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Abstract
Objective: To describe the clinical characteristics, perioperative complications,

and outcomes in dogs surgically treated for gastric carcinoma.

Study design: Multi-institutional retrospective case series.

Animals: Forty client-owned dogs with histologically confirmed gastric carcinoma.

Methods: Medical records were reviewed for preoperative diagnostics, surgery,

histopathology, postoperative complications, adjuvant chemotherapy, disease pro-

gression, and survival. Variables were assessed for associations with outcome by

using Cox proportional hazards regression analysis.

Results: Surgical treatment included partial gastrectomy (28 dogs), Billroth I (9 dogs),

subtotal gastrectomy (2 dogs), and submucosal resection (1 dog). Major postoperative

complications occurred in 8 of 40 dogs, including septic peritonitis secondary to dehis-

cence in 4 dogs. Themedian progression free interval was 54 days, and the median sur-

vival time (MST) was 178 days (range, 1–1902). According to multivariable analysis

results, experiencing an intraoperative complication was associated with an increased

risk of death (hazard ratio [HR] 3.5, 95% CI 1.1–9.8, P = .005), and administration of

adjuvant chemotherapy correlated with an improved survival (HR 0.4, 95% CI

0.2–0.9, P= .03).

Conclusion: In this population of dogs, MST exceeded historically reported data,

major postoperative complication rates were comparable to established literature,

and administration of adjuvant chemotherapy was associated with improved

survival.
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Clinical significance: Results from this study may be used to counsel owners more

accurately regarding prognosis for dogs undergoing surgical excision for gastric

carcinoma.

1 | INTRODUCTION

Gastric neoplasia is a rare clinical entity, representing less
than 1% of canine neoplasms.1-3 In dogs, adenocarcinoma is
the most common type of gastric malignancy, accounting for
70%–80% of cases.1,4 A report of a recent study in which the
Norwegian canine cancer registry was used described a prev-
alence of 0.16% for canine gastric carcinoma.5

The treatment of choice for localized gastric adenocarci-
noma is complete surgical resection.4 However, because of the
vague, nonspecific clinical signs, such as chronic intermittent
vomiting, progressive weight loss, and poor appetite, these
diagnoses often are not identified until the disease is advanced.
Whether surgical treatment is futile in cases with extensive gas-
tric involvement and metastatic spread is currently unknown.

Reported survival times in untreated dogs are less than
3 months after the onset of clinical signs.1,4,6 Limited informa-
tion is available in the veterinary literature regarding clinical
outcome after surgical resection of gastric carcinoma. Studies
evaluating dogs that have had surgery to treat gastric carcinoma
have been restricted to case reports and case series that included
multiple gastric tumor types.1,4,7-15 To the best of the authors'
knowledge, there have only been 45 cases in dogs reported
across 23 publications.1,4,7,10-29 The overall median survival
time (MST) after surgery in these cases was 72 days.1,4,7,10-29

Contemporary information to help guide treatment recommen-
dations is critically needed.

The objective of this study was to describe the clinical
characteristics, perioperative complications, and outcome in
a large cohort of dogs with gastric carcinoma treated with
surgery and evaluate factors influencing survival. We
hypothesized that the incidence of major postoperative com-
plications would be low and that adjuvant chemotherapy
would not have a benefit on survival time.

2 | MATERIALS AND METHODS

2.1 | Study cases

A multicenter investigation was planned with solicitation of
cases from private practices and academic veterinary centers
across the world. Cases were collected via theVeterinary Society
of Surgical Oncology (VSSO) listserv after study design
approval by the VSSO research committee. Inclusion criteria for
cases included dogs with a histologically confirmed diagnosis of
gastric carcinoma that were treated with surgical excision

between January 1, 2004 andMay 1, 2018. Cases were excluded
when dogs survived to discharge but subsequent follow-up
information could not be obtained by telephone contact with the
owners or primary care veterinarians after hospital discharge.

2.2 | Procedures

Medical records of cases that fit inclusion criteria were
reviewed. Data collected from medical records included sig-
nalment, body weight, clinical signs at presentation, duration
of clinical signs prior to presentation, and preoperative diag-
nostic tests and findings (including complete blood count,
serum biochemistry panel, cytology, histopathology from
endoscopic biopsy, thoracic radiographs, abdominal ultra-
sound [AUS], computed tomography [CT], and endoscopy).
In addition, information about tumor size and location,
description of surgery, presence or development of metasta-
sis, perioperative complications, histologic diagnosis, adju-
vant therapy (if any), and date and cause of death. The term
partial gastrectomy was used to describe any procedure that
removed ≤70% of the stomach. The term subtotal gastrec-
tomy was used to describe >70% but not complete removal
of the stomach. Adverse events secondary to chemotherapy
were graded according to the Veterinary Cooperative Group
Common Terminology Criteria for Adverse Events v1.1.30

The intended surgical excision was categorized as either
wide or marginal, according to the Enneking classification,31

and the surgical margin width was recorded when available.
Complications occurring in either the intraoperative or the
postoperative period were classified as major or minor.
Minor complications were defined as events that were self-
limiting or that resolved with medical management.32 Major
complications were defined as events requiring a surgical
revision, resulting in death, or leading to euthanasia.32

2.3 | Measures of outcome

The progression-free interval (PFI) was calculated as the num-
ber of days from the date of surgery to the date of first detection
of local recurrence or metastasis. Follow-up diagnostics were
not standardized and either were performed routinely at vari-
able intervals according to individual institution surveillance
protocols or were prompted by clinical signs. Dogs were cen-
sored in the PFI analysis when development of local recurrence
or metastasis was not documented by the time of last follow-up
or the time of death.
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The overall survival time was calculated as the number
of days from the date of surgery to death. For survival time
calculations, the end point was defined as death or euthana-
sia resulting from any cause. Dogs that were alive at last
follow-up or were lost to follow-up were censored in the sur-
vival analysis.

2.4 | Statistical analysis

Continuous variables were tested for normality by using graph-
ical methods, a Shapiro–Wilk test, skewness, and kurtosis.
When data were normally distributed, they were summarized
by using the mean and standard deviation (SD). The median
and range were used to summarize skewed data. Categorical
data were described with frequencies and percentages.

Kaplan–Meier methods were used to generate survival
curves and calculate the median PFI and MST with 95%
CI. Cox proportional hazards regression analysis was used
to evaluate for associations between baseline and treatment
variables and survival. Variables assessed included age,
weight, duration of clinical signs, tumor location, tumor size,
presence of metastases at diagnosis, surgical intent, occur-
rence of intraoperative or postoperative complications, com-
pleteness of surgical margins (complete vs incomplete), and
whether chemotherapy was administered. When survival
analysis was performed, major and minor complications
were pooled together, and dogs were considered to have
received adjuvant chemotherapy if they received at least
1 dose of a chemotherapeutic agent. Multivariable Cox pro-
portional hazards regression analysis was performed to
assess variables for associations with overall survival. The
proportional hazards assumption for the model was checked
by evaluating the graph of the log(−log[survival]) vs log of
survival time graph and Schoenfeld residuals. Variables
were entered into the model if univariable analyses showed
Wald P < .2. Backward elimination was used for model
selection; variables were removed if likelihood ratio test
and/or Wald P > .05. Backward elimination was used to
reduce the inflation of type I error and to improve the control
of negative confounding factors. Hazard ratios (HR) were
calculated with 95% Wald CI for each variable.

Statistical analyses were performed in SAS (version 9.4
for Windows; SAS Institute, Cary, North Carolina). Statisti-
cal significance was set at P < .05.

3 | RESULTS

3.1 | Demographics

Forty dogs from 13 institutions met the inclusion criteria.
Breeds represented included golden retriever (3), Labrador
retriever (3), chow (2), greyhound (2), beagle (2), shih tzu

(2), Scottish terrier (2), dachshund (2), and 1 each of
German wirehaired pointer, Belgian Tervuren, Bouvier des
Flandres, miniature pinscher, cane corso, Siberian husky,
field spaniel, toy poodle, standard poodle, pug, border collie,
and collie; there were 10 mixed-breed dogs. There were
23 spayed females, 14 castrated males, and 3 intact males.
Mean age at the time of surgery was 9.7 years (SD ± 2.0),
and mean weight was 21.2 kg (SD ± 12.2).

3.2 | Clinical findings

The median duration of clinical signs prior to presentation was
90 days (range, 2–365). Clinical signs included vomiting
(7/40; 92.5%), hyporexia (19/40; 47.5%), weight loss (18/40;
45.0%), lethargy (4/40; 10.0%), hematemesis (3/40; 7.5%),
melena (3/40; 7.5%), and ptyalism (3/40; 7.5%). One dog
exhibited a ravenous appetite despite concurrent weight loss.

Preoperative hematology and serum biochemistry results
were available for 32 and 37 cases, respectively. Hematologic
abnormalities, documented in 12 of 32 dogs, and serum bio-
chemical abnormalities, documented in 12 of 37 dogs, were
nonspecific and animal dependent. Thoracic imaging was per-
formed prior to surgery in all but 1 case with radiography
(32/39) or CT (7/39). Evidence of pulmonary metastasis was
not observed in any case. Abdominal imaging was performed
in 37 dogs (AUS [29], [CT, 7], AUS and CT [1]), and 1 dog
had an exploratory celiotomy performed prior to referral.
According to abdominal imaging results, locoregional lymph
node enlargement was identified in 10 dogs, and a mesenteric
nodule was observed in 1 dog. Ultrasound-guided fine-needle
aspiration of the gastric mass was performed in 12 dogs. In
8 dogs, results were either inconclusive or nondiagnostic
because of low cellularity. In the 4 cases with cytologic abnor-
malities, results were consistent with suppurative, nonseptic
inflammation (1) or epithelial neoplasia (3). Endoscopic biop-
sies were performed in 24 dogs and concurred with the final
histopathology in 16 cases. For the remaining 8 cases in which
results were discordant, the interpreted endoscopic biopsies
were consistent with inflammation (5), leiomyoma (1), hyper-
plasia (1), and mucosal hyperplasia and dysplasia with precan-
cerous changes (1).

3.3 | Surgical findings

Surgical procedures included partial gastrectomy (28/40),
Billroth I (9/40), subtotal gastrectomy (2/40), and submuco-
sal resection via a gastrotomy (1/40). Two dogs that had
Billroth I required a cholecystoduodenostomy. Lymph node
excision, lymph node biopsy, and liver biopsy were per-
formed in 15, 2, and 6 dogs, respectively.

Tumors were reported to arise from the following locations
in the stomach: lesser curvature (9/40), greater curvature (3/40),
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pylorus (7/40), antrum (6/40), fundus (2/40), cardia (1/40), and
body (12/40). Tumor dimensions were described in 31 dogs.
Measurements along the widest axis of the tumor were <4 cm
(6/31), 4–6 cm (15/31), and >6 cm (10/31). The mean tumor
length along the widest axis was 5.4 cm (SD ± 2.4).

The surgical intent was reported as wide (24/40 [60%])
or marginal (15/40 [37.5%]) or was not specified (1/40,
2.5%). The surgical margin width was provided in 24 cases.
Surgical margins used were 0.5–1 cm (4/24), 1.5–2.0 cm
(14/24), and 2.5–3.0 cm (6/24).

3.4 | Surgical complications

Dogs that experienced perioperative complications (intraoperative,
9/40 [22.5%]; postoperative, 14 of 40 [35%]) were categorized
by the surgical procedure performed (Table 1).

No intraoperative complications were reported in 31 cases.
Minor intraoperative complications occurred in 6 dogs (6/40

[15%]), and major intraoperative complications were reported in
3 (3/40, 7.5%). All 3 dogs that experienced major intraoperative
complications developed septic peritonitis, which resulted in
2 revision surgeries (1) or euthanasia (2).

No postoperative complications were reported in 26 cases.
Six dogs (6/40 [15%]) experienced minor postoperative com-
plications. Major postoperative complications were reported in
8 dogs (8/40 [20%]) and included septic peritonitis (4), cardio-
pulmonary arrest (2), prolonged clinical signs consistent with
ileus, and/or pancreatitis (2) that ultimately resulted in owners
electing euthanasia (Table 1).

3.5 | Histologic findings

Histologic diagnoses included gastric adenocarcinoma in situ
(2/40) and gastric adenocarcinoma (38/40), with 1 dog having
both a gastric adenocarcinoma and an intestinal adenocarci-
noma of the distal duodenum removed during the same

TABLE 1 Perioperative complications in dogs undergoing surgical resection for gastric adenocarcinoma

Complication severity Dogs Intraoperative (n = 9) Postoperative (n = 14) Survival, d

Partial Gastrectomy

Major complications 1 CPA 2

2 Spillage gastric contents Septic peritonitis 1

3 Inadvertent stab incision
into small bowel

Septic peritonitis (intestinal R&A site
dehiscence)

190

4 Septic peritonitis (NSAID-induced
duodenal perforation)

2

5 Gastric stasis; pancreatitis 15

CPA 2

Minor complications 6 Minor hemorrhagea

7 Major hemorrhagea 43

8 Hypertension 274

9 Minor hemorrhagea 177

10 Hyporexia; soft stool 132

Billroth Type I

Major complications 11 Pancreatitis 16

Minor complications 12 Hypertension Ascending cholangiohepatitis; pancreatitis 71

13 Major hemorrhagea; 2nd
degree AV block

49

14 Severe pancreatitis; intermittent
hypoglycemia

258

15 Pulled out gastrostomy tube 183

Subtotal Gastrectomy

Major complications 16 Convert from PG to
subtotal gastrectomy

Septic peritonitis (surgical site
dehiscence)

13

Minor complications 17 Minor hemorrhagea Vomiting 93

Abbreviations: AV, atrioventricular; CPA, cardiopulmonary arrest; NSAID, nonsteroidal anti-inflammatory drug; PG, partial gastrectomy; R&A, resection and anastomosis.
aHemorrhage: major, requiring blood transfusion; minor, self-limiting hemorrhage.
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surgery. For the 38 cases of gastric adenocarcinoma, 15 cases
were categorized according to the World Health Organization
(WHO) criteria for histologic grade33 (Table 2). Other histo-
logic features included the presence of vascular invasion and
degree of gastric wall invasion (Table 2).

Histologic assessment of surgical margins was available for
39 dogs. The histologic status of the surgical margins was con-
sidered either complete (20/39) or incomplete (19/39). For the
24 dogs that had tumors removedwith a wide excision, 16 dogs
(16/24 [66.7%]) were reported to have complete margins, and
8 dogs (8/24 [33.3%]) were reported to have incomplete mar-
gins. For the 15 dogs in which a marginal excision was per-
formed, histologic margins were considered complete in
4 dogs (4/15 [26.7%]), incomplete in 10 dogs (10/15 [66.7%]),
and not specified for 1 dog. The surgical margin width was
quantitated in 24 cases; however, a correlation between the
completeness of tumor excision was not observed. When
0.5–1-cm margins (n = 4) were taken, histological margins
were reported as complete in 2 dogs (2/4) and incomplete in the
others (2/4). When 1.5–2.0-cm surgical margins (14) were per-
formed, the margin status was considered complete in 12 dogs
(12/14) and incomplete in 2 dogs (2/14). Finally, 6 dogs had
gastric masses removed with 2.5–3-cm margins; the histologic
assessment was considered complete in 3 dogs (3/6) and
incomplete in the other 3 (3/6).

Evidence of metastatic disease at the time of surgery was
histologically confirmed in 18 dogs (18/40 [45%]). The loca-
tion of metastatic spread included regional lymph nodes (14/18
dogs), mesentery (3/18 dogs), and 1 dog with liver and regional
lymph node involvement. This included 11 dogs (11/40
[27.5%]) that had locoregional metastasis (lymph nodes [8],
mesentery [2], lymph node and liver [1]) at the time of surgery
that had not been detected on preoperative imaging. In 11 dogs

in which preoperative abdominal imaging results suggested the
possibility of metastatic disease (lymph node [10], mesentery
[1]), metastasis was histologically confirmed in 7 dogs (lymph
node [6], mesentery [1]), lymph node biopsy showed no evi-
dence of metastasis in 1 dog, and no report of lymph node sam-
pling was documented in the other 3 dogs.

3.6 | Adjuvant therapy

Nineteen dogs (19/40 [47.5%]) received single or combination
adjuvant chemotherapy including maximum tolerated dose
(MTD) chemotherapy (12), metronomic chemotherapy (2), a
tyrosine kinase inhibitor (8), and palliative intracavitary che-
motherapy to treat metastatic bicavitary effusion (1). The effi-
cacy of specific chemotherapeutic protocols could not be
analyzed because of the variation in drug, dose, and frequency
used in each case (Table 3).

Maximum tolerated dose chemotherapy protocols included
either a single agent or a combination of the following drugs:
carboplatin (n = 6), gemcitabine (2), carboplatin/gemcitabine
(1), doxorubicin (2), doxorubicin/cyclophosphamide (1),
mitoxantrone (1), and carboplatin/5-fluorouracil (1). Dosing
and protocols were variable and clinician-dependent, but, of
the 12 dogs that received MTD chemotherapy, 8 completed
their protocols. Cessation of therapy occurred because of dis-
ease progression in 2 dogs, and a delay in treatment because of
adverse side effects occurred in the other 2 dogs. Two dogs
received metronomic cyclophosphamide (12.5 mg/m2 orally
every other day and 15 mg/m2 orally once daily) without
reporting any adverse events. Toceranib (1.5–3.4 mg/kg
orally every Monday/Wednesday/Friday), was administered in
8 dogs. Treatment was terminated shortly after initiation of
therapy in 3 dogs because of adverse effects. Toceranib was
well tolerated in 2 cases in which it was used continuously until
disease progression was noted. Reasons for termination of
treatment were not reported in the other dogs, but no adverse
effects were noted.

3.7 | Clinical outcome

Mean duration of follow-up was 239 days (range, 1–1902).
Overall median PFI was 54 days (95% CI 0–223). Local recur-
rence was confirmed in 3 dogs by endoscopy (n = 2) and nec-
ropsy (1). Local recurrence was suspected in another 9 dogs on
the basis of abdominal imaging (3) and recurrence of clinical
signs (6). Metastasis was present at the time of surgery in 18 of
40 (45%) dogs. New or progressive metastasis was confirmed
or suspected in 10 dogs during the follow-up period. Three of
these dogs also had evidence of concurrent local recurrence.
Metastatic progression was diagnosed by imaging in 6 cases,
by abdominocentesis in 3 cases, and by imaging confirmed
with abdominocentesis in 1 case. Metastatic sites included

TABLE 2 Histologic features in dogs with gastric
adenocarcinoma

Histologic Features
Cases,
n (%)

WHO histologic subtype,
n = 15

Tubular 2 (13.3)

Signet-ring cell 6 (40)

Mucinous 5 (33.3)

Undifferentiated 2 (13.3)

Degree of gastric wall
invasion, n = 18

Gastric adenocarcinoma
in situ

2 (11.1)

Submucosal invasion 1 (5.5)

Muscularis invasion 3 (16.7)

Transmural invasion 12 (66.7)

Vascular or lymphatic
invasion, n = 22

Yes 18 (81.8)

No 4 (18.1)

Abbreviation: WHO, World Health Organization.
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regional lymph nodes (4), mesentery (4), abdominal body wall
(1), spleen (1), ureter (1), bladder (1), and ulnar diaphysis (1).
Four dogs presented with peritoneal effusion (4), 1 of which
had concurrent pleural effusion.

Overall, 35 dogs died or were euthanized, and 5 dogs were
censored in the survival analysis. The MST for uncensored
dogs was 178 days (95% CI 71–311; range, 1–1902; Figure 1).
The overall 1-year survival rate was 17.5%. The 5 dogs that
had been censored were still alive at the time of writing, with
overall survival times ranging from 153 to 553 days. Survival
analysis included 9 dogs that died or were euthanized for rea-
sons unrelated to gastric neoplasia. This included 6 dogs that
either died or were euthanized because of complications
1–16 days after surgery. Thus, the survival to discharge for
dogs in this study was 85% (34/40), with an MST of 190 days.
Three dogs experienced prolonged survival times and died of
unrelated gastric carcinoma 258, 1902, and 1443 days after
surgery. For the 26 dogs that experienced tumor-related deaths,

18 were the result of local recurrence, and 8 resulted from
metastasis.

According to univariable analysis results, the only factors
associated with overall survival time were experiencing an
intraoperative complication (n = 9, P = .005), experiencing
a postoperative complication (n = 14, P = .03), and adminis-
tration of adjuvant chemotherapy (n = 19, P = .03). Histo-
logic features such as degree of transmural invasion and
vascular invasion could not be evaluated for prognostic sig-
nificance because of too few cases. However, the 2 dogs
with adenocarcinoma in situ died of causes unrelated to gas-
tric carcinoma at 258 and 1443 days after surgery, and the
1 dog with mural invasion limited to the submucosa was still
alive 153 days after surgery. In addition, the 4 dogs that had
no evidence of vascular/lymphatic invasion were either still
alive at 132 and 153 days or had protracted survival times of
553 and 1443 days.

TABLE 3 Adjuvant chemotherapy in 19 dogs with gastric adenocarcinoma

Dog Adjuvant therapy Dose & frequency Complications ST, d

1 Carboplatin/5-FU Carboplatin: 275 mg/m2 IV, 1 dose single agent, then
carboplatin/5-FU: 200 mg/m2/150 mg/m2 IV every 3 weeks
× 5/5 doses

None 553, still alive

2 Carboplatin 280 mg/m2 IV every 3 weeks × 5/6 intended doses Grade 1 lethargy, vomiting, diarrhea
Grade 2 neutropenia

272

3 Carboplatin 300 mg/m2 IV every 3 weeks × 4/4 doses Grade 1 neutropenia after 3rd dose 93

4 Carboplatin 300 mg/m2 IV every 3 weeks × 4/4 doses Grade 1 diarrhea 383, still alive

5 Carboplatin
Toceraniba

Carboplatin: 285 mg/m2 IV every 3 weeks × 6/6 doses
Toceranib: 2.5 mg/kg MWF × 3 months

Grade 3 neutropenia at day 19—delay 354

6 Carboplatin
Mitoxantrone

Carboplatin: 240 mg/m2 IV × 1 dose
Mitoxantrone: 5 mg/m2 IV every 3 weeks × 6/6 doses

Grade 1 elevation in creatinine—
switched to mitoxantrone

190

7 Gemcitabine/carboplatin
Toceraniba

Week 1 - Gemcitabine/carboplatin: 57 mg/m2/285 mg/m2 IV
Week 2 - Gemcitabine: 57 mg/m2 IV × 4/4 cycles
Toceranib: 3.3 mg/kg orally MWF

Neutropenia—delay of treatment Grade 2
thrombocytopenia—switched to toceranib

564

8 Carboplatin
Cyclophosphamide
Doxorubicin

Carboplatin: 300 mg/m2 every 3 weeks × 4/4 doses
Cyclophosphamide: 15 mg/m2 daily × 2 months
Doxorubicin: (dose not reported) every 3 weeks × 3 doses

None 274

9 Toceranib
Cyclophosphamide

Toceranib: 1.7 mg/kg orally MWF
Cyclophosphamide: 12.5 mg/m2 orally every other day

Grade 2 anorexia on toceranib—1 week
rest

1902

10 Doxorubicin
Cyclophosphamide

Week 1 doxorubicin: 27 mg/m2 IV
Weeks 2 & 3 cyclophosphamide: 222 mg/m2 orally divided
over 2 days × 2/5 intended cycles

None 101

11 Doxorubicin 30 mg/m2 IV every 3 weeks × 4/4 doses Grade 2 anorexia 177

12 Gemcitabine 222 mg/m2 IV × 1 dose None 71

13 Gemcitabine 675 mg/m2 IV every 2 weeks × 4/4 doses Grade 1 lethargy 97

14 Toceranib 1.7 mg/kg orally MWF None 280

15 Toceranib 2.7 mg/kg orally × 2 doses Grade 2 diarrhea—cessation 403

16 Toceranib 3 mg/kg orally MWF None 135

17 Toceranib 1.5 mg/kg orally × 2 doses Grade 1 lethargy—cessation 49

18 Toceranib 3.4 mg/kg orally MWF Grade 2 diarrhea 132, still alive

19 Intracavitary mitoxantrone 5.5 mg/m2 diluted 1:1 in 0.9% NaCl, then again in
1 mL/4.5 kg

None 311

Abbreviations: 5-FU, 5-fluorouracil; MWF, Monday/Wednesday/Friday; ST, survival time.
aToceranib started after cytotoxic chemotherapy.
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According to multivariable analysis results, experiencing
an intraoperative complication (n = 9) was associated with
an increased risk of death (HR 6.1 [95% CI 1.8–21,
P = .003]), and receiving adjuvant chemotherapy (n = 19)
was correlated with an improved survival (HR 0.3 [95% CI
0.1–0.8; P = .02]; Figure 2).

4 | DISCUSSION

The present study provides information on the largest case
series to date of dogs surgically treated for gastric carcinoma.
The MST of these dogs (178 days) considerably exceeds the

MST of 72 days extrapolated from previously published
cases.1,4,7,10-29 Among these, the 2 largest case series4,16

included 10 dogs with an MST of 72 days and 6 dogs in which
5 did not live past 63 days. The small samples in both studies
likely created a bias to the overall reported survival times, illus-
trating the value of our larger case series. TheMST of 178 days
is approximately twice as long as the reported survival time
(<3 months) for dogs managed conservatively, which demon-
strates the beneficial role of surgery in the treatment of dogs
with gastric carcinoma.1,4,6

As hypothesized, most cases in this study did not experi-
ence perioperative complications. The dehiscence rate (2/40
dogs) and incidence of major postoperative complications
(8/40 dogs) were comparable to existing literature.4,9,12,16 In a
previous study9 of 24 dogs treated with Billroth I, surgical site
dehiscence occurred in 2 dogs, and postoperative pancreatitis
and aspiration pneumonia were noted in 3 dogs each. In a simi-
lar publication,12 major postoperative complications included
acute kidney injury, congestive heart failure, bile duct transec-
tion, gastric stasis, and incisional dehiscence and were reported
in 6 of 28 dogs undergoing Billroth I. The majority of the dogs
in our study that underwent Billroth I (8/9 dogs) did not experi-
ence a major postoperative complication, and none developed
dehiscence. In a study16 of 10 dogs with gastric carcinoma that
were treated with either partial distal gastrectomy or Billroth I,
postoperative morbidity was low and limited to postprandial
discomfort, vomiting, and diarrhea in 3 dogs. In combination
with the aforementioned published case series,9,12,16 our find-
ings support the role of surgery in the multimodal management
of dogs with gastric carcinoma.

Prognostic factors identified as influencing survival
included intraoperative complications and administration of
adjuvant chemotherapy. Development of an intraoperative
complication was associated with a sixfold increased hazard of
death. This finding may reflect tumor location and/or advanced
extent of disease requiring more technically complex surgical
procedures that may be associated with a higher risk of compli-
cation. The fact that intraoperative complications were reported
in both of the dogs that underwent a subtotal gastrectomy sup-
ports this notion. However, the significance of this finding
should be scrutinized. Because various contributors performed
data acquisition, individual interpretation of what constituted a
perioperative complication may have differed. Although it is
unlikely that one would fail to report any major complications,
individual subjectivity may have resulted in an over- or under-
estimate in the number of complications. For example, 3 of the
4 cases contributed from 1 institution listed self-limiting hem-
orrhage as an intraoperative complication. Cases from other
institutions may have also experienced minor intraoperative
hemorrhage, but contributors may not have felt the severity
warranted stating.

FIGURE 1 Kaplan–Meier survival curve estimating overall
survival time for all causes in 40 dogs that underwent surgical
resection of gastric adenocarcinoma. Day 0 designates the day of
surgery. Asterisks represent censored observations

FIGURE 2 Kaplan–Meier survival curves estimating overall
survival time for all causes in dogs receiving surgery with or without
adjuvant chemotherapy (chemo) and, within those populations, whether
an intraoperative complication occurred. Day 0 designates the day of
surgery. Asterisks represent censored observations
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Contrary to our prediction, receiving adjuvant chemo-
therapy was associated with an improved survival time in
this cohort of dogs. This observation, however, should not
be interpreted causally because this study is retrospective,
and treatments were not randomized. It is possible that a
selection bias may have existed in the allocation of treatment
or in association with timing of euthanasia, which would
have influenced the results. For example, owners that were
willing to pursue chemotherapy may have also allowed a
longer treatment course before considering euthanasia. Fur-
thermore, whether a reliably effective chemotherapeutic pro-
tocol exists could not be deduced from these data because
substantial variation existed in the drug, dose, duration, and
frequency each dog received. Nevertheless, this preliminary
finding justifies additional investigation into the role of che-
motherapy in the treatment of canine gastric carcinoma.

An assessment of the minimum surgical margin distance
necessary to achieve histologically complete margins for
canine gastric carcinoma could not be determined from our
data. Current margin recommendations for wide excision of
gastric neoplasia in dogs are 1–2 cm of apparently normal
tissue around the tumor.16,34 However, to the best of the
authors' knowledge, true surgical safety margins have not
been evaluated for canine gastric neoplasia. In the group of
dogs that underwent a wide excision, a reasonable propor-
tion (8/24 [33.3%]) had incompletely excised tumors. This
finding suggests that the prescribed 1–2-cm margins may
not be adequate. In humans with gastric carcinoma, surgical
margins have a significant effect on patient survival, and rec-
ommendations are dependent on the histologic subtype.34

For the diffuse type of gastric carcinoma, recommended
margins are greater than 5 cm, and, for the intestinal type,
2–3 cm is suggested.34

Unfortunately, histologic features could not be assessed
for meaningful associations with outcome because of limited
cases and inconsistencies regarding what information was
provided by individual pathologists in histopathology
reports. In human gastric carcinoma, vascular invasion is
one of the few histologic characteristics that has reliably
predicted tumor behavior and survival, independent of clini-
cal stage.35,36 Although this variable could not be evaluated
in our study population, it is noteworthy that the 4 cases with
no evidence of vascular invasion had protracted survival
times. On a similar note, prolonged survival times were
observed in the 3 cases in which depth of tumor invasion
was confined to the gastric mucosa or submucosa. In man,
the WHO classification for histologic subtyping33 has prog-
nostic significance, wherein signet-ring cell and mucinous
and undifferentiated subtypes are considered to have a less
favorable prognosis compared with tubular or papillary sub-
types.37-39 There is some evidence to support this to be the
case in dogs as well. In 1 study,40 researchers found that

dogs with less well-organized, diffuse or signet-ring cell
type tumors experienced earlier metastasis. Additional stud-
ies are warranted to evaluate surgical and histologic margins
as well as the association between histologic characteristics
and biologic behavior in dogs with gastric tumors.

In this study, the presence of metastasis at the time of
surgery was confirmed histologically in 18 of 40 (45%)
dogs. However, because surgical procedures were not stan-
dardized and, in most cases, lymph node sampling was not
routinely performed, a more accurate rate of nodal metastasis
at diagnosis could not be determined. Based on the predict-
able pattern of metastatic spread with gastric adenocarci-
noma, when it arises from glandular epithelium and spreads
via intramural or submucosal lymphatics to regional lymph
nodes,41 evaluation of regional lymph nodes at the time of
surgery should be considered for accurate staging. In human
medicine, regional lymphadenectomy is the standard of care,
demonstrating a benefit both for staging purposes and for
improving outcome in patients with gastric carcinoma.42,43

In addition, for early gastric cancer patients in whom disease
is confined to the submucosa or muscularis layers without
spread to regional lymph nodes, it is routine for surgeons to
use sentinel lymph node mapping to guide dissection.44

Thus, it may be valuable for veterinary surgeons to consider
regional lymph node excision guided by sentinel lymph
node mapping, as previously described with peritumoral
injection of methylene blue.45 At a minimum, routine lymph
node sampling at the time of surgical resection may be
worthwhile because it is well known that micrometastasis
can be present in lymph nodes that are normal in size.46

The short median PFI of 54 days suggests that it may be
appropriate to consider regular monitoring with abdominal
imaging every 1–2 months after surgery for gastric carci-
noma. The first progression event, when it was reported, was
either local recurrence or metastatic spread to regional
lymph nodes, mesentery, or confined to the peritoneal cav-
ity. None of the dogs had evidence of pulmonary metastasis
at the time of diagnosis, and there was no evidence of distant
metastatic spread to the thoracic cavity except for bicavitary
metastatic effusion that developed in 1 dog. These findings
would suggest that follow-up thoracic radiographs may be of
low yield in dogs with gastric carcinoma after surgery unless
disease is advanced.

Limitations of this study include the small sample because
of the rare occurrence of this condition. Because of the inherent
nature of multi-institutional retrospective studies, other limita-
tions include variation in the surgical procedures, which were
performed by multiple surgeons with differences in surgical
technique. Surgical margins, surgical implants (suture type and
whether staples were used), perioperative treatments, adjuvant
therapies, and follow-up times were not standardized. The dis-
parity across these variables precludes more in-depth evaluation
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of these factors with respect to outcomes. All histopathologic
samples would ideally have been reviewed by a single patholo-
gist, and postmortem examination would have been performed
on all dogs.

Although dogs treated with surgical resection of gastric
carcinoma lived longer in our study compared with previously
reported studies, only 17.5% of dogs survived 1 year after sur-
gery, justifying a guarded long-term prognosis. Adjuvant che-
motherapy was associated with a longer survival, but a
randomized controlled prospective trial is required to establish
a chemotherapeutic protocol. Results from this study may be
used to improve counseling of owners regarding prognosis of
candidates for surgical excision of gastric carcinoma.
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