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RESUMO.- [Neoplasmas gastrointestinais primários não 
linfoides em cães no Rio Grande do Sul.] Neoplasmas 
gastrointestinais (NGI) são pouco comuns em cães, mas 
possuem principalmente comportamento maligno e prognóstico 
reservado. Os tipos de NGI em cães e sua frequência, bem 
como características epidemiológicas e histopatológicas foram 

analisados por meio de um estudo retrospectivo dos exames 
de biópsias de 24.711 cães entre os anos de 2005 a 2017. 
Adicionalmente, cortes histológicos de NGI foram submetidos à 
técnica de imuno-histoquímica (IHQ), utilizando os anticorpos 
anti-pancitoqueratina, vimentina, actina de músculo liso, 
c-Kit, S-100, CD31, CD79αcy e enolase neurônio específica. 
Do total de cães analisados, 88 corresponderam a NGI não 
linfoides. Os neoplasmas ocorreram com maior frequência em 
cães de raça pura (64,8%, 57/88), machos (53,4%, 47/88), 
com mediana de idade de 10 anos. O intestino foi acometido 
em 84,1% dos casos (74/88). Destes, o intestino grosso foi 
o segmento mais afetado (67,6%, 50/74). A maior parte dos 
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Gastrointestinal neoplasms (GIN) are uncommon in dogs, but they mainly show 
malignant behavior and poor prognosis. The types of GIN in dogs and their frequency, as 
well as their epidemiological and histopathological characteristics were analyzed through a 
retrospective study of biopsies from 24.711 dogs from 2005 to 2017. Additionally, histological 
sections of neoplasms were subjected to immunohistochemistry (IHC) using antibodies 
against pancytokeratin, vimentin, smooth muscle actin, c-Kit, S-100, CD31, CD79αcy, and 
neuron‑specific enolase. Of the total samples from dogs analyzed, 88 corresponded to GIN. 
Neoplasms occurred more frequently in purebred dogs (64.8%, 57/88), males (53.4%, 47/88), 
with a median age of 10 years. The intestine was affected by 84.1% (74/88) of the cases. 
Of these, the large intestine was the most affected (67.6%, 50/74). Most of the neoplasms 
had malignant behavior (88.6%, 78/88). Regarding the classification of neoplasms, 46.6% 
(41/88) of the diagnoses corresponded to epithelial, 46.6% (41/88) were mesenchymal, 
5.7% (5/88) were hematopoietic, and 1.1% (1/88) was neuroendocrine. The most frequently 
diagnosed neoplasms were papillary adenocarcinoma (19.3%, 17/88), leiomyosarcoma 
(17.0%, 15/88), gastrointestinal stromal tumors (GISTs) (12.5%, 11/88), and leiomyoma 
(5.0%, 8/88). Adenocarcinomas were located mainly in the rectum, whereas leiomyosarcomas 
and GISTs developed mainly in the cecum. Epithelial neoplasms showed a greater potential 
for lymphatic invasion whereas mesenchymal neoplasms appeared to be more expansive 
with intratumoral necrosis and hemorrhage. Immunohistochemistry was found to be an 
important diagnostic technique for the identification of infiltrating cells in carcinomas and 
an indispensable technique for the definitive diagnosis of sarcomas.
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neoplasmas tinha comportamento maligno (88,6%, 78/88). 
Quanto à classificação, 46,6% (41/88) dos diagnósticos 
corresponderam a neoplasmas epiteliais, 46,6% (41/88) 
mesenquimais, 5,7% (5/88) hematopoiéticos e 1,1% (1/88), 
neuroendócrino. Os neoplasmas mais frequentemente 
diagnosticados foram adenocarcinoma papilar (19,3%, 
17/88), leiomiossarcoma (17,0%, 15/88), tumor estromal 
gastrointestinal (GIST) (12,5%, 11/88) e leiomioma (12,5%, 
8/88). Adenocarcinomas localizavam-se principalmente no 
reto, enquanto leiomiossarcoma e GISTs desenvolveram-se 
principalmente no ceco. Os neoplasmas epiteliais demonstraram 
um potencial maior de invasão linfática enquanto que os 
mesenquimais aparentaram ser mais expansivos, com necrose 
e hemorragia intratumorais. A imuno-histoquímica mostrou 
ser uma técnica diagnóstica importante para a identificação 
de células neoplásicas infiltravas no caso dos carcinomas e 
uma técnica indispensável para o diagnóstico definitivo de 
sarcomas.
TERMOS DE INDEXAÇÃO: Neoplasmas gastrointestinais, cães, Rio 
Grande do Sul, Brasil, caninos, neoplasma gástrico, neoplasma 
intestinal, histopatologia, imuno-histoquímica.

INTRODUCTION
Gastrointestinal neoplasms (GIN) are uncommon in dogs, 
but show malignant behavior and a poor prognosis in most 
cases (Swann & Holt 2002, Uzal et al. 2016). The stomach 
and intestine have the same basic histological structures 
and therefore exhibit similar primary neoplasms, which 
are classified as epithelial, neuroendocrine, hematopoietic 
mesenchymal, and non-hematopoietic mesenchymal tumors 
(Head et al. 2003).

Although reports of GIN cases and individualized studies of 
each neoplastic type are not uncommon (Patnaik et al. 1978, 
1980a, 1980b, Fonda et al. 1989, La Rock & Ginn 1997, Ozaki et al. 
2002, Paoloni  et  al. 2002, Bettini  et  al. 2003, Cohen  et  al. 
2003, Frost  et  al. 2003, Kupanoff  et  al. 2006, Hayes  et  al. 
2013), retrospective studies combining all neoplastic types 
of the gastrointestinal tract of dogs and address histological 
characteristics and immunohistochemical techniques (IHC) 
are still scarce (Patnaik et al. 1977, Frgelecová et al. 2014). 
Little is known about the epidemiological data, anatomical 
locations of occurrence, and behavior of these neoplasms.

In addition, non-hematopoietic mesenchymal tumors 
have very similar histological characteristics and until 
recently, due to the absence of criteria, there have been 
controversies in defining these neoplasms in veterinary 
medicine (Munday et al. 2017). This results in inconsistent 
classification of these neoplasms as gastrointestinal stromal 
tumors (GISTs), smooth muscle tumors, neural tumors, and 
fibroblast tumors, which have a wide variety of biological 
behaviors (La Rock & Ginn 1997). Human GISTs are currently 
recognized as a distinct tumor entity with neoplastic cells 
originating from the interstitial cells of Cajal and expressing 
c-Kit protein (Kindblom et al. 1998, Miettinen & Lasota 2001). 
The correct definition and identification of GISTs has become 
important after the introduction of Kit-selective tyrosine kinase 
inhibitor imatinib mesylate for the treatment of these tumors 
(Van Oosterom et al. 2001, Demetri et al. 2002). Since then 
studies have reclassified canine gastrointestinal mesenchymal 
neoplasms based on the human classification criteria mainly 
through IHC (Frost et al. 2003, Maas et al. 2007, Hayes et al. 

2013) with the objective of establishing an accurate diagnosis 
and determining a more accurate prognosis and treatment.

This study aimed to determine the frequency and types of 
nonlymphoid GIN in dogs from biopsy specimens diagnosed in 
the Metropolitan Region of Porto Alegre and to describe their 
epidemiological, pathological, and immunohistochemical features.

MATERIALS AND METHODS
From January 2005 to December 2017 the biopsy files of dogs 
were reviewed, and cases with GIN were selected. Epidemiological 
aspects such as breed, age, and sex, as well as anatomical location 
and histopathological characteristics were analyzed and compiled. 
Gastric and intestinal lymphomas were excluded in the present 
study. The cases were mainly from the metropolitan area of Porto 
Alegre, Rio Grande do Sul, Brazil.

The GIN diagnoses of the present study were standardized 
according to the histological criteria established by the World 
Health Organization (Head  et  al. 2003) and the classification 
proposed by Hayes et al. (2013) for nonlymphoid and nonangiogenic 
gastrointestinal sarcomas. The mesenchymal neoplasms that are 
part of the hematopoietic system were separated into a specific 
category of hematopoietic neoplasms.

Additionally, histological sections of neoplasms were subjected to 
histopathological routine tests, stained with hematoxylin and eosin 
(HE), and to immunohistochemistry (IHC); the primary antibodies 
and the protocols used are specified in Table 1. When necessary, 
sections of GIN with mesenchymal origin were subjected to special 
histochemical staining with Masson’s Trichrome (MT) and Red-Congo, 
to identify collagen and amyloid fibers, respectively.

RESULTS
Epidemiological and general morphological aspects

From January 2005 to December 2017, 24.711 canine 
biopsies were processed and evaluated, of which 14.603 had 
diagnoses of neoplasms. In total, 88 samples corresponded to 
GIN, accounting for 0.4% of the total canine biopsies and 0.6% 
of the total neoplasm diagnoses. GIN affected pure‑bred dogs 
at 64.8% (57/88) and mixed breed dogs at 32.9% (29/88). 
In two cases, the breed was not informed. The most affected 
breeds were Poodle (8/88), Boxer (5/88), Dachshund (5/88), 
and Labrador Retriever (4/88). The median age at the time 
of diagnosis was 10 years with a range of 1.0-17.0 years. 
The dogs included 47 (53.4%) males and 39 (44.3%) females. 
In two cases, the sex was not informed.

Neoplasms involved the intestine in 84.1% (74/88) of the 
cases and the stomach in 15.9% (14/88). The large intestine 
(LI) was the most affected segment (67.6%, 50/74), and 
the small intestine (SI) corresponded to 29.7% (22/74) of 
cases. In two cases, the affected intestinal segment was not 
reported and the sample was too small to be determined by 
histology. Regarding biological behavior, 88.6% (78/88) of the 
neoplasms were malignant and 11.4% were benign (10/88).

Epithelial neoplasms corresponded to 46.6% (41/88) of the 
diagnoses, mesenchymal to 46.6% (41/88), hematopoietic to 
5.7% (5/88), and neuroendocrine to 1.1% (1/88). The main 
diagnoses of nonlymphoid GIN in dogs of the present study were 
papillary adenocarcinoma (19.3%, 17/88), leiomyosarcoma 
(17.0%, 15/88), and GIST (12.5%, 11/88). The complete 
morphological diagnoses of canines nonlymphoid GIN are 
described in Table 2, along with the anatomical location and 
the total number of cases.
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Histological and immunohistochemical aspects of epithelial 
neoplasms

Neoplasms of epithelial origin corresponded to 46.6% 
(41/88) of the diagnoses of nonlymphoid GIN, of which 
carcinomas were the most frequently diagnosed (97.6%, 40/41). 
They were mainly located in the LI (57.5%, 23/40). Papillary 
adenocarcinoma was the main diagnostic, representing 41.5% 
(17/41) of epithelial neoplasms, and they mainly involved 
the rectum. These neoplasms were mostly characterized by 
papillary projections lined by multiple layers of anaplastic 
columnar cells (Fig.1A). They were usually limited to the 
mucosa and neoplastic cells were observed throughout the 
submucosa in three cases and throughout the muscular 
region in one case.

Acinar (intestine) or tubular (stomach) adenocarcinoma 
was the second most common epithelial neoplasm, 
representing 24.4% (10/41) of the cases. Histologically, 

they were characterized by variably sized acinar structures 
replacing the mucosa, arising from hypercellular crypts, and 
often infiltrating the submucosal, muscular, and serous layers 
as groups or individual acinar structures (Fig.1B). A large 
amount of extracellular mucinous material was observed in 
14.6% (6/41) of the cases, forming multiple agglomerates 
that sometimes replaced the mucosa and often invaded the 
submucosal, muscular, and serous layers, to be classified as 
mucinous adenocarcinoma (Fig.1C).

In 12.1% (5/41) of the cases, neoplastic epithelial cells 
were arranged in a solid pattern with moderate to severe 
pleomorphism and without glandular differentiation; these 
were classified as undifferentiated carcinomas. These 
neoplasms presented an infiltrative character with invasion 
of the submucosa and muscular layers (3/5), and occasionally 
the serous layer (2/5).

Table 1. Antibodies and immunohistochemical protocols used in canine nonlymphoid gastrointestinal neoplasms

Antibody/code Clone Antigenic recovery Diluition Detection 
system Chromogen

Alpha smooth muscle actina (M0851) Monoclonal (1A4) 20 min/120oC, plus Tris-EDTA pH 9.0 1:50 MACH4b AECa

CD31a (A0082) Monoclonal (JC70A) 3 min/125oC, plus citrate, pH 6.0 1:800 MACH4b AECa

CD79αcya (M7051) Monoclonal (HM57) 20 min/96oC, plus Tris-EDTA pH 9.0 1:50 MACH4b AECa

CD117 (c-Kit)a (A04502) Polyclonal 40 min/96oC, plus citrate pH 6.0 1:300 MACH4b AECa

Neuron-Specific Enolasea (M0873) Monoclonal (BBS/NC/VI-H14)) 40 min/96oC, plus citrate, pH 6.0 1:200 MACH4b AECa

Pancytokeratina (M3515) Monoclonal (AE1/AE3) 3 min/125oC, plus citrate, pH 6.0 1:80 MACH4b AECa

S-100a (Z0311) Polyclonal 20 min/96oC, plus citrate, pH 6.0 1:50 MACH4b AECa

Vimentinc (18-002)c Monoclonal (V9) 3 min/125oC, plus citrate, pH 6.0 1:200 MACH4b AECa

Acquisition sources: a Dako, b Biocare Medical, c Invitrogen; MACH 4 = Universal HRP-Polymer, AEC = 3-amino-9-ethylcarbazole.

Table 2. Morphological diagnoses, location and number of cases of nonlymphoid gastrointestinal neoplasms in canines from 
January 2005 to December 2017

Diagnoses
Location

Total % Total
Stomach SI LI

Epithelial
Papillary adenocarcinoma 0 2 15 17 19.3%
Acinar/tubular adenocarcinoma 2 4 4 10 11.4%
Mucinous adenocarcinoma 1 3 2 6 6.8%
Undifferentiated adenocarcinoma 2 1 2 5 5.7%
Signet-ring cell adenocarcinoma 2 0 0 2 2.3%
Tubular adenoma 1 0 0 1 1.1%
Mesenchymal
Leiomyosarcoma 1 4 9 15* 17.0%
Gastrointestinal stromal tumors (GIST) 0 3 7 11* 12.5%
Leyomioma 4 1 3 8 9.2%
Non-GIST/non-leiomyosarcoma 0 3 2 5 5.7%
Hemangiosarcoma 0 0 1 1 1.1%
Fibroma 0 0 1 1 1.1%
Hematopoietic
Mast cell tumor 0 1 2 3 3.4%
Plasma cell tumor 0 0 2 2 2.3%
Neuroendocrine
Neuroendocrine carcinoma (carcinoid) 1 0 0 1 1.1%
TOTAL 14 22 50 88* 100%
* In two cases (a leiomyosarcoma and a GIST) the affected intestinal segment was not informed and the sample was too small to be determined 
histologically; SI = small intestine, LI = large intestine.
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Fig.1. Epithelial gastrointestinal neoplasms. (A) Papillary adenocarcinoma. Neoplastic cells form multiple papillary projections that 
protrude into the intestinal lumen. HE, obj.20x. (B) Acinar adenocarcinoma. The mucosa is partially replaced with acinar structures, 
which invade the submucosa and muscular layers. HE, obj.10x. (C) Mucinous adenocarcinoma. The submucosal and muscular layers 
are replaced with large accumulations of extracellular mucin. HE, obj.10x. (D) Submucosal lymphatic vessels markedly distended and 
filled with neoplastic cells in an acinar adenocarcinoma. HE, obj.10x. (E) Acinar adenocarcinoma. Neoplastic cells evidenced inside 
the lymphatic vessels of the submucosa layer with staining for anti-pancytokeratin. IHC, 3-amino-9-ethylcarbazole (AEC), obj.20x. 
(F) Infiltrative neoplastic cells in an acinar adenocarcinoma highlighted in the submucosa and muscular layers by anti-pancytokeratin 
immunolabeling. IHC, AEC, obj.10x.
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In 4.9% (2/41) of the cases, neoplasms were classified 
as signet-ring cell carcinoma, in which the mucosa was 
replaced by an abundance of epithelial cells with a large 
cytoplasm filled with mucinous material that displaced the 
nucleus peripherally. These cells infiltrated the submucosa 
and muscular layers.

Neoplastic cells were often observed in the lymphatic 
vessels in epithelial nonlymphoid GIN (68.3%, 28/41) (Fig.1D). 
These infiltrative cells were visualized in all neoplasms with 
acinar, mucinous, and signet-ring pattern, whereas only 
five of the 17 cases with papillary arrangement presented 
lymphatic invasion.

All carcinomas presented cytoplasmic or membrane 
immunolabeling against pancytokeratin, which varied 
from discrete to intense with no differences between the 
arrangements (Fig.1E,F).

Histological and immunohistochemical aspects of 
mesenchymal neoplasms

Mesenchymal neoplasms were diagnosed in 46.6% (41/88) 
of the nonlymphoid GIN cases. Of these, the most frequently 
diagnosed were leiomyosarcoma (36.6%, 15/41), GIST (26.8%, 

11/41), and leiomyoma (19.5%, 8/41). Additionally, 78.0% 
were malignant (32/41) and 22.0% were benign (9/41).

Leiomyosarcomas (36.6%, 15/41) mainly occupied the 
LI (60.0%, 9/15). Of these, six were located in the cecum. 
Histologically, they were characterized by the proliferation of 
neoplastic cells, arranged in bundles in multiple directions, 
with high cell density and moderate to severe cellular and 
nuclear pleomorphism (Fig.2A,B).

Extensive areas of intratumoral necrosis, sometimes 
associated with hemorrhage and mineralization, were present in 
46.7% (7/15) of the cases. They were primarily localized in the 
muscular layer and in 66.7% (10/15) they infiltrated the serosa, 
the submucosa in 53.4% (8/15), and extended to the mucosa 
in 40.0% (6/15). Invasion of neoplastic cells was occasionally 
observed in lymphatic vessels (20.0%, 3/15). These were 
characterized immunohistochemically by intense, diffuse, and 
intracytoplasmic labeling against smooth muscle actin (Fig.2C).

In leiomyomas (19.5%, 8/41), neoplastic cells formed a 
well-defined nodular structure restricted to the muscular 
layer. They were arranged in bundles mimicking normal 
smooth muscle tissues, with few pleomorphism (Fig.2D). 

Fig.2. Mesenchymal gastrointestinal neoplasms of smooth muscle origin. (A) Leiomyosarcoma. Neoplastic cells are arranged in multidirectional 
bundles, replacing the muscular layer and infiltrating the submucosa. HE, obj.10x. (B) High cell density and pleomorphism in a 
leiomyosarcoma. HE, obj.40x. (C) Leiomyosarcoma. Neoplastic cells present intense immunolabeling for smooth muscle actin. IHC, 
3-amino-9-ethylcarbazole (AEC), obj.20x. (D) Leiomyoma. Low cell density and low pleomorphism were observed. HE, obj.40x.
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All cases showed intense staining on IHC for smooth muscle 
actin, which was predominantly diffuse and discrete with 
multifocal areas of moderate and intracytoplasmic marking.

GISTs (26.8%, 11/41) were mostly visualized in the LI 
(63.6%, 7/11), of which five were in the cecum. Histologically, 
54.5% (6/11) presented a fusiform pattern (Fig.3A) and 
36.4% (4/11) showed an epithelioid pattern (Fig.3B). 
One GIST was highly pleomorphic and had a marked number 
of vacuoles, and was classified as pleomorphic (Fig.3C). 
All GISTs were densely cellular and occasionally showed 
perinuclear vacuolization. Extensive areas of intratumoral 
necrosis, sometimes with hemorrhage, were visualized in 
81.8% (9/11) of the cases. One case presented invasion of 
lymphatic vessels. Immunohistochemically, the neoplasms 
showed positive labeling for c-Kit (Fig.3D), which was 
intracytoplasmic (11/11) and diffuse (10/11) or multifocal 
(1/11), and ranged from discrete (5/11), moderate (2/11), 
and intense (4/11).

Five (12.2%) of the mesenchymal neoplasms were classified 
as non-GIST/non-leiomyosarcomas. Of these, all neoplasms 
showed immunoreactivity for vimentin and three were also 
positive for the S-100 protein; these were located in the SI and 

showed two different morphological patterns. Two of them 
were composed of mesenchymal cells arranged in bundles in 
different directions and were densely cellular with moderate 
anisocytosis and anisokaryosis. There were also extensive 
areas of intratumoral hemorrhage and necrosis. The other 
pattern was characterized by few mesenchymal cells set in 
a loose network of fibers with a myxoid stroma and marked 
anisocytosis and anisokaryosis. In all these cases, moderate 
and multifocal cytoplasmic immunostaining against S-100 
protein was observed.

Hemangiosarcoma was diagnosed in 2.4% (1/41) of the 
mesenchymal neoplasms, in which neoplastic cells occasionally 
formed irregular vascular spaces filled with red blood cells, 
with solid areas. The neoplasm was located in the LI and 
presented multifocal and discrete immunolabeling for CD31.

Fibroma corresponded to 2.4% (1/41) of the mesenchymal 
neoplasms and showed well-delimited neoplastic proliferation 
of fusiform cells arranged in bundles in the submucosa. 
Immunohistochemically, the neoplasm showed discrete staining 
for vimentin and lack of smooth muscle actin immunolabeling. 
On Masson’s Trichrome staining, the neoplasm showed an 
intense reaction, marked in blue.

Fig.3. Mesenchymal gastrointestinal neoplasms, gastrointestinal stromal tumors (GISTs). (A) GIST with fusiform pattern. HE, obj.10x. 
(B) GIST, epithelioid pattern. HE, obj.20x. (C) GIST exhibiting high pleomorphism, with a marked quantity of vacuoles. HE, obj.40x. 
(D) Intense and diffuse IHQ anti-c-Kit staining on a fusiform GIST. IHC, 3-amino-9-ethylcarbazole (AEC), obj.20x.
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Histological and immunohistochemical aspects of 
hematopoietic neoplasms

Hematopoietic neoplasms corresponded to 5.7% (5/88) 
of all nonlymphoid GIN. Of these, 80.0% (4/5) were located 
in the colorectal region. Sixty percent (3/5) of the cases were 
diagnoses of mast cell tumors and 40.0% (2/5) were plasma 
cell tumors.

The mast cell tumors (60.0%, 3/5) were located in the 
submucosa and had invaded through the mucosa, muscular, and 
serous layers. They were mostly characterized by round cells 
rarely containing intracytoplasmic granules, with moderate 
pleomorphism, and moderate and focal immunolabeling for 
intracytoplasmic c-kit (Fig.4A,B).

Plasma cell tumors (40.0%, 2/5) were characterized by 
round cells with broad and eosinophilic cytoplasm, eccentric 
nuclei, and were located in the submucosa, extending to the 
mucosa and muscular layers (Fig.4C). In one case, abundant 
deposition of amyloid was observed, which was evidenced 
by the histochemical stain Red-Congo (Fig.4D), and one case 
presented discrete and multifocal CD79αcy immunolabeling 
in the IHC. No invasion of lymphatic vessels was observed.

Histological and immunohistochemical aspects of 
neuroendocrine neoplasms

Carcinoma of neuroendocrine origin was found in 1.1% 
(1/88) of the cases. Neoplastic cells were characterized by 
poorly delimited proliferation in the submucosa and muscular 
layers of the stomach, formed by cells arranged in solid 
nests supported by thin fibrovascular stroma with moderate 
pleomorphism. Multifocal areas of intratumoral necrosis and 
mineralization were visualized. In IHC, discrete intracytoplasmic 
multifocal marking was observed for neuron-specific enolase.

DISCUSSION
The present study describes the epidemiological, pathological, 
and immunohistochemical findings of canine nonlymphoid GIN. 
Nonlymphoid GIN constituted 0.6% of neoplasms and 0.4% 
of total canine biopsies in the analyzed period, confirming the 
fact that these neoplasms involved an uncommon diagnosis 
in this species. Previous studies have shown frequencies 
of 0.2% to 3.0% (Patnaik et al. 1977, Penninck et al. 1998, 
Munday et al. 2017).

Fig.4. Hematopoietic mesenchymal neoplasms. (A) Mast cell tumor. Neoplastic proliferation of round cells arranged in cords infiltrating the 
muscular layer. HE, obj.20x (B) Mast cell tumor. Moderate and multifocal cytoplasmic staining for c-Kit. IHQ, 3-amino-9-ethylcarbazole 
(AEC), obj.20x. (C) Plasma cell tumor, characterized by round neoplastic cells containing broad and eosinophilic cytoplasm. HE, obj.20x. 
(D) Plasma cell tumor. Deposition of amyloid to neoplastic cells evidenced by Red-Congo histochemical staining, obj.20x.
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Pure-bred dogs were more affected than non-breed dogs, 
as reported by other studies (Patnaik et al. 1977, Frost et al. 
2003, Maas et al. 2007). The age varied from 1 to 17 years, 
with a median age of 10 years, which concurs with the fact 
that these neoplasms mostly occur in middle-aged to older 
dogs (Patnaik et al. 1977, LaRock & Ginn 1997, Swann & Holt 
2002, Bettini et al. 2003, Russell et al. 2007, Hayes et al. 2013, 
Munday et al. 2017).

Although some studies have reported that the occurrence 
of GIN of epithelial origin is more common than that of 
mesenchymal origin (Bettini et al. 2003), the frequency of 
mesenchymal diagnoses in this study was similar to that of 
epithelial GIN. This shows that mesenchymal neoplasms are 
also important in dogs and should always be considered as 
a differential diagnosis in the species. However, when the 
diagnoses were individually analyzed, carcinomas were the 
most frequent, similar to those described in the literature 
(Patnaik et al. 1977, Head et al. 2003, Munday et al. 2017).

Both epithelial and mesenchymal neoplasms mainly 
involved the intestine. Although the LI comprises the smallest 
segment of the canine intestinal tract, it was the main site of 
development for both carcinomas and sarcomas. The reason 
for the low occurrence of neoplasms in the SI compared 
to the LI is still uncertain, but some hypotheses based on 
microenvironmental differences have been proposed in humans 
(Maguire & Sheahan 2018). The much quicker transit time of 
intestinal contents in the SI than in the LI reduces mucosal 
exposure to carcinogenic agents, and the concentration of these 
is diluted in the largest volume of secretions (Lowenfels 1973, 
Crawshaw et al. 1998). Furthermore, the bacterial population 
in the SI is smaller and metabolically inactive, and therefore 
may not be able to transform pre-cancerous substances into 
carcinogens (Lowenfels 1973, Pan & Morrison 2011).

Malignant neoplasms were the most frequent observed 
in this study. Researchers report that malignant presentation 
is considered more common in the gastrointestinal tract 
compared to benign presentation (Patnaik  et  al. 1977). 
Regardless of cellular origin, benign tumors are differentiated 
from carcinomas and sarcomas based on morphologic features 
such as increased cellularity with a high nucleus/cytoplasm 
ratio, anisocytosis and anisokaryosis, abundant or atypical 
mitosis figures, and the presence of invasion or metastasis 
(Gillespie et al. 2011).

The benign neoplasms corresponded almost entirely to 
neoplasms of smooth muscle origin. The leiomyomas equally 
involved the stomach and intestine, diverging from what is 
mentioned in literature, where authors report that the most 
common site of this neoplasm is the stomach (Patnaik et al. 
1977, Bettini  et  al. 2003, Munday  et  al. 2017). However, 
considering that biopsy samples were used in this study and 
that leiomyomas usually do not lead to clinical signs and are 
not surgically removed, the number of gastric leiomyomas 
was probably underestimated in this study. Benign neoplasms 
such as fibroids and adenomas are rarely reported in dogs 
(Head et al. 2003, Munday et al. 2017). As in humans, adenomas 
are considered pre-malignant lesions, and it can be speculated 
that adenomas occur in dogs much more frequently than is 
recognized, but are detected only when their transformation 
to adenocarcinoma has occurred, resulting in clinical disease 
(Munday et al. 2017).

Adenocarcinomas are the most common intestinal 
neoplasms in dogs (Head  et  al. 2003, Uzal  et  al. 2016). 
In this study, these neoplasms corresponded to half of the 
diagnoses in the stomach, and almost half of the diagnoses in 
the intestine, occurring predominantly in the rectum. These 
results contrast with those of other authors who mention that 
adenocarcinomas occur predominantly in the SI, mainly in the 
duodenum and jejunum (Crawshaw et al. 1998, Paoloni et al. 
2002, Munday et al. 2017).

Adenocarcinomas are often in an advanced stage of 
evolution due to late diagnosis, and already occupy deeper 
layers of the stomach and intestine (Munday  et  al. 2017), 
which explains the large number of cases with intestinal layer 
infiltration and lymphatic invasion in epithelial neoplasms in 
this study. In humans, the type of arrangement seems to be 
involved in the chance of metastases, since neoplasms that 
project to the lumen have much smaller capacity for lymphatic 
invasion and metastasis than those that grow first toward the 
gastric or intestinal wall (Goldblum 2018). In this study, of the 
17 papillary adenocarcinomas only five infiltrated the deeper 
layers and lymphatic vessels, whereas those with an acinar, 
mucinous, signet ring, and undifferentiated arrangement often 
invaded and replaced the intestinal layers, and all invaded the 
lymphatic vessels. Therefore, neoplasms in these arrangements 
may present a greater invasive potential compared to that of 
the papillary arrangement.

All carcinomas showed immunostaining for pancytokeratin. 
IHC for pancytokeratin is an important diagnostic tool to confirm 
an epithelial origin, especially in cases where neoplasms are 
undifferentiated, as well as to facilitate the identification of 
infiltrative cells in deeper layers or to highlight small numbers 
of neoplastic cells in small biopsy samples (Munday et al. 2017).

Leiomyosarcomas corresponded to the second most 
common neoplasm and to the main sarcoma. They were 
mainly located in the LI, which differs from the observation 
in some studies that consider these neoplasms rare in the 
intestine (Bettini et al. 2003) and common in the stomach 
(Russell  et  al. 2007). Another study describes the cecum 
as the main localization of leiomyosarcomas (Cohen et al. 
2003). Leiomyosarcomas have slow growth and often have 
areas of necrosis and hemorrhage (Munday et al. 2017), as 
observed in this study.

Leiomyosarcomas often resemble GISTs in histopathology, 
especially when GISTs have a fusiform pattern. Therefore, IHC 
is indicated for a more definite diagnosis of mesenchymal 
gastrointestinal neoplasms (Munday et al. 2017). Immunostaining 
for c-Kit defines the diagnosis of GIST, whereas lack of c-Kit 
expression and immunolabeling for smooth muscle actin 
defines a leiomyosarcoma (Maas et al. 2007, Hayes et al. 2013). 
However, IHC reactivity for smooth muscle actin alone should 
not be used for a definitive diagnosis for leiomyosarcoma, 
because a part of GISTs may also express smooth muscle 
markers and neural origin (Bettini et al. 2003, Frost et al. 
2003, Maas et al. 2007, Hayes et al. 2013).

Prior studies on the identification of GISTs consider that 
the most common nonlymphoid mesenchymal neoplasms of 
the gastrointestinal tract in dogs are neoplasms of smooth 
muscle origin (Patnaik et al. 1977, Birchard 1986, LaRock & 
Ginn 1997, Crawshaw et al. 1998). However, after the discovery 
of c-Kit expression by GISTs, some studies have reclassified 
the tumors using IHC, and have demonstrated that the 
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majority of these tumors corresponded to GISTs (Maas et al. 
2007, Russell et al. 2007, Hayes et al. 2013) and that these 
leiomyosarcoma diagnoses are overestimated. However, in 
the present study, despite the use of IHC, leiomyosarcomas 
were more frequent, which corroborates with the findings 
in literature (Patnaik et al. 1977, Birchard 1986, LaRock & 
Ginn 1997, Crawshaw et al. 1998).

GISTs comprised the second most frequent mesenchymal 
neoplasm, different from that described by some authors 
(Bettini  et  al. 2003, Maas  et  al. 2007, Hayes  et  al. 2013). 
In  humans, GISTs are more common in the stomach 
(Miettinen & Lasota 2001) whereas in dogs, GISTs are found 
preferentially in the intestine with occasional reports in the 
stomach (Bettini et al. 2003, Frost et al. 2003, Maas et al. 2007, 
Gillespie  et  al. 2011, Hayes  et  al. 2013). These neoplasms 
can be classified histologically based on four morphological 
patterns, as described in humans: fusiform, myxoid, fascicular, 
and epithelioid (Head et al. 2003, Miettinen & Lasota 2003). 
Only the fusiform and epithelioid types are described in dogs, 
and the fusiform pattern is reported as the most common 
(Hayes et al. 2013), as observed in this study. Additionally, 
perinuclear vacuolization is a common feature of GISTs and is 
occasionally very prominent (Miettinen & Lasota 2003), and 
may be considered as a factor to histologically differentiate 
them from other sarcomas.

Five neoplasms were classified as non-GIST/ 
non-leiomyosarcoma based on the lack of expression for 
c-Kit and smooth muscle actin. Immunolabeling for vimentin 
was observed, similar to that found by other authors 
(Russell et al. 2007, Hayes et al. 2013). In addition, three cases 
were also immunoreactive for the S-100 protein, and had a 
histological pattern of peripheral nerve sheath tumors, and 
were reminiscent of an Antoni A and/or Antoni B pattern. 
However, as a neurogenic origin of these neoplasms often 
cannot be confirmed, it is currently suggested that they be 
included in the non-GIST/non-leiomyosarcoma group, with 
S-100 immunostaining (Hayes et al. 2013). Although relatively 
common in other locations, nerve sheath tumors are rarely 
described in the gastrointestinal tract of dogs (Schöniger & 
Summers 2009).

Mast cell tumors are uncommon in dogs and are generally 
more aggressive than their cutaneous counterparts (Patnaik et al. 
1980b, Munday et al. 2017). They may involve any intestinal 
segment, but are more common in the SI (Head et al. 2003). 
When cytoplasmic granules are not easily visualized, c-Kit 
immunohistochemistry may aid in their diagnosis (Reguera et al. 
2000, Ozaki et al. 2002).

Extramedullary plasma cell tumors located in the 
gastrointestinal tract are rare in dogs and are found more 
frequently in the colorectal region (Ramos-Vara et al. 1998, 
Head et al. 2003). Histologically, they are easily recognized 
as tumors of round cells with eosinophilic cytoplasm and 
eccentric nuclei (Kupanoff et al. 2006, Munday et al. 2017); 
however, anti-CD79αcy IHC for B lymphocytes can be used as an 
auxiliary diagnostic method when there is little differentiation 
(Ramos-Vara et al. 1998). Although uncommon, plasma cell 
tumors may show amyloid deposition (Rowland et al. 1991, 
Kupanoff et al. 2006). A neoplasm in this study did not show 
reactivity for CD7αcy, probably due to the prolonged fixation 
time of the sample, but the cellular morphology along with 
amyloid deposition evidenced by red-Congo staining was 

considered sufficient for the diagnosis. Most neoplasms tend to 
be restricted to the submucosa, but some plasma cell tumors 
exhibit a more aggressive behavior including invasion of the 
muscular tunica (Uzal et al. 2016), as observed.

Neuroendocrine neoplasms originate from gastrointestinal 
enteroendocrine cells and are very uncommon in the 
gastrointestinal tract (Munday et al. 2017). Although there 
are few reports, these tumors show an aggressive behavior. 
In one study evaluating four intestinal carcinoids, all cases 
had distant metastases (Patnaik  et  al. 1980a). Use of cell 
morphology is not indicated to evaluate prognosis, because 
despite the malignant behavior that these neoplasms often 
demonstrate, they present cellular atypia and high mitotic 
indexes only in some cases (Munday et al. 2017). To confirm the 
neuroendocrine origin, IHC for chromogranin A, neuron‑specific 
enolase, synaptophysin, or PGP 9.5 is indicated (Head et al. 
2003, Sako  et  al. 2003). In the present study, labeling for 
neuron-specific enolase was sufficient to confirm the diagnosis.

CONCLUSIONS
Nonlymphoid gastrointestinal neoplasms occurred mainly 

in middle-aged to older dogs, mostly purebred, and male. 
They affected the intestine more than the stomach, especially 
the LI. The rectum was the main site for the development of 
carcinomas whereas the cecum was the main site for sarcomas. 
The stomach was an important site for the development of 
smooth muscle neoplasms, mainly leiomyomas.

Malignant neoplasms were more common, and the 
main neoplasm observed was adenocarcinoma, followed by 
leiomyosarcoma and GIST. Epithelial neoplasms showed a 
greater potential for lymphatic invasion whereas mesenchymal 
cells appeared to be more expansive with intratumoral necrosis 
and hemorrhage.

Immunohistochemistry proved to be an important tool 
for confirming the cellular type involved in gastrointestinal 
neoplasms, as well as for the identification of infiltrating 
neoplastic cells in the case of carcinomas, and an indispensable 
technique for the definitive diagnosis of sarcomas.
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