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1. Introduction

Abstract  Background: Patients diagnosed with haematologic malignancies (HMs) have a
higher risk of developing subsequent solid tumours, such as melanoma. Patients with HM
were mostly excluded from clinical trials but potentially derive less benefit from immune
checkpoint inhibitors (ICIs) due to disease- or treatment-related T- or B-cell dysfunction.
Methods: All advanced melanoma patients treated with anti-PD-1-based treatment or tar-
geted therapy between 2015 and 2021 were included from the prospective nationwide Dutch
Melanoma Treatment Registry. Progression-free survival (PFS) and melanoma-specific sur-
vival (MSS) were analysed for patients with HM (HM+) and without HM (HM-). A cox
model was used to account for confounders associated with PFS and MSS.

Results: In total, 4638 advanced melanoma patients received first-line anti-PD-1 mono-
therapy (n = 1763), ipilimumab-nivolumab (n = 800), or BRAF(/MEK) inhibitors (n = 2075).
Concurrent HMs were present for 46 anti-PD1-treated patients, 11 ipilimumab-nivolumab-
treated patients and 43 BRAF(/MEK)-inhibitor-treated patients. In anti-PD-1-treated pa-
tients, the median PFS was 2.8 months for HM+ and 9.9 months for HM— (p = 0.01). MSS
was 41.2 months for HM+ and 58.1 months for HM— (p = 0.00086). In multivariable analysis,
the presence of an HM was significantly associated with higher risk of melanoma progression
(HR,q4; 1.62; 95% confidence interval [95% CI] 1.15-2.29; p = 0.006) and melanoma-related
death (HR,4; 1.74; 95% CI 1.09-2.78; p = 0.020). Median PFS and MSS for first-line BRAF
(/MEK-) inhibitor-treated HM+ and HM— patients were not significantly different.
Conclusions: Patients with HM and advanced melanoma show significantly worse melanoma-
related outcomes when treated with ICI, but not targeted therapy, compared to patients
without HM. Clinicians should be aware of potentially altered effectiveness of ICI in patients
with active HM.

© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).

accompanied by a decrease in T-helper cells and an increase
in regulatory T-cell activity, which has been associated with

Patients diagnosed with haematologic malignancies (HMs)
have a higher risk of developing certain types of second
cancers, such as malignant melanoma [1.2]. Both B-cells
and T-cells appear to play a role in obtaining a response to
immune checkpoint inhibitors (ICIs) [3]. B-cells can present
tumour-associated antigens to T-cells or produce antibodies
benefitting anti-tumour response [4]. CD4" T-cells mediate
anti-tumour immunity through direct cytotoxicity and im-
munologic help for cytotoxic CD8" T-cells and antibody
responses [5,6]. Besides the induction of dysfunctional T-cell
states by tumour antigen exposure, HMs, such as leukaemia
and lymphoma, can contribute to impaired immune sur-
veillance in several ways, including the promotion of a
tolerogenic immune state [7]. B-cell lymphoma and chronic
lymphocytic leukaemia (CLL) have also been found to be

a poor prognosis to cancer immunotherapy [8-10]. Newly
developed immunotherapies such as checkpoint inhibitors
are currently being evaluated in several HM such as clas-
sical Hodgkin lymphoma, B-cell lymphoma, and CLL
[11,12]. In advanced melanoma, these immunotherapies
have already led to an increase in survival [13]. The prog-
nosis of patients with HM has also improved over the last
years [14]. This increase in survival gives patients with HM
more time to develop other types of cancer, and this patient
group has already proven to be more prone to developing
skin malignancies [1,2,15,16]. So far, little is known about
the influence of HM on the response to anti-PD-1 treatment
for solid tumours such as advanced melanoma. This na-
tionwide study aimed to investigate the influence of HM on
the objective response rate (ORR), progression-free survival
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(PFS), overall survival (OS), and melanoma-specific sur-
vival (MSS) in advanced stage III and IV melanoma pa-
tients treated with anti-PD-1. We hypothesised that patients
with both an HM and advanced melanoma have a worse
anti-tumour response to ICI than melanoma patients
without HM.

2. Materials and methods

Data were retrieved from the Dutch Melanoma
Treatment Registry (DMTR). Since 2012, data from all
systemically treated stage III and IV melanoma patients
in the Netherlands has been registered in the DMTR
[17]. We analysed all patients with advanced (i.e. un-
resectable) cutaneous melanoma who were treated with
first-line checkpoint inhibitors (anti-PD-1 antibody
monotherapy and ipilimumab-nivolumab combination
therapy) or first-line BRAF(/MEK) inhibition registered
in the DMTR between 2015 and 2021. Since ipilimumab
monotherapy is no longer used as a first-line treatment,
we did not include this treatment group. We compared
patients with HM (HM+) and patients without HM
(HM-). Since the status of the HM can be influential on
the response to checkpoint inhibitors, additional data
regarding the date of diagnosis, the disease status, and
the treatment of the HM were retrieved from the elec-
tronic patient files of HM+ patients treated with first-
line anti-PD-1. Baseline characteristics, ORR, and sur-
vival outcomes were compared between the two groups.
The medical ethical committee approved research using
DMTR data and concluded that it was not deemed
subject to the Medical Research Involving Human
Subjects Act in compliance with Dutch regulations. For
this study, the dataset cut-off date was 7th De-
cember 2021.

2.1. Patient characteristics

The following baseline patient and tumour character-
istics were analysed for all patients: age at diagnosis,
gender, FEastern Cooperative Oncology Group
Performance Status (ECOG PS), lactate dehydrogenase
(LDH) levels, primary melanoma location, type of
melanoma, Breslow thickness, ulceration, liver metas-
tasis, brain metastasis, number of organ sites with me-
tastases, stage according to American Joint Committee
on Cancer 8th edition [18], and mutation status. Type of
HM, diagnosis sequence (HM or primary melanoma),
treatment for HM, and response to HM treatment are
described for the HM+ group.

2.2. Statistical analysis

Descriptive statistics were used to analyse baseline
characteristics. Pearson's chi-squared test was used to
compare categorical variables, and the t-test or Mann-
Whitney U test for continuous variables depending on

their distribution. The reversed Kaplan-Meier method
was used to estimate median follow-up [19]. We calcu-
lated the ORR for the first treatment line for advanced
melanoma. The treating physician determined the re-
sponse evaluation according to the Response Evaluation
Criteria in Solid Tumors version 1.1 [20]. The ORR was
defined as the proportion of evaluable patients who
achieved a complete response (CR) or partial response.
Patients who did not have a response evaluation regis-
tered in the DMTR or who died from non-melanoma-
related causes before their first response evaluation were
excluded from the analysis of ORR. The Kaplan-Meier
method was used to calculate median PFS, OS, and
MSS. PFS was defined as start of systemic therapy for
advanced melanoma to first progression of the mela-
noma or death. OS was defined as start of systemic
therapy to death by any cause. MSS was defined as start
of systemic therapy to melanoma-related death. Patients
not reaching the end-point were right-censored at the
date of the last contact. Cox proportional hazards
models were used to estimate the association between
HM and PFS/OS/MSS in a multivariable analysis. The
variables for this analysis were selected based on earlier
literature [21-23]. Factors used in multivariable analysis
were age, gender, ECOG PS, LDH levels, liver metas-
tasis, brain metastasis, number of organ sites with me-
tastasis, and BRAF mutation status. Comparisons were
considered statistically significant for two-sided p-va-
lues < 0.05. Statistical software used was R studio
version 4.0.2 [24]: packages tableone [25], survival [26],
and survminer [27].

3. Results

In total, 4638 advanced melanoma patients were in-
cluded that were treated with first-line anti-PD-1
monotherapy (n = 1763), ipilimumab-nivolumab
(n = 800), or BRAF(/MEK) inhibitors (n = 2075).
Concurrent haematological malignancies were present
at start of systemic treatment for 46 anti-PD1 treated
patients, 11 ipilimumab-nivolumab treated patients and
43 BRAF(/MEK)-inhibitor-treated patients (Fig. 1).
Median follow-up time was 34.2 months.

3.1. Patient characteristics

At baseline, patients with HM were significantly older
and had worse ECOG PS than patients without HM.
The distribution of the melanoma location was sig-
nificantly different (p=0.003), and BRAF mutations
were less frequent in the HM group (54.0% versus
65.7%; p=10.020). No other significant differences ex-
isted at baseline (Table 1). Patient characteristics per
treatment type can be found in Supplementary Tables
1-3. In the HM+ group treated with anti-PD-1, the
most frequent type of HM was non-Hodgkin’s lym-
phoma (NHL) (n = 13; 29%), followed by CLL (n=11;
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Total number of advanced
melanoma patients in the
DMTR treated with anti-PD-
1 monotherapy, ipilimumab-
nivolumab or BRAF(/MEK)
inhibitors between January
1st 2013 and December 7th

2021
N = 4787
Excluded
38 patients with
uveal melanoma <

111 patients with
mucosal melanoma

A 4

Patients included in the
study
N=4638

With With
hematologic y hematologic
malignancy malignancy

N=46 \ Treated with T;ﬁ?;ejm\’:: Treated with / N=43

anti-PD-1 ) BRAF(/MEK)
nivolumab
Without / N=1763 N=800 N=2075 \ Without
hematologic hematologic
malignancy /\ malignancy
N=1717 N=2032
With Without
hematologic hematologic
malignancy malignancy
N=11 N=789

Fig. 1. Flowchart of included patients.

24%). Information regarding the type of HM and the
treatment of HM can be found in Supplementary
Table 4. Eighteen patients (39%) had a CR to HM
treatment at the start of anti-PD-1 treatment for their
advanced melanoma. Detailed information regarding
the response to treatment at the time of anti-PD-1
treatment of the advanced melanoma can be found in
Supplementary Table 5.

3.2. Anti-PD-1

In the anti-PD-1 cohort, ORR to first-line treatment
was 41% in the HM+ group and 55% in patients without
HM (Table 2). The median PFS was 2.8 months (95%
confidence interval [95% CI] 2.6-7.3) for patients with

HM and 9.9 months (95% CI 8.6-11.8) for patients
without HM (p=0.01) (Fig. 2). In multivariable ana-
lysis, being diagnosed with an HM was significantly
associated with an increased risk of progression or death
(HR g 1.62; 95% CI 1.15-2.29; p = 0.006) (Fig. 3). MSS
was significantly longer for patients without HM.
Median MSS was 41.2 (95% CI 12.8-NR) for HM
+ patients and 58.1 months (95% CI 47.5-NR) for
HM-— patients (p = 0.00086) (Fig. 4). Adjusting for po-
tential confounders showed a significant association
between the presence of an HM and melanoma-related
death (HR,4i 1.74; 95% CI 1.09-2.78; p = 0.020) (Fig. 5).
Median OS was 12.8 months (95% CI 6.2-NR) for HM
+. For HM—, median OS was significantly longer (32.3
months; 95% CI 29.1-35.8) (p=0.00033)
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Table 1 Table 1 (continued)
'Pa.tient charqcteristiw. <.:(')mparison.of patient and disease charactf:r- HM+ HM-— p-Value
istics of anti-PD-1, ipilimumab-nivolumab and BRAF(/MEK) in- 100 4538
hibitors treated advanced melanoma patients with and without
haematologic malignancy. BRAF 54 (54.0) 2981 (65.7)
T Yy : NRAS 23 (23.0) 769 (16.9) 0.145
- p-Value KIT 0 (0.0) 45 (1.0) 0.628
100 4538 Systemic treatment 0.057
Median age [IQR]" 70.5 64.0 <0.001 Anti-PD-1 46 (46.0) 1717 (37.8)
[62.8, 77.0] [54.0, 73.0] Ipilimumab-nivolumab 11 (11.0) 789 (17.4)
Sex (%) 0.090 BRAF(/MEK) 43 (43.0) 2032 (44.7)
Male 69 (69.0) 2727 (60.1) inhibitors
Female 31 31.0) 1811 (39.9) IQR: interquartile range;
ECOG PS" (%) 0.012 ECOG PS: Eastern Cooperative Oncology Group Performance
0 39 (39.0) 1999 (44.1) Status:
1 27 (27.0) 1584 (34.9) LDH: lactate dehydrogenase;
22 25 (25.0) 641 (14.1) AJCC: American Joint Committee on Cancer.
Unknown b 9 9.0) 314 (6.9) % Determined at time of advanced melanoma.
Mela.noma location” () 0.003 ® Determined at time of primary melanoma.
Primary unknown 6 (6.0) 703 (15.5)
Head-Neck 24 (24.0) 593 (13.1)
E?tlrnel;nities ;g E;gg; }g;g g;g (Supplementary Figs. 1 and 2). Four (8.7%) HM+ and
Acral 4 (4.0)' 85 (1.9) ’ 329 (19.2%) HM— patients received BRAF(/MEK) in-
Unknown 0 (0.0) 44 (1.0) hibitors in a later line. Grade >3 anti-PD1 toxicity oc-
Melanoma type” (%o) 0.605 curred in 17.4% of HM+ and 13.7% of HM— patients.
Superficial spreading 46 (46.0) 1899 (41.8)
Nodular 18 (18.0) 866 (19.1) .. .
Acral lentiginous 3(3.0) 68 (1.5) 3.3. Ipilimumab-nivolumab
Lentigo maligna 3(3.0) 74 (1.6)
Desmoplastic 1(1.0) 18 (0.4) In first-line ipilimumab-nivolumab-treated patients,
Other 3(3.0) 114 (2.5) ORR was 36% for HM+ versus 52% for HM-.
Unknown 26 (26.0) 1499 (33.0) Although limited by small numbers, the same survival
Median Breslow 2.5 2.3 1.3, 4.0] 0.557 d . PD-1 d . .
thickness [IQR]" [1.6, 4.0] tren S as 1In 'antl— -1-treate paylents were' seen 1n
Ulceration® (%) 0.034 ipilimumab-nivolumab-treated patients. Median PFS
No 48 (48.0) 1821 (40.1) was 2.3 months (95% CI 2.0-NR) for HM+ patients
Yes 27 (27.0) 1182 (26.0) versus 6.8 (95% CI 5.5-9.2) for HM— patients. Median
Unknown 25 (25.0) 133533.8) OS for HM+ patients was 4.6 months (95% CI 2.4-NR)
LDH fevels (%) 038 and 31.7 months (95% CI 22.1-39.0) for HM— pati
Not determined 2 (2.0) 99 (2.2) and 31.7 months (95% -1-39.0) for patients.
Normal 50 (50.0) 2632 (58.0) Median MSS was 4.6 months (95% CI 2.4-NR) for HM
250-500 28 (28.0) 1136 (25.0) + patients and 46 months (95% CI 33.4-NR) for HM—
> 500 20 (20.0) 671 (14.8) patients. Grade >3 toxicity occurred in 36.4% of HM
Ajcegitsi:)‘f)‘i ((Og/t;l 0236 4 and 49.9% of HM~ patients.
IIIc unresectable 6 (6.0) 306 (6.7)
IV-Mla 4 (4.0 321 (7.1) 3.4. BRAF(IMEK) inhibitors
IV-M1b 14 (14.0) 481 (10.6)
IV-Mle 33300 1997 (44.0) In patients treated with BRAF(/MEK) inhibitors, ORR
IV-M1d 23 (23.0) 1412 31.1) v in EM 4%% in HM—. HM X
Unknown 0 (0.0) 21 (0.5) was.SQ % 1n + versus 48% in : + patients
Liver metastases® (%) 0.164 receiving targeted therapy had a median PFS of 4.7
No 59 (59.0) 3081 (67.9) months (95% CI 3.6-8.0), whereas HM— patients had a
Yes 39 (39.0) 1397 (30.8) median PFS of 6.3 months (95% CI 6.0-6.6)(p = 0.078).
Brgﬁkiggrsltases“ - 2(20) 60 (1.3) 0250 For HM+ patients, median OS was 8.1 months (95% CI
No 77 (77.0) 3105 (68.4) 6'Of15'3) and 9.4 mon.ths (95%.CI 8.9710.1.) for HM—
Yes, asymptomatic 9 (9.0) 636 (14.0) patients (p = 0.4). Median MSS in HM+ patients with a
Yes, symptomatic 14 (14.0) 776 (17.1) BRAF mutation and first-line treatment with BRAF
Unknown 0(0.0) 21 (0:5) (/MEK) inhibitors was 12.6 months (95% CI 8.1-44.2)
Organ sites” (o) 0-134 " and 11.8 months for HM— patients (95% CI 10.9-12.8)
<3 42 (42.0) 2166 (47.7) - e , X
53 56 (56.0) 2343 (51.6) (p=0.96) (Supple.mentaly. Figs. 3 anq 4). .El.ghtee?n
Unknown 2(2.0) 29 (0.6) (41.9%) HM+ patients received checkpoint inhibitors in
Melanoma mutation 0.020 a later treatment line and 937 (46.1%) HM— patients.
status (%) Grade >3 toxicity occurred more frequently in HM—

than HM+ patients treated with BRAF(/MEK)



32 O.J. Van Not et al. | European Journal of Cancer 186 (2023) 27-37

Table 2

Objective response rate comparison of first-line objective response rate (ORR) of anti-PD-1, ipilimumab-nivolumab, and BRAF(/MEK) inhibitors

treated advanced melanoma patients with and without haematologic malignancy.

Objective response rate (ORR)

Anti-PD-1 Ipilimumab-nivolumab BRAF (/MEK) inhibitors

HM+ HM- HM+ HM- HM+ HM-
CR 7 (17%) 360 (22%) 0 (0%) 97 (13%) 0 (0%) 93 (5%)
PR 9 (21%) 539 (32%) 4 (36%) 284 (39%) 20 (50%) 848 (43%)
SD 7 (17%) 300 (18%) 1 (9%) 88 (12%) 10 (25%) 566 (29%)
PD or melanoma-related death 19 (45%) 460 (28%) 6 (55%) 262 (36%) 10 (25%) 456 (23%)
ORR 16 (38%) 899 (54%) 4 (36%) 381 (52%) 20 (50%) 941 (48%)
Total (n) 42 1659 11 731 40 1963

CR: complete response;

PR: partial response;

SD: stable disease;

PD: progressive disease;

ORR: objective response rate (=CR + PR).

inhibitors (20.1% versus 7.0%), with skin toxicity being
most frequent in the HM— group (n=123; 6.1%) and
pyrexis the most frequent in the HM+ group
(n=2; 4.7%).

3.5. Other survival outcomes

Furthermore, we investigated PFS and MSS in patients
who had a CR to HM therapy at the time of anti-PD-1
initiation versus patients who did not have a CR.
Although not significant, we did notice a trend towards
better survival outcomes in patients who reached a CR
(Supplementary Figs. 5 and 6).

4. Discussion

To our knowledge, this is the largest cohort study of
first-line ICI or targeted therapy-treated patients with
both an HM and advanced melanoma and the first to
directly compare advanced melanoma patients treated
with first-line ICIs or targeted therapy with and without
HM. Patients with HM showed worse outcomes than
patients without HM after ICI treatment, even after
correcting for potential confounders. The results of our
study confirm our hypothesis that patients with HM
have worse melanoma-related outcomes upon ICI
treatment than patients without HM. Interestingly, we

== Hematologic malignancy == No hematologic malignancy

100% 7

75% 1

50% 1

Survival probability

25%

p=o0.01

0%

Number at risk
Hematologic malignancy 4t 18

No hematologic malignancy 1658 917

12 18 24
Time in months

13 11 8

686 537 407

12 18 24
Time in months

Fig. 2. Kaplan-Meier estimate of progression-free survival in anti-PD-1-treated advanced melanoma patients with and without hae-

matologic malignancy.
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Variable N Hazard ratio P
Hematologic malignancy No 1532 — Reference

Yes 41 Do—— 1.62 (1.15, 2.29) 0.006
Age 0-69 824 i Reference

>70 749 %—.—' 1.13 (0.99, 1.28) 0.069
Gender Male 982 ﬁ Reference

Female 591 '—:.—' 1.01(0.89, 1.15) 0.880
ECOG 0-1 1465 [ Reference

2-4 108 Do, 1.43 (1.13, 1.80) 0.003
LDH Normal 1202 * Reference

250-500 U/I 317 E —— 1.22 (1.05, 1.42) 0.009

>500 U/l 54 E —— —— | 216{LE5,268) <0.001
Liver metastasis No 1253 i Reference

Yes 320 C— i — 1.23 (1.05, 1.43) 0.010
Brain metastasis No 1339 I Reference

Yes, asymptomatic 141 + 1.09 (0.88, 1.34) 0.444

Yes, symptomatic 93 E~—I—~ 1.32 (1.03, 1.68) 0.028
Organsites <3 1001 i Reference

>2 572 i —— 1.25(1.09, 1.44) 0.001
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Fig. 3. Cox proportional hazard model of progression-free survival in anti-PD-1-treated advanced melanoma patients with and without

haematologic malignancy.

did not find significant differences in PFS and MSS
between HM+ and HM— patients treated with BRAF

(/MEK) inhibitors. Some of the HM+ patients in our
cohort received chimeric antigen receptor-modified
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(CAR) T-cell therapy or rituximab as a treatment for
their HM. CAR T-cell therapy (which involves con-
ditioning chemotherapy) can lead to cytopenias, such as
lymphopenia [28,29], that may persist for several
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Fig. 5. Cox proportional hazard model of melanoma-specific survival in anti-PD-1-treated advanced melanoma patients with and without

haematologic malignancy.

months [28]. Treatment with rituximab, even after dis-
continuation, can result in prolonged B-cell depletion
[30]. These therapy-induced cytopenias and conse-
quently immunocompromised state may play a role in
the poor outcomes of ICIs in HM+ patients. However,
it is difficult to assess the clinical implications of these
factors. A large, observational study including 151,949
patients showed a significantly elevated risk of devel-
oping primary cutaneous melanoma in patients with a
history of large B-cell lymphoma (standardised in-
cidence ratio of 1.22; 95% CI 1.02—-1.45) or a history of
Hodgkin lymphoma (standardised incidence ratio of
1.75; 95% CI 1.33-2.26). Survivors of most lymphoid
neoplasm subtypes had a higher risk of death by any
cause after a diagnosis of melanoma. Among survivors
of melanoma, the diagnosis of a lymphoid neoplasm
also increased the risk of death by any cause [31]. The
cause of the poor outcomes in patients with HM re-
mains to be fully elucidated, but dysregulation of the
immune system in various manners, not limited to
classically induced exhaustion as observed in solid tu-
mours, seems to be an important factor [7,32]. Studies
have focused on T-helper cells and regulatory T-cells as
the cause of this immune dysregulation [8,9]. More re-
cently, several studies have highlighted the importance
of tertiary lymphoid structures and B-cells for response
to checkpoint inhibition [33,34]. In our HM+ cohort,
patients achieving a CR to HM therapy seem to perform
better than patients who did not achieve a CR. Poten-
tially this is due to the fact that these patients experience

less treatment- or disease-related B- and T-cell dys-
function than patients with an active HM. Brewer
et al. [35] investigated the influence of having a history
of CLL or NHL on the survival of malignant melanoma
patients. In line with our findings, they reported a sig-
nificantly worse OS and MSS for patients with both
malignant melanoma and CLL or NHL. The same ef-
fect was described by Famenini et al. [36], who found
melanoma patients with a history of CLL or NHL to
have a higher risk of death than melanoma patients
without CLL or NHL. However, both studies did not
report the melanoma disease stage or the given treat-
ment, which complicates comparison to our findings.
Clinical studies investigating the response to checkpoint
inhibitors in patients with both advanced melanoma
and HM are rare, and patients suffering from HM were
excluded from trials. Leiter et al. [37] conducted a ret-
rospective multicentre study including 52 ICI-treated
melanoma patients with concurrent HM, of whom 44
had unresectable melanoma, and eight received ad-
juvant ICI treatment for melanoma. In this unresectable
group, ORR was 28.6%, median PFS was 8.4 months,
and median OS was not reached. These patients were
treated with either anti-PD-1 monotherapy (n=32),
anti-CTLA-4 monotherapy (n=15), or a combination
(n="7). Six of these patients had received prior systemic
melanoma therapy, making comparisons difficult since
we only included patients treated first-line ICIs. An
earlier study investigated whether developing CLL be-
fore or after malignant melanoma influenced mortality
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rates. They found no differences in mortality rates be-
tween patients diagnosed with CLL before or after
malignant melanoma [38]. Our study has some limita-
tions. Firstly, population-based studies are generally
more prone to missing data than clinical trials. How-
ever, data in the DMTR are registered by annually
trained, independent data managers. The registered data
are checked by treating physicians to further warrant
the high quality. In addition, patients are registered in
an online registry, which warns data managers when
data are inconsistent or have missing values. The high
quality and the low number of missing values of the
DMTR have been demonstrated in an earlier study [17].
Secondly, observational studies are, by definition, prone
to the introduction of bias, such as indication bias.
Thirdly, despite adjusting for potential confounders in
our multivariable analysis, residual confounding cannot
be ruled out as a potential explanation for our findings.
Fourthly, there is a broad spectrum of different HM and
their therapies, ranging from chemotherapy to no
treatment. This warrants caution when interpreting the
outcomes of the HM+ group. Finally, the number of
included patients is both a strength and a weakness in
our study. Our cohort of patients with both HM and
advanced melanoma is one of the largest described.
Nonetheless, the number of included patients with HM
remains small. Concluding, our results show that pa-
tients with both advanced melanoma and an HM have
worse melanoma-related outcomes than advanced mel-
anoma patients without an HM upon treatment with
ICIs. Remarkably, this difference was not observed for
targeted therapy-treated patients. Our findings stress the
importance of studies analysing rare patient subgroups
not represented in clinical trials, helping clinicians in-
form these patients of their chances of response and
long-term survival.
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