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Abstract

Immune-checkpoint inhibition (ICI) treatments improve outcomes for metastatic melanoma; however, > 60% of treated
patients do not respond to ICI. Current biomarkers do not reliably explain ICI resistance. Given the link between ICI and
autoimmunity, we investigated if genetic susceptibility to autoimmunity modulates ICI efficacy. In 436 patients with meta-
static melanoma receiving single line ICI or combination treatment, we tested 25 SNPs, associated with > 2 autoimmune
diseases in recent genome-wide association studies, for modulation of ICI efficacy. We found that rs17388568—a risk vari-
ant for allergy, colitis and type 1 diabetes—was associated with increased anti-PD-1 response, with significance surpassing
multiple testing adjustments (OR 0.26; 95% CI 0.12-0.53; p=0.0002). This variant maps to a locus of established immune-
related genes: IL2 and IL21. Our study provides first evidence that autoimmune genetic susceptibility may modulate ICI
efficacy, suggesting that systematic testing of autoimmune risk loci could reveal personalized biomarkers of ICI response.
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Introduction Methods
Recent introduction of immune-checkpoint inhibition (ICI)  Study population

treatments has significantly improved survival of patients
with metastatic cutaneous melanoma, which historically
has accounted for 80% of skin cancer-related mortality [1,
2]. ICI induces immune activity by inhibiting two major
immune-checkpoint proteins: CTLA-4 (cytotoxic T-lympho-
cyte-associated antigen 4) and PD-1 (programmed cell death
protein 1) [3]. While objective response rates vary depend-
ing on ICI treatment, a substantial fraction of patients do not
respond to ICI (~85% for anti-CTLA-4 [4-6], ~60% for anti-
PD-1 [7, 8] and ~50% for combination regimens [9, 10]).
Moreover, patients can develop severe or even fatal immune-
related adverse events (irAEs), with unpredictable patterns
[11], often resulting in discontinuation of treatment. There
is a pressing need for an identification of reliable biomarkers
for a more personalized stratification of patients benefiting
from these therapies, which may point to novel molecular
pathways to be targeted in improved combination regimens.

The currently proposed biomarkers of response and toxic-
ity, such as serum markers [12, 13], tumor mutation burden
[14], tumor-associated PDL1 [15], pre-existing CD8+T-cell
infiltration in the tumor [16], repertoire of white blood cells
(WBC) [17] or host microbiota [18] provide a modest level
of predictive power, yet they are hampered by individual
heterogeneity and a lack of specificity. Several studies have
recently tested germline variants as more efficient and per-
sonalized predictive markers for both response and toxicity
in ICI [19, 20], in particular with anti-CTLA-4 treatments
[21, 22]. Our study builds on the notion that ICI antago-
nizes immune-regulatory pathways and augments immune
response for potent tumor surveillance [3]. Since the role of
the immune-checkpoints in suppressing autoimmunity was
being targeted for ICI therapy, it is highly plausible that ICI
efficacy is modulated by patients’ underlying genetic suscep-
tibility to autoimmunity, as also evidenced by autoimmune-
like irAEs commonly observed in ICI [11], the occurrence
of which may be associated with increased clinical response
[11, 23]. The observed link between ICI, irAEs and treat-
ment efficacy leads to our hypothesis that genetic risk fac-
tors of autoimmunity may affect ICI response, suggesting
their potential utility as biomarkers of more personalized
stratification of patients for ICI benefit. In this report, we
have utilized findings from recently completed genome-wide
association studies (GWAS) on a spectrum of autoimmune
diseases [24-26] (see supplementary TableS1 for full refer-
ences of autoimmune GWAS), and have tested well-estab-
lished single nucleotide polymorphisms (SNPs) associated
with autoimmunity risks in GWAS for their effect on ICI
response in a cohort of patients treated by single line or
combined ICI.
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The patient samples were collected through collaborative
efforts among several institutions: New York University
Langone Health (NYULH), University of California Los
Angeles (UCLA) and Massachusetts General Hospital
(MGH). All the patients in the study were treated for meta-
static melanoma with immune-checkpoint inhibitor therapy;
anti-CTLA-4 (ipilimumab, tremelimumab; N=215), anti-
PD-1 (nivolumab, pembrolizumab; N=176) and combined
anti-CTLA-4/anti-PD-1 (ipilimumab/nivolumab; N =45).
Each patient provided blood samples for DNA extraction;
demographic and clinical information including sex and
age at treatment were also collected. All participants were
of self-reported European ancestry. Response status was
assessed in all patients 13 weeks after initiation of treat-
ment using established RECIST 1.1 (response evaluation
criteria in solid tumors) as described previously [27]. In our
study, clinical outcomes were classified into two categories:
responders and non-responders. Responders consisted of
patients with complete response (CR), partial response (PR)
and stable disease (SD), while patients with progression of
disease (POD) were classified as non-responders.

Selection of autoimmune candidate genetic variants

From a comprehensive search of the published Genome-
Wide Association Studies (GWASs) performed on autoim-
mune diseases, we focused on variants that were associated
with at least three autoimmune diseases, in which at least
one association surpassed the GWAS-level of significance
(p=1E—07). In our selection, we have specifically focused
on autoimmune traits that usually manifest as part of irAEs,
including allergy, alopecia, ankyloses spondylitis, asthma,
celiac disease, colitis, inflammatory bowel disease, multiple
sclerosis, pancreatitis, psoriasis, theumatoid arthritis, system
sclerosis, type 1 diabetes and vitiligo. Our final selection
contained 25 SNPs to be tested in this study (Supplementary
TableS1).

Genotyping and quality control (QC) analysis

Genomic DNA was isolated from whole blood samples using
QiaAmp (Qiagen). The genotyping of 25 selected SNPs
was performed using the Sequenom MassArray System
(Agena Bioscience Inc, CA, USA) as described elsewhere
[28]. Briefly, for quality control (QC), 8 sample duplicates
were run along with 2 non-template controls in a 384-well
plate. Concordance of duplicates observed was 99% and no
cross-contamination was detected. We removed SNPs with
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genotype information missing in > 15% of the samples or
SNPs departing Hardy—Weinberg equilibrium (p <0.001).
After QC filters, 22, 24 and 23 SNPs remained in the analy-
sis for response to anti-CTLA-4, anti-PD-1 and combina-
tion therapy, respectively. Patients with more than 10% of
genotype information missing were also removed from the
analysis, filtering out 1 anti-CTLA-4 and 1 anti-PD-1 treated
patient. Following QC, 214 anti-CTLA-4, 175 anti-PD-1 and
45 combination therapy-treated patients remained in the final
analysis.

Statistical analysis

The statistical differences between patients’ demographi-
cal characteristics (sex and age) across treatment cohorts
were assessed using Chi square test for categorical variable
(sex) and Kruskal-Wallis test for continuous variable (age).
Multiple logistic regression was conducted to investigate
the association between selected SNPs and ICI response;
a major allele was treated as a reference. Responders were
defined as controls, while non-responders were classified as
cases in all association tests. We used an additive model as
a baseline analysis for all logistic regression tests. Where
indicated, we also used dominant and recessive genetic
models. In the dominant model, the presence of one or
two copies of a minor allele was assumed to have the same
effect, while in the recessive model, the carriers of at least
one major allele were treated as a reference group, against
minor allele homozygotes. We performed the analyses in
anti-CTLA-4, anti-PD-1 and combination therapy-treated
cohorts separately. We also conducted a pooled analysis

of patients regardless of treatment types. The effect size
of observed associations was reported as odds ratio with
95% confidence interval (OR +95% CI). We employed the
Bonferroni method to adjust for multiple testing with a sta-
tistical significant threshold of p <0.002. As a secondary
analysis, we also tested the interactions of the most signifi-
cant variants with age and sex using logistic regression. All
statistical models were adjusted for age at treatment, sex and
treatment drugs (e.g., ipilimumab vs tremelimumab for the
anti-CTLA-4 group and nivolumab vs pembrolizumab for
the anti-PD-1 group), or treatment types for pooled analy-
sis. Descriptive statistics were performed in R 3.5.1 and all
analyses were conducted in PLINK 1.9.

Results
Characteristics of study population

Our study employed 436 metastatic melanoma patients
(Table 1). Among these, 215 patients received anti-CTLA-4
(171 ipilimumab and 44 tremelimumab); 176 anti-PD-1 (17
nivolumab, 159 pembrolizumab) and 45 combination thera-
pies (anti-CTLA-4 and anti-PD-1). For anti-CTLA-4, 150
samples were obtained from patients treated at NYULH;
50 at UCLA and 15 at MGH. For anti-PD-1, 77 samples
were obtained from patients treated at NYULH, 84 at
UCLA and 15 at MGH; while for combination therapy (anti-
CTLA-4/antiPD-1), 34 samples were obtained from patients
at NYULH and 11 at MGH (Table 1). The overall median
age at treatment was 62.85 years (range 19-90.20). A larger

Table 1 Patients’ characteristics

Characteristics Treatment types p value®
by treatment types
Total Anti-CTLA-4 Anti-PD-1 Combination
(ipilimumab or (nivolumab or (anti-
tremelimumab) pembrolizumab) CTLA-4 + anti-
PD-1)
Median age (range) 62.85 (19-90.20) 59.95 (23-90.20) 65.80 (19-90)  61.90 (20-89)  0.02
Sex
Male (%) 292 (66.97) 145 (67.44) 119 (67.61) 28 (62.22) 0.77
Response outcome”
Response (%) 201 (46.96) 79 (36.91) 89 (52.04) 33 (76.74)
Institutions (N, %)
NYULH? 261 (59.86) 150 (69.76) 77 (43.75) 34 (75.55)
UCLA 134 (30.73) 50 (23.25) 84 (47.72) 0 (0.00)
MGH 41 (9.41) 15 (6.99) 15 (8.53) 11 (24.44)
Total 436 215 176 45

#One patient was later removed in the quality control (QC) step for anti-CTLA-4 and anti-PD-1

There is 1 missing value in anti-CTLA-4, 6 in anti-PD-1 and 2 in combination therapy

“Relevant patients’ characteristics (age, sex) were tested for statistical significance between treatment types.
Kruskal-Wallis test was performed for the continuous variable (age); while Chi-square test was used to test
the statistical difference for the categorical variable (sex)
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proportion of our patients were males (67%), consistent with
the sex distribution of metastatic melanoma. The response
rate for combination therapy was the highest (76.74%). For
anti-CTLA-4-treated patients, the overall response rate was
36.91%, while anti-PD-1 had 52.04% response rate. Some
statistically significant difference has been observed between
treatment cohorts for age of treated patients (p =0.02)
(Table 1). Therefore, in subsequent analyses the effect of
SNPs on ICI efficacy was tested separately in anti-CTLA,
anti-PD1 and combination therapy treated cohorts.

Analysis of association of 25 autoimmune risk SNPs
with response in anti-CTLA-4

A total of 22 SNPs that passed QC (quality control) were
tested for their association with response in 213 anti-
CTLA-4 treated patients. Among those patients, 78 patients
were responders (controls) and 135 were non-responders
(cases) (Table 2). Both additive and recessive logistic regres-
sion models revealed several associations with response;
however, none of these reached a level of statistical signifi-
cance corrected for multiple testing using the Bonferroni
adjustment (p < 0.002) (Supplementary Table S2), or a less
stringent Holm—Bonferroni method. The most significant
association with response in anti-CTLA-4-treated patients
was found for rs1893217 under a dominant logistic model:
our data showed that the carriers of at least one copy of a
minor allele G (AG or GG) were 2.79 times more likely
to be non-responders, compared to those with the homozy-
gous reference genotype (AA) (95% CI 1.36-5.73; p=0.005;

Table 2). rs1893217 was mapped to the PTPN2 gene, and is
associated with autoimmune diseases such as celiac disease,
inflammatory bowel disease, theumatoid arthritis and type
1 diabetes (Supplementary Table S1). While this was the
most significant association in the anti-CTLA-4 analysis,
the statistical significance was marginal after adjustment for
multiple testing by Bonferroni or Holm—-Bonferroni methods
(p-adjusted = 0.09). We also tested whether the association
of 151893217 with anti-CTLA-4 response was modified by
age and sex and while the effect of rs1893217 was stronger
in the younger age group (OR 6.43, 95% CI 1.74-23.82),
none of the interactions with age or sex was statistically
significant (Figure S1).

Analysis of association of 25 autoimmune risk SNPs
with response in anti-PD-1

For anti-PD-1 treatment, 24 SNPs passing QC were tested
in 169 patients, of whom 88 were responders (controls)
and 81 were non-responders (cases) (Table 2). An addi-
tive model revealed the most significant association with
response for rs17388568 (OR 0.38; 95% CI 0.21-0.67;
p=0.0008; Table 3; full results in Supplementary
Table S2), significantly surpassing the Bonferroni adjust-
ment for multiple testing (p < 0.002). Under the dominant
regression model, consistent with the additive model,
rs17388568 was found to have the strongest association
with response (OR 0.26; 95% CI 0.12-0.53; p =0.0002;
Table 2), surpassing the Bonferroni multiple testing
adjustment. In this analysis, carriers of at least one minor

Table 2 The top three most significant associations with response to ICI under dominant logistic regression models®

SNPs Reported genes  Chromosome Major/ Anti-CTLA-4 Anti-PD-1 Combined therapy
position minor (N controls=78, N (N controls=88, N (N controls=33, N
allele cases =135) cases=281) cases=10)
(N total=213) (N total=169) (N total =43)
OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value
rs10488631 TNPO3, IRF5 chr7:128954129 T/C 1.14 (0.52-2.49) 0.74 1.20 (0.55-2.60) 0.63 31.19 (1.62- 0.02
597.9)
rs17388568 1L.2, ADADI, chr4:122408207 G/A NA NA 0.26 (0.12-.53) 0.0002*  0.94 (0.14-6.05) 0.95
1IL21
rs1893217 PTPN2 chr18:12809341 A/G 2.79 (1.36-5.73) 0.005 1.56 (0.76-3.16) 0.21 6.95 (1.06-45.26) 0.04
rs2111485  FAP, IFIH1 chr2:162254026 G/A 0.62 (0.32-1.19) 0.15 0.96 (0.49-1.87) 0.91 0.21 (0.04-0.98) 0.04
rs2187668 HLA-DQAI chr6:32638107 C/T 1.36 (0.66-2.78) 0.39 2.14 (1.064.31) 0.03 1.15 (0.15-8.48) 0.88
rs2476601  PHTFI, chrl:113834946 G/A 3.17 (1.02-9.85) 0.04 0.36 (0.09-1.48) 0.16 1.52 (0.11-21.01) 0.75
PTPN22
rs6679677 PHTFI, chrl:113761186 C/A 2.95 (1.14-7.60) 0.02 0.59 (0.21-1.61) 0.30 1.52 (0.11-21.01) 0.75
PTPN22

Controls: ICI responders; Cases: ICI non-responders

NA refers to SNPs removed in QC step; the top three SNPs in each treatment cohort are bolded

Asterisk (*) indicates p value surpassing the Bonferroni multiple testing adjustment (p <0.002)

*Models adjusted for age, sex and treatment drug (ipilimumab or tremelimumab; nivolumab or pembrolizumab)
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Table3 Associations of Additive model Dominant model Recessive model
rs1893217 and rs17388568
with response in anti-CTLA-4 OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value
and anti-PD-1 under different
genetic models® Anti-CTLA-4°
rs1893217
AA  Reference Reference  Reference Reference  Reference Reference
AG 2.26(1.21-4.20) 0.01 2.79 (1.36-5.73)  0.005 1.89 (0.35-10.11)  0.45
GG 5.11(2.97-9.51) 0.01
Anti-PD-1¢
rs17388568
GG  Reference Reference  Reference Reference  Reference Reference
GA 0.38(0.21-0.67)  0.0008* 0.26 (0.12-0.53)  0.0002* 0.38 (0.11-1.33) 0.13
AA  0.14 (0.08-0.25)  0.0008*

Asterisk (*) indicates p value surpassing the Bonferroni multiple testing adjustment (p <0.002)

“Models adjusted for age, sex and treatment drug (ipilimumab or tremelimumab; nivolumab or pembroli-

zumab)

YN controls=78, N cases= 135 (controls: ICI responders; cases: ICI non-responders); for the dominant
model: the genotype group comparisons were as follows: AA (reference) vs AG/GG; for the recessive

model: AA/AG (reference) vs GG

°N controls=88, N cases=81 (Controls: ICI responders; Cases: ICI non-responders) ; for the dominant
model: the genotype group comparisons were as follows: GG (reference) vs GA/AA; for the recessive

model: GG/GA (reference) vs AA

allele (GA or AA) of rs17388568 are 74% less likely to
resist anti-PD-1 treatment, compared to those with GG
genotype. rs17388568 was mapped to the genomic region
containing 1IL2, ADADI1 and IL21, a locus previously
associated with allergy, colitis and type 1 diabetes (Sup-
plementary Table S1). The interaction analyses with age
and sex for rs17388568 showed stronger effects in the
younger female patients; yet, none of these associations
was statistically significant (Figure S2).

Analysis of association of 25 autoimmune risk SNPs
with response in combination therapy

In a cohort of 43 combination therapy treated patients (N
responders = controls =33, N non-responders = cases = 10;
Table 2), none of the associations with the 23 SNPs tested
reached statistical significance after adjustments for mul-
tiple testing with both the Bonferroni and Holm—Bon-
ferroni methods (full results Supplementary Table S2).
However, due to the small sample size in the combination
therapy cohort, this analysis may have a limited power as
evidenced by wide confidence intervals (Table 2). Hence,
the findings should be interpreted with caution. Finally,
the pooled association analysis has been performed across
treatments, grouping anti-CTLA-4, anti-PD-1 and com-
bination therapy treated patients together adjusted for
age, sex and treatment drugs; no significant association
with treatment response was observed (Supplementary
Table S2).

Discussion

Our study provides the first targeted analysis of the associa-
tion of GWAS autoimmune germline genetic susceptibility
loci and treatment efficacy in melanoma patients receiv-
ing immune-checkpoint inhibition (ICI). While there have
been a handful of previous small-scale reports assessing the
role of immune-related genetic variants in immunotherapy
response [19-22], our study included relatively large cohorts
of metastatic melanoma patients across different treatments
and for the first time explored a link between genetic suscep-
tibility to autoimmunity with ICI treatment outcomes. While
only 25 SNPs were included in the analysis of our study, this
subset was derived in a specifically focused manner, only
targeting GWAS-level variants that were reproducibly asso-
ciated with 3 or more autoimmune conditions, in particular
those conditions that were similar to manifestations of ICI-
related immune toxicity. Our analyses revealed significant
associations with treatment efficacy, particularly for patients
treated by anti-PD-1 (nivolumab, pembrolizumab).

The most significant association in our study was
observed for rs17388568 with response to anti-PD-1.
Our data showed that the carriers of a minor allele (A) of
rs17388568 were 74% less likely to resist anti-PD-1 treat-
ment (Table 2). By inverting the odds ratio, the findings
suggested that the minor allele A was associated with an
increased ICI response; the carriers of A allele are 3.84
times more likely to respond to anti-PD-1 therapy (OR
1/0.26 3.84). This association was observed in both additive
and dominant models with comparable association effects
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(OR 0.38; p=0.0008 and OR 0.26; p =0.0002, respectively)
(Tables 2, 3). In several autoimmune GWAS, a minor allele
of rs17388568 (A) was found to be associated with higher
risk of autoimmunity such as allergy, colitis, and type 1 dia-
betes [24-26] (Table 4), suggesting a potential association of
the A allele with increased immune activity. This is consist-
ent with our findings showing that the carriers of the A allele
of rs17388568 (susceptible for the risk of autoimmunity)
associate with improved anti-PD-1 response. rs17388568
maps in the locus containing three candidate genes: ADADI,
IL2 and IL21 (Supplementary TableS1). Despite the direct
mapping of rs17388568 in the intron of ADADI1 (adeno-
sine deaminase containing domain 1), this candidate gene
is mainly involved in testis development, with unclear func-
tional relevance to autoimmunity [29] or immune response
in general. In contrast, IL2 and IL21 are both important sign-
aling cytokines in adaptive immunity and previous analyses
showed that both genes are contained within a linkage dis-
equilibrium block with rs17388568, suggesting a possible
correlation with other variants or functional effects in these
two interleukin genes [29]. IL2 is required for activation of
both Th1 and Treg cells [30]. While a direct link between
IL-2 and response to anti-PD-1 therapy has not been sys-
tematically investigated, emerging evidence suggests that
IL-2 production could overcome the PD-1-PDL-1 inhibitory
pathway [31] and can stimulate cytotoxic CD8+T cells, one
of the positive markers of anti-PD-1 response [32]. Given
this evidence, it is likely that the putative mechanism of
the associations between rs17388568 and anti-PD-1 efficacy
observed in this study is through IL2-mediated regulation
of immune homeostasis, possibly upregulating the produc-
tion of CD8+T cells. Interestingly, IL-2 monotherapy was
originally approved for melanoma due to its association
with induced tumor regression [32], potentially through
the increased CD8+T-cell activation. Additionally, there is
an ongoing clinical trial for a combined IL2 and anti-PD-1
treatment for metastatic renal cell carcinoma (Trial identi-
fier: NCT02989714).

Another gene in the vicinity of rs17388568 is IL21 that
also belongs to the gamma cytokine family [30]. Numerous
studies have reported the role of IL-21 in innate and adap-
tive immunity through the activation of JAK/STAT path-
ways [33, 34] and interestingly, patients with autoimmune
diseases show elevated IL21 levels [34, 35]. IL-21 was also
found to induce PD-1 expression in T cells [36], what may

be a potential explanation of our observed association of
rs17388568 with anti-PD-1 sensitivity. Several studies have
observed suggestive clinical efficacy of combined IL-21 and
anti-PD-1 therapy in preclinical mouse models, which was
correlated with elevated tumor infiltrated CD8+T cells [37]
and there are ongoing phase I clinical trials of anti-PD-1
and IL-21 for solid tumors [38]. While these and other evi-
dence clearly point to a potential biological link between
rs17388568 and IL-2/IL21 genes in the locus, more detailed
fine-mapping analysis of these associations will be needed.
In particular, the correlation of rs17388568 and other poten-
tial variants in this region with gene expressions of both
candidates will be needed to provide further functional evi-
dence of the involvement of the genetic variants in this locus
in modulation of anti-PD-1 efficacy.

Other associations were observed in this study, in particu-
lar for rs1893217 with response to anti-CTLA-4 ICI (OR
2.79;95% CI 1.36-5.73; p=0.005; Table 2). rs1893217 was
mapped to PTPN2 (protein tyrosine phosphatase non-recep-
tor type 2). PTPN2 is a negative regulator in the JAK/STAT
cascade inhibiting downstream cytokine signaling [39]. Cur-
rent research in anti-PD-1 treated mice suggested an associa-
tion between PTPN2 deletions with improved response [40].
While promising, however, the statistical significance in our
study is borderline, and additional larger validation scanning
will be needed to confirm these observations.

Our data did not find statistically significant interactions
of the observed associations with age and sex. However,
given recent suggestive evidence that age and sex modify
ICI outcomes [41, 42], these will need to be explored in
larger patient cohorts.

In summary, we found a significant association of auto-
immune genetic variants with ICI efficacy, particularly for
anti-PD-1 treated patients, with a level of statistical sig-
nificance surpassing adjustments for multiple testing. The
findings generated here will be substantially enhanced by
functional studies to fully understand the directionality and
mechanisms of action of associated autoimmune genetic
variants in the context of ICI outcome. Despite the current
lack of such knowledge, our findings offer valuable insights
on genetic markers potentially stratifying patients by treat-
ment benefits using a simple method of SNP genotyping.
These observations may stimulate more systematic efforts
to assess genetic variants as putative personalized predictive
biomarkers of ICI outcomes, by employing larger patient

Table 4 Reported associations

. SNPs/associated traits Reported genes Major/minor allele OR (95% CI) p value References
of rs17388568 with
autoimmune diseases from rs17388568
genome-wide association . _
studies (GWAS) Alle.:r.gy L2 G/A 1.08 (1.05-1.10) 3.90E-08 [24]
Colitis ADADI1 1.12 (1.07-1.17) 9.49E-07 [25]
Type 1 diabetes IL21 1.58 (1.27-1.95) 3.27E-06 [26]
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subsets from clinical trials and standard-of-care protocols,
coupled with denser SNP arrays in an immune-related for-
mat or a genome-wide context. These efforts may substan-
tially complement recent personalized strategies integrating
known biomarkers of ICI outcomes, such as those proposed
as part of cancer immunograms [43]. A limitation of this
report is that we did not assess immune-related toxicity in
our patients, which is very relevant given the link to autoim-
mune genetic susceptibility. As the focus of the current study
was on markers of ICI efficacy, the assessment of germline
genetic risk variants of autoimmunity in relation to irAEs
will be tested in a subsequent study in this patient cohort
as well as expanded patient populations from multi-institu-
tional collaborations.
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