusion: The GSII constructed for the special immune aging phenomenon of GC can accurately predict patient prognosis.
Keywords: gastric cancer, lymphocyte subsets, age, prognosis

Introduction
According to the incomplete statistics of JAMA in 2017, gastric cancer (GC) was the sixth most common malignant 
tumor in the world.1 Meanwhile, with the global background of the aging population,2 the incidence of GC also shows an 
increasing trend with age. Therefore, the elderly have become a high-risk group for GC, accounting for approximately 
68% of GC cases.3 Although GC is less invasive in the elderly than in younger patients, some studies have shown that the 
prognosis in elderly GC patients is worse than that in young GC patients.4,5 This may be related to poor nutrition status, 
a high incidence of postoperative complications and worse tolerance of adjuvant therapy in elderly GC patients.4–8 More 
importantly, immune function declines with age, which impacts the effectiveness of chemotherapy, immunotherapy and 
other treatments.9–13 Therefore, it is necessary to further explore age-related immune changes and the impact of such 
changes on prognosis and treatment.

Immunotherapy has achieved good clinical development, and immune cells in the tumor microenvironment 
provide potential targets for immunotherapy.14 Furthermore, peripheral blood immunity provides comprehensive 
immune information for tumor immunity. Tumor cells entering the peripheral blood can trigger different degrees of 
immune response, and some inflammatory indices calculated by peripheral immune cells, such as the neutrophil-to- 
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lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR), can accurately predict prognosis and guide indivi-
dualized treatment.15 Among them, lymphocytes with different functional subtypes play an important role in 
antitumor immunity; CD4+ T cells, CD8+ T cells, and CD19+ B cells kill cells through the Fas pathway and secrete 
cytokines such as IL-21 to regulate immune function.16–18 However, immune function is organ-specific and is 
influenced by aging and epigenetic factors,19,20 where aging affects the function of lymphocyte subsets in various 
ways, resulting in immune impairment, such as atrophy of the thymus and decreased memory T-cell function.20 

Huang et al constructed a CRC-specific inflammatory index (CSII) based on the specificity of immune status in 
patients with colorectal cancer, which can accurately predict the long-term survival of patients, and its predictive 
performance is superior to traditional inflammatory indices such as the Systemic Inflammation Index (SII).21 

However, age-related immune scores for GC surgery are incomplete.22 Consequently, we constructed and validated 
a new GC-specific immune index (GSII) based on the specificity of the immune status of patients of different ages.

This study retrospectively analyzed patients who underwent radical surgery for GC in the Department of 
Gastrointestinal Surgery, Affiliated Cancer Hospital of Harbin Medical University, from August 2014 to 
December 2016. Differences in peripheral lymphocyte subsets were analyzed according to age. GSII was further 
constructed according to the immune status of GC patients of different ages, and combined with clinicopathological 
features, a nomogram was constructed.

Materials and Methods
Patients
This study retrospectively included patients who underwent radical surgery for GC in the Department of Gastrointestinal 
Surgery, Affiliated Cancer Hospital of Harbin Medical University, from August 2014 to December 2015 as a training 
cohort and patients who underwent radical surgery for GC in the same department from January 2016 to December 2016 
as a validation cohort. The diagnosis of GC was based on tissue samples obtained by preoperative gastroscopy, which 
was further confirmed by a professional pathologist after surgery. Patients underwent routine preoperative examinations, 
such as abdominal CT, chest CT, double supraclavicular lymph node ultrasound, electrocardiogram, gastroscopy, 
hematology and tumor markers.

The inclusion criteria were as follows:1 preoperative chemotherapy;2 preoperative radiotherapy;3 autoimmune 
disease;4 hematological malignancies; and5 serious infection.

The clinicopathological data of the patients are stored in the GC Information Management System v1.2 of the 
Affiliated Cancer Hospital of Harbin Medical University (copyright number 2013SR087424, http://www.sgihmu.com). 
The data collected included sex, age, tumor diameter, tumor location, pTNM stage, vein invasion, nerve invasion and 
postoperative chemotherapy. The above contents were in line with the eighth edition of AJCC regulations.23 The surgical 
methods and postoperative chemotherapy standards were carried out in accordance with the Japanese GC Treatment 
Guidelines (Fifth Edition).24 Oxaliplatin + capecitabine (XELOX) or oxaliplatin + S-1 (SOX) are the main treatment 
options for patients with pathological stages II to III GC. To ensure the accuracy of this study, we included only patients 
who received complete chemotherapy at our institution, for a total of 373 patients. The remaining patients were not 
included in the postoperative chemotherapy patient group because these patients did not complete all postoperative 
chemotherapy regimens in our institution, and most of the patients returned to local hospitals for treatment after surgery 
and did not have complete chemotherapy records.

Hematology Sample
The hematological samples of each patient included in this study were collected one week before surgery in the morning 
in the fasting state. A 2 mL blood sample was collected from the cubital vein and sent for testing. Flow cytometry was 
used to monitor CD4+ and CD8+ T lymphocyte counts and CD19+ B lymphocyte counts.
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Statistical Analysis
Overall survival (OS) was defined as the period from the date of surgery to the date of death by any cause, expressed as the mean 
± standard deviation and 5-year survival rate. To construct the GC-specific immune index (GSII), a Cox hazard regression model 
was used to select the immune index significantly associated with OS. The training cohort was used to construct the GSII based 
on beta coefficients from the multivariate Cox analysis. The receiver operating characteristic (ROC) curve was used to calculate 
and compare the prognostic accuracy of different immune markers and calculate the area under the curve (AUC). The optimal 
cutoff value was calculated using the Youden index, and the calculation formula was sensitivity-(1-specificity), where the 
maximum value was the optimal cutoff value. A GSII below the cutoff value was classified as GSII-Low, and a GSII above the 
cutoff value was classified as GSII-High. T-ROC was performed using the R package “timeROC”. The chi-square test was used 
to analyze the relationship between the GSII and patient characteristics. The Kaplan‒Meier method and Log rank test were used 
to analyze overall survival. Relationship curves and scatter plots were drawn by GraphPad Prism 8. Cox proportional hazards 
regression models were used to calculate hazard ratios (HRs) and 95% confidence intervals (CIs) and identify independent risk 
factors associated with patient prognosis. A nomogram was constructed by the “SvyNom” and “rms” packages using R software. 
Calibration plots were used to show the relationship between predicted probabilities and actual outcomes using Hosmer’s 
goodness-of-fit test. The consistency index was used to measure the accuracy of the nomogram and was bootstrapped to correct 
for optimism bias. Decision curves were used to validate the predictive performance of the nomogram. All analyses were 
performed using SPSS for Windows version 25.0 and R software version 4.1.2, and P<0.05 was considered statistically 
significant.

Results
Patient Characteristics
A total of 617 patients were included in the training cohort (Table 1). According to age, 350 (56.7%) and 267 (43.3%) 
cases were ≤60 and >60 years, respectively. For patients ≤60, according to the pTNM stage, 149 (42.6%), 96 (27.4%) and 
105 (30.0%) cases were stage I, II, and III, respectively. For patients >60, according to the pTNM stage, 81 (30.3%), 100 
(37.5%) and 86 (32.2%) cases were stage I, II, and III, respectively.

A total of 284 patients were included in the validation cohort (Table 1). According to age, 165 (58.1%) and 119 
(41.9%) cases were ≤60 and >60 years, respectively. For patients ≤60, according to the pTNM stage, 63 (38.2%), 47 
(28.5%) and 55 (33.3%) cases were stage I, II, and III, respectively. For patients >60, 36 (30.3%), 37 (31.1%) and 46 
(38.7%) cases were stage I, II, and III, respectively.

The Effect of Age on Patient Survival
For the training cohort, patients ≤60 had better survival than those >60 (5-year OS rate: 78.5% vs 67.8%, OS: 52.61±0.86 
vs 49.50±1.07, P=0.004). For the validation cohort, patients ≤60 had better survival than those >60 (5-year OS rate: 
71.0% vs 53.0%, OS: 51.20±1.26 vs 46.27±1.72, P=0.007) (Supplement Figure 1A and B).

The Effect of Age on the Counts of Peripheral Lymphocyte Subsets
In the training cohort, for patients ≤60, CD4, CD8, and CD19 lymphocyte counts were positively correlated with BMI, 
and CD8 and CD19 lymphocyte counts were negatively correlated with tumor size (Figure 1A–F). For patients >60, CD4 
and CD19 lymphocyte counts were positively correlated with BMI, and CD4 lymphocyte counts were negatively 
correlated with tumor size (Figure 1G–L).

Regarding the analysis of differences in lymphocyte subset counts according to age, the CD4 lymphocyte counts of 
patients >60 were significantly lower than those of patients ≤60 in each pTNM stage (P<0.05). The CD8 lymphocyte 
counts were not significantly different between patients ≤60 and >60. The CD19 lymphocyte counts of patients >60 were 
significantly lower than those of patients ≤60 overall, but this difference was concentrated in stage II (P<0.05) 
(Figure 1M–O). Obviously, aging has negative effects on immunity.
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Construction of a Gastric Cancer-Specific Immune Index Based on Age
After finding that age can affect a patient’s immune status, in the validation cohort, we selected lymphocyte subsets 
significantly associated with OS through the Cox risk regression models to construct the GSII (Supplement Table 1). lg 
CD4 and lg CD19 lymphocyte counts were independent risk factors associated with prognosis in patients ≤60, and the lg 
CD4 lymphocyte count was an independent risk factor associated with prognosis in patients >60. Therefore, based on the 
β coefficient, the GSII for ≤60 patients was calculated as 0.079×lg CD4+0.348×lg CD19. The GSII for >60 patients was 
calculated as 0.058×lg CD4. The ROC curve showed a cutoff value of 9.73 for the GSII for patients ≤60 and of 8.15 for 
patients >60. The highest AUCs for the GSII were 0.672 (95% CI: 0.602–0.742) and 0.664 (95% CI: 0.595–0.732) 
(Figure 2A and B). The T-ROC curves showed that the highest AUCs for the GSII in patients ≤60 and >60 were 1-year: 
0.656, 0.644 and 3-year: 0.653, 0.616 during the entire observation period (Supplement Figure 2A and B).

To validate the applicability of the GSII, it was validated in the validation cohort. The ROC curve showed that the 
highest AUCs for the GSII in patients ≤60 and >60 were 0.673 (95% CI: 0.578–0.768) and 0.688 (95% CI: 0.588–0.788), 
respectively (Figure 2C and D).

Furthermore, the chi-square analysis showed that for patients ≤60, the GSII was significantly associated with BMI, 
tumor location, tumor size, pTNM stage, and nerve infiltration (P=0.020, P<0.001, P<0.001, P<0.001, and P=0.025, 
respectively). For patients >60, the GSII was significantly associated with tumor size, pTNM stage, and nerve infiltration 
(P<0.001, P=0.002, and P=0.025, respectively) (Table 2).

Table 1 Basic Characteristics of Patients

Training Cohort (N=617) Validation Cohort (284)

≤60 (N=350) >60 (N=267) P value ≤60 (N=165) >60 (N=119) P value

Sex 0.090 0.459

Male 246 (70.3) 204 (76.4) 123 (74.5) 84 (70.6)
Female 104 (29.7) 63 (23.6) 42 (25.5) 35 (29.4)

BMI, median 22.84 22.95 0.230 23.31 22.64 0.038

Tumor location 0.119 0.866
Upper third 33 (9.4) 41 (15.4) 19 (11.5) 11 (9.2)

Middle third 54 (15.4) 32 (12.0) 24 (14.5) 20 (16.8)

Lower third 255 (72.9) 188 (70.4) 119 (72.1) 85 (71.4)
Total stomach 8 (2.3) 6 (2.2) 3 (1.8) 3 (2.5)

Tumor size (mm) 0.001 0.319

≤50 257 (73.4) 163 (61.0) 108 (65.5) 71 (59.7)
>50 93 (26.6) 104 (39.0) 57 (34.5) 48 (40.3)

pTNM 0.004 0.376

I 149 (42.6) 81 (30.3) 63 (38.2) 36 (30.3)
II 96 (27.4) 100 (37.5) 47 (28.5) 37 (31.1)

III 105 (30.0) 86 (32.2) 55 (33.3) 46 (38.7)

Nerve infiltration 0.057 0.499
No 187 (53.4) 122 (45.7) 76 (46.1) 50 (42.0)

Yes 163 (46.6) 145 (54.3) 89 (53.9) 69 (58.0)

Venous invasion 0.122 0.030
No 246 (70.3) 172 (64.4) 95 (57.6) 53 (44.5)

Yes 104 (29.7) 95 (35.6) 70 (42.4) 66 (55.5)

Postoperative chemotherapy <0.001 0.002
No 183 (52.3) 177 (66.3) 85 (51.5) 83 (69.7)

Yes 167 (47.7) 90 (33.7) 80 (48.5) 36 (30.3)
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Effect of the Gastric Cancer-Specific Immune Index on Patient Survival
In the training cohort, for patients ≤60, GSII-Low had a worse prognosis than GSII-High in overall patients (5-year OS 
rate: 66.4% vs 86.8%, OS: 47.80±1.60 vs 55.91±0.87, P<0.001) (Figure 3A). According to the pTNM stage, GSII-Low 
had a worse prognosis than GSII-High in stage II and stage III GC (5-year OS rate: 69.9% vs 86.8%, OS: 49.92±2.67 vs 
57.63±1.10, P=0.020; 5-year OS rate: 40.3% vs 61.3%, OS: 37.43±2.89 vs 45.48±3.07, P=0.041). However, there was no 
significant difference in survival between GSII-Low and GSII-High in stage I GC (Figure 3B–D). For patients >60, GSII- 
Low had a worse prognosis than GSII-High overall (5-year OS rate: 56.7% vs 79.4%, OS: 45.51±1.66 vs 53.65±1.25, 
P<0.001) (Figure 3E). According to the pTNM stage, GSII-Low had a worse prognosis than GSII-High in stage I GC 
(5-year OS rate: 75.7% vs 93.6%, OS: 54.20±2.21 vs 59.08±0.75, P=0.013). However, there was no significant difference 
in survival between GSII-Low and GSII-High in stage II or stage III GC (Figure 3F–H).

In the validation cohort, for patients ≤60, GSII-Low had a worse prognosis than GSII-High overall (5-year OS rate: 
58.9% vs 82.5%, OS: 48.47±1.97 vs 53.60±1.57, P=0.009). For patients >60, GSII-Low had a worse prognosis than 
GSII-High overall (5-year OS rate: 33.5% vs 71.4%, OS: 41.19±2.54 vs 50.56±2.20, P<0.001) (Figure 3I and J).

Figure 1 The effect of age on lymphocyte subsets. (A–C) The connection between CD4, CD8, CD19 lymphocyte counts, and BMI based on patients with ≤60. (D-F) The 
connection between CD4, CD8, CD19 lymphocyte counts, and tumor size based on patients with ≤60. (G–I) The connection between CD4, CD8, CD19 lymphocyte 
counts, and BMI based on patients with >60. (J–L) The connection between CD4, CD8, CD19 lymphocyte counts, and tumor size based on patients with >60. (M–O) The 
difference in CD4, CD8 and CD19 lymphocyte counts between ≤60 and >60 based on pTNM stage.
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Gastric Cancer-Specific Immune Index and Postoperative Chemotherapy
For stage II and III patients receiving adjuvant chemotherapy after surgery, in the training cohort, for patients ≤60, 
patients with postoperative chemotherapy had better survival than patients without postoperative chemotherapy in GSII- 
Low (5-year OS rate: 58.9% vs 41.3%, OS: 46.64±2.47 vs 36.08±3.59, P=0.034); however, there was no significant 
difference in GSII-High (P=0.284) (Figure 4A and B). For patients >60, there was no significant difference in survival 
between postoperative chemotherapy and without postoperative chemotherapy in GSII-Low and GSII-High (P=0.857, 
P=0.944) (Figure 4C and D).

In the validation cohort, whether ≤60 or >60, there was no significant difference in survival between postoperative 
chemotherapy and without postoperative chemotherapy in GSII-Low and GSII-High (Figure 4E–H).

Univariate and Multivariate Analysis
In the training cohort, the univariate analysis showed that for patients ≤60, BMI, tumor location, tumor size, pTNM 
stage, nerve infiltration, venous invasion, and the GSII were statistically significant. For patients >60, sex, tumor location, 

Figure 2 ROC curve of GSII, CD4, CD8, CD19 lymphocyte count among total patients. (A and B) ≤60 and >60 in training cohort. (C and D) ≤60 and >60 in validation 
cohort.
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tumor size, pTNM stage, nerve infiltration, venous invasion, and the GSII were statistically significant. The multivariate 
analysis showed that for patients ≤60, pTNM stage (P<0.001), nerve infiltration (P=0.019), and the GSII (P=0.004) were 
independent risk factors associated with patient prognosis (Table 3). For patients >60, sex (P=0.017), tumor size 
(P=0.008), pTNM stage (P=0.003), and the GSII (P=0.044) were independent risk factors associated with patient 
prognosis (Table 4).

Nomogram for Predicting Patient Prognosis
In the training cohort, based on the Cox multivariate analysis results for OS, the pTNM stage, nerve infiltration, and the 
GSII were used to construct a nomogram in patients ≤60. Sex, tumor size, pTNM stage, and the GSII were used to 
construct a nomogram in patients >60 (Figure 5A and D). For patients ≤60, the AUCs of the nomograms to predict 3- and 
5-year OS were 0.850 (95% CI: 0.802–0.899) and 0.843 (95% CI: 0.797–0.889), the sensitivity was 85.7% and 79.5%, 
and the specificity was 74.8% and 76.9%, respectively (Figure 5B and C). For patients >60, the AUCs of the nomograms 
to predict 3- and 5-year OS were 0.812 (95% CI: 0.752–0.871) and 0.781 (95% CI: 0.723–0.839), the sensitivity was 
77.0% and 67.9%, and the specificity was 76.7% and 79.2%, respectively (Figure 5E and F). Furthermore, the C-indices 
of the nomograms were 0.815 and 0.735 for ≤60 and >60, respectively (Supplement Figure 3A and B). Calibration plots 
showed that the nomograms performed well in predicting patient OS at 3 and 5 years (Supplement Figure 4A–D). 
Decision curves showed that the overall net benefit of the nomogram was higher than that of the pTNM stage within the 
threshold range (Supplement Figure 5A and B).

Table 2 Chi-Square Analysis of GSII and Patient Characteristics

≤60 (N=350) >60 (N=267)

GSII-Low GSII-High P value GSII-Low GSII-High P value

N=143 N=207 N=136 N=131

Sex 0.551 0.238

Male 98(68.5) 148(71.5) 108(79.4) 96(73.3)

Female 45(31.5) 59(28.5) 28(20.6) 35(26.7)
BMI 0.020 0.098

≤22.85 83(58.0) 94(45.4) 74(54.4) 58(44.3)

>22.85 60(42.0) 113(54.6) 62(45.6) 73(55.7)
Tumor location <0.001 0.566

Upper third 15(10.5) 18(8.7) 25(18.4) 16(12.2)

Middle third 24(16.8) 30(14.5) 15(11.0) 17(13.0)
Lower third 98(68.5) 157(75.8) 93(68.4) 95(72.5)

Total stomach 6(4.2) 2(1.0) 3(2.2) 3(2.3)

Tumor size <0.001 <0.001
≤50 90(62.9) 167(80.7) 65(47.8) 98(74.8)

>50 53(37.1) 40(19.3) 71(52.2) 33(25.2)

pTNM <0.001 0.002
I 47(32.9) 102(49.3) 29(21.3) 52(39.7)

II 37(25.9) 59(28.5) 53(39.0) 47(35.9)

III 59(41.3) 46(22.2) 54(39.7) 32(24.4)
Nerve infiltration 0.025 0.025

No 67(46.9) 120(58.0) 53(39.0) 69(52.7)

Yes 76(53.1) 87(42.0) 83(61.0) 62(47.3)
Venous invasion 0.074 0.052

No 93(65.0) 153(73.9) 80(58.8) 92(70.2)

Yes 50(35.0) 54(26.1) 56(41.2) 39(29.8)
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In the validation cohort, for patients ≤60, the AUCs of the nomograms to predict 3- and 5-year OS were 0.744 (95% 
CI: 0.649–0.839) and 0.752 (95% CI: 0.674–0.831), the sensitivity was 63.3% and 93.0%, and the specificity was 75.6% 
and 51.6%, respectively (Figure 5G and H). For patients >60, the AUCs of the nomograms to predict 3- and 5-year OS 
were 0.747 (95% CI: 0.650–0.844) and 0.780 (95% CI: 0.697–0.863), the sensitivity was 77.4% and 84.0%, and the 
specificity was 63.6% and 68.1%, respectively (Figure 5I and J). The C-indices of the nomograms were 0.725 and 0.726 
(Supplement Figure 3C and D), respectively. In addition, the T-ROC curve showed a higher AUC for the nomogram than 
for pTNM staging throughout the observation period (Supplement Figure 3E and F). Calibration plots showed that 
nomograms performed well in predicting patient OS at 3 and 5 years (Supplement Figure 4E–H). Decision curves 
showed that the overall net benefit of the nomogram was higher than that of the pTNM stage within the threshold range 
(Supplement Figure 5C and D). These results showed that the nomogram constructed by the GSII and the clinicopatho-
logical characteristics of patients accurately predicted patient prognosis; the nomogram was verified and is worthy of 
clinical application.

Discussion
Aging has a negative impact on the immune system, which is characterized by damaging immune function and 
decreasing the production of immune cells, resulting in tumor progression.25–30 In this study, we found that aging has 
a unique impact on GC peripheral immunity. Immune aging results in a decrease in the number of peripheral CD4 and 
CD19 cells but may not significantly affect the number of peripheral CD8 cells. Hence, we constructed the GSII based on 
this phenomenon, which can not only comprehensively assess the immune status of patients of different ages but also 
accurately predict prognosis.

In a study of lymphocyte subsets, Kuss et al found that circulating lymphocyte counts decreased with age, whereas 
lymphocyte percentages were normal.31 Therefore, we used lymphocyte subset counts to better assess the peripheral 
immune status of GC patients. Although lymphocyte subset counts were associated with age, they were also associated 
with some clinicopathological features. Whether ≤60 or >60 years old, immunocompromised patients are associated with 
high tumor aggressiveness,32 and Lee et al found that the CD4/CD8 lymphocyte ratio decreased with increasing tumor 
diameter,32 which underscores the importance of tumor burden for immunosuppression. Furthermore, BMI can indirectly 
alter immune cell activity, and adipose tissue can act as a repository for specific memory T cells, facilitating rapid T-cell 

Figure 3 Survival curve subgroup analyses of patients. (A–D) Survival curves of patients with ≤60 based on GSII in total stage, stage I, stage II and stage III in training cohort. 
(E–H) Survival curves of patients with >60 based on GSII in total stage, stage I, stage II and stage III in validation cohort. (I and J) Survival curves of patients with ≤60 and >60 
based on GSII in overall patients in validation cohort.
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Figure 4 The impact of chemotherapy on prognosis in GSII-Low and GSII-High. (A and B) The effect of chemotherapy on patients who are less than 60 years old in GSII- 
Low and GSII-High in the training cohort. (C and D) The effect of chemotherapy on patients over 60 years old in GSII-Low and GSII-High in the training cohort. (E and F) 
The effect of chemotherapy on patients who are less than 60 years old in GSII-Low and GSII-High in the validation cohort. (G and H) The effect of chemotherapy on patients 
over 60 years old in GSII-Low and GSII-High in the validation cohort. (A, C, E and G) GSII-Low. (B, D, F, H) GSII-High.
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reactivation in response to exogenous stimuli, which may explain the better clinical outcomes of patients with higher 
BMI receiving anti-programmed cell death protein-1 (PD-1)/PD-L1 drugs.33 Therefore, it is necessary to consider the 
immune status of patients according to different clinicopathological characteristics, which can more accurately predict 
patient prognosis.

We found that aging resulted in a decrease in the peripheral CD4 and CD19 cell counts. T cells produced by the 
thymus are one of the important cell types for maintaining the proper functioning of the immune system, but after 
puberty, the thymus gradually shrinks with age, which leads to a decrease in the number of T cells released to the 
peripheral T-cell pool.34 Moreover, the original baseline length of telomeres, which determines the ability of cells to 
replicate, affects the ability of T and B lymphocytes to replicate and proliferate. It has been reported that the length of 
telomeres decreases with age in T and B lymphocytes,29,30 and the loss of telomeres may lead to a defective immune 
response in elderly individuals, which may explain the decline in the number of CD4 and CD19 cells in elderly patients. 
The decrease in the number of immune cells also leads to the inability of the body to effectively exert cellular immunity 
and humoral immunity,35 which in turn cannot effectively inhibit the occurrence and progression of tumors. This also 
explains why a decrease in the GSII suggests a poor prognosis in patients.

CD8+ molecules are mainly expressed on the outer membrane of T cells with cytotoxicity and are characterized by 
the direct killing of tumor cells.36 In GC, CD8+ cells not only predict prognosis but also serve as a selective target for 
immunotherapy.37 We found that aging did not significantly affect CD8 cell counts, which is consistent with a report by 

Table 3 Prognostic Factors of Patients with ≤60 by Univariate and Multivariate Analyses Based on Cox 
Regression Analysis

Univariate Analysis Multivariate Analysis

HR(95% CI) P value HR(95% CI) P value

Sex 0.934
Male 1

Female 0.979(0.594–1.614)

BMI 0.928(0.865–0.995) 0.035 1.025(0.953–1.102) 0.508
Tumor location 0.002 0.416

Upper third 1 1

Middle third 0.936(0.369–2.379) 0.890 1.525(0.585–3.977) 0.388
Lower third 0.792(0.358–1.750) 0.564 1.368(0.609–3.073) 0.448

Total stomach 4.342(1.458–12.934) 0.008 2.576(0.827–8.019) 0.103

Tumor size <0.001 0.366
≤50 1 1

>50 3.316(2.095–5.249) 1.262(0.762–2.090)

pTNM <0.001 <0.001
I 1 1

II 7.613(2.576–22.498) <0.001 4.606(1.446–14.666) 0.010

III 26.409(9.534–73.157) <0.001 12.606(3.992–39.801) <0.001
Nerve infiltration <0.001 0.019

No 1 1

Yes 6.592(3.616–12.019) 2.298(1.150–4.595)
Venous invasion <0.001 0.532

No 1 1

Yes 2.294(1.446–3.640) 0.854(0.521–1.400)
GSII <0.001 0.004

Low 1 1
High 0.331(0.205–0.535) 0.483(0.293–0.798)

Postoperative chemotherapy 0.081

No 1
Yes 1.511(0.950–2.404)
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Han et al, who found that peripheral CD8 cells could reflect immune infiltration in tumor tissue.37 This suggests that 
under the influence of aging, the number of some immune cells may not be affected by age to exert antitumor immune 
function. The reason is that there is a complex interaction between the anti-immune functions of different subtypes of 
immune cells, such as CD4 cells regulating CD8 cell function by secreting IL-21.16 In addition, lymphocyte numbers are 
not regulated by stem cell production but by the survival and homeostasis of mature lymphocytes. If the number of 
lymphocytes is low, more cells are produced by proliferation. If the number of lymphocytes is high, the excess 
lymphocytes die.38,39 This suggests that the CD8 cell counts in the peripheral blood of GC patients may be rapidly 
maintained through homeostasis, and this homeostasis may not be affected by immune aging. Unfortunately, with the 
current clinical information, we may not be able to confirm the effect of immune aging on lymphocyte homeostasis and 
the function of CD8 cells and whether the functional deficit of CD8 is caused by the decrease in the number of immune 
cells with aging or whether functionally deficient CD4 cells cannot provide efficient homology help. This phenomenon 
also provides some theoretical basis for the benefits of immunotherapy in elderly individuals. Some studies found that the 
benefit of immune checkpoint blockade (ICB) is not diminished but is increased in older patients compared with younger 
patients.40 In a related study of immunotherapy, GC patients with high CD8 infiltration were more sensitive to anti-PD1/- 
PD-1 mAB treatment.41 This suggests that the benefit of ICB therapy in elderly patients appears to be influenced by CD8 
cell homeostasis.

Table 4 Prognostic Factors of Patients with >60 by Univariate and Multivariate Analyses Based on Cox 
Regression Analysis

Univariate Analysis Multivariate Analysis

HR(95% CI) P value HR(95% CI) P value

Sex 0.014 0.017
Male 1 1

Female 0.466(0.253–0.860) 0.468(0.251–0.872)

BMI 0.939(0.876–1.005) 0.071
Tumor location 0.002 0.166

Upper third 1 1

Middle third 0.651(0.298–1.421) 0.281 0.585(0.264–1.297) 0.187
Lower third 0.586(0.339–1.013) 0.056 0.730(0.418–1.273) 0.267

Total stomach 3.172(1.163–8.653) 0.024 1.750(0.623–4.914) 0.288

Tumor size <0.001 0.008
≤50 1 1

>50 3.216(2.068–5.003) 1.921(1.186–3.112)

pTNM <0.001 0.003
I 1 1

II 2.412(1.163–5.003) 0.018 1.583(0.710–3.529) 0.262

III 6.612(3.338–13.099) <0.001 3.293(1.436–7.551) 0.005
Nerve infiltration <0.001 0.636

No 1 1

Yes 2.540(1.581–4.081) 1.141(0.661–1.970)
Venous invasion <0.001 0.077

No 1 1

Yes 2.479(1.614–3.807) 1.532(0.955–2.459)
GSII <0.001 0.044

Low 1 1
High 0.398(0.250–0.632) 0.608(0.374–0.987)

Postoperative chemotherapy 0.106

No 1
Yes 1.431(0.927–2.209)
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Huang et al constructed the CSII based on the immune status of CRC patients, which can comprehensively assess the 
immune status of CRC and accurately predict prognosis.21 We constructed the GSII according to the peripheral immune 
status of GC patients and found that the GSII was significantly associated with the clinicopathological characteristics of 
patients. When the tumor was more aggressive, the proportion in the GSII-Low group was significantly higher than that 
in the GSII-High group, which emphasized the importance of tumor burden for immunosuppression. In addition, the GSII 
can accurately predict the prognosis of GC patients because it is composed of peripheral immune cell counts, and 
a decrease in immune cell counts indicates that the immune system cannot effectively suppress tumor progression, which 
also explains why the GSII is an independent risk factor related to patient prognosis.

For adjuvant chemotherapy, we found that in younger patients, postoperative chemotherapy could benefit the GSII- 
Low group. The reason is that the sensitivity of tumors to chemotherapeutic drugs depends on the sensitivity of cancer 
cells to drugs, the functional status of patients’ organs, and the immune status of patients.42,43 First, cellular senescence 
increases chemoresistance, which makes elderly patients susceptible to chemoresistance. Second, compared with older 
patients, younger patients have fewer underlying organic diseases and are more likely to tolerate chemotherapy toxicity, 
which explains why chemotherapy is more likely to benefit younger patients.6,42,43 Finally, chemotherapy can enhance 
host antitumor immunity.44,45 Several studies have reported that chemotherapy-induced transient lymphopenia can 
activate homeostatic mechanisms and stimulate the production of more tumor-specific T lymphocytes, which are 
beneficial for maintaining immune cell homeostasis, increasing activity and improving immune function.46,47 This 
mechanism has also been well used in adoptive cell transfer (ACT) therapy.48,49 Therefore, the abovementioned 

Figure 5 (A–C) Nomogram model predicting the 3- and 5-year survival of ≤60 in training cohort. (D–F) Nomogram model predicting the 3- and 5-year survival of >60 in 
training cohort. (G and H) Nomogram model predicting the 3- and 5-year survival of ≤60 in validation cohort. (I and J) Nomogram model predicting the 3- and 5-year 
survival of >60 in validation cohort.
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mechanism may explain why chemotherapy can significantly benefit the GSII-Low group in younger patients. 
Furthermore, different treatment benefits can be shown in elderly patients by adjusting the chemotherapy regimen; for 
example, the dose-adjusted SOX regimen is safer and more feasible than the CS regimen.6 Hence, evaluating the 
sensitivity of different chemotherapy regimens in elderly patients using the GSII is the future direction of our research.

In clinical practice, the pTNM staging system can effectively predict the prognosis of GC patients. Since pTNM 
staging primarily represents the biological behavior of GC, it may not provide immunological information. Blood 
immunity supplements pTNM staging with more comprehensive prognostic information, which can accurately predict 
patient prognosis.50,51 We constructed nomograms based on the GSII and clinicopathological features of patients ≤60 and 
>60 years old, respectively, and found that the AUCs of the nomograms were higher than those of the pTNM stage. For 
patients ≤60 years old, the AUCs of the nomograms for predicting 3- and 5-year OS were 0.850 and 0.843, with 
sensitivities of 85.7% and 79.5% and specificities of 74.8% and 76.9%, respectively. For patients >60 years old, the 
AUCs of the nomograms to predict patient OS at 3 and 5 years were 0.812 and 0.781, with sensitivities of 77.0% and 
67.9% and specificities of 76.7% and 79.2%, respectively. The C-indices of the nomograms for patients ≤60 and >60 
years old were 0.815 and 0.735, respectively. Moreover, nomograms constructed from the GSII and clinicopathological 
features were well validated. Obviously, the nomogram constructed for the immune aging of GC patients can serve GC 
patients of different ages well and is worthy of clinical promotion and application.

As a retrospective study, there are some limitations. First, this study was a retrospective, single-center study, and 
although there was internal validation, further external validation is needed. Second, we collected peripheral immune 
information from patients before surgery, but the lymphocyte subset counts changed over time, and dynamic monitoring 
of these lymphocyte subsets may be more accurate. Finally, we did not assess the impact of genes of age-related 
pathways on immunity due to the lack of relevant medical records, which also requires multicenter, large-scale studies 
with more genetic signatures to validate our conclusions.

Conclusion
GC patients may have a specific immune aging phenomenon that is not specific to every subtype of immune cells. We 
developed a new immune score for patients of different ages in response to this phenomenon. The GSII can be used as an 
effective biomarker to predict GC patients undergoing radical surgery, and a decrease in the GSII suggests a poor 
prognosis. Furthermore, the nomogram constructed by combining the GSII with the clinicopathological features of the 
patients provided additional prognostic value for the survival outcomes of GC patients of different ages.
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