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Background: The widespread clinical application of immune checkpoint
inhibitors (ICls) has brought immune-related adverse events (irAEs) to the
forefront of oncology management. However, systematic investigations
focusing on the efficacy and irAE profiles of ICls locally developed in China
(Chinese ICls) in real-world settings remain limited. This study aimed to explore
predictive factors and outcomes of irAEs in patients predominantly treated with
Chinese ICls.

Methods: In this single-center retrospective study, 206 patients with solid
tumors treated with ICls between 2020 and 2024 were included, with 87.9%
receiving Chinese ICls. Multivariate regression analyses were conducted to
identify predictors of irAEs and factors associated with progression-free
survival (PFS). Clinical characteristics, inflammatory biomarkers, cytokine levels,
and cardiac function parameters were comprehensively evaluated.

Results: Younger age (p=0.04) and the brain metastases (p=0.03) were
associated with a higher incidence of irAEs. Organ-specific irAEs showed
distinct predictors: hepatitis with younger age, hepatitis B virus (HBV) infection,
hepatic malignancy, multisystem irAEs, and elevated IL-10; myocarditis with
multisystem irAEs, systemic inflammation markers (white blood cell count,
WBC; neutrophil-to-lymphocyte ratio, NLR; systemic immune-inflammation
index, SllI; systemic inflammation response index, SIRI), and cardiac function
indicators (left ventricular ejection fraction, LVEF; QRS duration); thyroiditis with
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multisystem irAEs and reduced IL-6; while pneumonitis with elevated platelet
count (PLT) and IL-6. The type of irAEs was not associated with PFS.
Conclusions: Younger age and brain metastases were associated with a higher
incidence of irAEs. Organ-specific irAEs were characterized by distinct sets of
clinical and laboratory predictors. Inflammatory markers correlated with poorer
PFS. The type of irAEs was not associated with PFS. Chinese ICls were not
independently associated with an increased risk of specific organ toxicities.

immune checkpoint inhibitors (ICls), immune-related adverse events (irAEs), predictive
factors, efficacy, Chinese agents

Introduction

In recent years, cancer immunotherapy has achieved significant
breakthroughs. Immune checkpoint inhibitors (ICls), particularly
antibodies targeting PD-1/PD-L1 and CTLA-4, have demonstrated
remarkable efficacy in advanced malignancies such as gastric
cancer, colorectal cancer, and non-small cell lung cancer
(NSCLC) (1-3). With the growing body of evidence supporting
the combination of immunotherapy and chemotherapy, ICIs are
increasingly being utilized not only as later-line treatments but also
in first-line and combination regimens (4, 5). Moreover, several
ICIs locally developed in China (Chinese ICIs) have also entered the
international market. For reference, tislelizumab has been approved
by the European Medicines Agency (EMA) and the United States
Food and Drug Administration (FDA), mainly for the treatment of
esophageal cancer (6). Toripalimab has received FDA approval for
use in combination with gemcitabine and cisplatin as first-line
therapy for patients with advanced recurrent or metastatic
nasopharyngeal carcinoma, and it is now available in the United
States and the European Union (7). Sintilimab and camrelizumab
are not yet approved outside of China, but emerging studies have
demonstrated their potential value in clinical practice (8, 9).

As ICIs become widely adopted in cancer therapy, the
management of immune-related adverse events (irAEs) has emerged
as a critical component of oncologic care. IrAEs encompass more than
70 pathological manifestations, with a spectrum ranging from mild
discomfort to life-threatening conditions, potentially affecting virtually
any organ system (10). Although the underlying pathogenesis of irAEs
remains incompletely understood, T-cell hyperactivation is widely
recognized as a central mechanism. By blocking CTLA-4 and PD-1/
PD-L1 pathways, ICIs release immune suppression and enhance T-cell
activation, promoting cytotoxic responses and proinflammatory
cytokine secretion. However, this mechanism alone cannot fully
account for the organ-specific manifestations of irAEs. To explain
these organ-specific patterns, emerging studies have proposed several
additional mechanisms. One mechanism suggests that the reactivation
of tissue-resident memory T cells may play a role in the development of
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ICI-associated colitis (11). Additionally, microbiota-dependent
activation of CD4" T cells through Fc-y receptor engagement has
been implicated in CTLA-4 inhibitor-related colitis (12). Another study
suggests that ICI-induced myocarditis may be driven by IFN-y-
mediated expansion of inflammatory macrophages (13).
Furthermore, the activation of B cells and plasma cells could lead to
the production of autoantibodies, such as anti-CD74, which, in
conjunction with activated T cells, may contribute to the
development of ICI-associated pneumonitis (14). These findings offer
partial insights into the organ-specific mechanisms of irAEs, though
further elucidation is warranted.

Common irAEs include dermatologic inflammation,
gastrointestinal toxicity, and endocrine dysfunction. Although
rarer, pneumonitis, myocarditis, and neurotoxicity warrant special
clinical attention due to their potential severity (15). Generally, the
incidence of irAEs is lower with ICI monotherapy, but the risk is
influenced by ICI class, treatment regimens, and tumor type (16).
Studies suggest that compared to PD-1/PD-L1 inhibitors, CTLA-4
inhibitors and combination therapies are associated with
significantly higher irAE rates and severity (17). While mild irAEs
may not necessitate treatment interruption, they require careful
monitoring; moderate-to-severe irAEs can result in significant
organ dysfunction or even mortality, underscoring the
importance of early recognition and intervention to ensure
treatment safety.

Currently, Chinese ICIs, which are immune checkpoint
inhibitors locally developed in China, have increasingly become
first-line options for patients with advanced malignancies (8, 18-
20). Several prospective clinical trials have also confirmed the
significant efficacy and promising application of Chinese ICIs in
adjuvant and neoadjuvant settings (21-23). However,
comprehensive real-world studies evaluating the efficacy and irAE
profiles of Chinese ICIs remain scarce. In particular, there is a lack
of in-depth analyses regarding predictors of irAEs among patients
primarily treated with Chinese ICIs. Therefore, this retrospective
study was conducted to assess the occurrence of irAEs and to
identify potential predictive factors among patients receiving
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predominantly Chinese ICIs, with the aim of informing clinical
application and enhancing the safety management of Chinese ICIs.

Methods
Study design and patient population

This study is a retrospective analysis aimed at identifying the
risk factors and potential predictors of irAEs in cancer patients
treated with ICIs. Patients treated with ICIs at our institution
between January 1, 2020, and December 31, 2024, were included
based on the following inclusion and exclusion criteria. The
inclusion criteria were: age > 18 years, regardless of gender;
completion of at least one cycle of ICI treatment; pathologically
confirmed advanced solid tumor; availability of complete baseline
clinical data (such as age, gender, medical history, treatment
regimen, irAEs occurrence); follow-up duration > 3 months.
Exclusion criteria included: a history of severe autoimmune
diseases (such as systemic lupus erythematosus, myasthenia
gravis) or severe organ dysfunction; use of immunosuppressants
or corticosteroids within 3 months prior to ICI treatment; lack of
critical clinical data such as missing baseline data or insufficient
follow-up time (<3 months). Baseline characteristics (including age,
gender, tumor type, medical history, treatment regimen, irAEs
occurrence) and laboratory data were collected from the
electronic medical records system.

Data collection

Clinical and pathological data from patients who received ICI
treatment were retrieved by reviewing the electronic medical
records. Baseline characteristics included age, gender, body mass
index (BMI), medical history (smoking status, hypertension,
diabetes, coronary heart disease, exposure to antihypertensive or
antidiabetic drugs), tumor type, metastatic sites, ICI regimen, pre-
existing treatment (previous treatments were classified as
chemotherapy only, radiotherapy only, both chemotherapy and
radiotherapy, or none, referring to no prior chemotherapy or
radiotherapy, regardless of surgery history), and concomitant
medications. Laboratory data collected included complete blood
counts (white blood cell count (WBC), absolute neutrophil count
(ANC), absolute eosinophil count (AEC), absolute monocyte count
(AMC), absolute lymphocyte count (ALC), platelet count (PLT),
neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-monocyte
ratio (LMR), platelet-to-lymphocyte ratio (PLR), systemic
immune-inflammation index (SII), systemic inflammatory
response index (SIRI), serum lactate dehydrogenase (LDH), C-
reactive protein (CRP), and cytokines (IL-1, IL-2, IL-6, IL-10, IL-
17). Additionally, electrocardiographic data (including heart rate,
HR; PR interval; QRS duration; QRS axis; QT interval; corrected QT
interval, QTc; RV5 + SV1 voltage; and RV5 + SV1 amplitude), and
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echocardiographic data (including left ventricular ejection fraction,
LVEF; aortic diameter, AOD; left atrial diameter, LAD; left
ventricular end-diastolic diameter, LVDD; left ventricular end-
systolic diameter, LVDS; interventricular septum thickness, IVS;
left ventricular posterior wall thickness, LVPW; and S-wave peak
velocity) were recorded. The above-mentioned laboratory tests and
cardiac evaluations were routinely performed before and after ICI
initiation to establish baselines and monitor treatment-related
changes. Specifically, pre-treatment time points were defined as
within one month before starting ICI therapy. Post-treatment time
points were selected differently for patients with and without irAEs:
for those with irAEs, data were taken from the last assessment prior
to irAE diagnosis; for those without irAEs, data were taken at three
months after ICI initiation. All laboratory and cardiac evaluation
indices in this study are presented as changes from baseline,
calculated by subtracting pre-treatment values from post-
treatment values and denoted with the delta symbol (A), for
example, neutrophil-to-lymphocyte ratio (NLR) is reported
as ANLR.

Treatment response was categorized according to the revised
RECIST (version 1.1) criteria as complete response (CR), partial
response (PR), stable disease (SD), or progressive disease (PD).
Progression-free survival (PFS) was defined as the time from the
initiation of ICI treatment until PD or death from any cause.
Objective response rate (ORR) was defined as the sum of CR and
PR, and disease control rate (DCR) was defined as the sum of CR,
PR, and SD. Diagnosis of irAEs was based on the Common
Terminology Criteria for Adverse Events (CTCAE, version 5.0)
and was systematically evaluated by oncologists at our institution.

Statistical analysis

Data analysis was performed using R version 4.4.2 and
GraphPad Prism 8.0. For baseline characteristic analysis,
continuous variables were presented as median (IQR), and group
comparisons were performed using the t-test (for normally
distributed data) or the Wilcoxon rank-sum test (for non-
normally distributed data). The normality of data distribution was
assessed using the Shapiro-Wilk test. Categorical variables were
expressed as the number of patients (n) and percentage (%) and
were compared using the Chi-square test. Missing laboratory values
were handled by complete-case analysis, excluding patients with
missing data for that variable. Univariate and multivariate Cox
regression analyses were performed with potential relevant
continuous or categorical variables as independent variables, PES
as the time variable, and PD as the outcome to evaluate influencing
factors. Univariate and multivariate logistic regression analyses
were conducted with potential relevant continuous or categorical
variables as independent variables and irAEs as the dependent
variable to explore their influencing factors. For Cox and logistic
regression analyses, variables with p < 0.1 in univariate analysis
were included in the initial multivariate model. The variables
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11 patients received less than one cycle of

42 patients had missing baseline data
27 patients had a follow-up duration of less

15 patients had a history of severe
autoimmune diseases or organ dysfunction
6 patients used corticosteroids prior to ICIs

l

[ 102 patients with irAEs ]

Kong et al.
307 patients with solid tumors
treated with ICIs
ICIs treatment
than 3 months
treatment
[ 206 patients included in the study ]
[ 104 patients without irAEs ]
FIGURE 1

Flowchart of the study design. ICls, immune checkpoint inhibitors; irAEs, immune-related adverse events.

assessed covered four main domains: (1) clinical characteristics; (2)
inflammatory biomarkers; (3) cytokine levels; and (4) cardiac
function parameters. Survival analysis was conducted using the
Kaplan-Meier method to generate survival curves and assess
survival differences. The final study figures were created using
GraphPad Prism, and statistical significance was evaluated (a two-
sided p-value < 0.05 was considered statistically significant).

Results
Patient characteristics

As the flowchart presented in Figure 1, this study included a
total of 206 patients with solid tumors who were treated with ICIs.
The baseline characteristics of the patients are summarized in
Table 1. Overall, the majority of these patients received Chinese
ICIs (181 patients, 87.9%), with the top four drugs being sintilimab
(77 patients, 37.3%), camrelizumab (42 patients, 20.3%),
tislelizumab (25 patients, 12.1%), and toripalimab (19 patients,
9.2%). Among the 206 patients, 104 patients (50.5%) did not
experience irAEs, while 102 patients (49.5%) developed irAEs.
The most common organ-specific irAEs among those who
developed irAEs were hepatitis (36 cases, 35.3%), myocarditis (22
cases, 21.6%), thyroiditis (14 cases, 13.7%), pneumonitis (11 cases,
10.8%), and hypophysitis (8 cases, 7.8%). Additionally, 12 patients
(11.8%) experienced two or more irAEs concurrently.

When comparing the group of patients who did not experience
irAEs to those who developed irAEs, significant differences were
observed in age (68.5 vs. 66.0, p = 0.04), tumor brain metastasis (2
vs. 10 patients, p = 0.03), and pre-existing treatments before ICI
therapy (34 vs. 19 patients, p = 0.03).
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Factors associated with PFS following ICI
treatment

We employed a multivariable Cox regression model, adjusting for
factors such as age, gender, BMI, and medical history, to analyze risk
factors associated with PFS (Table 2). The results revealed that the
following factors were significantly associated with PFS: age at ICI
treatment (HR: 0.97, 95% CI: 0.95-0.98, p < 0.001), liver metastasis
(HR: 1.95, 95% CI: 1.17-3.24, p = 0.01), the absence of combination
therapy (HR = 0.51, 95% CI: 0.28-0.95, P = 0.03), and the time from ICI
treatment to the diagnosis of irAEs (HR: 0.83, 95% CI: 0.74-0.93, p <
0.001). We also analyzed changes in laboratory markers in peripheral
blood before and after ICI treatment and found that ANLR (HR: 0.83,
95% CI: 0.74-0.93, p < 0.001), APLR (HR: 1.001, 95% CI: 1.000-1.002, p
=0.03), ASII (HR: 1.0001, 95% CI: 1.0000-1.0002, p = 0.01), ASIRI (HR:
1.05, 95% CI: 1.01-1.09, p = 0.02), and AIL-8 (HR: 1.001, 95% CI:
1.000-1.002, p = 0.02) were significantly associated with PFS.

To explore the impact of irAEs on PFS, Kaplan-Meier survival
curves were generated (Figure 2). The results showed no significant
differences in PFS between patients with irAEs such as hepatitis,
myocarditis, thyroiditis, pneumonitis, and hypophysitis, indicating
that none of these irAEs significantly influenced patient survival. To
account for immortal time bias, a time-dependent Cox analysis of
irAEs and PFS was conducted (Supplementary Table 1).

Predictive factors for irAEs

A multivariable logistic regression model was used to analyze
predictive factors for immune-related hepatitis (Table 3). Baseline
data of the patients revealed that age at ICI treatment (OR: 0.95, 95%
CL: 0.92-0.99, p = 0.005), history of prior hepatitis virus infection
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TABLE 1 Baseline characteristics of patients with or without irAEs. TABLE 1 Continued

Patient group Patient group

Characteristics  without irAEs ~ With irAEs P Value [l Characteristics ~ Without irAEs ~ With irAEs  © Value
(n=104) (n=102) (n=104) (n=102)
Age at start of ICIs, y, 68.5 (62.0-73.0) 660 (59.0-72.0) | 004 Pre-existing treatment, n (%)
median (IQR)
Chemotherapy 63 (60.6) 68 (66.7) 0.45
BMI, kg/m?, median
(10R) 21.8 (19.7-23.6) 22.1 (19.9-24.0) | 0.56 Radiotherapy 1(10) 0 (0.0) 1.00
Sex, n (%) Chemotherapy plus o o 15 (14.7) 0.06
radiotherapy
Male 69 (66.3) 64 (62.7)
0.69 None 34 (32.7) 19 (18.6) 0.03
Female 35 (33.7) 38 (37.3)
Combination therapy, n (%)
BMI, kg/m?, median
(IQR) 21.8 (19.7-23.6) 221 (199-240) | 056 Chemotherapy 44 (42.3) 32 (314) 0.14
Medical history, n (%) Radiotherapy 1(1.0) 0 (0.0) 1.00
Smoking status 12 (11.5) 11 (10.8) 1.00 Targeted therapy 43 (41.3) 53 (52.0) 0.17
Hypertension 35 (33.7) 28 (27.5) 0.42 None 16(15.4) 16 (15.7) 1.00
. irAEs, immune-related adverse events; ICIs, immune checkpoint inhibitors; BMI, body mass
Diabetes 15 (14.4) 13 (12.7) 0.88 index; IQR, interquartile range.
Coronary heart 6 (5.8) 6(5.9) 1.00 ) ) )
disease (OR: 7.59, 95% CI: 2.03-28.40, p = 0.003), primary liver malignancy
Antihypertensive (OR: 9.78, 95% CI: 1.82-52.49, p = 0.01), and occurrence of two or
23 (22.1) 18 (17.6) 053 . .
drug exposure more irAEs (OR: 6.79, 95% CI: 1.49-30.87, p = 0.01) were significantly
Antidiabetic drug associated with the development of immune-related hepatitis.
exposure 2 87) 549 043 Inflammation-related factors, such as AIL-10 (OR: 1.14, 95% CI:
s ciega 5 1.05-1.25, p = 0.003), were also significantly associated with hepatitis,
while other cytokines, peripheral blood routine markers, LDH, and
Esophageal 14 (13.5) 659 0-11 CRP had no significant impact.
Gastric 26 (25.0) 16 (15.7) 0.14 Logistic regression analysis of risk factors for immune-related
Colorectal 18 (17.3) 20 (196) 081 myocarditis (Table 4) revealed that the occurrence of two or more
irAEs (OR: 8.78, 95% CI: 2.03-37.94, p = 0.003) was an independent
Hepatic 2(19) 7(69) 0.10 risk factor for myocarditis. Laboratory markers such as AWBC (OR:
Pancreatic 5 (4.8) 3(2.9) 0.72 1.16, 95% CI: 1.01-1.32, p = 0.04), AANC (OR: 1.22, 95% CI: 1.05-
Pulmonary 19 (18.3) 25 (245) 0.36 1.43, p = 0.01), ANLR (OR: 1.11, 95% CI: 1.03-1.21, p = 0.01), ASII
(OR: 1.0003, 95% CI: 1.0001-1.0006, p = 0.004), and ASIRI (OR:
Renal 49 439) 1.00 1.10, 95% CIL: 1.01-1.21, p = 0.03) were all associated with an
Melanoma 7(6.7) 8 (7.8) 0.97 increased risk of myocarditis. No predictive role was found for
Metastatic site, n (%) LDH, CRP, or cytokines in myocarditis. We also analyzed
electrocardiogram and echocardiogram indices, and found that
Liver 28 (26.9) 31 (30.4) 069 AQRS duration (OR: 1.06, 95% CI: 1.002-1.124, p = 0.04) and
Lung 31 (29.8) 31 (30.4) 1.00 ALVEF (OR: 0.84, 95% CI: 0.74-0.96, p = 0.01) had predictive value.
Bone 20 (192) 19 (186) 100 Immune-related thyroiditis was significantly associated with the
occurrence of two or more irAEs (OR: 55.24, 95% CI: 7.11-429.23,
Brain 2 (19) 10 (98) 003 p < 0.001) and AIL-6 (OR: 0.98, 95% CI: 0.96-1.00, p = 0.04)
ICI, n (%) (Table 5). Predictive factors for immune-related pneumonitis were
Sintilimab 10 (385) 37 (36.3) 0.86 identified in laboratory indices: APLT (OR: 1.01, 95% CI: 1.002
1.021, p = 0.01) and AIL-6 (OR: 1.01, 95% CI: 1.001-1.024, p = 0.03)
Camrelizimab 19 (18.3) 23 (225) 0.56 (Table 6). No significant predictive factors for immune-related
Tislelizumab 12 (11.5) 13 (12.7) 0.96 hypophysitis were found (Table 7). A summary of these key
Toripalimab 10 96) 9(88) 100 factors significantly associated with each organ-specific irAE is
presented visually (Figure 3).
Pembrolizumab 877) 1098) 077 Among the five irAEs analyzed, no predictive role was found for
(Continued)  the four Chinese ICIs or the best treatment outcomes for patients.
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TABLE 2 Univariate and multivariate analysis of factors associated with progression-free survival.

Univariate analysis Multivariate analysis
Factors

HR 95 % ClI P value HR 95 % ClI P value
Age at start of ICIs 0.97 [0.96, 0.98] <0.001 0.97 [0.95, 0.98] <0.001
Sex 121 [0.83, 1.78] 0.32
BMI 097 [0.93, 1.02] 030

Medical history

Smoking status 1.27 [0.74, 2.18] 0.39
Hypertension 0.72 [0.48, 1.08] 0.11
Diabetes 1.04 [0.64, 1.70] 0.87
Coronary heart disease 0.53 [0.22, 1.29] 0.16
Antihypertensive drug exposure 0.76 [0.48, 1.21] 0.25
Antidiabetic drug exposure 0.81 [0.41, 1.59] 0.54

Metastatic site

Liver 1.96 [1.33, 2.89] 0.001 1.95 [1.17, 3.24] 0.01
Lung 1.05 [0.73, 1.53] 0.78
Bone 1.46 [0.97, 2.19] 0.07
Brain 1.16 [0.57, 2.38] 0.68

Pre-existing treatment

Chemotherapy 1.13 [0.78, 1.63] 0.51
Radiotherapy 249 [0.35, 17.95] 0.37
Chemotherapy plus radiotherapy 0.64 [0.35, 1.17] 0.15
None 1.06 [0.71, 1.59] 0.76

Combination therapy

Chemotherapy 1.20 [0.83, 1.72] 0.33

Radiotherapy 1.81 [0.25, 13.02] 0.56

Targeted therapy 1.18 [0.83, 1.68] 0.35

None 0.50 [0.29, 0.88] 0.02 0.51 [0.28, 0.95] 0.03
Time from ICIs to diagnosis 0.86 [0.78, 0.94] 0.002 0.83 [0.74, 0.93] <0.001

Blood routine test

AWBC 1.04 [0.99, 1.09] 0.12

AANC 1.08 [1.02, 1.14] 0.01

AAEC 1.19 [0.54, 2.64] 0.67

AAMC 1.06 [0.63, 1.77] 0.83

AALC 1.00 [0.97, 1.03] 0.87

APLT 1.00 [0.999, 1.003] 0.16

ANLR 1.05 [1.02, 1.08] <0.001 1.05 [1.02, 1.09] 0.003
ALMR 1.00 [0.99, 1.01 0.93

APLR 1.00 [1.0003, 1.0020]  0.01 1.00 [1.0001, 1.0020]  0.03

1.00004, 1.00003,
ASIT 1.00 [1'00021 : 0.004 1.00 [1‘00025] 0.01

(Continued)
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TABLE 2 Continued

Univariate analysis Multivariate analysis
FActors HR 95 % ClI HR 95 % ClI
Blood routine test
ASIRI 1.05 [1.01, 1.08] 0.01 1.05 [1.01, 1.09] 0.02
ALDH 1.00 [0.9994, 1.0006] 0.9
ACRP 1.01 [1.001, 1.011] 0.01
Cytokine
AIL-1 1.03 [0.99, 1.07] 0.19
AIL-2 1.03 [0.98, 1.08] 031
AIL-6 1.00 [1.00, 1.01] 0.01
AIL-8 1.00 [1.0001, 1.0015]  0.03 1.00 [1.0002, 1.0017]  0.02
AIL-10 1.01 [0.99, 1.03] 038
AIL-17 1.01 [1.00, 1.02] 0.05

PFS, progression-free survival; ICIs, immune checkpoint inhibitors; BMI, body mass index; WBC, white blood cell count; ANC, absolute neutrophil count; AEC, absolute eosinophil count; AMC,
absolute monocyte count; ALC, absolute lymphocyte count; PLT, platelet count; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio;
SII, systemic immune-inflammation index; SIRI, systemic inflammation response index; LDH, lactate dehydrogenase; CRP, C-reactive protein; HR, hazard ratio; 95% CI, 95% confidence interval.

Discussion the findings provide valuable evidence to guide risk stratification
and intervention strategies in this specific treatment setting.

This study represents the first real-world analysis investigating Comparison between patients with and without irAEs revealed

predictors of irAEs in patients treated predominantly with Chinese  that younger age was significantly associated with a higher risk of

ICIs. By focusing on a large cohort from routine clinical practice,  developing irAEs following ICI therapy. This may be attributed to
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FIGURE 2
Kaplan-Meier survival curves comparing PFS between patients with and without irAEs. (A) Overall irAEs; (B) Immune-related hepatitis; (C) Immune-
related myocarditis; (D) Immune-related thyroiditis; (E) Immune-related pneumonitis; (F) Immune-related hypophysitis. PFS, progression-free
survival; irAEs, immune-related adverse events.
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TABLE 3 Univariate and multivariate analysis of factors for patients with immune-related hepatitis.

Factors

Univariate analysis

95 % Cl

P value

Multivariate analysis

95 % CI P value

Age at start of ICIs 0.95 [0.93, 0.98] 0.003 0.95 [0.92, 0.99] 0.005
Sex 0.97 [0.46, 2.01] 0.93
BMI 1.06 [0.97, 1.16] 0.18
Medical history

Smoking status 0.68 [0.15, 2.14] 0.55

Hypertension 1.00 [0.44, 2.14] 1.00

Diabetes 0.33 [0.05, 1.16] 0.14

Coronary heart disease 0.94 [0.14, 3.78] 0.94

Hepatitis virus infection 5.11 [1.78, 14.50] 0.002 7.59 [2.03, 28.40] 0.003
Liver cancer 6.69 [1.68, 28.39] 0.01 9.78 [1.82, 52.49] 0.01
Metastatic site

Liver 1.77 [0.82, 3.72] 0.14

Lung 0.50 [0.19, 1.17] 0.13

Bone 0.48 [0.14, 1.32] 0.20

Brain 0.94 [0.14, 3.78] 0.94
Pre-existing treatment

Chemotherapy 1.37 [0.65, 3.08] 0.42

Radiotherapy —_ — —

Chemotherapy plus radiotherapy 0.47 [0.07, 1.72] 0.32

None 0.95 [0.40, 2.12] 091
Combination therapy

Chemotherapy 0.83 [0.38, 1.74] 0.63

Radiotherapy — — —

Targeted therapy 1.35 [0.66, 2.80] 0.41

None 0.63 [0.18, 1.76] 0.42
Time from ICIs to diagnosis 1.01 [0.94, 1.10] 0.70
Co-existing other irAEs 5.47 [1.61, 18.60] 0.01 6.79 [1.49, 30.87] 0.01
ICls

Sintilimab 1.08 [0.51, 2.24] 0.84

Camrelizumab 0.93 [0.35, 2.20] 0.88

Tislelizumab 0.89 [0.25, 2.53] 0.84

Toripalimab 1.29 [0.35, 3.84] 0.67
Best observed response

Complete response 1.08 [0.06, 7.03] 0.95

Partial response 0.70 [0.11, 2.66] 0.64

Stable disease 1.18 [0.53, 2.70] 0.68

Progressive disease 0.93 [0.38, 2.13] 0.86
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TABLE 3 Continued

Univariate analysis

Factors

OR 95 % Cl

Best observed response

10.3389/fimmu.2025.1655724

Multivariate analysis

OR 95 % Cl

ORR 0.78 [0.18, 2.50] 0.71
DCR 1.08 [0.47, 2.65] 0.86
Blood routine test
AWBC 1.03 [0.93, 1.13] 0.59
AANC 1.05 [0.94, 1.17] 0.40
AAEC 1.87 [0.42, 8.74] 0.42
AAMC 0.58 [0.2046, 1.0002] 0.31
AALC 0.80 [0.42, 1.04] 0.50
APLT — — —
ANLR 1.02 [0.96, 1.07] 0.47
ALMR — - _
APLR 1.00 [0.999, 1.003] 0.32
ASIT 1.00 [0.9999, 1.0003] 0.28
ASIRI 0.98 [0.93, 1.01] 0.19
ALDH 1.00 [1.00, 1.01] 0.03
ACRP 1.00 [0.99, 1.01] 0.36
Cytokine
AIL-1 1.03 [0.97, 1.12] 0.49
AIL-2 1.04 [0.95, 1.19] 0.48
AIL-6 1.00 [0.99, 1.01] 0.84
AIL-8 1.00 [1.000, 1.002] 0.17
AIL-10 112 [1.04, 1.21] 0.005 1.14 [1.05, 1.25] 0.003
AIL-17 1.00 [0.98, 1.01] 0.63

ICIs, immune checkpoint inhibitors; BMI, body mass index; irAEs, immune-related adverse events; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR,
objective response rate; DCR, disease control rate; WBC, white blood cell count; ANC, absolute neutrophil count; AEC, absolute eosinophil count; AMC, absolute monocyte count; ALC, absolute
lymphocyte count; PLT, platelet count; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index;
SIRI, systemic inflammation response index; LDH, lactate dehydrogenase; CRP, C-reactive protein; OR, odds ratio; 95% CI, 95% confidence interval.

the more robust immune regulatory function seen in younger
individuals. However, the predictive role of age in irAEs remains
controversial. Some studies suggest that age may lead to an
increased incidence of irAEs or show no significant differences
between age groups (24, 25). In fact, this study found that the
predictive value of age for irAEs is primarily reflected in immune-
related hepatitis, where younger patients are more prone to hepatic
adverse reactions, while no significant statistical differences were
observed for other types of irAEs. Additionally, this study
discovered that patients with brain metastases had a higher
incidence of irAEs, which may be related to the immune
microenvironment of brain metastases. Tumor-associated myeloid
cells are an important cellular component of the brain metastatic
microenvironment, and they can be recruited from peripheral
circulation and accumulate at the metastatic sites (26, 27).

Frontiers in Immunology 09

Following ICI therapy, these immune cells may overcome the
suppressive effects of the brain metastasis microenvironment and
over-activate the immune system, leading to the onset of irAEs.
This study identified various clinical and laboratory factors
significantly associated with PFS in ICI-treated patients.
Specifically, higher age at ICI initiation and later onset of irAEs
were associated with longer PFS, whereas liver metastasis predicted
shorter PFS, and the absence of combination therapy was associated
with longer PFS. Additionally, peripheral blood markers such as
ANLR, APLR, ASII, ASIRI, and AIL-8 were found to be significantly
associated with poorer survival outcomes. These laboratory markers
reflect the degree of systemic inflammation, and enhanced
inflammatory responses may promote tumor angiogenesis and
metastasis, which could explain the poorer prognosis (28, 29).
Although several studies have suggested that irAEs are associated
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TABLE 4 Univariate and multivariate analysis of factors for patients with immune-related myocarditis.

Factors

Univariate analysis

95 % Cl

Multivariate analysis

P value (0] 95 % CI P value

Age at start of ICIs 1.00 [0.96, 1.05] 0.94
Sex 0.77 [0.32, 1.96] 0.57
BMI 1.01 [0.89, 1.13] 0.86
Medical history
Smoking status 0.78 [0.12, 2.93] 0.74
Hypertension 0.47 [0.13, 1.33] 0.19
Diabetes 1.00 [0.22, 3.23] 0.99
Coronary heart disease 0.75 [0.04, 4.15] 0.79
Metastatic site
Liver 1.49 [0.57, 3.70] 0.40
Lung 1.09 [0.40, 2.75] 0.85
Bone 0.95 [0.26, 2.73] 0.92
Brain [ J— —
Pre-existing treatment
Chemotherapy 1.60 [0.63, 4.63] 0.35
Radiotherapy J—— J— N
Chemotherapy plus radiotherapy 0.87 [0.13, 3.31] 0.86
None 0.61 [0.17, 1.74] 0.40
Combination therapy
Chemotherapy 0.78 [0.28, 1.94] 0.60
Radiotherapy — — —
Targeted therapy 0.95 [0.38, 2.31] 091
None 1.71 [0.53, 4.75] 0.33
Time from ICIs to diagnosis 0.98 [0.85, 1.06] 0.68
Co-existing other irAEs 7.44 [2.02, 25.95] 0.002 8.78 [2.03, 37.94] 0.004
ICls
Sintilimab 1.79 [0.73, 4.39] 0.20
Camrelizumab 0.59 [0.13, 1.84] 0.41
Tislelizumab 0.32 [0.02, 1.63] 0.27
Toripalimab 1.66 [0.36, 5.57] 0.45
Best observed response
Complete response 1.68 [0.09, 11.19] 0.64
Partial response J— J— N
Stable disease 0.99 [0.39, 2.59] 0.99
Progressive disease 1.45 [0.54, 3.72] 0.45
ORR 0.34 [0.02, 1.78] 0.31
DCR 0.69 [0.27, 1.86] 0.45
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TABLE 4 Continued

Univariate analysis Multivariate analysis
FActors OR 95 % ClI OR 95 % ClI
Blood routine test
AWBC 1.15 [1.03, 1.30] 0.01 1.16 [1.01, 1.32] 0.04
AANC 121 [1.06, 1.38] 0.004 122 [1.05, 1.43] 0.01
AAEC 0.76 [0.14, 4.57] 0.76
AAMC S — —
AALC 0.95 [0.45, 1.05] 0.82
APLT 1.00 [0.996, 1.005] 0.86
ANLR 1.10 [1.03, 1.18] 0.01 1.11 [1.03, 1.21] 0.01
ALMR 0.94 [0.72, 1.02] 0.65
APLR 1.00 [0.999, 1.004] 0.23
ASII 1.00 [1.0001, 1.0005] | 0.003 1.00 [1.0001, 1.0006] | 0.004
ASIRI 1.09 [1.01, 1.19] 0.03 1.10 [1.01, 1.21] 0.03
ALDH 1.00 [0.998, 1.002] 0.41
ACRP 1.00 [0.99, 1.01] 0.76
Cytokine
AIL-1 1.07 [0.98, 1.21] 0.19
AIL-2 0.95 [0.88, 1.04] 0.20
AIL-6 1.00 [0.993, 1.008] 0.71
AIL-8 1.00 [1.0001, 1.0032]  0.04
AIL-10 1.01 [0.97, 1.07] 0.60
AIL-17 1.01 [0.99, 1.04] 041
ECHO
ALVEF 0.87 [0.77, 0.96] 0.01 0.84 [0.74, 0.96] 0.01
AAOD 0.98 [0.75, 1.29] 0.91
ALAD 0.98 [0.82, 1.17] 0.81
ALVDD 1.08 [0.95, 1.26] 0.30
ALVSD 1.10 [0.92, 1.30] 0.26
AIVS 0.80 [0.36, 1.72] 0.57
ALVPW 1.16 [0.47, 2.88] 0.74
AS-wave peak J— — I
Electrocardiography
AHeart rate 1.00 [0.97, 1.04] 0.94
APR interval 1.01 [0.99, 1.02] 0.51
AQRS duration 1.05 [1.00, 1.11] 0.04 1.06 [1.00, 1.12] 0.04
AQRS axis 1.00 [0.99, 1.01] 0.27
AQT interval 1.00 [0.990, 1.007] 0.71

(Continued)

Frontiers in Immunology 11 frontiersin.org


https://doi.org/10.3389/fimmu.2025.1655724
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Kong et al. 10.3389/fimmu.2025.1655724

TABLE 4 Continued

Univariate analysis Multivariate analysis

Factors OR 95 % Cl OR 95 % Cl

Electrocardiography

AQTc 1.00 [1.00, 1.01] 0.12

ARV5 + SV1 0.89 [0.42, 2.10] 0.77

ICIs, immune checkpoint inhibitors; BMI, body mass index; irAEs, immune-related adverse events; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR,
objective response rate; DCR, disease control rate; WBC, white blood cell count; ANC, absolute neutrophil count; AEC, absolute eosinophil count; AMC, absolute monocyte count; ALC, absolute
lymphocyte count; PLT, platelet count; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index;
SIRI, systemic inflammation response index; LDH, lactate dehydrogenase; CRP, C-reactive protein; LVEF, Left Ventricular Ejection Fraction; AOD, Aortic Diameter; LAD, Left Atrial Diameter;
LVDD, Left Ventricular Diastolic Diameter; LVSD, Left Ventricular Systolic Diameter; IVS, Interventricular Septum; LVPW, Left Ventricular Posterior Wall; OR, odds ratio; 95% CI, 95%
confidence interval.

TABLE 5 Univariate and multivariate analysis of factors for patients with immune-related thyroiditis.

Univariate analysis Multivariate analysis
Factors
(@] 95 % ClI P value (@] 95 % ClI P value
Age at start of ICIs 1.02 [0.97, 1.08] 0.54
Sex 2.10 [0.63, 9.53] 0.27
BMI 0.99 [0.85, 1.13] 0.91

Medical history

Smoking status 1.36 [0.20, 5.44] 0.70
Hypertension 1.28 [0.38, 3.88] 0.67
Diabetes 0.47 [0.03, 2.51] 0.48
Coronary heart disease 1.27 [0.07, 7.32] 0.83

Metastatic site

Liver 1.42 [0.42, 4.30] 0.55
Lung 1.32 [0.39, 3.98] 0.64
Bone 0.70 [0.11, 2.71] 0.65
Brain — — —

Pre-existing treatment

Chemotherapy 2.20 [0.66, 9.96] 0.24
Radiotherapy —_ J— —
Chemotherapy plus radiotherapy 2.64 [0.56, 9.41] 0.16
None _ J— J—

Combination therapy

Chemotherapy 0.67 [0.18, 2.07] 0.51
Radiotherapy J—— J— J—
Targeted therapy 1.16 [0.38, 3.50] 0.79
None 1.53 [0.33, 5.27] 0.53
Time from ICIs to diagnosis 0.99 [0.85, 1.08] 0.92
Co-existing other irAEs 14.68 [3.75, 56.12] <0.001 55.24 [7.11, 429.23] <0.001

(Continued)
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TABLE 5 Continued

Univariate analysis Multivariate analysis
Factors OR 95 % Cl OR 95 % Cl
ICls
Sintilimab 1.28 [0.41, 3.82] 0.66
Camrelizumab 1.07 [0.23, 3.63] 0.92
Tislelizumab 211 [0.45, 7.39] 0.28
Toripalimab 0.74 [0.04, 4.08] 0.78

Best observed response

Complete response 2.78 [0.14, 19.20] 0.37
Partial response 1.90 [0.28, 7.99] 0.43
Stable disease 191 [0.60, 7.27] 0.30
Progressive disease 0.16 [0.009, 0.840] 0.08
ORR 2.28 [0.48, 8.22] 0.24
DCR 6.27 [1.19, 115.53] 0.08

Blood routine test

AWBC 1.07 [0.92, 1.22] 0.37
AANC 1.04 [0.88, 1.22] 0.60
AAEC 0.55 [0.08, 4.75] 0.57
AAMC 4.98 [1.05, 34.52] 0.10
AALC 2.83 [1.10, 7.73] 0.04
APLT 1.00 [0.996, 1.007] 0.61
ANLR 0.95 [0.82, 1.05] 0.45
ALMR 1.09 [1.00, 1.34] 0.48
APLR 1.00 [0.994, 1.001] 0.30
ASIT 1.00 [0.9995, 1.0002]  0.58
ASIRI 1.00 [0.97, 1.09] 0.89
ALDH 1.00 [0.994, 1.001] 0.69
ACRP 1.00 [0.98, 1.02] 0.87
Cytokine
AIL-1 0.95 [0.89, 1.00] 0.05
AIL-2 0.99 [0.90, 1.14] 0.81
AIL-6 0.99 [0.97, 1.00] 0.03 0.98 [0.96, 1.00] 0.04
AIL-8 1.00 [0.997, 1.000] 0.02
AIL-10 1.00 [0.96, 1.06] 0.97
AIL-17 0.98 [0.95, 1.00] 0.09

ICIs, immune checkpoint inhibitors; BMI, body mass index; irAEs, immune-related adverse events; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR,
objective response rate; DCR, disease control rate; WBC, white blood cell count; ANC, absolute neutrophil count; AEC, absolute eosinophil count; AMC, absolute monocyte count; ALC, absolute
lymphocyte count; PLT, platelet count; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index;
SIRI, systemic inflammation response index; LDH, lactate dehydrogenase; CRP, C-reactive protein; OR, odds ratio; 95% CI, 95% confidence interval.
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TABLE 6 Univariate and multivariate analysis of factors for patients with immune-related pneumonitis.

Factors

Univariate analysis

95 % Cl

Multivariate analysis

P value (0] 95 % CI P value

Age at start of ICIs 1.05 [0.99, 1.13] 0.14
Sex 5.85 [1.09, 108.53] 0.10
BMI 1.04 [0.88, 1.19] 0.60
Medical history
Smoking status 1.84 [0.27, 7.76] 0.45
Hypertension 1.97 [0.55, 6.79] 0.28
Diabetes 4.07 [1.01, 14.55] 0.03
Coronary heart disease 1.67 [0.09, 10.01] 0.64
Lung cancer 2.81 [0.70, 9.85] 0.12
Metastatic site
Liver 0.54 [0.08, 2.17] 0.44
Lung 1.35 [0.34, 4.65] 0.64
Bone 1.66 [0.35, 6.05] 0.47
Brain 4.11 [0.58, 18.85] 0.09
Pre-existing treatment
Chemotherapy 0.46 [0.13, 1.57] 0.21
Radiotherapy — — —
Chemotherapy plus radiotherapy 3.69 [0.76, 14.08] 0.07
None 1.09 [0.23, 3.92] 0.90
Combination therapy
Chemotherapy 0.63 [0.13, 2.24] 0.50
Radiotherapy _ — I
Targeted therapy 0.95 [0.27, 3.26] 0.94
None 2.15 [0.45, 7.92] 0.28
Time from ICIs to diagnosis 1.02 [0.86, 1.11] 0.74
Co-existing other irAEs 4.11 [0.58, 18.85] 0.09
ICls
Sintilimab 0.36 [0.05, 1.43] 0.19
Camrelizumab 3.56 [0.98, 12.44] 0.04
Tislelizumab 0.71 [0.04, 3.97] 0.75
Toripalimab — J— J—
Best observed response
Complete response 3.38 [0.17, 23.80] 0.29
Partial response 0.99 [0.05, 5.68] 0.99
Stable disease 0.98 [0.28, 3.50] 0.97
Progressive disease 0.77 [0.16, 2.77] 0.71
ORR 1.62 [0.24, 6.83] 0.55
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TABLE 6 Continued

Univariate analysis

Factors

OR 95 % Cl

Best observed response

10.3389/fimmu.2025.1655724

Multivariate analysis

OR 95 % Cl

DCR 1.30 [0.36, 6.10] 0.71
Blood routine test
AWBC 0.87 [0.73, 1.04] 0.13
AANC 0.85 [0.70, 1.03] 0.10
AAEC 0.22 [0.03, 1.94] 0.13
AAMC 5.43 [0.98, 45.43] 0.12
AALC 0.91 [0.32, 1.06] 0.86
APLT 1.01 [1.00, 1.01] 0.05 1.01 [1.00, 1.02] 0.01
ANLR 0.99 [0.85, 1.07] 0.82
ALMR 0.97 [0.67, 1.01] 0.85
APLR 1.00 [0.999, 1.005] 0.13
ASIT 1.00 [0.9998, 1.0004] 0.36
ASIRI 1.05 [0.97, 1.14] 0.32
ALDH 1.00 [0.98, 1.00] 0.82
ACRP 1.01 [0.99, 1.02] 0.54
Cytokine
AIL-1 1.08 [0.97, 1.24] 0.22
AIL-2 1.08 [0.92, 1.31] 0.45
AIL-6 1.01 [1.00, 1.01] 0.08 1.01 [1.00, 1.02] 0.03
AIL-8 1.00 [0.999, 1.002] 0.61
AIL-10 0.99 [0.95, 1.07] 0.86
AIL-17 1.02 [0.99, 1.05] 0.34

ICIs, immune checkpoint inhibitors; BMI, body mass index; irAEs, immune-related adverse events; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR,
objective response rate; DCR, disease control rate; WBC, white blood cell count; ANC, absolute neutrophil count; AEC, absolute eosinophil count; AMC, absolute monocyte count; ALC, absolute
lymphocyte count; PLT, platelet count; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index;
SIRI, systemic inflammation response index; LDH, lactate dehydrogenase; CRP, C-reactive protein; OR, odds ratio; 95% CI, 95% confidence interval.

with extended PFS and overall survival (OS) in ICI-treated patients,
the results of this study did not confirm that irAEs are significant
predictors of therapeutic efficacy (30, 31). One study indicated that
in patients with head and neck squamous cell carcinoma (HNSCC)
receiving ICI therapy, the association between irAEs and treatment
efficacy may be overestimated. After controlling for immortal time
bias, it was found that irAEs were an independent predictor of OS
but not PES (32). The present study also applied time-dependent
Cox models to account for immortal time bias and similarly found
no significant association between irAE occurrence and PFS.
Moreover, a meta-analysis concluded that when irAEs affect the
skin, endocrine organs, or gastrointestinal tract, patients tend to
experience significant survival benefits, whereas irAEs involving the
liver and lungs do not exhibit similar advantages (33). The results
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are consistent with the meta-analysis, indicating no survival benefit
from irAEs involving the liver and lungs.

This study analyzed the predictive factors for five major irAEs,
and the results indicated that, except for pituitary inflammation,
potential independent risk factors were found for all other irAEs.
For patients who developed hepatitis, younger age at the start of ICI
treatment, hepatitis B virus infection, hepatic malignancy, the
presence of multiple irAEs, and AIL-10 were identified as risk
factors. The independent predictors for myocarditis included the
presence of multiple irAEs, AWBC, AANC, ANLR, ASII, ASIRI,
ALVEF, and AQRS duration. The occurrence of thyroiditis was
significantly associated with the presence of multiple irAEs and
lower AIL-6, while the development of pneumonitis was linked to
higher APLT and AIL-6. Some of the findings in this study are
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TABLE 7 Univariate and multivariate analysis of factors for patients with immune-related hypophysitis.

Univariate analysis Multivariate analysis
Factors
95 % CI P value (0] 95 % CI P value
Age at start of ICIs 1.00 [0.94, 1.07] 0.88
Sex 0.53 [0.12, 2.32] 0.39
BMI 1.08 [0.91, 1.25] 0.31

Medical history

Smoking status J— J— ——
Hypertension 0.31 [0.02, 1.81] 0.28

Diabetes 0.90 [0.05, 5.37] 0.93

Coronary heart disease — J— J—

Metastatic site

Liver 0.82 [0.12, 3.70] 0.82
Lung 241 [0.55, 10.52] 022
Bone 0.60 [0.03, 3.52] 0.64
Brain 6.27 [0.85, 31.56] 0.04

Pre-existing treatment

Chemotherapy 0.95 [0.23, 4.75] 0.95
Radiotherapy — J— N
Chemotherapy plus radiotherapy 3.14 [0.44, 14.77] 0.18
None 0.40 [0.02, 2.33] 0.40

Combination therapy

Chemotherapy — — —
Radiotherapy J—— J— J—
Targeted therapy 8.57 [1.49, 161.80] 0.05
None 0.77 [0.04, 4.54] 0.81
Time from ICIs to diagnosis 1.06 [0.96, 1.16] 0.18
Co-existing other irAEs 243 [0.12, 15.49] 0.43
ICls
Sintilimab 0.55 [0.08, 2.44] 0.47
Camrelizumab 1.32 [0.19, 5.96] 0.74
Tislelizumab 2.54 [0.36, 11.78] 0.27
Toripalimab — — —

Best observed response

Complete response 5.77 [0.28, 44.21] 0.13
Partial response 1.69 [0.09, 10.76] 0.64
Stable disease 1.09 [0.23, 5.66] 091
Progressive disease 0.34 [0.02, 2.03] 0.32
ORR 299 [0.41, 14.88] 0.21
DCR 297 [0.49, 56.87] 0.32

(Continued)
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TABLE 7 Continued

Univariate analysis

Factors

OR 95 % Cl

Blood routine test

10.3389/fimmu.2025.1655724

Multivariate analysis

OR 95 % Cl

AWBC 0.98 [0.79, 1.20] 0.86
AANC 0.94 [0.74, 1.17] 0.58
AAEC 341 [0.19, 37.05] 0.37
AAMC — —— -
AALC — — —
APLT 1.00 [0.990, 1.006] 0.63
ANLR 0.90 [0.74, 1.05] 0.29
ALMR — — —
APLR 1.00 [0.992, 1.001] 0.18
ASII 1.00 [0.9993, 1.0002] 028
ASIRI 0.99 [0.96, 1.09] 0.82
ALDH — — —
ACRP 1.00 [0.98, 1.02] 0.76
Cytokine
AIL-1 1.03 [0.94, 1.21] 0.74
AIL-2 1.15 [0.93, 1.44] 0.21
AIL-6 1.00 [0.98, 1.01] 0.69
AIL-8 1.00 [0.998, 1.002] 0.92
AIL-10 101 [0.95, 1.10] 0.86
AIL-17 1.01 [0.98, 1.05] 0.72

ICIs, immune checkpoint inhibitors; BMI, body mass index; irAEs, immune-related adverse events; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR,
objective response rate; DCR, disease control rate; WBC, white blood cell count; ANC, absolute neutrophil count; AEC, absolute eosinophil count; AMC, absolute monocyte count; ALC, absolute
lymphocyte count; PLT, platelet count; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index;
SIRI, systemic inflammation response index; LDH, lactate dehydrogenase; CRP, C-reactive protein; OR, odds ratio; 95% CI, 95% confidence interval.

consistent with previous research, though some independent
predictive factors have rarely been reported before (34-39).
Notably, several peripheral inflammatory markers, including
ANLR, ASII, and ASIRI, were identified as predictors for both
shorter PFS and the occurrence of myocarditis, whereas other
predictors for PFS and major irAEs did not overlap.

Many cytokines have been implicated in the occurrence of irAEs,
especially some pro-inflammatory cytokines (including IL-1, IL-6, IL-8,
IL-17), where elevated baseline serum levels may serve as predictive
biomarkers for irAEs (40-42). The results of this study suggest that
cytokines have organ-specific predictive value for the occurrence of
irAEs, with different types of irAEs corresponding to distinct changes
in cytokine levels. This finding aligns with the views of Wang et al,
although their conclusion that elevated AIL-6 can predict thyroiditis
differs from the findings in this study (43). Existing research suggests
that the onset of irAEs may result from multiple mechanisms,
including autoreactive T cells, autoantibodies, and inflammatory
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cytokines, all of which are involved in immune-related pathways
(10). For instance, T cell activation can induce the release of
inflammatory cytokines, thus promoting the occurrence of irAEs.
However, in this study, a decrease in AIL-6 was found to be an
independent risk factor for thyroiditis, which does not align with the
aforementioned mechanism. Some studies have reported that
thyroiditis is characterized by CD8+ T cell infiltration and follicular
structure destruction, suggesting that T cell-mediated cytotoxicity is a
key mechanism (44). The pathogenesis of thyroiditis is influenced by
the type of ICI used, and there are significant differences in cytokine
profiles induced by different immunotherapy regimens (45). Most of
the patients included in this study received Chinese ICIs, which may
explain the contradictory results. More cellular and molecular studies
are needed to clarify the role of cytokines in thyroiditis.

Given the convenience of peripheral blood cell tests and
inflammation markers in clinical settings, numerous studies have
reported their correlation with the occurrence of irAEs (37-39). In
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FIGURE 3

Forest plot showing independent predictors of organ-specific irAEs in patients treated predominantly with Chinese ICls. (A) Immune-related
hepatitis; (B) Immune-related myocarditis; (C) Immune-related thyroiditis; (D) Immune-related pneumonitis. irAEs, immune-related adverse events;
ICls, immune checkpoint inhibitors; ANC, absolute neutrophil count; WBC, white blood cell count; NLR, neutrophil-to-lymphocyte ratio; SIRI,
systemic inflammation response index; SlI, systemic immune-inflammation index; LVEF, Left Ventricular Ejection Fraction; PLT, platelet count.

this retrospective study, the predictive value of peripheral blood
tests was primarily observed in myocarditis. The results showed that
the elevation of various peripheral blood markers, including AWBC,
AANC, ANLR, ASII, and ASIRI, was an independent risk factor for
myocarditis. This is a surprising finding, as previous studies on the
correlation between myocarditis and peripheral blood markers have
mostly reported only one or two markers with significant statistical
differences (37, 38). This study found that multiple peripheral blood
markers were independently associated with myocarditis, and the
results are largely consistent with existing literature, suggesting that
peripheral blood markers may serve as potential biomarkers for
predicting myocarditis. The European Society of Cardiology (ESC)
currently recommends troponin levels and electrocardiogram
(ECQG) tests for suspected myocarditis patients. Some studies have
also found that combining troponin with ECG helps in the early
screening of myocarditis (46, 47). However, predictive ECG
markers for sinus rhythm myocarditis patients are still lacking.
This study is the first to report that prolonged QRS duration can be
an independent risk factor for myocarditis. Based on the above
findings, this study suggests that peripheral blood markers, when
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combined with troponin and ECG, could improve the sensitivity of
early myocarditis screening.

Research on multi-system irAEs is mostly case reports, and few
cohort studies have found that patients with multi-system irAEs
tend to have longer PFS and OS compared to those with single
irAEs or no irAEs (48-50). In this retrospective study, the most
common multi-system irAEs were hepatitis and myocarditis. This
pattern differs from that reported by Shankar et al., who observed
pneumonitis with thyroiditis, and by Zhang et al., who observed
thyroiditis with dermatitis (48, 49). Tumor type and the ICI
regimen used may be key factors influencing the differences in
multi-system irAEs patterns (50). However, there is still a lack of
studies on whether multi-system irAEs can predict the risk of
specific irAEs. This study, through multivariate regression
analysis, observed that patients with multi-system irAEs were
more likely to develop hepatitis, myocarditis, and thyroiditis,
suggesting their potential predictive value for specific
irAE occurrences.

This study also evaluated the predictive effects of the four
Chinese ICIs on organ-specific irAEs but found no significant
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associations. The absence of organ-specific toxicity signals is
reassuring. However, the analysis may be underpowered due to
the small number of cases in certain irAE subgroups. For example,
the small sample size for hypophysitis limits definitive conclusions.
Previous studies have suggested that the incidence of irAEs is
significantly higher with sintilimab and camrelizumab compared
to toripalimab and pembrolizumab; however, their specific
predictive value has yet to be investigated (51). To our
knowledge, this is the first retrospective study to evaluate the
predictive value of Chinese ICIs for irAEs in a real-world patient
cohort receiving ICI therapy. These findings indicate that the
development of irAEs associated with Chinese ICIs may be
influenced by multiple factors, rather than being determined
solely by the pharmacological properties of the drugs. For
clinicians, it is important to comprehensively consider the
efficacy and irAE risk profiles of different Chinese ICIs when
making treatment decisions, in order to optimize adverse
event management.

However, this study has several limitations. First, as a single-
center retrospective study, it is subject to potential information and
selection bias. Second, the overall sample size was relatively limited,
and the number of cases with certain types of irAEs was small,
preventing multivariable regression analysis in some subgroups and
limiting the generalizability of the conclusions. In addition,
although irAEs vary in clinical presentation and severity, this
study did not stratify irAEs according to CTCAE grading, which
may have masked specific predictive factors for severe irAEs.
Finally, despite identifying several potential predictive factors and
mechanisms, this study lacks in vitro or animal experiments for
further validation.

Conclusion

This study examined irAEs and their predictors in patients
predominantly treated with Chinese ICIs. Younger age and brain
metastases were associated with a high incidence of irAEs. Organ-
specific irAEs showed distinct predictors: hepatitis with age, HBV,
liver cancer, multisystem irAEs, and AIL-10; myocarditis with
multisystem irAEs, AWBC, AANC, ANLR, ASII, ASIRI, ALVEF
and AQRS duration markers; thyroiditis with low AIL-6;
pneumonitis with high APLT and AIL-6. Inflammatory markers
correlated with poorer PES, whereas the type of irAEs was not
associated with PFS. The type of Chinese ICIs was not an
independent predictor of organ-specific irAEs.

Data availability statement

The datasets presented in this article are not readily available
because The dataset contains anonymized patient information and
is available upon reasonable request, subject to approval by the
ethics committee to ensure compliance with privacy regulations.

Frontiers in Immunology

19

10.3389/fimmu.2025.1655724

Requests to access the datasets should be directed to Zhuging Liu,
zhuqingliu2013@163.com.

Ethics statement

The studies involving humans were approved by Ethics Committee
of Shanghai Tenth People’s Hospital (Approval No. SHSY-IEC-6.0/
25K96/P01). This study has been approved by the Chinese Clinical
Trial Registry. The registration number is: ChiCTR2500109148. The
studies were conducted in accordance with the local legislation and
institutional requirements. The ethics committee/institutional review
board waived the requirement of written informed consent for
participation from the participants or the participants’ legal
guardians/next of kin because The ethics committee waived the
requirement for written informed consent from participants or their
legal guardians/next of kin in accordance with Article 32 of the
Declaration of Helsinki, as obtaining consent was impracticable, the
study involved no more than minimal risk, did not affect participants’
rights or welfare, and all personal data were strictly protected.

Author contributions

HK: Conceptualization, Resources, Writing — original draft.
RX: Conceptualization, Resources, Writing - original draft.
ZL: Conceptualization, Funding acquisition, Writing - review
& editing.

Funding

The author(s) declare financial support was received for the
research and/or publication of this article. This work was
supported by grants from Fundamental Research Funds for the
Central Universities (NO:15012150092, 22120220656), National
Natural Science Foundation of China (No: 81902896), Program for
Research-oriented Physician of Shanghai Tenth People’s
Hospital (2023YJXYSC013).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

frontiersin.org


mailto:zhuqingliu2013@163.com
https://doi.org/10.3389/fimmu.2025.1655724
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Kong et al.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Li KX, Zhang A, Li XY, Zhang HT, Zhao LM. Advances in clinical
immunotherapy for gastric cancer. Biochim Et Biophys Acta-Reviews Cancer. (2021)
1876(2). doi: 10.1016/j.bbcan.2021.188615

2. Fan AH, Wang BD, Wang X, Nie YZ, Fan DM, Zhao XD, et al. Inmunotherapy in
colorectal cancer: current achievements and future perspective. Int J Biol Sci. (2021)
17:3837-49. doi: 10.7150/ijbs.64077

3. Tang SJ, Qin C, Hu HY, Liu T, He YW, Guo HY, et al. Immune checkpoint
inhibitors in non-small cell lung cancer: progress, challenges, and prospects. Cells.
(2022) 11(3). doi: 10.3390/cells11030320

4. Langer CJ, Gadgeel SM, Borghaei H, Papadimitrakopoulou VA, Patnaik A, Powell SF,
et al. Carboplatin and pemetrexed with or without pembrolizumab for advanced, non-
squamous non-small-cell lung cancer: A randomised, phase 2 cohort of the open-label
keynote-021 study. Lancet Oncol. (2016) 17:1497-508. doi: 10.1016/s1470-2045(16)30498-3

5. André T, Shiu KK, Kim TW, Jensen B, Jensen LH, Punt C, et al. Pembrolizumab
in microsatellite-instability-high advanced colorectal cancer. New Engl ] Med. (2020)
383:2207-18. doi: 10.1056/NEJM0a2017699

6. Shen L, Kato K, Kim SB, Ajani JA, Zhao K, He ZY, et al. Tislelizumab versus
chemotherapy as second-line treatment for advanced or metastatic esophageal
squamous cell carcinoma (Rationale-302): A randomized phase iii study. J Clin
Oncol. (2022) 40:3065. doi: 10.1200/jc0.21.01926

7. Mai HQ, Chen QY, Chen DP, Hu CS, Yang KY, Wen JY, et al. Toripalimab plus
chemotherapy for recurrent or metastatic nasopharyngeal carcinoma the jupiter-02
randomized clinical trial. Jama-Journal Am Med Assoc. (2023) 330:1961-70.
doi: 10.1001/jama.2023.20181

8. Yang YP, Sun JY, Wang ZH, Fang ], Yu QT, Han BH, et al. Updated overall
survival data and predictive biomarkers of sintilimab plus pemetrexed and platinum as
first-line treatment for locally advanced or metastatic nonsquamous nsclc in the phase
3 orient-11 study. J Thorac Oncol. (2021) 16:2109-20. doi: 10.1016/j.jth0.2021.07.015

9. Qin SK, Chan SL, Gu SZ, Bai YX, Ren ZG, Lin XY, et al. Camrelizumab plus
rivoceranib versus sorafenib as first-line therapy for unresectable hepatocellular
carcinoma (Cares-310): A randomised, open-label, international phase 3 study.
Lancet. (2023) 402:1133-46. doi: 10.1016/s0140-6736(23)00961-3

10. Postow MA, Sidlow R, Hellmann MD. Immune-related adverse events
associated with immune checkpoint blockade. New Engl ] Med. (2018) 378:158-68.
doi: 10.1056/NEJMral703481

11. Dougan M, Luoma AM, Dougan SK, Wucherpfennig KW. Understanding and
treating the inflammatory adverse events of cancer immunotherapy. Cell. (2021)
184:1575-88. doi: 10.1016/j.cell.2021.02.011

12. Lo BC, Kryczek I, Yu JL, Vatan L, Caruso R, Matsumoto M, et al. Microbiota-
dependent activation of cd4™ T cells induces ctla-4 blockade-associated colitis via fcy
Receptors. Science. (2024) 383:62-70. doi: 10.1126/science.adh8342

13. Ma P, Liu J, Qin J, Lai LL, Heo GS, Luehmann H, et al. Expansion of pathogenic
cardiac macrophages in immune checkpoint inhibitor myocarditis. Circulation. (2024)
149:48-66. doi: 10.1161/circulationaha.122.062551

14. Ghanbar MI, Suresh K. Pulmonary toxicity of immune checkpoint
immunotherapy. J Clin Invest. (2024) 134(2). doi: 10.1172/jci170503

15. Yin QA, Wu LY, Han LZ, Zheng XY, Tong RS, Li L, et al. Immune-related
adverse events of immune checkpoint inhibitors: A review. Front Immunol. (2023)
14:1167975. doi: 10.3389/fimmu.2023.1167975

16. Lee DJ, Lee HJ, Farmer JR, Reynolds KL. Mechanisms driving immune-related
adverse events in cancer patients treated with immune checkpoint inhibitors. Curr
Cardiol Rep. (2021) 23. doi: 10.1007/s11886-021-01530-2

17. Darnell EP, Mooradian MJ, Baruch EN, Yilmaz M, Reynolds KL. Immune-
related adverse events (Iraes): diagnosis, management, and clinical pearls. Curr Oncol
Rep. (2020) 22(5). doi: 10.1007/511912-020-0897-9

Frontiers in Immunology

10.3389/fimmu.2025.1655724

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2025.
1655724/full#supplementary-material

18. Yang YP, Qu S, LiJA, Hu CS, Xu MJ, Li WD, et al. Camrelizumab versus placebo
in combination with gemcitabine and cisplatin as first-line treatment for recurrent or
metastatic nasopharyngeal carcinoma (Captain-1st): A multicentre, randomised,
double-blind, phase 3 trial. Lancet Oncol. (2021) 22:1162-74. doi: 10.1016/s1470-
2045(21)00302-8

19. Qin SK, Kudo M, Meyer T, Bai YX, Guo YB, Meng ZQ, et al. Tislelizumab vs
sorafenib as first-line treatment for unresectable hepatocellular carcinoma a phase 3
randomized clinical trial. JAMA Oncol. (2023) 9:1651-9. doi: 10.1001/
jamaoncol.2023.4003

20. Mai HQ, Chen QY, Chen DP, Hu CS, Yang KY, Wen JY, et al. Toripalimab or
placebo plus chemotherapy as first-line treatment in advanced nasopharyngeal
carcinoma: A multicenter randomized phase 3 trial. Nat Med. (2021) 27:1536.
doi: 10.1038/s41591-021-01444-0

21. Duan H, Shao C, Luo Z, Wang T, Tong L, Liu H, et al. Perioperative
sintilimab and neoadjuvant anlotinib plus chemotherapy for resectable non-
small-cell lung cancer: A multicentre, open-label, single-arm, phase 2 trial (Td-
neofour trial). Signal Transduction Targeted Ther. (2024) 9:5310-8. doi: 10.1038/
541392-024-01992-0

22. Yan XL, Duan HT, Ni YF, Zhou YA, Wang XP, Qi HN, et al. Tislelizumab
combined with chemotherapy as neoadjuvant therapy for surgically resectable
esophageal cancer: A prospective, single-arm, phase ii study (Td-nice). Int J Surg.
(2022) 103(6):106680. doi: 10.1016/j.ijsu.2022.106680

23. Lian B, Si L, Chi ZH, Sheng XN, Kong Y, Wang X, et al. Toripalimab (Anti-pd-1)
versus high-dose interferon-A2b as adjuvant therapy in resected mucosal melanoma: A
phase ii randomized trial. Ann Oncol. (2022) 33:1061-70. doi: 10.1016/
j.annonc.2022.07.002

24. Huang XY, Tian TT, Zhang Y, Zhou SJ, Hu PP, Zhang JD. Age-associated
changes in adverse events arising from anti-pd-(L)1 therapy. Front Oncol. (2021)
11:619385. doi: 10.3389/fonc.2021.619385

25. Kalkhoran HA, Zwaveling J, Storm BN, van Laar SA, Portielje JE, Codrington H,
etal. A text-mining approach to study the real-world effectiveness and potentially fatal
immune-related adverse events of pd-1 and pd-L1 inhibitors in older patients with
stage iii/iv non-small cell lung cancer. BMC Cancer. (2023) 23(7). doi: 10.1186/512885-
023-10701-z

26. Andreou T, Rippaus N, Wronski K, Williams ], Taggart D, Cherqui S, et al.
Hematopoietic stem cell gene therapy for brain metastases using myeloid cell-specific
gene promoters. Juci-Journal Natl Cancer Institute. (2020) 112:617-27. doi: 10.1093/
jnci/djz181

27. Ginhoux F, Greter M, Leboeuf M, Nandi S, See P, Gokhan S, et al. Fate mapping
analysis reveals that adult microglia derive from primitive macrophages. Science. (2010)
330:841-5. doi: 10.1126/science.1194637

28. Diakos CI, Charles KA, McMillan DC, Clarke SJ. Cancer-related inflammation
and treatment effectiveness. Lancet Oncol. (2014) 15:E493-503. doi: 10.1016/s1470-
2045(14)70263-3

29. Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related inflammation.
Nature. (2008) 454:436-44. doi: 10.1038/nature07205

30. Socinski MA, Jotte RM, Cappuzzo F, Nishio M, Mok TSK, Reck M, et al.
Association of immune-related adverse events with efficacy of atezolizumab in patients
with non-small cell lung cancer: pooled analyses of the phase 3 impowerl30,
impower132, and impower150 randomized clinical trials. JAMA Oncol. (2023)
9:527-35. doi: 10.1001/jamaoncol.2022.7711

31. Zhang YW, Chen JR, Liu HY, Dai JD, Zhao JJ, Zhu S, et al. The incidence of
immune-related adverse events (Iraes) and their association with clinical outcomes in
advanced renal cell carcinoma and urothelial carcinoma patients treated with immune
checkpoint inhibitors: A systematic review and meta-analysis. Cancer Treat Rev. (2024)
129(8):102787. doi: 10.1016/j.ctrv.2024.102787

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2025.1655724/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1655724/full#supplementary-material
https://doi.org/10.1016/j.bbcan.2021.188615
https://doi.org/10.7150/ijbs.64077
https://doi.org/10.3390/cells11030320
https://doi.org/10.1016/s1470-2045(16)30498-3
https://doi.org/10.1056/NEJMoa2017699
https://doi.org/10.1200/jco.21.01926
https://doi.org/10.1001/jama.2023.20181
https://doi.org/10.1016/j.jtho.2021.07.015
https://doi.org/10.1016/s0140-6736(23)00961-3
https://doi.org/10.1056/NEJMra1703481
https://doi.org/10.1016/j.cell.2021.02.011
https://doi.org/10.1126/science.adh8342
https://doi.org/10.1161/circulationaha.122.062551
https://doi.org/10.1172/jci170503
https://doi.org/10.3389/fimmu.2023.1167975
https://doi.org/10.1007/s11886-021-01530-2
https://doi.org/10.1007/s11912-020-0897-9
https://doi.org/10.1016/s1470-2045(21)00302-8
https://doi.org/10.1016/s1470-2045(21)00302-8
https://doi.org/10.1001/jamaoncol.2023.4003
https://doi.org/10.1001/jamaoncol.2023.4003
https://doi.org/10.1038/s41591-021-01444-0
https://doi.org/10.1038/s41392-024-01992-0
https://doi.org/10.1038/s41392-024-01992-0
https://doi.org/10.1016/j.ijsu.2022.106680
https://doi.org/10.1016/j.annonc.2022.07.002
https://doi.org/10.1016/j.annonc.2022.07.002
https://doi.org/10.3389/fonc.2021.619385
https://doi.org/10.1186/s12885-023-10701-z
https://doi.org/10.1186/s12885-023-10701-z
https://doi.org/10.1093/jnci/djz181
https://doi.org/10.1093/jnci/djz181
https://doi.org/10.1126/science.1194637
https://doi.org/10.1016/s1470-2045(14)70263-3
https://doi.org/10.1016/s1470-2045(14)70263-3
https://doi.org/10.1038/nature07205
https://doi.org/10.1001/jamaoncol.2022.7711
https://doi.org/10.1016/j.ctrv.2024.102787
https://doi.org/10.3389/fimmu.2025.1655724
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Kong et al.

32. Tamura K, Takenaka Y, Hosokawa K, Sato T, Tsuda T, Eguchi H, et al. Effect of
immortal time bias on the association between immune-related adverse events and
oncological outcomes following immune checkpoint inhibitors therapy for head and
neck squamous cell carcinoma. PloS One. (2024) 19(9). doi: 10.1371/
journal.pone.0314209

33. Han XY, Chen YC, Xie H, Zhang YK, Cui Y, Guan YP, et al. Organ-specific
immune-related adverse events and prognosis in cancer patients receiving immune
checkpoint inhibitors. BMC Cancer. (2025) 25(10). doi: 10.1186/s12885-025-13566-6

34. Wang BT, Zhuang SW, Lin SN, Lin JR, Zeng WX, Du B, et al. Analysis of risk
factors for immune checkpoint inhibitor-associated liver injury: A retrospective
analysis based on clinical study and real-world data. Hepatol Int. (2025).
doi: 10.1007/s12072-025-10783-w

35. Hung YP, Lee PC, Chang YH, Yang MH, Chiu CH, Chen MH, et al. Hepatic
events during immune checkpoint inhibitor treatment between liver and non-liver
Malignancies in hepatitis B endemic areas. Alimentary Pharmacol Ther. (2025) 61:501-
12. doi: 10.1111/apt.18403

36. Hong J, Lee J, Park S, Jung HA, Sun JM, Lee SH, et al. Immune checkpoint
inhibitors use and the incidence of hepatitis B virus reactivation or immune-related
hepatitis in non-small cell lung cancer patients with chronic hepatitis B. J Clin Oncol.
(2023) 41(16_suppl):9086. doi: 10.1200/JCO.2023.41.16_suppl.9086

37. Zheng Y, Chen ZL, Song WH, Xu Y, Zhao ZQ, Sun YH, et al. Cardiovascular
adverse events associated with immune checkpoint inhibitors: A retrospective
multicenter cohort study. Cancer Med. (2024) 13(13). doi: 10.1002/cam4.7233

38. Guan ZK, Yao TZ, Liu G, Liu J, Guo L, Li ZL, et al. Peripheral biomarkers to
assess risk, severity, and prognosis of immune checkpoint inhibitor-associated
myocarditis: A retrospective clinical study. Front Cardiovasc Med. (2024)
11:1465743. doi: 10.3389/fcvm.2024.1465743

39. Guberina N, Wirsdoerfer F, Stuschke M, Jendrossek V. Combined radiation- and
immune checkpoint-inhibitor-induced pneumonitis-the challenge to predict and detect
overlapping immune-related adverse effects from evolving laboratory biomarkers and
clinical imaging. Neoplasia. (2023) 39(14). doi: 10.1016/j.ne0.2023.100892

40. Kurimoto C, Inaba H, Ariyasu H, Iwakura H, Ueda Y, Uraki S, et al. Predictive
and sensitive biomarkers for thyroid dysfunctions during treatment with immune-
checkpoint inhibitors. Cancer Sci. (2020) 111:1468-77. doi: 10.1111/cas.14363

41. LiJJ, Shi WH, Xiong ], Huang YS, He Y, Zhou Y, et al. Toxicity spectrum and
risk factors for chemo-immunotherapy in locally advanced or metastatic lung cancer.
Clin Exp Immunol. (2023) 214:162-9. doi: 10.1093/cei/uxad105

Frontiers in Immunology

21

10.3389/fimmu.2025.1655724

42. Tyan K, Baginska J, Brainard M, Giobbie-Hurder A, Severgnini M, Manos M,
et al. Cytokine changes during immune-related adverse events and corticosteroid
treatment in melanoma patients receiving immune checkpoint inhibitors. Cancer
Immunol Immunotherapy. (2021) 70:2209-21. doi: 10.1007/s00262-021-02855-1

43. Wang YN, Zou JL, Li Y, Jiao X, Wang YJ, Zhuo N, et al. Serological biomarkers
predict immune-related adverse events and clinical benefit in patients with advanced
gastrointestinal cancers. Front Immunol. (2022) 13:987568. doi: 10.3389/fimmu.2022.987568

44. Neppl C, Kaderli RM, Trepp R, Schmitt AM, Berger MD, Wehrli M, et al.
Histology of nivolumab-induced thyroiditis. Thyroid. (2018) 28:1727-8. doi: 10.1089/
thy.2018.0418

45. Ippolito S, Di Dalmazi G, Pani F, Sabini E, Caturegli P. Distinct cytokine
signatures in thyroiditis induced by pd-1 or ctla-4 blockade: insights from a new mouse
model. Thyroid. (2021) 31:1839-49. doi: 10.1089/thy.2021.0165

46. Lyon AR, Lopez-Fernandez T, Couch LS, Asteggiano R, Aznar MC, Bergler-
Klein J, et al. 2022 Esc guidelines on cardio-Oncology developed in collaboration with
the european hematology association (Eha), the european society for therapeutic
radiology and oncology (Estro) and the international cardio-Oncology society (Ic-
Os) developed by the task force on cardio-Oncology of the european society of
cardiology (Esc). Eur Heart J. (2022) 43:4229-361. doi: 10.1093/eurheartj/ehac244

47. He YW, Chen WW, Cai JY, Luo CY, Zhou CZ, Wei L. Pd-1 inhibitors-associated
myocarditis in non-small cell lung cancer patients. ] Thorac Dis. (2023) 15(15).
doi: 10.21037/jtd-23-596

48. Shankar B, Zhang JJ, Naqash AR, Forde PM, Feliciano JL, Marrone KA, et al.
Multisystem immune-related adverse events associated with immune checkpoint
inhibitors for treatment of non-small cell lung cancer. JAMA Oncol. (2020) 6:1952-
6. doi: 10.1001/jamaoncol.2020.5012

49. Zhang ], Gao AQ, Wang SY, Sun YX, Wu JK, Wang DH, et al. Correlation
between immune-related adverse events and efficacy of pd-(L)1 inhibitors in small cell
lung cancer: A multi-center retrospective study. Respir Res. (2024) 25(16). doi: 10.1186/
$12931-024-02890-3

50. Ladjevardi CO, Koliadi A, Rydén V, El-Naggar Al, Digkas E, Valachis A, et al.
Multiple immune-related adverse events secondary to checkpoint inhibitor therapy in
patients with advanced cancer: association with treatment effectiveness. Front Oncol.
(2024) 14:1399171. doi: 10.3389/fonc.2024.1399171

51. Huang GL, Liu SQ, Dong J, Xi X, Kong R, Li WJ, et al. Pd-1 inhibitor-based
adverse events in solid tumors: A retrospective real-world study. Front Pharmacol.
(2022) 13:974376. doi: 10.3389/fphar.2022.974376

frontiersin.org


https://doi.org/10.1371/journal.pone.0314209
https://doi.org/10.1371/journal.pone.0314209
https://doi.org/10.1186/s12885-025-13566-6
https://doi.org/10.1007/s12072-025-10783-w
https://doi.org/10.1111/apt.18403
https://doi.org/10.1200/JCO.2023.41.16_suppl.9086
https://doi.org/10.1002/cam4.7233
https://doi.org/10.3389/fcvm.2024.1465743
https://doi.org/10.1016/j.neo.2023.100892
https://doi.org/10.1111/cas.14363
https://doi.org/10.1093/cei/uxad105
https://doi.org/10.1007/s00262-021-02855-1
https://doi.org/10.3389/fimmu.2022.987568
https://doi.org/10.1089/thy.2018.0418
https://doi.org/10.1089/thy.2018.0418
https://doi.org/10.1089/thy.2021.0165
https://doi.org/10.1093/eurheartj/ehac244
https://doi.org/10.21037/jtd-23-596
https://doi.org/10.1001/jamaoncol.2020.5012
https://doi.org/10.1186/s12931-024-02890-3
https://doi.org/10.1186/s12931-024-02890-3
https://doi.org/10.3389/fonc.2024.1399171
https://doi.org/10.3389/fphar.2022.974376
https://doi.org/10.3389/fimmu.2025.1655724
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Predictive factors and outcomes of immune-related adverse events in Chinese patients treated with immune checkpoint inhibitors: a real-world retrospective study
	Introduction
	Methods
	Study design and patient population
	Data collection
	Statistical analysis

	Results
	Patient characteristics
	Factors associated with PFS following ICI treatment
	Predictive factors for irAEs

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


