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Abstract. Melanoma is a devastating disease frequently encountered within both veterinary and human
medicine. Molecular changes linked with neoplastic transformation of melanocytes include mutations in genes
that encode proteins intrinsic to the regulatory pathways of two tumor suppressor proteins (retinoblastoma
protein and p53), proto-oncogene mutation to oncogenes, altered expression of epithelia cadherin and CD44
adhesion molecules, and upregulation of angiogenic factors and other growth factors. Histologic evauation of
the primary mass is the most common means of diagnosis, with cytology used more frequently to document
metastasis. Melanoma's highly variable histologic and cytologic patterns can make diagnosis by either method
problematic. Adherent epithelioid morphology, including signet ring forms, and nonadherent round and spindle
forms are recognized, with pigmentation an inconsistent finding. The site of the tumor, the thickness of the
primary tumor or depth of invasion, and the number of mitotic figures per high-power field or per millimeter
are used histologically to predict biologic behavior, whereas site and degree of pleomorphism are typically used
for cytologic preparations. Diagnosis of amelanotic melanoma can be aided by ancillary diagnostic techniques.
Tumor cells are usually positive for vimentin, S100, neuron-specific enolase, and Melan-A, and negative for
cytokeratin. Melan-A as a positive marker is not as sensitive as the others are but is likely more specific.
Monoclona antibodies to human melanosome-specific antigens 1 and 5 cross-react with canine antigens for a
combined sensitivity rate of 83%. Mouse monoclonal antibody IBF9 specifically recognizes canine melanoma
antigen and aso has good sensitivity. Serologic markers, including cytokines, cell adhesion molecules, and
melanoma-inhibitory activity, are being investigated as potential sentinels of melanoma. Currently, there is no
single diagnostic technique capable of differentiating benign from malignant melanocytic neoplasms or pre-
dicting survival time.
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Introduction for diagnosticians and a resource for scientists in the
field of melanoma research. Regardless of whether the
neoplasm is initiated by chemical carcinogens or ul-
traviolet (UV) light, melanomas in all species share a
similar biology in that they frequently recur and are
predisposed to metastasis to regional LN. Animal mel-

anomas are common and provide a useful model for a

A diagnosis of melanoma in domestic animals typ-
ically carries agrave prognosis. It is generally detected
at a late stage when excision is rarely curative and
metastasis is often already detectable within regional
lymph nodes (LN). In dogs it is a common diagnosis,

accounting for 7% of all malignant tumors.® It is the
most common malignant neoplasm of the oral cavity
and the second most frequent subungual neoplasm.
In cats it is not as common but carries the same poor
prognosis. In gray horses melanoma is so common as
to be considered amost inevitable.!® In humans the
cutaneous form of melanoma is expected to reach an
incidence of 1 in 75 among individuals born in the
year 2000.2 Although oral melanoma is not common
in humans, accounting for only 1-2% of all melano-
mas, as in domestic animals, it is generally very ad-
vanced when detected and has only a 5% 5-year sur-
vival rate.?®

The purpose of this review is to provide areference

deadly human disease.**

Terminology for this disease is not consistent in hu-
man and veterinary literature. To avoid confusion in
terminology in this article and to seek a common
ground for both groups of readers, we use the term
“melanoma’ for all malignant melanocytic tumors,
whereas melanocytoma refers to benign forms.

Pathogenesis

Normal melanocytes are dendritic cells derived from
neuroectodermal melanoblasts that have migrated dur-
ing embryogenesis to the epidermis, dermis, and other
sites. They are found within the basal layer of the epi-
dermis interspersed between basal keratinocytes. They
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normally do not form attachments with or even touch
each other but rather form adherent and regulatory
junctions with five to eight neighboring keratinocytes
via epithelial cadherin (E-cadherin) molecules.'*® Mel-
anin is not retained within the normal melanocyte. It
is packaged in melanosomes and transferred through
their dendritic processes to keratinocytes. Conversion
of normal melanocytes, that are nonpigmented and iso-
lated from other melanocytes, to pigmented and clus-
tered neoplastic melanocytes is a multistep process,
with initiation as the first event, to be followed by
promotion, transformation, and metastasis.33152249

Virtually nothing is known about initiation of most
animal melanomas, but initiation of as many as 65%
of cutaneous melanomas in humans and in most of the
melanomas diagnosed in Angora goats is thought to
occur secondary to mutations generated by both UVA
and UVB solar radiation.®18218 This conclusion is
based on epidemiologic linkage of melanoma with sun
exposure by latitude and skin type (fair skin, freckling,
and inability to tan). Furthermore, patients with the
genetic disorder xeroderma pigmentosum, who have a
defect in the enzymes required to repair light-induced
DNA mutations (pyrimidine dimers), have a 1,000- to
2,000-fold increase in risk of developing skin cancer,
including melanomas, squamous cell carcinomas
(SCCs), and basal cell carcinomas.?* The initiators for
al other cutaneous and noncutaneous melanomas are
not known. Breed and familial clustering in domestic
animals suggest that genetic susceptibility, possibly re-
sulting in a greater frequency of spontaneously mutat-
ed cells, may be critical to initiation of many of these
tumors_48,86,89,99,100

In humans initiation within benign, pigmented pre-
cursor lesions contributes to a small percentage of mel-
anoma cases.’?” The most important category of pre-
cursor lesion is the dysplastic nevus.’?” Multiple dys-
plastic nevi on an individual are associated with an
increased risk of melanoma.’®> Other precursor lesions
in humans include the giant congenital melanocytic
nevus,*?’” but only a single case of malignant transfor-
mation of a similar congenital lesion in a golden re-
triever has been reported.?*> Conroy* described two
canine cases of melanoma that arose from junctional
or dermal pigmented nevi (hamartomas), athough in
neither case was metastatic behavior observed. There
is a single report of a primary melanoma in the skin
of a dog that originated from a subcutaneous mela-
nocytoma.'®® Melanoma has been reported to arise
from primary acquired melanosis (PAM) in a dog's
cornea and conjunctiva® In humans approximately
46% of PAMs that demonstrate cellular atypia pro-
gress to melanoma.’'® In general, however, with the
exception of gray horses, malignant transformation of
benign lesionsis very uncommon in animals, and most
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melanomas are believed to arise de novo from mela-
nocytes in the epidermis, dermis, ocular epithelium,
and ora epithelium.*

The next step in carcinogenesis requires a promoting
factor(s). Promoters, possibly acting in an epigenetic
fashion by disrupting gap-junctional intercellular com-
munication, stimulate proliferation of the mutated cell,
alowing for amplification of the cell population, per-
sistence of the mutation, and opportunities for addition-
a mutations.?®® Promoters can include chronic trauma,
chemical exposure, burns, hormones, infections, drugs,
and other causes for reactive hyperplasia.333811923 per-
haps mucosal melanoma arises as a result of chronic
injury (either mechanical or inflammatory) that results
in reactive hyperplasia of the epithelium, disruption of
normal keratinocyte-melanocyte interactions, and am-
plification of cells initiated spontaneously or by uniden-
tified environmental factors.

Genetically or environmentally initiated DNA insta-
bility facilitates subsequent neoplastic transformation.
Normal suppressors of cell proliferation and activators
of apoptosis, e.g., retinoblastoma protein (Rb) and p53,
are eventually superceded by unregulated growth fac-
tors or growth factor receptors (or both), and inhibitors
of apoptosis, e.g., bcl-2.10-162 For example, p53-trig-
gered cell cycle arrest or apoptosis prevents mainte-
nance of DNA mutations in any given cell line. Mu-
tations in p53 (gene for a protein is italicized by con-
vention) can prevent synthesis of p53 or result in ab-
normal p53 that cannot gain entry to the nucleus,
resulting in perpetuation of a DNA mutation. Human
melanomas with p53 expression are common, 20—40%
among all cases, and may have a different pathogen-
esis compared with those without p53.25! A canine case
of multicentric melanocytoma was demonstrated to
lack p53.1% Conversely, overexpression of normal p53
was detected in metastatic melanomas in two horses,
suggesting to those authors that p53 is not involved in
equine melanoma tumorigenesis.??

Most melanoma cases in humans lack detectable
p53 mutations. Mutations in INK4a, INK4b, and Waf-
1 are more common.'®.231 |NK4a and INK4b encode
proteins p16'N<4a and p15'NK4° that are cyclin-dependent
kinase inhibitors (CDKI) regulated by Rb. Entry into
mitosisistriggered by cyclin-dependent kinases; there-
fore, INK4a and INK4b mutations ultimately remove
the ability to inhibit mitosis and alow uncontrolled
proliferation. INK4a also encodes p19~~*~ which is an
activator of p53, via an alternative exon and reading
frame. Waf-1 encodes the protein p21, another CDKI.
Expression of Waf-1 is partially regulated by p53. The
multicentric melanocytoma case described above
lacked functional p21.1% Thus, activities of two im-
portant tumor suppressors, p53 and Rb, are essentialy
sabotaged in the mgjority of melanoma by mutations
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in genes that encode proteins intrinsic to these regu-
latory pathways.?3!

Expression of the apoptosis suppressor gene bcl-2
was detected in 16 of 18 human cutaneous melanomas
examined by Morales-Ducret et al. 1995,16? but the bcl-
2 gene product was aso found in resting melanocytes
in normal skin. On the other hand, atypical bcl-2 over-
expression has been detected in human uvea mela-
noma.?® Suppression of apoptosis complements disrup-
tion of the Rb and p53 pathways to favor uncontrolled
proliferation.

Proto-oncogene mutation to oncogenes also favors
proliferation and tumor development. Oncogenes de-
tected in in vitro and in vivo melanoma studies include
c-myc, c-erb-B-2, c-yes, c-kit, and ras.12142160

Autonomous growth is an additional requirement for
neoplastic progression. The chief autocrine growth
factors linked with melanoma development are basic
fibroblast growth factor (bFGF), melanoma growth
stimulatory activity or growth regulated proteins, in-
terleukin (IL)-8, IL-10, 1L-18, platelet-derived growth
factor-A, and «-melanocyte stimulating hor-
mone. 115134151245 | gte-stage melanomas are also stim-
ulated by factors such as IL-6 and tumor growth fac-
tor-B that are normally inhibitory to melanocyte pro-
liferation.t3*

Neoplastic transformation, resulting from mutations
as described above, occurs before metastasis. Metas-
tasis itself is a multistep process starting with detach-
ment from the primary mass, movement to and
through endothelium, travel via blood or lymph (or
both), adhesion and movement through endothelium,
and finally attachment and proliferation within a sec-
ondary site. Neoplastic cells must downregulate and
then upregulate various adhesion molecules, eg.,
Ca?t-dependent adherent molecules (cadherins) and
CD44. Many studies have demonstrated both in vitro
and in vivo decreases in E-cadherin in melanomacells,
which is supportive of theories that diminished E-cad-
herin interactions with basal keratinocytes are critical
to melanoma tumorigenesis.t'3152 But inconsistent de-
creases in membranous E-cadherin, concurrent with
dramatic decreases in membranous placental cadherin
and it’s associated gamma catenin in late-stage primary
and metastatic melanoma tumors have been reported
by others.2%®

The adhesion molecule CD44 most likely plays a
role in the facilitation of melanoma metastasis. CD44
isawidely expressed transmembrane glycoprotein that
functions in T-cell activation, T-cell extravasation, LN
homing, hyaluronate degradation, cell aggregation and
migration, angiogenesis, and hematopoiesis.®*?° CD44
interacts with hyaluronic acid to facilitate expansion
of proliferating tissues. Reduced expression of stan-
dard CD44 and upregulation of CD44 variant number
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5 (CD44v5) has been demonstrated to occur in mela-
noma metastatic to LN.?%5215 Melanoma metastasi s, but
not primary growth, was inhibited by antibody to
CD44 in SCID mice injected with the human mela-
noma cell line SmelanomalJ-2.1%3

At both primary and metastatic locations, angiogen-
esisis critical to survival and growth of any neoplasm
regardless of its derivation. Reports on microvascular-
ity of melanoma and its relationship with tumor ag-
gression are inconsistent but seem to favor the theory
that angiogenesis is critical to the metastatic potential
of melanoma and correlates with poor outcome. 139165172
One recent study examined serum concentrations of
four angiogenic factors for a possible correlation with
tumor progression and survival.?* Serum levels of an-
giogenin, vascular endothelial growth factor (VEGF),
bFGF and IL-8 were al significantly elevated in mel-
anoma patients compared with healthy controls; how-
ever, only elevated levels of VEGF, bFGF and IL-8,
and not angiogenin, had a positive correlation with
poor survival and tumor burden.

During this entire process tumor cells must escape
immune surveillance, be physically able to survive and
move within the circulatory or lymphatic system (or
both), and be able to proliferate within a stromal en-
vironment different from their origin. One current the-
ory suggests that avoidance of the immune system is
facilitated by tumor production of 1L-10.115

Other changes required of a melanocyte to become
malignant are the subject of considerable research.?8
Evaluations of cultured melanoma lines, anima mod-
els, and clinical cases are helping in answering ques-
tions regarding both general tumor biology and mel-
anoma pathogenesis.

Clinical Features
Canine

Melanomais relatively common in dogs, accounting
for 3% of all neoplasms and up to 7% of all malignant
tumors.® The most frequently affected sites are the
ora cavity (56%), lip (23%), skin (11%), and digit
(8%), with other sites, including the eye, accounting
for only 2%.%

Melanocytic neoplasms that arise in the oral cavity
are virtually always considered malignant®® and con-
stitute the most common oral malignant neoplasm
(Fig. 1).%6232 They predominantly arisein the gingivat’®
and account for 33% of malignant neoplasms in this
Site, 2316493108 with fewer cases arising from the lin-
gual, buccal, pharyngeal, tonsillar, and palatine epithe-
lium. Oral melanomas grow rapidly, are invasive, and
often recur after surgical resection. Presenting signs
include dysphagia, halitosis, ptyalism, bleeding, and
occasionally fracture of the mandible.®1%° Seventy to
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Fig. 1. Ora melanoma. Canine. Nonpigmented, exo-
phytic mass protruding from the hard palate. Formalin-fixed
tissue.

ninety percent metastasize,??%22%2 independent of lo-
cation within the oral cavity.” The most common met-
astetic sites are the regional LN, lung and viscera, in-
cluding the heart (Figs. 2, 3).42%

Collectively, melanocytic neoplasms account for 4—
20% of all cutaneous neoplasms, but less than 5% of
these tumors are malignant.®®8” Malignant tumors are
found most frequently on the head, ventral abdomen,
and scrotum.”256%8 Melanomas commonly arise not
only at mucocutaneous junctions, especially the lips,
but also in the prepuce, vulva, anus, nose, and eyelids.

Subungual melanoma is the second most common
digital neoplasm after SCC.* Digits affected by sub-
ungual melanoma often have deformed nails, growth
of a mass from the nailbed, or paronychia (Fig. 4).
Subungual melanoma can result in destruction of pha-
langeal bone(s)” but less commonly (5%) than in cases
of subungual SCC (80%).“¢ Marino et al.'*® reported
radiographic evidence of metastasis in 58% of digital
melanoma, either before or soon after surgery, and a
median survival time of 12 months.
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Fig. 2. Metastatic melanoma. Canine. Multiple, black,
raised, smooth, shiny nodules disseminated throughout the
thoracic viscera, effacing the lungs, pericardium, and medi-
astinal soft tissue.

Fig. 3. Metastatic melanoma. Canine. Multiple, black,
raised, smooth, shiny nodules disseminated throughout the
liver.
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Fig. 4. Digital melanoma. Canine. Subgross appearance
of malignant melanocytes forming an exophytic protrusion,
which also effaces and invades underlying phalangeal bone.
HE. Bar = 3.5 mm.

Melanocytic tumors are the most common ocular
neoplasms, and arise most frequently in the anterior
Uvea.47:6066164206211 |n gne study of 244 dogs with in-
traocular melanocytic tumors, the anterior uvea was
the site for 83% of these tumors, whereas the limbic
area and choroid accounted for 12 and 5%, respec-
tively.® Clinical signs include iris thickening and an
irregular pupil, with blindness and ocular pain.t® Sec-
ondary symptoms range from keratitis, hyphema and
corneal edema to uveitis, unilateral glaucoma, buph-
thalmos, and retinal separation.3583158206 Most intraoc-
ular melanocytic tumors are benign. Reports of histo-
logically documented malignancy range from 15 to
29.8%,851%8.253.254 whereas those with metastatic behav-
ior account for approximately 4%.%51% All the eight
confirmed metastatic ocular melanomas reported be-
tween 1981 and 19923581.1%8.20625 jnyolved the anterior
uvea, with or without extension to the choroid. In the
above mentioned study of 244 dogs,®® only one case
of the 56 documented as malignant had metastasis con-
firmed by a postmortem examination; however, nine
dogs had clinical signs suspicious for metastasis, e.g.,
lymphadenopathy or evidence of pulmonary or ab-
dominal metastatic disease at the time of death (or
both). This same study also determined that animals
with malignant tumors had significantly shorter sur-
vival times after enucleation compared with both the
melanocytoma group and control group (dogs with
enucleation for other reasons). There was no signifi-
cant difference in survival between the melanocytoma
and control groups.

Melanoma incidence not only varies with site but

Melanocytic Neoplasms—A Review

655

aso with breed. Cutaneous melanoma occurs more
commonly in dogs with heavily pigmented skin, with
the miniature schnauzer, standard schnauzer, and Scot-
tish terrier at increased risk of developing neo-
plasm.*886%0 |n addition to the above breeds, Irish set-
ters and golden retrievers are at increased risk of de-
veloping subungual melanoma. The Irish Setter, Chi-
huahua, Golden Retriever, and Cocker Spaniel are at
increased risk of developing melanoma of the lip.®
German Shepherd Dogs and Boxers are more prone to
developing oral melanoma.t’®232 The reason for breed
predilection is not entirely clear, but it may reflect an
underlying genetic risk or increased pigmentation (or
both) in certain breeds. The latter is in contrast to hu-
mans where there is no proof of any difference in the
relative frequency of oral melanoma in African-Amer-
icans and Africans, compared with white cohorts.®
Furthermore, cutaneous melanoma is rare in Africans
and other races with heavily pigmented skin.** Some
authors report a predisposition to oral melanoma in
Japanese, Indians, and Hispanics, although others have
contradicted this observation.?+2%

Most dogs with melanoma are more than 10 years
old with arange of 1-17 years.”8:232 An increased fre-
quency has been described in male dogs.6+%2%2 Thisis
similar to humans, where the male/female ratio of oral
melanoma is 2—3: 1.13203

Equine

Up to 15% of all equine skin tumors are melano-
cytic.54120 More than 90% of these tumors are benign
at initial presentation, but approximately two-thirdsare
thought to progress to malignancy and are capable of
WIdeSpreaj metaStaSl S_92,120,124,130,198,212,213,224,241 The vast
majority appear in gray or white horses, usually at or
before the age of 5 years, corresponding to the time
in their life when their coat color changes.t20137.1% An
early theory of equine melanocytic neoplasia suggest-
ed that dermal and visceral melanocytic tumors are a
manifestation of a storage disease, rather than malig-
nant neoplasia, and occur as a result of the accumu-
lation of melanin in melanophages during the depig-
mentation process.’37212 Melanocytic neoplasms also
occur in non-gray or non-white horses, such as bays
and chestnuts, and may be more likely to be malig-
nant.'* Arab breeds seem to have a predilection for
cutaneous melanoma, but statistics may be skewed by
the fact that most are gray.?013%61% A gimilar overrep-
resentation has been observed in Lippizaners and Per-
cherons.®

It has been more difficult to attribute any breed or
color predisposition to ocular melanomas, which are
rare, although such a correlation has been demonstrat-
ed in some cases.'*¢” The same is true for oral mela-
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nomas, which are uncommon, accounting for 17% of
al oropharyngeal neoplasms in horses.%*

Melanomas are unusual in horses less than 6 years
old. They increase in prevalence with age, with 80%
of gray horses developing malignant forms by the time
they are 15 years 0ld.%2150241 There have been incon-
sistent reports regarding sex predilection. Sundberg et
a. (1977)%* reported multiple dermal melanoma (oth-
erwise caled dermal melanomatosis) more frequently
in males, whereas others suggest that there is no sex
predilection.120:224.241

Most equine melanomas arise in the skin of the per-
ineal region, the ventral surface of the tail, and external
genitalia 891 More atypical sites have been reported,
such as the coronary band,** foot,**° vertebral re-
gion,?41% gnd pelvic canal.*** Rarely, the thoracic cav-
ity,’672%5 nasal cavity,’? and eyel#%667.14% have been in-
volved. Clinical signs range from interference with bri-
dle, bits, and saddle to more serious obstructive lesions
in the urogenital or gastrointestinal tract, progressing
to life-threatening pulmonary or visceral metastasis.'®
Neurologic signs have been reported secondary to
compression of the spinal cord by metastatic nod-
ules.??2 Other more unusual manifestations include
Horner’'s syndrome and unilateral sweating.'5"167

Equine metanocytic neoplasms have traditionally
been grouped according to one of the three growth
patterns. Some grow slowly over many years without
metastasizing, whereas others grow sowly initialy,
with a subsequent increase in the rate of growth after
a few years. A third subset grows rapidly and is ma-
lignant from the beginning.*?°213 VValentine (1995) has
suggested that there are actually at least four possible
syndromes of equine melanoma, three of which have
the potential for metastatic behavior.?* Two of these
three categories, dermal melanoma and dermal mela-
nomatosis, are histologically very similar and can only
be classified based on clinical features. Dermal mela-
nomas are usually solitary, discrete lesions that are sur-
gically excisable, occurring in a wide age-range of
gray horses. Dermal melanomatosis denotes the pres-
ence of many lesions, often coalescing and usually oc-
curring in typical locations, such as the genital or per-
ineal region, of gray horses older than 15 years. These
are not surgically curable and are much more likely to
metastasize internally.'°24 The third category refers
to anaplastic melanoma in aged, non-gray horses. Al-
though rare, it is the most aggressive, leading to death
within months of diagnosis.?** The fourth category is
the melanocytic nevi, which are benign, pigmented le-
sions predominantly occurring in horses less than 6
years Old_120,241

Feline

Melanoma is uncommon in cats, accounting for less
than 1% of al feline oral neoplasms®155220 and ap-
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Fig. 5. Melanoma. Skin of dorsal skull between ears;
feline. Exophytic, crusted, discrete mass elevating the epi-
dermis.

proximately 0.5% of feline skin tumors.32648.182 The
ocular and cutaneous forms are generally more com-
mon than melanoma of the oral cavity.5647318 The
most common cutaneous sites are head (Fig. 5), tail,
distal extremities,** and lumbar area.58%24 The
prognosis is generally poor because of recurrence and
regional metastasis in up to half the cases.®?® In a
study of 23 cats with nonocular melanocytic tumors,
approximately half were malignant, including all the
three oral tumors included in the study.'* In another
study, four of the six reported cases of oral melano-
cytic tumors were malignant, with metastasis to vis-
cera in one case and local invasion in three.'®

Ocular melanoma tends to occur in the anterior uve-
a tract, originating within the iris, with one study re-
porting over 60% of all feline ocular melanocytic tu-
mors at this site.157182 |t typically presents as focal to
diffuse iris hyperpigmentation rather than a discrete
nodule or mass.%512 Glaucoma is a common sequel a.
Melanoma originating in the limbus, conjunctiva, and
nictitating membrane have also been reported, al-
though they are very rare.?24%1% Harris and Dubi€lzig
(1999)17 have observed an atypical form of feline in-
traocular melanoma that arises multifocally in parts of
the uveal tract other than the iris and tends to invade
both the globe and the sclera. Ocular melanomas can
be locally infiltrative or may metastasize widely.118182
Some authors have documented a slow growth rate,
with along latent period between detection of primary
ocular tumor and occurrence of metastatic disease.>5"¢°
Others suggest that metastasis can occur in earlier
stages, athough this may depend on time of diagnosis
and method of treatment.'8182 Melanomas with meta-
static behavior have also been described in the pal-
pebral area'®? in the nictitans,'®*® and, although nor-
mally benign, in the limbus.?>5” In a study of 34 cats
with diffuse iris melanoma, the overall survival time
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after enucleation for diffuse iris melanoma was signif-
icantly shortened relative to healthy cats and cats with
enucleation for other reasons.'?® Cats with disease con-
fined to the iris stroma and trabecular meshwork (early
disease) had survival times comparable with the con-
trols, but survival times shortened with invasion into
the ciliary body (moderate disease) and were shorter
still with advanced disease.

The age-range is comparable in several surveys, af-
fecting cats from 2 to 18 years of age but peaking at
8 to 12 years.578486144.182243 No sex or breed predilec-
tion has been demonstrated.

Other species

Melanocytic neoplasms occurs in other domes-
tic species, including cattle, sheep, alpaca, and
SWinelos178192.252 g5 \well as spontaneously in laboratory
animals and in birds.>% Of these species, swine are
probably the most important for two reasons. Firstly,
the Sinclair miniature and Duroc breeds have a genetic
predisposition for melanomas.’®??® Secondly, the Sin-
clair miniature pig has served as a model for sponta-
neous cutaneous melanoma in humans, 11156178221 The
melanocytic tumors can be congenital and are often
multiple.r”® In up to 90% of pigs, the tumors usually
completely spontaneously regress, a feature that has
made this such an attractive model, particularly for
studying immunopathogenesis and its potential rolein
the therapy of melanoma.'*17® On the other hand, 10—
15% of affected pigs succumb to metastatic disease
with involvement of regional LN, lungs and liver, as
well as other viscera®31® This model shares many
features in common with human cutaneous melano-
mas, including spontaneous development of tumors, a
wide spectrum of melanocytic tumors capable of ma-
lignant transformation, correlation between deeply in-
vasive tumors and metastatic disease, and the pattern
of metastatic spread and histopathology of tumor re-
gression.*! In humans the regression is usually partial
and perhaps a poor prognostic indicator,'® although
complete remissions have been reported.?” In both hu-
man and swine tumors, regression has been associated
with a high number of tumor-infiltrative lymphocytes.
These lymphocytes have been identified as CD8+ cy-
totoxic T cells'®® and display granulated lymphocyte
morphology.'** These are the lymphocytes that react to
Melan-A/MART (melanoma antigen recognized by T
cells), a cytoplasmic marker that is weaker or not ev-
ident in the population of melanoma cells remaining
after partial remission of human melanomas.

Uveitis and vitiligo are associated with the sponta-
neous regression that occurs in these pigs. Cataracts
and a band keratopathy, characterized by deposition of
calcium salts beneath the basal corneal epithelial cells,
have been less frequently observed.”135 Such obser-
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vations have led to a profusion of studies aimed at
elucidating the immunopathogenesis of regression. Pe-
ripheral blood lymphocytes in swine with regressing
melanomas have significant lytic activity against cul-
tured porcine melanocytes; lysis is age-dependent and
does not occur in piglets less than 4 weeks old.*** His-
tologic changes of regression are biphasic, consisting
of tumor infiltration by what appear to be pigment-
laden macrophages between 4 and 8 weeks of age,
followed by a predominantly lymphocytic response
over the next few months.®® But the heavily pigmented
cells may actually be terminally differentiated mela-
nocytes and not monocyte-derived macrophages.®” The
end result is the destruction of normal as well as ma-
lignant melanocytes.**® Circulating antibodies specific
to pigment cells in pigs with regressing melanomas
have been shown to increase with time and correlate
with regression and vitiligo.>* More recently, melano-
ma regression has been associated with loss of telo-
merase activity, leading eventually to DNA fragmen-
tation and cell death.'8! This is an important area of
ongoing research, and a complete review of the swine
melanoma model is beyond the scope of this article.
Other potential animal models for the human disease
include the laboratory mouse, the opossum, and the
Xiphophorus fish.®?

In cattle, melanocytic tumors account for approxi-
mately 6% of all tumors, mostly arising in the skin
and predominantly affecting cettle with red, gray, or
black coats.*> Reports of malignancy are very uncom-
mon, but metastases can occur.?® The majority of mel-
anoma in cattle have been reported from the Indian
subcontinent.16819219% |n contrast, in sheep and goats
cutaneous melanocytic neoplasms metastasize fre-
quently.?® Angora goats are predisposed and have
been proposed as a potential model of human mela-
noma because of the probable association with UV
| ight_96,180

Reports in wildlife and exotic species are much less
common. There is a single case report of a poorly pig-
mented cutaneous melanocytoma in a ferret.>%6 Mela-
nocytic neoplasms are very rare in birds, with only
single case reports in the literature.512°

Gross Pathology

Melanoma can vary considerably in appearance, re-
gardless of the site. Melanoma may be of any color,
ranging from gray or brown to black, red, or even dark
blue.62102153 Pigmentation is not a specific feature be-
cause other neoplastic or nonneoplastic lesions can be
phenotypically similar. Melanoma vary in size, but
most fall within the range of 1-3 cm.*®% Cutaneous
melanoma may be smooth domes, sessile nodules
(Fig. 5), polypoid, plaquelike, or even lobulated
masses; 6102166 |arger ones are often ulcerated. In the
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Fig. 6. Melanoma. Skin; canine. The dermal neoplastic cells are fusiform and epithelioid. Melanocytic hyperplasia is
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evident in the epidermis, but it is nonneoplastic. HE. Bar = 40 pm.
Fig. 7. Melanoma. Oral; canine. Pagetoid infiltration of oral mucosa by individual cells and nests of cells (arrows) and

neurotization of submucosal neoplasm. HE. Bar = 40 pm.

horse they are often flat and firm, may be single or
multiple, and can coalesce, creating a cobblestone ap-
pearance.’®® Alopecia and ulceration are variable fea
tures.

Lesions found at necropsy depend on how far the
neoplasm has progressed and range from local primary
tumor masses to widely disseminated metastases (Figs.
2, 3).5786198.2% Individual tumors vary from 1 mm to
several centimeters diameter.?? Neoplastic masses can
be compressive, although they are usualy unencap-
sulated and infiltrative.’8” They can also be poorly de-
fined, effacing normal structures rather than forming
discrete masses.1101%0 Pigmentation is variable, but of-
ten the masses are black.

Regardless of site, melanomas can metastasize via
the lymphatic or blood vessels, with regional LN being
the usual first target.'*® Any of the visceral organs can
potentially be infiltrated, but the lungs are most com-
monly involved.17:21.92130.156182198 | nfrequently, exten-

sion and metastasis to serosal surfaces, such as peri-
cardium, pleura and peritoneum, occur; associated ef-
fusions may be black.'> Melanomas have the potential
to invade bones and cause bony lysis in areas such as
digit, maxilla, mandible, vertebrae, and ribs,148182.19%8

Histopathologic Variants
Histopathologic variants in animals

The term nevus, commonly used in describing pig-
mented melanocytic lesions of the epidermis and der-
mis in humans, is not used in veterinary dermatopa-
thology.®® When evaluating melanocytic neoplasms
they may be compound, denoting both an epidermal-
epithelial and dermal-submucosal component to the
neoplasm, or dermal and submucosal with no identi-
fiable epidermal or epithelial component (Fig. 6).
Junctional refers to the proliferation of neoplastic me-
lanocytes at the interface between the epidermis and
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dermis or epithelium and submucosa.®® Pagetoid refers
to the presence of either individual or small aggregates
of neoplastic cells within the upper levels of the epi-
dermis or epithelium® (Fig. 7) and was originally used
to describe the carcinoma cells (Paget cells) that infil-
trate the epidermis overlying mammary ductal carci-
nomas in situ.®

In our domestic species, cutaneous, oral, and ocular
melanocytic neoplasms are quite variable in their his-
tologic appearance and in the amount of melanin with-
in the cell cytoplasm. Epithelioid tumors contain round
cells, with discrete cell borders, abundant glassy cy-
toplasm, large nuclei, and prominent nucleoli (Figs.
8a, 93, 10a, 11a).% Cells may exhibit ““ pagetoid” be-
havior and occur either singly or in small clusters of
two to three cells. This feature may be seen within the
mucosa adjacent to the submucosal component of the
neoplasm. Spindle cell tumors are arranged in streams
and interweaving bundles (Fig. 12a) similar to fibro-
sarcoma or neurofibrosarcoma,'®® but the nuclel tend
to be larger, nucleoli more prominent, and Pagetoid
behavior is not seen. The mixed type consists of both
cell morphologies and patterns (Fig. 13a). A fourth
type, the whorled or dendritic form occurs only in the
skin®88 and features spindle-shaped cells organized in
tightly swirling streams, often with a fingerprint pat-
tern. This last type is usually benign, whereas the oth-
ers are more typically malignant.

More unusual forms include the clear cell type (also
referred to as the large pale or balloon cell type). This
occurs in canine skin and oral cavity and feline
skin.611%0.243 The neoplastic cells in this subtype have
finely granular, palely eosinophilic, and slightly dusty
brown cytoplasm. The nuclei are round, with variable
anisokaryosis, prominent nucleoli, and marginated
chromatin (Fig. 14).5%19 The signet-ring type, which
has been documented in the oral cavity of cats, isaso
amelanotic and consists of pleomorphic cells with flat-
tened, eccentric nuclei. Some cells contain large, pale,
intracytoplasmic inclusion bodies, which lie adjacent
to the compressed nuclei.?® Ramos-Vara et a.**° re-
cently described an adenoid-papillary—form in canine
oral cavity, previously only seen in humans. In this
subtype, cells are arranged in acinarlike structures with
central lumina.l”® Osseous and chondroid metaplasia
(Fig. 15) can aso occur within melanoma arising at
any site, but this is uncommon.4288%

Comparison with human melanoma

Generally, cutaneous melanomain domestic animals
does not share the same degree of diversity described
in the medical literature.r® In veterinary pathology, be-
cause dysplastic nevi are not recognized as a specific
entity, the pathologist is not required to differentiate
between severely dysplastic nevi, melanoma in situ,

Melanocytic Neoplasms—A Review

659

and early invasive melanoma, all of which differ in
their prognostic significance. Furthermore, most ani-
ma melanomas are advanced invasive masses when
removed for histopathologic evaluation, corresponding
to nodular melanoma in humans, whereas most mela-
nomas in humans are the superficia spreading type,
which are most often relatively small, thin tumors that
are confined to the epidermis and dermis. Some direct
histopathologic correlations can be made between hu-
man and canine melanoma in that both forms may be
composed primarily of spindle cells, epithelioid or
round cells, or a mixture of these cell types.”® There
are similarities between ora melanoma in dogs and
humans. As in dogs, the prognosis for oral melanoma
in humans is very poor regardless of morphology,”
and no link has been found between survival rate and
histologic type.”

Cutaneous melanomas in humans are most com-
monly classified according to their growth pattern var-
iants. The most common types are superficial spread-
ing melanoma, nodular melanoma, lentigo maligna
melanoma, and acral lentiginous melanoma.®622 This
classification system is thought to represent subgroups
with similar etiologies as well as biologic, clinical, and
prognostic features,'®3222 although the validity of this
theory has been questioned.?® All four have two
growth phases of variable duration—radial growth
with epidermal involvement only and vertical growth
with dermal invasion.??? Superficial spreading mela-
noma is the most common melanoma seen in Cauca-
sians accounting for 70% of all melanomas.*?” This
tumor is typically found on the trunk and extremities,
with no predilection for chronically sun-damaged skin,
and is composed of predominantly large, atypical ep-
ithelioid melanocytes. Nodular melanoma is predomi-
nantly dermal, with only a minor intragpidermal com-
ponent. It is generaly heavily pigmented, predomi-
nantly epithelioid, often ulcerated, and rapidly pro-
gressive, with essentially no clinically discernable
radial growth phase (RGP).*?” It is the second most
common melanoma, accounting for 15-30%,%?” with
tumors generally found in skin that has been chroni-
caly sun damaged, e.g., the head, neck, and trunk.
Lentigo maligna melanoma originates from lentigo
maligna, which is typically seen on sun-exposed skin
of elderly patients. The precursor lesion, lentigo ma-
ligna, is the early RGP (in situ) and can be present for
years before the vertical growth phase (VGP) occurs,
at which time the lesion is considered a melanoma.
Spindle-shaped cells predominate over epithelioid cells
in the VGP for this melanoma. Acral lentiginous mel-
anoma occurs on the hands and feet, including the dig-
its and subungual regions. This is the most common
type of melanoma seen in Asians, African-Americans,
and Hispanics.???



660 Smith, Goldschmidt, and McManus Vet Pathol 39:6, 2002

2 LA™ g T AT R AN U F U AN ] n S Tl 4
R e i Yl e W a_'f:wﬂ%.z A by b)::"‘*v‘ s ~H & a

Fig. 8. Melanoma. Ear; canine. Fig. 8a. Epithelioid cells arranged in packets. Cells are fairly uniform with a high
nucleus to cytoplasmic ratio and sparse intracytoplasmic melanin. HE. Bar = 30 pm. Fig. 8b. Cytologic preparation of
same tissue seen in Fig. 8a. Cells are round with moderately high nuclear to cytoplasmic ratios, round nuclei, fine lacy
chromatin, multiple, distinct nucleoli, and a moderate amount of nonpigmented cytoplasm, stained light gray blue in the
original image. A single mitotic figure is present in the center of the image. Wright-Giemsa. Bar = 10 pm.

Fig. 9. Meanoma. Ear; feline. Fig. 9a. Pleomorphic round cells arranged in sheets. Many cells have abundant cytoplasm
and sometimes two or more nuclei. HE. Bar = 30 pm. Fig. 9b. Cytologic preparation of same tissue seen in Fig. 9a. The
arrow indicates a single giant nucleolus present in a giant neoplastic cell. Fine pigment granules are occasionally detectable
in the neoplastic cells. Melanophages are identifiable by their coarse pigment granules. Wright-Giemsa. Bar = 20 pm.

Fig. 10. Melanoma. Lip; canine. Fig. 10a. Mixed round and epithelioid cell proliferation. HE. Bar = 60 pm. Fig. 10b.
Cytologic preparation of same tissue seen in Fig. 10a. The epithelioid neoplastic cells are found in adherent clusters. Nuclear
to cytoplasmic ratios are high, with round nuclei, fine chromatin, distinct nucleoli, and a small amount of finely vacuolated
cytoplasm. Pigmentation is not apparent. Wright-Giemsa. Bar = 10 pm.
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Fig. 11. Melanoma. Head; feline. Fig. 11a. Mixed epithelioid and spindle cell pattern. Poorly pigmented epithelioid
cells arranged in packets and nests with intervening more heavily pigmented spindle-shaped cells. HE. Bar = 30 pm. Fig.
11b. Cytologic preparation of same tissue seen in Fig. 11a. Many of the neoplastic cells were represented by only bare
nuclel. Intact cells tended to be spindle form, with many fine pigment granules. Wright-Giemsa. Bar = 10 pm.

Fig. 12. Metastatic (lungs) and primary (mouth) melanoma. Canine. Fig. 12a. Metastatic melanoma. Lungs; canine.
Nonpigmented spindle-shaped cells arranged in tightly interweaving streams and bundles. The primary tumor was oral (see
Fig. 12b). HE. Bar = 60 wm. Fig. 12b. Melanoma. oral; canine. Cytologic preparation of primary oral melanoma. The
primary is pigmented and epithelioid, whereas the metastatic sites contain amelanctic spindle-shaped cells, seen in Fig.
12a. Wright-Giemsa. Bar = 10 pm.

Fig. 13. Melanoma. Oropharynx; canine. Fig. 13a. Small groups of packeted epithelioid cells, with high nucleus to
cytoplasmic ratios and prominent large nucleoli, intermingle with more spindle-shaped cells. HE. Bar = 30 um. Fig. 13b.
Cytologic preparation of same tissue seen in Fig. 13a. The round to ova neoplastic melanocytes contain 1-2 nuclei, with
fine to dlightly coarse chromatin, multiple, variably sized nucleoli, and moderately abundant fine to occasionally coarsely
pigmented cytoplasm, which was stained very light gray blue in the original image. Nuclear clefting is visible in the cell
in the lower left corner. Wright-Giemsa. Bar = 10 pm.
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Fig. 14. Melanoma. Skin of foot; canine. A balloon cell
variant. The cells have an abundant amount of pale eosino-
philic but slightly dusty brown cytoplasm. There are fine
fibrovascular trabeculae of connective tissue forming multi-
ple smal lobules. HE. Bar = 60 pm.

Fig. 15. Melanoma. Ora cavity—maxilla; canine. There
is a transition from cells that are round to more fusiform to
cells with a basophilic cytoplasm, indicative of early chon-
droid differentiation.

The variables listed below are used as prognostic
indicators in humans with cutaneous superficial
spreading and nodular melanomas to estimate 5- and
10-year survival with a 95% confidence level and to
stage disease.21136:45146 Physicians are advised to use
these variables for tumor node metastasis (TNM) stag-
ing of cutaneous melanomas with other growth pat-
terns, e.g., lentigo maligna melanoma and acral lentig-
inous melanoma but with the caveat that these other
groups may have different etiologies and different
prognoses. Variables numbered 1—7 are those used by
the Melanoma Staging Committee of the American
Joint Committee on Cancer as the basis for the cur-
rently accepted staging system for cutaneous melano-
mas in people'* and have been found to be independent
predictors of survival. The remaining variables are not
incorporated into the TNM system because they are
difficult to objectively relate to survival curves, their
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status is controversial, or because they are not clearly
independent of other factors, e.g., tumor thickness. Re-
cording of these values for individual patients is rec-
ommended. It is interesting to note that morphologic
atypia is not included in this list.

1) Modified Breslow? thickness of primary tumor:
measured from stratum granulosum to deepest portion
of neoplasm; considered the most significant.'#¢ Using
the TNM staging protocol*! assignments are as fol-
lows: T1=<1.0mm; T2 = 1.01-2.0 mm; T3 = 2.01—
40 mMm; T4 = >4.0 mm.

2) Ulceration: defined as microscopically detected
absence of intact epidermis overlying a major portion
of the primary melanoma that is not artifactual or sec-
ondary to trauma. Ulceration signifies locally ad-
vanced disease with higher risk of metastasis com-
pared with nonulcerated tumors of like thickness.

3) Level of invasion: under new guidelines, Clark’s
levels® are now only used for thin melanomas (T1)%*

Level |—confined to the epidermis (melanoma in
situ)

Level I1—Extend from epidermis into papillary der-
mis, but papillary dermis not filled or expanded
Level lll—Expand and fill the papillary dermis
Level IV—Infiltration of the reticular dermis

Level V—Infiltration of the subcutaneous fat

4) The number of metastatic LN and whether or not
the metastasis is detected clinically or microscopically:
although both indicate a poorer prognosis than no me-
tastasis, macroscopic (clinical) detection is worse than
microscopic detection (clinically occult).

5) Intralymphatic invasion: either satellite metastasis
around the primary or in-transit metastasis between the
primary and the regional LN; both sites have an equal-
ly poor prognostic significance that is about equivalent
to detection of metastasis in multiple regional LN.

6) Site(s) of distant metastasis: melanomas metastat-
ic to skin, subcutaneous tissue, and distant nodal sites
have a better prognosis compared with lung metastasis,
which is intermediate compared with other viscerd
sites, which have the poorest prognosis.

7) Elevated lactate dehydrogenase (LDH): elevated
LDH is associated with diminished survival; a high
LDH must be confirmed by two elevated LDH values
determined more than 24 hours apart and not because
of other factors, e.g., hemolysis or liver disease.

8) Number of metastatic sites: this variable was not
incorporated into the TNM system because of the lack
of standardization of diagnostic strategies used to
search for metastatic sites.

9) Site: a prognostic advantage is seen in patients
with nondistal appendicular tumors, as opposed to ax-
ial (trunk, head, neck), subungual, palms, or soles,14227
but this disappears when tumors are controlled for
thickness, age, and sex.146
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10) Mitotic count: number per millimeter?: high
counts are indicators of a worse prognosis.

11) Tumor infiltrating lymphocytes (TILs): brisk, non-
brisk, or absent; nonbrisk or lack of TILsis considered
a high-risk attribute.

12) Age: poorer prognosis if > 60 years.

13) Growth phase: RGP versus VGP?8

14) Sex: thereisadlight survival advantage for wom-
en.

15) Regression: absent or present; regression being
defined as evidence of loss of continuity of the lesion
and fibrosis, which appears to correlate with high risk
of metastasis, as opposed to actual regression of dis-
ease; surviving cells after regression represent a sub-
population that is more likely to migrate into lym-
phatics. The prognostic value of this trait is still un-
certain.

Criteria of malignancy

Melanoma may be one of the few neoplasms in an-
imals for which location is an important prognostic
indicator in its own right. Melanocytic neoplasias in-
volving the ora cavity, subungual region, and muco-
cutaneous junctions are considered malignant, regard-
less of any other single feature.” Interestingly, this also
seems to be the case with oral melanoma in humans.
There is no evident relationship between histologic
characteristics, including mitotic index and pigmenta-
tion, and survival rate.’%*° The prognosis for human
melanoma at mucocutaneous junctions and mucosal
surfaces is also grave.?®

In animal skin and eye melanocytic neoplasms, the
most reliable histologic feature for distinguishing ma-
lignant from benign is the mitotic index.?>26:3565158,25
In the World Health Organization’s Histologic Classi-
fication of Epithelial and Melanocytic Skin Tumors of
Domestic Animals,®® three or more mitotic figures per
10 high-power fields indicate malignancy. The identi-
fication of mitotic figures in sections must be under-
taken with great care to ensure that only true mitoses
are counted. Bleached sections should be used for pig-
mented neoplasms to avoid confusing mitoses with
pyknotic nuclei and the small hyperchromatic nuclei
of the spindle cells of the supporting stroma. The mi-
totic count will vary from area to area within the neo-
plasm, and the count should be performed in areas
with the greatest concentration of mitotic figures.
Where metastases have been confirmed, the mitotic
rate in intraocular melanoma is usually greater than
four per 10 high-power fields; less than two mitotic
figures per 10 high-power fields is consistent with a
melanocytoma.®>2>* |n cats the value of mitotic activity
to prediction of outcome is less clear, particularly with
regard to ocular melanoma.?+?265 Some authors, how-
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ever, report a link between high mitotic index and in-
creased risk of metastatic disease.5"68

Neoplastic cell morphology is also a useful discrim-
inating feature.?>6%88 Cytologic features of malignancy
include the presence of a large nucleus, variation in
nuclear size and shape, hyperchromasia, abnormal
chromatin clumping, one or more nucleoli, and atyp-
ical mitotic figures.%58 Additional features favoring
malignancy are the presence of neoplastic cells, indi-
vidually or in nests, within the upper layers of the
epidermis (Fig. 7),55888 athough ulceration and ne-
crosis may prevent evaluation of this feature. The pres-
ence or absence of junctional activity is not specific to
melanoma and often occurs in melanocytomas.

The gold standard is, of course, lymphatic or vas-
cular invasion.®® Pathologists are often asked to eval-
uate mandibular LN for evidence of metastatic disease
in dogs with oral melanoma. These nodes may be pig-
mented because of metastatic melanoma or the accu-
mulation of melanophages within the medullary sinus-
es. The latter occurs when melanophages are trans-
ported to the regional LN after inflammation of the
oral mucosa, particularly in dogs with pigmented oral
epithelium. The cytologic features described above,
when used to evaluate bleached sections, usually suf-
fice to distinguish melanophages from melanoma.

In cats the following histologic features have been
proposed to be of significance in identifying cutaneous
melanoma: nuclear atypia (neoplasms with more ex-
tensive atypia are more likely to be malignant), mitotic
activity (atrend of greater malignancy with increased
numbers of mitoses), and tumor cell type (with epi-
thelioid more likely to be malignant).®® The relation-
ship with cell type is not firmly established in the lit-
erature, in that two studies indicate a less precise re-
lationship between cell type and malignant poten-
tial 14415 Furthermore, histologic determination of
malignancy does not consistently correlate with clini-
cal behavior.*

The Callender system has been used historically to
determine malignant potential in canine anterior uveal
melanocytic neoplasms.®2% This system was de-
signed to predict the behavior of ocular melanomain
humans,®” which led to criticisms of its use in the vet-
erinary literature for two main reasons. Firstly, it was
designed for malignant tumors in humans, and most
canine intraocular melanocytic tumors are benign.?3425
Secondly, the morphology of the canine neoplastic me-
lanocytes does not match the cell descriptions in the
Callender classification.®>1%8254 Several authors favor a
simpler system, dividing intraocular melanocytic tu-
mors into benign and malignant using well-recognized
cytologic features of malignancy as a basis for this
classification.'8%* Despite these controversies, some
useful morphologic features can be used to ascribe ma-
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lignancy, especially with canine anterior uveal mela-
noma. A greater risk of metastasis tends to occur in
mixed and epithelioid cell types.?2® Melanocytic neo-
plasms containing narrow spindle-shaped cells with
small nuclei and no mitotic figures, or plump cellswith
large amounts of melanin and small round nuclei, are
more likely to be benign.8! This is in contrast to the
cat where cellular pleomorphism, degree of pigmen-
tation, nuclear to cytoplasmic ratio, and number of nu-
cleoli bear no relationship to the metastatic behavior
of uveal melanocytic tumors.%8

Tumor size,?680105200 degree of pigmentation, inten-
sity of proliferating cell nuclear antigen (PCNA)—
staining,?® the presence of necrosis, ulceration, or in-
flammation,?680.254 and p53 expression®! are of limited
prognostic value in animals. Depth of tumor invasion
into the skin is an important criterion in human med-
icine but isfelt to be too impractical in animals.®® More
sophisticated techniques, such as flow cytometry to de-
tect chromosomal anomalies, offer no real advantage
over histology in predicting tumor behavior.?>1? The
value of determination of a proliferative index using
MIB-1, a monoclonal antibody to Ki-67, which iden-
tifies proliferating cells, has been investigated. One
study examined 27 canine and feline melanocytic tu-
mors, eight benign and 19 malignant, to correlate Ki-
67 and PCNA activity with 6-month survival .?® Ki-67
activity correlated very well with poor survival but so
did the presence of invasive growth and classification
based on cytologic criteria. PCNA was significantly
higher in malignant neoplasms, but levels did not dem-
onstrate a strong correlation with poor survival. In a
separate study, MIB-1 was applied to 68 cutaneous
canine melanocytic neoplasms to determine if the level
of immunoreactivity would correlate with 2-year sur-
vival. Eighteen of 68 tumors were classed as malignant
histologically. The predictive value of the Ki-67 index
for 2-year survival was 97%, which was only dlightly
higher than the predictive value associated with his-
tologic evaluation (91%).1%

Differential diagnosis

Other tumors can look clinically very similar to
melanoma, particularly those arising from the skin.
These include melanocytoma as well as pigmented le-
sions of the epidermis and adnexa, e.g., feline basal
cell tumors and carcinomas, trichoblastoma, trichoepi-
thelioma, pilomatricoma, sebaceous, and apocrine neo-
plasms. Ceruminous cysts in the feline may be mis-
taken for multicentric melanoma of the pinna. Mela-
nocytic hyperplasia (lentigo simplex) on the lips, eye-
lids, nose, and gingiva of orange, cream, and silver
cats appear as pigmented macules at these sites. Hy-
perpigmented macular lesions clinically resembling
melanoma may occur in the skin in dogs, primarily the
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Fig. 16. Cytology. Metastatic melanoma. Mandibular
LN; canine. The nonadherent cells are round to very slightly
spindle form, with very high nuclear to cytoplasmic ratios,
round nuclei, multiple medium-sized nucleoli, and a small
amount of light gray to gray-blue cytoplasm. Very rare fine
blue-black pigment granules were occasionally detected. The
determination of melanocytic derivation was helped by
knowledge of the previous biopsy report of an oral mela-
noma and current physical examination findings, which re-
vealed mandibular lymphadenopathy on same side. Wright-
Giemsa. Bar = 20 pm.

abdomen and nipple. Similarly, epidermal hamartomas
(pigmented epidermal nevi, canine seborrheic kerato-
sis), and dermal hemangioma and hemangiosarcoma
can appear as pigmented cutaneous tumors.87:8

Nonmelanocytic neoplasms that commonly arise in
the oral cavity and eye seldom present clinically as
pigmented tumors; therefore, pigmentation is not adis-
traction.

Cytopathologic Variants

Cytomorphology tends to reflect histologic findings,
in that cells can be typed as epithelioid (Figs. 8b, 9b,
10b, 12b), round (Fig. 16), or spindle form (Figs. 11b,
17a-d),% 79104238255 wijth agreement reported to be 78%
in one study.* Although, just as in histologic classi-
fication, cytomorphology is highly variable, afew gen-
eralizations can be made.”2% Nuclel tend to be central
to eccentrically located, round to oval, with moderately
dense to very fine chromatin and prominent round,
oval, or angular nucleoli. Giant nucleoli are acommon
finding. Nuclei are usually solitary, but occasional bi-
nucleated and multinucleated forms are possible. Al-
though not unique to melanoma, longitudinal folding
of the nuclear membrane has been reported as afeature
in oval nuclear forms stained with Papanicolaou.?*4
Folding has not been reported in veterinary literature;
however, Papanicolaou staining is rarely used in vet-
erinary clinical laboratories. Nuclear indentation or
clefting can be seen. Nuclear to cytoplasmic ratios are
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Fig. 17a—d. Metastatic spindle cell melanoma. (a) Liver; canine and (b—d) jugular furrow; canine. The primary mela-
nomawas ora. Fig. 17a. Histology. Liver—at necropsy. The pleomorphic metastatic cells are predominantly spindle shaped;
however, the primary oral mass, as well as an earlier site of metastasis in the mandibular LN, was epithelioid (see Fig. 21).
HE. Bar = 30 pm. Fig. 17b—d. Cytology. Jugular furrow—ante mortem. The cytologic interpretation was spindle cell tumor.
Determination of melanocytic derivation was delayed until necropsy examination. There was no evidence of cytoplasmic
pigmentation. Fig. 17c, d are enlarged details from Fig. 17b. Cells display marked anisokaryosis, with oval nuclei, fine
chromatin, faint nucleoli, and occasional binucleation and nuclear clefting. Wright-Giemsa. Figure 17b: Bar = 50 pm.

Figure 17c: Bar = 20 pm. Figure 17d: Bar = 10 pm.

moderately high to very high. Melanomas do not usu-
aly incite a vigorous acute inflammatory response,
such as is seen with SCC, unless there is superficia
ulceration of the tumor. It is more typical to detect
chronic inflammation characterized by few to moder-
ate numbers of melanophages. In cases with visceral
metastasis, melanophages may also be observed in the
peripheral blood and malignant effusions.?

The epithelioid and round cell variants tend to be
round or irregularly round in contour, with variable
cell to cell adhesion observable in epithelioid tu-
mors.”® Spindle-form cells can be plump and only
slightly fusiform or display long wispy cytoplasmic
processes. Cytoplasm tends to stain very light to
moderately dark gray to gray-blue with routine he-
matology stains. Cytoplasmic borders, particularly in
the spindle and epithelioid forms, can be indistinct.
Cells may or may not contain uniform noniron pig-
ment granules, which are black, blue-black, or green-

black, independent of staining technique, or even if
unstained.*® In a sampling of 22 melanomas with cy-
tologic evaluation done at our institution, there were
11 spindle, five epithelioid, and six round cell vari-
ants. Only two (18%) of the 11 spindle cell melano-
mas in our group of 22 lacked pigment, whereas two
(33%) of the six round forms and three (60%) of the
five epithelioid tumors were amelanotic. Pigment
granules are usually very fine, punctate, spherical, or
slightly elongated, but not rod-shaped, as can be ob-
served in pigmented keratinocytes. Very finely pig-
mented cells may display a dusty gray appearance
rather than discrete granulation.® Degree of pigmen-
tation is highly variable, even within a single smear.
A very careful search of tumors classed as amelanotic
by histologic evaluation usually results in detection
of at least few very fine pigment granules in rare
cells. 8 Fine red granules or vacuoles (or both) may
also occasionally be observed within melanocyte cy-
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toplasm of some tumors. When present, they are usu-
ally observed consistently in all cells.

Just as in histologic evaluations, distinguishing be-
nign from malignant can be difficult. Using the num-
ber of mitotic figures per high-power field does not
work well for cytologic specimens because mitotic fig-
ures may not preserve well enough to identify, and the
number of cells per high-power field is not uniform.
Identification of atypical mitotic figuresis also difficult
unless they are very bizarre because smearing can cre-
ate chromosomal artifacts that mimic atypia. Gener-
aly, the standard cytologic criteria for malignancy is
applied, i.e.,, marked anisocytosis and anisokaryosis,
large to giant nucleoli, atypical nucleoli, and marked
pleomorphism. Cytologically benign tumors should be
assessed histologically to determine malignant poten-
tial, unless of course the cells are detected in an in-
appropriate location, e.g., LN.

Cytologic determination of specific melanocytic
derivation can be problematic in amelanotic or poorly
pigmented tumors because of the tendency to mimic
other types of neoplasms. Cell size and general mor-
phologic features of the round cell variant can be sim-
ilar to benign and malignant histiocytic neoplasms,
plasmacytomas, poorly differentiated mast cell tumors,
and some lymphosarcomas. Lymphoglandular bodies
are used as a guide to identification of lymphoid tissue
and lymphoid malignancies, but these globular cyto-
plasmic fragments can occasionally be seen with other
neoplasms, including melanomas,”™ although usually at
a much lower frequency. Spindle-form melanomas
containing pigment are easily identified, but amela-
notic forms can be confused with reactive tissue,*
hemangiopericytoma, histiocytic sarcoma, or other
nonpigmented mesenchymal tumors. Pigmented epi-
thelioid forms can be mistaken for pigmented epithe-
lia cell tumors, e.g., thyroid adenomas of follicular
origin'?® and thyroid carcinoma.'°21627 Amelanotic ep-
ithelioid melanoma can be very similar to carcinoma;
however, careful inspection of smears usually results
in detection of a greater range of pleomorphism, which
will often include all three forms: round, spindle, and
epithelioid. Carcinomas may be markedly variable in
size, but, unlike epithelioid melanomas, they usually
display a consistent overall shape, with few nonadher-
ent spindle or round forms detected. Careful inspection
of cytoplasm for rare black granules and the concur-
rent presence of melanophages in a markedly pleo-
morphic neoplasm helps in the identification of mela-
noma. Melanophages within both melanotic and amel-
anotic tumors tend to contain few to abundant variably
sized pigmented lysosomal granules (compound me-
lanosomes) and can be vacuolated.?*® The coarse na-
ture of these granules and the smaller macrophage nu-
clei and nucleoli help distinguish these cells from neo-
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Fig. 18. Melanoma. Ear; feline (same tissue as seen in
Fig. 9b). The single melanophage is distinguished from sur-
rounding melanocytes by its coarse pigment granules, cyto-
plasmic vacuolization, and distinctive nuclear features.
Wright-Giemsa. Bar = 10 pm.

plastic cells, athough this distinction is not always
clear (Fig. 18).7 Méelanin pigment in both melanocytes
and melanophages can be confused with hemosiderin,
but hemosiderin is easily distinguished by positive
staining using the cytochemical Perls Prussian blue
technique.”® Fontana stain, another cytochemical
stain,”® and immunocytochemical stains*® may also be
of assistance but are not in common use for routine
cytopathologic evaluation of pigmented tumors.18°

The initial definitive diagnosis of melanoma is usu-
aly done by histopathologic evaluation, with cytopa-
thology used as a screen before biopsy or as an adjunct
to biopsy® or other diagnostic modalities.?s” On the
other hand, cytopathology is used more frequently than
biopsies for monitoring of metastasis in both human
patients and animals. 5233940197247 Although there are
few large-scale studies in veterinary literature regard-
ing specificity and sensitivity of fine needle aspiration
cytology (FNAC) for detection of metastatic neoplasia,
it is in common use, particularly for melanoma, car-
cinomas, and mast cell tumors.’3> Morphology of mel-
anoma in the metastatic site is frequently similar to the
primary, but not always (Fig. 12a, b). Distant sites are
frequently less pigmented. Several reports suggest that
even if morphology has changed, the immunocyto-
chemical profile can help confirm the derivation of the
tumor_125,131,143,159,171

Regional LN are the most common sites aspirated
when monitoring for metastasis. A veterinary study
that compared cytologic and histologic findings in
FNAC of LN for detection of tumor metastasis found
an overall sensitivity and specificity of 100 and 96%,
respectively;'® however, the study included only two
melanomas, which had negative nodes by both biopsy
and cytology. An earlier study to determine the degree
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of correlation between cytologic and histologic eval-
uations of skin masses and LN aspirates mentions suc-
cessful detection of metastatic melanoma in LN for
two cases that matched the histologic findings.** The
literature on humans contains many reports, which
consistently demonstrate high sensitivity and specific-
ity for FNAC as a means to detect melanoma metas-
tasis in LN.116141.184185 M orphology of metastatic mel-
anoma s just as variable as the primary.” Round (Fig.
19), spindle, (Fig. 20) and epithelioid (Fig. 21) forms
can be found in local LN. These cells can be found
scattered throughout the smear at alow frequency, fo-
cal within regions of a smear, or may completely ef-
face the node, resulting in an aspirate containing no
lymphoid tissue. It is often useful to have smears of
the primary to compare with cells detected at a low
frequency in the LN.

Evaluation of a LN for metastasis can be compli-
cated by the presence of many melanophages within
the LN.” LN melanosis is not specific to melanoma
metastasis, in that it can be detected in a LN draining
any region containing hyperpigmentation, including
but not limited to melanoma. The pigment may be
heavy and obscure identification of neoplastic cells.
Also, the melanophages themselves may be mistaken
for melanoblasts. Distinguishing features are described
above.

Melanoma-induced peritoneal or pleural effusions
frequently contain both the malignant cells and mela-
nophages.677117.228248  Morphology of the melanoma
cellsis usually round to epithelioid (Figs. 22—24), with
signet ring and balloon cell morphology possi-
ble.16’82’121‘143’173’174’214’235'248 |f Sp' ndle form’ the Cdls
may display short, blunt cytoplasmic processes (Fig.
25) rather than the longer processes typical of the solid
tumors. Scant pigmentation may preclude a definitive
interpretation of melanoma, but usually a history ac-
companies these submissions, enabling a guess as to
derivation. Fluid counts are usually consistent with ei-
ther a modified transudate or inflammatory exudate.
There are insufficient reportsin the literature regarding
melanoma-induced effusions to state the frequency of
false negatives, but for neoplasia in general, about
40% will be nondiagnostic.1®®

Additional Diagnostic Techniques

Amelanotic and poorly differentiated melanomas of -
ten elude definitive diagnosis and a number of neo-
plasms may mimic melanoma microscopically. For
these reasons, numerous ancillary diagnostic methods
have been developed in an effort to reach a more pre-
cise diagnosis. More traditional histochemical tech-
niques are taking second place to immunohistochem-
istry (IHC), incorporating the use of monoclonal and
polyclonal antibodies.’®3 Other methods include elec-
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Fig. 19. Cytology. Metastatic melanoma. Mandibular
LN; canine. The arrows indicate moderately large to giant
round, nonadherent melanoblasts, with giant abnormal nu-
cleoli in the largest cell. Most of the small cells are normal
lymphocytes. The primary was oral. m = macrophages.
Wright-Giemsa. Bar = 20 pm.

Fig. 20. Cytology. Metastatic melanoma. Mandibular
LN; feline. The arrows indicate the cytoplasmic limits of the
spindle-shaped melanoblasts present in this LN aspirate. The
primary was facial. Wright-Giemsa. Bar = 10 pm.

Fig. 21. Cytology. Metastatic melanoma. Mandibular
LN; canine. The epithelioid melanoblasts almost completely
replace normal lymphoid tissue, although occasional small
lymphocytes can be seen (arrows). The primary was oral.
Wright-Giemsa. Bar = 10 pm.
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marked pleomorphism. Neoplastic cells extended to the surgical margins. HE. Bar = 30 pm.

Figs. 23-25. Metastatic melanoma. Pleural fluid; canine. Pleural fluid was collected 2 months later from the same dog
with the eyelid mass shown in Fig. 22. The cells were markedly pleomorphic and included giant, multinucleated cells (Fig.
23), epithelioid cells (Fig. 24), and odd spindle to stellate cells with thin, irregular cytoplasmic extensions (Fig. 25). The
arrows indicate pigment granules. Wright-Giemsa. Figures 23-24: bar = 10 um. Figure 25: bar = 12.5 pm.

tron microscopy (EM) and, more recently, in situ hy-
bridization (ISH).?*

Histochemistry

Bleaching melanomas with hypochlorite is the sim-
plest traditional technique; melanin pigment is extract-
ed to avoid its masking effect of cell morphology and
mitotic activity.?® Histochemical stains, such as the
Masson-Fontana silver stain, employ the argentaffin
reaction to reduce silver in ammoniacal solutions. Mel-
anin acts as the reducing agent in these reactions. The
main disadvantage of thistechniqueisthe lack of spec-
ificity—substances such as lipofuscin can cross-react
with these stains.?° More specific to melanin-producing
cells is the enzyme tyrosinase, or dihydroxyphenylal-
anine oxidase (DOPA), which is responsible for con-
verting tyrosine to melanin. In the DOPA test, tyrosine
is replaced by dihydroxyphenylalanine, which is in
turn converted by DOPA oxidase to a substance indis-
tinguishable from melanin.?® For practical purposes,
this test is more applicable to nonpigmented melano-

mas, where the above chemical reaction results in the
formation of brown/black pigment in the cytoplasm of
neoplastic cells, confirming the presence of DOPA ox-
idase (tyrosinase) in those cells. The major disadvan-
tage of this test is that it requires fresh tissue. These
traditional methods are now being superseded by IHC.

Electron microscopy

Melanocytes, as well as many other nonmelanocytic
tumor cells, contain melanosomes, demonstrable ultra-
structurally by EM%7 Melanosomes indicate that the
cell in which they occur is actively producing melanin
pigment,*355 but they must be differentiated from com-
pound melanosomes, which are realy secondary ly-
sosomes extruded by melanocytes and taken up by ke-
ratinocytes and macrophages.® True melanosomes
usually have cross-striations, whereas secondary me-
lanosomes do not.%® Although melanomas can be rec-
ognized ultrastructurally by the presence of aberrant
melanosomes, few of these structures are present in
amelanotic forms of melanoma. Instead, abnormal or



Vet Pathol 39:6, 2002

immature premelanosomes are a feature in the Golgi
complex. There are a number of drawbacks associated
with EM. Firstly, suitable tissue should be collected
for reliable diagnosis athough often melanosomes are
sturdy enough to withstand formalin fixation and par-
affin embedding. Secondly, the cells in which the pre-
melanosomes are detected have to be representative
neoplastic cells from a pertinent neoplasm. Melano-
somes and premelanosomes are not entirely specific to
melanomas because they are also found in other tu-
mors originating from the neural crest.”® Melanosomes
have been demonstrated in normal and neoplastic ke-
ratinocytes™ and in some neuroendocrine neoplasms,
particularly those of thyroid parafollicular C-cells
(medullary thyroid carcinomas).'**#” Thirdly, detection
of these structures requires prolonged examination of
multiple sections at high magnification.™

Immunohistochemistry

Specific IHC to identify amelanotic melanoma is
needed. Mogt, if not all, melanomas are vimentin pos-
itive and cytokeratin negative in humans, dogs, and
cats,183188.209.243 hyt other neoplasms can have a similar
staining pattern with these antibodies, particularly sar-
comas.'®® Another moderately useful marker is the an-
tibody against S100, an intracellular and intranuclear
acidic, calcium-binding protein.”20210243 Most mela-
nomas are reported to be S100 positive, but the same
is true of many other neurogenic and nonneurogenic
tumors, including carcinoids.1?216919020 Normal S100
cells are al'so widely distributed, particularly in epithe-
lia and lymphoid tissue.?® Antibody to neuron-spe-
cific enolase (NSE) is also frequently used for identi-
fication of melanocytic neoplasms, but this marker is
also not specific, in that NSE may be found in avariety
of tissues, including smooth muscle and neuroendo-
crine tissue.1®°

Melan-A, a protein of unknown function that elicits
a cytotoxic T-cell response, has a narrow tissue distri-
bution and is generally strongly positive in melanocyte
cytoplasm. It may be the most specific IHC test in use
at this time. Ramos-Vara et a.'*° did an immunohis-
tochemical review of 122 canine oral melanomas plus
seven metastatic melanomas with unknown primary
sites. Tumors were 92% Melan-A positive, 100% vi-
mentin positive, 98% S100 positive, and 89.1% NSE
positive. The authors did not state the proportion of
amelanotic melanomas that were Melan-A positive but
because 32% of the total number of tumors was non-
pigmented it must be assumed that a significant pro-
portion of amelanotic tumors reacted to the antibody.
Furthermore, the distribution of Melan-A in a mela-
noma did not simply duplicate the distribution of mel-
anin because melanophages were negative for Melan-
A. Finally, two of the three clear cell melanomas in
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this study were Melan-A positive.’®® Only four
(2.45%) of the 163 nonmelanocytic tumors were pos-
itive for Melan-A and only weakly so. These included
two salivary carcinomas and two transitional cell car-
cinomas, which were easily distinguished from mela-
nomas by morphology alone. They concluded that Me-
lan-A is a useful marker for melanocytic derivation in
tumors of uncertain lineage.

A dightly more recent but smaller study'® of 29
canine melanocytic tumors, which included 10 mela-
nomas, 11 melanocytomas, and eight uncertain, found
that Melan-A (designated Melan-A/MART-1) was pos-
itive in 90% of pigmented tumors but failed to stain
amelanotic tumors. Ten tumors were amelanotic. Sev-
en of these were classed as malignant, whereas the
remaining three were uncertain. In their hands, Melan-
A was infrequently positive in malignant tumors, with
only three of the 10 melanomas staining positive for
Melan-A (the three that were pigmented). On the other
hand, all the 11 melanocytomas were positive, with 10
of these classed as moderate to strongly positive (all
benign tumors were pigmented). These authors sug-
gested that Melan-A staining may correlate with bio-
logic behavior, with benign tumors staining moderately
or strongly positive and malignant tumors showing
weak or negative staining, but also seemed to show
that Melan-A mostly duplicated the distribution of pig-
mentation.’?® The study outlined in the previous para-
graph was larger (129 versus 10 malignant tumors),
had 92% positive results (versus 30% in the smaller
study), and found that distribution did not exclusively
coincide with pigmentation. Therefore, the larger study
offers stronger support for Melan-A as a good marker
for tumors of melanocytic derivation, independent of
pigmentation. Seven of the 122 oral tumors had eval-
uation of metastatic sites. Two were negative for Me-
lan-A at both the primary and the metastetic sites. Five
were positive at both the primary and the metastatic
sites, but Melan-A staining of metastatic cells was
weaker. So, although advancing disease resulted in a
weakening of positivity, the strong staining pattern of
the primary did not predict nonaggressive disease for
these cases. In humans, the loss of Melan-A positivity
sometimes seen in melanomas is thought to reflect se-
lection for a Melan-A negative variant after partia re-
gression secondary to tumor infiltration by cytotoxic
T-lymphocytes.?%

It remains unproven that Melan-A expression is a
predictor of less aggressive behavior, but it may be a
worthwhile marker for identification of tumors of un-
certain lineage, especially when used in combination
with S100. A study of 48 feline melanomas found 67%
were positive for Melan-A, and 87.5% were positive
for S100.°* The conclusion offered by this article is
that Melan-A in cat tumors is not as sensitive as S100
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but more specific and could be used to distinguish
heavily pigmented melanocytic tumors from pigment-
ed basal cell tumors. On the other hand, basal cell
tumors are cytokeratin positive, whereas melanomas
are not. The authors advise the use of both Melan-A
and S100 in diagnosing melanomas in cats.

The advent of murine antibodies specific for mela-
noma-associated antigens, particularly melanosomes,?
has helped improve the value of IHC in the diagnosis
of melanoma in human medicine. Often a panel of
appropriate antibodies is advocated,°26 an approach
also favored in veterinary literature.?> Monoclonal an-
tibodies to human melanosome—specific antigens
(HMSA) 1 and 5 are typical examples, reacting with
60 and 69% of canine melanomas, respectively, in-
creasing to 83% when used in combination. This aso
demonstrates the heterogeneity of antigen expression
and the subsequent value of using multiple antibodies
at the same time.® Although monoclonal antibody for
HMB-45 has proven to be a sensitive marker for cer-
tain subtypes of human melanomas, HMB-45 is gen-
erally considered less useful in animals.271177 But the
utility of HMB-45 for animal tumors may be improved
by a process that includes pretreatment of formalin-
fixed tissues with KMnO4-oxalic acid. One study re-
ports that 88% of melanomas stained positive for
HMB-45 after KMnO4-oxalic acid pretreatment,
whereas only 6% of nonmelanocytic tumors were pos-
itive2s

IBF9 is the first murine monoclonal antibody spe-
cifically created to recognize canine melanoma anti-
gen'’® and is highly sensitive (greater than 80%). Al-
though it does cross-react with other types of neopla-
sia, such as basa cell tumors and lymphosarcomas,
these neoplasms can easily be ruled out using addi-
tional immunohistochemical testing and, on the whole,
are not likely to be confused morphologicaly in the
first instance.

In situ hybridization

Although requiring more technical skills and equip-
ment, ISH, using a complementary DNA probe for
tyrosinase-specific mMRNA, is a highly specific and
sensitive tool and can be performed on formalin-fixed,
paraffin-embedded tissues.** Because amelanotic and
pigmented melanomas contain similar levels of tyros-
inase-specific MRNA, ISH is potentially a vauable
tool for the diagnosis of poorly differentiated mela-
nomas.?% |t has been used to confirm balloon cell and
signet ring type melanomas in cats, athough it does
suffer from certain technical flaws such as degradation
of mRNA with tissue handling and formalin fixa-
tion.2*
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Future Diagnostics

Research into the pathogenesis of melanomais cre-
ating a source of additional information for develop-
ment of future diagnostic methods. Much work is cur-
rently underway in human medicine to try and identify
specific tumor markers, i.e., proteins that are associ-
ated with malignancy.*® Applicable detection tech-
niques encompass IHC, ISH, polymerase chain reac-
tion (PCR), and reverse transcriptase-PCR, as well as
fluorescent IHC. Using these methods, protein or DNA
mutations specific to a particular malignant neoplasm
may be shown circulating in the blood, for example.14°
Serological markers, including cytokines, cell adhe-
sion molecules, and melanoma-inhibitory activity,
have aso been investigated as potential sentinels of
melanoma. Generally, all these potential markers are
not yet considered useful for early detection of disease
but may be valuable in terms of prognosis or for se-
lecting patients for more aggressive therapeutic strat-
egies.®

As is obvious from the above, there is no single
diagnostic technique capable of differentiating benign
from malignant melanocytic neoplasms or of predict-
ing survival time. Even the most recent molecular
techniques now being applied to the diagnosis, staging,
and therapy of malignant neoplasia in humans have
their limitations. All the ancillary tests developed to
date should be considered just that—ancillary to the
well-established and more traditional examination rou-
tines used in diagnostic pathology.
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