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ABSTRACT

Equine sarcoids (ES) are the most common skin tumors in equids, presenting significant
diagnostic and therapeutic challenges due to their variable clinical manifestations and complex
pathogenesis. This consensus statement aims to provide comprehensive guidelines for the
diagnosis, treatment, and management of ES, informed by the latest research and clinical

experience.

ES are associated with Bovine Papillomavirus (BPV) infection which is likely transmitted
through direct contact with cattle or via vectors like flies. Genetic predisposition plays a role;
epigenetic modifications and environmental factors, including immune system challenges, are

thought to be of further influence.

Clinically, ES can be categorized into six forms: occult, verrucous, nodular, fibroblastic, mixed,
and malignant. Treatment options for ES are varied and often necessitate a multimodal approach.
Surgical excision, cryotherapy, laser ablation, and hyperthermia are commonly employed, with
the choice of method influenced by tumor type, size, location, and recurrence risk. Intralesional
chemotherapy, particularly with cisplatin, has shown high efficacy, achieving long-term control
with minimal recurrence. Additional therapies, including the use of biodegradable beads for

sustained drug release and intralesional injection of alternative chemotherapeutics such as



carboplatin, 5-fluorouracil, mitomycin C, and bleomycin, have been employed, yielding
improved therapeutic outcomes while minimizing systemic side effects. Immunomodulators such
as Imiquimod and auto-vaccination have demonstrated efficacy, particularly in smaller tumors.
The management of ES requires a tailored approach that considers individual patient factors and

employs a combination of diagnostic and therapeutic strategies to optimize outcomes.



Consensus Statement:

"Consensus statements are intended to produce clinical guidelines on contentious topics,
particularly when a paucity of published data is available to inform clinical decisions." These are
produced when a panel of qualified individuals reaches an agreement, given the available
resources. We conducted a review of the evidence on associations between therapeutic
interventions and outcomes in ES cases; where published data were lacking, we relied on clinical
experience, guidelines from other species, and experimental studies to inform recommendations.
These are intended to provide guidance and should be implemented with consideration of patient,

client, and veterinary factors that vary across cases.

Equine Sarcoid

Equine sarcoid (ES) is the most common neoplasm in equids! (horses, donkeys, mules, and
zebras), with a reported prevalence of up to 19%.1-4Jackson (1936) described ES as a fibroblastic
tumor having a sarcoma-like pathology and a high rate of recurrence.5 While typically locally
invasive, ES are non-metastatic tumors. Their behavior is difficult to predict: some tumors
remain stable and unchanged for years, while others show rapid, and often locally invasive
growth. On rare occasions, in young individuals, ES spontaneously regresses.¢ They can occur
on any part of the body, either singly or in clusters; however, the ventral abdomen, medial thigh,
axilla, and head, especially around the eyes and pinnae, are most commonly affected.”

Many important aspects of the epidemiology and biology of ES disease remain poorly
understood. Despite decades of research, fundamental questions regarding etiology and

pathogenesis, including disease transmission, disease susceptibility, and possible mechanisms of



immune evasion, remain unanswered. The current concept of the etiology and pathogenesis of
ES is that of a multifactorial disease with several extrinsic and intrinsic factors influencing
disease manifestation, progression, and severity (reviewed in Marti et al. 1993; Bergvall 2013;
Taylor and Haldorson, 2013).1.8.9 Cross-species infection with BPV 1 or 2 is widely accepted as
the primary extrinsic factor driving the development of ES lesions. BPV 13 has also been
identified in equine ES tissues collected in southern Brazil.10 The DNA of BPV and viral
oncoproteins (E2, E5-7), as well as cell-cycle-associated viral proteins (p53) and late proteins
(L1), are found in ES tissues.!1-17 These transcripts act in combined manner, lead to changes in

fibroblast behavior, and explain critical parts of the pathogenesis in susceptible equids.!5:18

ES5 is considered the major oncoprotein. It induces cell proliferation and transformation through
binding to, phosphorylation and thus activation of platelet-derived growth factor § receptor
(PDGFBR).19:20 This also activates the PI3K-AKT signaling pathway, which regulates cell death
and cell cycle progression and may indirectly alter fibroblast transformation and proliferation.2?
Furthermore, ES expression leads to downregulation of major histocompatibility complex
(MHC) Class I, and therefore to poor immune clearance of tumor cells.22 E6 is required to induce
full transformation in fibroblasts by E5, mainly through interaction with the focal adhesion
protein paxillin. This leads to anchorage-independent growth of transformed cells by disruption
of adhesion.23.24 Furthermore, E6 interacts with CBP/p300 and thus inhibits its transcriptional
coactivator function for the tumor suppressor gene p53.25 E7 is a weakly transforming
oncoprotein. It cooperates with E5 and E6 to induce transformation due to its ability to bind p600
and to trigger anchorage independence through inhibition of anoikis, a type of apoptosis induced

upon cell detachment.26-28 The invasiveness of ES appears to be associated with upregulation of



matrix metalloproteinases by BPV oncoproteins resulting in invasion into the surrounding tissues
and spread of viral DNA.29-33 BPV infection also leads to overexpression of vascular epithelial
growth factor (VEGF), thus inducing angiogenesis.3* Consequently, small blood vessels are
found in increasing numbers in ES tumors. They are, however, not completely mature, leading to
a structurally and functionally abnormal tumor vascular system.34 In conclusion, BPV infection
and expression of oncoproteins appear to contribute to a tumor microenvironment characterized
by sustained proliferative signaling, avoiding immune destruction, activating invasion, and
inducing angiogenesis.35 Interestingly, P53 gene mutations are not associated with ES

development in horses and donkeys, which may explain the non-metastatic behavior of ES.13.17.36

The findings of early and more recent transfection experiments suggest that only assembled
virions (not just DNA) are transmissible and thus "infectious",37-4! but no assembled infectious
BPV virions are detectable in ES tissues.4243 In contrast, in cattle infectious BPV virus particles
are produced in great numbers. Therefore, the BPV infection associated with ES tumors is
commonly referred to as “unproductive”, non-vegetative”, or “abortive”.42-44 More recent
genomic comparison analyses indicate that cattle are most likely the exclusive source for
infectious BPV virions and not other ES-bearing equids.4>-47 Biting flies and other biting insects
are potential vectors for BPV-DNA transmission between cattle and equids.*8:4% Nonetheless,
speculations about horizontal and vertical equid-to-equid transmission and an all-equid-
infectious cycle have been made and are still entertained. In this context, vertical transmission
has been suggested after the detection of viral DNA in the semen of healthy stallions.30
Moreover, BPV-DNA was detected in blood and placenta of non-ES-bearing mares and their

foals, indicating a possible prenatal vertical DNA transmission.>!



In addition to BPV infection, intrinsic and environmental factors are thought to play a decisive
role in disease manifestation, progression, and severity. The susceptibility of an individual equid
is at least partially determined by its genetic background. Early on, family52-54- and breed-
predispositions35:56 were observed. Hypotheses of a genetically anchored susceptibility to ES
were substantiated once associations of ES with certain equine leukocyte antigen alleles were
discovered.>7-59 Genome-wide association studies identified candidate regions on equine
chromosomes 20, 22, 23, and 25.60.61 One of the loci lies in the region encoding for the Major
Histocompatibility Complex (MHC) class 11.6! This suggests a common mechanism for
susceptibility to tumor progression that may involve subversion of the host immune response.t! A
genetic association study in a large cohort of horses found that the heritability for being
susceptible to ES disease was at least 20% and is most likely passed on as a polygenic trait.62 In
addition, environmental factors that challenge the immune system are believed to influence

disease susceptibility and progression; but no specific factors have been identified.

As for epigenetic factors in ES tumorigenesis, there are currently two research foci: abnormal
DNA methylation and dysregulation of small non-coding RNAs, so-called microRNAs
(miRNAs). In ES tissue, global DNA hypomethylation has been described, which may affect
genomic instability and thus contribute to ES progression.3-65 Dysregulation of miRNA
expression has been confirmed in BPV-transformed equine fibroblasts and ES tissue and appears

to be correlated with crucial processes for neoplastic transformation.66-68

Clinical Description:



Six distinct clinical forms of ES have been divided further into subtypes. Differentiating
between these forms can assist with tumor identification and be used to improve the selection of
appropriate therapies since different forms of the disease often require different approaches.

Differentiating between the types may also help provide a more accurate prognosis.

Occult ES most commonly occur in areas of the body with sparse or fine hair, including
the medial aspects of the forearm and thigh. These lesions manifest as circular, slightly thickened
areas of skin with a mildly roughened alopecic and exfoliative surface. They are commonly
mistaken for ringworm infection or thought to be trauma induced. When lesions persist beyond

4-6 weeks, ES should be moved to the top of the differential diagnosis.

Verrucous (warty) ES shows a predilection for the face, body, axillary, throat, neck, ear,
groin, and sheath regions. Lesions range in size from small (1-6 cm in diameter) to extensive
involvement encompassing large areas of skin. Verrucous ES generally have a dry, hyperkeratotic

surface with or without focal areas of ulceration.

Nodular ES consist of firm and generally spherical to elliptical masses that can vary
widely in size and number. Nodular ES can be subdivided into 2 basic types.” Type A nodules
have no cutaneous involvement, lie subcutaneously, and are freely movable relative to the skin
(the skin can slide easily over the surface of the lesion). If there is no discernible involvement or
connection to the underlying tissue, it is a Type A1 nodule. Type A2 nodules also have no
cutaneous involvement but are locally invasive with a “bound down” character. Type A2 is
commonly found around the eye, sheath, and groin. In contrast to type A nodules, Type B

nodules are attached to the skin. In addition, changes in the skin over the lesion surface may be



present and include verrucous or occult responses, atrophy, and variable degrees of ulceration.
The amount of hyperkeratosis of the epidermis overlying and surrounding these lesions is
variable, from heavy to negligible. Type B1 nodules lack deep tissue invasion. Type B2 nodules
are attached to deeper tissues exhibiting marked tissue invasion by surrounding and entrapping
structures with extensive tumor extensions; these profoundly influence both the pathological
progression and therapeutic options. Type B nodules tend to be more aggressive than type A
nodules and can be a particular problem around the eyes and mouth. Nodular ES can occur
singly or in individually isolated congregations, with nodules ranging from a few to large
numbers. Nodules may coalesce to so-called “nesting nodular forms”. The latter can be
recognized by gross dissection and histopathologic evaluation. Nodular ES can be easily
confused with other neoplastic processes, including round cell tumors, such as lymphoma and
melanoma. Alternatively, nodular inflammatory processes, such as fungal and parasitic
granulomas, eosinophilic granulomas, or inclusion cysts must be considered. Predilection sites

for nodular ES include the groin, sheath, and eyelid areas.

Fibroblastic ES are commonly identified in the groin, eyelid, and lower limb regions but
can occur in any location. They are frequently associated with wound healing failures after
biopsy or removal of a known ES of any type. Fibroblastic ES have a fleshy, ulcerated, and
exudative surface, resembling exuberant granulation tissue. They are typically aggressive and
will invade locally within the dermis or deeper tissues. Like nodular ES, fibroblastic ES can be
divided into two types. These are given a numerical classification so that there is no confusion in
relation to the nodular form, which are given an alphabetical classification. Type 1 fibroblastic

ES are pedunculated and further divided into Type 1A (no discernible root), and TypelB with a



discernible root. Type 2 has a broad (sessile) base without a discernible pedicle. Type 2
fibroblastic ES frequently has an extensive component beneath the clinically visible lesion that
often extends a significant distance from the margins of the lesion itself; some anatomic sites
appear to be more liable to this development for all sarcoid types. Local invasion of adjacent
fibrous and fibromuscular tissue is common. Since fibroblastic ES closely resembles normal
granulation tissue, it may be difficult to differentiate between ES recurrence and normal healing
after fibroblastic ES is surgically debulked. Prolonged healing and/or the appearance of
“excessive granulation tissue” post-operatively are indicators of ES recurrence. Until the wound
is truly healed and has normal epidermal covering, ES regrowth should be considered. Wounds
that fail to heal after ES removal or debulking often contain ES tissue admixed with granulation
tissue and therefore require further treatment. Fibroblastic ES can also be confused with other
ulcerated cutaneous neoplasia, including squamous cell carcinoma, ulcerated lymphoma,
cutaneous mastocytosis, or exuberant granulation tissue associated with infections, including
fungal granuloma, pythiosis, dermatophytic pseudomycetoma, or deep staphylococcal infections.

Unlike infectious processes, ES are generally neither painful nor pruritic.

Mixed ES are composed of a variety of sarcoid types. Mixed ES likely represent the
progression of one form of ES to a more aggressive form and may result from trauma, biopsy,
incomplete excision, or other interference—For this and other reasons, it is generally preferable

to treat the ES at the time of biopsy and not wait until the biopsy results are available.®®

Malevolent ES are “locally malignant” but, like all other forms of ES do not have any

ability to metastasize to other regions. A history of repeated surgeries and/or failed treatments of



another form of ES is common. Malignant ES may track along or infiltrate lymphatic or other
vessels and even invade underlying structures such as muscles, especially where they are
unsheathed such as in the eyelid or lateral neck region. Invasion of loose connective tissue occurs
in many ES lesions of all types and is common in the sheath, flank fold, and mammary regions.

This invasion is hard to define and is not usually considered a malignant invasion70.7!
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Figurel: The clinical classification of the equine sarcoid (after Knottenbelt, 2005)

Differential diagnoses:

Each defined type of ES has its own set of differential diagnoses (Table 1), and the presence of
different ES types does not preclude the possibility of co-morbidity with any of these
differentials. Differential diagnoses that must be considered vary widely and include excessive

granulation tissue (proud flesh), dermatophytosis, linear hyperkeratosis, blisters, burns, rub
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marks, papillomatosis, hyperkeratosis, squamous cell carcinoma, fibromas, equine eosinophilic

granulomas, melanoma, pythiosis, fibrosarcoma, and lymphosarcoma.

Table 1
SARCOID TYPE DIFFERENTIAL DIAGNOSES
Occult Sarcoid 1. Dermatophytosis
2. Alopecia areata

Rubs and superficial abrasions and scars

Verrucose Sarcoid

. Viral papilloma

Sarcoidosis
Scar (hypertrophic / chronic)

Cutaneous Leishmaniosis

Nodular Sarcoid

. Inflammatory/reactive nodules

Melanoma

T cell rich B cell [cutaneous]lymphoma
Mast cell tumour

Neurofibroma (PNST / Schwanomma]

Fibrosarcoma
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Fibroblastic Sarcoid

Exuberant granulation tissue (proud flesh)
Squamous cell / basal cell carcinoma
Fibrosarcoma

Sebaceous gland hyperproliferation

5. Fungal or deep bacterial granulomas
6. Pythiosis
7. Habronemiasis (summer sores)
Mixed Sarcoid 1. All DD listed above
Malignant Sarcoid 1. Squamous / Basal cell carcinoma
2. Mycosis fungoides (T cell lymphoma)
3. Melanoma
4. Non-tuberculous mycobacteriosis (M.ulcerans)
5. Pythiosus

Table 1 : Differential Diagnoses by Sarcoid Type

Diagnostic Procedures

Biopsy should provide a definitive diagnosis and eliminate other differentials for any ES-like

lesion. However, the clinical safety of biopsy of suspected ES lesions remains controversial. A

recent study demonstrated that it is not possible to predict the effect of biopsy on ES growth.®® In

addition, each of the authors has encountered cases where biopsy has exacerbated ES.

Nonetheless, in one study where photographs were provided to a range of more and less

experienced practitioners, the specificity and sensitivity for accurately diagnosing ES lesions
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based on photographic appearance (no tactile component), history and signalment was 82%. As
expected, inexperienced practitioners had the most difficulty, despite having high levels of
confidence.’? Clearly, for some individuals and in some instances, a biopsy would be prudent. If
a biopsy is warranted, en bloc resection (excisional biopsy) of the tumor with appropriate
margins should be considered, if feasible. When closure of the biopsy site is attempted, changing
all surgical instrumentation and gloves is considered best practice to avoid re-contamination of
the area. If incisional biopsies are taken of a suspected ES, treatment with a topical or injectable
agent at the same time is recommended to minimize the opportunity for residual tumor tissue to
upregulate and become more aggressive. Theon (1999) demonstrated that intralesional cisplatin
injections do not interfere with immediate postoperative healing and that delaying the interval

between surgery and intratumoral administration of cisplatin reduces its efficacy.’3.74

A published diagnostic protocol provides guidelines for which lesions are best biopsied and helps
less experienced clinicians improve their diagnostic accuracy and diagnostic confidence.”> Some
simple general points should be considered: ES are typically firm and non-pruritic; lesions that
are atypical with respect to either of these two traits should be biopsied or removed en bloc and

submitted for histopathology.

Histopathology of the biopsy specimen is most accurate when performed before treatment, as
tumor regrowth is often difficult to differentiate from granulation tissue, even for the most
experienced dermatopathologist. Viral quantification (BPV) or virus identification by in situ

hybridization may be helpful in these cases.”6-78
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Regardless, in the hands of the experienced practitioner dealing with a small flat or verrucous
ES, it may be judicious to treat the suspected tumor without a biopsy to avoid exacerbation.8.69.79

In the absence of a response to an appropriate ES treatment, a biopsy will likely prove necessary.

Histopathology

Characterized by spindle cell proliferation, ES often has admixed stellate cells. The cells are
arranged in bundles and occasionally in whorls and streams.’.80.81 Typically, the cells abut the
overlying epidermis, often perpendicular to the basement membrane zone, producing the so-
called “picket fence” feature, typical of ES. Clearly, this requires that the tissue sample includes
the skin. In general, the epidermis is hyperplastic and may form deep, narrow rete pegs that
extend into the spindle cell population. Alternatively, the epidermis is of normal thickness but

may also be atrophic, as can be seen in occult ES.

The spindle cell population comprises fibroblasts with variable numbers of histiocytes, as
evidenced by Iba-1 expression (unpublished data, VK Affolter). Although variable demarcation
of the mass may be appreciated, in most cases, there is a variably obvious network of fibrillar
extensions into surrounding tissues, separating preexisting collagen bundles. The matrix
associated with the spindle cell proliferation varies between lesions, as well as occasionally

within a single lesion, and includes variably dense collagenous stroma or more myxoid stroma.

Definitive diagnosis can be challenging when these typical features cannot be confirmed
histologically. Deep nodular lesions without epidermal involvement are often misdiagnosed as

fibroma, fibrosarcoma, or peripheral nerve sheath tumors.$2
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Immunohistochemistry staining for S100, collagen IV, laminin, and periaxin may assist in
identifying peripheral nerve sheath tumors.83 Moreover, separating fibroblastic ES from inflamed
granulation tissue of other etiologies is a real challenge made more difficult still by comorbidity.
Immunohistochemistry using anti-BPV1 E2 antigen identified viral components in the
fibroblasts,$4, but immunohistochemistry has failed to recognize BPV in formalin-fixed, paraffin-
embedded tissues of ES. The presence of mitotic figures and identification of proliferative rate
by using immunohistochemistry for Ki-67 varies among lesions8 and is not consistently reported
even by experienced pathologists. Karalus et al (2023) reported a positive correlation between a

mitotic count of >20 per 2.37 mm? and recurrence of lesions.85

Polymerase chain reaction has been well established to demonstrate the presence of BPV-
DNA..86.87 Using swabs, 18 non-ES lesions were negative, and 71 of 81 ES lesions were
positive.3¢ This results in a positive predictive value (PPV) of 100 % (sensitivity of 88%,
specificity of 100%, and negative predictive value (NPV) of 64%). However, false positive
results in non-ES lesions have been documented, since papilloma viridae are often recognized to
occur as contaminants. In a recent study published by Gysens et al. 2022 only one of the 13 non-
ES lesions, and 44 of the 76 ES lesions were positive on swab.87 This computes to a PPV of
98%, a sensitivity of 70%, specificity of 92%, and NPV of 39%. Using fine needle aspirates as a
template for PCR increased accuracy with a PPV of 100%, sensitivity of 98%, specificity of
100%, and NPV of 93%.88

Identifying intralesional bovine papillomavirus by in situ hybridization can be a helpful
tool for visualizing viral components directly within tissue sections. Lory and von Tscharner
(1993) documented viral components within fibroblasts and lesional CD11c+ dendritic cells on
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frozen sections.” In situ, hybridization has been suggested as a supportive test to confirm
intralesional bovine papillomavirus in formalin-fixed paraffin-embedded tissues .77 The use of
ISH in association with PCR has been helpful in atypical lesions of ES and heavily inflamed
granulation tissues with remaining ES elements. However, BPV has been identified in the skin of
normal horses and in the normal skin of horses with ES located elsewhere on their body (Bogaert
2007).

Attempts have been made to utilize circulating whole blood and serum miRNAs as diagnostic,
prognostic and theragnostic biomarkers for ES. Several diagnostic miRNA biomarkers, in
particular serum eca-miR-331 and whole blood eca-miR-127, were identified, but with a
diagnostic significance that is inferior to that of purely clinical diagnosis and, in the case of eca-
miR-331, does not allow differentiation from other skin tumor types.89-92 The search for
prognostic miRNA biomarkers to predict the course of ES disease and the response to therapy
has proven even more difficult, particularly due to sex-specific differences in expression.?0:93 The
expression of whole blood eca-miR-432 and eca-miR-379 decreased over time in horses with a
successful response to therapy, but further validation is required before these can be considered

potential theragnostic biomarkers.%?

Treatment

Early detection and appropriate treatment provide the best outcome for horses with ES. Small,
juvenile ES are naturally easier to resolve than large mature ES.94 Progression from milder forms
to more aggressive lesions can occur following inappropriate therapy. ES are deemed recurrent

when they have undergone at least one unsuccessful treatment. Recurrent tumors are also
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considered to be more resistant to subsequent therapies and would be expected to carry a poorer

prognosis' 73,74,95-98

Treatment methods should be based on several factors (TABLE 2), including the type and

location of the ES, the horse's temperament and compliance, the ability to provide necessary

aftercare, client concerns, and other factors that could affect the outcome. Unfortunately, the

ideal clinical treatment is not always available, economically affordable, or even logistically

possible.
SARCOID FACTORS TREATMENT FACTORS | OTHER FACTORS
Sarcoid type Logistics Owner compliance
Extent of lesion / lesions Value of horse Available facilities
-Home
-Stable
-Hospital
Location Cost Veterinary Competency
Low
Medium
High
Duration Duration-time to return to Nursing and aftercare

work

Previous treatment

Animal compliance

Ability to monitor treatment
and assess results

Prognosis

Table 2: Factors to consider for treatment of ES

SURGICAL TREATMENT

EXCISIONAL SURGERY
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Conventional surgical excision of ES is simple but carries notoriously high recurrence rates of
15-82% with most tumors regrowing within 6 months.?6.97.99.100 Nonetheless, excisional surgery
has advantages: It is technically easy, requires no specialized equipment, and with luck, can be
curative with a single intervention. Regardless of tumor type, excision will only be successful if
all tumor cells have been removed; failure to completely remove the tumor is often the reason
why surgical excision alone fails.? Results can be drastically improved with appropriate case
selection, meticulous surgical technique, and more advanced surgical instrumentation, including
electrosurgical instruments (e.g. harmonic scalpel or plasma knife) or laser surgery.100-102 Tumors
that are well delineated and located where it is possible to excise wide margins can be managed
successfully by surgical excision. When adhering to these principles, surgical excision can

outperform many other treatments, with success rates of up to 87%.100-102

Recommendations regarding the size of surgical margins when excising ES range from 5 to 16
mm.9%.100-102 [ a large retrospective study, 12 mm margins were consistently used, yielding a
success rate of 87%.101 Therefore, it appears reasonable to aim for margins greater than 1 cm
when surgical excision alone is employed. Unfortunately, adequate margins are not always
possible, particularly in areas with limited skin or surrounding tissues, such as joints, the

coronary band, periocular structures, and the ear.

Primary closure is preferred when margins can be achieved. Pre-suturing and/or releasing
incisions may help achieve primary closure; however, care must be taken to avoid tissue trauma
and contaminating the area with ES cells. Therefore, a new set of clean scalpel blades,

instruments, and gloves are used during closure, including when releasing incisions are
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performed. Adjunctive therapy, such as chemotherapy or cryosurgery or both, is strongly
recommended whenever an ES is removed, since clean margins cannot be guaranteed at the time
of surgery. It is usually impossible to define the limits of ES lesions by direct examination, even

with magnification.

Obtaining histopathology following the removal of any suspected tumor is strongly
recommended. Specifically requesting an evaluation of the margins is crucial.!03 Providing lesion
orientation regarding body location (by inking with tissue dyes or sutures, other marking
systems) provides useful guidelines for further treatment when margins are questionable or
uncertain. A photograph of the lesion before removal and a photograph of the surgical specimen
is useful for both clinician and pathologist. Moreover, a complete clinical history, including
previous treatments and previous histologic diagnoses, is key. If a treatment failure occurs,
inflammatory changes, scarring, and atypical regrowth in deep tissue present a diagnostic
challenge and require ancillary testing such as ISH.7” The earliest signs of continued tumour
presence are usually in failure of the epithelial margin — either focally or more generally, and a

failure of wound site contraction — again either focally or generally.

LASER SURGERY

Diode laser or COZ? excision of ES may provide additional benefits over conventional surgical
excision. The use of lasers may help control hemorrhage and reduce instrument contamination.
Thermal extension of 0.2 mm beyond the wound margins is believed to improve outcome.!02
Lasers can also be used to debulk tumors by vaporization. In a study including 99 horses with a

total of 235 ES lesions, 82 (83%) had no recurrence of the ES, and 71 (72%) had no occurrence
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of any ES following surgery.!%4 Unsurprisingly, horses with ES on the head and neck, and those
with verrucose ES are reportedly at increased risk of recurrence.!06 In a smaller study that
included 15 horses, the success rate was 66%.104 Laser excision may be combined with other pre-

or post-surgery treatment modalities to further minimize tumor regrowth.

CRYOSURGERY

Cryosurgery with liquid nitrogen is widely used to treat ES. However, only a few studies
conducted on small cohorts report on the effectiveness of cryosurgery for the treatment of ES:
Successful outcomes were obtained in 79% of ES-lesions (11/14),101 and in 42% to 100% of
horses with multiple tumors.%6:104.105 Freezing is most often performed with liquid nitrogen, either
by spray, by filling plastic rings that fit over the lesion with liquid nitrogen (on anesthetized
subjects), or by direct application of metal freezing rods. Care must be taken to protect the
surrounding tissues. It is generally accepted that large tumors should be surgically reduced prior
to freezing. Tumors should be frozen rapidly to —20°C to —30°C, then allowed to thaw slowly
before repeating the freeze/thaw cycle three times. Thermocouple needles may be used to
control the depth of freezing. At least three freeze-thaw cycles should be performed with each
treatment session and tumors should be reassessed at 2- to 4-week intervals to assess tumor
regrowth. Healing occurs by second intention, which can result in scarring and leukotrichia. Due
to the significant tissue destruction associated with cryosurgery, care must be exercised when
treating tumors near the eye, nostrils, or other critical structures. In all cases, the client should be
warned of transient swelling, hyperemia, hemorrhage, necrosis, and local edema, and of the

likelihood that permanent leukotrichia will occur after treatment.100.104-108 (Munroe, 1986)
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Concurrent chemotherapy with slow-release chemotherapeutic drugs infiltrated around and
through the tumor immediately before and/or after freezing is a strong additional measure that
can significantly improve the prognosis and limit the number of procedures required to achieve

resolution (expert opinion - Derek Knottenbelt).

HYPERTHERMIA

Hyperthermia units have become more accessible, and their use appears to be
increasingly popular. Heating tumors to temperatures between 38°C-43°C improves the delivery
of oxygen to the lesion and increases the uptake and distribution of the chemotherapeutic
agent.109 Intra-tumoral hyperthermia using dedicated instruments or high frequency ultrasound
(HIFU) or microwave technology has been successful in treating ES lesions and can also be
readily combined with intralesional chemotherapy. When used in conjunction with intralesional
chemotherapy the tumor should be infiltrated with a chemotherapy agent immediately before the
procedure and then subjected to appropriate focal hyperthermia. Vascular restriction is also a

strong positive benefit where this is anatomically feasible.

CHEMOTHERAPY

AGENT interval Comments

FORMULATION
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Cisplatin

3-5 X or more,

*1 mg per ml is not

Aqueous | 1* and 10 mg/ml every 2 weeks concentrated
3 mg/ml adequately to provide 1
Emulsion | For reconstitution®* mg/cm3
Powder
Reverse thermolabile
polymer
Biodegradable beads
Carboplatin 3-5 X or more, 1.3 mg/cm?3
Aqueous | 10mg/ml every 2 weeks
Emulsion | Smg/ml 5-7 daysx 5
5-Fluorouracil up to 7 Aqueous only with
Aqueous | 50mg/ml Every 2 weeks cryosurgery or
Emulsion | 25 mg/ml electrochemotherapy
Mitomycin C Mitomycin C is
Aqueous | 0.04% extremely unstable in
Powder aqueous solution and

Reverse thermolabile

polymer*

For aqueous

reconstitution®*

2mg /ml in single use 2.5

ml syringe

must be used

immediately

Bleomycin
Aqueous solution
Powder

Liposomal

for aqueous

reconstitution®*

Tigilanol tiglate

(Stelfonta®, Virbac)

1 mg/ml (2 ml ampoules)

1-3X or more

Can be painful

Distribution critical
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Table 3: Reported intralesional chemotherapeutic agents used in the management of equine
sarcoid tumors. (Caution: Appropriate cautions should be carried out with the use of any of the

above agents).

In horses, chemotherapeutic agents are most often administered intralesionally or
topically. Commercially available solutions are relatively safe and easy to use compared to the
powdered/pure forms of the drug, which require special facilities to minimize inadvertent human
contamination. The goal of intralesional administration is to deliver a prolonged, therapeutic
concentration of the chosen agent directly into the tumor, thus maximizing efficacy while

minimizing systemic adverse effects.

The intralesional use of platinum-based antineoplastic agents, cisplatin (injectable
suspension solution or absorbable beads) and carboplatin (injectable suspension/solution) can be
formulated into a slow-release emulsion or biodegradable beads, which consistently provide
long-term control of ES and, most commonly, usually delivers a satisfactory clinical and
cosmetic end result. In the largest controlled study of ES treatments to date, cisplatin emulsion
had a 96.3% resolution rate (3.7% recurrence rate) after 4 years in 573 cases .110 Cisplatin can be
purchased as a sterile compounded emulsion in sesame oil containing 3mg/ml to effect a slow
release delivery with an elevated tumor-to-plasma drug concentration ratio. Tumors are injected a
minimum of 3-5 times at 2-week intervals with 1 mg of cisplatin per cubic cm of tumour (i.e.,
0.3 ml of the emulsion). This biodegradable material delivers cisplatin in a slow manner locally,
allowing a therapeutic concentration to be maintained for 3-5 days after the injection procedure.

Individual tumors are injected using a preplanned pattern to ensure even and appropriate
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distribution of the emulsion. A minimum of 3-5 treatments administered at 2-week intervals
using a dose rate of 1 mg of cisplatin (i.e., 0.3 ml of the 10 mg/ml emulsion) for each cubic
centimeter of tumor and margin of normal tissue. When using carboplatin in the same way, the
dose is increased to a minimum of 1.3 mg/cm3. Accurate calculation of the tumor volume is
necessary to deliver the appropriate dose but is often challenging since many ES lesions are

extensive and ill-defined. Results can be improved with accurate measurements and by using a

commercially available tumor volume calculator http://www.calculator.net/volume-

calculator.html.!!! Long term results with platinum containing chemotherapeutic agents have

consistently provided the best tumor resolution rate of all published ES treatment modalities
apart from radiation. Since underdosing is likely to be less effective or even ineffective, higher-
end doses should always be used when possible; this applies to all local chemotherapy, whether

applied topically or injected intratumorally. The threat of local over-dose is minimal.

Newer materials such as oxaliplatin are increasingly used either as aqueous solutions,
slow-release injectable suspensions, or reverse thermolabile gels but have not yet had the same

published success.

The use of aqueous solutions without the addition of sesame oil, polymers, or other slow-release
formulations designed to maintain a high local concentration of the antineoplastic agent, is
unlikely to result in a satisfactory outcome due to the rapid washout that naturally occurs. Most

aqueous solutions will be removed from the site within minutes unless circulation is restricted.

Using the emulsion formats, small ES, and those with a softer myxomatous character, can

be injected with 22-25-gauge 1-1.5-inch needles. With denser ES tumors, injecting the tumor
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may be difficult and may require a larger needle (19-21-gauge 1.5 inch), which is inserted
through the tumor and the chemotherapeutic agent is injected as the needle is slowly withdrawn.
Injecting the tumor at several injection sites is usually required; the exact number of sites
depends on the size and configuration of the tumor. Injections are completed in a cross-hatched
pattern with planes of injection 0.8 cm apart to allow for diffusion. The tumor is re-injected at
5-14-day intervals until resolution is achieved. Three to five or more injections are often
required. Since this material is a non-cell-cycle-specific drug that induces cross-linking and
alkylating damage in tumor cells, the response is typically slow and relatively gentle compared

with other methods that induce necrosis.

Large tumors are best subjected to surgical reduction prior to local chemotherapy and
should be treated immediately afterward, regardless of whether primary closure has been

achieved or not.

Care must be taken to avoid direct human contact when using any
chemotherapeutic agent. Precautions to minimize human exposure include using Luer-
Lock syringes, wearing nitrile gloves, masks, eye protection, and protective clothing. All
contaminated materials must be disposed of safely. This includes swabs, needles, gloves,
drapes, and other disposable materials. Surgical instruments require decontamination

prior to handling/cleaning. Please refer to the consensus statement on the safe use of cytotoxic

chemotherapeutics in veterinary practice, published by oncology diplomates of the ACVIM. 112

Bio-degradable cisplatin beads are commercially available (Royer Biomedical Inc.,

USA). They are readily implanted and are less likely to cause human contamination. They have
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demonstrated similarly favorable tumor resolution rates; only a 9% recurrence rate was observed
in one study of 31 cases of ES.113 The beads contain 1.6 mg of cisplatin each and release it over
30 days. Tumors should be reduced surgically if indicated. Beads are placed carefully 1.5 cm
apart through stab incisions throughout the tumor and the planned margin. Repeating the bead

implantation is recommended after one month if any tumor activity remains at that stage.

Intra-tumoral 5-fluorouracil (5FU) has also been used in the treatment of ES. In a small
study of 13 horses and 1 donkey, ES smaller than 13.5 cm3 were more likely to resolve than
larger tumors. ES that had previously been treated by some other means were more likely to
recur than those without previous treatment. Overall, intra-tumoral 5-fluorouracil was associated

with a positive outcome in 61.5% of treated cases.

Mitomycin C, an antimitotic, antifibrotic antibiotic, has also shown promise in the
treatment of ES. It is non-cell-cycle-specific and exhibits a DNA cross-linking effect similar to
that of carboplatin and cisplatin. In one protocol, lesions are injected with a 0.04% solution of
mitomycin-C, at 0.5-1.0 ml/cm3 of tumor every 8 weeks until resolution was achieved.!!4 In one
small study of 59 ES lesions, 100% (9/9) of periocular ES resolved with an average of 1.9
injections. Of the remaining 50 ES tumors, 48 (96%) resolved after an average of 2.4 injections.
Side effects included leukotrichia and infrequent swelling and discharge from the necrotizing
tumor. No recurrence over a 6-30 month follow-up occurred with periocular ES, but for other
sites, there was a 6% (3/48) recurrence rate. Additional injections proved effective where

recurrence occurred.!14
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Tigilanol tiglate (TT) (Stelfonta®, Virbac, UK) is a PKC/C1 domain activator with

antitumor and antivascular effects and is licensed for the treatment of inoperative non-metastatic
mast cell tumors in dogs. It is administered intratumorally and induces (a) a rapid and localized
inflammatory response, (b) recruitment of immune cells, (c¢) loss of tumor vasculature integrity,
and (d) induction of tumor cell death, leading to necrosis and destruction of the tumor with
healing by second intention.!15-117 A multicenter study of 41 ES in 30 horses treated with
intralesional TT at 0.35 mg/cm3 of tumour volume (max dose 2 mg) showed complete clinical
response was achieved in 64% of treated ES cases. As with many other treatment modalities, the
response was dependent on initial tumour volume, with a full clinical response being 6 times
more likely for initially small sarcoids (1 cm3) than for larger sarcoids. The key to successful
treatment using this material is uniform appropriate distribution through the tissue. It is tumour-
agnostic (tissue-agnostic) and is not classified as chemotherapy. It can be very painful after
injection for up to 48 hours or more and leads to rapid necrosis and sloughing of the injected
tissues over the following 14-21 days. Inadvertent self-injection can cause significant tissue
sloughing of the veterinarian’s hands and fingers and should only be used in fully controlled

conditions.

Combined / Multimodal Therapy

Treatment of ES with cisplatin electrochemotherapy produced a 99.5% success rate in
194 tumors!18 and 92.3% in a study of 52 tumors with one recurrence 60 months later.!!® When
surgical resection was combined with electrochemotherapy, the success rate was 100% in 18

tumors, with one recurrence 14 months later.!1° Electrochemotherapy is a combination of
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electrically induced cell membrane poration, and cytotoxic drug administration. Cell membrane
poration is achieved by applying short intense electric field pulses across the tumour in the
presence of cisplatin. Circulation restrictions are important where possible. Horses require up to
6 treatments at 2- to 4-week intervals under general anesthesia, which significantly adds to the

cost of treatment and potential for untoward events.

TOPICAL CHEMOTHERAPY:

A topical ointment, AW-5, has demonstrated efficacy in treating various types of ES
across multiple sites. It contains low concentrations of two inorganic heavy metal salts and 5-
fluorouracil, as well as a high penetration vegetable oil in a standard excipient. The ointment is
administered on successive or alternate days for 3-5 treatments. A response should be evident

within 5-10 weeks and will be characterized by necrosis and sloughing of the ES tissues.!20.121

Antiviral

The successful treatment of ES with topical acyclovir was originally reported in a small
case series of 9 horses with ES.122 However, a double-blinded placebo-controlled study shortly
thereafter indicated that treatment with acyclovir failed to yield better results when compared to
placebo.!23 Although 5% acyclovir ointments were used in both studies, the composition of the
cream vehicle differed in both studies which may explain the different results, most likely in the
sense of a beneficial effect of the soothing and re-hydrating effect of the cream (also given in the
placebo group of the controlled clinical trial). This is also plausible as the ointment is applied one
to two times daily for a minimum of 2 months for thinner tumors, thicker tumors take longer to

resolve and often require debulking prior to treatment. Compared with many other topically
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applied agents, acyclovir does not cause an inflammatory reaction and has rather nurturing
properties and can therefore be used without fear of creating a horse with behavioral issues (head
shy, kicking etc.), tissue sloughs, or otherwise poor cosmetic results. The use of acyclovir cream
in the treatment of equine sarcoid created the most controversy amongst the authors of this
consensus statement. While dissenters argue that equivalent improvement could be achieved with
similar skin products that do not contain acyclovir, advocates of this treatment continue to use

and recommend its use.

Immunostimulants

Imiquimod is an immunomodulator that stimulates macrophages, Langerhans cells,
natural killers, and B lymphocytes, and in a 5 % topical cream, has shown efficacy in the
treatment of ES with an overall 60% resolution of non-debulked tumors. In 80% of treated
tumors, there was a significant reduction in tumor size (75% reduction).!24 Debulking tumors
before the use of imiquimod appears to provide even better success, likely to better penetration
of the product. Imiquimod is applied to the mass three times a week on alternating days for up to
32 weeks or until the mass resolves.125 Treatment can result in local inflammation, exudation,
depigmentation, alopecia, and behavioral issues (wherein horses do not appreciate being touched
in the area of application even after treatment). The use of 0.1% tazarotene gel in conjunction
with imiquimod appears to improve the overall resolution rate of ES but also appears to increase

pain and inflammation associated with treatment.!25
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Other forms of immunotherapy commonly reported in the treatment of ES include freeze
dried Bacillus of Calmette and Guerin (BCG), an attenuated strain of Mycobacterium bovis, or
purified protein derivatives from non-tubercular mycobacterial species. There is plentiful
evidence available relating to the use of BCG. Mycobacterial antigens are thought to stimulate
host lymphocytes and may increase natural killer cell numbers. Success rates for treatment of
periocular ES with BCG range from 83-100%; ES elsewhere on the body have much lower
reported success rates (33-48%).100.126 Historically, severe inflammatory reactions and even
anaphylaxis have been reported, and pretreatment with flunixin meglumine or corticosteroids

was recommended.

A newer mycobacterial product, Immunocidin®, NovaVive USA), derived from
Mycobacterium phlei purified cell wall fraction acts via Toll-like receptor 9 and activates
immune effector cells to induce cytokine synthesis (increased IL-10, IFN-y, TNF-a) and
apoptosis. It is reported to have an improved safety profile. Of 17 reported ES cases, nine cases
were completely resolved (52.9%), and three cases were reported as improved (smaller) but not
resolved (17.6%).127 In most protocols the tumor is injected with BCG at a dose of 0.5mL/cm2

every 2 to 3 weeks for one to six treatments.

Preparations potentially inducing systemic immunomodulatory effects against ES

Originally, a process of tumor tissue polymerization was described to produce an autologous
vaccine that achieved tumor regression in 20 out of 21 treated horses, although 5 horses
developed recurrences following initial treatment, of which 4 horses responded to repeated

treatment.!26 More recently, submersion of excised ES tissue in liquid nitrogen and subsequent
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subcutaneous implantation in the neck has been described to achieve an autologous
vaccine.!28.129 In the original study, 18 horses treated with this protocol, owner-reported clinical
regression was observed in 69% of cases and a reduction in the number of ES in 75%.128 More
recently, a study by Smith et al demonstrated complete resolution without recurrence in 50% of
the 50 equids studied.!30 Nonetheless, autologous vaccination has failed to find widespread favor,

and we and others have observed aggressive (re)growth of ES at implantation sites.!3!

Several bloodroot extracts that contain Sanguinaria canadensis and zinc chloride have
been used in the treatment of various types of skin lesions, including ES. The bloodroot is made
into an escharotic salve by adding up to 30% zinc chloride, which penetrates the lesion and kills
the affected cells; in contrast to early reports of its use, it does not always spare the surrounding
healthy tissue. This is not surprising given the tissue-agnostic nature of the material. This product
was originally believed to change the antigenicity of the ES so that the body recognizes these
cells as foreign and produces antibodies against them. Perhaps more likely, the concentrated zinc
chloride is these products may be adequately caustic to result in the treatment outcomes.
Treatment protocols for the different bloodroot/zinc chloride products vary but generally consist
of applying the product (while wearing gloves) to the ES lesion, with or without an overlying
bandage, and retreating as needed to achieve a slough of the tumor and surrounding skin. A rapid
response to the salve is usually noticed with the lesion sloughing in 7 to 10 days. Repetition of
the treatment schedule is often required for larger ES. In one study of 125 ES in 49 horses!32
complete resolution was obtained for 66% of tumors, partial resolution in 23%, no response in
6% and 6% deteriorated. The size of the tumor had a significant effect on treatment success in
this study; tumors less than 2 cm in size had a 14% tumor recurrence rate. In a more recent study,
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the topical use of a combination of bloodroot and zinc chloride was reported to be successful for
75% of tumors. However, 21% of lesions relapsed during the observation period, resulting in an
overall success rate of 54%.133 Information regarding inclusion criteria was lacking, and the
duration of treatment was highly variable. Bloodroot/zinc may be a reasonable and inexpensive
treatment option for small ES and potentially for larger ES in horses where significant financial

constraints are present.

Radiation

Radiotherapy uses ionizing radiation, such as high-energy electrons, photons, or protons, to
induce tumor cell death. Exposure to ionizing radiation induces DNA damage and impairs
mitosis by generating secondary charged particles and free radicals within the nucleus. Radiation
damages both normal and tumor cells, but normal cells are better equipped to repair this damage
and can usually resume normal function following exposure to ionizing radiation. Tumor cells
are more likely to die in response to exposure to appropriate doses of ionizing radiation due to

unrepaired DNA damage, as their repair mechanisms are usually ineffective.

DNA damage is not the only mechanism that leads to cell death after exposure to ionizing
radiation. Other structures like proteins and lipids within the cell membrane also respond to
radiation. Radiation may also expose the immune system to abnormal epitopes, encouraging a
pro-inflammatory tumor microenvironment and induction of a tumor-specific immune response
which could contribute to tumor regression.!34 This mechanism is not fully understood, and a

clinically relevant antitumor immune response is not consistently seen.!34
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An individual's response to radiotherapy is influenced by tumor type, volume, and location.
Furthermore, the probability of tumor control following radiotherapy is inversely proportional to
tumor volume!35 Using surgical excision or debulking to reduce the size of a large tumor may,
therefore, improve the efficacy of radiotherapy and reduce associated morbidity, leading to fewer
functional and better cosmetic effects. When combined with debulking or surgical excision,
radiotherapy aims to eradicate tumor cells left behind after incomplete removal.!35 This approach
has been successfully used in horses in combination with both low and high dose

brachytherapy,!36.137 teletherapy,!3® and plesiotherapy.!3°

After exposure to ionizing radiation, cells may undergo apoptosis, autophagy, senescence, and/or
necrosis. Actively dividing normal and tumor cells are the most likely to be significantly
damaged by radiation. In addition, although most normal cells can repair DNA damage,
radiotherapy-induced damage can still cause temporary or permanent side effects.!40 The timing
of speed at which radiation-induced side effects are determined by the rate of cell turnover.
Rapidly dividing cells (such as keratinocytes) show damage quickly, and cells with a low

turnover rate (such as bone) show the effects long after radiation exposure.140

It is imperative to carefully balance the therapeutic benefit with the inevitable toxicities of
radiation treatment. In equine patients, general radiation toxicities appear to be mild and self-
limiting at published dose rates for brachytherapy, teletherapy, and plesiotherapy. Collateral
damage to normal cells adjacent to or within the treatment zone is also common. For example,

melanocytes are highly sensitive to radiation and so radiated sites often remain depigmented.
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There are, however, few published data on the side-effects and long-term effects seen after any
form of radiotherapy in the horse. Reported reactions seen in a series of 115 cases treated with
low dose rate brachytherapy for periocular tumours included palpebral fibrosis (10.4%), cataract
formation (7.8%), keratitis, and corneal ulceration (6.9%).141 Cosmetic effects noted in the same
study included permanent epilation (21.7%) and hair dyspigmentation (78.3%).14! Further studies

on the long-term local and general effects of radiotherapy in the horse are required.

Teletherapy

The term teletherapy refers to a technique in which the radiation source is located distant from
the target site. Treatments are usually delivered from a linear accelerator, although a cobalt-60
unit can also be used. For deeper lesions, high-energy X-rays or y-rays are produced by the
machines and beamed directly toward the tumor. Whilst this allows radiotherapy of deep-seated
and/or large tumors, radiation will also be delivered to normal tissues in the path of the beam, so
side effects are more likely.!35 Linear accelerators can also be used to deliver high energy

electrons (f radiation) which are most suited for skin tumors, including those that are several

centimeters thick.

Safe, accurate, and effective treatment requires careful imaging, planning, and placement of the
patient, and general anesthesia is required for horses to eliminate movement during treatment
delivery. When delivering photons (or protons, which are not currently available for animal
treatment), the machine will emit radiation from a gantry that rotates around an isocentre,
enabling treatment from any direction. Modern units are capable of contouring of the tumor,

which, when combined with multiple radiation fields, minimizes exposure of normal tissues and

34



significantly reduces side effects. They also enable simultaneous radiographic or CT imaging of
the patient. This facilitates accurate positioning and optimized treatment delivery. In contrast,
when delivering electrons, cones or applicators are used to shape the beam to ensure delivery of

a uniform beam to the tumor, the gantry does not move during an electron treatment.

Teletherapy has been successfully used to treat ES and other tumor types, including lymphoma
and squamous cell carcinomas.!35.138,142-144 Unfortunately, its utility is hampered by the cost and

limited availability of the infrastructure required to deliver treatments.

Brachytherapy

Brachytherapy is a form of radiotherapy in which the radioactive source is in direct contact with
the tumor. Two main forms of brachytherapy are used in horses. These are plesiotherapy and

interstitial brachytherapy. They can be either at a low-dose or high-dose rate.

Plesiotherapy

Plesiotherapy is a technique in which the radiation source is applied directly to the tumor surface,
most commonly with a strontium-90 probe. This produces 3 radiation, which delivers high doses
to the tumor surface. Because of its very superficial penetration, it does not significantly expose
normal underlying tissues. This is only suitable, therefore, for superficial tumors with a depth of
less than 2-3 mm: 60% of the radiation dose is absorbed in the first 1 mm of tissue. Therefore,
only tumors < 3 mm in depth or those that are sufficiently debulked to less than 3mm are suitable

for this modality. Most strontium-90 sources are around 0.8 cm in diameter and are typically
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mounted on a stainless-steel shaft with an integrated Perspex shield for protection of the

operator’s hand.

The source is applied directly lesion. The treatment duration is short (a few minutes) in most
cases but will depend on the probe's activity and the lesion size. The prescribed dose is the
minimum dose in the tumor target volume (including a 2 mm margin) and usually ranges from
80 to 100Gy, '35 leading to a surface dose that is frequently 200-250Gy. When the treatment area
exceeds the probe size, a multiple-abutting-field configuration is required, with the fields slightly

overlapping to ensure effective delivery.139.145

Plesiotherapy with strontium-90 has been successfully used for the treatment of small, superficial
ES 142150 and may be a useful adjunctive or stand-alone therapy for very superficial lesions or for
treating margins following incomplete surgical excision, particularly in delicate sites such as the
eyelid. However, its limited availability and superficial penetration significantly reduce its value
for most ES cases; it is better suited for treating other forms of cancer in the horse, such as

corneal squamous cell carcinoma.

Interstitial brachytherapy

Interstitial brachytherapy is theoretically the ideal technique for radiation treatment of ES in
horses because a high radiation dose can be delivered precisely and safely in a relatively short
time.!35 and it does not usually require general anesthesia. Normal tissues can be spared while

delivering effective tumor treatment because of the inverse square law.

The inverse square law states that the intensity of a physical quantity (light, sound, radiation,

gravity, electric field, etc.) decreases in proportion to the square of the distance from its source.
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This means that when the distance from the source is doubled, the radiation dose is reduced to
25%. This is easy to achieve with a brachytherapy source used carefully. It is especially useful
for the treatment of tumors close to the eye because the cornea and lens are particularly sensitive
to the effects of radiation, so allowing the physical distance between the radioactive source and

the orbit (either by the placement of the source or via shielding methods) will limit the risks.

The most used radioactive source for brachytherapy in the horse is iridium-192. Iridium-192 is a
man-made radioactive isotope of iridium produced by neutron activation of natural iridium
metal. It emits beta particles and gamma radiation and is widely used in both industry and
medicine. It is available as radioactive seeds or wires, or a high dose rate source delivered via a

remote afterloader.

Low-dose rate brachytherapy

Low-dose rate brachytherapy is the traditional standard method for interstitial brachytherapy of
periocular ES in horses, and numerous reports document its efficacy. Iridium-192 wires or seeds
can be implanted into the tumor, where they are left for a specified time, depending on the
radioactivity of the individual sources and the therapeutic requirements of the tumor itself. The
sources are removed when the prescribed radiation dose has been delivered. The treatment
duration depends on tumor size, source activity, and implantation technique but usually several
days (5-10) are required. Implantation involves placing introducers (typically needles or
catheters) into the tissue, after which the radioactive sources are manually inserted
(‘afterloaded”) using long-handled forceps.!4¢ Dose rates of 0.3-0.5Gy/h are typically delivered

while the implant is in situ, with total doses between 50 and 90Gy depending on the size,
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location, and type of tumor to be treated. Reported success rates of 74-100% are
common.9%:135.136,141.147.148 Sjonificant drawback of this technique is operator exposure to
radiation during implant insertion and removal. Whilst the implants are in situ, the horse must be
strictly isolated with remote feeding, watering, and monitoring. Implants may become displaced
or lost, necessitating exposure of personnel to radiation whilst locating them, and, if accidentally
ingested by the horse, lead to a potentially long period of radiation isolation until the source is
passed or fades. Given the half-life of Iridium-192 is 72 days, this can be a significant challenge.
Due to these health and safety concerns and the high cost of the implants, the technique is

seldom used at present.

High-dose rate brachytherapy

A remote after-loader and a high-dose-rate iridium source are safer methods of interstitial
brachytherapy. This has been described in horses under general anesthesia!3> and using standing
sedation the treatment of periocular and other tumors!37 149 | The high-activity source
dramatically reduces treatment times to only a few minutes, and the remote after-loader
completely eliminates operator exposure. Dedicated radiation catheters are placed into the tumor
and then connected to a remote after-loader, which drives the high dose rate iridium-192 source
from a shielded safe. The delivery of radiation is computer-controlled according to a preplanned
dose calculation, so areas of higher tumour density and activity can be treated with higher doses
than less dense areas or areas requiring special precautions. The treatment sessions are typically
2 to 6 minutes, during which time the horse is monitored via CCTV from an adjacent shielded

radiation bunker. At the end of the treatment, the source is automatically returned to the shielded
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safe, and the radiation catheters can be safely removed. There is no handling of the radiation

source, so there is no personnel exposure, and the horse is radiation-free between treatments. To

date, 142 ES have been treated using this high-dose rate brachytherapy protocol at a single

center, achieving an 89% success rate using the RECIST criteria (Hollis A.R. (2024),

unpublished data). However, there is extremely limited availability due to the highly specialized

facilities required for its use.

Electronic brachytherapy

A technique using electronic brachytherapy has been reported for treating a single ES.150 This

uses a miniature x-ray source (50kVp that produces 50 keV x-rays) to deliver radiation using a

cone applicator or via applicators. More invasive and extensive lesions are not suitable

candidates for this technique.!5! Electronic brachytherapy is currently only theoretically possible

for horses under general anesthesia as there is no tolerance for movement of the horse, and the

anesthetist, although shielded with normal X-ray lead gowns, goggles, and a lead shield, will

inevitably be exposed to a low level of radiation during the treatment. Although these are

significant disadvantages compared to high-dose rate brachytherapy, the relative portability,

affordability, and minimal requirements for setting up the system may offer a useful form of

brachytherapy if it proves to be successful. Few results have been published.

Type of radiation

Emission

Penetration

Reported use

Success rates
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Squamous cell carcinomas

(teletherapy)

or electrons

Stronti . . 83-100%99:135.147,
rontiumm Beta (B) Very low | Small, superficial sarcoids )
plesiotherapy , 152-154
Aryepiglottal lymphoma
Electronic X-rays Low Ocular B cell lymphoma, One case of
brachytherapy (photons) sarcoid, melanoma each; 100%150
Low dose rate Sarcoid ‘ 78-1009699.135.141,
brfclc'hyther.apy Gamma (y) | Moderate | Squamous ce}l carcinoma, 148
‘Iridium wires’ haemangiosarcoma
High dose rate Gamma (y) | Moderate Sarcoid, vascular 100 137,149,155
brachytherapy hamartoma
Sarcoid, lymphoma,
Xravs Squamous cell carcinoma,
Linear accelerator Y . fibroma, fibrosarcoma, 38-100%138.142,14
(photons) High

osteosarcoma, sarcoma,
ameloblastoma,
myxosarcoma, melanoma

3

Table 4: Radiation treatments for equine skin tumors

Vaccination

Vaccines are under development for prophylactic and therapeutic purposes against equine

sarcoids, but these have not yet found their way into clinical practice.!56-158 Early studies showed

promise in both prevention and treatment of active ES with one study evaluating a recombinant

poxvirus expressing feline interleukin-2 and demonstrating a 68% success rate for of sarcoid

tumors.!59 Fibrovascular lesions involving the legs responded most favorably. The vaccine is said

to stimulate cytotoxic T cells, Th 1, Th2, Th17, natural killer cells, and lymphocyte-activated

killer cells, so promoting an anti-tumour response. An influenza virus-based immunotherapy

study in 29 horses with mild (n = 5), moderate (n = 5) or severe sarcoid disease (n = 19) led to

complete regression of injected and non-injected tumors in 100% of mildly, 40% of moderately,

and 31.5% of severely sarcoid-affected horses.!¢0 The type of ES at presentation significantly
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influenced treatment outcome, with most types of ES responding well to treatment except for

those in horses with multiple, extensive verrucous sarcoids, which were resistant to therapy.!60

The importance of regular follow-up and perseverance in treating ES lesions

Effective case management informs owners of the risk of tumor recurrence and instructs them to
monitor the outcome after treatment until treated lesions have healed completely. Ideally, the
treating veterinarian is provided with follow-up (in the form of photographs or the horse is

presented for re-examination) at regular intervals and closely assesses the treatment response.

The cardinal features of a failed surgical or other treatment site are well recognised. Firstly,
wound breakdown is a very important aspect — although a lot of wounds do break down, the
commonest cause for this is some form of wound healing inhibition. The most common cause of
failure to heal appropriately is the continued presence of tumor tissue or even cells. This can be
clarified by carefully examining the site margin. Following successful tumour removal, even
when the lesion is left to heal by secondary intention, there should be a healthy epithelial margin
and evidence of contraction. Taking photographs with a ruler and ensuring that the photographs
are high-resolution, fully in focus, and well-lit makes a substantial difference to the assessment
of photographic material used to evaluate tumor treatment progress. The inhibition of
epithelialisation is exquisitely sensitive to the continued presence of tumor in the wound bed, and
inhibition of this process, either focally or more generally, is a very important early sign of an

inadequate surgical /treatment site. Contraction is more difficult to measure and is, in any case,
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slower to see from day to day or even from week to week. Again, contraction can be inhibited in

a single location, either in the perimeter of the surgical site or within the wound bed itself.

Based on this information, it is determined whether additional treatment is required or whether
the lesion can be further monitored. In particular, following surgical excision, the granulation
tissue and re-epithelialization of the wound bed should be assessed until it is completely healed.
If obvious tumor regrowth is observed, timely and aggressive follow-up treatment will increase
the likelihood of success, rather than waiting until the tumor has again increased in size and

aggression.

ES in a pre-purchase examination

The detection of putative ES lesions at pre-purchase examination is a common cause of client
concern and even litigation. The veterinarian has a duty to record both the features of the site
and to photograph these before making sure that the purchaser is fully informed about
implications, even if a definitive diagnosis is not possible. This includes the potential for rapid
and locally invasive growth, but also for spontaneous regression, especially in young horses with
milder disease manifestations.® The veterinarian should probably not give an opinion on whether
a particular lesion or lesions are likely to result in future difficulties, but rather should appraise
the purchaser of the full range of possible outcomes and implications. Purchasers are often very
reluctant to take on a problem from day 1 of ownership and recognise that, should they wish to
sell the horse later, there are likely to be the same challenges for the new purchaser. Horses with

ES often have less commercial value than equivalent horses without ES. ES can have a
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noticeable impact on equine health and welfare and become a significant financial burden for

potential owners.
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