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Abstract: The aim of this retrospective study was to determine the incidence of canine and feline mammary tumors
diagnosed in the Pathology Laboratory of Bornova Veterinary Control Institute in izmir Province between January
2009 and December 2022, as well as to analyse the relationships between the age and breed characteristics of
affected animals and the presence of mammary tumors. For this purpose, the available information regarding each
mammary tumor case was collected from archive records. Dogs and cats with mammary tumors were divided
into four age groups. All hematoxylin and eosin-stained slides of mammary tumors were histopathologically re-
evaluated and classified. The study material consisted of 106 (35.81%) mammary tumor cases, of which 83 (37.55%)
belonged to dogs and 23 (30.66%) to cats. The highest incidence of mammary tumors in both species was observed
in the age group of 8 to 11 years. A statistically significant relationship was found between the incidences of
mammary tumors according to the age groups and breeds in both species (p<0.05). Terrier (28 cases) in dogs
(p=0.000) and mixed breed (14 cases) in cats (p=0.0003) were the most commonly affected breeds by mammary
tumors. In dogs, 64 (77.10%) of 83 mammary tumors were malignant and 19 (22.90%) were benign; in cats, 18
(78.26%) of 23 mammary tumors were malignant and 5 (21.74%) were benign. Malignant mammary tumors were
detected more frequently in Terrier dogs (34.37%) and mixed breed cats (72.22%). The most commonly diagnosed
malignant mammary tumors were mixed type carcinoma (51.56%) in dogs (p=0.000) and tubular carcinoma (50%)
in cats (p=0.005). Benign mixed tumor (47.37%) and complex adenoma (26.32%) were the most frequently observed
benign mammary tumors in dogs. Simple adenoma constituted the majority (60%, 3 cases) of benign mammary
tumors in cats.
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izmir ilinde 2009-2022 yillar arasinda teshis edilen képek ve
kedi meme tiimorlerinin retrospektif degerlendirmesi

Ozet: Bu calismanin amaci, izmir ilinde Ocak 2009-Aralik 2022 yillari arasinda Bornova Veteriner Kontrol Enstitiisii
Patoloji Bolumiinde teshis edilen kdpek ve kedi meme tiimorlerinin insidansini belirlemek ve meme timorli
hayvanlarin irk ve yas 6zellikleri ile meme timorlerinin varhgi arasindaki iliskileri arastirmakti. Bu amacla her bir meme
timorl vakasina ilgili mevcut bilgiler arsiv kayitlarindan toplandi. Meme timérli kopek ve kediler 4 yas grubuna
ayrildi. Meme tiimorlerinin hematoksilen-eozin boyanmis slaydlar histopatolojik olarak yeniden degerlendirildi ve
siniflandirildi. Calisma materyalini, 83 (%37,55) kdpek ve 23 (%30,66) kediye ait 106 (%35,81) meme timori olgusu
olusturdu. Her iki tirde en yiksek meme timorl insidansi 8-11 yas grubunda goruldi. Her iki tirde yas gruplari
ve irklara gére meme timori insidanslari arasinda istatistiksel olarak dnemli bir iliski bulundu (p<0,05). Kdpeklerde
Terrier (28 olgu) (p=0,000) ve kedilerde melez irk (14 olgu) (p=0,0003) meme tiimdrlerinin en sik gérildiga irklardi.
Kopeklerde 83 meme timoriniin 64 (%77,10)'G malign ve 19 (%22,90)'u bening; kedilerde ise 23 meme timdorinin
18 (%78,26)'i malign ve 5 (%21,74)'i bening karakterdeydi. Malign meme tiimérleri, en ¢ok Terrier irki kdpeklerde
(%34,37) ve melez irk kedilerde (%72,22) belirlendi. Kopeklerde en sik teshis edilen malign meme tiimérleri, mikst
tip karsinom (%51,56) (p=0,000) ve kedilerde tubuler karsinomdu (%50) (p=0,005). K&peklerde bening mikst timor
(%47,37) ve kompleks adenom (%26,32) en sik gozlenen bening meme timérleriydi. Kedilerdeki bening meme
timorlerinin (3 olgu, %60) cogunlugunu basit adenom olusturdu.

Anahtar kelimeler: kedi, kopek, meme tiumord, retrospektif calisma, Turkiye

Introduction 2017). Female dogs and cats have a high incidence

Mammary tumors are one of the most common tu-  of mammary tumors, and mammary tumors are ra-
mors of dogs, cats and humans (Goldschmidt et al.,  rely seen in males (Munson and Moresco 2007). The
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annual incidence rate of mammary tumors in dogs
has been determined as 198.8 cases in Alameda
County, California (Dorn et al., 1968b) and 250 cases
per 100,000 dogs in Northern Italy (Vascellari et al.,
2016). In cats, the annual incidence rate of mam-
mary tumors is lower compared to dogs and has
been reported as 25.4 cases per 100,000 cats in
Alameda County, California (Dorn et al., 1968b).

The incidence of mammary tumors and the im-
pact of risk factors affecting the incidence in female
dogs and cats varies according to countries and
geographic regions (Dorn et al, 1968b; MacVean
et al, 1978; Aydin et al, 2008; Dhami et al., 2010;
Shida et al., 2010; Vascellari et al., 2016; Pastor et
al, 2018; Viana et al,, 2019). It is also directly related
to ovariectomy and the age at which ovariectomy
is performed (Schneider et al.,, 1969; Misdorp 1988;
Sorenmo et al.,, 2000). Schneider et al. (1969) have
reported that neutered bitches have 12% of the
mammary cancer risk as compared to intact ones
and that the risk of developing mammary tumors
is significantly reduced (0.5% incidence) in female
dogs neutered before the first estrus. Also, ovari-
ectomy, even when performed at an advanced age,
has been detected to be to some extent protec-
tive against mammary tumor development in dogs
(Misdorp, 1988; Schneider et al, 1969). Similarly,
it has been shown that intact female cats have a
7-fold higher risk of mammary cancer than neu-
tered females (Dorn et al., 1968b) and that cats neu-
tered before 1 year of age have an 86% reduction in
the risk of feline mammary carcinoma development
(Overley et al., 2005).

In this retrospective study, it was aimed to de-
termine the incidence of canine and feline mam-
mary tumors diagnosed in the Pathology Laboratory
of Bornova Veterinary Control Institute in izmir
Province between January 2009 and December
2022 and also to investigate the relationships be-
tween the age and breed characteristics of affected
animals and the presence of mammary tumors.

Materials and Methods

Animals and histopathological examination

In this retrospective study, a total of 106 mammary
tumor cases from 221 dog and 75 cat tumor biopsy
samples that were sent to the Pathology Laboratory
of Bornova Veterinary Control Institute from various

veterinary clinics in izmir province during fourteen
years between January 2009 and December 2022
were studied. Mammary tumors belonged to 83
dogs and 23 cats of different breeds and ages. The
available information regarding each mammary tu-
mor case was reviewed. The age, gender and breed
characteristics of animals with mammary tumors
were collected from their records. Dogs and cats
with mammary tumors were divided into four age
groups of 0-3, 4-7, 8-11 and 12-15 years according
to their ages. The age information of 4 dogs and 1
cat, and the breed information of 5 dogs and 5 cats
could not be recorded because such information
wasn't available. Mammary tumors were defined as
benign or malignant according to their histopatho-
logical examination protocols. All histological slides
prepared from mammary tumor samples which had
been previously fixed in 10% formalin and following
routine tissue processing procedures, embedded in
paraffin blocks, cut at 4-5 pm thickness and stained
with hematoxylin and eosin were re-evaluated and
classified under a light microscope, taking into ac-
count the histological classification of canine mam-
mary tumors proposed by Goldschmidt et al. (2011)
and the updated feline mammary tumor classifica-
tion corresponding to this new classification in dogs
(Goldschmidt et al. 2017).

Statistical analyses

Chi-square (x*) test was used to determine the
strength of the relationships between the presence
of mammary tumors and variables such as age group
and breed. Similarly, the frequency of benign/ma-
lignant mammary tumors was also evaluated using
the Chi-square test. T test or Mann Whitney U test
was used to determine if there is a statistically sig-
nificant difference between the mean ages of dogs
and cats with mammary tumors and between the
mean ages of animals with benign and malignant
mammary tumors in both species. Statistical analy-
ses were performed using the IBM SPSS Statistical
Package Programme (version 24). Values of p<0.05
were considered significant.

Results

The distribution of canine and feline mammary tu-
mors in total tumor samples by years (2009 to 2022)
is presented in Figures 1 and 2, respectively.
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The incidence in 83 dogs and 23 cats with mam-
mary tumors examined during the fourteen years
covered by the study was determined as 37.55%
and 30.66%, respectively. All mammary tumors be-
longed to female dogs and cats. The mean age of
dogs with mammary tumors was 9.06+0.36, with
a range from 3 to 15 years. The mean age of cats
with mammary tumors was 10.68+0.56, with a range
from 5 to 15 years. The difference between the
mean ages of dogs and cats with mammary tumors
was statistically significant (p= 0.0308). The highest

Figure 1. Distribution of
canine mammary tumors
in total tumor samples
by years (2009-2022).

Figure 2. Distribution of
feline mammary tumors
in total tumor samples
by years (2009-2022).

incidence of mammary tumors in dogs and cats was
observed in the age group of 8 to 11 years (Table
1). Statistically, when all age groups were taken into
account, the differences between the incidences of
mammary tumor according to the age groups in
both species were significant (x*°=20.19, p=0.0002 in
dogs; x*=20.91, p=0.0001 in cats). However, when
early age group (0-3 years) was excluded, this diffe-
rence was insignificant in dogs (x°=0.97, p=0.62)
but was significant in cats (x*=10.18, p=0.006).

Table 1. Distribution of dogs and cats with mammary tumors according to the age groups.

Age Groups (years)

DOGS (with tumors)

n: 221 0-3 4-7 8-11 12-15 UN Total Mean Age
Number of dogs with mammary tumors 3 25 29 22 4 83 9.06+0.36
Percent (%) 3.61 30.12 34.94 26.50 4.82 37.55 -
CATS (with tumors)

n: 75

Number of cats with mammary tumors - 2 14 6 1 23 10.68+056
Percent (%) - 8.69 60.87 26.08 434 30.66 -

UN: Their age is unknown
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The distribution of canine and feline malignant
and benign mammary tumors according to the age
groups and their breeds is presented in Table 2.
In dogs, 64 (77.10%) of 83 mammary tumors were
malignant and 19 (22.90%) were benign; in cats, 18
(78.26%) of 23 mammary tumors were malignant and
5 (21.74%) were benign. The malignant mammary
tumors were observed much more frequently than
benign tumors in both species and this difference
was statistically significant (x2=24.40, p<0.0001 in
dogs; x2=7.35, p<0.0067 in cats). The average ages
of dogs with benign and malignant mammary tu-
mors were 7.94+0.80 and 9.41+0.39 years, respec-
tively. The average ages of cats with benign and
malignant mammary tumors were 9.60+0.98 and
11.00£0.66 years, respectively. However, no statis-
tically significant relationship between the average
ages of dogs or cats with benign and malignant
mammary tumors was found (p>0.05). Twenty-five
(30.12%) dogs and 10 (43.48%) cats with malignant
mammary tumors were in the age group of 8 to 11
years. Eight (9.64%) dogs and 4 (17.39%) cats with
benign mammary tumors were in the age groups of
4 to 7 years and 8 to 11 years, respectively (Table 2).
No statistically significant difference was also found
between the incidences of benign and malignant

mammary tumors according to the age groups in
both species (x2=5.54, p=0.14 in dogs; x2=2.88,
p=0.24 in cats).

As seen in Table 2, dog breeds such as Belgian
Malinois, German shorthaired Pointer, Siberian Husky,
English Pointer, Rottweiler, Shih Tzu, Chow Chow
with one malignant or benign tumor were represen-
ted under Others. The difference between the inci-
dences of mammary tumor according to the breeds
in both species was statistically significant (p<0.05).
Terrier (28 cases) in dogs (x*=103.33, p=0.000) and
mixed breed (14 cases) in cats (x?=16.33, p=0.0003)
were the most frequently affected breeds by mam-
mary tumors. Malignant mammary tumors were
more common in the Terriers (34.37%), followed by
the Cocker Spaniels (9.37%) and German Shepherds
(9.37%). The incidence of malignant mammary tu-
mors in the Terriers showed an increase with age.
The highest incidence of malignant mammary tu-
mors in cats was found in the mixed breed (72.22%),
followed by Siamese cats with 16.67% (Table 2).
However, whereas no statistical association between
the incidences of benign and malignant mammary
tumors according to the breeds in dogs was found
(x3=10.25, p=0.59), the differences between these
variables in cats were significant (x2=8.60, p=0.014).

Table 2. Distribution of dogs and cats with malignant and bening mammary tumors according to the age groups and their breeds

AGE GROUPS (YEARS)

MALIGNANT BENIGN
Percent Percent Overall Overall
Breeds 0-3 4-7 8-11 12-15 UN Total % 0-3 4-7 8-11 12-15 UN Total % Total Pe(r(;;nt
DOGS
German Shepherd - 3 2 1 6 9.37 0 0 6 7.23
Cocker Spaniel - 3 3 6 9.37 4 1 5 26.32 1 13.25
Golden Retriever 1 3 4 6.25 1 - 1 2 10.53 6 7.23
Labrador = = 2 2 3.13 0 0 2 2.41
Kangal dog - - 3 3 4.68 0 0 3 3.61
Terrier - 4 8 8 2 22 3437 2 2 2 6 31.58 28 33.74
Collie - - - 1 1 1.56 1 1 5.26 2 241
Poodle - - 1 1 2 3.13 1 1 5.26 3 3.61
Doberman - 1 1 2 3.13 0 0 2 2.41
English Setter = 2 2 3.13 0 0 2 241
German Pinscher - 1 1 2 3.13 0 0 2 241
Others = 2 2 1 5 7.81 2 1 3 15.79 8 9.64
Mixed breed - - 1 1 - 2 3.13 1 1 5.26 3 3.61
UN* 1 1 1 2 5 7.81 0 0 5 6.03
Total 1 17 25 17 4 64 100 2 8 4 5 19 100 83 100
Percent (%) 1.20 20.48 30.12 20.48 4.82 77.10 241 9.64 482 6.03 22.90 100
Mean Ages 3 6+ 9.5+ 13.05% 9.41% 3 5.68+ 8.75+ 12.90* 7.94%
0.30 0.22 0.26 0.39 021 0.25 0.40 0.80
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AGE GROUPS (YEARS)
MALIGNANT BENIGN

Percent Percent Overall Overall
Breeds 0-3 4-7 8-11 12-15 UN Total % 0-3 4-7 8-11 12-15 UN Total % Total Pe(r;;nt
CATS
Siamese - 1 1 1 - 3 16.67 - - - - - 0 0 3 13.04
Persian = = = = = 0 0 = = 1 = = 1 20 1 435
Mixed breed - - 8 5 - 13 72.22 - - 1 - - 1 20 14 60.87
UN* - - 1 - 1 2 11.11 - 1 2 - - 3 60 5 21.74
Total - 1 10 6 1 18 100 - 1 4 - - 5 100 23 100
Percent (%) - 435 43.48 26.08 4.35 78.26 - 435 17.39 - - 21.74 100
MeamAges - 5 o3 oz - ose -6 om oo

UN*: Their breed is unknown UN: Their age is unknown

When the types of mammary tumors are his-
topathologically evaluated, 51.56% of malignant
mammary tumors in dogs were mixed type carci-
noma (Figure 3A), 10.94% were tubulopapillary car-
cinoma and 10.94% were complex carcinoma. The
most frequently encountered benign mammary tu-
mors were benign mixed tumor (47.37%) (Figure 3B)
and complex adenoma (26.32%) (Table 3). Whereas

no significant difference between the incidences
of benign mammary tumor types according to the
breeds in both species was found (p>0.05), the
differences between the incidences of malignant
mammary tumor types were statistically significant
(p<0.05). Mixed type carcinoma in dogs (x*= 93,
p=0.000) and tubular carcinoma in cats (x>= 16.66,
p=0.005) were the most frequently observed malig-
nant mammary tumors (Table 3, 4).

Table 3. Histological classification and distribution of canine mammary tumors according to the breeds

TUMOR TYPES DOG BREEDS

. Cocker German Turkish Golden Mixed Percent
MALIGNANT MAMMARY TUMORS Terrier Spaniel Shepherd Kzr;%al Retriever Poodle breed *Others UN Total %
Tubular carcinoma = 1 1 = = = = 1 = 3 4.69
Tubulopapillary carcinoma 1 1 - 1 1 - 1 2 - 7 10.94
Cystic-papillary carcinoma - - - - - 1 - 1 1 3 4.69
Solid carcinoma 1 - - 2 1 - - - 1 5 7.81
Complex carcinoma 3 - - - - 1 - 3 - 7 10.94
Mixed type carcinoma 15 4 4 - 2 - 1 4 3 33 51.56
Intraductal papillary carcinoma - - - - - - - 1 - 1 1.56
(CG;CI:S:Z?&C;T(ZCI mammary tumor) 2 ) ! ) ) ) ) 2 ) > 781
Total 22 6 6 3 4 2 2 14 5 64 100
Percent (%) 3437 9.38 9.38 4.69 6.25 312 312 2188 7.81 100
BENING MAMMARY TUMORS
Simple adenoma 1 - - - - - - 1 - 2 10.52
Intraductal papillary adenoma 1 - - - 1 - - 1 - 3 15.79
Complex adenoma 2 3 - - - - - - - 5 26.32
Benign mixed tumor 2 2 = = 1 1 1 2 = 9 4737
Total 6 5 - - 2 1 1 4 - 19 100
Percent (%) 31.58 26.32 - - 10.52 526 5.26 21.06 - 100

UN: Their breed is unknown

*Others include the dog breeds such as Labrador, Collie, Doberman, English Setter, German Pinscher with one or two malignant and

benign mammary tumors.
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Figure 3. Hematoxylin and eosin (HE) staining of canine mammary tissues. Bars=100 pym. A. Mixed type
carcinoma. Atypical epithelial cells arranged in irregular tubules (white arrows) with proliferating spindle-
shaped myoepithelial cells (black arrow) and focus of chondroid differentiation which exhibit no atypia
(asterisk). B. Bening mixed tumor. Mammary alveoli with hyperplastic epithelium and eosinophilic secretion
(arrows) and chondroid focus (asterisk).

Mixed type carcinoma was frequently observed
in the Terriers (15 cases) and to a lesser extent in the
Cocker Spaniels (4 cases) and German Shepherds (4
cases). Complex adenoma was mostly seen in the
Cocker Spaniels (3 cases) (Table 3). In cats, tubular

carcinoma was mostly encountered in mixed breed
cats (5 cases) (Figure 4A) and the less frequently in
Siamese cats (3 cases). Simple adenoma constituted
the majority (60%, 3 cases) of benign mammary tu-
mors in cats (Table 4) (Figure 4B).

Table 4. Histological classification and distribution of feline mammary tumors according to the breeds.

TUMOR TYPES CAT BREEDS

MALIGNANT MAMMARY TUMORS Siamese Persian Mixed breed UN Total Percent %
Tubular carcinoma 3 = 5 1 9 50
Tubulopapillary carcinoma - - 1 - 1 5.56
Cystic -papillary carcinoma - - - 1 1 5.56
Solid carcinoma - - 4 - 4 22.22
Comedocarcinoma - - 2 - 2 11.11
Mucinous carcinoma - - 1 - 1 5.56
Total 3 - 13 2 18 100
Percent (%) 16.67 - 72.22 11.11 100

BENING MAMMARY TUMORS

Simple adenoma 1 1 1 3 60
Intraductal papillary adenoma - - - 1 1 20
Ductal adenoma - - - 1 1 20
Total - 1 1 3 5 100
Percent (%) - 20 20 60 100

UN: Their breed is unknown
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Figure 4. Hematoxylin and eosin (HE) staining of feline mammary tissues. Bars=100 pm. A. Tubular carci-
noma. Atypical epithelial cells with tubular arrangement (arrows). B. Simple adenoma. The islands of uni-
form neoplastic cells consisting of cuboidal to columnar epithelial cells with basally located nuclei (asterisk).

Discussion and Conclusion

Retrospective epidemiological studies on neoplas-
tic diseases represent both an important source of
information by analyzing tumor behaviour over a
particular time period and also a useful approach
in determining the risk factors and prognostic cri-
teria, based on clinical and histopathological fea-
tures (Salas et al., 2015). In this retrospective study,
data covering a 14-year period between January
2009 and December 2022 was evaluated by com-
paring it with data from many similar studies (Vural
and Aydin 2001; Zatloukal et al., 2005; Sontas et al,,
2009; Dhami et al., 2010; Shida et al., 2010; Salas et
al., 2015; Andrade et al,, 2017; Pastor et al., 2018;
Kuruca et al., 2019; Viana et al.,, 2019; Tunc¢ and Vural
2024).

Mammary tumors are one of the most common
tumors of female dogs (Mitchell et al., 1974; Salas
et al., 2015; Andrade et al., 2017; Pastor et al., 2018)
and constitute 41.75% of all tumors seen in female
dogs (Dorn et al., 1968a). It is much less common in
males and has been reported at varying rates from
0.2to 4.3 % (Dorn et al., 1968b; Moulton et al., 1970;
Mitchell et al., 1974; MacVean et al, 1978; Vural
and Aydin 2001; Vascellari et al., 2009; Nunes et al.,
2018). In the present study, whereas the incidence
(37.55%) of canine mammary tumors determined
through the retrospective data analysis in izmir
province was below the incidence rates of 39.87%,
54 % and 60.37% reported from some countries
such as Gujarat, Western India (Dhami et al., 2010),
Italy (Vascellari et al., 2016) and Spain (Pastor et al.,
2018), respectively, it was higher than the incidence
rates reported from different provinces of Turkiye
(Ertlrk et al., 1971; Vural and Aydin 2001; Erer and
Kiran 1993; Gllcubuk and Gurel 2003; Kuruca et al.,

2019) and from some other countries (Mitchell et
al, 1974; Bhaiyat et al., 2013; Salas et al,, 2015; Viana
et al, 2019). It has been suggested that the territo-
rial/regional differences in the incidence of mam-
mary tumors may be due to various factors such as
the population distribution of certain breeds with a
predisposition to mammary tumors, the prolonged
time between tumor onset and clinical evaluation,
the exposure of dogs to different environmental
pollutants and failure to implement reproductive
control measures such as neutering of female dogs
at a young age (<2 years) (Pérez Alenza et al., 2000;
Sorenmo et al., 2000; Sontas et al., 2009; Andrade
et al, 2010; Dhami et al., 2010; Salas et al.,, 2015;
Andrade et al., 2017; Nunes et al., 2018).

Mammary tumors in cats are reported as the
third most frequently diagnosed tumors after he-
matopoietic system and skin tumors (Dorn et al.,
1968a; Hayes and Mooney 1985) and account for
17.1% of all neoplasms in female cats (Dorn et al,
1968a). However, there are also some studies in
which mammary tumors are seen the first (Glilgubuk
et al., 2005) or second after skin tumors (Aydin et
al., 2008; Vascellari et al., 2009; Shida et al., 2010).
In Tarkiye, retrospective studies evaluating different
tumor types and mammary tumors in cats are much
less compared to dogs (Ertirk et al.,, 1971; Kokluslu
and Akkayan 1972; Gulcubuk et al., 2005; Aydin et
al., 2008). In cats, mammary tumors are mostly ma-
lignant and show a lower incidence compared to
dogs (Munson and Moresco 2007). In male cats, the
incidence of mammary tumors has been reported to
vary from 1.1% (Vascellari et al., 2009) to less than 1
% (Hayes et al., 1981). Contrary to some studies that
the lower incidence rates of mammary tumors in
cats are reported (Dorn et al.,, 1968a; MacVean et al.,
1978; Aydin et al., 2008; Vascellari et al., 2009; Shida
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et al.,, 2010), the frequency of mammary tumors in
female cats in this study was 30.66% of all feline tu-
mors. Consistent with the literature, the incidence
(30.66%) of mammary tumors in cats was lower than
that (37.55%) of dogs and the majority (78.26%) of
them were malignant as in dogs.

The age-specific incidence for mammary tu-
mors in dogs shows a marked increase between 6
and 10-11 years of age and decreases after 11 years
of age with a shortening of life expectancy in dog.
Mammary tumors are rarely seen in dogs younger
than 2 years of age (Dorn et al., 1968b; Moulton et
al, 1970). In the present study, the age of dogs with
mammary tumors varied from 3 to 15 years, with an
average of 9.06+0.36 years. The incidence of mam-
mary tumors increased with age and the highest in-
cidence was detected in the age group of 8 to 11
years (34.94%, n=29). Our finding is compatible with
the findings of many studies that mammary tumors
were the most often diagnosed in dogs between
8 and 12 years of age, with an average of 9 to 10
years (Moulton et al,, 1970; MacVean et al., 1978;
Egenvall et al., 2005; Zatloukal et al.,, 2005; Sontas
et al,, 2009; Dhami et al,, 2010; Gupta et al., 2012;
Bhaiyat et al, 2013; Salas et al., 2015; Andrade et
al, 2017; Nunes et al., 2018; Tung and Vural 2024).
Also, the lowest incidence of mammary tumors in
this study was found to be 3.61% in young dogs un-
der 4 years of age. This finding is consistent with
some studies that the incidence rates of 3 to 4.76%
in similar age group were reported (Mitchell et al.,
1974; Dhami et al., 2010; Kuruca et al,, 2019; Tung
and Vural 2024). There were statistically significant
differences between incidences of mammary tumor
according to the age groups in the present study,
compatible with observations of Vascellari et al.
(2016). However, we did not detect a relationship
between the incidences of benign and malignant
mammary tumors according to the age groups. This
finding is consistent with the finding of Salas et al.
(2015).

Mammary tumors have been reported in cats
between the ages of 2.5 and 19 years (mean age of
10.8 years), with an increased incidence rate from 7
to 12 years of age (Weijer et al,, 1972). Also, Dorn
et al. (1968b) have detected the highest tumor in-
cidence in the age group of 10 to 11 years, with a
marked increase after 9 years of age. Karabolovski
et al. (2017) have reported that the mean age of de-
tection of feline mammary tumors was 13.5 years.
Unlike this finding, the mean age of 23 cats with
mammary tumors in our study was 10.68+0.56
years. This is similar to those reported in some

earlier studies (Weijer et al., 1972; Amorim et al,
2006; Cunha et al., 2017). In addition, as in dogs, the
incidence of mammary tumors in cats also increased
with age. Consistent with previous some studies
(Dorn et al., 1968b; Weijer et al., 1972; Gilgubuk et
al., 2005), the highest incidence rate in cats was de-
termined in the age group of 8-11 years (60.87%,
n=14) in this study.

Purebred dogs have been reported to have
the higher breed predisposition to mammary tu-
mors than mixed breed dogs (Dorn et al., 1968b;
MacVean et al., 1978; Zatloukal et al., 2005; Salas et
al., 2015; Vascellari et al., 2016; Pastor et al., 2018).
Consistent with this evidence, the most frequently
affected dog breeds by mammary tumors in the
present study were Terrier with a statistically signifi-
cant difference (33.74%, 28/83) and Cocker Spaniel
(13.25%, 11/83), as indicated by similar findings
of other some studies in Tirkiye (Vural and Aydin
2001; Bastan and Zonturlu 2002; Kuruca et al., 2019;
Baki Acar and Tung 2022; Tung and Vural 2024). This
observation can be attributed to the breed popu-
larity in and around izmir Province under study, as
reported by Perez Alenza et al. (2000) stating that
breed predisposition can vary due to the different
canine populations used in the studies. Additionally,
the statistical relationship we found between the in-
cidences of canine mammary tumors according to
the breeds is also compatible with similar findings
of Pastor et al. (2018) who detected that breed af-
fects the development of the tumor, and of Salas et
al. (2015) who showed a certain degree of associa-
tion in some breeds.

Domestic shorthair, Persian and Siamese cat
breeds have been suggested to have a high incidence
of mammary tumors (Hayes et al., 1981; Amorim et
al., 2006; Shida et al,, 2010). In the pre-sent study,
mammary tumors were mostly diagnosed in mixed
breed cats (60.87%, 14/23) with a statistically signifi-
cant difference and less frequently in Siamese cats
(13.04%, 3/23). This finding is similar to observa-
tions of other some studies in which mammary tu-
mors were detected more frequently in mixed breed
and Siamese cats (Weijer et al,, 1972; Cunha et al.,
2017; Karabolovski et al., 2017). However, Shida et al.
(2010) have reported that Persian and Siamese cats
have high incidences of mammary tumors with sta-
tistically significant differences. In the present study,
the high incidence of mammary tumors detected in
mixed breed cats can be attributed to the fact that
they constitute the majority of the domestic and
stray cat population in and around izmir Province.
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Many studies in dogs have revealed that per-
centages of malignant mammary tumors were much
higher than benign tumors, with a prevalence var-
ying from 71.2 % to 96.15% (Vural and Aydin 2001;
Oliveira et al,, 2003; Zatloukal et al., 2005; Sontas et
al, 2009; Pawar et al., 2015; Vascellari et al., 2016;
Andrade et al, 2017; Nunes et al.,, 2018; Pastor et
al., 2018; Kuruca et al., 2019; Tunc¢ and Vural 2024).
Similarly, we also detected more frequently canine
malignant mammary tumors (77.10%, 64 cases) than
benign tumors (22.90%, 19 cases). It has been re-
ported that the high frequency of malignant mam-
mary tumors in dogs may be associated with the cri-
teria for histological evaluation of mammary tumors
or the prolonged time between the onset of the
tumor and clinical evaluation leading to the prog-
ression from benign to malignant tumors (Perez
Alenza et al., 2000; Sorenmo et al., 2009; Andrade et
al., 2017; Nunes et al.,, 2018). In addition, advanced
age is accepted as an important risk factor in the
formation of malignant tumors (Zatloukal et al.,
2005; Sorenmo et al., 2009; Vascellari et al., 2016;
Pastor et al.,, 2018). In the present study, the mean
ages of dogs with malignant and benign mammary
tumors were 9.41+0.39 and 7.94+0.80 years, res-
pectively (Table 2). This finding is consistent with the
finding of Sorenmo et al. (2009) who reported that
the average ages of dogs with malignant and be-
nign mammary tumors were 9.5 and 8.5 years, res-
pectively and also supports many studies (Moulton
et al., 1970; Sontas et al., 2009; Vascellari et al., 2016;
Nunes et al., 2018) suggesting that benign mam-
mary tumors occur 1 to 2 years earlier than malig-
nant tumors. However, in contrast to some researc-
hers (Sorenmo et al., 2009; Vascellari et al., 2016)
who reported statistically significant differences,
we did not find a significant difference between the
average ages of dogs with benign and malignant
mammary tumors, similar to the finding of Sontas
et al. (2009).

Approximately 86-95% of mammary tumors
in cats have been reported to be malignant (Hahn
and Adams 1997; Gllcubuk et al., 2005; Amorim et
al., 2006; Karabolovski et al., 2017). In the present
study, the incidence of feline malignant mammary
tumors was slightly lower (78.26%) than the repor-
ted percentages. The statistical difference we found
between the incidences of benign and malignant
mammary tumors according to the breeds in cats
may be due to the absence of malignant mammary
tumors in Persian cats.

Carcinomas and mixed tumors are the most
commonly detected mammary tumors in dogs

(Mitchell et al., 1974; Vural and Aydin 2001; Oliveira
et al., 2003; Salas et al,, 2015; Andrade et al., 2017;
Nunes et al.,, 2018; Kuruca et al,, 2019; Viana et al.,
2019). Since benign mixed mammary tumors are
composed of bening epithelial, myoepithelial and
mesenchymal cells that can undergo malignant
transformation, they often cause carcinomas and
less frequently carcinosarcomas and sarcomas in
mixed tumors (Cassali et al., 2012). Similarly, in the
present study, mixed type carcinoma was the most
frequently diagnosed malignant mammary tumor
in dogs with a rate of 51.56% (33 cases). This was
followed by tubulopapillar carcinoma (10.94%),
complex carcinoma (10.94%) and to a lesser extent
by other types of carcinomas. Benign mixed tumors
and less often adenomas are the most common di-
agnosed benign mammary tumors in dogs (Mitchell
et al,, 1974, Vural and Aydin 2001; Salas et al., 2015;
Nunes et al.,, 2018; Kuruca et al,, 2019; Viana et al.,
2019). Consistently, we also defined benign mixed
tumors and various types of adenomas in dogs,
with the percentages of 47.37% and totally 52.63%,
res-pectively. However, in this study, the percentage
of benign mixed tumors was lower than the per-
cen-tages reported by some researchers in Tirkiye
(Vural and Aydin 2001; Kuruca et al,, 2019). The ten-
dency of Terrier dogs to malignant mammary tu-
mors (Mitchell et al., 1974; Vascellari et al., 2016) and
of Cocker Spanial dogs to adenomas (Mitchell et al.,
1974) has been previously reported. Similarly, in the
present study, malignant mammary tumors were
mostly observed in Terriers, as reported by Kuruca
et al. (2019) and Tung and Vural (2024), and showed
a higher incidence between 8 and 15 years of age.
Mixed type carcinoma was detected in 68.18% of
the Terrier dogs with malignant mammary tumors,
unlike Kuruca et al. (2019) who reported that comp-
lex carcinoma and carcinosarcoma are seen more
often in Terriers. Complex adenoma was also mostly
found in Cocker Spaniels (3 cases).

In cats, the most frequently diagnosed malig-
nant and benign mammary tumors have been re-
ported as carcinomas/adenocarcinomas (Kokluslu
and Akkayan 1972; Gulcubuk et al, 2005; Amorim
et al., 2006; Shida et al.,, 2010; Karabolovski et al.,
2017) and adenomas (Giilgubuk et al., 2005; Shida
et al,, 2010; Karabolovski et al., 2017), respectively.
In compatible with these studies, tubular carcinoma
(50%) and various types of adenomas (100%) cons-
tituted the majority of feline malignant and benign
mammary tumors diagnosed in the present study,
respectively. Carcinomas were observed mostly in
mixed breed and less often in Siamese cats (Table
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4), contrary to the findings of Hayes et al. (1981)
who reported that carcinomas are seen 2 times
more frequent in Siamese cats than other breeds.
However, the Siamese breed was the only cat breed
with malignant mammary tumor at 5 years of age in
our study.

In conclusion, the present study has revealed
that mammary tumors were one of the most fre-
quently diagnosed tumors in female dogs and cats
in izmir province. The most commonly affected
breeds by mammary tumors were Terrier in dogs
and mixed breed in cats. Malignant mammary tu-
mors were observed much more often than benign
tumors. For this reason, it is of great importance to
raise awareness about mammary health and the
early diagnosis of mammary tumors among pet
owners. It is thought that this study will contribute
to the literature by providing data on canine and
feline mammary tumors.
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