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Lymphoma is a neoplasm that originates from solid hematopoietic tissues and is one of the
most common tumors in dogs. The goal of the present study was to perform a retrospective
study of canine lymphomas diagnosed at the “Laboratério Regional de Diagnéstico”, at
the “Faculdade de Veterinaria” of the “Universidade Federal de Pelotas” (LRD-UFPel)
from 2000 to 2017, to determine the epidemiology and anatomical distribution, and to
evaluate the histopathological and immunohistochemical aspects of each case according to
the adapted Kiel classification. The protocols for necropsies and biopsies in the laboratory
were reviewed. Lymphoma was diagnosed in 77 dogs. Approximately 37.7% (29/77) of
affected dogs had no defined breed, while dogs with defined breeds accounted for 58.4%
(45/77) of the diagnoses. The occurrence in males (40/77) was slightly higher than that
in females (36/77), and the mean age was 8.1 years (1.4-17 years). The most affected age
group was between six and 10 years of age with 31 cases (40.2%). Regarding the anatomical
classification, the multicentric form was the most prevalent, accounting for 71.4% (55/77)
of the diagnoses. In 40 cases that immunophenotyping was performed, B-cell lymphomas
represented 62.5% of the diagnoses (25/40), while T-cell lymphomas corresponded to 37.5% of
the diagnoses (15/40). The degree of malignancy according to the modified Kiel classification
was low in 35% of lymphomas (14 /40) and high in 65% of cases (26/40). The multicentric
form was more frequent in the region of influence of the LRD-UFPel. Identification of the
immunophenotype can improve the quality of life and survival in affected dogs since it allows
the most appropriate treatment for each patient.

INDEX TERMS: Canine, lymphomas, diagnosis, southern Brazil, epidemiology, immunophenotype,
immunophenotyping.
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Sul do Rio Grande do Sul de 2000 a 2017: epidemiologia
e imunofendtipo.] O linfoma é uma neoplasia com origem
nos tecidos hematopoiéticos sélidos e é um dos tumores mais
frequentes em caes. O objetivo do presente trabalho foi efetuar
um estudo retrospectivo dos linfomas caninos recebidos no
Laboratdrio Regional de Diagnoéstico, da Faculdade de Veterinaria
da Universidade Federal de Pelotas (LRD-UFPel) de 2000 a 2017,
determinando a epidemiologia e a distribuicdo anatémica, bem
como os aspectos histopatolégicos e imuno-histoquimicos de


https://orcid.org/0000-0003-2470-4785

Canine lymphomas diagnosed in southern Brazil from 2000 to 2017: epidemiology and immunophenotype 493

cada caso de acordo com a classificagdo de Kiel adaptada. Foram
revisados os protocolos de necropsias e biépsias recebidos no
laboratdrio identificando-se 77 casos de cies com diagndstico
de linfoma. A doenca afetou cdes sem racga definida em 37,7%
(29/77) dos casos, enquanto os caes com ragas definidas
tiveram 58,4% (45/77) dos diagndsticos. A ocorréncia em
machos (40/77) foi discretamente maior do que em fémeas
(36/77) e aidade média foi de 8,1 anos (1,4-17 anos). A faixa
etdria mais acometida foi entre seis e 10 anos de idade com
31 casos (40,2%). Quanto a classificagdo anatdmica a forma
multicéntrica foi a mais prevalente atingindo 71,4% (55/77)
dos diagndsticos. Em 40 casos em que a imunofenotipagem foi
realizada, os linfomas de células B representaram 62,5% dos
casos (25/40), enquanto os linfomas de células T equivaleram
a 37,5% dos diagndsticos (15/40). O grau de malignidade de
acordo com a classificagdo de Kiel modificada foi baixo em
35% dos linfomas (14/40) e alto em 65% dos casos (26/40).
Conclui-se que a forma multicéntrica é mais frequente na
regido de influéncia do LRD-UFPel e que a identificacdo do
imunofenotipo pode melhorar a qualidade de vida e dar
maior sobrevida aos cides afetados uma vez que permite o
tratamento mais adequado para cada caso.

TERMOS DE INDEXACAO: Caninos, linfoma, diagndstico, Rio Grande
do Sul, epidemiologia, imunofendtipo.

INTRODUCTION

Lymphoma, which is also called lymphosarcoma, is a common
hematopoietic neoplasm in dogs and accounts for 7% to 24% of
all canine tumors and up to 83% of hematopoietic neoplasms
in this species (Vail & Young 2007, Vail 2010). The etiology of
lymphoma has been reported to be multifactorial and includes
viral infections, genetic predisposition, and environmental
factors (Cunhaetal. 2011). Human non-Hodgkin’s lymphoma
(NHL) has several characteristics in common with canine
lymphoma and because of this similarity, the schemes used for
morphological classification of human NHL, such as those of
the Kiel and Working Formulation, have been used with success
by several authors to classify canine lymphoma (Moreno &
Bracarense 2007, Suzano et al. 2010). Both systems classify
lymphoma according to the degree of malignancy, and the World
Health Organization (WHO) classifies lymphoma anatomically
according to its origin as multicentric, mediastinal or thymic,
alimentary, cutaneous and extranodal, of which multicentric
lymphoma is the most common presentation (Owen 1980).

The large amount of tumor biology information in different
neoplastic types in each species requires careful diagnosis
and encompasses cellular and molecular characteristics that
go beyond the definition of malignancy (Ramos-Vara et al.
2008). Immunohistochemistry (IHC) is an important tool for
characterizing neoplastic diseases in humans and has also
become important in veterinary medicine. This technique is
fundamental in routine diagnostics for identifying different
histological types and prognostic factors, directing appropriate
treatment for the affected animals, and identifying patients
with a higher risk of relapse and fatal course of disease
(Capelozzi 2009). In veterinary medicine, there are few
studies on the epidemiological, clinical, morphological and
phenotype characteristics of lymphoma in dogs (Moreno &
Bracarense 2007).

The objective of the present study was to perform a
retrospective study of canine lymphomas diagnosed at the
“Laboratoério Regional de Diagnostico”, of the “Faculdade
de Veterinaria” of the “Universidade Federal de Pelotas”
(LRD-UFPel) from 2000 to 2017, to determine its epidemiology
and anatomical distribution, to describe the histopathological
and immunohistochemical aspects of 40 diagnosed cases
according to the Kiel classification, and to determine the
predominant immunophenotype in dogs in the region of
influence of the LRD-UFPel.

MATERIALS AND METHODS

Records from biopsies and necropsies performed from 2000 to 2017
by the LRD-UFPel were reviewed. Epidemiological information (breed,
sex and age), histological descriptions and anatomical locations of
the tumors were retrieved. The dogs were grouped by age, as follows:
1) up to two years, 2) from two to five years, 3) older than five years
but younger than 10 years, and 4) older than 10 years (Cunha etal.
2011). Regarding the size of the breed, the dogs were divided into
giantor large breeds, medium breeds and small breeds. To perform the
anatomical classification, the criteria proposed by the World Health
Organization (OMS) were used. In addition, 40 cases were selected
and histologically reassessed and classified according to the modified
Kiel system (Suzano et al. 2010) and were immunophenotypically
characterized using immunohistochemical technique. For the detection
of immunophenotype B, anti-CD79a antibody (CD79A Protein, Mouse,
Recombinant - ECD, Fc Tag - BIOCARE MEDICAL) was used at a
dilution of 1:100, and for T-immunophenotype, anti-CD3 antibody
(Rabbit Monoclonal, EP41 - 1gG BIOCARE MEDICAL) was used at a
dilution of 1:100 in 7.2% PBS solution. Histological sections 3-um
thick were mounted on charged slides, were deparaffinized and
rehydrated in a xylol and alcohol battery. For endogenous peroxidase
blocking, 10% hydrogen peroxide solution diluted in methanol was
added for 20 minutes at room temperature. Antigen retrieval for
anti-CD79a was performed using TRIS solution after microwaving
for 15 minutes, and for anti-CD3 antigen retrieval, proteinase K was
used for 15 minutes at room temperature. Blocking of nonspecific
reactions (background) was performed with 5% skim milk diluted
in 7.2% PBS for 25 minutes. The sections were covered with the
solution containing the antibody and incubated in a humid chamber
for 18 hours (overnight) at 4°C. The sections were incubated with
MACH 4 Mouse Probe for 15 minutes at 33°C and then incubated with
MACH 4 HRPPolymer for 30 minutes at 35°C, both of which were
purchased from BIOCARE MEDICAL (MACH 4 Universal HPR-Polymer
Detection System). The chromogen associated detection system
(DAB) was applied for approximately 40 seconds. The slides were
then sheared with Harris hematoxylin for approximately 15 seconds,
washed in distilled water and dehydrated in increasing alcohol
gradations, clarified in xylol and mounted with Entellan. For the
negative control, 7.2% nonimmune PBS was used instead of the
primary antibody, and as a positive control, unchanged swine tonsils
were used. The slides were evaluated under an optical microscope
and classified as positive or negative.

RESULTS

From 2000 to 2017, 77 cases of canine lymphoma were
diagnosed in the LRD: 38 in biopsies/organs and 39 in
necropsies. Thirty-one (40.2%) dogs were 5 to 10 years-old;
18 (23.4%) were older than 10 years; 17 (22.1%) were
2 to 5 years-old; and 2 (2.6%) were aged less than 2 years.
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The mean age of the affected dogs was eight years and one
month. In nine protocols, the age was not reported. Regarding
the sex of dogs affected by the disease, 40 cases (52%) were
observed in males, and 36 cases (47%) were observed in
females; in one case, the sex of the animal was not reported.
Out of 77 cases, 45 occurred in dogs with a defined breed,
and 29 occurred in dogs with an undefined breed. In three
cases, the breed was not recorded in the protocols. Out of the
45 dogs with a defined breed, 22 (48.9%) were giant or large
breeds, 14 (31.1%) were medium-sized breeds, and 9 (20%)
were small breeds. Regarding the anatomic classification, the
multicentric presentation was observed in 55 cases (71.4%),
followed by the alimentary form in nine cases (11.7%), the
cutaneous form in seven cases (9.1%), and extranodal disease
in six cases (7.8%).

Out of the 40 cases of canine lymphoma selected for
immunophenotyping, 21 were from necropsies, and 19 were
from biopsies. The course of the disease from the first clinical
signs until death or euthanasia was recorded in the protocols
of 13 necropsies. Out of these 13 cases, 10 were positive for
B cells, eight were multicentric, one was alimentary and one
extranodal, and the course varied from three days to three
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Fig.1. Lymphoma in dog. (A) Lymphocytic lymphoma. Small cells, with small rounded nuclei, dense chromatin and scarce cytoplasm.
HE, obj.20x. (B) Centrocytic lymphoma. Small cells with scarce cytoplasm, with small and irregular nuclei, loose to dense chromatin.
HE, 0bj.20x. (C) Centrocytic-centroblastic lymphoma. Two distinct cell groups, small cells similar to the centrocytic type and large

cells similar to the centroblastic type. HE, obj.20x. (D) Centroblastic lymphoma. Large cells with slightly basophilic cytoplasm, ranging
from scarce to abundant. Rounded nuclei, loose chromatin, with multiple medium size peripheral nucleoli, and mitoses. HE, obj.20x.
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years; in the dog with extranodal lymphoma, the disease
duration was three days. Of the three cases that were positive
for T cells, all were multicentric, and the course of disease
ranged from two weeks to six months. In two biopsies that
were sent to the LRD-UFPel and were both positive for B
cells and multicentric, the survival of the affected dog in one
case was two years and eight months, and in the other was
four weeks. In the patient with the longer disease course,
the dog was treated with the protocol indicated for the
disease (a combination of cyclophosphamide, vincristine and
prednisone for four weeks and maintenance with lomustine
for five months). The patient with the duration of disease of
one month was not treated.

Forty cases of lymphoma were diffuse, and the number of
cases and the histological characteristics (Fig.1A-D), according
to the Kiel criteria are presented in Table 1. The degree of
malignancy according to the modified Kiel classification was low
in 35% of lymphomas (14/40) and high in 65% of lymphomas
(26/40). According to the results of immunohistochemistry,
B-cell lymphomas represented 62.5% of the cases (25/40),
while T-cell lymphomas corresponded to 37.5% of the cases
(15/40). Table 2 shows the frequency of the cell types observed
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in each case of lymphoma according to the Kiel classification,
as well as the immunophenotype of each tumor.

Regarding the anatomical classification of the 40 selected
cases, the multicentric form occurred in 65% (26/40) of dogs
with a history of generalized lymphadenopathy; 17 were
diagnosed at necropsy, and nine were diagnosed by biopsies.
Eighteen dogs were positive for B cells, and eight were

positive for T cells. The cutaneous form occurred in 12.5%
(5/40) of the dogs, and all of them were positive for T cells;
the alimentary form occurred in 12.5% (5/40) of the dogs,
and all of them were positive for B cells; and the extranodal
form occurred in 10% (4/40) of the dogs, with two dogs being
positive for B cells (Fig.1A) and two dogs being positive for
T cells (Table 2, Fig.2B).

Table 1. Number of cases and histological characteristics of the lymphomas observed according to the criteria of the
modified Kiel system

Modified Kiel system Number of cases

Histological characteristics

Low grade of malignancy

Small cells, with small rounded nuclei, dense chromatin and scarce cytoplasm.
Small cells with scarce cytoplasm, with small and irregular nuclei, loose to dense chromatin, and

Lymphocytic 2
Centrocitic 4

nucleolus present or absent.
Centrocitic-centroblastic 8

centroblastic type.
High degree of malignancy

Two distinct cell groups, small cells similar to the centrocytic type and large cells similar to the

Large cells with slightly basophilic cytoplasm, ranging from scarce to abundant. Rounded nuclei,

loose chromatin, with multiple medium size peripheral nucleoli, and mitoses.

Cells of medium to large cytoplasm, ranging from abundant to sparse, round to oval nucleus,

vesicular chromatin and prominent and central nucleolus, and the many mitotic figures.

Centroblastics 9
Immunoblastic 9
Lymphoblastic 3
Anaplasic 5

Fonte: Suzano et al. 2010

Rounded, small to medium-sized cells with scanty cytoplasm, with a clear alo around cells,
rounded nuclei, dense chromatin and mitotic figures.

Large and pleomorphic cells with slightly basophilic cytoplasm, large, rounded and irregular
nuclei, loose chromatin and mitotic figures.

Table 2. Histological and immunuhistochemical classification of 40 cases of canine lymphomas, age, sex and
anatomical location

Lymphoma subtypes classification Number of  Average age Sex Anatomical location
cases (years) M F Mt Al Ct Ex
B Cell lymphoma 25
Low grade of malignancy 10
Lymphocytic 1 1 1 1
Centrocytic 2 9.5 2 2
Centrocytic-centroblastic 7 7.9 6 1 5 2
High degree of malignancy 15
Centroblastic 4 7.7 2 2 4
Immunoblastic 6 10.2 2 4 3 3
Lymphoblastic 1 7 1 1
Anaplasic 4 7.3 1 3 3 1
T Cell lymphoma 15
Low grade of malignancy 4
Lymphocytic 1 6 1 1
Centrocytic 2 8.5 1 1 1 1
Centrocitic-centroblastic 1 9 1 1
High degree of malignancy 11
Centroblastic 5 7 2 4 1
Immunoblastic 3 7.7 2 3
Lymphoblastic 2 13 1 1 1 1
Anaplasic 1 2.5 1 1
TOTAL 40 20 20 26 5 5 4

M = male, F = female, Mt = multicentric, Al = alimentary, Ct = cutaneous, Ex = extranodal.
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Fig.2. Lymphoma in dog. (A) Immunoblastic lymphoma positive for anti-CD79a antibody (B cell). IHC, obj.20x. (B) Centrocytic-centroblastic

lymphoma positive for anti-CD3 antibody (T-cell). IHC, obj.20x.

DISCUSSION

In the present study, 29 dogs with lymphoma had no defined
breed, and 48 patients were of various breeds, with Rottweilers
being the most affected dog breed. In other reports, it has
been shown that breeds, such as Rottweilers, Boxers, German
Shepherds, Cocker Spaniels and Poodles, develop lymphoma
more frequently than other dog breeds (Cardoso etal. 2003,
Moreno & Bracarense 2007, Cunha etal. 2011). If we consider
the individual breed, the incidence of lymphoma in dogs with
an undefined breed was much higher than in those with defined
breeds. It is estimated that in the municipality of Pelotas,
where most of the dogs in this study came from, that there
are approximately 66,700 dogs, of which approximately 80%
have no defined breed or are crossbred (Prefeitura Municipal
de Pelotas 2012). This could justify the large number of cases
in undefined breed dogs.

It was observed that sex apparently does not interfere
with the occurrence of lymphoma, which has also been
mentioned by other authors (Cunha et al. 2011), although
there have been reports of a predisposition to lymphoma
in males (Fighera et al. 2006, Moreno & Bracarense 2007,
Gavazza et al. 2009).

The mean age of dogs affected by lymphoma was eight
years, and the highest prevalence of the disease occurred in
middle-aged dogs. In a similar study, in the central region of
Rio Grande do Sul, the authors observed a tendency to develop
lymphoma in elderly animals (Fighera et al. 2006). On the
other hand, in a study conducted in the North of Paranj, the
age group of dogs most frequently affected by the disease
was between two and five years of age (Moreno & Bracarense
2007). This age group was also the most affected in a study
carried outin the United States (Teske 1994). These differences
suggest that there is no age pattern for the occurrence of
lymphomas in dogs; however, animals less than 24 months
of age are rarely affected.

According to the anatomical classification, the multicentric
form was the most frequently diagnosed, accounting for
71.4% of the cases. In other studies, it has been demonstrated

Pesq. Vet. Bras. 39(7):492-498, July 2019

that the multicentric form is the most frequent form, with
percentages higher than 80% (Teske 1994, Ponce etal. 2010,
Neuwald etal. 2014). The high degree of malignancy observed
in mostlymphomas (65%) in this study has also been observed
by other authors (Teske et al. 1994, Fournel-Fleury et al.
2002, Suzano et al. 2010, Ponce et al. 2010). These findings
demonstrate that the behavior of lymphoma with respect to
its anatomical location and malignant potential are similar
regardless of the region of the study. On the other hand, in
terms of the cellular origin, there appears to be a regional
or geographical influence that interferes with the cell types
of canine lymphoma (Teske et al. 1994, Fournel-Fleury et al.
2002). In the present study, most of the diagnosed lymphomas
were B-cell lymphomas (62.5%), and in a similar study carried
outin Sao Paulo, the most frequent type was T-cell lymphoma,
which accounted for 60.2% of cases (De Moura et al. 2001).
These differences may be related to geographical differences.
In phenotype studies performed in man, it has been shown
that in European countries and the United States, the most
frequent phenotype is the B-cell phenotype, with the T-cell
phenotype occurring in only 12% of cases. In Japan, this
percentage increases to 50% (Fournel-Fleury et al. 2002).
Geographic differences may influence the immunophenotype
of lymphomas in man, which can be extrapolated to dogs
(Fournel-Fleury et al. 2002). However, in the State of Sao
Paulo, in a study of the immunophenotypes of lymphomas
in humans, a predominance of B-cell lymphoma was found
(Gouveia et al. 2011), whereas in a study in dogs, also in Sao
Paulo, T-cell lymphoma was predominant. Ponce et al. (2010)
observed 35.4% of T-cell lymphomas in dogs and suggested
that this percentage may be related to the greater number of
skin biopsies performed, all with a T-cellimmunophenotype.
In the present study, out of seven skin samples with a diagnosis
of lymphoma, five were submitted for immunohistochemistry
to determine the immunophenotype, and all originated from
T cells; however, in the LRD case, the skin samples did not
outperform the other materials sent for diagnosis, which ruled
out the influence of anatomical location on the percentage of
T-cell lymphomas in the dogs of this study:.
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In the 13 cases of lymphoma in dogs that were diagnosed
at necropsy, considerable variation was observed in the
duration of the disease, independent of immunophenotype.
During the advanced stage of the disease, regardless of the
immunophenotype, the course of disease is rapid (Machicote
& Gonzalez 2008). In four cases of multicentric lymphoma that
were positive for B cells, considering that the immunophenotype
that is less aggressive, the evolution was less than one week,
and in one case of multicentric T-cell lymphoma, which is more
aggressive, the observed course of disease was two weeks.
It should be noted that the information on the treatment of
these animals was not available, and treatment should be
considered since it may influence the survival time of the
animals. Lymphomas, although highly heterogeneous, are
considered to be responsive to chemotherapy. However, in dogs,
survival of more than one month is not frequent in untreated
animals (MacEwen 1990). This suggests that these five dogs
were not treated for the disease. In two diagnoses made by
biopsy, in which the protocol provided information on the
survival time of dogs, it was found that one of the dogs that
were treated with chemotherapy survived for two years, and
the other dog that did not undergo chemotherapy survived
for amonth. In a study of 147 dogs with lymphoma, the mean
survival time with complete or partial regression of increases
in lymph node volume was 265 days (MacEwen et al. 1987).
Most likely, the efficiency of chemotherapy is directly associated
with the immunophenotype of lymphoma, which indicates that
detection of immunophenotype by immunohistochemistry, is
necessary considering the maintenance and quality of life of
the pets affected by the disease. The extranodal form is rare in
dogs (Jacobs etal. 2002), and in the present study, three of the
four cases that were submitted forimmunophenotyping were
from biopsies and were be classified as multicentric if other
organs were involved. The incidence of mediastinal lymphoma
has been reported to be low in some studies (Sequeira et al.
1999, Fournel-Fleury et al. 2002) and relatively high in others
(Jacobs etal. 2002, Cardoso et al. 2003). In the present study,
no cases of mediastinal lymphoma were diagnosed.

The determination of the immunophenotype of lymphoma
is of undeniable importance, since it allows detailed diagnosis
and prognosis and directs the choice of a more appropriate
treatment (Horta etal. 2012). In a study by Kiupel et al. (1999)
using the same antibodies from the present study, it was
demonstrated that the determination of the immunophenotype
in dogs with lymphoma was important for the prognosis of
survival, indicating that dogs with B-cell lymphomas, which
are less aggressive, were those with a longer survival time
(Teske et al. 1994). In the present study, the percentage of
tumors with a T-cellimmunophenotype and a high degree of
malignancy based on morphology was greater (73%) than that
oflow malignancy (27%). Apparently, from these results, it is
possible to corroborate the observations made by Teske etal.
(1994), who suggested that T-cell lymphomas always have a
high degree of malignancy, independent of cell morphology.
In addition, cutaneous lymphoma can be considered to be
T-cell lymphoma in origin, and treatments directed to this cell
type should be performed when phenotyping is not possible.

CONCLUSIONS

The results of the present study demonstrated that
canine lymphoma presents mostly immunophenotype B
and is multicentric, considering the region of influence of
the LRD-UFPel.

In cases of cutaneous lymphoma, when it is impossible
to perform the phenotyping, treatment protocols for tumors
originating from T cells, seems to be the most appropriate.
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