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and adolescent melanoma (puberty to 21).  Each sub-
group has an increased incidence of one or more
melanoma precursor lesions that is fairly distinct to the
age group.  Melanoma in the pediatric age group
accounts for 1% to 4% of all cases of melanoma and for
1% to 3% of all pediatric malignancies.2 A rise in the
incidence of pediatric melanoma has become apparent
as databases more accurately record the incidence of
these rare malignancies.2 From 1973 to 2001, the inci-
dence of pediatric melanoma increased 2.9% per year
(95% confidence interval [CI], 2.1–3.6) and 46% (95%
CI, 40–52) per year of age.1,3,4 According to a report
from the US Surveillance, Epidemiology and End
Results Program, approximately 300 to 420 new pedi-
atric cases of melanoma are diagnosed each year.5,6

Lewis7 found that from 1968 to 2004 in the United
States, an average of 18 deaths per year were attributed
to melanoma in children 20 years of age and younger.
In a review of the National Cancer Database, overall

Epidemiology
Pediatric melanoma is generally defined as melanoma
occurring in patients ranging in age from in utero to 21
years, although the upper limits of the cutoff age vary
from 13 to 21 years in published reports.1 Pediatric
melanoma can be subdivided into several groups
including congenital (in utero to birth), neonatal or
infantile (birth to 1 year), childhood (1 year to puberty),
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childhood melanoma is slightly more common in girls
(55%), although boys slightly predominate in the
younger age groups (1 to 4 years).8 In a study of 3,158
patients with melanoma aged 1 to 19 years, 3.8% were
1 to 4 years, 5.7% were 5 to 9 years, 17.3% were 10 to
14 years, and 73.2% were 15 to 19 years.8

Pathogenesis and Genetic Mechanisms
Primary melanoma evolves from melanocyte transfor-
mation directly or in precursor lesions in both geneti-
cally normal and predisposed patients.  While not yet
fully elucidated, melanoma tumorigenesis likely repre-
sents a multistep process involving accumulation of
sequential genetic alterations, including oncogene acti-
vation, tumor suppressor gene inactivation, and
impaired DNA repair.9 The best-characterized genetic
mutations, discussed below, have been mostly described
in adult melanoma but also appear to be important for
the development of pediatric melanoma.  These muta-
tions involve the CDKN2A/retinoblastoma (Rb) gene
and p53 pathways, the melanocortin-1 receptor, and the
RAS/RAF/MAP kinase pathway.

Hereditary melanoma was first described by Clark
et al10 and Lynch et al,11 whose separate reports
described kindreds with familial melanoma and clinical-
ly atypical moles.  Subsequent genetic studies showed
linkage to markers on chromosome 9p21, where
germline mutations in the CDKN2A gene are now
known to reside in 25% to 50% of patients with familial
melanoma.  The CDKN2A locus codes for two proteins:
p16/INK4a and p14/ARF (alternative reading frame).
The proteins are tumor suppressors that are involved in
critical pathways of growth regulation and apoptosis via
Rb and p53 pathways, respectively.12 Affected patients
develop melanoma earlier in life than nonaffected indi-
viduals, although not in childhood.  CDKN2A mutations
were found in a smaller percentage (1.6%) of childhood
melanoma compared with adult melanoma (10%).5

Less commonly, germline mutations are found in
cyclin-dependent protein kinase 4 (Cdk4), a locus that
genetically interacts with CDKN2A.  Cdk4 is normally
inhibited by p16/INK4A, but mutant Cdk4 is resistant
to p16 and therefore functions as an autosomal domi-
nant oncogene.  Affected individuals have the same
phenotype as those with germline p16 mutations.12

Another genetic locus linked to melanoma predis-
position is also associated with fair skin color, red hair,
and freckling — the melanocortin-1-receptor (MC1R).
MC1R is expressed on the melanocyte surface and is a
receptor for a melanocyte-stimulating hormone, binding
of which leads to a switch from red/yellow pheome-
lanin to brown/black eumelanins.13 MC1R mutants
have a 2.2- to 16-fold increased risk of melanoma.  It has
also been found that  MC1R variants are associated with
increased CDKN2A penetrance.12 Box et al14 studied 15
Australian CDKN2A mutation-carrying melanoma pedi-

grees and assessed them for the MC1R genotype.  In
patients with a CDKN2A mutation without MC1R vari-
ant mutation, the penetrance was 50%.  However, when
an MC1R variant allele was also present, the penetrance
increased to 84% with a reduction in the mean age of
melanoma onset from 58.1 to 37.8 years (P = .01).14

BRAF is a component of the RAS/RAF/MAP kinase
signal transduction pathway, mutations of which are
found in both nevi and subtypes of melanoma occur-
ring in sun-exposed skin.  In keeping with the multistep
model of melanogenesis, an interesting association of
MC1R variants and BRAF-mutant melanomas has been
recently observed.  Specifically, melanomas arising in
patients with MC1R variant alleles are significantly
more likely to harbor BRAF mutations,15 irrespective of
the presence of the melanoma on sun-damaged or
non–sun-damaged skin.16

A pediatric-specific pathogenetic finding is described
in a recent study by Uribe et al.9 Loss of heterozygosity
(LOH) of tumor DNA in pediatric and adult melanoma
was compared.  The authors also used micro satellite tech-
niques to show allelic loss in tumors compared with nor-
mal tissue.  Higher levels of micro satellite instability (MSI)
and LOH were found in pediatric melanoma compared
with adult melanoma, although the differences did not
reach statistical significance.  Higher frequencies of allelic
loss at 11q23 were found in pediatric melanoma, postu-
lated to be related to its early onset.  High-frequency MSI
found in pediatric melanoma could increase the rate of
spontaneous mutations in both oncogenes and tumor
suppressor genes leading to tumorigenesis.  High-frequen-
cy LOH in the loci of TP53, RB1, and BRCA1 genes in both
adult and pediatric melanoma could reflect inactivation of
these genes and a role in melanoma pathogenesis.

Risk Factors and Predisposing Conditions
While genetic alterations predisposing to melanoma
are currently under investigation, many risk factors for
melanoma are well documented.  Factors consistently
shown to confer an increased risk of developing
melanoma include a family history of melanoma,history
of severe sunburns (> 3 before the age of 20 years),
marked freckling on the upper back, light hair color,
immunosuppression, and a higher number of nevi.17

Livestro et al18 found a family history of melanoma
was more common in young patients, although the dif-
ference did not reach statistical significance:  25.6% of
pediatric patients had a positive family history com-
pared with 17.3% of adults.

The role of sunlight in the development of
melanoma is well established.  Sun-specific risk factors
include number of sunburns, especially obtained dur-
ing childhood, and cumulative exposure to UV radia-
tion.  Compared with the general population, patients
with xeroderma pigmentosum, an autosomal recessive
disorder caused by a genetic defect in DNA repair after
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damage by UV radiation, are 2,000 times more likely to
develop melanoma.17 This disorder is discovered in the
first or second year of life with marked photosensitivity
or freckling.

Other predisposing conditions include immuno-
suppression and a previous history of malignancy.1,5,19-21

Immunosuppression secondary to a hematologic, infec-
tious, or acquired disorder (organ or bone marrow
transplant) increases the pediatric patient’s risk of
melanoma 3- to 6-fold.2 The number of pediatric mela -
noma cases arising in these predisposing conditions
suggests a stronger predisposing genetic component
operant in pediatric melanoma cases.

Role of Melanocytic Nevi
Perhaps the most distinct risk factor for pediatric
melanoma is its relationship with pre-existing
melanocytic nevi.  Livestro et al18 found histologically
identifiable precursor nevi were more likely in young
patients with melanoma than in adults.

Congenital Melanocytic Nevi: In a review of mel -
anocytic lesions associated with 324 pediatric mela -
nomas, 11% were found to develop in congenital nevi,
and 6% were found to develop in acquired nevi.5 In
another study, large congenital melanocytic nevi were
found in 33% of prepubertal melanomas, a significant
difference from their frequency of association with
adult melanoma.22

Congenital melanocytic nevi (CMN) occur in
approximately 1 in 20,000 newborns, and their risk for
development of melanoma increases with size.23 Small
(< 1.5 cm) and medium CMN (1.5 to 19.9 cm) carry a
lifetime risk of malignant transformation of 2% to 5%,
while giant (> 20 cm) congenital melanocytic nevi
(GCMN) carry a 4.5% to 10% lifetime risk.24,25 The cel-
lular location and age of incidence of melanoma occur-
ring in a congenital nevus precursor also vary with the
size of nevus.  Specifically, melanomas developing in
small to medium CMN generally begin to arise at or
around puberty and continue to arise throughout adult
life.  In these nevi, the melanoma develops at the der-
mo epidermal junction as melanoma in situ.  Due to the
relative frequency of CMN, the number that transforms
into melanoma is difficult to establish.24 Malignant
transformation is a relatively common occurrence in
GCMN:  50% to 70% of these lesions develop melanoma,
generally before 10 years of age.  Malignant transforma-
tion of GCMN generally occurs in the deep dermal
component of the lesion rather than in the dermoepi-
dermal junction.25,26

Because of their close relationship with pediatric
melanoma, a brief discussion of the management of
congenital nevi is warranted.  While the optimal man-
agement of congenital nevi is controversial, it is gener-
ally accepted that complete excision of the entire
lesion in early childhood decreases the risk of malig-

nancy.  The conundrum is that this is difficult to accom-
plish in those lesions of highest risk, and removal of the
more frequent, smaller, and lower risk lesions in early
childhood may pose undue psychological trauma as
well as cosmetic consequences.  Often, excision of the
largest lesions is accomplished by serial excision using
tissue expanders.27 Another option is close monitoring
by physical examination with serial follow-up and
prompt excision if the lesion changes.2

Dysplastic Nevi: Dysplastic nevi are markers of
increased clinical risk for the development of melanoma.
The dysplastic nevus syndrome (familial mole-melanoma
syndrome), an autosomal-dominant disorder wherein
patients develop hundreds of dysplastic nevi, is associat-
ed with an increased risk of melanoma, within both nevi
and normal skin.  Diagnostic criteria include multiple
dysplastic nevi and two family members with mela -
noma.28 Dysplastic nevi are found in 5% to 10% of the
US population.  One case-control study of 716 patients
with melanoma demonstrated that one clinically dys-
plastic nevus conferred a 2-fold increase in the risk of
developing melanoma and that 10 or more conferred a
12-fold increased risk.29 In a study of 844 patients from
33 families with two or more members having invasive
melanoma, there were 86 new cases of melanoma
among 37 individuals over a follow-up period of 2 to 25
years.30 Fifty-one of the 86 cases had a precursor lesion.
Of these 51 precursor lesions, 32 were dysplastic nevi.5

The same group found that 37% of children of mel a -
noma-prone families had dysplastic nevi and that the
only children to develop pediatric melanoma were those
with dysplastic nevi.  These children were diagnosed
with melanoma at a younger age than average:  9% of
cases developed before 20 years of age.  This study found
a reduction in the age at diagnosis of melanoma in suc-
cessive generations, from 50 years in the first generation
to 12 years in the fourth generation.

Common Nevi: The role of common (nondysplastic)
nevi in the development of pediatric melanoma is some-
what controversial.  Numerous epidemiologic studies of
patients of all age groups have demonstrated that the total
number of melanocytic nevi on the body is the strongest
risk factor for the development of melanoma.31 Of the
various types of nevi, it has been demonstrated that the
number of common nevi is the strongest independent
indicator of an increased risk for the development of
melanoma, followed by the number of atypical nevi, and
then by solar lentigines (also known as age or liver
spots).32 This is likely due to the interplay between sun
exposure and the development of common nevi, as it has
been shown that the incidence of these lesions increases
rapidly during childhood as a result of sun exposure.31

The number of nevi is also directly related to the patient’s
phenotype.  One study showed that both the number and
density of nevi increased in a linear fashion between 6
and 12 years of age.33 The number and density of nevi



July 2009, Vol. 16, No. 3228 Cancer Control

increased at a greater rate for boys than girls, for patients
with blue, hazel, or green eyes compared to brown, and
for blonde- vs dark-haired individuals.

It does not appear that common nevi (nevi “not
otherwise specified”) are significantly more frequent in
the pediatric melanoma patient.  A case-matched con-
trolled analysis compared the biology of pediatric and
adult melanoma by matching adult melanoma patients
by tumor thickness and year of diagnosis to a popula-
tion of young melanoma patients.2 In a comparison of
precursor lesions, the percentage of nevi “not other-
wise specified” was similar in the adult (20%) and pedi-
atric (26%) patients.

Clinical Presentation of 
Pediatric Melanoma
Diagnosing melanoma in a child is often challenging for
a variety of reasons.  The majority of melanomas in the
pediatric population arise de novo.2,34 In addition, many
clinicians may have a low index of suspicion while
unaware of risk factors and predisposing conditions in
young patients.  The presentation of pediatric melano -
ma can be quite nonspecific;  lesions may resemble a
benign nevus, dysplastic nevus, hemangioma, Spitz
nevus, pyogenic granuloma, or verruca.35 In an early
series of 125 patients with pediatric melanoma, the
most common clinical presentations included increas-
ing size of a mole, bleeding, color change, itching, pal-
pable adenopathy, and palpable subcutaneous mass.36

Compared with adult melanoma, a significant propor-
tion of pediatric mela no mas are amelanotic (50%) and
have a nodular configuration (30%).  Compared with
adults, melanoma in children presents at a greater medi-
an thickness (3.5 mm).37 This is likely due to physi-
cians’ hesitancy to biopsy children, resulting in a delay
in diagnosis and often inadequate biopsy specimens
and thus hindering effective pathologic evaluation.  Non-
white children are disproportionately represented in
the pediatric melanoma population,8 especially in cases
occurring in children under 10 years of age.

Downard et al2 note that the initial physical exami-
nation of a patient with a cutaneous lesion should
include a thorough evaluation of the entire skin surface
with special attention to additional suspicious lesions.
Mucus membranes, the digits, and interdigital spaces

should be examined carefully.  Photography may be help-
ful if lesions are being followed over time.  The tradi-
tional ABCD criteria of melanoma (asymmetry, border
irregularity, color, and diameter > 6 mm) are helpful in
evaluation of the suspicious lesion being considered for
biopsy, although these criteria may not be as universally
applicable in children as they are in adults.2,38

Histopathologic Classification
Because pediatric melanoma can arise from conditions
unique to the young, pediatric melanoma can be classi-
fied by its mode of occurrence (Table 1), as well as by
the traditional histologic subtypes.2,39 Transplacental
melanoma is exceedingly rare.  In a recent review, 27
patients were reported to have melanoma involving the
placenta or fetus from 1918 to 2002.40 Microscopic
evaluation of the placenta was performed in 24 of these
patients, and involvement was documented in all of

1. Transplacental melanoma, transmitted from the mother with
melanoma to the fetus in utero.

2. Transformation from giant congenital melanocytic nevus.

3. In association with congenital predisposing conditions such as 
xeroderma pigmentosum, dysplastic nevus syndrome, and albinism.

4. Development from healthy skin.

5. Development from a preexisting nevus.

Table 1. — Classification of Pediatric Melanoma by 
Mode of Occurrence

Fig 1. — Melanoma arising at dermoepidermal junction of small congeni-
tal nevus (hematoxylin-eosin, × 200).

Fig 2. — Melanoma arising in dermal component of large congenital
nevus (hematoxylin-eosin, × 400).
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them.  Six of the 27 reports indicated the presence of
fetal metastasis.  Eight of the 27 (29%) newborns with
placental involvement died, 3 of prematurity and 5 of
widespread melanoma.  Sixteen showed no evidence of
disease at a mean follow-up of 14.2 months, 2 of whom
had signs of metastatic melanoma (cutaneous melanosis
in 1 and proven lung metastases in 1) that regressed.

With the exception of melanoma arising in con-
genital nevi, melanoma arising de novo in children is
histologically identical to that of adults.  Specifically,
melanoma arising in small congenital nevi typically aris-
es at the dermoepidermal junction (Fig 1), while large
congenital nevi tend to manifest malignant transforma-
tion in the dermal component (Fig 2).  Of the four his-
tologic subtypes, superficial spreading melanoma is the
most common type in both pediatric and adult
patients.2 Young patients appear to have a greater fre-
quency of minimal deviation melanoma (a melanocytic
tumor with histologic features intermediate between
benign nevi and malignant melanoma with a clinically
benign course) and nodular melanoma.  Pediatric
melanomas showed a general absence of the lentigo
maligna subtype, suggesting sun exposure plays a less
important role in the development of melanoma in
young individuals.18

Evaluation of biopsies by an experienced derma -
topathologist is essential.  Features that distinguish
malignant tumors from benign lesions in the differential
diagnosis include the following:  a gradual transition
zone into the normal epidermis at the lateral edge of the
melanocytic proliferation as opposed to sharply demar-
cated melanocytic proliferations at the epidermal later-
al margin, extreme degrees of melanocytic hyperplasia
in both lentiginous and nested patterns, pagetoid spread
of individual and clustered melanocytes throughout the
epidermis, destruction of epidermal cells by proliferat-

ing cells resulting in epidermal erosion or ulceration,
and asymmetrical lesional architecture in the dermis
secondary to foci of expansile dermal masses of cells
and patchy inflammatory regression.  Anaplastic mela -
nocytic atypia with cellular pleomorphism and bizarre
nuclear features are to be distinguished from reactive
features seen in benign lesion.  Features that are also
noted in malignant lesions include loss of maturation at
the base of the lesion, asymmetric inflammatory (usually
lymphocytic) host response with accompanying
melanophages, dermal fibrosis, and telangiectasia.41

Differential Diagnoses
The differential diagnosis of melanoma includes Spitz
nevus, cellular and sclerotic blue nevus, and congenital
nevus with proliferative nodule (Table 2).  Spitz nevi are
important historically since this entity, originally
thought to represent melanoma in children and adoles-
cents, was associated with a better prognosis than in
adults until the delineation of its histopathologic fea-
tures resulted in the ability to distinguish between this
benign entity and melanoma.42 Also known as spindle
and epithelioid cell nevus and as benign juvenile
melanoma, the Spitz nevus typically occurs in children
and adolescents.  Spitz nevi are considered benign mela -
nocytic neoplasms.  The classic Spitz nevus is dome-
shaped and symmetric with abrupt attenuation of the
junctional nests at the lateral borders of the lesion.  The
nevus is composed of differing amounts of spindle and
epithelioid melanocytes.  Spindle cells are usually ar -
ranged in vertically oriented nests, whereas epithelioid
cells are dispersed individually throughout the lesion.
Lesions may be wedge-shaped, and nevus cells mature
by becoming smaller as they descend into the dermis.
Melanocyte nuclei may be large and irregular in contour
and may contain prominent eosinophilic nucleoli.  Mitot-

Melanocytes Shape/Borders Background Distinctive Features

Spitz Nevus  Spindled cells in vertical Dome-/wedge-shaped; Kamino bodies at Maturation of cells with
nests; epithelioid cells symmetric, well-circumscribed dermoepidermal junction; descent into the dermis;
dispersed throughout cellular uniformity large irregular nuclei 

with prominent nucleoli;  
mitotic figures; pagetoid 
epidermal spread

Blue Nevus: Spindled dendritic cells Dome-shaped; Melanophages with No cellular atypia, necrosis,
Dendritic occupying dermis well-circumscribed melanin pigment or mitotic activity

Blue Nevus: Dendritic and ovoid Lobulated, circumscribed Occasional Encystification may  
Cellular and Sclerotic uniform melanocytes inferior border with dermal sclerosis occur in large lesions  

periadnexal growth, and simulate necrosis,  
extension into deep dermis, mitotic rate < 2/mm2

occasionally subcutaneous fat

Congenital Nevus With Expansile cellular masses Cells within nodule blend Large congenital nevus Lack of necrosis and
Proliferative Nodule of monomorphic cells with surrounding junctional activity; 

melanocytes of nevus gradual regression  
with time; mitoses up 
to 10/mm2

Table 2. — Differential Diagnoses of Pediatric Melanoma
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ic figures and pagetoid epidermal spread of mela nocytes
may also mimic melanoma.  Unique histologic features
include the deposition of eosinophilic globules of hya-
line-like material near the dermal-epidermal junction
(Kamino bodies), although the majority of cells appear
uniform, and this background of benignity helps to dif-
ferentiate the Spitz tumor from melanoma (Fig 3).43

However, melanomas can mimic Spitz nevi and are
referred to as Spitzoid melanoma or melanoma with
Spitz nevus-like features.  In these lesions, the mela -
nocytic proliferation, though similar to Spitz nevus, have
predominant features of melanoma and are broad, poor-
ly circumscribed, and asymmetrical.  Features of Spit-
zoid melanoma include abundant pagetoid spread, high-
grade nuclear atypia, high mitotic rate with deep dermal
mitoses or atypical mitoses, no or focal maturation at the
base, deep penetration into the lower dermis or sub-
cutis, ulceration, and large lesional size.  Some neoplasms
share features of both Spitz nevi and Spitzoid melanoma.
This borderline group of tumors has an indeterminate
malignant potential and is designated atypical Spitz tumor
(Fig 4).44 Sentinel node biopsy may be helpful in evalua-
tion of these patients (discussed below).

Blue nevi are dermal proliferations of spindle
melanocytes that occur in three forms:  common (den-
dritic), cellular, and sclerotic.  Common blue nevus is a
benign dome-shaped lesion often occurring on the
hands and feet.  Histologic examination reveals a well-

circumscribed dermal lesion with melanin pigment
deposition, predominately in melanophages in a back-
ground of spindled, dendritic, and delicate dermal
melanocytes that may occupy the entire dermis and
extend into subcutaneous fat.  Both cellular and scle-
rosing blue nevus may mimic melanoma histologically,
while the common blue nevus does not.  Cellular blue
nevi are frequently deep, involving subcutaneous fat,
and possess cellular areas that may undergo a peculiar
type of degeneration that resembles necrosis (encystifi-
cation).45 They may have mitotic activity, although it is
usually low.  While cellular blue nevus may progress to
melanoma, common and sclerosing blue nevi do not.46

Congenital nevi may undergo changes that are both
benign and malignant.  Proliferative nodules are areas of
rapid growth within the dermal component of congen-
ital nevi that may cause a rapid change in size or ulcer-
ation of the nevus.47 These growths can simulate
melanoma both clinically and histologically, but they
are benign.  They occur most commonly in giant con-
genital nevi and occur in the dermal component.  Pro-
liferative nodules are pathologically characterized by
expansile, cellular masses of monomorphous
melanocytes, often with high mitotic activity of up to
10 mitoses per high-power field (Fig 5).48 Because of
these features, there is a suspicion that they may be
overdiagnosed as melanoma.  Features useful in estab-
lishing a benign diagnosis include the blending of cells
at the periphery of the nodules with the surrounding
nevus, lack of necrosis, and lack of junctional activity.48

The natural history of proliferative nodules is one of
gradual diminution in size, softening, and/or complete
regression.  Recently, comparative genomic hybridiza-
tion has been performed on a proliferative nodule aris-
ing in a large congenital nevus to assess its malignant
potential.47 The finding of a normal karyotype led the
authors to conclude it was most likely benign since
only 4% of melanomas have a normal karyotype.

Fig 3. — Spitz tumor without atypia (hematoxylin-eosin, × 400).

Fig 4. — Edge of atypical Spitz tumor on the leg of a 5-year-old girl.  Note
poor circumscription and asymmetry (hematoxylin-eosin, × 100).

Fig 5. — Proliferative nodule within giant congenital melanocytic nevus
(hematoxylin-eosin, × 200).
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Diagnostic Techniques/Role of 
Sentinel Node Biopsy
Lesions clinically suspicious for melanoma should be
biopsied as completely as possible.  While full-thickness
excisional biopsy is recommended, this is not always
feasible in the office setting since heavy sedation or
even general anesthesia is often necessary to perform
this procedure in the pediatric population.2 Children
diagnosed with melanoma undergo wide local excision
with the width of the circumferential margins deter-
mined by tumor depth as in adults:  recommended mar-
gins are 0.5 to 1 cm for melanoma in situ lesions, 1 cm
for lesions less than 1 mm in thickness, and 2 cm for all
other lesion thicknesses.2,49

Sentinel node biopsy has become a standard prac-
tice in staging regional lymph nodes in adult patients
with melanoma, and there is now consensus that this
procedure should be offered to pediatric patients.  A
number of recent studies have reported a consistently
higher rate of sentinel lymph node involvement in pedi-
atric patients compared with adults.  In five recent series,
the incidence of positive sentinel nodes ranged from
25% to 60% of patients, with a median tumor thickness
of 1.65 to 4.17 mm,50-54 an incidence substantially higher
than in adults.  The tendency for children to have greater
overall tumor thickness at presentation may partly
explain this phenomenon.  To answer this question, one
of the largest recent series compared the biology of
pediatric and adult melanoma with the use of an adult
control group that was matched for tumor thickness.18

Of the patients < 20 years of age who underwent patho-
logic staging of clinically negative lymph nodes, 44% had
positive lymph nodes compared with 23.9% of the
adults, suggesting lymph node metastases are more
prevalent in young patients with melanoma compared
with adults.  However, due to the small sample size, this
difference did not reach statistical significance.

The guidelines for performing sentinel lymph node
biopsies in children are the same as those in adults.  A
biopsy is warranted for lesions thicker than 1 mm and
the presence of ulceration or a Clark level of invasion
of IV or V, or mitotic activity in patients with lesions less
than 1 mm.5,55 In general, if melanoma cells are found
in the sentinel lymph nodes, complete lymph node dis-
section of the basin is offered to the patient.

Current diagnostic techniques for pediatric and adult
melanoma patients are the same.  However, it is unclear if
both sentinel lymph node biopsy and complete lymph
node dissections confer a survival advantage to either
pediatric or adult patients with melanoma.2

Sentinel lymph node biopsies are often advocated
in pediatric patients with diagnostically challenging
lesions.  The most common lesion in this diagnostically
challenging arena are those resembling Spitz nevus
with atypical features (so-called atypical Spitz tumor).
These lesions of uncertain biologic potential, if found

to demonstrate metastatic deposits in sentinel lymph
nodes, are then considered to represent melanoma
based on the premise that only melanoma will metasta-
size to the sentinel lymph nodes.  Several recent publi-
cations have addressed this issue.56-61 In these series, a
total of 23 (41%) of 56 patients with Spitzoid mel -
anocytic lesions of uncertain biologic potential demon-
strated deposits of tumor cells in sentinel lymph nodes.
However, this may not always be the case in the setting
of atypical lesions since benign melanocytic lesions
have been reported to involve lymph nodes.52 Thus,
completion lymphadenectomy for “metastatic” deposits
of atypical lesions is controversial.

Adjuvant Treatment
Because of the rarity of pediatric melanoma, accruing
adequate numbers of patients for clinical trials to evalu-
ate adjuvant therapy is difficult.  Therefore, the treatment
of children is often based on information gleaned in
adult studies.  Currently, interferon alfa-2b is the biologi-
cal agent of choice.  Adult studies have shown that adju-
vant treatment of high-risk melanoma with high-dose
interferon for 4 weeks, followed by low-dose treatment
for 48 weeks, results in improvement in recurrence-free
survival when compared with observation.62-64

A recent prospective trial of adjuvant interferon treat-
ment was conducted for 15 patients with stage III pedi-
atric melanoma.65 Of these 15 patients, 9 completed the
therapy and 2 recurred during therapy.  Pediatric patients
suffered less toxicity than adults, mainly neutropenia.

Another recent report examined the use of high-
dose interferon in 6 pediatric melanoma patients with
metastatic disease on sentinel lymph node biopsy.51

Five of 6 underwent complete lymph node dissection
followed by high-dose interferon treatment.  Four of the
5 completed treatment and were in remission at the
completion of the study with a median of 26 months
follow-up, and 1 was still receiving treatment.  Dose
adjustments were required in a significant number of
patients:  2 for myelosuppression and 2 for abnormal liver
function tests.

In summary, while the impact of this treatment on
recurrence and survival remains to be determined, it is
feasible to offer interferon to pediatric patients.

Prognosis
Overall survival for all patients with pediatric melanoma
appears to be similar to that of adults.  In the previously
noted study comparing 73 pediatric melanoma patients
to 146 thickness-matched adult patients, 5-year (91.3%
and 86.2%) and 10-year (89.4% and 79.3%) disease-spe-
cific survival was similar between the two groups,
respectively,18 with a median follow-up of 5.4 and 4.6
years.  There appears to be no difference in survival
between pediatric patients < 13 years of age compared
to those between 13 to 20 years.18
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Another large study with shorter follow-up, focus-
ing on patients with positive sentinel nodes, found dif-
ferences in recurrence and survival despite the signifi-
cantly higher incidence of nodal positivity in children.
Roaten et al66 reported sentinel lymph node metastases
in 8 (40%) of 20 patients aged 12 to 20 years compared
with 55 (18%) of 307 adults with a median follow-up of
35 and 17 months for the groups, respectively.  No sen-
tinel lymph node-positive pediatric patients recurred,
but 14 (25%) adults recurred within this period and 5
(9.1%) died of disease.

Poor prognostic factors in adults include increased
primary lesion thickness, ulceration, non-extremity site,
increased age, regional lymph node involvement, satel-
lite or in-transit metastases, elevated serum lactate dehy-
drogenase level, and visceral or brain metastases.1,67,68

Unfavorable prognostic factors in children include male
sex (mortality rates are 25% higher than females),7

regional or distant metastasis, nodular histology, increas-
ing thickness of primary, primary of the head, face, neck,
eye, orbit, central nervous system, genitals, or overlap-
ping sites, earlier year of diagnosis, and a history of pre-
vious cancer.1 Younger children are more likely to have
poor prognostic features including metastasis, thick pri-
maries, high-risk histology, and a history of cancer.

Conclusions
The incidence of pediatric melanoma is rising, and
though no decrease in pediatric melanoma thickness at
presentation has been noted in the last 10 years,1 the
mortality from melanoma among children in the United
States is falling.7 Survival in children has improved by
approximately 4% per year in the United States during
the last 3 decades.1 This may be associated with pri-
mary preventive measures such as the adoption of sun-
safe practices.  Secondary prevention such as earlier
detection, better diagnostic tools (dermoscopy), and
improved access to dermatologic services also may
have contributed.  This trend was consistent across gen-
der (males, females) and racial groups (white, black,
other).7 While pediatric melanoma and adult melanoma
have distinctive differences, diagnostic techniques and
sentinel lymph node biopsy guidelines remain the
same.  Treatment with interferon is acceptable based on
adult trials and recent pediatric studies.  Continued
studies of both adult and pediatric melanoma may fur-
ther delineate the pathogenesis of pediatric melanoma,
contribute to early tumor diagnosis, and outline sen-
tinel lymph node biopsy protocols and adjuvant treat-
ment therapies to increase survival from this important
childhood malignancy.
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