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Abstract

Background Laser excision is used routinely in the treatment of sarcoids but may be ineffective in cases where complete excision

cannot be achieved. A multimodal approach is warranted in these cases. 5-FU may improve the lethal effect of cryotherapy as

an adjunct to laser excision. Objectives To compare two treatment protocols for equine sarcoids: laser excision alone versus a

combination protocol of laser excision, cryotherapy, and 5-FU chemotherapy. Factors associated with sarcoid recurrence are also

investigated. Study Design Retrospective case controlled study. Results Eighty-four horses with 168 histologically confirmed

sarcoids were included, with a median follow up time of 39 months (IQR 21-62 months). Sarcoid recurrence at the treated

site was reported in 38% of cases and in 23% of any individual sarcoids. No significant difference was demonstrated between

treatment categories in either rate of sarcoid recurrence (p=0.45 for any treated horse, p=0.63 for individual sarcoids) or time

to sarcoid recurrence (p=0.73). Sarcoid recurrence was higher in horses with a greater number of sarcoids (OR 1.2 (1.0-1.5),

p=0.03); when treatment had been received prior to admission (OR 7.6 (2.0-33), p=0.004); for individual sarcoids [?]100mm

in diameter (OR 5.6 (1.1-30), p=0.03); and for treatment under general anaesthesia (OR 5.0 (1.4-19), p=0.01). Horses with

urogenital sarcoids and >1 mixed sarcoid experienced more rapid recurrence (HR 3.6 (1.3-10), p=0.02 and HR 9.9 (3.3-30),

p<0.001) and recurrence was less rapid following the treatment of a horse’s first sarcoid (HR 0.3 (0.1-0.7), p=0.009). Main

Limitations Significant differences in case populations in each treatment category. Treatment selection was neither blinded nor

randomised and missing data and recall bias limit the study’s power. Sarcoid recurrence was owner reported. Conclusions

When assessing the likelihood of sarcoid recurrence, characteristics of the individual patient and sarcoid(s) are likely to be more

significant than selection of any individual treatment protocol.

Retrospective study: Laser excision versus combined laser, cryotherapy and intralesional 5-fluorouracil in the
treatment of equine sarcoids.
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Laser excision is used routinely in the treatment of sarcoids but may be ineffective in cases where complete
excision cannot be achieved. A multimodal approach is warranted in these cases. 5-FU may improve the
lethal effect of cryotherapy as an adjunct to laser excision.

Objectives

To compare two treatment protocols for equine sarcoids: laser excision alone versus a combination protocol
of laser excision, cryotherapy, and 5-FU chemotherapy. Factors associated with sarcoid recurrence are also
investigated.

Study Design

Retrospective case controlled study.

Results

Eighty-four horses with 168 histologically confirmed sarcoids were included, with a median follow up time
of 39 months (IQR 21-62 months).

Sarcoid recurrence at the treated site was reported in 38% of cases and in 23% of any individual sarcoids.
No significant difference was demonstrated between treatment categories in either rate of sarcoid recurrence
(p=0.45 for any treated horse, p=0.63 for individual sarcoids) or time to sarcoid recurrence (p=0.73).

Sarcoid recurrence was higher in horses with a greater number of sarcoids (OR 1.2 (1.0-1.5), p=0.03);
when treatment had been received prior to admission (OR 7.6 (2.0-33), p=0.004); for individual sarcoids
[?]100mm in diameter (OR 5.6 (1.1-30), p=0.03); and for treatment under general anaesthesia (OR 5.0 (1.4-
19), p=0.01). Horses with urogenital sarcoids and >1 mixed sarcoid experienced more rapid recurrence (HR
3.6 (1.3-10), p=0.02 and HR 9.9 (3.3-30), p<0.001) and recurrence was less rapid following the treatment of
a horse’s first sarcoid (HR 0.3 (0.1-0.7), p=0.009).

Main Limitations

Significant differences in case populations in each treatment category. Treatment selection was neither
blinded nor randomised and missing data and recall bias limit the study’s power. Sarcoid recurrence was
owner reported.

Conclusions

When assessing the likelihood of sarcoid recurrence, characteristics of the individual patient and sarcoid(s)
are likely to be more significant than selection of any individual treatment protocol.

Keywords

Horse, sarcoid, recurrence, cryotherapy, chemotherapy

Clinical Relevance

• In a referral population consisting of horses with multiple and/or invasive sarcoids, sarcoid recurrence
may be expected in 38% of cases and 23% of individual sarcoids.

• Sarcoid and patient characteristics are likely to be more significant in determining the likelihood of
sarcoid recurrence than selection of any particular treatment protocol.

• A multimodal approach employing diode laser excision, cryotherapy and intralesional 5-fluorouracil
may be employed in cases where complete sarcoid excision is difficult to obtain.
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Introduction

The equine sarcoid is the most common equine cutaneous neoplasm, responsible for approximately 46% of
neoplastic cutaneous biopsy samples. (Schaffer et al., 2013; Taylor & Haldorson, 2013) Although tumours
are rarely metastatic, aggressive local invasion and secondary infection/ulceration may have a significant
impact on equid welfare. (Ireland et al., 2013; Taylor & Haldorson, 2013) Currently no uniformly effective
therapy for its treatment has been reported despite publication of numerous treatment protocols. (Lane,
1977; Klein et al., 1986; McConaghy et al., 1994; Carstanjen et al., 1997; Knottenbelt & Kelly, 2000;
Martens et al., 2001; McCauley et al., 2002; Byam-Cook et al., 2006; Stewart et al., 2006; Theon et al.,
2006; Stadler et al., 2011; Tamzali et al., 2012; Compston et al., 2016; Hollis & Berlato, 2018; Hollis, 2020;
Knottenbelt et al., 2020) Laser excision, either by CO2 or diode laser, is widely used for the surgical removal
of sarcoids. (Carstanjen et al., 1997; A. Martens et al., 2001; McCauley et al., 2002; Compston et al., 2016)
As with any surgical excision, one of the major limitations is that surgical margins must still be obtained.
This is frequently difficult with equine sarcoids, depending on sarcoid type, size and anatomic location.
(Knottenbelt, 2019) Though thermal injury secondary to laser excision extends beyond the surgical field,
this is variable and difficult to predict. (Knottenbelt, 2019; Tate, 2019) A multimodal approach to sarcoid
treatment has frequently been suggested to reduce sarcoid recurrence rates, (Klein et al., 1986; Spoormakers
et al., 2003; Tamzali et al., 2012; Knottenbelt, 2019) likely due to greater destruction of remaining neoplastic
cells in situations where complete tumour excision has not been achieved.

Cryotherapy, the freezing of cells in this case by the application of liquid nitrogen, kills cells directly due to
ice crystal formation and microcirculatory failure. (Baust & Gage, 2005) Papers investigating cryotherapy
as a treatment modality suggest success rates (Klein et al., 1986)may be as low as 9% when used as a sole
therapy. (Knottenbelt & Kelly, 2000) Recent molecular research has focussed on tissues in the periphery of
the cryotherapy treated zone where cell death is delayed and via apoptosis. (Hollister et al., 1998) It has
been suggested that further therapy promoting apoptosis in this region may be beneficial in improving the
lethal effect of cryotherapy. (Baust & Gage, 2005) (Clarke et al., 1999)

5-fluorouracil (5-FU) is a fluoropyrimidine antimetabolite used in the treatment of a range of cancers, par-
ticularly breast and colorectal cancers. (Longley et al., 2003) It exerts its effects via incorporation of the
fluoronucleotides into cellular RNA and DNA, leading to subsequent cellular dysregulation and apoptosis.
(Longley et al., 2003) In horses, its use has been reported in the treatment of ocular or periocular squamous
cell carcinoma, (Pucket & Gilmour, 2014; Offer et al., 2022) and as a topical agent for the treatment of
periocular sarcoids with variable success. (Knottenbelt & Kelly, 2000) Intralesional 5-FU alone has a re-
ported sarcoid resolution rate of 61.5%, though rates may be lower in large or ‘resistant’ tumours. (Stewart
et al., 2006) Its use as an adjunct to cryotherapy warrants further investigation since it has been suggested
that agents, such as 5-FU, may be beneficial in promoting the apoptotic cell death at the periphery of
cryotherapeutic sites. (Clarke et al., 2001; Baust & Gage, 2005)

Objectives and hypotheses

This study aimed to compare two treatment protocols for the treatment of equine sarcoids: laser excision
alone versus a combination protocol of laser excision, cryotherapy, and 5-FU chemotherapy. As a secondary
aim, factors associated with sarcoid recurrence were investigated. The authors hypothesise that the combi-
nation protocol will result in lower sarcoid recurrence rates than the laser excision protocol.

Materials and methods

Records were reviewed for horses referred to Glasgow Equine Hospital for the treatment of sarcoids between
2013 and 2022. Criteria for case inclusion were horses with histologically confirmed sarcoids treated either
by laser excision via diode laser, or by the below combination therapy protocol. Cases were excluded
if histopathological confirmation was not available, treatment was incomplete, or any other combination
treatment was employed.
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The standard combination therapy protocol consisted of initial excision of the mass(es) via diode laser with
1-2cm surgical margins where possible. The surgical site was then treated with 3 freeze- thaw cycles of
cryotherapy followed by administration of 5-FU into the margins. Cryotherapy was performed using the
CryoPro®cryosurgery unit (Cortex Technology, Denmark). The unit was held approximately 10cm from
the desired site and liquid nitrogen was applied to spray freeze the site until firm. Care was taken to avoid
excessive freezing of the underlying tissues. The tissues were allowed to thaw, before repeating a further 2
times. Thereafter, 50 mg/ml 5-FU (Medac) was injected into the resultant wheal to an estimated dose of
1 ml/cm3 target tissue. Appropriate personal protective equipment (two layers of nitrile gloves, full length
gown and face shield) was used during the application, and the horse handled only when wearing nitrile
gloves for 3 days thereafter. The horse was re-examined between 2-5 weeks thereafter, and the cryotherapy
and 5-FU application repeated. This was repeated as required by clinical progress, for a median of 3 total
treatments (IQR 2-3).

Data obtained from medical records included: case history and signalment, details of the lesion(s) (sarcoid
type, location, number, estimated tumour dimensions and volume), treatment protocol, associated adverse
effects and duration, response to treatment and sarcoid regrowth/ new lesion occurrence. For the purpose
of recording sarcoid location, the body was split into 7 anatomic regions: periocular, head and neck, dorsum
(above the level of the olecranon process), ventrum (below the level of the olecranon process), upper limb
(above the level of the tarsocrural/ radiocarpal joint), lower limb (below the level of the tarsocrural/ radio-
carpal joint) and urogenital (affecting the penile sheath, penis, mammary glands or vulva). Sarcoid type was
recorded using the currently accepted convention. (Knottenbelt, 2005) Previous histopathological findings
were recorded, including the presence or absence of confirmed surgical margins. The volume of sarcoid was
estimated using the ellipsoid volume formula proposed by Tomayko and Reynolds. (Tomayko & Reynolds,
1989)

Following initial correspondence, owners were contacted via telephone between August and October 2022
to determine treatment outcome. An example of the telephone questionnaire is included in Supplementary
material 1. Data were collected regarding the horse’s history of sarcoid growth and treatment, outcome
following sarcoid treatment, regrowth of treated sarcoids and growth of any new sarcoids.

Data analysis

Data were analysed both by case, and then by individual sarcoid. Statistical analysis was performed in R
studio (R version 4.2.0). (R Core Team, 2022) Normality was assessed for continuous variables using the
Shapiro-Wilk test. Thereafter, univariate analysis was performed by chi-squared test or Fisher’s exact test
for categorical variables, Wilcoxon’s rank sum for continuous variables and Cochrane Armitage test (two
sided) for trend, where appropriate.

For variables of p< 0.2 in the univariate analysis, logistic regression was performed with sarcoid recurrence
as the dependant variable. Variables with p< 0.2 in the univariate analysis, n > 10 and low collinearity with
other independent variables, were used to perform multinominal logistic regression, again with recurrence as
the control- dependent variable. Variables were removed from the model in a manual backwards elimination
manner with the Akaike information criterion (AIC) used to assess the fit of the model at each step. Variables
were retained in the final model despite not fulfilling p< 0.2 when their inclusion improved the AIC of the
model. Variance inflation factors were used to assess final variables for multicollinearity, and binned residual
plots created to assess normality of the residuals.

All variables with p< 0.2 in the univariate logistic regression were evaluated for inclusion in a Cox’s pro-
portional hazards model. Data were right censored at either time to recurrence of the treated sarcoid, time
to follow up telephone conversation or time to death or sale of the horse. Where multicollinearity existed,
the value with the lowest p value was included. Numerical covariates were transformed to categorical due
to violation of the linearity assumption of the Cox’s proportional hazards model. The model was refined
using a manual backwards elimination approach, with threshold for inclusion in the model at p< 0.2 whilst
maximising concordance of the model. A plot of scaled Shoenfeld residuals was used to assess the propor-
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tional hazards assumptions of the model. Time to sarcoid recurrence was used to create a Kaplan-Meier
plot, and differences between treatment protocols compared with a log rank test. Statistical significance was
considered at p<0.05.

Results

One hundred and eighty equids were referred to Glasgow Equine Hospital for the treatment of sarcoids
during this period, of which 84 met the inclusion criteria. Histological confirmation was available for 168
individual sarcoids in these 84 horses. Of these, 8 (5%) were categorised clinically as occult sarcoids, 26
(15%) as verrucose, 80 (48%) as nodular, 24 (14%) as fibroblastic and 26 (15%) as mixed. None were
classed as ‘malevolent,’ and sarcoid type was not recorded in 4 cases (2%). Seventeen different breeds were
represented, of which 17 horses were crossbreeds (20%), 11 Irish Sport Horses (13%), 10 warmbloods (12%),
6 Thoroughbreds (7%) and 5 cobs (6%). Four donkeys were included in the study (5%), and the remaining
horses were of various breeds. Thirty-two of included equids were mares (38%), 51 geldings (61%) and 1
stallion (1%). Ages ranged from 2-20 years (median 8 years (IQR 6-14 years)). Owner follow up was available
for 69/84 individuals, and regrowth ascertained from medical records in a further 4. Horses for which follow
up was not available were excluded from further analysis. Sixty two horses had multiple sarcoids at the time
of presentation, with a median of 3(IQR 2-7).The overall incidence of recurrence of any sarcoid on an equid
at the same previously treated site was 38% (28/73) and time to follow up ranged from 0.75-132 months
(median 39 months (IQR 21-62 months)). For any individual treated sarcoid, total rate of recurrence was
23% (29/128) with a median length of follow up of 48 months (IQR 24-61 months).

In total, 28 equids were treated by the combination treatment protocol (33%) and 56 by diode laser excision
alone (67%). Complications occurred in 14 horses following either treatments (17%). These were short lived
and comprised: oedema surrounding the treated site (5/14, 36%), owner reported delayed healing (3/14,
21%) or infection (3/14, 21%) of the treated site, and individual cases of myiasis, facial nerve neuropraxia
and excessive scarring (1/14, 7% each). Overall, 60/67 owners (90%) said they were happy with the final
cosmetic result of the treatment. Of the 16 horses reported to have been euthanised prior to follow-up, four
of these were for sarcoid- related reasons, resulting in a fatality rate of 4/69 (5.8%) over the duration of the
follow up period in this referral population.

Sarcoid recurrence at any treated site was reported in 20/47 (43%) of horses receiving laser excision alone
and 8/26 (31%) treated by combination therapy for which follow up was available. For any individual sarcoid,
eventual recurrence at the same site occurred in 23/95 (24%) of those treated by laser excision and 6/33
(18%) receiving the combination protocol. These differences were not statistically significant in either case
(p=0.32 and p=0.48 respectively). Further differences in the case populations between treatment categories
were examined to aid comparison between groups, and results are presented in Supplementary Material 2.
Briefly, equids in the combination category had larger sarcoids (median width 59 mm versus 30 mm, p<0.001)
but were less likely to have any incision closed at the time of excision (p < 0.001).

Postoperative complications were more frequent in horses treated by combination protocol (9/25 (36%)
versus 5/45 (11%), p=0.03) and length of follow up significantly shorter (20months (14-25 months) versus
52 months (39-72 months), p<0.001).

Likelihood of Sarcoid Recurrence

A forest plot of variables significant in the logistic regression on both a whole case and individual sarcoid
basis is shown in Figure 1. Full results are available in Supplementary material 3.

Recurrence was more likely if the ventrum was affected (OR 3.9 (1.5-11 p<0.001), particularly by verrucose
(OR 1.9 (1.2-3.4), p=0.01) or mixed (OR 1.9 (1.3-3.5), p=0.002) sarcoids. Nineteen horses and 20 individual
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sarcoids had received attempted sarcoid treatment prior to presentation, and this was significantly associated
with subsequent sarcoid recurrence (13/19 (68%), OR 7.7 (2.5-27) p<0.001 and 9/20 (45%), OR 4.9 (1.5-16)
p=0.004). A greater total number of sarcoids at presentation was also associated with sarcoid recurrence
(OR 1.3 (1.1-1.5), p<0.001) as was the surgical closure of any incision at the time of initial treatment (OR
4.0 (1.5-11.6), p=0.007). Sarcoid chronicity was also associated with recurrence both for affected animals
(‘cases’) and individual sarcoids (p=0.03 and <0.001) and any individual sarcoid treated under general
anaesthesia was more likely to recur (OR 6.3 (2.5-17) p<0.001) than if treated standing under sedation.

The final multinominal logistic regression models for variables predictive of sarcoid recurrence are presented
in Table 1 . The effect of treatment category on recurrence rate whilst accounting for significant population
differences between treatment category (largest sarcoid width (mm), closure of any incision, occurrence of
complications following treatment and length of case follow up (days)) was examined. Treatment category
remained non-significant in this model (OR 1.3 (0.14-13), p=0.82).

Time to sarcoid recurrence

Data were available regarding time to sarcoid recurrence were available for 72 horses. Variables retained
as significantly associated with time to sarcoid recurrence in the Cox’s Proportional Hazards model are
presented in Table 2 and the final Kaplan- Meier plot of sarcoid recurrence for each treatment category
is presented in Figure 2 . The log-rank test comparing the survival curves again indicated no significant
difference between treatment categories (p=0.73).

Discussion

Treatment protocols

The rate of recurrence of any sarcoid in this study was 23%, with a median length of follow up of 48
months. There was no significant difference in recurrence between treatment category (laser 24% (23/95),
combination 18% (6/33)). The lack of routinely accepted standardised outcome measure for the treatment of
sarcoids makes comparison between studies very difficult. (Offer et al., 2024) Though these recurrence rates
are marginally higher than those reported in the literature (sarcoid regression rates of 83- 89% with sole laser
excision), (Martens et al., 2001; Compston et al., 2016) this is highly likely to be influenced by numerous
factors, including greater length of follow up period in this study, and differences in case selection and
treatment populations. These horses were all referred to the hospital for further evaluation and treatment,
and by definition were positioned at the more severe end of sarcoid phenotype presentation.

Employing a multimodal approach to the treatment of sarcoids has been suggested by previous authors as a
method to improve sarcoid regression rate, (Knottenbelt, 2019) and was highlighted by this author’s recent
systematic review as likely to be advantageous over single treatment modalities. (Offer et al., 2024) There are
several confounding factors that may have prevented the demonstration of a significant difference between
treatment categories in this retrospective study. Firstly, there exist several significant differences in the case
populations between treatment groups. Sarcoids treated by the combination protocol were significantly larger
(p<0.001) and were less likely to have been treated under general anaesthesia (p=0.04). Both these factors
may prevent attainment of an adequate surgical margin, depending on the location of the sarcoid and the
temperament of the horse. Sarcoids in the combination treatment category were also on significantly older
horses. Whilst rare, spontaneous remission does occasionally occur in younger horses, and so this may have
further confounded the results. (Berruex et al., 2016) Conversely, equids treated by laser therapy alone had
a significantly longer time to follow up than those treated by the combination protocol (median 52 months
versus 20 months) due to the distribution of cases and historical clinician preference. Longer term recurrence
may therefore be underestimated in the combination protocol treatment category.

However, when a multivariable model was constructed to account for differences in case population between
categories, treatment category remained non-significant in the model (p= 0.82). Since sarcoid recurrence is

6
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dependent on numerous variables, (Knottenbelt, 2019) case selection is crucial in determining its likelihood.
A true comparison of these treatment techniques would therefore require a fully randomised and blinded
controlled trial.

Risk factors for recurrence

The total number of sarcoids on the individual at the time of presentation was significant in both the
univariate and multivariate logistic regression. This supports increased susceptibility of certain individuals
to the development of sarcoids. This is well recorded in the literature- the presence of multiple sarcoids has
been reported by several authors as predictive of an increased likelihood of sarcoid recurrence, (Lane, 1977;
Compston et al., 2016) and it has been shown by numerous authors that the susceptibility to sarcoids has at
least some genetic basis. (Broström et al., 1988; Lazary et al., 1994; Christen et al., 2014) The presence of
equine leukocyte antigen (ELA) W13 allele has been correlated with susceptibility to sarcoid growth, although
horses without the allele may also develop sarcoids. (Goodrich et al., 1998) Candidate genes within specific
chromosomal regions also have been associated with increased susceptibility to sarcoid growth, (Jandova
et al., 2012) and a polygenic mode of inheritance with 21% heritability has been demonstrated. (Christen
et al., 2014) Presentation at the time of first sarcoid growth was similarly retained in the survival analysis
as predictive of an increased time to subsequent sarcoid regrowth, i.e. those individuals with increased
susceptibility to sarcoid growth who present with multiple sarcoids spanning several years have a shorter
time to regrowth than those with solitary sarcoids at first presentation.

Treatment of any sarcoid prior to presentation was associated with sarcoid recurrence and was retained in
the whole case multivariable model. The reason for this is two-fold; presentation following prior treatment
indicates that any previous intervention has failed to resolve the sarcoid. The sarcoid itself is therefore likely to
be highly locally invasive and/or anatomically difficult to remove in its entirety. In addition, any traumatic
intervention to a sarcoid may cause accelerated growth or increased malignancy, leading to subsequent
difficulty in achieving full sarcoid resolution. (Knottenbelt et al.) Similarly, recurring sarcoids are likely to
be more aggressive and infiltrative than those treated on first presentation. (Taylor & Haldorson, 2013)

Further variables associated with sarcoid recurrence in this study may be associated with the ability to
achieve surgical margins at initial laser excision. Sarcoid chronicity and size are likely correlated and affect
the ability to achieve complete tumour excision. There is likely to be conscious reluctance to create huge
skin deficits in horses with the largest sarcoid masses. Similar difficulties occur when removing sarcoids on
the ventrum, particularly when attempted under standing sedation, as limited by patient tolerance and staff
safety. Verrucose and, to a lesser extent mixed sarcoids (often with verrucose boundaries), have often been
reported to have a poorer outcome than other sarcoid morphological types. (Knottenbelt & Kelly, 2000;
Compston et al., 2016) It has been hypothesized that these sarcoids may extend further into the dermal
layer than other types, and gross margins are less defined, potentially influencing the attainment of surgical
margins. (Martens et al., 2000; Compston et al., 2016) Complete excision of neoplastic cells logically is often
stated as a significant factor contributing to sarcoid resolution, (Carstanjen et al., 1997; Knottenbelt, 2019)
though the desirable surgical margins for equine sarcoids have not been well defined. A margin of between
1 and 2cm is often stated as desirable as BPV DNA has been demonstrated in 33% of cases with a surgical
margin of 16mm, (Martens et al., 2001; Compston et al., 2016; Knottenbelt, 2019) and histopathological
evidence of sarcoid infiltration has been demonstrated at 2cm from the sarcoid margin removed via laser
excision. (Mair & Fews, 2016) Coagulative necrosis extends beyond the surgical site when laser excision is
employed but this may be insufficient to prevent sarcoid recurrence in verrucose or mixed sarcoids where
neoplastic cells extend beyond this region of necrosis. (Knottenbelt & Kelly, 2000; Compston et al., 2016)
However, the presence of papillomaviral DNA within the surgical margin has inconsistently been associated
with sarcoid recurrence, as has any association between width of surgical margin and recurrence. (Martens,
et al., 2001)

The treatment of a sarcoid under general anaesthesia was identified as a factor positively associated with
recurrence in this study. Whilst general anaesthesia and patient recumbency allow for greater and more
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precise access to the sarcoid sites, this is confounded in this study by case selection and clinician preference.
This should therefore be interpreted with extreme caution, and restraint via general anaesthesia should
remain the preferred option for equids presenting with numerous, large, or infiltrative masses, or where
patient temperament does not allow surgical excision whilst standing.

Limitations

There are a number of limitations to this study. Firstly, as with any retrospective study, missing data, and loss
of cases to follow up limits its power. Owner recall bias may skew results, though answers were corroborated
with written clinical records where possible. The data described here apply only to a referral hospital with
one case population. With the treatment of equine sarcoids, case selection plays a significant role in the
likelihood of tumour recurrence. Though populations in each treatment group were compared, they were not
identical and treatment assignation was neither randomised nor blinded. Similarly, there was no untreated
or placebo control population in this study, and so findings should be interpreted with caution. A significant
limitation with the survival analysis was the differing follow up times between treatment categories, although
it should be noted that both exceeded the 12-month period used in many previous studies. This may have
prevented any demonstration of differences in time to sarcoid regrowth between groups.

Conclusion

No significant difference in sarcoid recurrence rate or time to sarcoid recurrence has been demonstrated with
the use of a cryotherapy/chemotherapy protocol following laser excision versus laser excision alone, though
this is limited by available time to follow up and differences in case selection. When assessing the likelihood
of sarcoid recurrence, characteristics of the individual patient and sarcoid(s) are likely to be more significant
than selection of treatment protocol. Regardless of treatment protocol, approximately 25% sarcoid recurrence
may be expected at 24 months following hospital discharge.
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Jandova, V., Klukowska-Rötzler, J., Dolf, G., Janda, J., Roosje, P., Marti, E., . . . Swinburne, J. (2012).
Whole genome scan identifies several chromosomal regions linked to equine sarcoids. InSchweizer Archiv für
Tierheilkunde ,154 (1), 19-25. doi: 10.1024/0036-7281/a000288. PMID: 22222899.

Klein, W. R., Bras, G. E., Misdorp, W., Steerenberg, P. A., de Jong, W. H., Tiesjema, R. H., . . . Ruitenberg,
E. J. (1986). Equine sarcoid: BCG immunotherapy compared to cryosurgery in a prospective randomised
clinical trial. Cancer Immunol Immunother, 21 (2), 133-140. doi:10.1007/bf00199861

Knottenbelt, D. C. (2005). A suggested clinical classification for the equine sarcoid. In Clin. Tech. Equine
Pract. 4 , 278-295. doi: 10.1053/j.ctep.2005.10.008.

Knottenbelt, D. C. (2019). The Equine Sarcoid Why Are There so Many Treatment Options? The Vet. Clin.
North Am. Equine Pract.,35 (2), 243-262. doi:10.1016/j.cveq.2019.03.006

9



P
os

te
d

on
11

A
p
r

20
24

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
71

28
52

48
.8

58
20

28
4/

v
1

—
T

h
is

is
a

p
re

p
ri

n
t

a
n
d

h
as

n
o
t

b
ee

n
p

ee
r-

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Knottenbelt, D. C., & Kelly, D. F. (2000). The diagnosis and treatment of periorbital sarcoid in the horse: 445
cases from 1974 to 1999.Vet. Ophthalmol., 3 (2-3), 169-191. doi: 10.1046/j.1463-5224.2000.00119.x. PMID:
11397301.

Knottenbelt, D. C., Patterson-Kane, J. C., & Snalune, K. L.Clinical equine oncology .

Knottenbelt, D. C., Watson, A. H., Hotchkiss, J. W., Chopra, S., & Higgins, A. J. (2020). A pilot study on
the use of ultra-deformable liposomes containing bleomycin in the treatment of equine sarcoid.Equine Vet.
Educ., 32 (5), 258-263. doi:http://dx.doi.org/10.1111/eve.12950

Lane, J. G. (1977). The treatment of equine sarcoids by cryosurgery.Equine Vet J, 9 (3), 127-133.
doi:10.1111/j.2042-3306.1977.tb04003.x

Lazary, S., Marti, E., Szalai, G., Gaillard, C., & Gerber, H. (1994). Studies on the frequency and associations
of equine leucocyte antigens in sarcoid and summer dermatitis. In Anim. Genet.25 (Suppl 1),75-80. doi:
10.1111/j.1365-2052.1994.tb00406.x. PMID: 7943987.

Longley, D. B., Harkin, D. P., & Johnston, P. G. (2003). 5-Fluorouracil: mechanisms of action and clinical
strategies. Nat. Rev. Cancer, 3 (5), 330-338. doi:10.1038/nrc1074

Mair, T. S., & Fews, D. (2016). Detection of Sarcoid Tissue at 2 cm Resection Margins Following CO2 Laser
Excision. Equine Vet. J.,48 (S50), 20-20. doi:10.1111/evj.35 12612

Martens, A., De Moor, A., Demeulemeester, J., & Ducatelle, R. (2000). Histopathological characteristics of
five clinical types of equine sarcoid. In Res. Vet. Sci. 69 (3), 295-300, doi: 10.1053/rvsc.2000.0432. PMID:
11124103.

Martens, A., De Moor, A., Demeulemeester, J., & Peelman, L. (2001). Polymerase chain reaction analy-
sis of the surgical margins of equine sarcoids for bovine papilloma virus DNA. Vet Surg,30 (5), 460-467.
doi:10.1053/jvet.2001.25874

Martens, A., De Moor, A., Vlaminck, L., Pille, F., & Steenhaut, M. (2001). Evaluation of excision, cryos-
urgery and local BCG vaccination for the treatment of equine sarcoids. Vet. Rec.,149 (22), 665-669.
doi:10.1136/vr.149.22.665

McCauley, C. T., Hawkins, J. F., Adams, S. B., & Fessler, J. F. (2002). Use of a carbon dioxide laser for
surgical management of cutaneous masses in horses: 32 cases (1993-2000). J. Am. Vet. Med. Assoc.,220 (8),
1192-1197. doi:10.2460/javma.2002.220.1192

McConaghy, F. F., Davis, R. E., Reppas, G. P., Rawlinson, R. J., McClintock, S. A., Hutchins, D.
R., & Hodgson, D. R. (1994). Management of equine sarcoids: 1975-93. N Z Vet J, 42 (5), 180-184.
doi:10.1080/00480169.1994.35816

Offer, K. S., Dixon, C. E., & Sutton, D. G. M. (2024). Treatment of equine sarcoids: A systematic review.
Equine Vet J . 56(1),12-25. doi: 10.1111/evj.13935. Epub 2023 Mar 23. PMID: 36917551.

Offer, K. S., Marchesi, F., & Sutton, D. G. M. (2022). Topical 5-fluorouracil as an adjunct treatment in
equine corneolimbal squamous cell carcinoma. Equine Vet. Educ., 34 (9), e363-e368. doi:10.1111/eve.13568

Pucket, J. D., & Gilmour, M. A. (2014). Intralesional 5-fluorouracil (5-FU) for the treatment of eyelid squa-
mous cell carcinoma in 5 horses.Equine Vet. Educ., 26 (6), 331-335. doi:10.1111/j.2042-3292.2011.00259.x

R Core Team. (2022). R: A Language and Environment for Statistical Computing. Vienna, Austria: R
Foundation for Statistical Computing. Retrieved from https://www.R-project.org/

Schaffer, P. A., Wobeser, B., Martin, L. E. R., Dennis, M. M., & Duncan, C. G. (2013). Cutaneous neoplastic
lesions of equids in the central United States and Canada: 3,351 biopsy specimens from 3,272 equids (2000–
2010). J. Am. Vet. Med. Assoc., 242 (1), 99-104. doi:10.2460/javma.242.1.99

10



P
os

te
d

on
11

A
p
r

20
24

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
71

28
52

48
.8

58
20

28
4/

v
1

—
T

h
is

is
a

p
re

p
ri

n
t

a
n
d

h
as

n
o
t

b
ee

n
p

ee
r-

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Spoormakers, T. J. P., Klein, W. R., Jacobs, J. J. L., Van Den Ingh Th, S. G. A. M., Koten, J. W., & Den
Otter, W. (2003). Comparison of the efficacy of local treatment of equine sarcoids with IL-2 or cisplatin/IL-2.
Cancer Immunol. Immunother., 52 (3), 179-184. doi: 10.1007/s00262-002-0369-0

Stadler, S., Kainzbauer, C., Haralambus, R., Brehm, W., Hainisch, E., & Brandt, S. (2011). Successful treat-
ment of equine sarcoids by topical aciclovir application. Vet. Rec., 168 (7), 187-187. doi:10.1136/vr.c5430

Stewart, A. A., Rush, B., & Davis, E. (2006). The efficacy of intratumoural 5-fluorouracil for
the treatment of equine sarcoids.Australian veterinary journal, 84 (3), 101-106. Retrieved from
https://go.exlibris.link/m9l9v4r3

Tamzali, Y., Borde, L., Rols, M. P., Golzio, M., Lyazrhi, F., & Teissie, J. (2012). Successful treatment of
equine sarcoids with cisplatin electrochemotherapy: A retrospective study of 48 cases.Equine Vet. J., 44
(2), 214-220. doi:10.1111/j.2042-3306.2011.00425.x

Tate, L.P. and Tate, K.B. (2019). Equine Laser Surgery Procedures. In Laser Surgery in Veterinary Medicine,
C.J. Winkler (Ed.). doi: 10.1002/9781119486053.ch19

Taylor, S., & Haldorson, G. (2013). A review of equine sarcoid.Equine Vet. Educ., 25 (4), 210-216.
doi:10.1111/j.2042-3292.2012.00411.x

Theon, A. P., Galuppo, L. D., Snyder, J. R., & Wilson, W. D. (2006).Intratumoral administration of cisplatin
for treatment of sarcoids in 378 horses. Paper presented at the Proceedings of the 52nd Annual Convention
of the American Association of Equine Practitioners, San Antonio, Texas, USA, 2-6 December, 2006.

Tomayko, M. M., & Reynolds, C. P. (1989). Determination of subcutaneous tumor size in athymic (nude)
mice. Cancer Chemother. Pharmacol.,24 (3), 148-154. doi:10.1007/bf00300234

Figure/ Table Legends

Table 1: Multinominal logistic regression models for variables associated with sarcoid recurrence in 84 horses
with histopathological confirmation of sarcoid(s).

Table 2: Cox’s proportional hazards model of variables associated with time to sarcoid recurrence showing
Hazard Ratios (HR) and 95% confidence intervals [CI] for included variables.

Figure 1: Forest plot showing Odds Ratios (OR) and 95% confidence intervals for variables significantly
associated with likelihood of sarcoid recurrence within an individual and for individual treated sarcoid lesion.
The red dashed line indicates an OR of 1.

Figure 2: Kaplan-Meier plot showing time to sarcoid recurrence in both treatment categories. The table
shows the number of included horses remaining with no sarcoid recurrence at each time point and in each
treatment group, and therefore remaining for inclusion in analysis.
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