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Abstract
Purpose The objective of this study was to identify potential predictors of immune-related adverse events (irAEs) in 
cancer patients receiving immune checkpoint inhibitor therapy among serum indexes, case data, and liquid biopsy 
results.

Methods We retrospectively analyzed 418 patients treated with anti-programmed cell death 1(PD-1)/PD-1 ligand 
(PD-L1) inhibitors from January 2018 to May 2022 in our cancer center. We identified factors that correlated with the 
occurrence of irAEs and evaluated associations between irAEs and anti-PD-1/PD-L1 inhibitor responses.

Results The incidence of irAEs was 42.1%, and pneumonitis (9.1%), thyroid toxicity (9.1%), cardiotoxicity (8.1%), and 
dermatologic toxicity (6.9%) were the four most common irAEs. Multivariate logistic analysis identified female sex, 
antibiotic use, higher post-treatment neutrophil-to-lymphocyte ratio (NLR), and higher baseline circulating tumor cell 
(CTC) level, as predictive biomarkers for the occurrence of irAEs. A lower baseline prognostic nutritional index (PNI), 
body mass index (BMI) ≥ 25 kg/m2, and higher post-treatment lactate dehydrogenase (LDH) level were predictive 
factors for more severe irAEs (higher severity grade). Patients without irAEs had better overall survival than those with 
irAEs. Specifically, pneumonitis and cardiotoxicity were found to be significant predictors of poor prognosis in the irAE 
subgroup with different organ-related irAEs. Low-dose steroid (dexamethasone 10 mg) treatment had no significant 
effect on outcomes.

Conclusions Gender, antibiotic use, post-treatment NLR, and baseline CTC level are potential predictive biomarkers 
of irAEs, while baseline PNI, BMI, and post-treatment LDH may predict the severity of irAEs. The predictive effect of irAE 
occurrence on survival benefit may depend on the type of irAE.
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Introduction
Immune checkpoint inhibitor (ICI) therapy has shown 
significant efficacy in a variety of malignant tumors and 
changed the treatment landscape for advanced forms of 
many cancers [1]. ICIs activate T cells to enhance immu-
nity and improve the killing effect on tumor cells with 
less immunosuppression than traditional chemotherapies 
[2]. However, the process of immunotherapy causes dis-
ruption of immunity balance, which can lead to immune-
related adverse events (irAEs). Potential mechanisms 
for the development of irAEs are illustrated in Fig. 1 and 
include increased initiation and activation of antigen-
specific T cells, leading to the formation of autoreactive 
T cells, which attack both malignant and normal tissues; 
the cross immune response; increases in B cell clonality 
and autoantibodies; increased production of pro-inflam-
matory cytokines, such as interleukin 6; activation of pre-
existing tissue-resident memory T cells; enrichment of 
certain gut microbiota species that can induce inflamma-
tory response syndromes; enhanced complement-medi-
ated inflammatory response to direct binding antibody 
against cytotoxic T lymphocyte antigen 4 expression in 
normal tissues; and off-target effects of anti-programmed 

cell death 1(PD-1) inhibitors [3–6]. With the increasing 
application of immunotherapy in cancer treatment and a 
clearer understanding of the mechanism of irAEs, great 
progress has been made in the monitoring, prevention, 
and treatment of irAEs.

IrAEs can occur in any organ system, and different 
types of tumor-specific immune microenvironments may 
induce specific irAEs [7]. In addition, different immu-
notherapy drugs induce irAEs in different organs, such 
as pneumonitis and hepatitis observed with Pembroli-
zumab, endocrine toxicity with Nivolumab, hypothyroid-
ism with Atezolizumab, and dermatologic toxicity with 
Camrelizumab. However, once grade 3/4 irAEs occur, 
immunotherapy should be stopped immediately and 
high-dose glucocorticoids and/or immunosuppressants 
administered according to the patient’s situation [4].

Early assessment and identification of irAEs is impor-
tant for maximizing the immune anti-tumor effect of 
ICI treatment to improve patient outcomes while pre-
venting negative outcomes associated with irAEs. Thus, 
accurate predictive biomarkers for irAEs are needed. 
In addition, the correlations between the occurrence of 
irAEs and clinical outcomes and ICI benefits need to be 

Fig. 1 Mechanisms of irAE development
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well understood. In the present study, we aimed to iden-
tify potential predictors of irAEs by investigating related 
factors such as peripheral blood biomarkers, medical 
records, and liquid biopsy results in real-world cancer 
patients receiving anti-PD-1/PD-1 ligand (PD-L1) ther-
apy, and to evaluate the relationship between irAEs and 
the clinical efficacy of anti-PD-1/PD-L1 inhibitors.

Materials and methods
Study design and patient population
This retrospective study included patients with malig-
nant tumors treated with an anti-PD-1/PD-L1 inhibitor 
during hospitalization at the Beijing Friendship Hospital 
Cancer Center, Capital Medical University between Janu-
ary 1, 2018 and May 1, 2022. All malignancies were diag-
nosed by pathological evaluation. All patients had overall 
complete case data for assessment of treatment efficacy, 
disease progression, or treatment failure as well as data 
relating to irAEs. The follow-up period began with ini-
tiation of anti-PD-1/PD-L1 inhibitor therapy and ended 
with disease progression, confirmed death, or loss to fol-
low-up. The following exclusion criteria were used: past 
medical history or test results indicating the presence of 
a definitely inherited disease; presence of severe auto-
immune disease or other diseases, such as cardiovascu-
lar, lung, kidney, or other organ diseases; and absence of 
important results from medical records, such as serologi-
cal data from before or after treatment. The anti-PD-1/
PD-L1 inhibitors used for treatment in this study mainly 
included Nivolumab, Pembrolizumab, Atezolizumab, 
Durvalumab, Sintilimab, and Camrelizumab. The study 
protocol was approved by the Institutional Review Board 
of Beijing Friendship Hospital (2020-P2-176-01).

Data collection
Clinical and pathological data for all patients treated with 
anti-PD-1/PD-L1 inhibitors were collected by consulting 
electronic medical records and included age, sex, body 
mass index (BMI), Eastern Cooperative Oncology Group 
performance status (ECOG PS), medical records regard-
ing other chronic diseases (e.g., cardiovascular diseases, 
diabetes, liver and kidney diseases, autoimmune diseases, 
etc.), tumor type, pathological type, common mutated 
gene, circulating tumor cell (CTC) level, and periph-
eral blood test results. The recorded clinical data also 
included Tumor Node Metastasis (TNM) staging, treat-
ment details, use of antibiotics (defined as treatment with 
antibiotics 3 months before or 1 month after PD-1/PD-L1 
inhibitor treatment), steroid use, and treatment efficacy.

The relationship between the administered ICI and 
the resulting irAEs was reported by each patient’s phy-
sician in their medical files and systematically evaluated 
by members of the pharmacovigilance team. Safety was 
evaluated based on the incidence rate of any-grade irAEs 

and that of grade 3 or 4 irAEs according to the National 
Cancer Institute’s Common Terminology Criteria for 
Adverse Events, version 4.0. Any potential adverse events 
with an immune basis requiring close monitoring and/
or possible intervention with hormonal or immunosup-
pressive therapy were considered irAEs. Confirmation of 
irAEs involved both the patient and the attending physi-
cian through analysis of medical records and follow-up 
interviews.

In this study, specific AEs were considered irAEs, 
including pneumonia, diarrhea or colitis, hepatitis, 
nephritis, cardiotoxicity (myocarditis, heart failure, and 
myocardial infarction), dermatologic toxicity, hypona-
tremia, oral mucositis, encephalitis, myathenia gravis, 
hemolysis, and endocrine AEs, that occurred during the 
treatment period or within 100 days of the last study 
treatment. Endocrine AEs, including adrenal insuffi-
ciency, hypopituitarism, hypothyroidism, thyroiditis or 
hyperthyroidism, and diabetes mellitus also were consid-
ered irAEs.

Treatment efficacy was assessed in terms of overall 
survival (OS), which was recorded from the beginning of 
treatment until the observation of death from any cause 
during follow-up. Peripheral blood tests included routine 
blood cell counts (absolute neutrophil count, absolute 
lymphocyte count, platelet count, absolute eosinophil 
count [AEC], etc.), biochemical measurements (protein 
concentration, indicators of liver and kidney function, 
myocardial enzymes, electrolytes, lactate dehydrogenase, 
lipid levels, etc.), coagulation tests, measures of thyroid 
function and auto-antibodies, tumor biomarkers, T and 
B lymphocyte subsets, and immunoglobulins. Only mea-
surements taken within 3 days prior to administration of 
the first cycle of anti-PD-1/PD-L1 inhibitor therapy were 
used as baseline measurements. Post-treatment measure-
ments were taken on day 14 after the first cycle of anti-
PD-1/PD-L1 inhibitor treatment.

Statistical analysis
All data were statistically analyzed using SPSS Statistics, 
version 22.0. Forest plots and survival curves were pre-
pared with GraphPad Prism 9, version 9.4.1. Illustrations 
were made in BioRender. Receiver operating character-
istic (ROC) curve analysis was performed to evaluate 
the performance of potential predictive markers and to 
determine the optimal cut-off values for the biomark-
ers. Survival curves were estimated by the Kaplan–Meier 
method, and the survival times of different groups were 
then analyzed using the log-rank test. Associations of 
peripheral blood markers and other biomarkers with 
irAEs were evaluated by univariate and multivariate 
logistic regression analyses. Biomarkers for irAEs of dif-
ferent grades were identified by multivariate logistic 
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regression. The threshold for statistical significance was 
set at P < 0.05 in all tests.

Results
Clinical characteristics of patients and irAEs
A total of 418 patients with a solid tumor received anti-
PD-1/PD-L1 inhibitor treatment during the study period 

and were included in the present study. The patient char-
acteristics are summarized in Table  1. The male/female 
ratio was 2.48, and the median age at the start of ICI 
treatment was 64.1 years (range, 21–87 years). Overall, 
50 (12%) of the 418 patients received PD-1/PD-L1 mono-
therapy and 282 (67.5%) patients received a combination 
of PD-1/PD-L1 inhibitors and chemotherapy. Another 
54 (12.9%) patients received PD-1/PD-L1 inhibitors 
combined with targeted therapy. The main tumor types 
were lung cancer, head and neck cancers, and digestive 
system cancers. At the time ICI initiation, 280 (67%) 
patients had been diagnosed with stage IV cancer, and 
108 (25.8%) patients had been diagnosed with stage III 
cancer. Most patients (384/418, 91.9%) had an ECOG 
PS of 0 or 1 and 296 (70.8%) patients had a BMI in the 
range of 18.5–24.9 kg/m2. Among the 418 patients, irAEs 
occurred in 176 patients (42.1%). These included grade 1 
irAEs in 87 (49.4%) patients, grade 2 irAEs in 75 (42.6%) 
patients, grade 3 irAEs in 7 (4.0%) patients, and grade 
4 irAEs in 7 (4.0%) patients. Pneumonia (9.1%), thyroid 
toxicity (9.1%), cardiovascular toxicity (8.1%), and derma-
tologic toxicity (6.9%) were the four most common irAEs 
in this study (Table 2). We reviewed the occurrence times 
of pneumonia, cardiotoxicity, thyroid toxicity, derma-
tologic toxicity, and hepatitis, and the specific time pro-
files for the occurrence of different types of irAEs as well 
as irAEs of different grades after the first treatment are 
presented in Fig. 2. Most irAEs occurred within 70 days. 
Cardiotoxicity appeared early related to other irAEs, and 
among severe irAEs (grades 3–4), both cardiotoxicity and 

Table 1 Characteristics of cancer patients treated with 
anti-PD-1/PD-L1 inhibitors
Patient characteristics Patients treated 

with anti-PD-1/
PD-L1 therapy 
(n = 418), n (%)

Gender
Male 298(71.3)
Female 120(28.7)
Age at initiation of anti-PD-1/PD-L1 therapy 
(years)
Median 64.1
Range 21–87
Tumor type
Lung cancer 131(31.3)
Head and neck cancer 57(13.6)
Esophageal carcinoma 51(12.2)
Gastric carcinoma 51(12.2)
Urothelial carcinoma 28(6.7)
Colorectal cancer 23(5.5)
Reproductive system cancer 19(4.5)
Liver cancer 17(4.1)
Gallbladder carcinoma and bile duct carcinoma 13(3.1)
melanoma 8(1.9)
Others 20(4.8)
TNM clinical classification
III 108(25.8)
IV 280(67.0)
Unknown 30(7.2)
BMI
18.5–24.9 296(70.8)
25-29.9 122(29.2)
ECOG score standard
0 94(22.5)
1 290(69.4)
2 26(6.2)
3 8(1.9)
Treatment
Immunotherapy 50(12.0)
Immunotherapy + chemotherapy 282(67.5)
Immunotherapy + targeted therapy 54(12.9)
Immunotherapy + chemotherapy + targeted therapy 32(7.6)
Baseline CTC
Median 14.8
Range 1.8–86.5
The occurrence of irAEs
irAEs 176(42.1)
No-irAEs 242(57.9)

Table 2 Details of irAEs that occurred among the patients
Grade of irAEs Number of patients (%)
Grade 1 87 (20.8%)
Grade 2 75 (17.9%)
Grade 3 7 (1.7%)
Grade 4 7 (1.7%)
IrAEs category
Pneumonia 38 (9.1%)
Thyroiditis, hypothyroidism, hyperthyroidism 38 (9.1%)
Cardiovascular toxicity 34 (8.1%)
Dermatologic toxicity 29 (6.9%)
Hepatitis 17 (4.1%)
Diarrhea, colitis 5 (1.2%)
Hyponatremia 3 (0.7%)
Oral mucositis 2 (0.5%)
Adrenal insufficiency 2 (0.5%)
Nephritis 2 (0.5%)
Diabetes mellitus 2 (0.5%)
Encephalitis 1 (0.2%)
Myathenia gravis 1 (0.2%)
Hemolysis 1 (0.2%)
Hypopituitarism 1 (0.2%)
Total patients irAEs 176 (42.1%)



Page 5 of 13Wang et al. BMC Immunology            (2024) 25:8 

hepatitis appeared earlier. Figure 2 also shows how severe 
irAEs tended to occur later than milder irAEs within 
the same irAE category. Comparison of the occurrence 
times of common irAEs suggests that the most impor-
tant time window for irAE monitoring is within the first 
70 days after immunotherapy, with dynamic monitoring 
also required during follow-up. Moreover, irAEs of dif-
ferent organs and grades should be monitored within the 
respective relevant time periods.

Predictive biomarkers for irAEs
To identify factors related to the occurrence of irAEs, 
univariate logistic regression analysis was performed to 
detect significant associations between clinical variables 
and irAEs. The univariate logistic regression analysis 
showed that BMI at baseline (P = 0.02, odds ratio [OR]: 
0.492, 95% confidence interval [CI] 0.314–0.770), base-
line CTC level (P = 0.09, OR: 1.090, 95% CI 1.022–1.163), 
antibiotic use (P < 0.001, OR: 6.152, 95% CI 3.690–
10.256), baseline AEC (P = 0.003, OR: 10.245, 95% CI 
2.221–47.256), post-treatment neutrophil to lymphocyte 
ratio (NLR) (P = 0.01, OR: 1.129, 95% CI 1.015–1.213), 
post-treatment C-reactive protein to albumin ratio 
(CAR) (P < 0.001, OR: 1.842, 95% CI 1.428–2.375), and 
post-treatment monocyte to lymphocyte ratio (MLR) 
(P = 0.01, OR: 3.246, 95% CI 1.323–7.965) were signifi-
cantly associated with the occurrence of irAEs. Multi-
variate logistic analysis was performed for the factors 

found to be significant on univariate analysis and gen-
der (Fig.  3). From this analysis, gender (P = 0.017, OR: 
0.106, 95% CI 0.017–0.668), antibiotic use (P = 0.001, OR: 
41.282, 95% CI 4.800–355.075), a high post-treatment 
NLR (P = 0.024, OR: 1.454, 95% CI 1.051–2.011), and 
a high baseline CTC level (P = 0.013, OR: 1.104, 95% CI 
1.021–1.195) were identified as independent predictive 
biomarkers for irAEs. Compared with male patients, 
female patients have an increased risk of irAEs.

Performance of peripheral blood variables as predictive 
biomarkers for irAEs
Using irAEs as the result variable, we generated ROC 
curves for post-treatment NLR and the baseline CTC 
level (Fig. 4). From this analysis, the optimal cut-off value 
for the baseline CTC level was 15.0 FU/ml, with an area 
under the curve (AUC) value of 78%, sensitivity of 66%, 
specificity of 81%, and Youden index of 0.47. The optimal 
cut-off value for the post-treatment NLR was 4.5, with an 
AUC value of 60%, sensitivity of 31%, specificity of 87%, 
and Youden index of 0.19. We then compared the inci-
dence rates of irAEs among groups of patients separated 
by these cut-off values (Table 3). The incidence of irAEs 
was significantly higher in the high-CTC group (53.3%) 
than in the low-CTC group (31.7%; P < 0.001), and the 
incidence of irAEs was lower in the low post-treatment 
NLR group (36.3%) than in the high post-treatment NLR 
group (64.4%; P = 0.010).

Fig. 2 Occurrence time profiles for different types of irAEs and different grades of irAEs
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Predictive biomarkers for irAE severity
The irAEs were divided into subgroups according to the 
different grades of irAEs (grades 1–4) to explore the pre-
dictive performance of different clinical variables for the 
severity of irAEs (Supplement 1). We found that a base-
line BMI < 25  kg/m2 was a protective factor (P = 0.021); 
that is, the severity grade of irAEs among patients with 
BMI < 25  kg/m2 was lower than that among those with 

BMI ≥ 25  kg/m2. In addition, among the peripheral 
blood factors, the severity grades of irAEs were higher 
in patients with a lower baseline prognostic nutritional 
index (PNI) (P = 0.048) and post-treatment higher LDH 
level (P = 0.031).

Associations between irAEs and OS after ICI therapy
Kaplan–Meier survival curves were generated to explore 
the impact of the presence or absence of irAEs on OS. 
The results demonstrated that patients who did not 
experience irAEs had better OS than patients who did 
experience irAEs (P = 0.001; Fig.  5). We examined the 
associations between the four common irAEs (i.e., der-
matologic toxicity, thyroid toxicity, pneumonitis, and 
cardiotoxicity) and OS (Fig.  6). Among the vital organ-
related irAEs, patients with cardiotoxicity showed 
extremely poor OS compared with patients without 

Table 3 Associations between peripheral blood markers and 
irAEs.
Blood parameter Cut-off value irAEs, n (%) P value
NLR post 4.5 0.001*
Low(n= 331) 120/331 (36.3%)
High(n = 87) 56/87 (64.4%)
CTC 15.0 FU/ml <0.001*
Low(n= 41) 13/41 (31.7%)
High(n = 30) 16/30 (53.3%)

Fig. 4 ROC curves for the ability of post-treatment NLR (a) and baseline CTC (b) to predict irAEs

 

Fig. 3 Forest plot of multivariate logistic regression results for biomarkers of irAEs

 



Page 7 of 13Wang et al. BMC Immunology            (2024) 25:8 

cardiotoxicity (P < 0.001). Patients who developed pneu-
monia during immunotherapy also had a shorter OS than 
those who did not (P = 0.001). OS did not differ signifi-
cantly between patients who did or did not develop thy-
roid toxicity (P = 0.399) or between patients who did or 
did not experience dermatologic toxicity (P = 0.804).

Association between steroid treatment during ICI therapy 
and OS
Among the 418 patients included in this study, 220 
patients received low-dose steroid treatment (dexa-
methasone 10 mg) during ICI therapy, and 198 did not. 
Kaplan–Meier curve analysis of the effect of steroid ther-
apy on patients’ OS showed treatment with low-dose ste-
roids had no significant effect on OS (P = 0.87; Fig. 5).

Discussion
ICI therapy has demonstrated long-lasting therapeu-
tic effects for a variety of tumor types. However, irAEs 
may result from disruption of the balance of the normal 
immune system during immunotherapy. The occurrence 
of irAEs can damage various systems throughout the 
whole body, and treatment of irAEs may require inter-
ruption of immunotherapy or use of steroids, which will 
weaken the effect of immunotherapy. In addition, severe 
irAEs can directly cause a fatal immune inflammatory 
storm, resulting in multiple organ damage and death. 
Therefore, early prediction and identification of irAEs is 
the key to the whole-course management of immuno-
therapy. Our present study explored potential biomark-
ers for irAEs, and the results provide insight for inferring 
potential underlying mechanisms (Fig. 7).

Fig. 6 Kaplan–Meier survival curves for the association of dermatologic toxicity (a), thyroid toxicity (b), pneumonitis (c), and cardiotoxicity (d) with OS

 

Fig. 5 Kaplan–Meier survival curves for the association of irAE occurrence (a) and steroid therapy (b) with OS
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This retrospective study found that female sex, anti-
biotic user, a higher post-treatment NLR, and a higher 
baseline CTC were predictive biomarkers for the occur-
rence of irAEs in patients treated with IC therapy. Gender 
is known to affect some aspects of the human immune 
response to external and autoantigens. A previous pan-
cancer analysis identified gender-specific characteristics 
in the tumor microenvironment (TME) and showed that 
gender has an impact on tumor mutation burden (TMB), 
immune cell counts, immune checkpoint genes, and 
related functional pathways in the TME [8]. Due to the 
complex interaction between hormones, genes, behavior, 
and microbiome, women have higher innate and adap-
tive immune responses than men as well as increased 
susceptibility to autoimmune diseases, resulting in a 
higher risk of irAEs [9]. The study by Unger et al., which 
explored gender differences in the responses to thera-
pies such as immunotherapy, assessed the differences 
in the risk of serious irAEs between women and men 
across treatment modalities and found that among those 
receiving immunotherapy, women had a 49% greater risk 
of irAEs than men, and the grade of irAEs was higher 
among women [10]. However, the relatively small num-
bers of women enrolled in large randomized controlled 

trials of immunotherapy and in the present study may 
have biased the results. Further studies to establish asso-
ciations between sex hormones and irAEs as well as sex 
differences in the occurrence of irAEs are needed to bet-
ter understand the underlying mechanisms and iden-
tify therapeutic targets to improve treatment safety in 
patients of different genders.

Immunomodulatory cytokines and systemic inflam-
matory markers are known to be important factors in 
cancer development and response to immunotherapy. 
Certain routine test results derived from peripheral 
blood samples, such as the NLR, platelet-to-lymphocyte 
ratio and CAR, have been considered indicators of sys-
temic inflammation in recent years and are correlated 
with classical inflammatory mediators (IL-6, IL-8, IL-10, 
etc.). However, compared with classical inflammatory 
mediators, these peripheral blood variables are more 
widely available in clinical practice, do not increase the 
cost of examination for patients, and have higher stabil-
ity [11]. In the present study, patients with higher post-
treatment NLR were more likely to develop irAEs. This 
may be because the NLR reflects the balance between 
the tumor inflammatory response and anti-tumor immu-
nity. Neutrophils extensively infiltrate the TME, and their 

Fig. 7 Potential predictive biomarkers and the corresponding underlying mechanisms for irAEs
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excessive increase can result in the secretion of a variety 
of tumor-promoting substances to facilitate the forma-
tion of the TME and promote the immune response. In 
addition, studies have shown that a higher NLR is sig-
nificantly associated with poorer clinical benefit from 
immunotherapy [12]. However, in the present study, the 
reliability of the post-treatment NLR for predicting irAEs 
was questionable, with an AUC value of 60% and a sen-
sitivity of only 31%. The occurrence of irAEs was signifi-
cantly associated with a lower baseline NLR in a previous 
study, and these correlations need to be further explored 
[13]. Overall, these results suggest that clinicians should 
pay attention to the NLR and other immune-inflamma-
tory factors in the evaluation of the safety and efficacy of 
immunotherapy.

The CTC level is one of the most important results of 
liquid biopsy, as it represents the number of tumor cells 
that are circulating in the peripheral blood after being 
shed from a primary or metastatic tumor [14]. CTC 
detection can capture and detect the measurable pres-
ence of tumor cells in peripheral blood to monitor the 
changing trend in the CTC level, in order to monitor 
tumor dynamics in real time and evaluate the immuno-
therapy response [15]. In the present study, the baseline 
CTC level of patients was found to predict the occur-
rence irAEs with high sensitivity and specificity, as well 
as reliable predictive ability. Castello et al. explored the 
CTC level and metabolic parameters in non-small cell 
lung cancer (NSCLC) patients treated with ICI therapy 
and found that an elevated CTC count was an important 
prognostic and predictive factor together with metabolic 
tumor burden, suggesting that large and high metabolic 
cancers may have the potential to shed large numbers 
of CTCs into the bloodstream, increasing the likelihood 
of distant metastasis [16]. Previous studies have shown 
a significant positive correlation between the incidence 
of irAEs and the corresponding TMB in multiple cancer 
types, suggesting that potential neoantigens caused by a 
high TMB may be responsible for increasing the risk of 
irAEs [17]. Patients with a higher CTC level have a higher 
tumor burden, making them more prone to irAEs, wors-
ening the immunotherapy effect, and leading to a poor 
prognosis [18]. Together these results suggest the impor-
tant role of monitoring the CTC level during immuno-
therapy in clinical practice.

In the present study, antibiotic use within 3 months 
before or 1 month after PD-1/PD-L1 inhibitor therapy 
was a significant independent predictor of irAEs. Pre-
vious studies have reported an association between 
antibiotic use and a higher risk of diarrhea and moderate-
to-severe immune-mediated colitis in ICI patients, sug-
gesting a potential impact of antibiotics on ICI-induced 
colitis through the microbiome immune axis [19]. Jing 
et al. [20] comprehensively demonstrated the correlation 

between the occurrence of irAEs and antibiotics, and 
found an inverse relationship between microbial diversity 
and irAE-related factors/pathways, of which significantly 
related genes were mainly enriched in the neutrophil 
activation and T-cell activation pathways. Therefore, 
decreased microbial diversity caused by antibiotic use 
may increase the risk of irAEs by mediating irAE-related 
factors such as neutrophil and T-cell activation. In partic-
ular, use of antibiotics with anaerobic activity, given after 
initiation of PD-1/PD-L1 inhibitors, has been associated 
with an increased risk of more severe ICI-mediated diar-
rhea and/or colitis (IMDC) [21]. Because most of the nor-
mal gut flora in humans is anaerobic, and some of these 
beneficial anaerobes (such as Akkermansia muciniphila) 
reduce colitis, antibiotics that target anaerobes can dis-
rupt the gut flora. Accordingly, adverse gut microbiota 
changes due to the use of antibiotics with anaerobic 
activity may lead to altered immune system regulation, 
thereby contributing to the development of IMDC. These 
findings suggest that in cancer patients treated with 
PD-1/PD-L1 inhibitors, the decision to administer anti-
biotics should be considered carefully to avoid increasing 
the risk of irAEs.

In the present study, we observed a longer OS in 
patients who did not develop irAEs than in those who 
did. In the subgroup analysis of the four most com-
mon irAEs, dermatologic- and thyroid-related irAEs did 
not significantly affect OS, but heart- and lung-related 
irAEs were significantly associated with poorer OS sur-
vival. However, the prediction of irAEs and prognosis of 
patients receiving immunotherapy has been controversial 
[22, 23]. A retrospective study conducted at Johns Hop-
kins Hospital showed the mortality risk among patients 
who developed pneumonia after receiving immunother-
apy was 2.7 times that of patients who did not develop 
pneumonia [24], which is consistent with our findings. 
Notably, the occurrence of irAEs may be correlated 
with the efficacy and prognosis of immunotherapy, but 
it is not positively correlated. In particular, high-grade 
irAEs may directly lead to severe organ damage and 
even death. However, as a macroscopic manifestation of 
off-target treatment effects, the predictive relationship 
between irAEs and treatment efficacy has been gradu-
ally questioned. Predicting treatment efficacy based on 
irAEs ignores survivorship bias, as adequate survival 
is required for the observation of irAEs to be possible 
[25]. In addition, some patients with hyper-progression 
have an extremely poor prognosis and die early before 
the occurrence of irAEs. Inclusion of these patients in 
the non-irAEs group introduces bias, which will obvi-
ously greatly reduce the reliability of survival data for this 
group. Therefore, the use of irAE occurrence to predict 
treatment efficacy needs to be studied with more caution.
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IrAEs are essentially inflammatory responses caused by 
excessive activation of the immune system. Steroids have 
powerful and rapid anti-inflammatory and anti-immune 
effects, making them the first-line treatment strategy for 
irAEs. Given the immunosuppressive effect of steroids, 
whether their use affects the efficacy of immunother-
apy is worth exploring [26]. In the present study, some 
patients were given corticosteroids to prevent and reduce 
adverse reactions to combined chemotherapy drugs 
(such as nausea and vomiting, allergic reactions, etc.), 
and a lower dose of 10  mg dexamethasone was used. 
The results showed that use of low-dose corticosteroids 
had no significant effect on the survival of patients. The 
KEYNOTE-189 [27] and KEYNOTE-407 [28] large phase 
III RCT studies both found that short-term pretreat-
ment with low-dose hormones in patients who received 
immunotherapy combined with chemotherapy did not 
significantly affect the efficacy of ICIs. Additionally, 
other studies have shown that immunotherapy efficacy 
was worse in patients receiving ≥ 10 mg prednisone than 
in those receiving 0–10 mg, and pointed out that differ-
ences in the efficacy of corticosteroid therapy may be due 
to specific factors related to the need for palliative steroid 
treatment [26, 29]. In conclusion, it is recommended that 
the indications for medium to high doses of hormone use 
should be carefully considered before ICI use.

Our investigation of predictors of the severity of irAEs 
revealed that patients with a BMI ≥ 25 kg/m2 at baseline 
had irAEs of a higher severity grade than those with a 
BMI < 25 kg/m2. The role of BMI in the occurrence and 
development of cancer and immunotherapy has been 
the focus of extensive research. The latest global burden 
of cancers study found that high BMI is one of the main 
factors leading to cancer-related death [30]. A real-world 
retrospective study of 1070 cancer patients revealed that 
obesity was the only factor significantly associated with 
an increased incidence of grade 3–4 irAEs [31]. Pollack 
et al. reported that baseline BMI is an independent pre-
dictor of thyroid-related irAEs and a higher baseline BMI 
corresponds to the earlier occurrence of significant thy-
rotoxicosis [32]. Furthermore, obesity appears to be asso-
ciated with an increased incidence of grade 3–4 irAEs 
in women treated with Nivolumab [33]. Evidence of the 
relationship between BMI and response to immunother-
apy demonstrates an “obesity paradox,” in which a higher 
BMI appears to be associated with better responses to 
ICI therapy [34]. However, when immunotherapy is com-
bined with chemotherapy, this benefit of BMI is lost [35]. 
Mechanistically, obesity promotes a chronic inflamma-
tory state that predisposes individuals to metabolic dis-
orders and immune-mediated conditions [33]. Obesity 
leads to T-cell dysfunction and increases depletion of T 
cells with a PD-1-positive phenotype in the adipose tis-
sue and TME through leptin production, whereas ICI 

therapy inhibits T cells by uncoupling PD-1/PD-L1 bind-
ing. Accordingly, obese patients with T-cell exhaustion 
may respond well to ICI therapy [36]. The mechanism 
by which ICI therapy acts to increase the responsive-
ness of a patient’s T cells may be affected when chemo-
therapy is added [35]. In addition, visceral adipocytes 
secrete various cytokines such as tumor necrosis factor 
alpha (TNF-α), IL-6, and IL-1β, leading to T helper cell 
1 (Th1)/Th2 imbalance and promoting a proinflamma-
tory state [33]. Recent studies have demonstrated that 
the prognostic effects of obesity and visceral adipos-
ity on patient survival are dependent on the systemic 
immune-inflammatory state represented by a systemic 
immune-inflammatory index, suggesting that systemic 
inflammation may be the basis driving the obesity para-
dox [37]. Considering the associations between higher 
BMI and improved clinical outcomes, the finding of an 
association between high BMI and high-grade irAEs may 
be the basis of an “immunogenic phenotype” [32].

Among peripheral blood factors, a lower baseline PNI 
and higher post-treatment LDH level tended to develop 
irAEs with higher severity grades. Systemic inflamma-
tion and nutritional disorders promote cell carcinogen-
esis by inhibiting apoptosis, promoting angiogenesis, 
and damaging DNA. The PNI, an indicator of nutritional 
status and systemic immune capacity, has been shown 
to be an independent prognostic factor for a variety of 
cancers [38]. Previous studies have shown that PNI is 
significantly correlated with tumor infiltrating lympho-
cyte status, the density of CD4 + and CD8 + immune 
cells, and systemic inflammation [39, 40]. Malnutrition 
plays an important role in increasing treatment compli-
cations, diminishing quality of life, and increasing mor-
tality among cancer patients. Collectively, patients with 
a lower PNI have poorer nutritional status, are unable to 
tolerate the systemic immune inflammatory response by 
immunotherapy, and are prone to more severe irAEs and 
worse prognosis. LDH, as a complex biomarker, is associ-
ated with the activation of a variety of oncogenic signal-
ing pathways and the metabolic activity, aggressiveness, 
proinflammatory state, and immunogenicity of many 
tumors. High levels of LDH are associated with a higher 
tumor burden and poor prognosis after immunotherapy 
[41]. Additional studies support LDH as an important 
target in cancer therapy [42, 43]. A previous study dem-
onstrated elevated LDH in myocarditis associated with 
immune checkpoint suppression [44]. Therefore, paying 
attention to the PNI and LDH levels as biomarkers can 
help clinicians identify more severe irAEs.

Although our study did not show a correlation between 
different types of ICI antibodies and the incidence of 
irAEs, a meta-analysis including 125 clinical studies of 
PD-1/PD-L1 monotherapy showed that the incidence of 
grade 3 and above irAEs was higher in patients treated 



Page 11 of 13Wang et al. BMC Immunology            (2024) 25:8 

with PD-1 inhibitors than in patients treated with PD-L1 
inhibitors (OR, 1.58; 95% CI, 1.00–2.54), which may be 
related to the preservation of the PD-L2 pathway by 
PD-L1 inhibitors and maintenance of local homeostasis 
of PD-L2 [45, 46]. In addition, the cumulative effect of 
combination therapy has raised concerns about serious 
and even life-threatening irAEs. Another meta-analysis 
showed that chemotherapy and PD-L1 inhibitor com-
bination therapies were associated with a higher risk of 
irAEs, and specifically a greater risk of grade 3 or higher 
irAEs, than targeted therapy combinations and immu-
notherapy combinations [47]. Other studies have shown 
that patients receiving combination therapy had a higher 
incidence of myocarditis than those receiving immune 
monotherapy [48]. Furthermore, in a study of sequential 
treatment with radiotherapy and immunotherapy, ICIs 
administration within 90 days after radiotherapy was 
not associated with an increased risk of severe AEs, and 
therefore, ICIs administration within 90 days after radio-
therapy was considered safe [49]. However, no correla-
tions were found between the risk of irAEs and different 
combination therapies in our study, which may be due 
to the fact that our study was a single-center, real-world 
retrospective study. However, this potential increase in 
side effects represents a great challenge for the develop-
ment of novel combinations based on PD-1 and PD-L1 
inhibitors, especially given the increased clinical use of 
combination treatments. Therefore, it is necessary to 
characterize the incidence and toxicity profiles of PD-1 
and PD-L1 inhibitor-based combinations in a standard-
ized way to guide clinicians in better assessing treatment 
risk and managing potential irAEs.

Combination of multiple detection methods may be the 
trend for irAE prediction in the future. Jing et al. investi-
gated potential predictors of irAE risk in patients receiv-
ing anti-PD-1/PD-L1 therapy for 26 different tumor 
types by integrating real-world pharmacoalertness and 
molecular omics data and showed that a bivariate linear-
regression model based on lymphocyte cystolic protein 
1 and adenosine diphosphate-dependent glucokinase 
expression could accurately predict irAEs [50]. Multidi-
rectional, comprehensive biomarkers are needed for the 
early identification of irAEs and subsequent therapeutic 
intervention. We expect that in future studies, ideal bio-
markers that are accurate, reliable, economical, and con-
venient can be screened for dynamic monitoring before 
and during immunotherapy, and their practical clinical 
application value can be verified through large-scale, 
multi-center clinical trials.

Some limitations of the present study must be noted. 
First, our study cohort was from a single institution, 
which increases the risk of regional, site-specific, or 
physician treatment bias. Second, the variety of tumor 
types included in the design of this study resulted in 

heterogeneity within the sample. Finally, the short sur-
vival follow-up affected the stability of the survival analy-
sis results. Therefore, multi-center, prospective studies 
are needed to validate the results of our study.

Conclusions
The present study explored potential predictors of irAEs 
in patients who received PD-1/PD-L1 inhibitor treatment 
and identified female gender, antibiotic use, baseline CTC 
level, and post-treatment NLR as predictive biomarkers 
for the occurrence of irAEs. Further analysis of irAEs of 
differing severity levels revealed the predictive value of 
the PNI, BMI, and LDH levels. In addition, the use of 
low-dose steroids did not have a significant on patient 
survival in this study. Patients who did not experience 
irAEs had better OS than patients who did experience 
irAEs. Immune-related pneumonitis and cardiotoxicity 
were found to be significant predictors of poor prognosis 
in the subgroup analysis of patients with different organ-
related irAEs.
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