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Abstract
Background  Immune checkpoint inhibitors (ICI) are highly effective but may induce severe or even fatal and 
unpredictable immune-related adverse events (irAEs). It is unclear whether human leukocyte antigen (HLA) genes 
contribute to the susceptibility of developing irAEs during ICI therapy.

Methods  This multicentre retrospective study investigated the association of irAE and outcome with HLA-A*02:01 
status in a cohort of 97 patients with metastatic melanoma undergoing ICI therapy. Organ-specific irAEs and therapy 
outcome as assessed by response rate, progression-free survival (PFS) and overall survival (OS) were analysed 
depending on HLA type HLA–A*02:01. For the outcome only patients with cutaneous melanoma were analysed. Chi 
square test, exact fisher test, Kruskal Wallis test and log rank test were employed for statistical analysis (p ≤ 0.05).

Results  The cohort included 38 HLA-A*02:01 positive (39.2%) and 59 HLA-A*02:01 negative (60.8%) patients. Data 
showed no evidence of an association of HLA-A*02:01 with organ-specific irAEs except for a numerical difference 
in immune-related colitis. Furthermore, response rates of the subgroup of patients with metastatic cutaneous 
melanoma did not differ between the two cohorts. The median PFS was 5 months and 8 months in HLA-A*02:01 
positive and negative patients with cutaneous melanoma, respectively.

Conclusion  HLA-A*02:01 was not associated with specific checkpoint inhibitor-induced organ toxicity in this 
cohort of HLA-A-typed melanoma patients. Interestingly, in the relatively small subgroup of patients with cutaneous 
melanoma an earlier progression in HLA-A*02:01 positive patients was observed, however not in the long term. These 
findings are exploratory due to the limited sample size and require validation in larger, prospective cohorts.
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Background
Although immune checkpoint inhibitors (ICI) substan-
tially improve the outcomes of patients across different 
tumour entities, they also cause considerable toxicity 
with up to 59% of severe immune-related adverse events 
(irAEs) [1, 2]. These can occur in all organ systems, 
including the digestive tract (e.g. irColitis), the endocrine 
system (e.g. irThyreoiditis, irHypophysitis), skin (irDer-
matitis), lungs (irPneumonitis), and liver (irHepatitis). Up 
to 35.5% of cancer patients experience chronic irAE one 
year or more after discontinuing ICI-therapy [3]. IrAEs 
are fatal in 0.3–1.3% of patients [4, 5].

As ICI therapy has been increasingly administered in 
earlier tumour stages [6, 7], there is an urgent need to 
identify predictive factors for toxicity to effectively evalu-
ate the benefit-risk ratio. Furthermore, identifying at-
risk patients before initiating immunotherapy could not 
only help mitigate the severity of irAEs but also improve 
patient management. However, despite numerous stud-
ies investigating baseline predictive factors for irAEs, no 
marker has yet been successfully translated into clinical 
practice [8, 9]. Female sex has been found to increase the 
risk for irHepatitis and preexisting autoimmune diseases 
such as rheumatoid arthritis, psoriasis and polymyalgia 
rheumatica have been shown to increase the risk of car-
diovascular events induced by ICI regardless of known 
cardiovascular risk factors [10, 11]. Low baseline inter-
leukin-6 serum levels have been shown to increase the 
risk for irAEs, and an increase in interleukin (IL)-6 has 
been observed to precede irAEs [12, 13]. In addition, 
high absolute eosinophil counts at baseline in periph-
eral blood have been associated with an increased risk 
of irPneumonitis and anti-thyroid antibodies have been 
linked to irThyreoiditis [14, 15]. Furthermore, high levels 
of C-reactive protein, IL-6, CXCL5, CXCL9, CXCL10, 
and Ki-67 + regulatory T cells as well as Ki-67 + CD8 + T 
cells following the initiation of ICI therapy have been 
associated with the occurrence of irAEs [13, 16, 17].

On the other hand, an association between biomarkers 
and ICI response has been shown. An overrepresenta-
tion of interleukin (IL)-17 T helper (TH17) gene expres-
sion signatures (GES), as seen in BRAF-V600 mutated 
tumours, might lead to a better response to dual ICI ther-
apy, but not to monotherapy. Thus, IL17 appears to play 
a role as a predictive biomarker for treatment outcome 
[18]. Additionally, low levels of eosinophil-cationic pro-
tein, eosinophilia and low signaling of exchange proteins 
activated by cAMP (EPAC) have been associated with a 
better prognosis in melanoma [19–21].

Human leukocyte antigen (HLA) molecules are piv-
otal in antigen presentation and T-cell-mediated 
immune activation. The diversity of HLA molecules, 
driven by polymorphisms, enables a broad range of 
antigen recognition but also contributes to variability 

in immune responses. This extraordinary diversity is 
further enhanced by high mutation rates and genetic 
recombination within the HLA system [22]. This diver-
sity has profound implications for ICI-therapy since 
efficient presentation of tumour antigens by HLA class 
I molecules is essential for the CD8+ T-cell-dependent 
elimination of cancer cells. Specific HLA alleles, such as 
HLA-DRB1*11:01, have been linked to immune-related 
pruritus, and HLA-DQB1*03:01 has previously been 
shown to be associated with irColitis in metastatic mel-
anoma and non-small cell lung cancer (NSCLC) [23]. 
Additionally, HLA-DR15, B52, and Cw12 as well as HLA-
DQ*06:02 have been identified as potential risk factors 
for irHypophysitis [24], while incidence of irHypophysi-
tis was significantly lower in patients with HLA-DR*53 
[25]. Furthermore, in patients with various malignan-
cies, a significant association has been observed between 
HLA-DRB3*01:01 and immune-related thrombocyto-
penia, HLA-DPB1*04:02 and immune-related hypoka-
lemia/hyponatremia, leukopenia, and anemia, as well 
as between HLA-A*26:01 and immune-related bilirubin 
elevation following ICI therapy [26]. However, the extent 
to which patient-specific HLA-I genotypes influence the 
response to ICIs, such as anti-programmed cell death 
protein 1 (anti-PD-1) or anti-cytotoxic T lymphocyte-
associated protein 4 (anti-CTLA-4), remains an area of 
ongoing investigation [27]. Among these, HLA-A*02:01, 
one of the most common HLA alleles, has received lim-
ited attention, particularly regarding its impact on ICI-
induced irAEs and treatment outcomes [28].

Research has shown that HLA-A*02:01 can present 
longer 15-mer peptides that are subsequently recognized 
by T-cells, challenging the previous assumption that only 
HLA-B molecules could bind such extended peptides. 
This underscores the crucial role of HLA-A*02:01 in 
T-cell immunity [29].

The HLA-A*02 supertype has been associated with 
improved overall survival (OS) and progression free sur-
vival (PFS) in patients with advanced lung cancer treated 
with ICIs [30, 31]. However, a smaller study in NSCLC 
patients found no correlation between HLA-A*02 and 
OS or PFS, suggesting that HLA-A*02 may not be a reli-
able prognostic marker [32]. Other studies in patients 
with NSCLC found no significant correlation between 
this HLA type and the development of irAEs [31–33]. 
To follow up on these results, we sought to investigate 
whether an association exists in metastatic melanoma 
patients undergoing ICI therapy. By exploring this rela-
tionship, we aimed to determine whether HLA-A*02:01 
could serve as a predictive biomarker for treatment out-
comes and its presence would potentially contribute to 
survival benefits in melanoma immunotherapy.

While HLA-A*02 alleles share common structural and 
functional characteristics, they exhibit subtle differences 
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in peptide presentation and immune response, which 
may influence immunotherapy efficacy. Therefore, we 
focused specifically on HLA-A*02:01, as it is known to 
bind longer peptides that are subsequently effectively 
recognized by T cells, highlighting its pivotal role in 
T-cell-mediated anti-tumour response.

The aim of this study was to determine whether HLA-
A*02:01 serves as a predictive biomarker for irAEs in 
patients undergoing ICI therapy and whether its pres-
ence is associated with clinical outcomes, including over-
all response rate (ORR), PFS, or OS as well as toxicity. 
By analysing a cohort of ICI-treated patients with meta-
static melanoma, we sought to bridge the knowledge gap 
regarding the interplay between the HLA polymorphism 
HLA-A*02:01, toxicity, and therapeutic efficacy.

Materials and methods
Study design
This multicentre retrospective cohort study was approved 
by the local ethics committees of the Friedrich-Alexan-
der-Universität Erlangen-Nürnberg, (No. 195_20B, No. 
16-17-Br, No. 17-10-B) and the ethics committee of the 
Ludwig-Maximilians-Universität Munich (No. 20-1122). 
It was conducted according to the declaration of Helsinki.

Settings and participants
Patients were enrolled at the skin cancer centres of the 
Uniklinikum Erlangen and the University Hospital 
Munich, Germany, after giving their informed written 
consent. The clinical data were documented in electronic 
patient files. HLA typing was performed utilizing the 
standard clinical care procedure, employing sequence-
specific priming-polymerase chain reaction (SSP-PCR) 
in EDTA blood. In one of the participating centres, a 
substantial number of patients had already been tested 
for HLA-A*02:01 as part of a previous study, while in 
another centre, HLA typing was performed according to 
local standard protocol.

Inclusion criteria were diagnosis of metastatic mela-
noma, treatment with ICI (anti-CTLA–4 antibody 
ipilimumab, anti-PD-1 antibodies nivolumab or pembro-
lizumab, or a combination of anti-PD-1 and anti-CTLA-4 
antibodies), and a follow-up of at least 6 months after ini-
tiation of ICI therapy. Patients received their initial ICI 
therapy between 2012 and 2022. HLA-A*02:01 positive 
and negative patients with metastatic melanoma under-
going ICI therapy were compared with regard to occur-
rence of irAE and tumour outcome. The patients received 
ICI therapy following standard procedures for each spe-
cific drug administration. The development of irAEs 
was monitored by clinical history and symptom assess-
ment with grading according to the Common Terminol-
ogy Criteria for Adverse Events (CTCAE V5.0). Upon 
suspicion of an irAE, a comprehensive examination was 

carried out to exclude other causes, including infections, 
disease progression, or secondary pathologies. 

Efficacy data was analysed only for the subgroup of 
patients with cutaneous melanoma. Tumour response 
was assessed using the response evaluation criteria in 
solid tumours (RECIST 1.1) to categorize complete 
response (CR), partial response (PR), stable disease (SD) 
and progressive disease (PD) and was carried out every 
3 months. Imaging included cranial magnetic resonance 
tomography (MRT) and computed tomography (CT) 
of the neck, thorax and abdomen. OS and PFS were 
assessed from first application of ICI therapy. Melanoma 
of unknown primary and acrolentiginous melanoma were 
included in the investigated melanoma cohort.

Statistical methods
Statistical analysis was performed using chi-square tests, 
Fisher’s exact test, Kruskal Wallis test, Cox regression, 
Kaplan Meier analysis and log rank test, with a signifi-
cance level of p ≤ 0.05 as statistically significant (*) and 
p ≤ 0.01 as highly significant (**). The chi-square test was 
applied to compare the occurrence of irAEs between 
HLA-A*02:01 positive and HLA-A*02:01 negative 
patients. However, for irDiabetes mellitus, irPneumonitis, 
and immune-related adrenal insufficiency, the number of 
affected patients was too low for the chi-square test to be 
appropriate. Therefore, for these specific irAEs, we used 
Fisher’s exact test to ensure a statistically valid compari-
son. Graphs were generated using SPSS and PowerPoint.

Results
This study investigated 97 patients with metastatic mela-
noma undergoing ICI therapy to characterize the asso-
ciation of irAEs and tumour outcome with the HLA type 
HLA-A*02:01. Among all patients, 38 (39.2%) were HLA 
type A*02:01, while 59 patients (60.8%) were HLA type 
A*02:01 negative. All patients underwent ICI therapy, 
with 27 (27.8%) receiving the CTLA-4-inhibitor ipi-
limumab, 21 (21.6%) a PD1-inhibitor (pembrolizumab 
or nivolumab), and 49 (50.5%) a combination of both 
as their first ICI therapy (Table  1). The median age of 
patients at ICI initiation was 61 years in both groups. For 
irAE analyses, patients with cutaneous, uveal and muco-
sal melanoma were included, for tumour outcome only 
patients with metastatic cutaneous melanoma stage lV 
(American Joint Committee on Cancer 8th Edition AJCC 
2017) were included. In total, 62.7% of HLA-A*02:01 
negative patients (37 of 59) developed irAEs, compared 
to 73.7% (28 out of 38) of HLA-A*02:01 positive patients. 
Regarding the organ-specific subtypes or irAE, endo-
crine irAEs occurred in 34.2% and 25.4% of the patients 
with and without HLA-A*02:01, respectively; irHepatitis 
appeared in 31.6% and 20.3% of patients with and with-
out HLA-A*02:01, respectively, and irColitis in 15.8% 
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and 23.7% of patients with and without HLA-A*02:01, 
respectively (Table 1).

IrEndocrine
Endocrine adverse events occurred in 28 of 97 patients 
(28.9%), 4 of these presented more than one endocrine 
irAE, including irThyreoiditis (n = 13), irHypophysitis 
(n = 14), irDiabetes mellitus (n = 2) and adrenal insuf-
ficiency (n = 3). Among HLA-A*02:01 positive patients, 
34.2% developed endocrine adverse events compared to 
25.4% of HLA-A*02:01 negative patients (Fig.  1a), how-
ever, this difference was not statistically significant. Thy-
roid-related adverse events appeared in 5 (13.2%) of 38 
HLA-A*02:01 positive patients and 8 (13.5%) of 59 HLA-
A*02:01 negative patients (Fig. 1b). Adverse events of the 
pituitary gland occurred in 6 (15.8%) and 8 (13.6%) of the 
HLA-A*02:01 positive and negative patients, respectively 
(Fig.  1c). Only 2 HLA-A*02:01 positive patients devel-
oped diabetes mellitus whereas none of the HLA-A*02:01 
negative patients were affected (Fig. 1d). Immune-medi-
ated adrenal insufficiency occurred in 1 (2.6%) HLA-
A*02:01 positive patient and 2 (3.4%) HLA-A*02:01 
negative patients (Fig. 1e).

irColitis, irHepatitis, irPneumonitis
In total, 20 of 97 patients (20.6%) developed irColitis, 
with 15.8% (n = 6) of HLA-A*02:01 positive patients and 
23.7% (n = 14) of HLA-A*02:01 negative patients affected. 
The difference was not statistically significant (Pearson 
chi-square = 0.345, Fig. 2a). Similarly, 24 of 97 patients 
(24.7%) developed irHepatitis, with 31.6% (n = 12) of 
HLA-A*02:01 positive patients and 20.3% (n = 12) of 
HLA-A*02:01 negative patients, also with no signifi-
cant difference observed (Pearson chi-square = 0.210, 
Fig. 2b). Additionally, irPneumonitis occurred in 8 of 97 
patients (8.2%), affecting 7.9% (n = 3) of HLA-A*02:01 

Patient characteristics
Cohorts HLA-A*02:01 posi-

tive patients
HLA-A*02:01 
negative 
patients

N (%) 38 (39.2) 59 (60.8)
Median age (range) 61 (50–72 years) 61 (47–75 

years)
Gender: female n (%)-male n (%) 18 (47.4) – 20 (52.8) 29 (49.2) – 30 

(50.8)
Tumour entity
Cutaneous melanoma n (%)
Mucosal melanoma n (%)
Uveal melanoma n (%)

14 (36.8)
0 (0.0)
24 (63.2)

25 (42.4)
2 (3.4)
32 (54.2)

BRAF mutation status
Wildtype n (%)
V600E n (%)
Unknown n (%)

14 (36.8)
3 (7.9)
21 (55.3)

27 (45.8)
7 (11.9)
25 (42.4)

Primary stage (AJCC 2017)
IV n (%) 38 (100) 59 (100)
ICI therapy
Anti-PD1 n(%)
Anti-CTLA-4 n(%)
Anti-PD1 + Anti-CTLA4 n(%)

9 (23.7)
9 (23.7)
20 (52.6)

12 (20.3)
18 (30.5)
29 (49.2)

Development of irAE n (%)
More than 1 irAE n (%)

28/38 (73.7)
14/38 (36.8)

37/59 (62.7)
16/59 (27.1)

Type of irAE
irEndocrine n (%)
  irThyreoiditis n (%)
  irHypophysitis n (%)
  irDiabetes mellitus n (%)
  Adrenal insufficiency n (%)
irColitis n (%)
irHepatitis n (%)
irPneumonitis n (%)
other irAE n (%)

13 (34.2)
5 (13.2)
6 (15.8)
2 (5.3)
1 (2.6)
6 (15.8)
12 (31.6)
3 (7.9)
11 (28.9)

15 (25.4)
8 (13.6)
8 (13.6)
0 (0.0)
2 (3.4)
14 (23.7)
12 (20.3)
5 (8.5)
13 (22.0)

CTCAE° (related to irAE cases)
°1 or °2 n (%)
° ≥ 3 n (%)

19/28 (67.9)
9/28 (32.1)

20/37 (54.1)
17/37 (45.9)

Table 1  Patient characteristics. Percentages may not sum up 
to 100 due to rounding. anti-PD1: anti-programmed cell death 
1 antibodies (pembrolizumab or nivolumab), anti-CTLA-4: 
anti-cytotoxic t-lymphocyte antigen 4 antibody (ipilimumab), 
or a combination of both (pembrolizumab or nivolumab + 
ipilimumab). irEndocrine: immune-related endocrine adverse 
events with the subtypes thyroid adverse events (irThyreoiditis), 
pituitary adverse events (irHypophysitis), diabetes (irDiabetes 
mellitus), and adrenal insufficiency. Other observed irAEs 
included digestive tract adverse events (irColitis), hepatic 
adverse events (irHepatitis) and pneumologic adverse events 
(irPneumonitis). Severity grading was performed using the 
Common Terminology Criteria for Adverse Events (CTCAE, v5.0). 
In case of more than one irAE, grading was conducted for the 
most severe irAE

Patient characteristics
Cohorts HLA-A*02:01 posi-

tive patients
HLA-A*02:01 
negative 
patients

N (%) 38 (39.2) 59 (60.8)
Tumour outcome for patients 
with cutaneous melanoma
OS (months)
PFS (months) (95% CI)
ORR n (%)
PD n (%)
SD n (%)
PR n (%)
CR n (%)

NRa

5 (0.0–16.8)
4 (28.6)
8 (57.1)
2 (14.3)
2 (14.3)
2 (14.3)

NRa

8 (3.1–12.9)
2 (8.0)
12 (48.0)
11 (44.0)
0 (0.0)
2 (8.0)

a NR: not reached. The median could not be reached since >50% were alive 
at data cut-off. Overall survival (OS), progression-free survival (PFS), overall 
response rate (ORR), progressive disease (PD), stable disease (SD), partial 
response (PR) and complete response (CR) according to the response evaluation 
criteria in solid tumours (RECIST 1.1)

Table 1  (continued) 
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positive patients and 8.5% (n = 5) of HLA-A*02:01 nega-
tive patients, again showing no statistically significant 
difference (Fig. 2c).

Progression-free survival
A Kaplan-Meier analysis for PFS since the first initiation 
of ICI therapy was conducted in patients with cutaneous 
melanoma. For outcome evaluation only the subgroup of 
patients with metastatic cutaneous melanoma was anal-
ysed, as patients with uveal melanoma and mucosal mel-
anoma are known to exhibit a poorer tumour response 
to ICI therapy compared to patients with cutaneous 

melanoma. The median follow-up was 24 months (range 
2-117 months). The median PFS was 8 months and 5 
months for HLA-A*02:01 negative and positive patients, 
respectively. The 6-months PFS was 56% for HLA-
A*02:01 negative and 50% for HLA-A*02:01 positive 
patients. The 12-months PFS was 31.1% for HLA-A*02:01 
negative and 41.7% for HLA-A*02:01 positive patients. 
The 36-months PFS was 13.3% for HLA-A*02:01 negative 
and 33.3% for HLA-A*02:01 positive patients. The differ-
ences were not statistically significant (p = 0.42, Fig. 3).

Fig. 1  a-e: Incidence of endocrine irAEs and subtypes depending on HLA-A*02:01 status. In total, 97 patients with metastatic melanoma were inves-
tigated regarding the development of immune-related adverse events (irAEs) undergoing immune checkpoint inhibitor treatment. The proportion of 
each irAE subtype is displayed in relation to the number of HLA-A*02:01 positive and negative patients. (a) 28 patients developed an irEndocrine, 13 of 
these HLA-A*02:01 positive. Subtypes included (b) irThyreoiditis in 13 patients, (c) irHypophysitis in 14 patients, (d) irDiabetes mellitus in 2 patients, and 
(e) adrenal insufficiency in 3 patients. Abbreviations: immune-related adverse events (irAE), endocrinologic adverse events (irEndocrine), thyroid adverse 
events (irThyreoiditis), pituitary adverse events (irHypophysitis), diabetes (irDiabetes mellitus), adrenal insufficiency
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Overall survival
Kaplan-Meier analysis for OS since the first initiation 
of ICI therapy was assessed for patients with cutaneous 
melanoma only. The median follow-up was 24 months 
(range 2-117 months). Median OS was not reached in 
either group (Fig.  4). The difference between the two 
cohorts was not statistically significant (p = 0.96). The 
84-months OS was 59.6% for HLA-A*02:01 negative and 
53.7% for HLA-A*02:01 positive patients.

Tumour response
Response rates of patients with cutaneous melanoma to 
the first ICI therapy were compared between the groups 
of HLA-A*02:01 positive patients (n = 14) and HLA-
A*02:01 negative patients (n = 25). Response according to 
RECIST1.1 showed complete response (CR) in 4 (10.3%) 
patients with cutaneous melanoma, partial response (PR) 
in 2 (5.1%), stable disease (SD) in 13 (33.3%), and pro-
gressive disease (PD) in 20 patients (51.3%).

ORR in HLA-A*02:01 positive and negative patients 
was 28.6% and 8.0%, respectively. The difference was 

not statistically significant (p = 0.16). CR was observed 
in 2 HLA-A*02:01 positive patients (14.3%) and 2 HLA-
A*02:01 negative patients (8.0%); PR was found in 2 
HLA-A*02:01 positive patients (14.3%) and none of the 
HLA-A*02:01 negative patients (0.0%). SD was observed 
in 2 HLA-A*02:01 positive patients (14.3%) and 11 HLA-
A*02:01 negative patients (44.0%). PD was observed in 
8 HLA-A*02:01 positive patients (57.1%) and 12 HLA-
A*02:01 negative patients (48.0%) (Fig. 5). Overall, we did 
not find a significant difference regarding the response 
rates (p = 0.95).

Discussion
As of now, no baseline predictive marker exists to deter-
mine the risk of irAE occurrence. However, this would 
be of utmost importance since ICI therapy often induces 
severe irAEs, potentially leading to permanent sequelae 
with a significant reduction of quality of life or even 
fatal outcomes [3, 4, 34, 35]. Interestingly, HLA class II 
positivity has been suggested to influence susceptibility 
to immune evasion mechanisms in melanoma through 

Fig. 3  Progression-free survival (PFS) in months since the first ICI therapy of HLA-A*02:01 positive and negative patients with cutaneous melanoma. 
Kaplan-Meier analysis showed no significant difference comparing the HLA-A*02:01 positive (n = 14) and HLA-A*02:01 negative (n = 25) patient cohorts 
(p = 0.42)

 

Fig. 2  a-c: Incidence of organ-specific irAEs depending on HLA-A*02:01 status. In total, 97 patients with metastatic melanoma were investigated regard-
ing the development of immune-related adverse events (irAEs) undergoing immune checkpoint inhibitor treatment, comparing HLA-A*02:01-positive 
and -negative patients. In total, (a) 20 patients developed irColitis, (b) 24 patients irHepatitis, and (c) 8 patients irPneumonitis
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neoantigen development [36]. Since ICI therapy may lead 
to a loss of tolerance against self-antigens, we hypothe-
sized that HLA type could correlate with the occurrence 
of irAEs.

HLA polymorphisms influence the immune response 
by determining which peptides are presented by HLA 
molecules, thereby triggering distinct immune reactions 
[37, 38]. For example, the HLA-B*27 polymorphism 
is strongly associated with ankylosing spondylitis, and 
HLA-DR*4 is a known risk factor for rheumatoid arthri-
tis [39, 40]. Moreover, certain HLA polymorphisms have 
been linked to specific tumour entities [41]. HLA poly-
morphisms influence not only antigen presentation but 
also the tumour microenvironment, thereby shaping the 
immune response against tumours [42]. The HLA-A*02, 
B*62 supertype may act as a favourable prognostic factor 

for immunotherapy in patients with NSCLC, as it is asso-
ciated with a PD-L1-positive tumour microenvironment 
[43]. Tumour antigens, such as neoantigens arising from 
mutations, are presented more effectively by certain HLA 
alleles, such as HLA-A*03:01, which has been shown to 
present the mKRAS G12V peptide [44, 45]. Without this 
presentation, tumours may escape immune surveillance 
[46]. Recent findings suggest that the HLA tumour-anti-
gen presentation score (HAPS), which integrates neo-
antigen binding affinity to HLA-I and allele divergence, 
correlates with improved survival in patients treated with 
ICIs, further underscoring the critical role of HLA-I-
mediated antigen presentation in cancer immunotherapy 
[46].

HLA-G, a non-classical class I major histocompatibil-
ity complex (MHC) molecule, represents a key immune 

Fig. 5  Best response to the first ICI therapy, comparing HLA-A*02:01 positive and negative status. Definition of the best response according to the 
Response Evaluation Criteria in Solid Tumours (RECIST 1.1): progressive disease (PD), stable disease (SD), partial response (PR), complete response (CR)

 

Fig. 4  Overall survival (OS) in months since the first ICI-therapy of HLA-A*02:01 positive and negative patients with cutaneous melanoma. Kaplan-Meier 
analysis did not show significant OS differences comparing HLA-A*02:01 positive (n = 14) with negative (n = 25) patients (p = 0.96)
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checkpoint that contributes to an immunosuppressive 
tumour microenvironment, facilitating immune evasion 
by tumour cells. HLA-G-based therapies, such as CAR-
NK cells targeting HLA-G, show promise in overcom-
ing tumour immune evasion. Considering that HLA-G 
is restricted to immune-privileged tissues and is nearly 
undetectable in normal cells, this could further reduce 
the harmful effects of HLA-G chimeric antigen receptor 
natural killer cell (CAR-NK) on normal tissue, a factor 
being increasingly investigated in preclinical studies [47].

In this study, HLA-A*02:01 was investigated as a poten-
tial predictive marker for irAEs of ICI therapy. Previous 
work has demonstrated an association of genetic expres-
sions, as of a variant of the IL-7 gene, with an increased 
risk of irAE development in melanoma patients undergo-
ing ICI therapy [48]. Specific subtypes of organ toxicities 
have been suggested to be associated with specific HLA 
type. For example, there might be a correlation between 
germline expression of HLA-B*35, HLA-DRB1*11 and 
the rate of irPneumonitis [23, 24, 49].

This study did not find a significant risk association 
between the presence of HLA-A*02:01 and ICI-induced 
irHepatitis or endocrine irAEs. Nevertheless, irColitis 
appeared in 7.9% more cases in the HLA-A*02:01 nega-
tive group compared to the HLA-A*02:01 positive group, 
although this difference was not statistically significant. 
This observation warrants further investigation to clarify 
whether HLA-A*02:01 status influences the development 
of specific irAEs.

Since little is known about the association of HLA-
A*02:01 with the tumour outcome, we investigated this 
HLA subtype for its potential impact on response, PFS 
and OS in patients with metastatic cutaneous mela-
noma stage lV (AJCC 2017). Only patients with cutane-
ous melanoma were included in the efficacy analyses 
including tumour response, PFS, and OS, as metastatic 
uveal melanoma is known to have a poorer response 
to ICI therapy. The differences in PFS (p = 0.42) and OS 
(p = 0.96) between HLA-A*02:01 positive and negative 
patients were not statistically significant. The median PFS 
was 8 months and 5 months for HLA-A*02:01 negative 
and positive patients. The 84-months OS was 59.6% for 
HLA-A*02:01 negative and 53.7% for HLA-A*02:01 posi-
tive patients with metastatic cutaneous melanoma. These 
findings should be interpreted with caution and warrant 
validation in larger, prospective cohorts.

A known predictive marker for poorer PFS and OS 
under ICI therapy is HLA-A*03 [50]. We are currently not 
able to provide a pathophysiological rationale for the dis-
crepancy between the findings with HLA-A*03 and our 
own results. Additionally, the presence of the HLA-DRB4 
genotype has been shown to correlate with improved OS 
in metastatic NSCLC patients [51]. Further biomarkers 
are needed to evaluate decisions regarding the initiation 

of ICI therapy. Interestingly, not only the HLA-type but 
also the heterozygosity of the HLA-l loci (“A”, “B”, “C”) 
could play a role in the immune response. Maximized 
heterozygosity has been associated with improved OS 
under ICI therapy compared to patients with at least one 
homozygous HLA locus [27]. Studies indicate that higher 
heterozygosity at HLA-I loci, such as “A,” “B,” and “C,” 
increases the diversity of peptides presented to T-cells, 
thereby enhancing the potential diversity of immune 
responses against tumours. In contrast, patients with 
homozygous HLA loci may have reduced antigen pre-
sentation capacity, which could impair tumour immu-
nosurveillance and response to immunotherapy [27, 30, 
52]. Findings on the association between HLA heterozy-
gosity/homozygosity and irAEs have been inconsistent 
across studies. While one study found no significant cor-
relation [26], a study in patients with NSCLC reported an 
association between HLA-I homozygosity and a reduced 
risk of developing irAEs [33]. However, the occurrence of 
irAEs following ICI therapy showed no significant differ-
ence between the HLA-homozygous and HLA-heterozy-
gous groups in patients with various other malignancies 
[26]. Nevertheless, HLA homozygosity was significantly 
linked to the development of irHepatitis in a study of 95 
melanoma patients with ICI therapy [53]. While hetero-
zygosity data were not collected in this cohort, future 
studies should explore its potential impact on the treat-
ment outcomes, as it may represent a valuable biomarker 
for optimizing ICI therapy. Additionally, prospective 
analyses should complement retrospective findings to 
address the limitations of this study, including the small 
sample size and lack of heterozygosity data.

Previous studies have investigated the role of HLA-
A*02 in cancer immunotherapy, with some reporting 
an association with improved OS in NSCLC patients, 
while others found no correlation with OS, PFS, or irAEs, 
highlighting inconsistencies in the existing data [30–33]. 
Nevertheless, to our knowledge, this is the first study to 
evaluate ICI-induced irAEs and tumour outcome in the 
context of the HLA-A*02:01 subtype. While no clear 
associations with organ-specific toxicities were observed, 
the trends identified in this small cohort should be con-
sidered exploratory and require validation in larger stud-
ies to ensure robust and generalizable conclusions. 

Conclusions
In this cohort of HLA-typed melanoma patients, HLA-
A*02:01 was not significantly associated with specific 
ICI-induced organ toxicity. Additionally, no statistically 
significant association was observed between HLA-
A*02:01 status and disease progression or OS in patients 
with cutaneous melanoma. Further studies should 
include a larger number of patients, complete HLA-
typing and analyses of heterozygosity to reflect the 
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complexity of HLA-related immune responses. Identify-
ing reliable markers could improve patient stratification, 
optimize risk-benefit assessments, and enhance personal-
ized treatment strategies in immunotherapy.
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