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Abstract. Background/Aim: Neoplastic lesions of perianal
glands account for approximately 10% of all skin cancer
cases in dogs. They occur in many dog breeds, usually in
male animals aged over 6 years. Due to their hormone-
dependency, tamoxifen can be used in antineoplastic
treatment. The aim of the study was to measure epidermal
growth factor (EGF) levels in the serum of dogs with
perianal tumours after tamoxifen treatment and to use it as
a prognostic factor for further treatment. Materials and
Methods: The study was performed on 19 male dogs aged
between 6 and 14 years, diagnosed with neoplastic
hyperplasia in the perianal region. The control group
comprised 10 healthy dogs brought in for routine castration.
The research material comprised blood drawn from the
animals and tumour specimens for histopathology. The study
group received I-month treatment with tamoxifen. Blood
serum was then tested for 17- oestradiol level, and for EGF
level on the first day of the therapy and 6 months after
treatment completion. Results: Hepatoid gland adenomas
were diagnosed in 10 cases, and hepatoid gland epitheliomas
in nine cases. Elevated 17-f oestradiol levels were observed
in all dogs. On the first day of treatment with tamoxifen, the
serum EGF levels in all study groups were higher than in the
control group. At the 6-month follow-up, the EGF levels were
significantly reduced in hepatoid gland adenoma cases
compared to those taken on the first day of treatment of
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tamoxifen, while in animals with hepatoid gland epithelioma,
it was greatly increased and was correlated with relapse.
Conclusion: Perianal gland tumours are characterised by
EGF overexpression, which can be helpful in early-stage
prognosis and treatment. An increase in EGF levels 6 months
after tamoxifen therapy correlates with disease progression
and may be a useful prognostic factor.

Perianal gland tumours can occur in many dog breeds and
are usually diagnosed in non-neutered male animals aged
over 6 years. Perianal tumours in dogs may originate from
three distinct structures. These include the anal glands:
modified apocrine, alveolar-tubular sweat glands, and anal
sac glands: a skin diverticulum located on both sides of the
anus between the internal and external rectal sphincter
muscle, originating from tubular apocrine glands. The third
group comprises hepatoid glands, which are modified
sebaceous glands of skin located in the perianal area as well
as the prepuce, base of the tail, groin, inner thigh and the
dorsal back (1). Histologically, they comprise groups of
hepatocyte-like cells which in females regress to single
islets, whereas in males they form glandular masses (2).
Hypertrophic lesions of hepatoid glands account for
approximately 10% of all skin cancer cases diagnosed in
dogs. Three main types of neoplastic lesions that can be
encountered in the perianal area include adenomas,
adenocarcinomas and epitheliomas.

On the surface of both healthy and neoplastic hepatoid
cells, the presence of androgen receptors (ARs) and
oestrogen receptors (ERs) has been observed (3). They are
influenced by gonadal steroids, which means that sometimes
it is difficult to distinguish between glandular hypertrophy
and a developing tumour. Benign tumours such as hepatoid
gland adenomas (HGA) typically grow slowly and reach
only limited sizes, whereas adenocarcinomas are
characterised by rapid growth and can metastasise to local
lymph nodes, abdominal organs or lungs (1, 4-6).
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Hepatoid gland epithelioma (HGE) is characterised by
low-grade malignancy and is clinically similar to adenomas
but shows local invasiveness, i.e. infiltrates its surrounding
tissues (7, 8). Due to the specific location, the tumours are
often susceptible to ulceration, which can lead to infections
in the surrounding tissues which hinder defecation (5).

The Ki-67 nuclear antigen can be used to obtain objective
data on the character of a tumour and the process of
carcinogenesis. Its assay provides important information
about the tumour's mitotic activity.

The process of perianal tumour oncogenesis is affected not
only by hormones but also by growth factors responsible for
tumour angiogenesis. Studies conducted in both humans and
animals revealed that the main factor stimulating tumour
vascularisation is vascular endothelial growth factor (VEGF)
(9). However, another important factor influencing tumour
growth is epidermal growth factor (EGF), which acts as a
potent stimulator for epidermal and epithelial cell growth,
both in vivo and in vitro (10). It was first described in 1962
by Cohen (11) while the detailed biochemical structure of
EGF was determined 10 years later by Savage et al. (12).
The factor was isolated from salivary glands of male mice.
EGF consists of a single peptide chain comprising 53 amino
acids, six of which constitute cysteine residues determining
the biological activity of EGF. It is synthesised in all tissues
of the organism and secreted into the bloodstream. The
highest EGF concentrations have been observed in the
pancreas, thyroid and kidneys, as well as in systemic fluids
such as urine, saliva, milk, and blood serum (13).

EGF plays a particular role in the mammary glands (14,
15), where it is responsible for the growth of both healthy
and tumorous epithelium. It also stimulates the synthesis and
secretion of hormones: luteotropin (LH), growth hormone
(GH) and prolactin.

EGF has been demonstrated to stimulate epithelial tissue
growth via receptors whose presence has been confirmed in
healthy epithelial tissue, macrophages, platelets, and many
mesenchymal cells (16). The family of epidermal growth
factor receptors (EGFR) includes a group of transmembrane
proteins with tyrosine kinase enzyme activity. These
comprise: EGFR1 (HER1 or c-erbB1), a receptor for EGF
and transforming growth factor alpha (TGFa); EGFR2
(HER2 or c-erbB2), whose ligand remains unknown; and
EGFR3 (HER3 or c-erbB3) and EGFR4 (HER4 or c-erbB4),
serving as receptors for neuregulins (6, 10, 17-19). EGFR was
among the first proteins responsible for intracellular signal
transmission to be identified and described. The ligands of
the EGFR family are growth factors, which means that the
activated signal paths are responsible for the correct process
related to proliferation, differentiation, maturation, and
survival of epidermal cells, growth and implantation of the
embryo, and repair of damaged organs (10, 16). It has been
shown that EGF and its receptors, in cooperation with TGF,
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have the ability to induce VEGF synthesis in the cells of
malignant tumours and affect the process of neoangiogenesis
(20). In human medicine, elevated levels of EGF and its
receptors are observed in a number of malignant tumours,
including of the head and neck, lung, colorectum, breast,
bladder, pancreas, prostate, ovaries, and stomach, where it is
believed to be a negative prognostic factor (16, 21).

The therapy of perianal gland tumours depends on the
particular type of the tumour, extent of the lesion and its
invasiveness. It typically involves surgical removal of the
tumour together with a margin of healthy tissue, coupled
with castration, pharmacological treatment (cytostatics),
cryotherapy or radiotherapy (22).

Due to the hormone dependency of these particular
tumours, one viable treatment method involves antihormonal
therapy using selective oestrogen receptor modulators such
as tamoxifen (23). Tamoxifen belongs to a group of synthetic
non-steroidal agents widely used in human medicine for the
treatment and prevention of oestrogen receptor-positive
breast cancer. Tamoxifen competitively blocks with
oestrogen receptors, effectively preventing their ability to
bond with 17-f oestradiol, which limits the biological impact
of oestrogens on tumour cells (24). On the other hand,
tamoxifen has agonistic properties and is capable of inducing
some oestrogenic responses. The manifestation of these two
different actions is not completely understood and depends
on each species, organ, tissue, and cell type (24, 25).

The goal of this study was to determine EGF levels in the
serum of dogs diagnosed with perianal tumours after
pharmacological treatment with tamoxifen and to use it as a
prognostic factor in further treatment.

Materials and Methods

The study was performed on 19 male dogs aged between 6 and 14
years. The animals were diagnosed with perianal tumours at the
Department and Clinic of Animal Surgery of the University of Life
Sciences in Lublin. The routine protocol before every surgical
procedure in our Department involves blood test including, blood
smear and biochemical serum analysis of alanine aminotransferase,
aspartate aminotransferase, kidney profile (urea, creatinine and total
protein level), as well as electrocardiogram (ECG).

The control group comprised 10 healthy dogs aged between 2
and 7 years which were brought in for routine castration. Physical
examination of dogs from the control group showed no signs of
any disease and their blood tests and ECG remained within the
reference range.

In all the studied animals, elevated (above 7 pg/ml) levels of 17-
[ oestradiol were observed, which was an indication for hormonal
therapy with selective oestrogen receptor modulators (tamoxifen)
dosed at 2 mg/kg body weight administered orally. The therapy
lasted 1 month.

The research material consisted of blood drawn from the animals
and tumour specimens collected during trepanobiopsy which was
performed twice: on the day of admission and after 6 months from
the completion of tamoxifen treatment in cases of visible tumour
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Table 1. Results of biochemical and immunohistochemical tests in the group of dogs with hepatoid gland adenoma.

Patient description, age (years) Ki-67 index (%)

17-f Oestradiol (pg/ml)

EGF (pg/ml)

At diagnosis 6 Months after therapy

Dachshund, &, 7 >50
German Shepherd, &, 10 >50
Dachshund. &. 8 <50
Mixed breed, &, 13 >50
Mixed breed, &, 8 >50
Mixed breed, &, 10 <50
Mixed breed, &, 9 >50
Cocer spaniel, &, 9 <50
Schnauzer, &, 8 >50
Mixed breed, &, 7 >50

35.00 15.93 3.81
31.00 20.82 4.64
12.29 12.93 5.52
21.00 27.28 333
12.4 13.64 6.47
9.20 9.14 3.15
8.24 16.77 8.46
9.46 8.62 0.01
7.68 9.73 5.52
12.40 3.83 0.62

EGF: Epidermal growth factor; Ki-67 index (%): percentage of immunopositive cells per 500 neoplastic cells. No recurrence was observed in the

above group of dogs.

progression. Blood was drawn from the cephalic vein into vials with
Cakutest clotting activator (Vacutest Kima, Arzegrande, Wtochy,
Poland). Blood was collected twice: on the day of diagnosis and 6
months after treatment completion. The serum obtain from
centrifuged blood was stored at —75°C until the assay. The EGF
levels were determined in the serum of animals from both groups.
The measurements were performed using an immunoenzymatic
ELISA essay (Canine Total Epidermal Growth Factor ELISA Kit;
MyBioSource, Inc., San Diego, CA, USA), in accordance with the
test protocol provided by the manufacturer.

Tumour specimens were collected using a 6 mm trepan.
Histopathological analysis was performed at the Department of
Pathological Anatomy at the University of Life Sciences in Lublin.
The material was solidified in 10% buffered formalin (pH 7.2) for
24 (48 h) and then in a tissue processor (Leica TP-20), processed
using alcohol solutions of increasing concentration, acetone and
xylene into paraffin blocks. Tissue specimens of 4 ym in thickness
were stained with haematoxylin and eosin (HE) for analysis under a
Nikon Eclipse E-600 light microscope (Nikon Instruments Europe
BV, Amsterdam, the Netherlands). Diagnoses were based on the
World Health Organization (WHO) Histological Classification of
Tumours (7). Specimens intended for immunohistochemical analyses
were placed on Super Frost slides coated with silane (Menzel-Glaser,
Braunschweig Germany, DAKO) and stored for 12 h in a thermostat
in 56°C. Next, the specimens were deparaffinised with xylene and
processed using alcohol solutions of decreasing concentration to
distilled water.

Dako-ARK™ set (Animal Research Kit; Dako, Glostrup,
Denmark) was utilised for immunohistochemical staining of tissues
samples in order to assess Ki-67 antigen expression. Mouse
monoclonal antibody (clone MIB-1) against Ki-67 protein was used
(Dako) which was intended for processing of paraffin-embedded
tissues at 1:300 dilutions. The preparations were incubated with
3,3’-diaminobenzidine tetrahydrochloride solution used as a
chromogen to obtain reaction in colour. PC unit equipped with
image analysis software (NIS-Elements BR-2.20; Laboratory
Imaging) and computer microscopic image analysis system were
used for the assessment of Ki-67 antigen expression. Ki-67
expression was determined at a lens magnification of x40. The

index value was counted on the basis of the percentage of
immunopositive cells per 500 neoplastic cells. A result of Ki-67+
represents more than 50% immunopositive cells in the Ki67
immunohistochemical test.

All procedures conducted in the study group (blood drawing and
tissue sampling, collection of tumour sections) and in the control
group (blood drawing) were approved by the Local Ethics Committee
II in Lublin (permit no. 26/2015, 28.04.2015 to conduct experiments
on animals; experiments on tissues and animal organs). Furthermore,
the owners of the animals were informed about the goal of the study
and gave their consent to the experimental procedures.

A statistical analysis was performed to determine whether
significant correlations existed between serum EGF levels in the
experimental and control groups, as well as whether statistically
significant differences were present in terms of EGF levels 6 months
after the administration of pharmacological treatment. Statistical
analysis was evaluated using STATISTICA 10 (StatSoft Polska Sp.
7 0.0., Cracow, Poland). To verify the normality of the distribution
of the obtained results, the Shapiro-Wilk test was used. In
comparison of results of two groups, in the absence of a normal
distribution whose test function was designated as ‘Z’,
nonparametric the Mann—Whitney U-test was used. The correlation
between Ki-67 and EGF level, and between EGF level and tumour
recurrences was calculated using Spearman test.

Results

Of the selected cases of pathological perianal hyperplasia,
HGA was diagnosed in 10 (Table I) and HGE in nine on the
basis of trepanobiopsy (Table II).

In all dogs with HGA and in five animals diagnosed with
HGE, the tumours regressed for a period of at least 6 months
from the end of treatment. Continued progression of the
neoplastic disease in the form of individual nodules was
observed in the remaining four animals with HGE (Table II).

Expression of the Ki-67 proliferative antigen was
observed in most of the studied tumours but statistical
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Table II. Results of biochemical and immunohistochemical tests in the group of dogs with hepatoid gland epithelioma

EGF (pg/ml)
Patient description, age (years) Ki-67 index (%) 17-p Oestradiol (pg/ml) At diagnosis 6 Months after therapy Recurrence
Mixed breed, &, 10 >50 36.20 40.83 82.09 +
Mixed breed, 3, 14 >50 16.80 114.64 38.01 -
German Shepherd, J, 12 >50 48.02 64.59 17.92 -
Dachshund, &, 7 >50 50.00 184.15 71.22 -
German Shepherd, &, 6 <50 23.69 38.46 18.24 -
Terrier, &', 10 >50 24.00 82.09 112.82 +
Cocer spaniel, &, 9 <50 16.32 32.85 7.92 -
Mixed breed, J, 13 >50 23.79 40.68 86.32 +
Mixed breed, &, 11 >50 18.49 22.95 42.74 +

EGF: Epidermal growth factor; Ki-67 index (%): percentage of immunopositive cells per 500 neoplastic cells.

Table II. Comparison of epidermal growth factor concentrations (pg/ml) in hepatoid gland adenomas (HGA) and hepatoid gland epitheliomas

(HGE) with control groups at the beginning of treatment.

Group N Median Min Max p-Value* Mean SD
Control 10 3.82 2.15 5.85 3.88 1.17
HGA 10 13.28 3.83 27.28 <0.01 13.86 6.75
HGE 9 40.83 22.95 184.15 <0.01 69.03 51.83
*Versus control.

Table IV. A breakdown of epidermal growth factor levels in hepatoid gland adenomas for consecutive samplings.

Group N Median Min Max p-Value Mean SD
At diagnosis 10 13.28 3.83 27.28 <0.001 13.87 6.75
6 Months after therapy 10 4.64 0.01 8.46 4.19 2.72
analysis did not confirm its correlation with EGF level Discussion

(»=0.593 for HGA and p=0.153 for HGE).

The EGF level in the control group ranged between 2.15
and 5.85 pg/ml (median=3.82 pg/ml). The median EGF
concentration in the serum of dogs with HGA on the first day
of treatment was 13.28 pg/ml. In HGE, EGF levels were
higher and ranged between 22.95 and 184.15 pg/ml
(median=40.83 pg/ml). For both tumour types, statistically
significantly higher EGF levels were observed on the first
day of treatment when compared to the control group (Table
IIT). Upon analysing EGF levels after 1 month of tamoxifen
administration, values for HGA after pharmacological
treatment decreased considerably (p<0.001; Table IV).

The statistical analysis of HGA revealed a statistically
significant and higher level of EGF 6 months after therapy,
which was correlated with relapse (Rg=0.732, p=0.039).
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Data available in literature indicate the presence of ERs and
ARs in perianal tumour tissue, which suggests hormone
dependency of these tumours, whereby hormonal
fluctuations can influence tumour growth (26). Hormones
bind with specific receptors present in the hepatoid gland
tissue and stimulate cell division, thus facilitating
carcinogenesis. This observation has been confirmed in a
number of studies where the percentage of ERs or ARs was
significantly higher in proliferative cells compared to healthy
gland tissue (3, 27, 28).

It has been demonstrated that administration of oestrogen-
based formulations or performing castration to dogs
diagnosed with perianal hepatoid adenoma may result in
partial or even complete remission of the tumour (22). Our
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study is consistent with this, where at 6 months follow-up
after treatment with tamoxifen, no relapse was observed in
any dogs suffering from HGA.

To date, many various treatments of perianal gland tumour
have been tested, starting from relatively non-invasive
hormonal therapies and ending with surgery and
radiotherapy. The choice of the correct method depends on
the type, size and malignancy of the tumour, as well as the
presence of metastasis. Tamoxifen used in the treatment of
perianal gland tumours, apart from serving as a selective
modulator for ERs, is also an angiogenesis inhibitor and
causes apoptosis. It acts as competence inhibitor by
occupying the place which binds oestrogen to the ER, thus
inhibiting the influence of oestradiol on the growth and
development of cancer cells. Tamoxifen is used in targeted
treatment of hormone-dependent breast cancer in women
(16, 18). Research conducted by Cuzick et al. revealed that
it reduces the incidence of breast cancer by 26-38%,
although its effectiveness has only been confirmed with
regard to oestrogen-dependent cancer (ER+). However,
although tamoxifen therapy has proven effective, certain
side-effects have been reported: osteoporosis, thrombus,
embolism, increased risk of endometrial cancer, vision
disorders, and elevated liver enzyme levels (29). It was
observed that prolonged use of tamoxifen can result in
cancer cell immunity to the drug and even proliferation of
tumour cells (30).

In one study, 11/20 female dogs treated with 1 mg/kg of
tamoxifen developed complications such as pyometra,
oedema of the external genitalia, vaginal discharge and
pseudogestational behaviour (31). Due to its agonistic
stimulation of uterine ER, endometrial cell proliferation is
likely to occur in bitches. Thus, the authors suggested using
tamoxifen at a lower dose of 0.5 mg/kg (31). In male dogs,
tamoxifen negatively influences testis size and libido as well
as reducing blood testosterone concentrations (24). However,
in our own study, no adverse effects were observed
throughout entire observation period in the dogs exposed to
1 mg/kg tamoxifen. Thus, our research showed that
hormonal tamoxifen therapy is safe and well tolerated by
dogs. It is an effective method applicable in the treatment of
HGA, while in the case of tumours characterised by local
invasiveness, i.e. HGE, it was shown to be insufficient, in
most cases leading only to temporary suppression of the
disease process.

In such cases, repeat pharmacological therapy or
combining antihormonal treatment with surgery is required.
Similar conclusions were reached by Tozon et al. in a study
on treatment effects in cases of perianal gland tumours (28).
Their research demonstrated that the most effective
therapeutic method, under which 2-year remission was
observed in 70% of the cases, is radical tumour resection
together with adequately large margin of healthy tissue. It

was also demonstrated that good therapeutic effects,
particularly in adenoma and epithelioma cases, were
obtained by employing the multiple electrochemotherapy
strategy (22). In our own research, in four of the dogs with
epitheliomas, despite treatment with selective oestrogen
receptor modulators, relapse occurred. The obtained results
indicate a poor sensitivity of HGE and their receptors to
tamoxifen.

The Ki-67 nuclear antigen is a good marker of neoplastic
process, useful when monitoring the effectiveness of
chemotherapy. High expression of the antigen, which
correlated with the presence of metastasis, was observed in
many types of canine tumour (32,33). Furthermore, in a
study on canine perianal gland neoplasms, Periera et al.
demonstrated the usefulness of Ki-67 measurements in the
assessment of the risk of relapse (33). High Ki-67 expression
was also observed in cases of canine mammary gland
tumours. It correlated with higher invasiveness or tumour
relapse and shorter animal survival, and was indicative of a
poor prognosis (32, 34). In our own research on dogs with
HGE, the presence of relatively high Ki-67 antigen level was
confirmed in 14 of the cases but the statistical analysis
revealed that it did not correlate with relapse incidence.

The autocrine hypothesis with regard to neoplasm
development was first proposed by Sporn and Todaro in 1980
(35). It states that tumour cells are capable of synthesising
growth factors which stimulate the receptors on the cell
surface, thus causing uncontrolled neoplastic growth. A
number of factors participating in oncogenesis have been
identified, but it would seem that VEGF and EGF play the
most significant roles in this context. VEGF is responsible for
neoplastic angiogenesis. Although under physiological
conditions EGF influences growth, embryo implantation and
repair of damaged mature organs, its overexpression can lead
to uncontrolled cell division (16). It is the key factor
stimulating growth of epidermal and epithelial cells and is
responsible for maintaining their integrity. Overexpression of
EGF intensifies the processes of proliferation, and apoptosis
inhibition, increasing cell survival and angiogenesis, which
influence the incidence of distant metastasis and progression
of neoplastic disease (16). Sabattini ef al. demonstrated that
EGFR overexpression correlates with a negative prognosis in
cases of feline skin squamous cell carcinoma. Furthermore,
they hypothesised that the use of EGFR inhibitors in such
animals, alongside surgery, can significantly improve the
chances for successful treatment (36). It was demonstrated
that EGF inhibits apoptosis of cells of solid tumours.
Overexpression of EGF was detected in these cells (37). It is
also a neoplastic marker in canine transitional cell carcinoma
— TCC (38). In a study on the EGF level in the serum of
patients suffering from unresectable hepatocellular carcinoma,
a significantly elevated EGF level (784.49 pg/ml) was
observed when compared with healthy patients (297.15
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pg/ml) or other patients suffering from non-cancerous liver
diseases (338.64 pg/ml). It was concluded that EGF
overexpression correlated with negative prognosis and short
patient survival (39). Similar results were obtained in our own
research. The serum EGF level on the day of the diagnosis
was statistically higher in all study group animals when
compared to the control group. A statistically significant
increase in the EGF level was also observed after the
treatment in four dogs with HGE. Our results are similar to
other studies (36, 38, 39) and seem to confirm that EGF plays
an important role in tumour development, and that its
overexpression correlates with the incidence of tumour
relapse in dogs. Thus, EGF can be treated as another
prognostic factor.
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