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This study aimed to characterize the prevalence and clinical, macroscopic and histopathological
aspects of dogs affected by testicular tumors based on biopsy specimens from the Laboratério
de Patologia Veterindria of the Universidade Federal de Santa Maria (LPV-UFSM) over 19 years.
Parameters regarding the age, size, and breed of the affected dogs were also established.
Of all dogs with some type of neoplasm submitted to histopathological analysis at the LPV
over these 19 years (n=1,900), 213 (11.2%) had at least one testicular neoplasm. The tissues
of 190 dogs (with 220 neoplasms) were available for histological reassessment. The dogs
in this study had different types of testicular tumors with relatively similar frequencies.
In descending order, the most frequent testicular neoplasms were seminomas (88/220),
Leydig (interstitial) cell tumor (LCT; 64/220), Sertoli cell tumor (SCT; 61/220), and mixed
germ cell-sex cord stromal tumor (MGSCT) (07/220). Among the dogs of defined breed
(119 cases), large breeds had the largest number of cases (50/119), followed by small
(47/119) and medium-sized (22/119) breeds. The ages of dogs affected by testicular tumors
ranged from 10 months to 18 years. Increased testicular volume was the most common
clinical manifestation. Eleven dogs presented information about clinical signs suggestive of
hyperestrogenism syndrome (feminization). In seminomas, the diffuse pattern predominated
over the intratubular pattern. Two sites (luminal and basal compartments) suggestive of the
onset of neoplastic transformations in germ cells were observed in intratubular seminomas.
They corroborate the hypothesis that canine seminomas possibly have pathogenesis similar
to that observed in human spermatocytic seminomas. The SCTs and LCTs presented high
cell morphology variation. SCTs had neoplastic cells organized in five different histological
arrangements. As for LCT, solid-diffuse and cystic-vascular histological patterns were the
most commonly observed. Through this study, it was possible to establish some of the leading
clinical, macroscopic, and histopathological aspects of testicular neoplasms diagnosed over
19 years in the area covered by the LPV-UFSM.

INDEX TERMS: Testicular tumors, dogs, clinics, macroscopy, histopathology, testicular neoplasms,
clinical aspects, morphology.
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RESUMO.- [Neoplasmas testiculares em 190 cies: aspectos
clinicos, macroscopicos e histopatolégicos.] Este estudo
teve por objetivo caracterizar a prevaléncia, aspectos clinicos,
macroscopicos e histopatolégicos dos caes acometidos por
neoplasmas testiculares, a partir dos espécimes de biépsias
do Laboratério de Patologia Veterinaria da Universidade
Federal de Santa Maria (LPV-UFSM) em 19 anos. Parametros
quanto a idade, porte, raca dos cdes acometidos também foram
estabelecidos. De todos os caes com algum tipo de neoplasma
submetido a analise histopatolégica no LPV nesses 19 anos
(n=1.900), 213 (11,2%) tinham ao menos um neoplasma
testicular. Os tecidos de 190 cies (com 220 neoplasmas)
estavam disponiveis para reavaliacdo histolégica. Os caes
deste estudo apresentaram diferentes tipos de neoplasmas
testiculares com frequéncias relativamente semelhantes.
Em ordem decrescente, os neoplasmas testiculares mais
frequentes foram: seminomas (88/220), leydigomas (64/220),
sertoliomas (61/220) e o tumor misto de células germinativas
e do estroma do cordao sexual (MGSCT; 07/220). Dentre
os caes com rac¢a definida (119 casos), as racas de grande
porte tiveram o maior nimero de casos (50/119), seguido
das ragas de pequeno (47/119) e médio porte (22/119).
As idades dos cides acometidos por neoplasmas testiculares
variaram de 10 meses a 18 anos. Aumento de volume testicular
foi a manifestagdo clinica mais comum. Onze caes tinham
informagdes sobre sinais clinicos sugestivos da sindrome da
feminilizagdo. Nos seminomas, houve o predominio do padrao
difuso sobre o intratubular. Dois locais (compartimentos
luminal e basal) sugestivos de inicio das transformacdes
neoplasicas nas células germinativas foram observados nos
seminomas intratubulares, corroborando com a hipétese de
que os seminomas caninos possivelmente tem patogénese
semelhante a observada nos seminomas espermatociticos
humanos. Sertoliomas e leydigomas foram neoplasmas com
alta variacdo na morfologia celular. Os sertoliomas tinham
células neoplasicas dispostas em cinco arranjos histolégicos
distintos. Quanto aos leydigomas, os padrdes histolégicos
sélido-difuso e cistico-vascular foram os mais comumente
observados. Através deste estudo foi possivel estabelecer
alguns dos principais aspectos clinicos, macroscopicos e
histopatol6gicos dos neoplasmas testiculares diagnosticados
em 19 anos na area de abrangéncia do LPV-UFSM.

TERMOS DE INDEXACAO: Tumores testiculares, cies, clinica,
macroscopia, histopatologia, caninos, neoplasmas testiculares,
aspectos clinicos, morfologia.

INTRODUCTION

Epidemiological studies point to testicular neoplasms as
the most common tumors of the genital tract of male dogs
(Cotchin 1960, Hayes & Pendergrass, 1976, Sapierzynski et
al. 2007). In these studies, the most commonly diagnosed
neoplasm types were germ cell (seminomas) and sex cord
stromal (Sertoli cell and Leydig cell) tumors. The most
relevant associated clinical aspects include expansive growth
with marked distension of the affected testicles and clinical
syndromes. Some authors point to cryptorchidism as a risk
factor for these neoplasms (Hayes & Pendergrass 1976,
Madewell 1981, Hayes et al. 1985, Yates et al. 2003, Ortega-
Pacheco et al. 2006). However, other described factors less
provenly associated include breed predisposition, inguinal
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hernias, and action of therapeutic agents and herbicides
(Hayes et al. 1985, 1990, Kesley et al. 1998).

The histopathological patterns of these neoplasms
have long been known (Nielsen & Lein 1974, Maclachlan
& Kennedy 2002); however, some tumors are infrequent,
difficult to diagnose, and have poorly described histological
peculiarities (Patnaik & Mostofi 1993, Reis-Filho etal. 2004).
Thus, retrospective studies including the reevaluation of cases
can be useful in establishing prevalence in dogs, characterizing
factors associated with the occurrence of these tumors, and
describing unusual histological peculiarities that may present
diagnostic relevance in understanding the pathogenesis of
testicular neoplasms. The present study aimed to characterize
the breeds, breed sizes and ages of the affected dogs, as well
as prevalence and clinical, macroscopic and histopathological
aspects of canine testicular neoplasms through a retrospective
survey of the biopsy protocols of the Laboratdrio de Patologia
Veterindria of the Universidade Federal de Santa Maria (LPV-
UFSM) in 19 years (2000-2018).

MATERIALS AND METHODS

Data on the breeds, ages, and clinical signs of the affected dogs
and on the gross aspects of the neoplasms were obtained from the
report files of the LPV-UFSM over 19 years (2000-2018). These data
were accessed from biopsy specimens of male dogs received by the
laboratory during this period. Of the total cases, dogs with testicular
neoplasms were counted, as well as the total number of neoplasms
diagnosed in different organs in these dogs.

Breeds were grouped according to size: small (breeds up to
10kg), medium-sized (between 11-20kg) and large (over 20kg).
Giant breeds were included in the last category (adapted from
Folge 2009). Dogs of defined breed size were divided into four age
groups (young, adults, seniors, and geriatric), shown in Table 1. Due
to lack of information on weight in the biopsy protocols, mixed-
breed dogs with no established breed size were not grouped in the
size categories previously described. Consequently, they were not
subdivided into age groups.

As for clinical manifestations, dogs with a history of increased
testicular or scrotal volume, pain on palpation, cryptorchidism, inguinal
hernias, and occurrence of clinical syndromes (feminization) were
counted. The gross aspects were reviewed based on presentation of
the neoplasms (nodules or masses), in the distribution (single/focal
or multiple/multifocal neoplasms), and regarding consistency, color,
and secondary aspects (presence of hemorrhage, necrosis, and cysts).
The concepts of nodule and mass were adapted as already described
(Gould etal. 2007). Tumors <3.0cm in diameter were considered as
nodules, whereas those >3.0cm were considered as masses.

For histopathological reassessment, new slides of previously
diagnosed testicular neoplasms were prepared. The tissue samples
were cut into 3.0 pm sections, stained with hematoxylin and eosin
(HE), reassessed, and reclassified according to the histological

Table 1. Distribution of dogs of defined breed according to

age group

Breed size Young Adults Seniors Geriatric
Small 1-3 years 4-8 years 9-13 years >13 years
Medium 1-2 years 3-8 years 9-11 years >11 years
Large 1-2 years 3-5 years 6-9 years >9 years

Adapted from Folge (2009) and Gardner (2017).
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classification of genital tract tumors in domestic animals of the
World Health Organization (WHO) (Kennedy et al. 1998). When
applicable, tumors with morphological peculiarities suggestive of
specific types were assessed by histochemical techniques in order
to improve the analysis of these aspects.

RESULTS

Prevalence of affected dogs and frequency of testicular
neoplasms

During the study period (2000-2018), 3,323 cases of biopsies
in male dogs were recorded. Of these dogs submitted to biopsies,
1,900 had one or more neoplasm diagnoses, accounting for
2,118 neoplasms in different organs. The prevalence of dogs
with testicular neoplasms was 213/1,900 cases, corresponding
to 11.2% of all dogs affected by neoplasms. Of these 213
dogs, 190 had paraffin blocks available for histopathological
reassessment. Considering that these 190 dogs had more than
one testicular neoplasm, 220 neoplasms were diagnosed. In
descending order, the most common testicular neoplasms
in the diagnostic routine were seminomas (88/220, 40%),
Leydig cell tumors (LCT; 64/220, 29.1%), Sertoli cell tumors
(SCT;61/220,27.7%), and mixed germ cell-sex cord stromal
tumors (MGSCT; 07/220, 3.2%).

More than one type of testicular neoplasm was diagnosed
in 30 of the 190 dogs (15.8%). Sixteen had different neoplasms
confined to the same testis. In 10 dogs, both testicles were
affected. In the other four cases, different tumors affected
both testicles. The most common combination of neoplasms
was seminoma and LCT, observed in 16 dogs, followed by
seminoma and SCT (12/190), and SCT and LCT (2/190).

Breed and age characterization

Of the 190 reassessed cases, 119 dogs were distributed
in 25 breeds, 60/190 were mixed-breed, and information on
breed was not obtained in 11/190. Large breeds accounted
for the largest number of cases (50/119), followed by small
(47/119) and medium-sized (22/119) breeds. In descending
order, the most affected breeds were Poodle (22/119), Cocker
Spaniel (16/119), Boxer (12/119), German Shepherd (11/119),
Pinscher (09/119), Dachshund (7/119), Labrador Retriever
(7/119), Collie (5/119), and Yorkshire Terrier (4/119).

Age of the 190 dogs affected by testicular neoplasms ranged
from 10 months to 18 years. Among the dogs of defined breed
size, seniors and geriatric accounted for most cases, while a
smaller proportion were adult and young animals (Fig.1).
Only small dogs had neoplasms distributed throughout the
four age groups. In this category, senior dogs were the most
affected. In medium-sized breeds, most tumors were observed
in the age group >8 years, including senior and geriatric dogs.
Among large dogs, the geriatric group was the most affected,
and presented a significant number of cases compared with
those of other age groups. Figure 2 shows the number of
dogs affected by testicular neoplasms in the four age groups
according to the three categories of breed size. In 7/190 dogs,
including three defined breed dogs, information about age
was not available. Mean age by tumor type was 10.8 years
for seminomas (range from 10 months to 15 years), 10.6
years for SCT (4 to 18 years), 11.2 for LCT (2 to 17 years),
and 12.4 years for MGSCT (6 to 15 years). In dogs diagnosed
with more than one type of neoplasm, the mean age was 10.5
years (range from 5 to 15 years).

Clinical aspects

Increased testicular volume was the most common clinical
manifestation, reported in 92 (48.4%) of the 190 dogs.
Increased scrotal volume (thickening of the skin) and pain
on palpation were reported in 14/190 (7.4%) and 6/190
(3-2%) cases, respectively. In eleven dogs (5.8%), information
in the biopsy protocols showed manifestation of clinical signs
suggestive of feminization (hyperestrogenism syndrome). Of
these, 4/11 had gynecomastia and 4/11 developed skin lesions
characterized by alopecia, thickening and hyperpigmentation,
being generally bilaterally symmetrical in the regions of the
abdomen, thorax, and limbs. In the other 3/11, both changes
previously described (gynecomastia and skin lesions) were
reported. SCT were diagnosed in 7/11 dogs, three were
affected by seminoma-SCT combination, and one had MGSCT.

Fifty-one (23.2%) of the 220 neoplasms were observed
in 43 (22.6%) cryptorchid dogs. Seminoma was the most
frequent tumor among cryptorchid dogs (15/43), followed
by SCT with 13 /43 cases. A smaller proportion of dogs with
cryptorchidism had combinations of neoplasms (8/43), as
well as LCT (4/43) and MGSCT (3/43). Table 2 shows the
location of the ectopic testicles according to neoplasm type.
Hernias were reported in three dogs, with two perineal cases
and one inguinoscrotal case.

Testicular neoplasms in the four age groups
70

60
50
40
30
20

10

Young Adults Seniors Geriatric

Fig.1. Distribution of testicular neoplasms in the four age groups.

Relation between age and breed size

¥ Young M Adults Seniors M Geriatric

NUMBER OF DOGS

10
5 J
0

Small-sized

Medium-sized Large-sized

Fig.2. Dogs affected by testicular neoplasms in the four age groups
according to the three breed size categories.
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Table 2. Location of cryptorchidic testicles by type of

neoplasm
3;;1221; Inguinal_ Abdominzjll Uninformed Number of
combination cryptorchid cryptorchid dogs
Seminoma 4 3 8 15
SCT 4 - 9 13
LCT 2 2 * 4
MGSCT 2 - 1 3
Sem-SCT 2 - 5 7
Sem-LCT 1 * * 1
TOTAL 15 5 23 43

- Missing information; * without occurrence; SCT = Sertoli cell tumor; LCT
= Leydig cell tumor; Sem-SCT = Seminoma-SCT combination, Sem-LCT =
Seminoma-LCT combination, MGSCT = mixed germ cell-sex cord stromal
tumor.

Macroscopic and histopathological aspects

Macroscopic and histopathological aspects are described
according to decreasing sequence in dogs affected by a single
type of neoplasm (n=160).

Seminomas (n=60)

Most neoplasms (18/60) occurred as masses that were
5.0 to 10.0cm long, soft or firm, reddish-white, with areas
of hemorrhage and, sometimes, completely obliterating the
testicular parenchyma (Fig.3). Single or multiple nodules
corresponded to 16/60 of the neoplasm cases, ranged from
0.4 to 3.0cm in length, and were generally soft, white or yellow,
with areas of hemorrhage. In 9/60 dogs, no gross changes
were found, and the neoplasms were diagnosed histologically.
Fourteen of the 60 seminomas presented an intratubular pattern,
41/60 were diffuse, and both patterns were observed in 5/60
cases. Diffuse tumors were composed of sheets of neoplastic
germ cells delineated by scarce fibrovascular stroma (Fig.4).
The cells were round or polygonal and had moderate and
eosinophilic cytoplasm. Their nuclei had vesicular or finely
dotted chromatin and conspicuous nucleoli. Mitoses were
frequent. Perivascular lymphocyte infiltrates, individual cell
necrosis, and macrophages with vacuolated cytoplasm were
common findings in diffuse seminomas.

As for intratubular seminomas, most tumors completely
obliterated the lumens of the seminiferous tubules. However,
in some cases, it was possible to detect two sites suggestive of
neoplastic transformations. In the first and most common, the
tumor cells were located in the center (luminal compartment)
of the seminiferous tubules and were generally peripherally
delineated by germ cells (round spermatids, spermatocytes, and
spermatogonia) and stromal cells (Sertoli), with no evidence
of neoplastic transformations (Fig.5). In the second pattern
oflocalization of possible neoplastic transformations, one or
two layers of neoplastic cells were observed in juxtaposition
to the basement membrane (basal compartment). They had
no remnants of germ or stromal components in the tubular
lumen (Fig.6). Neoplastic cells with a syncytial aspect were
an uncommon finding in some intratubular seminomas
(Fig.7). These were fused, had more than ten nuclei, and
were juxtaposed to the basement membrane. Six of the 60
seminomas were malignant. Infiltration of neoplastic cells
into the lumen of blood and lymphatic vessels was observed
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Fig.3. Seminoma. Testicular parenchyma obliterated by a white, soft
mass with small areas of hemorrhage.

> x)

Fig.4. Diffuse seminoma. Marked anisocytosis, anisocariosis, and a
high mitotic index were a marked aspect in diffuse seminoma.
HE, obj.40x.

Fig.5. Intra
of seminiferous tubules (asterisks), outlined by germinal
epithelium with no evidence of neoplastic transformations
(insert). HE, obj.20x.




Testicular tumors in 190 dogs: clinical, macroscopic and histopathological aspects 529

in 3/60 dogs. Three of the 60 dogs had metastases to regional
lymph nodes and infiltration of adjacent testicular structures
(tunica albuginea and epididymis).

Sertoli cell tumors (SCT, n=47)

Most SCT (16/47) occurred as nodules. These were 0.4 to
3.0 cm in diameter. In most cases they were firm and white.
The larger neoplasms (n=12) usually formed single masses
ranging from 4.0 to 11 cm in length (Fig.8). When cut, they were
firm or soft and had a white, multilobed, friable cut surface
with areas of hemorrhage. Presence of cystic formations was a
relatively frequent finding, regardless of the gross presentation
and size of SCTs. These formations were single or multiple
and filled with brown gelatinous content or blood.

Under microscopy, 24/47 sertoliomas had an intratubular
pattern, 9/47 presented a diffuse pattern, and both patterns
were observed in 14/47 cases. Among the neoplasms
reassessed in this survey, SCTs presented the most significant
heterogeneity regarding cell pleomorphism. Moderate to

. 3k q;. i

Fig.6. Intratubular seminoma. Germ cells juxtaposed to the basement
membrane (arrowhead), with no stromal cell remnants (Sertoli)
in the tubular lumen. HE, obj.20x.

Fig.8. Sertoli cell tumor. White, firm mass, partially obliterating
the testicular parenchyma. Cystic formation filled with brown
gelatinous content is observed adjacent to the neoplastic mass.

severe desmoplastic reaction and hyalinization of seminiferous
tubules were striking and characteristic aspects in the vast
majority of SCTs. Presence of central areas of necrosis outlined
by neoplastic Sertoli cells was another characteristic finding,
especially in higher cell density proliferations. Neoplastic cells
were organized in five distinct histological arrangements and
some tumors presented more than one cellular arrangement
attimes. The five histological arrangements observed in SCTs
are as follows:

a) Small cell tumors, usually polyhedral, with little distinct
cell boundaries, and small, hyperchromatic nuclei. In
this arrangement, SCTs had expansive growth, with
distention and rupture of the tubular membrane, as
well as areas of hemorrhage and necrosis contiguous
with the neoplastic formations (Fig.9);

b) SCTs with neoplastic cells grouped in tubules of
different sizes, sometimes with disruption of the

Fig.7. Intratubular seminoma. Seminiferous tubule obliterated by
neoplastic germ cells. Syncytial cell juxtaposed to the basal

membrane (arrowhead). HE, obj.40x.

A, Bl S

Fig.9. Diffuse Sertoli cell tumor. Neoplastic cells with expansive growth
and rupture of the tubular basement membrane. HE, obj.10x.

Pesq. Vet. Bras. 40(7):525-535, July 2020
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basement membrane. The cells had scarce cytoplasm, hypochromatic chromatin. In this arrangement, the
indistinct boundaries, and round nuclei with sparse tumors presented expansive growth, few tubule
and hypochromatic chromatin (Fig.10). Hemorrhage remnants, and a moderate desmoplastic reaction. Cells
and necrosis of Sertoli and germ cells in the center of oriented in juxtaposition to the basement membrane
these formations were frequent, especially in larger were observed in some cases;

proliferations;

e) Neoplasms comprising vacuolated cells, with scarce
eosinophilic cytoplasm, and generally intratubular
pattern, with nuclei flattened by the compression of
the vacuoles (Fig.13). In this arrangement, the tumors
had a mild to moderate desmoplastic reaction. No
malignant SCTs were observed.

c) Neoplasms with columnar cells of indistinct cell boundaries,
slightly vacuolated, with nuclei in different positions
were observed in palisades and free in the lumens of
the tubules (Fig.11). In this arrangement, cells were
confined to tubules of different sizes, sometimes with
disruption of the basement membrane;

d) SCTs with entirely fusiform cells had abundant eosinophilic =~ Leydig cell tumors (LCTs, n=46)
cytoplasm and moderately distinct cell limits (Fig.12). Most tumors (32/46) were described as nodules, single
Their nuclei were spindle-shaped with sparse and  ormultiple, 0.4 to 2.5cm in diameter, soft, yellowish-white or

B &

Fig.10. Intratubular and diffuse Sertoli cell tumor. Tubules of different Fig.11. Intratubular Sertoli cell tumor. Columnar cells with nuclei
sizes obliterated by neoplastic Sertoli cells, with rupture of the in different positions arranged in palisades, confined to tubules
tubular basement membrane. HE, obj.20x. of different sizes. HE, obj.20x.

NSRS %?‘3\ RROTLY RN M

: & o A &

Fig.12. Diffuse Sertoli cell tumor. Entirely fusiform cell tumor. Fig.13. Intratubular Sertoli cell tumor. Neoplastic cells with intensel
Expansive growth neoplasm with moderate desmoplastic vacuolated cytoplasm confined to tubules of different sizes. HE,
reaction. HE, obj.20x. 0bj.20x.

Pesq. Vet. Bras. 40(7):525-535, July 2020
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red, well delimited, and sometimes with areas of hemorrhage
(Fig.14). Three LCTs formed masses ranging from 3.0 to
10cm in length, with moderate to marked obliteration of the
testicular parenchyma.

Under microscopy, the solid-diffuse and cystic-vascular
patterns were the most commonly found, with 13/46 and
12/46 cases, respectively (Fig.15). Only one dog presented
a pseudoadenomatous pattern (Fig.16). In the other 20/46
animals, two or more histological patterns were observed
simultaneously. Most tumors presented solid-diffuse and cystic-
vascular patterns, while a smaller proportion was formed by
one of these patterns together with the pseudoadenomatous
pattern.

Morphology of the neoplastic interstitial cells was
somewhat variable. However, most tumors had polygonal
cells, with eosinophilic cytoplasm, finely vacuolated, and
round nuclei with condensed and hyperchromatic chromatin.
Some neoplasms had cells with macrovacuoles that flattened

Fig.14. Leydig cell tumor. Well defined, reddish-white, soft nodule
with little distortion of the testicular parenchyma.

, . . T \‘ £
Fig.16. Pseudoadenomatous Leydig cell tumor. Neoplastic interstitial

cells arranged in lobes, surrounding spaces filled with amorphous
and eosinophilic fluid (arrowhead). HE, obj.20x.

A e Xt y V.‘\f\\. 0\

and displaced the nuclei peripherally, as well as cells devoid
of vacuoles, usually large, polyhedral, or columnar. A high
proportion of the tumors were encapsulated and had scarce
fibrovascular stroma. Accumulations of hematoidin and
palisade-oriented columnar cell nests surrounding blood
vessels were also relatively frequent findings. One LCT of this
survey was malignant. In this case, the neoplasm obliterated
the testicular parenchyma and had a high mitotic index,
pleomorphism, and areas of necrosis. Multiple skin and other
organs metastases were observed.

Mixed germ cell-sex cord stromal tumors (MGSCT, n=7)

The gross presentation of the MGSCTs varied between
nodules and masses. They were single or multiple, firm, and
white, 2.0 to 9.0cm in length, and sometimes obliterating the
testicular parenchyma (Fig.17). Microscopically, a variable
degree of neoplastic germ cells interposed or surrounded
by neoplastic Sertoli cells was the most characteristic

¢

Fig.15. Cystic-vascular Leydig cell tumor. Neoplastic interstitial cells
surrounding spaces filled with erythrocytes (arrowhead). HE,
0bj.20x.

Fig.17. Mixed germ cell-sex cord stromal tumor. Focal, white, soft
nodule in the center of the testicular parenchyma.

Pesq. Vet. Bras. 40(7):525-535, July 2020
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finding in MGSCTs (Fig.18). Tubular hyalinization, moderate
desmoplastic reaction, and predominance of one of the
cellular components were also frequent findings. In 5/7
cases, Sertoli cells were more abundant, while 2/7 cases had
predominance of germ cells. In the germinative component,
the cells were round or polygonal, with scarce, eosinophilic
cytoplasm, and presented vesicular nuclei or finely dotted
and hyperchromatic chromatin. Sertoli cells were generally
fusiform, with eosinophilic cytoplasm, and oval or columnar
nuclei. Mitoses were infrequent and more common in the germ
component. In two cases, circular spaces with homogeneous,
amorphous, hyaline and eosinophilic material, strongly positive
to Periodic Acid-Schiff (PAS) staining, surrounded by Sertoli
cells (Call-Exner bodies) were observed in the neoplastic
formations (Fig.19). In a dog affected by malignant MGSCT,
infiltration of neoplastic germ cells was observed in the lumen
of blood and lymphatic vessels.

s RN S i v ¢ v
Sl g B L

-0,
‘e

N oR R

(CORSE. S St e R T Y ==

Fig.18. Mixed germ cell-sex cord stromal tumor. Neoplastic germ
cells (arrowhead) interposed by neoplastic Sertoli cells (arrow).

HE, obj.40x.

Fig.19.‘M-ixed germ cell-sex cord stromal tum(;r. Call-Exnér bodies
(arrowhead and insert) intensely stained in pink. Periodic Acid-
Schiff (PAS), obj.10x.

Pesq. Vet. Bras. 40(7):525-535, July 2020

DISCUSSION

The present study reviewed 220 (10.4%) testicular tumors
diagnosed among 2,118 neoplasms of male dogs. Corroborating
the findings of other authors (Sapierzynski et al. 2007, Liao
etal. 2009), seminomas were the most frequent neoplasms,
followed by approximate proportions between LCTs and
SCTs. In a study conducted in Slovenia, 206 (10.4%) testicular
tumors were diagnosed in a total of 1,975 neoplasms affecting
male dogs; seminoma was the most frequent, while MGSCT
was observed in a small number of dogs (Svara et al. 2014),
similarly to what was observed in the present survey.
However, in other studies, tumors originating from stromal
elements (SCTs and/or LCTs) have been more commonly
diagnosed than those from germ cells (seminomas) (Hayes
& Pendergrass 1976, Grieco et al. 2008, Argenta et al. 2016).
It is worth mentioning that LCTs were the most frequently
observed neoplasms in a research addressing this theme
based on dog necropsies carried out in Brazil (Santos et
al. 2000). Unlike what is observed in humans, where most
testicular tumors originate from the germ component (Bosl &
Motzer 1997), studies conducted with dogs show variations
in the frequency of different testicular neoplasms. Possible
factors that would influence this variation include the origin
of the samples (necropsies and/or biopsies), whether they
include only clinical cases or also derived from castration (for
convenience) samples, among other non-established factors.

This study allowed characterizing the 190 cases and
showed that the vast majority of dogs were of defined breed
(distributed in 25 breeds) and that large breeds had the most
significant number of neoplasms, followed by small and
medium-sized breeds. Geriatric dogs were the most affected
among dogs of defined breed, followed by a high proportion
of seniors. These results are only demonstrative of the group
of 190 analyzed dogs, thus not allowing inference about the
overall predisposition of the canine population. Some studies
have described specific breeds (within small and large ones)
as being at high risk for testicular neoplasms (Liao etal. 2009,
Nodtvedtetal. 2010). The literature also points out that elderly
dogs are prone to the development of degenerative changes
in the seminiferous tubules and testicular neoplasms (James
& Heywood 1979, Lowseth et al. 1990, Santos et al. 2000).

SCT was the most frequent neoplasm, among the dogs of
this study, presenting clinical signs of hyperestrogenism These
findings corroborate those described by other authors, who
reported that in 25 to 50% of the dogs affected by SCTs, this
syndrome was characterized by symmetrical non-pruritic
alopecia, hyperpigmentation, gynecomastia, galactorrhea,
pendulous prepuce, and attractiveness to other male dogs (Siegel
etal. 1967, Sanperaetal. 2002, Paepe et al. 2016). In one study,
65 of 318 dogs (20%) with testicular neoplasms developed
clinical signs of hormonal dysfunction (hyperestrogenism)
(Cotchin 1960). It is important to note that dogs affected by
the seminoma-SCT combination or by MGSCTs also manifested
hyperestrogenism syndrome (feminization) in this survey,
though less frequently.

Cryptorchid dogs can be up to 14.3 times more likely to
develop testicular neoplasms (Ortega-Pacheco et al. 2006).
More than half of the diagnosed testicular neoplasms (52/96,
54.2%) were observed in 45 dogs with cryptorchidism (Liao
et al. 2009). These results differ from those found in the
present study, in which just under a quarter (51/220, 23.2%)
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of the neoplasms occurred in 43 cryptorchid dogs. Smaller
proportions of testicular neoplasms in cryptorchid dogs have
also been observed by other authors (Hayes & Pendergrass
1976).Seminomas and SCTs were the most frequent neoplasms
in the 43 cryptorchid dogs assessed, corroborating some
previous reports (Hayes et al. 1985, Argenta etal. 2016). The
gross characteristics observed in the seminomas of this study
were similar to those described in the literature (Agnew &
Maclachlan 2017).

Among dogs with seminoma, most were affected by
seminomas of diffuse pattern. Conversely, studies have shown
that intratubular seminomas correspond to most diagnosed
seminomas (Dow 1962, Svara et al. 2014). A possible reason
for this difference may lie in the type of samples analyzed
(biopsy specimens and/or necropsy cases). In one of these
studies (Dow 1962), many tumors had no visible lesions
during necropsy, being only diagnosed under microscopy:.

Two seminoma entities in humans (classic and
spermatocytic) are recognized based on their histogenesis
(Mostofi & Sesterhenn 2004, Bahrami et al. 2007). In dogs,
histomorphological and immunohistochemical studies show
that most canine seminomas have pathogenesis similar to
that of human spermatocytic seminomas (Bush et al. 2011,
Thorvaldsen et al. 2012). Corroborating this hypothesis, in
this study, it was possible to suggest two probable sites of
neoplastic transformations based on the detailed morphological
evaluation of intratubular seminomas. In these cases, most
of the neoplastic transformations were observed in the
center of the seminiferous tubules, originating from more
differentiated germ cells, mainly spermatids. Some tumors
had a layer of neoplastic cells juxtaposed to the basement
membrane. In these cases, it was impossible to infer whether
the neoplastic transformations originate from spermatogonia
or atypical germ cells equivalent to the carcinoma in situ
cells, as demonstrated by other authors (Grieco et al. 2007).

Forty-seven dogs were affected only by SCTs. High
heterogeneity in cell morphology and arrangement was
a frequent finding in the SCTs assessed here, regardless
of the histopathological pattern (intratubular or diffuse).
However, the literature presents few in-depth studies on
the histological peculiarities of this neoplasm to allow its
subclassification according to these cellular characteristics
(Cotchin 1960, Dow 1962). Comparative studies between
histomorphological characteristics such as those described
here and immunohistochemical markers could be useful
determining possible prognostic relevance according to the
different cell types and arrangements observed in these
neoplasms.

The reassessment of the LCTs in this study showed that
the histological patterns (solid-diffuse, cystic-vascular, and
pseudoadenomatous) recommended by the WHO (Kennedy et
al. 1998) are frequently observed, and that these tumors also
have some heterogeneity in cell morphology. Corroborating
these findings, other authors (Cotchin 1960, Dow 1962)
have observed that the cellular arrangement of some LCTs
may be similar, and even confused, with those observed in
SCTs. Therefore, it is crucial to bear in mind the possible
variation in cell morphology and its different histological
patterns, since unusual cases can be misdiagnosed. Although
some immunohistochemical panels are being used to
assist with diagnosing testicular neoplasms, the absence of

specific immunomarkers for LCTs (Owston & Ramos-Vara
2007) reinforces the importance of detailed morphological
observation for the diagnostic accuracy of this neoplasm.
In the present study, the solid-diffuse and cystic-vascular
patterns were the most frequently observed, followed by a
few pseudoadenomatous pattern cases. Malignant forms of
LCTs have been rarely described in the literature, and are the
subject of recent publications (Togni et al. 2015, Canadas et
al. 2016, Kudo et al. 2019) that highlight the occurrence of
metastasis, including multiple skin metastases (Canadas et
al. 2016, Kudo et al. 2019). The only malignant LCT in this
survey was reported in another publication (Nascimento et
al. 2019).

Seven dogs were diagnosed with MGSCT in this study.
Corroborating the findings by other authors, who showed
that, in general, this neoplasm is uncommon in retrospective
studies of canine testicular tumors (Patnaik & Mostofi 1993,
Svara et al. 2014). According to Kennedy et al. 1998, it is not
known whether this neoplasm is, in fact, rare or sufficiently
analyzed to be diagnosed. Only one study described some
histological criteria indicative of malignancy, characterized
by infiltration of germ cells in adjacent testicular structures
(Patnaik & Mostofi 1993). Some studies have used several
cellular markers in the immunohistochemical characterization
of these tumors. This technique has proved to be an excellent
tool in diagnosing MGSCT because of its high diagnostic
complexity (Owston & Ramos-Vara 2007, Ramos-Vara &
Miller 2009, Banco etal. 2015). In the dogs reassessed in this
survey, this neoplasm was characterized by varying degrees
of association between neoplastic germ cells and Sertoli cells,
which makes them real diagnostic challenges.

CONCLUSIONS

Through this study, it was possible to establish the
prevalence (11.2%) of dogs affected by testicular neoplasms
in the region covered by the LPV-UFSM, the profile of these
dogs regarding breed, breed size and age, and the prevalence
(10.4 %) of testicular neoplasms among the other neoplasms
affecting male dogs.

Increased testicular volume was the primary clinical sign
observed and the frequency of affected cryptorchid dogs was
relatively low (23.2%).

Prevalence of different histological subtypes was established,
and it was observed that malignancy characteristics were
uncommon. Seminoma was the most frequently found tumor
subtype, which had unusual predominance of the diffuse pattern
over the intratubular pattern. Characteristics suggestive of
transformation sites of neoplastic germ cells in intratubular
seminomas were also observed, corroborating the hypothesis
that canine seminomas possibly present pathogenesis similar
to that of human spermatocytic seminomas.

LCTs and, mainly, SCTs were neoplasms with high cell
morphology variation, emphasizing the importance of knowing
their histomorphological variations, especially in cases with
histological arrangements similar to those of these two
tumors. MGSCT was an uncommon neoplasm, noting that its
morphology is difficult to diagnose and that this neoplasm
is characterized by varying degrees of association between
neoplastic germ cells and Sertoli cells.
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