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Abstract

While a melanoma may be suspected clini-
cally, a definitive diagnosis usually requires
pathologic assessment of a tissue biopsy. Path-
ologic diagnosis of melanoma requires evalu-
ation of changes in the architectural and
cytologic features and must be interpreted in
the clinical context of the biopsy including the
age of the patient and site of the lesion. The
pathology report should document pathologic
features important for guiding patient manage-
ment, including those characteristics upon
which the diagnosis was based and also
prognostic factors. The traditional Clark-
McGovern classification of melanoma has
been validated to have molecular underpin-
ning, and in the 2018 World Health Organiza-
tion Classification of Skin Tumors, clinical,
epidemiologic, pathologic, and molecular fea-
tures have been integrated to define nine path-
ways of melanoma pathogenesis. Recent

molecular studies have also opened new ave-
nues for the treatment of patients with meta-
static melanoma, and molecular pathology is
likely to play an important role in the
expanding field of personalized melanoma
therapy.

Keywords
Classification - Diagnosis - Melanoma -
Pathology - Prognosis

Introduction

For accurate diagnosis and appropriate manage-
ment, melanoma patients are reliant on the knowl-
edge, skills, and experience of both their treating
clinician and their pathologist. The prognosis and
further management of patients with primary cuta-
neous melanoma are determined to a major extent
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by the histopathological diagnosis and a number
of crucial, pathologically assessed/measured
parameters. These tumor parameters include
thickness, ulceration, tumor mitotic rate, and
whether or not the tumor involves the resection
margins. For patients with metastatic melanoma,
the presence of an oncogenic BRAF mutation and
other factors such as the distribution and density
of tumor-infiltrating lymphocytes and tumor
mutation burden may also influence patient man-
agement. Pathologists should possess a thorough
knowledge of the factors that are important in
determining a melanoma patient’s prognosis and
management and provide both clinician and
patient with the information required to make the
most appropriate decisions. In turn, knowledge of
the pathology and diagnostic features of
melanocytic tumors will assist clinicians to avoid
potential diagnostic pitfalls, enable them to better
understand diagnostic problems, and allow them
to manage difficult cases more effectively.

The Role and Challenges of Pathologic
Assessment of Melanocytic Tumors

For any atypical pigmented lesion, the primary
goal of pathologic assessment is to determine
whether it is benign (i.e., a nevus or other benign

lesion) or malignant (i.e., a melanoma). If it is a
melanoma, the secondary goal is to determine its
metastatic potential (i.e., the risk of it spreading
elsewhere) and the risk it will cause death of the
patient. For those who have not attempted to do
so, these may appear simple tasks. However, in
reality the pathologic diagnosis of melanocytic
tumors can be one of the most difficult areas of
diagnostic histopathology (van Dijk et al. 2008;
Veenhuizen et al. 1997). Microscopic diagnosis of
melanocytic tumors requires a sound knowledge
of diagnostic criteria, an awareness of potential
pitfalls and an ability to make a logical and rea-
soned judgment on the basis of all information
available (McCarthy and Scolyer 2004). A range
of architectural and cytologic characteristics and
features of the host response must be assessed and
correlated with clinical data including the age of
the patient and site of the lesion (Elder 2006). Part
of the difficulty arises because each individual
pathologic feature can occur both in nevi and in
melanoma, and no single feature can be consid-
ered definitively diagnostic of a particular disease
entity. For example, both Spitz nevi and mela-
noma often include large epithelioid cells and
dermal mitotic figures and may show pagetoid
epidermal invasion (Fig. 1) (Crotty et al. 2002;
Scolyer et al. 2002; Dahlstrom et al. 2004;
Petronic-Rosic et al. 2004). Hence, in this

Fig. 1 (a and b). Spitz nevus. Seven-year-old girl, back
lesion. Spitz nevi share many histopathologic features with
melanoma and in some cases may be difficult to distinguish
from melanoma. This Spitz nevus shows symmetry, lateral

circumscription, epidermal thickening, hypergranulosis,
a “rain down” pattern in the superficial dermis, uniform
cells with eosinophilic cytoplasm, paucity of mitotic fig-
ures, and maturation with depth
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example, none of these features can be used alone
to determine whether a particular tumor is benign
or malignant. Furthermore, while Spitz nevi usu-
ally occur in children and melanomas in adults,
either tumor can occur in patients at any age.
Because of such difficulties, the pathologic diag-
nosis of melanocytic tumors also requires experi-
ence and considerable judgment. Only by
integrating all available clinical and pathologic
data can a correct pathologic diagnosis be made.
A pathologist can render an unequivocal path-
ologic diagnosis of nevus or melanoma accu-
rately, reproducibly, and rapidly in most cases.
However, there is a small subset of melanocytic
tumors for which it is difficult, even for experts, to
accurately predict their biologic behavior. Such
difficulties were highlighted in the disturbing
results of one study of atypical melanocytic
tumors with spitzoid features which were
reviewed by 10 international pathologist experts
in the diagnosis of melanocytic (Barnhill et al.
1999). In some melanocytic lesions that proved
lethal, more than half of the experts considered
the lesion benign, and in more than one half of the
cases, there was no unanimous view among the
experts as to whether the lesion was a nevus or
melanoma. Others have reported similar problem
(Cerroni and Kerl 2001; Gerami et al. 2014). It is
important for clinicians to be aware of such diffi-
culties and for pathologists to clearly communi-
cate in their report when there is uncertainty of the
malignant potential of a melanocytic tumor and, in
such instances, to consider the need for further
expert opinions. While clearly the safest course
of action would be to manage histologically
ambiguous melanocytic tumors as melanoma,
this is not always appropriate (Thompson and
Scolyer 2004; Elder and Xu 2004). For example,
the patient may have significant medical
comorbidities making the risk of surgery and/or
sentinel node biopsy unacceptably high or the
lesion may involve a cosmetically or functionally
sensitive anatomic site where wide local excision
may result in disfigurement that is unacceptable to
the patient. Molecular techniques are already
assisting in the classification of melanocytic
tumors (see chapter » “Molecular Pathology and
Genomics of Melanoma”). Nevertheless, until the
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diagnostic and prognostic value of such methods
is established, pathologic diagnosis will remain
the “gold standard” for the diagnosis of
melanocytic tumors.

Biopsying Clinically Suspicious
Pigmented Tumors

The type of biopsy performed may affect the
accuracy of pathology evaluation of a melanocytic
tumor. Although clinical considerations are impor-
tant in determining the most appropriate biopsy
technique, an excision biopsy with 2 mm mar-
gins is preferred as this offers the best opportu-
nity for correct pathologic diagnosis (Thompson
et al. 2005; Swetter et al. 2019). Incomplete
biopsies of melanocytic tumors (punch, incision,
curette and some superficial shave biopsies)
may contribute to pathologic misdiagnosis, either
by providing unrepresentative sampling of a het-
erogeneous tumor (i.e., a partial biopsy may sam-
ple only the benign part of a lesion and miss a
coexisting melanoma) or by providing insufficient
tissue for adequate assessment of the pathologic
criteria necessary to permit correct diagnosis.
Furthermore, superficial biopsies that do not
show the entire lesion will not allow an accurate
measurement of the Breslow tumor thickness
(Fig. 2) (Scolyer et al. 2006). However, a deep
“scoop” shave biopsy can provide complete infor-
mation about a relatively small, superficial lesion
such as a dysplastic nevus where the purpose of
the biopsy is to rule out melanoma, and a very
broad superficial shave biopsy can be successful
in demonstrating the essential features of a very
broad in situ lesion such as a lentigo maligna,
where invasion is suspected to be absent or min-
imal (Swetter et al. 2019). Another potential pit-
fall that may follow incomplete biopsy of a nevus
is that it may regrow from residual nevocytes
after incomplete removal. Regenerating nevi
often display many histologic features that com-
monly occur in melanomas (pagetoid epidermal
invasion, cytologic atypia, occasional dermal
mitotic figures, and HMB45 positivity). For
these reasons such lesions have sometimes been
termed “pseudomelanomas” (an unfortunate and
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Fig. 2 Punch biopsy of a melanocytic tumor. Sixty-four-
year-old male, shoulder lesion. This punch biopsy shows
part of a subtle melanocytic junctional tumor. Partial biop-
sies of melanocytic tumors may provide unrepresentative
sampling and therefore may result in misdiagnosis and
inappropriate or delayed patient management. If there are
no clinical reasons to do otherwise, an excision biopsy with
2 mm margins is recommended for the diagnosis of any
atypical pigmented lesion for which there is clinical con-
cern about the possibility of melanoma

misleading term) and are prone to overdiagnosis
as melanomas (Dymock and Menz 1986;
Kornberg and Ackerman 1975; Suster 1986).
Because accurate assessment of pathologic fea-
tures of a primary melanoma allows a reliable
estimate of prognosis and guides selection of
appropriate management (width of excision mar-
gins, appropriateness of sentinel node biopsy),
inaccuracy of pathologic assessment can have
serious clinical repercussions.

Pathologic Assessment of Primary
Melanomas

Biopsy specimens of primary cutaneous mela-
noma should be placed in a suitable fixative such
as 10% buffered formalin from 6 to 48 h prior to
dissection. The specimen is carefully examined
macroscopically. The dimensions of the specimen
are measured including a detailed description of
the lesion (size, shape, color, border, and contour)
and its proximity to the resection margins. The
presence of marking sutures or clips should be
indicated on the pathology request form and
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noted in the pathology report. For smaller speci-
mens the entire specimen should be processed.
The surgical margins should be inked. In general,
excision biopsies should be sliced transversely in
2-3 mm slices, sequentially including through the
center or thickest part of the lesion. For lesions
less than 3 cm in diameter, the entire lesion should
be embedded for microscopic examination. The
tissue blocks should be selected to facilitate
microscopic assessment of the thickest portion of
the tumor and determination of the relationship of
the tumor to the surgical margins. In many cases,
it is prudent to examine microscopic sections cut
at intervals (levels) through each tissue block. The
skin surface and cut surfaces of wide excision
specimens should be examined carefully for mac-
roscopic evidence of residual tumor and then seri-
ally sectioned into 2-3 mm slices. If the
melanoma was completely excised and had no
unusual features (such as desmoplasia or
neurotropism) in the original biopsy and there is
no suspicion of residual tumor on visual inspec-
tion then it may be sufficient to submit only one or
two slices from the center of the scar for micro-
scopic examination (Martin et al. 1998; Johnson
and Sviland 1998; Kirkham 1998). Frozen section
examination is not recommended for the assess-
ment of primary cutaneous melanocytic tumors
because the significant artifacts caused by freez-
ing the tissue may compromise subsequent anal-
ysis of paraffin-embedded sections.

Accuracy of Pathologic Assessment Is
Enhanced by Clinical Correlation

Although correlating clinical and pathologic fea-
tures is critical for optimal patient care, it is a
source of great frustration that little useful clinical
information is provided on many pathology
request forms submitted with pigmented skin
tumor samples. In a recent study from the Victo-
rian Melanoma Service in Australia, no useful
clinical information whatsoever was provided in
almost one half of 1,200 primary cutaneous mel-
anomas diagnosed over a 10-year period (Scolyer
et al. 2019). Although in most instances a final
pathologic diagnosis can be made with minimal



Classification and Histopathology of Melanoma

clinical information, some difficult problems
require close and detailed communication
between the clinician and the pathologist (Scolyer
et al. 2004a, 2005). For example, trauma, topical
treatments, pregnancy, or recent sun burn in
benign melanocytic lesions may cause histologic
changes that are usually seen in melanoma
(Scolyer et al. 2004a). Lack of awareness of
such clinical details may therefore lead to mis-
diagnosis. It is also important that clinicians
inform pathologists of involvement of the margins
in any previous biopsy and the histologic subtype
and microstage of a previously biopsied mela-
noma because these factors may influence how
the specimen is examined pathologically and
therefore the accuracy of the pathology report.
For example, desmoplastic melanoma may be
extremely difficult to distinguish from scar tissue
on histology (McCarthy et al. 2006; Chorny and
Barr 2002; Robson et al. 2001). In this situation,
very careful microscopy and the use of immuno-
histochemical analysis for markers such as S100
and SOX10 may be necessary for accurate diag-
nosis (McCarthy et al. 2004). On the other hand,
immunostaining is unlikely to be used routinely in
the examination of wide excision specimens if the
pathologist is unaware that a previous biopsy
disclosed desmoplastic melanoma. These exam-
ples indicate clearly that lack of clinicopathologic
correlation may contribute to diagnostic errors.

The Role of Specimen Orientation

Orienting specimens with marking sutures
(or other techniques) at the time of surgery is
often helpful to pathologists if assessment of sur-
gical margins is critical in determining the need
for or extent of further surgery (Fig. 3). The
pathologist should, in turn, assist the clinician by
providing a specimen diagram or photograph that
accurately illustrates the extent of the tumor and
its proximity to the resection margins. Photogra-
phy can also be helpful when assessing clinically
heterogeneous lesions. By reviewing clinical pho-
tographs of the lesion with the pathologist, the
clinician can direct the pathologist to areas of
particular clinical concern, such as possible
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regression or recent change in color, and therefore
improve clinicopathologic correlation. This is
especially helpful when new techniques or clini-
cal skills, such as dermoscopy or confocal micros-
copy, are being refined (Crotty and Menzies
2004). When there is a focal area of change within
a preexisting lesion, it is critical that this area is
examined microscopically by the pathologist to
determine whether it represents a melanoma
developing within a nevus or other benign lesion.
It has been shown that scoring the area of concern
with a superficial punch technique extending
through the epidermis into the superficial dermis
can improve the accuracy of melanoma diagnosis
in this scenario (Grogan et al. 2018).

Melanoma Tumor Progression: The
Concept of Radial and Vertical Growth
Phases

The majority of melanomas are characterized by
an initial, relatively indolent, phase of growth
which clinically appear as irregular, variably
pigmented and flat lesions with irregular periph-
eral margins (Clark et al. 1984, 1986, 1989; Elder
et al. 1980, 1984; Herlyn et al. 1985). This phase
is termed the radial growth phase (RGP) and is
characterized by progressive radial or horizontal
spread in the skin. In the absence of regression, it
has been proposed that melanomas in the radial
growth phase have no capacity to metastasize and
are therefore cured by complete excision (Clark
et al. 1984). Such proliferations are usually con-
fined to the epidermis (in situ melanoma) but may
also show microinvasion into the superficial der-
mis (Fig. 4). Microinvasive melanoma or invasive
melanoma without vertical growth phase is
defined as a melanoma invasive to the superficial,
papillary dermis in which there are no dermal
nests of melanoma cells larger than the largest
epidermal nest and no dermal mitotic figures
(Elder 2006). In contrast, melanomas in the verti-
cal growth phase (VGP) have been defined as
those showing dermal mitotic figures or dermal
nests larger than any epidermal nest; such lesions
are reportedly capable of metastasizing (Lefevre
et al. 2003; Elder et al. 1984).
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Fig. 3 Seventy-five-year-old female, melanoma left tem-
ple. A. There is an old skin graft site related to a previous
non-melanoma skin cancer, and this was included in the
excision because the graft site was causing the patient some
discomfort. The vertical primary melanoma scar is present
in the inferior part of the specimen. Melanoma involved the
margins of the original excision site. B. The re-excision

The identification of the pathologic features
that define the distinction of the RGP and VGP
in superficial dermally invasive melanoma may be
dependent on how the specimen is prosected

specimen is orientated with a marking suture inferiorly.
The lines and letters indicate where the tissue blocks
were taken. The asterixes indicate where residual tumor
involved the margins. C. Microscopic photograph showing
tumor extending to the inferior margin as marked on the
excision specimen

macroscopically and on the number of sections
examined microscopically. For example, the prob-
ability of identifying rare dermal mitotic figures in
a thin, invasive melanoma will increase as more
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Fig. 4 Microinvasive radial growth phase melanoma.
Seventy-six-year-old female, lesion of cheek. By defini-
tion, for microinvasive radial growth phase melanoma the
largest dermal nest of melanoma cells must be no greater in
size than the largest epidermal nest and no dermal mitotic
figures should be identified

microscopic sections are examined. For this rea-
son, some experts are loath to state categorically
that any dermal invasive melanoma is incapable
of metastasizing even when it appears to be in the
RGP. Nevertheless, in one major study, all of
161 patients whose pure RGP-confined melano-
mas showed no histologic evidence of regression
in the primary excision specimen had metastasis-
free survival at a median follow-up of 13.7 years
(Guerry et al. 1993). However, exceptional cases
are reported and the number of metastasizing RGP
lesions, though small, continues to increase
(Guerry et al. 1993; Taran and Heenan 2001;
Guitart et al. 2002; Berman 2006; Cook et al.
2002). The risk of metastasis in RGP melanoma
is increased when there is regression and high
lymphatic vessel density (Yun et al. 2011).
Patients with RGP-confined melanomas tend
to be younger than those with VGP melanoma
(Guerry et al. 1993). Later in its evolution, VGP
melanomas may form an expansile nodule and
aggressively invade the reticular dermis and/or
subcutaneous fat. For patients with VGP mela-
noma, their prognosis is directly related to the
measured Breslow thickness (Breslow 1970) and
to other histologic parameters as discussed below
(Clark et al. 1969, 1986; Busam and Barnhill
1995; Crowson et al. 2001b; Day et al. 1981,
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1982¢c, a, b; Balch et al. 1978, 1980, 1982,
2001b; Harrist et al. 1984; Leon et al. 1991).

Pathways of Melanoma Pathogenesis
and Clinicopathologic Classification
of Melanoma

Traditionally, melanoma has been classified into
“histogenetic” subtypes based on proposals by
Clark (Clark 1967; Clark et al. 1969; Busam and
Barnhill 1995; Crowson et al. 2001b), McGovern
(McGovern 1970, 1972) and others (Crowson
et al. 2001a; Barnhill 1995; Scolyer et al. 2011).
A formal classification of melanoma was devel-
oped at a consensus conference held during the
joint meeting of the International Union Against
Cancer and International Pigment Cell Society in
Sydney in 1972 (McGovern et al. 1973) and was
updated in 1982 (McGovern et al. 1986). This
classification included four major subtypes of
melanoma: superficial spreading melanoma
(SSM), lentigo maligna melanoma (LMM), acral
lentiginous melanoma (ALM), and nodular
melanoma (NM). The distinction between these
major subtypes is based on a lesion’s histologic
features, anatomic site and the degree of solar
damage in the adjacent skin. The distribution of
intracpidermal melanocytes during the early
phase of melanoma growth (i.e., the RGP) is
most important. SSM, LMM, and ALM are all
distinguished based on the pattern of their RGP.
NM was proposed as a fourth category for lesions
lacking a RGP extending significantly beyond the
VGP component. There are also clinical differ-
ences between the histogenetic subtypes of mela-
noma such as their peak age incidence,
commonest anatomic site and degree of solar
exposure, and in some instances the approach to
management may vary with subtype (Swetter
et al. 2019). Interestingly this traditional histoge-
netic classification has now essentially been
validated by genetic analysis (see chapter

“Molecular Pathology and Genomics of Mela-
noma”) (Curtin et al. 2005; Saldanha et al. 2006).
The frequency of each of the major subtypes of
melanomas varies considerably in different
patient populations. For example, there is a higher


https://doi.org/10.1007/978-3-030-05070-2_41
https://doi.org/10.1007/978-3-030-05070-2_41

326

incidence of LMMs in Caucasians living in sub-
tropical and tropical areas and of ALM in Japa-
nese and other Asian populations, while the
absolute incidence of this (and likely also other
“non-solar” melanomas) remains more or less
constant in different ethnicities (Swetter et al.
2005; Elder 1995).

Other less common but clinicopathologically
distinctive forms of melanoma have also been
described (Jelfs et al. 1994). These include
desmoplastic melanoma (Conley et al. 1971),
melanoma arising within (or resembling) a blue
nevus (so-called malignant cellular blue nevus)
(Merkow et al. 1969; Granter et al. 2001) nevoid
melanoma (Schmoeckel et al. 1985), mucosal
melanoma, and a form of melanoma with prom-
inent melanin synthesis termed pigment-synthe-
sizing, equine-type (animal-type) melanoma
(Crowson et al. 1999). The latter lesion (or a
subset) has been described as pigmented epithe-
lioid melanocytoma (Zembowicz et al. 2004).

Expanding upon the work of Bastian (2014),
the fourth edition of the World Health Organiza-
tion (WHO) Classification of Skin Tumors,
published in 2018, classifies melanoma on the
basis of clinical, pathologic, and molecular fea-
tures (Table 1). Nine pathways to melanoma

Table 1 Pathogenetic pathways to melanoma formation
as defined by the World Health Organization Classification
of Skin Tumours fourth edition (2018)

Site of disease Pathway | Melanoma subtype
Melanomas 1 Low CSD melanoma/
arising in superficial spreading
sun-exposed melanoma
skin 2 High CSD melanoma/
lentigo maligna
melanoma
3 Desmoplastic melanoma
Melanomas 4 Malignant Spitz tumor
arising in (Spitz melanoma)
sup-shielded 5 Acral melanoma
skin or 6 Mucosal melanoma
melanomas .
. Melanoma arising in a
without known .

. . congenital nevus
association with —
UVR exposure Melanoma arising in a

blue nevus
9 Uveal melanoma

CSD cumulative sun damage, UVR ultraviolet radiation

R. A. Scolyer et al.

formation are described based upon the role of
ultraviolet light in the disease pathogenesis, the
cell (or tissue) of origin of the tumor, and the
presence of specific recurrent genetic alterations
(Table 1). The recent WHO classification also
recognizes benign precursor lesions in each path-
way and highlights the formal recognition of
lesions that are intermediate in the disease pro-
gression from benign to fully malignant tumors
(these intermediate lesions are now generally
referred to under the rubric “melanocytomas”).

In populations composed predominantly of Cau-
casians, most melanomas occur in sun-exposed
skin with either a low or high degree of cumula-
tive sun damage (CSD). However, other types of
melanomas may also occur in skin or mucosal
surfaces with no or little UV exposure and in
these melanomas ultraviolet light is thought to
play no role in their pathogenesis (Hayward
et al. 2017). The latter types of melanomas pre-
dominate in non-Caucasian populations.

The biologic behavior of the various subtypes
of melanoma when matched for other important
clinical and pathologic prognostic parameters is
not significantly different (i.e., the estimate of
prognosis for a patient with a clinically localized
melanoma is principally related to the Breslow
thickness of the tumor rather than its histogenetic
subtype) for most melanoma subtypes with a few
notable exceptions (as detailed below) (Ackerman
and David 1986). It has even been suggested that
subclassification of melanoma is irrelevant.
Despite such extreme opinions, the subclassifica-
tion of melanoma highlights many important clin-
ical, pathologic, and molecular features of
melanomas (including melanomas occurring at
certain anatomic sites) a number of which are of
great practical importance in establishing the cor-
rect diagnosis clinically and microscopically.

Low Cumulative Sun Damage
Melanoma/Superficial Spreading
Melanoma

Also known as pagetoid melanoma (reflecting its
frequent histologic finding of prominent pagetoid
epidermal invasion), SSM is the commonest form
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of RGP and comprises 70—-75% of all melanomas
in most European-derived populations (Busam
and Barnhill 1995; Crowson et al. 2001b; Guerry
et al. 1993; Taran and Heenan 2001; Clark et al.
1984). Clinically and microscopically SSM may
arise at any anatomic location but occurs most
often on the trunk and sun-exposed areas of
upper arms and lower legs (Holman et al. 1983;
Holman and Armstrong 1984). It occurs in rela-
tively younger patients (compared with high CSD
melanomas) and is usually associated with a low
or moderate degree of CSD in the adjacent skin.
Melanoma arising in a preexisting dysplastic
nevus (atypical mole) is usually of superficial
spreading type (Clark et al. 1978). Clinical fea-
tures of SSM and other melanoma subtypes are
discussed in more detail in chapter » “Clinical
Presentations of Melanoma” (or Part VI, “Uncom-
mon Presentations of Melanoma”). Genetically,
low CSD melanomas are usually characterized
by the presence of a BRAFV600E mutation.
They are also associated with a high mutation
burden, a strong UV mutation signature, and mul-
tiple DNA copy number changes (Hayward et al.
2017).

By definition, SSM must have a RGP (Busam
and Barnhill 1995; Crowson et al. 2001b). The
RGP is initially confined to the epidermis (Clark
1967; Clark et al. 1969, 1984, 1986; Guerry et al.
1993; Taran and Heenan 2001) and usually is
formed by cells with an epithelioid cytology and
with pagetoid disposition of variably sized nests
and single cells percolating through the entire
epidermis up to the corneal layer (Fig. 5). The
melanoma cells usually have round or oval nuclei
with thick rims of chromatin, macronucleoli, and
abundant eosinophilic or clear cytoplasm that may
contain melanin granules. The latter are of vari-
able size and shape but are mostly small as they
represent single melanosomes. Scattered mitotic
figures are usually present. The epidermis associ-
ated with the melanoma is often thickened com-
pared to adjacent skin. The peripheral edge of the
tumor is usually sharply demarcated.

The presence of a lymphocytic infiltrate in the
papillary dermis underlying an SSM may herald
the onset of microinvasion. Although delicate
fibroplasia is common in the superficial dermis
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Fig. 5 Superficial spreading melanoma. Forty-four-year-
old male, lesion of back. Numerous melanoma cells show
upward pagetoid scatter in the thickened epidermis. The
melanoma cells have large pleomorphic nuclei with vesic-
ular chromatin and prominent nucleoli and a moderate
amount of pale staining cytoplasm

below the SSM, well-organized lamellar fibrosis
around rete ridges, as seen in dysplastic nevi, is
uncommon in RGP melanoma, except in the areas
where there is a contiguous, associated dysplastic
nevus.

The next phase in the progression of RGP of
SSM is extension of microinvasive melanoma
into the papillary dermis (Fig. 4). This extension
comprises nested and singly dispersed cells cyto-
logically similar to the intraepidermal cells, albeit
often with more abundant cytoplasm. The nests
should not be larger than those along the
dermoepidermal junction and dermal mitotic fig-
ures should not be identified. The presence of
either of these features indicates progression to
VGP (Fig. 5).

In contrast to NM, there is extension of the
radial growth phase intraepidermal component
past the confines of the invasive, dermal compo-
nent (Fig. 6) (Clark et al. 1969). In the absence of
regression, RGP melanoma is very infrequently
associated with metastasis (Guerry et al. 1993;
Taran and Heenan 2001; Ronan et al. 1987; Para-
dela et al. 2010), although there are rare excep-
tions to this rule, with late-developing metastases
(Guitart et al. 2002; Berman 2006; Cook et al.
2002; Yun et al. 2011). As discussed in more
detail below, regression is characterized
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Fig. 6 Superficial spreading melanoma. Thirty-year-old
female, lesion of thigh. Extension of the radial growth
phase component of a melanoma (three rete ridges) beyond
the invasive vertical growth phase component is integral to
the definition of superficial spreading melanoma and is best
appreciated at low power magnification

microscopically by fibroplasia forming a band of
fibers parallel to the epidermal surface, vertically
oriented ectatic vessels within the collagenized
zone, and admixed melanophages (Fig. 22). An
infiltrate of lymphocytes and plasma cells and
stromal edema may also be present. Melanoma
cells are absent in the zone of regression although
residual tumor may be present on either or both
sides. Distinguishing a zone of regression from
scarring (such as that related to trauma or previous
shave biopsy) can be very difficult and may some-
times be impossible without a corroborative
history.

Pitfalls

Melanoma in situ may be mimicked by other
malignant intraepidermal lesions exhibiting
a pagetoid pattern including Paget disease
(an intraepidermal proliferation of malignant
epithelial cells, usually with apocrine or eccrine
differentiation), Pagetoid Bowen’s disease (squa-
mous cell carcinoma in situ), intraepidermal seba-
ceous carcinoma, epidermotropic Merkel cell
carcinoma, and other malignant skin adnexal neo-
plasms (Haupt and Stern 1995; Petronic-Rosic
et al. 2004). Careful attention to morphologic
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features and the judicious use of appropriate his-
tochemical and immunohistochemical stains
should facilitate their distinction in problematic
cases.

High-Cumulative Sun Damage
Melanoma/Lentigo Maligna
Melanoma

Lentigo maligna (Hutchinson’s melanotic freckle,
precancerous melanosis of Dubreuilh) usually
occurs on sun-exposed skin of elderly persons
(though younger individuals may be affected in
regions of high sunlight exposure). It most often
occurs on the face and the head and neck region,
and less commonly on extrafacial locations
(Hutchinson 1890; Dubreuilh 1894; Clark and
Mihm 1969; Cox et al. 1996, 1998; Finan and
Perry 1982). Lentigo maligna has sometimes
been designated as melanoma in situ (Finan and
Perry 1982), although some authors have
suggested that it constitutes a premalignant
phase in melanoma progression (Tannous et al.
2000) The term LMM is sometimes applied to
invasive melanoma on chronically sun-damaged
skin, as a contradistinction between in situ
(lentigo maligna) and invasive (LMM). In our
opinion, it is preferable to indicate if a lesion of
LMM is either in situ or invasive. The lifetime risk
of invasive melanoma arising in lentigo maligna is
estimated to be 5% and 30% (Weinstock and
Sober 1987; Menzies et al. 2019). Long-term
exposure to ultraviolet irradiation is the main
risk factor for lentigo maligna, and the diagnosis
should not be made if the lesion occurs on skin
that histologically shows no evidence of solar
elastosis (Little et al. 1980). Predominant muta-
tions include NF1, NRAS, BRAFnon-V600E, and
perhaps KIT. High CSD melanomas typically
show a very high mutation burden, a strong UV
radiation mutation signature, and multiple DNA
copy number changes.

Lentigo maligna is usually characterized histo-
logically by polygonal-shaped melanoma cells
with variably sized, hyperchromatic, angulated
nuclei dispersed singly and, initially, confined to
the basal layer of epidermis in a discontinuous
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lentiginous pattern with extension down into
eccrine ducts and hair follicles (Figs. 7 and 8). A
characteristic cytologic feature is the presence of
multinucleated giant melanoma cells disposed
along the basal layer of the epidermis. These are
termed “star-burst giant cells,” and are identified
in up to 85% of cases of lentigo maligna (Cohen
1995, 1996; Cohen et al. 1994), although similar
cells can be seen in benign melanocytic lesions.

Fig. 7 Early phase lentigo maligna. Sixty-seven-year-old
female, lesion of cheek. Lentigo maligna is characterized
pathologically by an increase in atypical junctional mela-
nocytes occurring in severely sun-damaged skin. The latter
is manifest by epidermal atrophy with loss of rete ridges
and superficial dermal solar elastosis (the pale blue zone in
the superficial dermis)

Fig. 8 Lentigo maligna. Seventy-seven-year-old female,
lesion of ear. Extension of the lentiginous proliferation of
atypical melanocytes down skin appendageal structures is
common in lentigo maligna
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The epidermis in lentigo maligna is characteristi-
cally atrophic, manifesting thinning and loss of
rete ridges, and there is underlying elastotic der-
mal collagen often associated with telangiectasia
and melanophages (Tannous et al. 2000). As the
lesion progresses, there is a confluent (back-to-
back/side-by-side/cheek-by-jowl) pattern of growth
of atypical melanocytes along the basal layer of
the epidermis. This is followed by the develop-
ment of a nested growth pattern comprising var-
iably sized discohesive junctional nests along the
dermoepidermal junction that often assume a
disposition parallel to the long axis of the epider-
mis to form distinctive oblong “swallow’s nests.”
Compared to SSM, LMM generally exhibits less
pagetoid scatter, less nesting, a more poorly
circumscribed border, less epidermal thickening
and less pigment, and more elastosis (Viros et al.
2008). With progression, there is more promi-
nent suprabasilar pagetoid infiltration, usually
of epithelioid cells similar to those observed in
SSM, perhaps representing a “final common
pathway.” These findings are harbingers of
the next phase of lesional evolution, dermal
invasion.

The presence of a lichenoid infiltrate with
admixed melanophages in a sclerotic papillary
dermis may provide a clue to evolution from in
situ to microinvasive melanoma. At first, the
inflamed papillary dermis is penetrated by single
melanoma cells. The cytology of the micro-
invasive cells is usually identical to the epidermal
component, i.e., with an epithelioid or nevoid
morphology and variably pigmented cytoplasm
and are usually readily distinguishable from
pigment-laden macrophages by their morphologic
characteristics. Nevertheless, immunohistochem-
istry for melanoma markers such as SOX10,
S100, HMB45, or MelanA and the macrophage
marker CD68 may on occasion assist in the latter
distinction. Metastases from such microinvasive
foci are rare (in the absence of regression) (Guerry
et al. 1993; Taran and Heenan 2001; Yun et al.
2011). In the absence of unequivocal invasive
melanoma, regressive stromal changes including
neovascularization and an inflammatory host
response raise the possibility that prior micro-
invasion may have occurred. At our institutions,
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we usually indicate the latter in the pathology
report with information along the lines of: “Mel-
anoma in situ, lentigo maligna type, with histo-
logic features consistent with dermal regression.”

As with SSM, the progression of LMM from a
RGP to a VGP is characterized by the formation of
tumor within the dermis that exceeds the size of
any nest within the epidermis or by the presence
of any dermal mitotic figure. The VGP cells in
LMM are often fusiform (spindled) or nevoid in
appearance. As discussed in more detail below,
the VGP of LMM may take the form of
desmoplastic melanoma. This is characterized by
spindled melanoma cells associated with and sep-
arated by variable stromal desmoplasia often also
involving dermal or subcutaneous nerves (peri-
neural invasion/neurotropism).

Pitfalls

Not all cases of lentigo maligna have the proto-
typic appearance. In some cases, the epidermis is
hyperplastic with rete elongation and some der-
mal fibrosis along the rete ridges resembling a
dysplastic nevus (Farrahi et al. 2005). The dis-
tinction is made by identifying foci more typical
of lentigo maligna. Incomplete biopsies (such as
punch, small ellipses, and some shave biopsies)
may therefore provide unrepresentative sam-
pling and represent a diagnostic pitfall. Clinico-
pathologic correlation may help prevent
misdiagnosis.

It is often truly difficult to ascertain whether a
low- to moderate-density proliferation of singly
disposed atypical melanocytes in the basal epider-
mis of sun-damaged skin represents true early
lentigo maligna or just melanocytic hyperplasia
related to photoactivation (also termed solar
melanocytosis) in chronically sun-damaged skin
(Gilchrest etal. 1979; Montagna et al. 1989; Gross
et al. 1999; Acker et al. 2001; Bahwan 1997).
This is not surprising since both processes form
a morphologic continuum. Sun-induced atypical
melanocytic proliferations simulate LMM micro-
scopically, but have less pronounced atypia and
lack the density, nesting, or upward migration by
melanocytes of LM.
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Assessment of level of invasion in LMM may
be difficult as the dermis is often thin with abun-
dant elastotic material obscuring the demarcation
between papillary and reticular dermis. Invasion
of the perifollicular stroma in hair follicles
extending into the reticular dermis may be mis-
interpreted as true level IV melanoma, especially
if the section is tangential and does not include the
follicular epithelium. Thickness measurements
should not be based on perifollicular extension
except if that is the only invasion discernible
(Dodds et al. 2018). In that circumstance, depth
is most appropriately measured from the limit of
infiltration of the perifollicular dermis to the inner
layer of the outer root sheath epithelium or to the
center of the follicle.

Assessment of Excision Margins

in Lentigo Maligna

There is often a tendency for the lesional cells in
lentigo maligna to “trail off” at the periphery such
that there is a gradual diminution in both the
number of melanocytes and their degree of atypia,
and these changes merge with those of
sun-induced melanocytic proliferations (Scolyer
et al. 2004a). For these reasons, assessment of
the distance between the tumor and the margins
of excision can be subjective and imprecise. In our
experience, overestimation by pathologists of the
significance of melanocytic hyperplasia and
atypia due to photoactivation is a common event,
particularly when en face sections are used to
examine margins. Examination of a “mirror-
image” biopsy taken from the opposite site of
the face may assist interpretation (Gross et al.
1999).

Acral Melanoma

Acral melanoma (AM) occurs mainly on the
palms, soles, subungual regions, and digits.
Such melanomas probably occur at a similar
incidence among racial groups but are propor-
tionately more common in those of African and
Asian origin because of the lesser frequency of
solar-induced melanomas at other sites in such
populations. AM is similar microscopically to
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melanoma in mucosal areas (which is therefore
usually designated as mucosal lentiginous mel-
anoma) (Kato et al. 1996, 1999; Harmelin et al.
1998; Cho et al. 1998; Yasuoka et al. 1999;
Kuchelmeister et al. 2000; Levit et al. 2000;
Krige et al. 1995; Jimbow et al. 1984; Cascinelli
et al. 1994; Ridgeway et al. 1995; Chang et al.
1998; Saida 2000). Although usually
pigmented, a rare AM is amelanotic (Yasuoka
etal. 1999). Not all acral melanomas are of acral
lentiginous type; in one series of 62 plantar mel-
anomas, 14.5% were classified as NM and 3.2%
as SSM (Kato et al. 1999). SSMs in acral sites in
Caucasians are most frequent on the dorsal
aspect of the hands and feet (Kuchelmeister
et al. 2000). AM is characterized by a relatively
low mutation burden, absent UV radiation muta-
tion signatures, and multiple chromosomal com-
plex structural rearrangements. AM often has
multiple amplifications of genes such as
CCNDI1, KIT, and TERT, although these do not
as yet have therapeutic importance since they are
not readily targeted with currently available
molecular therapies. BRAF and NRAS mutations
occur in a proportion of AM (about 10-15%) but
are much less frequent than in CSD melanomas.
KIT mutations occur in about 10% of AM, and
some patients with advanced AM respond to
KIT inhibitor targeted therapy.

The early stages of AM in situ are character-
ized by scattered single, atypical, often angulated
melanocytes with scant cytoplasm, along the junc-
tional zone and may be associated with a junc-
tional/subjunctional infiltrate of tumor-infiltrating
lymphocytes. Subsequently, the atypical melano-
cytes form a confluent array along the basal epi-
dermis and are often associated with epidermal
hyperplasia (Fig. 9). Transepithelial pigment
elimination with haphazard melanization of the
dense acral keratin layer is distinctly different
from the organized pigment columns seen with
benign acral nevi (these are seen only when sec-
tions are cut perpendicular to the ridge and furrow
lines). This results in the parallel ridge pattern of
pigmentation (parallel band-like pigmentation in
ridges of dermatoglyphic lines of the palms and
sole) of AM on dermoscopy (Ishihara et al. 2006).
As the RGP progresses, it often becomes

Fig. 9 Acral lentiginous melanoma in situ. Sixty-four-

year-old male, lesion of great toe. A continuous
(lentiginous) proliferation of atypical melanocytes along
the junctional zone is present in this hyperplastic epidermis

associated with pagetoid epidermal invasion,
often of epithelioid melanocytes showing an
increasing degree of cytologic atypia. Mitotic fig-
ures are often seen in the intraepidermal
component.

Invasive RGP AM shows intradermal cells in a
single-cell or nested pattern with a cytology sim-
ilar to the tumor cells in the epidermis but often
with more abundant cytoplasm and fine pigment
granules. As with SSM and LMM, nests larger
than those in the epidermis or dermal mitotic
figures signify progression to VGP melanoma
(see below).

It has been identified that histologically nor-
mal melanocytes in apparently uninvolved skin
adjacent to acral melanomas harbor genetic
changes that can be detected by array-based
comparative genomic hybridization and fluores-
cence in situ hybridization (Bastian et al. 2000;
North et al. 2008). These “field cells” have a
mean extension of 6.1 mm beyond the histopath-
ologic margin of in situ melanomas and of
4.5 mm beyond the margin of invasive melano-
mas (North et al. 2008). It has been suggested
that such cells represent an early phase of mela-
noma that precedes melanoma in situ, and it has
been hypothesized that they provide a plausible
explanation for the tendency of acral melanomas
to recur locally despite apparently complete
excision.
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Nodular Melanoma

NMs are typically characterized by a bulky der-
mal component with an epidermal component that
does not extend more than three rete ridges
beyond the dermal VGP component (Fig. 10). In
some instances of NM, no epidermal component
may be apparent. They account for approximately
10-15% of melanomas in most predominantly
Caucasian Western populations. They may occur
in any anatomic site but are most common on the
trunk, head and neck, and legs. NM typically pre-
sents as a rapidly growing pale or pigmented
papule or nodule and may be superficially ulcer-
ated (Kelly et al. 2003; Liu et al. 2006).

It is hypothesized that NM is not a single
entity but represents a group of melanomas in
which, because of rapid growth, the
intraepidermal component is either short-lived
or no longer recognizable. The possibility of
origination from skin adnexa has also been con-
sidered. It is therefore likely that NM can occur
in melanomas of each of the other subtypes of
melanoma that are associated with a preceding
RGP. The etiology is therefore likely heteroge-
neous, paralleling that of RGP melanomas.
Although data are currently very limited, simi-
larly the mutation profile of NM likely overlaps
with other melanoma subtypes including SSM,
LMM, AM, and mucosal melanomas.

Fig. 10 Nodular melanoma. Thirty-five-year-old male,
lesion of back. Nodular melanoma is defined by the
absence of a radial growth phase extending beyond three
rete ridges of the vertical growth phase
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Histologic Features of the Vertical
Growth Phase of Melanoma

The presence of the VGP signifies the capacity of a
melanoma to metastasize. It usually appears clini-
cally as a pigmented or amelanotic nodule super-
vening within a preexisting macule or plaque
(RGP). The notable exception is NM (Fig. 9-4,
A) which by definition lacks a RGP component
extending more than three rete ridges beyond the
VGP component (Busam and Barnhill 1995;
Crowson et al. 2001b; Clark et al. 1984, 1986,
1989; Kato et al. 1995). The histologic descriptions
that follow for VGP melanoma arising in a RGP
lesion of LMM, AM, or SSM apply equally to NM.

As described above, the histologic features that
define the early VGP are the presence of at least a
dominant nest within the papillary dermis that is
larger than any nest within the epidermis or the
presence of any dermal mitotic figures. Typically,
the VGP is composed of cells that show prominent
nucleoli, coarse chromatin, and irregularly thick-
ened and/or notched nuclear membranes. Apopto-
tic cells may be observed but are not a prerequisite.
The dominant cytomorphology of the cells within
the epidermis is often epithelioid; however, those
cells of the VGP nodule may be epithelioid, ovoid,
spindled, or small, and often there is a mixture of
cell types. The cells of the VGP may show greater
cytoplasmic pigmentation than the intraepidermal
component. This may represent a form of clonal
evolution. The presence of superficial dermal
regression in a thin melanoma indicates a higher
risk of metastasis than would otherwise be the case
if regression was absent (Yun et al. 2011). The
presence of early VGP portends a risk for metas-
tasis of approximately 10% after a follow-up of
8 years (Elder et al. 1984).

In the discussion of the histologic features of
VGP melanoma below, it is classified by predom-
inant cell type to highlight its characteristics and
potential pitfalls.

Predominantly Epithelioid Cell Vertical
Growth Phase

The VGP is usually predominantly composed of
epithelioid melanocytes with a round or ovoid
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Fig. 11 Epithelioid melanoma cells. Fifty-seven-year-old
male, melanoma of the arm. The melanoma cells are large
with hyperchromatic nuclei, variably prominent and some-
times multiple nucleoli and occasional intranuclear
pseudoinclusions

cytoplasmic profile, round or oval nuclei with coarse
chromatin, prominent nucleoli, and chromatin rims
that are irregular in thickness and often notched
(Fig. 11). Cytoplasmic intranuclear pseudoinclusions
are typically seen. The cytoplasm is often abundant
with an eosinophilic or amphophilic staining quality
and a variable amount of melanin. Cell cohesion is
variable. Mitotic figures are usually present (often
deep in the dermis) and may be atypical. The latter
manifest as multipolar mitotic figures that reflect an
aneuploid DNA content (Crowson et al. 2001b). A
variable inflammatory response is seen, the nature of
which may have prognostic significance (see below).

Predominantly Spindle Cell Vertical
Growth Phase

AVGP that is composed predominantly of spindle
cells may occur in any type of melanoma but is
most common in LMM, AM, and mucosal mela-
nomas. The spindle cells may form sheets, fasci-
cles, or even a storiform architectural pattern
(Fig. 12). There is usually no diminution in cell
size from the superficial to the deep aspect of the
tumor (i.e., maturation is absent).

Desmoplastic melanoma is a variant of the spin-
dle cell VGP in which the spindled melanocytes are
separated by and associated with variable, dense
fibroplasia (see below). The spindled melanoma

Fig. 12 Predominantly spindled melanoma cells. Forty-
four-year-old female, melanoma of leg. Most of the mela-
noma cells are spindle shaped and show marked pleomor-
phism. Note that there is no prominent associated
desmoplasia and hence this is not a desmoplastic melanoma

cells are often fusiform and attenuated with
low-grade nuclear atypia but may contain large,
hyperchromatic nuclei with irregularly distributed
chromatin and multiple and/or prominent nucleoli.
Neurotropism is a common accompaniment
(30-50% of cases) and is usually manifest as peri-
neural invasion but occasionally may take the form
of intraneural invasion. Neural transformation, a
rare phenomenon where the tumor cells themselves
form nerve-like structures, is regarded as a form of
neurotropism by some authorities. Desmoplastic
melanoma cells almost invariably express S-100
protein and SOX10; however, they are usually neg-
ative for HMB45 antigen, Melan-A, and MITF in
contrast to other melanoma subtypes (Skelton et al.
1997; Busam et al. 2001). Desmoplastic melanoma,
when defined as having the above features in more
than 90% of the invasive component, has a low rate
of nodal metastasis but rather tends to recur locally,
especially when margins are positive because the
subtle proliferation is not recognized histologically,
or when there is neurotropism.

Pitfalls

In the absence of an in situ component or
intracytoplasmic melanin pigmentation, it is
important to distinguish spindle cell melanoma
from other spindle cell lesions such as atypical
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fibroxanthoma, spindle cell squamous cell carci-
noma, scar, or sarcomas (McCarthy et al. 2004).
Careful attention to morphologic features and the
judicious use of appropriate immunochemistry
should enable distinction.

Mixed Spindle Cell and Epithelioid Cell
Vertical Growth Phase

The VGP is often formed by a mixture of spindled
and epithelioid cells but usually also includes
cells with a variably eclongated appearance
(representing the spectrum of morphologic shapes
in between). The cytologic appearances are simi-
lar to those described above.

Nevoid Vertical Growth Phase (“Nevoid
Melanoma”)

A VGP composed of nevoid cells is often very
subtle and because of its histologic similarity to a
nevus is often termed nevoid melanoma (Fig. 9-4,
D and E). For this reason, it may be difficult to
diagnose and as such is a frequent source of false
negative diagnosis of melanoma leading to med-
icolegal action (particularly when the correct
diagnosis of melanoma is not made until after
the lesion has metastasized) (Troxel 2003). By
definition, the lesions resemble a nevus at low
power, but have distinguishing features including
increased cellularity with sheet-like rather than
nested growth that provide a clue to diagnosis
even at first glance (see below for more detailed
description). Histologic features that allow recog-
nition of nevoid melanoma include asymmetry at
low power, long thin rete ridges, expansile dermal
growth, an infiltrative deep margin, incomplete
maturation, a mixture of cell types, subtle nuclear
atypia (visible nucleoli and irregular chromatin),
and the presence of dermal mitotic figures
(McCarthy and Scolyer 2004). The latter are
invariably present, often frequent and sometimes
deep and atypical. Often the cells have nuclear
outlines with irregular folds, longitudinal grooves,
and conspicuous nucleoli. Cytoplasm is usually
sparse. Proliferation markers such as Ki67 may be
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increased (most studies report that more than 2%
of nuclei deeply located are positive) (Li et al.
2000). In most nevoid melanomas, absent deep
maturation is a helpful clue to distinguish it from a
banal dermal nevus. However, in some cases, the
melanocytes manifest an apparent diminution in
both nest and cell size with depth, which is a
particularly treacherous pitfall (Ruhoy et al.
2000). There may be a variable inflammatory
host response. Because most nevoid melanomas
lack a discernible RGP, they are best categorized
as an unusual subtype of NM. Although some
studies have reported that nevoid melanoma may
behave in a more indolent fashion than the other
VGP variants (Wong et al. 1993), despite a decep-
tively banal morphology, aggressive behavior is
possible.

Other Melanoma Subtypes
and Variants

Desmoplastic Melanoma

Desmoplastic melanoma (DM) is a fibrosing var-
iant of melanoma (Conley et al. 1971). It is
uncommon constituting approximately 2—4% of
melanomas referred to major melanoma centers.
Although it may be suspected clinically when a
firm nodule is noted within an area of lentigo
maligna, in a background of normal-appearing
skin, it is often mistaken for a scar/keloid,
fibroma, or basal cell carcinoma. DM usually
affects sun-damaged skin of the head and neck
area, but can occur at any site, including acral skin
and mucosae. It has a slight predilection for men
and typically occurs in the sixth to eighth decades
(Quinn et al. 1998; Busam et al. 2004; Jain and
Allen 1989; Smithers et al. 1990; Carlson et al.
1995). DM differs in several respects from the
majority of “conventional” melanomas. It tends
to have a higher local recurrence rate and a lower
incidence of regional lymph node involvement
(Hawkins et al. 2005). However, with wide local
excision by experienced surgeons and careful
margin assessment by pathologists, the local
recurrence rate is approximately 4%, significantly
lower than reported in the older literature (Arora
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et al. 2005; Hawkins et al. 2005). Most sentinel
lymph node biopsies from patients with a primary
cutaneous DM are histologically negative (Gyorki
et al. 2003; Pawlik et al. 2006). Recently, it has
been suggested that in patients with thick and
deeply invasive melanomas, the presence of
desmoplastic features may be associated with lon-
ger survival (Shaw et al. 2006).

DM has distinctive genomic profile with muta-
tion of NF1 being characteristic. They also have a
high tumor mutation burden (with a strong UV
signature), making them more likely to be respon-
sive to check point inhibitor immunotherapy with
anti-PD1 (Eroglu et al. 2018). Morphologically
similar DM that occurs in acral and mucosal
sites does not share this feature.

DM is histologically characterized by fusiform
melanocytes dispersed in a variable fibrous matrix
(Fig. 13a) (Busam 2005). Cell density is typically
low. Individual tumor cells have a fibroblast-like
or Schwann cell-like shape albeit with variable
nuclear atypia (nuclear enlargement, hyper-
chromatism) (Fig. 13b). The vast majority of
DM are completely amelanotic. Focal lympho-
cytic aggregates are not infrequent within the
tumor and are diagnostically useful. If the classic
pauci-cellular desmoplastic appearance is present
throughout the entire tumor (at least 90% of the
dermal component), it is classified as pure
(Fig. 13a) (Busam et al. 2004). If there is a signif-
icant (10% or more) non-desmoplastic component
(typically densely cellular compact fascicles of
spindle cells or clusters of epithelioid tumor
cells), the tumor is considered mixed (or com-
bined) DM (Fig. 13c). Spindle cell melanomas
without desmoplasia should not be classified as
DM.

Approximately two thirds of DM are associ-
ated with an intraepidermal precursor/in situ lesion,
typically of lentigo maligna type (Fig. 13a). How-
ever, some DMs (usually mixed variants) arise in
association with superficial spreading or acral
lentiginous melanoma. Because DMs without a
clinically pigmented background are often diag-
nosed at an advanced clinical stage, such tumors
tend to be thick and deeply infiltrative at surgical
excision and perineural invasion/neurotropism is
common. However, some DMs are not
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neurotropic and neurotropism may occur in mel-
anomas that are not desmoplastic.

Differential Diagnosis

Histologically, DM can be confused with a scle-
rosing melanocytic nevus, a scar, a fibroma, or a
non-melanocytic malignant spindle cell neoplasm
(McCarthy et al. 2004, 2006).

Desmoplastic Melanoma Versus Sclerosing
Nevus (ScN)

This distinction is usually straightforward, but can
be very difficult (Harris et al. 1999), if only a
small, partial biopsy is available for examination.
Most DMs tend to occur on sun-damaged skin, in
elderly individuals. They tend to be broad and
deeply infiltrative, and tend to show associated
intraepidermal (in situ) melanoma. In contrast,
most ScN occur on the trunk and extremities in
young individuals. The majority of ScN (except
for some large sclerosing blue nevi) are small,
superficial, and wedge-shaped lesions with evi-
dence of maturation (zonal change ranging from
large epithelioid cells in sclerosing Spitz nevi, to
small attenuated fusiform nevocytes in nevic com-
ponents located in the reticular dermis). If a junc-
tional component is present in a ScN, it typically
demonstrates a predominant nested pattern, typi-
cal of more conventional nevi. Mitotic figures and
lymphoid aggregates are more common in DM,
but rare mitotic figures can be seen in nevi as well
as occasional scattered lymphocytic clusters.
Thus, these features need to be interpreted in
context with other evidence for or against the
diagnosis of melanoma. Immunostains can help
distinguish DM from sclerosing nevus. Most ScN
express Mart-1/Melan-A, while most DMs do not.
HMB45 shows decreased labelling from top to
bottom (maturation) in ScN but is patchy or absent
in DM; also, as expected, sclerosing blue nevi
show diffuse labelling with HMB45.

Desmoplastic Melanoma Versus Scar or
Fibroma

Confusion of a DM with a scar or fibroma is a
serious and potentially tragic misdiagnosis,
because such an error may lead to significant
delay of definitive treatment. DM may have a
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Fig. 13 Desmoplastic melanoma. (a) Pure-type. Note the
presence of a lentigo maligna in the overlying epidermis.
(b) Pure-type. The spindled tumor cells are separated by

scar-like appearance and its tumor cells may
resemble fibroblasts, but typically some DM
cells have larger and more hyperchromatic nuclei
than typical fibroblasts. Furthermore, scattered
lymphocytic aggregates or an associated atypical
intraepidermal or intrafollicular melanocytic pro-
liferation may provide a clue to the presence of
DM. Once suspected, DM can usually be con-
firmed or excluded by immunohistochemistry for
S-100 protein or SOX10. However, the diagnosis
of DM should not be based on immunostains
alone, but rather must take into account atypical

collagenous stroma. (¢) Mixed-type. A non-desmoplastic
spindle cell melanoma (right side of picture) is juxtaposed
to a desmoplastic melanoma

architectural and cytologic features, since isolated
S-100 protein or SOX10-positive cells may occur
in an inflamed scar, likely corresponding to pro-
liferating Schwann cells (Jackett et al. 2016).

Desmoplastic Melanoma Versus
Non-melanocytic Desmoplastic Malignant
Spindle Cell Neoplasms

DM may also be confused with sclerosing variants
of cutaneous sarcomas or spindle cell carcinomas.
Immunohistochemical studies usually allow
definitive distinction, since the majority of
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sarcomas that need to be considered in the differ-
ential diagnosis of DM are negative for S-100
protein or SOX10. An important exception is
malignant peripheral nerve sheath tumors that
express SOX10 but only focal S100; also, in con-
trast to most melanomas, they may lose expression
of H3K27me3 histone (Prieto-Granada et al.
2016b; Schaefer et al. 2016). Spindle cell/
sarcomatoid carcinomas differ from desmoplastic
melanoma not only by their lack of staining for
S-100 protein, but also by their expression of
cytokeratins. In differentiating DM from
leiomyosarcomas, it is important to use a panel
of markers, since DM usually express SMA.

Nevoid Melanoma

Nevoid melanoma is a subtype of melanoma that
resembles a nevus in general architecture, and to
some extent also in cytology and, as a conse-
quence, are prone to misdiagnosis (Troxel 2003,
2006; Massi 2007). Misdiagnosis may have
disastrous consequences for the patient and is a
frequent basis for medicolegal actions. The term
nevoid melanoma was first coined by
Schmoeckel et al. (Schmoeckel et al. 1985) for
melanomas that somewhat resemble a benign
nevus architecturally and cytologically by virtue
of their symmetry, dome-shaped or verrucous
silhouette, and composition by cells that resem-
ble nevocytes (Wong et al. 1993, 1995;
Zembowicz et al. 2001; Schmoeckel et al.
1985; Kim and Murphy 2000; Barnhill 1998a;
Levene 1980; Suster et al. 1987; Blessing et al.
2000; Kossard and Wilkinson 1997; McNutt
et al. 1995; McNutt 1998). Most nevoid are
protuberant or verrucous tan to flesh-colored
nodules that usually occur on the trunk or proximal
limbs of young adults. It is controversial whether
NM is associated with a worse or similar prognosis
than other types of melanomas. In Schmoeckel
et al.’s original series of 33 patients published in
1985, 15 developed metastases and eight died of
disseminated melanoma (Schmoeckel et al. 1985).
However, more recent studies have suggested that
the nevoid melanoma has a similar prognosis to
non-nevoid melanoma subtypes.
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Microscopically nevoid melanomas are char-
acteristically dome-shaped or verrucous, well
circumscribed laterally and often associated with
epidermal acanthosis (Fig. 14) (McNutt 1998;
Wong et al. 1993). Prominent pagetoid epidermal
invasion is usually absent. The dermal component
comprises superficial nests of atypical nevoid
tumor cells. Although the cells at the deep aspect
of the lesion are often smaller than the more
superficial cells, they usually exhibit conspicuous
nucleoli, nuclear membrane irregularity, and
hyperchromasia with high nuclear to cytoplasmic
ratios and mitotic figures. The apparent diminu-
tion in the size of the cells and nests has been
termed “pseudomaturation” and contributes to
misdiagnosis of the lesions as benign. Clues to
the diagnosis include an infiltrative deep margin,
expansile dermal nodules, poor true maturation,
cell crowding (“puffy shirt” sign, Diwan AH and
Busam KJ, personal communication), a mixture
of cell sizes, nucleoli (particularly in the deeper
dermal cells), elongated long thin rete ridges, and
at least occasional dermal mitotic figures (often
including deep and abnormal forms) (Fig. 14).
Some nevoid melanomas are HMB45 negative
but most have a few, scattered HMB45-positive
dermal cells. Proliferation markers (e.g., Ki67)
may be increased (most show more than 2% of
nuclei are positive). Preliminary data suggests that
nevoid melanomas commonly harbor NRAS
mutations.

Some examples of nevoid melanoma have
been termed minimal deviation melanoma or
small cell melanoma. Because these terms have
often been poorly defined and their application
confusing, it would appear appropriate to refrain
from using them without specific clarification.

Pigmented Epithelioid Melanocytoma

“Pigmented epithelioid melanocytoma” (PEM) is
a term proposed by Zembowicz et al. for a group of
heavily pigmented melanocytic tumors that were
originally diagnosed as epithelioid blue nevus or
animal-type melanoma (also termed equine-type,
pigment-synthesizing, or melanophagic-type mel-
anoma) (Zembowicz et al. 2004). Epithelioid blue
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Fig. 14 (continued)
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nevus was originally described as a distinctive
form of blue nevus associated with Carney’s myx-
oma syndrome (Carney and Ferreiro 1996). The
terms animal or equine-type melanoma reflect the
fact that similar tumors occur around the perianal
skin of old gray horses (Crowson et al. 1999;
Darier 1925; Levene 1979). Histologically, PEM
is usually situated in the dermis and composed of
heavily pigmented epithelioid and spindle cells.
There is often associated epidermal hyperplasia or
ulceration, and numerous admixed pigment-laden
macrophages. Although most cases appeared to
behave in an indolent manner in short follow-up
period of the original report, 46% of cases showed
metastatic deposits in regional lymph nodes. It
was not possible to segregate the metastasizing
and non-metastasizing tumors on the basis of their
histopathologic features. A review of similar
tumors from the Sydney Melanoma Unit also
identified overlapping features with epithelioid
blue nevus and animal-type melanoma, corrobo-
rating the observations of Zembowicz et al.,
although the frequency of lymph node metastases
appeared to be lower (Scolyer et al. 2004b). Fur-
ther support for the unique nature of PEMs was
provided by the demonstration of a loss of expres-
sion of a protein kinase A regulatory subunit, type
one alpha (Rlalpha) (coded by the PRKARIA
gene on chromosome 17q22-24) in 28 of
34 PEMs (82%) but not in human and equine
melanomas or a range of nevi (Zembowicz et al.
2007). Mutations of the PRKARIA gene are
found in more than 50% of patients with Carney’s
syndrome. More recent studies with longer
follow-up have supported initial reports that

<
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PEM was associated with indolent clinical behav-
ior (Mandal et al. 2009). PEM may occur as a
component of a combined nevus. In the latter
setting, PEM usually harbors BRAFV600E and
PRKARIA mutations as well as showing loss of
PRKARIA expression. A subset of PEMs has
also been shown to demonstrate gene fusions
involving the PRKCA gene (Cohen et al. 2017).

Melanoma Arising From a Blue Nevus

Melanoma associated with a blue nevus (usually a
cellular blue nevus) is very rare. It is most com-
mon on the scalp but may occur at any location
(Ozgur et al. 1997; Granter et al. 2001). Malignant
transformation is usually suspected clinically on
the basis of rapid enlargement, ulceration, and
change in color. As such lesions are often large
(average size 3—13 cm) and extend deeply; they
tend to have a poor prognosis. However, when
matched with other malignant melanomas for
known prognostic parameters, clinical outcome
may not be significantly different.

In most examples, a clearly malignant tumor
clone is present within or adjacent to a cellular
blue nevus (Fig. 15). The melanoma usually dis-
plays expansile, sheet-like growth of large, hyper-
chromatic, pleomorphic, and mitotically active
cells. Areas of necrosis are occasionally present.
The mitotic rate is usually high (averaging 8-10
mitotic figures/mm?) and includes atypical forms.
There is often a moderately dense inflammatory
infiltrate at the tumor base. It can be difficult to
determine the biologic potential of cellular blue

«

Fig. 14 Nevoid melanoma. (a) Thirty-two-year-old
female, melanoma of leg. At low power, this superficial
shave biopsy shows part of a nevocellular melanocytic
tumor associated with some elongated rete ridges and
keratin horn cysts. At this magnification the features are
reminiscent of a congenital nevus. (b) Thirty-two-year-old
female, melanoma of leg. At high power magnification
(x400) the small nevoid cells show significant hyper-
chromasia, pleomorphism, and mitotic activity which all
represent subtle clues to the diagnosis. This patient subse-
quently developed widespread metastatic disease. Nevoid

melanomas are an important cause of melanoma mis-
diagnosis and may not be correctly identified until after
they have metastasized. (¢ and d) Thirty-nine-year-old
female, melanoma shoulder. At low power magnification,
expansile growth is seen in the dermis in the left portion
of the lesion. A residual dermal nevus is present in the
right-hand portion of the lesion. (d, e, and f) Thirty-nine-
year-old female, melanoma shoulder. At higher power
magnification, the tumor cells show intermediate-sized
hyperchromatic nuclei with sheet-like growth and scattered
mitoses



340

R. A. Scolyer et al.

Fig. 15 Melanoma arising in a cellular blue nevus. Forty-
seven-year-old male, melanoma of scalp. This patient pre-
sented with a rapidly growing nodule in a longstanding
pigmented lesion that had previously been clinically
unchanged for many years. (a) At lower power magnifica-
tion, a cellular nodule is present near the deep edge of the

nevus-like tumors with less severely atypical fea-
tures than those that characterize diagnosable mel-
anomas arising in association with a blue nevus.
Such lesions have been termed atypical cellular
blue nevi. Most reported cases of atypical cellular
blue nevus have not metastasized in the reported
follow up period; however, a recent study reported
poor interobserver agreement for the diagnosis of
atypical cellular blue nevi (Barnhill et al. 2008).
Highlighting similarities with uveal melanoma, it
has recently been described that loss of BAP1 is
sometimes associated with a diagnosis of mela-
noma arising from a blue nevus (Costa et al. 2016).

specimen which represents the focus of melanoma. (b) The
superficial part of the tumor shows features of a cellular
blue nevus. (¢) The melanoma is characterized by high
cellularity, nuclear enlargement, pleomorphism, and mul-
tiple mitotic figures. A focus of necrosis is present (top left
side of picture)

Mucosal Melanoma

Melanoma involving mucosal sites is uncommon
but may arise (in descending order of frequency)
in the oral cavity, the vagina, anorectal region,
nasal cavity, penis, and esophagus (see chapter
» “Mucosal Melanoma”) (Pandey et al. 1998;
Larsson et al. 1999). Mucosal melanoma usually
presents clinically as an irregular brown patch or
mass (Gorsky and Epstein 1998); however, some
are amelanotic. Esophageal and nasal mucosal
melanomas usually present with nasal obstruction
or bleeding (Crawford et al. 1995).
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The RGP of mucosal melanomas is typically
lentiginous and often resembles AM. The invasive
component is often spindle celled and may have an
associated desmoplastic stromal response. Osteoid
formation has been reported in nasal and anorectal
melanomas (Friedmann 1998; Hoorweg et al.
1997; Dodds et al. 2019).

Vulvar and Penile Melanoma

Approximately 3—-8% of all primary vulvar malig-
nancies are melanomas, accounting for 3—7% of
all melanomas in women (Wechter et al. 2004;
Gonzalez-Bosquet et al. 1997; Dunton and Berd
1999; Ragnarsson-Olding et al. 1993, 1999a, b;
DeMatos et al. 1998; Raber et al. 1996; Egan et al.
1997; Carlson and Mihm 1997; Carlson et al.
2002; Piura et al. 1999; Tasseron et al. 1992;
Raspagliesi et al. 2000). They often present as a
polypoid lesion that may be amelanotic
(Ragnarsson-Olding et al. 1999a). The mean age
of patients with vulvar melanoma is 61.4 years
(DeMatos et al. 1998), although it can occur at all
ages, including childhood (Raber et al. 1996;
Seifried et al. 2015). Penile melanomas are rare.

The majority of vulval and penile melanomas
have a radial growth phase. The junctional com-
ponent is generally poorly circumscribed and usu-
ally shows diffuse pagetoid epidermal invasion by
large atypical melanoma cells. There is often a
dense dermal lymphoid infiltrate that may involve
the junctional zone. Surface ulceration is com-
mon. The dermal component shows histological
features typical of melanoma: sheet-like growth,
poor maturation, cytologic atypia, and dermal
mitotic figures.

Because a subset of genital nevi may show
atypical features (as being one of the nevi of
“special site”), particularly of the epidermal com-
ponent, they have been termed atypical
melanocytic nevus of genital type (Clark et al.
1998; Gleason et al. 2008). The junctional com-
ponent of such tumors may show some architec-
tural and cytologic atypia and potentially may be
misdiagnosed as melanoma. Vulvar melanomas
are recognized by greater cytologic atypia,
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prominent and diffuse pagetoid epidermal inva-
sion, and features of the dermal component
including mitotic activity. Nevertheless, interpre-
tation of small, crushed, or partial biopsies can be
extremely challenging. Another finding that may
raise the possibility of melanoma is the associa-
tion with features of lichen sclerosus (Carlson
et al. 2002).

Conjunctival Melanoma

The group of acquired melanocytic lesions in the
conjunctiva is designated by ocular pathologists
as “primary acquired melanosis” (PAM), with or
without atypia. Melanoma of the conjunctiva is
associated with melanoma in situ (PAM with
atypia) in 75% of cases (Folberg et al. 1992;
Guillen et al. 1985). A small number of conjunc-
tival melanomas arise in association with junc-
tional or compound nevi. Most melanomas of
the conjunctiva arise in the limbal or bulbar con-
junctiva. Pigmented lesions of the palpebral con-
junctiva are very rare, and most are either PAM
with atypia or frank melanoma. Conjunctival mel-
anomas exhibit the irregularities in border, color,
and size that are associated with their more com-
mon cutaneous counterparts. One remarkable
clinical difference between conjunctival nevi and
melanomas is that a nevus has one feeder artery
and a vein whereas melanomas have numerous
vessels surrounding the lesion. Any thickening
of the pigmented lesion should raise suspicion of
malignant transformation. The equivalent of nod-
ular melanoma is often a blue-black rapidly grow-
ing nodule, but rare melanomas are amelanotic.
PAM with atypia and radial growth phase of con-
junctival melanomas can resemble lentigo
maligna (with cells disposed in the basilar region)
or superficial spreading melanoma (with epitheli-
oid cells either in basilar and/or pagetoid array)
(Sugiura et al. 2007). Microinvasion of the sub-
stantia propria may occur in the radial growth
phase of conjunctival melanoma. The vertical
growth phase can exhibit epithelioid cells, spindle
cells, small polyhedral nevoid cells, or balloon
cells (Grin et al. 1998; Magro et al. 2006).
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A helpful histologic feature is the presence of
dilated glandular structures (cysts) within con-
junctival nevi, a finding rarely observed in con-
junctival melanoma. As with their cutaneous
counterpart, immunohistochemistry may be help-
ful to diagnose conjunctival melanoma. HMB45
highlights the presence of pagetoid migration and
intraepithelial single-cell pattern of growth, and
labels with a patchy pattern the component in the
lamina propria. Anti-Ki67 labels scattered cells in
the component in the lamina propria.

Prognosis

As in the skin, the prognosis of conjunctival mel-
anoma is related in part to the depth of invasion. In
one study, 29% mortality was seen in patients with
lesions 0.8—1.5 mm in thickness (Folberg et al.
1985). Other prognostic features have been cited
including greater than five mitotic figures per high
power field and intralymphatic spread (Jakobiec
et al. 1989). SLN examination has been employed
in a manner similar to cutaneous melanoma
(Savar et al. 2009) (see also below).

Management

Melanotic lesions of the conjunctiva should
always be examined and possibly biopsied to
determine if there is atypia. The first line of treat-
ment for atypical PAM/melanoma in situ is surgi-
cal excision. If the lesion is widespread,
adjunctive cryotherapy and even topical chemo-
therapy with agents such as mitomycin can be
used. In some elderly patients, extensive PAM
and even melanoma with microinvasion will
respond to fractionated radiotherapy. Surgery is
the preferred treatment for melanoma, followed
by cryotherapy or radiotherapy. Enucleation is
reserved for lesions where there is invasion into
the globe involving, for example, the sclera.

Atypical Spitz Nevi/Atypical Spitzoid
Tumors and Spitz Melanoma
(Malignant Spitz Tumor)

Spitz nevi (SN) are benign melanocytic lesions
which share histopathologic features with mela-
nomas. In fact, they were first described by Sophie
Spitz herself in 1948 as “juvenile melanomas”

R. A. Scolyer et al.

(Spitz 1948). Subsequently, Allen and Spitz rec-
ognized that, despite their concerning histopatho-
logic appearance, SN had a paradoxically benign
behavior (Allen and Spitz 1954), although one of
the lesions resulted in metastasis and death this
involved the deep fascia of the foot and may have
been a clear cell sarcoma. Since the original
description, the clinical and pathologic features
of SN have been well described in the literature.
While SN typically occur in children and melano-
mas typically occur in adults, both tumors can
occur in patients of any age. In cases displaying
all or most of the classical histologic features,
particularly when occurring in a young patient, a
confident diagnosis of Spitz nevus can be made.
However, for those tumors with atypical histologi-
cal features, it may be difficult to correctly predict
biologic behavior just from histopathology. Such
tumors have been referred to by a variety of
names including atypical Spitz nevus, atypical
Spitz tumor, and spitzoid tumors of uncertain
malignant potential. However, even expert
dermatopathologists have a relatively low concor-
dance in distinguishing Spitz nevus with atypical
features from melanoma.

To understand this group of disorders one must
be aware of the histologic evolution of the com-
pound Spitz nevus and the wvariant termed
pigmented spindle cell nevus of Reed. Morpholog-
ically, when fully developed, a compound SN is a
reticular dermal lesion that presents clinically as a
nodule that may be flesh-colored, pink, red,
reddish-brown, or black. Histologically, it is
wedge-shaped, as an inverted triangle with the
apex in the deep dermis and the base along
the long axis of the epidermis. SN are
well-circumscribed, symmetrical lesions. Two
types of maturation occur. The first has reference
to the large nests superficially that become smaller
and break up into fascicles and single cells in the
deeper portion of the lesion. This is the architectural
aspect of maturation. The other, cytologic matura-
tion, refers to the cells of SN becoming smaller as
they descend into the dermis but always
maintaining the same nuclear and cytoplasmic char-
acteristics. Rare mitotic figures can be observed, but
they are usually present in the epidermal or super-
ficial dermal components and usually number less
than 2 per mm? (or < 6 in children under the age of
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10). They seldom appear in the deep component or
near the edges of the lesion.

On the other hand, the pigmented spindle cell
nevus of Reed is seen as a plaque-like lesion
in which most of the cells are present in the
epidermis in discrete nests that are sharply
circumscribed at the edges of the lesion. These
cells are spindled and may be admixed with epi-
thelioid cells and show varying degrees of pig-
mentation. There are often numerous suprabasilar
epidermal melanocytes. In the nevus of Reed, a
dermal component may be present and is usually a
nested proliferation of cells cytologically identical
to those of the epidermal nests, usually confined to
the papillary dermis in contrast to the cells of Spitz
nevi. There are virtually no mitotic figures in the
dermal aspect, whereas intraepidermal mitotic fig-
ures can be noted.

Atypical Spitz tumors represent variations in
these described patterns. These lesions often pre-
sent as large expansile nodules that may measure
several millimeters in thickness and be greater
than 1 cm in width. Those well-demarcated,
large nodules usually exhibit mitotic activity. In
one study of atypical Spitz tumors, the factors that
were associated with recurrence and/or metastasis
were high depth of the lesion, extension into sub-
cutaneous fat, and the number of mitotic figures
(usually deemed significant if >5/mm? in children
or > 2 in adults) (Crotty 1997). In another study,
mitotic figures were the most significant predictor
of metastatic behavior (Walsh et al. 1998). For
these lesions we recommend complete excision
and that consideration be given to managing
them as if they were a melanoma of similar thick-
ness. In some cases, particularly lesions with
many mitotic figures, a sentinel lymph node
biopsy should be considered, especially if the
patient is adult.

Melanocytic Tumors of Uncertain
Malignant Potential (MELTUMP),
Intermediate Melanocytic
Proliferations and Melanocytomas

It is possible to accurately, rapidly, and reproduc-
ibly diagnose and predict the clinical behavior of
most nevi and melanomas from their morphologic
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features. However, occasional melanocytic tumors,
including those resembling Spitz nevi (including
those with loss of BAP1 expression), blue nevi,
and deep penetrating nevi, share many features
common to nevi and melanomas, and the diffi-
culty of predicting their biologic behavior is well
documented (McCarthy and Scolyer 2004). Such
tumors have been termed by some authorities
as atypical melanocytic tumors of uncertain/
unknown malignant potential (MELTUMPs) to
highlight the uncertainty as to whether they are
nevi or melanomas (Elder and Xu 2004). If this
term is used, it should be spelled out fully and
accompanied with a differential diagnosis and an
outline of the reasons for the uncertainty.
Clinical, pathologic, molecular, and follow-up
data have accumulated over recent years that indi-
cate that the traditional dichotomous categoriza-
tion of tumors as benign or malignant is likely too
simplistic and there is a truly intermediate class of
melanocytic tumors. In the fourth edition of the
WHO Classification of Skin Tumours, the term
“melanocytoma” was proposed to encompass
tumors fitting into this intermediate group. The
most commonly encountered and diagnostically
challenging entities in this group of tumors are
atypical spitzoid tumors, since they may cause
considerable discordance among pathologists
(Barnhill et al. 1999; Cerroni and Kerl 2001).
Melanocytomas generally show atypical features
such as nuclear atypia, macronucleoli, (atypical)
mitotic activity, necrosis, or ulceration (Elder and
Xu 2004). However, the morphology of the cells
lacks the degree of pleomorphism and severe
atypia and other features that would allow a defin-
itive diagnosis of melanoma. The lesions often
have some resemblance to a Spitz nevus, an atyp-
ical banal nevus, a deep penetrating nevus, or a
blue nevus. In rare instances, melanocytomas
have arisen in association with a longstanding
nevus that had been present for many years, caus-
ing a clinically detectable change. Such lesions
often display two distinct cellular components,
one with features of a banal nevus and the other
showing differing morphology often with features
of a deep penetrating nevus or BAP1 inactivated
spitzoid nevus (Wiesner et al. 2011). Recent
molecular data indicate that the second cell com-
ponent usually arises when a BRAFV600E
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mutant nevus cell acquires a second genetic “hit”
such as BAP inactivation or a mutation affecting
signally in the Wnt signaling pathway (in the case
of deep penetrating nevus) (Yeh et al. 2017). The
vast majority of melanocytomas will have a
benign course; however, there is evidence to sug-
gest that their transformation rate may be higher
than that of banal nevi.

Management

When there is genuine uncertainty as to whether a
melanocytic tumor is benign or malignant, this
uncertainty should be very clearly conveyed to
the treating clinician. The clinician is then able
to make a management decision on a case-by-case
basis. While the safest course of action is to man-
age the tumor as if it were a melanoma, this may
not always be appropriate. For tumors occurring
on cosmetically sensitive areas such as the face,
wide local excision of the tumor site may be
particularly difficult, and a sentinel node biopsy
procedure may be a complex undertaking. In
many cases, the surgeon will convey the patholo-
gist’s uncertainty to the patient, and present them
with management options so that they can decide
whether they wish to err on the side of caution but
accept that there will be cosmetic sequelae from
the wide excision and possible surgical morbidity
from the sentinel node biopsy procedure. Further-
more, it must also be emphasized that the clinical,
biological, and prognostic significance of sentinel
node metastases from MELTUMPS remains
uncertain. Studies reporting longer follow-up in
larger numbers of patients are required to address
these issues. It cannot necessarily be inferred that
sentinel node metastases from MELTUMPs have
the same significance as those from unambiguous
melanomas.

Spitz Melanoma/Malignant Spitz
Tumor

Spitz melanoma refers to a limited group of
melanocytic lesions, comprised typically of large
spindle and/or epithelioid cells, and often
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associated with epidermal thickening and some-
times pseudoepitheliomatous hyperplasia (Spitz
features), that demonstrate severe cellular pleo-
morphism and high mitotic activity, usually
greater than 6/mm? that by definition are geneti-
cally characterized by the presence of either
HRAS mutations or kinase gene fusions such as
those involving ALK, ROS1, MET, RET, or NTRK.
The mitotic figures may be atypical and may be
identified throughout the lesion including deeply
located cells. Often a high percentage of cells
(>5%) stain for Ki-67, even in the deeper compo-
nent. Ulceration is common. The tumors are com-
posed of spindled and epithelioid cells. At any
given level, there is severe cellular pleomorphism.
There is no evidence of maturation, and the tumor
cells become more atypical in the deeper layers
and may form asymmetrical expansile nodules in
the deep dermis and subcutaneous fat. In the
absence of metastasis, molecular tests such as
fluorescent in situ hybridization or comparative
genomic hybridization to identify the presence of
multiple chromosomal copy number gains and
losses are usually required for diagnosis. These
lesions should always be treated as melanoma,
although they may have a better prognosis than
usual melanomas of similar microstage. Some
lesions that may appear spitzoid but lack the char-
acteristic genomic features of Spitz tumors (e.g.,
BRAFV600E or NRAS mutated tumors) are best
regarded as non-Spitz melanomas.

Histopathologic Features
of Prognostic Importance

As described in chapter » “Melanoma Prognosis
and Staging,” the prognosis for a patient with
clinically localized VGP primary cutaneous mel-
anoma is principally correlated with its vertical
depth of tumor growth (Breslow thickness). How-
ever, other factors are also important, particularly
dermal mitotic rate, the presence of ulceration,
perineural invasion, vascular invasion, and
satellitosis, as well as patient characteristics,
such as sex and age. It is important that all relevant
histologic features are described in the pathology
report to allow the most accurate estimate of
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prognosis to be made and an appropriate manage-
ment plan prepared. As discussed below, a synop-
tic reporting format can assist (CAP template).

Breslow Thickness

Numerous studies performed over the past
30 years have shown that the prognosis for a
patient with clinically localized primary cutane-
ous melanoma is principally related to its Breslow
thickness (Balch et al. 1978, 1982, 2001b;
Vollmer and Seigler 2000; Azzola et al. 2003).
Breslow thickness is measured from the top of
the granular layer of the epidermis or, if the sur-
face is ulcerated, from the base of the ulcer, to the
deepest dermal invasive cell (Fig. 16). Determi-
nation of Breslow thickness can be problematic in
some circumstances. For example, in the case of
periadnexal extension of melanoma, thickness
measurements should not be based on those
areas of periadnexal extension except if it is the
only focus of invasion (Dodds et al. 2018). In that
circumstance, depth is measured from the center
of adjacent sweat glands or hair follicle to the
furthest extent of infiltration into the periadnexal
dermis. The Breslow thickness cannot be deter-
mined if a superficial shave biopsy transects a

Fig. 16 Breslow thickness. Twenty-eight-year-old male,
melanoma of chest. Breslow thickness is measured from
the top of the epidermal granular layer to the deepest
dermal invasive cell and is the most accurate indicator of
prognosis for patients with localized primary cutaneous
melanoma

melanoma and includes only its superficial por-
tion. In such instances, the pathologists can only
report the melanoma to be “at least” a certain
thickness. Correlation with the re-excision speci-
men is necessary. Similarly, tangentially cut sec-
tions are not suitable to provide an accurate
Breslow thickness. In such cases, Clark level
may be the only estimate of tumor thickness (see
below). Other problems may arise from differing
interpretations of the nature of dermal cells (i.e.,
whether they represent melanoma or a preexisting
nevus).

Clark Level of Invasion

Tumor invasion may also be qualitatively
expressed as Clark level, according to the ana-
tomic compartment of invasion (i.e., papillary or
reticular dermis or subcutis) (Fig. 17; Clark 1967).
Clark levels are defined as follows (Clark et al.
1969):

Level I: Melanoma cells confined to the epidermis
(melanoma in situ).

Level II: Melanoma cells invade into but do not
fill or expand the papillary (superficial)
dermis.

Fig. 17 Clark level of invasion. Schematic illustration of
the skin showing the different Clark levels of invasion.
(Note to publisher: this is Fig. 9-5 from the previous edition
of this book)
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Level Ill: Melanoma cells fill and expand the
papillary dermis with extension of tumor to
the papillary-reticular dermal interface.

The boundary between the papillary and retic-
ular dermis may be hard to identify, particularly if
there is severe solar elastosis or in some sites such
as the scalp, acral skin, and mucosal or anogenital
regions. The papillary dermal collagen fibers are
fine and oriented vertically, whereas the reticular
dermal collagen bundles are coarse and have a
more horizontal orientation, and therefore recog-
nition of their distinction can be assisted using
polarization microscopy because dermal collagen
is birefringent. Another useful landmark in sepa-
rating the papillary and reticular dermis is the
presence of a capillary plexus at the interface.
Polypoid tumors that expand but do not fill the
papillary dermis should be classified as level II1.

Level IV: Melanoma cells infiltrate into the retic-
ular dermis.

Level V: Melanoma cells infiltrate into the subcu-
taneous fat.

Melanoma involving periadnexal adipose tis-
sue (which represents extensions of and is contin-
uous with the subcutis) should not be interpreted
as level V invasion.

Most evidence suggests that the Breslow thick-
ness measurement of the depth of invasion of a
melanoma is a much more accurate prognostic
indicator than its Clark level. Furthermore, evi-
dence also suggests that pathologist’s assessment
of Clark level of invasion has poorer interobserver
reproducibility than Breslow thickness, mitotic
rate, or ulceration (Scolyer et al. 2003).

Ulceration

The presence of non-traumatic ulceration
(Fig. 18) is an important prognostic factor (Balch
etal. 1978, 1980, 1982, 2001b; Buzaid etal. 1997;
Kim et al. 1999). In an analysis of 17,600 mela-
noma patients, ulceration ranked second to tumor
thickness as the most powerful predictor of

Fig. 18 Ulceration. Sixty-nine-year-old female, mela-
noma of vulva. The epidermis over much of the surface
of this polypoid melanoma is ulcerated. Fibrinopurulent
exudates cover the surface of the melanoma in the area of
ulceration (right half of picture)

survival in patients with clinically localized pri-
mary melanoma (Balch et al. 2001b). It is also
likely that the size of the area of ulceration is
prognostically relevant, and therefore the diame-
ter of ulceration should be measured, using an
ocular micrometer (Grande Sarpa et al. 2006).
Difficulties may occur in assessing the presence
of ulceration if there is only a focal loss of the
epidermis and whether the epidermal deficiency is
due to ulceration or sectioning artifact. The
absence of fibrin or granulation tissue from puta-
tive areas of ulceration are clues that the loss of
epidermis is actually due to sectioning artifact
providing only part of the epidermis.
Distinguishing non-traumatic and traumatic (pro-
cedural) ulceration is important as the latter is of
no prognostic significance. While this differentia-
tion is relatively easy when a clinical history of a
previous biopsy is provided or a well-demarcated
dermal scar is present, at other times it can be
extremely difficult or impossible to distinguish
between the two (Ruiter et al. 2002). Traumatic
ulceration is often related to anatomic site or
architectural configuration of the tumor (i.e.,
whether it is polypoid or pedunculated). Clues
that ulceration is traumatic in origin include
sharp demarcation with “squared off” edges or
the presence of a “v” or wedge-shaped area of
underlying granulation tissue.
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Mitotic Rate

Mitotic rate is a very important prognostic factor
(Fig. 19) (Gimotty etal. 2005, 2007; Barnhill et al.
2005; Ostmeier et al. 1999; Retsas et al. 2002;
Azzola et al. 2003; Nagore et al. 2005; Francken
et al. 2004), ranking second only to Breslow
thickness in significance in an analysis of 3661
patients from the Sydney Melanoma Unit (Azzola
et al. 2003). In that study, highly statistically sig-
nificant differences in patient survival were found
between each mitotic rate group (p values
<0.0001) irrespective of whether the mitotic rate
was grouped according to method A (0, 1-4,
5-10, and > = 11 mitotic figures/mm?) or method
B (0-1, 24, and > =5 mitotic ﬁgures/mmz).
Similar findings have been reported by others
(Fig. 20). (Thompson et al. 2011; Gershenwald
etal. 2017).

Melanoma mitotic rate should be expressed as
number of mitotic figures per square millimeter
rather than mitotic figures per high power micro-
scopic field because the field diameter may vary
significantly between different microscopes, and
this may potentially impart significant measure-
ment error when using different microscopes
(Ellis and Whitehead 1981). The recommenda-
tions of the 1982 International Pathology
Workshop which revised the 1972 Sydney Clas-
sification of Melanoma should be followed

(McGovern et al. 1986). In the 1972 Sydney clas-
sification, the number of mitotic figures in at least
10 HPFs over the entire lesion was determined
and then expressed as the average number of
mitotic figures/5 HPFs (McGovern et al. 1973).
In contrast, the 1982 Workshop highlighted the
appropriateness of expressing the mitotic rate per
millimeter squared because it would be indepen-
dent of the magnification and microscope used
and results obtained in different studies would
therefore be more comparable. The mitotic rate
is determined by beginning the mitotic count in
the high power field (x400 magnification) with
most mitotic figures and then counting in succes-
sive high power microscopic fields (i.e., the
“hotspot method”). Unless a standardized method
is used to determine the mitotic rate, there is likely
to be significant measurement error between
observers because the number of mitotic figures
often varies greatly between different parts of a
tumor. A recent study showed excellent
interobserver reproducibility for mitotic rate
determination using this method even though the
pathologists who performed the measurements
had widely differing experience in the assessment
of melanocytic tumors (Scolyer et al. 2003). We
recommend a formal calibration of the field diam-
eter of a microscope using a stage micrometer to
determine the number of high power fields that

Fig. 19 Dermal mitotic rate. Dermal mitotic rate is a very
important prognostic indicator in primary cutancous mel-
anoma. (a) Fifty-two-year-old male, melanoma of back.
Numerous mitotic figures are present (arrows) which were

computed as up to 18/mm?2. (b) Forty-eight-year-old male,
melanoma of back. This melanoma included few mitotic
figures (none are present in the illustrated field)
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Fig. 20 Kaplan-Meier melanoma-specific survival curves
according to mitotic rate in patients with AJCC stage I and
II melanoma from the AJCC eighth edition International

equates to a square millimeter (Crowson et al.
2001b; Mihm and Googe 1990).

Inflammatory Host Response
(Including TILs)

A lymphocytic response to the VGP component
of a melanoma has been shown to influence prog-
nosis in some studies (Clark et al. 1989).(Mihm
et al. 1996; Clemente et al. 1996) The most com-
monly applied grading scheme for quantitating
the presence of TILs is as follows. A non-brisk
infiltrate refers to only focal areas of lymphocytic
infiltration in the tumor. They may be isolated,
multifocal, or even segmental. Absent is diag-
nosed when there are no lymphocytes present or,
if present, they do not interact with tumor cells.
For example a cuff of lymphocytes around the
periphery of the tumor with no infiltration is con-
sidered absent. Furthermore, lymphocytes within
the tumor nodule, but in perivenular array or in
fibrous nodules in the tumor substance, without
infiltration of the tumor itself, are considered
absent. Infiltration either of the entire base of the

Melanoma Database. (Figure 2 in Gerhsenwald et al. CA
Cancer J Clin 2017; 177(6): 472-92. Reproduced with
permission.) (Gershenwald et al. 2017)

Fig. 21 Tumor infiltrating lymphocytes. Fifty-three-year-
old female, melanoma arm. Note the presence of numerous
small lymphocytes intimately associated with the larger
melanoma cells. This infiltrate was present throughout the
tumor and is classified as “brisk”

tumor or diffuse permeation of the VGP is desig-
nated “present, brisk” (Fig. 21). To be significant,
lymphocytes must infiltrate and disrupt tumor
nests and/or show apposition to tumor cells
(Crowson et al. 2001b; Mihm and Googe 1990).
Other numerical methods have been suggested to



Classification and Histopathology of Melanoma

quantitate TILs to provide prognostic information
(Saldanha et al. 2017; Azimi et al. 2012),

Polyclonal VGP refer to tumors with separate
islands or expansile nodules of melanoma cells of
different morphologies usually separated from
one another by fibrous bands. If one of these
nodules has no infiltration, and the other(s) do
have an infiltrate, the host response is designated
absent because patients with these tumors have
the same survival as those that fulfill the “absent”
criteria defined above.

Regression

Regression is caused by a host immunologic
response directed against a melanoma resulting
in loss of part or all of the melanoma. It is a
temporal phenomenon that may be arbitrarily cat-
egorized into three stages: early (tumor infiltrating
lymphocytes — see above), intermediate, and late.
Complete or late regression is characterized by an
area of absent melanoma in the epidermis and
dermis (Fig. 22), often flanked on one or both
sides by residual melanoma. Often the epidermis
is attenuated with loss of the rete ridges. The
underlying dermis shows angiofibroplasia. In

Fig. 22 Regression. Seventy-three-year-old male, mela-
noma of chest. The zone of regression is characterized by
an area of angiofibroplasia in the superficial dermis with
numerous associated pigment-laden macrophages. No
residual melanoma cells are present. The overlying epider-
mis is thin and shows loss of rete ridges (common features
associated with late regression)
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intermediate stage regression, there are often a
few associated lymphocytes, variable numbers of
melanophages, some edema, and telangiectasia.
The prognostic significance of regression is con-
troversial. Some studies have suggested it por-
tends a worse prognosis, while others have
suggested it is either not an important prognostic
parameter or is associated with a more favorable
outcome (Aung et al. 2017). Difficulties in
interpreting such studies include lack of a stan-
dardized definition or criteria for its diagnosis and
poor interobserver reproducibility. The reason for
regression being an adverse prognostic factor in
some studies is not entirely clear. One possible
reason is that when regression is present in the
deep dermal portion of a tumor, it may cause an
underestimation of the original Breslow thickness
of the lesion and therefore its metastatic risk is
underestimated. It has also been proposed that a
strong immune response to the tumor may cause
tumor cells to undergo progressive genetic aber-
rations, leading to the ultimate generation of more
aggressive tumor clones (Prehn 1996). Con-
versely, studies associating a more favorable
prognosis to late regression have been interpreted
as suggesting that regression indicates a more
effective host immunologic response to the
tumor. Further analysis are needed to determine
if quantification of the amount of regression cor-
relates with prognosis (Aung et al. 2017).

Microscopic Satellites

In the eighth edition of the AJCC melanoma stag-
ing system (Amin and Edge 2017), the definition
of a microscopic satellite was refined. It is now
defined as a nest of tumor metastatic melanoma
cells adjacent or deep to a primary melanoma
identified on pathological examination of the pri-
mary tumor site (usually in a wide excision spec-
imen). The microsatellite must be discontinuous
from the primary tumor and not separated from
the primary tumor by only fibrous scarring and/or
inflammation as this may represent regression of
the intervening tumor. There is no minimal size
threshold or distance from the primary tumor for
defining microsatellites. It is important to
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emphasize that satellites should not be included in
the measurement of Breslow thickness.

A number of studies have shown a statistically
significant decrease in survival in patients who
have microscopic satellites associated with their
primary tumor (Day et al. 1981; Harrist et al.
1984; Leon et al. 1991; Gershenwald et al.
2017). Furthermore, the presence of micro-
satellites is associated with decreased overall sur-
vival and relapse free survival by univariate
analysis; however, in multivariate analysis, vas-
cular invasion, tumor vascularity, ulceration, as
well as thickness better predicted both regional
and distant metastasis (Shaikh et al. 2005;
Kashani-Sabet et al. 2001, 2002). These studies
support work done at Harvard Medical School
that directly correlated the presence of tumor
lymphangiogenesis with positive sentinel lymph
nodes and survival (Dadras et al. 2003, 2005).

Blood Vessel and Lymphatic Invasion

Some studies have shown that frequency of
angiolymphatic invasion increases with increasing
depth and level of tumor invasion (Schmoeckel
et al. 1983), while others have shown vascular
invasion to be a significant predictor of metastasis
(Kashani-Sabet et al. 2001; Mraz-Gernhard et al.
1998) or of reduced survival (Schmoeckel et al.
1983; Gilchrist et al. 1977; Kapelanski et al. 1979;
Larsen and Grude 1979; Johnson et al. 1985;
Barnhill et al. 1996). The presence or absence of
melanoma cells within blood and lymphatic vessels
should be documented in the pathology report;
however, the actual observation of melanoma
cells within blood vessels in histologic tissue sec-
tions is rare. Pathologic misinterpretation may arise
in the assessment of lymphovascular invasion if a
space around a tumor thrombus is regarded as
retraction artifact or if a tumor thrombus
completely occludes a vessel and the presence of
avessel is not recognized. The application of endo-
thelial markers, such as CD31 and CD34, and new
specific lymphatic endothelial markers, such as
lymphatic endothelial hyaluronan receptor-1
(LYVE-1) (Banerji et al. 1999) and podoplanin
(Breiteneder-Geleff et al. 1997) (Petersson), may
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be of assistance when there is uncertainty. It is
perhaps the low frequency of the identification of
lymphatic or vascular invasion that has precluded
its emergence as an independent prognostic vari-
able in many series (Clark et al. 1989).

Angiotropism

It has been proposed that the migration of tumor
cells along the external surfaces of vessels
(angiotropism) may be an important mechanism
by which some melanoma cells spread to nearby
and distant sites (Barnhill 2001). This phenome-
non has been termed “extravascular migratory
metastasis” (Barnhill and Lugassy 2004) and is
akin to the known propensity of melanoma to
spread along nerves and skin adnexal structures.
Although further larger studies are required, initial
results suggested that the presence of angiotropism
may be an important factor predicting local,
in-transit, regional, and distant recurrence in
melanoma patients (Barnhill et al. 2002; Barnhill
and Lugassy 2004; Van Es et al. 2008)

Neurotropism
The propensity of some melanomas to spread

along the perineurium or occasionally within the
endoneurium is termed neurotropism (Fig. 23).
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Fig. 23 Neurotropism. Forty-nine-year-old female, mela-
noma of leg. A small cluster of melanoma cells is present
associated with a nerve
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While it is a common feature of desmoplastic
melanoma (about 30% of cases), it may also
occur in non-desmoplastic melanomas. The pres-
ence of neurotropism is associated with an
increased risk of local recurrence of melanoma
and may require wider excision margins and or
adjuvant radiotherapy in some cases (Baer et al.
1995; Varey et al. 2017).

Desmoplasia

Melanomas with a spindle cell morphology that
are associated with and separated by variable stro-
mal desmoplasia are termed desmoplastic mela-
nomas (see also below). As discussed in more
detail below, desmoplasia may represent almost
all (>90%) of the dermal component of a mela-
noma (pure desmoplastic melanoma) or be asso-
ciated (usually more superficially) with a
non-desmoplastic dermal invasive melanoma
(termed mixed or combined desmoplastic mela-
noma) (Busam et al. 2004; Hawkins et al. 2005).
Recent evidence suggests that although pure
desmoplastic melanoma is associated with higher
rates of local recurrence, survival times are longer
than for patients with non-desmoplastic mela-
noma of similar stage (Busam et al. 2004; Haw-
kins et al. 2005). For combined or mixed
desmoplastic melanoma, rates of local recurrence
and survival times are intermediate between
those of pure desmoplastic melanoma and
non-desmoplastic melanoma. Furthermore, there
is a lower frequency of sentinel node positivity in
desmoplastic melanomas. Thus, it has even been
suggested that for patients with pure desmoplastic
melanoma, sentinel node biopsy is unnecessary
because the frequency of involvement is low
(Gyorki et al. 2003; Pawlik et al. 2006).

Anatomic Site

Melanomas in the head and neck area, upper back,
axial skeleton, subungual region, and/or on the
palms or soles have a worse prognosis than
extremity-based lesions when matched for other
known prognostic factors (Balch et al. 1978,
1982, 2001b; Azzola et al. 2003).
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Sex

Women have a better prognosis than men in
some but not all studies (Balch et al. 1978,
1982, 2001b; Massi et al. 1999). The statistical
significance of gender as a prognostic factor is
confounded by anatomic site. Furthermore,
obesity in males patients is associated with
improved survival in male patients treated
with targeted or immune therapy, although the
mechanism for this is unclear (McQuade et al.
2018).

Age

Older patient age at diagnosis is an independent
predictor of worse outcome in melanoma (Balch
et al. 1978, 1982, 2001b). Interestingly, the fre-
quency of sentinel node melanoma metastasis is
inversely correlated with patient age. Possible
explanations for this clinical observation include
differences in tumor biology and/or host immu-
nity in patients of differing ages and are the sub-
ject of ongoing investigations.

Lymph Node Metastasis

The presence of melanoma metastases within
regional lymph nodes is an adverse prognostic
feature and is an important parameter in the
AJCC/UICC melanoma staging system (Balch
et al. 2001a; Balch 2002; Gershenwald et al.
2017). As discussed in more detail below, the
use of the sentinel lymph node biopsy technique
in melanoma patients has revolutionized nodal
staging. The number of positive regional lymph
nodes is also an important prognostic factor with
prognosis declining as the number of positive
lymph nodes increases. Quantification of tumor
burden using methods such as measurement of
the size of the intranodal metastasis or distance
from the border of the lymph node correlates
with prognosis and as such it is recommended
to be included in melanoma reporting (see
below).
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The Melanoma Pathology Report
Including a Synoptic Format

Pathological features of localized primary cutane-
ous melanoma are the principal indicators of prog-
nosis and guide initial definitive treatment
including width of excision margins and appro-
priateness of sentinel node biopsy. For accurate
prognostication and optimal patient care, thor-
ough assessment and documentation of patho-
logic features of the melanoma is essential, and
the pathologist has a responsibility to provide this
information in the pathology report (Cochran et al.
1998). This aids the clinician in predicting the
likely outcome and in planning subsequent treat-
ment, and communicating this information to the
patient (Scolyer et al. 2005). The presence of
certain adverse prognostic factors may also qual-
ify the patient for entry into clinical trials. The
pathology report should include important patho-
logic features (such as those listed above) that
affect patient prognosis and management.

The Synoptic Pathology Report

A synoptic pathology report refers to the presen-
tation of information in a tabular rather than
descriptive form. In our view, both the pathologist
and clinician benefit from the discipline of respec-
tively reporting and reading melanoma pathology
reports in a synoptic format because such reports
ensure that all information required to make man-
agement decisions and determine prognosis are
addressed and included in the report and can be
considered in management decisions (Scolyer
et al. 2005). Synoptic reports also act as a check-
list that not only helps ensure completeness in the
reporting of pathology but also consistency,
because information is presented in a predictable
and easy-to-read format. Use of the synoptic for-
mat can save time for the persons completing/
typing the report because they allow the use of
words or phrases instead of sentences. Further-
more, the synoptic format facilitates efficient
extraction of information for registries, data col-
lection, and research purposes. An example of a
melanoma synoptic report is provided in Table 2.

R. A. Scolyer et al.

The value of synoptic reporting in melanoma
was highlighted in a study which showed that the
most important factor predicting the completeness
of pathology reports (including for parameters
critical to staging and guiding management such
as Breslow thickness, Clark level, ulceration,
mitotic rate, and distance to specified margins)
was not whether they were generated within or
outside a specialist melanoma treatment center,
but whether or not they were in a synoptic format
(Karim et al. 2008). This highlights the fact that
synoptic melanoma pathology reports are of value
not only in specialist units/tertiary institutions but
also in non-specialist pathology practices.

While synoptic pathology reports provide a
framework for the minimum set of features to be
assessed, they should not restrict the pathologist
to documenting only those features. The facility
for free text to allow the pathologist to document
other features and to explain any points of uncer-
tainty and the reasons for coming to a particular
opinion must be available in all synoptic reports.
The use of a synoptic report may not always be
appropriate for melanocytic tumors which are dif-
ficult to classify or for those where there is genu-
ine uncertainty as to whether a lesion is benign or
malignant. Under such circumstances, we recom-
mend that the pathologist should document the
evidence in favor/against a particular diagnosis,
give a preferred diagnosis, but express the degree
of uncertainty. If melanoma is favored, the synop-
tic template may also be completed, but there is
always the concern that the clinician, by seeing
the synoptic report, may not comprehend the diag-
nostic difficulty and assuming a diagnosis of mel-
anoma may manage the patient in a suboptimal
manner (Table 3).

Melanoma in Children
and Adolescents

Patients less than 20 years of age harbor between
1.3% and 2% of all melanomas. In prepubertal
children, melanomas are truly rare, representing
0.3-0.4% of melanomas occurring in the young
(see chapter » “Melanoma in Children and Teen-
agers”) (Ceballos et al. 1995; Reintgen et al. 1989;
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Table 3 A synoptic pathology report for primary cutane-
ous melanoma

Pathologic feature Example
Site Right upper
arm
Diagnosis Melanoma,
dermal
invasive
Breslow thickness 2.6 mm
Ulceration (diameter in mm) Present
(1.5 mm)
Dermal mitotic rate (per mm?) 10
Clark level v
Histologic subtype Superficial
spreading
Vertical growth phase Present
Vascular or lymphatic invasion Absent
Neurotropism Absent
Desmoplastic component (% of dermal | Absent
invasive tumor)
Angiotropism Present
Microsatellites Absent
Features of regression:
Early (TILs)
Distribution Focal
Density Dense
Intermediate (angiofibroplasia +/— | Absent
TILs)
Late (fibrosis and loss of rete ridges) | Absent
Predominant cell type Epithelioid
Associated nevus Nil

Solar elastosis Moderate (2+)

Margins of excision

Invasive component — nearest 3.5 mm
peripheral margin

In situ component — nearest peripheral | 7.6 mm
margin

Deep margin 4.1 mm

Abbreviations: 7/Ls tumor infiltrating lymphocytes

Trozak et al. 1975; Rao et al. 1990). Melanoma in
childhood occurs in three main settings: congen-
ital melanoma, melanoma developing de novo,
and melanoma arising in a preexisting nevus (see
chapter » “Acquired Precursor Lesions and Phe-
notypic Markers of Increased Risk for Cutaneous
Melanoma”) (Scalzo et al. 1997, Berg and
Lindelof 1997; Temple et al. 1991; Ceballos et al.
1995; Whiteman et al. 1997; Lu et al. 2015; Prieto-
Granada et al. 2016a; Verzi et al. 2017; Wilmott

R. A. Scolyer et al.

et al. 2019). Since most melanocytic lesions in
children are benign, there may be a bias of some
pathologists and dermatopathologists to underdiag-
nose melanoma in such clinical scenario.

Histopathology

Most studies suggest that childhood melanoma is
diagnosed when the tumor is at an advanced clin-
ical stage with many greater than 1.5 mm and
invasive to levels IV and V. In a review of child-
hood melanomas in patients younger than
13 years who subsequently died of melanoma,
all but one were bulky tumors greater than 8§ mm
in thickness with surface ulceration and a high
mitotic rate (Prieto-Granada et al. 2016a).

Most melanomas arising de novo are superfi-
cial spreading in type, followed by nodular and
unclassifiable melanomas (Scalzo et al. 1997;
Melnik et al. 1986; Rao et al. 1990).

The histologic findings in lesions that clini-
cally resemble adult melanoma are similar to the
adult lesions. As discussed above, melanomas that
resemble Spitz nevi are more problematic. Several
parameters help in assessing these lesions. The
mean thickness of Spitz nevi is approximately
1 mm, whereas lesions that are thicker or that
penetrate the subcutis raise for the possibility of
malignancy (Spatz et al. 1999). Lesions greater
than 10 mm in diameter or ulcerated tumors are
especially worrisome (Spatz et al. 1999). The
relationship of nests of cells and individual cells
is a critical feature to assess. In childhood mela-
noma, there is great variability in nest sizes, and
dermal nests are larger than intraepidermal nests.
In contrast to Spitz nevi, childhood melanomas
show a striking “side-by-side” nuclear pleomor-
phism that is visible at any given level of the
lesion. In Spitz nevi, the cells are of similar type
(i.e., spindle shaped or epithelioid) and are similar
to one another at the same level. Absence of
maturation is another key factor as is the presence
of a deep expansile nodule, especially if it con-
tains mitotically active cells. Mitotic figures are a
highly significant key diagnostic criterion: when
there are more than six dermal mitotic figures per
mm? or mitotic figures are present within 0.25 mm
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of'the lesional edge (Spatz et al. 1999; Crotty et al.
1992). Atypical mitotic figures are of special con-
cern. Some investigators have found that the pres-
ence of fine dusty cytoplasmic melanin pigment in
deep cellular nests of lesions in adolescents were
associated with risk of metastatic behavior
(McCarthy et al. 1994). In aggregate, the features
that favor benignancy are age less than 10 years,
sharp demarcation, symmetry, diffuse maturation,
spindle cells and nuclei, few or absent mitotic
figures, epithelial hyperplasia, and Kamino bodies
(Crowson et al. 2001b; Crotty et al. 1992; Spatz
et al. 1999; McCarthy et al. 1994). Nevertheless,
6—8% of spitzoid melanocytic proliferations are
unclassifiable (Rapini 1999). A large study with
137 patients showed that nodular histologic type,
fusiform or spitzoid cytology, high Breslow thick-
ness, vertical growth phase, high dermal mitotic
activity, ulceration, and vascular invasion were
associated with impaired prognosis, while adja-
cent nevus and radial growth phase were associ-
ated with a better prognosis. Multivariate analysis
showed that age > 11 years and higher Breslow
thickness predicted an increased risk of metastasis
(Paradela et al. 2010). Barnhill et al. (1999) noted
that significant discrepancies occur even among
expert observers because of a lack of objective
criteria for predicting the biologic behavior of
these tumors. Even when Spitz-like tumors metas-
tasize to regional node fields in childhood, they
are not often fatal (Barnhill 1998b; Hung et al.
2013; Sepehret al. 2011; Scolyer et al. 2010; Berk
et al. 2010; Ludgate et al. 2009; Murali et al.
2008).

Melanoma in congenital nevi usually exhibit
epithelioid melanocytes and show mitotic activity,
inflammation, necrosis, sharp demarcation from
the adjacent nevus, and absent maturation.

A diagnosis of melanoma in childhood is often
very difficult and cannot be made on the basis of
any single criterion in isolation. Rather, it is a
construction based upon assessment of multiple
features of cytology and architecture in concert
with the clinical history (Barnhill 1998b; Barnhill
et al. 1995, 1999; Crotty et al. 1992; McCarthy
et al. 1994; Rapini 1999; Spatz et al. 1999;
Spitz 1948; Skov-Jensen et al. 1966; Weedon
and Little 1977; Reintgen et al. 1989; Tate et al.
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1993; Chun et al. 1993; Sander et al. 1999).
Immunohistochemical features may be helpful,
particularly high proliferation rates with anti-
Ki67 (in patients older than 1 year of age) and
irregular labeling with HMB45. Notwithstanding
the combined experience of the authors, we regu-
larly encounter lesions that defy precise classifi-
cation and do not permit confident prediction of
biological behavior. It is appropriate to express
uncertainty in such cases in order to allow for a
fully informed approach to management. For
these difficult lesions, the performance of a senti-
nel lymph node biopsy may be considered, a
technique that allows one to obtain modest addi-
tional information concerning the possibility
of metastatic behavior. However, many studies
have indicated that detection of metastasis in
SLN in childhood lesions may not represent the
same prognostic value as in adults (Reed et al.
2013; Paradela et al. 2010). Further studies with
even longer follow-up will be required to establish
the clinical significance of SLN examination in
children with melanocytic lesions.

Cutaneous Metastases of Melanoma

If the diagnosis is made in the context of an
appropriate clinical history, it is usually not diffi-
cult to establish a correct pathologic diagnosis of
primary cutaneous melanoma for those familiar
with the spectrum of features of melanocytic
tumors (Plaza et al. 2010). However, it can be
extremely difficult or even impossible to defini-
tively determine whether a melanoma is a primary
tumor or a metastasis on the basis of histology/
cytology alone (Guerriere-Kovach et al. 2004).
This is particularly the case for a melanoma of
the dermis in the absence of an in situ component
in the overlying epidermis. In some instances,
such tumors represent a primary melanoma with
regression of the superficial dermal and epidermal
components. The pathologist should recognize
this phenomenon by the presence of subtle clues
such as the presence of rare single atypical epider-
mal melanocytes, epidermal thinning with loss
of rete ridges, fibrosis and vascular proliferation
in the dermis overlying the lesion, a defect in
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the band of superficial solar elastosis, and a
band-like lymphohistiocytic inflammatory cell
infiltrate (which usually includes numerous
melanophages). In cases where difficulty remains,
it is prudent to examine microscopically addi-
tional tissue from the lesion, including further
sections cut from the original and additional tissue
blocks. In some instances it is impossible to be
certain from the pathologic features alone whether
a melanoma is primary or metastatic. In such
cases, correlation with clinical information is
essential, as this may provide further and critical
clues. Furthermore, some primary melanomas
may arise in the dermis without origin from the
epidermis, including some cases of desmoplastic
melanoma, melanomas arising in congenital nevi,
and blue nevus-like melanoma (so-called malig-
nant blue nevi). Such melanomas may incorrectly
be reported as metastatic melanoma on patholog-
ical criteria alone. The observation of an associ-
ated, benign component indicates some such
cases that they are primary lesions and not
metastatic melanomas. Because some apparently
primary melanomas (so-called primary dermal
melanomas) may be pathologically indistinguish-
able from dermal melanoma metastases (Cassarino
et al. 2008; Swetter et al. 2004), we recommend
that pathologists be extremely cautious in diag-
nosing metastatic melanoma when there is no
clinical history of a prior primary melanoma. If
there is no clinical evidence to suggest a prior
primary, we recommend such cases be managed
as for a primary melanoma of a similar thickness
because their prognosis appears to reflect this. If
the lesion is indeed metastatic, it is likely that
additional metastases will appear within a rela-
tively short interval.

Conversely, some metastatic melanomas can
show prominent epidermotropism, mimicking a
primary tumor (White and Hitchcock 1998;
Abernethy et al. 1994; Bahrami et al. 2007;
Plaza et al. 2010). In most epidermotropic mela-
nomas the overlying junctional change does not
extend beyond the dermal component. However,
in some instances, the clinical features may be the
only clues to the recognition that the tumor is, in
fact, a metastasis. Awareness of this phenomenon,
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together with precise communication between cli-
nicians and pathologists, is vital to minimize the
risk of misdiagnosis. It has been recognized in
recent years that occasionally the pathologic fea-
tures of some metastatic melanomas may closely
resemble blue nevi (Busam 1999). Although the
presence of subtle nuclear pleomorphism, occa-
sional mitotic figures, and an associated lymphoid
infiltrate may provide pathologic clues to the cor-
rect diagnosis, correlation with clinical informa-
tion is, as always, essential in reaching a final
diagnosis.

Regional Lymph Node Metastases
of Melanoma

Approximately 15-20% of patients with a pri-
mary cutaneous melanoma >1 mm thick develop
ipsilateral regional lymph node metastases, usu-
ally as the first evidence of metastatic spread.
Such metastases are more likely in patients with
thicker, deeper, ulcerated primaries that show fre-
quent dermal mitotic figures. The presence of true
endolymphatic tumor in the region of the primary
tumor is associated with an increased risk of nodal
metastases, but the correlation is not 100%. The
time that elapses between removal of the primary
and development of nodal metastases varies
according to tumor depth and thickness. Most
nodal metastases develop within 4 years, but a
significant minority of metastases develops later,
up to and even beyond 10 years after the primary
surgery.

The prophylactic removal of all lymph nodes
within a nodal basin on the grounds that primary
melanomas of similar pathology have, in the
past, generated nodal metastases (elective
lymphadenectomy) is little practiced now, having
been largely replaced by lymphatic mapping and
sentinel node (SN) biopsy (see below). Removal
of clinically positive regional nodes (palpable
nodal enlargement or abnormal features on ultra-
sound, with or without guided fine needle aspira-
tion) (therapeutic lymphadenectomy) is still
widely practiced (in contrast to the abandonment
of complete lymph nodal dissection for patients
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with a positive sentinel lymph node) (Faries et al.
2017). These approaches generate specimens
containing multiple lymph nodes that (with their
adjacent non-lymphoid tissue) all require patho-
logic assessment, and tissues from both
approaches are managed similarly.

Laboratory Assessment of Regional
Lymphadenectomy Specimens

Specimens received fresh or in fixative should be
measured, and the presence of orienting stitches or
clips recorded. The specimen is fixed for 18-24 h
in a generous volume of buffered formalin
(or alternative). The nodes are bisected and the
total number recorded. After examination of
HE-stained sections the number of tumor-positive
nodes is recorded. Whether the nodes are totally
or partially replaced by tumor and the presence of
extra-capsular extension should be recorded
(Cochran et al. 1992, 2000).

It is not customary (because of workload and
fiscal concerns) to use immunohistochemistry in
evaluating all or even most lymphadenectomy
specimens, but this approach should be used to
evaluate suspicious or anomalous findings or to
confirm that tumor in a node is melanoma. It
should be remembered that benign melanocytes
(showing S1007, Mart-17, Ki67~, and P16") are
found in nodal capsules and trabeculae in up to
24% of cases (Carson et al. 1996; Biddle et al.
2003). These clusters of benign cells are desig-
nated as nodal nevi (a term preferable to the
sometimes used “subcapsular” nevi since they
are overwhelmingly located in the capsule sur-
rounding the lymph node), and sometimes in the
fibrous trabeculae. The number of lymph nodes
that are the site of metastases is a critical indica-
tor of likely clinical outcome, with prognosis
declining as the number of positive nodes
increases (Callery et al. 1982; Balch et al.
2001b). Where numerous nodes are matted
together by tumor, it may be impossible to deter-
mine the number of nodes affected. Matting and
fusion of nodes by tumor is by itself a highly
unfavorable sign.
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Lymphatic Mapping and Sentinel
Lymph Node Biopsy

The advent of lymphatic mapping and SLN
biopsy (Morton et al. 1992), staging techniques
designed to identify patients with early spread of
melanoma to the lymph nodes, has dramatically
altered the work of pathologists evaluating lymph
nodes from melanoma patients, since it allows
pathologists to thoroughly evaluate a limited
number of lymph nodes, those most likely to be
positive (Morton et al. 2014).

The critical challenge for pathologists evaluat-
ing SLN biopsies is to accurately determine the
presence or absence of metastatic melanoma to
facilitate prediction of likely clinical outcome for
the individual patient and determination as to
whether an immediate completion lymph node
dissection should be considered (Morton et al.
2006).

Laboratory Assessment of Sentinel
Lymph Nodes

These comments are based on recommendations
from the International Sentinel Node Society and
the American Joint Committee on Cancer Mela-
noma Expert Panel (Gershenwald et al. 2017;
Chakera et al. 2009).

SLN specimens should be gently handled in
the operating room to avoid crush or cautery arti-
facts. If specimen transfer to the laboratory is
likely to exceed 2 h, the tissues should be placed
in fixative in the operating room area immediately
after surgical removal. Surgeons may mark the
SLN with clips or stitches of different lengths
and colors to highlight blue-colored areas of the
SLN observed during surgery and areas suspi-
cious for tumor. Any such special markers should
be described in the pathology requisition form,
preferably with a simple explanatory diagram.

Dissected SLNs are examined for blue colora-
tion, measured (at least maximum diameter in
mm), and a note taken of the reported radioactivity
recorded during intraoperative gamma counter
evaluation. The node is then either bisected or
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breadloafed, depending on the protocol employed,
often influenced by the size of the node. When
using bisection, since melanomas metastasize
first to the subcapsular sinus in the plane of entry
of afferent lymphatics, it has been recommended
that the SLN be bisected through its longest
meridian. This critical cut should provide two
lymph node segments as nearly equal in volume
as possible. Alternatively, breadloafing produces
a larger surface to be examined in a single histo-
logic section. The cut surfaces are closely exam-
ined with the naked eye and perhaps a hand lens
(or dissecting microscope) for the presence of
visible metastases or collections of melanin or
carbon pigmentation. At this stage imprints may
be made for cytology (see below); however, this is
not standard in most institutions. The slices are
placed in cassettes and fixed in formalin for
12-24 h prior to standard processing through
alcohols to paraffin. Samples provided for
research should not interfere with the determina-
tion of nodal tumor status (Cochran et al. 2003).
SLNs encased in fat are usually dissected free
(but this may destroy evidence of tumor in affer-
ent lymphatics) and each node handled as noted
above. Since the reported radioactivity cannot be
assigned in this case to an individual node, all
nodes in the specimen are to be regarded as SLN
and subjected to appropriately detailed evalua-
tion. Most patients have a single SLN, but two
and three SLNs may be encountered. If more
lymph nodes are present, the specimen is likely a
partial lymph node dissection, rather than an SLN
biopsy and surgeons using this approach must be
made aware of work load and fiscal issues that arise
from special processing of multiple lymph nodes.

Laboratory Confirmation That
a Submitted Node Is Truly Sentinel

Accurate staging of clinically localized primary
melanoma requires that node(s) claimed as SLN
are truly sentinel lymph nodes. Because nuclear
medicine and surgical approaches that identify
SLN are fallible, it is possible that a node claimed
as sentinel may not be the true SLN. This can
occur when the true SLN is partially or entirely
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replaced by tumor, deviating lymph flow to other
nodes. There is a need for objective measures that
pathologists can use to confirm the SLN status of
submitted lymph nodes. The blue dye injected by
the surgeon usually dissipates by the time the node
arrives in the laboratory or is at most faintly vis-
ible. Similarly, radioactive isotope decays rapidly
from peak emission values measured in the oper-
ating room and laboratory measurements would
be suboptimal. Few pathology laboratories are
equipped to measure radioactivity.

A stable, inert marker such as particulate car-
bon that selectively accumulates in SLN and is
readily visible on standard microscopy would be
ideal for confirmation of SLN status. Carbon par-
ticles injected intradermally with blue dye at the
start of surgery accumulate preferentially and usu-
ally exclusively in the SLN. Particles settle in the
subcapsular sinus and in lymphoid tissues around
the point of entry of afferent lymphatics. Carbon
accumulations also indicate the area of the node
most likely to be the site of metastatic tumor cells
delivered from the primary tumor via the same
lymphatics as carbon particles and blue dye.
Intensive evaluation of nodal tissues can thus be
focused on this area of the node. This approach
cannot be applied if the patient has a permanent
black tattoo, because carbon-based particles from
tattoos often migrate to the regional nodes. Drug
regulations vary and this use of carbon particles is
not currently permitted in some countries (Haigh
et al. 2001; Morton et al. 2003), and is not gener-
ally standard of care.

Intraoperative Evaluation of Sentinel
Nodes

Although LM/SLNB were initially developed
using intraoperative frozen sections (Morton
et al. 1992), experience has shown that frozen
sections are unreliable in this role (Cochran et al.
2003). Although intraoperative frozen sections
allow the possibility of immediate completion
lymph node dissection if the SLN contains mela-
noma cells, the preparation of a full-face frozen
section often requires the sacrifice of relatively
substantial amounts of nodal tissue. And since
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SLN metastases are often small and narrowly
located beside the nodal meridian, diagnostic tis-
sue may be entirely destroyed during preparation
of frozen sections. Additionally, identification
of melanoma cells is more difficult in frozen
tissue sections relative to slides prepared from
well-fixed tissues. It is therefore strongly
recommended that SLNs from melanoma patients
are evaluated using sections from properly fixed
paraffin-embedded SLN. If there is a need for
intraoperative assessment, visual assessment of
the cut face of the node is recommended and cell
smears may be obtained by scraping the nodal cut
surfaces, or tumor imprints prepared by pressing
the cut surfaces of nodes onto glass slides for
cytological evaluation.

The Need to Evaluate Multiple Levels
of the Sentinel Lymph Node

There is little disagreement that there is a need to
examine multiple H and E stained levels of both
halves of SLN. What is not settled and continues
to cause considerable debate is how many sections
should be examined and how extensively sepa-
rated these sections should be.

In early studies of micrometastases in lymph
nodes (Cochran et al. 1988), data showed that
(in contrast to other types of tumors, such as breast
cancer) early metastases of melanoma are selec-
tively present in the tissues that lie adjacent to the
longest meridian through the node. On this basis it
has been recommended (Morton et al. 1992;
Cochran et al. 2000; Cochran 2000) that ten full
face serial sections entirely representative of the
node are cut from both cut faces of the node
(Fig. 1) and stained by H&E (sections 1, 3,
5 and 10), S100 (section 2), HMB45 (section 4),
and MART-1 (section 6). If tumor cells are not
found in a clinical context where the thickness of
the primary melanoma suggested that there was a
high probability that the SLN would be positive,
the above protocol can be repeated to evaluate
deeper areas of the SLN. Antibodies to tyrosinase
and cocktails to multiple melanoma epitopes may
also be wused according to local practice.
According to the particular mix of thickness of
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the melanomas in a given study, this approach
yields 16-20% of tumor-positive SLN, a figure
similar to the rate of ipsilateral regional nodal
failure seen in patients treated by wide excision
alone. This level of sampling thus appears to
detect all nodal metastases that progress to clini-
cally detectable size by 10 years after excision of a
primary melanoma. Subsequent studies have
shown that simpler protocols employing fewer
number of sections provide equivalent results,
with similar “false-negative” rates of nodal
relapse (Prieto and Sandra 2002).

Other studies have shown that evaluation of
sections cut from deeper in the SLN will, in
some patients, identify (usually) small numbers
of melanoma cells, increasing the number of
positive SLN (Cook et al. 2003; Spanknebel
et al. 2005; Riber-Hansen et al. 2009). The clin-
ical significance of detection of these additional
melanoma cells remains undetermined and elu-
cidation will require prolonged follow-up
studies.

The entire slide is scanned at low power and
the different nodal compartments assessed, with
particular attention to the subcapsular sinus.
Tumor cells may replace substantial areas of the
node or be relatively few in number and dispersed
singly or as microcolonies in subcapsular sinuses,
lymphoid parenchyma, deeper sinuses, and affer-
ent lymphatics (with the same clinical implication
as intranodal tumor) (Cochran et al. 2003). High-
power (x400) fields are examined for single or
clustered tumor cells. The MART-1 preparation
can be examined first followed by the S100 and
HMB45 stained sections, and the H&E sections.
Other protocols use other markers (SOX10,
MITF) or even cocktails with different combina-
tions of MART1/HMB45/Tyr/SOX10. The H&E
sections are most likely to demonstrate micro-
colonies, but single cells may be more difficult
to identify, even if they are heavily melanized
since they may resemble melanophages. Mela-
noma metastases extend into the lymphoid paren-
chyma or central nodal sinus when expansile
colonies have formed. Extracapsular invasion is
infrequent, but should be recorded (Cochran et al.
2004a). Measurement of the amount of tumor
present and its distribution are discussed below.
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The Role of Immunohistochemistry
in Evaluation of Sentinel Lymph Nodes

Single tumor cells or small micrometastases can
be extremely difficult to identify in H&E-stained
sections and even experienced pathologists may
miss up to 12% of patients with SN metastases
(Cochran 2000). It is therefore essential to sup-
plement conventional stains with immunohisto-
chemistry. The choice of immunohistochemical
reagents is important (Ohsie et al. 2008). Anti-
bodies to S100 protein stain essentially 100% of
melanomas but are not specific, staining para-
cortical dendritic leukocytes, some sinus histio-
cytes, fat cells, Schwann cells of nerves, and
capsular/trabecular nevocytes (Carson et al.
1996). Despite the challenge of interpreting
S-100-stained sections, some authors consider
that S100 (expressed by all melanomas) is still
helpful but should always be used in parallel
with other more specific (though less sensitive)
antibodies. The other commonly used anti-
bodies, MART-1/MelanA, HMB45, and tyrosi-
nase, are more specific for cells of melanocytic
lineage but are not expressed by up to 25% of
melanomas (Ohsie et al. 2008). Further studies
with the application of SOX10 may determine
the effectiveness of that marker. True false-
positive assessment of SLN tissue would be
due to misidentification of non-melanoma cells.
Foracell to be called “positive” for metastasis, it
must be morphologically consistent with mela-
noma. Confusion between melanin-containing
macrophages and immunopositive melanoma
cells may be reduced by the use of red
aminoethylcarbazole  rather  than  brown
diaminobenzidine to allow antibody visualization.
Other potential sources of false-positive interpre-
tation (as noted above) are S100-reactive dendritic
cells, capsular and trabecular nevi, histiocytes,
intranodal and perinodal nerves, and ganglion
cells. HMB45 reactivity in the absence of mela-
noma cells may be seen in the focally calcified
trabeculae of inguinal or pelvic lymph nodes, an
alteration most marked in older patients. Occa-
sionally, mast cells show apparent reactivity with
MART-1 and/or HMB45. Furthermore, nodal
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nevus with features of blue nevus is strongly pos-
itive with HMB45.

Identification of Nodal Nevi and Their
Separation from Metastatic Melanoma

Discrimination of benign nevocytes from meta-
static melanoma requires meticulous consider-
ation of nodal architecture and the cytological
and immunophenotypical features of the cells
under consideration (Cochran et al. 2003; Prieto
2017). Melanoma cells are usually (but not
always) larger than nevocytes and are located
individually and in small aggregates within the
subcapsular sinus and lymphoid tissues of the
node. They are seldom seen in the nodal capsule
other than within afferent lymphatics entering the
node. Features that assist separation of melanoma
cells from nevocytes include large size, high
nuclear to cytoplasmic ratio, prominent “bird’s
eye” nucleoli, mitotic figures (especially atypical
forms), and the presence of the fine punctate mel-
anin granules (single melanized melanosomes)
that indicate a cell that synthesizes melanin.
Coarse melanin granules usually indicate the pres-
ence of the melanosomal aggregates that are char-
acteristic of macrophages (melanophages). Up to
25% of melanoma patients have nevocytes in the
connective tissue capsule or trabeculae of one or
more regional lymph node(s) draining skin sur-
faces (Carson et al. 1996). Extension of nevocytes
into perivascular stroma or ultrafine reticulations
of the trabeculae can make interpretation difficult;
the cells seeming to lie in the lymph node paren-
chyma, a location more characteristic of mela-
noma cells (Cochran et al. 2003; Wen et al.
2004). It may be helpful to evaluate the nodal
tissue using connective tissue stains such as Mas-
son trichrome and reticulin that will disclose the
arborizations pattern of the nodal architecture.
Nevocytes stain positively for S100 (nucleus and
cytoplasm), MART-1 (cytoplasm) has weak or
absent reactivity for HMB45 and is negative for
Ki67. Consideration of high-quality immunohis-
tochemical preparations is usually helpful in
determining whether suspicious cells are derived
from a nevus or a melanoma.
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Sentinel Lymph Node Evaluation
in Assessment of the Malignant
Potential of Ambiguous (Nevoid)
Melanocytic Lesions

Lymphatic mapping and SLN biopsy have been
used in the management of patients with
melanocytic skin lesions for which the pathologist
cannot definitively diagnose melanoma or a nevus
(Kelley and Cockerell 2000; Zuckerman et al.
2001; Lohmann et al. 2002; Su et al. 2003).
If the pathologist, after due -consultation,
remains less than totally confident of the diag-
nosis, the patient may be managed by wider
excision, lymphatic mapping, and SLN biopsy.
Additional regional surgery is not required if the
SN is tumor-free or contains only capsular or
trabecular nevus cells. If the node contains true
intraparenchymal metastases, completion lymph
node dissection may be offered and adjuvant ther-
apy discussed. This is not a truly diagnostic pro-
cedure, but the pattern of extension of the lesion
within the regional nodes (non-threatening nevus-
type spread within the capsule or trabeculae or the
more ominous involvement of the nodal paren-
chyma that is characteristic of melanoma) may
assist determination of the most appropriate man-
agement strategy. A similar immunohistochemi-
cal approach to that outlined above can be applied
to evaluation of SLN removed during the man-
agement of ambiguous nevoid lesions such as
atypical spitzoid neoplasms and atypical cellular
blue nevi. However, in the case of Spitz tumors,
studies have demonstrated that these patients do
not (with only rare if any exceptions) go on to
experience progressive disease.

Molecular Biology as a Supplement
to Histological Evaluation of Sentinel
Nodes

Conventional microscopy may fail to detect lim-
ited occult melanoma in the SN of some mela-
noma patients. This may be used as an argument
for more extensive nodal sampling (Cook et al.
2003) and/or the use of approaches such as real-
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time polymerase chain reaction (RT-PCR) (Mor-
ton et al. 2003). The possibility that RT-PCR
could identify melanoma cells by detecting
mRNA for melanoma-associated markers in
SLN with no histological or immunohistological
evidence of tumor cells attracted considerable
interest. However, there is currently no compel-
ling reason to abandon microscopy and analyze
SN exclusively by RT-PCR. The techniques used
to extract mRNA for evaluation by RT-PCR
destroy the tissue, and the cell from which any
enhanced signal derives can never be identified. In
addition to deriving from melanoma cells, a
molecular signal could originate from capsular
and trabecular nevocytes, Schwann cells of
intranodal nerves, macrophages that have ingested
melanosomes, or melanoma-macrophage hybrids.
There is concern that overinterpretation of the
results of RT-PCR studies could lead to patient
overtreatment (Starz et al. 2003). The efficacy and
clinical relevance of molecular analysis of the SLN
was analyzed in the second Multicenter Selective
Lymphadenectomy Trial (MSLTII) which com-
pared immediate completion lymphadenectomy
with observation in the management of patients
with a tumor-positive SLN (including for this
study patients with a histologically negative but
RT-PCR positive SLN) (Faries et al. 2017). The
data from this trial suggests that patients with a
histologically negative but RT-PCR positive SLN
have similar outcomes to those with both histo-
logically negative and RT-PCR negative SLNs.

Measurement of the Amount of Tumor
Present and Its Distribution in Sentinel
Lymph Nodes

In the past, patients who had a melanoma-positive
SLN were usually offered immediate completion
dissection of the affected node basin (completion
lymphadenectomy). When dissected non-SLNs
are evaluated microscopically (HE and immuno-
histochemistry), only one-third of completion
lymphadenectomy specimens contain nodes that
harbor melanoma cells (Wen et al. 2004). Thus, in
two-thirds of patients who have a melanoma-
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Fig. 24 A sentinel node containing a small deposit of
metastatic melanoma in the subcapsular sinus region of
the lymph node

positive SLN, regionally metastatic tumor is pre-
sent only in the SLN and it has been demonstrated
that such patients may not require potentially
morbid completion lymphadenectomy, but rather
are offered careful follow-up with ultrasound of
the regional node basin, which should be done by
appropriately qualified and experienced person-
nel. Tumor volume (Wagner et al. 1999), tumor
burden (Ranieri et al. 2002), the micrometer-
measured depth of invasion of melanoma from
the lymph node capsule (Starz et al. 2001), SLN
tumor burden (% area of the node occupied by
melanoma) (Cochran et al. 2004b), and/or dispo-
sition of tumor within the different nodal compart-
ments (Dewar et al. 2004) of a positive SLN may
predict the likelihood that melanoma is present in
non-SLNs and patient outcomes (Fig. 24). Since
no survival benefit was demonstrated in clinical
trials of patients who received a completion
lymphadenectomy after a positive sentinel node,
this procedure is no longer offered routinely in
patients with a positive sentinel node (Leiter et al.
2016; Faries et al. 2017).

Melanoma Metastatic to Visceral
Organs and Other Sites

Some melanomas have a predilection for gastro-
intestinal (in particular the submucosa of the small
intestine), brain, and lung. Melanoma metastases

to other sites including bone, breast, heart, spleen,
and pancreas usually occur in patients with dis-
seminated metastases. Recent evidence suggests
that specific chemokines and their respective
receptors may facilitate metastasis to specific
organs. A recent study suggests that the site-
specific metastasis by melanoma to the small
intestine is related to expression of the chemokine
receptor CCR9 in melanoma cells and response to
CCL25, the ligand for CCRY, in the small bowel
(Amersi et al. 2008).

Fine Needle Biopsy in Melanoma
Patients

Fine needle biopsy (FNB) is a rapid, minimally
invasive technique that is widely used for the
investigation and diagnosis of palpable and non-
palpable masses in melanoma patients. FNB has a
number of advantages over core needle biopsy or
open surgical biopsy. It is less invasive, cheaper,
does not require expensive operating theater, and
is associated with fewer complications and less
morbidity. Because FNB specimens can be pro-
cured and prepared for assessment in a few
minutes, it can provide a diagnosis quicker than
more technically demanding formal biopsies. An
on-demand FNB service is provided at some mel-
anoma treatment centers, immediate results being
communicated directly to treating clinicians, sav-
ing time, allowing expeditious planning of man-
agement, and reducing the stressful period of
uncertainty for the patient (Doubrovsky et al.
2008). It is a particularly useful technique for
evaluation of clinically suspicious visible or pal-
pable masses in melanoma patients. The approach
is also useful in the assessment of small tumor
deposits detected by computerized tomographic
or ultrasound scanning. A recent large study
with a sensitivity of 92.1% and a specificity of
99.2% (Murali et al. 2007) demonstrated the high
diagnostic accuracy of FNB used to evaluate met-
astatic melanoma. While FNB has no current role
in the initial diagnosis of primary melanoma, it
should be the first-line diagnostic modality for
confirmation of clinically and/or radiologically
suspected metastases in melanoma patients.
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Fig. 25 Fine needle biopsy: cytologic appearance of mel-
anoma. Sixty-year-old male, metastatic melanoma in
axilla. (a and b) A Romanovsky stained smear showing a
dissociating population of large epithelioid melanoma cells

Melanoma exhibits a wide variety of morpho-
logic appearances, and the smears prepared from
FNB specimens of metastatic melanoma are sim-
ilarly heterogeneous. Nevertheless, the smears are
usually highly cellular with a discohesive popula-
tion of large pleomorphic epithelioid cells in
disorganized three-dimensional aggregates and
associated singly dispersed cells (Fig. 25).
Prominent nucleoli, intranuclear pseudoinclusions,
eccentric nuclei, hyperchromasia, and a moder-
ate amount of cytoplasm are typical. Focal
intracytoplasmic melanin pigment is identified
in up to 50% of cases. Diagnostic pitfalls include
the overinterpretation of paucicellular smears and
the misdiagnosis of tumors such as metastatic
carcinoma or lymphoma as metastatic melanoma.
However, when performed by appropriately

with eccentrically placed nuclei. E. Prominent nucleoli and
occasional intranuclear pseudoinclusions are present in
this Papanicolau stained cytology preparation

trained and experienced cytopathologists, instances
of misdiagnosis are rare (0.6% in one large series)
(Murali et al. 2007). Collection of additional
material for ancillary investigations, such as the
preparation of a cell block for immunochemistry,
also assists in reducing diagnostic errors, and this
material can also potentially be used for genomic
studies.

Clear Cell Sarcoma (Melanoma of Soft
Parts)

Melanoma arising in deep soft tissue was
described by Enzinger (1965) in 1965 under the
designation “clear cell sarcoma of tendons and
aponeuroses.” The malignant cells of this sarcoma
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typically have clear cytoplasm, thus the designa-
tion as clear cell sarcoma. As these tumors dem-
onstrate evidence of melanocytic differentiation
on ultrastructural and immunohistochemical anal-
ysis, they have also been termed “melanoma of
soft parts” as a synonym. Nevertheless, there are
clear clinical, morphologic, cytogenetic, and
molecular differences between cutaneous mela-
noma and clear cell sarcoma, indicating that they
are distinct and separate neoplasms. Clear cell
sarcoma usually occurs in young adults and has
a slight female predominance but may occur in
patients of any age. Tumors present typically as a
tender nodule in the deep soft tissues of the
extremities, although they can occur at any loca-
tion (Chung and Enzinger 1983). More than one
half of patients with clear cell sarcoma ultimately
develop metastases, typically to the lymph nodes,
lung, or bone (Fletcher 2000). At time of surgical
excision, tumors are usually circumscribed and
lack a connection to the overlying skin. They
may include foci of hemorrhage, necrosis, or pig-
mentation due to either old hemorrhage or mela-
nin production.

Seventy-five percent of cases manifest a
unique t(12;22)(q13;q12) translocation that is
reportedly absent in cutaneous melanoma. This
translocation fuses the Ewing Sarcoma (EWS)
gene of chromosome 22 to the activating transcrip-
tion factor-1 gene (ATF-1) on chromosome12 and
can be detected in paraffin-embedded tissue with
the use of appropriate probes by fluorescent in situ
hybridization (FISH) (Bridge et al. 1991; Antone-
scu et al. 2002; Reeves et al. 1992; Zucman et al.
1993; Speleman et al. 1997; Mrozek et al. 1993).
Other dermal tumors with articular fusion genes
have been recently described, and these have
appeared to be less aggressive than clear cell
sarcomas or usual melanomas (Cellier et al.
2018).

The tumor is usually composed of clusters of
cells separated by fibrocollagenous stroma. The
cells have eosinophilic or clear cytoplasm, and
multinucleated giant cells with peripheral
wreath-like nuclei are usually identifiable. The
presence of multinucleated giant cells and relative
paucity of mitotic figures are morphologic fea-
tures favoring clear cell sarcoma over metastatic
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melanoma. Like melanoma, clear cell sarcoma
expresses S-100 protein in the majority of cells,
and most are also positive for Melan-A and
HMBA45 antigen (Chang and Folpe 2001). When
there is diagnostic uncertainty as to whether a
deep-seated tumor is a clear cell sarcoma or a
melanocytic tumor such as a melanoma metastasis
or (atypical) cellular blue nevus, careful clinico-
pathologic correlation and cytogenetic or FISH
analysis may be helpful in establishing the correct
diagnosis.

Molecular Pathology of Melanoma

The molecular pathology of melanoma is a broad
field and encompasses the entire spectrum of mela-
nocyte biology, host response, angiogenesis, and
mutations, as well as a host of different techniques
to study these various molecular events. In this brief
review, we discuss diagnostic molecular markers,
melanoma stem cells, and therapeutic targets.

The commonest molecular technique used in
melanoma pathology is immunohistochemistry.
Immunohistochemistry is widely available and
an integral part of modern histopathologic prac-
tice. The most commonly used immunohisto-
chemical markers related to melanoma diagnosis
are antibodies for S-100 protein (a calcium bind-
ing protein), Mart-1/Melan-A (a melanocyte
differentiation antigen expressed as a transmem-
brane protein), and HMB45 (a part of the gp100
pre-melanosome complex). The key enzyme,
tyrosinase, and the transcriptional regulator of
the tyrosinase gene, the so-called microphtalmia
transcription factor (MITF), are also used, as well
as SOX10. Arguably the major role of immuno-
histochemistry in melanocytic pathology is to
assist in the differential diagnosis of melanocytic
and non-melanocytic lesions, separation between
benign and malignant melanocytic lesions, and
especially detection of micrometastatic disease
in sentinel nodes by highlighting the presence of
small numbers of metastatic melanoma cells (see
above). The routine use of immunohistochemistry
improves the detection of occult melanoma metas-
tases in SN, resulting in an increase in the detec-
tion rate from 15% to 20%.
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Ki-67 has proven very important in identifying
cells actively participating in the cell cycle. Recent
studies have shown the importance of detecting cell
cycle activity in thin melanomas (< 1 mm) (Gimotty
et al. 2005). The tumor suppressor genes, pl6 and
p53, are other important markers. The molecular
abnormalities of these genes affect cell growth,
DNA repair, and cellular susceptibility to apoptosis.

Vascular markers (CD34, CD31, LYVE,
D2-40) have been employed to help detect vascu-
lar invasion.

Therapeutic Targets

Molecular pathology studies have led to a greater
understanding of the molecular pathogenesis of
many cancers including melanoma. Melanoma
develops as a result of accumulated abnormalities
in genetic pathways that promote cell proliferation
and prevent normal pathways of apoptosis in
response to DNA damage. Knowledge of the
mechanisms that underpin these pathways has pro-
vided new opportunities for the development of
more specific targeted cancer therapies. In recent
years, multiple new therapeutic strategies have rad-
ically transformed the care of melanoma patients,
particularly those with advanced stage disease.
Examples of new treatment approaches include
molecularly targeted therapy using BRAF inhibi-
tors (usually administered in combination with
MEK inhibitors for patients with BRAF V600
mutant metastatic melanoma) and immunotherapy,
using immune system checkpoint inhibitors
against CTLA-4 and/or PD-1, and other novel
checkpoints. The pathologist has a central role to
play in the strategies that determine whether these
agents are effective, both at the basic science and
clinical levels. These roles include studies
assessing various molecular pathways in mela-
noma pathogenesis, the assessment of the expres-
sion of various proteins, and other factors in
excised human melanomas, selecting appropriate
tissue for formal molecular testing, assessing
response to treatments, and determining whether
individual tumors display a phenotype that pre-
dicts likely response to treatment (such as expres-
sion of various molecular targets).
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The Concept of the Cancer Stem Cell

The presence of stem cells has been documented
in most somatic tissues. These cells exhibit the
capacity for self-renewal and also can support the
growth of progenitor cells that will differentiate
into the tissue of origin. These normal adult stem
cells have been found to be able to withstand
cytotoxic agents. This function is related to the
robust expression of ABC transporters. The
capacity of stem cells to persist derives from the
interplay of principally the Wnt, Notch, and
hedgehog pathways that interact with the stem
cell niche in the tissue of origin (Jones and Wagers
2008). This interaction determines whether the
stem cell renews itself or differentiates. Cancer
stem cells were first described in hematologic
malignancies and now have been described in
other tumors including breast and melanoma.
The origin of cancer stem cells is not fully under-
stood but is under intensive investigation. It may
involve several “unorthodox” mechanisms such
as cell-cell fusion and horizontal gene transfer
(Bjerkvig et al. 2005). However, has been a
population of human melanoma initiating cells
has been identified that are defined by the pres-
ence of ABCBS, a transporter related to the
documented resistance to cytotoxic agents found
in normal and cancer stem cells (Schatton et al.
2008). The importance of this finding, namely the
discovery of cells that are self-renewing in tumors,
is that such cells are an appropriate and potentially
rewarding target for therapy (and at the present
time, likely a barrier to therapeutic success).

The Metastatic Niche Concept

A very important aspect of stem cell research
relates to the discovery of the metastatic niche.
The niche, as now clearly found in normal tissues,
such as the bulge of the hair follicle, is defined as a
specific anatomic location that presents all the
elements necessary for the survival of normal
stem cells in different tissues (Jones and Wagers
2008). Recent evidence indicates that there is also
a niche for metastatic cancer cells. Through ele-
gant experiments it has been demonstrated that
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malignant cells are capable of recruiting hemato-
poietic stem cells. These prepare favorable condi-
tions in specific tissue sites through upregulation
of adhesion molecules and other factors that mod-
ify the microenvironment. These modifications
make this site favorable for the implantation of
malignant cells, creating a metastatic niche. This
process starts before the malignant cells arrive at
the designated site and involves molecular cross-
talk between neoplastic cells and the recruited
hematopoietic stem cells (Kaplan et al. 2005; Li
et al. 2007).

The unraveling of metastatic mechanisms,
along with the identification of cancer stem cells,
will have a tremendous impact on cancer therapy
allowing for different approaches to tackle this
complex and challenging group of illnesses. This
new direction is clearly a challenge for molecular
pathology as it offers great opportunities, not only
for understanding malignancy and metastasis but
also for therapeutic maneuvers to impede such
events.

Closing Remarks

Histopathology remains the gold standard for the
diagnosis of melanoma. The pathology report
should not only document the key characteristics
upon which the diagnosis was based but also
pathological factors that are important for deter-
mining the patient’s prognosis and for guiding the
next stages in their management. The pathological
classification of melanoma, now supported by
recent molecular findings, has provided important
insights into the pathogenesis of this malignancy.
There are many potential pitfalls for those diag-
nosing pigmented lesions, and, in many instances,
accurate diagnosis requires interpretation of the
pathological features in the context of pertinent
clinical information such as the site of the lesion
and age of the patient. Molecular pathology eval-
uation can provide useful adjunct information for
diagnosing difficult to classify borderline primary
melanocytic tumors including utilizing techniques
such as fluorescent in situ hybridization, compar-
ative genomic hybridization, and next-generation
sequencing. For patients with metastatic mela-
noma, molecular pathology testing of their tumor
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to identify driver mutations that are susceptible to
molecular targeting by drug therapy is now an
important part of routine care. In the future,
molecular testing to identify gene signatures,
tumor mutation burden, or features of the tumor
microenvironment is likely to be utilized for
selecting optimal personalized therapies for mel-
anoma patients.
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