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ARTICLE INFO ABSTRACT

Background: Data on the efficacy and safety of anti PD-1 antibodies in children and adolescents (CA) with

Keywords: melanoma are lacking. The aim of this study was to determine outcomes of CA melanoma patients receiving anti
Melanoma . .

Child PD-1 antibodies.

Adolescent Methods: Melanoma patients <18 years treated with anti PD-1 were retrospectively retrieved from 15 academic
Anti PD-1 centers. Information on histopathological diagnosis, surgical treatment, systemic therapy, objective response rate
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Outcome
Safety Kaplan-Meier method.
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(ORR), safety profile was collected. Progression-free survival (PFS) and overall survival (OS) were assessed by

Results: Between April 2016 and March 2024, 99 patients treated with systemic therapy were retrieved, 81
treated with anti PD-1 therapy. Median age was 14 years (range 2-18 years), 37 pts were <12 yrs. Overall, 38 CA
patients received anti PD-1 in adjuvant setting, and the 3-year PFS and OS were 70.6 % and 81.1 %, respectively.
Two patients received anti-PD-1 based neoadjuvant treatment, both had a pathologic complete response and
remain disease free. Fifty-six received a systemic therapy for advanced disease and among them, 43 received anti
PD-1-based therapy for advanced disease in 1st line, while 12 and 5 pts received a 2nd and 3rd line, respectively.
Among patients receiving a 1st line therapy with anti PD-1 monotherapy the ORR was 25 %, and the 3-year OS
was 34 %. Toxicities were consistent with previous studies in adult melanoma patients.

Conclusions: Our study provides the first evidence of efficacy of anti PD-1 in CA melanoma patients and supports
the use of anti PD-1 therapy in pts <18 years, included those <12 years.

Introduction

Melanoma in childhood and adolescence (CA) is underestimated and
understudied, leading to inadequate diagnostic and therapeutic strate-
gies. The incidence of melanoma is reported to be about 1.3-1.6 per
million in children under 15 years of age and 15 per million in those
aged 15-20 years, with an annual increase of 4.1 % in adolescents since
1997 [1-3]. Furthermore, melanoma is among the most frequent solid
tumors diagnosed in young adults, with an incidence of 6.6 per 100.000
and a mortality of 4 per million in Europe [1-3].

The anti PD-1 antibodies represent one of the standard immuno-
logical therapies for the treatment of early-stage and advanced mela-
noma [4-10]. This kind of treatment has been highly developed during
the past decade based on the comprehensive understanding of the role of
tumor microenvironment and immune cells in melanoma, and has
highly improved patient outcomes in advanced melanoma [4], and in
the adjuvant setting for both stage III [5-7] and stage IIB/C disease
[8-10].

Despite these advances, metastatic melanoma remains incurable in
the majority of patients at any age and a major clinical challenge.
Clinical trials are ongoing to develop novel and more effective targeted
therapies and immunotherapies in order to overcome resistance and
lead to a further improvement in long term survival. One challenge in
developing this therapeutic trajectory is that, since melanoma in CA is
rare, the management of pediatric melanoma patients has been extrap-
olated from adult treatment protocols, but specific clinical data are
missing [11]. Furthermore, due to the limited understanding of the
diagnosis and prognosis of childhood melanoma, these patients have
been excluded from the vast majority of clinical trials available to adult
patients. This strategy has hindered research efforts and access to
treatment for this population. Overall, there are only minimal data on
the efficacy of systemic therapy in CA with early-stage or advanced
melanoma. Some explorative, phase I/II trials have been designed to
evaluate therapies for pediatric cancer patients that included subsets of
patients with advanced melanoma, and the approval of anti PD-1 and
anti CTLA4 is based on few cases included in the adjuvant setting,
without available data specifically focusing on pediatric cases [12-14].
Furthermore, no data are available in unselected, routinely treated CA
melanoma patients. Due to the unmet medical need in CA melanoma
patients, we report here, within the context of the MELCAYA project, the
activity, efficacy and safety of anti PD-1 antibodies in CA melanoma
patients, with radically resected or metastatic disease.

Methods

Melcaya is an independent, academic study funded by an EU Horizon
Grant (ref. 101096667). This multicenter retrospective international
study included CA melanoma patients, who received anti PD-1 therapy.
Data was collected from 15 European, Australian, South American ac-
ademic centers and 1 registry (The Netherlands). CA melanoma patients
(< 18 years) with stage III and IV disease according to the American
Joint Committee on Cancer (AJCC) staging (VIII Edition) have been

included. The study data were entered into an electronic database
(Athena, Barcelona) compliant with EU guidelines for data protection
and management (General Data Protection Regulation — GDPR - 2016/
679). Specifically, a certified academic center (Barcelona, University
Hospital Clinic) created and maintained the study database, provided
technical support for the study and long-term data storage. Patient data
generated from this study are maintained in confidence and protected
(through pseudonymization, key-code data creation), in accordance
with regulatory requirements. Key-coded data are managed by study
investigators, who get privileged access to the database. Data collected
included: age, sex, previous diseases, tumor histotype, AJCC stage,
previous treatments, concomitant diseases and medications, scheduled
therapy, tumor genetics, complete blood count and chemistry, clinical
response by RECIST, date of relapse/progression, date of death and
cause.

Due to the rarity of this disease, a centralized pathology review, led
by expert pathologists in the field was carried out in selected cases.

This clinical study was designed and reported in accordance with the
ICH Harmonized Tripartite Guidelines for Good Clinical Practice, with
applicable local regulations (including European Directive 2001/20/
EC), and with the ethical principles laid down in the Declaration of
Helsinki. The study is registered at Clinical Trial Gov (NCT06281912).

Outcomes

Progression and response were assessed using Response Evaluation
Criteria in Solid Tumors, version 1.1. Adverse events were categorized
and graded using the National Cancer Institute Common Terminology
Criteria for Adverse Events, version 4.0.

The primary study endpoint was overall survival (OS). Secondary
endpoints included relapse free survival (RFS), progression free survival
(PFS), objective response rate (ORR), and safety (incidence of immune-
related adverse events, irAEs).

RFS was defined as the time from starting adjuvant treatment until
the date of first recurrence or death as a result of any cause. For patients
without any event, the follow-up was censored at the latest disease
evaluation performed according to the routine activity. PFS was defined
as the time from start of therapy until progression, symptomatic dete-
rioration or death, whichever occurred first. PFS was based on the dis-
ease assessments provided by the site investigators. OS was defined as
the time between therapy starting and death, whatever the cause.
Complete response rate was defined as the percentage of patients who
had a confirmed complete response that was achieved without a second-
line treatment. ORR was defined as the percentage of patients who had a
confirmed complete or partial response that was achieved without
initiating a second-line treatment.

Statistical analysis
In the initial step, patient characteristics were categorized based on

variable types. Categorical factors were presented as absolute fre-
quencies and percentages while quantitative variables were represented
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by their median, inter-quartile range and minimum and maximum
values. Survival times were analysed using the Kaplan-Meier method
and the median survival time was reported along with its corresponding
95 % confidence intervals. Survival rates at different time points were
also derived from the Kaplan-Meier curve. Statistical analysis was con-
ducted using the iBM-SPSS v.28.0 statistical software and R v.4.1.0.

Role of the funding source

The funding source had no role in study design, data collection,
analysis, interpretation of data, writing of the report or the decision to
submit the paper for publication.

Results

A cohort of 106 melanoma patients < 18 years, who were diagnosed
between June 1996 and March 2024, were retrieved from referral
melanoma and pediatric oncology cancer centers from Europe,
Australia, South America and considered for this study. Among them, 99
patients received systemic therapy either for resected stage III mela-
noma or for locally advanced/metastatic disease, and were included in
this analysis. Median age at start of systemic therapy was 14 years (range
2-18 years), 37 patients were <12 years (Table 1).

Systemic therapy in the adjuvant/neo-adjuvant setting

Overall, 56 CA pts with stage III disease received adjuvant therapy.
Specifically, 39 received immune checkpoint inhibitors (ICI) (29 nivo-
lumab, 1 ipilimumab plus nivolumab, 1 ipilimumab, 8 pembrolizumab).
In addition, 13 patients received BRAF and MEK inhibitors, and 4
interferon. With regards to the schedule of ICI, 15 patients received
nivolumab or pembrolizumab as flat dose every 2 and 3 weeks,
respectively; the remaining patients received a weight-adjusted dose of
nivolumab or pembrolizumab (mg/Kg). Two patients, with palpable
nodes, received anti-PD-1 based neoadjuvant treatment: one received a

Table 1
Patient characteristics of 99 patients treated with a systemic therapy < 18 years.
Whole population Age 0-12 Age 13-18

SEX
Male 50 (50.5) 17 (45.9) 33(53.2)
Female 49 (49.5) 20 (54.1) 29 (46.8)
Age in years (median, IQR) 14[11-16] 8[4-11] 16[14-14]
PRIMARY SITE
Head and Neck 17 (17.2) 8(21.6) 9 (14.5)
Trunk 31 (31.3) 11 (29.7) 20 (32.3)
Limbs 34 (34.3) 12 (32.4) 22 (35.5)
Unknown primary 15 (15.2) 6 (16.2) 9 (14.5)
Other 2(2.0) 0 2(3.2)
HISTOLOGY
Superficial spreading 25 (25.2) 4 (10.8) 21 (33.9)
Spitzoid 16 (16.2) 8 (21.6) 8(12.9)
Nodular 12 (12.1) 3(8.1) 9 (14.5)
Melanoma in congenital nevi 10 (10.1) 8 (21.6) 2(3.2)
NOS 11 (11.1) 5(13.5) 6 (9.7)
Unknown 19 (19.2) 6 (16.2) 13 (21.0)
Acral 1(1.0) 12.7) 0
Nevoid 5(5.1) 2(5.4) 3(4.8)
AJCC STAGE AT DIAGNOSIS
I-II 13 (13.1) 4 (10.8) 9 (14.5)
111 65 (65.7) 26 (70.3) 39 (62.9)
v 19 (19.2) 7 (18.9) 12 (19.49)
Unknown 2(2.0) 0 2(3.2)
BRAF
Wild Type 48 (48.5) 23 (62.2) 25 (40.3)
Mutated 44 (44.4) 12 (32.4) 32 (51.6)
Unknown 7(7.1) 2 (5.4) 5(8.1)
SETTING ON TREATMENT
Neo/Adjuvant 58 (58.6) 18 (48.6) 40 (64.5)
Metastatic 56 (56.6) 25 (67.6) 31 (50.0)
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pembrolizumab-based treatment, while the other ipilimumab plus
nivolumab followed by nivolumab as adjuvant therapy. The median
follow-up was 33 months (IQR 19-53 months). The 3-year RFS and OS
were 70.6 % and 81.1 %, respectively (Fig 1). Patients treated with
targeted therapy (n=13) had a 3-year RFS of 82.1 % and a 3-year OS of
79.1 % (Fig 2). Two patients treated with neoadjuvant PD-1 based
therapy achieved pathologic complete response and are still disease free
after 36 and 18 months, respectively.

Systemic therapy in the advanced setting

Overall, 56 patients received a first line therapy for advanced mel-
anoma. Among them, 8 had locally advanced disease, 8 M1a, 5 M1b, 24
Mlc, 8 M1d, 3 stage IV not otherwise specified; LDH was elevated in
32 % of patients. Twenty-seven patients were BRAF mutated, 27 BRAF
WT, in 2 patients the BRAF status was unknown.

Among patients with advanced disease, 37 received an ICI treatment
(9 nivolumab, 19 ipilimumab plus nivolumab, 2 ipilimumab, 7 pem-
brolizumab), 11 BRAF and MEK inhibitors, 8 patients received nivolu-
mab in combination with chemotherapy (7 patients received
concomitant Temozolomide and 1 Irinotecan, respectively). Only 3 pa-
tients received nivolumab or pembrolizumab as flat dose, the remaining
patients received a weight-adjusted dose of nivolumab or
pembrolizumab.

Thirty-four patients received second line therapy, 14 received ICI (1
nivolumab, 6 ipilimumab plus nivolumab, 4 ipilimumab, 3 pem-
brolizumab), 10 BRAF and MEK inhibitors, 7 chemotherapy, 1 a toll-like
receptor 9 agonist (tilsotolimod), 1 BRAF and MEK inhibitors plus
nivolumab, and 1 anti PD-1 plus CAR-T.

Nineteen patients received third line therapy: 7 received ICI (2
nivolumab, 1 ipilimumab plus nivolumab, 2 ipilimumab, 2 pem-
brolizumab), 8 BRAF and MEK inhibitors, and 4 chemotherapy. Eight
patients received a fourth line therapy, specifically 7 received ICI (2
nivolumab, 2 ipilimumab plus nivolumab, 1 ipilimumab, 2 pem-
brolizumab) and 1 nivo in combination with Dabrafenib and Trameti-
nib. Median follow-up, from first line treatment, was 42 months (IQR
15-84 months). Among the 16 CA patients who received a 1st line
therapy with anti PD-1 monotherapy the ORR was 25.0 % (4/16), while
in those treated with ipilimumab and nivolumab the ORR was 31.6 %
(6/19). The median PFS was 1.8 months (95 %CI: 1.5-2.2) and 3.7
months (95 % CI: 1.9-5.4), in patients receiving PD-1 alone and ipili-
mumab and nivolumab, respectively (Fig 3). Median OS was 6.3 months
(95 %CI: 0.5-12.2) with anti PD-1 alone and 20.0 months (95 % CI:
0-41.3) with ipilimumab and nivolumab, the 3-year OS was 34 % and
30 %, respectively (Fig 4). Median PFS for patients treated with targeted
therapy was 3.9 months (95 % CI: 1.0-6.7) and 3-year OS 22 % (Fig 5).
Median age of responsive vs non responsive patients was 13 [3-3] vs 12
[2-2], respectively.

o F'_\-\_'-LO—LH._‘_I

75%

L
< 50%
2
3
(%]
25%
RFS
=+ 0s
0%
0 6 12 18 24 30 36 42 48 54 60
time [months]
37 28 24 22 20 19 13 8 8 6 3
—37 32 29 26 22 20 15 9 9 7 3

Fig. 1. RFS ed OS in patients < 18 years receiving anti PD-1 in adjuvant setting.
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Fig. 3. PFS in patients < 18 years receiving Nivolumab-Ipilimumab (green) or
anti PD-1 (blue) in I line metastatic setting.

100%

X 75%
®©
; =+~ mono anti-PD1
% 50% Ipi+Nivo
©
[
3 25%

0%

0 6 12 18 24 30 36 42 48 54 60
time [months]
—16 8 5 2 2 2 2 1 1 1 1

19 13 9 8 7 4 3 3 2 1 1

Fig. 4. OS in patients < 18 years receiving Nivolumab-Ipilimumab (green) or
anti PD-1 (blue) in I line metastatic setting.

In 2nd line, the ORR was lower, 25.0 % for anti PD-1 monotherapy,
and 16.7 % for ipilimumab and nivolumab, while it was 0 % in 3rd line
setting.

Safety

Toxicities were consistent with previous studies in adult melanoma
pts.
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Fig. 5. PFS e OS in patients < 18 years receiving targeted therapy in I line
metastatic setting.

Specifically, in the adjuvant setting 13 (33 %) patients were reported
to have at least one irAE of any grade. Among them 2/11 (18.2 %)
occurred in patients < 12 years e 11/26 (42.3 %) in those > 12 years.

Grade 3/4 irAEs (pancreatitis and liver toxicity) occurred in 2 (5 %)
patients < 12 years treated with anti PD-1 monotherapy. Both adverse
events were resolved at the time of the present analysis.

In patients with advanced disease, 2 patients (12 %) receiving anti
PD-1 as monotherapy developed colitis G3, while 8 patients (42 %) who
received ipilimumab and nivolumab developed G3 irAEs, specifically 5
patients had G3 liver toxicity, 1 meningitis, 1 type 1 diabetes and 1
fever. Among patients receiving ipilimumab and nivolumab as second
line, 2 patients developed G3 irAEs. No treatment-related deaths
occurred.

Discussion

Our study yields several clinically valuable findings in CA melanoma
patients receiving anti PD-1-based immunotherapy: 1) 3-year RFS and
OS outcomes in the adjuvant setting comparable to the adult high risk
stage III patients; 2) safety outcomes were consistent with previous re-
ports in adult patients, with no new irAEs observed; 3) outcomes and
safety were similar in CA patients under and over 12 years; 4) one-third
of patients with advanced disease were still alive at 3 years, which ap-
pears to be inferior to adult data.

We found no previous robust studies investigating the activity and
efficacy of anti PD-1 therapy in CA melanoma patients outside case re-
ports and very small patient cohorts in umbrella studies [12-14]. To the
best of our knowledge, this is the first study investigating the activity
and efficacy of anti PD-1 therapy in CA melanoma patients. To date, only
the adjuvant trials Checkmate 76K and Keynote 716 included CA mel-
anoma patients treated with anti PD-1 therapy (n=>5), but no specific
data have been reported in this subset of CA patients [8-10]. The phase
I/1I Keynote 051 trial included 8 CA patients with advanced melanoma
[14]. Our study provides the first evidence of the efficacy of anti PD-1 in
CA melanoma patients, both in the first-line metastatic setting and in the
neoadjuvant/adjuvant setting. Our study has clinical implications in the
context of a rare disease, since our results support the use of anti PD-1
therapy in melanoma patients < 18 years, including those aged <12
years.

In this study, we collected data from academic centers. Although
high quality evidence is generally conveyed through prospective single
arm or randomized clinical trials, this kind of studies are highly unlikely
to be carried out in rare diseases such as CA melanoma. Nevertheless,
studies that produce real-world evidence provide some advantages over
conventional clinical trials including the fact that patients are not
selected with strict inclusion criteria.

The outcomes of patients in the adjuvant setting included in our
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study were similar to adult cases enrolled in randomized clinical studies
[5,6].

With regards to CA melanoma patients with advanced disease, the
outcome was worse than that reported in previous studies focusing on
adult melanoma cases [15,16]. In the checkmate 067 clinical study the
ORR was 58 % in patients treated with combo immunotherapy (ipili-
mumab and nivolumab) and 45 % in those receiving nivolumab alone
[16]. Furthermore, in the same trial 4-year overall survival was 53 % in
the combination group, 46 % in the nivolumab alone group. In addition,
in a recent real world cohort study including patients treated with anti
PD-1 based therapy the 3-year OS rate was 44.0 % [15]. While it’s hard
to make indirect, cross trial comparisons, differences in patient pop-
ulations as well as in the burden of the disease at the start of treatment
may partially explain the different outcomes.

It is important to convey the message to clinicians and regulatory
authorities that CA patients, included those under 12 years, can achieve
long-term favorable outcomes with an anti PD-1 therapy even in
advanced disease, particularly with first line treatment. Furthermore, it
is worthy of consideration that our data reassure clinicians regarding the
safety, without any new irAEs retrieved in medical charts compared to
previous studies, and no death related to irAEs. Furthermore the severity
and incidence of irAEs were similar to that already described in trials on
adult melanomas [16].

Our study boasts several strengths, including I) the largest cohort of
CA melanoma patients receiving anti PD-1 based therapy; ii) compre-
hensive data collection from specific databases including information on
diagnosis, surgical and systemic therapies, and outcomes; iii) relatively
long-term follow-up allowing for the examination of mature data on PFS
and OS in both adjuvant and metastatic stages; iv) data collected from
referral centers with expertize in melanoma management, providing a
consistent approach; v) a centralized pathology review in 32 selected
cases.

Nonetheless, we are also aware of some limitations, including the
retrospective nature of our analysis with selection biases and no
controls.

In conclusion, in the context of an independent, academic research,
our study provides the first evidence of efficacy of anti PD-1 in CA
melanoma patients, both in adjuvant and first line metastatic setting.
Our study supports the use of anti PD-1 therapy in patients <18 years,
including those < 12 years.
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