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Summary: This review aims at giving an overview of the aetiology, genetic basis and clinical signs of equine malignant melanoma (EMM),
the diagnostic work-up and the current treatment options. The established association between certain genetic features and melanoma for-
mation in horses is reviewed. Typically, grey horses are affected with EMM. Typical predilection sites are the ventral tail, perianal region,
eyelids, lips, parotid, or guttural pouches. Tumours usually grow slowly, but frequently metastasize eventually. Chemotherapy with cisplatin,
5-Fluorouracil and cimetidine are reviewed. Surgical excision of solitary small tumours can be successful, but has no systemic therapeutic
effect and cannot prevent tumour recurrence. In conclusion, therapeutic options are still limited and conventional therapy is hardly curative.
Current research focuses on immune modifying therapies using either tumour antigens for therapeutic vaccination or antitumoural inter-
leukins. The most promising therapeutic approach currently under investigation is gene therapy using a xenogenic DNA vaccine coding for
tumour associated antigens such as tyrosinase and gene therapy using interleukin-12 and -18.
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Ätiologie, Klinik und aktuelle Therapieoptionen des equinen malignen Melanoms – eine Literaturübersicht

Die Prävalenz des equinen malignen Melanoms (EMM) liegt bei älteren Schimmeln bei etwa 80%. Aufgrund ihres langsamen Wachstums
und der häufig erst spät auftretenden Metastasierung werden Melanome beim Schimmel häufig in ihrer Malignität unterschätzt. Es wird
jedoch derzeit davon ausgegangen, dass ein Großteil equiner melanozytärer (benigner) Tumore eine maligne Transformation durchma-
chen, sodass in der vorliegenden Übersicht allgemein der Begriff des equinen malignen Melanoms, wie von Moore und Kollegen 2013
empfohlen, verwendet wird. Die genetische Basis dieser Neoplasie ist inzwischen untersucht. Es besteht ein Zusammenhang zwischen der
Entstehung von Melanomen und dem autosomal dominant vererbten Merkmal des Ergrauens beim Schimmel. Die Heritabilität für die Ent-
stehung von Melanomen bei Schimmel ist moderat und unterliegt einem polygenen Effekt. Die genaue Pathogenese ist allerdings noch
nicht abschließend geklärt. Am häufigsten betroffen vom EMM sind Schimmel, aber auch Pferde anderer Rassen können erkranken. Die
Tumore zeigen meist über längere Zeit ein langsames, oft infiltratives, Wachstum an typischen Prädilektionsstellen wie der Schweifunterseite,
der Perianalregion, den Augenlidern, der Lippe, der Parotis oder den Luftsäcken. Häufig metastasieren die Tumoren aber in einem späteren
Stadium doch. Häufig sind Signalement und klinisches Erscheinungsbild ausreichend um eine Verdachtsdiagnose zu stellen. Gesichert wer-
den kann diese durch die zytologisch-histologische Untersuchung eines Feinnadelaspirats oder einer Biopsie. Therapeutisch kommen lokale
Chemotherapeutika wie Cisplatin oder 5-Fluorouracil zum Einsatz. Auch die chirurgische Exzision ist bei solitären, kleinen Tumoren mög-
lich. Allerdings wird durch diese lokalen Therapien kein systemischer Effekt erreicht, Metastasen werden also nicht beeinflusst. Auch ein
Rezidiv des Tumors ist nach lokaler Therapie möglich. Da Melanome, nicht nur beim Pferd, sondern auch bei anderen Spezies, potenziell
gut auf eine immunologische Therapie ansprechen, fokussiert sich die Forschung aktuell auf diese Therapieform. Cimetidin spielt diesbe-
züglich trotz einiger erfolgversprechender Untersuchungen beim Pferd eine untergeordnete Rolle. Am vielversprechendsten sind derzeit
Untersuchungen zur Gentherapie mit einer xenogenen DNA-Vakzine gegen tumor-assoziierte Antigene (Tyrosinase) und die Gentherapie
mit Interleukin-12 und -18.
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Introduction

The common occurrence of equine malignant melanoma in
grey horses has been known for decades (Mcfadyean 1933).
The disease was recently reviewed (Metcalfe et al. 2013,
Moore et al. 2013, Phillips and Lembcke 2013) and the term
equine malignant melanoma (EMM) was proposed by Moore
and colleagues (2013) to describe the common melanocytic
disease occurring in horses, considering the malignant poten-
tial of this tumour during its course of disease. This review
describes the aetiological basis of EMM, the genetic influence

in its development, diagnosis, and the current therapeutic
approaches. It concludes with an outlook of immunological
treatment options which might prove a successful solution to
this neoplastic disease in the future. 

Nature and clinical signs of EMM

Aetiological basis of EMM

Cutaneous melanocytic tumours occur frequently in aged
grey horses (Mcfadyean 1933, Fleury et al. 2000b, van der
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Zaag 2012). The aetiology of EMM has, however, been
discussed controversially. Although some authors, predomi-
nantly in earlier research articles, suggested a non-neoplastic
aetiology of the disease (Rodriguez et al. 1997, Sutton and
Coleman 1997), EMM is now generally accepted as a neo-
plastic condition (Gorham and Robl 1986, Macgillivray et al.
2002, Patterson-Kane and Ginn 2003, Seltenhammer et al.
2004, Moore et al. 2013). Due to the high incidence of
malignancy in equine melanomas Moore and colleagues
(2013) proposed to use the term equine malignant melano-
ma when referring to equine melanomas because of their
general malignant potential (Moore et al. 2013). Since most
melanomas undergo a transformation from benign to malig-
nant, within this review article the authors follow their recom-
mendation and use the term EMM. Greying with age is due
to an autosomal dominant trait which has been linked to
melanoma formation in horses (Rieder et al. 2000, Selten-

hammer et al. 2003, Rosengren Pielberg et al. 2008, Sund-
strom et al. 2012b). Recently, a possibly causative association
between a copy number expansion of the duplication in syn-
taxin 17 (duplicated sequence of the grey gene) and melano-
ma development was identified (Sundstrom et al. 2012a). In
addition, a loss-of-function mutation of the agouti signalling
peptide (ASIP) locus was shown to be associated with the
occurrence of melanoma in grey horses (Rosengren Pielberg
et al. 2008). The heritability for melanoma development in
grey horses is moderate (Seltenhammer et al. 2003, Curik et
al. 2013) and underlies a polygenic effect, which still has to
be elucidated in detail. Recently, Teixeira and colleagues
(2013) evaluated the prevalence and severity of EMM in a
population of grey quarter horses. 

The exact pathogenesis of tumour development has also still
to be clarified. Since there are two genes (STX17 and ASIP)
identified already in the development of EMM which code for
proteins interacting with cell cycle regulator proteins, a dysre-
gulation and subsequent proliferation and transformation
might result from these gene products (Rosengren Pielberg et
al. 2008). 

Campagne et al. (2012) recently identified an overexpression
of the receptor for activated C kinase 1 (RACK1) in equine
melanoma cells compared to healthy melanocytes. This
makes RACK1 a suitable marker for malignancy in EMM.
Despite frequent occurrences of metastases, organ dysfunc-
tion due to internal metastases is rare (Mcfadyean 1933,
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Goetz et al. 1990, Schott et al. 1990, Blanchard et al. 1991,
Fleury et al. 2000a, Garvican et al. 2007). However, histo-
pathological differentiation between benign and malignant
lesions is not always possible. 

Clinical signs in diseased horses

Grey horses of a median age of 7.6 years are typically affec-
ted and the incidence of EMM increases with age. McFadye-
an (1933) has already described an EMM prevalence of
80% in horses older than 15 years of age. Melanomas often
show a slowly invasive growth pattern, but frequently meta-
stasize with disease progression (Baker and Leyland 1975,
Valentine 1995, Fleury et al. 2000a, Smith et al. 2002).
EMM usually starts with small solitary dermal tumours at
various cutaneous (ventral tail, perianal region, eyelid, lip) or

visceral (guttural pouch, parotid) predilection sites (Figure 1).
Visceral metastases can occur not only in parenchymal
organs (Figure 2), bone-marrow and mesentery, but also in
skeletal muscle (Rodriguez et al. 1998, Patterson-Kane et al.
2001, Macgillivray et al. 2002, Kovac 2005, Garvican et al.
2007). Masses may compress the peripheral nerves (Murray
et al. 1997) or the spinal cord and, therefore, lead to neu-
rologic deficits (Patterson-Kane et al. 2001, Rosengren Piel-
berg et al. 2008). Moore et al. (2013) proposed a clinical
classification into four progressing stages in which horses
showing only a single melanoma with a diameter of less than
2cm and a slow growth is classified as stage 1. Stage 2 des-
cribes horses with multiple small (less than 2cm) tumours
without dissemination or metastases and a slow or quiescent
growth pattern. Animals showing multiple melanomas less
than 4cm in diameter with dissemination or metastases and
a slow growth rate are classified as stage 3. Those multiple
melanomas with a diameter of more than 4cm and a rapid
growth are classified as stage 4. 

Diagnosis

Despite the signalment, the clinical presentation in most cases
is typical (when cutaneous tumours are found in grey horses at
typical predilection sites) and allows a suspicion diagnosis of
EMM. However, other equine tumours (e.g. equine sarcoids)
can occur at sites known for EMM formation (e.g. prepuce).
Therefore, histology or fine needle aspirates may help to con-

Fig. 1 Typically, equine malignant melanoma can be found at predilection sites as the parotid (A), under the tail (B) and the eyelid (C). 
Typisches klinisches Bild von Patienten mit Melanomen im Bereich der linken Ohrspeicheldrüse (A), Melanomen unter der Schweifrübe
(B) und Melanom am linken Unterlid (C)
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firm the diagnosis in cases of doubt. To obtain a fine needle
aspirate, a 20G needle is introduced into the tumour, while the
horse is medically or manually constrained. A 10ml syringe is
then attached to the needle and cells are freed from the tumour
tissue by gentle negative pressure. Care should be taken to
avoid bleeding into the sample. The aspirate can subsequently
be streaked out onto a microscope slide and evaluated.

A transrectal palpation should be performed in cases in which
the perianal region is involved in the disease process or in
which the horse presents for more unspecific findings to identify
possible abdominal metastases and, more importantly, to eva-
luate the interference of tumours with defecation. Since parotid
melanomas may grow internally without severe external signs,
an endoscopic examination of the upper airways and guttural
pouches helps to identify potential obstructions in cases in
which horses present for melanomas in the parotid region. 

If the tumour has metastasized widely, the horse might pre-
sent for unspecific signs, such as weight loss, colic or exer-
cise intolerance. In these cases, a full work-up, including
ultrasonography of the thoracic and abdominal cavity
(Figure 3), radiography of the thorax, haematology, and
blood biochemistry, might be necessary to find a suspicion
diagnosis. Molecular markers such as RACK1 might play a
role in diagnosing EMM in the future (Campagne et al.
2012).
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Treatment options of EMM

A number of local treatment modalities have been applied to
EMM with varying success. Up to now, no single therapy has
resulted in a satisfactory effect. Chemotherapy using cisplatin
is a promising approach, outcome in grey horses ranges from
partial remission of tumours to complete resolution of treated
tumours for at least two years (Hewes and Sullins 2006, The-
on et al. 2007, Spugnini et al. 2011). Cisplatin is usually
mixed with sterile medical-grade sesame oil for local intratu-
moural injection in order to hold the substance on the spot
(Goodrich and Semevolos 2000). A syringe containing
cisplatin (10 mg/ml) is connected to a three-way stopcock.
Double the volume of the aqueous cisplatin solution is drawn
up into another syringe and the two fluids are mixed well.
After antiseptical preparation of the injection site, the tumour
and peritumoural region are infiltrated with the cisplatin

emulsion (3.3mg/ml). It is recommended to use 1mg cispla-
tin per cm3 of tumour (Goodrich and Semevolos 2000).
Appropriate safety measures (gloves and glasses) should be
worn by all personnel involved in the treatment to avoid con-
tamination of healthy skin with cisplatin.

Local treatment using only biodegradable beads containing
cisplatin was successful in the treatment of grey horse mela-
nomas, alternatively in combination with surgical debulking

Fig. 2 After malignant transformation visceral metastases can be found. On post-mortem multiple metastases in the spleen (A), in the
liver (B) and on the serosal surface of the heart (C) can be noted as distinct black nodules.
Viszerale Metastasen können in der Milz (A), dem Herzen (B) und in der Leber auftreten (C). Makroskopisch fallen sie bereits durch die
starke schwarze Pigmentierung auf.

Fig. 3 Malignant melanoma
of a grey gelding. The ultrasono-
graphic image (A) was obtained
in the ventral midline. The
hypoechoic free fluid was dia-
gnosed as haemoperitoneum on
post mortem. The spleen has an
irregular surface and shows mul-
tiple round hyperechoic nodules
with hypoechoic margins. The
corresponding post mortem
image shows multiple metasta-
ses inside the spleen (B).

Die Milzmetastasen eines malignen Melanoms bei einem Schimmelwallach sin dim Ultraschallbild (A) erkennbar. Das Bild wurde ventral
in der Linea alba. Die hypoechogene freie Flüssigkeit wurde postmortal als Hämoperitoneum diagnostiziert. Die Milz zeigt eine unregel-
mässige Oberfläche mit rundlichen hyperechogenen Herden, die von einem hypoechogenen Saum umgeben sind. Abbildung (B) zeigt
den Sektionsbefund der Milz. Multiple Melanommetastasen sind unter der Oberfläche und im Anschnitt zu erkennen.
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or with local intra- and peritumoural injection of cisplatin in
sesame oil, respectively, leading to the resolution of the
tumour treated for at least two years in most of the cases
(Hewes and Sullins 2006, Theon et al. 2007). A case report
describing intralesional cisplatin injection combined with
electroporation showed partial remission of the tumours
(Spugnini et al. 2011). 

Chemotherapeutic use of 5-Fluorouracil in combination with
surgical excision of a retrobulbar grey horse melanoma was
reported by Bienert-Zeit and colleagues (2014). After surgical
removal of the tumour via dorsal orbitotomy, 10ml 5-Fluo-
rouracil (50mg/ml) were instilled into the surgical wound.
The horse was followed for six months post surgery and no
clinical evidence of recurrence at the surgical site or signifi-
cant growth of a distant tumour (perianal) were observed
during that time. The drawback of any local therapy is, howe-
ver, that tumour growth at distant sites cannot be prevented
and there is still a risk of recurrence of tumour growth after
therapy (Theon et al. 2007).

The histamine 2 receptor antagonist cimetidine was reported
as a successful treatment of EMM (Goetz et al. 1990). Howe-
ver, more recent reports did not confirm the favourable out-
come in horses treated with cimitidine (Macgillivray et al.
2002, Laus et al. 2010). 

Surgical treatment

Surgical excision may be a reasonable treatment method in
early cases. However, it carries the risk of regrowth or an
increase in the number of cutaneous lesions after surgery
(Figure 4) (Moore et al. 2000, Rowe and Sullins 2004).
Occurrence of internal metastases after surgery has not been
reported in horses after excision of EMM. Nevertheless, Mac-
Gillivray et al. (2002) reported on necropsy findings of 14
horses with metastatic melanoma. In three of these horses,
surgical debulking and partial tail amputation was performed
1.5 to 6 years before metastatic disease was diagnosed. It is,
however, not clear whether the metastases found at post mor-
tem examination were true metastases or multiple primary
tumours, nor whether the tumours occurred only after surgery
or had been developing despite surgical treatment. McMullen
(2008) reported a 14-month recurrence-free period after
enucleation of an eye and associated epibulbar melanoma.
Few articles on iridal melanomas treated by sector iridectomy
with or without systemical cimetidine treatment report favou-
rable outcomes after surgery. In one of these cases, three
melanotic lesions at different anatomical sites are described
at an examination six weeks after surgery. It is not clear,
however, whether those tumours had not been noticed before
because of new growth or neglect (Scotty et al. 2008). After
surgical removal and repeated systemic cimetidine therapy,
the horse remained free of tumours for a follow-up period of
15 months. Tóth and colleagues (2011) claim sector iridec-
tomy successful in the removal of an ocular melanoma, but
do not mention a follow-up period at all. Therefore, no con-
clusion regarding long-term success can be drawn from the
case. 

In conclusion, long-term outcome of surgical excision alone
is not satisfactory in many cases due to the only local effect
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of excision and frequently ongoing disease progression. It
can, thus, only be recommended in solitary tumours or in
cases of disturbed physiological functions due to tumour
growth, as it is often unrewarding in advanced disease. Since
another drawback of surgical therapy is the difficult surgical
approach to predilection sites (perianal, tail, guttural pou-
ches, parotid) with a high potential for sequelae in wound-
healing and for surgical site infections, a more systemically
effective therapy with promising long-term effects is desired. 

Outlook on immune-modifying therapies

Melanoma is a tumour with marked immunogenicity and,
therefore, carries the potential of responding to immune-
modifying treatments (Gyorffy et al. 2005, Wolchok et al.
2007). The immunological treatment approach to melanoma
in horses was reported as early as 1924 when a grey horse
bearing melanoma was treated using an autologous melano-
ma vaccine (Mertens 1924). Since then, several reports on
immunotherapy of EMM have been published. Despite their
promising therapeutic effect shown in a case series of 12 hor-
ses (Jeglum 1997) and a case report (Finocchiaro et al.
2009), autologous cancer vaccines are not commonly used
therapeutically. One of the reasons might be the cost and
labour-intensive method of the vaccine preparation for each
individual patient. Hence, more generally applicable thera-
pies are under research. Several interleukins can act as adju-
vants stimulating immune effector cells to express their antitu-
moural efficacy (Overwijk et al. 2000, Colombo and Trin-
chieri 2002). Heinzerling et al. (2001) described a gene the-
rapy with plasmids encoding human interleukin-12 in seven
grey horses resulting in partial regression of melanomas. In a
placebo-controlled study, 26 grey horses bearing melanomas
were treated intratumourally with plasmids encoding equine
interleukin-12 or -18. Treatment with both interleukins resul-
ted in a halt of tumour growth and even a size reduction to
80% of the baseline volume in the horses treated with inter-
leukin-12 after 64 days (Müller et al. 2011). The differentia-
tion antigens glycoprotein 100 (gp100) and tyrosinase pro-
ved to be therapeutic as melanoma vaccines in mice, dogs
and men (Bergman et al. 2001, Gyorffy et al. 2005, Wolchok
et al. 2007). To further improve the rather adjuvant interleu-
kin therapy, a combination of DNA coding for interleukin-12
and -18 and DNA coding for human gp100 or tyrosinase
was evaluated in 27 grey horses bearing melanomas. Howe-
ver, in this investigation by Mählmann (2012), the additional
therapeutic vaccination with DNA vectors encoding either
human gp100 or human tyrosinase did not improve the anti-
tumoural effect of interleukin-12 and -18 DNA alone. Never-
theless, other authors have shown not only immune responses
in healthy horses to the application of a commercially availa-
ble melanoma DNA vaccine encoding human tyrosinase,
licensed in the Unites States of America for the treatment of
canine melanoma (Oncept, Merial Ltd., Athens, GA) (Lembk-
ke et al. 2012), but also report tumour regression of grey hor-
se melanomas after the off-label use of this vaccine (Phillips
and Lembcke 2013). Consequently, the immunological thera-
peutic approach to EMM – potentially in combination with
conventional therapies – is likely to have a significant impact
in the future. Eventually, with the further development and
refinement of new methods, a cure for this tumour might be
forthcoming for the general equine practitioner.
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