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ABSTRACT

Background: Melanoma is the main cause of skin cancer-related death. Treatment with immune checkpoint in-
hibitors (CPI) has improved the prognosis in recent years. However, subtypes of melanoma differ in their
response. Acral lentiginous melanoma (ALM) has a worse prognosis compared to cutaneous melanoma other than
ALM (CM) and is therefore of particular relevance.

Aims: To evaluate the efficacy of CPI in first-line treatment of patients with advanced ALM compared CM.
Methods: Retrospective analysis of patients with metastatic ALM (n = 45) or CM (n = 328) who received first-line
CPI therapy from the multicenter prospective skin cancer registry ADOREG. Study endpoints were best overall
response (BOR), progression-free survival (PFS) and overall survival (OS).

Results: ALM patients had significantly higher rates of ulcerated tumors, loco regional metastases and fewer
BRAF-mutated tumors compared to CM patients. Combined CPI was administered in 48.9 % ALM patients and
39.3 % of CM patients, while the remaining patients received PD-1 monotherapy. OS trended to be shorter in
patients with ALM (18.1 vs. 43.8 months, p = 0.10) with no significant differences in PFS (7.0 vs. 11.5 months,
p = 0.21). In patients with CM, median OS with combined CPI was not reached, whereas the median OS after PD-
1 monotherapy was 37.8 months (p = 0.22). Conversely, in patients with ALM, OS with combined CPI was 17.8
months, compared to 26 months with PD-1 monotherapy (p = 0.15). There were no significant differences in
BOR between patients with ALM or CM.

Conclusion: Analysis of this real-world cohort of patients with metastatic melanoma showed a trend towards
poorer survival outcomes upon first-line treatment with CPI in ALM compared to cutaneous melanoma of other

subtypes.

1. Introduction

Melanoma is an aggressive tumor that develops from pigment cells
(melanocytes) in the skin [1]. Although less frequent than basal cell
carcinoma and squamous cell carcinoma, melanoma is responsible for
the majority of skin cancer-related deaths [2]. The most common his-
tological variant defined by the WHO classification of cutaneous mela-
noma is the superficial spreading melanoma. Other common variants are
nodular melanoma, lentigo maligna melanoma and acral lentiginous
melanoma (ALM) [3].

The various subtypes of cutaneous melanoma can differ in their
prognosis [3]. ALM occurs on the palms, soles and subungual and has a
lower prevalence than cutaneous melanoma other than ALM (CM),
particularly in Caucasian populations. It represents a significant pro-
portion of cutaneous melanomas in people of color [4]. The prognosis
for ALM tends to be poorer compared to CM. Possible reasons for this
include later stages at diagnosis due to the less visible locations of ALM
and potentially different biological tumor behavior as well as difficulty
of primary surgery and safety margins at acral localisations [5]. ALM
occurs in areas not typically exposed to UV radiation, suggesting
different pathomechanisms compared to CM. The genetic and molecular
profiles of ALM, including the prevalence of certain driver mutations,
differs from those commonly seen in CM, with implications for the ef-
ficacy of targeted therapies and immunotherapies [5-8].

Checkpoint inhibitor (CPI) immunotherapies such as ipilimumab
(anti-CTLA-4), nivolumab and pembrolizumab (both anti-PD-1) have
emerged as promising treatment options for melanoma patients in
recent years and have significantly improved the prognosis of metastatic
melanoma [9-15]. For example, in a phase IIl randomized clinical trial
(CheckMate 067), efficacy and safety outcomes of a combination therapy
with ipilimumab + nivolumab (IpiNivo) were compared with mono-
therapies of either ipilimumab or nivolumab in untreated unresectable
stage III or stage IV cutaneous melanoma patients. A report 10 years
after the start of the study showed an impressive success of the IpiNivo
combination therapy with a median OS of 71.9 months compared to
36.9 and 19.9 months in the nivolumab and ipilimumab groups,

respectively [15]. Pembrolizumab is another PD-1-inhibitor (PD-1-i)
that is used as a monotherapy for the treatment of inoperable or meta-
static melanoma or in adjuvant therapy [16]. The majority of studies,
however, investigated the effect of CPI in CM rather than ALM. ALM are
often underrepresented in clinical studies, especially since the different
tumor characteristics suggest that the efficacy of immunotherapies may
differ between the subtypes.

In addition, despite their promising efficacy, immunotherapeutic
drugs can be associated with serious side effects that require careful
consideration of the therapeutic benefits versus the potential risks [17].

A critical comparison of the efficacy of combination therapy of ipi-
limumab and nivolumab or PD-1-inhibitor monotherapy in metastatic
ALM versus CM is therefore of great clinical interest. Understanding the
differences in response of these melanoma subtypes to CPI immuno-
therapies may lead to improved treatment strategies and more individ-
ualized patient care.

In this study, we analyzed a real-world cohort of patients from the
multicenter prospective skin cancer registry ADOREG with metastatic
ALM or CM who received first-line therapy with CPI, either combination
therapy with IpiNivo, or PD-1-i monotherapy.

2. Methods
2.1. Study design and data source

This study analyses data from patients with acral lentiginous mela-
noma (ALM) or cutaneous melanoma other than ALM (CM), who
received first-line therapy with PD-1-based CPI, either combined ipili-
mumab + nivolumab (IpiNivo) or PD-1 monotherapy (PD-1-i), for
advanced, unresectable disease and were enrolled into the prospective
multicenter skin cancer registry ADOREG. ADOREG is a nationwide
prospective skin cancer registry of the German Dermatologic Coopera-
tive Oncology Group (DeCOG), with data on more than 9000 patients
from 67 study centers as of July 01, 2023. Patient data were provided for
analysis in a pseudonymized form. The ADOREG was approved by the
Medical Ethics Committee of the University Duisburg-Essen (14-5921-
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BO), and written informed consent for participation was obtained from
all patients.

2.2. Patient cohort and study endpoints

At the cut-off date (July 01, 2023), patient data from 485 patients
with advanced, unresectable melanoma who received either CPI therapy
or targeted therapy (TT) were provided from the ADOREG database. Of
these, 415 patients received any line of CPI and had the diagnosis of CM
(n = 370) or ALM (45). Only patients who received a first-line CPI
regimen (328 patients with CM and 45 patients with ALM) were
analyzed (Figure 1). First-line CPI regimens included combination
therapy with ipilimumab + nivolumab or PD-1 inhibitor monotherapy
with either nivolumab or pembrolizumab. Study endpoints were best
overall response (BOR), progression-free survival (PFS) and overall
survival (OS).

2.3. Statistical analysis

The classification of patients into combination therapy with ipili-
mumab + nivolumab versus PD-1 monotherapy was based on the first-
line CPI regimen, regardless of whether other treatment modalities
were used in subsequent lines of therapy. Patients not reaching a pro-
gression or survival event were censored at the last documented follow-
up. Baseline characteristics were analyzed using descriptive statistics.
Objective response rate (ORR) was defined as partial response (PR) or

European Journal of Cancer 220 (2025) 115356

complete response (CR) versus stable disease (SD) or progressive disease
(PD) according to standard RECIST criteria. Disease control was defined
as SD, PR or CR versus PD. CPI treatment duration was calculated as the
period during which patients received first-line treatment. Serious
treatment-related adverse events (trAE) were defined as grade 3 or
higher adverse events. The median follow-up duration was calculated
using the reverse Kaplan-Meier method. OS was calculated from the
start of first-line CPI treatment to the date of death or censoring. PFS was
calculated as the time from when patients received first-line treatment to
the first documented progression or censoring. Kaplan-Meier plots were
used to calculate the probabilities of OS and PFS for the groups studied.
Survival curves were compared using the log-rank test. Univariate and
multivariate Cox regression analyses were used to assess the impact of
specific clinical characteristics on OS and PFS. Hazard ratios (HR) with
95 % confidence intervals (CI) were used to quantify the effect on OS
and PFS. In all cases, two-tailed p-values were calculated and considered
significant at p < 0.05. SPSS (version 27, IBM, Ehningen, Germany) was
used for all analyses.

3. Results
3.1. Demographic and clinical baseline data
A total of 328 patients with CM and 45 patients with ALM who

received first-line CPI therapy were analyzed. Patients with CM were
younger at the start of CPI with a median age of 67 years versus 73 years

ADOReg database
N =485 advanced

melanoma patients

under CPlor TT

I

CPI treatment, any line
N =415

TT only,
no CPI treatment
N=70

( )
Acral lentiginous Cutaneous melanoma
melanoma (ALM) other than ALM (CM)
N =45 N =370
\.
1
( N 4 A
First-line CPI Later-line CPI First-line CPI
N =45 N =42 N =328
. J \. I J
4 4 N\
ALM and first-line CPI CM and first-line CPI
N-45 N- 338
—— —
‘(”M ;2' - < %pE . e
Ipilimumab + Nivolumab FEA-Iithlbitor Ipilimumab + Nivolumab ER=LnhiRHor
N=22 monotherapy N = 129 monotherapy
N N=23 N N =199

\ )
\ /

Fig. 1. Flow chart illustrating the selection criteria for this multicenter analysis with patient data from the prospective ADOREG skin cancer registry. We analyzed
the outcome of patients with advanced acral lentiginous melanoma (ALM) or cutaneous melanoma other than ALM (CM) treated with first-line checkpoint inhibitors

(CPI). TT: targeted therapy.
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(p = 0.06) for ALM (Table 1A). The majority of patients in both groups
were male (62.8 % with CM versus 68.9 % with ALM). More than half of
the patients had an ECOG performance status of < 1) at the start of CPI
therapy with 55.8 % in patients with CM versus 68.9 % with ALM. At the
time of diagnosis, the Breslow vertical tumor penetration depth in mm
was similar in patients with CM (3.20 mm) versus ALM (3.85 mm,
p = 0.68). However, the tumors were significantly more frequently ul-
cerated in patients with ALM (35.7 % CM versus 57.8% ALM,
p = 0.017). The prevalence of metastases at the time of diagnosis was
analyzed by anatomic site. Significant differences were found for me-
tastases in lymphatic tissue (40.9 % in CM versus 62.2 % in ALM,
p = 0.007) and skin (23.8 % in CM versus 40.0 % in ALM, p = 0.001).
No significant differences in the prevalence of bone, lung, liver and brain
metastases or metastases at other sites were found. The mutation status
(any mutation) was analyzed for BRAF, NRAS and CKIT genes. BRAF
mutations were significantly more frequent in patients with CM (30.8 %
for CM versus 8.9 % for ALM, p < 0.001), whereas there were no sig-
nificant differences for NRAS, but a trend towards more CKIT mutations
in patients with ALM (1.5 % in CM versus 8.9 % in ALM, p = 0.23). Less
than half of the patients had normal baseline LDH levels (defined as LDH
<245 U/1) at initiation of CPI therapy, with no significant differences
between the two groups (41.5 % in CM versus 44.4 % in ALM, p = 0.80).

3.2. Treatment modalities, response and adverse events

First-line CPI regimens were divided into two groups. Patients
received either a combination therapy with IpiNivo or monotherapy
with a PD-1-inhibitor, either nivolumab or pembrolizumab (Table 1B).
Patients with CM more frequently received PD-1-i monotherapy (60.7 %
PD-1-i versus 39.3 % IpiNivo) than ALM patients, while treatment dis-
tribution was more balanced in patients with ALM (48.9 % IpiNivo
versus 51.1 % PD-1-i). There were no significant differences in the best
overall response (BOR) to the first-line CPI between the two groups. In
each group, nearly half of the patients had progressive disease (PD) as
their best response (45.7 % for CM versus 46.7 % for ALM). A complete
response was observed in 11.3 % of patients with CM versus 15.6 % of
patients with ALM. Objective response rates (ORR) were found to be
similar in both groups (25.6 % in patients with CM versus 24.4 % in
patients with ALM, p = 0.94). Stratified by first-line treatment, the ORR
for CM was 20.9 % for IpiNivo versus 28.6 % for PD-1-i (p = 0.46) and
18.2 % for IpiNivo versus 30.4 % for PD-1-i in patients with ALM
(p = 0.33). Disease control, defined as stable disease or better versus PD,
was achieved by 47.9 % of patients with CM versus 43.2 % of patients
with ALM (p = 0.59). The median duration of CPI treatment was slightly
longer in patients with ALM (5.2 months for CM versus 7.0 months for
ALM, p =0.12).

3.3. Survival outcomes and follow-up

Overall survival and progression-free survival were initially evalu-
ated stratified by diagnosis only, without factoring in the regiment of
first-line treatment. The analysis was carried out using Kaplan-Meier
plots and the groups were compared using the log-rank test (Fig. 2).

Patients with ALM showed a trend to shorter median OS compared to
patients with CM, although the differences were not significant (43.8
months, 95 % CI: 19.1-68.6 months for CM versus 18.1 months, 95 %
CI: 12.8-23.4 months for ALM, p = 0.10). Median PFS followed a similar
trend (11.5 months, 95 % CI: 8.2-14.9 months for CM versus 7.0
months, 95 % CI: 3.4-10.6 months for ALM, p = 0.21). One year after
initiating CPI treatment, 58.2 % of patients with CM were still alive,
compared to 46.7 % of patients with ALM (Table 1C). As of the cut-off
date (July 01, 2023), deaths were reported in 37.2 % of patients with
CM and 44.4 % of patients with ALM. The median follow-up duration
was significantly longer in patients with CM (30.5 months, 95 % CI:
25.1-35.9 months for CM versus 27.0 months, 95 % CI: 0.0-55.8 months
for ALM, p = 0.046). OS and PFS were also analyzed stratified by first-
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Table 1

Baseline patient characteristics, treatment modalities, response, adverse events
and survival outcomes. Abbreviations: ALM: acral lentiginous melanoma; CIL:
confidence interval; CM: cutaneous melanoma other than ALM; CPI: checkpoint
inhibitors; CR: complete response; ECOG: Eastern Cooperative Oncology Group;
LDH: lactate dehydrogenase; ORR: Objective response rate; OS: overall survival;
PD: progressive disease; PFS: progression-free survival; PR: partial response; SD:
stable disease; trAE: treatment-related adverse events.

Clinicopathological CM ALM p Value
Characteristics
Number of patients 328 45

A) Demographic and Clinical
Baseline Data

Age at CPI initiation, y (median, 67.0 (19-94) 73.0 (21-88) 0.06°
range)

Sex

Female 122 (37.2 %) 14 (31.1 %) 0.43%

Male 206 (62.8 %) 31 (68.9 %)

Baseline ECOG performance
status”

Good performance status (ECOG 183 (55.8 %) 31 (68.9 %) 0.21%
<1

Poor performance status (ECOG 15 (4.6 %) 5(11.1 %)
>1)

High-risk features

Breslow thickness (median, 3.20 3.85 0.68°
range) [mm] (0.00-28.00) (0.90-17.00)

Ulceration” 117 (35.7 %) 26 (57.8 %) 0.017%
Anatomic sites of metastases
Lymphatic tissue 134 (40.9 %) 28 (62.2 %) 0.007%
Skin 78 (23.8 %) 18 (40.0 %) 0.001%
Bone 79 (24.1 %) 6 (13.3 %) 0.11%
Lung 185 (56.4 %) 25 (55.6 %) 0.91%
Liver 110 (33.5 %) 12 (26.7 %) 0.36°
Brain 109 (33.2 %) 10 (22.2 %) 0.14%
Other 124 (37.8 %) 11 (24.4 %) 0.08*
Mutation status, any mutation®
BRAF pos 101 (30.8 %) 4 (8.9 %) < 0.001¢
NRAS pos 52 (15.9 %) 7 (15.6 %) 0.17%
CKIT pos 5 (1.5 %) 4 (8.9 %) 0.23%
Baseline LDH levels®
Normal (<245 U/1) 136 (41.5 %) 20 (44.4 %) 0.80°
Elevated (>245 U/1) 119 (36.3 %) 16 (35.6 %)
B) Treatment, Response and
Adverse Events
CPI regimen first-line
Ipilimumab + Nivolumab 129 (39.3 %) 22 (48.9 %) 0.22%
PD—1-inhibitor monotherapy® 199 (60.7 %) 23 (51.1 %)
Best overall response (BOR)"
Progressive disease, PD 150 (45.7 %) 21 (46.7 %)
Stable disease, SD 54 (16.5 %) 5(11.1 %)
Partial response, PR 47 (14.3 %) 4 (8.9 %) 0.54%
Complete response, CR 37 (11.3 %) 7 (15.6 %)
ORR vs SD/PD 84 (25.6 %) 11 (24.4 %) 0.94%
Disease control vs PD 138 (47.9 %) 16 (43.2 %) 0.59%
Median CPI treatment duration, 5.2 (0-76.0) 7.0 (0-46.0) 0.12¢
months (range)
Treatment-related adverse
events (trAE)®
Any trAE 159 (48.5 %) 12 (26.7 %) <0.001*
Serious trAE 88 (26.8 %) 5(11.1 %) 0.022°%
Discontinuation due to trAE 80 (24.4 %) 3 (6.7 %) 0.007%
C) Survival Outcomes and
Follow-Up
Median OS, months (95 % CI) 43.8 18.1 0.10%
(19.1-68.6) (12.8-23.4)
1-year OS 191 (58.2 %) 21 (46.7 %) 0.14°
Deceased 122 (37.2 %) 20 (44.4 %) 0.35%
Median PFS, months (95 % CI) 11.5 7.0 (3.4-10.6) 0.21%
(8.2-14.9)
Median follow-up duration, 30.5 27.0 0.046%
months (95 % CI) (25.1-35.9) (0.0-55.8)

# ECOG performance status was unknown for 139 patients;

b ulceration status was unknown for 98 patients;

¢ BRAF, NRAS and CKIT mutation status was unknown for 67, 185 and 255
patients, respectively;

d Baseline LDH levels were not reported for 60 patients;
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¢ Patients on PD-1-inhibitor monotherapy received either nivolumab or
pembrolizumab;

f Best overall response was not evaluated for 48 patients;

& Treatment-related adverse events were not evaluated for 151 patients; °
Mann-Whitney U Test; $ Chi-square test for independence, statistics apply for
patients with documented categorial variable; & Fisher’s exact test, statistics
apply for patients with documented categorial variable; * Log Rank test

line CPI regimen (Figure 3).

When only patients with first-line combination therapy of IpiNivo
were compared, there was a significant advantage in OS for patients
with CM versus ALM (not reached for CM versus 17.8 months, 95 % CI:
5.0-30.5 months for ALM, p = 0.018). The same trend in the IpiNivo
group was also observed for PFS (13.0 months, 95 % CI: 0-28.8 months
for CM versus 6.3 months, 95 % CI: 1.2-11.4 months for ALM, p = 0.10).
In contrast, when analyzing patients with PD-1-i monotherapy as the
first CPI regimen, there were no significant differences in either OS (37.8
months, 95 % CI 24.2-51.4 months for CM versus 26.0 months, 95 % CIL:
0-78.5 months for ALM, p =0.83) or PFS (10.3 months, 6.4-14.3
months for CM versus 7.0 months, 95 % CI: 4.1-9.9 months for ALM,
p = 0.79). In patients with ALM, overall survival trended to be shorter
with first-line IpiNivo combination therapy than with PD-1-i mono-
therapy (17.8 months, 95 % CI: 5.0-30.5 months for IpiNivo versus 26.0
months, 95 % CI: 0-78.5 months for PD-1-i, p = 0.15). Conversely, in
patients with CM, overall survival trended to be longer under IpiNivo
combination therapy (not reached for IpiNivo versus 37.8 months, 95 %
CI: 24.2-51.4 months for PD-1-i, p = 0.22), even though the differences
were not statistically significant (Figure S1). When comparing the de-
mographic and clinical baseline data, response rates and adverse events
of patients with ALM receiving first-line IpiNivo (n = 22) with those of
patients with ALM receiving PD-1-i monotherapy (n = 23), there were
no significant differences (Table S1). Only a trend towards significant
differences in sex distribution was observed between ALM patients
treated with IpiNivo and those treated with PD-1-i (18.2 % female for
ALM+IpiNivo vs 43.5 % for ALM+PD-1-i, p = 0.07). It is noteworthy
that the median follow-up time in the ALM group with PD-1-i was non-
significantly longer then observed in the IpiNivo therapy group (15.0
months, 95 % CI: 10.4-19.6 months for ALM+IpiNivo vs. 42.0 months,
95 % CI: 13.9-70.1 months for ALM+PD-1-i, p = 0.11).

3.4. Predictors of overall survival and progression-free survival

Univariate and multivariate Cox regression analysis was used to
identify potential predictors of OS and PFS irrespective of the diagnosis

A Overall Survival
Diagnosis
Events Median OS ALM
(censored)  {95% Cl) MIcM
ALM 20 18.1 = ALM-censored
(25) (12.8 -23.9) = CM-censored
™ 122 43.8
g- (206) (19.1-68.6)
|
-1
2
L .
B R e
‘g 04
12 — P
4
o
>
3 -
02
o/ Pp=0.10
0 12 24 36 48 60 7 84 % 108
Number at risk Time (months)
ALM 45 21 11 9 5 4 3 2 0 o
ICM 328 191 121 79 53 27 14 S 2 0
0 12 24 36 48 60 72 84 96 108

Time (month)
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of ALM or CM. In univariate Cox regression analysis, the following
variables were found to have a significant influence on OS (Table 52):
Age at first-line CPI, CPI duration, baseline ECOG status (poor vs good),
baseline LDH (lower than 245 U/I versus > 245 U/1) and disease control
(PD vs CR/PR/SD). No significant influence on OS was found for sex,
tumor ulceration status, Breslow thickness, mutation status of BRAF,
NRAS or CKIT, and first-line CPI treatment regimen. Variables that
showed a potentially significant influence on OS in univariate Cox
regression analysis were analyzed using multivariate Cox regression
analysis (Fig. 4). Significant effects on OS were found for the following
variables: Age at first-line CPI (HR: 1.015, 95 % CI: 1.001-1.029, per 1
year increase, p =0.031), CPI duration (HR: 0.921, 95% CI
0.898-0.945, per 1 month increase, p < 0.001), baseline ECOG status
(HR: 2.603, 95 % CI: 1.393-4.866, poor vs good (< 1), p = 0.003) and
disease control (HR: 0.214, 95 % CI: 0.142 — 0.322, CR/PR/SD vs PD,
p < 0.001).

The following variables were found to have a significant influence on
PFS in univariate Cox regression analysis (Table S3): Sex, CPI duration,
baseline ECOG status (poor vs good), baseline LDH (lower than 245 U/I
versus > 245 U/1) and disease control (PD vs CR/PR/SD). In multivar-
iate Cox regression analysis, significant effects on PFS were found for the
following variables (Figure 5): CPI duration (HR: 0.948, 95 % CIL:
0.930-0.967, per 1 month increase, p < 0.001), baseline ECOG status
(HR: 1.989, 95 % CI: 1.079 - 3.666, poor vs good (< 1), p = 0.028),
baseline LDH status (HR: 0.546, 95 % CI: 0.387 — 0.771, lower than 245
U/I versus > 245 U/1, p = 0.001) and disease control (HR: 0.061, 95 %
CI: 0.040 - 0.093, CR/PR/SD vs PD, p < 0.001).

4. Discussion

In this study, we analyzed real-world efficacy data in a cohort of
patients with metastatic ALM or other types of cutaneous melanoma
who received first-line CPI therapy. We categorized the treatment mo-
dalities into two groups, combination therapy with IpiNivo or PD-1-i
monotherapy.

A similar analysis of a Dutch melanoma registry by van Not et al
published in 2022 provides a good basis for comparison with our results
[18]. Consistent with the literature [4,5,18], the ALM population in our
analysis was older than the CM population, suggesting either later
development or delayed diagnosis due to less apparent localization.
According to the literature and in line with the theory of later diagnosis
of ALM, a greater Breslow tumor thickness and a higher proportion of
ulcerations at the time of diagnosis were to be expected in this cohort [5,
6,18,19]. Although in our analysis vertical tumor thickness was only
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Fig. 2. (A) Overall survival (OS) and (B) progression-free survival (PFS) stratified by diagnosis. Patients with acral lentiginous melanoma (ALM) had a shorter PFS

and OS compared to patients with cutaneous melanoma other than ALM (CM).
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Fig. 3. Overall survival (OS) with (A) ipilimumab + nivolumab (IpiNivo) combination therapy or (B) PD-1-inhibitor monotherapy (PD-1-i) and progression-free
survival (PFS) with (C) IpiNivo combination therapy or (D) PD-1-i monotherapy stratified by diagnosis. The differences in overall survival and progression-free
survival between patients with cutaneous melanoma other than ALM (CM) and acral lentiginous melanoma (ALM) trended to be greater in patients receiving ipi-

limumab + nivolumab than in patients receiving PD-1-i monotherapy.

slightly and not significantly increased in the ALM cohort, the propor-
tion of ulcerated tumors was significantly higher in patients with ALM
(57.8 %) than in patients with CM (35.7 %). Different distribution pat-
terns of melanoma metastases between ALM and CM have already been
reported in literature, with bone metastases occurring more frequently
in ALM patients and brain metastases less frequently [20]. In our cohort,
we found more brain metastases in numbers than in CM patients, but
significantly more metastases in lymphatic tissue and skin in ALM pa-
tients. This supports the assumption that the two subgroups may differ in
the distribution patterns of the metastases. There is also evidence in the
literature suggesting that CM is associated with more BRAF driver mu-
tations than ALM, but fewer CKIT mutations [5,18]. In agreement with
this, we found significantly fewer BRAF mutations in the ALM cohort
and a trend towards more CKI mutations. NRAS mutation status was
similar in both groups. Since ultraviolet (UV) radiation does not appear
to play a significant pathogenetic role in ALM, an overall lower tumor
mutation burden (TMB) is expected in ALM compared to CM [5,7,8]. In
melanoma, as well as in various other types of cancer, it has been shown
that tumors with a higher mutational burden are more likely to respond
to immunotherapy. This effect has been demonstrated for anti-CTLA-4
treatments such as ipilimumab, PD-1/PD-L-1 inhibitors and combina-
tion therapy of those [21-23]. Differences in TMB, with an overall lower
mutational burden in ALM versus CM, may provide an explanation for a

poorer response to immunotherapy and the resulting reduction in OS
and PFS in the ALM population.

As we categorized the first-line CPI regimens in our analysis into
combination therapy with ipilimumab + nivolumab versus PD-1 inhib-
itor monotherapy, it is important to note that the ratio was more evenly
balanced in ALM with 48.9 % IpiNivo versus 51.1 % PD-1-i mono-
therapy than in CM (39.3 % IpiNivo versus 60.7 % PD-1-i). This is in
contrast to the Dutch cohort study by van Not et al., in which 79.5 % of
ALM patients and 71.2 % of CM patients received PD-1-i monotherapy
(while only 20.5 % and 28.8 % of ALM and CM patients, respectively,
received combination therapy) [18]. In clinical trials, ORRs in patients
with stage III or IV CM treated with IpiNivo combination therapy or
nivolumab monotherapy, defined as partial or complete response, were
reported to be up to 58 % and 45 %, respectively [14]. The Dutch cohort
study reported first-line objective response rates of 34 % for ALM versus
54 % for CM in the PD-1-i monotherapy cohort and 33 % for ALM versus
53 % for CM in the IpiNivo combination therapy cohort [18]. A multi-
center study by Nakamura et al. of 193 Japanese patients with ALM
receiving any-line PD-1-i monotherapy reported an ORR of 16.6 % [24].
A large international cohort study of 325 patients with ALM receiving
any-line CPI therapy by Bhave et al. reported ORRs of 43 % with com-
bination therapy of ipilimumab plus a PD-1 inhibitor and 26 % with
PD-1-i monotherapy [25]. Our analysis showed ORRs of 25.6 % in
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Multivariate Cox Regression OS
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Variables Subgroups HR (95% Cl) p-value
Age at first-line CPI per 1 year increase 1.015 (1.001 - 1.029) 0.031
CPI duration per 1 month increase x 0.921 (0.898 - 0.945) <0.001
Baseline ECOG status  poor vs good (< 1) ——— i 2.603 (1.393 - 4.866) 0.003
Baseline LDH >245 U/l no vs yes —— 0.835(0.573-1.217) 0.35
Disease Control CR/PR/SD vs PD e 0.214 (0.142 - 0.322) <0.001
CPI treatment Ipi + Nivo vs PD-1-i e 1.427 (0.960 - 2.121) 0.08
Diagnosis ALM vs CM —_—— 0.789 (0.481 - 1.296) 0.35
0,25 0,5 1 2 4

Favors survival

Impairs survival

Fig. 4. Forest plot of the multivariate Cox regression analysis of potential predictors of overall survival (OS). Abbreviations: ALM: acral lentiginous melanoma; CI:
confidence interval; CM: cutaneous melanoma other than ALM; CPI: checkpoint inhibitors; CR: complete response; ECOG: Eastern Cooperative Oncology Group; HR:
hazard ratio; LDH: lactate dehydrogenase; PD: progressive disease; PR: partial response; SD: stable disease. The box for age at first-line CPI overlaps with the line for

HR =1 only due to the way of presentation.

Multivariate Cox Regression PFS

Variables Subgroups HR (95% CI) p-value
Sex male vs female —— 1.020 (0.748 - 1.390) 0.90
CPI duration per 1 month increase 0.948 (0.930 - 0.967) <0.001
Baseline ECOG status  poor vs good (< 1) —— 1.989 (1.079 - 3.666) 0.028
Baseline LDH 2245 U/l no vs yes —— 0.546 (0.387 - 0.771) 0.001
Disease Control CR/PR/SD vs PD e 0.061 (0.040 - 0.093) <0.001
CPI treatment Ipi + Nivo vs PD-1-i - 1.077 (0.783 - 1.480) 0.65
Diagnosis ALM vs CM —— 0.975 (0.644 - 1.475) 0.90

0.0625 0.125 0.25

0.5 1 2 4

Favors survival

Impairs survival

Fig. 5. Forest plot of the multivariate Cox regression analysis of potential predictors of progression-free survival (PFS). Abbreviations: ALM: acral lentiginous
melanoma; CL: confidence interval; CM: cutaneous melanoma other than ALM; CPI: checkpoint inhibitors; CR: complete response; ECOG: Eastern Cooperative
Oncology Group; HR: hazard ratio; LDH: lactate dehydrogenase; PD: progressive disease; PR: partial response; SD: stable disease.

patients with CM (20.9 % for IpiNivo versus 28.6 % for PD-1-i mono-
therapy) and 24.4 % in patients with ALM (18.2 % for IpiNivo versus
30.4 % for PD-1-i monotherapy), and thus in between the ORRs found in
the Japanese and Dutch cohort studies. The ORR in our analysis corre-
sponds well with the ORR of 32 % in patients with ALM in a US cohort
study by Shoushtari et al. who received nivolumab or pembrolizumab,
although in most cases with prior systemic treatment [26]. Disease
control rates (SD, PR or CR vs PD) were slightly higher in CM (47.9 %)
than in ALM (43.2 %) in our analysis.

In our analysis of OS, which was stratified by diagnosis only,
regardless of first-line IpiNivo or PD-1-i treatment regimen, patients
with CM achieved an OS of 43.8 months versus 18.1 months for patients
with ALM. The OS in our ALM cohort corresponds very well with the
results of the Japanese cohort study by Nakamura et al., which also re-
ported an OS of 18.1 months [24]. Stratified by first-line treatment
modality, we found an OS in patients with ALM of 17.8 months with
IpiNivo combination therapy and 26.0 months with PD-1-i mono-
therapy. In patients with CM, median survival was not reached with
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IpiNivo and was 37.8 months with PD-1-i monotherapy. The US cohort
study by Shoushtari et al., which included mostly pre-treated patients,
reported a slightly longer median OS for ALM patients of 31.7 months
receiving PD-1-i monotherapy [26]. Similar to our results, Nathan et al.
(CheckMate 172) reported an OS of 25.8 months (95 % CI: 15.1-30.6) at
a minimum follow-up of 18 months in patients with ALM receiving
nivolumab after ipilimumab pre-treatment [27]. In the Dutch cohort
study by van Not et al, patients with ALM treated with PD-1-i mono-
therapy had a median OS of 18.6 months, compared to 32.3 months for
patients with CM. For patients receiving combination therapy with Ipi-
Nivo, van Not et al. reported a median OS of 7.6 months for ALM patients
compared to 30.9 months for CM patients [18]. The international cohort
study of ALM patients receiving any-line CPI therapy by Bhave et al.
reported a median OS of 1.9 years (=~ 23 months) for PD-1-i mono-
therapy and 1.3 years (= 16 months) for PD-1-i/ipilimumab combina-
tion therapy [25]. Thus, the cohort studies by van Not et al. and Bhave
et al. as well as our study report a longer OS in patients with ALM
receiving PD-1-i monotherapy compared to a combination therapy with
ipilimumab, although the two groups were not directly compared by van
Not et al. or the differences were not significant (Bhave et al. and our
analysis). An important limitation of our study is the low number of
patients in the ALM group when considering the treatment modalities
separately (n =22 for ALM+IpiNivo and n = 23 for ALM+PD-1-i).
Additionally, our analysis revealed a trend towards a longer median
follow-up time in the ALM+PD-1-i group (42.0 months) compared to the
ALM+IpiNivo group (15.0 months, p = 0.11), which makes a compari-
son of survival times less conclusive. A direct comparison of patients
treated with PD-1-i monotherapy and IpiNivo combination therapy may
also be affected by selection bias, as in clinical practice dual CPI therapy
may be preferred over monotherapy in patients with advanced disease
and poorer prognosis. Nevertheless, in patients with CM, we found a
survival benefit in the IpiNivo combination therapy group compared to
PD-1-i monotherapy, while the Dutch cohort study found a slightly
shorter OS with IpiNivo therapy. One possible explanation could be that
in our cohort 39.3 % of patients with CM received IpiNivo combination
therapy (compared to 28.8 % in the Dutch study [18]) and therefore
more patients with an initially better prognosis may have received
combination therapy already as a first-line therapy in Germany. Of note,
the OS in CM patients in our real-world analysis are in good agreement
with the phase III CheckMate 067 study, which found an OS of 71.9
months with IpiNivo combination therapy at a minimum follow-up of 10
years (in our analysis: not reached at a median follow-up of 30.5
months) and 36.9 months (37.8 months in our analysis) with PD-1-i
monotherapy [15].

In our analysis, the PFS of patients with CM treated with PD-1-i
monotherapy was similar to the PFS reported by van Not et al. (10.3
months in our study versus 10.1 months in the Dutch study) [18].
However, patients with ALM in our study had a longer PFS compared to
the PFS reported in the Dutch cohort study. Specifically, ALM patients
treated with IpiNivo combination therapy and PD-1-i monotherapy
showed a PFS of 6.3 months and 7.0 months, respectively, compared to
3.0 months and 3.1 months reported by van Not et al. [18] Given that
almost half of the patients in our ALM population were treated with
first-line IpiNivo, this also suggests that combination therapy was given
at earlier stages of the disease, which may have resulted in a shorter PFS
compared to PD-1-i due to selection bias, but a longer PFS overall.
However, it should be noted that our cohort of patients with ALM treated
with PD-1-i monotherapy included significantly fewer patients - 23 pa-
tients versus 70 patients in the Dutch study [18] - which could poten-
tially lead to more inaccurate results.

Consistent with literature, our multivariate Cox regression analysis
showed significant effects on OS for age at first-line CPI and baseline
ECOG status [18]. However, in contrast to van Not et al. we found no
significant influence of baseline LDH levels or BRAF mutations [18]. As
expected, we also found a negative impact on OS with shorter CPI
duration and significantly prolonged OS if disease control was achieved.
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Similar to van Not et al., our multivariate Cox regression showed a sig-
nificant influence of baseline LDH levels on PFS [18]. We also found a
negative effect on PFS with shorter CPI duration while disease control
led to a significantly prolonged PFS.

Limitations of our study include all the limitations associated with
cohort studies, such as 1) inconsistencies, missing data and registry er-
rors. In our case, safety data were unavailable for many patients in the
database, which limits the interpretation of treatment-related adverse
events. 2) selection bias as patients are not randomly assigned to
treatment groups, which can potentially be very important in our study
as we are comparing patients with either CPI combination therapy or
monotherapy. Clinicians may be more likely to consider combination
therapy in patients with advanced disease and poorer prognosis. 3)
Confounding variables that often cannot be fully accounted for in cohort
studies 4) Time bias, for example due to changes in treatment practice
over time. While the first patients in our analysis received CPI therapy in
2013, our analysis also includes patients who started therapy shortly
before the cut-off date (July 01, 2023). 5) Retrospective cohort studies
are limited in their ability to establish causality. 6) Generalizability: The
results of a specific registry, such as the German skin cancer registry
ADOREG, may not be generalizable to other populations due to differ-
ences in healthcare systems, patient demographics and treatment
availability. ADOREG does not provide information on the ethnicity of
patients, which could be critical as it is known that some ethnic groups,
such as people of color, are more affected by ALM than Caucasians. 7)
Due to the low prevalence of ALM and the corresponding small sample
size in our study population, we combined the PD-1 inhibitor treat-
ments, pembrolizumab and nivolumab, into a single analysis group.
Overall, we analyzed only 45 patients with ALM undergoing first-line
CPI therapy, which is why comparisons between the treatment regi-
mens IpiNivo and PD-1-i monotherapy, particularly the comparison
between ALM+IpiNivo and ALM+PD-1-i, should be interpreted with
caution.

Strengths of our study include the extensive database and nationwide
representation through access to ADOREG, the largest nationwide pro-
spective clinical registry of skin cancer in Germany with data on more
than 9000 patients from 67 study centers. We analyzed the predictors of
OS and PFS, which contributes to a deeper understanding of the factors
that influence patient outcomes. This may help to identify potential
prognostic indicators and develop personalized treatment strategies.

5. Conclusion

Analysis of this real-world cohort of patients from the German pro-
spective multicenter skin cancer registry ADOREG with metastatic
melanoma treated with first-line CPI showed shorter OS and PFS in
patients with ALM compared to CM. This discrepancy highlights the
need for improved therapeutic approaches that address the specific
biological and clinical features of ALM. Consistent with randomized
controlled clinical trials [15], we found that first-line combination
therapy with IpiNivo had a positive impact on survival in patients with
CM compared to PD-1-i monotherapy, which has not previously been
shown in similar cohort studies [18].

First-line treatment with IpiNivo was associated with shorter, but not
significant, OS compared to PD-1-i monotherapy in patients with ALM,
although this result should be interpreted with caution due to the small
number of patients with ALM and possible selection bias. Multivariate
Cox regression analysis revealed that age at first-line CPIL, duration of
CPI, occurrence of treatment-related adverse events, baseline ECOG
status and disease control had a significant impact on OS.
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