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ABSTRACT
In recent years, immunotherapy has been widely used to treat patients with malignant tumors. While 
immune checkpoint inhibitors (ICIs) significantly improve the prognosis of cancer patients, the incidence 
of immune-related adverse events (irAEs) is increasing. Not only can irAEs accumulate in multiple organ 
systems throughout the body, but rare adverse reactions may also occur continuously. In severe cases, 
irAEs can be life-threatening or even lead to death. Therefore, the early identification, diagnosis and 
treatment of irAEs are very important. Early identification of patients with high-risk irAEs as well as the 
reduction or avoidance of severe irAEs have important clinical significance. This article will review the 
research progress of early predictive biomarkers and risk factors for the occurrence of irAEs and propose 
potential future directions for follow-up research and clinical applications.
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Introduction

ICIs mainly kill tumors by enhancing the activity of the 
immune system, but they also cause a series of adverse reactions 
called irAEs.1 According to statistics, 94.9% of patients have 
experienced at least one irAE, and 55.4% of patients have 
experienced at least one grade 3–4 irAE.2 irAEs can occur at 
any time after treatment with ICIs, usually within 1–6 months, 
but also occur within a few days after ICIs treatment or more 
than 1 year after the end of treatment.3 In recent years, early 
predictive biomarkers of irAEs have been a research hotspot, 
and early identification of patients with high-risk irAEs has 
important clinical significance. The mechanism of irAEs is not 
yet fully understood. They may be triggered by antigens shared 
by tumors and inflammatory organs4,5 or may be related to the 
composition of the intestinal microbiota,6–8 and they may also 
be related to the existence of an autoimmune toxicity mechan-
ism independent of the antitumor response.9,10 The use of ICIs 
enhances the activity of T cells against antigens in tumor cells 
and normal tissues, and increases the levels of autoantibodies 
and inflammatory factors, resulting in overactivation of the 
immune system, overrelease of inflammatory factors, and 
damage to normal tissues that share antigens with tumor 
cells.11 irAEs can affect multiple organ systems throughout the 
body, including the gastrointestinal, endocrine, skin, lung, 
heart, and nerves,12,13 and mortality is the highest when the 
cardiovascular and nervous system are affected.14 In addition to 
the currently recognized irAEs, the occurrence of irAEs may 
vary according to the use of ICIs in different tumor and patient 
populations, with possible influencing factors including gender, 
age, hobbies, past history, and physical parameters. The occur-
rence of irAEs is related to better antitumor efficacy, which 
suggests that there may be some relationship between efficacy 

markers and the occurrence of irAEs, such as PD-L1, tumor 
mutational burden (TMB) and mismatch repair (MMR)/micro-
satellite instability (MSI). Early identification, diagnosis and 
treatment are very important. In addition to biomarkers and 
population characteristics, we should also combine imaging to 
help diagnosis. Taking “immunotherapy,” “immune checkpoint 
inhibitor,” “immune related adverse events,” “biomarkers” and 
“prediction” as the keywords, we searched the articles in 
PubMed database in recent 10 years, articles related to irAEs 
prediction indicators were included, and case reports were 
excluded. We reviewed the predictive indicators and risk factors 
of irAEs from five aspects: organ-specific biomarkers, nonor-
gan-specific biomarkers, population characteristic risk factors, 
immunotherapy efficacy-related biomarkers and imaging 
parameters.

The organ-specific biomarkers of irAEs

We provide a summary of various irAEs according to their 
incidences caused by PD-1/L1 inhibitors and CTLA-4 inhibi-
tors, and we divided them into three categories for comparison 
(Figure 1). The incidence of each organ15–23 and organ-specific 
biomarker of irAEs is shown in Figure 2. Several biomarkers 
that can specifically identify irAEs in specific organs have been 
found (Table 1) and are described below.

Skin toxicity

Skin toxicity, including rash, pruritus and vitiligo, is the most 
common adverse event caused by ICIs, but vitiligo is most 
common in patients with malignant melanoma (MM). Severe 
skin irAEs include Stevens Johnson syndrome/toxic epidermal 
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necrolysis, drug eruption with eosinophilia and systemic 
symptoms.1,20,33,34 A prospective single-center clinical trial 
enrolled 102 patients with advanced tumors treated with ICIs 
and analyzed the relationship between human leukocyte anti-
gens (HLAs) and irAEs. It was found that those with HLA- 
DRB1*11:01 were more likely to have pruritus, while HLA- 
DRB1*01:01 may be a protective factor for pruritus.24 Hasan 
et al.25 measured the serum levels of BP180, BP230 and type 
VII collagen in 40 patients with non-small cell lung cancer 

(NSCLC) treated with PD-1/PD-L1 inhibitors at baseline and 
8 weeks after treatment. The results showed that only at base-
line, the increase of anti-BP180 IgG was significantly correlated 
with skin irAEs, but not with BP230 and type VII collagen. It is 
worth mentioning that BP autoantibody has also been observed 
in the Japanese.35 We did not identify specific biomarkers for 
skin rash, vitiligo, or severe skin irAEs. If biomarkers that 
predict severe skin toxicity can be found, they may be clinically 
meaningful.

Figure 1. Comparison of the incidence of irAEs between PD-1/L1 inhibitors and CTLA-4 inhibitors in three categories.

Figure 2. The incidence of each organ and organ-specific biomarkers of irAEs.
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Gastrointestinal toxicity

Gastrointestinal (GI) toxicity mainly manifests as diarrhea and 
colitis and is one of the most common toxicities associated with 
ICI treatment. Grade 3–4 immune-related GI toxicity is 
a common cause of ICI treatment interruption. Shahabi et al.27 

reported that in patients with MM treated with ipilimumab, the 
increased expression of two neutrophil activation markers, 
CD177 and CEACAM1, during treatment is closely related to 
GI irAEs, suggesting that neutrophils may play a role in GI 
irAEs. Hasan et al.24 showed that there is a significant associa-
tion between the human leukocyte antigen HLA-DQB1*03:01 
and colitis in MM patients treated with nivolumab. Fujisawa 
et al.26 studied MM patients treated with nivolumab and found 
that the increase in white blood cell count (+27%) and the 
decrease in relative lymphocyte count (−23%) were associated 
with grade 3/4 GI irAEs. It is important to take into account the 
GI symptoms caused by the primary disease when using ICIs in 
patients with digestive malignancies.

Cardiotoxicity

ICI-related adverse vascular reactions are rare, accounting for 
approximately 6.3% of all irAEs, but they have a potential risk 
of death, with a mortality rate of up to 35%. Common adverse 
cardiovascular reactions include coronary atherosclerosis dis-
ease, heart failure, myocarditis, atrial fibrillation and pericar-
dial disease, among which the mortality rate of myocarditis is 
39.7–50%, ranking first among all irAEs.14,36–38 Mahmood et -
al.22 compared the data of patients with and without myocar-
ditis after ICI treatment and found that the risk of major 

adverse cardiac events with discharge/final troponin 
T (cTnT) ≥ 1.5 ng/ml increased 4-fold (discharge/final tropo-
nin is defined as the troponin measured at the first hospital 
discharge or the pre-event troponin if the event occurred on 
the first admission). cTnT is a marker of myocardial injury and 
is clinically more commonly used in the diagnosis of acute 
myocardial infarction. When cTnT levels are abnormal in 
tumor patients treated with ICIs, attention should also be 
paid to the occurrence of irAEs. Okazaki et al.39 confirmed 
that the cause of dilated cardiomyopathy in PD-1 deficient 
mice was the production of high titer autoantibody against 
heart specific 30 kDa protein, and further identified it as an 
autoantibody against cardiac troponin I. Muscle antigens des-
min and troponin expressed in primary tumor were found in 
the myocardial tissue of an immune associated myocarditis, 
and these antigens may trigger the immune response to normal 
cardiac tissue.4

Pulmonary toxicity

Pneumonia irAEs is a rare but fatal serious adverse event, 
accounting for 35% of PD-1/PD-L1 inhibitor-related 
deaths.14 Studies have confirmed that increased white blood 
cell counts and relative lymphopenia are associated with grade 
3/4 lung irAEs in patients with MM and treated with 
nivolumab;26 high PD-L1 expression, increased eosinophil 
and monocyte counts, and decreased albumin and C-reactive 
protein (CRP) are risk factors for lung irAEs in NSCLC 
patients treated with ICIs.28 Pneumonia irAEs can occur at 
any stage of treatment. The clinical symptoms mainly include 

Table 1. Organ-specific biomarker of irAEs.

irAEs Biomarker Author Year Type of study Cancer type
Patient 
number Treatment Relationship with irAEs

Skin toxicity HLA-DRB1*11:01 
HLA-DRB1*01:01

Hasan et al.24 2018 Prospective Study NSCLC 
MM

102 Anti-PD-1/L1 
Anti-CTLA-4

Risk factor 
Protective factor

BP180 Hasan et al.25 2019 Prospective Study NSCLC 40 Anti-PD-1/L1 Increase is a risk factor
GI toxicity WBC 

LYM
Fujisawa et al.26 2017 Retrospective Study MM 101 Anti-PD-1 Increase is a risk factor 

Decrease is a risk factor
CD177,CEACAM1 Shahabi et al.27 2013 Prospective Study MM 162 Anti-CTLA-4 Increase is a risk factor
HLA-DQB1*03:01 Hasan et al.24 2018 Prospective Study NSCLC 

MM
102 Anti-PD-1/L1 

Anti-CTLA-4
Risk factors for colitis

Cardiotoxicity cTnT Mahmood et al.22 2018 Retrospective Study NA 140 Anti-PD-1/L1 
Anti-CTLA-4

≥1.5.ng/ml is a risk factor

Pulmonary toxicity WBC 
LYM

Fujisawa et al.26 2017 Retrospective Study MM 101 Anti-PD-1 Increase is a risk factor 
Decrease is a risk factor

PD-L1 
EOS 
MONO 
ALB 
CRP

Isono et al.28 2020 Retrospective Study NSCLC 180 Anti-PD-1 High expression is a risk factor  
Increase is a risk factor 
Decrease is a risk factor

Thyroid toxicity Tg, TPO-Ab 
PLT 
IL-1β,IL-2,GM-CSF 
IL-8,G-CSF,MCP-1

Kurimoto et al.29 2020 Retrospective Study NA 78 Anti-PD-1 
Anti-CTLA-4

Increase is a risk factor 
Decrease is a risk factor 
High baseline is a risk factor 
Decrease is a risk factor

Pituitary Toxicity HLA-DR15 
B52 
Cw12

Yano et al.30 2020 Retrospective Study NSCLC 
MM 
GC

11 Anti-PD-1 Risk factor 
Risk factor 
Risk factor

T1D HLA- DR4 
Islet autoantibodies

Stamatouli et al.31 2018 Retrospective Study NA 27 Anti-PD-1/L1 
Anti-CTLA-4

Risk factor 
Risk factor

Inflammatory arthritis HLA B*52: 01 
HLA C*12: 02 
SE alleles

Cappelli et al.32 2018 Prospective Study VC 27 Anti-PD-1/L1 
Anti-CTLA-4

Risk factor 
Risk factor 
Risk factor

NA: Not available, GC: Gastric carcinoma, VC: Various cancers.
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dyspnea (53%), cough (35%) and fever (12%),40 which are 
similar to respiratory tract infection symptoms and are easy 
to ignore. Regular patient education material should be pro-
vided at the beginning of treatment for early detection and 
intervention.

Endocrine toxicity

Thyroid dysfunction, hypophysitis and type 1 diabetes (T1D) 
are both endocrine toxicities. Kurimoto et al.29 prospectively 
studied the prediction and investigated sensitive biomarkers of 
thyroid dysfunction during ICI treatment and found that the 
early increase in thyroglobulin and thyroid autoimmune anti-
bodies and the early decrease in platelets predicted the occur-
rence of thyroid irAEs. Notably, higher levels of serum IL-1β, 
IL-2 and GM-CSF at baseline, as well as early reductions in IL- 
8, G-CSF and MCP-1, were significantly related to the occur-
rence of thyroid irAEs. Yano et al.30 retrospectively analyzed 
the HLA genotypes of 11 tumor patients treated with ICIs, and 
the results suggested that HLA-DR15, B52 and Cw12 may be 
susceptibility factors for pituitary irAEs. Stamatouli et al.31 

described 27 patients with insulin-dependent diabetes mellitus, 
which differed from classical T1D. The HLA allele HLA-DR4 
associated with high risk of spontaneous T1D was dominant, 
while HLA-DR3, -DQ2, and -DQ8 were less. In addition, 40% 
of patients were positive for islet autoantibodies (anti-GAD65, 
anti-IA-2, anti-Znt8, Islet cell antibody). However, in patients 
with explosive diabetes, there may be no autoantibodies, which 
were manifested as hyperglycemia, ketosis or ketoacidosis.41 

This difference may be that the prevalence of T1D-related 
autoantibodies varies among different races.42 Unexplainable 
fatigue, edema, palpitations, hyperhidrosis, dry and conscious-
ness disorder during ICI treatment should be evaluated by an 
endocrinologist to assist in the diagnosis.

Inflammatory arthritis

Inflammatory arthritis is the most common rheumatic irAEs. 
Its clinical manifestations include joint pain, swelling, morning 
stiffness, joint deformity and so on. A large study showed that 
melanoma, genitourinary cancer, preexisting non-rheumatic 
autoimmune diseases and receiving combination therapy at 
baseline were considered to be potential predictors of the 
development of inflammatory arthritis.43 The results of this 
study have also been validated in non-U.S. populations.44,45 

Cappelli et al.32 evaluated the related HLA type I and type II 
genes in patients with inflammatory arthritis irAEs, including 
A* 03:01, B* 08:01, B* 15:01, B* 27.05, B* 52:01, C* 06:02, C*12: 
02, DQB1* 03:01, DRB1* 03:01 and DRB1 shared epitope (SE) 
alleles (HLA-DRB1* 01:01, 01: 02, 04: 01, 04: 04, 04: 05, 04: 01: 
08, 10:01, 14:02), they found that 61.5% of inflammatory arthri-
tis irAEs patients had at least one SE allele, HLA DRB1* 04:05 
was enriched in inflammatory arthritis irAEs. They also found 
that the positive rates of HLA A*03: 01, HLA B*52: 01 and HLA 
C*12: 02 all had an upward trend in inflammatory arthritis 
irAEs, while DQB1*03: 01 had a downward trend, and HLA 
B*52: 01 and C*12: 02 may be related to inflammatory arthritis 
irAEs. Conventional inflammatory arthritis predictive 

autoantibodies, such as rheumatoid factor and anti-CCP, are 
poorly predictive of inflammatory arthritis irAEs,46 and rapid 
clinical assessment remains important in its early detection.47

Neurotoxicity

Neurotoxicity irAEs is uncommon, including gravis myasthe-
nia (GM), Guillain-Barré syndrome, aseptic meningitis, ence-
phalitis, and transverse myelitis. In the case of GM irAEs, 
activation of subclinical autoimmunity through generalized 
immune activation. Due to its rarity, current related reports 
are mainly based on case reports. Huang et al.48 retrieved 45 
reports of GM irAEs and analyzed 47 cases of GM irAEs. 
The positive rates of anti-acetylcholine receptor (AChR) 
antibody and anti-muscle-specific kinase antibody in GM 
irAEs group were lower than those in classic GM group. 
Haugh et al.49 believed that even though the titer of AChR 
antibodies was very low, it was considered highly specific to 
GM, preexisting AchR antibodies may reflect underlying 
genetic or environmental risk factors. The above two 
studies48,49 still suggest that conventional autoantibodies are 
predictive of GM irAEs. Patients with metastatic melanoma 
developed anti-NMDA encephalitis after treatment with ICIs, 
and GRIN2A gene encoding NMDA receptor was expressed 
frequently in melanoma, which may represent a common 
antigen associated with autoimmune encephalitis.49 Mouse 
models expressing neo-self antigen showed cerebellar inflam-
mation after using ICIs, whereas this situation was not found 
in non-neo-self antigen models.50

Nonorgan-specific biomarkers of irAEs

Among the nonorgan-specific biomarkers discovered thus far 
(Table 2), biomarkers in blood cell research are the most, but 
their predictive value is still controversial.

Complete blood count

Blood count is a routine clinical test item that includes much 
information, but the researches mainly focus on white blood 
cells, neutrophils, lymphocytes and platelets. The study of 
Isono et al.28 showed that in patients with NSCLC who were 
treated with PD-1 inhibitors, their white blood cell count and 
lymphocyte count were risk factors for the occurrence of irAEs. 
Pavan et al.51 collected baseline data on neutrophils/lympho-
cytes (NLR) and platelets/lymphocytes (PLR) of patients with 
aNSCLC treated with ICIs and found that low NLR (<3) and 
low PLR (<180) were significantly related to the occurrence of 
irAEs. Khoja et al.52 also analyzed NLR and PLR in patients 
with MM treated with ipilimumab. In addition to baseline, the 
detection time also included the second cycle and the end of 
treatment. However, they found that there was no significant 
correlation between the occurrence of NLR, PLR and irAEs.

C reactive protein

CRP is also a common clinical indicator. Abolhassani et al.53 

measured the CRP levels of MM patients treated with ICIs. 
When irAEs occurred, 93% of patients had increased CRP from 
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an average baseline of 8.4 mg/L (normal <5 mg/L) to an average of 
52.7 mg/L, and 42% of patients had elevated CRP before clinical 
symptoms. They proposed that elevated CRP could predict the 
occurrence of irAEs in the absence of infectious diseases. CRP is 
mostly considered as an infectious marker. When infectious dis-
eases are present, the prediction of irAEs by CRP may be dis-
turbed, so its predictive value may not be high.

Serum sCD163 and CXCL5

Soluble CD163 (sCD163) is a tumor-associated macrophage 
marker.60 CXCL5 is a biomarker of autoimmune diseases.61 

Fujimura et al.54 believed that sCD163 and CXCL5 could 
predict the occurrence of irAEs. They measured the levels of 
sCD163 and CXCL5 on days 0 and 42 in patients with MM 
who were treated with nivolumab, and found that sCD163 
increased significantly in patients with irAEs on day 42. 
Although there was no significant change in CXCL5, it 
could be a marker of elevated sCD163. IrAEs can occur at 
any time, and the study only measured sCD163 and CXCL5 
levels at baseline and day 42, so it may not be appropriate 
for patients with tumors that develop irAEs within 40 days. 
Future studies may need to analyze more time points for 
these two markers to find the best prediction time, which 
may have great clinical value.

B cells

B cells play an important role in humoral immunity. At pre-
sent, there are few studies on B cells to predict the occurrence 
of irAEs, and the mechanism of action is still unclear. Only one 
prospective study found that patients with reduced circulating 
B cells (70% of baseline), CD21lo B cells and plasmablasts that 
were increased more than 2 times were more likely to develop 
irAEs, and the severity of the early decline in the number of 
B cells after treatment was directly related to the timing of the 
onset of toxicity. Patients with early B-cell changes were at 
greater risk of irAEs, among patients without grade 3 or higher 

irAEs, the survival rate of patients with B-cell changes at 
6 months was lower than that of patients without changes 
(0% versus 87%).55

Interferon-γ

In the cellular immunity of Mycobacterium tuberculosis, the 
PD-1/PD-L1 axis and interferon-γ (IFN-γ) play an important 
role.62 Hirashima et al.56 speculated that the release of IFN-γ in 
T lymphocytes would change after ICI treatment. They used 
QuantiFERON®-TB Gold Plus (QFT-Plus) to measure IFN-γ 
levels at four time points in 29 patients with NSCLC treated 
with ICIs and found that severe irAEs were prone to occur 
when IFN-γ levels were <10 IU/ml at 227 days or 437 days after 
ICI treatment. The researchers were able to predict irAEs early, 
but the sample size was small; therefore, a large sample study is 
needed for verification in the future.

Cytokines

Cytokines can be stimulated by immune cells and may be 
related to the occurrence of irAEs. Khan et al.57 examined the 
serum levels of 40 cytokines in 65 patients treated with ICIs 
and 13 healthy subjects. They found that patients with irAEs 
had lower baseline levels and higher levels of various cytokines 
after treatment, suggesting that underlying immune dysregula-
tion may be associated with a higher risk of irAEs. Among 
them, the inducible CXCL9, 10, 11, and 13 level patterns had 
the strongest correlation with irAEs.

LCP1 and ADPGK

Jing et al.58 conducted a multiomics analysis on 7 potential 
predictors of irAEs and found that the combination of 
CD8 + T cells and TCR diversity achieved maximum predictive 
efficacy and further comprehensive screening of mRNA, 
miRNA, lncRNA and protein expression and nonsilent gene 
mutations across 26 cancer types was performed. It was 

Table 2. Nonorgan-specific biomarkers of irAEs.

Biomarker Author Year Type of study Cancer type
Patient 
number Treatment Relationship with irAEs

WBC 
LYM

Isono et al.28 2020 Retrospective Study NSCLC 180 Anti-PD-1 Can predict irAEs 
Can predict irAEs

NLR, PLR Pavan et al.51 2019 Retrospective Study NSCLC 184 Anti-PD-1/L1 NLR<3 and PLR<180 are risk factors
Khoja et al.52 2016 Retrospective Study MM 183 Anti-CTLA-4 No correlation

CRP Abolhassani et al.53 2019 Retrospective Study MM 37 Anti-PD-1 
Anti-CTLA-4

Increase is a risk factor

sCD163 
CXCL5

Fujimura et al.54 2018 Retrospective Study MM 46 Anti-PD-1 Increase is a risk factor  
Increase is a risk factor

Circulating B cells 
CD21lo B cells

Das et al.55 2017 Prospective Study MM 39 Anti-PD-1 
Anti-CTLA-4

Decrease is a risk factor 
A twofold increase is a risk factor

Plasmablasts A twofold increase is a risk factor
IFN-γ Hirashima et al.56 2019 Prospective Study NSCLC 29 Anti-PD-1 On day 22 ± 7 or 43 ± 7 IFN-γ  

levels <10 IU/ml is a risk factor
CXCL9 
CXCL10 
CXCL11 
CXCL13

Khan et al.57 2019 Prospective Study NA 78 Anti-PD-1/L1 
Anti-CTLA-4

Increase is a risk factor 
Increase is a risk factor 
Increase is a risk factor 
Increase is a risk factor

LCP1, ADPGK Jing et al.58 2020 Retrospective Study NA 78 Anti-PD-1 
Anti-CTLA-4

Positive is a risk factor

PD-L1 Sugisaka et al.59 2020 Retrospective Study NSCLC 44 Anti-PD-1 ≥50% is a risk factor
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ultimately found that the combination of T cell-activated lym-
phocyte cytosolic protein 1 (LCP1) and adenosine diphosphate- 
dependent glucokinase (ADPGK) had the best prediction accu-
racy. In the validation cohort, 26 cases of pneumonia were 
successfully predicted out of 28 cases. These 26 patients all had 
lung cancer. In other cancer types, the predictive value of LCP1 
and ADPGK was not yet clear, so these markers need to be 
verified in other cancer types.

PD-L1

At present, the clinical detection of PD-L1 expression is mainly 
used to guide patients’ immunotherapy and efficacy prediction. 
Sugisaka et al.59 retrospectively analyzed the expression of PD- 
L1 in 44 patients with NSCLC treated with pembrolizumab and 
found that those with high PD-L1 expression (≥50%) were more 
likely to develop irAEs, but these markers were not related to 
the severity of the occurrence. The higher the expression of PD- 
L1 was, the better the efficacy of immunotherapy, but its high 
expression may indicate that they patient are more prone to 
develop irAEs. PD-L1 expression will guide clinicians to develop 
treatment plans that maximize benefits for the patients.

Population characteristic risk factors for irAEs

Current studies point out that sex, age, smoking, previous dis-
eases, body mass index (BMI) and Eastern Cooperative Oncology 
Group performance status (ECOG PS) are related to the occur-
rence of irAEs (Table 3), but there is no unified conclusion yet.

Gender

In general, women have a stronger immune response than men 
and are more likely to develop autoimmune diseases, which 
may be related to sex hormones and sex chromosome-related 
genes.73 Takada et al.63 compared T1D irAEs with non-T1D 
irAEs using a real database of Japanese populations and found 
that being female and having melanoma were risk factors for 
T1D irAEs. Duma et al.64 studied the sex differences in irAEs 
between melanoma and NSCLC patients treated with PD-1 
inhibitors, and the results suggested that premenopausal 
women with MM and women with NSCLC are prone to 
irAEs, pneumonia and endocrine toxicity. Kartolo et al.65 stu-
died the predictors of irAEs in patients with MM, NSCLC, and 
kidney cancer treated with ICIs and ultimately found that 
being female was a protective factor for irAEs, and males 
were more prone to skin toxicity, but GI and endocrine toxicity 
were not sex-related.

Age

In a study of irAEs in patients with NSCLC treated with PD-1 
inhibitors, univariate and multivariate analyses of age (≥75 and 
<75) confirmed that age <75 was a risk factor for irAEs.28 

Another pooled analysis from four ICI trials reached the same 
conclusion and further confirmed that patients <65 years old are 
more likely to have grade 3 or 4 irAEs than patients ≥75 years 
old.67 However, a pooled analysis of KEYNOTE-010 
(NCT01905657), KEYNOTE-024 (NCT02142738), and 
KEYNOTE-042 (NCT02220894) studies showed that the 

Table 3. Population characteristic risk factors for irAEs.

Characteristic Author Year Type of study Cancer type
Patient 
number Treatment Relationship with irAEs

Gender Takada et al.63 2020 Retrospective Study NA 1009 Anti-PD-1 
Anti-CTLA-4

Women are a risk factor

Duma et al.64 2019 Retrospective Study MM 
NSCLC

476 Anti-PD-1 Women are a risk factor

Kartolo et al.65 2018 Retrospective Study MM 
NSCLC 
RCC

78 Anti-PD-1 
Anti-CTLA-4

Women are a protective factor, men are a risk factor 
for skin toxicity, GI and endocrine toxicity are not 
related to gender

Age Isono et al.28 2020 Retrospective Study NSCLC 180 Anti-PD-1 Risk factor
Kartolo et al.65 2018 Retrospective Study MM 

NSCLC 
RCC

78 Anti-PD-1 
Anti-CTLA-4

No correlation

Nosaki et al.66 2019 Retrospective Study NSCLC 2612 Anti-PD-1 No difference between <75 years old and ≥75 years 
old

Marur et al.67 2018 Retrospective Study NSCLC 1659 Anti-PD-1/L1 <65 years old are more likely to develop irAEs than 
≥75 years old

Smoking Okada et al.68 2020 Retrospective Study Lung cancer 102 Anti-PD-1/L1 ≥50 pack-year is the risk factor for ILD irAEs
Kartolo et al.65 2018 Retrospective Study MM 

NSCLC 
RCC

78 Anti-PD-1 
Anti-CTLA-4

No correlation

Past history Isono et al.28 2020 Retrospective Study NSCLC 180 Anti-PD-1 Idiopathic interstitial pneumonias is the risk factor 
for ILD irAEs

Nakanishi et al.69 2019 Retrospective Study NSCLC 83 Anti-PD-1 Interstitial lung abnormalities is the risk factor for 
ILD irAEs

Kanai et al.70 2018 Retrospective Study NSCLC 216 Anti-PD-1 Interstitial lung disease is the risk factor for ILD irAEs
Cui et al.71 2018 Retrospective Study NA 165 Anti-PD-1 pneumothorax, pleural effusion, and pneumonitis, 

thoracic radiotherapy, combination therapy is the 
risk factor for ILD irAEs

Body parameters Okada et al.68 2020 Retrospective Study Lung cancer 102 Anti-PD-1/L1 ECOG PS≥2 is a risk factor for grade 3 or higher ILD 
irAEs

Cortellini et al.72 2019 Retrospective Study NA 1770 Anti-PD-1 BMI≥25 is a risk factor 
BMI≥30 is a grade 3/4 risk factor

Kartolo et al.65 2018 Retrospective Study MM 
NSCLC 
RCC

78 Anti-PD-1 
Anti-CTLA-4

No correlation between BMI and irAEs
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incidence of irAEs did not differ between patients aged 
<75 years and ≥75 years.66 Kartolo et al.65 calculated the average 
age of patients with and without irAEs and found that there was 
no significant difference in the average age between the two 
groups.

Smoking

Kartolo et al.65 also studied the relationship between irAEs and 
smoking and found that there was no significant association 
between smoking and irAEs. However, the results of Okada 
et al.68 do not agree with this conclusion. They found that lung 
cancer patients treated with PD-1/PD-L1 inhibitors may ben-
efit from heavy smoking but have a higher risk of lung irAEs 
and pointed out that ≥50 pack-years (Pack-years was calculated 
as the number of cigarettes smoked per day × smoking year/20) 
is a risk factor for interstitial lung disease (ILD) of all grades. 
The former study only analyzed the correlation between smok-
ing and irAEs, while the latter study further analyzed the 
impact of smoking degree on irAEs. The opposite conclusions 
reached in these two studies may be caused by the differences 
in tumor types, drugs, smoking groups and statistical methods. 
Therefore, studies on smoking as a risk factor should further 
analyze the degree of smoking.

Past history

Many studies have analyzed the relationship between pre-
vious diseases, previous medication history and irAEs. The 
study by Kartolo et al.65 showed that a history of autoim-
mune disease and poor kidney function of grade 3 or 
greater were associated with a higher risk of developing 
irAEs, while corticosteroid use before immunotherapy was 
found to have a protective effect against irAEs. Several 
studies of lung irAEs in patients with small cell lung cancer 
have suggested that patients with preexisting interstitial 
lung abnormalities, pneumothorax, pleural effusion, pneu-
monitis, prior thoracic radiotherapy, combination therapy 
(anti-PD-1 treatment with chemotherapy, targeted therapy 
or CTLA-4 blockade) or who take statin medications have 
a higher risk of irAEs.65,69–71 Whether these diseases and 
treatment history are only risk factors for lung cancer 
patients is still unclear, and this needs to be further 
explored in patients with other cancer types.

Body parameters

The current research on physical parameters mainly 
includes ECOG PS and BMI. Okada et al. 68 evaluated the 
ECOG PS of patients with lung cancer and analyzed its 
correlation with lung irAEs. The results suggested that 
ECOG PS ≥2 was an independent risk factor for ILD 
irAEs of grade ≥3 and all grades. In the study related to 
BMI, Kartolo et al.65 compared the mean BMI of patients 
with and without irAEs and found that there was no dif-
ference in mean BMI between the two groups. 
A multicenter retrospective study by Cortellini et al. ana-
lyzed the BMI of 1770 tumor patients who received PD-1/ 
PD-L1 inhibitors, and the results confirmed that overweight 

(25 ≤ BMI ≤ 29.9) and obesity (BMI ≥ 30) were indepen-
dent predictors of irAEs for any grade. The incidence of 
grade 3 and 4 irAEs in obese patients was significantly 
higher than that in patients with a normal weight.72

Immunotherapy efficacy-related biomarkers

It has been suggested that in the treatment of ICIs, patients 
who have experienced irAEs benefit more than patients who 
have not.74 The occurrence of vitiligo usually indicated that 
patients with MM may benefit from PD-1 inhibitors.75 ILD 
irAEs correlated with better prognosis in patients with 
advanced NSCLC.76 This suggests that the occurrence of 
irAEs may be related to better anti-tumor efficacy. Currently, 
markers related to the efficacy of ICIs are mainly focused on 
tumor signatures, including PD-L1 expression, TMB and MSI/ 
MMR. Daud et al.77 showed that the high expression of PD-L1 
was significantly related to the efficacy. As mentioned earlier, 
although patients with high PD-L1 expression were more likely 
to benefit, they were also more likely to develop irAEs. 
Goodman et al.78 reported for the first time that higher TMB 
was associated with a good prognosis in immunotherapy of 
a variety of tumors. Patients with MMR-deficient/ MSI-high 
also had better immunotherapy efficacy.79 TMB is the total 
number of non-synonymous somatic mutations in the coding 
region of the genome, this mutation changes the amino acid 
sequence of the protein encoded by the affected gene, resulting 
in the formation of mutation associated neogenes (Manas).80 

In addition, MMR-deficient cancers produce a large amount of 
Manas, which are recognized by the immune system.81 We 
speculate that these Manas may be similar or the same as the 
antigen structure on the surface of some normal tissues and 
organs of human body. The immune system attacks normal 
tissues and organs after using ICIs, resulting in autoimmune 
diseases. Whether these Manas can cross-react with the host 
and cause irAEs deserves further study.

Imaging parameters

Imaging is often used in the evaluation of the anti-tumor 
efficacy of cancer patients. At present, there are few researches 
related to the prediction of irAEs by imaging. Positron emis-
sion tomography (PET) is often used for staging. A study has 
shown that it can predict the occurrence of thyroiditis irAEs in 
lung cancer. Increased fluro deoxyglucose (FDG) uptake in the 
thyroid of patients with thyroiditis irAEs can be observed on 
PET images.82 The study also confirmed the ability of 18F-FDG 
PET to detect thyroiditis irAEs before serum TSH increases.82 

Colen et al.83 used radiomics to predict the occurrence of 
pneumonia irAEs. They retrospectively analyzed the radio-
graphic pretreatment baseline computed tomography (CT) 
scans of 290 patients treated with ICIs. Two of the 290 cases 
developed pneumonia irAEs. The control group included 30 
randomized patients without pneumonia irAEs. The results 
showed that higher skewness and angular variance of sum of 
squares were related to pneumonia irAEs, and the accuracy was 
100%. There are only two patients with pneumonia irAEs in 
this trial, and we look forward to the results of the large sample 
study.
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Conclusion and future prospects

Clarifying the underlying mechanism of irAEs is the key to 
finding early biomarkers of irAEs. The specific pathophysio-
logical mechanism of irAEs in patients treated with ICIs is 
not yet clear. Some studies have shown that there may be the 
following mechanisms: 1. the blocking of CTLA-4 on regu-
latory T cells (Treg) may lead to Treg depletion, change Treg 
function and regulate T cell bank, resulting in the emergence 
of autoreactive T cells, thus affecting B cell function and 
increasing the production of autoantibodies;84 2. PD-1 block-
ade may reactivate exhausted/anergic T cells, resulting in 
pathogenic/self-reactive T cells;84 3. Blockade of PD-1 and 
CTLA-4 enhances the effector function of T cells, and may 
produce pathogenic T cells, overrelease cytokines, alter B cell 
number/function, and increase autoantibodies, leading to 
inflammation and autoimmunity;84 4. After tumor cell 
death, self and tumor antigens can be produced, which are 
ingested by antigen-presenting cell and migrated to lymph 
nodes and original T cells. In normal tissues, self-antigens 
are recognized by autoreactive T cells, cytokines and auto-
antibodies increase, resulting in tolerance and tissue 
destruction;85 5. During the treatment of ICIs, CTLA-4 
expressed in normal tissues is also combined, leading to 
the destruction of organ tolerance.85 Various mechanisms 
may eventually point to the activation of autoimmunity, 
which can occur in different organ systems of the human 
body. When it occurs in the skin, it is skin toxicity, when it 
occurs in the heart, it is cardiotoxicity, and it can also occur 
in multiple organ systems at the same time, varying accord-
ing to the organ in which it occurs. In clinical work, we 
should comprehensively judge patients based on their indi-
vidual characteristics, symptoms, biological indicators, ima-
ging parameters, etc., and implement close follow-up and full 
management of patients receiving ICIs.

Due to a variety of real-world clinical problems, it is difficult 
to find clinically valuable biomarkers for the early prediction of 
irAEs. Firstly, the study of current biomarkers for the early 
prediction of irAEs is still in its infancy. Most biomarkers are 
not detected in routine clinical tests, and the high cost of testing 
for these markers may limit their application. Second, many 
studies are also focused on a single type of cancer or specific 
irAEs, which also limits the application of biomarkers in other 
cancer types or irAEs. In addition, many biomarkers predict 
irAEs of any grade, while there is little clinical significance in 
predicting grade 1 and 2 irAEs. Finally, some organs have a low 
incidence of toxicity, and because of the small sample size, it is 
difficult to find biomarkers for early prediction. The more 
practical clinical test item is blood cell count, in which NRL 
and PRL are mostly used to judge the prognosis.86–88 Recently, 
some researchers have studied their relationship with irAEs. 
Pavan et al.51 proposed that NLR and PLR could predict the 
occurrence of irAEs, but Khoja et al.52 considered this to be 
irrelevant. This difference in opinions may be caused by the 
different types of cancers, drugs, and detection times of NLR 
and PLR. It has also been proposed that certain indicators in 
the blood cell count can predict irAEs in specific organs. 
Kurimoto et al.29 pointed out that an early reduction in platelet 

count may predict the occurrence of thyroid irAEs. Fujisawa 
et al.26 found that increased white blood cell count and 
decreased relative lymphocyte count were associated with 
grade 3 or 4 irAEs and lung/GI irAEs. Blood count is 
a relatively routine and low-cost test. Although controversial, 
blood count can also be used as a reference index for clinicians.

Population characteristic risk factors provide important 
clues for clinicians and indicate which patients need to be 
monitored. Some researchers have found that female sex, 
age, smoking, and higher BMI were risk factors for 
irAEs,28,63,64,68,72 but Kartolo et al.65 believed that these 
four factors were not related to irAEs. The tumor type in 
this study was mainly melanoma, while other studies 
mainly focused on NSCLC, and there were fewer subjects 
than in other studies. The statistical analysis of the data 
mainly adopted the mean value, and the analysis of single 
factors lacked stratified analysis, all of which may affect the 
results. Two other studies on age also came to inconsistent 
conclusions. The four clinical trials included by Marur et -
al.67 were not randomized, and less than a quarter of 
patients were ≥75 years old but stratified by age. In the 
three KEYNOTE trials analyzed by Nosaki et al.66 there was 
no stratification by age, and the total number of older and 
younger patients differed significantly, but the incidence of 
irAEs in older patients was similar to the results observed 
in the overall pooled population.89–91 Cortellini et al.72 

believe that individuals with a BMI ≥25 are prone to 
irAEs. In this study, there were significantly fewer patients 
with BMI <18.5 than the other groups. Obesity and ema-
ciation are both malnutrition, and nutritional status plays 
an important role in the treatment of tumors.92,93 It is 
worth exploring whether patients with a lower BMI are 
also prone to irAEs. At present, there are few studies 
exploring the relationship between nutrition and irAEs, 
and we suspect that this may be a potential future direc-
tion. Whether sex, age, smoking, and BMI are related to 
irAEs is still controversial.

Many biomarkers and risk factors have been used to 
predict the occurrence of irAEs. By searching the litera-
ture, we found that increased white blood cell count, 
decreased relative lymphocytes, early B cell changes and 
ECOG PS ≥2 could predict the occurrence of grade 3 or 
higher irAEs, and the detection of IFN-γ by QFT-Plus 
could detect severe irAEs on day 22 ± 7 at the earliest. 
Myocarditis and pneumonia are common severe irAEs, 
cTnT can predict myocarditis, white blood cells and lym-
phocytes can predict pneumonia. Most of the current 
studies are retrospective studies and lack a validation 
cohort. However, the validation cohort studies are prone 
to bias, including immediate time bias, and other informa-
tion bias including notation bias, which are all challenges 
we will face. Some studies even lack a control group with-
out irAEs, which reduces the reliability of these conclu-
sions. Therefore, a large number of prospective studies are 
needed to verify and investigate biomarkers, especially the 
early predictors of grade 3–5 irAEs, which may be the 
direction of future research and will have important clin-
ical value.
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