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Abstract
BACKGROUND 
Immunotherapy for advanced gastric cancer has attracted widespread attention in 
recent years. However, the adverse reactions of immunotherapy and its 
relationship with patient prognosis still need further study. In order to determine 
the association between adverse reaction factors and prognosis, the aim of this 
study was to conduct a systematic prognostic analysis. By comprehensively 
evaluating the clinical data of patients with advanced gastric cancer treated by 
immunotherapy, a nomogram model will be established to predict the survival 
status of patients more accurately.

AIM 
To explore the characteristics and predictors of immune-related adverse reactions 
(irAEs) in advanced gastric cancer patients receiving immunotherapy with 
programmed death protein-1 (PD-1) inhibitors and to analyze the correlation 
between irAEs and patient prognosis.

METHODS 
A total of 140 patients with advanced gastric cancer who were treated with PD-1 
inhibitors in our hospital from June 2021 to October 2023 were selected. Patients 
were divided into the irAEs group and the non-irAEs group according to whether 
or not irAEs occurred. Clinical features, manifestations, and prognosis of irAEs in 
the two groups were collected and analyzed. A multivariate logistic regression 
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model was used to analyze the related factors affecting the occurrence of irAEs, and the prediction model of irAEs 
was established. The receiver operating characteristic (ROC) curve was used to evaluate the ability of different 
indicators to predict irAEs. A Kaplan-Meier survival curve was used to analyze the correlation between irAEs and 
prognosis. The Cox proportional risk model was used to analyze the related factors affecting the prognosis of 
patients.

RESULTS 
A total of 132 patients were followed up, of whom 63 (47.7%) developed irAEs. We looked at the two groups’ 
clinical features and found that the two groups were statistically different in age ≥ 65 years, Ki-67 index, white 
blood cell count, neutrophil count, and regulatory T cell (Treg) count (all P < 0.05). Multivariate logistic regression 
analysis showed that Treg count was a protective factor affecting irAEs occurrence (P = 0.030). The ROC curve 
indicated that Treg + Ki-67 + age (≥ 65 years) combined could predict irAEs well (area under the curve = 0.753, 95% 
confidence interval: 0.623-0.848, P = 0.001). Results of the Kaplan-Meier survival curve showed that progression-
free survival (PFS) was longer in the irAEs group than in the non-irAEs group (P = 0.001). Cox proportional hazard 
regression analysis suggested that the occurrence of irAEs was an independent factor for PFS (P = 0.006).

CONCLUSION 
The number of Treg cells is a separate factor that affects irAEs in advanced gastric cancer patients receiving PD-1 
inhibitor immunotherapy. irAEs can affect the patients’ PFS and result in longer PFS. Treg + Ki-67 + age (≥ 65 years 
old) combined can better predict the occurrence of adverse reactions.
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Core Tip: To explore the characteristics and predictors of immune-related adverse reactions (irAEs) in advanced gastric 
cancer patients receiving immunotherapy with programmed death protein-1 (PD-1) inhibitors, and to analyze the correlation 
between irAEs and patient prognosis. A total of 132 patients were followed up, of whom 63 (47.7%) developed irAEs. The 
clinical characteristics of the two groups were compared, and there were statistically significant differences in age ≥ 65 
years, Ki-67 index, white blood cell count, neutrophil count, and regulatory T cell (Treg) count between the two groups (all 
P < 0.05). Multivariate logistic regression analysis showed that Treg count was a protective factor affecting irAEs 
occurrence (P = 0.030).
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INTRODUCTION
Different to morbidity and mortality worldwide, the incidence of gastric cancer in China ranks second, and mortality due 
to malignant tumors in China ranks third, which has obvious regional characteristics[1-3]. Most patients with gastric 
cancer have local or distant metastases at the time of diagnosis, and there is no chance of surgical cure. Their survival can 
only be prolonged by comprehensive treatment, including palliative chemotherapy or targeted drug therapy[4]. 
However, the benefits of this type of therapy are limited, with a median survival of only approximately 1 year. In recent 
years, immunotherapy has achieved good therapeutic effects in many solid tumors, such as lung cancer and kidney 
cancer, and has also brought new hope for the treatment of patients with stomach cancer[5]. Based on the Attract-02 
study, nivolumab has been approved as an indication of third-line treatment for gastric cancer in Japan and South Korea, 
and the CHECKMATE-649 study will also officially enter the ranks of first-line treatment for gastric cancer chemotherapy 
combined with immunotherapy[6-8]. Globally, a new supplement for gastric cancer in clinical trials of immunoadjuvant 
therapy, such as KEYNOTE-585, are ongoing. Programmed death protein-1 (PD-1) inhibitors are mainly used to block the 
PD-1/programmed death ligand-1 (PD-L1) signaling pathway and exert anti-tumor effects by relieving the inhibition of T 
cells[9]. The main immune-related adverse reactions (irAEs) of these inhibitors include skin reactions, respiratory system 
toxicity, gastrointestinal reactions, heart-related reactions, endocrine system toxicity, and so on. At present, irAEs 
following immunotherapy for gastric cancer is mostly reported in phase I and III clinical studies nationally and interna-
tionally[10-12]. However, there is still a certain gap between clinical research and actual clinical application due to strict 
enrollment conditions. At present, relatively few clinical real-world irAEs data have been reported in the Chinese 
population, especially in terms of the safety of domestic PD-1 inhibitors.
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Advanced gastric cancer is a clinically refractory disease, and traditional treatment has a limited effect on the prognosis 
of patients. In recent years, immunotherapy as a new treatment method has attracted much attention. However, the 
relationship between immunotherapy adverse reactions and patient prognosis and its related factors remain a hot topic 
and a challenge. Studies have demonstrated that immunotherapy has produced specific clinical effects in advanced 
gastric cancer, but it also results in a number of negative side effects. However, at present, how these adverse reactions 
affect the prognosis of patients, especially the key factors and mechanisms in the prognosis, has not been fully clarified. In 
addition, no clinically applicable prognostic assessment model has been established; thus, it is of great clinical 
significance to explore the influence of factors related to adverse reactions due to immunotherapy on the prognosis of 
patients with advanced gastric cancer.

Therefore, this study analyzed the occurrence of irAEs in patients with advanced gastric cancer receiving PD-1 
inhibitors and its correlation with immune efficacy. A prediction model to analyze the relationship between irAEs and 
patient prognosis was also created, with a view to providing a theoretical basis for individualized treatment options for 
such patients.

MATERIALS AND METHODS
Study subjects and their clinical features
This retrospective study included 140 patients with advanced gastric cancer who were treated with PD-1 inhibitors in the 
Oncology Department of our hospital from June 2021 to June 2023. The following clinical characteristics of the patients 
were recorded: (1) General demographic data, including age (taking into account differences in immune status between 
older and younger patients); (2) Differences in (with 65 years as the classification limit) sex and number of treatment lines; 
(3) Basic tumor characteristics, including tumor-node-metastasis (TNM) stage, Ki-67 index, human epidermal growth 
receptor 2 (Her-2) expression, PD-1/PD-L1 expression, mismatch repair (MMR) protein expression; and (4) Laboratory 
test indicators before receiving PD-1 inhibitor treatment, tumor markers (alpha-fetoprotein), carcinoembryonic antigen, 
carbohydrate antigen 19-9 (CA19-9), CA125, CA153, CA724, and cytokeratin fragment antigen 21-1, CA50, CA242, 
squamous cell carcinoma antigen, neuron-specific enolase, and prostate-specific antigen, endocrine related indicators 
(thyroid-related hormone, growth hormone, sex hormone 6, cortisol, adrenocorticotropic hormone, amylase), antinuclear 
antibody expression, routine blood indicators [white blood cell count, neutrophil count, monocyte count, lymphocyte 
count, C-reactive protein (CRP) level, neutrophil count/lymphocyte count, neutrophil count/CRP, white blood cell 
count/CRP], lymphocyte subsets [differentiated antiprogenitor 19 (CD19), CD3, CD4, CD8, CD4/CD8, CD56], regulatory 
T cells (Treg), interferon-α, interleukin-17 (IL-17), tumor necrosis factor-α, IL-2, IL-4, IL-6, IL-8, IL-10.

Follow-up and grouping
Follow-up began when the patients received the first immunotherapy and ended on June 30, 2023. During follow-up, 
irAEs manifestations (including time of occurrence, severity, and prognosis), progression-free survival (PFS), and overall 
survival (OS) were recorded. Every 2 to 3 treatment cycles, patients were evaluated for immunotreatment-related hemato-
logical indicators and imaging of tumor lesions. The patients were divided into the irAEs group and the non-irAEs group 
according to whether irAEs occurred during the follow-up period.

irAEs were evaluated using the grading and classification criteria of the National Cancer Institute General Adverse 
Event Terminology (CTCAE) version 4.0. The irAEs were divided into four grades according to severity: (1) Grade 1 was 
mild, asymptomatic, or mild; no treatment was required, and immunotherapy could be continued; (2) Grade 2 was 
moderate, requiring local treatment or topical or oral glucocorticoid therapy in the outpatient setting and delayed 
immunotherapy; (3) Grade 3 was severe or medically important but not life-threatening, requiring hospitalization, 
systemic glucocorticoid therapy, immunosuppressants if hormone therapy was not satisfactory, and the continuation of 
immunotherapy should be considered based on the results of the risk/benefit assessment; and (4) Grade 4 was life-
threatening and required emergency treatment or permanent discontinuation of immunotherapy, along with systemic 
use of corticosteroids and other immunosuppressants.

Treatment plan and efficacy evaluation
All patients received PD-1 inhibitor immunotherapy via intravenous infusion, with or without chemotherapy or targeted 
therapy. The Solid Tumor Response Evaluation Criteria (RECIST) version 1.1 was used to rate the outcomes for each 
patient. These outcomes included the objective response rate (ORR), disease control rate (DCR), partial remission (PR), 
stable disease (SD), and disease progression (PD).

Construction of the nomogram model
Possible risk factors for postoperative complications were collected from the preoperative basic data, postoperative 
course, and postoperative pathological reports of patients, including gender, age, surgical method, resection scope, 
maximum tumor diameter, pathological grade, and number of lymph node dissections. The χ2 test was used to carry out a 
single factor analysis for each index. The variables with statistical significance (P < 0.05) were further analyzed by 
multivariate logistic regression to screen out independent risk factors. The filtering results were introduced into R 
software (version 3.3.2), and the nomogram model was constructed using the RMS software package.
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Validation of the nomogram model
The nomogram model was evaluated by distinction and calibration curves, respectively. The receiver operating charac-
teristic (ROC) curve was plotted, and the area under the curve (AUC) was calculated to evaluate the differentiation of the 
model. A calibration curve between the prediction probability of complications and the actual probability of complic-
ations was drawn to verify the consistency of the model.

Statistical analysis
SPSS 23.0 and GraphPad Prism 9.0 were used for data analysis. The normal distribution of quantitative data was tested. If 
the normal distribution was met, it was expressed as mean ± SD and compared between groups by the Student’s t test. If 
the normal distribution was not met, it was represented by M (Q1, Q3) and compared between groups by the Mann-
Whitney U test. Qualitative data were expressed as frequency (percentage) and analyzed using the χ2 test or Fisher’s exact 
test.

A multivariate logistic regression model was used to analyze the related factors affecting irAEs, and the prediction 
model of irAEs was established. The ROC curve was used to verify the predictive ability of the model, and the AUC was 
calculated. The Hosmer-Lemeshow test was used to evaluate the prediction model’s degree of fit. The Kaplan-Meier 
survival curve was used to analyze the correlation between irAEs and prognosis. A Cox proportional risk model was 
used to analyze the prognostic factors. P < 0.05 indicated that the difference was statistically significant.

RESULTS
Patients were grouped and clinical characteristics were analyzed
Of the 140 patients, a total of 132 completed follow-up and were enrolled in the study. During PD-1 inhibitor treatment, 
63 patients (47.7%) developed irAEs, and were classified as the irAEs group, and the remaining 69 patients were classified 
as the non-irAEs group. The clinical characteristics of patients in the 2 groups were analyzed, and the results (Table 1) 
showed that there were statistically significant differences in age ≥ 65 years, Ki-67 index, white blood cell count, 
neutrophil count, and Treg count among the groups (P < 0.05).

Multivariate logistic regression analysis of factors influencing irAEs
In order to further analyze the relevant factors affecting the occurrence of irAEs, the above five statistically significant 
variables were included in the multivariate logistic regression analysis, and the results (Table 2) showed that Treg count 
was a protective factor affecting the occurrence of irAEs (P = 0.030).

The presentation of irAEs in patients
irAEs in patients in the irAEs group occurred more frequently at 1-24 wk after treatment and most frequently at 1-12 wk 
after treatment. The onset time of different irAEs varied, as shown in Figure 1. In this group, rash (skin reaction) showed 
the highest incidence. Among them, patients with grade 1 to 2 improved after oral hormone therapy or suspension of 
related drugs; patients with grade 3 to 4 improved after intravenous hormone therapy; and patients with grade 4 
permanently discontinued PD-1 suppressor therapy after treatment remission. The spectrum and classification of adverse 
reactions in the irAEs group are shown in Table 3.

Screening of irAEs independent predictors and verification of prediction models
Based on the above analysis, we used the ROC curve to verify the predictive power of multiple single factors and their 
mutual joint indicators in the occurrence of irAEs, and the results are shown in Figure 2. The combination of Treg + age (≥ 
65 years) + Ki-67 + white blood cell count and the combination of Treg + age (≥ 65 years) + Ki-67 had good predictive 
ability (AUC > 0.75), and there was no statistical significance between the two combined indices (P = 0.802). Considering 
that the combined indicator was composed of fewer factors is more in line with the clinical application needs, and the 
latter combined indicator was selected to predict the occurrence of irAEs. Subsequently, the Hosmer-Lemeshow test 
showed that Treg + age (≥ 65 years) + Ki-67, as a joint variable for predicting irAEs, had goodness of fit and could be used 
as a joint variable for predicting irAEs.

Efficacy evaluation and prognosis of patients
In this study, RECIST version 1.1 was used to evaluate treatment efficacy in all patients, and it was found that 29 patients 
(22.0%) developed PR, 74 patients (56.0%) developed SD, and 29 patients (22.0%) developed PD. The ORR and DCR of the 
total population were 22.0% and 78.0%, respectively. The efficacy in the two groups was compared, and the results 
(Table 4) showed that the differences in PR rate and PD rate between the groups were statistically significant (both P < 
0.05). Kaplan-Meier survival analysis was performed for PFS and OS in the two groups, and the results (Figure 3) showed 
that PFS in the irAEs group was longer than that in the non-irAEs group (P = 0.001), and the median PFS was 5 (5, 6) 
months and 3 (3, 5) months, respectively. There was no significant difference in OS between the irAEs group and the non-
IRAES group (P = 0.054), and the median OS was 7 (6,8) months and 6 (5,7) months, respectively.

Subsequently, we selected common factors affecting tumor prognosis (PFS, OS) from the clinical characteristics of 
patients (such as age ≥ 65 years, gender, number of treatment lines, TNM stage, Her-2 expression and irAEs) for Cox 
proportional risk analysis. The results (Table 5) showed that irAEs was an influential factor for PFS (P = 0.006). However, 
no statistically significant factors were found among the influencing factors for OS.
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Table 1 Comparison of clinical characteristics between the two groups

Clinical characteristic irAEs group (n = 63) Non-irAEs group (n = 69) P value

Age > 65 yr, n 22 37 0.030

Gender (male/female) 43/20 46/23 0.847

Treatment line (first line/subsequent line), n 46/17 40/29 0.071

TNM staging (III/IV) 6/57 4/65 0.421

Ki-67 index, % 49.4 ± 23.3 58.9 ± 20.8 0.049

Her-2 expression (positive/negative) 9/54 11/58 0.791

PD-1/PD-L1 expression (positive/negative), n 22/21 16/17 0.818

MMR (pMMR/dMMR), n 28/2 32/4 0.535

Tumor marker

AFP (ng/mL) 3.3 (2.1, 7.0) 3.3 (2.5, 4.7) 0.209

CEA (ng/mL) 6.0 (2.5, 68.5) 6.3 (2.3, 21.7) 0.280

CA19-9 (U/mL) 20.6 (8.4, 122.9) 30.0 (9.9, 301.0) 0.254

CA125 (U/mL) 31.1 (13.3, 143.5) 23.3 (10.6, 114.0) 0.116

CA153 (U/mL) 12.8 (9.4, 21.2) 10.9 (7.4, 15.8) 0.165

CA724 (U/mL) 5.7 (2.1, 49.7) 9.1 (4.7, 48.0) 0.549

CYFRA21-1 (ng/mL) 5.1 (2.6, 12.4) 6.7 (3.5, 9.6) 0.648

CA50 (U/mL) 17.6 (5.2, 115.6) 24.6 (6.4, 191.6) 0.153

CA242 (U/mL) 6.4 (3.0, 16.4) 9.9 (4.4, 96.3) 0.262

SCC (ng/mL) 1.0 (0.8, 1.7) 1.2 (0.8, 1.5) 0.933

NSE (ng/mL) 11.4 (9.4, 14.6) 11.5 (9.3, 15.3) 0.693

PSA (ng/mL) 0.7 (0.5, 1.5) 0.8 (0.5, 1.6) 0.712

Endocrine indicator

Sex hormone

Neohombreol (nmol/L) 7.8 (1.2, 12.0) 8.5 (1.2, 13.6) 0.942

Progestin (nmol/L) 2.0 (0.9, 2.8) 2.1 (1.4, 3.4) 0.381

Estradiol (pmol/L) 84.0 (55.1, 105.0) 92.0 (72.3, 124.8) 0.274

Prolactin (ng/mL) 13.6 (9.7, 19.0) 13.7 (9.2, 19.7) 0.812

Folkopoietin (U/L) 12.8 (7.4, 20.7) 20.1 (8.1, 39.2) 0.256

Luteinizing hormone (U/L) 5.0 (2.8, 11.4) 6.3 (4.5, 23.3) 0.456

Cortisol hormone (nmol/L) 369.5 (313.1, 456.5) 414.5 (298.6, 465.4) 0.668

Somatotropic hormone (ng/mL) 1.5 (0.7, 2.0) 0.8 (0.2, 2.4) 0.647

ACTH (pg/mL) 28.5 (23.5, 39.3) 29.1 (21.3, 51.7) 0.269

Amylase (U/L) 83.5 (63.8, 99.3) 63.5 (54.8, 75.2) 0.058

ANA (positive/negative), n 22/24 11/17 0.477

Routine blood index

Leukocyte count (× 109/L) 5.7 (4.4, 8.3) 5.4 (4.1, 6.2) 0.044

Neutrophil count (× 109/L) 3.8 (2.4, 5.4) 3.3 (2.3, 4.0) 0.039

Monocyte count (× 109/L) 0.5 (0.4, 0.6) 0.5 (0.4, 0.7) 0.656

Lymphocyte count (× 109/L) 1.4 (1.1, 1.6) 1.3 (1.0, 1.6) 0.634

CRP (mg/L) 2.9 (0.5, 11.5) 1.6 (0.5, 10.3) 0.569

Neutrophil count/lymphocyte count 2.8 (2.0, 3.9) 2.1 (1.6, 3.6) 0.1
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Neutrophil count/CRP 1.7 (0.4, 4.7) 2.0 (0.4, 5.0) 0.712

Leukocyte count/CRP 2.4 (0.5, 8.5) 3.3 (0.6, 8.3) 0.8

Lymphocyte subsets

CD19, % 6.5 (4.4, 10.9) 6.8 (3.9, 9.8) 0.527

CD3, % 69.9 (60.6, 76.4) 67.9 (57.8, 72.8) 0.175

CD4, % 37.8 ± 9.1 36.1 ± 11.9 0.384

CD8, % 26.1 ± 8.9 24.7 ± 10.0 0.404

CD4/CD8 1.4 (1.1, 2.2) 1.5 (1.2, 2.4) 0.37

CD56, % 19.9 (12.9, 27.1) 21.0 (14.1, 32.4) 0.183

Cytokine level

Treg count, % 8.3 ± 2.5 9.8 ± 3.0 0.016

IFN-α (pg/mL) 1.8 (1.2, 2.3) 1.5 (0.9, 2.4) 0.783

IL-17 (pg/mL) 6.0 (1.3, 9.4) 3.5 (1.3, 10.0) 0.666

TNF-α (pg/mL) 1.8 (1.3, 2.5) 1.6 (1.0, 3.0) 0.806

IL-2 (pg/mL) 1.2 (0.8, 1.5) 1.2 (0.8, 1.8) 0.24

IL-4 (pg/mL) 1.8 (1.0, 3.0) 1.6 (0.9, 2.5) 0.349

IL-6 (pg/mL) 8.1 (4.4, 16.2) 6.9 (3.8, 12.2) 0.083

IL-8 (pg/mL) 46.6 (22.4, 67.3) 40.0 (19.0, 74.2) 0.829

IL-10 (pg/mL) 3.4 (2.2, 4.6) 2.9 (2.0, 3.9) 0.299

irAEs: Immune-related adverse reactions; TNM: Tumor-node-metastasis; PD-1: Programmed death protein-1; PD-L1: Programmed death ligand 1; Her-2: 
Human epidermal growth receptor 2; pMMR: Mismatch repair proficient; dMMR: Mismatch repair deficient; AFP: Alpha-fetoprotein; CEA: 
Carcinoembryonic antigen; CA: Carbohydrate antigen; CYFRA21-1: Cytokeratin fragment antigen 21-1; SCC: Squamous cell carcinoma; NSE: Neuron-
specific enolase; PSA: Prostate-specific antigen; ACTH: Adrenocorticotropic hormone; ANA: Antinuclear antibody; CRP: C-reactive protein; IFN: 
Interferon; IL: Interleukin; TNF: Tumor necrosis factor.

Table 2 Multivariate logistic regression analysis of the occurrence of immune-related adverse reactions

Variable OR 95%CI P value

Age ≥ 65 yr 0.489 0.153-1.558 0.227

Ki-67 index 0.985 0.958-1.013 0.305

Leukocyte count 0.796 0.346-1.799 0.574

Neutrophil count 1.583 0.603-4.154 0.351

Treg count 0.796 0.647-0.977 0.03

OR: Odds ratio; CI: Confidence interval.

Establishment and evaluation of the nomogram model
According to the results of multi-factor analysis, R software was used to establish a nomogram model for predicting 
complications after radical gastrectomy and D2 lymph node dissection (Figure 4). The ROC curve was drawn to evaluate 
various risk factors and the predictive ability of this model in the training group. The results showed that the AUC of 
males, age ≥ 60 years, maximum tumor diameter ≥ 5 cm, and total gastrectomy for predicting postoperative complications 
were 0.550, 0.572, 0.560, and 0.553, respectively, while the AUC of the nomogram model was 0.625, indicating that the 
nomogram model had better predictive performance than other single-risk factors (Figure 5A).

In the gastric cancer validation group, the nomogram model (AUC = 0.646) also showed better predictive performance 
and consistency (Figure 5B). The calibration curve showed that the model had good consistency in both the training 
group and the verification group (Figure 5C and D). The Hosmer-Lemeshow test was used to judge the goodness of fit of 
the model in the training group and the verification group, respectively. The results showed that the P value of the 
training group was 0.116 and that of the verification group was 0.961, both P > 0.05, indicating that the nomogram model 
established in this study had goodness of fit.
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Table 3 Adverse reaction spectrum and classification of patients in the immune-related adverse reactions group

Severity, n
irAEs Incidence, n (%)

Grade 1-2 Grade 3-4

Erythra 17 (27.0) 15 2

Enteritis 15 (23.8) 10 5

Myocarditis 8 (12.7) 4 4

Thyroid dysfunction 8 (12.7) 4 4

Pneumonia 3 (4.8) 3 0

Others 12 (19.0) 7 5

irAEs: Immune-related adverse reactions.

Table 4 Comparison of therapeutic effects between the two groups

Therapeutic effect irAEs group (n = 63), n (%) Non-irAEs group (n = 69), n (%) χ2/t value P value

PR 19 (30.1) 10 (14.5) 4.679 0.031

SD 35 (55.6) 39 (56.5) 0.012 0.913

PD 9 (14.3) 20 (29.0) 4.12 0.042

irAEs: Immune-related adverse reactions; PR: Partial remission; SD: Stable disease; PD: Disease progression.

Table 5 Cox proportional hazard regression analysis of the prognostic factors of cancer

Univariate Cox analysis1 Multivariate Cox analysis1 Univariate Cox analysis2 Multivariate Cox analysis2

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

Age ≥ 65 yr 0.907 (0.646-1.286) 0.586 0.805 (0.557-1.164) 0.25 1.205 (0.852-1.705) 0.293 1.142 (0.795-1.640) 0.473

Gender 0.977 (0.677-1.408) 0.899 0.823 (0.560-1.209) 0.32 0.927 (0.643-1.338) 0.687 0.869 (0.523-1.443) 0.588

TNM staging 1.371 (0.715-2.625) 0.342 0.945 (0.651-1.374) 0.769 1.614 (0.816-3.194) 0.169 1.372 (0.666-2.826) 0.391

Treatment line 0.794 (0.552-1.141) 0.213 1.591 (0.794-3.186) 0.19 0.992 (0.686-1.433) 0.965 0.924 (0.636-1.341) 0.677

Her-2 expression 1.001 (0.620-1.617) 0.996 1.045 (0.634-1.723) 0.863 0.815 (0.495-1.341) 0.421 0.988 (0.678-1.439) 0.949

irAEs 0.609 (0.431-0.863) 0.005 0.608 (0.431-0.863) 0.006 0.735 (0.520-1.039) 0.081 0.761 (0.535-1.083) 0.129

1Progression-free survival.
2Overall survival.
HR: Hazard ratio; CI: Confidence interval; TNM: Tumor-node-metastasis; Her-2: Human epidermal growth receptor 2; irAEs: Immune-related adverse 
reactions.

DISCUSSION
Studies have shown that PD-1/PD-L1 inhibitors can block the interaction between the PD-1 receptor on T cells and its 
ligand, thereby restoring the function of T cells and enhancing their ability to kill tumor cells[13-15]. However, over-
activated T cells can cause autoimmune-mediated adverse reactions, resulting in immune damage to various systems and 
tissues of the body, namely irAEs[16]. At present, there are relatively few studies on irAEs. Based on this, we conducted a 
retrospective analysis of the occurrence and influencing factors of irAEs in advanced gastric cancer patients receiving PD-
1 inhibitors, as well as the relationship between each factor and therapeutic effect[17]. Among the 132 patients analyzed 
in this study, the incidence of irAEs was 47.7%, which was similar to the results of previous studies, where the incidence 
of irAEs was about 50%[18-20]. The onset of irAEs is usually associated with the affected organ, ranging from early onset 
(1 wk after immunotherapy) to delayed event (26 wk after immunotherapy), with the main onset time window ranging 
from 4 to 12 wk. In this study, it was found that irAEs occurred mostly 1-24 wk after treatment and were most common at 
1-12 wk, which was consistent with literature reports. In the irAEs group, rash showed the highest incidence (27.0%), 
which was similar to that reported in previous studies (30%)[21-23]. The adverse reactions of the patients in this study 
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Figure 1  Occurrence onset of different immune-related adverse reactions.

Figure 2 Receiver operating characteristic curve for predicting immune-related adverse reactions with two combined indices. Treg: 
Regulatory T cells; AUC: Area under the curve; CI: Confidence interval.

were mostly grade 1-2 and grade 3 of non-important organs (including rash and thyroid dysfunction), which were 
alleviated after treatment[24]. Therefore, the toxicity of PD-1 inhibitors in advanced gastric cancer is manageable and safe.

In the comparison of clinical features between groups, we found that age ≥ 65 years, Ki-67, white blood cell count, 
neutrophil count, and Treg count were related factors affecting the occurrence of irAEs[25]. Multivariate logistic 
regression analysis showed that Treg count was an independent factor affecting their occurrence. Interestingly, age ≥ 65 
years was a protective factor for irAEs, indicating that young people were more likely to develop irAEs[26]. This 
phenomenon may be related to immune senescence; that is, increased age can lead to increased differentiation of 
hematopoietic stem cells into myeloid cells, and inhibition of the lymphocyte generation pathway leads to a significant 
increase in Treg count, thereby reducing the occurrence of irAEs[27-30]. Relevant studies have found that the Ki-67 index 
is related to tumor infiltrating lymphocytes; that is, the lower the Ki-67 index, the higher tumor infiltrating lymphocytes 
are, which may increase the occurrence of irAEs. At present, there are few studies on Ki-67 and irAEs, and the 
relationship between the Ki-67 index and irAEs is not clear; thus, more studies are needed[31]. It is worth noting that in 
our study, only the white blood cell count and neutrophil count in peripheral blood cells were correlated with the 
occurrence of irAEs, while lymphocyte count and neutrophil count/lymphocyte count were not correlated with the 
occurrence of irAEs. This is also related to a term[32]. The results of the study (i.e., increased white blood cell count and 
neutrophil count in lung and gastrointestinal melanomas were associated with the incidence of irAEs) were consistent. 
However, some studies have found that the lymphocyte count and neutrophil count/lymphocyte count are also related to 
the occurrence of irAEs, and the higher the lymphocyte count, the higher the occurrence probability of irAEs[33]. 
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Figure 3 Kaplan-Meier analysis of progression-free survival and overall survival of patients in the two groups. A: Progression-free survival; B: 
Overall survival. PFS: Progression-free survival; OS: Overall survival; irAEs: Immune-related adverse reactions.

Figure 4  Nomogram predicting postoperative complications (≥ grade II) after radical resection of gastric cancer.

Therefore, the relationship between peripheral blood cells and irAEs still requires further study.
At present, according to CTCAE version 5.0, the severity of irAEs is classified into grades 1 to 4. Most of the patients 

with mild symptoms of grade 1 to 2 irAEs did not need to terminate immunotherapy, and a small number of patients 
with severe symptoms of grade 2 irAEs could be treated with oral or intravenous glucocorticoid[34]. For grade 3 to 4 
irAEs, especially those with life-threatening grade 4 irAEs, it is recommended that immunotherapy be terminated in 
accordance with the relevant guidelines. For patients who still have grade 3 to 4 irAEs after systemic treatment, whether 
they should receive immunotherapy again following recovery to grade 1 is still controversial, and should be used 
cautiously on the premise of a comprehensive judgment of benefits and risks[35]. A study of patients who had suspended 
immunotherapy due to the severity of irAEs found that approximately 70% of patients returned to the original grade of 
irAEs after repeated immunotherapy[36]. Therefore, early detection of irAEs is very important for the treatment strategy 
and prognosis of patients. Whether irAEs can be predicted early by clinical markers will be a current focus of attention
[37]. In the irAEs prediction model constructed in this study, it was found by ROC curve verification that Treg + Ki-67 + 
age (≥ 65 years) combined had high sensitivity in predicting the occurrence of irAEs[38]. In the future diagnosis and 
treatment process, this model may be used to assess the risk of patients undergoing immunotherapy; thus, has certain 
clinical significance. This study analyzed the effect of adverse reactions on the prognosis of patients with advanced 
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Figure 5 Receiver operating characteristic curve and calibration curve for predicting postoperative complications after radical resection 
of gastric cancer in the training set and validation set. A: Receiver operating characteristic (ROC) curve of nomogram in the training set [nomogram, area 
under the curve (AUC) = 0.625; male, AUC = 0.550; age ≥ 60 years, AUC = 0.572; maximum diameter of tumor ≥ 5 cm, AUC = 0.560; total gastrectomy, AUC = 
0.553); B: ROC curve of nomogram in the validation set (nomogram, AUC = 0.646; male, AUC = 0.552; age ≥ 60 years, AUC = 0.528; maximum diameter of tumor ≥ 
5 cm, AUC = 0.566; total gastrectomy, AUC = 0.564); C: Calibration curve in the training set; D: Calibration curve in the validation set.

gastric cancer during immunotherapy. We found that different types of adverse reactions were significantly correlated 
with patient prognosis, and some specific adverse reactions were significantly correlated with survival indicators. Most 
notably, we successfully created a nomogram model based on factors associated with adverse reactions that effectively 
predicted patient outcomes. The establishment of this model fills the gap in existing research and provides an intuitive 
and personalized assessment tool for clinical practice, which is expected to help doctors more accurately assess the 
prognosis of patients and develop more effective treatment strategies[39]. These findings provide an important reference 
for the practical application of immunotherapy for advanced gastric cancer and provide new ideas and strategies for the 
treatment and management of patients.

There are some shortcomings in this study: (1) This is a single-center, small-sample retrospective study, and the con-
clusions of this study need to be validated by prospective randomized controlled studies; (2) Some indicators were not 
included in the study, such as eosinophils, lactate dehydrogenase, etc., and the data analysis was incomplete due to 
missing data of some indicators; (3) Relevant data will be supplemented in the future; and (4) The performance of some 
irAEs is too subjective, such as itching, fatigue, etc., which may lead to inaccurate irAEs grouping. Therefore, it is 
necessary to strictly check the performance and classification of irAEs, expand the sample size, and reduce the above 
errors in order to improve the reliability of the study.

CONCLUSION
The number of Treg cells is a factor that affects irAEs in advanced gastric cancer patients receiving PD-1 inhibitor 
immunotherapy. irAEs can affect the patients’ PFS and result in longer PFS. Treg + Ki-67 + age (≥ 65 years) combined can 
better predict the occurrence of adverse reactions.
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ARTICLE HIGHLIGHTS
Research background
Different to morbidity and mortality worldwide, the incidence of gastric cancer in China ranks second, and mortality due 
to malignant tumors in China ranks third, which has obvious regional characteristics. Most patients with gastric cancer 
have local or distant metastases at the time of diagnosis, and there is no chance of surgical cure. Their survival can only be 
prolonged by comprehensive treatment, including palliative chemotherapy or targeted drug therapy. However, the 
benefits of this type of therapy are limited, with a median survival of only approximately 1 year.

Research motivation
In advanced gastric cancer, traditional treatment has limited effect. However, with the emergence of immunotherapy, 
there is new hope. Immunotherapy has brought hope of longer survival in advanced gastric cancer patients, but its 
accompanying adverse reactions have also caused concern. In-depth exploration of the factors related to the adverse 
reactions of immunotherapy for advanced gastric cancer and prediction of its prognosis will not only help optimize the 
treatment plan, but also improve the quality of life of patients.

Research objectives
This study aimed to construct a precise nomogram model to analyze the causes of adverse immunotherapy reactions. We 
believe that this study can provide a strong scientific basis for clinical practice, illuminate the way forward for advanced 
gastric cancer patients, and allow better treatment outcomes.

Research methods
This study used a variety of research methods such as a literature review, clinical observation and statistical analysis. 
First of all, through the literature review, the relevant studies on adverse reactions of immunotherapy for advanced 
gastric cancer were systematically reviewed to clarify the current status and shortcomings of the research. On this basis, 
combined with clinical observation, the case data of patients with advanced gastric cancer receiving immunotherapy 
were collected and the adverse reactions were recorded in detail. Furthermore, statistical analyses were used to examine 
the collected data and analyze the correlation between adverse reactions and patients’ clinical characteristics and 
treatment methods. Finally, a nomogram model was established to evaluate the prognostic factors related to adverse 
reactions.

Research results
From the in-depth study of the adverse reactions of immunotherapy for advanced gastric cancer, it was found that the 
patient’s age, treatment mode, tumor stage and other factors were closely related to the occurrence of adverse reactions. 
The results of statistical analyses showed that these factors had a significant impact on the prognosis. Based on these 
results, we successfully constructed a nomogram model to provide an intuitive and quantitative prognostic assessment 
tool for clinicians.

Research conclusions
We constructed a nomogram model to provide a quantitative prognostic assessment tool for clinicians. Therefore, during 
immunotherapy of advanced gastric cancer, individual differences in patients should be fully considered, and targeted 
treatment programs should be formulated to reduce the occurrence of adverse reactions and improve the quality of life of 
patients.

Research perspectives
A nomogram model was established to investigate the related factors of adverse reactions to immunotherapy in advanced 
gastric cancer patients. In the future, we expect to further expand the sample size, optimize the model parameters, and 
improve the prediction accuracy. At the same time, the research results were combined with clinical practice to provide 
patients with more personalized and accurate treatment plans. In addition, exploring new immunotherapies to reduce 
adverse reactions and improve the therapeutic effect in advanced gastric cancer is an important research direction in the 
future.
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