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43.1 Differential Diagnosis

of Cutaneous Tumors

The clinical diagnosis of cutaneous tumors in a child
may be a challenge not only due to the rarity of the
diseases but also because benign lesions may have
alarmingly malignant tumor-like features as well as
malignant neoplasms may present with benign char-
acteristics (i.e., pedunculated or amelanotic mela-
noma simulating a pyogenic granuloma). The same
can be said for the pathological diagnosis. For some
histotypes, the histological diagnosis of a tumor of the
skin in a child can be very difficult for many reasons.
For example, the diagnosis of melanoma in pediatric
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age has often been a problem for pathologists.
Melanoma is a very rare entity in children, so patholo-
gists are always psychologically tempted to find an
alternative diagnosis. Actually, pediatric melanomas
do exist and deserve a distinct treatment. In pediatric
age, the histological characteristics of melanoma are
mimicked by other more frequent neoplasms, i.e.,
Spitz tumors, for which a spectrum of aggressiveness
is reported from benign lesions (Spitz nevi) through
the so-called atypical lesions (atypical Spitz tumors,
with a risk ranging from low to high) up to the Spitzoid
melanoma. Moreover, the borders between these enti-
ties are not so sharply defined. The misdiagnosis of
pigmented lesions may be common in pediatric age.
As an example, a study conducted by the European
Organisation for Research and Treatment of Cancer
(EORTC) reported that, among 102 lesions originally
diagnosed as melanoma in children, only 60 were
confirmed as being malignant at histological review,
while 42 were reclassified as benign (Spatz et al.
1996). In this very complex scenario, a further issue is
the attitude of dermatopathologists of adults to apply
adult-type histological criteria and classify pediatric
lesions into adult-type categories. In the end, on one
side, there is the risk of underdiagnosing malignant
tumors due to the conviction that melanoma and other
malignant diseases are virtually nonexistent in the
young, and patients may pay the price of this in terms
of uncorrected treatment approach, advanced disease
at the time of the diagnosis, and — ultimately — in
terms of survival. On the other side, there is the risk of
overdiagnosis and therefore overtreatment of benign
lesions. All these facts underline the importance of
referring suspected cases to expert physicians who are
professionally dedicated to skin tumors — also in the
light that early diagnosis remains the most reliable
way to cure melanoma and other cutaneous tumors.
For clinicians, it is not so much a matter of pediatric
oncologists being capable of diagnosing melanoma
but of their knowing that it does occur in children and
referring any suspected cases to experts dedicated to
melanoma. For pathologists, pediatric melanocytic
lesions of the skin should be diagnosed by a patholo-
gist aware of pediatric skin pathology. The creation of
panel of experts, the building of network of coopera-
tion, the centralized review, and the option of second
opinion are possible suggestions to improve the qual-
ity of pathological diagnosis of childhood skin
tumors.

43.2 Cutaneous Melanoma

Alberto Pappo, Thomas K. Eigentler,
Claus Garbe, Paola Collini, and Andrea Ferrari

Melanoma in children and adolescents is rare,
accounting for less than 3% of cancers in patients
under 20 years of age and for 7% of all cancers in
15-19-year-olds (Fig. 43.1) (Ries et al. 1999). The
melanoma age-adjusted specific incidence rate in
patients under 20 years is 5.8 per million (http://seer.
cancer.gov/cst/1975_2007/results_merged/sect_29_
childhood_cancer_iccc.pdf), and current estimates
suggest that there are approximately 427 new cases of
melanoma diagnosed each year in the United States in
patients under the age of 20 (Bleyer et al. 2006).
Melanoma is more common in young females, and
males predominate after the age of 40 years. In a
review by Strouse, the incidence of pediatric mela-
noma was reported to have increased at a rate of 2.9%
per year over a 28-year period after adjusting for age,
race, sex, and ambient UV radiation (Strouse et al.
2005). In this study, adolescents and young adults had
higher increases in incidence rates when compared to
younger patients. Epidemiological studies have dem-
onstrated that the melanoma incidence increases with
age; over 90% of cases occur in patients older than
10 years of age, and 74% are seen in those aged
15-19 years (Bleyer et al. 2006). Melanoma most com-
monly affects fair-skinned individuals; in two epide-
miological studies, more than 90% of patients over the
age of 10 years were white (Strouse et al. 2005; Lange
et al. 2007). Major increases were seen in males
between 1975 and 1979 as well as 1975 and 1999 and
also in whites, particularly in ages 5-9 and ages
15-19 years.

A study from the Italian TREP project (Tumori
Rari in Eta Pediatrica [rare tumors in pediatric age])
analyzed the incidence of rare tumors included in the
TREDP list on the basis of a definition of annual inci-
dence of less than two cases per million population.
Using the data from the population-based cancer reg-
istries AIRTUM (that covers 33% of the Italian resi-
dent population in the 0—14-year-old age group and
27% of the 15-19-year-old age group), the study
reported that annual incidence of melanoma was less
than 2 per million population among 0-10-year-olds
(0.64 for 1-4- and 0.30 for 5-9-year-olds) but was
higher than 2 per million population in the age ranges
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over 10 years, being, in particular, 2.38 for 10—14- and
8.78 for 15-17-year-olds. In other words, melanoma
would be a “rare pediatric tumors” — as defined by the
TREP group — in children< 10 years, but not in older
ones and, in particular, in adolescents (Pastore et al.
2009).

43.2.1 Risk Factors

Several risk factors for the development of adult mela-
noma have been observed in children. These include
light pigmentary traits, tendency to freckle, and
increased number of melanocytic nevi (Youl et al.
2002). However, a subset of pediatric patients has
unique risk factors that predispose them to the devel-
opment of malignant melanoma, and these include:

1. Xeroderma pigmentosum. This autosomal reces-
sive disorder is characterized by extreme photo-
sensitivity to ultraviolet radiation and mutations
of the nucleotide excision repair complementa-
tion groups. Most of the skin cancers develop
during the first decade of life and preferentially
affect the head and neck area (Kraemer et al.
1994). Early recognition of sun sensitivity with
molecular testing is essential in establishing the
diagnosis. Sun avoidance is crucial, and use of
high-dose oral isotretinoin has been shown to be
effective in preventing new cancers in patients
with multiple skin cancers (Kraemer et al. 1988).
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T T T
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2. Retinoblastoma. Survivors of hereditary retino-
blastoma are at increased risk for developing mel-
anoma, and this risk is seen in both irradiated and
nonirradiated patients (Kleinerman et al. 2005).

3. Werner syndrome. Patients with Werner syndrome
are at increased risk for developing various malig-
nancies, including melanoma (Goto et al. 1996).
This autosomal recessive syndrome is character-
ized by the onset of premature features associated
with aging and is due to mutations of the WRN
gene, a member of the human RecQ family of
DNA helicases (Muftuoglu et al. 2008).

4. Congenital melanoma is the most common trans-
placentally acquired malignancy. Of six cases
reported in the literature, only one is a long-term
survivor. It is recommended that the placentas of
all women with suspected melanoma be evaluated
for the presence of the disease and that the neonate
be screened for signs of disease for 24 months
postpartum (Alexander et al. 2003).

5. Melanoma can arise from medium-sized and large
congenital nevi and can more commonly involve
the scalp (Fig. 43.2). Even though the overall risk
for developing melanoma in a congenital nevus is
only 0.7%, it raised with the size of the nevus. The
melanoma risk is highest for those nevi designated
as garment nevi.

6. Giant congenital melanocytic nevi (Fig. 43.3)
affect less than 1 in 20,000 newborns. Patients
with these lesions have about a 5% lifetime risk of



458

A.S.Pappo et al.

Fig.

43.2 Congenital melanoma arising in a medium-sized

nevus

Fig.43.3 Giant congenital melanocytic nevi

developing melanoma, and most develop early in
life (Hale et al. 2005). Patients with larger-sized
nevi and increased numbers of satellite nevi are at
increased risk for developing melanoma.

. Neurocutaneous melanosis is an extremely rare

disorder characterized by large or multiple con-
genital nevi in association with meningeal mela-
noma or melanosis (Makkar and Frieden 2004).
The likelihood of developing neurocutaneous mel-
anosis in giant congenital nevi ranges from 2.5%
to 12%, and larger nevus size and multiple satel-
lites appear to increase the risk of this complica-
tion (Ceballos et al. 1995). Most symptomatic
patients present with neurological manifestations,
such as increased intracranial pressure within the
first 2 years of life. Central nervous system (CNS)
melanoma develops in up to 64% of patients with

symptomatic disease, and the prognosis is
extremely poor, with a median survival of about
6 months. Approximately 25% of asymptomatic
patients with large congenital nevi have radio-
graphic evidence by MRI of CNS melanosis. In
one series, only 1 of 20 children studied developed
symptomatic disease (Ceballos et al. 1995).

. Immunosuppression. Patients with immune defi-

ciencies and those that have undergone solid organ
and bone marrow transplantation are at increased
risk for developing melanoma (Curtis et al. 1997;
Euvrard et al. 2003). Survivors of childhood can-
cer also have an increased risk of developing mel-
anoma (Friedman et al. 2010).

. Genetic factors. It is estimated that about 8%—10%

of melanoma cases have a family history of the dis-
ease. Germline mutations in CDKN2A and CDK4
susceptibility genes have been identified in only
10-25% of familial melanoma cases, and therefore,
additional undefined high-penetrance predisposi-
tion genes probably exist (e.g., the locus on chro-
mosome band 1p22) (Hayward 2003; Whiteman
et al. 1997). A recent Italian study on 21 pediatric
melanoma samples was able to identify not only
some genetic traits in common with melanoma of
adulthood (i.e., BRAF oncogene activation and a
frequent loss of the CDKN2A gene, suggesting
that the tumor’s pathogenesis partially coincides
with that of adult melanoma) but also other traits
peculiar to the younger age group (frequent c-Kit
gene alterations), hinting at the involvement of
novel genetic networks (Danietti et al. 2009). When
known melanoma susceptibility genes were ana-
lyzed, a particular pattern emerged from the com-
parison with familial melanoma cases, featuring
the lack of any CDKN2A germline mutations in
the absence of a family history of melanoma and a
marginal role for MCIR variants (suggesting a
prevalent role for other genes affecting pigmenta-
tion) (Uribe et al. 2005). So, other genetic factors
may play a part in sporadic childhood melanoma,
probably including high-penetrance predisposition
genes as well as low-penetrance polymorphic vari-
ants. A particular pattern involving the loss of
heterozygosity and microsatellite instability has
also been described in childhood melanoma (Uribe
et al. 2005). Finally, it is worth of being quoted the
genome-wide association studies (GWAS) con-
ducted in melanoma and in other common cancer
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types; these studies were able to identify novel dis-
ease loci not previously suspected to be related to
carcinogenesis, confirming that tumor susceptibil-
ity is polygenic and pointing to new disease mech-
anisms (Easton and Eeles 2008).

10. Environmental factors. A history of sunburns in
early life and tanning bed exposure also confers
and increases risk for developing melanoma
(Lazovich et al. 2010). An increase in the inci-
dence of melanoma in pediatric ages has been
recently observed also in Northern Europe
(Karlsson et al. 1998; Pearce et al. 2003) and, par-
ticularly, in Australia (Whiteman et al. 1995;
Milton et al. 1997) where the overall incidence of
melanoma is 5 times more than that in Europe. In
particular, melanoma in Queensland accounts for
6% of all pediatric tumors and is the seventh most
frequent malignancy in children: incidence rates
rise from 1 per million in the 0—4 age group to 30
per million in the 10-14 age group (Whiteman
et al. 1995). This data are undoubtedly related to
UV exposure, latitude, and skin type and pigmen-
tation (fair-skinned individuals, with red hair, are
more likely to develop melanoma than darkly pig-
mented individuals). The great awareness of phy-
sicians and parents, and the improved accuracy in
histological diagnosis (e.g., diagnosis of mela-
noma versus atypical Spitz nevus), may play a role
in the increased incidence, but the main role is
played by the increased cumulative UV exposure
during childhood and adolescence (e.g., increased
risk of melanoma in lower extremities of girls).
This data have been measured in various studies
by the number of blistering sunburns and reported
time spent outdoors and would confer a two to
fivefold increased risk of melanoma in case-con-
trol studies of adults (Fears et al. 2002; Loria and
Matos 2001; Gilchrest et al. 1999).

43.2.2 Clinical Manifestations

Melanoma in prepubertal children is a challenge even
for clinicians who see pigmented skin lesions in chil-
dren on a daily basis because of the alarming mela-
noma-like features of some benign nevi (Spitz nevi,
Reed nevi, and junctional nevi) and because prepuber-
tal melanoma often does not appear with the typical
appearance of the adult forms. The disease often pres-

ents as a nodular, or a pedunculated, and/or an amelan-
otic lesion, sometimes simulating pyogenic granulomas
(Ferrari et al. 2005; Ceballos et al. 1995; Handfield-
Jones and Smith 1996; Mones and Ackerman 2003;
Sybert 1991; Zuckerman et al. 2001; Sander et al.
1999; Tate et al. 1993). The commonly used ABCD
clinical rule (Asymmetry — Border irregularity — Color
variability — Dimension>6 mm) may be useless and
even misleading in childhood melanoma (Bono and
Ferrari 2005). Regarding tumor size, for instance, is
noteworthy since benign nevi normally grow up to
relatively large size as the child grows, whereas, at the
same time, melanomas may be frequently detected at a
very small size (Bono 2001). When melanoma arises
in a congenital nevus (particularly, in the case of “bath-
ing trunk nevus,” congenital darkly pigmented and
often disfiguring melanocytic lesion, sometimes asso-
ciated with neurofibromatosis, lipomas, and spina
bifida), diagnosis is even more very difficult because
malignant transformation often evolves in its deeper
components and surface alterations may be a late
manifestation.

Presenting features such as bleeding, ulceration,
increasing mole size, itching, and a palpable mass, may
be present in pediatric cases as (Kaste et al. 1996). The
diagnosis of melanoma in children is often unsus-
pected, and in various series, misdiagnosis and diag-
nostic delays were reported (in up to 60% of patients)
(Saenz et al. 1999; Melnik et al. 1986). In two large
series of pediatric melanoma from the SEER and
National Cancer databases, female sex predominated,
and two thirds of patients presented with localized dis-
ease; less than 5% of patients presented with distant
metastatic disease (Strouse et al. 2005; Lange et al.
2007). In these series, over 90% of children were white,
and the most common histologic subtype was superfi-
cial spreading melanoma. Thin and intermediate-thick-
ness lesions were more commonly observed, and thick
lesions, defined as those >4 mm in thickness, were seen
in only 2% of cases. In both series, younger patients
were more likely to be nonwhite, present with dissemi-
nated disease, and have nodular histology, head and
neck primaries, history of cancer in the family, thicker
lesions, and an inferior clinical outcome (Strouse et al.
2005; Lange et al. 2007). Others reported better out-
come for younger patients compared to adolescents
and adults (Ferrari et al. 2005).

The clinical characteristics of melanoma in children
were studied in an evaluation of the database of the
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Fig.43.4 Age distribution 90

of patients with cutaneous
melanoma in childhood and

adolescence (German
Central Malignant Registry,

1983-2004; 54,033 patients,
316 patients <18 years old)
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Central Malignant Registry in Germany. During the time
from 1983 to 2004, 60 dermatologic departments con-
tributed to this database, and 54,033 patients with cuta-
neous melanomas were documented. Only 316 patients
(0.6%) were found with an age up to 18 years. The age
distribution of these patients is given in Fig. 43.4. There
were only very few cases up to the age of 12 years. In the
age of 1318 years, the prevalence of melanoma patients
increased rapidly. As this kind of data collection is based

on the histopathologic reports of the documenting cen-
ters, there are no clear data on how many misdiagnoses
are among these melanoma reports for children.
Regarding the melanoma subtypes, mainly superfi-
cial spreading melanomas and nodular melanomas were
reported. As expected, there are a very low number of
cases with lentigo maligna melanoma or acral lentigi-
nous melanoma. Likewise, there are very few reports on
melanomas on large or small congenital nevi (Fig. 43.5).
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Fig. 43.6 Site distribution of melanomas in males (a) and females (b) (German Central Malignant Registry, 1983-2004)

The body sites where melanoma developed differed
between male and female gender, but they were equally
distributed in children as in adults. While males devel-
oped melanomas mainly on the trunk, a predilected site
in females was the lower extremity. In children, how-
ever, there were, in females, more melanomas on the
trunk and, in males, more melanomas on the lower
extremity (Fig. 43.6).

The tumor thickness of melanomas in children was
similarly distributed as in adults. Most melanomas in
children were diagnosed with a tumor thickness of less
than 1.0 mm. In children, even a higher percentage of
patients were diagnosed with thin melanomas
(Fig. 43.7). In children, tumor thickness was found to
be the most important prognostic factor, and 10-year
survival was best in thin melanomas, and the 10-year
survival probability in children with thick melanoma
with more than 4 mm in tumor thickness was around
70%. These data show that melanomas in children and
adults behave very similarly and show rather equal
clinical characteristics.

43.2.3 Establishing the Diagnosis
of Pediatric Melanoma

Back in 1948, Sophie Spitz published a landmark
paper defining the term “juvenile melanoma,” which
described a benign nevus in childhood histologically
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Fig. 43.7 Distribution of tumor thickness in children up to the
age of 18 and in adults over 18 years of age (German Central
Malignant Registry, 1983-2004)

mimicking malignant melanoma (Spitz 1948). Later
on, the term “juvenile melanoma” was replaced by
“Spitznevus” to emphasize the clinical benign behavior
of these lesions. Establishing the diagnosis of pediatric
melanoma can be challenging, and other lesions can be
confused with this diagnosis in the pediatric popula-
tion. In a study of histopathologic diagnosis of malig-
nant melanoma in childhood, a poor reliability even
among experts was detected (Wechsler et al. 2002).
Additionally, it seems that in retrospective reevalua-
tions of histological specimens, knowing the clinical
course of the children, the initial diagnosis of prepu-
beral melanoma had to be revised to benign
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melanocytic lesions (Leman et al. 2005). Therefore, it
is likely that several documented cases of malignant
melanoma in childhood in cancer registries are benign
Spitz nevus, leading to an overestimation of incidence
rates in such registries.

Furthermore, the emergence of purely descriptive
entities, such as Spitzoid melanoma, atypical Spitzoid
lesions, melanocytic lesions or tumors of unknown met-
astatic potential (MELTUMP), and atypical Spitz nevus,
is confusing and ill defined (Mones and Ackerman
2004), and their diagnosis places a significant responsi-
bility on the treating clinician who is ultimately respon-
sible for making therapeutic decisions, such as the
appropriateness of complete lymph node dissections or
administration of adjuvant therapies with interferon. It
is important to remember that although these interven-
tions have been well studied in adults, their long-term
impact in children is unknown (Su et al. 2003; Lohmann
et al. 2002; Busam et al. 2009). In one publication of 57
MELTUMP, an expert panel of dermatopathologists
reviewed these lesions and matched their interpretation
with the actual clinical behavior of the lesion. Only half
of the participants were able to diagnose clinically
favorable lesions as benign, and 73%, with unfavorable
behavior as malignant. These lesions are being increas-
ingly recognized and are biologically different from
conventional melanomas or benign melanocytic nevi
(Cerroni et al. 2010).

Several investigators are now relying on molecular
tests to better classify the diagnosis of melanocytic
tumors in children. The use of comparative genomic
hybridization (Fig. 43.8a, b) and FISH has identified
multiple chromosomal aberrations in melanoma that
most commonly involve regions at 6p25, 6q23, 9p, 10q,
8p 1q, and 11q13 (Gerami et al. 2009; Bastian et al.
1999, 2000). These findings are not seen in patients with
Spitzoid lesions, which usually have a normal chromo-
somal complement and occasional gains of chromo-
some 11p. Additionally, the detection of BRAF
mutations can be helpful in differentiating between mel-
anoma and Spitz nevi. Whereas BRAF mutations are
rare in patients with Spitzoid lesions, a significant num-
ber of melanomas have a mutation in this gene (Gill
et al. 2004; Brose et al. 2002). In a recent Italian paper,
analysis of 21 pediatric patients with melanoma revealed
CDKN2A and MCIR gene variants in 2/21 and 12/21
patients, respectively. At the somatic level, 9/14 lesions
had CDKN2A locus homozygous deletions and a null
p16 immunophenotype. Loss of KIT protein expression

was seen in 7/14 cases, and BRAF (V600E) mutations
were seen in 5/10 cases (Danietti et al. 2009).

43.2.4 Histological Diagnosis: MELTUMP

MELTUMP is a term proposed in 2004, encompassing
a group of lesions that pose problems in the definition
of their malignant potential as defined by the classical
histological parameters. In these lesions, the applica-
tion of the usual histological criteria of malignancy of
conventional melanocytic lesions does not carry the
same risk of malignancy. MELTUMP should not be a
wastebasket for any difficult lesion. MELTUMP are
tumorigenic atypical deep compound and dermal mel-
anocytic tumors. They exhibit one or several features
indicative of possible malignancy, such as nuclear aty-
pia, macronucleoli, mitotic activity, necrosis, or ulcer-
ation, but they exhibit these features in number or
degree insufficient to justify a diagnosis of malignancy.
The term “MELTUMP” should be used for “lesions
that do not display all of the characteristics that permit
a diagnosis of vertical growth phase melanoma and
whose capacity to metastasize is indeterminate or
uncertain.” This term implies a risk to progress upon
incomplete excision and potential for metastasis after
complete excision. MELTUMP are a heterogeneous
group of lesions encompassing atypical Spitz tumors
(AST), cellular and atypical epithelioid/spindled blue
nevi (ABN), and minimal deviation melanomas. Also,
pigmented epithelioid melanocytoma is included. In
particular, presence of deep dermal mitoses in AST
and of mitoses irrespective of location in ABN is con-
sidered as a marker of risk, enough to include these
two entities among MELTUMP (Mones and Ackerman
2004; Busam et al. 2009; Cerroni et al. 2010).

43.2.5 Histological Diagnosis: Melanoma

To summarize, the histological diagnosis of melanoma

in childhood is difficult due to many factors:

— Itis arare tumor in pediatric age, but it still exists.

— Childhood melanoma can show histological fea-
tures not present in adulthood melanoma.

— Proliferative nodules in congenital nevi should be
carefully distinguished from melanoma.

— Spitzoid lesions are particularly problematic, and
many of them fall within MELTUMP.
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Fig. 43.8 Comparative a
genomic hybridization: (a)

finding of an 11p gain typical
of Spitz nevi in a 14-year-old
girl; (b) histopathologically
diagnosed as MELTUMP in
a 10-year-old boy. Complex
copy number aberrations on
chromosomes 9 and 11. The

narrow gains on chromosome
11 include cyclin D1. The é ¢

genetic instability is in favor
of a melanoma
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The five major subtypes of melanoma in adult-
hood are superficial spreading melanoma, nodular
melanoma, lentigo maligna melanoma, acral len-
tiginous melanoma, and mucosal lentiginous mela-
noma. These histotypes can be found in children.
Though, in childhood, many lesions are composed
by epithelioid and spindle cells with Spitzoid char-
acteristics, and a careful differential diagnosis in
the range of atypical Spitzoid tumors is required.
Also, there are melanomas arising in congenital

< ° ¥ & & 1 F I BT nm] STl T 17

nevi that are to be carefully differentiated from pro-
liferative nodules.

A series of features should alert the pathologist to
take a diagnosis of melanoma into consideration: size
larger than 7 mm, asymmetry, poorly defined borders,
ulceration, marked pagetoid spread, pleomorphism,
expansile dermal growth, high mitotic count (>4/mm?),
deep mitoses, atypical mitoses, absence of maturation,
lymphatic/vascular invasion, and perineural diffusion.
The pathologist should take into account all these
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Table 43.1 TNM classification of melanoma (American Joint Committee on Cancer, AJCC. JCO 27:6199, 2009)

4 or more metastatic nodes, matted nodes/gross extracapsular extension, or in-transit met(s)/

Stage ~ TNM classification ~ Histologic/clinical features
0 Tis NO MO Intraepithelial/in situ melanoma
1A Tla NO MO <1 mm without ulceration and mitotic rate <1/mm?
1B T1b NO MO <1 mm with ulceration or mitotic rate >1/mm?
T2a NO MO 1.01-2 mm without ulceration
ITA T2b NO MO 1.01-2 mm with ulceration
T3a NO MO 2.01-4 mm without ulceration
1IB T3b NO MO 2.01-4 mm with ulceration
T4a NO MO 4 mm without ulceration
IIC T4b NO MO >4 mm with ulceration
IIA T1-4a Nla MO Single regional nodal micrometastasis, nonulcerated primary
T1-4a N2a MO 2-3 microscopic positive regional nodes, nonulcerated primary
111B T1-4b Nla MO Single regional nodal micrometastasis, ulcerated primary
T1-4b N2a MO 2-3 microscopic regional nodes, nonulcerated primary
T1-4a N1b MO Single regional nodal macrometastasis, nonulcerated primary
T1-4a N2b MO 2-3 macroscopic regional nodes, no ulceration of primary
T1-4a/b N2¢c MO In-transit met(s)* and/or satellite lesion(s) without metastatic lymph nodes
IIc T1-4b N2a MO Single macroscopic regional node, ulcerated primary
T1-4b N2b MO 2-3 macroscopic metastatic regional nodes, ulcerated primary
Any T N3 MO
satellite lesion(s) and metastatic nodes
v Any T any N Mla Distant skin, subcutaneous, or nodal metastases with normal LDH levels
Any T any N M1b Lung metastases with normal LDH
Any T any N Mlc

features of the lesion. The presence of a single factor is
not significant per se.

When a melanoma is diagnosed, the pathologist
should apply the same histological parameters as in the
adult case, even if their true prognostic significance
could not always be superimposable in childhood. In
particular, a diagnosis of primary cutaneous melanoma
should include histological type, Clark level, thick-
ness, mitoses/mm?, type of growth phase, presence of
microscopic satellites, presence of regression, pres-
ence of ulceration, tumor-infiltrating lymphocytes
(TIL), neuro and vascular diffusion, associated nevus,
and state of resection margins (Cerroni et al. 2010;
Brenn and McKee 2008).

43.2.6 Staging

Staging guidelines have not been developed for
patients with pediatric and adolescent melanoma, and
therefore, most of the reported series have incorpo-
rated the adult American Joint Committee on Cancer
(AJCC) classification of melanoma. In the new AJCC

All other visceral metastases with normal LDH or any distant metastases with elevated LDH

classification, which was modified in 2009, patients
are stratified into four different groups (Table 43.1).
Patients with localized disease can be classified as
stage I and II based on the thickness of the primary
tumor, presence or absence of ulceration, and mitotic
rate. Patient with stage III disease have nodal involve-
ment, and those with stage IV disease have distant
metastatic disease. As in adults, the stage of the dis-
ease is predictive of outcome in pediatric melanoma,
and thicker lesions have a higher incidence of nodal
involvement (Strouse et al. 2005; Rao et al. 1990;
Paradela et al. 2010) (Fig. 43.9). However, although
the incidence of nodal involvement appears to be
higher, particularly amongst patients with MELTUMP
(Busam et al. 2009), the outcome of these patients
does not appear to be significantly affected. The use
of routine imaging to detect metastatic disease in
children with melanoma has not been studied exten-
sively, but one publication suggests that patients who
present with thick primary lesions or lesions with an
unknown primary have an increased incidence of clin-
ically unsuspected metastases and should therefore be
imaged routinely (Kaste et al. 1996).
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Fig. 43.9 Survival for patients with melanoma stages I-IV (reproduced with permission. JCO 27:6199, 2009)

43.2.7 Treatment

There is a general consensus that the therapeutic recom-
mendations for childhood melanoma should remain the
same as for adults. Surgical resection remains the main-
stay of therapy for pediatric melanoma. When possible,
we advocate following the same surgical guidelines that
have been developed for adults: lesions <1 mm should
be resected with a 1-cm margin; 1-4 mm lesions, with a
2-cm margin; and those more than 4 cm, with at least a
2-cm margin. Patients with lesions <1 mm and no ulcer-
ation or mitotic rate <1 mm? can be treated with surgical
resection alone and observation. Lesions with more
adverse features, such as thickness >0.75-1 mm,
increased mitotic rate, and evidence of ulceration,
including lymphovascular invasion, should undergo
sentinel node sampling (Shah et al. 2006; Butter et al.
2005; Roaten et al. 2005). If the sentinel node is posi-
tive, patients should be offered a complete lymph node
dissection with the caveat that only 15-20% of patients
will have subsequent positive nodes and that this proce-

dure may not impact survival (Morton et al. 2006)
(Table 43.2).

The issue of medical treatment in children with
melanoma is problematic. Because of the rarity of the
disease and the lack of experience of pediatric oncolo-
gists in treating these tumors, pediatric patients should
be included — when possible — in adult therapeutic tri-
als (i.e., immunotherapy, immunochemotherapy, vac-
cinotherapy). Unfortunately, most of clinical trials are
not open to children. Alpha interferon (Kirkwood et al.
2004) has shown to improve relapse-free survival in
patients with high-risk resected melanoma. It has been
approved in North America by the Food and Drug
Administration for high-risk melanoma, and it is virtu-
ally the only adjuvant treatment currently available for
children. The use of this therapy is well tolerated in
children, but its efficacy has not been tested, given the
small numbers of patients that have been treated in
limited institutions over the years (Shah et al. 2006;
Navid et al. 2005; Chao et al. 2005). For patients with
metastatic disease, limited reports suggest that
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Table 43.2 Practical diagnostic and treatment guidelines for pediatric melanoma

Biopsy

When should a diagnostic excision be done in front of suspected pigmented lesions?

When (1) there is the well-founded clinical suspicion of malignancy, (2) the lesion evolves
quickly, and (3) the lesion has atypical morphology

Dermoscopy may reinforce the decision for biopsy

In cases where a moderate perplexity remains, a short-term observation may be suggested (the
removal of a pigmented lesion in a child will result in a significant cosmetic — and sometimes, in

a functional — impairment)

When excision is justified, the surgical width should be limited (to 2 mm from lesion borders)
for functional and aesthetic reasons

Diagnostic work
not been established

Comprehensive guidelines for the appropriate staging work-up for children with melanoma have

Chest X-ray and abdominal ultrasound are recommended for all patients. Chest and abdominal
computed tomography (CT) scan, technetium bone scan, and positron emission tomography
(PET) could be suggested in case of thicker lesions or according to the physician’s decision

Pathological assessment

Histological diagnosis should provide: the thickness of the tumor according to the Clark level

and Breslow microstaging (expressed in millimeter), pleomorphism, mitoses/mm? and deep
mitoses, lymphatic/vascular invasion, perineural diffusion. tumor type, type of growth phase,
presence of microscopic satellites, presence of regression, presence of ulceration, tumor
infiltrating lymphocytes (TIL), state of resection margins

Sentinel node biopsy in staging regional lymph nodes, to establish whether elective node
dissection is warranted, is recommended in high-risk cases (thickness>0.75—1 mm or increased
mitotic rate, evidence of ulceration, lymphovascular invasion)

Staging systems TNM AJCC system

General treatment guidelines

Therapeutic recommendations for childhood melanoma should remain the same as for adults

Need for referral to prime oncology center with expert physicians professionally dedicated to
the management of this cancer in adults (or strict collaboration with them)

— Surgery

If the diagnosis of melanoma is confirmed at biopsy, a reexcision could be performed (at least

1 cm of surgical margin or according to tumor dimension)
If the sentinel node is positive, patients should be offered a complete lymph node dissection

— Radiotherapy

No indication in localized disease

Palliative role in metastatic disease

— Systemic treatment
disease or metastatic disease

dacarbazine-based chemotherapy has similar limited
efficacy. The use of interleukin-2 has been studied in
limited numbers, and although tolerable, its efficacy
has not been assessed (Ribeiro et al. 1993; Bauer et al.
1995). Newer therapies, such as ipilimumab and the
BRAF inhibitor PLX4032, have produced promising
responses in adults with metastatic melanoma, but its
use in pediatrics has not yet been studied (Flaherty
et al. 2010; Hodi et al. 2010).

43.2.8 Survival Prognosis
The population-based analysis from the SEER reported

a 5-year melanoma-specific survival of 93.6% (Strouse
et al. 2005), which is consistent with European popu-

High-dose interferon o-2b or interferon plus chemotherapy in case of regionally advanced

lation-based data (80%) (Conti et al. 2001). This result
is better than those reported in published hospital-based
series (that can be biased by the selection of patients
with more advanced disease) and however is better
than that usually achieved in adults. Data from the
SEER registry showed a 4% survival improvement per
year during the last three decades. Other series have
described slightly better outcomes in children than in
adults (Ferrari et al. 2005; Saenz et al. 1999; Gibbs
et al. 2000; Barnhill et al. 1995; Hamre et al. 2002;
Schmid-Wendtner et al. 2002).

Overall survival rates for childhood melanoma are
in excess of 95% for localized disease, around 70% for
regional disease, while for metastatic cases, survival
rates range from 10% to 50% (Lange et al. 2007)
(Figs. 43.10-43.14).
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Fig. 43.13 Spitz nevus initially classified as malignant melanoma
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Fig. 43.14 Melanoma in a 15-year-old girl, distant metastases
14 months after diagnosis

43.3 Skin Carcinoma
Thomas K. Eigentler and Claus Garbe

Squamous cell carcinoma of the skin (SCC) is rarely
diagnosed in childhood and adolescence. It is a
malignant locally destructive epithelial tumor devel-
oping from the keratinocytes of the skin, which
uncommonly metastasizes in nonimmunosuppressed
patients.

Most cases are described in children suffering from
xeroderma pigmentosum, an autosomal recessive dis-
order with mutations in the nucleotide excision repair
complementation groups, resulting in extreme photo-
sensitivity to ultraviolet radiation. It affects boys and
girls in equal frequencies. In a series of 830 published
cases, 45% of the patients had basal cell carcinoma or
SCC. The median age of first nonmelanoma skin can-
cer among these patients was 8 years (Kraemer et al.
1987).

Another risk factor for developing SCC is iatro-
genic chronic immunosuppression, e.g., after solid
organ transplantation, whereas the risk of posttrans-
plant cutaneous SCC is related to the kind of immuno-
suppression (especially cyclosporine), the duration of
the immunosuppressive therapy, and the amount of
cumulative UV exposure (Jensen et al. 1999). Also,
sporadic chronic immunosuppression, e.g., in case of
AIDS, is a risk factor for the development of SCC
(Godfrey et al. 2003).

SCC is also reported to develop in children with
interferon-gamma receptor two deficiency (Toyoda
et al. 2010), in patients suffering from dystrophic epi-
dermolysis bullosa (DEB), a genodermatosis resulting
from mutations in COL7A1 and encoding type VII
collagen (Horn and Tidman 2002), and in children
with systemic sclerosis or pansclerotic morphea
(Wollina et al. 2002) or chronic infections and wounds
(Kassi et al. 2010). Single cases of a SCC arising in a
nevus sebaceous of Jadassohn were also reported in
the literature (Ball et al. 2005).

Treatment of choice is the complete excision of the
tumor with three-dimensional histological visualiza-
tion and evaluation of excision margins (Moehrle et al.
2007). In selected cases (deep infiltrating tumors), a
sentinel node biopsy can be applied.
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43.4 Other Rare Tumors of the Skin
and Subcutaneous Tissue

Alberto Pappo and Andrea Ferrari
43.4.1 Dermatofibrosarcoma Protuberans

Dermatofibrosarcoma protuberans (DFSP) is a fibro-
histiocytic tumor of intermediate malignancy that
accounts for about 1-2% of all soft tissue sarcomas
and most commonly affects young adults (McArthur
2007; Terrier-Lacombe et al. 2003). This malignancy
has been described in children and can be congenital
(Checketts et al. 2000; Chien et al. 2007; Jafarian et al.
2008; Pappo et al. 1997). In one series, pediatric DFSP
accounted for 6% of all of this diagnosis seen at a sin-
gle institution (McKee and Fletcher 1991). This tumor
most commonly affects males and typically arises in
the trunk and extremities. DFSP usually presents as a
slow growing vascular-appearing macule or plaque
that later develops into a nodular cutaneous mass. In a
review of over 25 pediatric DFSP, the median age at
presentation was 12 years. In another review of over
150 cases of pediatric DFSP, the most common sites of
involvement were the trunk and extremities; the for-
mer location is preferentially seen in patients with
congenital DFSP (Checketts et al. 2000; Chien et al.
2007; Jafarian et al. 2008; Pappo et al. 1997).
Histologically, this tumor is characterized by a monot-
onous proliferation of fibroblasts arranged in a stori-
form pattern. A small number of DFSP have
sarcomatous changes, a feature that has rarely been
reported in the pediatric literature but that has been
reported to carry an increased risk for the development
of local recurrence and distant metastases (Abbott
et al. 2006; Mentzel et al. 1998). DFSP is character-
ized by a common translocation t (17;22)(q22;q13)
which fuses the COLIA I and PDGFB genes (McArthur
2007). This fusion protein is processed to a mature
PDGFB and interacts with the PDGFB receptor pres-
ent on the cell surface of DFSP in an autocrine or para-
crine fashion (Rubin et al. 2002). The primary
treatment of DFSP is wide surgical resection with neg-
ative margins (Fiore et al. 2005); Mohs micrographic
surgery has also been used in selected cases (Sondak
et al. 1999). Using this primary surgical approach,
cause-specific mortality in adults has been reported to
be 3% in 10 years, and local recurrence rates have
been documented in less than 5% of cases (Fiore et al.

2005). For adults and children with unresectable or
metastatic DFSP, the administration of imatinib mesy-
late has produced promising clinical responses
(Rutkowski et al. 2010; Price et al. 2005; Gooskens
et al. 2010).

43.4.2 Giant Cell Fibroblastoma

Giant cell fibroblastoma (GCF) is a rare nonmetasta-
sizing subcutaneous fibrohistiocytic neoplasm that
occurs predominately in younger patients. In one series
of 86 GCF, the median age was 6 years, and nearly two
thirds of the patients were younger than 10 years of
age. This tumor most commonly presents as painless
mass located in the dermis or subcutis and most
commonly arises in the trunk. GCF has been referred
as a juvenile form of DFSP, and both entities share the
t (17;22)(q22;q13) (Jha et al. 2007). Histologically,
GCF is characterized by the presence of spindle cells
that infiltrate adnexal structures and form
pseudovascular spaces that are lined with discontinu-
ous multinucleated giant tumor cells (Billings and
Folpe 2004) Although both GCF and DFSP have simi-
lar cytogenetic findings, adult DFSP is often character-
ized by the presence of ring chromosomes, a feature
that is notably absent in pediatric DFSP and GCF. The
clinical behavior of GCF is similar to DFSP, and surgi-
cal resection with negative margins is the treatment of
choice.

43.4.3 Angiomatoid Fibrous Histiocytoma

Angiomatoid fibrous histiocytoma (AFH) is a rare sub-
cutaneous fibrohistiocytic tumor of intermediate malig-
nancy that accounts for about 0.3% of all soft tissue
sarcomas (Thway 2008). AFH was initially described by
Enzinger in 1979 as a soft tissue tumor related to malig-
nant fibrous histiocytoma that affected the superficial
tissues of younger patients (Enzinger 1979). More recent
studies have demonstrated that this entity has an excel-
lent prognosis following surgical resection alone, and
thus the original nomenclature of “malignant” has been
removed from its name (Thway 2008). In one series of
108 patients, the median age at presentation was 14 years,
females were slightly more commonly affected, and
the tumor most commonly arose in the extremities (65%)
and trunk (28%) (Costa and Weiss 1990). These
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tumors have an indolent clinical presentation, and most
are located superficially; in one series, 60% of tumors
arose within areas of normal lymphoid tissue (Fanburg-
Smith and Miettinen 1999; Antonescu et al. 2007). In
one series, systemic symptoms, such as anemia, weight
loss, and fever, were seen in 14%, 4%, and 2% of patients
(Fanburg-Smith and Miettinen 1999). Histologically,
AFH is characterized by the presence of a fibrous
pseudocapsule, a round or spindled histiocyte-like pro-
liferation of cells, a plasma lymphocytic response, and
pseudovascular spaces (Antonescu et al. 2007).
Cytogenetic studies have documented translocations
involving the FUS gene on chromosome 12q13 with
either the EWSRI gene on chromosome 22q12 or the
FUS on 16p11. More recently, a translocation between
EWSRI and CREBI on chromosome 2q34 has been
identified as the predominant fusion product in AFH.
The treatment of choice for this tumor is complete surgi-
cal excision. Local recurrences have been reported to
occur in up to 12% of patients after incomplete excision,
but reexcision often renders patients disease-free. In one
series, 85 of 86 patients were alive and disease-free, and
only one patient developed nodal metastases. In another
series, only 1 of 94 patients developed distant metasta-
ses (Fanburg-Smith and Miettinen 1999; Antonescu
et al. 2007).

43.4.4 Plexiform Fibrohistiocytic Tumor

Plexiform fibrohistiocytic tumor is a rare neoplasm
with features that resemble fibrous histiocytoma and
fibromatosis and mainly affects children and young
adults. The median age at diagnosis in two large series
was 14.5 and 20 years, respectively (Moosavi et al.
2007; Enzinger and Zhang 1988). This tumor occurs
slightly more often in females and presents as a
painless slow growing nodule located in the dermis or
subcutis (Luzar and Calonje 2010). The tumor most
often involves the upper extremity, with the fingers,
hands, and the wrist being more commonly affected
(Taher and Pushpanathan 2007). The lesions are usu-
ally small and contain a mixture of histiocyte-like and
spindle fibroblast-like cells. On low-power microscopy,

the dermis and subcutaneous tissue are infiltrated with
multiple nodules that contain multinucleated osteo-
clast-like giant cells (Luzar and Calonje 2010).
Immunocytochemistry reveals CD68 positivity on the
histiocyte and osteoclast-like cells, whereas the fibro-
blast-like cells show focal positivity for smooth mus-
cle actin. Cytogenetic analysis in two cases has
revealed numerous deletions and a 46,XY,t(4;15)
(q21;ql5) translocation (Luzar and Calonje 2010).
Surgical excision is the treatment of choice, but local
recurrences have been documented in up 40% of cases
within the first 2 years from diagnosis. Recurrences
are usually successfully treated with surgical reexci-
sion. Metastases to lymph nodes and lung have been
rarely described (Salomao and Nascimento 1997).

43.4.5 Dermoid Cysts

Dermoid cysts are a subset of benign heterotopic neo-
plasms termed choristomas, probably deriving from
dermal and epidermal tissues trapped in the cranial
fusion lines as the neural tube closes in embryogenesis.
Histologically, they may have a lining of squamous
epithelium with dermal elements, such as hair follicles,
sebaceous, and sweat glands: within the cyst, mature
skin complete with hair follicles and sweat glands,
sometimes clumps of long hair, and often pockets of
sebum, blood, fat, bone, nails, teeth, eyes, cartilage,
and thyroid tissue can be found.

Dermoid cysts can be deep and superficial (the for-
mer being more frequent in teenagers; the latter, in
early childhood) and may occur as soft tissue swelling
in three primary locations in the head and neck: the
frontotemporal region, the periorbital region, and the
nasoglabellar region.

Complete surgical excision — preferably in one
piece and without any spillage of cyst contents — is
curative, but dermoid cysts can recur if not completely
excised. Lesions invading deeply within the orbit may
require a more aggressive approach. Craniotomy and
neurosurgical involvement may be required for intrac-
ranial extension (Ahuja and Azar 2006; Bartlett et al.
1993; Pryor et al. 2005).
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43.5 Vascular Tumors

Jochen Rossler, Andrea Ferrari, Thomas
K. Eigentler, and Claus Garbe

Vascular tumors are the most common subcutaneous
neoplasms in children. The tumor cells in vascular tumor
are the endothelial cells that show dedifferentiation,
transformation, and uncontrolled growth, leading to a
benign or malignant neoplastic phenotype. Genetic alter-
ations as well as molecular biological characteristics are
responsible here for, but in most vascular tumor types this
is yet not clear. The pathogenesis of vascular tumor and
the possible role of genetic alterations are still unclear.

The most frequent vascular tumor in childhood is
infantile hemangioma (IH), which shows a special
biology with continuous growth during the first year
of life but spontaneous regression thereafter.
Cutaneous IH are very frequent. Variants of IH have
been described, from capillary IH and cavernous to
segmental and congenital IH. IH may arise any-
where, but the head and neck region is the most fre-
quent location. IH are connected to the circulatory
system and filled with blood. Clinically, superficial
IH appears as a cutaneous lesion or a bluish-red,
rubbery or firm, well-circumscribed mass (Coffin
and Dehner 1993). Clinical complications are related
to ulceration and hemorrhages, or in case of impinge-
ment upon vital structures, as larynx or mediasti-
num. In most cases, IH hemangiomas will disappear
over time; however, treatment is required when the
tumor interferes with vision and breathing or threat-
ens significant cosmetic injury (Haggstrom et al.
2006). Different treatment approaches have been
proposed over the years, i.e., surgery, oral corticos-
teroids, injection of corticosteroid directly into the
lesion, pulsed dye laser (Rizzo et al. 2009), and sys-
temic therapy with interferon and vincristine (Wilson
et al. 2007). A recent and extremely promising treat-
ment option is represented by beta-blocker propra-
nolol (Léauté-Labreze et al. 2008).

IH can easily be confounded with other benign vas-
cular tumors, such as tufted angioma or kaposiform
hemangioendothelioma. However, in contrast to IH,
they do not show spontaneous regression. In most
cases, only clinical evolution or histology can discrim-
inate these benign vascular tumors from IH.

Table 43.3 Classification of vascular anomalies

Vascular tumors (benign) Vascular malformations

Infantile hemangioma (IH) ~ Capillary malformations

Congenital hemangioma
(ICH): rapid involuting
(RICH) or noninvoluting
(NICH)

Tufted angioma (TA) with or
without Kasabach—Merritt
phenomena

Port-wine stain, telangiectasia,
angiokeratoma

Venous malformation
Glomangioma (glomuvenous
malformation)

Familial cutaneous and
mucosal venous malformation

(CMCV)
Kaposiform hemangioen- Lymph vessel malformation
dothelioma (KHE) with or | ymphangioma

without Kasabach—Merritt

phenomena

Epithelioid hemangioen- Arterial malformation
dothelioma (EH)

Other Combined vascular
hemangioendothelioma malformation

Spindle cell, retiform, AV malformation, etc.

polymorphous, etc.

Dermatological acquired
vascular tumors

Pyogenic granuloma (PG),
etc.

On the other side of the spectrum, malignant vascu-
lar tumors are extremely rare and show aggressive
behavior.

Latest basic research achievements have opened the
possibility to discriminate between blood and lymph
vessels: blood and lymph endothelial cells show spe-
cial biological characteristics. Most of the vascular
tumors are formed by blood endothelial cells; only
rarely, lymph vessels can be found. In fact, most lymph-
angiomas are really malformations that arise from
lymphatic tissue sequestered during embryologic
development. However, some are probably true neo-
plasms with invasive growth pattern. In the future,
these two vessel systems will be further characterized
in more detail in vascular tumors, as it has already
been the case in vascular malformations. The classifi-
cation of the International Society on the Studies of
Vascular Anomalies (ISSVA) for vascular anomalies
clearly separates vascular tumors from vascular mal-
formations that are inborn defects of vasculogenesis
(Table 43.3).
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43.5.1 Infantile Hepatic Hemangiomas

Infantile hepatic hemangiomas (IHH) can be found in
the context of disseminated or diffuse neonatal heman-
giomatosis that is characterized by multiple cutaneous
IH, usually of small size, associated with visceral
involvement. IHH are classified into three categories:
focal, multifocal, or diffuse, according to the number of
lesions. The clinical presentation can be asymptomatic
or associated with hepatomegaly, jaundice, or liver dys-
function. Ultrasound or magnetic resonance imaging
(MRI) can identify the vascular tumors with increased
perfusion in the duplex ultrasound and hyperintensive
signals in T2 (Fig. 43.15). Diffuse IHH can be life-
threatening since they may induce congestive heart
failure associated with high-volume vascular shunting.
Hypothyroidism secondary to overproduction of type
IIT iodothyronine deiodinase may be present.

Severe and complicated IHH require therapy. First-
line therapy of IHH with hemodynamically significant
shunting used to be administration of systemic corti-
costeroids. However, recently, dramatically clinical
improvement and decrease in size of IHH on propra-
nolol were reported. This new therapeutic option may
replace embolization; other pharmacological agents,
such as vincristine and alfa-2a interferon; hepatic
artery ligation; resection; or liver transplantation that
have been reported in literature before (Léauté-Labreze
et al. 2008; Mazereeuw-Hautier et al. 2010; Marsciani
et al. 2010).

43.5.2 Pyogenic Granuloma

Pyogenic granuloma (PG) is a benign nonneoplastic
mucocutaneous lesion. It is usually a small red, ooz-
ing, and bleeding bump (Fig. 43.16). PG can result to
constant minor trauma and might be related to hor-
monal changes. PG preferentially affects the gingiva
but may also occur on the lips, tongue, cheek or oral
mucosa, and palate. In the mouth, PG is manifested as
a sessile or pedunculated, resilient, erythematous, exo-
phytic, and painful papule or nodule with a smooth or
lobulated surface that bleeds easily. The most common
treatment is surgical excision or combinations of curet-
tage, shave, and cautery (Tay et al. 1997; Matsumoto
et al. 2001; Giblin et al. 2007).

Fig. 43.15 Infantile hepatic hemangiomas in a newborn child
with numerous skin hemangiomas. (a) Duplex ultrasound detects
multiple hepatic lesions with perfusion signal. (b) In T2-weighted
MRI, the lesions are hyperintense. (¢) Shows an immunohisto-
logical staining of a biopsy with alpha-actin antibodies. Multiple
blood vessels are seen, confirming the diagnosis of infantile
hepatic hemangiomas
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43.5.3 Tufted Angioma

Tufted angiomas (TA) are rare locally aggressive vas-
cular tumors of unknown pathogenesis. Most appear
during childhood: approximately 25% of cases are
congenital, and 50% appear in the first year of life. TA
that are present at birth (congenital TA) or in the first
year of life (acquired TA) have a greater tendency to
spontaneously regress than those that appear later in
life (Alberola et al. 2010). The clinical presentation
of TA is nonspecific and characterized by bluish-
erythematous plaques (Fig. 43.17a) or nodules. There

Fig. 43.16 Pyogenic granuloma at the cheek of a 4-year-old
girl. The reddish nodule developed in the last 4 weeks and shows
intermitted bleeding

\

Fig. 43.17 (a) Tufted angioma in a 1-year-old girl. The red
lesion showed continuous growth during the first year of life. A
biopsy confirmed the diagnosis of tufted angioma. After birth,

is a well-recognized association with the Kasabach—
Merritt phenomenon. The differential diagnosis
includes IH, KHE, and vascular malformations.

TA have a characteristic histology consisting of a
proliferation of endothelial cells forming lobules with
the typical “shotgun” distribution. TA are considered
neoplasms of intermediate malignancy because of
infiltrative growth, local aggressiveness, and variable
prognosis. To date, definitive treatment for TA has had
limited success. Local treatment with laser (Fig. 43.17b)
and steroids, vincristine, or experimental antiangio-
genic drugs has been reported (Fahrtash et al. 2010).

43.5.4 Kaposiform Hemangioendothelioma

Kaposiform hemangioendothelioma (KHE) is a locally
aggressive, immature vascular neoplasm typically pre-
senting in infancy and the first decade. KHE may
involve various organs: generally, it originates on the
skin, affecting deeper tissue by infiltrative growth
(Fig. 43.18), and the retroperitoneum. KHE tend to be
locally invasive but are not known to produce distant
metastases. Visceral involvement is uncommon, but
several cases with bone, retroperitoneal, mediastinal,
or choledochus involvement have been described
(Terui et al. 2010). KHE appears as one or multiple
masses and may involve the underlying bone and rarely
regional lymph nodes. There is no known association
with HIV or HHV 8 infection. In most cases, KHE can
be associated to the Kasabach—Merritt phenomena.
The development of KHE in adolescents or in adults is
very rare, but cases have also been described.

an accompanying Kasabach—Merritt phenomenon was treated
by corticosteroids. (b) Laser therapy led to brightening of the
vascular tumor



43 Rare Tumors of the Skin and Subcutaneous Tissues

475

Fig. 43.18 (a) Kaposiform hemangioendothelioma at the lum-
bosacral region. (b) Infiltrative growth in the subcutaneous
region has been confirmed by MRI

Microscopically, KHE is characterized by nodules
containing fascicles of spindle cells interspersed among
small vessels blending with slit-like vascular spaces.
Glomeruloid nests of endothelial cells are found at the
periphery. Fibrous bands surround nodules and contain
dilated lymphatic vessels. Small biopsies, including
capillary blood vessel biopsy, may mimic a capillary
hemangioma. The spindle cells are usually nonreactive
for factor VIII-related antigen and stain for smooth
muscle actin. Endothelial markers CD31 and CD34 are
expressed in the capillary vessels. GLUT-1, expressed
in infantile hemangioma, is typically negative.

Gradual regression of KHE has been observed.
However, the tumor can cause potentially life-threat-
ening complications. Several factors are associated

with the outcome of patients with KHE: accessibility
to surgical excision, location (cutaneous versus
visceral), size of tumoral mass, and the Kasabach—
Merritt phenomena. Death related to the Kasabach—
Merritt syndrome or to the progressive failure of the
infiltrated organ(s) has been described. Huge visceral
tumor may lead to a 40-50% mortality rate. Various
therapeutic options have been recommended accord-
ing to the site, extent, and behavior of the disease: ste-
roid, interferon-alpha, and vincristine — also in
combination — are often used (Fahrtash et al. 2010).

43.5.5 Epithelioid Hemangioendothelioma

Epithelioid hemangioendothelioma (EH) was first
described by Weiss and Enzinger in 1982 (Weiss and
Enzinger 1982). It is a vascular tumor occurring at any
age and may be either superficially or deeply located,
arising at a variety of sites, including the skin and sub-
cutis, the skeleton (Fig. 43.19), the lung, liver, and cen-
tral nervous system. Microscopically, it arises from a
vessel and extends into the surrounding soft tissue.
The tumor is composed of epithelioid endothelial cells
arranged in short cords or solid nests, with a prominent
myxoid—jaline matrix. The diagnostic key feature is
represented by epithelioid cells with a cytoplasmic
vacuole representing a miniature lumen. It shows posi-
tive staining for endothelial markers (CD31, CD34)
and cytokeratin.

EH of the liver may have peculiar features at
enhanced computed tomography (CT) and/or magnetic
resonance imaging (MRI) scans, i.e., nodular lesions
with a tendency to coalesce, with a peculiar target
appearance due to the presence of a central sclerotic
zone and a peripheral region of cellular proliferation
with high signal intensity; a lollipop sign given by a
hepatic or portal vein terminating at or just within the
periphery of some of the liver lesions has been
described (Scoazec et al. 1988; Lyburn et al. 2003;
Kehagias et al. 2000; Alomari 2006).

According to WHO, EH is a malignant vascular
tumor because of its high metastatic rate. Metastases to
regional lymph nodes, lung, liver, and bone occur in
30% of cases but cause death in half of the patients
affected. Cellular atypia, mitotic activity (>1/10 HPF),
necrosis, or diffuse spindle cell morphology appear to
be associated with metastases (Mentzel et al. 1997).
Complete local excision — if possible — is the preferred
therapeutic measure. If impossible, sarcoma-based
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Fig. 43.19 (a) Epithelioid hemangioendothelioma at the right
petrosal bone in a 12-year-old boy who presented with facial
nerve paresis on the right side. A biopsy confirmed the diagno-

chemotherapy or alpha-2a-interferon is administered
(Ferrari et al. 2001). In particular, alpha-2a-interferon
is potent inhibitor of angiogenesis and acts by blocking
the action of fibroblast growth factor. Many tumors of
vascular origin, including EH, are characterized by
endothelial cell migration and proliferation in the pro-
liferative phase, and the major stimulus for this prolif-
eration is fibroblast growth factor. The role of
alpha-2a-interferon is of particular interest because its

sis. (b) Signs of skeletal destruction at the CT scan. (c¢) Early
phase of technetium-99 m scintigraphy showing a unifocal
lesion at the right petrosal bone

mechanism of action is the inhibition of this stimulus
(Isowa et al. 2002; Kumar et al. 2003; Roudier-Pujol
et al. 1994; Calabro et al. 2007). Few data are available
on the role of radiotherapy for inoperable EH. EH of
the liver is characterized by an unpredictable progno-
sis: in younger patients, a wait-and-see strategy is usu-
ally adopted. Orthotopic liver transplantation may be
considered, even in the presence of limited extrahepatic
disease (Kelleher et al. 1989; Madariaga et al. 1995).
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43.5.6 Kaposi Sarcoma

Kaposi sarcoma is rarely diagnosed in childhood and
adolescence in general. It is a locally aggressive vascu-
lar neoplasm caused by the human herpesvirus 8
(HHV-8), which can be classified into four different
types: classic, iatrogenic (immunosuppression-associ-
ated), AIDS-associated, and African/endemic. The
classic type predominantly affects older adults of
Mediterranean or Eastern European ancestry. Only
single cases have been reported in children (Byun et al.
2010; Sahin et al. 2010). The iatrogenic type is linked
to immunosuppression (e.g., after solid organ trans-
plantation) and normally resolves with immune resto-
ration. In a series of 326 organ-transplanted pediatric
patients, 6 children developed a Kaposi sarcoma (Penn
1994). In contrast to the classic form of Kaposi sar-
coma which is mainly located at the extremities, AIDS-
associated Kaposi sarcoma usually develops on the
head, back, neck, muscular palate, and the area of the
gingiva and is seen in patients with low CD4-T-
lymphocytes (<400/uL). Typically, Kaposi sarcoma
presents with cutaneous lesions in the form of plaques,
patches, or nodules. In the classic type, purplish, red-
dish-blue, or dark-brown macules that can ulcerate are
found. In rare cases, internal organs can be affected as
well as lymph nodes. In histopathology, the patch stage
and the plaque, as well as the nodular stage, can be
described. A vascular proliferation is seen with
endothelial cells lining perivascular spaces, and new
blood vessels can be produced in the lumen of preex-
isting blood vessels.

In a US series of 4,954 children with AIDS, 8 devel-
oped an AIDS-associated Kaposi sarcoma (Biggar
et al. 2000). In patients with AIDS-associated Kaposi
sarcoma, a highly active antiretroviral therapy
(HAART) has been shown to prevent or induce regres-
sion of Kaposi sarcoma. Finally, the African/endemic
type can be differentiated into the cutaneous and
lymphadenopathic type and is seen in pediatric popu-
lations in Africa, most of whom develop the clinical
disease as a consequence of HIV infection (Ziegler
and Katongole-Mbidde 1996).

As most cases of Kaposi sarcoma in children appear
in relation to immunosuppression, the major goal in
the treatment is to restore immune competence either
by changing the immunosuppressant scheme in organ-
transplanted children (e.g., to mTOR inhibitors)
(Yuksekkaya et al. 2009) or by applying an antiviral

therapy in case of HIV infection. Children suffering
from the classical type of Kaposi sarcoma can be
treated locally by surgery (in case of small single
lesions), radiation, or systemic interferon-alpha.
Chemotherapy using liposomal anthracyclines, bleo-
mycin, and vincristine is used (Tulpule et al. 1998).

43.5.7 Angiosarcoma

Angiosarcomas (AS) typically affect adult and elderly
patients (it accounts for 1% of all adult soft tissue sar-
comas) (Penel et al. 2010) and are extremely rare in
children, representing less than 0.3% of pediatric sar-
comas overall. Only two series have been reported in
pediatric age, respectively, including 15 (Deyrup et al.
2006) and 12 patients (Ferrari et al. 2002).

Histology shows vascular structures with an infil-
trative growth pattern and more solid areas with sheets
and nests of malignant endothelial cells frequently dis-
playing an epithelioid morphology. Spindled areas can
be present as well. Necrosis is found in more than 80%
of cases. Tumor cells express CD31 and CD34.

In adults, the majority of AS develop as cutaneous
tumors. In children, the majority of AS arise in medi-
astinum and heart but may involve also visceral organs,
breast, and deep soft tissue of abdomen or pelvis. Two
risk factors are well established: chronic lymphoedema
and previous radiotherapy. Clinical presentations of
AS are heterogeneous. Possible output cardiac failure
can result in very young patients due to arteriovenous
shunting. The lesions can appear as hemorrhagic
masses. Hepatic AS are extremely rare and usually
present with a rapidly enlarging liver. By the time they
are diagnosed, the lesion is often unresectable. AS are
highly aggressive tumors; metastases are common, fre-
quently to the lung. The mortality rate is generally
high, particularly in hepatic AS in which death usually
occurs within the first 6 months. In childhood, pub-
lished series reported a mortality rate ranging between
62% and 65%.

Large resection followed, if possible, by adjuvant
radiotherapy is the cornerstone of curative-intent treat-
ment of localized AS. There are no convincing data
supporting the administration of adjuvant chemother-
apy, but most protocols currently require adjuvant
chemotherapy in high-grade (as AS is) and large
tumors, even when resected (see Chap. 44). For meta-
static or locally advanced AS, doxorubicin-based
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chemotherapy or chemotherapy based on weekly
paclitaxel (Penel et al. 2008) seems to provide the lon-
ger progression-free survival. Three phase II or parts
of phase II trials have been published in the last 2 years
in adult setting, investigating weekly paclitaxel,
sorafenib, and imatinib, demonstrating that clinical
trials are feasible for such rare diseases. Biological
evidences for the key role of angiogenetic factors have
been accumulated during the last years and support
the further investigation of antiangiogenetic agents
alone and almost combination with chemotherapy in
such disease.

43.5.8 Kasabach-Merritt Phenomenon

Kasabach—-Merritt phenomenon (KMP) is defined as
thrombocytopenia and hypofibrinogenemia with ele-
vated fibrin split products (D-dimers), suggestive of an
active consumptive coagulopathy. Thrombocytes are
low, ranging from 6,000 to 98,000, with fibrinogen
levels less than 100 mg/dL; whereas, D-dimers are
elevated. Prothrombin times (PT) and activated partial
thromboplastin time (PTT) can range from normal to
significantly prolonged. Additionally, anemia can be
present at diagnosis as a consequence of intravascular
hemolysis, including red blood cell fragmentation,
elevated LDH, and hyperbilirubinemia.

Successful treatment of the underlying vascular
tumor is critical to the correction of KMP and to the
overall survival of patients. Children with KMP can
die of hemorrhage or invasion/compression of vital
structures by the vascular tumor. Mortality has ranged
from 10% to 30% in most series.

A curative therapy of KMP can only be achieved by
treatment of the underlying vascular tumor. However,
supportive care to maintain hemostasis is necessary.
Platelet transfusions should be reserved for active
bleeding or in preparation for surgery or procedures.
Aminocaproic acid and local measures may be helpful
to reduce the need for platelet transfusions. Antiplatelet
agents, such as acetylsalicylic acid and dipyridamole,
have been used to reduce platelet aggregation within
the vascular tumor. Treatment of hypofibrinogenemia
with cryoprecipitate and prolonged PT or PTT with
fresh frozen plasma should be a clinical decision rather
than correction of a laboratory result. Symptomatic
anemia should be treated with red blood cell
transfusions.
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