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KEY POINTS

� Sarcoids are the most common equine skin tumors worldwide.

� Sarcoid pathogenesis is multifactorial, and the tumor is associated with bovine papilloma-
virus types 1 and 2.

� Clinical presentation varies and includes occult, verrucous, nodular, fibroblastic, mixed,
and malignant (malevolent) types. The tumor is nonmetastasizing but can become very
aggressive locally. Multiple tumors are common; all clinical types can be present in the
same horse.

� No treatment protocol is universally effective. The tumor has a high risk of recurrence.
Recurrent and large tumors carry a worse prognosis.
INTRODUCTION

Sarcoids were reported as being the most common type of equine skin neoplasm as
early as 1936 and this continues to be the case to date, on a worldwide basis.1–4

Approximately 1% to 11.5% of all horses have sarcoids,5,6 and this type of tumor is
reported to account for up to 90% (35%–90%) of all skin neoplasms in horses.7–14

The tumor has also been reported in other equids, including zebras, donkeys, and
mules,14–17 as well as other mammals such as giraffes and sable antelopes.18 An inci-
dence of 0.6 cases per 100 animal-years was reported in a population of donkeys.15

Sarcoids are nonmetastatic, fibroblastic neoplasms that rarely regress spontaneously;
they can remain static or become very aggressive locally. Although the condition is not
lethal in itself, size and distribution of the tumor or tumors can severely compromise
the use and value of the horse, and lead to a decision of euthanasia.

PATHOGENESIS

Equine sarcoids have a multifactorial etiology (Box 1). An association with infectious
agents in the form of bovine papillomavirus (BPV) types 1 and 2, as well as genetic
risk factors, has been documented.
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Box 1

Pathogenesis: factors needed for sarcoid development

� Equid (horse, donkey, mule, zebra) with genetic susceptibility

� Bovine papillomavirus (BPV) types 1 or 2

� Delivery of BPV-1 or BPV-2 into the skin (vector, direct contact, skin lesion, skin inflammation)
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Bovine Papillomavirus and Association with Sarcoid Formation

The BPV types 1 and 2 of the family Papillomaviridae have been implicated as major
factors in the pathogenesis of sarcoids. Viral genomes, but not intact virions, have
been consistently demonstrated in sarcoid lesions but not in other equine skin tumors
or equine papillomas.19–24 The presence of BPV DNA in sarcoids has varied between
73%and 100%,with lowest rates in studies based on formaldehyde fixed tissue stored
for long periods.21,23,25 BPV represents the only papillomavirus noted to cause infec-
tion across species. BPV has also been demonstrated to induce fibroblastic tumors in
mice and malignant fibroblastic tumors in hamsters.26,27 Papillomavirus DNA is often
detected in macroscopically normal skin surrounding sarcoid lesions, and local recur-
rence has been correlated with DNA-positive surgical margins.21 The levels of viral
DNA were also reported to be significantly higher in and around more aggressive,
rapidly growing, and multiple tumors in comparison with single or mild-type le-
sions.21,22 Previously BPV was considered to reside in the dermis, but later studies
have shown that the infection also involves the keratinocytes in the epidermis.28,29

Voss30 was able to induce sarcoid lesions in healthy horses by inoculation of sarcoid
tissue or cell-free supernatant to scarified skin. These lesions were indistinguishable
from naturally occurring tumors. However, in other studies the injection of sarcoid tis-
sue extract did not always result in tumor formation at other sites of the affected horse
or on donors. In these studies, BPV-1 and BPV-2 inoculated into horse skin did cause
fibroblastic proliferation, but lesions did not look like sarcoids histologically (they were
lacking epidermal component and fibroblast activation at the dermoepidermal junc-
tion), and what did form spontaneously regressed, which rarely happens in naturally
occurring sarcoids.31,32 These horses with induced lesions also developed BPV anti-
bodies, a feature not seen in horses with sarcoid tumors.
The BPV types 1 and 2 belong to the subgroup deltapapillomavirus or fibropapillo-

mavirus, formerly called subgroup A, which has the capability to infect keratinocytes
(KC) and induce proliferation of both KC and fibroblasts. Conversely, BPV of the sub-
group xipapillomavirus or epitheliotropic virus, subgroup B, infects KC but can only
induce proliferation of the epithelium.33

The genomes of all BPV are divided into early and late regions. Early regions encode
3 oncogenic proteins, E5, E6, and E7, and also nonstructural proteins. The late regions
encode structural proteins L1 and L2.34 BPV infection of equine fibroblasts appears to
be mainly nonproductive with respect to producing complete viruses. If only the early
genes, which encode for the oncogenic proteins in sarcoid tissue, are transcribed and
the late genes are not, viral capsids are not formed. Likewise, expression for L1 was
demonstrated in tissue,35 but the expression of structural proteins or capsid formation
needed for virion production was lacking.22,35 The lack of virions in equine sarcoids has
further been demonstrated when equine lesion extract was inoculated into cattle and
the formation of papilloma was not induced.32 One proposed reason for the inability to
produce virions is that host-specific, well-differentiated KC constitute a required
cellular environment that is necessary for expression of viral capsid proteins.36
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However, one study was able to demonstrate that apart from BPV-1 DNA being pre-
sent in all sarcoid samples tested, the detection of E5 and E7 was demonstrated in
sarcoid epidermis. One lesion also had the late region L1 capsomer present in the
squamous layer, indicating that the virus could be productive.29

It has been shown that BPV-1 genomes can transform equine fibroblasts, and that
the tendency of fibroblasts to proliferate faster, survive longer, and grow indepen-
dently of substrate was more pronounced with more viral E5, E6, and E7 gene expres-
sion.37 In one study, all 23 sarcoids were positive for the presence of E5 by Western
blot analysis, whereas all nonsarcoid tissues examined were negative.38 Fibroblast
transformation was further associated with E5 and E6 upregulating the expression
of the mitogen-activated protein kinase (MAPK) p38 in BPV-1–expressing fibroblasts.
Inhibition of p38 reduced proliferation and inhibited cellular invasiveness.39 The onco-
proteins E6 and E7 are activated via the activator protein 1, and by E5 upregulating
equine matrix metalloproteinase 1, which contributes to the invasion capability of fi-
broblasts.39 Furthermore, E5 was shown to be able to inhibit transcription of major his-
tocompatibility complex (MHC)-I heavy chain and to prevent MHC-I complex from
reaching the cell surface by retention in the Golgi apparatus in fetal equine fibroblasts.
Thus, E5-induced downregulation of MHC-I might lead to tumor cells escaping im-
mune responses.40 In addition, in one study an altered DNA methylation status and
redoxmilieu was demonstrated in BPV-1–infected fibroblasts derived from equine sar-
coids. The investigators concluded that this might contribute to tumor formation.41

It has been proposed that BPV in equine and donkey sarcoid have genetic differ-
ences in comparison with BPV in cattle, in particular within the E5 sequence.15,42

This aspect is potentially important in the pathogenesis of sarcoid formation. How-
ever, another report suggested that the BPV E5 sequences in sarcoids and the pub-
lished BPV sequences were identical.38 Later studies showed that BPV-1 RNA from
equine sarcoids had a unique deletion within the L2 protein. For this reason, no late
protein is detected and BPV does not produce infective virions in the epidermis.
This finding suggested that the virus differed from BPV-1 in cattle.43

Bovine Papillomavirus Transmission

Sarcoids usually appear where the skin is thin or at sites of previous trauma.11,12,22,44–46

Transmission of the virus to the skin is supposed to be via fomite, rubbing, and insect
vectors. BPV-1DNAhas been detected in both biting and nonbiting flies (Musca autom-
nalis, Fannia carnicularis, and Stomoxys calcitrans) in the close environment of sarcoid-
affected horses and donkeys. Furthermore, identical viral DNA was detected in
sarcoids of animals fromwhich these flies were collected.45,47,48 Transmission between
contact animals was suggested in a population of donkeys, but in this study, genetic
factors (pedigrees were not included) might have been important.15

BPV DNA has been demonstrated in normal skin of sarcoid and healthy horses and
also in horses with inflammatory skin conditions.49,50 In nonsarcoid skin, the BPV DNA
is found in the epidermis. In one study, more than 70% of normal skin with BPV DNA
was from sarcoid-affected horses or horses living in contact with cattle. Fifty percent
of healthy horses living together with sarcoid horses had BPV DNA, compared with
30% in control horses.49 It has also been demonstrated that, in contrast to sarcoid le-
sions, nonsarcoid equine skin is more likely to have viral DNA in the epidermis and
inflamed epidermis. The presence of BPV in inflamed skin was suggested to be a pre-
disposing factor to the disease.51 Brandt and colleagues29 showed that BPV DNA was
found not only in the dermis but also in the epidermis in all sarcoids examined, with
more DNA copies in occult sarcoid epidermis than in the epidermis of fibroblast
tumors.
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One study also detected BPV DNA gene E5 in peripheral blood in sarcoid-bearing
horses but not in healthy controls, suggesting a possible role for peripheral mononu-
clear cells as a reservoir for virus. The same group has also detected BPV DNA in le-
sions of hoof cancer.52 However, Nasir and colleagues53 were unable to detect the
presence of BPV DNA in 34 diseased donkeys, and concluded that latent virus in
circulating peripheral blood cells does not play a role in the pathogenesis and epide-
miology of the equine sarcoid.

Genetic Factors

In addition to the viral association, genetic factors also seem to be important for the
development of sarcoid lesions. In horses, a breed predilection for appaloosas,
Arabians, quarter horses, and thoroughbreds has been documented, whereas stan-
dardbreds and Lippizaner horses are at a decreased risk. Mules, donkeys, and zebras
also can be affected. In thoroughbreds and warmbloods, the increased risk has been
associated with MHC-I A3 and W13 alleles, whereas in the standardbred and Lippi-
zaner a decreased risk is associated with decreased W13 allele and a lack of W13,
respectively. Furthermore, MHC-I A3 occurred more frequently in sarcoid-affected
French horses.54–58 In zebras, the prevalence in the Cape Mountain zebras (an inbred
type of zebra, descendants from only 30 animals) is 25% to 53%, compared with 1.9%
in outbred zebras.17,59 On the other hand, a study of Swiss warmblood horses did not
record a higher prevalence in offspring from stallions with known sarcoids in compar-
ison with those with sires without a known history of sarcoids.5
CLINICAL PRESENTATION

Sarcoids are most commonly first noticed in horses 1 to 7 years of age.14,60 The onset
of the disease at an older age is rarely reported. In horses, there is no reported color or
gender predisposition.60 In donkeys, however, young males are reported to develop
sarcoids more frequently than older males or females.14

The macroscopic presentation of sarcoids can be highly variable. A clinically based
classification of sarcoids has been suggested by Knottenbelt,6 which includes occult,
verrucous, nodular, fibroblastic, mixed, and malignant/malevolent types of tumors. A
high proportion of affected horses (14%–84%) have multiple tumors, and all types of
sarcoids can be present in the same horse.6,14 Sarcoids often develop at the site of
previous trauma or where the skin is thin. Exposure to trauma can induce a worsening
of the lesion and a more aggressive development of the tumor.6,22,46,61 An early age of
onset, time, and number of lesions are associated with larger tumor size.

Clinical Classification of Sarcoid Type

Occult sarcoids are focal areas with alopecia, scaling, skin thickening, hyperkeratosis,
and hyperpigmentation.6 Common locations include the neck, face, sheath, medial
thigh, and shoulder. Differentials are mainly infectious folliculitis (bacterial folliculitis,
dermatophytosis) and alopecia areata.
The verrucous type has a rough, alopecic, raised surface, which can be verrucous

and irregular. This type is usually found on the head and neck and in the axillae and
groin. The main differentials are papillomas or hamartomas.
Nodular sarcoids can be divided into types A and B whereby type A are spherical

subcutaneous masses and type B have dermal involvement, which precludes the in-
dependent movement of the overlying skin. The overlying skin is often haired, but can
become alopecic and ulcerated. These types are often seen in the eyelid region and
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groin, and on the prepuce. Differentials include infectious, reactive inflammatory le-
sions (eosinophilic granuloma, foreign body) or other neoplastic processes.
Fibroblastic lesions are fleshy, ulcerated masses; type 1 is pedunculated and type

2 has a broad, locally invasive base. Common locations include the axillae, groin, legs,
and the periocular region. Tumors can resemble granulation tissue or infectious pro-
cesses, such as habronemiasis. Another differential is squamous cell carcinoma. Non-
fibroblastic tumors can become fibroblastic after being traumatized.
Mixed forms (2 or more types) of tumors are common.
Malignant/malevolent tumors are aggressive and locally invasive. These tumors

extend widely into adjacent skin and subcutis, are invasive, and infiltrate lymphatic
vessels.
The occult and verrucous type can remain static for years if not traumatized.

Nodular tumors can also remain unchanged, although less often. Any type of sarcoid
lesion can develop into an aggressive fibroblastic or malignant/malevolent tumor if
traumatized.

DIAGNOSIS

Sarcoids are diagnosed based on clinical signs and histopathology, as other condi-
tions can macroscopically be difficult to differentiate from sarcoids (Box 2). For
example, alopecia areata, bacterial folliculitis, and dermatophytosis can mimic occult
sarcoids. Moreover, all types of nodular conditions (eosinophilic granulomas, mela-
nomas, schwannomas, and so forth) can be mistaken for nodular sarcoids. One
important differential diagnosis for fibroblastic sarcoids is exuberant granulation tis-
sue. A biopsy should include deep dermal tissue and be at least 6 mm in diameter if
a biopsy punch is used to harvest the sample. For thick, crusted lesions, a biopsy
punch does not always reach deep enough into the tissue to reach the tumor, there-
fore a double-punch technique may be used whereby deep samples are obtained by a
6-mm punch biopsy introduced into a superficial opening created by an 8-mm punch
biopsy.
Before verifying the diagnosis by biopsy, serious consideration should be given to

the fact that traumatized sarcoids can potentially transform into a more aggressive
type of tumor. Traumatic intervention should not be performed on a presumed sarcoid
unless a treatment plan has been established after the diagnosis is confirmed.
Fine-needle aspiration (FNA) for cytology is usually unrewarding and carries the

same risk of exacerbating tumor growth. FNA is not recommended for the diagnosis
of sarcoids.
Histopathology typically reveals fibroblast proliferation. These spindle cells are often

arranged in bundles, and have oval nuclei and small nucleoli. Mitotic figures are usually
present in low numbers, but this can vary. Fibroblasts and collagen fibers have a
whorled, tangled, crisscross, or linear ormixed pattern. Fibroblasts at the dermoepider-
mal junction can be arranged perpendicular to the basement membrane (picket-fence
Box 2

Diagnosis of sarcoid

� Differentials depend on the type of sarcoid

� Lesions clinically compatible with sarcoid and polymerase chain reaction positive for BPV-1 or
BPV-2 DNA

� Histopathology: biopsy only if there is an intention to treat, should the diagnosis be verified
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pattern), but this finding is not always present. The neoplastic cells are typically present
immediately beneath the basement membrane, and extend downwards. A marked hy-
perplastic epidermis with deep rete ridges is present in approximately half of the cases.
As sarcoids can be ulcerated, granulation tissue can be present along the surface.
Occult and verrucous sarcoids have areas ofmarked hyperplastic epidermis with ortho-
keratotic hyperkeratosis. From the dermal-epidermal junction, the proliferating, spindle-
shaped cells form a plaque-like infiltration. Hair follicles can still be unaffected and
produce hairs.62,63

Schwannomas (nerve sheath tumors) can histologically be difficult to distinguish
from sarcoids. Differentiation can be made with the help of immunohistochemistry
staining for S-100 protein: schwannomas typically express S-100, whereas sarcoids
stain negatively.64

Yet another diagnostic option is to demonstrate the presence of BPV-1 or BPV-2
DNA by polymerase chain reaction via superficial swabs and scrapings. A positive
result is highly suggestive of the diagnosis. In one study, BPV DNA was demonstrated
in 88% and 93% of sarcoid lesion swabs and scrapings, respectively, whereas all con-
trol lesions were negative.20
TREATMENT

Sarcoids are not metastatic but often show aggressive, infiltrative growth, and are
notorious for a high recurrence rate after surgery. Furthermore, recurrent lesions are
more refractory to treatment and carry a poorer prognosis. Spontaneous regression
is rare.60 If a horse exhibits lesions compatible with possible sarcoids, this tumor
type has to be thoroughly discussed with the owner. As no treatment protocol has
been universally effective, an assurance that the lesion will stay harmless or can be
successfully treated can never be made.
Benign neglect is an option, especially for static occult and verrucous lesions and

small tumors located where they are not at risk of being traumatized. In a study of
periocular sarcoids, 15 lesions were left untreated because of their small size or uncer-
tain diagnosis. In all these, cases treatment was later required (from 16 weeks to
15 years).61

Ligation of the base of sarcoids that have a stalk has been anecdotally reported to
be successful. This treatment induces ischemia and necrosis of the tumor, and can
only be attempted if the neck of the tumor is thin.

Surgical Intervention

If complete surgical removal with widemargins is possible, it may be an optimal choice
for therapy. The presence of BPV DNA has been demonstrated up to 16 mm outside
the macroscopic lesion, and local recurrence has been correlated to DNA-positive
surgical margins.65 The probability of local recurrence after sharp surgery or carbon
dioxide laser was significantly higher for large sarcoids and sarcoids that had previ-
ously failed to respond to treatment.65

Sharp surgery has been reported to result in 50% to 64% recurrence of the tumor
within 6 months. With nontouch techniques that avoid autoinoculation and wide sur-
gical margins, the result improved to 82% (18 of 22) complete remission without recur-
rence.65 In a retrospective study of 28 periorbital verrucous and nodular sarcoids
without extensive involvement of the eyelid, 23 had recurrence (82%) and 39%
grew additional tumors after surgery.61 Furthermore, recurrence was associated
with a more aggressive behavior. Combination of sharp surgery and other therapy,
for example, cisplatin injection, has been reported to improve success rates. In one
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case report, surgery was combined with photodynamic treatment in a horse with mul-
tiple lesions. Some, but not all sarcoids went into remission.66

Carbon dioxide laser treatment was reported by Carstanjen and colleagues67 to
result in remission without recurrence in 62% of sarcoids from 60 equids, of which
45 were horses. Follow-up was longer than 6 months. Animals with multiple sarcoids
had a higher risk of recurrence. In another study, 20 of 28 sarcoids (71%) resolved
after laser treatment.65 Advantages over conventional surgery are reduced risks of
postoperative swelling, pain, and hypergranulation.
Cryotherapy has achieved up to 42% to 100% success with no recurrence, with an

average healing time of 2 to 4 months.46,62 A successful outcome was obtained in 11
of 14 (79%) horses treated by cryosurgery.65 However, when small (<2 cm2), occult, or
verrucous periocular sarcoids were treated with liquid nitrogen, 91% had aggressive,
rapid-growing relapses within 12 weeks of treatment.61 Side effects reported included
posttreatment alopecia or regrowth of white hair and, if used on the face or periocular
area, facial nerve paralysis and loss of the upper eyelid function. Caution is also war-
ranted when lesions are located close to joints, as septic arthritis has been reported.
Hyperthermia through heating the sarcoid with a thermo-probe has been used alone

or in combination with chemotherapy, radiotherapy, or immune modulation. Only a
small number of cases resolved and stayed in remission for 6 months to 1 year. In a
study of periocular sarcoids, 2 lesions were treated but neither case responded
successfully.61

Radiotherapy, also known as interstitial brachytherapy (implants of, eg, iridium-192,
cobalt-60, radium-226, radon-222, or gold-198) was effective in 50% to 100% of
cases, with a low (5%) recurrence rate. By use of ionizing-radiation brachytherapy
(iridium-192), 8 of 8 and 13 of 15 periocular and nonocular sarcoids, respectively,
went into remission.68,69 In another study, 66 nodular, fibroblastic, and mixed tumors
were treated with brachytherapy g-radiation with platinum-sheathed iridium. Of the 53
cases that were followed up, 98% resolved.61

Chemotherapy can be effective, either by intralesional injections (cisplatin powder
emulsion in sesame oil or almond oil, or aqueous formulation of fluorouracil) or topical
application (fluorouracil, thiouracil). Mixing cisplatin with oil increases the local con-
centration and prolongs the retention time of the drug, and reduces the risk of
cisplatin-induced nephrotoxicity and hepatotoxicity. Cisplatin is usually recommen-
ded at a dose of 1 mg/cm3 and is deposited intralesionally using sedation and anal-
gesia 4 times at 2-week intervals. The treatment can be combined with debulking
surgery. In a large study of 409 sarcoid lesions in horses, mules, and donkeys,
96.3% went into complete remission. Large lesions, gross postoperative residual dis-
ease, and a history of having previous treatments were negative prognostic factors.
Local reactions were noticed after the third and fourth treatments in some cases.70

In another study including 21 sarcoids, relapse-free survival rate was 92% at 1 year
and 77% at 4 years.71 Complete regression was recorded in 53%. Eighty-seven
percent did not have recurrence after 12 months and another 27% decreased in
size.72 In 18 periocular, nodular, or fibroblastic sarcoids, cisplatin 1 mg/mL solution
in almond oil led to resolution in 6 (33%) limited-size lesions. Injectable material was
noted to ooze from the lesions after injection, indicating a risk of environmental
contamination.61 In another study, the efficacy of intralesional cisplatin in combination
with intratumoral interleukin (IL)-2 led to complete regression in 53%, compared with
only 14% when IL-2 was used alone.73

The intralesional administration of 5-fluorouracil into 13 sarcoids at the dose of
50 mg/cm3 given every 2 weeks for up to 7 treatments resulted in complete regression
in 61.5% of cases. Follow-up time was 3 years. Lesions larger than 13.5 cm3
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responded less favourably.74 Topical 5% 5-fluorouracil was used twice daily for 5 days
then once daily for 5 days, followed by 5 applications on an every-other-day schedule
in 9 periocular, occult, and verrucous lesions. Six sarcoids resolved, and 3 improved
but later developed into fibroblastic tumors.61

AW4(5)-LUDES, a combination of topical fluorouracil, thiouracil, and heavy metals,
has been reported to result in 35% to 80% complete regression.61 When used in 159
periocular small occult or verrucous sarcoids, 35% resolved. Significant scarring and
a detrimental effect on eyelid function were recorded in 6 cases.61 Because of the risk
of side effects, this treatment is not recommended for periocular regions, distal limbs,
and coronary bands.
With all chemotherapy protocols, consideration must be given to the risk of

exposing health care personnel, owners, and others who handle the treated horses.
Despite the implementation of safety precautions (eg, double gloves, mask, safety
bench), surface contamination with antineoplastic drugs including 5-fluorouracil was
detected in 65% to 75% of samples taken from 6 cancer treatment centers in the
United States and Canada.75 Furthermore, one study detected cytotoxic drugs (CD)
or metabolites in urine samples from nurses not directly involved in drug preparation
or administration.76 Urine samples were positive for CD or drug metabolites, including
platinum in 4.8% to 29% of health care personnel who were handling or administering
these drugs in Italian hospitals.77 In another study, urine samples from family members
of treated patients were examined. In all samples, the antineoplastic drugs (5-fluoro-
uracil and cyclophosphamide) or metabolites of the drugs were demonstrated. Pri-
mary DNA damage was significantly increased in leukocytes of nurses exposed to
CD in comparison with controls.78 These findings stress the importance of establish-
ing strict safety precautions for both health care workers and owners who handle the
horses.79

Antiviral Treatments

Acyclovir, used in human herpesvirus infections, is metabolized to the active form
acyclovir triphosphate in virally infected cells. It inhibits viral DNA replication, but is
not known to eradicate latent virus. Topical daily application of acyclovir 5% was
used in 47 sarcoids, in a few of which after surgical debulking. Thirty-two of 47
(68%) lesions went into remission, whereas incomplete resolution was observed in
the remaining 15 (32%). Tumor thickness was associated with a less favorable
response.80

Cidofovir, used for the treatment of human cytomegalovirus and human papilloma-
virus, selectively inhibits viral DNA synthesis and interferes with caspase-3 activity.81,82

Cidofovir and sucralfate gel was used topically to treat 1 occult, 1 fibroblastic, and 1
mixed fibroblastic/verrucous sarcoid. All had previously had surgery but relapsed.
The occult and fibroblastic sarcoids resolved.83

Xanthates inhibit replication and transcription of DNA and RNA viruses. Subcutane-
ous injections of the xanthate tricyclodecan-9-yl-xanthogenate and potassium salt of
lauric acid, given at 3-week intervals, were used to treat 15 sarcoids. In some cases
the xanthate was given in combination with human tumor necrosis factor (TNF)-a.
Complete resolution was recorded in more than 50% of cases at an 18-month
follow-up.25

Immune-Modulating Treatments

Bacillus Calmette-Guérin (BCG) from Mycobacterium bovis is an immune modulator
that stimulates host lymphocytes and natural-killer cells. With this therapy, only
sarcoid cells undergo necrosis, as has been shown histologically. Inflammatory
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reactions to BCG frequently require nonsteroidal anti-inflammatory (eg, flunixin) and/
or corticosteroid treatment. The best results have been seen with periocular sarcoids.
In one study, 18 of 27 (67%) lesions treated with BCG vaccination resolved. The recur-
rence rate was 16.5%.65 In another study, 26 occult or verrucous and 283 nodular or
fibroblastic periocular sarcoids received BCG treatment. Perilesional injections were
not effective. Of 300 tumors treated intralesionally, 69% resolved, 25% remained un-
changed, and 7% worsened. Treatment with 1.1 mg/kg flunixin and 0.2 mg/kg dexa-
methasone was given after the third injection to prevent anaphylaxis, a potential side
effect of repeated BCG injections. With this protocol, 1 horse experienced an anaphy-
lactic reaction.61 BCG injections can be combined with debulking surgery.
Imiquimod is an immune-modulating agent used to treat human genital warts,

actinic keratosis, and superficial basaliomas. Imiquimod has potent antiviral and anti-
tumoral activity. It stimulates both the innate and acquired immune system via toll-like
receptor 7, thereby inducing a T-helper–1 cytokine response (IL-2, IL-12, interferon
[IFN]-a and -g) as well as an increase of TNF-a, IL-1, IL-6, and IL-8. A 5% cream
(Aldara) was used in one study, applied topically 3 times weekly for up to 32 weeks.
Fifty-six percent of treated sarcoids went into complete remission and 20% had partial
remission. Overall, 80% had a greater than 75% reduction in tumor size.84 Side effects
were pain, erythema, exudation, and erosion of the area to which Aldara was applied.
In an open pilot study, 46 sarcoids were treated. Eighty-two percent went into com-
plete remission after a mean treatment time of 3.7 months (up to 10.5 months). Three
sarcoids relapsed within the follow-up time (mean 29.8 months).85 Imiquimod was
applied to healthy horse skin in 2 horses, 3 times weekly for 3 consecutive weeks.
Both horses developed alopecia, pain, and thick crust formation at the application
site. The lesions extended beyond the application area. Histologically the treated
skin showed crusting, orthokeratotic hyperkeratosis, and epidermal hyperplasia.
There was a moderate, subepidermal diffuse lymphoplasmacytic infiltration. In the
deeper dermis, there was edema of the tunica adventitia and a perivascular infiltration
of plasma cells.86

Baypamun P, an inactivated parapoxvirus used as a nonspecific immune stimulator,
was shown to be ineffective in the treatment of equine sarcoids.87

Vaccination with chimeric virus-like particles (viral antigens BPV-1 L1-E7, without
viral DNA) was well tolerated in 12 sarcoid-affected horses and led to an antibody
response. This response, however, did not correlate with tumoral response to the ther-
apy. Only 2 of 12 regressed and stayed in remission (follow-up was 63 days). Others
either regressed and relapsed, regressed but developed new tumors, did not improve,
or deteriorated.88 In another study, neutralizing antibody levels remained high 2 years
after the third injection. This factor could potentially be protective in horses suscepti-
ble to BPV-induced transformation of fibroblasts, based on either genetic risk factors
or previous sarcoid history.89

A single report claimed good results using autogenous vaccine.90 However, exac-
erbation or spreading of the disease has been reported after vaccination.61 Inoculation
with either sarcoid tissue or cell-free supernatant from minced tumors onto the scar-
ified skin of sarcoid-free horses resulted in the appearance of tumors at the inoculation
site. These sarcoids were morphologically indistinguishable from naturally occurring
sarcoids.30

Miscellaneous

XXterra is an ointment containing zinc chloride and extract from bloodroot (Sanguine-
ria canadensis), which is rich in alkaloids, especially sanguinarine, chelerythrine, and
protopine. XXterra has been used over many years to treat sarcoids or sarcoid-like
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lesions. It is claimed to be immunomodulating and cytotoxic to cancer cells. Alkaloids
and zinc chloride have escharotic and caustic properties. Sanguinarine has been
shown to induce apoptosis, inhibit angiogenesis, and cause cell necrosis.91–97 In an
open pilot study, XXterra was used once daily for 4 to 6 days, then every fourth
day, on 16 sarcoids. The treated area was covered with a bandage when possible. To-
tal regression was seen in 10 (62%) after a mean treatment time of 2.5 months
(maximum treatment period 6 months). The mean follow-up time was 34.8 months.
One sarcoid relapsed within the follow-up period.85 XXterra was applied to healthy
horse skin in 2 horses, being used once daily for 5 days followed by twice-weekly
application. The total treatment time was 3 weeks. There was no cover bandage.
Alopecia, crusting, oozing, and erosions were seen at the application site. Histologi-
cally the treated area showed moderate orthokeratotic hyperkeratosis and epidermal
hyperplasia. In the superficial dermis, there was evidence of fibroblast proliferation
and disorganization of collagen fibers. There was also a mild, diffuse infiltration of lym-
phocytes. A perivascular infiltration of plasma cells was seen in the deeper dermis,
where collagen fibers were still organized. Adnexa were absent or sparse.86 Destruc-
tion of tissue including nose and ear cartilage, as well as deep tissue necrosis, has
anecdotally been reported to occur.
Viscum album (European mistletoe) extract was injected intralesionally into 32

clinically suspected sarcoids, 3 times weekly for 105 days, in a placebo-controlled
study.98 Lesion remission was seen in 38% of treated sarcoids, compared with
13% in the placebo (NaCl) treatment group. European mistletoe contains triterpene,
which has been shown to induce apoptosis in cancer cell lines in vitro. It also contains
viscotoxins, alkaloids, and mistletoe lectin (ML-1), which have cytotoxic and immune-
stimulating properties.
In conclusion, conflicting data exist regarding the efficacy of most of these cancer

treatments, with many of the early publications being inconclusive for reasons of study
bias.99
Factors indicating a less favorable prognosis

� Trauma to the tumor without treatment initiation

� Large tumor size

� Lack of response to, or relapse after, previous treatment intervention

� Viral DNA in surgical margins

� Treatment termination before eradication of tumor tissue
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68. Théon AP, Pascoe JR. Iridium-192 interstitial brachytherapy for equine periocu-
lar tumours: treatment results and prognostic factors in 115 horses. Equine Vet J
1995;27(2):117–21.

69. Byam-Cook KL, Henson FM, Slater JD. Treatment of periocular and non-ocular
sarcoids in 18 horses by interstitial brachytherapy with iridium-192. Vet Rec
2006;159(11):337–41.
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