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Foreword vii

FOREWORD

Compared to their cutaneous counterparts, noncutaneous melanomas are highly 
challenging from both diagnostic and therapeutic perspectives. Given that these 
tumors are often hidden and asymptomatic in their early stages, noncutaneous 
melanomas are often diagnosed late and portend poor prognoses. Noncutaneous 
melanomas also arise on sites with quite robust vascular and lymphatic networks, 
which combined with their distinct genetic and molecular signatures, make 
 noncutaneous melanomas aggressive tumors that can metastasize early. Moreover, 
noncutaneous melanomas are relatively rare tumors, making large epidemiological 
studies and clinical trials difficult to perform. Finally, the  majority of evidence 
guiding diagnosis and treatment focuses on ocular melanoma, which is the 
most common type of noncutaneous melanoma. In contrast, mucosal melanomas, 
particularly of the anus, rectum, and genitals, are quite rare and poorly studied.

This book, edited by Drs. Scott and Gerstenblith, integrates the expertise of 
a multidisciplinary group of clinicians and investigators to help shed light on 
recent advances in the understanding of noncutaneous melanomas. The authors 
skillfully present a comprehensive review of uveal melanoma, the most com-
mon type of ocular melanoma, as well as nasopharyngeal, genitourinary, and 
anorectal melanoma, and finally melanoma of unknown primary. This book 
will be highly valuable to clinicians caring for patients with noncutaneous mel-
anoma who desire a review of the current literature regarding these entities. As 
the diagnostic and therapeutic approaches to these patients are continually 
evolving, it is imperative for clinicians to stay well versed on new advances 
gleaned from the primary literature. This book addresses each topic in sophis-
ticated detail, and I hope that it will be used as a valuable resource for clinicians 
and investigators to assist in patient care and guide further research.

Jeremy S. Bordeaux, MD, MPH
Associate Professor of Dermatology

Director, Melanoma Program
Director, Dermatologic Surgery

University Hospitals Cleveland Medical Center
Case Western Reserve University

Cleveland, Ohio, USA
January 2018
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Preface ix

PREFACE

Although the majority of melanomas have a cutaneous origin, approximately 5% 
have a noncutaneous origin and arise from the eye (ocular melanoma) or mucosa 
of the nasopharynx, gastrointestinal tract, or genitourinary tract (mucosal mela-
noma). Apart from melanoma of unknown primary site, which comprises approx-
imately 3% of melanomas, the prognosis for noncutaneous melanomas is generally 
worse than cutaneous melanomas. In addition, although traditionally less well 
characterized compared to cutaneous melanoma, recent advances have signifi-
cantly improved our understanding of the epidemiology, pathophysiology, diag-
nosis, and treatment of noncutaneous melanomas.

This book is divided into three sections and provides a multidisciplinary and 
broad review of the current state of knowledge regarding noncutaneous mela-
noma. Section 1 contains three chapters on uveal melanoma. In the first chapter, 
Grisanti and Tura thoroughly review the epidemiology, pathogenesis, diagnostics, 
and treatment of uveal melanoma. An in-depth characterization of the genetics of 
uveal melanoma by Doherty and colleagues follows. Section 1 concludes with a 
chapter by Tura and colleagues describing the exciting potential of using a liquid 
biopsy for detecting circulating melanoma cells to aid in the diagnosis, prognosis, 
and surveillance of patients with uveal melanoma. Section 2 contains three chap-
ters on mucosal melanoma, including thorough reviews of nasopharyngeal and 
anorectal melanoma by Paolino and colleagues, as well as genitourinary melanoma 
by Rambhia and colleagues. Finally, section 3 contains a chapter on melanoma of 
unknown primary site by Scott and Gerstenblith, which highlights its unique 
 etiology, prognosis, and relationship to melanoma of known primary site.

We would like to thank this international team of authors for providing their 
diligent effort and experience to assemble this book. Our hope is that these seven 
chapters would provide the reader with an exciting, up-to-date, and comprehen-
sive assessment of noncutaneous melanoma. Advancing the understanding of non-
cutaneous melanoma will lead to earlier diagnosis and targeted treatments, both 
of which will improve the prognosis for these challenging melanomas arising in 
nontraditional sites.

Jeffrey F. Scott, MD
Meg R. Gerstenblith, MD

Department of Dermatology
University Hospitals Cleveland Medical Center

Case Western Reserve University
Cleveland, Ohio, USA

February 2018
DOI: http://dx.doi.org/10.15586/codon.noncutaneousmelanoma.2018.pr
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Abstract: Melanoma is a life-threatening malignancy that may involve different 
organs such as the skin and the eye. The primary intraocular form is called uveal 
melanoma. Its etiology, mutation profile, and clinical behavior are distinct from 
that of cutaneous melanoma. In most cases, the malignancy originates from the 
choroid. Usually at the time of detection, no metastatic disease is found. Therapy 
is therefore focused on the primary tumor and depends on different factors such 
as the size and location of the malignancy and other individual factors like patient 
age and visual acuity of the fellow eye. Since vision loss and even loss of the eye 
may be the consequences of therapy, diagnosis needs a strong base. The primary 
tumor is effectively controlled in most cases. Metastatic disease, however, will 
develop in about half of the patients many years thereafter. Many steps regarding 
evolution, dissemination, and metastatic disease are still unknown. Several prog-
nostic factors are used to evaluate the risk for metastatic disease. Survival of 
patients with metastasis is less than 1 year. As of now, there is neither a therapy 
that bears sufficient evidence for a prophylactic effect nor a therapy that can 
reduce the mortality rate. Recent understanding of the biology, the initiating 
mutations in the G-alpha subunits GNAQ and GNA11, the alterations of chromo-
somes 3 and 8, the mutation of the tumor suppressor gene BAP1 and the splicing 
factor SF3B1, as well as the role of the tumor-immune privilege may aid in the 
development of efficacious adjuvant therapies.
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thermotherapy; Ultrasound biomicroscopy; Uveal melanoma
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Uveal Melanoma2

INTRODUCTION

Uveal melanoma is a rare cancer but the most frequent noncutaneous melanoma 
and primary malignancy of the eye in adults. Worldwide, it is estimated that there 
are 7095 new cases of uveal melanoma annually with a mean age-adjusted inci-
dence of 4.3 per million (1, 2). The mean age at presentation is 60 years with a 
range of 6–100 years. The malignancy affects male and females at a similar rate, 
with a slight predominance among males (3). Caucasians are affected in 98% of 
the cases, Hispanics in about 1%, and in Asians, Africans, and Native Americans, 
the incidence rate is less than 1%. Uveal melanoma is usually diagnosed in the 
sixth decade of life, with a median age of 55 in most series (4). The incidence rate 
has been shown to progressively increase with age, peaking at 70–75 years and 
then reaching a plateau (2, 5).

In 90% of the cases, the choroid is affected. Rarely does the primary malig-
nancy originate from the ciliary body (6%) or the iris (4%) (6).

The etiology of uveal melanoma is still unclear. Concomitant with the fact that 
Caucasians are the ethnic group mostly affected, light skin and eye color have been 
found to be predisposing factors for the development of the malignancy (5, 7). This 
is relevant when chronic sunlight exposure is added. In Europe, a north–south 
decreasing gradient of melanoma incidence among European population does sup-
port the protective role of pigmentation (5). However, molecular data seem to 
exclude a typical UV-associated mutational spectrum for uveal melanoma, as it is 
known for cutaneous melanoma. Therefore, if light exposure plays a role in uveal 
melanoma carcinogenesis, it seems to act in a different way than in cutaneous mela-
noma (8–15). Preexisting uveal nevi may be the base for the development of the 
malignancy. It has been estimated that 5–10% of the Caucasian population have 
nevi in their eyes and that 1 in 8845 nevi may transform into uveal melanoma (16).

CYTOGENETIC AND MOLECULAR ALTERATIONS IN 
UVEAL MELANOMA

Uveal melanoma arises from pluripotent neural crest cells that migrate out and popu-
late different anatomical locations (e.g., epidermis, dermis, and uveal tract). The mela-
nocytes that reside in the uveal tract appear to have a distinct developmental lineage 
and cytogenetic profile compared to their epidermal skin melanocyte counterparts.

Uveal melanoma tumors show alterations in chromosomes 1, 3, 6, and 8. By 
far the most salient chromosomal aberration associated with metastatic uveal mel-
anoma is the loss of chromosome 3. The presence of monosomy 3 in a primary 
tumor strongly correlates with the risk of metastatic disease. The gain of 8q, which 
is also associated with a reduced survival, occurs frequently in combination with 
monosomy 3 and is considered to be a later event induced by the loss of chromo-
some 3. Other chromosomal alterations such as the loss of 6q or 1p also augment 
the metastatic risk, while the gain of 6p occurs almost in a mutually exclusive 
manner with monosomy 3 and is associated with a better prognosis (17–23).

The development of the malignancy has been associated with oncogenic muta-
tions that influence cell cycle and programmed cell death. With the exception of 
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chromosome 3, the identification of specific genes that correlate functionally with 
these chromosomal aberrations has been elusive.

Uveal melanomas show an enhanced expression of the important cell-cycle reg-
ulatory protein cyclin D (CCND) involving the RAF/MEK/ERK pathways. These 
pathways are important for melanocyte homeostasis. Activation of these pathways 
leads to the phosphorylation and inactivation of the retinoblastoma tumor suppres-
sor gene (24). Another molecular event associated with dysfunction of the retino-
blastoma protein is the inactivation of the INK4A gene, which encodes the 
cyclin-dependent kinase inhibitor 2A. The destabilization of the retinoblastoma 
protein by these mechanisms allows affected cells to reenter the cell cycle (25).

An oncogene mutation affecting the RAF/MEK/ERK pathway is a mutation of 
the genes GNAQ and GNA11 in codon 29. In addition, GNAQ is also involved in 
endothelin signaling which is essential for melanocyte survival early in develop-
ment (26). Activation of GNAQ mimics growth factor signaling in the RAF/MEK/
ERK pathway, leading to the transcriptional activation of CCND1 that was found 
to be overexpressed in uveal melanoma. GNAQ mutation was noted in 45–49% of 
uveal melanoma biopsy samples, whereas GNA11 mutations have been noted in 
31.9% of uveal melanoma samples (27).

A recent finding in primary uveal melanomas are nontruncating (missense, 
in-frame deletions, and termination read-through) and truncating (nonsense, 
splice, and insertion/deletion) mutations in the nuclear ubiquitin carboxyl- 
terminal hydrolase BAP1 (28). This apparently results in the loss of BAP1 protein 
expression. Previous studies have shown BAP1 to have tumor suppressor activity. 
BAP1 has been revealed to regulate cell proliferation by deubiquitinating hcf-1, a 
cell-cycle regulator (29). It is part of the polycomb group repressive deubiquitin-
ase complex involved in the removal of monoubiquitin from histone H2A, and 
ultimately stem cell pluripotency and organismal development (30, 31).

Since the BAP1 gene is localized on chr3p21.1, these genetic alterations appear 
to have functional consequences primarily in the tumors with monosomy 3. 
Within tumors that showed monosomy 3, BAP1 mutations were present in 81% 
of cases. In addition, BAP1 mutations were highly correlated with class 2 tumor 
status (a gene-expression profiling test for high metastatic risk), chromosome 3 
loss in primary tumors, and ultimately the emergence of metastatic disease in 
patients (28). Therefore, the heterozygosity of BAP1 may be a major factor 
 controlling metastatic disease. The exact mechanism(s) by which loss of BAP1 
mediates primary uveal melanoma metastasis is currently being investigated. 
However, a recent study indicates that the loss of BAP1 results in the accumula-
tion of mono-ubiquitinated histone H2A and a more de-differentiated cellular 
phenotype (32). The molecular events in uveal melanoma that have been associ-
ated with the inhibition of programmed cell death (apoptosis) include the inacti-
vation of the p53 pathway (33), activation of the prosurvival PI3K-AKT pathway 
(34), and defects in the Bcl-2 pathway (35).

CLINICAL FEATURES AND CLASSIFICATION

Uveal melanoma may be characterized by its location, pigmentation, shape, and 
size. In most of the cases (>90%), the choroid is involved. These tumors are 
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pigmented in approximately half of the cases, nonpigmented in 15%, and show a 
mixed (pigmented and nonpigmented) appearance in about one-third of the 
cases  (6). In 75% of the cases, the choroidal tumor is dome shaped. When it 
breaks through the Bruch’s membrane and continues to grow into the subretinal 
space, it acquires a mushroom-like appearance (20%). In 5% of the cases, it shows 
a more diffuse growth, remains flat, and can be misinterpreted as a choroidal 
nevus (36). The mean basal dimension is 11.1 mm and the mean thickness is 
5.5 mm (6). The tumor is often associated with subretinal fluid, nondetectable at 
fundoscopy, and can extend to a large exudative retinal detachment obscuring the 
causative malignancy. In some cases, hemorrhages may develop at the tumor site 
and rarely also involve the vitreous space when the retina is eroded (Figure 1).

The ciliary body melanoma is less common (6%). Depending on its size, it may 
remain long unrecognized and asymptomatic. However, lens tilting and cataract 
development may occur, leading to vision impairment and clinical diagnosis. It is 
often associated with dilated episcleral “sentinel” vessels, but only rarely with 
extrascleral extension. Depending on its intraocular extension, it may be classified 
as iridociliary melanoma (involving the anterior chamber) or as ciliochoroidal 
melanoma. The growth is usually dome shaped, less common is the circumferen-
tial ring pattern.

The rare iris melanoma (4%) shows variability in pigmentation, size, and 
shape. In 80% of cases, the tumor is located in the inferior portion of the iris. Rare 
variants show a diffuse growth with an infiltration of the trabecular meshwork, 
the primary trabecular meshwork ring melanoma, and the tapioca melanoma with 
a gelatinous, nodular structure of the iris.

A detailed classification of uveal melanoma is provided by the American Joint 
Committee on Cancer (AJCC) (37). The tumor size is evaluated and defined in the 
T category (1–4), the lymph node involvement in the N category (NX, N0, N1), 
and the presence of distant metastases in the M category (MX, M0, M1a, M1b, 
M1cI). Furthermore, it distinguishes anterior (iris) uveal melanoma from poste-
rior (ciliary body and choroid) uveal melanoma for prognostication. An iris tumor 
is classified as T1-4, depending on whether it is confined to the iris or has 
expanded to the ciliary body, choroid and/or sclera, or is already extended extra-
ocularly. Some stages are divided into smaller groups that help describe the tumor 
in even more detail. The AJCC classification for posterior uveal melanoma involves 
grading according to the size category based on a combination of basal diameter 
and thickness, labeled as T1-4, and subclassification (a–e), judged by the absence 
of ciliary body involvement and extraocular extension (EOE) and the presence of 
the following: ciliary body involvement, EOE or thickness less than 5 mm, and 
ciliary body involvement and EOE.

DIAGNOSTICS

In contrast to the basic principles of oncology, histological or cytologic evaluation 
is not routinely used in the diagnosis of intraocular neoplastic lesions. The diag-
nosis of uveal melanoma is based primarily on clinical examination by biomicros-
copy and indirect ophthalmoscopy, and experienced clinicians can diagnose a 
uveal melanoma based on clinical examination. However, it is imperative that 
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Figure 1 Fundus appearance of a small dome-shaped tumor with orange pigment (A) and of a 
larger, bi-lobed “mushroom-like” tumor with exudative retinal detachment (B). Different 
diagnostics such as ultrasonography, for example, to measure size (C), optical coherence 
tomography, for example, to detect subretinal fluid (D), autofluorescence to distinguish 
drusen from orange pigment (E), and angiography to detect tumor vasculature (F) are useful 
to classify the lesion.
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Uveal Melanoma6

additional diagnostic testing is done. Ancillary testing will include ultrasonogra-
phy, color fundus photography, fundus fluorescein angiography, indocyanine 
green angiography, optical coherence tomography, fundus autofluorescence, and 
ultrasound biomicroscopy.

Ultrasound sonography is the most often used auxiliary method. 
Ultrasonography helps to measure size and detect growth, which is highly valu-
able in the follow-up. The A-mode examination of the tumor typically shows a 
medium to low internal reflectivity. In B mode, the tumor appears as an acousti-
cally hollow dome-shaped or mushroom-shaped choroidal mass. A choroidal 
excavation and orbital shadowing may be observed, especially in large tumors. 
This helps enforcing clinical diagnosis and allows discrimination from hemangi-
oma that typically shows high reflectivity. The presence of EOE can be recognized 
by areas of hyporeflectivity compared to normal orbital tissue. However, this 
should be verified by additional computer tomography (CT) and magnetic reso-
nance imaging (MRI) (38–41).

Ultrasound biomicroscopy is useful for the evaluation of tumors that originate 
from the ciliary body and to detect extension and differentiate it from a cyst. This 
technique allows the visualization and evaluation of hyporeflective plaques on the 
tumor surface, internal reflectivity, tumor-specific vasculature, and, if present, 
EOE (42, 43).

Fundus fluorescein angiography and indocyanine green angiography may help 
visualize uveal melanomas that feature intrinsic tumor circulation as well as cho-
roidal circulation (Figure 1). The observation of this double circulation pattern or 
leakage from tumoral vasculature is occasionally necessary in order to confirm the 
diagnosis. Fundus fluorescein angiography is also used in the detection and 
follow-up of complications such as radiation retinopathy and radiation maculopa-
thy after radiotherapy (40).

Spectral domain optical coherence tomography allows for the detailed evalua-
tion of changes in the retina and retinal pigment epithelium overlying lesions in 
choroidal melanoma. It helps to detect subretinal fluid, which is considered to be 
one of the high-risk features predicting transformation into melanoma (44, 45). 
With enhanced depth imaging (EDI), it is now possible to examine deeper tissues 
like the choroid and sclera and to measure the thickness of flat tumors (46, 47).

On fundus autofluorescence imaging, pigmented tumors exhibit moderate 
hypoautofluorescence, whereas nonpigmented (amelanotic) tumors show moder-
ate hyperautofluorescence. However, in both tumor types, the orange pigment 
can be distinguished from drusen using this method (48, 49).

CT and MRI have an important role in the evaluation of EOE. On CT it appears 
as a hyperdense mass with mild/moderate contrast and distinct margins. On MRI, 
the tumor characteristically returns a hyperintense signal on T1-weighted images 
and hypointense signal on T2-weighted images. However, this can also be 
observed in the subacute phase of a circumscribed hemorrhage and choroidal 
hemangioma. These imaging methods are not strictly necessary in the diagnosis 
stage but are a requirement in the planning stage of proton beam therapy or ste-
reotactic radiotherapy (SRT) (39).

In some cases, a tumor biopsy is useful and provides material not only for a 
final diagnosis but also for cytogenetic analysis that can provide a prognostic 
value. A biopsy can be performed in different ways. Anterior segment tumors can 
be evaluated by aqueous humor sampling, and incisional or excisional biopsy. 
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Fine-needle biopsy (transscleral, transvitreal, or transcameral), vitrectomy biopsy 
(Figure 2), and incisional or excisional biopsy (endoresection or transscleral 
resection) can be done in order to evaluate posterior segment intraocular 
tumors (50).

Studies on tumor doubling time of choroidal melanoma indicate that microme-
tastases occur several years before diagnosis (51, 52). An early detection, for exam-
ple, in cases of suspicious lesions would therefore be useful to avoid a crescendo 
malignancy and the continuous dissemination of malignant cells into the systemic 
circulation. However, usually, small lesions are only observed until growth has been 
demonstrated. A reason for this strategy is that even a fine-needle biopsy is quite 
invasive for a small and complex organ such as the eye. Therefore, an evolving and 
less invasive new approach in diagnostics aims at the detection of circulating mela-
noma cells. This approach is referred to as “liquid biopsy” (see Chapter 3).

Figure 2 Immunohistology of a tumor biopsy disclosing HMB-45- (upper) and Melan-A- (middle) 
positive cells and Immuno-FISH for chromosome 3 (lower). Arrows indicate Melan-A-positive 
cells with monosomy 3. Scale = 25 µm.
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Nucleus

Melan-A
Nucleus

Melan-A
Chromosome-3

Nucleus
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THERAPY

The therapy of uveal melanoma depends on the tumor size, location, associated 
features, status of the other eye, patient’s systemic status, and the patient’s desire. 
Management choices include transpupillary thermotherapy (TTT), plaque radio-
therapy, charged particle irradiation, stereotactic radiotherapy (SRT), local resec-
tion, enucleation, or orbital exenteration.

TTT is a treatment method that utilizes a modified diode laser delivery system 
to induce hyperthermia in tumor by delivering light in the infrared range. Tumor 
is heated to a temperature of 60–65°C (53). When TTT was introduced in the 
treatment of choroidal melanoma, short-term follow-up data impressively showed 
that in appropriate cases, tumor regression may be achieved in more than 90% of 
the patients (54). Studies with a longer follow-up, however, have dampened the 
initial enthusiasm, showing that conventional photocoagulation and TTT may not 
be as different as previously thought. Singh et al. found an average recurrence rate 
of 17% (8–56%) after primary TTT in small melanoma patients and reported that 
7% of these recurrences involved extrascleral extension (55). The therapy shall be 
limited to flat tumors (2.5 mm). With the high risk of tumor recurrence (56, 57), 
patients should be selected carefully and monitored closely when treated with 
TTT. TTT has been currently adapted in combination with plaque radiotherapy 
(58) or is applied as secondary treatment to local tumor recurrence after radio-
therapy or local resection (59). Shields et al. combined plaque radiotherapy and 
TTT for choroidal melanoma in 270 consecutive patients and found that plaque 
radiotherapy combined with TTT provides excellent local tumor control, with 
only 3% recurrence at 5-year follow-up (60). Complications of this therapeutical 
approach include macular traction, vascular occlusion, and hemorrhage (61).

Radiotherapy is currently the most common treatment for uveal melanoma, 
especially in posterior uveal melanoma. In clinical application, radiotherapy can 
be administered in the form of radioactive plaque, external beam radiotherapy, or 
SRT with a linear accelerator.

Plaque brachytherapy is commonly performed with the radioisotopes 
ruthenium-106 (beta-source), iodine-125 (gamma source), or a combination of 
both.  Other less used gamma-particle-emitting isotopes are Cobalt-60 and 
Palladium-103. The tumoricidal dose that needs to be delivered at the apex of the 
tumor is around 100 Gy. Brachytherapy is the most often used treatment modality, 
but it depends on tumor thickness and location. Ru-106 plaques have been found 
effective for small and medium tumors (basal diameter up to 16 mm and thick-
ness up to 6 mm) when applied alone or up to 8 mm in thickness when used in 
combination with TTT (62).

The medium tumor arm of the Collaborative Ocular Melanoma Study (COMS) 
included tumors 2.5–10 mm thick with a basal diameter less than 16 mm and 
compared patients treated by I-125 plaque brachytherapy versus enucleation. 
There was no significant difference between the two groups in 10-year mortality. 
Melanoma-related mortality rates at 5, 10, and 12 years were 10, 18, and 21%, 
respectively, in the brachytherapy group, versus 11, 17, and 17% in the enucle-
ation group (63).

Studies using Ru-106 plaques have shown that this isotope carries an 
increased risk of local recurrence with tumors having a thickness over 5 mm (64). 
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The  therapy-related complications include cataract, radiation retinopathy and 
opticopathy, maculopathy, neovascular glaucoma, and an exudative tumor 
response (65, 66).

Charged particle irradiation is indicated when tumor size and location does 
not allow to proceed with brachytherapy. This modality can be used to treat 
tumors up to 14 mm thick with a basal diameter up to 28 mm. Desjardins et al. 
reported 5- and 10-year metastasis rates of 18.5 and 26.6%, respectively. Local 
recurrence was observed in 4% of the patients at 5 years and 10% at 10 years, 
with most occurring in the first 3 years after treatment (67).

Though - very large tumors may be treated with this technique (68, 69), tumor 
necrosis following irradiation may either lead to surgical resection or eventual 
secondary enucleation. This therapy appears attractive for small tumors at the 
posterior pole involving the macula and/or the optic nerve. However, vision loss 
will occur in 68% of patients at 5 years after treatment (70). Radiation-induced 
complications are similar to brachytherapy but include also loss of eyelashes in 
12%, retinal detachment in 8.5%, glaucoma in 23.4%, dry eye in 6%, cataract 
requiring surgery in 15%, optic neuropathy in 18%, and maculopathy in 37% of 
the patients after a follow-up period of 8 years (67).

An alternative to proton beam therapy is the stereotactic irradiation with a 
photon beam. Although proton beam therapy is theoretically not proven superior 
in terms of sparing healthy tissue from the effects of radiation, stereotactic radio-
surgery is more advantageous, as it does not require preoperative surgical marking 
and is more cost-effective (71, 72).

In SRT, the radiation is delivered either as a single dose or fractionated SRT in 
smaller equal doses. The devices used in stereotactic photon beam irradiation 
are the Gamma Knife, linear accelerator, and the Cyber Knife. An advantage of the 
stereotactic approach is that the tumor borders are determined by MRI and CT 
and no surgical procedure is required to determine the tumor’s location (73).

Gamma Knife has been used to treat uveal melanomas with successful results 
(74, 75). However, it is not a preferred treatment modality due to high reported 
rates of radiation retinopathy and neovascular glaucoma (8.6–64%) (76). The 
linear accelerator is used to treat uveal melanoma by stereotactic hypofractionated 
radiotherapy. The advantages of this approach are less radiation exposure to the 
healthy tissues adjacent to the tumor and avoidance of long-term effects. 
Noninvasive fixation systems designed for use with linear accelerators have 
increased patient comfort and compliance with treatment (73).

Using SRT, Zehetmayer et al. achieved a local tumor control in 98% of cases 
and tumor height reduction in 97%. The mean relative tumor volume reduc-
tions  were 44, 60, and 72% after 12, 24, and 36 months, respectively. Seven 
patients developed metastases (11%). Secondary enucleation was performed in 
eight eyes (13%). Morbidity was significant in tumors exceeding 8 mm in initial 
height. With tumors larger than 8 mm and a dose of 10 Gy/fraction arose a high 
risk for radiation-induced inflammation (77).

A common complication of all types of radiotherapy is radiation retinopathy 
and opticopathy. The underlying pathomechanism is a chronic, progressive vas-
culopathy of the capillaries resulting from radiotherapy-induced damage to the 
vascular endothelium (78).

This damage causes capillary dilation, increased vascular permeability, thrombo-
sis, and retinal exudate and hemorrhage, eventually leading to full thickness retinal 
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atrophy and capillary nonperfusion. The first sign may be a decrease in visual acuity 
due to subclinical macular edema. Ischemic retinopathy can often progress to pro-
liferative retinopathy and vitreous hemorrhage. Guyer et al. reported the incidence 
of radiation maculopathy after proton beam radiotherapy as 90% (79). Radiation-
induced optic neuropathy typically causes sudden, painless, unilateral vision loss 
starting as early as 3 months or up to 8 years after radiation exposure (80, 81).

Primary enucleation is generally indicated for large melanomas that occupy 
most of the intraocular space or for tumors that have invaded the optic nerve. 
In terms of survival, many studies have demonstrated no significant difference in 
mortality between eye-conserving therapies and enucleation. Comparison of the 
COMS medium uveal melanoma patients treated with plaque brachytherapy and 
those that underwent enucleation revealed no significant difference in long-term 
survival (63, 82).

Therefore, in recent years, eye-conserving treatments have gained favor over 
enucleation. Local resection is an alternative treatment choice for choroidal mela-
noma patients, which spares the eye. Choroidectomy is currently only performed 
by a small number of surgeons due to the technical challenges involved. Tumors 
can be surgically removed via a transretinal (endoresection) or transscleral (exore-
section) route. Major complications such as retinal detachment and vitreous 
hemorrhage have been reported with both techniques (83).

Secondary enucleation is indicated in some cases of recurrence or otherwise 
nonmanageable complications associated with other therapies. In most cases after 
enucleation, an orbital implant is inserted into the socket. No implants shall be used 
when extrascleral extension is detected and no orbital exenteration is indicated.

METASTATIC DISEASE AND PROGNOSIS

Despite the availability of different treatment modalities and usually good local 
tumor control, patients with uveal melanoma are at risk for metastatic disease, 
and survival rates have not changed in 40 years. Metastatic dissemination occurs 
hematogenously and typically involves the liver in about 90% of cases. Metastasis, 
however, can also appear in lung (24%), bone (16%), and other organs (84, 85). 
Death usually occurs mostly within 12 months after detection of metastatic disease 
(86). Patients with liver metastases survive for an average of 4–6 months, with a 
1-year survival rate of 10–15%. Reported survival time for patients with other 
metastases is 19–28 months (87, 88).

Treatment by systemic or local chemotherapy and/or partial hepatectomy 
rarely prolongs life (89). In order to have the chance of an impact on the poor 
survival rate, early detection of metastatic disease is necessary. Therefore, systemic 
monitoring that includes primarily the liver function and imaging using ultraso-
nography or MRI twice yearly is advised.

Based on the facts that patients may develop metastatic disease even after enu-
cleation of the primary tumor-bearing eye and with regard to studies demonstrat-
ing circulating melanoma cells (see Chapter 3 on “liquid biopsy”) in patients 
without clinically evident metastases, it is to be assumed that many patients already 
have undetectable micrometastases at the time of detection and treatment of the 
primary tumor.
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The risk for metastatic disease depends on clinical factors. It increases with the 
tumor size, location at the ciliary body, and EOE with involvement of the lym-
phatic pathway. A comparative analysis of uveal melanoma has indicated that the 
5-year survival rates after enucleation were 84% for small, 68% for medium-sized, 
and 47% for large tumors (90).

The prognosis is also dependent on the histological type of the tumor, with a 
higher risk of metastasis when the tumor shows an epithelioid cell type, microvas-
cular networks, mitotic activity, and lymphocytic infiltration. Cytogenetic analysis 
definitively helps in prognostication. Monosomy 3 has a significant risk for meta-
static disease (19). Abnormalities associated with chromosomes 1, 6, 8, and 11 
add to the increased risk. Gene-expression profiling identifies two classes of mela-
noma, in which disomy-3-positive class 1 (low grade) showed 95% survival and 
monosomy-3-positive class 2 (high grade) showed only 31% survival at 8 years 
(91–93).

Estimation of the survival probability is important in many ways. Good prog-
nosis may be helpful for the psychological support of the patient. With high risk 
for metastases, a more intense monitoring and eventually recruitment of patients 
in ongoing studies for systemic adjuvant therapy shall be suggested. However, in 
the absence of a proven beneficiary treatment, opinions differ about informing 
patients on their prognosis.

FUTURE PERSPECTIVE

Despite advances in the diagnosis and treatment of uveal melanoma, the general 
mortality remains high due to metastatic disease that is still resistant to treatment. 
Adjuvant therapies that target micrometastases instead of macrometastases may 
be therefore a more successful approach. Because of possible side effects and part 
of the patients being at low risk for metastatic disease, it is important to select the 
high-risk patients that may benefit from therapy and therefore tolerate this nega-
tive facet. Systemic treatment options include chemotherapy, immunotherapy, 
hormone therapy, biologic therapy, and targeted therapy. Nonrandomized studies 
conducted so far have not reported promising results (94–98).

The MAPK pathway, activated by GNAQ mutations, has been considered a 
potential therapeutical target. The MEK-inhibitor selumetinib administered to 
uveal melanoma patients with GNAQ mutation extended progression-free sur-
vival. However, one limitation of MAPK inhibitors is that the drug is effective for 
an average of 6–10 months, and it is believed that this leads to more aggressive 
recurrences (99, 100).

Studies on preventing metastasis and extending survival in high-risk uveal 
melanoma patients are currently in progress for ipilimumab, dacarbazine, recom-
binant interferon alpha-2b I, c-Ros oncogene inhibitor crizotinib, sunitinib and 
valproic acid, and arylsulfonamides (101–105).

Dendritic cells and vaccine therapies are a different approach as they aim to 
elicit therapeutically relevant immune responses in patients. This approach has 
been extensively investigated throughout the past decade for different types of 
cancers, including uveal melanoma. However, as of now, their value has not been 
conclusively proven (106).
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CONCLUSION

Although this chapter gives an overview of uveal melanoma, the pathogenesis 
and therapy of this intriguing malignancy is far away from being fully under-
stood. Various controversial hypotheses challenge pathologists and clinicians. 
These affected the way the patients were treated in the past and even today 
 various centers have different algorithms on diagnostics, monitoring, and  therapy. 
What has not changed is the lethal outcome when the malignancy exhibits 
features of a high metastatic risk. However, a “crescendo malignancy” is assumed 
and supported by intra-tumoral genetic heterogeneity, which suggests an ongo-
ing evolutionary process (93, 107). Understanding the cells and the mechanisms 
leading to micrometastases is of paramount importance to find an appropriate 
and effective therapy to avoid melanoma-related deaths. Until this is accom-
plished, screening for suspicious lesions, intensified diagnostic steps, and early 
treatment may save lives.
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Abstract: Uveal melanomas (UMs) comprise only 3% of all melanomas, but they 
are the most common primary intraocular malignancy in adults. The disease is 
associated with high mortality, with the liver being the most common site for sec-
ondary tumors. Genetic studies performed over the last 30 years have provided a 
wealth of information on the changes found in primary posterior UM (ciliary body 
and choroid), but less is known about the specific alterations of the rarer and the 
more benign iris melanomas, or the metastatic lesions. Early cytogenetic studies 
identified consistent chromosomal abnormalities, including monosomy 3 (M3), 
gain of the long arm of chromosome 8, and changes affecting both arms of chro-
mosomes 1 and 6. More recently, specific genetic mutations have been related to 
UM. Prominent among these are mutations of guanine nucleotide-binding protein 
Q polypeptide/guanine nucleotide-binding protein alpha-11 (GNAQ/GNA11), 
which are mutually exclusive and occur in approximately 90% of posterior UMs. 
Other mutations such as BRCA1-associated protein (BAP1), splicing factor 3B sub-
unit 1 (SF3B1), eukaryotic translation initiation factor 1A, X-linked (EIF1AX), and 
telomerase reverse transcriptase promoter (TERTp) have also been associated with 
UM. There are clear relationships between cytogenetic alterations and prognosis, 
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and M3, 8q+ 6p+, and 1p- can be considered as biomarkers. An improved under-
standing has also been gained regarding the impact of genetic mutations, but ulti-
mately the underlying drivers of the most predictive changes are poorly understood. 
This review discusses the cytogenetic alterations and gene mutations of UM and 
the relationship they have, if any, with the outcome.

Key words: Biomarkers; Cytogenetic; Mutations; Uveal melanoma

INTRODUCTION

Uveal melanoma (UM) is the most common intraocular malignancy in adults 
accounting for 80% of all noncutaneous melanomas (1). UM arises from mela-
nocytes within the iris, choroid, and ciliary body collectively termed the uvea 
or uveal tract, and can be separated into two groups depending on where they 
are located. Anterior UM arises within the iris, accounting for up to 10% of all 
UMs. These tumors tend to be benign and are rarely seen to metastasize (2). 
Posterior UM within the choroid or ciliary body accounts for the remaining 
90% of cases and are often highly aggressive and they frequently metastasize. 
There have been far fewer studies of the genetics of iris melanoma or the meta-
static lesions, and they will be reviewed separately after consideration of the 
genetic changes of posterior (ciliary body and choroid) melanomas. It is also 
important to bear in mind that UM and cutaneous melanoma (CM) are distinct 
genetic entities, and they vary not only in their chromosomal changes but also 
in their mutational signature.

COMMON CHROMOSOME CHANGES IN POSTERIOR UM

The initial investigations exploring the genetic background of UM were almost 
entirely cytogenetic, and they quickly identified and confirmed that the chromo-
some changes in UM are not random, and unlike many other solid tumors were 
relatively few and characteristic in their manner of alteration (3–5). M3, the loss 
of one copy of chromosome 3, was the most frequent alteration, observed in 
between 40 and 50% of cases. Also involved was chromosome 8, where simulta-
neous loss of the short arm (p) and gain of the long arm (q) resulted in the forma-
tion of a characteristic isochromosome of 8q (i(8q)). Around 45% of UMs were 
found to have both M3 and i(8q), with the association most often observed in 
melanomas with a ciliary body component (Figure 1) (3–15). Some UMs however 
only show 8q+ without M3.

Other nonrandom abnormalities are gains of 6p and deletions of 1p, found in 
approximately 40 and 25% of cases, respectively (3, 4, 7–9, 11–15). Deletions of 
6q are also observed, and more recent investigations using fluorescence-based 
methodologies, such as multiplex fluorescence in situ hybridization (MFISH) and 
array comparative genomic hybridization (aCGH), have shown the combined fre-
quency of changes affecting both arms of chromosome 6 in the order of 60–70%, 
making chromosome 6 the most altered chromosome in UM (6, 7). The reason 
why abnormalities of chromosome 6 were under-reported in the earlier cytogenetic 
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Figure 1 Analysis of chromosome alterations in the same primary uveal melanoma 
showing the characteristic changes of loss for chromosome 3, or monosomy 3 (M3) and 
i(8q), as indicated by arrows in the karyotype (a). In the array CGH profile (b), M3 is 
identified by the red line left of the chromosome ideogram and the i(8q) by the respective 
loss of 8p (red) and gain of 8q (blue).
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studies is that, unlike the gross whole arm changes affecting 1p, M3, and 8q+, 
alterations of chromosome 6 are often more covert with subtle rearrangements only 
disclosed through the use of MFISH or aCGH. Other nonrandom changes present 
in approximately 10–20% of tumors affect chromosomes 9, 10, and 11, while cor-
related with M3 and i(8q) are deletions of 16q and gain of 21 (8, 10–15). Although 
changes of all chromosomes have been reported in UM, the relative simplicity of 
karyotypic alterations, in comparison with other solid tumors, has allowed for a 
rapid and clear correlation to be observed between specific aberrations and clinical 
outcomes.

MUTATIONS ASSOCIATED WITH POSTERIOR UM

There have been a number of mutations associated with posterior UM and with 
the increasing use of rapid high throughput analysis, such as next-generation 
sequencing, it is likely that more genes will be identified with mutations of rele-
vance to UM. The frequencies at which these mutations occur vary, and their role 
and importance for UM for the most part remains to be determined. Overall, even 
deep sequencing studies have shown that UM is a malignancy with a low muta-
tion rate (16). The most common mutations detected however are ubiquitous 
among posterior UM and involve the guanosine nucleotide-binding protein Q poly-
peptide (GNAQ) and its paralogue, guanosine nucleotide-binding protein alpha-11 
(GNA11).

GNAQ and GNA11

Mutations of GNAQ and GNA11 are not found in CM, but in posterior UM, mainly 
targeting codon 209, resulting in an amino acid change from a glutamine to a pro-
line or leucine within the Ras-like domain. Point mutations at codon 209 in either 
GNAQ or GNA11 are mutually exclusive and have been found to occur in up to 
90% of UMs (17–20). There are also rarer mutations that target codon 183 which 
are present in around 5% of cases, although these usually only occur in the absence 
of codon 209 mutations (19). GNAQ and GNA11 code for heterotrimeric Gq-proteins 
containing three subunits, α, β, and ƴ that facilitate the coupling of transmembrane 
receptors to intracellular pathways; under normal circumstances, the binding of a 
ligand to the receptor activates Gq-proteins. When guanonine-5’diphosphate (GDP) 
is bound to the α subunit, then the G-protein is in an inactive state; however, when 
guanonine-5’triphosphate (GTP) binds, the β-ƴ complex is released and in turn 
activates phospholipase C (PLC). PLC triggers a kinase cascade, resulting in the 
transcription of pro-proliferative and anti-apoptotic genes, including the upregula-
tion of a key growth regulatory pathway, the mitogen-activated protein kinase 
(MAPK) pathway (21–23). Mutations at codon 209 of GNAQ and GNA11 target the 
Ras-like domain of the alpha-q subunit, and the loss of glutamine (essential for 
intrinsic GTP hydrolysis activity) results in GTP being irreversibly bound to the α 
subunit and hence constitutive activation of the Gq-protein (17, 18, 20). How these 
mutations advance UM is still under consideration, but mutations to codon 183 are 
thought to be less effective in activating the MAPK pathway in comparison to muta-
tions occurring at codon 209. In one instance, mutations of GNA11 at both codon 
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209 and codon 183 were found in the same lesion (19). Although in cancer the 
MAPK pathway is reported as the most consistently upregulated pathway (24–26), 
the true significance of mutations leading to its upregulation in UM need to be 
clarified. As activating mutations to GNAQ or GNA11 have been found to be pres-
ent at all stages of UM progression (including benign lesions), they are thought to 
be an early, if not initiating, event in UM (17, 27).

BAP1

Harbour and colleagues were the first to describe the inactivation of the Breast 
Cancer 1 (BRCA1)- associated protein 1 (BAP1) gene in more than 80% of meta-
static UMs, suggesting that this may be a UM tumor suppression gene (28). This 
gene is located on chromosome 3p21.1 and therefore a copy is often deleted in UM 
due to the frequent occurrence of M3. The BAP1 gene encodes for a nuclear local-
ized deubiquitinase with an N-terminal ubiquitin carboxyl hydrolase domain and 
C-terminal nuclear localization signal domain. Mutations in the BAP1 gene can pre-
maturely terminate BAP1 protein and also affect the ubiquitin carboxyl-terminal 
hydrolase domain altering its deubiquitinase activity (29). The BAP1 protein inter-
acts with various proteins, including the tumor suppressor gene BRCA1, and thus 
BAP1 protein plays essential roles in maintaining genome  stability, epigenetic modifi-
cation, transcription regulation, and in the response to DNA damage. Mutations of 
BAP1 (unlike those of GNAQ/GNA11) are not restricted to melanocytic lesions, and 
reports in other cancers, as well as UM, have suggested that the action of BAP1 is 
wide ranging, directly affecting proliferation by stalling cells in S phase and down-
regulating the E2F transcription factor (30, 31). Other studies suggest BAP1 pro-
tein dysregulation has implications in pluripotency (32). Furthermore, BAP1 may 
represent the first clearly identified predisposing gene among hereditary forms of 
UM. There are many reports of familial UM, often with no clearly identified genetic 
link (33–36). Germ line mutations among younger patients with UM, and a cor-
relation with BAP1 mutations in families where there has been a predisposition for 
renal cancers and mesothelioma, suggest that BAP1 may indeed be a predisposing 
gene among a certain class of hereditary UM patients (37–39).

SF3B1

Mutations of the splicing factor 3B subunit 1 (SF3B1) gene have been found in 
10–20% of UM cases but virtually exclusively in the subset of UM without M3 
(40–42). In CM, mutations in SF3B1 are rare, occurring in only 1% of patients 
(43), but like GNAQ/GNA11, SF3B1 mutations have been reported in other forms 
of melanoma (44, 45). SF3B1 gene is located at chromosome 2q33 and encodes for 
a subunit of a large complex responsible for processing precursor mRNA (spliceo-
some), where it ensures correct splicing by retaining pre-mRNA to define the site 
for splicing (46). Mutations of SF3B1 can therefore lead to alternative splicing 
events for multiple genes, with different mutations in UM and other cancers, pro-
ducing alternate splice variants of a number of genes. For example, in leukemia, 
and breast and pancreatic cancer, a hotspot at codon 700 is reported (47–50), but 
for UM and mucosal melanomas mutations at codon 625 of exon 14 predominate 
(44). The full biological significance of this aberrant splicing of multiple genes 
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remains to be determined (40, 51, 52), but in leukemia mutations to SF3B1 alter 
the DNA damage response, leading to an increase in DNA damage (53).

EIF1AX

Mutations to eukaryotic translation initiation factor 1A, X-linked (EIF1AX), a gene 
located on chromosome Xp22, occur in approximately 13% of posterior UM. In a 
similar pattern to SF3B1 mutations, EIF1AX mutations are also mainly restricted 
to UM without M3 (41). Furthermore, mutations of EIF1AX appear to be mutu-
ally exclusive to SF3B1 in UM and other melanocytic lesions (41, 54); although 
reported in thyroid cancer, they only occur in a subset of tumors without V-Raf 
Murine Sarcoma Viral Oncogene Homolog B1 (BRAF) mutations (commonly 
mutated in CM) (55, 56). It is of interest that EIF1AX (similar to SF3B1) also 
encodes for a protein which interacts with mRNA, with a role in initiating transla-
tion, through a combination of recognition of target mRNA and stabilization of 
the ribosome, to prepare mRNA for translation (54, 56). In UM, mutant EIF1AX 
has been confirmed to result in aberrant translation (57), but whether mutations 
of both SF3B1 and EIF1AX have biological significance due to a generalized dereg-
ulation of translation, or a focalized effect targeting the same or similar genes, has 
not been shown. It is however considered that both SF3B1 and EIF1AX are later 
events in UM progression, while their mutual exclusivity suggests that they pro-
vide alternative evolutionary pathways for disomy-3 (D3) UM, with no numerical 
abnormalities of chromosome 3 (58).

Other mutations in posterior UM

A number of other mutations have been serially identified in UM, but the inci-
dence is substantially lower than those already discussed, and their relevance 
may reflect “background noise” rather than driver mutations. Of these, the telom-
erase reverse transcriptase (TERT) gene (located on chromosome 5p15) has been 
widely reported in many cancers (59–62), but in UM it only has a low mutation 
frequency of 1% (63, 64). TERT has a multifunctional role including, among oth-
ers, in the maintenance of telomere length, cell-cycle control, and DNA damage 
response (59, 65–67). Since most studies suggest that UMs have a low mutational 
burden (68, 69), it is possible that TERT mutations are bystanders in UM.

Other mutations occurring in less than 5% of UMs have recently been reported 
(68, 69). Of these, Cysteinyl Leukotriene Receptor 2 (CYSLTR2) and Phospholipase 
C Beta 4 (PLCB4) are mutually exclusive to GNAQ/GNA11 mutations with pre-
sumably the same functional consequences, and they, in combination with others, 
serve to further classify the mutational signature of UM into potentially four or 
more subgroups (68). Additional studies are required to clarify the significance of 
these mutations and whether they complement or drive UM progression.

GENETIC BIOMARKERS OF POSTERIOR UM

Even from early genetic investigations, it was apparent that recurrent alterations 
in UM could be used to stratify and determine prognosis, with poor prognosis 
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being survival of 7 years or less (70, 71). Most of the consistent genetic changes/
mutations in UM are predictive of outcome to a greater or lesser extent. There is 
however one notable exception; mutations of GNAQ/GNA11 (in almost 95% of 
UM) may vary in their frequency and presence of rare versus common mutations 
but still have no clear link to patient outcome (17–19, 68). In comparison, simple 
chromosome changes such as M3 and 8q+ correlate with clinical parameters of 
poor prognosis such as larger tumor size, epithelioid cell type, and ciliary body 
involvement (4, 70–72). Both M3 and 8q+ have repeatedly been shown to strongly 
correlate with a poorer outcome, especially when they occur together in the same 
tumor (6, 70, 73, 74) and as such form the basis of many biomarker tests. 
Furthermore, it is clear that the amplification of the long arm of chromosome 8, 
in the form of an i(8q), is not a static process and within individual UM there will 
be a level of heterogeneity with some cells showing just a gain of chromosome 8, 
while others may have one or many more copies of i(8q) (70, 75). Importantly, 
this drive toward acquiring additional copies of chromosome 8q is linked to not 
only a poor prognosis but also a significantly shorter survival (6, 70, 74, 76). 
Deletion of chromosome 1p is also considered a poor prognostic indicator but 
may be limited as a biomarker to UM where it is associated with M3 (77, 78). As 
M3 is such a powerful predictor of poor prognosis, it is not altogether surprising 
that the alternative scenario of D3 is related to improved survival, while much 
rarer partial deletions of chromosome 3 appear to correlate with an intermediate 
prognosis (79–81). Finally, there is some ambivalence over the ascribing of prog-
nosis based upon 6p gain. In most UMs, 6p+ is found in tumors with D3 and is 
therefore indicative of a good outcome (82). Gain of 6p however is not entirely 
restricted to D3 tumors and can be found as a later change in tumors with M3 and 
i(8q) (9, 10, 75, 77, 83). Under these circumstances, it is decidedly associated 
with a poor outcome; therefore, careful consideration of the circumstances must 
be made if reliance is just placed on gain of 6p alone.

Although mutations of GNAQ/GNA11 are not predictive, other mutations do 
confer a prognostic significance, or as a minimum clearly associate with other 
known indicators of prognosis. As an example, there is some ambivalence over 
mutations of BAP1, which although clearly segregating with M3 in UM, at a fre-
quency of 40–80% and initially reported in over 80% of metastatic tumors, do not 
themselves seem to predict a poor prognosis (28, 37, 68). The reason may be that 
mutations of BAP1 are not restricted to limited hotspots, and recent evidence sug-
gests that they are no more frequent among metastasizing UM compared with 
nonmetastasizing UM (84). There does seem to be a clear consensus that BAP1 
mutations do show a correlation with reduced expression of BAP1 protein and 
more specifically that assessment of the protein by immunohistochemistry pro-
vides a more robust indication of outcome compared with mutational analysis 
alone (85).

In general terms, both SF3B1 and EIF1AX mutations can be considered as 
indicators of a better prognosis, presumably due to their preponderance among 
D3 UM (42, 63). Mutations of SF3B1 should however be considered as an indi-
cator of a qualified good prognosis, as approximately 80% of UM with SF3B1 
mutations have been shown to develop later metastasis, despite being D3 
(68, 86). The reason why SF3B1 mutations may identify a later metastatic onset 
among classically good prognosis D3 UM could be their association with partial 
gains of 8q, while EIF1AX mutations do not (68). The gain of 8q is consistently 
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predictive of a poorer outcome, but usually when clearly identified in the form 
of an i(8q), representing whole arm gain of 8q (6, 70). Less is known about the 
prognostic relationship for partial 8q, partly because few studies have distin-
guished differences in the manner of acquisition for 8q gain, and where explored, 
no reduced survival was reported (6), possibly because additional follow-up is 
required to detect patients who will succumb to late onset metastasis in this 
subgroup.

In addition to chromosomal and mutational biomarkers, UM can be classified 
into poor prognostic groups on the basis of expression of a target set of genes 
(initially 26 but later refined to 15 genes) that delineate UM into low risk (class 1) 
and high risk (class 2) (87, 88). Using this data set, class 1 UM patients are 
ascribed a survival of 95% at around 7 years, while class 2 had approximately only 
a 30% survival. Further stratification of these subgroups can be achieved when 
expression of preferentially expressed antigen in melanoma (PRAME) is consid-
ered, as increased expression in class 1 UM identifies those with a very low rate of 
metastasis (89).

GENETIC ANALYSIS OF METASTATIC LESIONS OF 
POSTERIOR UM

Most UM patients who develop metastatic disease will do so in the liver, often to 
the exclusion of other sites. There have however been comparatively few genetic 
studies of the lesions themselves, and not surprisingly those reported are mainly 
hepatic metastases (5, 90–92). Changes found in the metastases mirror those 
reported for primary UM, with the single most consistent and frequent change 
being the 8q gain. It is however of interest that BAP1 mutations and other predic-
tors of poor outcome, such as M3 and 1p-, are not more frequently represented 
among metastatic lesions. Conversely, 6p gain, considered as an indicator essen-
tially of good prognosis, is also reported in metastatic lesions (90, 93), whereas 
reports suggest that although GNAQ/GNA11 are not predictive of prognosis, 
GNA11 mutations are more frequent among metastases (94). Of course, some of 
these observations require further validation once more information on the metas-
tases themselves becomes available.

THE SEQUENCE OF GENETIC PROGRESSION IN 
POSTERIOR UM

The constitutive activation of the MAPK pathway through mutation has been 
identified as an early event in many cancers (17, 95, 96). As most posterior UMs 
have activating mutations of GNAQ/GNA11, it is clearly an early, if not initiating, 
event. Studies have however reported that melanocytic nevi, melanocytomas, and 
blue nevi also have mutations of GNAQ/GNA11, and in these benign lesions it is 
purported to associate with an intermediate state with potential to transform and 
become malignant (97). In relation to posterior UM, the findings of studies on 
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choroidal nevi (98) and anterior iris UM are perhaps more pertinent (see below). 
As iris melanomas are, in the majority of cases, manifestly benign, the presence 
of GNAQ/GNA11 mutations suggest that in UM they are initiating events, increas-
ing proliferation by upregulating the MAPK pathway, but not necessarily induc-
ing transformation to malignancy. As such, GNAQ/GNA11 mutations act as a rung 
on a ladder toward malignancy but other changes are also necessary to proceed.

At the forefront of these additional alterations is M3, with many cytogenetic/
molecular studies identifying it as an early and sometimes the only other change 
in addition to GNAQ/GNA11 (99). Equally, 6p+ when associated with D3 tumors 
appears to fulfill the same role in providing the next step in tumor progression 
(82). Mutations of BAP1 in M3 UM, and SF3B1 and EIF1AX in D3 UM, are closely 
linked to the cytogenetic changes of M3 and 6p+, respectively. There are few stud-
ies that have made detailed comparisons, so information on the timing of these 
events is limited. BAP1 mutations are however reported as subsequent to M3 (68), 
and as mutations of both SF3B1 and EIF1AX are reported as being related to 6p+ 
in UM, it can be assumed that they are secondary to that of 6p gain (69, 86). In 
terms of gross abnormalities, there is almost universal agreement that 8q gain is a 
later event and its high frequency among metastatic lesions acts as confirmation of 
the relationship with advanced UM (70, 77, 82, 83, 99, 100). The proposed 
sequence with relationship to outcome and clinical parameters is presented in 
Figure 2.

IRIS MELANOMAS

There have been far fewer genetic studies performed on iris melanomas com-
pared to their posterior counterparts, but from the information so far gleaned 
they appear to represent somewhat a halfway house between posterior UM 
and CM (101–106). In this respect, iris melanomas are reported as sharing 
changes with posterior UM such as deletions of 1p, M3, and chromosome 6 
alterations (both p and q). Evidence however suggests that iris melanomas 
also have abnormalities of other chromosomes rarely affected in posterior UM, 
such as changes of chromosome 9p, an alteration more often related to CM 
(105), and rearrangements affecting chromosome 18 (105, 106). Equally, iris 
melanomas are reported as sharing mutations with posterior UM and also CM, 
with studies identifying mutations of both GNAQ/GNA11 and BRAF in iris 
melanomas (105, 107). Furthermore, a surprisingly high frequency of EIF1AX 
mutations has been reported for iris melanomas (108). Mutations have not yet 
been documented for SF3B1, and it is likely that the small sample size for 
most of these reports means that the rarer mutations may still be detectable in 
iris melanomas, once more are sequenced. It is premature to predict how 
these mutations and chromosome changes impact on iris melanoma develop-
ment; however, it was observed that BRAF mutations in 9 of the 19 tumors 
sequenced were more likely to associate with tumor recurrence (107), while 
in contrast the relatively high frequency of the good prognostic mutations of 
EIF1AX is perhaps symptomatic of the benign nature of most iris melanomas, 
or vice versa.
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Figure 2 Correlation of clinicopathological, chromosomal, and genetic 
biomarkers with prognosis in uveal melanoma and putative sequence of 
events. There are well-defined clinical, chromosomal, and genetic 
biomarkers identified in UM that contribute to prognosis in UM. 
Mutations to GNAQ and its paralogue GNA11 have been identified as an 
early change in UM and are not associated with prognosis but may 
represent an initiating event. Poor prognosis is associated with a 
posterior location, epithelioid cell type, monosomy 3, isochromosome 
8q, and loss of 1p. Recent studies have also identified that mutations to 
BAP1 are indicative of a poor prognosis, whereas mutations to EIF1AX, 
although considered a later event in UM progression, are in fact 
associated with low metastatic risk. Mutations to SF3B1 are also thought 
to occur late in UM progression and are associated with an intermediate 
prognosis in patients without monosomy 3, who otherwise would have 
had a good prognosis.
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CONCLUSION

Since genetic studies have become engaged in improving the understanding of 
the basis of UM, related chromosome changes and genetic mutations have been 
identified that can be usefully employed as biomarkers to predict prognosis. 
Whatever methodology is applied, the use of genetic biomarkers is now the 
most reliable method for detecting outcome, but no single method is infallible. 
The challenge now is to improve our understanding and to extrapolate how 
these quintessential alterations act as drivers, and most importantly how their 
behavior can be counteracted. In this respect, it is highly likely that future 
studies will be able to fine-tune the relationship between individual genetic 
mutations and their role in UM. Understanding how gross chromosomal 
changes, such as those of 1p, M3, 6p+ and 8q+, serve to drive, or differentiate, 
UM behavior is entirely another ball game. Furthermore, a virtually unde-
scribed landscape that could impact on such changes is emerging, with recent 
studies suggesting that the well-described genetic biomarkers of UM are only a 
signpost for epigenetic modulators capable of dividing the broad brush genetic 
classes into further subgroups, with an impact not yet fully comprehended (68, 
69, 109). The genetic landscape of UM, although not as obviously unstable as 
many cancers, is not however featureless and seemingly is far more complex 
than first thought.
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Abstract: Despite improvements in the treatment of uveal melanoma (UM), pre-
vention and therapy of systemic metastasis remain unsolved. Current prognostic 
indicators, either alone or in combination, may predict the pattern of progression 
and outcome. However, metastasis-related death has been recorded in patients 
initially diagnosed with early-stage cancer and in other patients many years after 
initial tumor removal. The mechanisms leading to the extravasation, dissemina-
tion, and colonization of organs by UM cells are still unknown but crucial for 
future therapies. The detection and characterization of circulating melanoma cells 
(CMCs) can aid in the diagnosis, prognosis, and disease monitoring of UM 
patients. Furthermore, CMCs provide additional information that cannot be 
acquired by studying the primary tumor alone. “Liquid biopsy” therefore has sub-
stantial potential to serve as an additional tool in the care of UM patients. CMCs 
can be characterized for the presence of key prognostic factors, such as mono-
somy-3, and used as a prognostic tool particularly in patients undergoing eye-
preserving therapy and where no tumor biopsy is collected. The isolated cells can 
be further studied in vitro to better understand the mechanisms of dissemination 
and proliferation in the liver. The detection of circulating tumor cells has reached 
a prominent role in the treatment monitoring of various cancers. Analysis of the 
CMC in UM patients may assume a similar, leading role in the near future for the 
early identification of patients at high risk of metastatic disease.
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INTRODUCTION

Circulating tumor cells (CTCs) are rare, genetically and phenotypically heteroge-
neous cells found in the peripheral blood of cancer patients. Their presence cor-
relates with an unfavorable prognosis and a reduced progression-free interval, and 
various studies have shown that the monitoring of CTC allows for the evaluation 
of treatment efficacy in different tumors (1–4). It is assumed that the CTCs are 
predecessors of a metastatic settlement and thus the main element of the meta-
static process itself. For a number of tumors, their detection, often referred to as 
“liquid biopsy,” is already integrated into the daily clinical routine within the 
framework of tumor staging, follow-up, monitoring, and therapy selection (5–7). 
This diagnostic tool therefore offers the opportunity to incorporate individualized 
medicine into everyday clinical practice using a minimally invasive procedure (8). 
This overview presents the currently available data regarding the potentials and 
limitations of the different techniques used for the detection of circulating mela-
noma cells (CMCs) in choroidal tumors.

TUMOR CELL DISSEMINATION AND SYSTEMIC CIRCULATION 
IN UVEAL MELANOMA

Uveal melanoma (UM) is the most common intraocular tumor in adults. Despite 
advances in diagnostics and local tumor control, up to 50% of patients develop 
metastases irrespective of the type of treatment. When the primary tumor is diag-
nosed, metastases are found in less than 2% of the cases. In contrast, metastatic 
disease mostly develops within 5 to 10 years and up to 40 years after the success-
ful control of the primary tumor and after the enucleation of the tumor-bearing 
eye (9, 10). It is therefore assumed that the dissemination of the tumor cells occurs 
long before the primary tumor has been diagnosed. Tumor doubling time calcula-
tions further support this view by suggesting that the metastatic dissemination 
precedes initial diagnosis and treatment (11). When metastatic disease arises, 
therapies are limited and the mean survival time is less than 12 months (10). It is 
therefore essential to reduce the risk of tumor cell dissemination by detecting the 
cancer at its earliest stage.

Malignant melanoma of the uvea disseminates purely hematogenously, unless 
it perforates the sclera and infiltrates the conjunctival lymphatics. It is not known 
at which stage the uveal nevi cells transform into melanoma cells, when they are 
able to disseminate, or which characteristics are necessary to acquire this ability. 
However, much attention has been paid to “intratumoral vessels and vascular-like 
structures” that have been later shown to reflect fibrovascular septa rather than 
microvasculature (12, 13). The presence of these extravascular matrix patterns, 
which is termed “vasculogenic mimicry,” is associated with death from metastatic 
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melanoma (14, 15) and the microvascular density itself is prognostically relevant 
(14, 16). In some cases, tumor cells were found in intra-tumoral blood vessels and 
identified as a factor for unfavorable outcome (17).

Nevertheless, it is not known why metastatic disease affects predominantly 
(>90%) the liver, why the cells fall in a dormant status, or which signals 
finally induce a colonialization of the organ, resulting in the development of clini-
cally detectable metastases (18). Neither the examination of the primary cancer 
and/or of its metastases nor the in vitro and in vivo studies have been able to eluci-
date these crucial steps so far. Currently, it is assumed that the tumor cells undergo 
a gradual transition with a stepwise increase in malignancy. The isolation and 
characterization of CMCs have the potential to provide further information to 
these aspects. Various techniques have been used for the detection of CMC.

TECHNIQUES TO DETECT CTC AND CMC

CTCs were observed for the first time in the blood sample of a man with meta-
static cancer in 1869 by Thomas Ashworth, who postulated that “cells identical 
with those of the cancer itself being seen in the blood may tend to throw some 
light upon the mode of origin of multiple tumors existing in the same person” 
(19). However, it took more than 100 years before the importance of CTC was 
recognized in modern cancer research. This was made possible with the evolve-
ment of a sensitive magnetic separation technology employing ferrofluids (col-
loidal magnetic nanoparticles) (20).

Since then, further improvements have been made in order to enrich and dis-
tinguish the rare CTC from normal cells in the peripheral blood. Capture and 
enrichment are performed based on the specific morphological and phenotypical 
characteristics of the tumor cells, such as their size, density, and specific protein 
expression. However, CTC can also be detected indirectly by amplifying the tran-
scripts of tumor-related proteins by reverse transcriptase polymerase chain reac-
tion (RT-PCR).

This latter technique was indeed the first approach used for the indirect 
detection of CMC in the lysates of venous blood cells from UM patients, who had 
no clinical evidence of systemic metastasis (21). Amplification of the transcripts 
for melanoma-associated proteins, such as tyrosinase and MelanA/Mart1, by 
RT-PCR was then adopted by several other groups. However, the results dis-
closed a high variability for the detection rate, with values ranging between 0 and 
97% (21–25). This is probably based on the fact that the amplification of pseu-
dogenes and illegitimate transcripts can lead to false-positive results and an over-
estimation of the CMC number. Furthermore, naturally occurring degradation, 
release of transcripts, and molecular changes of the disseminated cells may have 
a substantial impact on the results (25, 26). Finally, this technique does not allow 
any statement about the characteristics of the CMC, as no cells are available to be 
 examined. This method is therefore not suitable for a direct detection of the CMC 
themselves, but rather yields an indirect evidence on the basis of a surrogate 
marker.

In contrast, the detection of intact tumor cells provides substantial advantages. 
The cells can be isolated with different techniques depending on tumor cell size, 
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density, and expression of surface antigens. One method is based on filtering 
blood samples through a membrane (8 μm pore size) by means of a controlled 
vacuum aspiration. The cells that are retained on the membrane can then be iden-
tified by immunostaining (27). However, tumor cells that are smaller than the 
pore size used would be lost, leading to a low sensitivity of this capture assay. 
Since tumor cells have a similar density to the mononuclear blood cells, density-
based methods also have the disadvantage of poor sensitivity as well as the pos-
sible loss of tumor cells and lack of tumor specificity.

More specific approaches are based on the immunomagnetic recognition and 
extraction with tumor-specific antibodies. For example, the commercially avail-
able, FDA-approved CELLSEARCH® CTC Control Kit enables the detection of 
CTC based on their epithelial surface antigens. This system employs ferrofluid-
coupled antibodies directed against characteristic surface molecules of the epi-
thelial cells to be examined. The labeled cells are then separated from the blood 
cells in a magnetic field. The corresponding immunohistochemical markers are 
used for further discrimination and identification (28). The method combines a 
negative selection to exclude other mononuclear cells. However, false-positive 
results may arise from the identification of normal cells expressing the same anti-
gen, and false-negative results may result from CTC depleted of the epithelial 
antigens. Our experience with a similar commercially available system using an 
epithelial marker led to a very high rate of false-positive results in the blood 
samples from healthy volunteers.

Two different groups used the CellTracks Circulating Melanoma Cell Kit on the 
CELLSEARCH® System to isolate CMC with antibodies directed against CD146 
(Mel-CAM) from UM patients (29, 30). The isolated cells were then immunos-
tained with antibodies directed against the melanoma-associated antigen (HMW-
MAA). Both groups examined patients who had already developed metastatic 
disease. Bidard et al. analyzed the venous blood samples of 40 patients and 
could detect CMC in 30% (n = 12) of the patients (29). Using the same system, 
Terai et  al. found CMC in 52% of the venous specimens (number of cells: 
median 1, range: 0–8 cells) and in 100% of the arterial blood samples (number of 
cells: median 5, fluctuation width: 1–168) (30). The latter group has postulated 
that the tumor cells may become apoptotic and fragmented while circulating in 
the peripheral blood. This theory, however, remains to be investigated. In fact, it 
contradicts the general assumption that tumor cells probably enter the systemic 
circulation or leave the organ of origin through the venous pathway, and any cell 
that circulates would have access to both the venous and the arterial arm unless it 
seeds within an organ or tissue.

Other methods to detect CTC include fiber-optic array scanning, microfluidics, 
and a photoacoustic flow cytometry. Fiber-optic array scanning technology (FAST) 
applies laser-printing techniques. Laser-printing optics are used to excite 300,000 
cells per second, and emission is collected in an extremely wide field of view, 
enabling a 500-fold speed-up over automated digital microscopy with compara-
ble sensitivity and superior specificity (31).

The microfluid-based positive enrichment technologies are based on micro-
fabrication that refer to the ability to create structures at or below the cellular 
length scale. Microfluidic devices allow precise control of fluid flow, which is 
important because the efficiency of cell capture depends highly on cell–antibody 
contacts that can be controlled through fluid flow velocity and direction (32).
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Photoacoustic methods are based on nonradiative conversion of absorbed light 
energy into heat accompanied by acoustic waves. Specifically, absorption of laser 
radiation by a single cell leads to a temperature increase in endogenous and exog-
enous structures. The temperature distribution is transformed into a refraction 
distribution that can be detected (33, 34). However, these techniques have not 
been used yet for the detection of CMC in UM patients (31–34).

Our efforts on the isolation and characterization of CMC started more than a 
decade ago. Because of its obvious advantages, such as the possibility of in vitro 
expansion (35), we concentrated on the immunomagnetic enrichment of intact 
melanoma cells from the peripheral blood. Our first experience was in collabora-
tion with a group using the system established primarily for cutaneous melanoma. 
CMCs were isolated from the venous blood by a monoclonal antibody (clone 
9.2.27) directed against the melanoma-associated chondroitin sulfate proteogly-
can (MCSP). This antigen does not have a uniform expression profile in UM cell 
lines, but the protein can be detected in up to 95% of UM samples (36). Using this 
method, we found CMC (median: 2.5 cells/50 ml blood) in 19% (n = 10 of 52) of 
the UM patients without clinically detectable metastases (37). The presence of 
tumor cells in peripheral blood was associated with ciliary body invasion (odds 
ratio [OR], 20.0; 95% CI, 3.0–131.7), advanced local tumor stage (OR, 6.7; 
95% CI, 1.8–25.4), and anterior tumor localization (OR, 4.0; 95% CI, 1.2–12.7), 
which are all established prognostic factors for UM progression. However, the 
detection frequency was considerably below the expected rate of metastatic dis-
ease. Therefore, the usage of a single antibody does not seem to have sufficient 
sensitivity.

In order to increase the sensitivity of the immunomagnetic cell enrichment, we 
evolved the technique using two antibodies (NKI/beteb and NKI/C3) directed 
against the melanoma-associated glycoprotein as described before (35). In pre-
clinical experiments, we were able to demonstrate a detection sensitivity of 2 UM 
cells/10 ml of blood. In a prospective study, the detection frequency was 93.5% 
(in 29 out of 31 patients with UM), with a median CMC density of 3.5 cells/10 ml 
of blood (range: 0–12.8 cells). Furthermore, no CMCs were detected in a control 
group of 10 age-matched healthy volunteers, suggesting a high specificity of this 
assay. Melanoma cells (high NKI/C3 or MCSP expression, no CD45 expression) 
could be clearly distinguished from the neighboring leukocytes (high CD45 
expression) by double immunostaining against the leukocyte antigen CD45 and 
the melanoma markers NKI/C3 or MCSP. In addition, the morphology of the 
nucleus provided further discerning features (38).

The high release rate of melanoma cells into the circulatory system suggests 
that metastasis develops early in the course of UM. Since the CMC could be 
detected in almost all UM patients (25, 30, 38), it can also be assumed that the 
metastatic disease, which arises in approximately 50% of UM cases, is not solely 
dependent on the dissemination of tumor cells into the circulation but also on the 
ability of the CMC to survive and proliferate primarily in the liver (39, 40). One 
of the most important risk factors associated with an increased risk of metastasis 
is the loss of a copy of chromosome-3 (monosomy-3) in the primary UM cells. In 
addition, monosomy-3-positive cells could be detected in the liver metastases of 
UM at over-proportionally high rates (41–45). We therefore developed a special 
fluorescence in situ hybridization (FISH) assay combined with immunocyto-
chemistry to determine the copy number of chromosome-3 in intact CMC, which 
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specifically expressed melanoma marker proteins (Figure 1). Using this novel 
Immuno-FISH method, we could detect monosomy-3 in the CMC of nearly 58% 
of the UM patients who were positive for these cells. In addition, all patients who 
subsequently developed metastases had monosomy-3-positive CMC at the first 
diagnosis (46). Our findings therefore suggest that monosomy-3 is not the cause 
of tumor cell release into the systemic circulation but likely plays a crucial role in 
the colonialization of the liver.

We could also observe a high degree of concordance between the monosomy-3 
status of the CMC and the primary tumor in the samples (n = 10) from 11 UM 
patients (46). The detection of monosomy-3 in the CMC can therefore be used as 
a noninvasive and repeatable approach to gain insight into the molecular charac-
teristics of the primary tumor, compared with the biopsy of the primary tumor.

PRESENT POTENTIAL OF CMC DETECTION

Currently, the detection of CTC is not performed routinely in the management 
of UM patients. Only a few centers have analyzed and shown the presence of 
CMC in UM patients. The results so far suggest that the release of melanoma 
cells into the circulatory system occurs early and probably in all cases, although 
the metastatic disease is expected to occur only in half of the patients. As shown 
by us in the past (47) and by others recently (48), the presence of CMC also 
does not show a change following invasive procedures and provides little help 
in the prognostication of patients with clinically evident metastatic disease. 

Figure 1 Detection of chromosome-3 in the CMC specifically labeled for a melanoma marker 
protein. CMCs were isolated from the blood sample of a patient (female, 48 years), who 
was diagnosed with primary UM without metastases. The cytospin of isolated cells was 
processed directly for the Immuno-FISH assay to label chromosome-3 (with the 
centromeric probe CEP3, red) in the tumor cells specifically expressing the MCSP (green). 
The nuclei were counterstained in blue with DAPI. Cells expressing a single or a double 
signal for CEP3 were classified as having monosomy-3 (left panel). In contrast, CEP3 signals 
separated by a distance of more than twice the diameter of a single spot were considered 
as disomy-3 (right panel). Arrow indicates an immunobead on a CMC with disomy-3, 
which could be clearly distinguished from the adjacent, MCSP-negative leukocyte. All 
images were acquired at an original magnification of 400×. This patient developed liver 
metastases within 2 years following the CMC analysis and enucleation.
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Determining the mere presence of CMC is therefore not useful in making any 
prognostic statements (39).

However, the analysis of CMC can be an additional strong tool that deserves 
further attention for the management of patients with conspicuous nevi. 
Currently, the major factors that define the decision-making process in the treat-
ment of these patients include the clinical criteria and regular controls to rule out 
further growth. A biopsy may also be considered if the lesion appears highly 
suspicious (49). However, arriving at the decision of such an invasive and poten-
tially complicated procedure can be challenging, depending on the localization 
and size of the lesion, the function of the affected and the partner eye, the age, 
and the psyche of the patient (50–52). In addition, any manipulation carries the 
risk of local and iatrogenic systemic dissemination of the tumor cells, and the 
histopathological analysis does not always enable a conclusive finding depending 
on the quality and quantity of the investigated sample. In such cases, a positive 
CMC result may aid in decision-making for confirmatory biopsy (Figure 2). In 
addition, this “liquid biopsy” can be repeated as often as necessary as opposed to 
the conventional one.

Our Immuno-FISH assay for the detection of monosomy-3 in the CMC pro-
vides a valuable prognostic tool without the need for disrupting the integrity of 
the primary tumor (46), particularly when an eye-preserving therapy is indi-
cated. Currently, when the clinical evidence is not sufficient to distinguish a 
nevus from a small UM, we use a conventional biopsy to confirm the CMC 
findings before further treatment is planned. With accumulating evidence, 
however, the conventional biopsy may be completely replaced by “liquid 
biopsy” in the future.

Figure 2 Intraoperative fundus photography of a patient with a pigmented choroidal lesion. 
The thickness of the lesion was <2 mm, no subretinal fluid was detected in SD-OCT, and 
no orange pigment obvious or detectable with autofluorescence and no growth has been 
reported so far. The patient was positive for CMCs. Since therapy would have affected 
central vision, biopsy was performed. Frameshot at the beginning of pars plana 
vitrectomy (left panel). Frameshot after biopsy was performed close to the vascular 
arcade (right panel).
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FUTURE POTENTIAL

The currently available findings indicate that analyzing not the mere presence but 
the monosomy-3 status of CMC possesses a great prognostic potential for gaining 
important information on the risk of metastasis and the further course of the 
 disease. This approach can also possibly aid in the evaluation of treatment efficacy 
and selection of particular therapy methods in the future. However, 5–20% of UM 
patients can develop metastases despite the absence of monosomy-3 in the pri-
mary tumor. In such cases, the deletion of individual genes on chromosome-3 or 
an isodisomy, which is present in approximately 6% of the UMs, can be regarded 
as additional factors influencing the risk of metastasis (53). A further aberration 
associated with a reduced survival time is the presence of an additional copy of 
the chromosome-8q in the primary UM (9, 54–56). A more comprehensive 
genetic analysis of CMC can therefore aid in enhancing the prognostic relevance 
of these cells.

A further increase in sensitivity could be achieved by the additional determina-
tion of mutations in the genes encoding the G-alpha proteins GNAQ or GNA11. 
Bidard et al. has developed assays to detect the most recurrent, UM-specific 
GNAQ and GNA11 point mutations in circulating tumor DNA (29). The group of 
Metz et al. could also determine the GNAQ or GNA11 mutations in the cell-free 
DNA derived from the venous blood of UM patients. However, mutations in the 
region of Q209 could be detected in only 9 out of 22 metastatic patients (40.9%) 
with the latter approach (57).

Further studies must therefore be undertaken to determine whether the pres-
ence of these mutations, which are also found in 55% of blue nevi (57), can be 
useful in diagnosis and aid in therapeutic planning with medications that are 
directed against the signaling cascades downstream of the G-alpha proteins, such 
as the mitogen-activated protein kinase (58).

To date, it is also not clear whether melanocytic nonmalignant cells can enter 
the bloodstream. There is a single case report on the detection of circulating mela-
nocytic cells following the surgical excision of a benign, congenital cutaneous 
nevus. Since no cells were found before surgery, it was assumed that the release of 
these cells was caused by surgery (59).

CONCLUSION

The detection and genotypic characterization of CMC has a substantial potential 
to enable a better understanding of UM. Isolated CMC can be used in experimental 
studies to elucidate how these cells gain access into the bloodstream, acquire the 
ability to settle, become dormant, and eventually proliferate to form clinically 
evident metastases. These findings would in turn contribute to the development 
of targeted and possibly preventive therapies to improve the survival rate of 
patients with this devastating disease.
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Abstract: Mucosal nasopharyngeal melanoma is a rare head and neck melanoma. 
Prognosis is poor (5-year overall survival rate of 10–30%) with high rates of 
metastases and local recurrence. Head and neck mucosal melanoma represents 
0.8–3.7% of all melanomas and 0.03% of all neoplasms; the most commonly 
involved sites are the nose, paranasal sinuses, oral cavity, pharynx, and larynx. 
A slight female predominance has been described and the median age of presenta-
tion is 64.3. Irritants and carcinogenic substances, such as tobacco smoke and 
formaldehyde, seem to be related to its development. A lack of specific clinical 
features often leads to a late diagnosis. At an early stage, clinical features can 
include epistaxis, obstruction, difficulty breathing, serous otitis media, and nasal 
discharge; subsequently, pain, facial distortion, proptosis, and diplopia pre-
dominate the clinical pictures. Masses are mostly polyploid, friable, and bloody. 
They  can be amelanotic or surrounded by black- or brown-pigmented dots. 
Nasopharyngeal melanoma resembles other common polypoid lesions; therefore, 
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histology plays a pivotal role in confirming the diagnosis. Computed tomography, 
facial and total body scan, as well as magnetic resonance imaging are mandatory 
for a correct staging. Surgical treatment remains the gold standard. External or 
intranasal incision depends on tumor site and size. Sentinel lymph node biopsy is 
not usually performed. Neck dissection is indicated in cases of clinical and/or 
radiological positivity. Radiotherapy is mostly palliative, as radiotherapy lacks effi-
cacy for mucosal melanomas. The effectiveness of target therapy and/or immuno-
therapy is undergoing evaluation.

Key words: Malignancy; Melanoma; Mucosal; Nasopharyngeal; Oral

INTRODUCTION

Melanocytes are normally present in the mucous membrane of nasal cavities and 
paranasal sinuses in about 20% of the population (1). The biology of extracutane-
ous melanoma differs from that of cutaneous melanomas. Indeed, several func-
tions of melanocytes, such as antimicrobial and immunological functions, have 
been recently reported. Furthermore, due to the involvement of anatomical sites 
such as oropharyngeal, anorectal, penile, and vulvar areas where specific viruses 
(e.g. human papillomavirus [HPV]) harbor, a role for melanocytes in viral patho-
genesis has been postulated. Nasopharyngeal melanoma (NPM) is a rare type of 
head and neck mucosal melanoma (HNMM). Its prognosis is poor, with a 5-year 
overall survival rate of 10–30%, due to frequently delayed diagnosis, local recur-
rence, and high rates of metastases (2, 3). In this chapter, we illustrate and sum-
marize the main clinicopathologic features of NPM and the available therapeutic 
approaches.

EPIDEMIOLOGY

In the literature, few data about HNMM and NPM have been reported (2). The 
USA Cancer Database reports that about 1.3% of melanomas are mucosal, of 
which 55% are localized in the head and neck area (4, 5). Primary HNMM 
accounts only for 0.8–3.7% of all melanomas and 0.03% of all cancers (1). More 
specifically, HNMM accounts for 4% of head and neck melanomas and 4% of 
nasopharyngeal neoplasms (1, 2). It is estimated that the incidence of NPM is 
about 0.3/1,000,000 per year (1). The most commonly involved sites are the nose 
(80% of HNMM in sinonasal tract, especially occurring in lateral wall and sep-
tum), paranasal sinuses (involving mostly primary ethmoid and maxillary sinus), 
oral cavity, pharynx and larynx (2, 5). There is no real sex predominance, although 
females are slightly more commonly affected than males (52% vs. 48%) (6). The 
median age of presentation is 64.3 years (range: 50–80 years). However, cases of 
melanoma of the oral cavity have been reported in patients as young as 9 years 
old (7). NPM melanoma represents a greater percentage of all melanomas among 
Japanese compared to Caucasians. Specifically, 7.5% of all melanomas in the 
Japanese population arise in oral cavity, compared to ≤1% reported in the 
Caucasian population (5, 8).
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PATHOGENESIS

The role of irritants and carcinogenic compounds in the air, such as tobacco 
smoke and formaldehyde, in the development of NPM is not yet clear. Interestingly, 
it has been reported that hyper-production of melanocytes in the oral mucosa is 
associated with the use of cigarettes, leading to a greater prevalence of pigmented 
oral lesions (9–11). Several authors have reported that approximately 33% of 
mucosal melanomas of the oral cavity are preceded by oral melanosis (11). The 
significance of this finding is unclear and given the current levels of evidence 
melanosis should not be considered a pre-cancerous lesion. It is probable that 
most precursors of NPM originate from stem melanocytes that have acquired 
cytogenetic alternations of their oncogenes, tumor-suppressor genes, and DNA 
repair genes, performing a malignant phenotype (12). Otherwise, NPM can arise 
from mature melanocytes of the submucosa with cytogenetic alternations, due to 
several stimuli, including tobacco, trauma, and oxidative stress (12). Indeed, a 
reduction in melanin production can lead to an increase of oxidative stress metab-
olites, which cause DNA damage, promoting an initial cell transformation (13). 
Finally, the transformed melanocytes show specific alteration in the c-kit pathway, 
endothelin receptor type B/endothelin pathway, Wnt/β-catenin pathway, and in 
various cell-adhesion molecules (12, 14, 15).

GENETICS

Primary mucosal melanoma (PMM) is an extremely rare neoplasm and few studies 
have evaluated its genetic basis. Because of the anatomic locations involved and 
the paucity of early clinical clues, mucosal melanomas are often detected at 
advanced stages. Consequently, the prognosis is poorer than their cutaneous 
counterparts. NPM accounts for 55% of HNMM, and HNMM accounts for 55% of 
all mucosal melanomas (Table 1) (16). As reported by several authors (17–21), 
PMM shows distinctive characteristics in comparison with cutaneous melanoma 
(CM). It has been shown that primary sinonasal melanomas (SNMs) are character-
ized by several abnormalities that lead to diffuse activation of the PI3K/Akt and 

TABLE 1 Distribution of primary mucosal melanoma

PMM %
Head and neck 55

Anorectal 23.8

Female genital tract 18

Urinary tract 2.8
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RAS-MAPK pathways. As highlighted by Turri-Zanoni, alterations in these path-
ways are not associated with prognosis (17). Furthermore, it has been reported 
that early somatic events (KIT, NRAS, and BRAF mutations) are not frequent in 
primary SNMs (2, 4). Indeed, Turri-Zanoni et al. reported that BRAF mutations in 
exon 15 were not detected in 97% of melanomas (17). In addition, BRAFV600E 

mutations were not present in any of the cases (17). This finding has also been con-
firmed by Edwars et al., who detected no BRAF exon 15 mutation in 13 PMM (18). 
These findings corroborate the evidence that PMM shares no molecular features 
with CM. Furthermore, the lack of BRAF mutations in PMM suggests that the 
BRAF mutations in melanoma are influenced by the extent of sun exposure (16). 
In addition, this finding suggests that BRAF/MEK inhibitors are unlikely to be 
useful in the management of PMM (16). Conversely, NRAS mutations have been 
described in 22% of cases, involving codon 61 in 42.8%, codon 12 in 28.5%, and 
codon 13 in 28.5% (17). This mutation rate is similar to nonchronic sun-damage 
melanoma. Finally, KIT mutations were detected on either exon 11 or 18 in 12.5% 
of the cases (17). It has also been postulated that the expression of KIT in primary 
SNMs might indicate that the activation of PI3K/Akt and RAS-MAPK pathways 
might be dependent on ligand-dependent activation of this receptor (17). As 
reported by several authors, therapeutic c-KIT blockade could be useful in the 
treatment of PMM patients with activating KIT mutation (20–22).

Fluorescence in situ hybridization (FISH) analysis conducted on 32 primary 
SNMs showed gain of 6p25 (RREB1) in 100%, loss of 6q23 (MYB) in 76%, and 
gain of 11q13 (CCND1) in 65.6% (18). These findings are similar to the results 
reported in their cutaneous counterpart, which shows a high frequency of gain of 
6p25 and loss of 6q23. These findings show that some chromosomal aberration 
of CM could also be detected in SNM by FISH. Conversely, gain of 11q13 
(CCND1), which is described in >30% of CM, was not shown in SNM (17).

Edwards et al. described further peculiar chromosomic aberrations in SNM, 
including gains of 1q, 6p, and 8q (18). In particular, the authors detected a gain 
of 1q in all 14 analyzed specimens, and a gain of 6p in 93% of specimens (18). 
These results are intriguing, because 1q and 6p aberrations are usually detected in 
about 40–70% of other melanoma types, although it has been reported in several 
papers that PMM is characterized by distinctive genetic features in comparison 
with CM (18). Interestingly, the gains of 1q, 6p, and 8q in SNM occurred often in 
association with a loss of copy number or a normal copy number of the opposite 
chromosome arm, suggesting isochromosome formation (17, 18).

Turri-Zanoni et al. described loss of PTEN expression (<50% of positive cells) 
in 48.1% and a total absence of the protein in 33.3% of analyzed SNMs using 
immunohistochemistry (17). Furthermore, loss of p16INK4a in >50% of tumor 
cells was described in 55.2% of cases (17). The authors demonstrated that at least 
one tumor-suppressor gene was absent in 82.7% of cases, whereas loss of both 
p16 (CDKN2A gene) and PTEN was seen in 18.5% of the cases.

Data on the role of tumor-suppressor genes in PMM transformation and pro-
gression are inconclusive. It has been highlighted that loss of PTEN and activating 
mutations of PIK3CA play a pivotal role in the hyperactivation of PI3K-Akt path-
way in a wide variety of human neoplasms. As reported by Turri-Zanoni et al., the 
hyperactivation of PI3K-Akt pathway was found in 89.7% of SNM cases, not 
related to activating mutations of PIK3CA (17). Although these findings need fur-
ther investigation, they show that activation of PI3K-Akt might sustain the 
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development of SNM (22). Therefore, drugs that inhibit PI3K-Akt-mTOR path-
way could be useful when employed in SNM.

It has been speculated that the HPV could determine a higher genomic insta-
bility in PMM by supporting the degradation of the p53 protein (22, 23). However, 
Dahlgren et al. evaluated with PCR the presence of HPV DNA in 15 anal melano-
mas, 4 rectal melanomas, and 9 SNMs, and detected no HPV DNA in the analyzed 
samples (24). Therefore, the authors concluded that the 36 HPV subtypes tested 
did not play a pivotal role in the development of PMM.

CLINICAL FEATURES

The clinical presentation of NPM is nonspecific. Because of this and the anatomic 
area, median delay of 6–8 months in diagnosis has been estimated (3). Furthermore, 
the aggressiveness of this rare type of melanoma is also related to biological 
aspects. Indeed, especially in the initial stages, NPM is often asymptomatic. 
Primary clinical manifestations are usually obstruction of involved cavities and 
epistaxis. The most common symptoms of NPM, in decreasing order, are epi-
staxis, mass/obstructive symptoms, difficulty breathing, serous otitis media, pain, 
polyps, and nasal discharge (3, 9). In the most invasive stages, pain, facial distor-
tion, proptosis, and diplopia may be present (9, 25). In a case reported by Alves 
et al., a 64-year-old white, male patient had pain on the right side of his face and 
nose, associated with sporadic episodes of epistaxis and progressive ipsilateral 
nasal obstruction which had begun 1 year earlier (26). In another report by 
Bhartiya et al., a 51-year-old male presented with a 5-month history of nasal 
swelling, blockage, and occasional nasal bleeding, reporting a rapid increase in 
size of a swelling lesion on the left side of his nose (27). On examination, a large, 
swelling, fleshy, bluish-red, friable lesion was noticed on the left side of the nose, 
completely blocking the nasal passage (27). Finally, a report by Shradda et al. 
described the case of a 42-year-old female patient with swelling over the left side 
of her face, ipsilateral nasal blockage, and a visible brownish-colored mass in the 
left nasal cavity (28). The swelling, which was associated with severe throbbing 
type of pain, started over the lateral part of the nose on the left side, below the left 
eye, and rapidly increased in size, involving the eye and the left cheek with ulcer-
ation of the overlying skin (28).

Endoscopically, NPM could appear as a polyploid, friable, and bloody mass, 
with a homogeneous or heterogeneous surface (2). As reported by Alves et al., 
anterior rhinoscopy and fibre-optic-naso-laryngoscopy may show blackish-blue, 
pale yellow, or translucent polypoid masses (in the presence of amelanotic melanoma) 
(25). Besides, as reported by Lazzeri et al., NPM could also be detected as a gray-
ish stone-like material under the mucosa of a polypoid tissue (28). The primary 
lesion site is often difficult to detect because of the extension of the lesion at diag-
nosis (26). Furthermore, NPM is usually amelanotic and often mistaken for an 
ordinary nasal polyposis, delaying the diagnosis (2). Melanoma of nasal cavities 
and septum has a better prognosis than those of paranasal sinuses. This is proba-
bly due to the presence of clinical signs and symptoms, as well as better access, 
allowing for appropriate clinical examination, earlier diagnosis, and a more radi-
cal therapy. Regarding the pharyngeal involvement, in 66.6% of the cases, the first 
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noticeable features are usually hoarseness, sore throat, irritation, dysphagia, and a 
cervical mass (25). The melanoma may also cause hemorrhage, difficulties in 
hearing and deglutition, voice changes, and breathing difficulties.

PATHOLOGY

NPM is often amelanotic, resembling a benign polypoid lesion. Therefore, histol-
ogy plays a pivotal role for a correct diagnosis (Figures 1 and 2). However, NPM 
can be also confused with other tumors, such as undifferentiated small blue cell 
tumors of the sinonasal tract, including olfactory neuroblastoma, sinonasal undif-
ferentiated neuroendocrine carcinoma, Ewing’s sarcoma, peripheral neuroecto-
dermal tumor (PNET), and rhabdomyosarcoma. Other differential diagnoses 
include squamous cell carcinoma and non-Hodgkin lymphoma. Accordingly, 
immunohistochemistry also plays an important role in the diagnosis. Human mel-
anoma black (HMB)-45 reaches the 100% specificity for melanoma, while Melan-A 
is slightly less specific (29–30). According to Morris et al., PNL-2 is a highly sensi-
tive marker for mucosal melanoma, superior to Melan-A and microphthalmia- 
associated transcription factor (MITF) and comparable with HMB-45 (29). 
Therefore, PNL-2 can be evaluated as an important adjunctive marker in the 

Figure 1 A rare histological image of a dermal, pleomorphic malignant melanocytic proliferation 
of the oral cavity, in a nonkeratinized epithelium. (Hematoxylin and Eosin, 20×) Courtesy of 
Dr. Angelina Pernazza.
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immunohistochemical evaluation of PMMs (26, 27). Furthermore, it is often dif-
ficult to distinguish a metastasis from a primary neoplasm. However, a de novo 
primary NPM is much more likely than a metastasis, although at the time of diag-
nosis, up to 50% of patients with primary NPM develop distant metastases to the 
brain, liver, and lungs (3). Therefore, after a diagnosis of an NPM, it is important 
to perform a general dermatological consultation, followed by a trachea-laryngoscopy, 
gastro-duodenoscopy, colonoscopy, and ophthalmological consultation, in order 
to exclude other localizations.

STAGING OF NPM

In order to study local tumor extension, the execution of computed tomography 
(CT) of facial bones and brain, as well as facial magnetic resonance imaging (MRI), 
is indicated. CT is performed with axial and coronal sections, 1–3 mm thick slices 
and dual window settings (for soft tissues and bone) (31).

MRI provides three sections: T1, T1 post-gadolinium, and T2. Usually, 
 melanomas exhibit a heterogeneous contrast enhancement with typical high 
and  low intensity signal on T1 and T2, respectively, related to high melanin 

Figure 2 This image demonstrates hyperplasia of the epidermis, an atypical dermal melanocytic 
proliferation, with several ectatic vessels and a lymphocytic infiltrate. Sometimes it is difficult to 
distinguish between a metastasis and a primary head and neck mucosal melanoma. 
(Hematoxylin and Eosin, 20×). Courtesy of Dr. Angelina Pernazza.
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concentration and/or bleeding within the mass. MRI also assesses bone infiltra-
tion and, eventually, brain metastases. While, total body CT and positron emis-
sion tomography (PET) remain the gold standards to detect systemic neoplastic 
involvement, all these investigations are necessary in order to guide appropriate 
management (31).

In 1970, the Ballantyne staging system for NPM was proposed, character-
ized by three stages, depending on disease extension: local, regional, or dissemi-
nated (31). Subsequently, in 2004, Prasad et al. proposed a splitting of stage I into 
three further stages, depending on the degree of the neoplastic invasion (Table 2) 
(32, 34–36). Another important and valid classification is the tumor–node– 
 metastasis (TNM) staging system of the seventh edition of the American Committee 
on Cancer (AJCC) (Table 2) (33). Due to the rarity of this malignancy, the  adequacy 
of these staging criteria for providing prognostic information is not clear. Further 
knowledge may allow for improvement of these staging schemas.

THERAPY

Surgical excision of NPM is considered the therapeutic gold standard (31). 
Performing external or intranasal incision depends on tumor site and size. It is 
difficult to control surgical margins both in case of endoscopic surgery and in case 
of an extranasal procedure. Intranasal surgery is usually performed for small 
intranasal masses. Tumor resection must provide 1.5–2 cm negative surgical mar-
gins, as defined by histological examination when NPM is ≥5 mm (31, 37). 
Craniofacial resection is indicated for neoplasms in contact with or infiltrating the 
skull base (37).

In cases of laryngeal or pharyngeal melanomas, complete neoplasm resec-
tion can be reached through total or partial laryngectomy or pharyngectomy 
(37). Unfortunately, it is important to note that these tumors can be aggressive 
and prone to recurrences, requiring extensive surgical resection and disfiguring 
surgery (31). In cases of oral cavity involvement, a radical surgical resection 
with tumor-free margins is the treatment of choice (5). However, in cases of 
large masses, a marginal or segmental mandibulectomy is needed, leading to 
disfigurement (5).

TABLE 2 Classifications of head and neck mucosal 
melanoma, including nasopharyngeal melanoma

Stage Ballantyne 1970 (31) Prasad 2004 (32) TNM 2009 (33)

I Any T0 N0 M0 Stage 1: in situ
Stage 2: invasion of 

lamina propria
Stage 3: deep tissue invasion

T3: epithelium/submucosa
T4a: deep soft tissue/cartilage/

bone
T4b: brain, dura, skull base

II Any T N M0

III Any T any N M1
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Sentinel lymph node biopsy is not usually performed for mucosal melanoma 
(31, 38). Lymph node dissection is indicated only in case of clinical and/or radio-
logical positivity (31, 38). Performing prophylactic lymph nodes dissection in the 
presence of clinical negativity is now under debate (31, 38). In addition, it should 
be remembered that regional recurrence is higher, above all, in melanomas with 
localization in the oral cavity (constituting 77% of recurrences) (20).

NPM is poorly radiosensitive; however, radiotherapy is indicated in cases of 
local recurrence, positive surgical margins, or in case of palliative therapy. Adjuvant 
radiotherapy seems to allow loco-regional control without any impact on survival 
(38). Indeed, no differences have been reported between patients treated with 
surgery alone and those with surgery and adjuvant radiotherapy (38). On the 
contrary, new radiotherapy techniques, like intensity-modulated radiation ther-
apy (IMRT), seem to be more effective and safe than the traditional ones, and are 
proposed as adjuvant therapy, regardless of surgical margins (6, 39). Head and 
neck stage III and IV a mucosal melanomas should be treated with a wide surgical 
resection and elective neck dissection, and eventually with adjuvant radiation 
therapy or IMRT (40).

Chemotherapy and/or immunotherapy are under evaluation. Anti-CTLA4, 
anti-PD1, anti-BRAF, and tyrosine-kinase inhibitors for the treatment of stage IV 
patients, however to date there is not any standardized procedure for manage-
ment. Furthermore, adverse reactions induced by these drugs should be carefully 
evaluated, because patients with nasal and NPM are generally elderly and comor-
bid (31). Indeed, NPM has a poor prognosis; specifically, melanomas of nasal 
cavity and paranasal sinus have a 5-year overall survival around 20–40% (41). 
Local recurrence is frequent, occurring in 50% of patients and commonly related 
to positive surgical margins (41). Age ≤50 years is associated with a better prog-
nosis compared with patients >50 years (41).

CONCLUSIONS

NPM is a rare HNMM with a poor prognosis and high rates of metastases and local 
recurrences. The poor prognosis is associated with a delay in the diagnosis, as well 
as with the intrinsic biology of the malignancy. Few studies have been reported in 
literature. An early diagnosis, correct staging, and correct therapy play a pivotal 
role in the management of this rare class of patients.
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Abstract: Primary melanoma of the genitourinary (GU) tract is an extremely rare 
and clinically aggressive entity that comprises 0.2–1% of all melanoma cases, and 
includes tumors arising from the female GU tract, male GU tract, and urinary tract. 
Unlike cutaneous melanoma, etiological risk factors and epidemiological trends 
are not well established due to the rarity of GU melanoma. Little is known about 
the clinical course of GU melanoma subtypes, and the relative lack of documented 
cases has made it challenging to establish guidelines for clinical management of 
these neoplasms. Since a uniform staging system for these diseases has not yet been 
established, a number of different staging systems have been adopted and modi-
fied. Approaches to treatment are similarly heterogeneous, ranging from radical 
surgical excision to immunotherapies. Recent advancements in drug development 
and genetic analysis of tumors have led to promising new treatment modalities that 
warrant further investigation in clinical trials. Much of what is known about GU 
tract melanomas is documented in case studies and case series. It is possible that 
the establishment of centralized reporting databases could facilitate greater 
advancements in the understanding of GU tract melanomas and approaches to 
treatment. This chapter reviews the current literature on GU melanoma, highlight-
ing key distinctions from cutaneous melanoma, with a focus on epidemiology, 
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molecular and genetic alterations, diagnostic workup, clinical  staging criteria, 
treatments, and future perspectives on the landscape of GU melanoma.

Key words: B-raf proto-oncogene serine/threonine kinase; Genitourinary mela-
noma; Mitogen-activated protein kinase; Sentinel lymph node biopsy; Urinary 
tract melanoma

INTRODUCTION

Mucosal melanoma is a rare subtype of melanoma, comprising 4% of all mela-
noma cases (1). Mucosal melanoma differs significantly from cutaneous mela-
noma with regard to risk factors, tumor biology, clinical manifestations, and 
management. Diagnosis is typically made late due to a lack of early or specific 
signs and symptoms, as well as the location of lesions in areas that are difficult to 
visualize on physical examination (1, 2). Whereas cutaneous melanomas are 
thought to arise from the malignant transformation of melanocytes in the skin, 
noncutaneous melanomas are hypothesized to arise from melanoblasts migrating 
to noncutaneous sites after neural crest cells undergo an epithelial-mesenchymal 
transition (1). Mucosal melanoma may arise from the mucosal surfaces of the 
head and neck (55%), female genital organs (18%), anorectal region (24%), and 
urinary tract (3%) (3).

Genitourinary (GU) melanoma comprises almost half (44.8%) of all mucosal 
melanomas, and includes: (i) female GU melanoma (vulvar, vaginal, and cervical 
melanomas); (ii) male GU melanoma (penile and scrotal melanomas); and (iii) 
urinary tract melanoma (urethral and bladder melanomas) (4). While the majority 
of GU melanomas arise on mucosal surfaces, some arise on cutaneous GU surfaces 
including the labia majora, penile shaft, and scrotum, and more infrequently, non-
mucosal GU surfaces such as the ovaries or kidneys (4). Vyas et al. evaluated a 
total of 817 primary GU melanoma cases from the Surveillance, Epidemiology, 
and End Results (SEER) database diagnosed from 1992 to 2012, and found the 
female GU tract to be the most commonly reported site (89.4%), followed by the 
male GU tract (6.6%), and urinary tract (4.3%). Moreover, the vast majority of GU 
melanomas occurred in women (91%), with highest age-specific-incidence rates 
in patients aged 85 years and older for both women and men (4). Similarly, Bishop 
and Olszewski reported that the median age of diagnosis was higher for GU mela-
noma than for cutaneous melanoma (5). The reasons for this age difference are 
unclear, although difficulty in visualizing lesions due to anatomic location may 
factor into the later age at diagnosis in women. GU melanomas are usually more 
aggressive than other types of cutaneous melanomas.

EPIDEMIOLOGY OF GU MELANOMA
Female GU melanoma

Female GU tract melanomas are rare, accounting for less than 5% of all vaginal 
malignancies and between 0.2 and 0.8% of all melanomas, and most arise from 
the vulva (76%) and vagina (19%) (6). When compared with cutaneous 
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melanoma and other types of gynecologic cancers, the clinical outcome for female 
GU melanoma is poor with a 5-year overall survival (OS) of 27% for vaginal mela-
noma, and between 8 and 58% for vulvar melanoma (7, 8). Mucosal melanomas 
arising from the GU tract are more prevalent and have worse outcomes in women 
compared with men, and their pattern of growth resembles that of aggressive 
cutaneous melanoma (4). It is also reported that up to 50% of women with vulvar 
and vaginal melanoma present with regional lymph node or distant metastatic 
disease, likely due to the richly innervated lymphatic system that facilitates nodal 
spreading (9). A late stage at diagnosis, in conjunction with high rates of drug 
resistance with advanced tumors, results in poor outcomes (7). Historically, mor-
tality approached 90% with recurrence largely due to the lack of curative options 
available in addition to the aggressive nature of female GU melanoma.

Male GU melanoma

Male GU melanomas are also rare neoplasms of either cutaneous GU origin (penile 
or scrotal) or mucosal GU origin (glans penis, meatus, and inner blade of the pre-
puce). It is estimated that primary penile melanomas account for less than 1.4% 
of all primary penile carcinomas (10). Penile melanoma normally manifests as a 
pigmented papule, macule, or ulceration with an irregular border, and classically 
affects men in the seventh and eighth decades of life (11). More than half of the 
penile melanomas arise from the glans penis (55%), followed by the foreskin 
(28%), penile shaft (9%), and urethral meatus (8%) (11, 12). The prognosis of 
male GU melanoma is also poor, particularly in patients presenting with ulcer-
ation, Breslow depth of 3.5 mm or greater, or a diameter greater than 15 mm, 
resulting in a 5-year OS between 18 and 20% (1, 3, 13). Interestingly, however, 
Van Geel et al. reported that the prognosis of primary penile melanoma was no 
worse than cutaneous melanoma with a comparable Breslow depth (3).

Primary melanoma of the scrotum appears to have a similar prognosis as penile 
melanoma (14, 15). Similar to penile melanoma, stage is the most important 
prognostic factor impacting disease-specific survival (DSS) for scrotal melanoma 
(14). Generally, epididymis, and seminal and testicular melanomas are metastatic 
tumors originating from distinctive primary melanomas, and have no symptoms 
until they reach a critical size that can be detected during physical examinations. 
Consequently, they are most often detected during autopsies (1).

Urinary tract melanoma

Primary melanoma of the urethra accounts for less than 1% of all cases of mela-
noma, and 4% of all cases of urethral cancers (16). Urethral melanoma is more 
common in older adults, usually over the age of 60 years (17). Safadi et al. reported 
a significantly earlier age at presentation for men compared to women, with an 
average age at presentation of 62.9 years compared to 66.7 years, respectively 
(P = 0.008) (18). Urethral melanomas also have a three-fold higher incidence in 
women than men, likely due to the higher number of melanocytes in the vulvar 
mucosa (6, 18). In women, metastatic spread occurs early in urethral melanomas, 
either through the superficial lymphatics to the vulva and vagina, through the 
deep lymphatics to the inguinal lymph nodes, or occasionally to distant body sites 
via the hematogenous spread (18). Distant metastases, palpable tumor masses, 
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and palpable lymph nodes indicate advanced disease and portend an unfavorable 
prognosis, with stage and lymph node involvement being the most important fac-
tors affecting DSS (14). Late detection is also associated with the poor prognosis 
of urethral melanoma due to the difficulty in diagnosis (14).

Primary melanoma of the bladder is exceedingly rare, even more so than the 
aforementioned GU melanoma subtypes (19). More commonly, bladder mela-
noma occurs as a secondary, metastatic lesion from a cutaneous primary, with up 
to 18% of metastatic melanomas presenting with bladder metastases (19, 20). 
Consequently, when bladder melanoma is detected, it is imperative to attempt to 
identify a primary site in order to exclude metastatic disease (19, 21). In fact, 
criteria for the diagnosis of primary bladder melanoma have been established to 
ensure the exclusion of secondary metastatic disease (22, 23). These criteria 
include no prior history of a primary cutaneous melanoma, no evidence of a 
regressed cutaneous melanoma, a recurrence pattern consistent with the diagnosis 
of an initial primary visceral melanoma, and atypical melanocytes observed at the 
margin of the specimen during histologic evaluation (20, 22).

Risk factors and prognosis of GU melanoma

The etiological risk factors for GU melanoma are poorly characterized compared 
with cutaneous melanoma. In particular, the GU tract is not readily exposed to 
ultraviolet radiation, a strong risk factor for the development of cutaneous mela-
noma. Chronic inflammatory diseases, viral infections, and chemical irritants 
have all been suggested as risk factors for GU melanoma in women (14). Similar 
to cutaneous melanoma, vulvar and vaginal melanoma are rare in patients of 
African ancestry compared to Caucasians, although urethral melanoma in women 
is not associated with racial or ethnic background (24). In terms of outcomes, 
African ancestry is associated with a poorer prognosis in GU melanoma (4). 
Compared to cutaneous melanomas, GU melanoma carries a poor prognosis with 
a 5-year relative survival of 15% for a vaginal location, 18% for a urinary tract 
location, 53% for a female external genital location, and 69% for male external 
genital location (5). Twelve-month OS was 76.9%, with a 5-year OS of 36.3%, 
with women having worse OS than men (34.9% vs. 55.6%), respectively, at the 
5-year mark (4). Interestingly, in a systematic review of urethral melanoma spe-
cifically, there were no significant differences in mean tumor diameter at presenta-
tion between men and women (17). Regardless of GU melanoma subtype, survival 
is diminished with advanced stage of disease, and is particularly poor in those 
patients with distant metastatic disease discovered at the time of diagnosis (4, 25).

GENETIC AND MOLECULAR ALTERATIONS IN 
GU MELANOMA

Melanoma initiation and progression are the result of distinct genetic modifica-
tions in driver genes that control processes, including cellular senescence, 
DNA repair, apoptosis, proliferation, and angiogenesis, among others (26). The 
molecular profile of melanoma varies considerably across its different subtypes. 
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In particular, a number of studies have demonstrated distinct molecular signa-
tures and patterns of chromosomal aberrations in mucosal melanoma compared 
to cutaneous melanoma (1, 7, 27). Activating mutations in BRAF result in consti-
tutive activation of the mitogen-activated protein kinase (MAPK) pathway, which 
leads to uncontrolled cell growth and proliferation. Mutations in the B-Raf proto-
oncogene, serine/threonine kinase (BRAF) gene, are prevalent in cutaneous mela-
nomas without signs of chronic sun damage, occurring in approximately 59% of 
cases; however, they are quite rare in mucosal melanoma, occurring in between 0 
and 10% of cases (7, 27, 28). Omholt et al. reported a case series of five penile 
melanomas, one of which was found to have a BRAF mutation (29). In an evalu-
ation of 12 cases of penile melanomas, Oxley et al. did not identify any BRAF 
mutations at the V600E loci (13). More recently, Hou et al. compared the molecu-
lar profile of 51 vulvar and vaginal melanomas to over 2000 nongenital melano-
mas (cutaneous, mucosal, and acral) (7). BRAF mutations were found in 26% of 
female GU melanomas, compared to only 8.3% of mucosal nongenital melano-
mas, contrary to previously described studies. The most frequently mutated loci 
(BRAF V600), however, was more common in nongenital melanomas (82.1%) 
compared to female GU tract melanomas (50%). Overall, the prevalence of BRAF 
mutations in GU melanomas have been described with variable frequency, though 
the majority of studies point to lower prevalence, compared to cutaneous 
melanoma.

PD-l, the programmed cell death receptor, and its ligand PD-L1 have also been 
of interest recently in GU melanoma, and more so in metastatic melanoma treat-
ment. PD-1 signaling has been shown to induce T-cell tolerance via inhibition of 
TCR signaling pathway, ultimately dampening anti-tumor adaptive immune 
responses (30). Thus, its blockade via immune checkpoint inhibitors has been 
crucial in tumor eradication, and as such PD-1 inhibitors have changed the face 
of metastatic melanoma treatment. Hou et al. recently found PD-1 and PD-L1 to 
be highly expressed markers in both vulvar and vaginal melanoma (7). Kaunitz 
et  al. similarly found PD-L1 expression on tumor cells that were most closely 
associated with CD8+ T-cells, illustrating an adaptive immune-response mecha-
nism of expression (31). In this study of mucosal melanoma, that included 33 
primary mucosal melanomas (7 vulvovaginal, 2 anorectal, 24 sinonasal), 44% of 
mucosal melanomas expressed PD-L1, which was no different from cutaneous 
disease (P = 0.38) (31). Immune checkpoint inhibitors directed against the pro-
grammed cell death (PD)-1 receptor have improved outcomes for cutaneous mel-
anoma patients, thus these early studies illustrate a role for the PD-1-specific 
immunotherapies in treatment of GU melanoma.

Mucosal melanomas have been described to frequently possess activating 
mutations in the c-KIT proto-oncogene receptor tyrosine kinase gene (KIT), which 
codes for a transmembrane tyrosine kinase (7, 32). Interestingly, KIT mutations 
are also commonly found in acral melanomas and melanomas arising from chron-
ically sun-exposed skin. Downstream targets of KIT include the RAF/MEK/extra-
cellular signal-regulated kinase (ERK) and PI3K/AKT pathways, both of which are 
heavily involved in proliferation, apoptosis, and survival of melanocytes (29). 
Various studies have reported that the frequency of KIT amplifications in mucosal 
melanoma varies greatly depending on anatomical site. For example, Omholt 
et  al. reported the highest prevalence of KIT mutations in vulvar melanomas 
(35%), compared to penile (20%) and vaginal (0%) melanoma (29). Still, the 
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presence of a KIT mutation was not associated with any significant impact on 
prognosis or OS in this study (29). Hou et al. found that KIT mutations were also 
significantly more prevalent in vulvar and vaginal melanomas (22%), compared to 
other mucosal melanomas (8.8%) and cutaneous melanomas (3.0%) (7). Udager 
et al. similarly found an enrichment for KIT mutations, specifically in exon 11, 
present in vaginal, vulvar, and cervical melanomas (33). Beadling et al. also 
reported a higher frequency of KIT mutations in GU melanomas (including ano-
rectum, vulvar, vaginal) compared to mucosal melanoma of the head and neck 
(44.0% vs. 8.3%, respectively) (34). Contrary to other studies, Oxley et al.’s study 
of 12 cases of penile melanomas showed no KIT mutations (13). Omholt et al. did 
not find an association between the presence of KIT mutations and a worse prog-
nosis (29). From these data, it is difficult to extrapolate whether KIT mutational 
prevalence is truly noted in female GU melanomas compared to male GU melano-
mas due to low sample size, thus necessitating further studies. In sum, studies 
indicate that GU melanomas, particularly vulvovaginal melanomas, generally 
have a higher rate of KIT mutations compared to other forms of melanoma.

Finally, activating mutations in the N-ras proto-oncogene (NRAS) have been 
implicated in roughly 20% of cutaneous melanomas, and some mucosal melano-
mas, which results in increased MAPK and PI3K/AKT signaling (35). With regard 
to GU melanoma specifically, Van Engen-van Grunsven et al. reported NRAS 
mutations in 21% of vaginal melanomas and 20% of urethral melanomas, and 
Aulmann et al. detected NRAS mutations in 12% of vulvar melanomas and 13% 
of vaginal melanomas (35, 36). Consistent with these studies, Hou et al. found 
that NRAS mutations were less prevalent in vulvar and vaginal melanomas (4%) 
compared to cutaneous melanomas (25.9%, P = 0.009) and acral melanomas 
(40.6%, P = 0.002) (7, 35, 36). These findings were in contrast to those of Omholt 
et al. which found NRAS mutations in 43% (3 of 7) of vaginal melanomas included 
in their study and were associated with worse survival outcomes in univariate 
analysis (29). Taken altogether, these studies demonstrate that NRAS mutations 
are present in a significant but nonmajority amount of GU melanomas.

Additional investigation is required to fully elucidate the genetic profiles of 
various subtypes of GU melanoma. The rarity of GU melanoma makes it unclear 
whether results from these genetic and molecular studies are due to a distinct 
biology of GU melanoma, or the result of poorly powered studies with heteroge-
neous cohorts. Moreover, few studies have examined tumor specimens for onco-
genic mutations. It remains unclear how these mutations correlate to prognosis of 
GU melanoma. Larger studies examining the genetic landscape of GU melanomas 
are needed to more conclusively establish the molecular signature of these tumors. 
An improved understanding of the mutational burden of these tumors will also be 
useful for guiding targeted therapies for patients.

DIAGNOSTIC WORK-UP OF GU MELANOMA
Clinical presentation

Female GU melanoma typically presents with pain, vaginal discharge, a vulvar 
mass, dyspareunia, vaginal bleeding, and pruritus, as well as occasional dysuria 
and voiding dysfunction if there is urethral involvement (1, 37). The labia minora, 
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followed by the labia majora and clitoris, are the most common sites for involve-
ment, followed by the urethra and cervix (25). The most common histologic types 
of vulvar melanoma include lentiginous, superficial spreading, and nodular 
 melanoma. Furthermore, up to 25% of vulvar melanomas can present as amela-
notic lesions, which adds significant difficulty to the clinical diagnosis (8).

Male GU melanoma typically presents as a pigmented macule, papule, plaque, 
or an irregularly demarcated, ulcerated lesion on the glans penis. Patients are typi-
cally asymptomatic when presenting at an early stage; however, in advanced 
stages, patients may note obstructive symptoms, hematuria, urethral discharge, 
and rarely a urinary fistula (11). The most common presentation is a crusted 
nodular lesion, which is typically nontender and blue–black in color (10). 
Histologically, these tumors are identical to mucosal melanomas and cutaneous 
melanomas arising at other sites (38). Sanchez et al. noted that over half (57.5%) 
of their 77 penile melanoma cases presented with palpable inguinal lymph nodes 
(14). The aggressiveness of these tumors is likely related to the vertical, nodular 
growth pattern of penile melanomas, which occurs in between 70 and 100% of 
cases (39).

Urinary tract melanoma typically presents with hematuria, complaints of a 
protruding mass, and obstructive urinary symptoms, including a weak urinary 
stream (40). The incidence of a protruding mass in urethral melanoma is often 
attributed to the common involvement of the distal urethra, including the ure-
thral meatus and navicular fossa, as compared to proximal urethra (18, 40, 41). 
Additional presenting signs and symptoms of urinary tract melanoma include 
urethral discharge, flank pain, and hydronephrosis. Complaints related to the 
lower urinary system can sometimes disguise mass-related symptoms, particularly 
in men.

Diagnostic work-up

Algorithmic approaches to the work-up of new GU melanomas do not currently 
exist. Typically, patients present late in their disease course, and the prognosis 
is extremely poor. The primary diagnostic approach includes a meticulous physi-
cal exam. In women, this involves a thorough pelvic examination, including visual 
inspection of the vulva, vagina, cervix, and distal urethra, as well as palpation for 
inguinal lymphadenopathy (42). In men, this involves visual inspection of the 
prepuce, glans, scrotum, frenulum, and penile shaft for any pigmented lesions 
with ulceration, overlying crust, and irregularity (1). Like cutaneous melanoma, 
excisional biopsy confirms the histologic diagnosis of GU melanoma. Finally, 
PET/CT, MRI, and/or chest radiography are generally obtained for newly diag-
nosed patients to rule out occult distant metastases.

Regarding urinary tract melanoma, Safadi et al. conducted a systematic 
review and reported the presence of a urethral mass to be the most common 
presenting symptom, followed by dysuria, localized bleeding, hematuria, incon-
tinence, vaginal bleeding, nonspecific perineal pain, vaginal discharge, and 
weight loss (18). Visual detection of primary tumors in women is typically easier 
and more straightforward due to the comparatively shorter length of the female 
urethra compared to males. Moreover, given the site predilection for distal por-
tions of the urethra, larger portions of a urethral melanoma may be more easily 
detected in women.
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Very little data exist for bladder melanoma, as only approximately 30 cases 
have been reported in the literature to date (43). Bladder melanoma typically 
presents with clinical features similar to urethral melanoma, including pelvic 
pain, obstructive symptoms from a pelvic mass, dysuria, and hematuria (42). 
Diagnosis is generally made with cystoscopy and tumor biopsy (44).

Differential diagnosis

Primary GU melanoma can be difficult to distinguish from other pigmented 
lesions (Table 1). Specifically, penile melanomas are often mistaken for other pig-
mented lesions, including squamous cell carcinoma, melanosis, melanocytic nevi, 
pigmented penile macules, and seborrheic keratosis (25). Melanosis, also known 
as genital lentiginosis, describes benign lesions that often share clinical features of 
melanoma, including lesion asymmetry, poorly demarcated and irregular borders, 
and variable pigmentation patterns (11). Pigmentation patterns range from 
brown–black to blue, including areas of hyperpigmentation and hypopigmenta-
tion, often with mottling and skip lesions (45). Melanosis is most common in 
women, and typically localizes to the periphery of the labia minora and vulvar 
trigone, although any aspect of the perineum can be affected (45). In males, mela-
nosis most commonly affects the glans penis. Due to the overlapping clinical fea-
tures of melanosis and GU melanoma, biopsy is often necessary to establish the 
diagnosis. Biopsy of melanosis reveals a benign histology, demonstrating predom-
inantly basilar hyperpigmentation and mild epidermal hyperplasia without atypi-
cal features (45). Genital lichen sclerosus has also been described in conjunction 
with melanocytic lesions, including nevi, penile lentigines, penile melanoma, and 
vulvar melanoma (46, 47). Sollena et al. reported a case of penile lichen sclerosus 
that presented with post-inflammatory hyperpigmentation that both clinically 
and dermoscopically mimicked penile melanoma (48).

In men, symptoms of urethral melanoma can mimic chronic prostatitis or mild 
prostatic hyperplasia, due to urethral discharge and obstructive urinary symp-
toms (40). Unfortunately, these patients may only be diagnosed with urethral 
melanoma after several medical treatment failures for mimicking conditions 
(40, 49). In women, urethral melanoma can be clinically indistinguishable from a 

TABLE 1 Differential diagnosis of GU melanoma

Differential diagnosis

Female GU tract Benign lentigo, squamous cell carcinoma, melanosis, melanocytic nevi, 
atypical seborrheic keratosis, genital lichen sclerosis 

Male GU tract Benign lentigo, squamous cell carcinoma, melanosis, melanocytic nevi, 
pigmented macules of the penis, atypical seborrheic keratosis, genital 
lichen sclerosis 

Urinary tract Urethral caruncle, urethral polyp, mucosal prolapse, chancre, and other 
urethral malignancies (transitional cell carcinomas and sarcomas)
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urethral caruncle, the most common lesion of the female urethra, which occurs 
predominantly in postmenopausal women. Urethral caruncles typically appear as 
soft pink or red polypoid nodules that extend beyond the urethral meatus, which 
is also the most common location for urethral melanomas and which can mimic 
amelanotic and polypoid urethral melanomas (17). They may also appear as pur-
ple to black pigmented lesions, which can closely resemble urethral melanomas. 
Additional lesions that clinically mimic female urethral melanoma include  urethral 
polyps, mucosal prolapse, and other urethral malignancies, including transitional 
cell carcinomas and sarcomas (17).

Finally, diagnostic aids such as dermoscopy may be highly useful in the diag-
nosis of GU melanoma. However, biopsy and histopathologic evaluation is confir-
matory for the diagnosis as many of these pigmented genital lesions may resemble 
other entities, as described above. Histologic demonstration of increased activity 
of atypical melanocytes within the epidermis, as well as detachment and necrosis 
of melanocytes in the dermis, are important for the diagnosis of melanoma. 
Immunohistochemistry may also be performed in more difficult cases; it specifi-
cally analyses for expression of melan-A (MART-1), HMB 45, and S-100 protein 
within the atypical cell population (11). With highly pleomorphic tumors, how-
ever, it may be difficult to conclusively distinguish between primary penile mela-
noma and penile metastatic melanoma (50).

CLASSIFICATION AND STAGING OF GU MELANOMA
Staging of female GU melanoma

There are currently no consensus guidelines for the staging of vulvar and vaginal 
GU melanomas. A number of studies have demonstrated that vulvar melanoma 
may be viewed as an extension of cutaneous melanoma due to similarities in prog-
nostic factors and biological behavior (51, 52). The American Joint Commission 
of Cancer (AJCC) tumor, node, metastasis (TNM) staging system for cutaneous 
melanoma has been shown to be the greatest predictor of recurrence-free survival 
in women with vulvar melanoma (8). As such, vulvar and vaginal melanoma are 
currently staged according to these guidelines (53). Seifried et al. examined 85 
patients with primary vaginal and vulvar melanoma and found that patients with 
AJCC TNM stage 0–II disease had significantly better 5-year DSS (63.6%) com-
pared to patients with stage III disease (63.6% vs. 0%, respectively) (54). 
Prognostic factors associated with DSS included tumor thickness, tumor mitotic 
rate, ulceration status, and surgical margins (54). Additional features generally 
associated with a poorer prognosis include epithelioid cell type, the presence of 
microsatellitosis, regression, angiolymphatic involvement, high mitotic rate, 
amelanosis, and tumors associated with a pre-existing nevus (55). In contrast, 
Tcheung et al. reported that while increasing Breslow depth was associated with 
worse survival outcomes, other histopathologic features, including ulceration, 
high mitotic rate, and atypical melanocytic hyperplasia, were not associated with 
a significant difference in survival (55). Moxley et al. reported that Breslow depth 
was the most important predictor of recurrence in early-stage patients (8). This 
corroborates findings by Irvin et al., who also noted Breslow depth to be the single 
most important prognostic factor in vulvar melanoma (56). Finally, Moxley et al. 
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also noted that the AJCC TNM staging was not a significant predictor for recur-
rence, although a trend for increased recurrence was observed with increasing 
stage (8).

Recently, Nagarajan et al. identified 100 women with vulvar melanoma and 
found that the AJCC tumor (T) category (Table 2) was predictive of patient out-
comes for tumors >2 mm in thickness (T3 and T4 tumors) (53). Tumors <2 mm 
in thickness were less predictive of patient outcomes (53). As such, Nagarajan 
et al. proposed a refined T-category with T1 defined as a tumor thickness <2 mm 
and dermal mitotic rate <2/mm2, and T2 as a tumor thickness >2 mm and/or der-
mal mitotic rate ≥2/mm2 (53). This refinement was based on univariate analyses 
demonstrating that only tumor thickness and dermal mitotic rate above 2/mm2 
were independently predictive of reduced melanoma-specific survival (53). 
Reclassification of tumors according to this staging modification exhibited better 
prediction of OS and DSS (53). Adoption of this novel T-category staging system 
by other groups will provide additional insight into its prognostic utility.

Currently, the staging of vaginal melanoma is not standardized, and no stag-
ing systems exist that provide prognostic utility. Previous staging systems, 
including FIGO (International Federation of Gynecology and Obstetrics), and 
Clark’s levels are not suitable for vaginal melanoma, as they fail to incorporate 
tumor size and regional lymph node involvement, and also do not account 
for the lack of papillary and reticular dermal and subcutaneous fat landmarks 
that are useful for staging (42). Breslow depth does have prognostic utility 
for  early-stage vaginal melanoma, however, as tumors <3 cm have signifi-
cantly better survival outcomes than tumors ≥3 cm (42). Further studies are 
necessary to assess the prognostic utility of the AJCC TNM staging for vaginal 
melanoma (42).

In addition, lymph node involvement has been correlated with worse survival 
rates in female GU melanoma. One study on vulvar melanoma demonstrated a 
5-year DSS of 24.0% with positive lymph nodes compared to 68.3% with nega-
tive lymph nodes (52). The 5-year DSS varied inversely with increasing number 
of positive lymph nodes (68.3, 29, and 19.5% for one, two, and three positive 
lymph nodes, respectively) (51). Despite the prognostic importance of detecting 
occult lymph node disease in cutaneous melanoma, the utility of sentinel lymph 
node biopsy (SLNB) for female GU melanoma is controversial. Only a few studies 
have specifically examined the role of SLNB in vulvar melanoma. Interestingly, 
there is no significant difference in DSS between patients with a negative and posi-
tive SLNB (52). It does appear that SLNB may aid in the assessment of occult 
regional lymph node disease in vulvar melanoma with a reasonable predictive 
value (52, 57, 58). Dhar et al. reviewed the use of SLNB in 26 patients with vulvar 
melanoma undergoing completion inguinal lymph node dissection, and reported 
a negative predictive value of approximately 85% for SLNB (57). Trifiro et al. 
examined 12 patients with vulvar melanoma and similarly found two patients 
with a negative SLNB to also have a negative complete inguinofemoral node dis-
section. These two patients remained disease-free at 75 and 87 months. Abramova 
et al. advocated for SLNB primarily due to its lower morbidity compared to pro-
phylactic lymphadenectomy (9, 58).

Given the intricate and often unpredictable lymphatic drainage patterns of 
female pelvic organs, single-photon emission computed tomography integrated 
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with computed tomography (SPECT-CT) has been advocated as a better method 
of mapping sentinel nodes in GU melanoma, compared to classic lymphoscintig-
raphy (59). Additional studies with longer follow-up are required to further assess 
the role of SLNB in patients with female GU melanoma. The currently available 
literature does advocate for the use of SLNB to avoid the morbidity and complica-
tions associated with a complete inguinofemoral lymph node dissection, including 
wound breakdown, infection, and edema (52, 57).

Staging of male GU melanoma

There are also no standardized consensus guidelines for the staging of male GU 
melanoma (60), (39). A three-stage system is generally employed for the staging 
of penile melanomas, including local disease confined to the penis (stage I), dis-
ease present in the regional lymph nodes (stage II), and distant metastatic disease 
(stage III) (39, 60, 61). Primary penile melanoma has also been staged using the 
AJCC TNM staging for cutaneous melanoma; however, studies investigating the 
utility of the AJCC staging system in predicting OS and DSS for penile melanoma 
are lacking. Accordingly, many groups have adopted the same indications for 
SLNB in cutaneous melanoma for guiding the management of penile melanoma. 
These include penile melanoma tumors >1 mm and <4.00 mm in depth, and 
tumors <1.00 mm exhibiting regression, mitoses, or ulceration (62). Further, it 
has been advocated by some that SLNB should be performed in all patients with 
penile melanoma without palpable lymph nodes, or in patients with suspicious 
lymph nodes seen on diagnostic ultrasound or MRI (typically performed for ulcer-
ated tumors or tumors with thickness of ≥1 mm) (63, 64). Larger studies with 
longer follow-up are needed to further delineate the indications for SLNB in 
patients with penile melanoma.

Staging of urinary tract melanoma

Finally, no standardized guidelines exist for staging of urinary tract melanomas. 
Breslow depth was previously not used in the staging of urinary tract melanoma 
as the depth of invasion was not correlated with OS, likely due to the radial, pol-
ypoid growth of tumors (65). A four-stage system, described by Levine et al. in 
1980, has been classically used for urethral melanoma staging. This system 
includes tumors confined to the submucosa (stage A), tumors infiltrating the cor-
pus spongiosum (stage B), tumors extending beyond the corpus spongiosum 
(stage C), and tumors with metastases to regional lymph nodes (stage D) (39, 66). 
More recently, AJCC TNM staging has been employed for the staging of urethral 
melanoma, and contrary to previous studies, the depth of invasion was found to 
be a predictor of prognosis (18). Studies evaluating the use of SLNB in urethral 
melanoma are presently lacking. One study demonstrated that patients with clini-
cally negative inguinal lymph nodes who subsequently underwent inguinal lymph 
node dissection had no difference in recurrence rate or DSS (67). Finally, given its 
rarity, staging of bladder melanoma has not been addressed in the literature, 
although some authors suggest that hematuria is indicative of locally advanced 
disease (43).
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TREATMENT
Treatment of female GU melanoma

Surgical resection is the current standard of care for female GU melanoma, as it is 
the only viable treatment option for attaining long-term survival (1, 68). Radical 
vulvectomy with either ipsilateral or bilateral inguinofemoral lymphadenectomy 
was previously the treatment of choice for vulvar melanoma, regardless of tumor 
thickness, depth of invasion, or site (42, 56). More recently, a number of studies 
have demonstrated that radical vulvectomy does not improve OS, disease-free 
survival, or DSS compared to simple vulvectomy, partial vulvectomy, or wide local 
excision (WLE), all of which carry significantly lower morbidity (8, 42, 52). 
Additional studies have also noted improved OS after WLE for vulvar melanoma 
compared to radical surgery (69). Overall, patients diagnosed with metastatic dis-
ease have a poor prognosis regardless of the surgical approach, although avoiding 
excessive risks with more invasive surgery is preferable. As such, the guidelines 
listed in Tables 2 and 3 have been proposed for WLE surgical margins based on 
tumor stage (42).

TABLE 2 GU melanoma staging

Female GU staging (vulvar and vaginal)

T-Category, AJCC 8th Edition

T-stage Tumor thickness Ulceration status

T1 ≤0.80 mm (i) Without ulceration

(ii) With ulceration

0.80–1.00 mm (iii) With or without ulceration

T2 1.01–2.00 mm (i) Without ulceration

(ii) With ulceration

T3 2.01–4.00 mm (i) Without ulceration

(ii) With ulceration

T4 >4.00 mm (i) Without ulceration

(ii) With ulceration

T-category (proposed by Nagarajan et al. (53))

T-category Criteria

pT1 Tumor thickness ≤2.00 mm
and
Mitotic figures <2/mm2

pT2 Tumor thickness >2.00 mm
and/or
Mitotic figures ≥2/mm2

Table continued on following page
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TABLE 2 GU melanoma staging (Continued)

Male GU staging (penile) (39, 60, 61)

Stage Criteria

1 Local disease confined to penis

2 Disease spread to regional lymph nodes

3 Disseminated metastatic disease

Urinary tract staging (39, 66)

Stage Criteria

A Tumor confined to submucosa

B Tumor infiltrating the corpus spongiosum

C Tumor extending beyond the corpus spongiosum

D Tumor with metastases to lymph nodes

TABLE 3 Female GU melanoma management

Vulvar melanoma (42)

Stage Management

0–IA Wide local excision with 1 cm negative margins; SLNB*

IB–IIA Wide local excision with 2 cm negative margins; SLNB*

IIB–IIC Wide local excision with >2 cm lateral and deep, negative margins; SLNB*

III Wide local excision with negative margins as recommended for stage I or stage II, or 
consider more extensive local surgery; consider chemotherapy and biotherapy

IV Wide local excision with negative margins as recommended for stage I or stage II; 
consider complete lymphadenectomy, radiotherapy, chemotherapy, biotherapy, 
and resection of metastatic nodes

*Upstage and manage as stage III when SLNB is positive.
Management guidelines based on AJCC 2002 TNM staging.

Vaginal melanoma (42, 68)

Location Indicated surgery

Vagina Wide local excision plus radiotherapy 

Vagina Exenteration if wide local excision is not possible 

Groin lymph node management (8)

Clinical 
finding Indicated surgery

Stage Ib–III 
vulvar 
melanoma 

Consider SLNB; if positive, complete inguinofemoral node dissection
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Radiotherapy (RT) has also been utilized in vulvar melanoma as preoperative 
neoadjuvant therapy to reduce tumor size and allow for more conservative surgery. 
In one study, RT after WLE was associated with a decreased risk of local recurrence 
and increased survival from 16.1 months to 29.4 months (70). Postoperative RT 
has been used as adjuvant therapy for patients with groin and pelvic nodal metas-
tases, and for palliative treatment for patients with symptomatic metastatic disease. 
The RT dosage and fractionation schedules for vulvar melanoma are currently 
adopted from those for vulvar squamous cell carcinoma (42). RT for vulvar tumors 
has traditionally been technically challenging due to difficulty directing the exter-
nal RT beam to the vulva without splatter, and because of the extreme sensitivity 
of vulvar skin and surrounding mucosal tissue to the effects of RT (42). Interestingly, 
one study demonstrated no improvement in OS and recurrence-free survival in 
patients with vulvar melanoma receiving adjuvant RT (69).

Vaginal melanomas are similarly treated with surgical resection, although ana-
tomical constraints of the vagina and cervix may limit the degree of surgical resec-
tion due to difficulty achieving negative margins (33). Interestingly, these tumors 
may exhibit recurrence that is unrelated to inadequate surgical resection, as one 
study reported that the majority of recurrences were distant or multi-focal even 
after radical excision (70). Currently, WLE followed by RT is an accepted treat-
ment option for vaginal melanoma. In cases of extensive vaginal melanoma with 
local metastasis, total pelvic exenteration can be performed to achieve tumor-free 
surgical margins (68). Overall, the extent of surgical resection remains unclear as 
some studies have reported no survival advantage from a radical versus conserva-
tive surgical resection (9, 42). The indications for RT for vaginal melanoma are 
similar to those for vulvar melanoma (42). Unfortunately, the vast majority of 
patients with vaginal melanoma will ultimately die from their disease.

Treatment of male GU melanoma

Surgical resection also remains the current standard of care for male GU mela-
noma, although different surgical approaches have been suggested depending on 
the location of the tumor (Table 4). Sanchez-Ortiz et al. reported the successful 
treatment of seven patients with early-stage penile melanoma using partial penec-
tomy or WLE (14). Bechara et al. also described successful treatment of early-stage 
penile melanoma in three patients with partial penile amputation or WLE (11). 
Notably, patients with penile melanoma do not classically present with palpable 
lymph nodes (11). Even in the absence of clinically appreciable lymph nodes, 
WLE and SLNB are recommended in patients with penile melanoma (3). In addi-
tion, while patients with palpable lymphadenopathy should undergo inguinal 
lymphadenectomy, those without palpable adenopathy should also be considered 
for prophylactic modified lymphadenectomy, particularly in the presence of poor 
prognostic factors (15, 71). Local disease control has been accomplished with 
WLE in 12 reported cases of scrotal melanoma, although additional studies cau-
tion that these patients may still be at significant risk for local recurrence (15, 71). 
In fact, Papes et al. reported recurrence rates between 15 and 30% after surgical 
resection in 52 patients with urethral melanoma (39). Finally, adjuvant chemo-
therapy, including dacarbazine, has also been used after partial penectomy, 
although no improvement in outcomes have been reported with adjuvant chemo-
therapy (11).

CP-004.indb   74 05/04/18   4:46 pm



Rambhia PH et al. 75

Treatment of urinary tract melanoma

Urethral melanoma has been treated with combinations of surgical resection and 
lymphadenectomy, followed by either RT or chemotherapy, with variable out-
comes (65). DiMarco et al. reviewed 11 patients with primary urethral melanomas 
and demonstrated recurrence after urethrectomy at a median of 6.5 months (67). 
Of these 11 patients, 4 who underwent radical extirpation had a 3-year OS of 27% 
(67). Lymphadenectomy is generally not recommended for stage I urethral mela-
noma (62). However, Van Geel et al. recommend ilioinguinal lymph node dissec-
tion for patients with groin lymph node metastases from penile melanoma, 
including urethral involvement (3). Prognosis for patients with stage II urethral 
melanoma is poor, with a 2-year survival rate approaching 0% regardless of treat-
ment modality (39).

Various treatment modalities have been tried for bladder melanoma, but the 
rarity of this diagnosis has made identifying effective approaches to treatment 
challenging (43). For tumors confined to the epithelium which have not yet 
become invasive, transurethral resection is the surgical approach of choice  (20). 

TABLE 4 Male GU melanoma management

Scrotal

Location Indicated surgery References

Any site Wide local excision (15, 38, 71)

Urethral

Location Indicated surgery References

Fossa navicularis ≤2 mm—consider glans-preserving partial 
penectomy

(71, 72)

Distal urethra
(penile)

≤2 mm—urethrectomy, perineal urethrostomy (65, 67, 71, 73, 74)

Posterior urethra (bulb) En bloc penectomy, total urethrectomy with 
anterior exenteration 

(71)

Penile

Location Indicated surgery References

Foreskin Circumcision (11, 71)

Glans alone Amputation of glans (10, 11, 71, 75)

Glans + shaft Partial or radical penectomy (11, 71, 76)

Groin lymph node management

Clinical finding Indicated surgery References

Palpable lymph nodes Bilateral inguinal lymphadenectomy (11, 15, 25, 71)

Non-palpable lymph nodes Consider SLNB or prophylactic modified 
lymphadenectomy; SLNB

(15, 71)
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However, these tumors typically present late in their clinical course, with thera-
pies including partial cystectomy, radical cystectomy, RT, and chemotherapy 
(19–22). Regardless of the treatment modality, locally advanced bladder mela-
noma is associated with a very poor prognosis, with available data demonstrat-
ing no survival beyond 3 years after cystectomy (19, 44). For patients who are 
not surgical candidates, chemotherapy, RT, and interferon-α immunotherapy 
have been used as alternative treatment options, with similarly poor results (21).

Current treatment strategies for advanced or metastatic melanoma are 
based on targeted underlying molecular mutations or immune signals in the 
tumors. Accordingly, targeted treatments have been used to treat mucosal mel-
anomas that have distinct genetic alterations (1). An important consideration 
regarding the genetics of GU melanoma is that PD-l and PD-L1 have recently 
found to be highly expressed markers in both vulvar and vaginal melanoma 
(7, 31). Given these results, PD-1 inhibitors, which have changed the treat-
ment landscape of metastatic melanoma, such as Opdivo (Nivolumab, Bristol-
Myers Squibb) and Keytruda (Pembrolizumab, MK-3475, Merck), may have a 
role in the treatment of GU melanoma. Shoushtari et al. recently retrospec-
tively reviewed mucosal melanoma patients treated with PD-1 inhibitors 
Nivolumab and Pembrolizumab (including 14 vulvovaginal tumors) and 
found comparable overall response rates (23%) to PD-1 blockade in patients 
with cutaneous (26–31%) and acral melanomas (32%). This study found no 
differences in objective response rate (ORR) by age, sub-site of mucosal mela-
noma, site of metastasis, and prior melanoma therapy (77). Shoushtari et al.’s 
results are comparable to a recent pooled study evaluating ORR in patients 
with mucosal melanoma treated with single agent Nivolumab therapy, demon-
strating a 23% ORR; however, this was lower than ORR in cutaneous mela-
noma (40.9%) (77, 78). Higher response rates were noted in combination 
therapy with Nivolumab and Ipilimumab, among mucosal melanoma patients, 
37.1%, compared to 60% for cutaneous melanoma (78). Additional studies 
are needed to define the role of PD-1 in GU melanoma subtypes and therapeu-
tic mechanism of its inhibition; PD-1 inhibitors have already changed the 
treatment paradigm for cutaneous melanoma, and may prove to be a promis-
ing treatment for GU melanoma.

Clinical trials have also investigated c-KIT inhibitors, such as imatinib, for the 
treatment of mucosal melanoma, with an observed response rate of 23.3% and a 
1-year OS rate of 51.0% (79). Clinical trials with targeted therapies have not yet 
been performed in patients with GU melanoma and may offer a potential thera-
peutic avenue in the future. The rarity of GU melanoma and the variation seen in 
their molecular signatures makes the investigation of such therapies technically 
challenging

FUTURE PERSPECTIVES

The management of patients with GU melanoma is hindered by a lack of defini-
tive guidelines for staging and management, as well as high patient morbidity and 
mortality due to the innately aggressive nature of their disease. The rarity of GU 
melanoma has resulted in a literature base that is narrow in breadth, providing 
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limited data regarding its etiology, molecular distinctions, and application of avail-
able immunotherapies. Available case reports and series on GU melanoma points 
to its tendency to present late in disease course and aggressive nature, resulting in 
death regardless of surgical approach or adjuvant therapies used (1, 39, 42).

The current body of literature describes GU melanoma, specifically vulvar and 
to a lesser extent scrotal melanoma, to be an extension of cutaneous melanoma, 
effectively grouping them into similar biological categories. However, studies 
assessing the molecular genetics of GU melanoma have found a degree of genetic 
heterogeneity with trends toward more predominant c-KIT mutations, but vari-
able trends in BRAF and NRAS mutations within the subtypes of GU melanoma. 
In one study, c-KIT mutations appear to distinguish female GU melanomas as 
their own genetic entity distinct from other types of mucosal melanoma (7). Given 
the few number of cases of GU melanoma and studies regarding molecular genet-
ics, additional studies are needed to build on the current knowledge base to 
understand if these trends are reflective of cohort-specific differences or rather the 
result of poor sample size and genetic variability within GU melanoma subtypes.

The staging of GU melanoma, particularly vulvar melanoma, is largely con-
sidered as an extension of the AJCC TNM staging for cutaneous melanoma. 
However, with the introduction of the AJCC 8th Edition TNM staging updates on 
January 1, 2018, further studies will be required to evaluate the utility of this 
new staging system on the prognosis of GU melanoma. Particularly, the impact of 
ulceration and mitoses on determining eligibility for SLNB should be evaluated. 
Overall, the most recent literature strongly recommends SLNB in GU melanoma 
work-up to avoid complete bilateral inguinal lymphadenectomy. Generally 
speaking, the lack of consistency regarding staging among GU melanoma sub-
types is one that needs to be addressed in order to more systematically assess 
prognosis and survival trends.

CONCLUSION

GU melanomas likely possess distinct biological differences from cutaneous mela-
nomas, and possibly from other mucosal melanomas, that are currently difficult 
to assess given the paucity of available literature. This knowledge gap warrants 
more thorough studies assessing genetic distinctions, presentations, and stan-
dardized staging guidelines for all types of GU melanoma. In particular, there are 
markedly few studies on male GU melanoma and urinary tract melanoma, which 
are likely related to the rarity of these diseases. Thus, we advocate for increased 
systematic reporting of GU melanoma, including in national databases, which will 
enable data trends to be extrapolated and used in the development of guidelines.

Conflict of interest: The authors declare no potential conflict of interest with 
respect to research, authorship, and/or publication of this article.

Copyright and permission statement: To the best of our knowledge, the materi-
als included in this chapter do not violate copyright laws. All original sources have 
been appropriately acknowledged and/or referenced. Where relevant, appropriate 
permissions have been obtained from the original copyright holder(s).

CP-004.indb   77 05/04/18   4:46 pm



Genitourinary Melanoma78

REFERENCES

 1. Tacastacas JD, Bray J, Cohen YK, Arbesman J, Kim J, Koon HB, et al. Update on primary mucosal mel-
anoma. J Am Acad Dermatol. 2014 Aug;71(2):366–75. http://dx.doi.org/10.1016/j.jaad.2014.03.031

 2. Ballester Sanchez R, de Unamuno Bustos B, Navarro Mira M, Botella Estrada R. Mucosal mela-
noma: An update. Actas Dermosifiliogr. 2015 Mar;106(2):96–103. http://dx.doi.org/10.1016/j.
adengl.2014.12.008

 3. van Geel AN, den Bakker MA, Kirkels W, Horenblas S, Kroon BBR, de Wilt JHW, et al. Prognosis of 
primary mucosal penile melanoma: A series of 19 Dutch patients and 47 patients from the literature. 
Urology. 2007 Jul;70(1):143–7. http://dx.doi.org/10.1016/j.urology.2007.03.039

 4. Vyas R, Thompson CL, Zargar H, Selph J, Gerstenblith MR. Epidemiology of genitourinary melanoma 
in the United States: 1992 through 2012. J Am Acad Dermatol. 2016 Jul;75(1):144–50. http://dx.doi.
org/10.1016/j.jaad.2015.10.015

 5. Bishop KD, Olszewski AJ. Epidemiology and survival outcomes of ocular and mucosal melanomas: 
A population-based analysis. Int J Cancer. 2014 Jun;134(12):2961–71. http://dx.doi.org/10.1002/
ijc.28625

 6. Xia L, Han D, Yang W, Li J, Chuang L, Wu X. Primary malignant melanoma of the vagina: A retrospec-
tive clinicopathologic study of 44 cases. Int J Gynecol Cancer. 2014 Jan;24(1):149–55. http://dx.doi.
org/10.1097/IGC.0000000000000013

 7. Hou JY, Baptiste C, Hombalegowda RB, Tergas AI, Feldman R, Jones NL, et al. Vulvar and vaginal mel-
anoma: A unique subclass of mucosal melanoma based on a comprehensive molecular analysis of 51 
cases compared with 2253 cases of nongynecologic melanoma. Cancer. 2017 Apr;123(8):1333–44. 
http://dx.doi.org/10.1002/cncr.30473

 8. Moxley KM, Fader AN, Rose PG, Case AS, Mutch DG, Berry E, et al. Malignant melanoma of the 
vulva: An extension of cutaneous melanoma? Gynecol Oncol. 2011 Sep;122(3):612–17. http://
dx.doi.org/10.1016/j.ygyno.2011.04.007

 9. Gokaslan H, Sismanoglu A, Pekin T, Kaya H, Ceyhan N. Primary malignant melanoma of the vagina: 
A case report and review of the current treatment options. Eur J Obstet Gynecol Reprod Biol. 2005 
Aug;121(2):243–8. http://dx.doi.org/10.1016/j.ejogrb.2004.11.048

 10. Stillwell TJ, Zincke H, Gaffey TA, Woods JE. Malignant melanoma of the penis. J Urol. 1988 
Jul;140(1):72–5. http://dx.doi.org/10.1016/S0022-5347(17)41490-X

 11. Bechara GR, Schwindt AB, Ornellas AA, Silva DE, Lott FM, Campos FS. Penile primary melanoma: 
Analysis of 6 patients treated at Brazilian National Cancer Institute in the last eight years. Int Braz J 
Urol. 2013;39(6):823–31. http://dx.doi.org/10.1590/S1677-5538.IBJU.2013.06.08

 12. Demitsu T, Nagato H, Nishimaki K, Okada O, Kubota T, Yoneda K, et al. Melanoma in situ of the penis. 
J Am Acad Dermatol. 2000 Feb;42(2 Pt 2):386–8. http://dx.doi.org/10.1016/S0190-9622(00)90120-8

 13. Oxley JD, Corbishley C, Down L, Watkin N, Dickerson D, Wong NACS. Clinicopathological 
and molecular study of penile melanoma. J Clin Pathol. 2012 Mar;65(3):228–31. http://dx.doi.
org/10.1136/jclinpath-2011-200344

 14. Sanchez A, Rodriguez D, Allard CB, Bechis SK, Sullivan RJ, Boeke CE, et al. Primary genitourinary 
melanoma: Epidemiology and disease-specific survival in a large population-based cohort. Urol 
Oncol. 2016 Apr;34(4):166.e7–14. http://dx.doi.org/10.1016/j.urolonc.2015.11.009

 15. Vasudeva P, Agrawal D, Goel A. Malignant melanoma of the scrotum. Urology. 2008 Jun;71(6): 
 1053–4. http://dx.doi.org/10.1016/j.urology.2008.01.049

 16. Robutti F, Betta PG, Bellingeri M, Bellingeri D. Primary malignant melanoma of the female urethral 
meatus. Eur Urol. 1986;12(1):62–3. http://dx.doi.org/10.1159/000472579

 17. Safadi A, Schwalb S, Ben-Shachar I, Katz R. Primary malignant urethral melanoma resembling a ure-
thral caruncle. Urol Case Rep. 2017 Nov;15:28–9. http://dx.doi.org/10.1016/j.eucr.2017.08.004

 18. El-Safadi S, Estel R, Mayser P, Muenstedt K. Primary malignant melanoma of the urethra: A system-
atic analysis of the current literature. Arch Gynecol Obstet. 2014 May;289(5):935–43. http://dx.doi.
org/10.1007/s00404-013-3130-3

 19. El Ammari JE, Ahallal Y, El Fassi MJ, Farih MH. Primary malignant melanoma of the urinary bladder. 
Case Rep Urol. 2011;2011:932973. http://dx.doi.org/10.1155/2011/932973

CP-004.indb   78 05/04/18   4:46 pm

http://dx.doi.org/10.1016/j.jaad.2014.03.031
http://dx.doi.org/10.1016/j.adengl.2014.12.008
http://dx.doi.org/10.1016/j.adengl.2014.12.008
http://dx.doi.org/10.1016/j.urology.2007.03.039
http://dx.doi.org/10.1016/j.jaad.2015.10.015
http://dx.doi.org/10.1016/j.jaad.2015.10.015
http://dx.doi.org/10.1002/ijc.28625
http://dx.doi.org/10.1002/ijc.28625
http://dx.doi.org/10.1097/IGC.0000000000000013
http://dx.doi.org/10.1097/IGC.0000000000000013
http://dx.doi.org/10.1002/cncr.30473
http://dx.doi.org/10.1016/j.ygyno.2011.04.007
http://dx.doi.org/10.1016/j.ygyno.2011.04.007
http://dx.doi.org/10.1016/j.ejogrb.2004.11.048
http://dx.doi.org/10.1016/S0022-5347(17)41490-X
http://dx.doi.org/10.1590/S1677-5538.IBJU.2013.06.08
http://dx.doi.org/10.1016/S0190-9622(00)90120-8
http://dx.doi.org/10.1136/jclinpath-2011-200344
http://dx.doi.org/10.1136/jclinpath-2011-200344
http://dx.doi.org/10.1016/j.urolonc.2015.11.009
http://dx.doi.org/10.1016/j.urology.2008.01.049
http://dx.doi.org/10.1159/000472579
http://dx.doi.org/10.1016/j.eucr.2017.08.004
http://dx.doi.org/10.1007/s00404-013-3130-3
http://dx.doi.org/10.1007/s00404-013-3130-3
http://dx.doi.org/10.1155/2011/932973


Rambhia PH et al. 79

 20. Pacella M, Gallo F, Gastaldi C, Ambruosi C, Carmignani G. Primary malignant melanoma of the blad-
der. Int J Urol. 2006 May;13(5):635–7. http://dx.doi.org/10.1111/j.1442-2042.2006.01375.x

 21. Siroy AE, MacLennan GT. Primary melanoma of the bladder. J Urol. 2011 Mar;185(3):1096–7. http://
dx.doi.org/10.1016/j.juro.2010.12.004

 22. Stein BS, Kendall AR. Malignant melanoma of the genitourinary tract. J Urol. 1984 Nov;132(5): 
859–68. http://dx.doi.org/10.1016/S0022-5347(17)49927-7

 23. Ainsworth AM, Clark WH, Mastrangelo M, Conger KB. Primary malignant melanoma of the uri-
nary bladder. Cancer. 1976 Apr;37(4):1928–36. http://dx.doi.org/10.1002/1097-0142(197604) 
37:4%3C1928::AID-CNCR2820370444%3E3.0.CO;2-W

 24. Hu D-N, Yu G-P, McCormick SA. Population-based incidence of vulvar and vaginal melanoma in vari-
ous races and ethnic groups with comparisons to other site-specific melanomas. Melanoma Res. 2010 
Apr;20(2):153–8. http://dx.doi.org/10.1097/CMR.0b013e32833684e8

 25. Disease AN, Cooper SM, Wojnarowska F. 73—Anogenital (non-venereal) disease. In: Bolognia JL, 
Schaffer JV, Cerroni L, editors. Dermatology: 2-Volume set. 4th ed. Philadelphia, PA: Elsevier Saunders; 
2017. p. 1243–58.e1. http://dx.doi.org/10.1016/B978-0-7020-6275-9.00073-8

 26. Cui R, Widlund HR, Feige E, Lin JY, Wilensky DL, Igras VE, et al. Central role of p53 in the sun-
tan response and pathologic hyperpigmentation. Cell. 2007 Mar;128(5):853–64. http://dx.doi.
org/10.1016/j.cell.2006.12.045

 27. Curtin JA, Busam K, Pinkel D, Bastian BC. Somatic activation of KIT in distinct subtypes of mela-
noma. J Clin Oncol. 2006 Sep;24(26):4340–6. http://dx.doi.org/10.1200/JCO.2006.06.2984

 28. Curtin JA, Fridlyand J, Kageshita T, Patel HN, Busam KJ, Kutzner H, et al. Distinct sets of genetic alterations 
in melanoma. N Engl J Med. 2005 Nov;353(20):2135–47. http://dx.doi.org/10.1056/NEJMoa050092

 29. Omholt K, Grafstrom E, Kanter-Lewensohn L, Hansson J, Ragnarsson-Olding BK. KIT pathway altera-
tions in mucosal melanomas of the vulva and other sites. Clin Cancer Res. 2011 Jun;17(12):3933–42. 
http://dx.doi.org/10.1158/1078-0432.CCR-10-2917

 30. Okazaki T, Chikuma S, Iwai Y, Fagarasan S, Honjo T. A rheostat for immune responses: The 
unique  properties of PD-1 and their advantages for clinical application. Nat Immunol. 2013 
Dec;14(12):1212–18. http://dx.doi.org/10.1038/ni.2762

 31. Kaunitz GJ, Cottrell TR, Lilo M, Muthappan V, Esandrio J, Berry S, et al. Melanoma subtypes dem-
onstrate distinct PD-L1 expression profiles. Lab Invest. 2017 Sep 24;97(9):1063–71. http://dx.doi.
org/10.1038/labinvest.2017.64

 32. Ballester-Sánchez R, Navarro-Mira MÁ, de Unamuno-Bustos B, Pujol-Marco C, Sanz-Caballer J, 
Botella-Estrada R. The role of phototherapy in cutaneous chronic graft-vs-host disease: A retrospec-
tive study and review of the literature. Actas Dermosifiliogr. 2015 Oct;106(8):651–7. http://dx.doi.
org/10.1016/j.ad.2015.04.009

 33. Udager AM, Frisch NK, Hong LJ, Stasenko M, Johnston CM, Liu JR, et al. Gynecologic melanomas: 
A clinicopathologic and molecular analysis. Gynecol Oncol. 2017 Nov;147(2):351–7. http://dx.doi.
org/10.1016/j.ygyno.2017.08.023

 34. Beadling C, Jacobson-Dunlop E, Hodi FS, Le C, Warrick A, Patterson J, et al. KIT gene mutations 
and copy number in melanoma subtypes. Clin Cancer Res. 2008 Nov;14(21):6821–8. http://dx.doi.
org/10.1158/1078-0432.CCR-08-0575

 35. van Engen-van Grunsven ACH, Kusters-Vandevelde HVN, De Hullu J, van Duijn LM, Rijntjes J, Bovee 
JVMG, et al. NRAS mutations are more prevalent than KIT mutations in melanoma of the female 
urogenital tract—A study of 24 cases from the Netherlands. Gynecol Oncol. 2014 Jul;134(1):10–14. 
http://dx.doi.org/10.1016/j.ygyno.2014.04.056

 36. Aulmann S, Sinn HP, Penzel R, Gilks CB, Schott S, Hassel JC, et al. Comparison of molecular abnor-
malities in vulvar and vaginal melanomas. Mod Pathol. 2014 Oct;27(10):1386–93. http://dx.doi.
org/10.1038/modpathol.2013.211

 37. Verschraegen CF, Benjapibal M, Supakarapongkul W, Levy LB, Ross M, Atkinson EN, et al. Vulvar 
melanoma at the M. D. Anderson Cancer Center: 25 years later. Int J Gynecol Cancer. 2001;11(5): 
359–64. http://dx.doi.org/10.1046/j.1525-1438.2001.01043.x

 38. Velazquez EF, Amin MB, Cubilla AL. Penis and scrotum. In: Bostwick DG, Cheng L, editors. Urologic 
surgical pathology: Penis and scrotum. 3rd ed. Philadelphia, PA: Elsevier Inc.; 2013. p. 850–900.e19. 
http://dx.doi.org/10.1016/B978-1-4557-4327-8.00015-2

CP-004.indb   79 05/04/18   4:46 pm

http://dx.doi.org/10.1111/j.1442-2042.2006.01375.x
http://dx.doi.org/10.1016/j.juro.2010.12.004
http://dx.doi.org/10.1016/j.juro.2010.12.004
http://dx.doi.org/10.1016/S0022-5347(17)49927-7
http://dx.doi.org/10.1002/1097-0142(197604)37:4%3C1928::AID-CNCR2820370444%3E3.0.CO;2-W
http://dx.doi.org/10.1002/1097-0142(197604)37:4%3C1928::AID-CNCR2820370444%3E3.0.CO;2-W
http://dx.doi.org/10.1097/CMR.0b013e32833684e8
http://dx.doi.org/10.1016/B978-0-7020-6275-9.00073-8<FFFC>
http://dx.doi.org/10.1016/j.cell.2006.12.045
http://dx.doi.org/10.1016/j.cell.2006.12.045
http://dx.doi.org/10.1200/JCO.2006.06.2984
http://dx.doi.org/10.1056/NEJMoa050092
http://dx.doi.org/10.1158/1078-0432.CCR-10-2917
http://dx.doi.org/10.1038/ni.2762
http://dx.doi.org/10.1038/labinvest.2017.64
http://dx.doi.org/10.1038/labinvest.2017.64
http://dx.doi.org/10.1016/j.ad.2015.04.009
http://dx.doi.org/10.1016/j.ad.2015.04.009
http://dx.doi.org/10.1016/j.ygyno.2017.08.023
http://dx.doi.org/10.1016/j.ygyno.2017.08.023
http://dx.doi.org/10.1158/1078-0432.CCR-08-0575
http://dx.doi.org/10.1158/1078-0432.CCR-08-0575
http://dx.doi.org/10.1016/j.ygyno.2014.04.056
http://dx.doi.org/10.1038/modpathol.2013.211
http://dx.doi.org/10.1038/modpathol.2013.211
http://dx.doi.org/10.1046/j.1525-1438.2001.01043.x
http://dx.doi.org/10.1016/B978-1-4557-4327-8.00015-2<FFFC>


Genitourinary Melanoma80

 39. Papes D, Altarac S, Arslani N, Rajkovic Z, Antabak A, Cacic M. Melanoma of the glans penis and 
urethra. Urology. 2014 Jan;83(1):6–11. http://dx.doi.org/10.1016/j.urology.2013.07.009

 40. Comploj E, Palermo S, Trenti E, Lodde M, Mian C, Carella R, et al. Unexpected long survival in 
primary malignant melanoma of the male urethra. Case Rep Dermatol. 2009 Nov;1(1):93–9. http://
dx.doi.org/10.1159/000256663

 41. Akbas A, Akman T, Erdem MR, Antar B, Kilicarslan I, Onol SY. Female urethral malignant mela-
noma with vesical invasion: A case report. Kaohsiung J Med Sci. 2010 Feb;26(2):96–8. http://dx.doi.
org/10.1016/S1607-551X(10)70014-0

 42. Piura B. Management of primary melanoma of the female urogenital tract. Lancet Oncol. 2008 
Oct;9(10):973–81. http://dx.doi.org/10.1016/S1470-2045(08)70254-7

 43. Venyo AK-G. Melanoma of the urinary bladder: A review of the literature. Surg Res Pract. 
2014;2014:605802.

 44. Mihajlovic M, Vlajkovic S, Jovanovic P, Stefanovic V. Primary mucosal melanomas: A comprehensive 
review. Int J Clin Exp Pathol. 2012;5(8):739–53.

 45. Hwang L, Wilson H, Orengo I. Off-center fold: Irregular, pigmented genital macules. Arch Dermatol. 
2000 Dec;136(12):1559–64. http://dx.doi.org/10.1001/archderm.136.12.1559-b

 46. Turnbull N, Shim T, Patel N, Mazzon S, Bunker C. Primary melanoma of the penis in 3 patients 
with lichen sclerosus. JAMA Dermatol. 2016 Feb;152(2):226–7. http://dx.doi.org/10.1001/
jamadermatol.2015.3404

 47. Carlson JA, Mu XC, Slominski A, Weismann K, Crowson AN, Malfetano J, et al. Melanocytic pro-
liferations associated with lichen sclerosus. Arch Dermatol. 2002 Jan;138(1):77–87. http://dx.doi.
org/10.1001/archderm.138.1.77

 48. Sollena P, Caldarola G, Di Stefani A, Massi G, Peris K. Lichen sclerosus of the glans simulating mela-
noma. J Am Acad Dermatol. 2017 Feb;76(2 Suppl 1):S49–51.

 49. Gakis G, Merseburger AS, Sotlar K, Kuczyk MA, Sievert K-D, Stenzl A. Metastasis of malignant mela-
noma in the ureter: Possible algorithms for a therapeutic approach. Int J Urol. 2009 Apr;16(4):407–9. 
http://dx.doi.org/10.1111/j.1442-2042.2008.02238.x

 50. Andrei R, Cioplea M, Mageriu V, Chuaibi A, Cauni V, Zurac S, et al. Primary penile melanoma. Rom J 
Intern Med. 2014;52(2):121–5.

 51. Sugiyama VE, Chan JK, Shin JY, Berek JS, Osann K, Kapp DS. Vulvar melanoma: A multivariable anal-
ysis of 644 patients. Obstet Gynecol. 2007 Aug;110(2 Pt 1):296–301. http://dx.doi.org/10.1097/01.
AOG.0000271209.67461.91

 52. Trifiro G, Travaini LL, Sanvito F, Pacifici M, Mallia A, Ferrari ME, et al. Sentinel node detection by lym-
phoscintigraphy and sentinel lymph node biopsy in vulvar melanoma. Eur J Nucl Med Mol Imaging. 
2010 Apr;37(4):736–41. http://dx.doi.org/10.1007/s00259-009-1358-8

 53. Nagarajan P, Curry JL, Ning J, Piao J, Torres-Cabala CA, Aung PP, et al. Tumor thickness and 
mitotic rate robustly predict melanoma-specific survival in patients with primary vulvar melanoma: 
A retrospective review of 100 cases. Clin Cancer Res. 2017 Apr;23(8):2093–104. http://dx.doi.
org/10.1158/1078-0432.CCR-16-2126

 54. Seifried S, Haydu LE, Quinn MJ, Scolyer RA, Stretch JR, Thompson JF. Melanoma of the vulva and 
vagina: Principles of staging and their relevance to management based on a clinicopathologic analysis 
of 85 cases. Ann Surg Oncol. 2015;22(6):1959–66. http://dx.doi.org/10.1245/s10434-014-4215-3

 55. Tcheung WJ, Selim MA, Herndon JE 2nd, Abernethy AP, Nelson KC. Clinicopathologic study of 85 
cases of melanoma of the female genitalia. J Am Acad Dermatol. 2012 Oct;67(4):598–605. http://
dx.doi.org/10.1016/j.jaad.2011.11.921

 56. Irvin WPJ, Legallo RL, Stoler MH, Rice LW, Taylor PTJ, Andersen WA. Vulvar melanoma: A ret-
rospective analysis and literature review. Gynecol Oncol. 2001 Dec;83(3):457–65. http://dx.doi.
org/10.1006/gyno.2001.6337

 57. Dhar KK, Das N, Brinkman DA, Beynon JL, Woolas RP. Utility of sentinel node biopsy in vulvar 
and vaginal melanoma: Report of two cases and review of the literature. Int J Gynecol Cancer. 
2007;17(3):720–3. http://dx.doi.org/10.1111/j.1525-1438.2007.00885.x

 58. Abramova L, Parekh J, Irvin WPJ, Rice LW, Taylor PTJ, Anderson WA, et al. Sentinel node biopsy in 
vulvar and vaginal melanoma: Presentation of six cases and a literature review. Ann Surg Oncol. 2002 
Nov;9(9):840–6. http://dx.doi.org/10.1007/BF02557519

CP-004.indb   80 05/04/18   4:46 pm

http://dx.doi.org/10.1016/j.urology.2013.07.009
http://dx.doi.org/10.1159/000256663
http://dx.doi.org/10.1159/000256663
http://dx.doi.org/10.1016/S1607-551X(10)70014-0
http://dx.doi.org/10.1016/S1607-551X(10)70014-0
http://dx.doi.org/10.1016/S1470-2045(08)70254-7
http://dx.doi.org/10.1001/archderm.136.12.1559-b
http://dx.doi.org/10.1001/jamadermatol.2015.3404
http://dx.doi.org/10.1001/jamadermatol.2015.3404
http://dx.doi.org/10.1001/archderm.138.1.77
http://dx.doi.org/10.1001/archderm.138.1.77
http://dx.doi.org/10.1111/j.1442-2042.2008.02238.x
http://dx.doi.org/10.1097/01.AOG.0000271209.67461.91
http://dx.doi.org/10.1097/01.AOG.0000271209.67461.91
http://dx.doi.org/10.1007/s00259-009-1358-8
http://dx.doi.org/10.1158/1078-0432.CCR-16-2126
http://dx.doi.org/10.1158/1078-0432.CCR-16-2126
http://dx.doi.org/10.1245/s10434-014-4215-3
http://dx.doi.org/10.1016/j.jaad.2011.11.921
http://dx.doi.org/10.1016/j.jaad.2011.11.921
http://dx.doi.org/10.1006/gyno.2001.6337
http://dx.doi.org/10.1006/gyno.2001.6337
http://dx.doi.org/10.1111/j.1525-1438.2007.00885.x
http://dx.doi.org/10.1007/BF02557519


Rambhia PH et al. 81

 59. Kobayashi K, Ramirez PT, Kim EE, Levenback CF, Rohren EM, Frumovitz M, et al. Sentinel node 
mapping in vulvovaginal melanoma using SPECT/CT lymphoscintigraphy. Clin Nucl Med. 2009 
Dec;34(12):859–61. http://dx.doi.org/10.1097/RLU.0b013e3181becdaf

 60. Wollina U, Steinbach F, Verma S, Tchernev G. Penile tumours: A review. J Eur Acad Dermatol Venereol. 
2014 Oct;28(10):1267–76. http://dx.doi.org/10.1111/jdv.12491

 61. Bracken RB, Diokno AC. Melanoma of the penis and the urethra: 2 case reports and review of the 
literature. J Urol. 1974 Feb;111(2):198–200. http://dx.doi.org/10.1016/S0022-5347(17)59926-7

 62. Hankins CL, Weston P. Re: Melanoma of the penis, scrotum and male urethra: A 40-year single institu-
tion experience. R. Sanchez-Ortiz, S. F. Huang, P. Tamboli, V. C. Prieto, G. Hester and C. A. Pettaway. 
J Urol. 2006 Apr;175(4):1574–6. http://dx.doi.org/10.1016/S0022-5347(05)00692-0

 63. Gemmeke A, Wollina U. Folliculitis decalvans of the scalp: Response to triple therapy with 
isotretinoin, clindamycin, and prednisolone. Acta Dermatovenerol Alp Pannonica Adriat. 2006 
Dec;15(4):184–6.

 64. Beger J, Hansel G, Kronert C, Fuchs M, Tanner C, Schonlebe J, et al. A 10-year analysis of primary 
cutaneous malignant melanoma with sentinel lymph node biopsy and long-term follow-up. Int J 
Dermatol. 2013 Feb;52(2):220–30. http://dx.doi.org/10.1111/j.1365-4632.2012.05706.x

 65. Oliva E, Quinn TR, Amin MB, Eble JN, Epstein JI, Srigley JR, et al. Primary malignant melanoma 
of the urethra: A clinicopathologic analysis of 15 cases. Am J Surg Pathol. 2000 Jun;24(6):785–96. 
http://dx.doi.org/10.1097/00000478-200006000-00003

 66. Levine RL. Urethral cancer. Cancer. 1980 Apr;45(7 Suppl):1965–72.
 67. DiMarco DS, DiMarco CS, Zincke H, Webb MJ, Keeney GL, Bass S, et al. Outcome of surgical treat-

ment for primary malignant melanoma of the female urethra. J Urol. 2004 Feb;171(2 Pt 1):765–7. 
http://dx.doi.org/10.1097/01.ju.0000104671.20863.47

 68. Rema P, Suchetha S, Ahmed I. Primary malignant melanoma of vagina treated by total pelvic exentera-
tion. Indian J Surg. 2016 Feb;78(1):65. http://dx.doi.org/10.1007/s12262-015-1349-x

 69. Janco JMT, Markovic SN, Weaver AL, Cliby WA. Vulvar and vaginal melanoma: Case series and 
review of current management options including neoadjuvant chemotherapy. Gynecol Oncol. 2013 
Jun;129(3):533–7. http://dx.doi.org/10.1016/j.ygyno.2013.02.028

 70. Frumovitz M, Etchepareborda M, Sun CC, Soliman PT, Eifel PJ, Levenback CF, et al. Primary malig-
nant melanoma of the vagina. Obstet Gynecol. 2010 Dec;116(6):1358–65. http://dx.doi.org/10.1097/
AOG.0b013e3181fb8045

 71. Sanchez-Ortiz R, Huang SF, Tamboli P, Prieto VG, Hester G, Pettaway CA. Melanoma of the penis, 
scrotum and male urethra: A 40-year single institution experience. J Urol. 2005 Jun;173(6):1958–65. 
http://dx.doi.org/10.1097/01.ju.0000159207.91737.53

 72. Ander H, Esen T, Tellaloglu S, Uysal V. Successful management of malignant melanoma of male ure-
thra with local excision and adjuvant radiochemotherapy. Prog Clin Biol Res. 1991;370:379–83.

 73. Gincherman Y, Weiss J, Elder D, Hamilton R. A unique case of long-term survival in a male patient 
with malignant melanoma of the distal urethra. Cutis. 1996 Jan;57(1):44–6.

 74. Fernandez Madrigal F, Junquera Villa JM. [Primary melanoma of the male urethra. A review of the 
literature]. Actas Urol Esp. 1984;8(3):221–4.

 75. Oldbring J, Mikulowski P. Malignant melanoma of the penis and male urethra. Report of nine cases 
and review of the literature. Cancer. 1987 Feb;59(3):581–7. http://dx.doi.org/10.1002/1097-0142 
(19870201)59:3%3C581::AID-CNCR2820590338%3E3.0.CO;2-#

 76. Nguyen AT, Kavolius JP, Russo P, Grimaldi G, Katz J, Brady MS. Primary genitourinary melanoma. 
Urology. 2001 Apr;57(4):633–8. http://dx.doi.org/10.1016/S0090-4295(00)01107-9

 77. Shoushtari AN, Munhoz RR, Kuk D, Ott PA, Johnson DB, Tsai KK, et al. Efficacy of anti-PD-1 agents 
in acral and mucosal melanoma. Cancer. 2016 Nov 15;122(21):3354–62. http://dx.doi.org/10.1002/
cncr.30259

 78. D’Angelo SP, Larkin J, Sosman JA, Lebbe C, Brady B, Neyns B, et al. Efficacy and safety of nivolumab 
alone or in combination with ipilimumab in patients with mucosal melanoma: A pooled analysis. 
J Clin Oncol. 2017 Jan;35(2):226–35. http://dx.doi.org/10.1200/JCO.2016.67.9258

 79. Guo J, Si L, Kong Y, Flaherty KT, Xu X, Zhu Y, et al. Phase II, open-label, single-arm trial of imatinib 
mesylate in patients with metastatic melanoma harboring c-Kit mutation or amplification. J Clin 
Oncol. 2011 Jul;29(21):2904–9. http://dx.doi.org/10.1200/JCO.2010.33.9275

CP-004.indb   81 05/04/18   4:46 pm

http://dx.doi.org/10.1097/RLU.0b013e3181becdaf
http://dx.doi.org/10.1111/jdv.12491
http://dx.doi.org/10.1016/S0022-5347(17)59926-7
http://dx.doi.org/10.1016/S0022-5347(05)00692-0
http://dx.doi.org/10.1111/j.1365-4632.2012.05706.x
http://dx.doi.org/10.1097/00000478-200006000-00003
http://dx.doi.org/10.1097/01.ju.0000104671.20863.47
http://dx.doi.org/10.1007/s12262-015-1349-x
http://dx.doi.org/10.1016/j.ygyno.2013.02.028
http://dx.doi.org/10.1097/AOG.0b013e3181fb8045
http://dx.doi.org/10.1097/AOG.0b013e3181fb8045
http://dx.doi.org/10.1097/01.ju.0000159207.91737.53
http://dx.doi.org/10.1002/1097-0142(19870201)59:3%3C581::AID-CNCR2820590338%3E3.0.CO;2-#
http://dx.doi.org/10.1002/1097-0142(19870201)59:3%3C581::AID-CNCR2820590338%3E3.0.CO;2-#
http://dx.doi.org/10.1016/S0090-4295(00)01107-9
http://dx.doi.org/10.1002/cncr.30259
http://dx.doi.org/10.1002/cncr.30259
http://dx.doi.org/10.1200/JCO.2016.67.9258
http://dx.doi.org/10.1200/JCO.2010.33.9275


CP-004.indb   82 05/04/18   4:46 pm



83

In: Noncutaneous Melanoma. Jeffrey F. Scott and Meg R. Gerstenblith (Editors), Codon 
Publications, Brisbane, Australia. ISBN: 978-0-9944381-5-7; Doi: http://dx.doi.org/10.15586/
codon.noncutaneousmelanoma.2018

Copyright: The Authors.

Licence: This open access article is licenced under Creative Commons Attribution 4.0 
International (CC BY 4.0). https://creativecommons.org/licenses/by-nc/4.0/

6 Anorectal Melanoma
Giovanni Paolino1,2 • Dario Didona3 • Giulia Macrì4 • 
Stefano Calvieri1 • Santo Raffaele Mercuri2

1Dipartimento di Medicina Interna e Specialità Mediche, Dermatological 
Clinic, La Sapienza Università di Roma, Rome, Italy; 2Dermatology and 
Cosmetology, IRCCS San Raffaele Hospital, Milan, Italy; 3Klinik für 
Dermatologie und Allergologie, Universitätsklinikum Marburg, Marburg, 
Germany; 4Department of Plastic and Reconstructive Surgery, Fondazione 
Policlinico Universitario Gemelli, Rome, Italy

Author for correspondence: Giovanni Paolino, Dipartimento di Medicina 
Interna e Specialità Mediche, Dermatological Clinic, La Sapienza Università di 
Roma, Rome, Italy & Dermatology and Cosmetology, IRCCS San Raffaele 
Hospital, Milan, Italy. E-mail: paolgio@libero.it

Doi: http://dx.doi.org/10.15586/codon.noncutaneousmelanoma.2018.ch6

Abstract: Anorectal melanoma (AM) is a rare malignancy, characterized by aggres-
sive behavior and a poor prognosis. AM is more frequent in female patients aged 
over 50 years. AM accounts for 0.4–1.6% of all melanomas, 23.8% of all mucosal 
melanomas, and 1% of all anorectal malignant tumors. There are many theories 
regarding AM pathogenesis. Some consider that AM may be related to oxidative 
stress in the region and/or to immunosuppression. Others propose that AM may 
derive from Schwannian neuroblastic cells or cells of the amine-precursor uptake 
and decarboxylation system of the gut. Assessment of pigmented lesions located 
on hidden areas is difficult. Together with late and nonspecific signs and symp-
toms which usually occur only in conjunction with large masses, diagnosis 
of  these mucosal melanomas is often delayed. Most frequently, the signs and 
symptoms are obstruction, rectal bleeding, pain, or rectal tenesmus. There are 
various histological variants of AM: epithelioid, spindle cell, lymphoma-like, and 
pleomorphic. Surgery (abdominoperineal resection or local excision) is the most 
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effective treatment for AM; however, this is not associated with improved overall 
survival. Recurrence is more frequent in cases of anorectal and  rectal involvement 
when compared with anal-only involvement. There is currently no consensus 
about the most appropriate systemic treatment. The efficacy of some protocols 
previously used in patients with cutaneous melanomas is currently being studied 
in mucosal melanoma.

Key words: Anorectal; Gastrointestinal; Malignancy; Melanoma; Mucosal

INTRODUCTION

Anorectal melanoma (AM) is a rare malignancy which is often difficult to diagnose 
due to the hidden site. This malignancy is characterized by aggressive behavior, 
and patients often have a very poor prognosis, which is related to the frequent 
delay in the diagnosis, as well as biological differences in malignant melanocytes 
of this anatomic area compared to other sites. Since AM accounts for only 1% of 
all anorectal malignant tumors (1), few studies of AM have been conducted, with 
few available data for physicians and for researchers. Correct and early diagnosis, 
with subsequent multidisciplinary management, is important for improving the 
quality of life and prognosis of these patients (1). In this chapter, we investigate 
the main epidemiological, pathophysiological, genetic, clinical, and pathological 
features of AM, as well as therapeutic options.

EPIDEMIOLOGY

In 1857, Moore reported the first case of AM (2). The US National Cancer Database 
stated that mucosal melanoma represents the third most common site of primary 
melanomas after the skin and eye, and the anorectal canal is the second most 
 frequent mucosal site for melanoma after the head and neck (3, 4). Compared to 
cutaneous melanoma (CM), primary gastrointestinal melanoma is extremely rare. 
The most common gastrointestinal localization is the anorectal tract (>50%), fol-
lowed by the stomach, small intestine, and colon. It is important to highlight that 
the rectal localization is more frequent than the anal; nevertheless, the two entities 
are studied together. AM accounts for 0.4–M accounts for 0.4was and represents 
23.8% of all mucosal melanomas (1). It is more frequent in females compared to 
males (2:1 ratio) and the mean age at diagnosis is 54.5 years (5).

There is a lower incidence of mucosal melanomas in dark-pigmented indi-
viduals, possibly related to the antioxidant properties of melanin rather than its 
photo-screening effects (Table 1) (6). According to Micu et al. (3) and Ragnarsson-
Olding et  al. (7), although the incidence rate of CM has increased in recent 
decades, the incidence of AM has remained constant. Ragnarsson-Olding et al. 
found that the age-standardized incidence of AM was stable between 1960 and 
1999, at approximately 1.0 and 0.7 per million in females and males, respec-
tively, in contrast to an increasing incidence of CMs (7). Micu et  al. demon-
strated that the incidence rate of AM in Norway was 0.48 per million in the 
period between 1987 and 2007 and 0.35 per million in the period between 
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1966 and 1986. This difference was not statistically significant. In contrast, the 
incidence rate of CM increased from 103 per million between 1966 and 1986, 
to 217 per million between 1987 and 2007 (P < 0.001) (3).

In Queensland, Australia, which has the highest incidence rate of CM in the 
world, Miller et al. (8) did not find any significant differences in the incidence rate 
of AM compared to other geographical regions (8). Increased incidence of AM has 
been reported in some regions of the United States in recent years, perhaps due to 
some other etiological factors like HIV infection (4). Overall survival of this AM is 
poor, with a 5-year overall survival ranging between 10 and 20%, which is thought 
to be a consequence of late diagnosis (4).

PATHOGENESIS AND GENETICS OF AM

Melanocytes migrate from the neural crest or from the mucocutaneous junctions 
to the cutis (9–11). However, although melanin synthesis is the principal function 
of melanocytes, its role in mucosal areas is mainly characterized by antioxidant 
activity and contributing to the regional immune response (9–11). Accordingly, 
the malignant transformation in anorectal areas may be related to oxidative stress 
in these regions and/or to immunosuppression. This is also explained by the 
observation that AM often arises in patients aged >50 years (9). However, other 
valid theories have been postulated, describing that AM, as well as gastrointestinal 
melanoma, may derive from Schwannian neuroblastic cells of the autonomic 
intestinal innervation system or from the cells of the amine-precursor uptake and 
decarboxylation (APUD) system of the gut. APUD cells are involved in the uptake 
of precursors of biologically active amines, production of active amines through 
subsequent intracellular decarboxylation, and storage of the amine product in 
secretory vesicles (10). Their developmental lineage derives from neuroectoderm. 
During embryogenesis, the upper part of the embryonic plate (ectoderm) devel-
ops into skin and nervous tissue, while the lower part (endoderm) forms the gut 
lining and structures branching off this lining (5, 10). A part of the ectoderm 
(neural crest) which flanks the region forming the spinal cord and brain contains 
cells that migrate through the embryo to form various structures, including the 
skin (5, 10). Four APUD cell types have been described: β cell (secreting insulin), 
PP cell (secreting pancreatic polypeptide), α cell (secreting glucagon), and δ cell 
(secreting somatostatin) (10).

TABLE 1 Epidemiology of primary mucosal melanoma

Primary mucosal melanoma Case/million/year

Conjunctival 0.5/million/year

Sinonasal 0.5/million/year

Anorectal 0.4/million/year

Oral 0.2/million/year

CP-004.indb   85 05/04/18   4:46 pm



Anorectal Melanoma86

Melanocytes are detected normally in the anal squamous zone and, sporadi-
cally, in the anal transition zone. This localization is probably linked to the pres-
ence of melanocytes in the epithelial lining of the dentate line, which extends 
proximally to the rectum. Another valid theory is the hormonal one. Indeed, a 
higher female incidence has been reported in extracutaneous melanoma and in 
AM, potentially due to the involvement of estrogens in the pathogenesis of mela-
noma. However, there is no solid evidence regarding the role of female sex hor-
mones in melanoma risk. Notwithstanding, estrogens are known to increase the 
number of melanocytes and modify their melanin content (9, 12–15).

Melanoma of shield sites and of extracutaneous sites is not influenced by ultra-
violet (UV) radiation (9, 16–20). The absence of stem-cell niche in the bulge region 
in melanomas of glabrous skin could explain the pathogenesis of this malignancy in 
this anatomical region. These melanomas demonstrate aggressive behavior regard-
less of diagnostic delay. In this regard, other factors such as biological differences 
between melanocytes of this anatomical region and cutaneous melanocytes could 
play a crucial role in the pathogenesis of mucosal melanoma. Furthermore, UV 
radiation, probably via its role in vitamin D photosynthesis in exposed skin, may 
have a systemic protective effect against melanomas. However, in a recent study, we 
found a decrease of vitamin D receptor (VDR) in shield-site melanomas compared 
to nonshield-site melanomas (as chronically sun-exposed anatomic sites or inter-
mittent sun-exposed areas) (16), and lower serological levels of vitamin D in 
patients with shield-site melanomas, compared to nonshield-site melanomas (19). 
All these findings confirm that other pathways are involved in the pathogenesis of 
shield-site melanomas, as well as in noncutaneous melanomas.

GENETICS

Because of the rarity of primary mucosal melanoma (PMM), its genetic basis is still 
unclear. As reported by several authors (21–24), PMM shows distinctive charac-
teristics in comparison with CM. As reported by Edwards et al., no exon 15 BRAF 
mutations has been detected in a series of 13 PMM (23), while a mutation rate of 
33% in CM has been described in the literature (21). Furthermore, in a recent 
review by Ascierto et al., it has been reported that the BRAF mutation rate was 
only 3% in PMM (24). This finding suggests that the prevalence of BRAF muta-
tions in melanoma could depend on the anatomical origin of the tumor, probably 
in direct relation to the extent of sun exposure (23). Furthermore, the absence of 
BRAFV600E mutations suggests that the BRAF inhibitors (as vemurafenib and dab-
rafenib) would not be effective in the treatment of PMM (24). It has also been 
reported that oncogenic mutation in the NRAS gene is rarely described in PMM, 
while it has been detected in 19–28% of CM (24). Furthermore, mutations in 
GNAQ and GNAII have been described as important triggers in melanoma patho-
genesis, but they have been rarely described in PMM (24). Moreover, PMM shows 
a low frequency of KIT mutations (7–8%) and cyclin D1 amplification (10%) but 
at the same time a high rate of c-Myc amplifications (62.5%) (22).

It has been speculated that human papilloma virus (HPV) could lead to a 
higher genomic instability in PMM, supporting the degradation of the p53 pro-
tein. However, Dahlgren et  al. evaluated with PCR the presence of HPV DNA 
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in 15 AM, detecting no HPV DNA in these specimens (25), thereby concluding 
that the 36 HPV-tested subtypes did not play a pivotal role in the development of 
AM (25). It has also been speculated that human herpesvirus (HHV)-8 could be 
involved in the pathogenesis of PMM and specifically in AM, because of the 
 production of IL-6 by the virus. Indeed, IL-6 plays a central role in stimulating the 
proliferation of melanoma cells (26). However, the analysis of Helmke et  al. 
detected no involvement of HHV-8 in developing melanoma of the anorectal 
area  (27). Indeed, HHV-8 DNA was not found in 12 AMs by the specific and 
highly sensitive PCR assay (27).

A small rate of BRAFV599E mutation, which occurs up to 75% in CM, has been 
reported in PMM (<10%) (28). BRAF, which is located on chromosome 7q34, 
encodes a serine/threonine kinase, regulating proliferation and differentiation via 
the MAPK pathway. The V599E mutation causes the hyperactivation of BRAF 
kinase activity. As reported by Helmke et al., BRAF exon 15 mutation has been 
not detected in AM (29). Edwards et al. also detected no BRAF exon 15 mutation 
in 13 PMM, including 4 AM (23). These findings corroborate the evidence that 
PMM does not share molecular features with CM. Furthermore, the lack of BRAF 
mutations in PMM suggests that the BRAF mutations in melanoma are influenced 
by the extent of sun exposure. In addition, as reported above, these findings sug-
gest that BRAF/MEK inhibitors may not be useful in the therapy of PMM, as well 
as for AM (23).

It has been reported that up to 40% of AM shows KIT mutation (21). This 
percentage is higher than that reported in melanoma of the head/neck, as 
described by Beadling et al. (30). However, Antonescu et al. found only 23% of 
KIT mutation in AM (31). c-KIT plays a pivotal role in growth, differentiation, 
migration, and proliferation of melanocytes. It is also involved in activation of 
several cellular signaling pathways, including the phosphoinositide 3-kinase/
AKT, mitogen-activated protein kinase, Janus kinase, leading to cancer progres-
sion and extension. Most of KIT mutations in PMM occurred within exon 11, 
which encodes the juxtamembrane domain of the KIT receptor. Furthermore, a 
minority of mutations were detected also in the exon 17, which encodes the 
tyrosine kinase-2 domain of KIT (31). In addition, Omholt et al. reported BRAF 
mutation in 4.5% of AM and NRAS mutation in 4.5% of AM (32). However, no 
impact of KIT and NRAS mutations on clinical outcome has been reported by 
these authors (31, 32). In contrast, Kong et al. demonstrated reduced survival in 
melanoma patients with KIT mutations in a large-scale analysis (33). In a study 
conducted on 44 specimens, Satzger et  al. reported KIT mutations in 86% of 
AMs (34). The high percentage of mutation was observed in the juxtamembrane 
area of KIT, encoded by exons 11 and 13, which probably led to the activation 
of c-KIT. The authors detected no influence of KIT mutations on both disease-
free and overall survival (34). As reported by several authors, therapeutic c-KIT 
blockade could be useful in the treatment of PMM patients with activating KIT 
mutation (35–37). More precisely, Antonescu et  al. reported that 15% of AM 
show the c-KIT L576P mutation that is particularly associated with sensitivity to 
imatinib in vitro (31). Therefore, the evaluation of c-KIT mutations in PMM 
patients could be extremely useful, although the role of this mutation in the 
prognosis is still under debate.

Furthermore, Omholt et  al. reported that mutations in the KIT, NRAS, and 
BRAF genes did not lead to activation of the ERK and Akt pathways in PM, 
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suggesting that other mechanisms, including mutation of the PIK3CA oncogene 
(encoding the catalytic subunit p110ms, including mutation of the ill under debate. 
KIT mutation in PTEN tumor suppressor gene may promote the activation of the 
ERK and Akt pathways in PMM (30). In contrast to CM, RAS mutation, especially 
in codon 61 of the NRAS, is rarely detected in AM. Indeed, it has been demon-
strated that elevated level of NRAS mutations were linked to UV radiation (38).

CLINICAL FEATURES AND INSTRUMENTAL DIAGNOSIS

A self-assessment of the skin plays a pivotal role in the early diagnosis of mela-
noma. However, when pigmented lesions are located on hidden areas, their 
assessment becomes more difficult. Accordingly, due to the hidden location and 
lack of early symptoms, the diagnosis of AM is usually delayed, with a poor prog-
nosis. According to a recent European study involving 444 patients with mucosal 
melanomas, AM was associated with the poorest prognosis (39). In this study, the 
authors related this poor prognosis to a propensity of AM to develop distant and 
brain metastases (39).

The main reasons that lead to a diagnosis of AM are the late and nonspecific 
signs and symptoms, which occur usually when tumoral masses are large (3–4 cm) 
(40, 41), and when the neoplasia involves the rectum, anus, or both sites, extend-
ing within 6 cm from the anal rim (40, 41). The most common clinical presenta-
tions of AM are changes in bowel habits, bowel obstruction, rectal bleeding, anal 
pain, and/or rectal tenesmus. These features are often associated with a mass that 
can prolapse through the anus (40, 41).

Clinically, AMs are polypoid lesions, mostly ulcerated and not pigmented, 
with an irregular surface, sometimes showing black or brown spots (Figure 1) (42). 
AM is often bloody and covered with mucinous/fibrinous material. The frequent 
amelanotic presentation of AM means that neoplasms of other origins, such as 
non-Hodgkin lymphoma, adenocarcinoma, and sarcoma, should be considered in 
the differential diagnosis (42). Nevertheless, due to the nonspecific clinical mani-
festations reported by the patients, AM is often misdiagnosed, masquerading as 
more common diseases of the lower gastrointestinal tract (such as adenomatous 
polyps, hemorrhoids, or rectal ulcers), resulting in delayed diagnosis (42). For 
these reasons, the lack of a clinical specificity for AM requires accurate and objec-
tive instrumental investigations, including rectal examination and investigations 
such as endoscopic ultrasonography and proctosigmoidoscopy. It is important to 
emphasize that there are no standardized diagnostic protocols for AM, unlike 
other common neoplasms of the large intestine (43).

Considering the lack of standardized diagnostic protocol for investigating pos-
sible AM, as there are for colorectal cancer, the identification of more appropriate 
and accurate diagnostic methods would allow for greater diagnostic accuracy and 
improvement of sensitivity and specificity of the endoscopic investigations. In this 
regard, proctosigmoidoscopy allows for macroscopic identification and character-
ization of the mass. A suspicion of AM is usually present in case of a mucosal 
lesion that invades the dentate line, and which has brown and dark spots on 
the  surface. In the absence of the abovementioned potential diagnostic criteria 
(melanin is present in only 30% of cases), histologic and immunohistochemical 
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evaluation (using HMB-45, S-100, Melan-A, and Vimentin) are indicated. In this 
regard, many authors emphasize the importance of performing multiple biopsies 
in order to avoid inconclusive histological characterizations (2, 9).

Finally, it is emphasized to use endoscopic ultrasounds and magnetic resonance 
imaging (MRI), to supplement colonoscopy in preoperative settings, allowing for 
the evaluation of the bowel wall in all five layers, assessing tumor infiltration, 
radial extension, and the total thickness of the neoplasia (2, 9). Ultrasonography 
allows the possibility for immediate biopsy in order to characterize suspicious 
loco-regional lymph nodes.

PATHOLOGY

As reported above, because of hidden location and lack of early symptoms, 
diagnosis of a mucosal melanoma is usually delayed, and many lesions are ulcer-
ated at the time of diagnosis, which associates with worse prognosis. It can also 
be difficult to differentiate between primary and metastatic disease. Usually, the 
absence of junctional changes in an ulcerated lesion does not preclude the pos-
sibility that the lesion is a primary melanoma (42, 44). In this regard, the typical 
amelanotic appearance of many AMs makes the diagnosis even more difficult 
(42,  44). Indeed, while pigmented lesions of the anorectal tract are always 

Figure 1 Anorectal melanoma. Courtesy of Dr. Fabrizio Gabrielli.
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highly suspect for melanoma, when pigment is absent, even microscopically, the 
diagnosis is more difficult and only an immunohistological examination can 
help reach a diagnosis.

There are four histologic types of AM. These include the epithelioid AM, the 
spindle-cell AM, the lymphoma-like AM, and the pleomorphic AM (44). The 
mitotic rate is usually about 2.82 mitotic figures per high-power field, ranging 
between 0.5 and 5.5 per high-power field, and without showing a correlation 
with the morphologic features or pigmentation (44).

The lymphoma-like AM, the spindle-cell AM, and the pleomorphic AM are 
often confused with a nonmelanocytic malignancy. Indeed, spindle-cell AM can 
be easily misdiagnosed for a gastrointestinal stromal tumor of the rectum. For this 
reason, an accurate immunohistochemical analysis plays a pivotal role in the 
 diagnosis of AM.

On immunohistochemistry, the cell population of AM usually shows a strong 
positivity to S100—a protein highly sensitive for melanocytic differentiation. 
However, given the lack of specificity, it is used primarily as a screening 
tool. Indeed, S-100 is present in many conditions, including nerve sheath tumors, 
 gliomas, neuroendocrine cells, melanocytic proliferations, some histiocytic prolif-
erations, langerhans cells, and also rarely in poorly differentiated carcinomas. AM 
usually stains for Melan-A, tyrosinase, and HMB-45, although there is often a 
variability in strength and distribution (44). HMB-45 and Melan-A also stain other 
tumors with melanocytic differentiation (e.g. angiomyolipomas, lymphangioleio-
myomatosis, and clear-cell myomelanocytic tumors); regardless, they have high 
specificity for melanocytic lesions, although their sensitivity is lower than S100. 
In fact, Melan-A and HMB-45 commonly fail to stain spindle-cell melanoma, 
often leading to diagnostic pitfalls (44). For the same reasons, anti-tyrosinase anti-
bodies, although they are considered melanocyte-specific (targeting the tyrosinase 
enzyme needed early in the cascade to create melanin pigment), are uncommonly 
present in cutaneous spindle-cell-type melanomas.

Usually AM is negative for pan-cytokeratin. Accordingly, it is important 
to remember that up to 10% of melanomas can show an expression of a kera-
tin  and/or epithelial marker (above all CAM5.2 and epithelial membrane 
 antigen)  (44). Accordingly, a misdiagnosis with a poorly differentiated rectal 
carcinoma is possible. Finally, another pitfall may be the positivity to carcino-
embryonic antigen when using polyclonal antibodies (44). Finally, c-Kit is posi-
tive in about 75% of AMs. c-Kit is a transmembrane tyrosine kinase receptor 
that plays a role in the development and proliferation of melanocytes, above all 
in mucosal sites (44).

STAGING

For a long time, AMs, as well as the other primary gastrointestinal melanomas, 
have been considered as metastatic melanomas (15). In fact, as reported above, 
the diagnosis of primary AM is often difficult to perform. However, some caution 
can aid in accurate diagnosis.

In order to consider a gastrointestinal melanoma as a primary melanoma, the 
following points must be satisfied: the presence of atypical melanocytes along the 
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basal epithelium in a histological sample, the absence of melanomas elsewhere, no 
history of metastatic melanoma, no previous regressed melanocytic lesions, nega-
tive history for skin lesion previously removed without histological examination, 
negative ophthalmological examination, negative esophagogastroduodenoscopy, 
negative colonoscopy (ignoring the suspect anorectal lesion), negative genital exam-
inations, and negative oropharyngeal and rhinopharyngeal examinations (18).

After reaching the diagnosis of primary AM, it is important to remember that 
AM has a poor overall survival (5 years; 10–20%). This is unchanged over the 
years due to the rarity of the neoplasm, which inhibits the development of stan-
dardized diagnostic and therapeutic protocols. Regardless of poor prognosis, AM 
is also related to various factors, including perineural invasion, rectal wall infiltra-
tion, nodal involvement, and distance metastases. In 2013, Bello et al. examined 
the clinical relevance of the location of origin of AM as a prognostic factor and, in 
a sample of 96 patients (41 with anal melanoma, 32 with AM, and 23 with rectal 
melanoma), found that lesions distal to the dentate line were more likely to recur 
with lymph-nodal involvement, which may represent differences in nodal drain-
age. However, the authors concluded that there were no differences in the long-
term prognosis, which remained poor for all cases of AM (45). At present, there is 
no staging available for primitive mucosal melanomas of the gastrointestinal tract 
which provides prognostic value.

Generally, the growth of AM closely resembles the nodular pattern of its cuta-
neous counterpart. This feature explains it poor survival and several reports have 
corroborating data that link survival most closely with tumor thickness. Patients 
with AM with a thickness ≤2 mm have better survival than patients with lesions 
>2 mm (46, 47). Regarding tumor size, Goldman et  al. found a correlation 
between overall survival and tumor size, showing greater overall survival for 
patients with tumors ≤2 cm (48). Unfortunately, because of the typical delay in 
the diagnosis, the vast majority of AM presents to clinicians as large, polypoid 
tumors with a thickness >2 mm, a tumor size >2 cm, and nodal involvement. 
According to these considerations, Breslow depth alone is of little use in the stag-
ing of the majority of primary AM. The relative consequences are that most 
authors advocated continued use of the clinical staging system developed for CM, 
where stage I is clinically localized disease, stage II is regional lymph-nodal 
 disease, and stage III is disseminated disease (46–51). However, two alternatives, 
based on the 7th American Joint Committee on Cancer (AJCC) staging system, 
might be applicable to AM: tumor node metastasis (TNM) staging of rectal cancer 
(rectal TNM) and tumor node metastasis of anal canal cancer (anal TNM) (52). 
Rectal TNM is based on the depth of tumor invasion into or beyond the wall 
of the rectum (T), number of regional lymph nodes involved (N), and status of 
distant metastases (M) (52). Anal TNM differs from rectal TNM in terms of tumor 
size (T) and status of regional or systemic LN involvement (N) (52). Staging 
 systems for AM are summarized in Table 2.

Mucosal infiltration is critically related to the presence of lymph nodes metas-
tases (>40%) and, consequently, to distant metastases, especially in the lung and in 
the liver (>90% in case of nodes neoplastic involvement). In 2006, Podnos et al., 
in a study of the Surveillance, Epidemiology, and End Results (SEER) database, 
found that in 126 AMs the extent of disease was statistically related with the poor-
est overall survival among mucosal melanomas (53). Recently, Iddings et al. found 
that lymph-nodal involvement is an important prognostic feature in AM (50). At 
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the same time, Chae et al., while attempting to develop a classification system for 
AM, highlighted and confirmed the predictive value of the number of regional 
lymph nodes involved (52). Unfortunately, detection of lymphatic drainage in the 
anal region is particularly difficult, due to the presence of 10 different lymphatic 
pathways. Inguinal/iliac or perirectal lymph nodes are most commonly involved in 
AM. Consequently, 18F-FDG-PET/CT and contrast-enhanced CT have been 
mainly studied for the evaluation of loco-regional and systemic involvement in AM 
patients. In this regard, PET/CT is superior for staging these patients, especially for 
loco-regional and systemic neoplastic involvement, and to plan the best surgical 
treatment for individual cases.

TREATMENT

The literature reports surgery as the most effective treatment for AM. However, 
assuming an adequate preoperative staging, which accurately highlights localiza-
tion of the disease, surgery does not result in real improvement of the overall 
survival. Indeed, there is no evidence regarding the benefits of surgery types. 
Many authors underline that abdominoperineal resection (APR) does not appear 
to be associated with improved survival compared to a local excision; on the con-
trary, APR seems to be related to a better disease-free survival with major control 
of loco-regional disease but without effectiveness in metastatic disease (54, 55). 
Long-term outcome does not seem to be influenced by the extent of surgical exci-
sions and, in many selected cases, local excisions are recommended in order to 
improve quality of life. APR has been compared to a wider excision in some stud-
ies; one of these, evaluating a database of 143 patients, did not find any survival 
differences in patients treated with the two different surgical procedures (55). 
Tumors with thickness ≤1 mm can undergo local sphincter-saving resection with 
1 cm margin, and tumors with thickness between 1.01 and 4 mm can undergo 
local sphincter-saving resection with 2 cm margin.

The role of regional lymphadenectomy in the surgical treatment of AM is 
a subject of debate (20). Mesorectal, pelvic sidewall, and inguinal lymph nodes 
are at increased risk of involvement from anorectal lesions. For this reason, during 
APR, the mesorectal lymph nodes are resected together with the primary 
tumor  (20). However, contrary to Goldman et  al., Yeh et  al. found that nodal 
involvement in AM did not predict outcome in patients undergoing radical 
 resection (56). At the same time, bilateral inguinal lymphadenectomy in AM 
patients without palpable lymph nodes did not improve survival but increased the 
risk of complications. While elective lymph-nodal dissection should be consid-
ered only in case of clinically palpable disease (20), laparoscopic abdominal-per-
ineal resection can also be considered a feasible choice in case of respectable 
primary melanoma and clinically palpable lymph node metastases (55). Local 
primary disease control could be reached with adjuvant radiotherapy after surgi-
cal definitive resection and wide excision; on the contrary, loco-regional lymph 
node irradiation is controversial; indeed, this procedure seems to be related to a 
worsening of postoperative lymphedema (55).

Regarding systemic therapies, there is currently no consensus about the most 
appropriate treatment for this type of melanoma. Some protocols, previously 
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directed to patients with CMs, have been studied in the context of mucosal mela-
noma, including AM. Traditional chemotherapy seems to have similar efficacy to 
chemo-immunotherapies in terms of survival. Dacarbazine (a cytotoxic chemo-
therapy) is associated with a survival of 20% (20). However, many responses are 
partial, with a median response duration of only 4–6 months (20, 57). There are 
no standardized data supporting a survival benefit for dacarbazine 250 mg/m2/day 
intra venous (repeating the cycle every 3 weeks) versus placebo (20, 57). The ana-
logue of dacarbazine and temozolomide (with the dosage of 200 mg/m2/day orally 
for 5 days, repeating the cycle every 4 weeks) has the benefit of being available 
orally, showing also a lower rate of central nervous system relapse (20). Dacarbazine 
or temozolomide, in association with other agents, has demonstrated no advantage 
over single-agent chemotherapy in phase III trials (58). A multicenter case–control 
study, evaluating the effect of dacarbazine versus a four-drug combination known 
as Dartmouth regimen (dacarbazine, cisplatin, carmustine, and tamoxifen), showed 
that the Dartmouth regimen exhibited a marginally improved response rate (19%) 
over dacarbazine alone (10%), but without statistical significance. Regardless, both 
treatments showed a poor survival of 7 months (58). Finally, Singhal et al. reported 
the effectiveness of taxanes (as paclitaxel at 100 mg/m2/IV) + platinum (cisplatin at 
20 mg/m2 IV or carboplatin 2 mg/mL/min IV) with or without the use of metro-
nomic therapy, showing a median overall survival of 11 months (59).

Other treatments of historical significance consisted of immune mediators, 
such as interferon-α and interleukin-2 (IL-2). High dosages of IL-2 (consisting of 
22 mcg/kg, 33 mcg/kg, 36 mcg/kg, or 44 mcg /kg every 8 h for up to 14 consecutive 
doses or doses as clinically tolerated) showed a good response in metastatic CM (60). 
High doses of IL-2 can be performed as monotherapy or in combination with the 
conventional chemotherapy. Indeed, recently, IL-2 combined with ipilimumab (at 3 
mg/kg) showed effectiveness in AM patients with unresectable disease (60, 61).

With the advent of targeted therapy, a higher number of therapeutic choices 
are available; however, the treatment of AM remains an important challenge. As 
reported above, up to 40% of AM presents KIT mutation. Accordingly, identifying 
c-Kit mutation allows initiation of treatment with tyrosine kinase inhibitors (62). 
Sorafenib (400 mg orally twice daily) is a less specific antagonist on c-Kit than 
imatinib but has been shown to have some effect in a previous case report of 
AM (63). Subsequently, Knowles et al. found an improvement in metastatic AM 
patients treated with imatinib (400 mg orally twice daily until disease progression 
or unacceptable toxicity), concluding that patients with AM and with a positivity 
to c-Kit mutation could be considered for a treatment with tyrosine kinase inhibi-
tors (TKIs) (63). However, in case of brain metastases, the use of sorafenib and 
imatinib is not recommended, as these TKIs do not cross the blood–brain barrier. 
In these cases, it is advised to use dasatinib (100 mg twice daily), a potent c-Kit 
inhibitor, which has a better penetration in the central nervous system (7).

Currently, association of anti-BRAF antibody (as vemurafenib or dabrafenib) 
and MEK inhibitors (as cobimetinib or trametinib) are available for BRAF-positive 
metastatic CM; however, there are no data for metastatic AM. Because the percent-
age of AM with BRAF mutation is low, the use of vemurafenib and dabrafenib in 
AM is not currently a pivotal therapeutic option.

In 2016, Tan reported the case of a young man with a metastatic AM, treated 
with ipilimumab, who showed improvement of 5-months, until the patient 
showed signs of disease progression (64). Immune-checkpoint inhibitors such as 
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ipilimumab (antibody to cytotoxic T-lymphocyte-associated protein-4, CTLA4), 
nivolumab (anti-PD1 antibody), and pembrolizumab (anti-PD1 antibody) have 
been approved for the treatment of melanoma. Tokuhara et al. reported a success-
ful treatment with nivolumab in a 67-year-old Japanese man with metastatic (liver 
and bone) AM. The authors administered nivolumab at 2 mg/kg, showing a sig-
nificant reduction of liver and bone metastases, showing no recurrences after 
17 months of follow-up (65). Nivolumab and more generally anti-PD1 treatments 
seem to be a promising choice for the treatment of metastatic AM. Combined che-
motherapy, anti-BRAF therapy, TKIs, and immune-checkpoint inhibitors remain 
important therapeutic options for these patients (65, 66).

CONCLUSION

AM is a rare and aggressive malignancy. Patients usually present with advanced 
disease due to delayed diagnosis and intrinsic high aggressiveness of the malig-
nancy. Because of the rarity and biological heterogeneity of the malignancy, 
there is neither a standardized staging schema nor a standardized medical and/
or surgical therapy. Although combined chemotherapy, anti-BRAF therapy, 
TKIs, and immune-checkpoint inhibitors remain important therapeutic options 
for these patients, further studies are needed to improve survival and quality 
of life of AM patients.
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Abstract: Although the vast majority of melanomas have a known primary site, 
approximately 3.2% of all melanomas present in distant sites with no known pri-
mary site. Melanoma of unknown primary most often presents in lymph nodes, 
followed by subcutaneous sites, and finally visceral organs. Various hypotheses 
regarding the origin of melanoma of unknown primary have been proposed, includ-
ing spontaneous regression of the primary tumor, and the presence of ectopic mela-
nocytes within lymph nodes and visceral organs. Melanoma of unknown primary is 
less well studied in comparison with melanoma of known primary, but its clinical, 
molecular, and genetic characteristics have been recently clarified. Specifically, mel-
anoma of unknown primary occurs more often in men in the fourth and fifth 
decades of life, and shares a similar genetic and molecular signature as cutaneous 
melanomas arising on skin that is intermittently exposed to the sun, including the 
back and upper legs. In addition, the prognosis of these patients has also been clari-
fied, and patients with melanoma of unknown primary have improved survival 
compared to stage-matched patients with melanoma of known primary. This chap-
ter reviews recent advances in the understanding of melanoma of unknown pri-
mary, highlighting its genetic and molecular characteristics, epidemiology, prognosis, 
and treatment, as well as its relationship with melanoma of known primary site.

Key words: Epidemiology; Melanoma of known primary; Melanoma of unknown 
primary; Metastatic melanoma; Prognosis
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INTRODUCTION

More than 97% of all melanomas are diagnosed with a known primary site, most 
often involving the skin (1). Less commonly, melanoma can present within the eye 
or mucous membranes (1). Rarely, melanoma is diagnosed without an obvious 
primary site, and is referred to as melanoma of unknown primary (MUP). In 
1963, Das Gupta originally defined MUP as melanoma discovered in subcutane-
ous tissue, lymph nodes (LNs), or visceral organs without a cutaneous, ocular, or 
mucosal primary site (2).

Melanoma of known primary (MKP) is commonly misclassified as MUP. This 
error stems from a lack of knowledge regarding the melanoma’s true primary site, 
which may result from an incomplete physical examination of all cutaneous, ocu-
lar, and mucosal surfaces, or from the history omitting a previously treated or 
regressed melanoma. Given the inherently problematic nature of accurately defin-
ing MUP in clinical practice, Das Gupta also described four exclusion criteria that 
were intended to aid in the characterization of MUP (Table 1) (2). If any of these 
exclusion criteria were met, Das Gupta proposed that patients be classified as 
having MKP rather than MUP (2).

Despite these proposed exclusion criteria, MUP patients described in the 
literature to date have been heterogeneous, with wide variations in how MUP is 

TABLE 1 Exclusion criteria for melanoma of unknown 
primary, originally proposed by Das Gupta (2)

1. Evidence of previous orbital exenteration or enucleation

2. Evidence of previous skin excision, electrodessication, cauterization, or other surgical manipulation 
of a mole, freckle, birthmark, paronychia, or skin blemish

3. Evidence of metastatic melanoma in a draining lymph node with a scar in the area of skin 
supplying that lymph node basin

4. Lack of a nonthorough physical examination, including the absence of an ophthalmologic, anal, 
and genital exam

TABLE 2 Common mutations in melanoma of 
unknown primary compared to melanoma of 
known primary

Melanoma of 
unknown 
primary

Melanoma of known primary

Chronically 
sun-damaged skin

Intermittently 
sun-damaged skin Acral Mucosal Ocular

BRAF >
NRAS
No c-KIT

c-KIT >
NRAS >
BRAF

BRAF >
NRAS
No c-KIT

c-KIT >
BRAF >
NRAS

c-KIT GNAQ

CP-004.indb   100 05/04/18   4:46 pm



Scott JF and Gerstenblith MR 101

defined, and in the interpretation of the exclusion criteria. In fact, in a recent 
systematic review of MUP, Kamposioras et al. reported that only 16% of peer-
reviewed articles and abstracts used the original Das Gupta criteria for the charac-
terization of MUP (3). Most commonly, studies vary in the comprehensiveness of 
the physical examination that is required before formally diagnosing MUP, includ-
ing varying degrees of cutaneous, oral, ocular, otolaryngologic, urogenital, and 
proctoscopic evaluation (3). Particularly for mucosal surfaces, there is no consen-
sus on how thorough an examination of mucosal sites must be before establishing 
a diagnosis of MUP (3).

HYPOTHESES REGARDING THE ORIGIN OF MUP

Since its original definition, various hypotheses have been put forth to help 
explain the biological phenomenon of MUP. Metastatic melanoma could theoreti-
cally develop synchronously with a subclinical or otherwise unrecognized cutane-
ous, ocular, or mucosal melanoma (2, 4). This is a less likely explanation for MUP 
if follow-up times are adequate, however, because the known primary will likely 
declare itself by the time metastatic disease has developed.

The predominant hypothesis for MUP involves the spontaneous regression of 
melanoma from a known primary site. The regression theory, first proposed by 
Smith and Stehlin in 1965, attributes the disappearance of a primary melanoma 
to spontaneous regression after metastasis has occurred (5). The partial or com-
plete spontaneous regression of melanoma from a known primary site is well 
documented in the literature, and melanoma accounts for 11% of all cases of spon-
taneous tumor regression (6–9). However, whereas the partial regression of 
primary melanoma is fairly common, and is estimated to occur in 9–46% of 
all  melanomas, complete regression is very rare, estimated to occur in only 
0.22–0.27% of all melanomas (6, 10–13). Studies reporting on regression specifi-
cally in MUP patients reveal that approximately 12.4% of cases are associated with 
regression either before or after the diagnosis of MUP (6, 11–13).

The spontaneous regression of melanoma is likely immune-mediated, 
including both cell-mediated and humoral immune mechanisms (10). Regressing 
melanomas are characterized by increased numbers of tumor-infiltrating 
lymphocytes, which also confer a favorable prognosis (14, 15). Immune 
responses to melanoma-associated antigens are also mediated through cytotoxic 
T-lymphocytes (16). In addition, there is a high prevalence of melanoma- specific 
antibodies in the serum of MUP patients, and various humoral immune mecha-
nisms, including antibody attachment to cell membranes, cytotoxicity, 
and tumor destruction, have all been described with cultured melanoma cells 
in vitro (12, 17–22).

Alternatively, MUP could also be explained by the presence of ectopic melano-
cytes or the differention of melanocytes from preexisting pluripotent stem cells 
within subcutaneous tissue, LNs, or visceral organs (4). Melanocytes are derived 
from the neural crest, and they migrate along dorsolateral pathways during 
embryogenesis to reach the skin and hair follicles (23). Melanocytes also migrate 
to the inner ear, the leptomeninges, and the uveal tract of the eye, which includes 
the choroid, ciliary body, and iris (23). Occasionally, melanocytes are also found 
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in other mucosal sites, including the conjuctivae, nasopharyngeal mucosa, esoph-
agus, and anorectal mucosa (23). Regarding LNs, benign nevus cell aggregates 
and blue nevi have been reported in LNs and other tissues, and, interestingly, 
melanoma arising from ectopic melanocytes within a LN has been reported 
(24–27). Thus, melanoma discovered in LNs may originate from the malignant 
degeneration of neural crest–derived melanocytes that migrated and became 
arrested in LNs or, alternatively, from benign nevus cells that migrated from the 
skin to the draining LNs.

In addition, some investigators have questioned whether reports of MUP 
diagnosed in visceral organs may actually represent primary melanomas arising 
in unique anatomic locations. For example, the gastrointestinal tract is a com-
mon metastatic site for cutaneous melanoma and is also the most widely 
described visceral site for MUP (3, 28). It has been postulated that cases of 
gastrointestinal MUP may actually represent cases of primary melanoma derived 
from melanoblastic cells of the neural crest (28). Melanoblastic cells are known 
to migrate to the small intestine, predominately the ileum, through the ompha-
lomesenteric canal (28). These melanoblastic cells differentiate into ectopic 
melanocytes of the gastrointestinal tract, which could theoretically under rare 
circumstances form primary gastrointestinal melanomas (28). Finally, there is 
confusion in the literature regarding MUP presenting within the adrenal gland. 
The adrenal medulla contains neuroendocrine cells derived from the neural 
crest, and it is thought by some that MUP diagnosed in the adrenal gland 
should instead be referred to as primary adrenal melanotic malignant pheo-
chromocytoma (29).

GENETICS

The genetic profiles of cutaneous, acral, ocular, and mucosal melanomas differ 
significantly. Recent studies have examined the genetic profile of MUP (30). 
Specifically, MUP shares many of the genetic and molecular signatures of mela-
noma arising from intermittently sun-exposed sites on the skin, including the 
back and upper legs (Table 2) (31–33). An analysis of 102 MUP patients after 
therapeutic lymphadenectomy revealed that BRAF and NRAS mutations 
occurred in 53 and 14% of MUP specimens, respectively (31). Of note, BRAF 
V600E mutations compromised 93% of all BRAF mutations in this MUP 
cohort, and no c-KIT mutations were identified (31). Thus, the genotype of 
MUP most closely resembles that of cutaneous melanoma, specifically the 
superficial spreading and nodular histological subtypes arising from intermit-
tently sun-damaged skin (33, 34). This genetic signature is distinct from cuta-
neous melanoma arising from chronically sun-damaged skin, acral skin, and 
mucosal sites, which are commonly enriched for c-KIT mutations (34). In a 
separate analysis of 39 MUP patients, mutations in the TERT-promoter were 
found more commonly in MUP than in mucosal melanoma (66.7% vs. 13.2%, 
respectively) (35). The presence of TERT-promoter mutations in MUP tumors 
correlated with a higher percentage of BRAF and NRAS mutations, leading to 
the hypothesis that TERT-promoter mutations may function as driver muta-
tions in MUP (35).
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INCIDENCE AND DEMOGRAPHICS

Likely related to the inherent difficulty in defining MUP, the incidence of MUP is 
widely reported, ranging from 1.2% to as high as 31% (36–38). Recently, a large 
systematic review clarified the true incidence of MUP and reported an overall inci-
dence of 3.2%, which remained stable when children and adolescents were 
excluded from the analysis (3). The wide incidence range previously reported in 
the literature could also be partly explained by the improving technology of medi-
cal imaging, which can lead to enhanced identification of the primary tumor (3). 
In the above systematic review, the incidence of MUP before the modern computed 
tomography era (3) in 1980 was 5.1%, as compared to 2.7% after 1980 (3).

The peak incidence of MUP occurs in the fourth and fifth decades of life, compa-
rable to cutaneous melanoma, but earlier than mucosal and ocular melanoma (1, 39). 
The younger age of MUP peak incidence may be attributed to the robust immune 
responses of younger patients, resulting in a higher rate of primary site regression (3). 
Moreover, MUP occurs twice as often in men as in women, and this has been attrib-
uted to epidemiologic factors related to an increased likelihood for primary site 
regression (3). For example, men may be more likely to ignore a primary cutaneous 
melanoma until after it completely regresses and later presents as metastatic disease, 
and men are also more prone to developing melanoma in anatomic sites where 
regression may be more likely to occur, including the back and scalp (3).

METASTATIC SITES

MUP is most commonly diagnosed in LNs (40–60% of all cases) and has been 
reported to involve the axillary, cervical, inguinal, and parotid LNs in 52.2, 32.7, 
28.3, and 2.6% of cases, respectively (3, 13, 40). In men, MUP most commonly 
presents in axillary and cervical LNs, whereas in women it is most likely to pres-
ent in inguinal LNs (3). The higher incidence of inguinal LN involvement in 
women compared to men has been attributed to the higher incidence of leg and 
anogenital melanoma in women (4).

After the LNs, MUP is diagnosed most commonly in subcutaneous sites 
(approximately 30% of cases) and is least commonly diagnosed in visceral organs 
(approximately 20% of cases) (3, 13). In the recent systematic review of MUP, 5.1% 
of patients presented with subcutaneous involvement, 4.9% with single or multi-
ple visceral sites, and 0.7% with osseous deposits (3). A multitude of visceral sites 
are reported with MUP, including the brain, parotid gland, heart, mediastinum, 
lung, breast, liver, common bile duct, small and large intestine, kidney, adrenal 
gland, prostate, bone, bone marrow, and muscle (29, 41–65). As expected, varying 
clinical presentations of visceral disease are described in the literature depending 
on the involved organ (Table 3) (46, 49, 59, 66–72). MUP can also present as a 
paraneoplastic syndrome, reported as retinopathy, systemic vasculitis, inflamma-
tory demyelinating polyneuropathy, diffuse vitiligo-like depigmentation, and 
Gorham-Stout syndrome, or vanishing bone disease (73–78). Vitiligo-like depig-
mentation appears to be a fairly common presentation of widespread metastatic 
disease and can precede the discovery of MUP by up to 18 months (76, 79, 80).
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A few special considerations regarding visceral involvement should be 
emphasized. First, the original primary melanoma can become clinically evident 
after the diagnosis of MUP. For example, Kumar et al. reported the case of a 
56-year-old woman with MUP diagnosed in a left axillary LN who presented 
with a primary cutaneous melanoma of the left finger 18 months after the origi-
nal MUP  diagnosis  (81). Second, MUP can present with varied histological 
appearances, which can often complicate the pathologic diagnosis, and under-
score the importance of immunohistochemistry in making a diagnosis of MUP. 
MUP has been described as a signet-ring cell neoplasm with abundant interme-
diate filaments that was only recognized as a melanocyte neoplasm when it 
stained positive for vimentin, S-100, and HMB-45 (82). Similarly, Adler et al. 
described the case of an angiomatoid melanoma mimicking a vascular malig-
nancy, characterized histologically as a spindle cell tumor with numerous 
 cavernous, erythrocyte-filled spaces, and only scant melanin pigmentation (83).

STAGING AND PROGNOSTIC FACTORS

The prognostic factors of patients with MUP are similar to those of MKP with the 
same clinical stage at presentation (84–86). However, until recently, no uniform 
staging guidelines existed for MUP (8, 87, 88). In 2009, the American Joint 
Committee on Cancer (AJCC) melanoma staging system classified MUP as stage III 
disease if there were LN or subcutaneous involvement at initial presentation, and 
as stage IV disease if there were visceral involvement (89). Serum S100 protein 
and positron emission tomography (PET) are recommended for baseline staging 

TABLE 3 Varied clinical presentations reported for 
melanoma of unknown primary 
(46, 49, 59, 66–72)

Involved visceral organ Clinical presentation

Colon (47, 50, 53, 66, 67) Intestinal obstruction
Intussusception
Gastrointestinal bleeding
Bowel perforation

Kidney (54) Hematuria

Heart (59, 69) Pericardial effusion
Heart failure

Liver (46, 68) Hepatosplenomegaly
Fulminant liver failure

Sacrum (70) Radiculopathy

Brain (55, 72) Acute meningitis
Seizures

Bone marrow (49, 62) Thrombocytopenia

Seminal vesicles (71) Hematospermia
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of MUP patients (90). In one study, serum S100 protein was elevated in 35% of 
MUP patients, and PET scans detected occult distant metastases in 86% of MUP 
patients (90). In addition, distant metastases were associated with significantly 
higher serum S100 proteins levels, suggesting that serum S100 protein may be a 
sensitive and specific marker to detect occult distant metastatic disease in MUP 
patients (90).

Similar to MKP, the patient’s age, AJCC stage, lactate dehydrogenase level, 
and  number of metastases at diagnosis are all independent prognostic factors 
for  MUP  (91). Furthermore, in multivariate analyses stratified by AJCC stage, 
 in-transit metastases and number of involved LNs are independent prognostic 
factors for stage III disease, and age and lactate dehydrogenase level at diagnosis 
are independent prognostic factors for stage IV disease (91). Additional positive 
prognostic factors for MUP include evidence of tumor regression, fewer numbers 
of involved LNs, and prompt surgical treatment within 3 months (3, 86, 91–93). 
Moreover, four studies reported a better prognosis for younger patients, but the 
effect of gender on prognosis is yet to be fully elucidated (3, 36, 91, 94, 95). 
Negative prognostic factors include the involvement of cervical LNs, extracapsu-
lar extension, and the presence of in-transit metastases (86, 88, 91, 96, 97). 
Ultimately, LN involvement was identified as the most important prognostic factor 
in MUP (97). Specifically considering only stage IV disease, an increased number 
of metastatic sites and lactate dehydrogenase at presentation were both associated 
with significantly worse outcomes (91).

Concerning mutational status, the presence of BRAS, NRAS, and TERT-
promoter mutations do not appear to have a significant prognostic impact, as 
there is no correlation between mutational status and overall survival (OS) for 
MUP patients (31, 33). Interestingly, MUP patients with vitiligo may have 
improved survival (13, 98). For example, vitiligo was diagnosed in 5 of 88 MUP 
patients in one cohort, and the presence of vitiligo was associated with a favorable 
prognosis (13). Another study described prolonged survival associated with the 
development of vitiligo 6 years after the diagnosis of MUP in axillary LNs (99). In 
this case report, there was no recurrence of melanoma 10 years after surgical 
resection of the involved LNs (99).

SURVIVAL

Median OS ranges from 24 months to 127 months for MUP patients presenting 
with LN disease (AJCC stage III), with 5- and 10-year OS ranging from 28.6 to 
75.6%, and 18.8 to 62.9%, respectively (3, 39). The OS of stage III MUP is sig-
nificantly better than MUP patients with visceral stage (AJCC stage IV), with 
median OS ranging from 3 to 13 months, 5-year OS ranging from 5.9 to 18%, 
and no 10-year survivors (3, 39). In a systematic review of MUP, seven studies 
demonstrated a significantly better prognosis for nodal MUP, compared to subcu-
taneous or visceral MUP (1, 8, 11, 91, 95, 100, 101). Regarding the effect of 
surgical management on survival, prompt radical neck LN dissection led to 
improved survival in three studies, while modified radical neck LN dissection led 
to improved survival in just one study (1, 8, 102, 103). However, the prognostic 
advantage of modified versus radical neck LN dissection could not be 
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conclusively determined in the systematic review (3). Similar to stage III MKP, 
non-surgical management of stage III MUP is associated with worse survival com-
pared to surgical  management (3). Some investigators suggest that surgery not 
only decreases the overall tumor burden but also decreases the degree of immu-
nosuppression, allowing anti-tumor immunity to develop (3).

Survival of MUP compared to MKP patients

Several studies attempting to compare survival differences between MUP and 
MKP patients utilizing matched patients and historical controls have revealed 
mixed results. As early as 1998, Vijuk and Coates reported a median survival of 
233 days for MUP patients, compared to 176 days for MKP patients (104). 
Similarly, Prens et al. examined outcomes of MUP patients after therapeutic neck 
LN dissections and found a trend for improved survival in MUP compared to 
MKP patients with 5-year OS of 40 and 27%, respectively (105). More recently, 
Weide et al. also reported improved OS for MUP patients compared to MKP 
patients with LN involvement (median OS 65 months vs. 24 months, respec-
tively) (96, 97). Regarding stage IV disease, a retrospective analysis of 534 patients 
with stage IV MUP and a median follow-up of 10.4 months revealed that MUP 
patients had a similar survival as cutaneous melanoma and uveal melanoma from 
the time of first distant metastasis but significantly better survival than mucosal 
melanoma (106).

A statistically significant survival difference between MUP and MKP patients 
has been demonstrated in only a handful of published studies (3). Lee et al. 
reported a significantly higher 5-year OS for MUP patients compared to MKP 
patients when matched for nodal metastases, site of metastatic disease, and 
number of metastatic sites (36, 39). Matching stage III patients based on four 
additional covariates, including age, sex, nodal tumor burden, and decade of 
diagnosis, also revealed a significantly higher median OS for MUP compared to 
MKP patients (164 months vs. 34 months, respectively) (39).

In an attempt to clarify the prognosis of MUP compared to MKP patients, 
Bae et al. recently conducted a meta-analysis of all studies reporting on survival to 
date, and reported better OS for stage III MUP patients compared to MKP patients 
(hazard ratio 0.83, 95% confidence interval 0.73–0.96, P = 0.01) and stage IV MUP 
patients compared to MKP patients (hazard ratio 0.85, 95% confidence interval 
0.75–0.96, P = 0.08) (107). Subgroup analyses also showed that MUP patients with 
nodal disease only had improved OS (hazard ratio 0.82, 95% CI 0.71–0.95) and 
disease-free survival compared to MKP patients (hazard ratio 0.84, 95% CI 0.70–
1.00) (107). The improved survival of stage III and stage IV patients MUP compared 
to MKP patients is particularly striking given that lead-time bias should inherently 
favor a survival benefit for MKP patients because the presence of a known primary 
would likely lead to an earlier diagnosis of each disease stage.

DIAGNOSIS

A thorough evaluation, including ophthalmologic and anogenital exams, is required 
when melanoma is diagnosed within the subcutaneous fat, LNs, or visceral organs 
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without an obvious primary source. However, the exact type of work-up that is 
recommended for MUP patients after a complete physical examination is con-
troversial (Figure 1). In one study of 103 MUP patients, Tos et al. found that 
84% of patients were examined by an ophthalmologist, 82% by an otorhinolar-
yngologist, and 89% by a gynecologist (108). Moreover, 92% of MUP patients 
had additional gastrointestinal imaging performed, including sigmoidoscopy 
and proctoscopy (108). Of the additional referrals and evaluations performed 
in  this particular study, the only primary site discovered was that of an 
 undiagnosed choroidal melanoma (108). Based on these findings, this group 
recommended a detailed history, physical examination, histopathologic 
review, and CT and/or PET for accurate staging for all new MUP patients but 
suggested that additional subspecialty referrals and specialized screenings may 
be redundant (108).

Similarly, a worldwide survey of 119 providers in 47 countries analyzed the 
clinical and laboratory work-up required for MUP patients after a thorough his-
tory and physical examination (109). Half of all responders specifically assessed for 
the presence of vitiligo that may help explain regression of the primary site (109). 
Three-quarters of all responders applied the same protocols for MUP patients as 
AJCC stage-matched MKP patients (109). In addition, all responders asked about 
the history of previous skin excisions, and 81% reviewed histopathologic slides 
from prior biopsies (109). Specifically, histopathologic review by an experienced 
pathologist is essential, as MUP can mimic other spindle cell neoplasms. For 
example, MUP of the parotid gland mimicked an interdigitating dendritic cell 
sarcoma, and ultimately required immunohistochemical staining to accurately 

Figure 1 Work-up for newly diagnosed melanoma of unknown primary.

Melanoma discovered in a subcutaneous tissue,
lymph node, or visceral organ

Obtain a thorough history, including inquiring about
previous skin excisions, traumatically removed
moles, or other cutaneous surgical procedures

Obtain detailed review of systems

No cutaneous, ocular, or mucosal primary site identified

Complete a thorough physical examination,
including ophthalmologic, oral, and anogenital exams

Obtain CT and/or PET for staging

Total body skin checks every 4-6 months to
monitor for delayed presentation of primary site

Obtain additional imaging studies

Consider referral to ophthalmology,
otorhinolaryngology, and/or gynecology for

specialized exams

Consider endoscopy, sigmoidoscopy, and/or
proctoscopy guided by review of systems

Review histopathology of melanoma of
unknown primary tumor specimen and all

past cutaneous biopsies
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identify the melanocytic origin of the tumor (110). In another case, hilar and 
mediastinal masses were initially highly suggestive of a primary lung cancer radio-
graphically but were ultimately discovered to be S100-negative MUP after histo-
logical analysis (111).

In addition, long-term follow-up is essential, as the occult primary can become 
clinically apparent over 5 years after the original diagnosis of MUP. In one case 
report of MUP diagnosed in the liver and treated with chemotherapy and radia-
tion, the most likely primary, a nasopharyngeal mucosal melanoma, only became 
clinically apparent 6 years after the original MUP diagnosis because of new onset 
epistaxis (112). In another case report of MUP diagnosed in the small intestine, 
the most likely primary became clinically apparent on the scalp 15 years after the 
original MUP diagnosis (113). These delayed primary site presentations may have 
resulted from incomplete physical examinations at the time of initial MUP diagno-
sis, or they could relate to alterations in the patients’ immune responses, resulting 
in growth of the primary tumor to the point of becoming clinically apparent.

Molecular profiling, imaging, autoantibodies, and dermoscopy can be used 
for the accurate diagnosis of MUP (114, 115). In the above survey study, 32% of 
respondents also screened MUP tumor specimens for BRAF, c-KIT, and GNAQ 
mutations, and the most common imaging modalities utilized were CT and/or 
PET (109). Furthermore, transient receptor potential melastatin 1 (TRPM1) 
autoantibodies may be useful in the work-up of MUP (116). Dalal et al. described 
a patient with bilateral intraocular inflammation and retinal hemorrhage con-
cerning for melanoma-associated retinopathy whose initial work-up for mela-
noma was unrevealing (116). Subsequently, the patient was found to have 
positive TRPM1 autoantibodies, which then prompted additional imaging that 
revealed an occult MUP involving an axillary LN (116). Finally, various groups 
have suggested that dermoscopy should be used to systematically narrow the 
field of potential candidate pigmented lesions for biopsy, and to identify subtly 
atypical pigmented lesions in order to diagnose an occult primary melanoma 
(115, 117).

MANAGEMENT

Numerous case series have supported the consensus that MUP patients should be 
treated with early aggressive surgical management in a similar fashion as MKP 
patients (6, 8, 100, 102, 118, 119). Most recently, a cohort of 78 MUP patients 
with LN or subcutaneous disease treated with regional lymphadenectomy or wide 
local excision further supports these early treatment recommendations (120). 
Although the local recurrence rate of subcutaneous disease after wide local exci-
sion with one to two centimeter margins was relatively high at 65%, the authors 
concluded that wide local excision still remains the best treatment option for 
subcutaneous disease (120). In contrast, the significantly lower local recurrence 
rate of 11% for LN disease after regional LN dissection substantiates its use as the 
standard of care for MUP with LN involvement (120).

Moreover, regional lymphadenectomy for palpable LN metastases was associ-
ated with significantly improved 5-year OS for stage III MUP patients compared 
to MKP patients (39). When patients were matched based on age, sex, nodal 
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tumor burden, and decade of diagnosis, the median OS was 164 months for MUP 
patients compared to 34 months for MKP patients (39). Similar findings were 
confirmed in a separate cohort of MUP patients, which also demonstrated 
improved disease-free, distant metastases-free survival, and melanoma-specific 
survival for MUP patients compared to MKP patients after therapeutic LN dissec-
tion (121). Extranodal extension, greater than three positive LNs, and adjuvant 
radiotherapy were all independent predictors of reduced disease-free and mela-
noma-specific survival in MUP patients (121). Thus, the absence of a primary site 
should not preclude aggressive surgical management with regional lymphadenec-
tomy in stage III MUP patients, and these patients should also be considered for 
adjuvant therapies traditionally aimed at stage III MKP patients (105, 122, 123).

These findings were confirmed in the systematic review of MUP performed 
by Kamposioras et al. (3). Wide local excision or LN dissection, either radical or 
modified, combined with parotidectomy, if necessary, is the current standard of 
care for surgical management of stage III MUP (3). Stage IV MUP also warrants 
aggressive therapy, and it should be treated similarly to stage IV MKP with a com-
bination of surgery, chemotherapy, immunotherapy, and radiotherapy, as the 
median OS and 5-year OS for stage IV MUP is significantly higher than stage IV 
MKP when matched for the site of metastatic involvement (36).

CONCLUSION

MUP, defined by the presence of melanoma in distant subcutaneous sites, LNs, or 
visceral organs without an obvious cutaneous, ocular, or mucosal primary site, is 
a well-characterized entity in the literature. It comprises 3.2% of all new mela-
noma diagnoses and occurs more commonly in men with a peak incidence in the 
fourth and fifth decades of life. LN involvement occurs more often than subcuta-
neous or visceral disease and most commonly affects the axillary LNs. Furthermore, 
involvement of a wide variety of visceral organs has been reported with MUP, and 
the possibility of primary noncutaneous melanomas occurring as a result of the 
malignant degeneration of ectopic melanocytes present in visceral organs, includ-
ing the gastrointestinal tract, should be considered.

MUP should be classified as AJCC stage III disease if it is diagnosed in LNs, or 
as subcutaneous tissue at initial presentation, or as AJCC stage IV disease if it is 
diagnosed in visceral organs. MUP patients have better prognoses and improved 
OS compared to stage-matched MKP patients, suggesting that immunologically 
mediated primary site regression may be the common underlying mechanism 
explaining the biological phenomenon of MUP. Given their improved survival, 
patients with stage III MUP should be treated with wide local excision for subcu-
taneous disease, and modified or radical LN resection for LN disease, and these 
patients should be offered enrollment in clinical trials as well as similar adjuvant 
therapy as stage III MKP patients. Finally, patients with stage IV MUP should be 
treated aggressively and similarly to patients with stage IV MKP, with combination 
of surgery, chemotherapy, immunotherapy, and radiotherapy.
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