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General introduction

The horse has a unique place in human society. While meat production may possibly 
have been the first motivation in the very early stages of domestication, horses be-
came soon pivotal for transport and for millennia the animal was the principal means 
of transport for both military and civil purposes, enabling the establishment of entire 
empires and facilitating advances in agriculture. In contrastt to many other domestic 
ungulates, which are basically kept for more economic reasons producing meat, milk 
or wool, horses acquired already a mixed status from the early days of domestication: 
source of food to a certain extent, indispensable weapon for the military, agricultural 
working companion in rural areas, but also a status-providing riding animal for the 
nobility and, derived from this use, a leisure and sport animal, especially in Western 
countries (Edenburg 1999). From this mixed status evolved the current position of 
the horse, where many horses in private ownership nowadays have a far greater emo-
tional than economic significance for their owner. This increasing degree of emotional 
attachment which horse owners feel for their animal in recent times (Lagoni et al. 
1994) leads to an increased willingness of the average horse owner to invest in the 
management and health care of their horse. 

Management practices, including exercise, nutrition, and routine preventive health 
care measures will affect equine health and welfare positively and with these life 
expectancy. Also, because of emotional reasons, elderly horses that cannot perform 
anymore will be less easily culled than animals held on more economic grounds. 
Indeed, there is evidence that numbers of older horses evaluated at referral hospitals 
for treatment are on the increase (Brosnahan and Paradis 2003a). Although the exact 
proportion of geriatric horses (≥ 15 years) is unknown, this group is thus of increasing 
interest for equine practitioners (Brosnahan and Paradis 2003b). In a large retrospec-
tive postmortem study of geriatric horses most diagnoses were associated with the 
digestive system, musculoskeletal system and reproductive system, with strangulat-
ing lipoma, laminitis, pituitary adenoma, and various types of neoplasia being the 
most common specific diseases (Williams N. 2000). The probability of diagnosing a 
neoplasia has been calculated to increase 1.14-fold per year of increasing age (Silva 
and Furr 2013). The general prevalence of (all types of) neoplasia has been estimated 
at 17.9% (Sundberg et al. 1977). Squamous cell carcinoma (SCC) is one of the most 
frequently diagnosed tumours (Valentine 2006).
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Squamous cell carcinoma in horses

Squamous cell carcinoma (SCC) belongs, with sarcoids and melanoma, to the 3 most 
common skin tumours diagnosed (Bastianello 1983; Valentine 2006; Schaffer et al. 
2013). Squamous cell carcinoma is also the most commonly diagnosed neoplasm 
of the eye, conjunctiva, ocular adnexal structures, and external genitalia. However, 
this tumour type can also affect the stomach, esophagus, nasal passages, paranasal 
sinuses, pharynx, larynx, perianal tissue, ear canal, and guttural pouches (Strafuss 
1976; Trigo and Nickels 1981; MacFadden and Pace 1991; Jones 1994; Dixon and 
Head 1999; Geelen and Sloet van Oldruitenborgh-Oosterbaan 1999; Smith et al. 2008; 
Taylor et al. 2009; Frank et al. 2010). 

There appears to be a higher incidence of the disease in draft breeds (Belgian, Clydes-
dale, Shire), as well as Appaloosas and American Paint Horses, although breed demo-
graphics in study populations may have had some influence (Schumacher 2006). The 
predisposition of Appaloosas and American Paint Horses is related to these breeds 
having large patches of white hair, which allows for increased cutaneous UV exposure 
(Schaffer et al. 2013). Extended exposure of non-pigmented or sparsely haired skin 
to ultra violet (UV) light is considered a major risk factor for the development of SCC. 
Hormonal factors play a role too, as studies on ocular SCC have reported that sexu-
ally intact males and females are significantly less likely to develop squamous cell 
carcinoma than castrated males (Schwink 1987; Dugan et al. 1991). 

Early clinical signs of cutaneous SCC include depigmentation, thickening of the skin, 
mild exfoliation, and ulceration of the skin that can be erosive or productive in nature 
(Pascoe and Knottenbelt 1999). Erosive lesions usually appear as small superficial 
nodules covered with normal skin. The developing tumor eventually destroys the 
overlying epidermis, leading to ulceration, necrosis, and a generalized foul odour 
(Pascoe and Knottenbelt 1999). These lesions gradually enlarge and may develop a 
crater like appearance. The productive lesions develop as papillary masses with a 
cauliflower-like appearance and the invasive forms aggressively erode into normal 
tissue (Paterson 1997). 

penile and preputial squamous cell carcinoma in the horse
In the horse, 6–10% of all neoplasms affect the external genitalia (Theilen and 
Madewell 1987; Brinsko 1998). Penile and preputial SCC is the most common neo-
plasm of the external genitalia with an incidence of 49–82.5% (Klein et al. 1991; 
Brinsko 1998). The disease affects mainly adult and often elderly horses. Markel et al. 
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(1988) reported that the average age of affected horses was 12.4 years, but most other 
studies report a higher average age of 17.4–21.0 years (Strafuss 1976; Howarth et al. 
1991; Brinsko 1998; Mair et al. 2000; Valentine 2006). Viral infection, the presence of 
smegma, persistent phimosis, or repeated trauma are all mentioned as predisposing 
factors for the development of neoplasia of the external genitalia (Klein et al. 1991; 
Brinsko 1998; Scase et al. 2010). 

These tumours obviously cause discomfort, but they can have more severe conse-
quences and may even be lethal. It has been described that SCCs have the ability to 
metastasize to regional lymph nodes, lungs, heart and bones (Patterson et al. 1990; 
Frank et al. 2010; Van den Top et al. 2011). However, very little is known about aetiol-
ogy, pathogenesis, natural course and outcome of therapeutic interventions in penile 
neoplasia in the horse. These tumours therefore pose significant diagnostic, thera-
peutic, prognostic and preventive challenges. Unlike the situation in humans, there 
are no guidelines for diagnosis and treatment in horses. Such guidelines, based on the 
available evidence, even if this is minimal, would, in combination with the generally 
motivated horse owners, probably substantially improve the chance of a successful 
outcome. 

penile tumours in man

In man, penile cancer is a rare disease in Western countries with an age-adjusted in-
cidence of around 0.3-1.0 per 100.000, and rates increased with age (Hernandez et al. 
2008). Just like in horses, the predominant tumour type is the SCC. Culture, religion, 
and socio-economic status have been described as factors explaining the geographical 
variation in incidence that has been observed, which is obviously unlike the situation 
in horses (Hernandez et al. 2008, ). For example, penile cancer is very rare in popula-
tions that routinely practice circumcision shortly after birth or in young males. Risk 
factors for this disease include phimosis, poor penile hygiene, smoking, and infection 
with human papillomavirus (HPV). Although the exact pathogenesis in man is largely 
unknown, inflammation is thought to be an important factor in tumour development 
or progression, as many penile cancers arise at sites of infection, chronic irritation or 
injury (Bleeker et al. 2009). Virus-mediated and virus independent carcinogenesis 
have been described with 45-80% of penile carcinomas being HPV related (Daling 
et al. 2005, Bleeker et al. 2009). Papillomavirus type HPV16 is the predominant type 
(Heideman et al. 2007).
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penile cancer guidelines in man
In human medicine, the European Association of Urology (EAU) Guidelines Group on 
Penile Cancer has formulated guidelines to assist medical professionals in the man-
agement of the disease (Pizzocaro et al. 2010). These guidelines focus on SCC as the 
most common tumour and have been formulated after a systemic literature search 
of the available data. Adherence to these guidelines is said to be successful in loco-
regional disease control and to result in improved patient survival (Breen et al. 2014). 

The guidelines describe different diagnostic procedures, a grading according to histo-
pathological characteristics, ways of staging tumours and treatment options. Staging 
of tumours, together with the histopathological grading of biopsies, aids clinicians in 
therapeutic decision-making and in the evaluation of the results of treatment. A stag-
ing system may further facilitate exchange of information between treatment centers, 
contribute to the development of therapeutic guidelines and help in prognostication. 
This so-called TNM system describes the size of the tumour (‘T’) and whether it has 
invaded adjoining tissue, the extent of regional lymph node (‘N’) involvement and the 
eventual presence of distant metastases (‘M’) (Sobin et al. 2009). 

In horses there is not only little knowledge on pathogenesis, but also on outcome of 
treatment of penile and preputial squamous cell carcinoma. Studies that have been 
conducted so far have reported on relatively small groups of horses, making it difficult 
to draw definitive conclusions. Consequently, no standardised approach based on the 
available evidence has been developed thus far. There is a dire need for more informa-
tion on penile neoplasia in the horse as a basis for guideline development, given the 
demographic changes in the equine population with an increasing number of geriatric 
horses, as signaled earlier. It is to be expected that in the horse, like in humans, the 
development of such guidelines for diagnosis and treatment of penile and preputial 
tumours will improve the management of this disease and with it the prognosis for 
the horses. 

Scope of the thesis

The overall aim of this thesis was to perform a comprehensive study on penile and 
preputial SCC in horses, including the course of the disease, etiological factors, patho-
genesis and outcome of treatment, to serve as a basis for guideline development. 
Moreover, with better understanding of the development of penile and preputial 
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tumours in horses, the instauration of effective preventive measures should come 
closer. 

The approach chosen was to take profit from the large data base of both clinical 
cases and biopsies that was available at Utrecht University, which could even be sub-
stantially enlarged by joining forces with the veterinary faculty of Ghent University. 
The cases were systematically analyzed to get better information on the course of the 
disease and the effects of various treatments related to disease stage. The specimens 
were used for in-depth research on possible pathogenetic mechanism and the explo-
ration of potential prognosticators. Finally, a protocol for the management of this type 
of tumour was developed, based on the best available evidence from this study and 
the existing literature. 

Course of the disease
In chapter 2 a review of the literature on equine penile and preputial tumours with 
the emphasis on SCC is presented that outlines the most important characteristics of 
this disorder that are relevant for the development of guidelines for a standardised 
diagnostic and therapeutic approach. Chapters 3 and 4 contain retrospective analyses 
of male horses with neoplasms of the external genitalia. Initially, case reports of a 
large group (N=114) of horses with penile and preputial neoplasia were evaluated 
to find relationships between factors such as age, castration status, type and site of 
the lesion and involvement of lymph nodes and stage, and course of the disease. Next, 
in a group of 77 male horses affected with SCC of the external genitalia long-term 
results of treatment are described. Data on treatment, outcome and postoperative 
histopathology were analyzed and related to retrospective tumour grading in order 
to gain insight in tumour behaviour and relationship to outcome.

pathogenesis
Data from penile and preputial SCC in man show that infection with papillomavirus 
and inflammation may play important roles in the development of penile SCC. In fact, 
inflammatory characteristics of the tumour and the presence of virus are important 
prognosticators for the disease. Based on this knowledge, we investigated the expres-
sion of arachidonic acid pathway enzymes and the presence of (equine) papillomavi-
ruses. 

In chapter 5, the expression of cyclo-oxygenase 1 (COX-1), cyclo-oxygenase 2 
(COX-2) and microsomal prostaglandin E synthase-1 (mPGES-1) in equine penile and 
preputial normal tissue, papillomas and SCC is investigated in relation to the degree 
of inflammation and the differentiation grade of the tumour. 
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In chapter 6, the relationship between tumour differentiation grade (subtype), 
presence of papillomaviruses, expression of viral genes (E2, E6, L1), nuclear proteins 
p53 and Ki67, and the occurrence of metastases in equine penile and preputial squa-
mous cell carcinoma was studied to assess the value of these parameters as possible 
prognosticators for survival.

Development of guidelines
The last chapter (chapter 7) summarizes the results of the preceding chapters and 
discusses their relevance for the understanding of the course of the disease, patho-
genesis and prognostication. The concept of a guideline for the management of penile 
and preputial SCC in the horse is presented.
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Summary

Penile and preputial tumours are not uncommon in the horse, but can cause discom-
fort and lead to serious complications. Several types of tumour of the male external 
genitalia have been described. The most common type is the squamous cell carcinoma 
(SCC), which is found mainly in older horses. Reports of a breed predilection for penile 
tumour formation are equivocal, but castration, coat colour, poor hygiene and various 
infectious agents have all been suggested to predispose to the development of some 
types of tumour (e.g. SCC, papilloma and melanoma).

Careful assessment of the primary tumour is an important first step in the design 
of an optimal treatment protocol. Invasiveness, differentiation grade, tumour size and 
presence of metastases are all relevant to the decision to pursue additional diagnostic 
procedures or specific treatment options. 

To date, no standard protocol has been reported for the approach to penile tumours 
in the horse and treatments range from minimally invasive therapies (e.g. topical use 
of 5-fluorouracil) to radical surgical interventions (e.g. en bloc penile and preputial 
resection with penile retroversion). Completeness of removal of the neoplasm and 
therefore risk of recurrence is highly dependant on the type of therapy chosen. How-
ever, the size and histopathological features of the primary tumour are also important 
factors with respect to the likelihood of recurrence. 

This review describes the most common penile and preputial neoplasms in the 
horse, and outlines a standard protocol aimed at arriving at a specific diagnosis and 
tailoring the therapeutic approach accordingly. 
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Penile and preputial tumours in the horse

Introduction

Penile and preputial tumours are not uncommon in the horse (Theilen and Madewell 
1987). The prepuce and penis are covered with skin and mucosa, and can thus be 
affected by tumours of epithelial or mesenchymal origin. The presence of a penile 
neoplasm frequently leads to discomfort, and can also progress to more severe se-
quelae and even result in death. 

In man, treatment of patients with penile tumours and suspected inguinal metas-
tases follows a standardised approach with respect to the diagnostic work-up and 
the treatment of the primary lesion and regional lymph nodes, if affected (Solsona et 
al. 2004; Busby and Pettaway 2005; Micali et al. 2006). In equine medicine, there is 
currently no standardised approach to venereal tumours in the male horse. The lack 
of a systematic approach for classifying tumour type and behaviour is likely to affect 
choice and outcome of (surgical) treatment and therefore the recurrence rate. 

In this review the most important characteristics of equine penile tumours are out-
lined, with the emphasis on the squamous cell carcinoma (SCC) as the most frequent 
type of tumour, and a standardised approach to the diagnostic work-up and decision 
making with respect to therapeutic options is proposed. 

epidemiology

prevalence 
Various large post mortem surveys in horses have suggested a general prevalence of 
(all types of) neoplasia of up to 17.9% (Sundberg et al. 1977). By contrast, surveys of 
horses in practice populations have indicated a lower prevalence of neoplasia of up 
to 3% (Cotchin 1977). Moreover, approximately 6–10% of all neoplasms affect the 
external genitalia (Theilen and Madewell 1987; Brinsko 1998). Table 2.1 indicates the 
reported prevalence of tumours of the external genitalia in various studies. 

Table 2.1: Prevalence various types of penile tumour

Incidence (%) Source

SCC 49-88 (Strafuss 1976; Klein et al. 1991; Brinsko 1998; Van den Top et al. 2008a) 

papilloma 1.6-8.5 (Brinsko 1998; Van den Top et al. 2008a)

melanoma 4.8-5.1 (Brinsko 1998; Van den Top et al. 2008a)

other 0.3-0.14 (Klein et al. 1991; Van den Top et al. 2008a)
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age
Squamous cell carcinomas of the external genital tract of male horses occur most com-
monly in older horses. Markel et al. (1988) reported an average age of 12.4 years, but 
most other studies have suggested a higher average age (17.4–19.5 years) (Strafuss 
1976; Markel et al. 1988; van den Top et al. 2008a). 

Tumours other than SCCs more often manifest at a younger age. For example, 
melanomas have been reported in horses aged 2–29 years with an average of 13 years 
(Howarth et al. 1991; Valentine 2006; van den Top et al. 2008a; Gardiner et al. 2008). 
Papillomas (warts) are the most common tumours in younger horses, i.e. age 1–3 
years (Scott and Miller 2003), but the mean reported age of horses with papillomas in 
the external genital region is still 16.2–18 years (Howarth et al. 1991; Gardiner et al. 
2008; van den Top et al. 2008a). 

For various less common mesenchymal tumour types, an age range of 7–14 years 
with an average of 10 years has been reported (Klein et al. 1991), although we re-
cently reported an average age of 15.4 years for these types of tumour (van den Top 
et al. 2008a).

Breed predisposition
Reports of breed predispositions for genital tumours are equivocal and difficult to 
interpret because of strong breed biases in many of the study populations. Strafuss 
(1976) reported that 152 of 287 horses with neoplasms were Quarter Horses and 
that 10% of the neoplasms affected the genitalia. Akerejola et al. (1978) reported an 
incidence of penile and pretuptial tumours of 3% in a survey of Arabian horses, the 
most common breed in North Africa. 

Ponies do appear to be overrepresented among sufferers of male genital tumours, 
although this may be related to the their higher median life-expectancy. Of 45 horses 
treated surgically for SCC, 17 were ponies (Mair et al. 2000), although there was no 
further differentiation into pony breeds. In a survey of geldings subjected to penile 
amputation and urethrostomy, 36 of the 43 patients were ponies, leading the authors 
to suggest that ponies are more susceptible than horses (Howarth et al. 1991). In a 
retrospective study of male genital tumours by van den Top et al. (2008a), 53 of the 
115 horses were of smaller breeds, but no specific breed was overrepresented. 

Breeds with nonpigmented genitalia, such as Appaloosas and American Paint horses, 
are thought to have a predilection for the development of SCCs (Schumacher 2006), 
while Thoroughbreds, Percherons, Lippizaners, Camargue horses and Arabians seem 
to be more prone to developing genital melanomas than other breeds, which is prob-
ably a consequence of the high percentage of grey horses in these breeds (Foley et al. 
1991; Fleury et al. 2000a). 
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aetiological factors 

Infection of the basal cell layer of the cutaneous epithelium with a host-specific papil-
lomavirus is thought to be responsible for, or contribute to, the development of papil-
lomas (Joyce 1976; Postey et al. 2007) and it has been suggested that papillomas of 
the penis and prepuce are caused by a different equine papillomavirus to that which 
causes skin papillomas (O’Banion et al. 1986). Recently, equine papillomavirus 2 was 
detected in 8/8 penile papillomas (Martens 2009). 

In man, papillomaviruses (HPV) have been reported to be risk factors for carcinoma 
development, although secondary factors must also to be present (Jarrett et al. 1978; 
Smith and Campo 1985; Rubin et al. 2001; Postey et al. 2007). In the horse, a similar 
mechanism seems likely to be involved since histopathological reports on equine pe-
nile tumours regularly reveal papillomas undergoing transition to SCC (Department 
of Equine Sciences, Utrecht University, unpublished data). Scase (2007) reported 
the presence of a novel papillomavirus species in penile papillomas and SCCs, and 
Martens (2009) also detected equine papillomavirus 2 in all of 17 fresh equine penile 
SCCs. Recently, the full length genome of a novel papillomavirus was characterized 
from genital SCC tissue, and termed Equus caballus papillomavirus-2 (EcPV2). Viral 
DNA and RNA was identified in the genital tumour samples, but not in adjacent his-
tologically normal tissue. EcPV2 DNA could not be identified within scrotal skin or in 
most smegma samples obtained from tumour-free horses (Scase et al. 2010).

Horse smegma has been repeatedly proposed as an important aetiological factor 
based on a study in which equine smegma produced papillomas, SCCs and fibrosarco-
mas at the site of injection in mice (Plaut and Kohn-Spayer 1947). However, assertions 
that smegma is carcinogenic per se cannot yet be justified in this study on scientific 
grounds. Nevertheless, there is support for the theory that smegma predisposes to 
genital cancer in man (van Howe and Hodges 2006). In the horse, Klein et al. (1991) 
described horses with a combination of penile SCCs and papillomas and suggested 
that while equine papillomavirus may be the initiator of SCC development, smegma 
may act as a promoter. In a similar vein, poor hygiene followed by chronic irritation 
and balanoposthitis has been proposed to induce carcinoma formation (Brinsko 
1998).

Melanomas occur predominantly in grey horses, but are also occasionally seen in 
horses with other coat colours. In a general survey of melanocytic tumours, malignant 
melanomas were seen predominantly in older nongrey horses and melanocytic nevi 
occurred in young horses of all coat colours (Valentine 1995). A predisposition to 
melanoma development is thought to be heritable, and studies in pigs have shown that 
the incidence of melanocytic tumours can be reduced by selective breeding (Millikan 

        



Chapter 2

26

et al. 1973). In grey horses, the likelihood of developing melanomas appears to be 
greatest when their coat colour changes from grey to white (Fleury et al. 2000b). This 
association with changing coat colour or depigmentation has also been described in 
man and Sinclair swine (Millikan et al. 1973). 

Diagnosis

Clinical signs
The clinical signs of the various types of penile tumour are not specific and can result 
from the primary tumour or secondary inflammatory processes. Symptoms commonly 
include irregularities of the penile surface, sanguineous or purulent discharge fol-
lowed by disturbed micturition and oedema of the prepuce. Other signs may include 
excoriation, frequent protrusion of the penis, lameness and assuming a wide-based 
stance (Howarth et al. 1991; Fortier and MacHarg 1994; Archer and Edwards 2004; 
van den Top et al. 2008a). 

Although dermal melanoma and dermal melanomatosis can give rise to accumula-
tion of large amounts of melanin and illness caused by extensive tumour growth and 
metastases (Johnson 1998), this has not been described for venereal melanomas.

Clinical assessment
Primary tumour evaluation: The examination of a horse’s external genitalia for 
evidence of neoplasia begins with visual inspection and palpation of the skin of the 
prepuce and the scrotum. Assessment of an apparent primary tumour should include 
size, location, mobility, degree of infiltration, and involvement of the corpus caverno-
sum and corpus spongiosum. Examination of the penis itself and the internal fold of 
the prepuce may be difficult in the standing nonsedated horse, as the animal tends 
to keep these structures retracted within the preputial cavity. However, adequate 
inspection and palpation of the penis can be accomplished after an i.v. injection of 
acepromazine (0.04–0.1 mg/kg bwt) or detomidine (0.01 mg/kg bwt). Acepromazine 
induces more profound relaxation of the retractor penis muscle, albeit with a risk of 
paraphimosis or penile paralysis, while detomidine may be slightly less effective in 
ensuring penile protrusion but has not been reported to have any specific risks and 
induces placidity more quickly. For horses that resist penile protrusion and examina-
tion, a combination of 0.02–0.05 mg/kg bwt acepromazine and 0.2–0.3 mg/kg bwt 
xylazine has been reported to be effective (Brinsko 1998), with penile relaxation be-
ing more profound and longer lasting than for xylazine alone. It should be emphasised 
that phenothiazine tranquilisers should be used with caution in stallions because of 
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the potential risk of paraphimosis, priapism and penile paralysis (Brinsko 1998; van 
der Harst et al. 2002). Partial penile protrusion usually occurs during urination and 
can be provoked by placing the horse in a bedded stall or by administering a diuretic 
(Brinsko 1998). 

In man, ultrasonography is a common adjunct to tumour (i.e. SCC) staging (Horen-
blas et al. 1994; Agrawal et al. 2000). In 17 men in whom a primary penile tumour 
was examined ultrasonographically, all of the tumours were visible as hypoechoic 
lesions (Horenblas et al. 1994), and while ultrasonographic examination of the glans 
could not differentiate between invasion of subepithelial tissue and invasion of the 
corpus spongiosum, but absence or presence of invasion into the tunica albuginea of 
the corpus cavernosum could be determined unequivocally. In addition, ultrasono-
graphic measurement of maximum tumour thickness was accurate in 7 of 17 patients 
and the authors concluded that while ultrasonography was not accurate enough for 
small tumours of the glans penis, it was a useful addition to the examination of larger 
tumours since it helped to determine the anatomical relationships of the tumour to 
structures such as the tunica albuginea and urethra (Horenblas et al. 1994). In man, 
there is no current consensus about the value of more advanced imaging techniques 
such as MRI for tumour staging and, in general, physical examination is still seen as 
the most accurate method of assessing tumour development and extent (Lont et al. 
2003). To the authors’ knowledge, no reports on ultrasonography or MRI of penile 
tumours in the horse have been published. Either or both modalities may be useful 
for determining gross extent of the tumour and/or involvement of various structures.

Preoperative pathological evaluation of the primary tumour is required for classifi-
cation and design of a treatment plan. This can be performed by fine needle aspiration 
biopsy (FNAB), or by punch or excisional biopsy (Klein et al. 1991; Brinsko 1998; 
Bosch and Klein 2005). In this respect, while FNAB may identify cells with malignant 
features, it is not a very reliable means of assessing SCCs, since early neoplastic, hy-
perplastic or dysplastic keratinocytes can all appear similar cytologically. Moreover, 
tumour architecture and depth of invasion can only be assessed by evaluating a full 
thickness biopsy; therefore, in case of SCCs, full thickness biopsy is more reliable than 
FNAB. Independent of the type of tumour, the lesion can be so severe that complete 
excision is necessary in any case. In such cases, surgical removal or debulking can be 
combined with harvesting material for histopathological examination. 

Metastasis detection: Metastasis is a major concern when addressing malignant 
tumours of the external genitalia. In a survey of equine SCCs, 6 of 48 (12.5%) animals 
had metastatic involvement, as revealed by post mortem histology (Howarth et al. 
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1991). In a recent follow-up survey of horses treated for various types of tumour, 
metastasis was confirmed in 14 of 82 (17.1%) animals (van den Top et al. 2008a). 

Lymph node enlargement may be an indicator of metastasis and can sometimes be 
detected by palpation of the regional lymph nodes; however, false positives do occur. 
For example, penile neoplasms can become secondarily infected leading to lymph-
adenopathy. Van den Top et al. (2008a) described enlargement of the regional lymph 
nodes in a relatively high proportion of horses, while metastases were confirmed in 
only 32.1% of these animals. In man, palpable inguinal lymphadenopathy is present 
in 30–60% of patients with SCC, but only 45% of the enlarged nodes show histological 
evidence of metastasis (Kroon et al. 2005a; Micali et al. 2006). 

Palpation of the inguinal lymph nodes can be difficult in horses due to extensive 
fat deposition in the region, which may explain the lower percentage of palpable 
lymph nodes in horses as compared to men. When a penile tumour metastasises, 
the first lymph nodes affected are usually the superficial (palpable dorsolateral to 
the penis) and deep (just outside the pelvis adjacent to the internal inguinal ring) 
inguinal lymph nodes. The next lymph nodes to be affected are the medial iliac lymph 
nodes, which can be evaluated by per rectum examination. If enlarged lymph nodes 
are detected, cytological examination of samples collected by FNAB is recommended. 
However, while a positive diagnosis is a reliable indicator of metastases, failure to 
identify metastatic cells is a less reliable result since false negative rates of up to 29% 
have been reported in man (Kroon et al. 2005a). 

Conversely, absence of lymph node enlargement does not rule out metastasis. In 
36% of cases with clinically unremarkable lymph nodes, so-called ‘occult’ metastasis 
was found after en bloc penile and preputial resection with penile retroversion or at 
post mortem histopathological examination (van den Top et al. 2008a). In man, occult 
nodal metastasis is present in 20% of cases; therefore, in cases with repeated negative 
FNAB, an excisional biopsy is sometimes recovered to more reliably exclude nodal 
involvement (Kroon et al. 2005a). While a similar approach may be informative in the 
horse, the need for general anaesthesia is a deterrent. 

Distant metastases can sometimes be detected by radiology, although such com-
plications are relatively rare. In the study by van den Top et al. (2008a), the thorax 
of 27 penile tumour patients was radiographed, but only a single case yielded sus-
pected pulmonary metastases, and even this one could not be confirmed definitively. 
Regional lymph node enlargement is generally considered an indication for thoracic 
radiography in men, even though pulmonary macrometastases can be present with-
out palpable enlargement of the inguinal lymph nodes; however, this condition is rare 
(Kroon et al. 2005a).
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Tumour staging and grading: Ideally, grading and staging of a tumour should permit 
accurate prediction of tumour behaviour. Tumour grading involves assessment of cell 
anaplasia in biopsied cells during histopathological examination (Broders 1928, Ch-
aux et al. 2009; van den Top et al. 2008b). In contrast to horses, in man several varia-
tions of SCC grading have been described (Broders 1928; Chaux et al. 2009). Chaux et 
al. (2009) used the following histopathological characteristics to grade the tumour: 
in well differentiated tumours (G1), the neoplastic cells are almost indistinguishable 
from normal/ hyperplastic squamous cells, except for the presence of minimal basal/
parabasal atypia. Tumours are considered poorly differentiated (G3) when they show 
any proportion of anaplastic cells. Solid sheets of irregular small aggregates, cords or 
nests of cells, absence of keratinisation, high nuclear/cytoplasmic ratios, thick nuclear 
membrane, nuclear pleomorphism, clumped chromatin, prominent nucleoli, and nu-
merous mitotic figures are all features of G3 tumours. Moderately differentiated SCC 
(G2), do not fit into criteria described for either G1 or G3. Compared with G1 tumours, 
their cells are more disorganised and show less keratinisation, higher nuclear cyto-
plasmic ratios, thicker nuclear membranes, moderate nuclear pleomorphism, evident 
nucleoli, more obvious mitoses, and occasional clumped chromatin. Van den Top et al. 
(2008b) assessed histopathological reports to grade SCC in horses retrospectively. As 
mentioned in that report, a bias could be present. Standardisation for histopathologi-
cal grading of penile and prepuce SCC in horses should be developed in the future. 

In human medicine the most commonly used staging system is the TNM classifica-
tion for malignant tumours (Table 2.2: Sobin et al. 2010). No comparable system has 
been described in the horse. Staging is based on information about tumour spread 
obtained by physical examination, radiography and urethral endoscopy. Pathology 
adds additional information about spread via macroscopic and microscopic examina-
tion of the tumour margins and lymph nodes. 

Table 2.2: TNM classification system for penile SCCs in man (Sobin et al. 2010)

TNM Clinical Classification

T Primary tumour (physical examination and endoscopy)

TX Primary tumour cannot be assessed

T0 No evidence of primary tumour

Tis Carcinoma in situ

Ta Non-invasive verrucous carcinoma

T1 Tumour invades subepithelial connective tissue
T1a: Tumour invades subepithelial connective tissue without lymhvascular invasion and is not poorly 
differentiated or undifferentiated
T1b:Tumour invades subepithelial connective tissue with lymphascular invasion or is poorly differentiated or 
undifferentiated
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Table 2.2: TNM classification system for penile SCCs in man (Sobin et al. 2010) (continued)

TNM Clinical Classification

T2 Tumour invades corpus spongiosum or cavernosum

T3 Tumour invades urethra

T4 Tumour invades other adjacent structures

N Regional lymph nodes (Physical examination and imaging)

NX Regional lymph nodes cannot be assessed

N0 No palpable or visible enlarged inguinal lymph nodes

N1 Palpable mobile unilateral inguinal lymph node

N2 Palpable mobile multiple or bilateral inguinal lymph nodes

N3 Fixed inguinal nodal mass or pelvic lymphadenopathy unilateral or bilateral

M Distant metastasis (physical examination and imaging)

M0 No distant metastasis

M1 Distant metastasis

pTNM pathological Classification

The pT categories correspond to the T categories. The pN categories are based upon biopsy, or surgical excision. 
pM1 is distant metastasis microscopically confirmed

pNx Regional lymph nodes canot be assesed

pN0 No regional lymph node metastasis

pN1 Metastasis in a single inguinal lymph node

pN2 Metastasis in multiple or bilateral inguinal lymph nodes

pN3 Metastasis in pelvic lymph node(s), unilateral or bilateral or extranodal extension of regional lymph node 
metastasis

Stage grouping

Stage 0 Tis

Ta N0 M0

Stage I T1a N0 M0

Stage II T1b N0 M0

T2 N0 M0

T3 N0, N1 M0

Stage IIIA T1, T2, T3 N0 M0

Stage IIIB T1, T2, T3 N1 M0

Stage IV T4 N2 M0

Any T Any N M0

Any T N3 M0

        



31

Penile and preputial tumours in the horse

In the TNM system, ‘T’ describes the size of the tumour and whether it has invaded 
adjoining tissue, ‘N’ describes the extent of regional lymph node involvement and ‘M’ 
refers to the presence of distant metastases. In man the depth of invasion (T) and 
grade (G) of a primary SCC are considered to be the most important indicators of 
lymphatic spread. Deeply (T>1) infiltrating tumours have a high propensity for nodal 
spread, and several reports have shown a relationship between poorly differentiated 
tumours and the presence of nodal metastases. Well (G1) or intermediately (G2) dif-
ferentiated and superficial tumours (Tis, Ta, T1) have a low tendency to metastasise 
(McDougal 1995; Kroon et al. 2005b). 

In the horse, it is likely that the most important indices of lymphatic spread are 
similar. In a case series described by Mair et al. (2000), 3 of 6 horses with local recur-
rence of a penile tumour had a palpable firm thickening of the penis, associated with 
extension of the neoplasm into the urethra and involvement of the corpus caverno-
sum; all 3 horses had abdominal metastases. 

In a recent study, 81 SCC were evaluated histopathologically and grouped by dif-
ferentiation grade. Metastasis was confirmed in 44% of tumours graded as G3, as 
compared to only 3% and 25% for G1 and G2 tumours, respectively (van den Top 
et al. 2008a). Eighty percent of the G3 tumours had an unsuccessful outcome (i.e. 
recurrence of tumour, no treatment or euthanasia: van den Top et al. 2008b).

Tumour types

Squamous cell carcinoma 
This is the most common tumour of the external genitalia of the horse, and is a ma-
lignant tumour mainly affecting adult horses (Strafuss 1976; Howarth et al. 1991; 
Brinsko 1998; Mair et al. 2000; van den Top et al. 2008a). The first clinical signs are 
usually nonhealing erosions or ulcers accompanied by granulation tissue (Fig 2.1). In 
more advanced stages, the tumour can become a proliferative cauliflower-like or solid 
mass (Fig 2.2). Other common symptoms include preputial bleeding and an intense, 
pungent odour due to infection that may be secondary to necrosis. Longstanding SCCs 
can interfere with coitus or normal protrusion and retraction of the penis and most 
penile SCCs involve the glans penis (53–80%: Howarth et al. 1991; Mair et al. 2000; 
van den Top et al. 2008a). 

Histologically, SCCs consist of irregular islands or cords of neoplastic keratinocytes 
that proliferate downward and invade the subepithelial stroma. Frequent findings in-
clude keratin formation, horn pearls, mitoses and cellular atypia (Figs 2.3, 2.4) (Scott 
and Miller 2003). 
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Figure 2.1: Squamous cell carcinoma; ulceration of the glans penis and hyperplasia of the internal lamina of 
the inner preputial fold.

 

Figure 2.2: SCC extending into the glans. Some papilloma-like lesions are also visible on the glans.
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Figure 2.3: Histological (H&E stained) appearance of squamous cell carcinoma of the penis. Cutaneous 
mucosa with extensive proliferation of the squamous epithelium infiltrating into the submucosa. Marked 
ulceration of the superficial epithelium is also present.

 

Figure 2.4: Squamous cell carcinoma of the penis (H&E). Detail of lesion in Figure 2.3. Several small groups 
of neoplastic epithelial cells are seen infiltrating into the surrounding stroma (asterisk). A concentric 
aggregation of cornified squamous epithelial cells (keratin pearl; arrow) is also visible.
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Figure 2.5: Papillomas present in and around the urethral fossa.

 

Figure 2.6.  Papilloma undergoing transition to a SCC. Cauliflower-like masses at the glans, free part of the 
penis and the internal lamina of the inner preputial fold.
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Figure 2.7: Papilloma of the penis (H&E). Biopsy of cutaneous mucosa showing a well differentiated 
hyperplastic stratified squamous epithelium with a papillary growth pattern. In the subepithelial stroma, a 
marked lymphoplasmacytic inflammatory infiltrate is visible.

 

Figure 2.8: Papilloma of the penis (H&E). Detail of lesion depicted in Figure 2.6. Note the well differentiated 
hyperplastic, stratified squamous epithelium with superficial keratinisation.
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Lymph node metastasis is fairly frequent and has been reported in 12.5–16.9% of 
horses with SCC (Howarth et al. 1991; Mair et al. 2000; van den Top et al. 2008a). 

papillomas 
Papillomas are common in horses and located mostly on the nose, distal limbs and 
external genitalia. Both acquired and congenital papillomas have been described 
(Scott and Miller 2003; White et al. 2004). Although papillomas are benign, transition 
into malignant SCCs is possible. 

Papillomas begin as small, approximately 1 mm diameter, raised, smooth, shiny 
grey to white papules. Rapid growth and an increase in the number of lesions then 
occurs over a 1–2 month period. Fully developed papillomas are approximately 0.2–2 
cm in diameter and 0.5 cm in height, broad-based to pedunculated, grey, pink or white 
in colour and have a hyperkeratotic surface characterised by numerous frond-like 
projections (Scott and Miller 2003). Papillomas are often multiple and can be pres-
ent over the whole penis (Fig 2.5), although most appear on the glans (61–80%), the 
urethral process and the preputial fold (Fig 2.6: Howarth et al. 1991; van den Top et 
al. 2008a).

Histologically, early lesions are characterised by proliferation of epidermal 
cells, mild to moderate  acanthosis and ortho- and parakeratosis. Later there may 
be pronounced papillated epidermal proliferation progressing to papillomatosis; 
koilocytosis; hypomelanosis; numerous mitoses and ‘nesting’ of epidermal basal cells 
(Figs 2.7, 2.8). Keratohyalin granules tend to clump and increase in size, while viral in-
tranuclear inclusion bodies can also often be visualised. Older, regressing lesions are 
accompanied by increased proliferation of fibroblasts and infiltration of lymphocytes 
(Scott and Miller 2003).

Melanocytic tumours
Melanocytic tumours have have been reported to affect all parts of the penis and 
prepuce other than the glans (Valentine 1995; van den Top et al. 2008a). Melanomas 
can be solitary or multiple, located dermally or subdermally, but are mostly firm and 
nodular (Fig 2.9). The tumour can be covered by intact skin (with or without hair) 
or ulcerated skin. Melanomas are characterised by a variety of cell patterns ranging 
from sheets to streams or nests of melanocytes. Cell morphology varies from epithe-
lioid, to spindle-shaped or a mixture of the 2. Mitotic activity is generally low, but 
pleiomorphic or binucleate cells are common. Melanin pigmentation varies from mild 
to heavy and pigmentation can be seen interspersed between the tumour cells or in 
the adjacent tissue (Fig 2.10). The epidermis and hair follicle epithelium can become 
extensively infiltrated with nests of neoplastic melanocytes, but some melanocytic 
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 Figure 2.9: Melanoma of the internal lamina of the prepuce.

 

Figure 2.10: Melanoma (H&E). Skin with hair-follicles showing neoplastic melanocytes infiltrating into the 
dermis.
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tumours do not involve the epidermis and dermo-epidermal junction,  instead begin 
in close association to hair follicles or sweat glands (Scott and Miller 2003). 

In horses, there is a lack of clear histological indicators of malignancy. Valentine 
(1995) suggested 4 distinct clinical syndromes in the horse: melanocytic nevus, der-
mal melanoma, dermal melanomatosis and anaplastic malignant  melanoma. Dermal 
melanoma and dermal melanomatosis are histologically very similar and can only be 
distiguished on the basis of clinical features. Dermal melanomas are usually solitary 
and occur in grey horses of varying ages. Dermal melanomatosis is more common in 
older horses, is associated with an increased risk of metastasis, and the lesions often 
coalesce and are usually found in particular locations, such as the genital or perineal 
region. Anaplastic malignant melanomas are frequently invasive and associated with 
a poor prognosis. By contrast, melanocytic nevi are benign, pigmented lesions that 
occur predominantly in horses aged <6 years (Valentine 1995). 

Fibrosarcoma
Fibrosarcomas are firm to fleshy infiltrative subcutaneous masses that are usually 
solitary and arise from subcutaneous tissue. They are frequently ulcerated and sec-
ondarily infected (Scott and Miller 2003) and are invasive and capable of metastasis.

Other types of equine genital tumours
Sarcoids are tumours of fibroblastic origin and they are the single most common type 
of tumour in horses (Sullins et al. 1986). Sarcoids can be found anywhere on the body, 
including the genital region. Infection with bovine papillomavirus (BPV) is thought 
to underly development of sarcoids (Martens et al. 2001) and a genetic predisposi-
tion has been proposed (Klein et al. 1991). However, since sarcoids are described 
extensively in many other texts, the present article will not describe them further. 
Other tumour types are uncommon findings on the penis and/or prepuce of male 
horses. Nevertheless, penile  or preputial lymphomas, lipomas, fibromas, basal cell 
carcinomas, neurofibromas, adenocarcinomas and haemangiomas have all been de-
scribed (Cotchin 1977; Anderson et al. 1990; Brinsko 1998; van den Top et al. 2008a).

Treatment

General considerations
There is currently no standardised approach to the treatment of penile tumours 
in horses and no randomised trials have been described that might help in clinical 
decision making. Research has focused predominantly on treatment of SCCs, while 
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reports of the treatment of other penile tumours are based on small numbers. Several 
therapies have been described, ranging from topical treatment to en bloc penile and 
preputial resection with penile retroversion, with the choice depending primarily 
on the size and site of the lesion and the identification of inguinal metastases (Scott 
1976; Markel et al. 1988; Schumacher and Vaughan 1988; Klein et al. 1991; Mair et al. 
2000; Doles et al. 2001; Archer and Edwards 2004; Gardiner et al. 2008; van den Top 
et al. 2008b). The ideal treatment would eliminate the tumour while preserving the 
function of the external genitalia (i.e. micturition, erection and ejaculation); however, 
this is not possible in some cases. 

Some surgical techniques (e.g. partial phallectomy with sheath ablation and en 
bloc penile and prepuce resection with penile retroversion) can cause postoperative 
discomfort and this should be considered prior to operation (Markel et al. 1988; Doles 
et al. 2001; Archer and Edwards 2004). In some cases, an owner is not prepared to 
allow the animal to be treated using an invasive surgical technique and will opt for 
less invasive techniques, despite a high risk of incomplete tumour removal. 

Therapeutic techniques 
Hyperthermia: Hyperthermia, i.e. heating the tumour to a temperature of >50°C by 
radiofrequency, has been used successfully to treat horses with sarcoids and ocular 
neoplasms. In this respect, high temperatures damage and kill cancer cells by alter-
ing cell membrane structure and function, impairing intracellular protein synthesis 
and transport or RNA/DNA synthesis, inhibiting repair enzymes and altering DNA 
conformation (Hildebrandt et al. 2002). Besides its cytotoxic effect, hyperthermia has 
been shown to decrease tumour blood flow, thereby impairing oxygen and nutrient 
supply and inducing acidosis (Hildebrandt et al. 2002). Although it has been that 
radiofrequency-induced hyperthermia could be useful in the treatment of penile and 
preputial tumours (Schumacher and Vaughan 1988; Schumacher 2006), hyperther-
mic treatment of genital neoplasms has not been reported in horses. 

Cryotherapy: Cryosurgery appears to be an effective treatment for penile tumours 
in the early stages, or for smaller lesions. Tissue sloughing usually begins 7–10 days 
after the intervention and the wound is left to heal by second intention. Cryotherapy 
is minimally invasive and does not require a sterile field and is therefore a good treat-
ment for benign cutaneous or early malignant neoplasm (Bosch and Klein 2005; Stick 
2006). The major limiting factor for cryotherapy is the size of the tumour; debulk-
ing the tumour is often necessary to reduce the size prior to attempted freezing. In 
several murine tumour systems, cryosurgery augments specific immunity against the 
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tumour. In horses, an effect of cryosurgery on the immunological response has not 
been confirmed. 

Radiotherapy: Radiotherapy has been described for the treatment of penile carcino-
mas in man (Theilen and Madewell 1987). Reported treatments include external beam 
therapy and radioactive implants (ß-radiation). In general, the use of radiotherapy in 
horses is limited, because of the special equipment or housing requirements entailed.

Immunotherapy: Injection of Bacillus Calmette Guérin (BCG) is a form of immuno-
therapy commonly used in the treatment of sarcoids. However, administration of 
BCG to treat penile tumours is considered to be contraindicated, because swelling is 
a common side effect that may have severe and lasting consequences in the genital 
region (Klein et al. 1991). Although BCG treatment has not been specifically described 
for the treatment of genital sarcoids, good results have been reported for sarcoids in 
other regions (complete regression 69–83%: Klein et al. 1986).

Chemotherapy: Topical use of 5-fluorouracil has been described as an effective treat-
ment for nonmetastasised SCCs of the equine external genitalia (Fortier and MacHarg 
1994). It needs to mentioned that a small number of horses (11) were treated in this 
study, and that the results can be influenced by the stage and grade of the tumours. 
This antimetabolite interferes with cellular DNA synthesis leading to preferential 
death of neoplastic cells and enhanced recognition and destruction by the immune 
system. 5-fluorouracil application is an effective method of treating small tumours, 
but larger lesions require surgical debulking prior to treatment. 

Cisplatin has been used for intratumour injection but is only effective for small 
tumours or in combination with surgery (Theon et al. 1993, 1999). In  general, de-
bulking of large tumours before chemotherapeutic treatment is important to reduce 
the recurrence rate. Topical or intratumoural chemotherapy is not particularly useful 
for horses with metastasised SCCs. In contrast, systemic doxorubicin and piroxicam 
administration has been described for the treatment of a horse with a lower lip SCC 
and regional metastases. Despite doxoribucin treatment, however, regrowth of the 
metastases occurred, as confirmed by cytological examination of an enlarged sub-
mandibular lymph node. However, subsequent treatment with piroxicam was highly 
successful: within 3 months the primary SCC had disappeared completely and the 
lymph node had  returned to its normal size (Moore et al. 2003). To date, systemic 
chemotherapy has not been described for the treatment of metastasised genital SCCs. 
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Surgical intervention: Surgical intervention at the primary site aims to remove the 
malignant lesion(s) with adequate margins to minimise the risk of local recurrence. 
Surgical modalities include local excision, segmental posthioplasty, partial phal-
lectomy, partial phallectomy and sheath ablation, and en bloc penile and preputial 
resection with penile retroversion. 

For smaller penile tumours or lesions not involving the tunica albuginea, penile 
amputation can be avoided by local excision. However, this therapy does carry a 
higher risk of incomplete removal followed by recurrence (van den Top et al. 2008b). 
Because of the abundance of loose tissue (partial) excision of the prepuce is easier to 
perform than partial excision of the penis itself. 

Segmental posthioplasty is indicated for removal of preputial neoplasms too ex-
tensive for simple excision (Schumacher and Vaughan 1988; Schumacher 2006). The 
objective of segmental posthioplasty, also known as circumcision or ‘reefing’, is to 
remove large circumferential penile or preputial lesions that do not extend beyond 
the dermis, while preserving the ‘telescopic function’ of the prepuce (Brinsko 1998; 
Schumacher 2006). Tumours of the glans or nonprepuce lined parts of the penis are 
difficult to remove with an acceptable tumour-free margin. In man, excision of G1 and 
G2 SCCs is considered to require a margin of 10 mm; for grade 3 lesions a margin of 15 
mm is necessary. In the horse, the margins might need to be larger because, in many 
cases, the tumours are discovered relatively late. 

When the tumour invades the tunica albuginea, or is too extensive for treatment 
by noninvasive techniques or minimal surgery, as well as in cases complicated by of 
permanent penile paralysis or irreparable damage, partial phallectomy (i.e. partial 
penile amputation) is indicated. When the tumour is located on the glans penis or the 
free part of the shaft, Scott’s, Williams’ or Vinsot’s techniques can be performed (Scott 
1976; Schumacher 2006). 

Recurrence of a SCC treated by partial phallectomy is not uncommon, presumably 
as a result of the limitation to the amount of tissue that can be removed, combined 
with the potential presence of secondary premalignant tumours, such as papillomas 
that can subsequently transform to SCCs. The annulus of the inner preputial fold is 
generally given as the anatomical border up to which phallectomy can be performed 
(van den Top et al. 2008b) because of the risk of suture failure if more extensive tissue 
removal is attempted. However, in some cases the primary tumour may be too close to 
this anatomical landmark to allow excision of an adequate margin. 

Another possible explanation for the high rate of recurrence is that a SCC of the 
glans has a higher risk of invading the underlying tissue because the tunica albuginea 
of the corpus spongiosum glandis is very thin and merges distally with the integu-
ment (Schumacher 2006). Once the tumour has entered the corpus spongiosum it 
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can easily spread proximally (McDougal 1995), where detection of small neoplastic 
processes is more difficult.

In conclusion, partial phallectomy is indicated only if the distal portion of the penis 
is involved and there is no spread proximally and no involvement of prepuce and 
regional lymph nodes. 

More invasive techniques include en bloc penile and preputial resection with penile 
retroversion and partial phallectomy and sheath ablation. En bloc penile and prepu-
tial resection with penile retroversion is a very invasive procedure. Complications 
include partial dehiscence of the urethrostomy site, dehiscence of the ventral skin 
incision, urine scalding, severe haemorrhage, cystitis and diarrhoea (Markel et al. 
1988; Archer and Edwards 2004). During partial phallectomy with sheath ablation, 
the penile shaft is resected proximal to the diseased tissue followed by fixation to the 
ventral abdomen and revision of the preputial skin (Doles et al. 2001). Although it is 
not routine, the technique can also be adapted to include lymphadenectomy. The inci-
dence of significant complications for this technique is less than for retroversion, with 
the major problems reported being haemorrhage, dehiscence at the mucocutaneous 
junction and postoperative pain (Doles et al. 2001). 

prognosis

Recurrence of a SCC is the main factor affecting the prognosis, with the majority of 
tumours that recur doing so within one year (range 14 days–7 years) and overall 
recurrence rates of 11–28%, regardless of the treatment chosen (Markel et al. 1988; 
Howarth et al. 1991; Mair et al. 2000; Doles et al. 2001; van den Top et al. 2008b). 

In this respect, although only a small group of male horses were treated and tumour 
grading and staging not reported, topical treatment with 5-fluorouracil resulted 
in complete remission in all (8) horses followed-up for 7–52 months (Fortier and 
MacHarg 1994). By contrast, the recurrence rate after simple excision or excision 
combined with cryosurgery is high (50%; van den Top et al. 2008b). This high inci-
dence of recurrence presumably explains why the success of treating SCCs by partial 
phallectomy, in the presence or absence of papillomas, is only 54–67% (Howarth et 
al. 1991; Mair et al. 2000; van den Top et al. 2008b). The reason for the high incidence 
of recurrence following penile preservation techniques is probably related to removal 
of an inadequate tumour margin. Postoperative histopathology showed incomplete 
removal in 18% of horses treated exclusively by partial phallectomy (van den Top et 
al. 2008b). 
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En bloc penile and preputial resection with penile retroversion has a higher suc-
cess rate. Even when local metastases are present, 86% postoperative survival has 
been reported (van den Top et al. 2008b). Similarly, Doles et al. (2001) reported no 
evidence of disease recurrence and/or complications after partial phallectomy and 
sheath ablation in 8 horses for which long-term follow-up was available. 

Conclusion and proposal of a protocol for diagnosis, treatment and 
follow-up

Penile and preputial tumours are commonly encountered in elderly male horses and 
SCCs are by far the most common type of tumour of the male genitalia. Equine genital 
tumours pose significant diagnostic, prognostic and treatment challenges. Treatment 
modalities such as local excision and partial  phallectomy have a high recurrence 
rate and, while more invasive therapies have a lower recurrence rate, postoperative 
complications are more common and more serious. 

In addition, because little is known about tumour behaviour, deciding on the most 
appropriate treatment is difficult in the horse. Moreover, because poorly differenti-
ated SCCs seem to metastasise relatively frequently, prospective research on the rela-
tionship between tumour grade, treatment performed and incidence of recurrence is 
needed. In addition, because invasion of penile tumours into the corpus spongiosum, 
corpus  cavernosum and urethra results in a higher likelihood of metastasis, the added 
value of  ultrasonographical examination of tumour extent (a standard procedure 
in man), should be assessed. In the case of equine SCCs, using the TNM system for 
classifying malignant tumours may aid the clinician in therapeutic decision making, 
assist in the evaluation of the results of treatment, facilitate exchange of information 
between treatment centres, contribute to the development of a therapeutic algorithm 
and help in predicting prognosis in the future. 

A protocol for the assessment and treatment of penile and preputial, tumours would 
thus be helpful and a preliminary protocol is proposed at the end of this overview 
(Fig 2.11). 

In short, the primary tumour should first be assessed macroscopically, followed 
by ultrasonographic examination to determine the gross tumour margins and his-
topathology for diagnosis of tumour type and to determine whether it is benign or 
malignant. Assessment of the regional lymph nodes is important to distinguish be-
tween lymph node metastasis and an inflammatory response, and can be performed 
by FNAB and ultrasonography. Caution is, however, required in the instance of a 
negative aspirate since the absence of tumour cells does not necessarily guarantee a 
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Figure 2.11. Penile tumour assessment and treatment protocol (lnn = lymph nodes: US =ultrasonography: 
FNAB = fine needle aspiration biopsy).
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metastasis-free lymph node. Rectal palpation, with special attention to the inguinal 
area, will provide extra information on abnormal swellings in the abdomen that could 
include metastases and should thus always be attempted. Metastases of reasonable 
size in the lungs can be detected by radiolographical examination. However, because 
metastases are rarely found using thoracic radiography, it would be justifiable to use 
this modality only when the regional lymph nodes are invaded by tumour cells. 

Partial phallectomy with sheath ablation or en bloc penile and preputial resection 
with penile retroversion should be the treatment of choice when metastasis to the 
regional lymph nodes is detected without evidence of metastases to the abdomen, 
thorax or other distant sites. Distant metastasis is mostly untreatable and its presence 
would justify euthanasia or palliative treatment. 

En bloc penile and preputial resection with retroversion, or partial phallectomy 
with sheath ablation, is indicated when spread to regional lymph nodes is detected 
or suspected. For benign tumours, ultrasonographic examination should be used 
to evaluate the local extent. When the underlying structures (e.g. tunica albuginea, 
corpora and urethra) are intact, cryotherapy and/or local excision (including posthio-
plasty) are justifiable, whereas partial phallectomy is indicated when the tumour is 
relatively circumscribed but infiltration of underlying structures is suspected and/or 
reconstruction of normal anatomical structures is unlikely to be possible after exci-
sion. If the tumour is more extensive, partial phallectomy with sheath ablation can be 
considered.

Ultrasonographic examination will also provide additional information with regard 
to the invasiveness of a malignant tumour. Local excision can be considered if the 
tumour is well- or moderately differentiated (i.e. G1 or G2) and does not appear to 
invade underlying structures. By contrast, because the risk of metastasis is relatively 
high (44%) for poorly differentiated (G3) tumours, more radical techniques (partial 
phallectomy with sheath ablation or en bloc penile and preputial resection with penile 
retroversion) are advisable for such cases.  

Postoperative histopathological evaluation is essential to determine whether a tu-
mour has been completely removed or not. Incomplete removal of a primary tumour 
is an indication for palliative treatment, euthanasia or a more radical surgical follow-
up in cases of malignant tumours and in a more invasive second therapy in the case 
of a benign tumour. If the tumour has been removed completely, or when there is no 
information about the completeness of removal, long-term follow-up is required to 
monitor for tumour recurrence.
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Summary

Reasons for performing study: Preputial and penile tumours are more common in 
horses than in other domestic animals, but no large surveys of male horses with 
tumours of the external genitalia are available. Objective: To present a retrospective 
analysis of male horses with neoplasms of the external genitalia. Methods: The penile 
and preputial tumours of 114 horses were evaluated. Data recorded included age, 
gelding or stallion and breed; type and site of lesion; involvement of regional lymph 
nodes; histopathology (including grading of squamous cell carcinoma); and results 
of radiographic examination of the thorax. Results: Mean age of horses was 19.5 
years with no apparent breed predilection. Common presenting clinical signs were 
irregularities (e.g. the presence of a mass and/or ulceration) on the integument of 
the penis and prepuce, and purulent or sanguineous discharge from preputial orifice. 
Squamous cell carcinoma (SCC) was the most prevalent neoplasm followed by papil-
lomas and melanomas. A basal cell carcinoma, neurofibrosarcoma, adenocarcinoma 
or fibrosarcoma were each found on single horses. Squamous cell carcinomas with 
poor differentiation had a higher tendency to metastasise than did more differenti-
ated tumours. Conclusions: Squamous cell carcinoma is the most common urogenital 
tumour of the male horse and occurs primarily in old horses. Horses with poorly 
differentiated SCCs tend to have a higher incidence of regional metastases. Pathology 
of lymph nodes, even when not palpably enlarged, is a valuable diagnostic exercise. 
Radiology of the thorax to detect lung metastases is of little value.
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Introduction

Preputial and penile tumours of horses are more common in horses than in other 
domestic animals (Theilen and Madewell 1987), although the prevalence of these 
tumours in the equine population may be low (Valentine 2006). Neoplasms of the 
external genitalia in the male horse have been reported to account for 6–10% of all 
tumours, a prevalence second only to skin tumours (Theilen and Madewell 1987; 
Schumacher and Vaughan 1988; Brinsko 1998). A neoplasm of the external genitalia 
may cause the affected horse to show signs of severe discomfort and lead to signs of 
systemic disease if it metastasises to internal organs (Patterson et al. 1990; Howarth 
et al. 1991; Archer and Edwards 2004).

All types of neoplasia, common to the skin, subcutis and epithelium, can occur on 
the external genitalia, but the most common neoplasm of the penis and prepuce is 
squamous cell carcinoma (SCC), found in old horses (Strafuss 1976; Cotchin 1977; 
Mansmann and McAllister 1982; Howarth et al. 1991; Mair et al. 2000; Valentine 
2006). Other penile and preputial tumours are squamous papillomas, melanomas, 
fibromas, sarcoids and haemangiomas (Scott 1976; Sundberg et al. 1977; Junge et al. 
1984; Wintzer 1986; Klein et al. 1991; Valentine 1995; Garvicanet al. 2007).

This retrospective study evaluates clinical and histopathological features of 114 
male horses with one or more tumours of the external genitalia, with the aim to im-
prove strategies for diagnosis as well as optimal therapy for individual horses.

Materials and methods

retrospective study design 
Case records of all male horses with one or more tumours of the external genitalia 
referred to the Utrecht University Department of Equine Sciences from 1988–2005 
were evaluated. Data recorded included subject details (e.g. age, gelding or stallion, 
breed); histology and site of lesions; involvement of regional lymph nodes; and his-
topathological (pre- and postoperative) and radiographic findings of affected horses.

Tumour grading system
The histology of the tumours identified as SCCs was used to classify the tumour based 
on the human grading system proposed by Broders (1928). Histological features 
related to differentiation (e.g. mitotic activity, keratinisation, arrangement in horn 
pearls, morphological appearance of the nucleoli, etc.) were used to grade the tumour. 
Grades assigned were G1 (well differentiated); G2 (moderately differentiated) and 
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G3 (poorly differentiated). Tumours for which the description was insufficient to 
determine the degree of differentiation were classified as GX, grade not assessed. 

Follow-up information
Follow-up information was obtained by written and telephone inquiries. The follow-
up period was 18 months–10 years.

results

Case details
Suspected or confirmed genital neoplasia were identified in 114 male horses.

The ages of 3 horses that had SCCs and of one horse that had papillomas of the 
external genitalia were unknown and mean age of the other 110 horses was 19.5 
years (range 8–33 years) (Table 3.1). The mean ages (range) of horses with a specific 
type of neoplasm were as follows: SCC (n = 74), 19.8 years (13–33 years); papillomas 
(n = 9), 18.0 years (13–28 years); melanomas (n = 6), 13.5 years (8–25 years); other 
mesenchymal tumours (n = 5), 15.4 years (11–18 years); and tumours of unknown 
type (n = 16), 19.5 years (10–26 years). 

Eight horses (7.0%) were stallions, 103 (90.4%) geldings, and the castration status 
of 3 (2.6%) was unknown. 

Distribution, according to breed, was as follows: 19 (16.6%) Dutch Warmblood; 16 
(14.0%) Welsh; 13 (11.4%) New Forest; 12 (10.5%) Haflinger; 12 (10.5%) Icelandic; 
8 (7.0%) Arabian; and 34 (29.8%) horses or ponies of other or unknown breeds.

Table 3.1: Age of horses, at first admission, presented with penis and prepuce tumours between 1988-2005

age (years) n %

unknown 4 3.5

<10 2 1.8

10-14 19 16.7

15-19 42 36.8

20-24 25 21.9

> 25 22 19.3

Total 114 100
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Clinical signs
Clinical signs for 57 (50.0%) horses included a mass and/or ulceration of the penis 
or prepuce, while 47 (41.2%), had purulent or sanguineous discharge from the pre-
putial orifice. Impaired micturition was reported for 25 (21.9%) horses, where for 
12 (10.5%) horses, preputial oedema and the inability to protrude the penis were 
recorded. Signs of pruritis were reported in 3 (2.6%) horses; for 2 horses, a wide-
based stance was noted, and for another 2 (1.8%), the presenting complaints included 
an abnormal gait lameness). For one (0.9%) horse, reduced stamina was noted as the 
primary complaint.

histopathological diagnosis and tumour location
Neoplastic lesions of 97 horses were examined histologically, and the horses were 
grouped according to the histopathological classification of the tumour. In case of 
a combination of diagnoses (e.g. SCC and papilloma), the tumour that imparted the 

Table 3.2: Classification on basis of histopathology and anatomical location

site SCC PL MN AC FS BCC NFS O ND total %

a 36 2 1 2 41 36.0

bcde 6 2 2 1 3 14 12.3

abcde 27 6 3 36 31.6

f 4 2 1 1 1 9 7.9

abcdef 2 3 5 4.4

bcdef 1 2 1 3 7 6.1

not recorded 1 1 2 1.8

total 77 10 6 1 1 1 1 1 16 114

a: glans penis; b: free part of the penis (between glans and internal fold); c: inner lamina of the internal 
fold; d: annulus; e: outer lamina of the internal fold; f: inner lamina of the external fold; SCC: squamous 
cell carcinoma; PL: papilloma; MN: melanoma; AC: adenocarcinoma; FS: fibrosarcoma; BCC: basal cell 
carcinoma; NFS: neurofibrosarcoma; O: other tissue; ND: no diagnosis.

        



Chapter 3

56

worst prognosis for resolution was used in individual grouping. SCC was the most 
common tumour and affected 77 (67.5%) horses, i.e. 79.4% of those examined his-
tologically. The grouping of horses according to histopathological classification of 
tumours and the anatomical site of the primary tumour is summarised in Table 3.2. 
The majority of tumours (squamous cell carcinomas, papillomas) were present at 
the glans. Other tumours (6 melanomas, one adenocarcinoma, one fibrosarcoma, one 
basal cell carcinoma and one neurofibroma) were at locations other than the glans.

Metastasis detection
Eighty-two horses were examined for inguinal lymph node metastasis by palpation 
and enlargement was detected in 28 horses (34.1%), but metastasis to these enlarged 
inguinal lymph nodes was confirmed by histopathology for only 9 (8 SCC and one 
melanoma) horses. These neoplastic, enlarged lymph nodes accounted for only 32.1% 
of enlarged lymph nodes. Of 54 (65.9%) horses with inguinal lymph nodes judged 
to be grossly normal, 5 SCCs had histological evidence of metastasis to the inguinal 
lymph nodes (Table 3.3). These neoplastic lymph nodes accounted for only 9.3% of 
lymph nodes judged to be grossly normal in size. 

Metastasis to an inguinal lymph node was detected in 2/7 horses that underwent 
fine-needle aspiration biopsy (FNAB) of the enlarged lymph node. The FNAB was 
performed in one of these horses after neoplasia (SCC) recurred following therapy 
by en bloc penile and preputial resection with penile retroversion. The prescapular 
lymph nodes of this horse were also enlarged and metastasis to lymph nodes con-
firmed during post mortem examination. Of the other 5 horses that had FNAB of an 
enlarged inguinal lymph node, no metastasis was detected and no postoperative or 
post mortem histopathological data were available.

Table 3.3: Lymph node size detected by palpation and number and percentage (%) of confirmed metastasis 
per category 

confirmed metastasis (%)

lymph node size total yes no

enlarged 28 9*# (32.1) 19 (67.9)

not enlarged 54 5 (9.3) 49 (90.7)

not recorded 32

*one enlarged lymph node detected at recurrence
#one melanoma. Rest of the tumours in the table are SCC
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Swelling was found in the inguinal region of 2 of 12 horses that were examined 
by palpation per rectum. One of these had a preputial fibrosarcoma and the other a 
penile tumour of unknown classification. In the horse with the fibrosarcoma, a diffuse 
thickening of the internal inguinal area was palpated and in the other, multiple small 
swellings were palpated in the inguinal region. The nature of these swellings was 
never determined.

Twenty-seven horses received radiographic examination of the thorax, but of these 
horses, only one, a horse with a penile SCC present at site bcde (Table 3.2), had radio-
graphic abnormalities (i.e. generalised nodular opacities) suggestive of metastasis, 
but this horse was still alive after 4 years. 

Tumour grading
The results of the retrospective grading of SCCs based on Broders (1928) are shown 
in Table 3.4. Histology of penile and preputial tumours was performed for 81 tumours 
of 77 horses. In 4 cases, evaluation was reported following recurrence. For these 4 
horses, the tumours was not graded (GX) at first admission in 3 cases, but were classi-
fied as G1, G2 and G3 at recurrence. For the remaining horse, the tumour was graded 
as G1 at first admission and had progressed to G3 by the time of recurrence.

Table 3.4: Retrospective grading of SCC and numbers and percentage (%) of confirmed metastasis per 
category

differentiation grade n confirmed metastasis (%)

G1 33 1 (3.0)

G2 8 2 (25.0)

G3 16 7 (43.8)

GX 24 3 (12.5)

total 81 13 (16.0)

G1: well differentiated; G2: moderately differentiated; G3: poorly differentiated; GX: grade cannot be 
assessed. For 77 horses with SCC, 81 tumours were histologically examined; for 4 horses the tumour was 
examined at first admission and at recurrence.
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Discussion

In this study, mean age of horses presented with a genital tumour was 19.5 years. The 
advanced age of the horses was due mainly to the high incidence of SCCs (67.5%), 
which are found mainly in old horses (Strafuss 1976; Cotchin 1977; Mansmann and 
McAllister 1982; Howarth et al. 1991; Mair et al. 2000). Previous studies of horses 
with penile or preputial SCC reported mean age 12.4–21 years (Strafuss 1976; Markel 
et al. 1988; Mair et al. 2000; Valentine 2006), which is similar to the mean age in 
the present study (19.6 years for SCC). The mean age of horses with other tumours 
(papillomas, melanomas, other mesenchymal tumours and of unknown origin) in the 
present study was lower than that of the mean age of horses with SCC. The present 
study found no age predilection for genital papillomas and melanomas, a finding 
that is also in agreement with findings of other studies (Howarth et al. 1991; Klein 
et al. 1991; Valentine 1995, 2006), though most of the melanomas described in these 
reports were not genital.

The present study found no breed predilection for genital tumours, although 53 
of the 114 horses were members of small breeds (e.g. Haflinger, New Forest, Welsh 
and Icelandic). Strafuss (1976) and Akerejola et al. (1978) evaluated genital SCCs and 
reported a high incidence of the disease among American Quarter horses and Arabian 
horses, respectively, although these breeds may have been over-represented due to 
their relative abundance in

the equine population where these studies were conducted. The horses admitted to 
Utrecht University represent a wide variety of breeds (unreported data), which was 
reflected by the broad range of breeds included in this study. Breeds with decreased 
skin and hair pigmentation are thought to be predisposed for the development of SCC 
(Scott and Miller 2003; Schumacher 2006). A large survey of equine cutaneous neo-
plasia found an overrepresentation of Appaloosas (48%) in cases of SCCs (Valentine 
2006). Coat colour was not evaluated in this study, but 5 of 6 horses with a penile or 
preputial melanoma, for which the coat colour was recorded, were grey.

The nature of the presenting complaint of the penile tumour was influenced by the 
type of tumour present, the most common being SCC in which presenting signs was 
the presence of the tumour or discharge of exudate from the prepuce. These signs 
were similar to those reported by others (Howarth et al. 1991; Klein et al. 1991). 
The signs reported by owners were probably influenced by each owner’s powers of 
observation. 

The most common (82.5%) penile and preputial tumour of the male equine external 
genitalia neoplasm was SCC (Brinsko 1998), as in the present study (67.5% of total 
and 79.4% of those examined histologically), whereas Klein et al. (1991) reported 
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a lower incidence of 49%. In previous studies, melanomas compromised 4.8–6% of 
the external genitalia of male horses and squamous papillomas compromised 2–32% 
(Howarth et al. 1991; Klein et al. 1991; Brinsko 1998). The present study showed 
a comparable incidence of melanomas (5.3%), while the frequency of papillomas 
(8.8%) also fell within the previously reported range of incidences. 

Some horses with preputial or penile SCCs also had papilloma-like lesions. Papillo-
mas are, however, considered by some investigators to be premalignant proliferations 
that may develop into SCC (Scott 1976; Howarth et al. 1991). Because they may remain 
unnoticed until they become extensive or until they transform into SCC, genital papil-
lomas may be more common than reported. In the cases reported in the present study, 
some papillomas were situated near the primary tumour and did not have influence 
on the type of treatment; the presence of the papilloma was not always recorded. 
Therefore, papillomas may be more common than reported in this study.

The basal cell carcinoma (0.9%), neurofibrosarcoma (0.9%), fibrosarcoma (0.9%) 
and adenocarcinoma (0.9%) described in our study are uncommon tumours of the 
external

genitalia of the male horse, and except for a report of an adenocarcinoma on the 
external fold of the prepuce (Anderson et al. 1990), no reports of these neoplasms in 
the genital region of male horses could be found.

Our data revealed that 72% of all neoplasms involved the glans penis, with 84% 
of all SCCs involving the glans penis, which is a higher percentage than previously 
reported (Howarth et al. 1991; Mair et al. 2000). Horse smegma applied to the back 
of mice (in surgically created ‘skin tunnels’ and subcutaneously) was suggested as 
the aetiological factor in the development of SCCs, papillomas and fibrosarcomas in 
mice at the site of application (Plaut and Kohn-Spayer 1947). The relationship of the 
retracted penis of the horse to the internal fold of the prepuce allows deposition of 
smegma on the glans and in the fossa glandis and might explain why the glans penis 
is so often involved in SCC of the external genitalia. Van Howe and Hodges (2006) 
found in their analyses of the literature concerning penile carcinoma, however, that 
evidence does not support the theory that smegma is a cause of genital cancer in man. 

In our study, 80% of the papillomas were also found on the glans, whereas Howarth 
et al. (1991), found only 61% of papillomas on the glans penis. Melanomas were found 
on all sites except the glans (Table 3.2). No published data were found describing the 
distribution of this tumour in the genital region of the male horse.

If a genital tumour metastasises, the superficial and deep inguinal lymph nodes are 
the first structures to be affected. The medial iliac lymph nodes may later become 
involved. Of 82 horses with inguinal lymph nodes examined, 28 (32.1%) were found 
to have enlarged nodes, but only 14 (17.1%), 13 with a genital SCC and one with a 
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genital melanoma, were confirmed to have metastasis to the regional lymph nodes. 
In 13 of the horses (16.9%) with genital SCC the neoplasm had metastasised to the 
inguinal lymph nodes, an incidence of metastasis that is similar to the 12% found by 
Howarth et al. (1991) and the 13% reported by Mair et al. (2000).

Neoplasia of the penis and prepuce can sometimes become infected, resulting in 
secondary lymphadenitis (Micali et al. 2006). Consequently, clinical assessment of 
the horse for metastasis can be complicated by reactive hyperplasia secondary to 
balanoposthitis. In the present study, 67.9% of enlarged inguinal lymph nodes had no 
histological evidence of metastases. 

Nine percent of lymph nodes, determined by palpation not to be enlarged, were 
confirmed to have metastasis. This failure of detection may have been a result of fat 
deposition in the inguinal region hampering palpation, or the metastasis may have 
been grossly undetectable because they were occult. In 5 (36%) of the horses with 
confirmed lymph node metastasis, enlarged inguinal lymph nodes were not detected 
preoperatively and metastasis was diagnosed only after an en bloc penile and prepuce 
resection with penile retroversion and removal of inguinal lymph nodes. 

Enlarged inguinal lymph nodes are often used as clinical indicators of the likelihood 
of the metastasis to the abdomen or thorax (Mair et al. 2000; Kroon et al. 2005a). The 
correlation between enlarged inguinal lymph nodes and metastasis to the lungs, how-
ever, is not simple. In man, micrometastasis in the lung can be present with enlarged 
inguinal lymph nodes, while macrometastasis in the lung can be present with nonpal-
pable micrometastasis in the inguinal lymph nodes (Kroon et al. 2005a). Metastasis to 
the lungs can be detected by radiology, but our data suggest that thoracic radiographs 
have little value as a part of the examination of male horses with genital tumours. 

Examination of the caudal aspect of the abdomen, performed per rectum, was re-
corded for only 12 horses (10.5%). In 2 (16.7%) of these, abnormalities suggestive of 
metastases to the inguinal region were found. The inguinal lymph nodes suspected of 
containing metastases of these horses were not removed and follow-up information 
was available for only one. This horse underwent excision of a preputial fibrosar-
coma and, at 18 months, had no signs of recurrence at the prepuce. The nature of 
the abnormalities in the inguinal region, detected per rectum, remained unknown. 
The sensitivity with which the inguinal lymph nodes can be definitively identified by 
palpation per rectum appears to be low (Mair et al. 2000).

In man, the depth of invasion and the grade of the differentiation of the primary 
SCC are considered to be the most important indicators for lymphatic spread, with 
poorly differentiated SCCs tending to metastasize most frequently (McDougal 1995; 
Kroon et al. 2005b). Mair et al. (2000) found that 3 out of 4 horses with recurrence of 
neoplasia and abdominal metastasis had palpable, firm thickening of the penis, which, 
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during histological examination, was found to be due to invasion of the neoplasm into 
the urethra, lymphatic vessels, vascular channels and corporeal bodies. The authors 
at the time stated that staging of SCC in horses according to tumour invasiveness and 
lymph node involvement would be helpful in determining appropriate treatment. In 
human medicine, a staging system (1987 TNM classification) incorporating invasive-
ness and lymphatic spread is used alongside Broders’ system for classification based 
on the differentiation grade (Kroon et al. 2005a).

Ultrasonographical and MRI examinations of the penis have been used to stage 
SCCs of man, but reports of usefulness of these imaging modalities in determining 
the tumour stage are conflicting (Horenblas et al. 1994; Agrawal et al. 2000; Lont et 
al. 2003). Horenblas et al. (1994) concluded that ultrasonography was not accurate 
enough to aid in staging small lesions of SCC of the glans in man. For large tumours, 
ultrasonographical examination was a useful adjunct to physical examination to 
stage the tumour because it helped to delineate anatomical relations to structures 
such as the tunica albuginea and urethra. Lont et al. (2003) reported that physical 
examination provided the most accurate means of staging the tumour in man. To our 
knowledge no reports of the use of ultrasonography or MRI of the penis in the horse 
have been published.

After evaluating their degree of differentiation, SCCs were subdivided into 3 dif-
ferentiation grades based on the Broders’ classification system (Broders 1928) 
(Table 3.4). The original Broders’ system of classifying SCC uses 4 grades (G1-G4). 
Each grade indicates the ratio of mature cells to immature cells found histologically. A 
G1 tumour has >75% mature cells and <25% immature cells; conversely, a G4 tumour 
has <25% mature cells and >75% immature cells. Since, in this retrospective study 
the histological descriptions of the tumours did not always provide sufficient quan-
titative information with regard to the ratio of mature to immature cells, 3 grades 
rather than the conventional 4 were used. Of the 16 horses with a G3 SCC, 44% had 
regional metastasis. Horses in this group tended to have a poorer outcome compared 
to horses in the other 2 groups. To our knowledge, there are no previous reports in 
which equine penile and preputial SCCs were graded using Broders’ system of clas-
sification. Retrospective assessment of the histological examination often tends to be 
subjective and, because the grading is an important determinant in metastasis and 
outcome, the effects of the grade of SCCs of horses on outcome should be investigated 
prospectively.

The present report confirms that SCC is the most common neoplasm of the male 
equine external genitalia and is most frequently seen at the glans penis. Penile and 
preputial tumours occur most frequently in old horses. Horses with poorly differenti-
ated SCCs (G3) tend to have a higher incidence of regional metastases. Pathological 
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evaluation of lymph nodes, even when not palpably enlarged, is a valuable diagnostic 
exercise. Radiological examination of the thorax to detect lung metastases is of little 
value.
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Summary

Reasons for performing study: The most common penile and preputial neoplasm in 
the horse is the squamous cell carcinoma (SCC), but no large surveys of treatment 
and effects of the grade of the tumour, based on the degree of differentiation, on 
outcome of affected horses are available. Objectives: Analysis of treatment of male 
horses affected with SCC of the external genitalia and long-term results of treatment. 
Methods: Seventy-seven cases of SCC were evaluated. Data recorded included treat-
ment, outcome, postoperative histopathology and retrospective tumour grading. 
Results: Treatments included: cryosurgery, excision, partial phallectomy, partial phal-
lectomy and sheath ablation, and en bloc penile and preputial resection with penile 
retroversion and removal of inguinal lymph nodes. The incidence of recurrence after 
partial phallectomy was 25.6% (10/39) and following incomplete removal was 17.9% 
(7/39). The incidence of recurrence after en bloc resection with retroversion was 
12.5% (1/8). In horses with confirmed inguinal lymph node metastasis, the incidence 
of recurrence was 25.0% (1/4). Poorly differentiated SCCs were more likely to metas-
tasise than well differentiated SCCs, and there was a greater chance that the treatment 
would be unsuccessful. The success of treatment, complete removal and in preventing 
recurrence of the tumour, of male horses with SCC of the external genitalia was 55.7%. 
Conclusions: Horses that receive only partial phallectomy for treatment for SCC of 
the external genitalia have a high incidence of recurrence in contrast to horses that 
receive an en bloc resection. Tumour grading of SCC can help predict prognosis and 
guide selection of treatment.

        



69

Penile and preputial squamous cell carcinoma in the horse

Introduction
Therapies have been described to treat male horses with tumours of the external geni-
talia. Small tumours can be ablated with cryosurgery or hyperthermia (Joyce 1976; 
Stick and Hoffer 1978; Klein et al. 1991). Radiotherapy has been used to treat horses 
with penile squamous cell carcinoma (SCC) (Theilen and Madewell 1987; Klein et al. 
1991). Fortier and MacHarg (1994) reported the topical use of 5-fluorouracil to treat 
male horses with nonmetastasised SCC of the penis and prepuce. Local excision or/
and segmental posthetomy is indicated when neoplasia is not extensive (Schumacher 
2006). When a more invasive SCC is located at the distal part of the penis, partial 
phallectomy may be indicated. Techniques of partial phallectomy developed by Scott, 
Vinsot and Williams have been described (Scott 1976; Hickman et al. 1995; Schum-
acher 2006). If the penis, prepuce and regional lymph nodes are all involved, a partial 
phallectomy with ablation of the sheath and removal of  regional lymph nodes (i.e. 
en bloc penile and preputial resection), with or without penile retroversion, may be 
required (Markel et al. 1988; Doles et al. 2001; Archer and Edwards 2004). 

There are few retrospective studies critically evaluating the outcome of these surgi-
cal procedures. Most reports describe treatment of horses with genital SCC and study  
populations are relatively small (n = 5–48 horses: Markel et al. 1988; Howarth et al. 
1991; Mair et al. 2000; Archer and Edwards 2004) compared to the study popula-
tion of the present study, which evaluates outcome, treatment and the relationship 
between outcome and the grade of differentiation of the tumour. The objective here 
was to improve strategies for selection of optimal therapy based on results for 77 
male horses with SCC.

Materials and methods

retrospective study design
Case records of all male horses with SCC of the external genitalia referred to the 
Utrecht University Department of Equine Sciences from 1988–2005 were evaluated. 
Data recorded included site of lesion, postoperative histopathological data (with the 
exception of horses treated with cryotherapy), and the treatment and outcome of af-
fected horses.

Treatments
Horses included in this study were subjected to one or more of the following therapies:
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Cryosurgery: Using liquid nitrogen administered with a cryoprobe in a double, fast-
freeze-slow-thaw cycle (Frigitronics, CS76)1. Depending on the size of the lesion, a 
spray cup or hollow probe was used. The hollow probes were cooled by circulating 
liquid nitrogen through them and were used to freeze small lesions. Large lesions 
were frozen with a spray of liquid nitrogen administered through a cup that was fitted 
over the tumour (Stick 2006). Depth of freeze was ascertained using a thermocouple 
(Cryo-Surg Zacarian Thermocouple Needle, 22 gauge x 1.9 cm)2.

Surgical excision: Local excision and segmental posthioplasty (i.e. reefing technique) 
(Schumacher 2006). 

The Williams technique: This was used for partial phallectomy (Williams 1943), but 
only the glans penis, free part of the penis and the inner lamina of the internal fold of 
the prepuce were amputated. 

En bloc resection: Resection of the external portion of the penis and prepuce with ret-
roversion was used when lesions involved a large part of the penis and prepuce and/
or the inguinal lymph nodes. During this operation, the superficial inguinal lymph 
nodes were always removed (Markel et al. 1988). 

Resection of external portion of the penis and prepuce: One horse with extensive 
involvement of the penis and prepuce, but without enlarged lymph nodes, was treated 
by resection of the external portion of the penis and ablation of the sheath without 
penile retroversion and without removal of lymph nodes, as described by Doles et al. 
(2001). 

Diagnostic data
The type of tumour was established from the histopathology report and, using the 
written description of the tumour, was assigned a grade based on the human grading 
system proposed by Broders (1928). Histological features related to differentiation 
(e.g. mitotic activity, keratinisation, arrangement in horn pearls, morphological ap-
pearance of the nucleoli) were used to grade the tumour. Tumours were classified as: 
G1, well differentiated; G2, moderately differentiated; and G3, poorly differentiated. 
If  histopathological data were insufficient to determine tumour grade, the tumours 
were designated as GX.

The original Broders’ system of classifying SCC uses 4 grades (G1–G4). Each grade 
indicates the ratio of mature cells to immature cells found during histological exami-
nation of the tumour. Grade 1 >75% mature cells and <25% immature cells; Grade 4 
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<25% mature cells and >75% immature cells. Since, in this retrospective study, the 
histological descriptions of the tumours did not always provide sufficient quantitative 
information with regard to the ratio of mature to immature cells, 3 grades rather than 
the conventional 4 were used.

Follow-up information
Follow-up information was obtained by written and telephonic inquiries. The follow-
up was 18 months–10 years (mean 5.5 years).

results

Male horses (n = 114) with suspected or confirmed genital neoplasia were examined 
at the Utrecht University’s Department of Equine Sciences, 77 of these horses were 
subsequently confirmed to have SCC of the external genitalia.

Treatments
In total, 75 treatments, including those after recurrence, were performed on 67 horses. 
Six horses were subjected to euthanasia at admission and 4 horses did not receive 
any treatment. Eight horses were treated more than once; of these, 3 underwent 2 
treatments within 18 months and 4 were treated twice because of recurrence after 
18 months. The eighth horse was treated 3 times, with the first recurrence more than 
18 months after initial treatment and a second recurrence within 18 months of the 
second treatment. This horse was subjected to euthanasia when the tumour recurred 
again within 18 months of the third treatment. 

Treatments included partial phallectomy (n = 45: 60%); partial phallectomy in 
combination with cryosurgery (n = 2: 2.7%); partial phallectomy in combination with 
excision (n = 4: 5.3%); partial phallectomy in combination with sheath ablation (n = 
1: 1.3%), en bloc penile and preputial resection with retroversion (n = 13: 17.3%); 
cryosurgery (n = 2: 2.7%); excision (n = 4: 5.3%); excision in combination with cryo-
surgery (n = 4: 5.3%). 

Partial phallectomy was used to remove SCC in the part of the penis distal to the 
annulus of the internal fold of the prepuce (see figure under Table 4.1). This technique 
was, in some cases, combined with cryosurgery and excision when lesions were also 
present at locations proximal to the annulus. 

En bloc resection and lymph node removal was used to remove SCC of the glans 
penis when complications, such as lymph node enlargement (n = 1) and tumour 
recurrence after partial phallectomy (n = 1) were observed.
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postoperative histopathology
Seventy lesions from 64 horses were examined histologically following surgical re-
moval. The margin of excised tissue was examined to determine if the lesion had been 
removed completely (Table 4.1). In 32 cases (45.7%) the lesion had been removed 
completely whereas in 9 cases (12.9%) removal was incomplete. In the remaining 
29 cases (41.4%), the histopathology report was inconclusive with regard to the 
completeness of removal. Postoperative histopathology reports were not available for 
5 lesions (2 horses treated by cryotherapy, 2 horses treated by partial phallectomy 
and one horse treated by partial phallectomy in combination with sheath ablation). 

Table 4.1: Site of SCC related to the type of treatments and postoperative histopathology data on 
completeness of removal

a bcde abcde f abcdef not recorded total

n c i n c i n c i n c i n c i n c i n c i

PP 31 13 6 1 1 10 3 1 1 1 43 18 7

PPCS 2 1 2 1

PPEX 4 1 1 4 1 1

EB 2 1 4 3 6 5 1 1 13 10

EX 1 2 2 1 1 4 2 1

EXCS 2 1 1 4

total 34 14 6 7 6 24 10 2 3 1 1 1 1 1 70 32 9

n: total number of lesions examined histologically after surgery; c: lesions completely removed; i: lesions 
incompletely removed. n is the sum of completely removed lesions, incompletely removed lesions, and 
lesions of which the report was inconclusive on completeness of removal. PP: partial phallectomy; PPCS: 
partial phallectomy in combination with cryosurgery; PPEX: partial phallectomy in combination with 
surgical excision; EB: en bloc penile and preputial resection with penile retroversion; CS: cryosurgery; EX: 
surgical excision; EXCS: surgical excision in combination with cryosurgery. 

a: glans penis; b: free part of the penis (between glans and internal fold); c: inner lamina of the internal fold; 
d: annulus; e: outer lamina of the internal fold; f: inner lamina of the external fold. 
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For 7 of the 9 horses in which incomplete removal was reported, treatment had 
taken the form of partial phallectomy only. The eighth horse had been treated by 
partial phallectomy combined with local excision of a secondary tumour. In this case, 
the postoperative histopathology report revealed that the partial phallectomy had 
not been sufficient to remove the primary tumour completely, but that the secondary 
tumour had been completely removed by excision. In the ninth horse, radical excision 
of a tumour at the external fold was incomplete. 

In total, for 7 (30.4%) of the 23 horses for which data on the completeness of re-
moval were available and lesions involved the glans penis (i.e. at site a or site abcde; 
Table 4.1), partial phallectomy alone was insufficient for complete removal.

En bloc resection was used to treat SCC present at all locations of the penis. No 
incomplete removals were reported using this technique (Table 4.1). 

Treatment and follow-up
Follow-up data were obtained for 61 (81.3%) of 75 treatments (53: 79.1% of 67 
horses). The tumour recurred within 18 months after 12 (19.7%) of these treatments, 
and after 18 months after 6 (9.8%) treatments, giving an over-all, post incidence of 
recurrence of 29.5%.

Table 4.2: Differentiation grade related to the type and number of treatments (available for follow-up) and 
outcome, including metastases

G1 G2 G3 GX total

n r i n r i n r i n r i n r i

PP 20 4 2 4 1 1 3 1 1 12(1*) 4 3(1*) 39(1*) 10 7(1*)

PPCS 1 1 1 1

PPEX 1 1 1 1 1 1 3 2 1

PPSA 1 1

EB 1 2 (1*) 1 (1*) 2 (2*) 3(1)* 8(4*) 1(1*)

CS 1 1 1 2 1

EX 1 1 1 1 3 1

EXCS 1 1 1 1 2 1 4 3

total 26 6 2 7 (1*) 2 (1*) 1 9 (2*) 3 3 19(2*) 7 3(1*) 61(5*) 18(1*) 9(1*)

G1: well differentiated; G2: moderately differentiated; G3: poorly differentiated; GX: grade not assessed; n: 
number of treatments available for follow-up; r: recurrence; i: incomplete removal; *metastases. PP: partial 
phallectomy; PPCS: partial phallectomy in combination with cryosurgery; PPEX: partial phallectomy in 
combination with surgical excision; PPSA: partial phallectomy in combination with sheath ablation; EB: en 
bloc penile and preputial resection with penile retroversion; CS: cryosurgery; EX: surgical excision; EXCS: 
surgical excision in combination with cryosurgery.
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The reported unsuccessful treatments (recurrence and incomplete removal) with 
follow-up in relation to tumour grade are summarised in Table 4.2. For horses with 
grade 1 SCC, 30.8% of treatments were unsuccessful, compared to 42.9% of treat-
ments for horses with grade 2 SCC, 66.7% for horses with grade 3 SCC, and 52.6% for 
horses with SCC with unknown grade of differentiation (GX). 

The incidence of recurrence after partial phallectomy only was 25.6% and the 
incidence of incomplete removal was 17.9%, giving a total of unsuccessful outcome 
of partial phallectomy of 43.5%. This technique was also used to treat a GX SCC that 
had metastasised to the inguinal lymph nodes; postoperative histopathology revealed 
incomplete removal of neoplastic tissue. This horse was subjected to euthanasia 2 
months later because the neoplastic tissue had become more extensive. Post mortem 
histopathology revealed inguinal lymph node metastasis (Table 4.2). For 4 of 8 horses 
with SCC that received en bloc resection, metastasis of tumour to the inguinal lymph 
nodes was found during histology of the inguinal lymph nodes postoperatively. One 
of these horses had recurrence of the tumour (25%) at the inguinal region. The total 
incidence of unsuccessful outcome of en bloc resection was 12.5%.

In general, the incidence of unsuccessful outcome for SCC treatment was 44.3% 
(Table 4.2).

Discussion

In this study, the outcome of each treatment of horses for penile and preputial SCC was 
evaluated. Outcome for a single horse treated for SCC was better than the outcome for 
a single treatment, because some horses were treated successfully on a second or 
third attempt.

Some treatment groups were compromised of a small number of horses, such as the 
group that underwent en bloc preputial and penile resection with penile retroversion 
and the group that underwent partial phallectomy in combination with cryosurgery. 
The effectiveness of treatments in resolving neoplasia in these small groups was 
therefore difficult to determine.

Cryosurgery was an adjunctive therapy to ablate smaller secondary lesions in horses 
after the primary tumour had been excised. Some horses were treated with cryosur-
gery in addition to excision of the primary lesion or partial phallectomy. Despite its 
limitations, with respect to maximum tumour size and ability to examine histologi-
cally treated tissue, cryosurgery is considered to be a good method for removing small 
lesions of the external genitalia, sometimes in combination with excision of another, 
larger or more malignant tumour.
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Partial phallectomy can be avoided by local tumour excision when the tumour does 
not involve the tunica albuginea and is present at the internal or external preputial 
fold. Segmental posthioplasty (i.e. reefing) is indicated for removal of preputial neo-
plasms so extensive that simple excision is impossible (Schumacher 2006). Mair et al. 
(2000) reported 4 horses that underwent segmental posthioplasty for removal of SCC 
at the external fold of the prepuce (Table 4.1: site f). 

When excision was used alone or in combination with partial phallectomy or cryo-
surgery, the choice of treatment used in combination with excision was based on the 
location of additional tumours. For example, a horse with a tumour on the internal 
and external folds of the prepuce was more likely to be treated by simple excision of 
the tumour because lesions at these sites are easier to excise than are lesions on the 
free part of the penis and the glans. In one study, treatment of horses with preputial 
or penile SCC by local excision of papillomas, in addition to excision of the primary 
lesion, was shown to prolong survival time (Howarth et al. 1991).

The incidence of tumour recurrence after local excision combined with either par-
tial phallectomy or cryosurgery was high compared to that after en bloc resection or 
that after partial phallectomy with sheath ablation. A possible explanation for the 
high incidence of recurrence is that, when a neoplasm involves a large part of the 
external genitalia, there is a smaller chance of complete removal using less invasive 
techniques, especially because the degree of invasiveness of the tumour can be un-
derestimated. When the urethra and corporeal bodies are involved, excision sufficient 
to guarantee a tumour-free margin is likely to complicate soft-tissue reconstruction. 
Many penile and preputial tumours of horses go unnoticed for a long period and can 
therefore be so extensive at the time at presentation for treatment that complete exci-
sion is difficult.

Partial phallectomy is indicated for neoplasms that involve only the distal portion 
of the penis (i.e. glans, free part of the penis and internal fold) and those have in-
vaded the tunica albuginea or are so extensive that treatment with cryosurgery and/
or excision (segmental posthioplasty) are impossible (Brinsko 1998). The Williams 
technique was performed on 45 horses (60% of all treatments) and was performed 
mainly to treat horses with lesions of SCC at and involving the glans, free part of the 
penis and the internal fold distal to the annulus.

Success rates of 54% and 67% in treating horses with penile and preputial SCC, 
with or without the presence of papillomas have been reported (Howarth et al. 
1991; Mair et al. 2000). In the present study, 10 of the 39 horses (25.6%) for whom 
follow-up was available, treated by partial phallectomy, had recurrence of tumour. 
Postoperative histopathology of the margins of excised tissue revealed that partial 
phallectomy of 7 horses (17.9%) was unsuccessful in completely removing neoplastic 
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tissue (Table 4.2). Recurrence of the lesions of horses treated with partial phallectomy 
can probably be explained by the limited part of the tumour that can be removed. In 
the present study, the annulus of the internal fold of the prepuce was the proximal site 
of amputation in all horses that underwent partial phallectomy because other horses 
that underwent amputation more proximal to this site suffered dehiscence of the 
suture line due to the tension developing during retraction of the penis. Depending on 
tumour site, this site of amputation may be close to the neoplastic tissue, resulting in 
incomplete removal. Another explanation of recurrence is the presence of secondary, 
premalignant tumours (i.e. papillomas) present proximal to the site of amputation. If 
adjunctive therapy, such as excision or cryosurgery, is unsuccessful in removing these 
premalignant lesions, they may transform into malignant neoplasms. SCCs at the glans 
penis may more readily invade the underlying tissue because at this site, the tunica 
albuginea of the corpus spongiosum glandis is much thinner and merges distally with 
the integument (Schumacher 2006), a malignant tumour of the glans penis may have 
the chance to spread more proximally from here. Neoplastic invasion of the corporeal 
bodies of the penis is difficult to appreciate by palpation and, therefore, there is an 
appreciable risk of underestimating the size of the neoplasm and incomplete excision. 

En bloc penile and preputial resection and penile retroversion are required when 
penile and preputial neoplasia is extensive and metastasis to the inguinal lymph 
nodes is likely (Markel et al. 1988). In the present study, lymph node enlargement 
and extensive genital involvement were the reasons for performing this treatment. 
Seven out of 13 horses that underwent en bloc resection and excision of inguinal 
lymph nodes for treatment for genital SCC had lymph node metastasis detected by 
preoperative FNAB and/or histopathology of excised tissue. Of the 13 that underwent 
en bloc penile and preputial resections with penile retroversion, 8 were available for 
follow-up, 4 of which had metastasis to inguinal lymph nodes and 4 did not. None of 
the 4 horses without lymph node metastasis and only one of the 4 that had metastasis 
suffered recurrence of neoplasia within 18 months. This implies a success of 75% in 
horses with inguinal metastasis of SCC and 100% in horses without metastasis after 
en bloc resection and removal of inguinal lymph nodes. It should be emphasised that 
the number of cases involved where follow-up was available is small. In other reports 
of horses that underwent en bloc penile and preputial resection with retroversion 
because of extensive penile and preputial carcinoma, no horse had recurrence of 
neoplasia (Mair et al. 2000); Archer and Edwards (2004) reported that 75% of their 
horses were treated successfully.

Although en bloc resection seems to be a rather successful treatment for extensive 
carcinoma of the external genitalia, this procedure is highly invasive and may result 
in serious complications, such as severe haemorrhage and cystitis (Markel et al. 1988; 
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Archer and Edwards 2004). In our hospital, complications such as wound swelling, 
prolonged wound infection and second-intention healing of the urethral stoma af-
ter dehiscence of the suture line, were observed. Because of the high incidence of 
complications, some owners may elect to have their horse treated with less invasive 
techniques, such as segmental posthioplasty, even though the chance of incomplete 
removal of the tumour may be high. 

Doles et al. (2001) described a technique involving partial amputation of the penis 
and sheath ablation with or without removal of the inguinal lymph nodes. Using this 
technique the external portion of the penis and the internal and external fold of the 
prepuce were amputated and the penile stump was fixed to the ventral abdomen on 
the midline. This technique maintains the penile stump in a more natural location 
and, by reducing dissection and dead space, resulted in fewer complications than 
the en bloc resection (Doles et al. 2001). In the present study, this technique was 
performed just once and, therefore, no comparisons of the incidence of complications 
using this technique could be made. In recent years, the technique has been employed 
more frequently at Utrecht University, and has provided a more satisfactory outcome 
and a lower incidence of complications than that of the en bloc penile and preputial 
resection with retroversion (J.G.B. van den Top, unpublished data). The technique 
is useful when partial phallectomy is insufficient to complete removal and en bloc 
resection is unnecessarily invasive. En bloc resection may be indicated over partial 
phallectomy with sheath ablation for horses that have such extensive involvement of 
regions of the penile shaft that the penis could not be sutured to the ventral midline 
in an orientation that would avoid urine scalding of the hindlimbs, or when neoplasia 
or secondary infections that involved the peripreputial skin are so extensive that the 
prepuce cannot be reconstructed (Doles et al. 2001).

By correlating histological classification of lesions of SCC with outcome, more horses 
with moderately or poorly differentiated SCC were treated unsuccessfully (42.9% for 
G2 and 66.7% for G3 tumours) than horses with well differentiated tumours (30.8% 

Table 4.3: Differentiation grade of SCC related to outcome of treatment and number of horses that did not 
have therapy

G1 G2 G3 GX total

successful treatments 18 4 3 9 34

unsuccessful treatments 8 3 6 10 27

horses that did not receive treatment* 1 6 3 10

G1: well differentiated; G2: moderately differentiated; G3: poorly differentiated; GX: grade not assessed. 
*Including horses that were subjected to euthanasia.
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for G1 tumours). In the case of G3 and, possibly, GX tumours, the outcome was even 
less favourable than the treatment figures suggest since 6 and 3 horses, respectively, 
were subjected to euthanasia at admission rather than being submitted for treatment 
(Table 4.3).

In conclusion, the treatment of horses with penile and preputial SCC had an overall 
success of 55.7%. Partial phallectomy as a therapy of SCC has a high tumour incidence 
of recurrence, while en bloc resection had a low, overall incidence of recurrence. 
Horses with poorly differentiated SCCs (e.g. G3) tended to have a higher incidence of 
regional metastasis and unsuccessful outcome after treatment. Assessment of tumour 
differentiation grade could be important in deciding on type of

treatment of male horses affected with SCC of the external genitalia and prospective 
studies are warranted.
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Summary

Reasons for performing study: Penile and preputial papilloma and squamous cell 
carcinoma (SCC) are commonly diagnosed in horses. Papillomas have the potential to 
progress to potentially lethal SCC. Knowledge of pathogenetic mechanisms may help 
in prevention and definition of treatment targets. Study design: Retrospective study 
using archived material. Objectives: To determine the expression of cyclo-oxygenase 
1 (COX-1), cyclo-oxygenase 2 (COX-2) and microsomal prostaglandin E synthase-1 
(mPGES-1) in penile and preputial normal tissue, papilloma and SCC in horses, and 
whether expression of these enzymes is influenced by degree of inflammation and 
differentiation grade. Methods: Tumour differentiation grade, degree of inflammation 
and COX-1, COX-2 and mPGES-1 expression in 75 formalin-fixed paraffin embedded 
samples of penile and preputial papilloma and SCC of 68 horses were investigated by 
histopathology and immunohistochemistry. Results: Inflammation was more promi-
nent in SCC compared with papilloma. No correlation between expression of COX-1 
or COX-2 and inflammation was found. Expression of mPGES-1 was weakly correlated 
with inflammation. Expression of COX-1, COX-2 and mPGES-1 was found in 42.6%, 
50.7% and 96.0% of lesions respectively, but less than 1% of cells were immunoposi-
tive for COX-1 and COX-2 in 59.4% and 84.2% of cases respectively. Expression of 
COX-1 was moderately negatively correlated with differentiation grade, COX-2 was not 
correlated and mPGES-1 was poorly negatively correlated. Conclusions: Expression of 
COX-1 and COX-2 in penile and preputial SCC in the horse is poor and COX inhibitors 
may thus be of little value for prevention or treatment. Microsomal PGES-1 is more 
prominently expressed in well differentiated tissue compared with poorly differen-
tiated tissue. Further research on the role of mPGES-1 in carcinogenesis is needed 
to assess its potential use as a treatment target. Knowledge of arachidonic pathway 
enzyme expression and their role in equine penile and preputial carcinogenesis may 
help in developing preventive and therapeutic strategies. 
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Introduction

Squamous cell carcinoma (SCC) is the most common neoplasm of the external geni-
talia in horses, with an incidence of 49–82.5% (Klein et al. 1991; Brinsko 1998; van 
den Top et al. 2008a). Equine papillomavirus may be the initiating factor (Scase et 
al. 2010; Knight et al. 2011), but poor hygiene followed by chronic irritation and 
balanoposthitis may make smegma into a promoter of tumour formation (Plaut and 
Kohn-Sprayer 1947; Klein et al. 1991; Van Howe 2006).

Prostaglandins (PGs) are produced by cyclo-oxygenase (COX) from arachidonic acid. 
Three isoforms of COX exist: COX-1, COX-2 and COX-3. Of these, COX-1 is constitutively 
expressed. Expression of COX-2 is in many species a nonconstitutive enzyme that is 
induced by various stimuli, but there are indications that in the horse there may be 
constitutive COX-2 too (Elce et al. 2007). The COX-1 and COX-2 isoenzymes catalyse 
2 distinct reactions: the oxidation of arachidonic acid to PGG2 and the peroxidation 
of PGG2 to PGH2. Then, PGH2 is converted by various terminal prostaglandin syn-
thases (PGES), including microsomal PGES-1 (mPGES-1), into biologically active PGs 
(e.g. PGE2). There is a growing body of evidence that COX-2 and its product PGE2 
can promote tumour development by a variety of mechanisms, such as stimulation 
of proliferation, reduction of apoptosis and induction of angiogenesis (Muller-Decker 
and Furstenberger 2007).

The relationship between PGE2 production and tumour development has been 
indirectly confirmed by the strong negative correlation between use of nonsteroidal 
anti-inflammatory drugs (NSAIDs) and the incidence of colorectal, breast, and lung 
cancers in man (Giovannucci et al. 1995). Experimental treatment with NSAIDs and 
COX-2 inhibitors suppresses carcinogen-induced tumourigenesis in animal models. 
These data have prompted investigations into the expression of COX-1 and -2 in 
cancer tissues in different species (Elce et al. 2007; L’Eplattenier et al. 2007; Kawata 
et al. 2010; Bardagi et al. 2012). In the horse, COX-2 expression has been studied in 
ocular and other SCC (Smith et al. 2008; McInnis et al. 2007). Farley et al. (2005) 
described mPGES-1 expression in equine chondrocytes, but a possible relationship 
with tumour genesis has not yet been investigated. Treatment of an equine lower lip 
SCC with piroxicam has been reported to result in the disappearance of the tumour 
within 3 months (Moore et al. 2003), providing anecdotal evidence for an implication 
of inflammatory processes in tumour growth in the horse as well. 

The hypothesis of the current study was that the presence of COX-1, COX-2 and 
mPGES-1 would be related to the differentiation grade of SCC of the male genital tract 
in the horse and by the inflammatory status of the tissue. The ultimate aim was to 
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determine if COX-2 and mPGES-1 could be potential targets for additional therapeutic 
and preventive strategies for this disorder.

Materials and methods

Cases and tissue samples
Case record archives of the Department of Equine Sciences of the University of 
Utrecht were searched for histopathologically confirmed cases of equine penile and 
preputial papillomas and SCCs presenting between 1988 and 2008. Sixty-eight cases 
from a variety of breeds with complete follow-up and a sufficient amount of paraffin-
embedded tumour tissue were identified for further histopathological and immuno-
histochemical (IHC) analyses. Data recorded included age and reproductive status. 
Two control samples (skin of the glans and of the inner fold of the prepuce) were 
taken from each of 6 normal horses subjected to euthanasia for reasons unrelated to 
penile and preputial disease. 

histopathological grading
The haematoxylin and eosin stained sections from which the original diagnosis had 
been made were re-reviewed separately by 2 of the authors (J.v.d.T. and L.H.). A dis-
tinction was made between papillomas and SCC. For the latter, a 3-tier grading system 
described by Chaux et al. (2009) was used: SCCs were classified as well differenti-
ated (Grade 1; G1), moderately differentiated (Grade 2; G2), or poorly differentiated 
(Grade 3; G3). 

For each section, the tumour composition was classified. Tumours were classified 
as homogeneous when all tissue consisted of well, moderately or poorly differenti-
ated fields and as heterogeneous, when there was a combination of papilloma, and 
well, moderately and/or poorly differentiated fields of SCC cells. 

Inflammation scoring
Inflammation was scored semi-quantitatively on a scale of 0–3 with 0.5 increments: 
0, no inflammation; 1, minimal, scattered and mixed inflammatory cellular infiltra-
tion; 2, extensive mixed cellular infiltration with or without occasional ulceration/
necrosis; and 3, similar changes with extensive ulceration and/or necrosis.

IhC staining
Formalin-fixed, paraffin-embedded blocks of pathological samples were retrieved 
from archive storage for IHC staining. Blocks of the site-matched normal controls, and 
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of normal equine liver (COX-1), normal equine kidney (COX-2) and normal equine tes-
tis (mPGES-1) were prepared as negative and positive controls respectively. Sections 
(4 μm) were cut and mounted on silane coated slides (KP plus)a, which were placed 
in a 56°C oven overnight. Then, the slides were dewaxed in xylene and rehydrated 
in descending concentrations of alcohol (100, 96 and 70%). The tissues for COX-1 
staining were pretreated by boiling the slides in 0.01 mol/l citrate buffer (pH 6) for 
10 min. Tissues for COX-2 and mPGES-1 were pretreated by boiling the slides in 0.01 
mol/l TRIS-EDTA (pH 9) for 30 min. After 30 min cooling, the slides were rinsed in 
phosphate buffered saline (PBS) before inhibiting the endogenous peroxidases by 
immersing the tissue in 1% hydrogen peroxide in methanol for 30 min at room tem-
perature. After rinsing with PBS Tween 20, nonspecific antibody binding was blocked 
by incubating with normal rabbit serum (COX-1 and COX-2) or normal goat serum 
(mPGES-1) diluted 1:10 in PBS for 30 min at room temperature.

Next, the sections were incubated overnight at 4°C with the primary antibody (poly-
clonal goat anti-mouse COX-1 [1:100; SC-1754]b, polyclonal goat anti-mouse COX-2 
[1:50; SC-1746]b and polyclonal rabbit anti-human mPGES-1 [1:100; no. 160140]
c) diluted in PBS. The primary antibody was omitted for the negative control. After 
rinsing with PBS Tween 20, the sections were treated for 30 min at room temperature 
with the secondary antibody (rabbit anti-goat biotinylated [Vector BA-5000]d for 
COX-1, COX-2 and goat anti-rabbit biotinylated [Vector BA-1000]d for mPGES-1), all 
at a concentration of 1:250 in PBS. After rinsing with PBS Tween 20, the immune 
reaction was visualised with a standard ABC/peroxidase kit (Vector PK-4000)d, and 
diaminobenzidine as a substrate (0.05% solution in 0.05 MTris-HCl, pH 7.8, with 
0.03% H2O2). After a final rinse in tapwater, the sections were briefly counterstained 
(35 seconds in haematoxylin) and dehydrated (successive concentrations of 70, 96 
and 100% ethanol, and finally xylene).

The specificity of the primary antibody was tested by western blots on equine liver 
(COX-1; 1:200), equine kidney (COX-2; 1:200) and equine testis (mPGES-1; 1:1000). 
Sections of corresponding organs of the mouse were used as positive control. In all 
samples multiple bands were detected. Corresponding bands were detected in mouse 
and horse tissue at the 75 kDa marker for COX-1 and COX-2. Corresponding bands 
were detected in mouse and horse tissue between the 15 and 20 KDA markers for 
mPGES-1, which corresponds with the molecular weight of mPGES-1 (17 kDa). An 
additional band was detected just below 20 KDa in horse testicle.
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IhC scoring
First, two of the authors (J.v.d.T. and L.H.) separately classified the slides for the pres-
ence or absence of staining. In case of disagreement, final classification was made 
based upon consensus. 

General intensity of staining was scored on a 0–3 scale with 0.5 increments as com-
pared with the positive control tissues for the individual experimental run - classified 
as intense (Grade 3) for COX-1 (liver Kupffer cells) and mPGES-1 (testis Leydig cells) 
and moderate (Grade 2) for COX-2 (renal thick ascending limb of Henle’s loop cells). 
The score was averaged when differing by one grade between observers. If differing 
by more than one grade, consensus was reached after discussion. The number of cells 
exhibiting positive IHC staining was assessed semi-quantitatively as a percentage of 
the neoplastic cells staining positively. The intensity and distribution of staining in 
well, moderately and poorly differentiated cells were recorded for each slide, based 
on systems used in previous studies (Hayes et al. 2006, Smith et al. 2008) and used to 
calculate overall expression scores, by multiplying the percentage of positive cells by 
the general staining intensity. 

Data analysis
For determination of correlations, numerical data were log-transformed to achieve 
a normal distribution. Correlations between outcomes (COX-1, COX-2 and mPGES-1 
expression scores, subtypes and tumour composition) were investigated using Pear-
son’s correlation coefficient. Spearman’s correlation coefficient was used to calculate 
correlations between inflammation score and subtypes, and COX-1-, COX-2-, mPGES-1 
expression scores. For all different outcome variables (inflammation score, COX-1, 
COX-2, mPGES-1), differences were analysed using a linear mixed model, with subtype 
and tumour composition as fixed effects, and ‘horse’ as a random effect. The level of 
agreement of tumour grading was calculated with Kappa analysis. For all tests, the 
SPSS 20e software package was used and differences were considered to be statisti-
cally significant if P<0.05.

results

horses
There were 60 geldings and 4 stallions; in 4 horses this information was not specified 
in the records. The median age was 18.0 years (range 12–33; mean ± s.d. 20.0 ± 5.2); 
for 6 horses age was unknown. The median age of the control horses (5 geldings and 
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one stallion) was 19.0 years (range 4–30; mean ± s.d. 18.0 ± 9.6); the age of one horse 
was unknown.

Tumour grading
The samples originated from 75 tumours; 68 were collected at first presentation. Ini-
tially, 50 (67.7%) of tumours were graded similarly by the 2 observers, representing 
a moderate level of agreement (κ = 0.557 P<0.001). Differences were one grade for 
21 tumours and 2 grades for 4 tumours. The conclusive diagnoses were 13 (17.3%) 
papillomas (P), 18 (24.0%) SCCs G1, 17 (22.7%) SCCs G2, and 27 (36.0%) SCCs G3 
(Table 5.1). Of these, 2 papillomas, one G1 SCC and 4 G3 SCCs were diagnosed at recur-
rence. Twenty-eight tumours (37.3%) had a homogeneous composition, 47 (62.7%) 
were heterogeneous. 

Table 5.1: Overview of tumour samples with classification in subtypes, tumour composition and 
inflammation score.

Normal skin Tumour subtypes Total

Papilloma G1 G2 G3

Total samples examined 12 13 18 17 27 87

Primary tumour at first presentation 11 17 17 23 68

Composition of total tumours examined

Homogeneous 13 5 6 4 28

Papilloma/well 13 13

Papilloma/moderate 1 1

Papilloma/poor 0

Well/moderate 10 10

Well/poor 0

Moderate/poor 12 12

Well/moderate/poor 11 11

Inflammation score

0 10 10

1 2 2

1.5 6 2 1 9

2 2 3 1 4 10

2.5 3 6 8 8 25

3 1 4 4 6 15

G = grade; well = well differentiated squamous cell carcinoma (SCC) cells; moderate = moderately 
differentiated SCC cells; poor = poorly differentiated SCC cells.
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Inflammation
Inflammation was present in 100% of papilloma and SCC samples with a higher score 
with decreasing differentiation grade (Fig 5.1). In 2 (16.7%) of 12 normal skin samples 
minor inflammation was observed, which was significantly (P<0.001) less than in all 
tumour samples. Figure 5.1 shows the mean inflammation scores of normal tissue 
and the tumour subtypes. There was a weak, but significant correlation (r = 0.333, P = 
0.003) between inflammation score and the different tumour subtypes (papilloma, 
G1, G2, G3). 

COX-1
Thirty-two (42.6%) of the tumours and 3 (25%) normal skin samples were positive 
for cytoplasmic COX-1 staining (Table 5.2). All tissue samples (including normal skin) 
had less than 50% COX-1 stained cells. In the majority (59.4%) of tumours samples 
staining positive for COX-1, staining was seen in less than 1% of the cells stained 
(Table 5.2). The general staining intensity in all samples was less than in the posi-

 

Figure 5.1: Graphic representation of inflammation score in normal tissue and the various tumour 
subtypes. Dots represent the mean and bars represent the 95% confidence interval. P = papilloma; G = 
grade.
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Table 5.2: Immunolabelling characteristics of cyclo-oxygenases (COX-1 and -2), and microsomal 
prostaglandin E synthase (mPGES-1) in samples of penile and preputial tumour subtypes and normal tissue 
including percentage positive cells and general staining intensity.

 Normal skin Tumour subtypes Total

Papilloma G1 G2 G3

COX-1       

Positive cells       

0 9 7 8 8 20 52

≤1% 1 1 6 6 6 20

2–10%  3 4 1 1 9

11–50% 2 2  2  6

51–17%      0

>75%      0

General staining intensity       

0.5    1 2 3

1 1 3 8 7 4 23

1.5 2 2 1 1 1 7

2  1 1   2

2.5      0

3      0

COX-2       

Positive cells       

0 6 6 6 9 16 43

≤1% 3 7 8 8 9 35

2–10% 3  4 1 1 9

11–50%      0

51–17%      0

>75%      0

General staining intensity       

0.5      0

1 2 2 1 3 6 14

1.5 2 2 5 3 3 15

2 2 3 4 2 1 12

2.5   2   2

3      0

mPGES-1       

Positive cells       

0  1   2 3

≤1%   4 3 5 12
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Table 5.2: Immunolabelling characteristics of cyclo-oxygenases (COX-1 and -2), and microsomal 
prostaglandin E synthase (mPGES-1) in samples of penile and preputial tumour subtypes and normal tissue 
including percentage positive cells and general staining intensity. (continued)

 Normal skin Tumour subtypes Total

Papilloma G1 G2 G3

2–10%  3 4 8 11 26

11–50%  3 9 3 7 22

51–17%  2 1 3 1 7

>75% 12 4   1 17

General staining intensity       

0.5      0

1  2 3 7 7 19

1.5  2 6 5 8 21

2 1 4 6 4 9 24

2.5 2 3 2 1 1 9

3 8 2 1   11

 

Figure 5.2: Cyclo-oxygenase-1 immunostaining in moderately differentiated squamous cell carcinoma (G2). 
Squamous cell carcinoma tissue exhibits weak cytoplasmatic staining near nests of inflammatory cells.
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tive control (Fig 5.2). Figure 5.3 shows the mean COX-1 expression scores of normal 
tissue and the tumour subtypes. In the linear multiple regression model (predictors: 
subtype and tumour composition), subtype (β = -0.471 P = 0.010) was a significant 
predictor for ln COX-1 expression score. The overall model fit was adjusted R2 = 0.258. 
The correlation between ln COX-1 expression score and tumour subtype (papilloma, 
G1, G2, G3) was moderate (r = -0.513 P = 0.002). 

There was no correlation between COX-1 expression score and inflammation score.

COX-2
Thirty-eight (50.7%) tumour and 6 (50.0%) normal samples were positive for COX-2 
(Table 5.2). Staining was commonly observed adjacent to inflamed areas. In all cases, 
positive cytoplasmatic (perinuclear) staining (Fig 5.4) was present in not more than 
10% of the cells. In the majority (84.2%) of the positive tumour samples, not more 
than 1% of the cells stained. There was no difference in percentage of positively stain-
ing cells between normal tissue and tumour subtypes, or within tumour subtypes 
(P = 0.386–1.000). The general staining intensity in 25 (65.8%) samples was less than 
the positive control tissue with no differences between subtypes and normal skin, or 
within subtypes (P = 0.051–1.000). 

 Figure 5.3: Graphic representation of cyclo-oxygenase-1 (COX-1) and -2 (COX-2) expression scores per 
subtype. Dots represent the mean and bars represent the 95% confidence interval. P = papilloma; G = grade. 
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Figure 5.4: Cyclo-oxygenase-2 immunostaining in a well differentiated squamous cell carcinoma 
(G1). Squamous cell carcinoma tissue exhibits moderate to strong cytoplasmatic staining near nests of 
inflammatory cells.

 

Figure 5.5: Microsomal prostaglandin E synthase-1 immunostaining in a papilloma. Keratinocytes exhibit 
moderate to strong cytoplasmatic staining.
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Figure 5.3 shows the COX-2 mean expression scores of normal tissue and tumour 
subtypes. In the multiple regression model (predictors: subtype and tumour compo-
sition), subtype (β = -0.461 P<0.013) was a significant predictor for ln COX-2 expres-
sion. The overall model fit was adjusted R2 = 0.104. There was no correlation of ln 
COX-2 expression score with tumour subtype, or with the inflammation score. 

mpGeS-1
Seventy-two (96.0%) of the tumours and 100% of the normal samples labelled for 
mPGES-1 (Table 5.2). 

In normal skin tissue cytoplasmic staining for mPGES-1 was very prominent com-
pared with tumour tissue. In all normal samples more than 75% of the cells stained. 
In 30.8% of the papillomas >75% of the cells stained (Fig 5.5). In the invasive tu-
mours (G1–G3), >75% staining was only seen in one G3 tumour. Normal skin had a 

 

Figure 5.6: Graphic representation of microsomal prostaglandin E synthase-1 (mPGES-1) expression scores 
per subtype. Dots represent the mean and bars represent the 95% confidence interval. P = papilloma; G = 
grade.
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significantly higher percentage of cells staining for mPGES-1 than all tumour sub-
types (P<0.01–0.017). Papillomas had a significantly higher percentage of mPGES-1 
staining cells than G3 tumours (P = 0.012). The general staining intensity was in all 
cases less than the strong staining in the positive control tissue. Normal skin stained 
significantly more intensely than for all tumour subtypes (P<0.001–0.011) and gen-
eral staining intensity decreased with decreasing differentiation grade. 

Figure 5.6 shows the mean mPGES-1 expression scores of normal tissue and tumour 
subtypes. In the multiple regression model (predictors: subtype and tumour com-
position), subtype (β = -0.617, P<0.001) was a significant predictor for ln mPGES-1 
expression. The overall model fit was adjusted R2 = 0.357. The (negative) correlation 
between ln mPGES-1 expression score and tumour subtype was poor, but significant 
(r = -0.333 P = 0.004). 

A weak correlation (r = -0.307 P = 0.007) was found between ln mPGES-1 expres-
sion score and inflammation score in the tumour subtypes. 

Discussion

As differentiation grade is an important prognostic factor for survival and metastasis 
in penile and preputial SCC of the horse (Van den Top et al. 2008) relationships of 
arachidonic pathway enzyme expression and inflammation with differentiation grade 
were investigated. Inflammation was evident in all 75 tumour samples and more 
prominent in SCC compared with papilloma. In general, the degree of inflammation 
increased with decreasing differentiation grade. Expression of COX-2 was regularly 
detected near nests of inflammatory cells, which is similar to the situation in feline 
cutaneous SCC (Bardagi et al. 2012). The infiltration of leucocytes in neoplastic tissue 
is controlled in part by the production of chemokines by both neoplastic cells and 
stromal cells and may be viewed as an antitumour response. However, the overall ef-
fect may be variable as the inflammatory cells are major sources of proinflammatory 
cytokines, growth factors and angiogenic factors (Schottenfeld and Beebe-Dimmer 
2006). 

Whereas inflammation was evident in all tumour samples, COX-1 and COX-2 expres-
sion appeared to be very low. The low COX-2 expression is consistent with other stud-
ies on equine SCCs in which in the vast majority of COX-2 expressing samples less than 
10% of the neoplastic cells stained positive (Thamm et al. 2008; Smith et al. 2008). 
In equine ocular SCC, COX-1 and COX-2 expression has been found to be significantly 
higher than in control tissue (McInnis et al. 2007; Smith et al. 2008), but this was 
clearly not the case in the urogenital SCCs investigated in the current report.
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A direct comparison between results of studies conducted on COX-2 expression in 
equine SCC is difficult because of the different methodologies that have been used. 
Elce et al. (2007) reported COX-1 and COX-2 expression in both normal skin and SCC 
from ocular and genital origin and speculated that COX expression in horses may 
differ from other species. Western blot analysis, fresh frozen tissue samples, goat 
antihuman COX-1 or -2 antibodies and densitometry for quantification were used in 
this study. Western blot does not allow assessment of localisation of COX expression. 
Therefore, it is impossible to determine if whether COX-1 and COX-2 are predominantly 
expressed by tumour cells or other cell types. Additionally, western blot may have a 
different sensitivity compared with IHC analysis. The potentially higher threshold for 
a positive signal obtained with IHC analysis might allow for a better discrimination 
between malignant and normal tissues than that achieved with western blot analysis. 
In contrast, the lower sensitivity of the IHC approach may lead to more false negative 
results compared with western blot analysis.

Thamm et al. (2008) and Smith et al. (2008) used IHC analysis with a polyclonal 
rabbit antihuman COX-2 antibody. McInnis et al. (2007) performed IHC analysis using 
polyclonal rabbit anti-mouse COX-2 and quantified the staining using image analysis 
software. The present study also used IHC staining on formalin-fixed tissues but 
polyclonal goat antimouse COX-1 or -2 were used and quantification of staining en-
sued manually. Additionally, antigen retrieval methods and incubation times differed 
between the studies, which may have influenced the results. 

The low expression of COX-2 may also be related to the stage of the disease with 
variations between chronic inflammation and occasional flares of more acute inflam-
mation. The more initial stages of the disease might exhibit overall more acute inflam-
mation. In this study the generally younger penile intraepithelial neoplasia lesions 
were not examined, but these lesions have been reported to show more prominent 
COX-2 expression than older lesions (T.S. Mair, personal communication). Another 
factor that may have influenced COX-2 expression is the possible presence of equine 
papillomavirus type 2, the high prevalence of which has been described recently in 
penile and preputial SCC of horses (Scase et al. 2010; Knight et al. 2011; Bogaert et 
al. 2012; Lange et al. 2013). Human papillomaviruses (e.g. HPV16, HPV18) are associ-
ated with cervicaland penile cancer (Moody and Laimins 2010) and their presence 
has been shown to be inversely related to COX-2 expression (Song et al. 2006). The 
same mechanism might be present in the horse. 

Expression of COX-2 was also found in site-matched control tissue without signs 
of inflammation. This is consistent with earlier findings (Elce et al. 2007; McInnis 
et al. 2007) and supports earlier suggestions that horses may have different COX-2 
expression patterns than other species.
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In human SCCs, differentiation grade plays an important role in overall expression 
of COX-2 and mPGES-1 with COX-2 and mPGES-1 strongly expressed by well differen-
tiated carcinomas (Shibata et al. 2005; Kawata et al. 2010). The lack of differences in 
expression of COX-1 and COX-2 between groups (tumour subtypes and site-matched 
control tissue) in our study might be a type II error, given the large variation and 
the relatively low numbers in each group. An additional factor is the low percent-
age of cells expressing COX-1 and COX-2 with most tumours expressing COX-2 in 
less than 1% of cells. The large variation in expression of COX-1 and COX-2 between 
tumour subtypes may be partly due to the heterogeneous character of most (62.7%) 
SCC. Tumours graded as G3, based on a small area of poorly differentiated cells can 
still contain relatively large fields of better differentiated cells, which could lead to 
an overall expression score similar to tumours graded as G1. Grading specific fields 
within the tumour has been tried, but was found to be not feasible. 

The expression of mPGES-1 by well differentiated subtypes was stronger than by 
poorly differentiated tumours. This is consistent with the findings in human head 
and neck SCC (Kawata et al. 2010). Expression of mPGES-1 has been reported in 
several human malignancies including penile and preputial SCC (Yoshimatsu et al. 
2001; Golijanin et al. 2004; Kawata et al. 2010), but the exact role of the enzyme in 
carcinogenesis and tumour differentiation still needs to be elucidated. It has been 
described that cells overexpressing both mPGES-1 and COX-2 produced more PGE2, 
grew faster, and exhibited abnormal morphology compared with cells in which either 
COX-2 or mPGES-1 were overexpressed (Murikami et al. 2000). In the present study 
expression of mPGES-1 was considerably higher than of COX-2, but the subjective 
impression was that both enzymes did not colocalise. 

Site-matched control tissue (normal skin) stained unexpectedly intense for mP-
GES-1, in contrast to normal penile skin in man (Golijanin et al. 2004). During speci-
ficity testing of this antibody, western blot analysis revealed an additional band just 
below 20 kDA. Normal weight mPGES-1 is about 17 kDA, and the additional band may 
reflect a post translational modification (glycosylation) of the protein, which may be 
responsible for the intense IHC staining in the site-matched control tissue. Similarly, 
multiple glycoforms of human COX-2 (70-, 72-, 74 kDA) have been reported (Otto et 
al. 1993; Sevigny et al. 2006; Sevigny et al. 2012). Antibody cross reaction with a 
cytosolic PGES may be another explanation for the intense staining in normal skin. 
In humans, cytosolic PGES is a 23 kDa protein that is constitutively expressed and 
in mice, 3 isoforms are constitutively expressed independent of the COX expression 
status (Neumann et al. 2007). 

There are several limitations to this study. There was no information on the use 
of NSAIDs, which may have reduced expression of COX-1, COX-2 and mPGES-1, prior 
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to harvesting the samples. Where the chronicity of the condition makes it probable 
that horses received some NSAIDs along the way, it is possible that in some cases 
NSAIDs, such as preferential COX-2 inhibitors (meloxicam), were administered before 
admission. Further, storage times of the paraffin-embedded blocks ranged from 4 to 
20 years, possibly affecting antigenicity. Inadequate tissue processing (like storage in 
water during transport to the laboratory) may result in antigen degradation (Xie et al. 
2011), but loss of p53 antigenicity in formalin-fixed paraffin embedded blocks stored 
for 3–16 years was found to be minimal (Manne et al. 1997). It is not known how the 
COX-1, COX-2 and mPGES-1 antigens respond to prolonged storage.

Acknowledging the limitations of the current study, we conclude that, whereas in-
flammation is a prominent hallmark of penile and preputial tumours in the horse and 
severity of inflammation increases with tumour grade, COX-1 and COX-2 expression 
are low and not well correlated to the grade of the tumour. These enzymes therefore 
do not seem to be promising targets for interventions in situations where tumours 
have

reached a certain advanced stage. There was much higher expression of mPGES-1, 
but the level of expression was inversely related to the severity of the tumour grade 
and further investigations are warranted into its role in carcinogenesis and tumour 
progression. 
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Summary

Reasons for performing study: Equine penile and preputial squamous cell carcinoma 
(SCC) is a potentially lethal disease of which little is known regarding the relationship 
between tumour characteristics and prognosis. Objectives: To assess the relation-
ship between tumour differentiation grade (tumour subtype), presence of papil-
lomaviruses, expression of viral genes (E2, E6, L1), nuclear proteins p53 and Ki67 
and metastasis in equine penile and preputial SCC and to assess the relationship of 
tumour subtype, presence of papillomavirus type 2, p53 and Ki67 with survival. Study 
design: Retrospective case–control study using archived material. Methods: Samples 
(n = 103) from 87 horses with penile and/or preputial intraepithelial neoplasia (PIN), 
papilloma or SCC and corresponding case files were evaluated. Tumours were graded 
microscopically and p53 and Ki67 expression evaluated immunohistochemically. 
Equine papillomavirus (EcPV) types 2 and 3 DNA was detected by conventional PCR. 
Real-time PCR was used for quantification of E2, E6 and L1 mRNA. Results: Equine 
papillomavirus type 2 DNA was detected in 89.4% and EcPV3 in 1.5% of horses. No 
differences in quantitative expression of E2, E6 and L1 oncogenes between subtypes 
were found. Expression of p53 and occurrence of metastasis were positively cor-
related to a less differentiated subtype (r = 0.429, P<0.001 and r = 0.769, P=0.001, 
respectively). Differences in survival between subtypes were significant (log Rank 
P<0.001); horses with less differentiated tumours were more likely to die of the 
disease (papilloma 8.3%; G1 26.1%; G2 26.3%; G3 63.3%). Conclusions: In equine 
penile and preputial SCC, tumour grading is an important prognosticator for survival 
and a predictor for presence of metastases. Expression of p53 and Ki67 and presence 
or expression of EcPV2 and EcPV3 do not appear to be important prognosticators.
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Introduction

Squamous cell carcinoma (SCC) is the most common neoplasm of the external genita-
lia in horses, with an incidence of 49–82.5% (Klein et al. 1991; Brinsko 1998; van den 
Top et al. 2008). Breed, nonpigmented genitalia and virus infection are risk factors for 
the development of SCCs in the horse (Strafuss 1976; Akerejola et al. 1978; van den 
Top et al. 2008a; Bogaert et al. 2012; Scase et al. 2010; Lange et al. 2013). 

In human penile cancer, risk factors for lymph node metastases include tumour 
depth or thickness, anatomic site, size, growth pattern, certain pathological subtypes 
(based on histopathological grading), and perineural and lymphovascular invasion, 
with the latter 3 being the most important predictors (Cubilla 2009). In horses, his-
tological grade has been reported to have predictive potential for nodal metastases 
and therapeutic success rates of penile SCC (van den Top et al. 2008b). In man, there 
is strong evidence that certain human papillomavirus types (HPV), especially HPV16 
and -18 with their oncoproteins (E6 and E7), are causative agents for malignancies 
(zur Hausen 2000). In horses, the presence of Equus caballus papillomavirus type 2 
(EcPV2) in penile intraepithelial neoplasia (PIN) lesions, papillomas and SCCs has 
been reported (Scase et al. 2010; Knight et al. 2011; Sykora et al. 2012; Bogaert et 
al. 2012; Lange et al. 2013). Recently, Equus caballus papillomavirus type 3 (EcPV3) 
has been described in aural plaques (Lange et al. 2011). It is not known whether this 
novel papillomavirus can be present in penile and preputial neoplasms as well.

In man, several nuclear markers have been evaluated as potential prognosticators 
(Muneer et al. 2009). Deregulated p53 function is involved in many types of cancer, 
as the protein plays a role in cell proliferation, apoptosis, response to DNA damage 
and genome stability. Interactions with viral oncoproteins can either stabilise wild 
type p53 protein or accelerate its degradation, resulting in loss of p53 function 
and uncontrolled cell growth (Moody and Laimins 2010). In human penile cancer 
patients, p53 expression is an independent predictor of lymph node metastasis and 
survival (Muneer et al. 2009), Ki67 is a nuclear protein that is associated with, and 
may be necessary for, cellular proliferation. The expression of Ki67 in human penile 
cancer has been shown to be correlated to nodal metastasis but is not deemed a good 
prognosticator for survival (Berdjis et al. 2005). 

The objective of the current study was to assess the relationship between tumour 
differentiation grade (tumour subtype), presence of papillomaviruses, expression 
of viral genes (E2, E6, L1), nuclear proteins p53 and Ki67 and metastasis in equine 
penile and preputial SCC and to assess the relationship of tumour subtype, presence 
of papillomavirus type 2 and nuclear proteins p53 and Ki67 with survival.
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Materials and methods

patients
Case records of male horses with SCC of the external genitalia referred to the Utrecht 
University Department of Equine Sciences (from 1988 to 2011) and the Department 
of Surgery and Anaesthesiology of Domestic Animals, Faculty of Veterinary Medicine, 
Ghent University (from 2000 to 2011) were evaluated. Data recorded included castra-
tion status, time of diagnosis, treatment, follow-up time and outcome. Cases with a 
sufficient amount of archived paraffin-embedded tumour tissue were selected for 
further histological and immunohistochemical (IHC) analyses. 

histological grading 
The original haematoxylin and eosin (H&E) stained sections from which the diagnosis 
had been made were independently reviewed by 2 of the authors (J.G.B.v.d.T. and L.H.) 
using standard light microscopy. Penile intraepithelial neoplasia, papilloma and SCC 
were distinguished. For SCC, an earlier described 3-tier grading system was used 
(Chaux et al. 2009). In Summary, grades were classified as well differentiated tumours 
(grade 1; G1; Fig 6.1a), moderately differentiated (grade 2; G2; Fig 6.1b) or poorly 
differentiated (grade 3; G3; Fig 6.1c). In well differentiated tumours, neoplastic cells 
were almost undistinguishable from normal/hyperplastic squamous cells, except for 
the presence of minimal basal/parabasal atypia. Tumours were considered G3 when 
showing any proportion of anaplastic cells. High grade areas were identified at low 
power either as solid sheets of irregular small aggregates, cords or nests of cells. At 
higher power, they were characterised by little or no keratinisation, high nuclear/cy-
toplasmic ratio, a thick nuclear membrane, nuclear pleomorphism, clumped chroma-
tin, prominent nucleoli and numerous mitoses. Moderately differentiated neoplasms 
(G2) were the remainder of cases, not fitting into criteria described for G1 and G3. 
Compared with G1 tumours, they were more disorganised and showed less keratini-
sation, higher nuclear cytoplasmic ratio, a thickened nuclear membrane, moderate 
nuclear pleomorphism, evident nucleoli, more obvious mitoses and variable clumped 
chromatin. The poorest differentiated part of the tissue was decisive for the grade. 
In cases of different grading by the 2 observers, definitive grading was achieved by 
consensus after discussion. 

Additionally, of the available lymph nodes sections, the presence or absence of 
metastasis was recorded. 
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Figure 6.1a: H&E stained section of a well 
differentiated SCC (G1).

 

Figure 6.1b: H&E stained section of a 
moderately differentiated SCC (G2).

 

Figure 6.1c: H&E stained section of a poorly 
differentiated SCC (G3).
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p53 and Ki67 
Immunohistochemistry: Formalin-fixed, paraffin-embedded tissues were mounted 
on silane coated slides (KP plus)a. Slides were treated with 1:200 monoclonal mouse 
anti-p53 (DO-1, SC-126)b and 1:50 monoclonal mouse anti-Ki67 (MIB-1, SC-101861)b 
overnight at 4°C. Goat anti-mouse biotinylated immunoglobulin G (Vector BA-9200)c 
was used as secondary antibody at a concentration of 1:125. The immune reaction 
was visualized with a standard ABC/peroxidase kit (Vector PK-4000)c for p53 and an 
elite ABC/peroxidase kit (Vector PK-6100)c for Ki67, with diaminobenzidine (DAB) as 
a chromogen. The sections were counterstained with haematoxylin. 

An SCC with known p53 expression served as a positive control, equine colonic 
mucosa served as a positive control for Ki67; negative controls were made by omit-
ting the primary antibody. Slides with melanin staining in the epithelium (11 normal 
control tissues, 1 PIN and 1 SCC G3) were bleached (Momose et al. 2011). 

Immunohistochemical analysis: Slide scanning was performed on 3 XT Scanscope 
scannersd with an Olympus 20/0.75 Plan Apo objectivee. Immunohistochemical 
analyses were performed using a personal computer (HP Z400, Windows XP)f,g with 
help of Imagescope viewing software (version 10.2.2.2319)d, comprising an IHC 
nuclear image analyses algorithm (version v8 10.0.0.1798)d and a colour deconvolu-
tion algorithm (version v9 10.0.0.1798)d. Stain colour parameters were calculated 
automatically using the colour deconvolution algorithm. The positive control was a 
slide with only expression of the stain (DAB) and no nuclear counter-staining. The 
negative control was a slide only expressing the nuclear counterstain (haematoxylin), 
with no positive staining. An SCC and colon with known expression of p53 and Ki67 
respectively were used for this purpose. 

For the setup of the nuclear image analyses algorithm, two of the authors (J.G.B. 
and L.H.) independently selected at random 10 locations from 15 tumours. Nuclei 
from tumour cells were manually counted, the percentage of positively stained nuclei 
was calculated and an average staining intensity (0 = no staining, 1 = weak staining, 
2 = moderate staining, 3 = intense staining) was assigned. An expression score was 
calculated by multiplying the percentage of staining by the average staining intensity. 
The nuclear image analyses algorithm was used to produce the same parameters 
and was calibrated to produce the highest possible correlation with the results after 
manual counting. 

Next, a standard grid with multiple rectangles (1E6–2E6 μm2) was projected over the 
slide and used to define the areas to be counted. The nuclear image analyses algo-
rithm was subsequently used to quantify the percentage of positive nuclear staining 
and the average staining intensity (1 = weak, 2 = moderate, 3 = intense) of the nuclei 
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within the predefined rectangles. An expression score was calculated by multiplying 
the percentage of staining by the average staining intensity (e.g. expression score = 
10.4% x 2 = 21).

ecpV2 and ecpV3
Detection of EcPV2 DNA and EcPV3 DNA: Rolls of paraffin-embedded tissue (6 x 20 
μm) were harvested for DNA extraction. Between different samples the microtome 
was cleaned with alcohol 96%, DNA Awayh and knives were changed. Between every 
5 tumour samples, a negative control sample was cut (normal equine testicle, kidney 
and liver). Using a DNeasy Blood and Tissue kiti DNA was isolated according to the 
manufacturer’s recommendations. 

Equine glyceraldehyde 3 phosphate dehydrogenase (GAPDH) was used as a house-
keeper gene (Bogaert et al. 2006). To screen for EcPV2, 2 different primer sets were 
chosen, the first PCR amplifying a fragment from the E1 gene, the second a fragment 
from the L1 gene of EcPV2 (Scase et al. 2010). For both primer sets PCR was performed 
in a 10 μl reaction mixture, containing 200 μmol of each dNTP, 0.5 μmol of forward and 
reverse primer, 0.5 U FastStart Taq DNA polymerasej and 1.5 mmol/l MgCl2 with 2.5 
μl of template DNA. To test for EcPV3 DNA a primer set amplifying a fragment of the 
L2 gene of EcPV3 was designed and evaluated. Prior to sample testing the detection 
level of the PCR was evaluated, which showed that about a single template molecule 
per reaction could be detected. Red Taq ready reaction mix (Sigma-Aldrich)k was used 
according to the manufacturer’s recommendations. 

All samples were tested undiluted and as a 1:10 dilution. Polymerase chain reac-
tion products were separated by electrophoresis on an agarose gel and visualised 
by ethidium bromide staining. Negative extraction controls with DNA from normal 
equine testicle, kidney and liver as well as a no template control with H2O were in-
cluded in each experiment.

Quantitative EcPV2 mRNA analysis: Sample collection, RNA extraction, cDNA synthe-
sis and quantitative analysis: Twenty-six samples from 18 horses were also stored in 
RNAlater (Ambion)l for subsequent mRNA analysis. Total RNA isolation and subse-
quent first strand cDNA synthesis were performed as described previously (Bogaert 
et al. 2006). Polymerase chain reaction primers for detection of EcPV2 E2, E6 and L1 
are presented in Table 6.1. Specificity was tested using BLAST analysis against the 
genomic NCBI database. The amplicon and surrounding sequences were character-
ized using Mfold (Zuker 2003) to take into account possible secondary structures at 
the primer binding site which might influence the PCR efficiency. The PCR products 
were cloned and sequenced for verification. 
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Reactions were performed in a 15 μl reaction volume on an iCycler iQ Real-Time PCR 
Detection SystemM using the SYBR GreenER qPCR SuperMix for iCycler (Invitrogen)n. 
All samples (except normal mucosa) were 1:100 diluted. First UDG treatment was 
done at 50°C to prevent cross-contamination. The initial denaturation was performed 
at 95°C for 10 min to activate the Taq DNA polymerase and to inactivate the UDG, 
followed by 40 cycles of denaturation at 95°C for 15 s and a combined primer an-
nealing/elongation for 60 s during which the fluorescence was measured (Table 6.1). 
A melting curve was generated to confirm a single gene-specific peak and to detect 
primer-dimer formation by heating samples from 70 to 95°C in 0.5°C increments with 
a dwell time at each temperature of 10 s, while continuously monitoring fluorescence. 
Each reaction was run in duplicate, with 2 no-template controls and a dilution series 
for EcPV2 included in each run. Additionally, 4 normal skin samples and 2 equine 
sarcoid samples were included as negative controls. 

Table 6.1: Primers and conditions for conventional and real time PCR assays.

Target 
and primer names 

Sequences PCR conditions

EcPV2 E1 (679nt)

E1 EcPV2-NB f 5’-GCGGACTGCGCGTCACAAGAGGGGC-3’ 95 °C for 5 min, 35 cycles at 95 °C for 20 s, 68 
°C for 40 s, 72 °C for 1 min, 72 °C for 10 minE1 EcPV2-NB r 5’-ACGCAAGCACCACCCACTGCTTGGCA -3’

EcPV2 L1 (57nt)

L1 EcPV-SP1 f 5’-CGTGCACAGGGGCAAAAC-3’ 95 °C for 5 min, 30 cycles at 95 °C for 1 min, 56.5 
°C for 1 min, 72 °C for 1 min, 72 °C for 10 minL1 EcPV-SP1 r 5’-AACTGTAACATACACCTTGTC-3’

EcPV3 L2 (290nt)

We_F03 5’-tctgggtagccgcaaatatc-3’ 94°C for 3 min, 40 cycles at 94°C for 30 s, 
55°C for 30 s, 72°C for 30 sWe_R09 5’-gcacctgaggtcctatctgg-3’

Equine GAPDH gene

EcPV2 E2 (real time PCR)

E2-2791f 5’-GATGCACTGGCCGAAAGACA-3’ 95°C for 10 min, 40 cycles at 95°C for 15 s, 
59°C for 60 sE2-2855r 5’-TCTCTGACAAAACCACAGGTCCA-3’

EcPV2 E6 (real time PCR)

E6-461f 5’-TCAGTGTACCGCGTCAGTGTCC-3’ 95°C for 10 min, 40 cycles at 95°C for 15 s, 
65°C for 60 sE6-526r 5’-CGCCCTCGATCTCAATCCAC-3’

EcPV2 L1 (real time PCR)

L1-6857f
L1-6904r

5’-CATGGACCCAGACATTCTTGAGG-3’
5’-TGAGAGCTGCGAGGACATGG-3’

95°C for 10 min, 40 cycles at 95°C for 15 s, 
60°C for 60 s
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During optimisation of the protocol, the PCR products were loaded on a 2% agarose 
gel after each run to confirm specific gene amplification and the absence of primer-
dimer formation. PCR efficiencies were calculated using a relative standard curve (a 
10-fold dilution series with 5 measuring points) derived from pooled cDNA obtained 
from a mixture of 2 normal mucosa samples positive for EcPV2 on standard PCR, 4 
penile SCCs and 4 PIN lesions. Ct (threshold cycle) values were obtained at the time 
the fluorescence exceeded the threshold value, and were subsequently transformed 
to ‘raw data’ taking into account PCR efficiency.

Obtained data were normalised against a set of 3 reliable reference genes (Ubiq-
uitine, RPL32 and hypoxantine phosphoribosyltransferase [HPRT]), determined 
according to Bogaert et al. (2006).

Outcome and follow-up
Nine horses were subjected to euthanasia at first presentation because of the severity 
of the disease (n = 7) or because of post-surgical complications (n = 2). For the horses 
that were discharged from the hospital follow-up information was obtained using 
a questionnaire that was filled in at the clinic by the attending clinician (J.G.B.v.d.T. 
or A.M.) when horses returned for re-examination, or through written or telephone 
correspondence with the owners when horses did not return during the study period. 
A maximum of 4 attempts were made to contact the owner. The follow-up data from 
an earlier study (van den Top et al. 2008a) formed the core of the data used for the 
present study. The follow-up time was 6–168 months (mean 43.0 months; median 
37.5 months; s.d. 34.1 months). 

Data analyses
The level of agreement of tumour grading was calculated with Kappa analysis.

Data of real-time PCR, p53- and Ki67 expression scores were log-transformed to 
achieve a normal distribution (checked by graphical analysis of p-plot). Differences 
between subtypes in presence of EcPV2 in ln expression of E2, E6 and L1 genes, ln 
p53 and ln Ki67 expression scores and occurrence of metastasis were analysed with 
restricted maximum likelihood by use of a linear mixed model with tumour composi-
tion and presence of EcPV2 as factors. 

To account for repeated measures (analysis of multiple tumours in one horse) the 
‘horse-subject’ was introduced as a random effect factor in the linear mixed model. 

Correlations between all single independent variables (subtype, tumour composi-
tion and presence of EcPV2) and the dependent variables (ln p53- and ln Ki67 expres-
sion scores) were calculated in a multiple regression analysis (method enter) using 
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Pearson’s correlation coefficient. Correlation between subtypes and metastasis was 
calculated using Spearman’s rank correlation coefficient.

Survival was calculated using Kaplan–Meier survival analysis with dependent vari-
able time-to-event and with as independent variables subtype, presence of EcPV2, and 
p53 and Ki67 expression scores. Log Rank statistics were used to compare survival 
curves. Horses were censored when dying of another cause than penile and preputial 
SCC, lost to follow-up or when horses were still alive at the end of the study. 

For all tests, differences were considered significant at P≤0.05. All statistical analy-
ses were performed with SPSS 20o.

results

patients
Case records from 134 horses with penile and preputial tumours were identified. For-
ty-seven cases were excluded because of the inability to locate the owner (31 cases), 
incomplete records and/or the absence of formalin fixed tissue samples (16 cases). 
Tissue samples and follow-up information were available for 87 horses of various 
breeds (Table 6.2). In total, 103 samples from the 87 horses were included. Six horses 
were stallions and 77 geldings; the castration status of 4 horses was unknown. The 
median age at first presentation was 18.0 years (mean 18.9 years; range 7–33 years). 

Table 6.2: Population overview: breed distribution of 87 horses with penile or preputial tumours and mean 
age, country of origin and number of primary tumour subtypes per breed.

conclusive primary tumour subtypes

mean age (years) origin PIN P G1 G2 G3 total

Anglo-Arabian 23 NL: 1 1 1

Appaloosa 16 NL: 1 1 1

Arabian 17 B: 1, NL: 3 1 3 4

Argentine Criollo 18 NL: 1 1 1

Belgian 
Warmblood 11 B: 4 1 1 2 4

Dutch Warmblood 19 NL: 10 1 3 6 10

Fjord 23 NL: 1 1 1

Gelder horse 16 NL: 1 1 1

Haflinger 14 G: 1, NL: 4 1 2 2 5

Hannovarian 28 NL: 1 1 1
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Grading
Initially, both observers (J.G.B.v.d.T. and L.H.) independently graded 63.1% of the 
tumours identically, which represents a moderate level of agreement (κ = 0.529, 
P<0.001). The other 36.9% of the tumours were graded by consensus after discus-
sion. Primary tumours at first admission were graded as PIN (n = 3), papilloma (n = 
12), SCC G1 (n = 23), SCC G2 (n = 19) and SCC G3 (n = 30). Of the total number of 
tumours examined (including recurrences) 45 (43.7%) had a homogeneous and 58 
(56.3%) a heterogeneous composition (Table 6.3). 

Horses diagnosed the first time with PIN lesions had a lower median age than 
horses with other lesions: 11.5 years (mean 12.4; range 7–17 years). The median age 
of horses diagnosed with papilloma was 17.5 years (mean 17.8; range 12–27 years), 

Table 6.2: Population overview: breed distribution of 87 horses with penile or preputial tumours and mean 
age, country of origin and number of primary tumour subtypes per breed. (continued)

conclusive primary tumour subtypes

mean age (years) origin PIN P G1 G2 G3 total

Icelandic 20 B: 1, NL: 6 1 3 1 2 7

New Forest 19 B:1, NL: 8 2 4 3 9

Selle Français 25 B: 1 1 1

Shetlander 18 B: 2, NL: 2 2 1 1 4

Gypsy Horse 11 B: 1 1 1

Trakhener 25 NL: 1 1 1

Welsh 22 B: 1, NL: 8 2 2 4 1 9

Welsh Cob 19 NL: 1 1 1

Unknown 20 B: 8, NL: 17 1 4 4 6 10 25

Note: PIN: penile intraepithelial neoplasia, P: papilloma, G1: well differentiated tumour, G2: moderately 
differentiated tumour, G3: poorly differentiated tumour. B: Belgium, G: Germany, NL: The Netherlands

Table 6.3: Differentiation grade (subtype), composition, presence of viral antigen, metastases and follow-up 
data from 103 samples of penile and preputial tumours in 87 horses, with respect to tumour subtypes.

conclusive primary tumour subtypes

PIN P G1 G2 G3 total

total tumours examined 9 16 24 19 35 103

primary tumours at 1st presentation 3 12 23 19 30 87

Composition of total tumours examined

homogeneous 9 16 8 6 6 45

papilloma/ well 16 16
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with G1 SCC 19.5 (mean 20.1; range 9–30), with G2 SCC 17.5 years (mean 17.8; range 
9–31 years) and with G3 SCC 20.5 years (mean 20.6; range 12–27).

Virus detection
In 2 of the 103 samples no GADPH DNA could be detected. Of the GADPH-positive 
samples, EcPV2 was detected in 91 (90.1%) samples and 10 (9.9%) samples were 
negative. Of all horses, 76 (89.4%) were positive for EcPV2, there were no significant 
differences in EcPV2 presence between tumour subtypes. Eighty-nine lesions of 67 
horses were examined for the presence of EcPV3, of which 2 were negative for GADPH. 
EcPV3 was found in only one papilloma (1.1% of lesions; 1.5% of horses); EcPV2 was 
also present in that lesion. Of the 12 normal penile and preputial skin samples, one 

Table 6.3: Differentiation grade (subtype), composition, presence of viral antigen, metastases and follow-
up data from 103 samples of penile and preputial tumours in 87 horses, with respect to tumour subtypes. 
(continued)

conclusive primary tumour subtypes

PIN P G1 G2 G3 total

papilloma/ moderate 1 1

well/ moderate 12 12

moderate/ poor 16 16

well/ moderate/ poor 13 13

EcPV2, EcPV3#

positive samples 8 14 (# 1) 24 16 29 91

negative samples 0 1 0 3 6 10

No GADPH 1 1 2

Occurrence of  metastases

detected 1 12 13

not detected 1 4 1 6

Follow up status after 1st presentation

no evidence of disease 2 5 9 7 6 30

alive with disease 1 2 1 1 4

dead of other cause 4 8 6 4 22

dead of disease 1 6 5 19 31

Note: PIN: penile intraepithelial neoplasia, P: papilloma, G1: well differentiated tumour, G2: moderately 
differentiated tumour, G3: poorly differentiated tumour, well: well differentiated tumour cells; moderate: 
moderately differentiated tumour cells; poor: poorly differentiated tumour cells. 
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(8.3%) sample was positive for EcPV2, which was significantly less than in all tumour 
subtypes (P<0.001).

expression of viral e2, e6 and L1 genes 
There were no statistically significant differences between the logarithmically trans-
formed values of the expression of the 3 EcPV2 genes (E2, E6 and L1) in noninvasive 
lesions (PIN, papilloma) and invasive lesions (SCC G1, -G2 and -G3) (data not shown). 
None of the control samples was positive. The correlation between ln expression of E2 
and L1 in lesions was moderate, but significant (r = 0.491 P = 0.011).

p53 and Ki67 expression
The correlations between observers and the nuclear image analyses algorithm for 
p53 and Ki67 detection were r≥0.932 (P<0.010). 

The ln p53 expression score of G2 (mean 3.3, s.d. 1.5) was significantly higher (P = 
0.045) than the score of normal skin (mean 1.6, s.d. 0.4) (Fig 6.2). Scores of G2 and G3 
SCCs were significantly higher than of PIN lesions and also than the G1 score (Fig 6.2). 
There was a significant difference (P<0.001) of ln p53 expression scores between 
EcPV2 negative (mean 3.0, s.d. 1.7) and EcPV2 positive (mean 2.6, s.d. 1.5) lesions.

A moderate, significant correlation was found between ln p53 expression score and 
subtype (r = 0.429 P<0.001) and a weak, but significant correlation between ln p53 
expression score and tumour composition (r = 0.275 P<0.032). In the multiple regres-
sion model (predictors: subtype, tumour composition and presence of EcPV2), sub-
type (β = 0.485 P<0.001) and presence of EcPV2 (β = 0.266 P<0.003) were significant 
predictors. This means subtype and presence of EcPV2 have significant effect on p53 
expression: ‘p53 expression score’ = 0.485 * ‘subtype’ + 0.050 * ‘tumour composition’ 
+ 0.266 * ‘presence of EcPV2’. The level of variance that can be explained (r2) by this 
model was 0.228 (22.8%). 

There were no correlations between ln p53 and ln E2, E6 or L1expression. 
There were no differences in ln Ki67 expression scores between subtype groups 

(P = 1.000) (Fig 6.2), or significant correlations between ln Ki67 expression scores 
and any other parameter. 
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Occurrence of metastasis 
Lymph nodes were histopathologically examined in 19 horses and metastases de-
tected in 13. The primary tumour diagnosed in these horses was an SCC G3 in 12 
(92.3%) and an SCC G2 in 1 (7.7%) case. A strong correlation was found between 
subtype and occurrence of metastases (r =0.769, P = 0.001).  

There was no difference of ln p53 (P = 0.261) or ln Ki67 expression score (P = 0.765) 
in lesions of horses with or without metastasis.

Follow-up 
Follow-up information was obtained for 6 cases by questionnaire when the owners 
visited the clinic, for 62 cases by telephone and 19 cases by mail.

All horses with a PIN lesion as primary lesion survived (Fig 6.3). One horse with 
a papilloma (8.3% of the total horses diagnosed with papilloma), 6 (26.1%) with a 
G1 SCC, 5 (26.3%) with a G2 SCC and 19 (63.3%) horses with a G3 SCC died of the 

 

Figure 6.2: Expression score of p53 and Ki67 on a logarithmic scale related to subtype. Dots and squares 
represent means and bars represent 95% confidence interval. PIN = penile intraepithelial neoplasia; 
P = papilloma; G1 = well differentiated tumour; G2 = moderately differentiated tumour; G3 = poorly 
differentiated tumour.
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disease. In total, 31 (35.6%) horses died of the disease (with or without treatment). 
Differences in survival between subtypes were significant (log Rank P<0.001). Only 
one (11.1%) of 9 EcPV2 negative horses died of the disease against 30 (39.5%) of 76 
infected horses; however, this difference was not significant (log Rank P = 0.108). 

There is a trend towards better survival in horses having a non-log transformed 
p53 expression score of ≤100 than in horses with score >100 (log Rank P = 0.063) 
(Fig 6.4). Ki67 expression score was not found to be related to survival.

 
Figure 6.3: Overall survival from first presentation related to tumour subtype. PIN = penile intraepithelial 
neoplasia; P = papilloma; G1 = well differentiated tumour; G2 = moderately differentiated tumour; G3 = 
poorly differentiated tumour.
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Discussion

Tumour subtype (histopathological differentiation grade) was a significant predictor 
for survival based on the Kaplan–Meier survival analysis. Survival was high for animals 
affected with PIN or papilloma, but the chance of survival decreased considerably in 
animals with G1 and G2 tumours and was worst in animals with G3 tumours. These 
observations are in line with earlier findings that in horses with poorly differentiated 
lesions treatment is more likely to be unsuccessful (van den Top et al. 2008b), which 
had prompted the proposal that in equine medicine, as in human medicine, tumour 
grading should be part of a protocolled approach for this type of tumour (van den Top 
et al. 2011). However, it was noted that, to provide a firmer base for this recommenda-
tion, further investigations, preferably of multicentre character, into the relationship 
of tumour grade with outcome in larger populations would be desirable. The present 
study provides further evidence and support for this recommendation.

In man, metastatic rate is significantly higher in tumours harbouring any propor-
tion of grade 3 tissue (Chaux et al. 2009). In the current study, a similarly strong 

 
Figure 6.4: Overall survival from first presentation related to p53 expression score.
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correlation between subtype and metastasis (r = 0.769, P = 0.001) was found, provid-
ing a scientific basis to extend the human recommendation to carefully screen for 
metastases in grade 3 SCCs to horses (Chaux et al. 2009). 

There are various indications that infection with EcPV2 plays an important role in 
the pathogenesis of penile cancer in the horse (Scase et al. 2010; Knight et al. 2011; 
Sykora et al. 20120; Bogaert et al. 2012; Lange et al. 2013). The current study sup-
ports this, as 90.1% of the samples were positive against only one positive result in 
12 samples from normal penile skin. In man, HPV presence in penile SCC is seen as a 
positive prognosticator for survival (Lont et al. 2006), but we could not confirm this 
for horses. The most likely explanation is that EcPV2 presence in equine urogenital 
SCC is so common that this parameter is not discriminative enough. As for EcPV3, this 
study does not provide any evidence for a role in equine penile and preputial tumours.  

Expression of p53 was higher in less differentiated SCC, indicating some value of 
this parameter for predicting disease severity. Further, lesions negative for EcPV2 had 
a significantly higher nuclear p53 expression score than EcPV2-positive lesions. This 
may be explained by viral E6 proteins that facilitate p53 degradation of wild type p53 
in man (Moody et al. 2010). We could not confirm this hypothesis by demonstrat-
ing a negative correlation between ln p53 expression score and E6 mRNA quantity. 
However, the group of animals in which E2, E6 and L1 expression was evaluated was 
relatively small and did not permit drawing of any definitive conclusions. 

Another reason for the high expression of p53 might be the formation of a mutant 
form of p53. Mutations and aberrant expression of the p53 gene have been detected 
in domestic animals and mutated p53 protein was found in penile tumours in 5 of 
6 horses (Dequiedt et al. 1995; Pazzi et al. 1996; Tiefke and Lohr 1996; Sironi et al. 
1999; Bogaert et al. 2007). The altered protein has a 10- to 20-fold greater half-life 
than wild type p53 and accumulates within the nuclei of tumour cells in amounts 
that can be detected immunohistochemically (Finlay et al. 1988), whereas the con-
centration of the wild type p53 in normal cells is too low to be demonstrated by this 
method. As the antibody used in this study detected both wild type and mutant p53, 
no discrimination could be made. 

In man, p53 is a prognostic factor for metastatic disease (Zhu et al. 2007), which 
was not confirmed in the present study, but group size was only 19 horses and pos-
sibly not all metastases were identified. 

In man, a positive correlation between percentage of Ki67-stained cells and tumour 
grade and risk of metastasis has been suggested (Berdjis et al. 2005), but this could 
not be confirmed in the horse. However, the group of horses with metastases was rela-
tively small and the high percentage (56.3%) of heterogeneous tumours may explain 
the lack of differences in Ki67 expression between subtypes. As tumours were graded 
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according to the least differentiated field, large fields of well differentiated cells with 
low Ki67 expression could be present together with small fields of poorly differenti-
ated cells with high Ki67 expression, leading to a low overall Ki67 expression score 
and a high grade. 

There were no differences in ln mRNA expression of the viral genes E2, E6 and L1 
between noninvasive and invasive lesions. The lower expression of E2, E5, E6 and E7 
genes in fibroblastic sarcoids compared with nodular sarcoids has been explained 
by a possible ‘hit and run’ action of bovine papillomavirus (BPV) with the virus itself 
inciting tumour growth, but being less important for tumour progression (Bogaert et 
al. 2007). It is conceivable that a similar ‘hit and run’ action of EcPV2 might lead to a 
PIN or a papilloma in the horse, followed by progression to SCC by other mechanisms. 
However, no difference was found in ln mRNA expression between the noninvasive 
tumour subtypes and the more advanced subtypes (invasive SCCs) in the present 
study. This may be due to the relative small number of samples examined, but it is also 
possible that the above mentioned ‘hit and run’ action is not a hallmark of the type of 
tumours investigated in the current study. Further investigation on mRNA expression 
in a larger number of samples seems warranted. 

The current study has several limitations. In horses, tumours are often very large 
at time of first examination whereas only a relatively small tissue sample is studied 
in detail. The presence of a well differentiated tumour does not necessarily exclude 
presence of poorer differentiated tissue elsewhere. Also, a few poorly differenti-
ated cells can be easily overseen. In this restrospective study, missing or incomplete 
data reduced the population of this study to only 64.9% of the potential candidates 
(87/134) which limits its power with relatively low numbers in various subgroups. 
It is especially difficult to draw definitive conclusions on the absence of effects or 
relationships. 

It can be concluded that in equine penile and preputial SCC histopathological grad-
ing is an important prognosticator for survival and presence of metastases. Infection 
with EcPV2 is important in the development of these tumours, but EcPV3 is probably 
not involved. Expression of p53 increases with decreased differentiation of the tu-
mour, but presence of EcPV2, p53 and Ki67 cannot be used as prognosticators. There 
is thus far no indication that expression of the viral genes E2, E6 and L1 can be used 
as prognosticator. 
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The strong emotional attachment of present-day horse owners to their animals was 
evidenced in the current study by their willingness to pay for expensive surgical inter-
ventions or other complicated treatments for their often aged horses and their eager-
ness to provide follow up information on the health status. Thanks to this attitude, 
we were able to collect important clinical data on the largest group of horses with 
penile and preputial tumours described until now, which has added significantly to 
our insight in the prognosis of the disease and the factors determining this prognosis.

It may well be for this emotional attachment and the related change in attitude 
towards the geriatric horse that there is increased interest in penile and preputial 
tumours of the horse, as is evident from a relatively large number of recently pub-
lished papers on the subject by different research groups. In the studies reported in 
this thesis, the international cooperation of Utrecht University, Ghent University and 
the University of Zürich made it possible to analyse a large number of tissue samples 
with a great variety of laboratory techniques. Unfortunately, not all analyses could 
be performed on all samples that were harvested over a long period of time. Fresh 
frozen tissue samples were not collected from the beginning, limiting the number of 
samples on which quantitative RNA analysis of viral genes could be performed. Also, 
the number of penile intraepithelial neoplasia (PIN) lesions that were investigated 
is limited. These lesions are potentially interesting, as they represent an early stage 
of the disease and hence may be important for the development of early treatment 
options and preventive measures.

Nevertheless, the combination of information on tissue characteristics, molecular 
changes, virological data and clinical course of the disease and follow up gives this 
thesis a very comprehensive character and makes it potentially valuable for patholo-
gists, virologist and clinicians in daily practice. 

Course of the disease

Tumour type
Squamous Cell Carcinoma (SCC) was found to be the most common urogenital tumour 
of the male horse representing 67.5% of cases (chapter 2). This is in line with other 
studies that report a SCC incidence of 49–82.5% (Klein et al. 1991; Brinsko 1998). 
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Because of this high incidence, it was decided to focus this thesis on this tumour type. 
During the evaluation of the case files it became clear that SSC was often accompa-
nied by PIN and papilloma, which had been reported before (Bogaert et al. 2012). 
In the present study the tumour with least differentiated cells was considered as 
the primary tumour and hence used for classification. It should be realized in this 
context that, as PIN lesions or papilloma may not cause clinical signs and because the 
penis is mostly covered by the prepuce, these lesions may often remain unnoticed for 
years. Therefore, it seems reasonable to presume that these tumour types are heavily 
underdiagnosed. 

The age factor
Penile intraepithelial neoplasia and papilloma are supposedly earlier stages and thus 
may be present before SCC develops. This is indirectly reflected by the fact that horses 
diagnosed the first time with PIN lesions had a mean age of 12.4 years, which was 
lower than 17.8 years for papilloma and 17.8-20.6 years for SCC (chapter 5). Lange 
et al. (2013) reported similar mean ages of horses with papilloma or PIN lesions of 
13.6 years and with SCC of 18.3 years. Also in other studies penile and preputial tu-
mours are primarily found in older horses (Brinsko 1998; Mair et al. 2000; Valentine 
2006; Schaffer et al. 2013). Is age really a risk factor for developing penile cancer? 
Apparently, when taking into account solely the age of horses diagnosed with SCC, the 
answer is yes. However, when the starting point of the disease is defined as the mo-
ment pre-malignant lesions develop, which may in fact be more accurate, the answer 
is probably no. 

Is breed a risk factor?
Breed has been mentioned as a risk factor for SCC development. Although a predilec-
tion for smaller breeds has been reported (Howarth et al. 1991), we could not cor-
roborate this (chapters 3 and 5). Ultraviolet light exposure is considered an important 
risk factor in the development of SCC in light-coated horse breeds (Schumacher 2006; 
Schaffer et al. 2013), however, it can be questioned to what extent this can really 
be a risk factor for penile and preputial SCC development, since the penis is mostly 
retracted in the prepuce and therefore has very limited exposure to sunlight. 

Location of the tumour and possible implications
Most (84%) SCCs involved the glans of the penis (chapter 3), of which about half had 
lesions only at that location, and the other half had lesions affecting the glans and 
other parts of the penis and prepuce as well. This may affect outcome of treatment. 
Frequent involvement of the glans penis was also described by Howarth et al. (1991) 
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and Mair et al. (2000). Both studies suggested that horses with SCC involving the 
corporeal bodies and urethra are at higher risk of metastasis and hence have a poorer 
prognosis. Because of the thin tunica albuginea it is likely that, when apart from the 
glans also the more proximal parts of the penile and preputial skin are affected as 
is frequently seen (chapter 3), infiltration into the corpus spongiosum may occur 
easily and with it the risk of metastases. Also in man it has been described that once 
tumours entered the corpus spongiosum, they easily spread by the lymphatic sys-
tem (McDougal 1995). Involvement of the glans together with the presence of more 
proximal lesions might therefore be an indication for drastic rather than conservative 
surgery. 

Metastasis
Metastasis is a serious event in penile and preputial SCC in horses. In chapter 3, 16.9% 
of horses with genital SCC were confirmed to have metastasis, which is comparable 
to other reports (Howarth et al. 1991; Mair et al. 2000). Very likely this percentage is 
underestimated, because in most horses lymph nodes were not examined microscopi-
cally. In a group of 19 SCC affected horse in which histopathological examination of 
the lymph nodes was carried out in all, 13 cases (68%) were positive. The real figure 
may lie in between, as the latter figure may be biased because the likely reason for 
examination of the lymph nodes in these horses will have been the clinical appear-
ance of a late stage disease. Distant metastasis appears to be a rare event or is at least 
rarely detected. Most probably, before distant metastasis becomes apparent, sequels 
of the primary tumour or regional metastasis may have led to euthanasia. 

Treatment outcome
The ideal treatment would eliminate the tumour while preserving the function of 
the external genitalia (i.e. micturition, erection and ejaculation); however, this is not 
possible in most cases. Outcome of partial phallectomy according to Williams was 
disappointing with 43.5% of cases being unsuccessful (chapter 4). As already alluded 
to above, this may be caused by the fact that the technique had been used in cases 
presenting not only lesions strictly limited to the glans, but also in cases in which 
there were lesions on more proximal parts of the penile and preputial skin in which 
chances of penetration into the corporeal bodies and regional metastasis are high. 
Invasive techniques like (en bloc) partial phallectomy with sheath ablation and en 
bloc penile and preputial resection with penile retroversion are a better solution for 
removing affected tissue of the distal and proximal penis. These surgical options also 
may include removal of the superficial inguinal lymph nodes. The group treated with 
these techniques was relatively small, but outcome was favourable and comparable 
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to earlier reported data (Markel et al. 1988; Doles et al. 2001; Archer and Edwards 
2004). 

pathogenesis and prognosticators

Macroscopic development
Penile and preputial tumours in the horse may be macroscopically visible in a variety 
of presentations ranging from hardly detectable epithelial alterations to large cauli-
flower like masses (chapter 3). This is congruent with the concept that SCC arise from 
the progression of precursor lesions (PIN and papilloma) and are often simultane-
ously present with these precursor lesions. 

Inflammation
Inflammation appears to be an important hallmark of penile and preputial tumours 
in the horse (chapter 5). Chronic penile inflammatory dermatosis has been linked to 
the development of penile cancer in man (Clouston et al. 2011) and accumulation of 
debris in the foreskin is thought to contribute to the disease by causing irritation and 
inflammation, which may also play a role in the pathogenetic pathway in horses. 

Inflammation was more prominent in higher grade (less differentiated) tumours 
compared to papilloma. However, in contrast with penile lesions in man (Golijanin 
et al. 2004), expression of COX-2 was very low and not correlated with inflammation 
or with differentiation grade. This observation, together with the high prevalence of 
EcPV2 and the poor expression of mPGES-1, makes inflammation not the most likely 
candidate as the (major) initiator of penile and preputial tumours in the horse. 

Nevertheless, major initiating factor or not, chronic inflammation is implicated in 
all stages of carcinogenesis (Kundu and Surh 2008). In chapter 5 a positive correlation 
was found between inflammation and tumour grade, which means more inflammatory 
cells were present in less differentiated tumours. This finding can be explained by the 
fact that tumour cells often secrete cytokines that cause infiltration of inflammatory 
cells into the tumour microenvironment. Pro-inflammatory mediators released by 
the inflammatory cells may then further trigger inflammation, stimulate angiogenesis 
and promote tumour growth (Kundu and Surh 2008). 

In conclusion, based on the present study, inflammation cannot be incriminated as 
a major initiating factor of tumour development and may be more consequence than 
cause. However, it still is a hallmark of poorly differentiated, high-grade tumours. 
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The role of virus(es)
The findings of this thesis support recent evidence from other research groups that 
Equus caballus papillomavirus type 2 (EcPV2) plays an important role in the aeti-
ology of penile and preputial SCC in horses. In 89.4% of the cases the presence of 
EcPV2 DNA could be demonstrated (chapter 6). This is in line with other studies in 
which EcPV2 papillomavirus variants were detected in most of the lesions (Sykora et 
al. 2012; Bogaert et al. 2012; Lange et al. 2013). Also in man there is an association 
between papillomavirus-infection and the development of penile cancers (Misra et al. 
2004; Daling et al. 2005). The main culprits in man are human papillomavirus (HPV) 
16 and 18 (Scase et al. 2010), which are phylogenetically closely related to EcPV2. 
To date, seven equine papillomaviruses have been discovered (O’Banion et al. 1986; 
Scase et al. 2010; Lange et al. 2011; Lange et al. 2013b). Apart from EcPV2, from most 
of these it is unknown whether they play any role in the pathogenesis of SCC. In this 
thesis, next to EcPV2, the presence and activity of EcPV3 was also investigated. This 
type was detected in only one single lesion, suggesting no or only a minor role for this 
virus in the aetiology of the lesions investigated in this thesis.

The papillomavirus genome is divided in early (E) and late (L) regions, related to 
the moment of expression after infection of a host cell (Van Doorslaer 2013). The 
E2 gene encodes for a protein that plays a role in transcription, the E6 gene acts as 
an oncogene and encodes for several functions leading to the alteration of normal 
protein function (e.g. degradation of p53) and L1 encodes for a major capsid protein 
(Scheffner et al. 1990; McBride 2013; Buck et al. 2013; Vande Pol and Klingelhutz 
2013). In this study, the quantitative expression of EcPV2 E2, E6 and L1 mRNA in 
non-invasive and invasive tumours appeared to be equal. Interestingly, all three genes 
were expressed in all subtypes. This suggests that PIN, papilloma and the various SCC 
subtypes are all characterized by viral activity related to infection and oncogenesis. 
This observation, together with the very frequent presence of EcPV2 DNA, strongly 
suggests that infection with EcPV2 is a main cause of penile and preputial PIN, papil-
loma and SCC in the horse.

possible prognosticators
In man, one study indicated that patients with penile carcinoma associated with infec-
tion with high-risk HPV seemed to have a better chance of survival (Lont et al. 2006), 
but this could not be corroborated by others (Bezerra et al. 2001a). In the horse, the 
group of horses that had a tumour and was EcPV2 negative was too small to draw any 
conclusions. It may even well be that in the equine species all penile and preputial 
tumours are virus-related and that the 10.4% EcPV2 negative horses represented 
false negative samples. 
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Another prognosticator used in human medicine is p53 expression. In this thesis, a 
correlation between subtype and p53 expression was found (chapter 6), with more 
extensive expression in poorer differentiated tumours. This may be due to an increas-
ing expression of a mutant p53 in poorly differentiated tumours, which is a well-
recognized mechanism of p53 failure in which a dysfunctional mutant p53 protein 
with a longer half-life is created (Finlay et al. 1988; Teifke and Lohr 1996). Further, 
a significant difference in p53 expression was detected between EcPV2-positive and 
negative lesions with higher expression in the last group (chapter 6). Degradation of 
p53 by E6 protein may have caused this difference, but this could not be confirmed 
because of the low number of EcPV2 negative horses. In man, p53 expression seems 
to correlate positively with metastasis and hence negatively with survival (Bezerra et 
al. 2001b; Lopes et al. 2002; Zhu et al. 2007). We were able to demonstrate a trend to-
wards poorer survival in horses with higher p53 expression, although no correlation 
with metastasis was found (chapter 6), which may have been caused by the relatively 
small group of horses with metastasis. This issue is potentially very interesting be-
cause, as detecting metastases in the horse may be a challenge, non-invasive diagnos-
tic techniques to achieve this are very welcome. Therefore, further research on p53 
expression in larger groups of horses with known metastasis status is mandatory. 

Differentiation grade was a good prognosticator for survival and presence of 
metastasis (chapters 3, 4 and 6). There is a strong correlation between metastasis 
and differentiation grade (r=0.765, P=0.001). Moreover, by correlating histological 
classifications of SCC lesions with outcome, more horses with moderately or poorly 
differentiated SCC were treated unsuccessfully (42.9% for G2 and 66.7% for G3 
tumours) than were horses with well differentiated (G1) tumours (30.8%) (chapter 
4). The outcome was even less favourable than suggested by these figures, as some 
horses were euthanized or received no treatment at all. Tumour recurrence, decision 
not to treat and euthanasia was the outcome in 50% of horses with G1 tumours, in 
75% with G2 tumours and in 80% with G3 tumours, making this classification into a 
good prognosticator for outcome. 

Unexpectedly, Ki67 expression did not correlate with differentiation grade, metasta-
sis and/or survival. This is in contrast with the findings in penile SCC in man in which 
poor differentiation, lymph node metastasis and a poor survival rate are associated 
with strong Ki67 expression in primary tumours (Berdjis et al. 2005; Protzel et al. 
2007). The reason for this difference is not clear, but may be species-related. In man 
there is also a strong correlation between presence of HPV DNA and Ki67 (Protzel 
et al. 2007). This was also not the case in the horse, but because EcPV2 DNA was 
detected in most of the lesions in horses and the group of horses in which this was 
not the case was very small, detection of any such difference in Ki67 expression could 

        



133

General discussion

not be expected. It can be concluded that, according to our data, Ki67 is not a viable 
prognosticator for penile and preputial tumours in horses. 

Guidelines for the management of penile and preputial tumours in 
horses

A difficulty with retrospective studies is the diversity and sometimes inconsistency in 
the registration of clinical and pathological data. A standard staging and grading sys-
tem that aims at aiding clinicians with prognostication, planning of treatment, evalu-
ation of treatment results and exchange of information between treatment centres 
would be most helpful for the continued study of equine penile and preputial cancer 
and to support cancer control activities in horses. Ideally, grading and staging of a 
tumour should permit accurate prediction of tumour behaviour. In this context, the 
term grading is used for the cytological/ histopathological evaluation of the tumour 
tissue. Staging evaluates the extension of the tumour including size and spread to 
lymph nodes and/ or other organs. 

In man, the European Association of Urology (EAU) consensus group on penile 
cancer has developed guidelines according to the best available scientific evidence, to 
assist urologists in choosing the best management and recommendations for penile 
cancer in their clinical practice (Pizzocaro et al. 2010). To date, in horses, such guide-
lines have not been developed. Both grading and staging are important components 
of such guidelines and this thesis proposes a similar approach for the clinical manage-
ment of penile and preputial tumours in horses.

Tumour grading
Histopathological tumour grading, as described in chapters 5 and 6, involves assess-
ment of anaplasia in cells obtained by biopsy or excision. In contrast to the horse, 
several variations of grading of SCCs have been described in man (Broders 1928; 
Maiche et al. 1991; Chaux et al. 2009). However, no clear consensus as to what is the 
best system of grading has so far been reached. The basis of any grading is the clas-
sification of the extent to which cancer cells are dissimilar in appearance and function 
to healthy cells of the same tissue type (Chaux et al. 2009). 

In this thesis differentiation grades 1-3 are used (chapters 3 and 6). Well-differen-
tiated (G1) or intermediately differentiated (G2) tumours have a lower tendency to 
metastasize. This is comparable with findings in man (Slaton et al. 2001; Kroon et al. 
2005). The relationship between tumour grade and prognosis, as demonstrated in 
chapters 4 and 6, indicates that a standard for histopathological grading of penile and 
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prepuce SCC in horses should be developed. Table 7.1 gives an overview of the grading 
as described by (Chaux et al. 2009), which was used in chapters 5 and 6. 

Tumour staging
In human medicine the most commonly used staging system for malignant tumours is 
the TNM classification system (Sobin et al. 2009), which was first developed between 
1943 and 1952 (Denoix 1944). In this system, the ‘T’ describes the size of the tumour 
and whether it has invaded adjoining tissue, the ‘N’ describes the extent of regional 
lymph node involvement and the ‘M’ refers to the presence of distant metastases. 
The practice of dividing cancers into groups according to stages is based on the 
observation that the incidence of survival rates is higher for patients whose disease 
is localized than for those in which the tumour extends beyond the organ of origin 
(Sobin et al. 2009). Staging is based on information about tumour spread obtained 
by physical examination and various imaging techniques (e.g. radiography, ultraso-
nography and urethral endoscopy). Pathological examination provides additional 
information via macroscopic and microscopic examination of the tumour margins 
and lymph nodes. Table 7.2 describes a staging system for penile and preputial SCC 
in the horse analogous to the system used in man. The size (i.e. depth of invasion and 
extension; T) and grade (G) of a primary SCC are considered to be the most important 
indicators of lymphatic spread. Invasiveness of the tumour is an important factor in 
the tumour’s tendency to metastasize and, consequently, is an important risk factor 
for incomplete removal. Deeply (T>1) infiltrating tumours have a high propensity for 
recurrence and nodal spread (Howarth et al. 1991; Mair et al. 2000). Involvement 
of urethra and corporeal bodies appears to have a negative effect on the outcome 
and SCC that involve the corpus cavernosum penis, corpus spongiosum and urethra 

Table 7.1. Grading criteria according to Chaux et al. 2009

Well differentiated (G1) Moderately differentiated (G2) Poorly differentiated (G3)

• minimal basal/ parabasal atypia. • more disorganized 
• less keratinization 
• higher nuclear cytoplasmic ratios
• thicker nuclear membranes
• moderately nuclear pleomorphism
• evident nucleoli
• more obvious mitoses 
• occasionally clumped chromatin

• any proportion of anaplastic cells. 
• solid sheets
• irregular small aggregates 
• cords
• nests 
• absence of keratinization
• high nucleus/ cytoplasm ratio
• thick nuclear membrane
• nuclear pleomorphism
• clumped chromatin
• prominent nucleoli
• numerous mitotic figures
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Table 7.2. Proposal for TNM Classification system for penile SCC in the horse (van den Top et al. 2011)

TNM Clinical Classification

T Primary tumour (physical examination, imaging, biopsy)

TX Primary tumour cannot be assessed

T0 No evidence of primary tumour

PIN/Tis Penile intraepithelial neoplasia/ Carcinoma in situ

Ta Non-invasive verrucous carcinoma

T1 T1a: Tumour invades subepithelial connective tissue of the penis or prepuce without lymphovascular invasion 
T1b: Tumour invades subepithelial connective tissue of the penis or prepuce with lymphovascular invasion
T1c: Tumour invades subepithelial connective tissue of the penis and prepuce with or without lymphovascular invasion

T2 Tumour invades corpus spongiosum or corpus cavernosum penis

T3 Tumour invades urethra

T4 Tumour invades other adjacent structures 

N Regional lymph nodes (Physical examination, imaging, biopsy)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis bilateral or unilateral inguinal lymph node(s)

N2 Metastasis in inguinal lymph node(s) fixed to surrounding tissue

N3 Metastasis in pelvic lymph node(s)

M Distant metastasis (physical examination and imaging)

M0 No distant metastasis

M1 Distant metastasis

pTNM pathological Classification 

The p categories correspond to the T and N categories when assessed histologically. The pN categories are based on surgical 
excision followed by assessment histologically. pM1 is distant metastasis microscopically confirmed.

Stage grouping

Stage 0 PIN/Tis N0 M0

Ta N0 M0

Stage I T1a N0 M0

T1b N0 M0

Stage II T1c N0 M0

T2 N0 M0

T3 N0 M0

Stage IIIA T1, T2, T3 N1 M0

Stage IIIB T1, T2, T3 N2 M0

Stage IV T4 Any N M0

Any T N3 M0

Any T Any N M1
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Figure 7.1: Protocol for the clinical approach of equine penile and preputial squamous cell carcinoma (van 
den Top et al. 2011).
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are classified as T2 and T3 in Table 7.2. Non- invasive tumours (PIN/Tis), verrucous 
carcinomas (Ta) and tumours without lymphovascular invasion (T1a) are less likely 
to metastasize. Extensive involvement of the penis and prepuce is qualified as T1c. 
Involvement of the regional lymph nodes (N1 and N2) has been shown to increase the 
risk of recurrence. There is 25% recurrence in horses with metastasis to the regional 
lymph nodes, irrespective of treatment chosen (chapter 4). In the horse, no successful 
treatment has yet been described when pelvic lymph nodes (N3) are involved or when 
distant metastasis (M1) is present.

a protocol for the clinical approach of equine penile and preputial squamous 
cell carcinoma
Based on tumour grading and staging, a standardised approach to treating horses 
with penile and preputial tumours can be proposed, of which a flow chart is presented 
in figure 7.1. The primary tumour should first be assessed macroscopically, subse-
quently examined ultrasonographically to determine the gross extent of the neoplasia 
and then further evaluated by histopathological examination to assess tumour type 
and differentiation grade. Examination of the regional lymph nodes is important to 
distinguish between lymph node metastasis and inflammatory response. This can be 
accomplished by fine needle aspiration biopsy and ultrasonography. It should be re-
alised, however, that failure to identify neoplastic cells does not necessarily guarantee 
a metastasis-free lymph node. Rectal palpation, with special attention to the inguinal 
area and iliac lymph nodes, may allow detection of swellings in the abdomen that 
could indicate metastases and should thus be part of the standard protocol. Large 
tumours in the lungs can be detected by radiography. However, because lung metas-
tases are rare (chapter 3), it can be justified to only perform this examination when 
regional lymph nodes are involved. 

As for treatment, local excision, cryotherapy and posthioplasty can be considered if 
the tumour is well or moderately differentiated (i.e. G1 or G2) and does not appear to 
invade the underlying structures (e.g. tunica albuginea, corpora and urethra; i.e. stage 
0 or stage I). Poorly differentiated (i.e. G3) tumours require more radical techniques 
(partial phallectomy with sheath ablation or en bloc penile and preputial resection 
with penile retroversion). Partial phallectomy (i.e. Williams’ technique) is indicated 
when the tumour is relatively circumscribed but infiltration of subepithelial tissue is 
suspected and/or reconstruction of normal anatomical structures is unlikely to be 
possible after excision (stage I). If the tumour is more extensive or poorly differenti-
ated (stage II, G3), partial phallectomy with sheath ablation should be considered. 
The dotted line in the diagram indicates treatment of small stage 0/I G3 lesions. Lo-
cal excision with reefing can be indicated when the tumour is a small G3 lesion and, 
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therefore, can be easily excised with a wide margin. Although not shown in figure 7.1, 
it is an option to employ partial phallectomy (Williams’ technique) to remove stage 
II lesions without lymph node involvement when the owner rejects more radical 
surgery. However, it needs to be emphasized and should be made clear to the owner 
that in this case the risk of recurrence or incomplete removal may be high. En bloc 
partial phallectomy with sheath ablation or en bloc penile and preputial resection 
with penile retroversion is the treatment of choice when metastasis to the regional 
lymph nodes is detected without evidence of metastases to the abdomen, thorax or 
other distant sites (stage IIIA, IIIB). A stage IV tumour (i.e. invasion to structures adja-
cent to the penile and preputial integument, metastasis in the iliac lymph nodes and/
or distant metastases) should be deemed untreatable. Euthanasia is the most logical 
option in these cases from both an economic and animal welfare viewpoint. However, 
there may be cases in which the owner is hesitating to take this decision and in which 
the life of the horse is prolonged by palliative treatment. 

Postoperative histopathological evaluation is essential to determine if a tumour 
has been completely removed. Incomplete removal of a primary, genital SCC may 
be followed by more radical surgery, palliative treatment or euthanasia. In all cases 
in which the horse survives, long-term follow-up is mandatory to monitor possible 
tumour recurrence. 

ethics
Complete removal of penile and preputial SCC and possible additional pre-malignant 
lesions will often require extensive surgery. Substantial postoperative discomfort will 
ensue and this should be considered prior to operation (Markel et al. 1988; Doles et 
al. 2001; Archer and Edwards 2004). In contrast to human medicine, in veterinary 
medicine the decision to euthanize the horse may also be a valid option. The final 
choice will depend on various factors. Owner acceptance is one of them. Owners may 
not accept relatively small local lesions which cause considerable discomfort, but may 
accept non-treatable distant metastasis without apparent clinical signs. Aiming for 
either ‘quality of life’ or ‘longevity’ may lead to different decisions. The final decision 
may depend on the horse owner, the vet, the horse, the stage of the disease, finances 
and the appreciation and perception of ethical dilemmas. These considerations can-
not be protocolled, but should be faced on an individual basis. The development of 
better diagnostic modalities and less invasive techniques for the treatment of penile 
and preputial SCC in horses may facilitate balancing all these different considerations.
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Future perspectives

It is now virtually certain that Equus caballus papillomavirus 2 plays an important 
role in the aetiology of penile and preputial SCC in the horse. Future progress in the 
prevention and management of these tumours can be expected to come from a better 
knowledge of the exact role of EcPV2 in the development of the disease. Thus far, 
the knowledge on transmission routes and risk factors for infection and neoplasia 
development is limited. Additional research in these areas may be of great help in 
defining effective preventive strategies (e.g. vaccine development). 

Another way forward is the improvement of early detection of premalignant lesions, 
enabling the early initiation of treatment and hence preventing progression to late 
stage disease. Currently, there is limited knowledge of the behaviour of non-invasive 
lesions (PIN, papilloma). Research on these early stages may aid in the development 
of non-surgical treatment modalities that can be used much earlier in the course of 
the disease, leading to less complications and more favourable outcome. Surgical 
techniques, like (en bloc) partial phallectomy with sheath ablation and en bloc penile 
and preputial resection with penile retroversion have relatively favourable outcome, 
but postoperative complications may cause severe discomfort and some horses with 
advanced disease have to be euthanized. Early detection may avoid this to a large 
extent. 

Possibilities for metastasis detection are limited at present. Progress is likely to 
be aided by the development of non-invasive or minimally invasive diagnostic tech-
niques. The body size of the horse is a handicap, but not an unsurmountable one. 
Better metastasis detection will help in decision making for treatment modality.

Finally, a systematic clinical approach to penile and preputial SCC in the horse, as 
the TNM classification in man, is paramount. Such an approach will aid the clinician 
in therapeutic decision-making, prognostication and in the evaluation of the results 
of treatment. The guidelines proposed in this thesis, which are entirely open to any 
modification or improvement, are offered as a first step in this direction.
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Het paard neemt in de geschiedenis van de mens een unieke plaats in. Hoewel hu-
mane consumptie waarschijnlijk de eerste rede was voor domesticatie, ging het paard 
een steeds grote rol spelen in de landbouw en als transportmiddel voor militairen en 
welgestelden. Vandaag de dag wordt het paard in de westerse wereld vooral gebruikt 
in de sport en voor het plezier, wat leidt tot een sterke emotionele band en grote 
wil tot investeren in het management en de gezondheidszorg. Dit is niet alleen te 
zien aan de relatieve hoge gemiddelde leeftijd van paarden die in klinieken worden 
aangeboden, maar ook aan de toenemende interesse onder de paardenpractici voor 
het geriatrische paard (≥ 15 jaar). 

De meest voorkomende aandoeningen bij het oudere paard zijn aandoeningen van 
het maagdarmkanaal, het bewegingsapparaat en het geslachtsapparaat. Specifieke 
aandoeningen die bij oude paarden veel voorkomen zijn lipoma, hoefbevangenheid, 
pituitary pars intermedia dysfunction (PPID) en verschillende soorten tumoren. Penis 
en preputium tumoren komen bij het paard regelmatig voor. De meest voorkomende 
tumor op deze locatie, het plaveiselcelcarcinoom (SCC), leidt frequent tot veel onge-
mak, ernstige complicaties en uiteindelijk tot de dood. 

Het doel van dit proefschrift is door middel van een uitgebreid onderzoek inzicht 
krijgen in het ziekteverloop, etiologische factoren, pathogenese en resultaat van be-
handeling van penis- en preputiumtumoren bij het paard. De opgedane kennis vormt 
de basis voor een gestandaardiseerde aanpak.

Ziekteverloop

Hoofdstuk 2 geeft een overzicht van de literatuur aangaande penis- en preputiumtu-
moren bij het paard. In dit hoofdstuk worden de belangrijkste kenmerken van deze 
aandoening beschreven die mogelijk relevant zijn voor het opstellen van richtlijnen 
voor een diagnostische en therapeutische aanpak. Op basis van de beschikbare litera-
tuur wordt een eerste aanzet gemaakt tot een dergelijke gestandaardiseerde aanpak 
van penis en preputium tumoren. 

De hoofdstukken 3 en 4 beschrijven retrospectieve analyses van mannelijke paarden 
met neoplasieën op de uitwendige geslachtsorganen. Patiëntverslagen van een grote 
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groep paarden met diverse penis- en preputiumtumoren zijn hierbij geëvalueerd. Er 
is gekeken naar de relatie tussen de diverse factoren zoals leeftijd, castratiestatus, ras, 
type en de locatie van laesie, betrokkenheid van de regionale lymfeklieren, histopatho-
logie en de resultaten van röntgenologisch onderzoek van de thorax. De verschillende 
typen penis en preputium kenmerken zich over het algemeen als onregelmatigheden 
op de penis- en preputiumhuid en de aanwezigheid purulente of bloederige afschei-
ding uit de preputiumopening. Het SCC is de meest voorkomende urogenitale tumor 
en komt vooral voor bij paarden met een gemiddelde leeftijd van 19,5 jaar. Metastasen 
naar de regionale lymfeknopen is vaker aanwezig bij paarden met een slecht gedif-
ferentieerde SCC. Op basis van deze bevindingen blijkt pathologisch onderzoek van 
de regionale lymfeklieren een waardevolle diagnostische procedure, zelfs wanneer de 
lymfeklieren niet voelbaar vergroot zijn. Echter, radiologisch onderzoek van de thorax 
om longmetastasen op te sporen lijkt van weinig toegevoegde waarde.

Vervolgens zijn de lange termijn resultaten van de behandeling van een groep van 
77 paarden met penis- en preputium SCC geëvalueerd (hoofdstuk 4). Dit hoofdstuk 
beschrijft een analyse van de verschillende behandelingen en hun uitkomsten, de 
postoperatieve histopathologie en het retrospectieve graderen van SCC. De uitge-
voerde behandelingen betroffen: cryochirurgie, excisie, partiële phallectomy, partiële 
phallectomy met ablatio van het preputium en de en bloc resectie van penis en prepu-
tium met retroversie van de penis en het verwijderen van de inguinale lymfeklieren. 
De behandeling van penis- en preputium SCCs is in 55,7% van de gevallen succesvol. 
Echter, er is wel een verschil in succes tussen de verschillende therapeutische opties. 
Paarden die worden behandeld met een partiële phallectomie hebben een grotere 
kans op recidieve in vergelijking tot paarden die worden behandeld met de meer 
invasievere en bloc resectie. Daarnaast blijkt dat de uitkomst van de behandeling van 
paarden met slecht gedifferentieerde SCCs over het algemeen minder succesvol is 
dan de die van paarden met goed gedifferentieerde SCCs. Op basis van dit gegeven 
kan geconcludeerd worden dat het graderen van SCCs helpt bij het kiezen van een 
geschikte therapie en het stellen van de prognose.

pathogenese

Bij de mens spelen papillomavirusinfecties en ontsteking een belangrijke rol in de 
ontwikkeling van penis- en preputiumtumoren. Ontsteking en aanwezigheid van 
het virus hebben zelfs een belangrijke voorspellende waarde met betrekking tot de 
prognose. Op basis van deze wetenschap zijn de expressie van verschillende arachi-
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donozuurenzymen en de rol van Equus caballus papillomavirus type 2 en -3 (EcPV2, 
EcPV3) onderzocht.

Hoofdstuk 5 beschrijft het onderzoek naar de expressie van cyclo-oxygenase 1 
(COX-1), cyclo-oxygenase 2 (COX-2) en microsomale prostaglandine E synthase-1 
(mPGES-1) in normaal weefsel, papillomen en SCC. Hierbij wordt ook de relatie tot 
ontsteking en differentiatiegraad beschreven. De resultaten van histopathologisch 
en immunohistochemisch onderzoek laten zien dat de expressie van COX-1 en COX-2 
in penis- en preputium SCCs van het paard zwak is. Daarnaast is er geen correlatie 
gevonden tussen deze enzymen en ontsteking. Op basis van deze bevindingen kan 
geconcludeerd worden dat COX-remmers van beperkte waarde zijn bij de preventie 
en de behandeling van penis- en preputiumtumoren bij het paard. mPGES-1 is meer 
prominent aanwezig in goed gedifferentieerd tumorweefsel dan in slecht gedifferen-
tieerd tumorweefsel. Verder onderzoek moet uitwijzen welke rol dit enzym speelt in 
de carcinogenese. 

In hoofdstuk 6 wordt de relatie beschreven tussen de verschillende tumor eigen-
schappen en hun mogelijke rol als voorspeller van de prognose. Equus caballus 
papillomavirus type 2 DNA is gedetecteerd in 89,4% van de paarden met een SCC. 
Er is geen kwantitatief verschil in de expressie van E2, E6 en L1 oncogenen tussen 
goed en slecht gedifferentieerde tumoren gevonden. De expressie van p53 en het 
voorkomen van metastase zijn significant positief gecorreleerd aan slechter gedif-
ferentieerde SCCs. Zoals de in hoofdstuk 4 beschreven studie, laat ook dit onderzoek 
zien dat paarden met een slecht gedifferentieerd SCC een groter kans hebben aan de 
ziekte te sterven dan paarden met en goed gedifferentieerd SCC. Graderen van SCCs 
blijkt een belangrijke prognostische waarde te hebben voor zowel de overleving als 
de aanwezigheid van metastasen.

Ontwikkelen van richtlijnen 

Het laatste hoofdstuk (hoofdstuk 7) bevat een overzicht van de resultaten en bedis-
cussieert hun relevantie voor het verloop van de ziekte, pathogenese en prognose. Op 
basis de bevindingen wordt door middel van stagering en gradering een concept van 
een gestandaardiseerde aanpak van penis en preputium SCCs bij het paard voorge-
steld. 
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Als men 10 jaar geleden tegen mij had gezegd dat ik ooit een proefschrift zou schrijven 
over de edele delen van het edele dier, dan had ik toch enigszins bedenkelijk gekeken. 
Toch ben ik er trots op, we hebben het maar weer mooi geflikt. Ik zeg met nadruk ‘we’, 
want bij de totstandkoming van dit boekje waren veel mensen betrokken en zonder 
hen was het niet gelukt.

Onderzoek en publiceren was een onderdeel van mijn specialisatietraject chirurgie 
paard. Na mislukte pogingen om betrouwbaar doorbloeding in wondgebied te meten, 
stelde Jos Ensink voor om een artikel te schrijven over de data die ooit door Natascha 
de Heer waren verzameld in het kader van haar scriptie. De analyse werd opgestart en 
wat ik toen nog niet vermoedde, een promotieonderzoek was geboren. Allereerst wil 
ik jou, Jos, bedanken dat je letterlijk in de wandelgangen met dit voorstel kwam en dat 
jij mijn copromotor wilde zijn. Jij was altijd bereid om mee te denken en kritisch naar 
ideeën en conceptartikelen te kijken. Jouw punctualiteit heb ik altijd erg gewaardeerd.

Het eerste conceptartikel betrof een retrospectieve analyse. Dit artikel was dusdanig 
uitgebreid dat René van Weeren voorstelde het op te delen in een review en een 
retrospectief. Het retrospectief werd ingezonden en al gauw kwam het bericht van de 
editor dat ook dit artikel beter in tweeën kon worden geknipt. René, ik kan me nog 
goed herinneren dat ik jou in het voorbijgaan op de monsterbaan vertelde dat drie 
artikelen nu een feit waren en dat we er maar gelijk een promotietraject van moes-
ten maken. Jouw reactie was direct positief en het promotietraject werd opgestart. 
René, promotor, veel dank dat jij dit idee hebt opgepakt, maar nog meer dank voor 
je begeleiding. Jouw enorme ervaring in onderzoek en schrijven van artikelen heeft 
substantieel bijgedragen aan de kwaliteit van dit boekje.

Mijn dank gaat ook uit naar mijn promotor Ab Barneveld. Ook jij zag een promotie 
wel zitten. Belangrijk in het hele traject, maar ook tijdens mijn periode als specialist 
in opleiding, was het vertrouwen dat jij in mij had. Ook in de laatste fase kwam jouw 
ervaring en een extra steuntje in de rug goed van pas.

Dit proefschrift is ook tot stand gekomen met de medewerking van mijn promotor 
Ann Martens (Vakgroep Heelkunde en Anesthesie van de Huisdieren van de Univer-
siteit van Gent) en haar collega Cindy de Baere. Jullie expertise en inzet hebben o.a. 
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de virusanalyses mogelijk gemaakt. De samenwerking met jullie was altijd prettig en 
efficiënt, waarvoor mijn dank.

Wim Klein, jou wil ik nog bedanken voor je bijdrage aan de eerste drie publicaties. Dit 
proefschrift is uiteindelijk ook een gevolg van jouw eerdere werk op het gebied van de 
oncologie van het paard. Dank voor je expertise en de samenwerking.

De afdeling Pathologie van de Faculteit Diergeneeskunde heeft een belangrijke 
plaats gekregen in dit onderzoek. Daar heb ik kennis gemaakt met de diverse labora-
toriumanalyses en de bijbehorende handelingen. Het snijden en kleuren van coupes, 
extraheren van DNA en beoordelen van tumorweefsel behoren nu tot mijn kennis en 
kunde. Degene die vanuit de pathologie het meest voor dit proefschrift heeft betekend 
is Liesbeth Harkema. Ook jij hebt de nodige uurtjes achter de microscoop doorge-
bracht om de twee laatste onderzoeken te voltooien. Ik weet dat het voor jou ook een 
intensieve periode was om naast je bezigheden bij de vakgroep een bijdrage te leveren 
aan twee publicaties. Ik ben ook vooral voor jou blij dat het uiteindelijk met de twee 
publicaties is gelukt. Veel dank voor je hulp en de zeer prettige samenwerking.

Daarnaast gaat mijn uit dank naar Andrea Gröne voor het beschikbaar stellen van 
niet allen jouw kennis, maar ook voor de faciliteiten en mankracht. Veel mensen 
binnen jou vakgroep hebben hun steentje bijgedragen in de vorm van advies, arbeid 
en/ of gezelligheid. Ronald Kisjes, Jeffrey van der Welt, Ronald Molenbeek, Ton Ultée, 
Mirjam Koster, Joke Robinson, Fons van Asten en Guy Grinwis bedankt voor jullie 
bijdrage en de goede tijd.

One of the interesting things of the current research is the input of researchers form 
three different countries. Like the researches from Ghent, Christian Lange (Vetsuisse 
Faculty, University of Zürich) did an excellent job with his work. Christian, thank you 
very much for the pleasant and efficient cooperation. 

Statistiek is een vak op zich. Gelukkig kon ik gebruik maken van de expertise van Chris 
van de Lest. Als leek op dit gebied was ik zeer blij met jouw inzet. We hebben heel wat 
berekeningen uitgevoerd, wat voor mij zeer leerzaam was. Niet alleen bij de statistiek, 
maar ook bij het uitvoeren van de western blots kon ik op jouw hulp rekenen. Chris, 
bedankt! 

Omdat er een grote hoeveelheid coupes moesten worden geanalyseerd, werd er een 
oplossing gezocht om dit zo efficiënt mogelijk te doen. Het gebruik van software voor 
de beoordeling van gescande coupes was een enorme uitkomst. De medewerking van 
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Steven van den Brink en prof. dr. Paul van Diest van Universitair Medisch Centrum 
Utrecht waardeer ik zeer. Ook wil ik Martijn van der Stam (ICT DGK) bedanken voor 
je hulp bij het opslaan van de data.

In dit proefschrift wordt ook de meerwaarde van diagnostische beeldvorming aange-
geven. Graag bedank ik de medewerkers van de afdeling Diagnostische Beeldvorming, 
met in het bijzonder A.J. van den Belt en Stephanie Veraa voor de medewerking bij het 
echografisch onderzoek bij de paarden.

Daarnaast zijn er mensen die niet direct aan het onderzoek meegewerkt hebben, 
maar wel een grote rol speelden: mijn collega’s en maatjes van het Departement 
Gezondheidszorg Paard. Dierverzorgers, kliniekmedewerkers, dames van het secre-
tariaat, patiëntenadministratie en collega dierenartsen, jullie hebben mijn tijd in de 
kliniek goed en bijzonder gemaakt. Werkplezier is zeer belangrijk en het gaf mij de 
energie door te gaan met de uitdagingen die er lagen, daarom hebben jullie een hele 
belangrijke bijdrage geleverd. Allen dank, ik denk nog vaak terug aan die mooie tijd.

Na het verlaten van de faculteit wachtte er een nieuwe uitdaging: een andere werk-
gever en een leuke nieuwe functie. Toch viel het niet altijd mee om een full time baan 
in het bedrijfsleven te combineren met het werken aan een proefschrift in de avonden 
en weekenden. Graag wil ik Boehringer Ingelheim, met in het bijzonder Mark de Vries, 
bedanken voor de ruimte die zij mij hebben gegeven.

Bijzondere waardering gaat uit naar het ‘Nederlands KankerFonds voor Dieren’ 
(NKFD). Een prachtige stichting die zichzelf ten doel stelt kanker bij dieren te vermin-
deren door meer preventie, snellere opsporing, meer genezing en een betere kwaliteit 
van leven. Met het ondersteunen van wetenschappelijk onderzoekt draagt het NKFD 
hieraan bij. Ik ben dan ook deze stichting zeer erkentelijk dat zij dit onderzoek heb-
ben ondersteund en daarmee paarden met kanker een grotere kans geven. Lia Verniel, 
voormalig secretaris van het NKFD, wil ik graag nog even apart bedanken voor haar 
interesse en het goede contact. Ik ben blij dat ik vanuit mijn huidige functie nog iets 
voor haar en haar hond Ginny terug heb kunnen doen.

Van mijn vrienden, met in het bijzonder Ties, Stijn, Johan en Remé, kreeg ik ‘hulp’ in 
de vorm van interesse, steun, ontspanning, een goede grap, onzinnige verhalen maar 
ook nuttige woorden. Dit boekje is nu afgerond, dus ik ga ervan uit dat we weer wat 
vaker een hapje gaan eten, een biertje drinken, een rondje golfen etc. Helaas schoot 
dat er de afgelopen jaren weleens bij in, omdat ik keuzes moest maken hoe ik mijn 

        



156

Dankwoord

tijd moest indelen. In ieder geval dank voor het begrip. Jullie vriendschap is zeer 
belangrijk voor mij. 

Mijn schoonouders, Henrik en Irene, verdienen een pluim. Mijn pappa-dag werd al 
snel ingeruild om aan het onderzoek te werken. Dat ging een stuk makkelijker met 
jullie hulp, want even de kinderen opvangen was nooit een probleem. Dank jullie wel, 
ik heb het maar getroffen met zulke schoonouders. 

Martijn, broertje en vriend, het werken aan dit boekje heeft helaas ook kostbare tijd 
ingenomen, waarin wij samen leuke dingen hadden kunnen doen. Wij beide komen nu 
in wat rustiger vaarwater en ik ga ervan uit dat we weer vaker met de families lekker 
bij elkaar kunnen zijn. Veel dank voor al je begrip en support. 

Lieve pa en ma. Zonder jullie was het nooit zover gekomen. Jullie hebben de basis 
gelegd voor het doorzettingsvermogen wat ik afgelopen jaren nodig heb gehad. Altijd 
was er een luisterend oor, steun, vertrouwen en de bereidheid om bij te springen als 
dat nodig was. Ik prijs mezelf gelukkig met jullie en met de mogelijkheden die jullie 
mij hebben gegeven. Per slot van rekening hebben die uiteindelijk tot dit proefschrift 
geleid. Zonder jullie was het nooit gelukt. Heel veel dank!

Lieve Reinder, Hélène en Cathelijne, jullie maken het allemaal de moeite waard. 
Hoewel mijn aandacht vaak naar dit boekje ging en voor mijn gevoel te weinig naar 
jullie, is het vergeleken met jullie maar bijzaak. Jullie laten mij inzien waar het pas 
echt om draait. Wat ben ik toch blij met jullie.

Alexandra, wij hebben dit samen gedaan. Dit is ook jouw boekje, want zonder jouw 
liefde en steun was dit nooit gelukt. Altijd stond jij voor mij klaar. Je gaf mij volledig de 
ruimte en begreep de keuzes die ik maakte, ondanks het feit dat het voor jou ook niet 
altijd even eenvoudig is geweest. Bedankt lieverd. Ik heb de grootste bewondering 
voor je en… ik hou van je.
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Gerald van den Top was born on December 30st, 1974 in Lochem, the Netherlands. 
After spending a happy childhood in Lochem, he moved over to Utrecht where he 
graduated in 2002 at the Faculty of Veterinary Medicine of the Utrecht University. He 
started his career as a general practitioner at Diergeneeskundig Centrum ‘Bekenland’ 
and gained experience on the different aspects of veterinary medicine. Because of his 
big interest in equine medicine, he left general practice and worked for a period as an 
equine veterinarian at Dierenkliniek ‘Bosch en Duin’. During this period, Gerald suc-
cessfully applied for an internship at the Department of Equine Sciences at the Faculty 
of Veterinary Medicine in Utrecht, which was followed by a position as a resident 
equine surgery. During his residency he developed a special interest in wound heal-
ing, equine dentistry and equine oncology. Publication of various articles on penile 
and preputial tumours in horses led to the current dissertation. 

After being a clinician for more ten years, a new challenge came on his path. As 
a Technical Service Manager at Boehringer Ingelheim Vetmedica, he made his first 
steps into the pharmaceutical industry. Currently he is working as a Product Manager 
at the aforementioned company. 

Although he always enjoyed his work very much, his biggest achievement is being a 
happy husband and a proud father of three wonderful children.

        




