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Abstract 
 
Sarcoids are reported as the most common tumour of the horse, localized of the skin, that do not metastasize and rarely 
regress spontaneously. Treatment described in veterinary literature includes surgical excision, cryotherapy, radio-
therapy (low-dose-rate or high dose rate brachytherapy with iridium, strontium; external beam radiotherapy), chemo-
therapy (topical, intralesional injection, electrochemotherapy, photodynamic therapy, drug-matrix implants), hyper-
thermia, laser therapy, immunotherapy. The purpose of this reviewer study was to evaluate the success of various 
treatment methods. The information was collected from 75 scientific papers, published between of 1977-2020 and 
indexed in international databases (Google scholar, Web of Science - Clarivatics, Cabi). Treatments options depend by 
many variables, including sarcoid tumour type and location, aggressiveness of the tumour, clinical experience, client 
compliance, treatment costs, patient behaviour, and the availability of services, equipment, and facilities. Recent updates of 
the success of treatment and recurrence rate of tumour after different treatment methods are presented and discussed. Despite 
the many treatment options available for equine sarcoids, there is no way 100% effective in achieving healing. 
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INTRODUCTION 
 
Sarcoids are reported as the most common 
tumour of the horse. The sarcoids are classified 
in six different groups according to their 
clinical appearance: fibroplastic, mixed, 
maleovant, nodular, occult and verrucous types 
of lesions. Common locations for these 
sarcoids include the periocular region, lips, ear 
pinnae and ventral abdomen - Figure 1. 
(Knottenbelt, 2005; Marti et al., 1993). 
Olson and Cook (1951) identified pathological 
effect of papillomaviruses (PVs) at sarcoids 
occurring in horses could be caused by 
persistent infection with bovine papillomavirus 
(BPV). BPVs infection predominantly involves 
the dermis and is episomal but also affects the 
epidermis of equine sarcoids (Brandt et al., 
2011). In studies that aimed to elucidate the 
pathogenesis of PV-associated sarcoids in 
equines, the equine cell lines were specifically 
transformed with BPV 1 and 2 (Gobeil et al., 
2009; Kaynarcalidan and Oguzoglu, 2021). 
While not life threating, sarcoids adversely 
affect the horse’s aspect.  
In the report of first international workshop on 
equine sarcoid Marti et al. (1993) concluded 
"no therapy has been found which is effective 
in all cases of equine sarcoids". The treatment 

described in veterinary literature includes more 
methods, permanently actualised. 
The purpose of this review study was to 
evaluate the success of various treatment 
methods. 
 

 a) 

 b) 
Figure 1. Fibroblastic sarcoids: a- nodular on the ear 
pinnae; b - ulcerative on the ventral abdomen (original)  
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MATERIALS AND METHODS 
 
The information about the sarcoid’s treatment 
was collected from 75 scientific papers, 
published between of 1977-2020 period and 
indexed in international databases (Google 
scholar, Web of Science - Clarivatics, Cabi). 
For data analysis, we aimed to identify 
treatment methods, the factors that influenced 
the choice of treatment and the effectiveness of 
treatment. 
 
RESULTS AND DISCUSSIONS 
 
Equine sarcoids are challenging to treat. There 
are multiple treatment modalities reported, with 
a variety of levels of evidence to support their 
use. Treatment described in veterinary 
literature include: surgical excision, 
cryotherapy, radiotherapy (low-dose-rate or 
high dose rate brachytherapy with iridium, 
strontium; external beam radiotherapy), 
chemotherapy (topical, intralesional injection, 
electrochemotherapy, photodynamic therapy, 
drug-matrix implants), hyperthermia, laser 
therapy, immunotherapy etc, with variable 
degrees of success. The therapeutic potential of 
the different methods is presented in Table 1.  
Immunotherapy is a treatment modality for 
equine sarcoid that relies on local immune 
stimulation to attack and kill tumour cells. The 
most common immunomodulator used is 
Bacillus Calmette and Guerin (BCG), an 
attenuated strain of Mycobacterium bovis.  
Success rates from 83 to 100% have been 
observed for periorbital sarcoids but for 
sarcoids found elsewhere on the body, success 
rates have only been approximately 50% 
(Caston et al., 2020; Goodrich et al., 1998; 
Klein et al., 1986, 1991; Knottenbelt and Kelly 
2000; Lavach et al., 1985; Martens et al., 2001; 
McConaghy et al., 1994; Murphy et al., 1979; 
Newton 2000; Owen and Jagger 1987; 
Schwartzman et al., 1984; Vanselow et al., 
1988). Severe complications, including death, 
anaphylaxis, severe local inflammatory 
reactions and septic arthritis have been reported 
with the use of BCG. The tumour regression 
may require several months of weekly therapy 
(Klein et al., 1986; Lavach et al., 1985; 
Vanselow et al., 1988). 

Other immunomodulators used to treat equine 
sarcoid include Baypamun - inactivated 
parapoxovis virus (Studer et al., 1997). Topical 
immune modulators have also been used to 
treat equine sarcoid. After treatment with the 
immunomodulator imiquimod 5% cream 
(Nogueira et al., 2006; Torres et al., 2010; 
Pettersson et al., 2020) reported 60-80% 
success rate and 12,5% recurrence rate. 
Complications included alopecia, erythema, 
erosions and depigmentation of the tumour and 
periphery (Nogueira et al., 2006). 
Vaccination with autologous vaccine (Espy 
2008; Dutka, 2008; Kinnunen et al., 1999; 
Rothacker et al., 2015) or vaccines composed 
of chimeric virus-like particles (Ashrafi et al. 
2008; Mattil-Fritz et al. 2008) has a complete 
resolution tumour rate of 50-80%, but 
recurrence rate is high (40-50%). 
Conventional surgical excision alone has 
success rates of 30-50%, with most tumours 
recurring within 6 months (Genetzky et al., 
1983; McConaghy et al., 1994; Knottenbelt and 
Kelly 2000). Recurrent tumours are often 
aggressive and regrow more rapidly than the 
initial tumour (Tarwid et al., 1985; McConaghy 
et al., 1994; Hewes and Sullins, 2009). A 
success rate of 20-64% has been reported 
(Bogaert et al., 2008; Carstanjen et al., 1997; 
Dutka, 2008; Funiciello et al., 2020; Genetzky 
et al., 1983; McCauley et al., 2002; 
McConaghy et al., 1994; Knottenbelt and Kelly 
2000; Hewes and Sullins 2009; Ragland et al., 
1970; Sala et al., 2010; Semieka et al., 2012; 
Tarwid et al., 1985; Taylor and Haldorson, 
2013). The overall success rate was 74,9-86,8% 
by electrosurgical excision resulted in the 
highest surgical treatment success rate 
(Haspeslagh et al., 2016). 
Laser surgical excision. A CO2 laser or diode 
laser are surgical instruments that cuts and 
vaporises soft tissue with minimal 
intraoperative haemorrhage and less post-
operative oedema and pain compared to scalpel 
blades (Taylor and Haldorson, 2013). A 
success rate of 60-80% has been reported 
(Compston et al., 2013, 2016; Carstanjen et al., 
1997; Martens et al., 2001; McCauley et al., 
2002). Laser surgical excision is simple to 
perform, suitable in majority of locations, 
especially where lesions are early and well 
circumscribed. The recurrences rate is higher 
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for verrucous lesions and those on head and 
neck. 
Regardless of surgical method, the difficulty 
incompletely resecting sarcoid tumours, 
especially those in the periorbital region, often 
necessitates other treatment options for primary 
or adjunctive therapy (Taylor and Haldorson, 
2013; Hollis, 2020). 
Cryotherapy involves application of liquid 
nitrogen at -196°C, either by spray or probe, to 
destroy tumour cells through the formation of 
intracellular ice and subsequent rupture of cell 
membranes (Taylor and Haldorson, 2013). 
Three freeze-thaw cycles that decrease the 
tissue temperature to -20° to -30°C should be 
applied to each tumour (Hewes and Sullins, 
2009).  
The success rate of 49-100% has been reported 
(Lane et al., 1977; Fretz and Barber 1980; 
Joyce, 1976; Klein et al., 1986; Martens et al., 
2001; Munroe, 1986; Newton, 2000). The 
highly tumour recurrence (25-60%) is more 
likely for periorbital sarcoids (Knottenbelt and 
Kelly, 2000). 
Hyperthermia has been reported to induce 
regression for at least 7 months in 3 cases of 
equine sarcoid (Hoffman et al., 1983). Because 
of the limited reports of hyperthermia for the 
treatment of sarcoid tumours, it is difficult to 
make recommendations regarding its use 
(Goodrich et al., 1988; Taylor and Haldorson, 
2013). 
Radiotherapy has long time been considered 
the “gold standard” for the treatment of 
periocular sarcoids in the horse, and there are 
various techniques of delivering this treatment : 
Low-dose rate interstitial brachytherapy (LDR) 
iridium wires/seeds, strontium plesiotherapy, 
high-dose rate brachytherapy (HDR), 
teletherapy, and electronic brachytherapy 
(Byam-Cook et al. 2006; de Groot and de 
Groot, 1984; Hollis, 2016, 2018, 2019, 2020; 
Hollis and Berlato, 2018; Lewis, 1964; Theon 
and Pascoe, 1995; Turrel et al., 1985; Walker et 
al., 1991; Wyn‐Jones, 1983).  
The most commonly used technique is 
interstitial brachytherapy. Low-dose rate 
interstitial brachytherapy has reported success 
rates of between 74 and 100%. Electronic 
brachytherapy is a technique which may 
provide an alternative to high-dose rate 
brachytherapy (Hollis, 2019, 2020).  The 

requirement for general anesthesia, carefull 
case selection, possibility of late cataract 
formation and high cost and limited availability 
of any of the techniques are significant 
disadvantages. 
Chemotherapy is commonly used to treat 
equine sarcoid (Theon et al., 1993, 1999; 
Hewes and Sullins, 2006; Hewes and Sullins, 
2009; Funiciello and Roccabianca, 2020; 
Jaglan et al., 2018; Knottenbelt et al., 2018; 
Knottenbelt, 2019; Knottenbelt et al., 2020; 
Knottenbelt and Walker, 1994; Newton, 2000; 
Souza et al., 2017; Spoormakers et al., 2002; 
Tamzali et al., 2001, 2012; Tozon et al., 2016).  
Chemotherapy is commonly used to treat 
equine sarcoid (Theon et al., 1993, 1999; 
Hewes and Sullins, 2006; Hewes and Sullins, 
2009; Funiciello and Roccabianca, 2020; 
Jaglan et al., 2018; Knottenbelt et al., 2018; 
Knottenbelt et al., 2020; Knottenbelt and 
Walker, 1994; Newton, 2000; Souza et al., 
2017; Spoormakers et al., 2002; Tamzali et al., 
2001, 2012; Tozon et al., 2016).  
Cisplatin - two approaches are available for 
controlled-release administration: percutaneous 
injection (water solution or mixing with sesame 
seed oil) and implantation of biodegradable 
beads. A retrospective analysis of long-term 
outcome after cisplatin injections revealed that 
overall tumour resolution at 4 years was 80-
90% for sarcoids (Theon et al., 1993, 1999, 
2007). Knottenbelt and Kelly (2000) reported a 
33% success rate using injectable cisplatin and 
Spoormakers et al. (2002) of 78% after 
injectable cisplatin mixing with sesame seed 
oil. Intratumorally cisplatin beads have also 
been effective in treating sarcoids with a cure 
rate of 91% (Hewes and Sullins, 2006). 
Cisplatin electrochemotherapy (ECT) is a novel 
therapy, for equine sarcoid that utilises 
electrical field pulses to increase cell 
membrane permeability and thus increase 
cisplatin delivery to the tumour. Tamzali et al. 
(2001, 2012) and Tozon et al. (2016) reported a 
93% success rate.  
Intra-lesional mitomycin C are available, but 
100% success rate was obtained only in a study 
of small case series of periocular lesions 
(Hollis, 2020).   
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Table 1. The therapeutic potential of the different methods 
 

Treatment typs Sarcoid 
localisation 

Cases 
number 

Complete 
resolution 
Time/% 

Recurrence Adverse effects Source 

perio
cular  

other 

Immunotherapy 
imiquimod 5% cream 

x x 31 12 months/ 
60-80% 

12.5 % local inflammation, 
exudation, alopecia, 
erythema, erosions, 
depigmentation, pain 

Torres et al., 2010; Nogueira et al. 2006; 
Pettersson et al., 2020 

Baypamun  
(inactivated parapoxovis 
virus) 

unn 10 3 months/  
60%  

unn unn Studer et all (1997) 

Bacillus Calmette 
and Guerin (BCG) 

x x 202 8 months/ 
50-100% 

17-20% Fatal and 
nonfatal anaphylaxis, 
severe local 
inflammatory reactions, 
septic arthritis 

Caston et al., 2020; Goodrich et al., 1998; 
Klein et al., 1986, 1991; Knottenbelt and 
Kelly, 2000; Lavach et al. 1985; Martens 
et al., 2001; McConaghy et al. 1994; 
Murphy et al., 1979; Newton, 2000; 
Owen and Jagger, 1987; Schwartzman et 
al., 1984; Vanselow et al., 1988; 

Vaccination 
autologous vaccine  

x x 74 90-180 
days/ 
59-80% 

40-50% edema and hyperemia of 
underlying tissue, 
swelling, alopecia, 
erythema and exudation 

Espy 2008; Dutka (2008); Kinnunen et 
al., 1999; Rothacker et al., 2015 

vaccines composed of 
chimeric 
virus-like particles 

x x 30 50% 7-30% unn Ashrafi et al. 2008; 
Mattil-Fritz et al. 2008 

Surgical excision 
 conventional 

x x 261 6-12 
months/  
20-64% 

40 to 72 %  dehiscence, scar Bogaert et al., 2008; Carstanjen et al., 
1997; Dutka, 2008; Funiciello et al., 
2020; Genetzky et al. 1983; McCauley et 
al. 2002; McConaghy et al. 1994; 
Knottenbelt and Kelly 2000; Hewes and 
Sullins 2009; Ragland et al., 1970; Sala et 
al., 2010; Semieka et al., 2012; Tarwid et 
al. 1985; Taylor and Haldorson, 2013;  

Electrosurgical excision x x 230 6 months/ 
87% 

unn unn Haspeslagh et al., 2016; 

Laser removal  
- CO2 laser 
- Diode laser 

x x 172 5 months/ 
60-80% 

9-30 % burns, prolonged 
healing, scar, corneal 
damage leukotrichia 

Compston et al., 2013, 2016; Carstanjen 
et al. 1997; Martens et al. 2001; 
McCauley et al. 2002; Taylor and 
Haldorson, 2013 

Cryotherapy - 
application of liquid 
nitrogen at -196°C, 

x x 68  7 months/ 
49–100% 

25-60% Edema, scarring Lane et al., 1977; Fretz and Barber 1980; 
Joyce, 1976; Klein et al., 1986; Martens 
et al., 2001; Munroe, 1986; Newton, 
2000;  

Hyperthermia 
radiofrequency 50°C  

unn 3 7 months / 
100% 

- na Goodrich et al. 
1988; Taylor and Haldorson, 2013; 
Hoffman et al., 1983; 

Radiotherapy -teletherapy 
cobalt 

unn 4  60 to 100 % 
success rate  

unn unn Lewis, 1964; de Groot and de Groot, 
1984; 
 

Radiotherapy -
brachytherapy iridium-192 

x x 92 12-36 
months/ 60-
94% 

 no acute adverse effect Byam-Cook et al. 2006; Hollis and 
Berlato, 2018; Theon and Pascoe, 1995; 
Turrel et al. 1985; Walker et al. 1991; 
Wyn‐Jones, 1983; 

Plesiotherapy Strontium x - 8  6 - 30 
months 
/100% 

unn No significant short or 
long‐term adverse 
effects 

Hollis, 2016, 2020; 

Intratumorally 
chemotherapy – Cisplatin 
intratumorally injections  

x x 437 48 months/ 
80-90 % 

87 %  corneal damage Theon et al. 1993, 1999; Hewes and 
Sullins 2009; Funiciello and 
Roccabianca, 2020; Souza et al., 2017 

Cisplatin bed implants  x  91% unn unn Hewes and Sullins 2006; 
Cisplatin Oil  unn   unn / 78 unn no systemic side-effects Spoormakers et al., 2002; 
Cisplatin 
electrochemotherapy 

x x 334 48 months/ 
92-98% 

0% ulceration tumor Tamzali et al., 2001, 2012; Tozon et al/. 
2016; 

Bleomycin  
 

x x 118 12 months 
/44% 

unn unn Knottenbelt et al., 2018; Knottenbelt et 
al.,2020; Souza et al., 2017 

Fluorouracil (5-FU 
intratumoural  

x x 14 36 months/ 
61% 

  Stewart 
et al. 2006 

AW3/4-LUDES  
 % fluorouracil cream 

unn 146 35% unn unn Knottenbelt and Kelly 2000; Knottenbelt 
and Walker 1994; Newton, 2000; 

Anthiomaline (lithium 
antimony thiomalate) + 
vincristine 

- x 6 50%  unn 
 
 

unn Jaglan et al., 2018; 

Antiviral therapy 
5% acyclovir cream  

x x 37 3 months/ 
68-95% 

0% unn Haspeslagh et al., 2016, 2017; Stadler et 
al. 2011; 

tricyclodecan‐9‐yl‐xa
nthogenate 

x x 6 50%  
 

30%  temporary oedema at the 
injection site 

Otten et al., 1994; 

Photodynamic therapy 
Hypericine intratumoural 

unn 4 92.3% 39%  hyperaemia, edema, 
cyanosis and pruritus 

Martens et al., 2000; 

Plant extract 
Viscum album 
subcutaneous injections 

x x 42 12 months/ 
37%  

unn edema Christen-Clottu e al., 2010; 

bloodroot ointment x x 49 42 moths/ 
86.5% 

9% unn Wilford et al., 2014; 

X – yes; unn -unnamed  
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Bleomycin, non-permanent cytotoxic drug, 
induces DNA stand break is used in 
electrochemotheraphy or as intralesional 
injection (Knottenbelt et al., 2018; Knottenbelt 
et al., 2020; Souza et al., 2017). May be more 
effective when combined with other agents 
(tazarotene or 5-FU), probably due to improved 
penetration of bleomycin into cells (Hollis, 
2020). 
Five-fluorouracil (5-FU) is a topical 
chemotherapeutic drug.  Intratumoural 
injection of 5-FU resulted in complete 
resolution of sarcoids in 61% of horses for up 
to 3 years (Stewart et al., 2006).  
AW3/4-LUDES2 are compounded topical 
chemotherapy creams that contain 5% 
fluorouracil, heavy metals and thiouracil.  
Knottenbelt and Kelly (2000), Knottenbelt and 
Walker (1994) and Newton (2000) reported a 
success rate of 35% in 149 horses with 
sarcoids.  
Antiviral therapy is a controversial method 
with 53-68% success rates reported for early, 
very superficial lesions (Haspeslagh et al., 
2016, 2017; Stadler et al., 2011). 
Plant extract use (Viscum album subcutaneous 
injections or Blood root ointment - extract of 
Sanguinaria canadensis) is cheap, but there are 
minor scientific success rates reported 
(Christen‐Clottu et al., 2010; Wilford et al., 
2014).   
To choose a proper therapeutic plan, some 
considerations must be evaluate: each lesion 
can require a specific treatment and can react in 
a different way compared to other sarcoids 
even on the same horse; the extent and location 
of the tumour greatly affect therapeutical 
response; the duration of the lesion is important 
as early intervention usually requires less 
aggressive treatments; sarcoid-affected animals 
can never be considered free of the disease, 
even after successful treatment (Funicello and 
Roccabianca, 2020; Hollis, 2020; Knottenbelt, 
2019; Melkamu et al., 2018; Taylor and 
Haldorson, 2013). 
From all references analysed conquered that 
treatments options depend by many variables: 
tumour type, location, aggressiveness, clinical 
experience, client compliance, treatment costs, 
patient behaviour, and the availability of 
services, equipment, and facilities.   
 

CONCLUSIONS 
 
Treatments options depend by many variables, 
including sarcoid type, location, and 
aggressiveness of the tumour.  
Despite the many treatment options available 
for equine sarcoids, there is still no way 100% 
effective in achieving healing. 
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