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BACKGROUND. Although the majority of melanomas demonstrate high rates of

mutations in B-RAF or N-RAS that result in constitutive activation of the mitogen-

activated protein kinase-signaling pathway, emerging data suggest molecular dif-

ferences among melanoma subtypes. In this study, the authors evaluated the

contribution of B-RAF and N-RAS mutations to the pathogenesis of Spitzoid

melanomas.

METHODS. In total, 33 Spitzoid melanomas were analyzed for clinical and patho-

logic characteristics as well as for hot-spot mutations in the B-RAF and N-RAS

genes. In the majority of patients (28 of 33 melanomas), the tumors were confined

to the skin with no evidence of metastasis (average follow-up, 32.5 mos). There

were five metastasizing melanomas (5 of 33 tumors) with regional or systemic

spread.

RESULTS. Of 33 Spitzoid melanomas, only 1 showed the V600E mutation in the

B-RAF gene (1 of 33 tumors; 3%). It was noteworthy that none of the metastatic

Spitzoid melanomas (0 of 5 tumors; 0%), of which 2 resulted in fatal outcomes,

demonstrated mutations in B-RAF or N-RAS.

CONCLUSIONS. In contrast to the majority of cutaneous melanomas, activating

hot-spot mutations in B-RAF or N-RAS were not involved in the pathogenesis of

Spitzoid melanoma. These data suggested that Spitzoid melanoma is a distinct

form of melanoma with unknown genes and/or signaling pathways involved in its

development. Cancer 2006;106:907–13. © 2006 American Cancer Society.

KEYWORDS: melanoma, mutation, B-RAF, spitz, nevus, oncogene.

Spitzoid melanoma is a subtype of melanoma that clinically and
histopathologically resembles a benign melanocytic neoplasm called

Spitz nevus.1 Although Spitz nevi are considered benign neoplasms,
Spitzoid melanomas are malignant. Like other melanocytic neoplasms,
the gold standard for diagnosis is histopathologic examination. The
diagnosis and classification of these tumors can be achieved in most
patients by histopathology; however, there are tumors in which it is
difficult or impossible to differentiate between these groups.2 Conse-
quently, there are Spitzoid melanomas that originally were diagnosed as
Spitz nevi that metastasized and led to fatal outcomes.3–6
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Mutations in the B-RAF gene (� 50%) and the
N-RAS gene (� 10%) that lead to activation of the
mitogen-activated protein kinase (MAPK) pathway
play a role in melanoma.7–9 Similarly, a high rate of
activating mutations in B-RAF are found in benign
melanocytic nevi,10 suggesting a role for B-RAF in both
benign and malignant melanocytic tumors. However,
the molecular basis of Spitzoid melanoma and Spitz
nevi remains uncharacterized. Mutations in B-RAF or
N-RAS are not found in Spitz nevi,11–14 although one
study showed constitutive activation of the MAPK
pathway in Spitz nevi.11 We recently reported the ab-
sence of B-RAF and N-RAS mutations in a unique but
small cohort of Spitzoid melanomas in children.13 In
the current study, we evaluated the contribution of
B-RAF and N-RAS to the pathogenesis of Spitzoid mel-
anomas from patients in varying age groups.

MATERIALS AND METHODS
The study protocol was approved by the Institutional
Review Boards of Columbia University and Memorial
Sloan-Kettering Cancer Center.

Study Design and Tumor Classification
Tumor specimens were collected for two groups: the
study group and the control group (for a summary of
the study design, see Fig, 1). Tumor samples were
retrieved from the archives of the Dermatopathology
Laboratory at Columbia University; Pathology Associ-
ates, P.C.; Ackerman Academy of Dermatopathology;
and Memorial Sloan-Kettering Cancer Center.

The study group consisted of tumor samples that
were diagnosed as Spitzoid melanoma (melanoma
with Spitz nevus-like features) by the dermatopatholo-
gists who participated in this study (D.N.S., A.J.H.,
J.M., K.J.B., and their associates). The histopathologic
features of these tumors have been described previ-
ously.2,15 Once the samples were retrieved, the histo-
pathology of each tumor was reviewed again indepen-
dently by two dermatopathologists (D.N.S. and K.J.B.)
to confirm the diagnosis. Although the majority of the
tumor specimens were considered Spitzoid melano-
mas, other dermatopathologists may classify some of

these tumors as atypical Spitz tumors (a group of
tumors that shares some histopathologic features of
both Spitz nevus and melanoma and does not fit
neatly into either category). In the majority of sam-
ples, there was concordance among the reviewing der-
matopathologists in classifying these tumors as Spit-
zoid melanoma; however, the few tumor samples for
which there was discordance were removed from the
study group. In this study, we did not select any tu-
mors that were diagnosed as classic Spitz nevus, be-
cause we studied that group of tumors previously.11

The lack of concordance among dermatopathologists
in diagnosing these tumors is well established, and
these diagnoses do not necessarily correlate with bio-
logic behavior.2 To classify these tumors based on
biologic behavior and to select the unequivocal Spit-
zoid melanomas (proven by metastasis), we then ob-
tained survival information on each patient. Patients’
physicians were contacted, and information from the
last clinical examination was obtained. Our control
group was composed of non-Spitzoid melanomas and
common acquired nevi.

Tissue Sample Preparation and DNA Extraction
Paraffin embedded tumor specimens were cut into
5-�m-thick sections and stained with eosin. Tumor
cells were isolated (� � 90% of tumor cells) by using
a PixCell II Laser Capture microdissection system
(Arcturus, Mountain View, CA). Total cellular DNA was
isolated by using the Qiagen DNA extraction kit ac-
cording to the manufacturer’s recommendations.

Mutation Screening of the B-RAF and N-RAS Genes
Exon 15 of B-RAF and exons 2 and 3 of N-RAS were
amplified by using polymerase chain reaction (PCR)
with specific primers that were described previously.7

These exons contain the hot-spot regions in these
genes (amino acid 600 for B-RAF and amino acids 12,
13, 61, and 62 for N-RAS) in which the majority of
mutations cluster. For amplification, 10 –25 ng of
DNA, 1.25 mMol of each primer, 10 � PCR buffer, 2.5
mMol MgCl2, 0.2 mMol of each dinucleotide triphos-
phate, and Bio-X-Act Taq polymerase (Bioline, Ran-

FIGURE 1. This chart illustrates the

study design and tumor classification.

Tumors in the Spitzoid melanoma group

were confined to the skin, and patients

with those tumors had no evidence of

metastasis at an average follow-up of

32.5 months.
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dolph, MA) were used in the following PCR protocol:
94 °C for 2 minutes; 42 cycles at 94 °C for 45 seconds,
58 °C for 45 seconds, and 72 °C for 45 seconds; and a
final extension at 72 °C for 10 minutes. Purified PCR
products were then sequenced by using a Big Dye
Terminator cycle-sequencing kit and an ABI Prism 310
automated sequencer system (Applied Biosystems,
Foster City, CA). For sequencing reactions, 2–5 �L of
the purified PCR product, 5 � Big Dye sequencing
buffer, and 0.02 mMol of each primer were used in the
following cycle conditions: 96 °C for 10 seconds, 25
cycles at 50 °C for 5 seconds, 60 °C for 4 minutes.

RESULTS
Clinicopathologic Data and Survival
In total, 56 tumor specimens were retrieved for this
study. The study group consisted of 33 tumors that
were classified as Spitzoid melanoma. The control
group included 12 non-Spitzoid melanomas and 11
nevus samples (Fig. 1). Clinical characteristics of the
patients with Spitzoid melanoma were evaluated (Ta-
ble 1). Ages ranged from 6 years to 71 years, and the
majority of tumors were from adults (age 21 yrs and
older; 27 of 33 patients; 82%). There were approxi-
mately equal numbers of males (48%) and females
(52%). The extremities (53%) followed by the trunk
(34%) were the most common primary tumor sites,
whereas the head and neck was the least common
tumor site (13%). Clinical photographs, which were
available for some of the tumors, showed that individ-
ual lesions were erythematous amelanotic papules or
nodules (Fig. 2A). Primary skin tumors from all 33

patients were examined histopathologically and con-
firmed as Spitzoid melanoma. The average tumor
thickness was 2.58 mm. Survival data were obtained
from 29 of 33 patients, and follow-up ranged from 2
months to 98 months (mean, 32.5 mos).

Five of 33 patients had regional or systemic me-
tastasis. Among the 5 patients with metastasis, 3 pa-
tients had regional metastasis to lymph nodes, and 2
patients had both regional and widespread visceral
metastases that resulted in fatal outcomes (tumors
ST53 and ST1LN). Histopathologic evaluation of the
lymph node metastases showed sheets of tumor cells
invading the parenchyma, consistent with metastatic
melanoma (Fig. 2B).

Mutation Analysis
Mutation data are presented in Table 2. In all but 2
samples (ST1LN and ST20LN), the primary skin tu-
mors were analyzed for mutations. For samples ST1LN
and ST20LN, lymph node metastases were studied.
Mutations in the hot-spot regions for N-RAS were not
identified in any of the 33 tumors studied, and B-RAF
mutation frequency was low (1 of 33 tumors; 3%). A
V600E mutation in B-RAF was found only in 1 tumor
(ST24) (Fig. 2C). It is noteworthy that no B-RAF or
N-RAS mutations were found in the Spitzoid melano-
mas that metastasized. In contrast, high rates of B-RAF
mutations were identified in the control group, and
this finding was consistent with the literature, validat-
ing the mutation detection strategy that we used. Of
the 12 non-Spitzoid melanomas, 7 tumors had the
V600E mutation identified, and 1 tumor had a V600K
mutation identified (total, 8 of 12 tumors; 67%). Com-
mon acquired nevi also showed a high B-RAF muta-
tion frequency, with 8 of 11 tumors (73%) demonstrat-
ing the V600E mutation in B-RAF. Mutation results
from the study group and the control group were
confirmed further by using the same techniques in a
different laboratory at Columbia University (G.P.).

DISCUSSION
Clinically, Spitzoid melanomas resemble Spitz nevus
and typically present as an amelanotic (nonpig-
mented) papule or nodule on the skin, often mimick-
ing pyogenic granulomas or insect bites.3 However,
some Spitzoid melanomas may be pigmented and re-
semble common melanocytic nevi. It is noteworthy
that the majority of these tumors do not conform to
the ABCD rule for melanoma (asymmetry, border ir-
regularity, color variation, and � 6 mm in greatest
dimension) and, thus, are difficult to recognize as
suspicious lesions even by expert clinicians.3,16 –18

In addition to these clinical diagnostic difficulties,
these tumors are among the most challenging neo-

TABLE 1
Summary of Clinical Data of Patients with Spitzoid Melanoma

Characteristic No. of patients (%)

No. of patients 33
Age 6–71

� 21 yrs 6 (18)
� 21 yrs 27 (82)

Gender
Male 16 (48)
Female 17 (52)

Primary tumor site
Head and neck 4 (13)
Trunk 11 (34)
Extremity 17 (53)

Tumor depth (Breslow thickness)
Average depth 2.58 mm
� 1.0 mm 2 (6.4)
1.01–2.0 mm 15 (48)
2.01–4.0 mm 8 (26)
� 4.01 mm 6 (19)
Follow-up range (mean) 2–98 mos (32.5 mos)

Spitzoid Melanoma Is a Distinct Subtype/Lee et al. 909
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plasms for pathologists. Despite detailed characteriza-
tion of the histopathologic features of these tumors
over the past few decades, there is an absence of
objective criteria for differentiating Spitz nevus from
Spitzoid melanoma.2 An elegant study by Barnhill et
al. illustrated the lack of consensus among patholo-
gists in diagnosing Spitz tumors and the difficulties in
predicting clinical outcome based on histopathologic
examination.2 In this study, 13 of 19 Spitzoid melano-
mas, which were confirmed as melanoma by regional
or systemic metastases, were designated as Spitz ne-
vus or atypical Spitz tumor by some of the patholo-
gists. Furthermore, in a review of the literature, we
found several patients who had Spitzoid melanoma
that initially was misdiagnosed as Spitz nevus, leading
to fatal outcomes.3– 6 Due to these diagnostic difficul-
ties of Spitzoid melanoma clinically and histopatho-
logically, misdiagnoses or delays in diagnosis occur.
This diagnostic dilemma is much more obvious in
children, because melanomas of all types are ex-
tremely rare in this age group, whereas Spitz nevi are
common. Taken together, these data demonstrate the
need to identify molecular signatures to differentiate
between these tumors and predict clinical outcomes.

It has been shown that the MAPK pathway plays
an important role in melanocytic neoplasia.19 Consti-

tutive activation of this pathway in melanoma occurs
through mutations in B-RAF or N-RAS. A high percent-
age of melanomas have mutations in B-RAF (� 50%),
the majority of which show the V600E missense mu-
tation (� 90%).7,8,20,21 A high rate of activating muta-
tions in B-RAF also are found in benign melanocytic
nevi,10,12,14 similar to what has been observed in mel-
anoma, suggesting a role for B-RAF in both benign and
malignant melanocytic tumors. There are several sub-
types of melanoma and melanocytic nevi that are clas-
sified based on clinical and histopathologic character-
istics. It is noteworthy that the frequency of B-RAF
mutations shows differences among melanoma and
melanocytic nevi subtypes. In contrast to cutaneous
melanoma, B-RAF mutations are rare in uveal mela-
nomas22 and mucosal melanomas.23 A recent study on
uveal melanoma demonstrated constitutive activation
of the MAPK pathway in the absence of B-RAF or
N-RAS mutations, suggesting that activation of this
pathway in these tumors occurs through a different
mechanism than that observed in cutaneous mela-
noma.24 Among the cutaneous melanomas, acral mel-
anoma, a subtype of melanoma seen on the palms and
soles, shows a low frequency of B-RAF mutations.25 No
B-RAF mutations are reported in cutaneous mela-
noma subtypes, such as Spitzoid melanoma13 and

FIGURE 2. Clinical and histopatho-

logic data and mutation analysis are il-

lustrated. (A) Clinical features of a Spit-

zoid melanoma are observed in a child

from the current cohort who presented

with an erythematous papule on the

cheek. (B) Histopathologic findings of

lymph node metastasis are illustrated in

this photomicrograph of a Spitzoid mel-

anoma (ST1LN) that shows sheets of

tumor cells invading the parenchyma.

(C) The sequence of B-RAF exon 15

shows a V600E mutation in tumor ST24

(top) and a wild-type sequence of the

corresponding region (bottom).
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desmoplastic melanoma,26 suggesting the involve-
ment of different genes or signaling pathways in these
tumors. Similar findings have been observed in mela-
nocytic nevi. Although common melanocytic nevi
have high rates of B-RAF mutations, alterations
in this gene are infrequent in blue nevi or Spitz
nevi.11,12,14

Desmoplastic melanoma is a form of cutaneous
melanoma with distinct clinical and histopathologic
features in addition to biologic behavior that differs
from that of other cutaneous melanomas.27 They typ-
ically occur on the head and neck as amelanotic (non-
pigmented) nodules and show a predisposition for

hematogeneous rather than lymphatic metastasis.28

Although constitutive activation of the MAPK signal-
ing pathway in these tumors has not been studied,
they lack B-RAF mutations26 and also can be distin-
guished from other cutaneous melanomas by gene
expression profiling,29 suggesting that desmoplastic
melanoma represents a subtype with differences at
the molecular level. Similarly, Spitzoid melanoma is a
subset of cutaneous melanoma with clinical and his-
topathologic features different from other melanomas.
We and others reported the absence of B-RAF muta-
tions in Spitz nevi.11,12,14 To date, our group has stud-
ied a total of 73 tumors, including Spitz nevi and

TABLE 2
Clinical and Histopathologic Data and Mutation Analysis of B-RAF and N-RAS in Spitzoid Melanoma

Patient no
Age
(yrs)

Tumor
thickness
(mm) Gender

Anatomic
site

Clinical
outcome (mos)

B-RAF
exon 15

N-RAS
exon 2

N-RAS
exon 3

Spitzoid melanoma
ST19 6 UN Male Scalp NED (32) WT WT WT
ST11 12 3.5 Female Arm NED (2) WT WT WT
ST21 12 5.0 Female Cheek NED (24) WT WT NA
ST37 17 2.3 Female Knee NED (36) WT WT WT
ST5 23 2.0 Female Buttock NED (19) WT WT WT
ST35 24 6.5 Female Back NED (32) WT WT NA
ST4 25 1.2 Female Hip NED (8) WT WT WT
ST47 28 4.4 Male Thigh UN WT WT NA
ST9 30 7.5 Male Thigh NED (7) WT WT WT
ST25 30 1.4 Male Foot NED (30) WT WT WT
ST41 33 2.0 Male Leg NED (20) WT WT WT
ST32 34 2.4 Male Cheek UN WT WT WT
ST6 35 1.5 Female Ankle NED (8) WT WT WT
ST30 35 2.1 Female Arm NED (40) WT WT WT
ST36 36 4.7 Male Thigh NED (43) WT WT WT
ST45 37 0.8 Female Knee NED (81) WT WT WT
ST23 40 1.7 Male Knee UN WT WT WT
ST51 42 1.1 Female Foot NED (52) WT WT WT
ST13 42 3.1 Male Arm NED (2) WT WT WT
ST46 43 1.2 Female Arm NED (98) WT WT WT
ST8 46 1.6 Male Back NED (16) WT WT WT
ST24 47 1.9 Male Scapula NED (19) V600E WT WT
ST49 53 0.7 Female Back NED (73) WT WT WT
ST15 54 2.3 Female Back NED (27) WT WT WT
ST7 57 1.5 Female Leg UN WT WT WT
ST27 58 5.0 Female Back NED (12) WT WT WT
ST34 63 1.4 Male Thigh NED (39) WT WT NA
ST18 71 3.5 Male Breast NED (2) WT WT WT

Metastatic Spitzoid melanomaa

ST40 23 1.7 Female Leg AW (26)b WT WT WT
ST3 46 2.3 Male Neck AW (36)c WT WT NA
ST53 28 1.9 Male Chest DOD (78) WT WT WT
ST1LN 14 UN Female Back DOD WT WT NA
ST20LN 14 1.7 Male UN AW (48)c WT WT WT

UN: unknown; NED: no evidence of disease; WT: wild type; NA: not available; AW: alive with disease; LN: lymph node; DOD: died of disease.
a Indicates that all melanomas in this group metastasized (Stage III or IV disease).
b Sentinel LN positive according to hematoxylin and eosin staining and immunohistochemistry.
c Palpable lymph node.

Spitzoid Melanoma Is a Distinct Subtype/Lee et al. 911
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Spitzoid melanoma, for mutations in B-RAF and N-
RAS (summarized in Table 3).11,13 Our data demon-
strated infrequent mutations in B-RAF (1 of 73 tumors;
� 1%) and no mutations in N-RAS, supporting the
notion that these are distinct melanocytic tumors with
unknown genes and signaling pathways for their de-
velopment. The classification of melanoma subtypes
based on molecular signatures and identification of
the genes and signaling pathways involved in their
pathogenesis will be crucial in determining therapeu-
tic regimens as molecular-targeted therapies are being
developed for patients with melanoma.30

The controversies with respect to the prognosis
for patients according to melanoma subtypes and the
influence of age on outcomes also are noteworthy.
Spitzoid melanoma can be seen in children and
adults. Melanomas of all types in children are rare:
Approximately 3– 4% arise before age 20 years, and
0.4% arise before puberty.31 Because of the extremely
low rates of other cutaneous melanoma subtypes in
children, such as superficial spreading melanoma, the
incidence of Spitzoid melanoma appears dispropor-
tionately greater in this age group. In general, the
prognosis for patients with childhood melanoma re-
mains controversial because of the rarity of these tu-
mors in this age group and the absence of studies with
long-term follow-up.

Several studies have suggested a similar prognosis
for patients with childhood melanoma compared with
adults that is dependent on the initial stage of the
tumor.30,31 By contrast, there are data suggesting bet-
ter survival rates in children with melanoma, espe-
cially before age 10 years.6,32,33 A recent study of child-
hood melanoma emphasized the strong influence of
age on outcomes and suggested a survival advantage
in children younger than age 10 years compared with
older children, whose outcomes appeared similar to
the outcomes observed in adults.32 It is worth men-

tioning that one of the melanomas in our series that
had a fatal outcome occurred in a child age 14 years.
However, because of the rarity of these tumors, most
of those data were based on studies that evaluated
childhood melanoma without examining different
clinical and histopathologic subtypes.

Similarly, it has been suggested that the prognosis
for children with the Spitzoid melanoma subtype is
better compared with the prognosis for adults; how-
ever, this assertion remains controversial.6,34 Although
a number of patients who had Spitzoid melanomas
with regional lymph node metastasis and had no fur-
ther progression have been reported, such tumors
leading to widespread metastasis and fatal outcomes
also are well documented.6,34 Mones and Ackerman
described the histopathologic features of a series of
Spitzoid melanomas that occurred in children before
puberty (age 10 yrs or younger).35 All melanomas in
that unique group had metastasized, confirming the
diagnosis of melanoma.

We previously analyzed nine patients from that
cohort and reported the absence of mutations in B-
RAF and N-RAS.13 The patients we evaluated had re-
gional lymph node metastasis (Stage III), and all were
alive at the time of the study and had a median follow-
up of 20 months. We recently updated the survival
information on this cohort and were able to obtain
outcome data on eight of the nine patients. All eight
children were alive with no evidence of disease with a
median follow-up of 64 months (5.3 yrs). Although it is
important to emphasize that this group showed a bet-
ter survival rate compared with patients who had
adult cutaneous melanomas, it will be essential to
identify a larger cohort that enables statistical analysis
with longer follow-up. Moreover, it would be consid-
erably significant to design prospective clinical trials
that can evaluate whether chemotherapy, immuno-
therapy, and/or molecular-targeted therapy regimens
improve the survival of patients with childhood Spit-
zoid melanomas.
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