
Case Report

Articles © The authors   |   Journal compilation © Int J Clin Pediatr and Elmer Press Inc™   |   www.ijcp.elmerpress.com

Int J Clin Pediatr. 2014;3(1):22-28

PressElmer 

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction 
in any medium, provided the original work is properly cited

Next Generation Sequencing in Differential Diagnosis of 
Childhood Melanoma From Spitz Nevus: 

A Case Report

Xun Wua, b, Keith Tomaszewicza, Lloyd Hutchinsona, Ediz Cosara, April Denga

Abstract

Melanomas are uncommon in children and share many of the char-
acteristics of benign Spitz nevi in their clinical presentation as well 
as histopathology. Therefore, the diagnosis could be challenging. 
Currently, molecular diagnostic tools are being explored to aid the 
diagnosis in the pediatric melanoma. Melanomas often harbor mul-
tiple gene mutations and gene number variations, including BRAF 
(7q34), CCND1 (11q13), RREB1 (6p25), Cep 6, MYB (6q23), 
PIK3CA (3q26), PTEN (10q23), CDKN2A (9p21), c-KIT (4q12) 
and MYC (8q24), but these changes are rare in benign melanocytic 
nevi, including Spitz nevus of which the signature gene abnormali-
ties had been recently revealed. Next generation sequencing (NGS) 
is a new molecular technique allowing the detection of a broad 
spectrum of genome abnormalities simultaneously, thus providing 
a potential powerful tool for assisting the diagnosis of childhood 
melanoma. We herein present a 12-year-old female with a melano-
cytic neoplasm showing histopathologic features highly suggestive 
of malignant melanoma. A variety of molecular analysis studies 
were employed including NGS, which revealed BRAF mutation, 
BRAF copy number addition, and CDKN2A and PTEN deletion. 
Fluorescence in situ hybridization studies were also used, which 
not only confirmed the gene number variation in BRAF, CDKN2A 
and PTEN, but also revealed gain in MYC. These results added 
valuable information in the diagnosis of melanoma. This case dem-
onstrated the usefulness of molecular analysis as the ancillary tools 
in assisting the diagnosis of childhood melanoma.
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Introduction

Malignant melanoma is the most deadly skin cancer. There 
are more than 70,000 new cases resulting in more than 9,000 
deaths each year in the United States [1]. However, mela-
noma in pediatric population is rare, accounting for less than 
1% of all melanoma cases with only 300-400 new diagnoses 
each year, rarely metastasizing or resulting in death [2-5]. On 
the other hand, Spitz nevi, a variant of benign melanocytic 
nevi, are commonly seen in children. Spitz nevi often show 
clinical and histopathologic features that are shared by both 
benign nevi and malignant melanomas, thus posting a notori-
ous diagnostic challenge [4, 6, 7].

For melanoma patients, early detection and treatment 
is the key to achieve good prognosis as the survival rate is 
slim for advanced melanoma. Failing to recognize the ma-
lignancy can lead to inadequate therapy and death, while a 
false positive diagnosis can cause inappropriate over-treat-
ment such as lymph node dissection and chemotherapy as 
well as psychological stress on the patient and family, setting 
aside the financial burden to the health care system. Pediatric 
melanoma can often be misdiagnosed as benign nevus due to 
its rarity and resemblance to benign Spitz nevus, and the fact 
that physicians are reluctant to perform biopsy in children 
[8]. Even if the biopsies are sometimes performed, owing to 
the overlap histopathologic features between melanoma and 
benign nevus, misdiagnosis is often. One study showed that 
up to 40% of children originally diagnosed with Spitz nevi 
were later found to have melanomas [5]. Some other studies 
even established metastasis as the only gold standard for the 
diagnosis of malignancy [5].

Currently the utility of molecular tools for the diagno-
sis of pediatric melanoma is being explored. Detection of an 
oncogenic mutation by itself is usually insufficient to make 
a diagnosis of malignant melanoma since nevi often harbor 
the same mutations (for example BRAF) [9]. Increasing 
evidence shows that melanomas often harbor multiple gene 
abnormalities while benign nevi have none or fewer ones. 
In adult melanoma, recurrent copy number gains at chromo-
some locations 1q, 6p, 7, 8q, 17q, 20q and deletions at 6q, 
8p, 9p, 10q, have been observed [2, 9, 10-17]. In addition, 
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some melanocytic neoplasms have their own signature gene 
abnormalities. For instance, Spitz nevi often present with 
HRAS mutations coupled with a gain in chromosome 11p 
whereas Spitzoid melanomas frequently have a homozygous 
deletion of 9p21 [10, 16, 18]. To date comparative genome 
hybridization, multiplex ligation probe amplification and 
fluorescent in situ hybridization (FISH) have been shown 
to have value in the differential diagnosis of Spitzoid tumor 
and melanoma in adults [2, 9, 14, 15, 19]. Few studies have 
investigated chromosomal abnormalities in pediatric mela-
nomas. Several papers have reported 9p21 (CDKN2A) dele-
tion is common in childhood melanoma and may predict ag-
gressive behavior [2, 12, 20]. Gains in 6p25(RREB1), 11q13 
(CCND1), 8q24 (MYC), 4q12 (KIT), and loss in 6q23 have 
also been observed but at different frequencies in Spitzoid 
melanoma relative to conventional melanoma [2]. Therefore, 
molecular tests could be potentially useful in diagnostically 
challenging cases of melanocytic lesions in children. NGS is 
the most recent molecular technique that has the potential to 
analyze the tumor genome and detect multiple gene abnor-
malities simultaneously. Recently, we had a case of child-
hood melanoma for which the molecular studies including 
NGS were employed to assist and confirm the diagnosis as 
reported here.

 
Case Report

  
A 12-year-old female with an unremarkable past medical 
history presented to her family doctor with a newly devel-
oped mole on the inner aspect of her right thigh. Her fam-
ily history was significant for non-melanoma skin cancers 
in the grandparents. Physical examination revealed that she 
had fair-skin (Fitzpatrick type I) with multiple moles. The 
newly developed mole was slightly polypoid with an irregu-
lar border and uneven color, measuring 0.9 cm at the greatest 

dimension. A shave biopsy was performed.

Histopathological findings

Histology examination revealed a polypoid melanocytic pro-
liferation in confluent nests distributing at all levels of the 
epidermis in a pagetoid fashion and in sheath-like growth 
expanding the dermis and extending to the base of the biopsy 
(Fig. 1). The tumor was composed of predominantly large 
epithelioid melanocytes showing sticking cytological atypia, 
lack of maturation and mitotic activity. The diagnosis of ma-
lignant melanoma was considered seriously, which would 
be a melanoma with at least a Clarke level of IV and 1.15 
mm in Breslow thickness that requires wide re-excision and 
lymph node dissection. However, considering the patient’s 
young age, the differential diagnosis should include Spitz 
nevus which could have marked cytological atypia, pagetoid 
spread and mitotic activity. Nevertheless, the lack of matura-
tion and the presence of deep dermal mitosis and parenchy-
mal invasion suggested a malignant biological behavior for 
this melanocytic neoplasm.

Molecular studies

To provide further evidence regarding the real nature of this 
neoplasm, molecular studies of 12 genes frequently altered 
in melanoma were performed (Tables 1, 2). For NGS studies, 
the areas of the neoplastic and matched normal tissue were 
identified using H&E-stained slides macro-dissected from 
formalin-fixed, paraffin-embedded tissue. DNA was ex-
tracted using formalin fixed paraffin embedded tissue DNA 
extraction kit (Qiagen, Valencia, CA) and quantified by spec-
trometry (NanoDrop; Thermo Scientific, Waltham, MA) and 
fluorometry (Qubit; Life Technologies, Carlsbad, CA). An 
AmpliSeq Cancer Hotspot Panel v2 (Life Technologies) li-
brary was prepared for each sample. Amplicon libraries with 

Figure 1. (a) Low-power image of H&E-stained section showing polypoid melanocytic neoplasm (H&E stain, × 40). (b) High-
power image showing melanocytes with marked cytological atypia and pagetoid spread (H&E stain, × 400).
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barcodes were prepared from 10 ng template DNA using the 
Ion AmpliSeq Library Kit 2.0 (Life Technologies) and quan-
tified by real-time PCR. Library pools were diluted, then 
combined together, mixed with IonSpheres (ISPs; Life Tech-
nologies) and subjected to emulsion PCR using the OT200 
template kit (Life Technologies). Enrichment of ISPs with 
clonally amplified DNA was achieved using the OneTouch 
ES System (Life Technologies). Enriched ISPs were loaded 
onto an Ion 318 chip and sequenced using the ion sequencing 
kit (200 bp, Life Technologies).

Analysis of the raw data files consisted of three pipelines 
which included Variant Caller (Life Technologies), Ion Re-
porter (Life Technologies) and NextGen (Softgenetics). Re-
sults from the three software packages were compared and 
mutations detected were confirmed by Sanger sequencing. 
Mutation analysis revealed that the tumor was positive for 
a BRAF mutation (p.V600E), and negative for mutations in 
other genes (Table 1).

Copy number variation between the melanocytic neo-
plasm and matched normal tissue was examined using these 
software packages and in-house bioinformatics. For the in-
house analysis, tumor amplicon read number (coverage) nor-
malized to total number of tumor library reads was divided 
by matched normal read number normalized to total normal 
library reads. Amplicons with a read number below the 25% 
quartile for library reads were excluded from analysis. The 
tumor/normal ratio was divided by the average tumor/nor-
mal ratio for all 205 amplicons. A tumor/normal gene ratio 
greater than 1.2 was defined as a gain and a ratio less than 0.8 
was defined as a loss. These cutoffs are based on 50% tumor 
cells with 1 or 3 copies of a gene in a background of normal 
cells. Copy number gains were observed in the BRAF (7q34) 
gene, consistent with 4 copies per cell and copy number de-
letions were observed in PTEN (10q23), CDKN2A (9p21), 
NRAS (1p13) consistent with 1 copy per cell.

To confirm gene copy number changes detected by NGS 
and extend the analysis to additional genes commonly used 
to distinguish benign nevi from malignant melanoma or 
Spitzoid melanoma, FISH was performed using an Abbott 
probe (Vysis, Des Plaines, IL). Probe sets included CCND1 
(11q13), RREB1 (6p25), Cep 6 and MYB (6q23), previ-
ously reported as panel 1, CDKN2A (9p21), MYC (8q24) 
components of panel 2 and PIK3CA (3q26), PTEN (10q23), 
c-KIT (4q12) which have been implicated as recurrent ab-
normalities in other reports [2, 9-17, 21]. FISH analysis con-
firmed the BRAF (7q34) gain and the heterozygous deletion 
of PTEN (10q23), and CDKN2A (9p21). This melanocytic 
neoplasm also showed gains in the MYC (8q24) gene (Fig. 
2).

Based on histopathologic changes and the results of 
above molecular studies, a diagnosis of malignant melanoma 
was made. Following the pathologist’s advice, a wide local 
excision and sentinel lymph node biopsy were performed 
which showed residual melanoma with no lymph node me-Ta

bl
e 

2.
 F

IS
H

 R
es

ul
ts

 fo
r A

ve
ra

ge
 G

en
e 

C
op

y 
N

um
be

r P
er

 C
el

l

G
en

e 
lo

ci
C

C
N

D
1 

(1
1q

13
)

R
R

E
B

1 
(6

p2
5)

C
E

P6
M

Y
B

 
(6

q2
3)

PI
K

3C
A

 
(3

q2
6)

C
D

K
N

2A
   

 
(9

p2
1)

PT
E

N
 

(1
0q

23
)

B
R

A
F 

(7
q3

4)
K

IT
 

(4
q1

2)
M

Y
C

 
(8

Q
24

)

Av
er

ag
e 

ge
ne

 c
op

y 
nu

m
be

r
2

2
2

2
2

1
1

3
2

3

N
ex

t g
en

er
at

io
n 

se
qu

en
ci

ng
N

ot
 d

on
e

N
ot

 d
on

e
N

ot
 d

on
e

N
ot

 d
on

e
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
N

ot
 d

on
e

24                                                                                                                                                                                                                                                                                                                                                                                                                                                25



Int J Clin Pediatr. 2014;3(1):22-28   Childhood Melanoma from Spitz Nevus

Articles © The authors   |   Journal compilation © Int J Clin Pediatr and Elmer Press Inc™   |   www.ijcp.elmerpress.com

tastasis. The patient recovered well from the surgery and was 
free of disease at 14-month follow-up.

Discussion
  
Malignant melanoma is deadly but fortunately rare in chil-
dren. On the other hand, Spitz nevus is a benign melanocytic 
lesion mostly seen in children [8]. However, Spitz nevus and 
melanoma share many clinical as well as histopathologic 
similarities. Prior to 1950s, all the Spitz nevi were diagnosed 
as malignant melanomas before Dr. Spitz noted in her noto-
rious study that most so called “childhood melanoma” had 
benign behavior and disease process. Her observation has 
been confirmed by many other studies and this kind of pe-
diatric melanocytic tumor was thus relabeled as “Spitz ne-
vus” to honor Dr. Spitz’s contribution [22]. Unfortunately, 
there has been a lack of objective criteria, both clinically and 
histopathologically, for the distinction of these two types of 
melanocytic tumors. This limitation has resulted in a high 
frequency of diagnostic discrepancy and misdiagnosis, with 
subsequent mismanagement of the patients [23].

As molecular analysis is increasingly being employed to 
aid in the diagnosis and choice of targeted therapy for cuta-
neous malignancies, ongoing efforts have being made to es-
tablish molecular markers that distinguish Spitz nevus from 
malignant melanoma. NGS has distinguished itself from 
other molecular studies by its ability to rapidly sequence 
large span of DNA across entire genomes. It can generate a 
few terabase (Tb) of data in a single sequencing run, which 
usually takes only 2 - 3 days [24]. In our case, we detected, 
in addition to a BRAF mutation, five chromosome abnor-
malities (BRAF (7q34), PTEN (10q23), CDKN2A (9p21), 
NRAS (1p13) and MYC (8q24)). The BRAF mutation was 
the first gene abnormality identified and targeted for therapy 
in melanoma. However, it is the most frequent mutation de-
tected in both melanoma and benign nevi (50%), although 
less commonly in Spitz nevi (6%) and cannot be used as the 
sole criteria for melanoma diagnosis. HRAS (23%) is the 
most common mutation in Spitz nevi followed by BRAF and 
NRAS (Table 1). The copy number increase (7q34, 8q24) 
and decrease (9p21, 10q23) observed in this neoplasm are 
commonly observed in conventional melanoma. Recent 
evidence indicates CDKN2A (9p21) homozygous deletion 

Figure 2. (a) Florescence in situ hybridization (FISH) image of aqua channel showing increased copy numbers of MYC (8q24). 
(b) FISH image of red channel showing heterozygous deletion of CDKN2A (9p21). (c) FISH image of aqua channel showing 
heterozygous deletion of PTEN (10p23). (d) FISH image of yellow channel showing increased copy numbers of BRAF (7p34).
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is associated with aggressive clinical behavior in both pedi-
atric and adult forms of Spitzoid melanoma [2, 14, 25]. By 
contrast, few copy number changes are seen in Spitz nevi 
other than gains in 11p and rarely in 7q [2, 9, 23]. Although 
no chromosome aberrations have been linked to tumor pro-
gression or malignant behavior in traditional pediatric mela-
noma, melanomas with malignant potential show multiple 
mutations and gene abnormalities such as deletions or dupli-
cations, while benign nevi have very few of these abnormali-
ties [2, 6, 14, 15, 21]. Thus, the multiple gene abnormali-
ties revealed in our case support the diagnosis of melanoma 
rather than Spitz nevus.

An FISH panel (CCND1, RREB1, Cep 6, MYB) has 
been used by many laboratories to distinguish histologically 
unequivocal melanomas from benign nevi with a reported 
sensitivity of 75-86.7% for conventional melanoma and 
70% for Spitzoid melanoma [9]. No copy number aberra-
tions were detected with this the traditional FISH panel in 
our case. We also used an updated FISH panel consisting 
of PIK3CA, RREB1, CDKN2A and MYC with a reported 
sensitivity of 94% [14]. In our case, this updated FISH panel 
did reveal a homozygous CDKN2A (9p21) deletion which is 
one of the most common chromosome abnormalities in adult 
or pediatric Spitzoid melanomas [2]. But given our findings, 
which include the MYC gain, the chromosome pattern in this 
melanocytic neoplasm is most consistent with a convention-
al melanoma rather than Spitzoid melanoma.

In summary, we present the usage of NGS and other mo-
lecular studies in assisting diagnostically challenging case 
of a pediatric melanoma. Although histopathologic exami-
nation favored the diagnosis of malignant melanoma, mo-
lecular studies helped to confirm the diagnosis. Furthermore, 
we showed that NGS can detect both gene mutation and the 
gene number variation in a large gene panel from a limited 
specimen. However, this method requires an abundant tumor 
component (50%) or micro-dissection is required. When 
combined with recent melanoma FISH panels, which allows 
direct visualization of genes at the individual cell level, this 
approach can improve the confidence of a diagnosis. We be-
lieve that the integration of molecular diagnostic informa-
tion with histopathologic features contributes significantly 
toward accurate diagnosis and potential targeted therapy for 
pediatric melanocytic lesions.
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