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Abstract

Background: Immune checkpoint inhibitors (ICIs) have caused a 
paradigm shift in cancer therapy, but the resultant immune activa-
tion also precipitates autoimmune toxicities termed immune-related 
adverse events (irAEs). However, system-specific analyses of irAEs 
remain limited, particularly their variation with body mass index 
(BMI), race, sex, age, and type of ICI.

Methods: A retrospective analysis was conducted on 244 patients 
who developed irAEs after receiving ICI. Among the study popula-
tion, 58% were female; the racial and ethnic distribution was 84% 
White, 13% Hispanic, 2% African American, and 1% Asian; and the 
age breakdown was 23% under 65 years, 38% between 65 and 79 
years, and 39% over 80 years. Univariate analysis was performed 
employing the Chi-square test. Multivariable logistic regression and 
cluster analyses revealed distinct irAE predictors.

Results: Univariate analysis (Chi-square) showed significant asso-
ciations between BMI and pneumonitis (P = 0.02) and between race 
and hepatitis (P = 0.04), but these did not persist in multivariate re-
gression. No significant correlations were found between thyroiditis 
or colitis and sex, race, BMI, age, or immunotherapy type. Increas-
ing age was protective against neutropenia, with significantly lower 
risk in patients aged 65 - 79 (odds ratio (OR) 0.38, P = 0.007) and 
≥ 80 years (OR 0.18, P < 0.001); African Americans were at higher 
risk (OR 10.29, P = 0.02), and male sex was protective (OR 0.51, P 
= 0.03). Anemia was less frequent in those ≥ 80 years (OR 0.48, P 
= 0.03) and Hispanics (OR 0.4, P = 0.03). Thrombocytopenia risk 
was reduced in patients aged 65 - 79 (OR 0.41, P = 0.03) and ≥ 80 
(OR 0.36, P < 0.001). Cluster analysis showed higher irAE rates in 
patients treated with nivolumab (alone or with ipilimumab) compared 
to pembrolizumab.

Conclusion: Advanced age showed a protective effect on cytopenias. 
Hispanics had reduced anemia and dermatitis risk; African Americans 
and females had higher neutropenia, and obesity was linked to der-
matitis. These findings may aid clinicians in personalizing ICI coun-
seling and recognizing at-risk groups.
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Introduction

Immune checkpoint inhibitors (ICIs) such as cytotoxic T-lym-
phocyte-associated protein 4 (CTLA-4) and programmed death 
ligand 1 (PD-L1) inhibitors/programmed death 1 (PD-1) inhibi-
tors have revolutionized cancer treatment paradigms by leverag-
ing the host immune system to eradicate tumors, either as an alter-
native or complementary approach to traditional chemotherapy. 
ICIs block inhibitory pathways that restrain T-cell activation. 
CTLA-4 modulates the early phases of T-cell priming in lymphoid 
organs through a competitive interaction with cluster of differ-
entiation (CD)80/CD86 ligands. Concurrently, the PD-1/PD-L1 
interaction also suppresses effector T cells in peripheral tissues 
by dephosphorylation of CD28 and T-cell receptor (TCR) signal-
ing cascades through Src homology 2 domain-containing protein 
tyrosine phosphatase 2 (SHP2), the predominant phosphatase [1, 
2]. By inhibiting these checkpoints, ICIs rescue anti-tumor immu-
nity, resulting in long-lasting responses across cancer types [3, 4]. 
However, this immune activation can also cause immune-related 
adverse events (irAEs), which are adverse effects caused by ICIs 
and result from ICI’s non-specific action, which not only upregu-
lates the anti-tumor immune response but also disrupts the body’s 
normal safeguards against autoimmunity [3, 5-7].

At present, the epidemiological data are almost exclusively 
restricted to total frequencies of irAEs. For example, gastroin-
testinal (GI) toxicity ranges from 30% to 40% of patients treated 
with anti-CTLA-4 agents and hepatotoxicity from 15% to 30%, 
depending on monotherapy or combination treatments [3, 5]. 
However, system-specific analyses of irAEs such as hepatitis, 
colitis, thyroiditis, and hematologic dyscrasias (e.g., anemia, 
thrombocytopenia, leukopenia) remain limited [8, 9]. Prelimi-
nary data indicate that high body mass index (BMI) may be 
associated with an increased risk of irAEs, which might be re-
lated to chronic inflammation and altered immune metabolism, 
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although it still needs to be validated across different ethnic 
populations [9]. Similarly, although racial differences in irAEs 
are suspected to reflect genetic polymorphisms in immune path-
ways, the majority of studies are based on racially or ethnically 
homogenous study populations (mostly Caucasians) and may be 
confounded by ethnic diversity. Moreover, the susceptibility to 
irAEs about age is not well defined, even though aging-related 
immunosenescence leads to changes in T-cell responses [3, 10].

Prior studies on irAEs from PD-L1/CTLA-4 inhibitors have 
often been limited in scope, focusing on specific organ systems 
or lacking comprehensive analyses across diverse patient popu-
lations. Addressing these limitations, this real-world analysis 
provides a comprehensive evaluation of irAEs, by examining 
a wide range of systemic toxicities including hepatitis, colitis, 
thyroiditis, dermatitis, and hematologic dyscrasias (e.g., anemia, 
thrombocytopenia, leukopenia). A key strength of our work lies 
in its inclusive design, which incorporates diverse racial groups 
and investigates the associations between various irAEs and 
demographic factors including BMI, age, and sex, thereby ad-
dressing notable gaps in the current understanding of these ad-
verse events [9, 10]. By mapping such associations, the present 
effort seeks to supply risk stratification guidelines and person-
alize surveillance strategies in at-risk subgroups, to refine the 
safety profile of ICI in times of increasing clinical indications.

Materials and Methods

Study design and study population

A retrospective analysis was conducted on 244 patients aged > 
18 who developed irAEs after receiving ≥ 1 dose of ICI, either 
PDL-1 or CTLA-4 inhibitor or combination regimen between 
2019 and 2024 at an infusion center serving patients from three 
major oncology clinics in New Jersey, USA.

After retrospective evaluation of medical records, irAEs 
were defined and graded based on Common Toxicity Criteria 
for Adverse Events version 5.0 (CTCAE) [11]. Depending on 
BMI, patients were categorized as “underweight” ( < 18.5 kg/
m2), “normal weight” (18.5 - 24.9 kg/m2), “overweight” (25 - 
29.9 kg/m2), or “obese” (≥ 30 kg/m2) as per World Health Or-
ganization (WHO) criteria [12]. To ensure clarity and simplicity 
in presenting our conclusions, we combined underweight and 
normal-weight patients into one category and overweight and 
obese patients into another. Patients either received pembroli-
zumab monotherapy (73%), nivolumab monotherapy (19%), 
or a combination regimen of ipilimumab and nivolumab (8%). 
Patients were categorized into three age groups: under 65 years, 
65 to 79 years, and over 79 years. Among the total population, 
58% were female, 84% were White, 13% Hispanic, 2% African 
American, and 1% Asian. Also, 23% of people aged < 65 years, 
38% aged 65 - 79, and 39% aged > 80 years.

Ethical issues

The study protocol was approved by the institutional review 
board (IRB) with an IRB number 25-002. The need for in-

formed consent was waived due to the observational and retro-
spective design of the study. The study was conducted accord-
ing to the regulations established by the Clinical Research and 
Ethics Committee and to the Helsinki Declaration of the World 
Medical Association.

Statistical analyses

To examine the variability of irAEs with ranges in BMI, age, 
race, sex, and immunotherapy, we performed an exploratory 
data analysis (EDA). Contingency tables were generated, and 
results were expressed as numbers and percentages. Statistical 
analyses were performed using SPSS, version 27 (SPSS Inc., 
Chicago, IL, USA) and Stata, version 16. Univariate analy-
sis of the contingency table results was conducted employing 
Pearson’s Chi-square test. Additionally, to determine which 
factors contribute to distinct irAEs, we analyzed data using su-
pervised learning with Firth’s multivariable logistic regression 
and unsupervised learning employing two-step cluster analy-
sis. In Firth’s logistic regression analysis, the goodness of fit 
was determined by employing Pearson’s Chi-squared good-
ness of fit. Odds ratios (ORs) and their 95% confidence inter-
vals (95% CIs) were determined by exponentiation of the re-
gression coefficient and its upper and lower CIs, respectively.

In our study, the unsupervised machine learning technique 
selected was the two-step cluster analysis. We used a two-step 
cluster analysis to categorize patients treated with ICIs based 
on our dataset. This scalable clustering algorithm, which sup-
ports categorical variables and automatically detects the optimal 
number of clusters, was chosen [13]. The log likelihood distance 
measure with variable independence and multinomial distribu-
tions was used. Cluster membership was determined automati-
cally, using Bayesian information criterion (BIC) values to com-
pare the fit of models of varying complexity. The BIC change 
ratios at each step were used to identify the optimal number of 
clusters. In the model, we included all irAE predictors (colitis, 
thyroiditis, pneumonitis, dermatitis, hepatitis, neutropenia, ane-
mia, thrombocytopenia, pembrolizumab, nivolumab, ipilimum-
ab and nivolumab, race, BMI, sex, and age) as categorical [13]. 
The silhouette measure of cohesion and separation was used to 
determine how well each case fits within its assigned cluster.

Results

The associations between irAEs and demographic or treatment 
variables were systematically evaluated across several toxici-
ties.

The results of the univariate analysis (Pearson Chi-square 
test) for all irAEs are summarized in Supplementary Material 
1 (wjon.elmerpub.com).

A detailed system-wise breakdown of all irAEs is provid-
ed below.

Dermatitis

The results of univariate analysis showed that BMI had a sta-
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tistically significant relationship with dermatitis (χ2 = 16.97, 
df =3, P < 0.001), and BMI > 30 was associated with increased 
risk (OR = 5.36, 95% CI: 1.25, 22.9, P =0.02) on multivariate 
regression analysis. The Chi-square test showed a borderline 
significant relationship between race and dermatitis (χ2 = 6.64, 
df =3, P = 0.08) but the multivariate logistic regression model 
revealed a more complex relationship when adjusting for con-
founders and found Hispanic race to be protective for derma-
titis (OR = 0.22, 95% CI: 0.05, 0.86, P = 0.02). The analysis 
did not show any significant relationship between dermatitis 
and age or sex. The incidence rates of dermatitis were compa-
rable between pembrolizumab and nivolumab-based therapies 
(79.5% vs. 81.0%) according to cluster analysis.

Hepatitis

Univariate analysis demonstrated statistically significant re-
sults, suggesting a potential association between race and 
hepatitis status (χ2 = 8.18, df =3, P = 0.04). However, this asso-
ciation was not confirmed in multivariable logistic regression 
analysis after adjustment for confounders. Also, hepatitis was 
not significantly associated with sex, age, and BMI, or the type 
of immunotherapy regimen. Cluster analysis revealed a higher 
frequency of hepatitis in patients receiving pembrolizumab 
monotherapy compared to those treated with nivolumab alone 
or in combination with ipilimumab (67.6% vs. 63.8%).

Colitis

For colitis, neither the univariate analysis nor multivariable 
logistic regression analysis demonstrated significant associa-
tions with sex, race, BMI, or age. The cluster analysis revealed 
a higher incidence of colitis in the cluster which were primar-
ily nivolumab recipients or ipilimumab and nivolumab combi-
nation recipients, as compared to the cluster that was primarily 
composed of pembrolizumab recipients (84.5% vs. 72.7%).

Thyroiditis

Neither univariate analysis nor multivariable logistic regres-
sion analysis revealed any significant associations between 
thyroiditis and sex, race, BMI, or age. The cluster analysis 
showed comparable thyroiditis trends between pembrolizum-
ab and nivolumab-based regimens (64.8% vs. 65.5%), and the 
addition of ipilimumab did not significantly affect risk.

Pneumonitis

The Chi-square test indicated a statistically significant associa-
tion between BMI and pneumonitis (χ2 = 9.54, df = 3, P = 0.02), 
but multivariable logistic regression analysis did not indicate 
any significant association between the two after accounting 
for covariates. The cluster analysis revealed that pneumoni-
tis was observed more frequently in the cluster where patients 

received nivolumab-based therapies, either alone or in combi-
nation with ipilimumab as compared to the cluster solely com-
posed of pembrolizumab recipients ( 93.1% vs. 86.4%).

Anemia

For anemia, significant associations were observed with pem-
brolizumab monotherapy (χ2 = 8.50, df = 1, P = 0.004) and 
nivolumab monotherapy (χ2 = 5.59, df = 1, P = 0.018). The 
Chi-square indicated a borderline significant (χ2 = 5.54, df = 
2, P = 0.06) association between anemia and age and advanc-
ing age demonstrated an age-dependent protective relationship 
in those aged ≥ 80 years (OR = 0.48, 95% CI: 0.24, 0.95, P = 
0.03) on multivariable logistic regression analysis. Although 
the Chi-square test did not show any significant association be-
tween race and anemia (P = 0.14), anemia was less frequently 
observed in people of Hispanic race (OR = 0.4, 95% CI: 0.18, 
0.94, P = 0.03) on multivariate regression analysis. The cluster 
analysis revealed that the incidence of anemia was higher in 
the cluster composed of recipients of nivolumab monotherapy 
or nivolumab and ipilimumab combination therapy when com-
pared to the cluster solely containing pembrolizumab recipi-
ents (75.9% vs. 53.4%).

Neutropenia

The univariate analysis revealed that neutropenia was sig-
nificantly associated with sex (χ2 = 5.47, df = 1, P = 0.019), 
race (χ2 = 7.85, df = 3, P = 0.04), and age (χ2 = 21.47, df = 
2, P < 0.001). The multivariate logistic regression analysis 
showed that advancing age had a protective effect on neutro-
penia, with a significant reduction in risk in patients aged 65 
- 79 (OR = 0.38, 95% CI: 0.19, 0.69, P = 0.007) and an even 
greater reduction in those over 80 years (OR = 0.18, 95% CI: 
0.08, 0.39, P < 0.001). Additionally, African Americans were 
at higher risk (OR = 10.29, 95% CI: 1.36, 77.2, P = 0.02), 
while male sex appeared to be protective (OR = 0.51, 95% 
CI: 0.27, 0.95, P = 0.03). The cluster analysis revealed that 
patients had higher incidence rates of neutropenia in the clus-
ter composed of nivolumab and ipilimumab recipients when 
compared to the cluster made of pembrolizumab recipients 
(81.0% vs. 70.5%).

Thrombocytopenia

The univariate analysis showed that thrombocytopenia corre-
lated with age (χ2 = 8.14, df = 2, P = 0.017), but no such cor-
relation was found with sex, race, or BMI. The multivariate re-
gression analysis revealed that patients aged 65 - 79 years had 
a lower risk of thrombocytopenia (OR = 0.41, 95% CI: 0.18, 
0.94, P = 0.03). A similar protective effect against thrombocy-
topenia was observed in patients aged ≥ 80 years (OR = 0.36, 
95% CI: 0.16, 0.82, P < 0.001). The cluster analysis showed 
that patients had higher incidence rates of thrombocytopenia in 
the cluster composed of nivolumab and ipilimumab recipients 
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when compared to the cluster made of pembrolizumab recipi-
ents (89.7% vs. 85.2%).

The significant results of the multivariable regression 
analysis of all irAEs are summarized in Table 1. The adjusted 
P-values reflect the conditional association between each vari-
able and the corresponding irAEs, controlling for other pre-
dictors in the model. A comprehensive multivariable logistic 
regression analysis for all irAEs is provided in the Supplemen-
tary Material 2 (wjon.elmerpub.com).

The cluster analysis revealed two distinct groups among 
244 subjects where cluster 1 contained 75.2% (n = 176) of the 
subjects, and cluster 2 contained 24.8% (n = 58). The clus-
ter assignment predictors showed the highest influence from 
pembrolizumab and nivolumab treatments and ipilimumab 

plus nivolumab combination therapy as well as anemia and 
age range and colitis and race and neutropenia and pneumo-
nitis and sex and thrombocytopenia and hepatitis and derma-
titis, and thyroiditis, and BMI range. Every patient in cluster 
1 received pembrolizumab as their treatment. The patients in 
cluster 2 received nivolumab as their primary treatment, with 
75.9% of patients taking the drug alone and 24.1% receiving 
ipilimumab and nivolumab combination therapy. The clusters 
showed different patterns regarding the occurrence of irAEs. 
The irAEs occurred at higher rates in cluster 2 than in cluster 
1. The silhouette measure of cohesion and separation for this 
clustering solution was 0.3, indicating moderate separation be-
tween the identified clusters. The cluster analysis results are 
presented in Table 2.

Table 1.  Summary of Significant Results of Multivariable Logistic Regression Analysis of Predictors for irAEs

irAEs Demographic factors Coefficient (β) SE OR 95% CI Adjusted P-value
Dermatitis BMI range > 30 1.8 0.64 5.36 1.25 - 22.9 0.024

Hispanic Ethnicity -1.5 0.69 0.22 0.057 - 0.86 0.029
Neutropenia Age range 65 - 79 -0.88 0.37 0.38 0.19 - 0.69 0.007

Age range > 79 -1.7 0.44 0.18 0.08 - 0.39 < 0.001
African American Race 2.15 1.04 10.29 1.36 - 77.2 0.024
Sex Male -0.7 0.31 0.51 0.27 - 0.95 0.033

Anemia Age range > 79 -0.64 0.35 0.48 0.24 - 0.95 0.034
Hispanic ethnicity -0.9 0.45 0.4 0.18 - 0.98 0.045

Thrombocytopenia Age range 65 - 79 -0.91 0.44 0.41 0.18 - 0.94 0.036
Age range > 79 -1.0 0.42 0.36 0.16 - 0.82 0.02

irAEs: immune-related adverse events; SE: standard error; OR: odds ratio; CI: confidence interval.

Table 2.  Cluster Profile Summary

Characteristics Cluster 1 (n = 176, 75.2%) Cluster 2 (n = 58, 24.8%)
Pembrolizumab 100.00% 0.00%
Nivolumab 0.00% 75.9%
Ipilimumab + nivolumab 0.00% 24.10%
Anemia 53.40% 75.9%
Age range (≥ 80) 38.10% 0.00%
Age range (65 - 79) 0.00% 44.80%
Colitis 72.70% 84.50%
Race (White) 84.10% 86.20%
Neutropenia 70.50% 81.00%
Pneumonitis 86.40% 93.10%
Sex (male) 59.70% 51.70%
Thrombocytopenia 85.20% 89.70%
Hepatitis 67.20% 63.80%
Dermatitis 79.50% 81.00%
Thyroiditis 64.80% 65.50%
BMI > 30 42.60% 46.60%

BMI: body mass index.
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Discussion

Various studies in the last decade have described irAEs, but 
very few have highlighted their associations with BMI, age, 
and race, and, if present, have shown inconsistent results and 
have lacked detailed insight [14-16]. Our study unfolds one of 
the most extensive investigations of irAEs, analyzing various 
events across a diverse range of patient demographics, includ-
ing age, race, and BMI.

Obesity was significantly linked to an increased risk of 
dermatitis, as demonstrated by both the Chi-square test and 
the multivariable logistic regression analysis, which aligns 
with previous research [17, 18]. This can be attributed to the 
adipocytes from visceral and subcutaneous fat secreting leptin, 
a pro-inflammatory adipokine that can stimulate the produc-
tion of interleukin (IL)-1, IL-6, and tumor necrosis factor-α 
(TNF-α), further promoting T-cell proliferation and inhibiting 
regulatory T-cell proliferation [19]. Recent evidence suggests 
that visceral adipose tissue (VAT) itself expresses higher lev-
els of PD-L1 receptors. This expression could help explain the 
correlation observed in our study between obesity and derma-
titis with the use of immune checkpoint therapy [20, 21].

Moukarzel et al (2022) investigated whether inflamma-
tion in white adipose tissue (WAT) correlates with transcrip-
tomic markers of immunotherapy response. Analysis revealed 
increased expression of eight immune-related genes in WAT 
inflammation, notably including CHIT1, which is a marker of 
macrophage activation. CHIT1 regulates various inflammato-
ry mediators (e.g., IL-8, matrix metallopeptidase 9 (MMP9)), 
thereby enhancing the migration of immune cells such as T 
lymphocytes, potentially increasing susceptibility to ICI and 
more irAEs [22].

Advancing age demonstrated an age-dependent protective 
relationship in regards to the development of neutropenia and 
thrombocytopenia. A significantly reduced risk in patients aged 
65 - 79 was observed with an even greater protection in those 
≥ 80. Anemia also was observed to have an age-related protec-
tive effect but not observed until age ≥ 80 years. The decrease 
in incidence of these irAEs with age might be related in part 
to immunosenescence, which is the gradual deterioration of 
the immune system associated with aging [23]. Immunosenes-
cence is characterized by the loss of naive T cells, diminished 
T-cell receptor diversity, and the accumulation of memory T 
cells that exhibit altered function and a decreased ability to 
mount effective responses to strong antigenic stimuli [24, 25]. 
A recent study observed that old aged patients had lower pro-
portions of naive cytotoxic and helper T cells, B cells, and dou-
ble negative T cells, but a higher proportion of natural killer 
cells. Additionally, aged patients exhibited diminished circu-
lating cytokine responses after treatment, further underscoring 
the complex interplay between aging, immune responses, and 
the manifestation of toxicities with ICI therapy [26]. Also, it 
might reflect a more vigorous immune response to ICI therapy, 
potentially driven by a more intact and reactive immune sys-
tem in young patients.

While the Chi-square test revealed a borderline significant 
association between dermatitis and race (P = 0.08), the regres-
sion model indicated a more nuanced relationship when con-

trolling for confounders, concluding that Hispanic ethnicity is 
protective for dermatitis. These results align with prior studies 
depicting less incidence of cutaneous irAEs in patients of His-
panic ethnicity as compared to people of other ethnicities [27]. 
The genetic composition and higher melanin levels in Hispan-
ics might have played a protective role by reducing ultraviolet 
(UV) damage and inflammation [28].

Hispanic ethnicity was also associated with a reduction in 
anemia risk. Previous studies have also reported lower inci-
dence of hematological irAEs in people of Hispanic ethnic-
ity as compared to people of other ethnicities, suggesting a 
relatively blunted immune response in people of this ethnicity 
[29]. Of note, African Americans receiving immunotherapy 
demonstrated a substantially increased risk for developing 
neutropenia. This may be attributed to the baseline benign eth-
nic neutropenia, associated with Duffy-null antigen neutrophil 
count seen in African Americans, along with a higher preva-
lence of “exhausted, non-functional T-cells” that become re-
activated through T cell-targeting immunotherapy [30]. While 
the mechanisms underlying these racial disparities are not fully 
understood, a confluence of factors, including differential ac-
cess to healthcare, variations in dietary patterns, environmen-
tal exposure, and potential genetic predispositions, might have 
played a role. Also, differences in tumor biology, expression 
of PDL-1, CTLA-4 receptors, and treatment response across 
different racial groups could also influence irAE development.

Conclusion

A key strength of our study is its comprehensive assessment 
of irAEs, examining multiple irAEs in relation to a wide range 
of variables; unlike prior studies that focused on isolated fac-
tors (e.g., BMI or race) or limited irAEs, our analysis provides 
a broader exploration of potential correlations [17, 19, 27]. 
Also, our study compared the irAEs between pembrolizumab, 
nivolumab, and ipilimumab in contrast to previous studies 
which were limited to single immunotherapy agents [18]. Our 
study included participants from a wider range of racial back-
grounds as compared to many previous studies, which focused 
on the Caucasian population only. Despite including patients 
from all races, the White race constituted the majority of our 
study population, followed by Hispanics, reflecting the demo-
graphics of the region.

The study demonstrates that hematologic irAEs are 
strongly correlated with demographic characteristics. Advanc-
ing age showed a protective effect on anemia, leukopenia, and 
thrombocytopenia. Hispanic race was associated with reduced 
risk of anemia and dermatitis. However, higher incidence of 
neutropenia was observed in African Americans and females, 
along with higher rates of dermatitis in obese patients.

The study comes with its own limitations. Although we 
had a diverse cohort of patients, the racial distribution was 
quite skewed (84% Whites), so conclusions on race-based as-
sociations should be explored in prospective studies with a 
larger cohort of patients. The modest silhouette value in the 
cluster analysis reflects limited cluster separation which sug-
gests that the groupings should be interpreted with caution. Al-



Articles © The authors   |   Journal compilation © World J Oncol and Elmer Press Inc™   |   https://wjon.elmerpub.com444

Immune Checkpoint Inhibitor Adverse Events World J Oncol. 2025;16(5):439-445

together, the findings from our study can serve as a foundation 
for future research involving larger, more diverse cohorts that 
account for socioeconomic, environmental, and genetic factors 
to help further explore the complex relationships between age, 
sex, race, BMI, and irAEs in patients receiving ICI therapy. 
This study can also guide providers to communicate the ben-
efit and risk profile of ICI therapy effectively and to identify 
populations who may be at higher risk of irAE development.

Supplementary Material

Suppl 1. Summary of Results of Univariate Analysis of irAEs.
Suppl 2. Multivariable logistic regression analysis for all irAEs.
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Organization
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