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ABSTRACT

Background: Pediatric melanoma may have a different biological background and more favorable
prognosis compared with melanoma in adults. The aim of this study was to investigate melanoma in
children and adolescents in the Finnish population in terms of incidence, clinical course, treatment,
prognosis and BRAFV600E-, ALK- and PD-L1-positivity of the primary tumors.

Materials and Methods: Primary tumor samples and clinical records of all patients aged 0-19years
diagnosed with cutaneous melanoma in Finland in 1990-2014 were collected using the Finnish Cancer
Registry database, Finnish hospitals and private pathology laboratories. BRAFV600E, ALK and PD-L1
were analyzed from 54 primary tumors and BRAFV600E from six metastasis samples.

Results: A total of 122 patients diagnosed with cutaneous melanoma were retrieved from the
Cancer Registry database. The primary tumor samples of 73 patients were obtained for the review,
and 56 cases were included in the study. The incidence of pediatric melanoma increased from 0.02 to
0.1/100 000 during the period 1990-2014. Spitzoid melanoma was the most common subtype (66%).
The 10-year cancer-specific survival (CSS) was 88.7% in all patients. The 10-year-CSS did not differ in
SLNB-positive or -negative groups. BRAFV600E was positive in 48%, ALK in 9% and PD-L1 in 2% of the
tumors. BRAFV600E mutation was associated with 83% of melanoma deaths.

Conclusions: Young melanoma patients had more favorable prognosis and a different staining profile
for BRAFV600E, ALK, and PD-L1 in primary tumor than reported in adults. SLNB status was not an indi-
cator for survival. BRAFV600E-positive patients have worse prognosis and could benefit from surveil-
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lance and treatment similarly to adults.

Introduction

Pediatric melanoma is a rare malignancy, and therefore its
diagnosis and treatment is challenging for pathologists and
clinicians [1,2]. Despite increasing numbers of publications
concerning pediatric melanoma, no specific guidelines for
treatment have been established, and the children are
treated similarly with adults [2,3]. However, it is being
debated whether highly invasive treatments, such as com-
plete lymph node dissection (CLND) following a positive sen-
tinel lymph node biopsy (SLNB) should be performed for
young melanoma patients in all cases, especially with
Spitzoid melanomas [2,3].

In our previous study, we observed that melanomas of
children under 16years of age were more often amelanotic
and had higher Breslow thickness compared with the
Breslow thicknesses reported in adults [4]. The young melan-
oma patients also had a higher rate of positive SLNBs in
biopsies, despite having a good prognosis [4].

The survival of patients with metastatic melanoma has
improved significantly after approval of new targeted and
immunotherapies [5-8]. The discovery of BRAF mutations in
approximately 50% of the primary tumors of the melanoma
patients enabled the development of BRAF/MEK inhibitors,
which greatly increased the survival of the patients harboring
BRAFV600 mutations [7,9]. Also, introduction of immunother-
apy with CTLA-4 and PD-1 inhibitors further increased the
survival of the melanoma patients [5,6,8]. Anaplastic lymph-
oma kinase (ALK) is a tyrosine kinase, and when mutated
and genetically fused, promotes cell division and survival
through Ras/ERK and JAK/STAT pathways [10]. ALK kinase
fusions are found in Spitzoid tumors [11].

To investigate, whether pediatric melanomas harbor these
therapeutic targets and if they serve as biomarkers for the
outcome, we analyzed the primary tumor samples of Finnish
pediatric and adolescent cutaneous melanoma patients
immunohistochemically for BRAFV600E, PD-L1 and ALK. We
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combined the data from the immunohistochemical (IHC)
stainings with the clinical data of the patients to review the
given treatments and outcomes. With this study, we aimed
for understanding the behavior of different melanoma sub-
types in children to facilitate the clinical decision making
while aiming for more personalized treatments.

Material and methods
Patient selection

All patients 0-19years of age diagnosed with cutaneous malig-
nant melanoma during the years 1990-2014 were retrieved
from the Finnish Cancer Registry database. Primary tumor and
metastasis samples and histopathological reports were col-
lected from the institutions where the patients had originally
been diagnosed or treated using the information from the
Finnish Cancer Registry database. These institutions included
hospitals, biobanks and private laboratories in Finland.

Our study was approved by the Ethics Committee of the
Hospital District of Southwest Finland, and by the National
Institute for Health and Welfare including a comment by a
Data Protection Officer (Licenses ETMK:140/1803/2014 and THL/
552/5.05.00/2016). The primary tumor samples were collected
with the permission of Valvira National Supervisory Authority
for Welfare and Health (License 6479/06.01.03.01/2016).
Research permit for the use of Helsinki University Hospital
archives of clinical data was also obtained (HUS/83/2019).

Clinicopathological analysis of tissue samples

The hematoxylin and eosin (HE) stained tumor tissue samples
were independently reviewed by two dermatopathologists
(LT and SJ). For the tissue samples where only formalin-fixed
paraffin embedded (FFPE) tissue blocks were available, new
sections were made and stained with HE.

IHC stainings for BRAFV600E (Roche, Cat# 790-5095, RRID:
AB_2833072) and ALK (Roche, Cat# 790-4796, RRID:
AB_2833073) were performed with BenchMark ULTRA IHC/
ISH system using OptiView DAB IHC Detection Kit (Roche,
Cat# 760-700, RRID: AB_2833075). PD-L1 stainings (Agilent,
Cat# GE00621-2, RRID: AB_2833074) were made using the
appliances and detection kit mentioned above, and 1%
threshold was used for positivity. Positive control slides were
made according to the manufacturer’s protocol.

The corresponding clinical data for melanoma patients
was obtained from the University hospitals where the
patients had been treated. Tumor staging was performed
using American Joint Committee on Cancer (AJCC) 8th
Edition staging at the time of diagnosis [13]. Melanoma sub-
types were classified by dermatopathologists using WHO
Skin Tumors 4th Edition criteria [14].

Statistical analyses

Statistical analyses were performed with IBM SPSS Statistics
for Windows V26 (https://www.ibm.com/products/spss-statis-
tics?mhsrc=ibmsearch_p&mhqg=spss, RRID:  SCR_002865).

The Patient Selection Process

122 MELANOMA PATIENTS
FROM FINNISH CANCER
REGISTRY

—> 49 SAMPLES NOT FOUND

73 HISTOPATHOLOGICAL
SAMPLES OBTAINED
FOR REVIEW

17 TUMOURS DIAGNOSED AS
BENIGN OR BORDERLINE LESIONS

56 TUMOURS CONFIRMED AS
MALIGNANT MELANOMAS

54 SAMPLES UNDERGOING
IHC STAINING

COMPREHENSIVE CLINICAL
DATA OBTAINED IN 50 PATIENTS

Figure 1. A flowchart describing the patient selection process.

Kaplan—Meier estimates for cancer-specific survival (CSS)
were calculated by time between diagnosis and death, and
melanoma-specific disease-free survival (DFS) were calculated
from the time of diagnosis to the time of the first melanoma
metastasis or recurrence. If no melanoma-related death or
metastasis occurred during the follow-up time, the patient
was censored. Associations between age group, stage and
BRAFV600E-positivity with survival were analyzed using log-
rank test. Mann-Whitney U test, chi-square test and
Kruskall-Wallis test were also used. P-values less than 0.05
were considered statistically significant.

Results
Characteristics of study cohort

In total 122 patients aged 0-19years diagnosed with malig-
nant melanoma were registered in the Finnish Cancer
Registry during the years 1990-2014. Six of these patients
had died of metastatic melanoma, and one patient had died
of a glioblastoma 15years after the diagnosis of Spitzoid
melanoma. A flowchart presenting the patient selection pro-
cedure is displayed in Figure 1.

After a nationwide search, 73 primary melanoma samples
of these 122 patients were obtained for a review. After inde-
pendent analysis of two dermatopathologists, 56 cases out
of 73 were considered as malignant melanomas and were
included into the study (Table 1). The tumors which were
not included in the study were diagnosed either benign nevi
or melanocytic tumors of uncertain malignant potential
(MELTUMPs) by the dermatopathologists. There were no mel-
anomas which had developed in congenital nevi, and no
family history of melanoma was reported.


https://www.ibm.com/products/spss-statistics?mhsrc=ibmsearch_p&mhq=spss
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Table 1. Patient and primary melanoma characteristics at the time of diagnosis.
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All patients Male Female <11 years >11 years
(n=56) (n=27) (n=29) (n=7) (n=49)

Breslow (mm) (mean, range) 24 2.2 2.5 24 24

(0.2-15.3) (0.6-7.0) (0.2-15.3) (1.1-5.5) (0.2-15.3)
Clark level (n)
1 3 0 3 0 3
2 6 1 5 0 6
3 21 12 9 2 19
4 24 13 1 5 19
5 2 1 1 0 2
Ulcerated (n) 9 4 5 2 7
Mitoses/mm? 2 3 2 2 3
mean (range (0-18) (0-12) (0-18) (0-5) (0-18)
Tumor type (n)
SSM 12 6 6 0 12
NM 4 3 1 0 4
Spitzoid 37 18 19 7 30
In Situ 3 0 3 0 3
Stage (AJCC 8th)
Tis 3 0 3 0 3
1A 17 8 9 0 17
IB 9 3 6 1 8
A 5 3 2 1 4
1B 5 3 2 1 4
IIC 1 0 1 0 1
A 1 0 1 1 0
1B 5 4 1 2 3
nc 9 5 4 1 8
D 0 0 0 0 0
\% 1 1 0 0 1
Location
Unknown 1 0 1 0 1
H&N 12 10 2 3 9
Trunk 14 6 8 1 13
UL 6 2 4 0 6
LL 23 9 14 3 20

SSM: supefficially spreading melanoma; NM: nodular melanoma; Spitzoid: Spitzoid melanoma; H&N: head and neck; UL: upper limb; LL: lower limb.

The location of one in situ melanoma was unknown.

Clinical data of 50 patients were retrieved from the hospi-
tals databases. However, histopathological diagnosis reports
and HE-slides were obtained from all the 56 patients. In 54
cases, primary tumor material was obtained for IHC analyses.
Survival analyses were performed with stage I-IV patients
(n=53), and three in situ melanomas were not included in
the survival analyses (Figure 1).

The incidence of pediatric melanoma increased by time in
the cohort of 56 patients. Only four cases of melanoma were
diagnosed in 1990-1994 compared to 26 cases in 2010-2014.
This corresponds to the incidence rate of 0.02 vs. 0.1 per 100
000, indicating a five-fold increase in the incidence rates
between 1990 and 1994 and 2010-2014. Similar trend was
seen also in Finnish Cancer Registry data of all 122 patients
(Figure S1).

The distribution of melanomas between both male and
female was 48.2% and 51.8%, respectively. Seven patients
(12.5%) were under 11 years old, and five of them were boys
(71.4%). The mean age at diagnosis was 15.5years. Patient
and primary tumor characteristics at the time of diagnosis
are shown in Table 1.

Disease-free and cancer-specific survival

Melanoma specific 1-year-DFS and CSS were 90.6% and
96.2%, respectively. 5-year-DFS and -OS were 88.6%
and 92.5%, respectively. 10-year-DFS and CSS were 86.8%

and 88.7%, respectively. No deaths occurred after 10years.
The Kaplan-Meyer estimates for both DFS and CSS are
shown in Figure 2.

Cancer-specific survival by stage

In children and adolescents, the most common melanoma
AJCC stages were | and lll covering 46.4% and 26.8% of the
population, respectively. Distribution and survival of different
stage groups are demonstrated in Figure 3.

In contrast to the excellent 10-year-CSS of the patients
under 11years old (100%), they presented with higher dis-
ease stages than the older patients in the 16-19years age
group, whose 10-year-CSS was 92.9%. The mean age of the
patients with stage Ill disease was significantly lower com-
pared with stage | patients, 12 vs. 17years, respectively
(p = 0.004, adjusted, Bonferroni corrected, n=53). The progno-
sis was worse in the age group of 11-15years, whose 10-
year-CSS was 77.8%. Kaplan—Meier estimates and distribution
of stage groups by age are shown in Figure S2.

Surgical treatment and staging

In 54 patients, surgical treatment of primary melanoma was
excision with at least 1-2 cm margins. Two patients presented
with either distant metastasis or clinically detectable lymph
node metastasis at the time of diagnosis, and therefore their
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Figure 2. Kaplan-Meier estimates for melanoma-specific disease-free survival (DFS) 86.8% (A) and cancer-specific survival (CSS) 88.7% (B) for stages |-IV during
the whole follow-up period (mean 9.9 (CSS) and 9.6 years (DFS), range 0.6-25.5 years for CSS and DFS, n = 53).
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Figure 3. (A) Distribution of melanoma stages (n = 56). (B) Kaplan-Meier estimate for melanoma-specific CSS in different stages (n =53). In situ (Tis) melanomas

(n=3) were not included in the survival analysis.

primary tumors and metastases were excised only for diag-
nostic purposes. SLNB was introduced in Finland from 2000-
2002 onwards. Twenty-seven patients (49%) underwent SLNB
and metastatic sentinel nodes were detected in 12 of them
(44%). All SLNB-positive patients underwent CLND and add-
itional non-sentinel metastases were detected in two of
them (17%). Before the era of SLNB, four patients (7%)
underwent elective lymph node dissection (ELND) and
regional lymph node metastasis was detected in one of
them. One patient (2%) with metastatic lymph nodes under-
went therapeutic lymph node dissection (TLND). For one
patient, no information on whether SLNB or evacuation was
performed was found (Figure S3).

There was no difference in the DFS or CSS among
patients with positive or negative SLNB during the follow-up,
both groups demonstrating 100% melanoma-specific DFS
and CSS rates (Figure S3). The Breslow thickness was higher
for the melanomas with positive SLNB compared to negative
SLNB result, the mean being 4.8 mm vs. 1.6 mm, respectively
(p=0.00017, 2-tailed, n=27). SLNB positive patients were
also younger than SLNB-negative patients (p =0.011, 2-tailed,

n=27). The mean age for SLNB-positive patients was
12 years vs. 16 years for SLNB-negative patients.

Medical oncological therapies

Medical oncological therapies were given to 16 patients and
11 of them had positive SLNB. One patient did not have
positive SLNB, but she had a Clark level 4, Breslow 4,6mm
Spitzoid melanoma without ulceration and mitotic rate of 2/
mm?2. These 12 patients received adjuvant Interferon-o. (IFN-
o) treatment apart from two patients, who received
combination adjuvant therapy. The other received adjuvant
combination therapy of IFN-o and Dacarbazine (DTIC), and
the other was treated with IFN-o0 and the combination of
dacarbazine, vincristine, lomustine, and bleomycin (BOLD).
Adjuvant radiation therapy along with IFN-o0 adjuvant ther-
apy was given to one patient with Clark level 4, Breslow
1,6mm Spitzoid melanoma without ulceration, mitotic rate of
3/mm2 and total nodal status of 6/14. Distribution of onco-
logic therapies in this patient population is shown in
Figure S4.
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BRAFV600E-, PD-L1- and ALK-Positive Melanomas
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Figure 4. (A-C) BRAFV600E-positive (A, B) nodular melanoma located behind the ear of an 18-year-old male who died of metastatic melanoma. In addition to
BRAFV600E, the tumor showed a weak PD-L1-positivity in <1% of the tumor cells (C). (D) ALK-positive melanoma in the foot of a 16-year-old female demonstrates

the typical wedge-shaped architecture of Spitzoid melanoma.

Four patients received combination of chemo- and immu-
notherapies for their metastatic melanoma, as well as adju-
vant or palliative radiotherapy. Therapies received by these
patients are shown in Table S1. Only two patients in our
study were treated with BRAF/MEK inhibitors (vemurafenib,
dabrafenib). The other had also <1% PD-L1-positivity in the
primary tumor cells and received additional therapy with
CTLA-4  antibody (ipilimumab) and PD-1 inhibitor
(pembrolizumab).

BRAFV600E, ALK, and PD-L1 immunohistochemistry

In total, 54 primary melanoma samples were analyzed with
IHC for BRAFV600E, PD-L1, and ALK. Six metastases were ana-
lyzed for BRAV60OE. The IHC results are shown in Table S2.
Representative IHC stainings of BRAFV600E-, ALK- and PD-L1-
positive melanomas are shown in Figure 4.

BRAFV600E

In total 26 melanomas (48%) stained positive for BRAFV600E
(Roche, Cat# 790-5095, RRID: AB_2833072). Two patients with
BRAFV600E had also ALK-positive (Roche, Cat# 790-4796,
RRID: AB_2833073) melanomas. Four out of six patients who
died of metastatic melanoma, and whose samples were
stained with IHC, had BRAFV600E mutation in their primary
tumors. One of these patients showed additional <1% PD-
L1-positivity (Agilent, Cat# GE00621-2, RRID: AB_2833074) in
the tumor cells. Ten-year-CSS was worse in patients with
BRAFV600E-positive primary tumor and/or metastasis, 80.0%

vs. 96.4% for the patients without BRAFV600E mutation
(p=0.081, 95% Cl: 20.2-24.7 years, n=52).

The mean age was 17years (range 11-19years) among
BRAFV600E positive patients. Mean Breslow thickness for
BRAFV600E-positive tumors was 24 mm (range 0.2-7.0 mm).
There were no patients under 11years who had BRAFV600E
mutation in their primary tumor. All three in situ melanomas
were BRAFV600E-positive.

ALK kinase fusions

Five melanomas (9%) showed strong ALK expression in
majority of the tumor cells. None of the melanomas analyzed
had areas of partial expression of ALK. The mean age of the
patients with ALK was 14years (range 9-18years). Two
patients had also BRAFV600E mutation. All ALK-positive mel-
anomas were Spitzoid melanomas. The average Breslow
thickness was 3.2 mm (range 1.2-6.0 mm).

PD-L1

Only one 18-year-old male patient (2%) who died of meta-
static melanoma showed weak, <1% PD-L1-positivity in the
tumor cells. The patient had also BRAFV600E mutation in his
tumor. The Breslow thickness of the tumor was 7.0 mm,
which was also the highest Breslow thickness among all
BRAFV600E-positive melanomas. The presence of tumor-infil-
trating lymphocytes (TIL's) in the stroma were low when
assessed with the scale of low-medium-high. The PD-L1-posi-
tivity seen in non-tumor cells was virtually non-existing
(Figure 4).
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IHC-negative melanomas

A significant proportion, 25 melanomas (46%) stained nega-
tive for BRAFV600E, PD-L1 and ALK, therefore being called
IHC-negative. The mean age was 15years (range 5-19years).
All patients under 11 years old were IHC-negative. The mean
Breslow thickness was 2.6 mm (range 0.2-153mm). One
patient died of metastatic IHC-negative melanoma, and
another patient developed a cutaneous metastasis of melan-
oma close to the site of the primary tumor four months after
surgery but did not show signs of disease progression during
the rest of the eight-year follow-up time.

Metastases

Six metastasis samples from the patients who died of meta-
static melanoma were stained with BRAFV600E. This was also
to confirm, that our primary melanoma sample was the
actual primary tumor which metastasized and eventually
lead to death of the patient. BRAFV600E stained positive in
all cases where the primary melanoma was BRAFV600E-posi-
tive, and in the metastasis of one patient whose primary
tumor sample was not available for IHC-analysis. In total, five
out of six melanoma metastases were BRAFV600E-positive. In
the IHC-negative case, the metastasis was also negative
for BRAFV600E.

Discussion

BRAFV600E-positivity of 48% was similar as previously
reported for the melanoma in adults [9]. Interestingly, in five
out of six (83%) lethal cases the primary tumor and/or the
metastases were BRAFV600E-positive. All these patients were
over 11years old, and therefore the likelihood for mutagenic
environmental factors, such as UV exposure, is greater than
for the younger patients. A significant part of the melanomas
in adolescents could resemble the pathogenesis described in
the literature, where a BRAF mutated pigmented lesion may
develop into malignant melanoma when the mutational bur-
den increases [12,13]. In addition to increased risk for metas-
tasis, the 10-year-CSS for BRAFV660E-positive patients was
worse than for the patients without BRAFV600E, being 80%
vs. 96%, respectively. Therefore, the BRAFV600E-positive
patients could benefit from being treated and surveyed simi-
larly as adults. Also, analyzing the tumor samples for muta-
tions using PCR method instead of only IHC could bring
additional information on other V600 mutations, such
as BRAFV600K.

When comparing our results with the literature, the mela-
nomas in children and adolescents differ from the melano-
mas in the adults with respect to ALK- and PD-L1-positivity.
In melanomas of adults, previous studies have reported 2-3%
ALK-positivity [14,15]. In our study, 9% of melanomas were
ALK-positive. The higher relative number of ALK-positive mel-
anomas in young patients could be explained by Spitzoid
features of the melanomas, since the level of 10% ALK-posi-
tivity has been reported in Spitzoid tumors [16]. However,
Spitzoid melanomas will probably harbor also other

pathological genomic alterations besides ALK. Therefore, we
would not suggest using ALK alone as a biomarker for
improved outcome in pediatric melanoma. Since the diagno-
sis of the Spitzoid melanoma is still histopathological, it can
be hypothesized that one subtype of Spitzoid melanomas
may be caused by ALK mutations.

Only one patient in our study showed weak, less than 1%
PD-L1-positivity. In adults, PD-L1-positivity varies significantly
according to the thresholds used but has been reported to
rise to 53% when using 1% threshold [17]. Despite the pos-
sible variance, the rates observed in our study are much
lower in young patients than reported in their adult counter-
parts. Whether this is due to the differences in the host
immune  responses or in the tumor biology
remains unknown.

Nearly a half, 46% of our patients had BRAFV600E-, PD-L1-
and ALK-negative primary melanomas. This included all
patients under 11years of age, who comprised 11% of the
IHC-stained samples. No deaths occurred in this group of
prepubertal patients either, which raises again questions on
the biology behind these lesions of the very young melan-
oma patients. All melanomas of the patients under 11 years
had Spitzoid features.

An interesting finding in the present study was that chil-
dren and adolescents had a positive result in 44% of the
SLNBs performed. This is a significantly larger proportion
than reported in the adult population, in which SLNB-positiv-
ity is between 10-30% depending on the type of melanoma
[18]. The 10-year-CSS was 100% in both SLNB-positive and
-negative groups and in this study SLBN was not an indicator
of survival. The young patients also had an increased melan-
oma-specific 10-year-CSS of 88.7%, corresponding to the sur-
vival rate reported in the adults with negative SLNB [18].
This could be due to the larger number of Spitzoid melano-
mas in the young, as atypical Spitzoid tumors often metasta-
size to the sentinel lymph node without worsening the
prognosis [19]. Children with Spitzoid melanomas might
therefore have improved prognosis despite the lymph node
involvement.

Melanoma specific 10-year-CSS was higher in stage Il
patients compared with stage Ill patients in Swedish adult
population. A publication on adult melanoma patients in
Finland classified with AJCC 8th criteria was not available for
comparison. The 10-year-CSS in young patients was 100% in
stages IlIA and IlIB, whereas in adults it was 80% and 55%
correspondingly. Also, in stage IlIC the 10-year-CSS was
higher in children and adolescents compared to the adults,
78% vs. 43%, respectively [20]. The improved survival of this
level could be explained with the differences in tumor biol-
ogy, especially between Spitzoid and non-Spitzoid melanoma
subtypes. In our study, 10-year-CSS was slightly worse in
stage Il compared to stage lll, which emphasizes the need of
critical assessment for the use of SLNB in the pediatric
patients, especially in very young children. The oncological
treatments given to the young patients should also be con-
sidered carefully.

The patients under 11years old were determined pre-
pubertal based on the likelihood of these young patients to



not have reached Tanner stage 2 [21]. We included patients
up to 19years of age, since by including a wide range of
adolescents, we might observe the differences in the melan-
oma behavior between the age groups. Limitations of this
study were the small number of patients who died of meta-
static melanoma, and not having all the 122 primary tumor
samples for the review. Since the cutaneous melanoma is
extremely rare among the youngest patients, it was not pos-
sible to always show statistically significant results, for
example between the survival rates. Obtaining the clinical
data from all the 122 patients registered in the Finnish
Cancer Registry could have been useful for comparing, e.g.,
the stages and survival to those of our study cohort.
However, this might have led the interpretation of the results
in false direction, since we could not have been sure that
the original histopathological diagnosis was correct without
reviewing the original primary tumor. Nevertheless, our
nationwide study still provided us with a substantial number
of patients to present relevant findings.

Conclusion

The prognosis of melanoma in children and adolescents is
more favorable than reported in adults. The result of the
SLNB did not affect the survival in this study. To avoid misin-
terpretation of melanocytic tumors of children and adoles-
cents, the diagnosis should be made by at least two
experienced dermatopathologists.

Primary melanomas in children and adolescents have a
different IHC profile. Children under 11years old had
BRAFV600E-negative Spitzoid melanomas and presented with
100% 10-year-CSS. ALK was found in spitzoid melanomas,
and PD-L1 was seldom expressed in the primary tumors of
children and adolescents.

The tumors of the adolescents with BRAFV600E mutation
had worse prognosis, and BRAFV600E mutation was associ-
ated with 83% of lethal cases. BRAFV600E-positive patients
could benefit from surveillance and treatment similarly
to adults.
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