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Malignant transformation and subsequent leptomeningeal
carcinomatosis of a gastric polyp in a dog
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Abstract

Progressive carcinogenesis of a gastric polyp with transformation to gastric

adenocarcinoma and subsequent development of leptomeningeal carcinomatosis

is described in an adult male Scottish terrier. Presenting clinical signs consisted

of vomiting with intermittent hematemesis. Surgical biopsies over the course of

14 months documented the progression from gastric polyp to minimally invasive

gastric carcinoma to invasive gastric adenocarcinoma, a pathogenesis not previously

documented in veterinary oncology. The patient ultimately developed neurologic

pathology and was euthanized, and necropsy evaluation identified widespread carcino-

matosis with accompanying leptomeningeal metastasis. As in humans, gastric polyps in

dogs rarely have malignant potential.
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1 | INTRODUCTION

Gastric carcinoma (GC) is a highly aggressive neoplasm with a

devastating clinical course in both humans and dogs and ranks as a

leading cause of cancer-related death in humans.1 Gastric carcinoma

has often progressed to an advanced stage at the time of presentation

with more than half of human patients2 and 60% to 75% of dogs3,4

having detectable metastases. Despite treatment with surgery and

chemotherapy, overall prognosis remains poor with 5-year survival

rates of only 25% to 30% in the Western world.5-7 The prognosis of

GC in dogs is similarly poor, with a median survival time of 6 months

after surgical removal with or without adjuvant chemotherapy.8

Naturally occurring GC in dogs recapitulates many aspects of GC in

humans. Aggressive local disease, high rates of nodal metastasis, and

similar treatment options make dogs a potentially clinically relevant

translational model for GC in humans, and highlight the need to

further understand the pathogenesis of this disease in dogs.9

Gastric carcinogenesis in humans is multifactorial and remains

incompletely understood. Several distinct risk factors for development

of gastric carcinoma have been described, including hereditary factors,

specific sporadic mutations, smoking, alcohol consumption, diets high

in salt and fats, and Helicobacter pylori infection.10,11 In humans, males

and people of Eastern Asian heritage are overrepresented.12 Although

breed predispositions and a male predilection are recognized, the eti-

ology of GC in dogs is similarly complex and poorly defined.9,13,14 In

contrast to humans, the role of Helicobacter species in the gut mucosa

driving the pathogenesis of GC has not been firmly established in

dogs.15,16 Furthermore, although GC has been reported in association

with hypertrophic gastritis (Ménétrier-like disease) in dogs,17,18 gastric
Abbreviations: cm, centimeter; GC, gastric carcinoma; LMC, leptomeningeal carcinomatosis;

mm, millimeter.
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polyps have been previously found to lack features suggestive of neo-

plastic transformation.19,20 In dogs, gastric polyps are considered

benign without progression or predisposition towards neoplasia,19-21

whereas they are recognized as an important risk factor for develop-

ment of GC in humans.22-25

Leptomeningeal carcinomatosis (LMC) is an uncommon end-stage

disease involving the pia mater and arachnoid mater (meninges) docu-

mented in various types of cancers in humans. The incidence of LMC

in humans with GC is relatively low, occurring in 0.16% to 0.69% of

GC patients, compared with an incidence of 12% to 34% in breast

cancers and 10% to 26% in lung cancers.26-28 However, cases of LMC

secondary to GC have been noted with increased frequency coincid-

ing with more effective locoregional therapeutic options.28,29 Lepto-

meningeal carcinomatosis in humans often is treated by intrathecal

chemotherapy, but prognosis remains poor with a median survival

time of 6 to 8 weeks from the time of LMC diagnosis.30,31 Reports of

LMC in the veterinary literature are limited to rare reports of dissemi-

nated mammary carcinoma, colonic carcinoma, and 1 report of unknown

primary origin.32-35

Herein we document malignant transformation of a gastric polyp

and the first reported case of LMC secondary to GC in a dog.

2 | CASE HISTORY

A 6-year-old, male castrated, Scottish terrier dog was evaluated for a

3-month history of intermittent emesis and occasional hematemesis.

Physical examination identified no clinically relevant abnormalities. Com-

plete blood count and serum biochemistry results were within normal

reference ranges aside from a previously documented increase in alkaline

phosphatase activity (721 U/L; reference range, 20-155 U/L). Abdominal

ultrasound examination identified a thickened gastric wall extending

from the lesser curvature of the stomach, pyloric thickening, and

hyperechoic peri-gastric fat. A barium study further defined thickened

rugal folds at the body of the stomach and thickening of the

pyloric sphincter. The patient was treated with outpatient gastroin-

testinal supportive care using maropitant citrate (Cerenia, Zoetis

Inc, Kalamazoo, MI) and famotidine (Aurobindo Pharma Limited,

Mahabubnagar, India).

Repeat abdominal ultrasound examination and endoscopy were

performed 2 months later because of persistent clinical signs, and

detected a gastric mass extending from the mucosal layer of the

antrum of the stomach (Figure 1A). Gross appearance of the surface

of the mass was similar to the adjacent gastric mucosa and the mass

was partially freely movable with a serpentine portion fixed to the

mucosa (Figure 1B). Endoscopic and subsequent excisional biopsy

identified hyperplastic gastric glandular epithelium overlying a dense

fibrous connective tissue stroma with abundant lymphoplasmacytic

and lesser eosinophilic infiltrates, consistent with the diagnosis of gas-

tric polyp with complete excision on histopathologic examination

(Figure 2A). Histopathology of samples collected from the nearby

stomach mucosa indicated moderate to severe chronic lymphocytic,

plasmacytic, and eosinophilic gastritis, and a duodenal biopsy sample

was consistent with inflammatory bowel disease. Histopathologic

evaluation of a gastric lymph node collected at the time of polyp exci-

sion identified lymphoid hyperplasia, consistent with chronic antigenic

stimulation. The liver was also biopsied, and histopathologic evalua-

tion did not identify any clinically relevant lesions. Evidence of neopla-

sia was not present in any of the tissues examined. All clinical signs

resolved after surgical removal of the gastric polyp and no new health

concerns were reported over the next year.

One year after surgical excision of the gastric polyp, the dog was

presented for recurrent vomiting, hematemesis, and weight loss. Abdom-

inal ultrasound examination identified a 3-cm diameter, broad-based gas-

tric mass over the lesser curvature of the stomach near the site of the

prior polyp removal. Surgical excision by partial gastrectomy and

F IGURE 1 Abdominal ultrasound (A) and endoscopic (B) images of a serpentine gastric mass that was subsequently removed via gastrectomy
and determined to be a gastric polyp on excisional biopsy. The gastric wall (asterisk) and gastric mass (arrowhead) on the ultrasonographic image
(A) are identified.
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histopathology initially resulted in a diagnosis of incompletely excised

gastric carcinoma in situ, but deeper recuts of the sample later

showed a small focus of submucosal invasion with a revised diagno-

sis of gastric adenocarcinoma with minimal invasion (Figure 2B,C).

Postoperative staging was recommended, and thoracic radiographs

and abdominal ultrasound examination indicated no evidence of

tumor recurrence or metastasis. Because of residual microscopic

disease, a revision surgery was performed to achieve wider surgical

margins 1 month later, and a 2 cm � 6 cm diameter mass overlying

the previous surgical site was noted intraoperatively and removed.

F IGURE 2 Histopathologic progression of gastric lesions. The initial mass excised from the stomach was a benign gastric polyp (A). A mass in
the region a year later had similar morphology (B) with a clear focus on neoplastic cells (arrowhead). Neoplastic cells form irregular tubules with
increased nuclear: cytoplasmic ratio, loss of polarity, prominent nucleoli, and increased mitotic activity (C). Revisional surgery of the site 1 month
later revealed noticeably greater pleomorphism (D). On necropsy, the neoplastic cells were present throughout all levels of the gastric wall and
serosa (E). Histologically, neoplastic cells were frequently seen within lymphatic vessels along with perineural invasion (arrowheads) of the nerves
(asterisks) (F).
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This mass was diagnosed as gastric adenocarcinoma with complete

but narrow surgical margins and lymphatic invasion (Figure 2D).

The patient received adjuvant chemotherapy consisting of carbo-

platin (Eugia Pharma Specialities Limited, Medchal-Malkajgiri District,

India) and 5-fluorouracil (5-FU, Fresenius Kabi, Lake Zurich, IL), given

concurrently every 3 weeks for a total of 6 treatments as previously

described.36 Overall, chemotherapy was well tolerated with low-grade

gastrointestinal and hematologic toxicity.37 Serial abdominal ultraso-

nography and thoracic radiography during and after chemotherapy

indicated no evidence of cancer recurrence or metastasis until

5 months after chemotherapy completion (approximately 10 months

after surgery and diagnosis of gastric adenocarcinoma) when pan-

creaticoduodenal lymphadenopathy (9 mm � 5 mm), gastric lymphade-

nopathy (5 mm � 3 mm), and a suspected peritoneal metastatic lesion

(hypoechoic nodule in the left cranial abdomen, 19 mm � 11 mm) were

noted. Because of presumed metastasis, toceranib phosphate (Palladia,

Pfizer, Ascoli, Italy, UK) was initiated at 2.8 mg/kg PO every Monday,

Wednesday, and Friday. Three months after initiation of toceranib, the

lymph nodes and peritoneal lesion were stable in size on ultrasound

examination, but new findings included splenomegaly. Because the

patient continued to experience a good quality of life as perceived by

the owner, toceranib treatment was continued.

Five months after initiation of toceranib, the dog developed non-

weight bearing lameness of the right forelimb that progressed to shifting

forelimb lameness and cognitive decline over the course of 2 weeks.

Neurologic consultation confirmed dull mentation, ataxia, hemiparesis,

head bob, weak gag reflex, asymmetric optic nerve size, and spinal dis-

comfort, resulting in a multifocal primarily left-sided brainstem localiza-

tion with consideration to C1-T2 and T3-L3 involvement. Euthanasia

was elected and a necropsy was performed 841 days after the initial

diagnosis of gastric polyp and 406 days after the diagnosis of invasive

gastric carcinoma.

On necropsy, a region of the lesser curvature of the stomach was

grossly thickened and pale tan with reddened serosa. Histologically,

this region contained frequent aggregates of carcinoma cells forming

rare tubules with dense desmoplasia and lymphovascular and peri-

neural invasion (Figure 2E,F). Several thin fibrous adhesions extended

between loops of small intestine and from the intestine to the body

wall. The parietal peritoneum, diaphragm, and abdominal viscera had

several white-to-tan plaques of carcinomatosis. Multiple mesenteric

and other intraabdominal lymph nodes were expanded by firm,

pale tan nodules of metastatic carcinoma, with similar nodules in

the lungs. The spleen was diffusely small and irregular with near

complete infarction (Figure 3A) and multiple foci of metastasis.

Histologically, the vascular and lymphatic vessels to the spleen

were nearly obliterated by neoplastic cells. Of note, abundant

tumor cells infiltrated the perineurium of nerves accompanying the

affected splenic vessels (Figure 3B) as well as nerves and vessels of

the gastrosplenic ligament. Examination of the central nervous sys-

tem identified numerous aggregates of carcinoma throughout the

leptomeninges, including over the cerebrum, cerebellum, brainstem,

and the entire length of the spinal cord (Figure 4A–D). Spirochete

bacteria, such as Helicobacter spp., were not identified histologically

on any biopsy or necropsy sections.

3 | DISCUSSION

Progression from mucosal hyperplasia to malignancy is described in

several types of cancers, but an association between gastric polyps and

neoplasia has not been previously described in dogs. This case docu-

ments progression of a gastric polyp to minimally-invasive GC to GC in

a dog over 14 months. Previously, gastric polyps have been considered

proliferative and hyperplastic lesions that lack potential for neoplastic

transformation.19 Surgery generally is considered curative, and although

recurrence or additional lesions may develop, progression to GC and

development of metastasis have not been reported previously.20,21 Our

case report indicates that gastric polyps in dogs have malignant

F IGURE 3 The spleen at necropsy demonstrated near complete coagulative necrosis with frequent hemosiderophages, presumed secondary
to vascular occlusion by neoplastic cells (A). Vessels and nerves (asterisks) entering the spleen are infiltrated (arrowheads) to nearly obliterated
(arrow) by neoplastic cells (B).
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potential, similar to their counterpart in humans, and future studies to

define appropriate treatment and monitoring of gastric polyps in dogs

should be considered.

The role of chemotherapy in the management of GC in dogs is

unclear, but adjuvant chemotherapy has been found to be posi-

tively associated with survival after surgical resection.8 Because of

the high metastatic potential, adjuvant chemotherapy with carbo-

platin and 5-FU, a protocol with described activity against a variety

of carcinomas in dogs, was recommended in this case.36 The use of

apatinib, a small molecule inhibitor targeting vascular endothelial

growth factor receptor 2 (VEGFR2), is well described in humans

with advanced GC.38,39 Toceranib blocks the function of several

receptor tyrosine kinases, including VEGFR2, and has documented

clinical activity against various types of carcinomas in dogs.40

Therefore, subsequent treatment with toceranib was initiated after

cancer progression. Although our patient experienced prolonged

survival after the diagnosis of GC, the clinical benefit of adjuvant

chemotherapy is unclear and there remains no widely accepted

standard of care chemotherapy for metastatic GC in veterinary

patients.

Another unusual feature of our case was the extensive neuro-

tropism in the stomach and spleen noted at the time of necropsy.

Neoplastic invasion of nerves, described as perineural invasion in the

human medical literature, is a feature associated with poor patient

outcome in various carcinomas, including increased risk of local

recurrence, decreased disease-free interval, and decreased survival

time.41 Perineural invasion is increasingly recognized as a distinct

pathophysiologic process involving cellular signaling and interactions

between the neoplasm and the cells of the nervous tissues, particu-

larly microglia.42,43 Infiltration into nerves allows extension of the

neoplasm beyond grossly visible tumor margins, and in some cases,

perineural invasion may lead to retrograde spread from peripheral

nerves into the central nervous system.44

The presence of small foci of neoplastic cells distributed throughout

the leptomeninges of the entire central nervous system in our patient is

consistent with LCM. Leptomeningeal carcinomatosis occurs when a

carcinoma that has entered the central nervous system seeds through-

out the leptomeninges, similar to pleural and peritoneal carcinomatosis.

This end-stage manifestation of metastatic disease occurs with

increased frequency in some cancers of humans, particularly in mam-

mary and pulmonary carcinomas, although it has rarely been reported

secondary to GC.29,45,46 Reports of LCM are exceedingly rare in veteri-

nary medicine, with few cases reported in dogs32,34,35 and other spe-

cies.47,48 Ours is the first documentation of LMC of a GC in a dog.

F IGURE 4 Gastric adenocarcinoma in the leptomeninges over the cerebrum (A), cerebellum (B), brainstem (C), and spinal cord (D) at necropsy.
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4 | CONCLUSION

This case helps advance our current understanding of GC

pathogenesis by documenting malignant transformation of a gas-

tric polyp to minimally invasive gastric carcinoma, and ultimately,

invasive gastric carcinoma with multiorgan and leptomeningeal

metastasis. It is possible that an association between gastric

polyps and GC exists in dogs, but may be unrecognized because of

late-stage diagnosis. Evaluation of the transformative potential of

gastric polyps and underlying gastric inflammation in the predispo-

sition to gastric cancer in dogs, as occurs in human medicine, is

needed. Our case indicates the neoplastic potential of a diagnosis

that previously has been considered benign and provides rationale

for future investigations of the frequency with which polyps may

transform, because such data may alter the therapeutic approach

to such patients.
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