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Abstract

Background: Stallion-like or aggressive behaviour in mares affected by unilateral
granulosa theca cell tumour (GTCT) is well-known, but use of a GnRH-vaccine as
an alternative to surgical removal of the neoplastic ovary has not been investigated.
Obijectives: To determine the effect of immunisation against GnRH on ovarian size,
testosterone concentration, Anti-Miillerian hormone (AMH) concentration, and
owner-reported behaviour in four mares affected by unilateral GTCT.

Study design: Retrospective case report.

Methods: A presumptive diagnosis of GTCT was made in four mares based on clini-
cal signs, behavioural changes, transrectal palpation, and ultrasonography. All mares
were vaccinated twice with the GnRH-vaccine Improvac® on day O and on day 13-
33. Further booster vaccinations were administered if aggressive behaviour recurred
between days 15 and 498. Before and parallel to the vaccinations, serum levels of
oestradiol, progesterone (P4), testosterone, and AMH were evaluated and transrectal
ultrasonography was performed.

Results: In all horses, analysis of serum levels of oestradiol, progesterone, testosterone,
and AMH confirmed the clinical diagnosis of GTCT. Serum levels of testosterone dropped
to baseline levels following the first two of three vaccination in all mares. In addition, AMH
serum values decreased shortly after the second vaccination in three of four mares, and in
one of the four mares returned to baseline levels. No further GTCT linked behaviour was
reported by the owners and the affected ovaries diminished in size in all four cases.

Main limitations: This report is a case series with a limited number of animals, no
controls and no standardised immunisation protocol.

Conclusions: Repeated vaccinations with the GnRH-vaccine Improvac® mitigated owner-
reported behavioural abnormalities and stopped tumour growth in four mares affected by

unilateral GTCT over the entire observation period which extends to 7 years in one mare.
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1 | INTRODUCTION

Granulosa cell tumours (GCT) and granulosa theca cell tumours
(GTCT) are the most prevalent ovarian neoplasms in mares' and
represent 2.5% of all equine tumours.? They contain primarily gran-
ulosa cells (GCT), or granulosa and theca cells (GTCT), respectively.*
Usually they are benign, unilateral and slow growing.&4 Affected
ovaries usually appear enlarged with a polycystic-honeycombed,
rarely solid echogenic pattern or as a solid anechogenic cyst.’
Contralateral ovaries are generally inactive and small. Due to the
increased dimension and weight, GCT and GTCT potentially lead to

t,7'8

discomfor intra-abdominal bleeding, adhesions to the intestines

and surrounding soft tissue,” and lameness.” Initially, the sexual be-
haviour of affected mares is altered, and at a later stage acyclic,®*°
often accompanied by elevated serum testosterone levels and stal-
lion-like behaviour (typically in GTCT cases).!12

Support of diagnosis is generally made by laboratory analysis of
serum levels of testosterone, progesterone, oestradiol, ir-inhibin, and
Anti-Miillerian hormone (AMH).%*2 The latter has recently gained im-
portance because it is a sensitive parameter that becomes elevated in
the initial stage of tumour growth.** In 95% of GCT and GTCT cases,
the AMH levels are higher than 4 ng/mL.}®> Murase et al'® reported
cut-off values of 4.70 ng/mL for AMH and 1.65 ng/mL for ir-inhibin.
These authors also claimed that AMH is more useful than ir-inhibin as a
marker for diagnosis of equine GCT and GTCT. In most cases, unilateral
ovariectomy is the first choice of therapy.® After surgical intervention,
the contralateral ovary generally starts to re-show follicular activity®?
and mares can be used for breeding purposes.

GnRH-vaccines have been successfully evaluated as a temporary
alternative to surgical castration of cryptorchid stallions'® and normal
male individuals.”” In mares, it was possible to suppress the reproduc-
tive cycles using both the GnRH vaccines Improvac®*® and Equity™.Y
GnRH-vaccines suppress ovarian activity by generating circulating
antibodies that bind to endogenous GnRH. The bound endogenous
GnRH is unable to bind to its receptor in the anterior pituitary leading
to decreased secretion of FSH and LH. There are no previous published
reports investigating GnRH-vaccines to treat equine GTCT.

The aim of this retrospective report was to evaluate whether rid-
ing and group pasturing of GTCT affected mares would again be pos-
sible after treatment with the GnRH-vaccine Improvac®. In addition,
the influence of GnRH-vaccination on serum levels of testosterone

and AMH as well as tumour growth were examined.

2 | METHODS
2.1 | Animals and experimental design

Four Warmblood mares resident on separate stud farms were in-
cluded in the study. All mares had a history consistent with a uni-
lateral GTCT, contralateral ovarian hypoplasia and behavioural
problems that varied from stallion-like to aggressive behaviour. All

owners had decided against surgical treatment of the tumours.

Case 1 was a maiden mare that was 13 years old at initial exam-
ination. The mare had recently become increasingly aggressive and
showed stallion-like behaviour when in contact with other mares.
Riding and pasturing with other horses had become impossible.

Case 2 was an 8-year-old multiparous mare that had been used
for riding. She was presented because of stallion-like behaviour and
riding was no longer possible.

Case 3, a 9-year-old multiparous mare, had stopped showing
signs of oestrus and had become aggressive towards other horses.

Case 4, a 13-year-old maiden mare, was presented because of
colic symptoms. At the time of initial examination, the mare had
been with the owner for 1 year without showing any signs of oestrus
and was behaving aggressively towards other horses.

After a general clinical examination, the uterus and ovaries of the
mares were examined and recorded at various intervals by transrec-
tal palpation and ultrasonography (Titan™, SonoSite) (Figure 1). The
largest diameter of the ovaries measured in two perpendicular di-
mensions, as well as the number and location of ultrasonographically
visible follicles were recorded. Using a B-mode ultrasonographic
image, the cross-section of the enlarged ovary was classified into
one of three categories (solid, multicystic, honeycomb) based on its
sonographic structure.

At the time of writing, mare 1 had been observed by the authors
for 7 years. Mare 2 was euthanised after 113 days of observation
because of severe colic symptoms. Mare 3 had had been observed
for 6 years, and mare 4 for one and a half years. All mares were ex-

amined by the same individual during the entire study.

2.2 | GnRH immunisation

With the owners’ consent, 1 mL Improvac® (200 mg GnRF-protein
conjugate) (Improvac®, Zoetis) was injected into the left lateral
cervical muscle (M. serratus ventralis cervicis) of each mare. One
booster injection (1 mL) was administered 13-33 days after the
primary vaccination. Follow-up vaccinations took place at vari-
able intervals, ie when behavioural changes were observed by the
owner again. Side effects of the vaccinations were recorded by
the owner.

2.3 | Blood analysis

Blood samples were collected into tubes by venipuncture at the time
of each clinical examination as shown in Figure 1. They were then
centrifuged at 2000 g for 10 minutes. The supernatant serum was
cooled to 5°C and shipped overnight to an accredited laboratory
(LABOKLIN) for hormone analyses.

Serum concentrations of oestradiol (E, ng/mL), progesterone (P4,
ng/mL), testosterone (T, ng/mL) and Anti-Mdllerian hormone (AMH,
ng/mL) were determined by ELISA according to the manufactur-
er's (LABOKLIN) instructions for use in equine serum samples. The

intra- and interassay coefficients of variation for E, P4, T, and AMH
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FIGURE 1 Ovarian diameter, oestrogen, progesterone, testosterone and Anti-Miillerian hormone serum levels of (A) a 13-y-old maiden
Warmblood mare (mare 1), (B) an 8-y-old pluriparous Hanoverian mare (mare 2), (C) a 9-y-old Hanoverian brood mare (mare 3), and (D)
13-y-old maiden mare (mare 4) after multiple vaccinations with the GnRH-vaccine Improvac®. (1) indicates time of vaccination

concentrations were 5.7% and 7.3%, 4.2% and 3.0%, 4.8% and 3.3%,
and 0.7% and 4.9%, respectively. The limit of sensitivity of the E,
P4, T, and AMH assays were 1.4 pg/mL, 0.1, 0.01 and 0.01 ng/mL,

respectively.

3 | RESULTS
The external physical exam including the genitalia and udder was
clinically normal in all mares. Based on clinical observations, includ-
ing unilateral enlarged ovary, contralateral ovarian hypoplasia, and
stallion-like aggressive behaviour, the mares were diagnosed with
unilateral GTCT. This was supported by elevated serum concentra-
tions of AMH in all mares (Figure 1).

Three of the four mares also had elevated serum testoster-
one levels before vaccination (mare 1:1.38 ng/mL, mare 2:0.4 ng/
mL, mare 3:0.054 ng/mL). In all mares, testosterone serum lev-

els decreased to baseline values (<0.05 ng/mL) after the first two

or three vaccinations (Figure 1). In addition, in three mares, AMH
serum levels decreased shortly after the second vaccination, in
one of them even to baseline levels (Figure 1C). In all mares and
throughout the study, vaccination side effects that included stiff-
ness of the neck and mild painful swelling in the area of injection
were reported.

Case 1: Mare 1 no longer showed aggressive behaviour after the
first booster vaccination. In addition, the affected ovary became
smaller, contralateral ovarian hypoplasia did not change, and AMH
levels decreased. After the third vaccination, AMH levels decreased
to baseline levels and then increased again. This mare has been ob-
served by us for 7 years now and during this time the affected ovary
did not increase in size (Figure 1A).

Case 2: After the booster vaccination, mare 2 began to show
typical mare behaviour again and the affected ovary had become
smaller and the contralateral ovarian hypoplasia did not change
(Figure 1B). However, she had to be euthanised after 4 months of

observation because of unrelated medical issues (colic).
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Case 3: The ovary of mare 3 decreased in size following the
booster vaccination (Figure 1C). This mare has been observed for
6 years and the latest blood samples revealed basal AMH levels, ie
less than the GCT/GTCT-indicative value of >4.7 ng/mL.*® Both ova-
ries showed hypoplasia. According to the owner, the mare showed
normal oestrus and no abnormal behaviour 1 year after the last vac-
cination that had been carried out 4 years ago.

Case 4: After the first vaccination, mare 4 showed considerably
less aggression towards other horses and it was possible to ride the
mare again. After having been introduced to a new herd, she even
showed normal oestrus behaviour (this had been absent over the last
year). The ultrasonographical examination revealed that the affected
ovary was smaller and more compact than at the beginning of the
study. The size of the contralateral ovary was 4 x 5 cm (Figure 1D).

4 | DISCUSSION

In this case report we investigated the efficacy of the GnRH-
vaccine Improvac® for resolution of undesired behaviour in mares
diagnosed with a unilateral GTCT tumour. For different reasons,
surgical treatment of the mares was not an option. Due to a lack
of other therapeutic options, the off-label use of a GnRH-vaccine
was considered justifiable. Our results show that owner-reported
behavioural abnormalities that were considered to be difficult to
cope with decreased after immunisation with the GnRH-vaccine
Improvac®.

After the second vaccination (first booster), there were no fur-
ther reports of stallion-like and aggressive behaviour in any of the
mares. Further follow-up examinations were made after abnormal
behaviour had reappeared. Subsequent vaccinations led to the dis-
appearance of recurring undesired behaviour, regardless of whether
the monitored hormone levels decreased or remained constant.

Our findings are in agreement with results described in a study
by Imboden et al.*® In their study, the amount of GnRH antibodies
did not correlate with the length or quality of suppression of ovarian
activity. Immediately after the first vaccination, a rise of GnRH anti-
body levels occurred, reaching its peak 2-3 weeks after the booster
vaccination at day 30. The period between vaccination and interrup-
tion of ovarian activity was variable, although it never took longer
than 8 weeks. Consequently, in all mares, a suppression of ovarian
activity could be observed. In five of nine mares, this suppression
occurred at different points of time within a window of 100 weeks,
the shortest period being 23 weeks. In stallions, it also has been
shown that antibody levels do not reflect observed sexual behaviour
and spermatological parameters.?’ The literature supports age as
associated with variation in GnRH antibodies.?! Genetic factors and
individual immune responses might be responsible for the variable
amount of GnRH antibodies needed to suppress ovarian activity
effectively.?? A comparable rise of GnRH antibody levels has been
reported when the GnRH-vaccine Equity™ was used to vaccinate
mares. Dimensions and follicular activity of both ovaries were also

clearly reduced.” This study also found that the duration of ovarian

activity suppression was variable and lasted for at least 3 months."?
In another study, 31 horses (21 mares, 10 stallions) were vaccinated
with Equity™ twice at 4-week intervals to influence undesired sexual
behaviour. In 84% of cases, a decrease of the unwanted behaviour
could be observed by the owners.?

In a study investigating the effects of Equity™ in 61 mares, nor-
mal reproductive cycles resumed in 98% of the vaccinated mares
within 2 years of the last vaccination.?* Similarly, in a study inves-
tigating 51 mares vaccinated with Improvac®, a resumption of cy-
clic activity was observed in 92.2% of cases within 650 days with
a mean interval of 418 days.21 However, in another study, 6 of 16
mares had no onset of ovarian activity within the observation pe-
riod of 30-34 months.'? Therefore, it is possible that an irreversible
impairment of the hypothalamic-pituitary-gonadal axis might occur

18.20.21 especially if they are young and vaccinated

in some mares,
multiple times (personal observation). This observation might be
favourable when using GnRH vaccines to treat GTCT tumours in
mares. However, more standardised studies investigating the long-
term effects of multiple GnRH-vaccinations in mares are required.

Change of reported behaviour and the suspension of tumour
growth or even reduction of ovarian dimension following vaccina-
tion indicate that the GTCT depends on the presence of GnRH. Zelli
et al®® found no differences in the pituitary responsiveness to an
exogenous GnRH stimulus either before or after GTCT removal in
eight mares when compared to four healthy mares. In our study, two
mechanisms following GnRH vaccination appear to be likely: (a) an
indirect pathway that suppresses gonadotropins and endogenous
steroids, and (b) a direct pathway that uses local mechanisms that
act through specific receptors expressed by the tumour.?® A consis-
tent decrease of serum AMH levels has not been observed in most
of our samples, except for mare 3. Therefore, the effect of GnRH
immunisation on expression of AMH by the granulosa-like cells of
the tumour remains to be investigated.

As the use of Equity™ (approved in New Zealand and Australia
by Pfizer Animal Health, Australia for oestrus suppression and treat-
ment of oestrus associated behavioural abnormalities in mares) is
not permitted in Europe, we had to use the vaccine Improvac®
which is licensed for use in pigs. Imboden et al*® describe severe
side effects when a dose of 400 mg GnRF-protein conjugate is in-
jected into one site in the horse. Two horses vaccinated with that
dosage (and at the same site) were even reported to have suffered
from anaphylactic shock and consequently died.?” In contrast with
Improvac®, Equity™ seems to cause less frequent and severe side
effects.t”?° Based on personal field observations regarding the ef-
ficiency and side effects of Improvac®, we adapted the injected
dosage to the one of Equity™, ie 200 mg GnRH-protein conjugate.
Indeed, the owners of the mares did not observe any severe side
effects following injection with Improvac® at this dose, and at the

1. The reduced tolerance to

same injection site as in Imboden et a
Improvac® compared to Equity™ may be due to use of different
adjuvants and a different carrier protein. Side effects linked to the
dosage of Improvac® and the optimal injection site remain to be

investigated.
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Limitations of this case study are the absence of an untreated
control group and standardised approach ie the vaccination protocol
and frequency. Indeed, not all untreated GTCT show growth, and
may remain stable and unchanged over years, or may fluctuate in
size, as can hormone levels.! In addition, no standardised behavioural
scoring was used, and the owner-based assessment of changes in be-
haviour might be biased.

A further limitation of the use of GnRH vaccination exists in
competing sport horses. While the procedure is currently per-
mitted for events under the regulation of the FEI (Fédération
Equestre Internationale), the International Federation of
Horseracing Authorities (IFHA) bans immunisation against GnRH

in racehorses.?®

5 | CONCLUSIONS

Overall, our case study in four mares affected by a unilateral GTCT and
where the owners decided against surgical therapy supports our hy-
pothesis that GnRH immunisation reduces or eliminates behavioural
abnormalities and stops tumour growth. However, more investiga-
tions are indicated because there are considerable risks to not remov-
ing a GTCT, such as growth, bleeding and adhesions. When using a
GnRH vaccination protocol we recommend monitoring effects and
tumour evolution, as in untreated mares, until there is more evidence

that GnRH vaccination is universally effective and helpful.
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