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Case description
A 7-year-old male castrated domestic short-haired cat 
weighing 7.3 kg (14.6 lb) was presented to the University 
of Tennessee Small Animal Emergency Service for evalu-
ation of chronic vomiting of non-digested food 30–60 
mins after feeding. The cat reportedly showed consistent 
interest in food, but feeding led to ptyalism and vomit-
ing. In addition, the cat had lost 0.45 kg (1 lb) of body 
weight in the prior month and did not have reported 
melena or change in stool consistency. A complete blood 
count was within reference intervals (RIs). Serum bio-
chemistry abnormalities included increases in alkaline 
phosphatase at 86 IU/l (RI 13–71 IU/l), aspartate ami-
notransferase at 102 IU/l (RI 12–50 IU/l) and alanine 
aminotransferase at 234 IU/l (RI 32–110 IU/l). Abdominal 
ultrasound revealed a diffusely hyperechoic hepatic 
parenchyma with multiple heterogeneous, oval masses, 

the largest of which measured approximately 2.2 cm × 
3.5 cm and 1.4 cm × 1.1 cm, and were associated with the 
right liver. A linear, hyperechoic focus measuring 
approximately 0.8 cm in length was identified in the wall 
of the stomach near the pylorus and was characterized 
by indistinct wall layering, distal reverberation artifact 
and thickening of the gastric wall adjacent to the lesion 
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Abstract
Case summary A 7-year-old male castrated domestic short-haired cat was evaluated for a 4 week history of 
intermittent vomiting, ptyalism, lethargy and weight loss. Serum biochemistry revealed mild mixed hepatopathy. 
Abdominal ultrasonography identified multiple heterogeneous hepatic masses and a linear, hyperechoic focus 
with associated reverberation artifact in the wall of the stomach consistent with a gastric ulcer. Serum gastrin 
concentrations were markedly increased. Cytologic interpretation of a fine-needle aspirate of the hepatic masses 
was consistent with neuroendocrine neoplasia, and a diagnosis of gastrinoma was established. Deterioration of 
the cat’s condition, despite at-home acid-suppressant therapy, led to hospitalization. The cat was initially stabilized 
with intravenous crystalloid fluid therapy, maropitant, pantoprazole and octreotide. A continuous radiotelemetric 
intragastric pH monitoring system was used to monitor the response of intragastric pH to therapy. Long-term 
therapy was continued with omeprazole (orally q12h), octreotide (subcutaneously q8h) and thrice-weekly toceranib 
administered orally. Toceranib therapy led to gastrointestinal upset and was discontinued. Gastric ulceration 
resolved within 8 weeks, and palliation of clinical signs was achieved for approximately 5 months.
Relevance and novel information Including this report, only six cases of feline gastrinoma have been reported in the 
veterinary literature. Little is known regarding non-surgical therapy, and octreotide has not been previously reported 
for medical management of feline gastrinoma. Results of intragastric pH monitoring and clinical improvement 
suggest that medical therapy using octreotide and proton pump inhibitors represents a novel therapeutic option for 
cats with gastrinoma where surgical excision is not feasible.
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(Figure 1). Findings were most consistent with a gastric 
ulcer,1 with suspected neoplastic lesions within the 
hepatic parenchyma. Sampling of the liver masses was 
recommended.

Owing to the presence of gastric ulceration, medica-
tions prescribed included sucralfate suspension (41 mg/
kg [18.6 mg/lb] orally q8h) for 30 days and the proton 
pump inhibitor (PPI) omeprazole (0.68 mg/kg [0.3 mg/
lb] orally q24h) for 30 days. One week later, a fine-needle 
aspirate of the hepatic mass was obtained under ultra-
sound guidance. The aspirate sample was poor in cellu-
larity and was suggestive of hepatic lipidosis. The cat 
appeared to be improving at home and had a normal 
appetite, and therefore it was treated as an outpatient 
with continued administration of sucralfate and ome-
prazole. Recommendations were made to the owners for 
either repeated fine-needle aspiration or surgical biopsy 
of the liver masses. Although the cat experienced inter-
mittent inappetence in the days immediately following 
re-examination, its condition reportedly improved; 
therefore, the owners discontinued all medications 
within 10 days.

Three weeks later, following recurrence of vomiting, 
inappetence and severe lethargy, the owners resumed 
administration of the medications and elected to pursue 
further evaluation. Abdominal ultrasonography 
revealed several new masses throughout the liver. The 
previously described liver masses were also found to 
have increased in size. Little normal hepatic parenchyma 
was observed. The previously described gastric ulcer 
was unchanged with no evidence of healing. Cytologic 
evaluation of fine-needle aspirates from several of the 

hepatic masses revealed moderately sized epithelial cells 
present in clusters, packets and occasional linear or aci-
nar-like arrangements on a background of blood. The 
cells, which were cuboidal to low columnar with a round 
nucleus, stippled chromatin and a small amount of light 
blue cytoplasm, were consistent with a neuroendocrine 
tumor (Figure 2). Owing to the persistent gastric ulcer, 
the cat was prescribed omeprazole at an increased fre-
quency (0.68 mg/kg [0.31 mg/lb] orally q12h). Given the 
suspicion of a metastatic neuroendocrine tumor and the 
presence of non-healing gastric ulceration, serum was 
obtained 3 days later for measurement of gastrin concen-
trations, which were found to be markedly increased at 
491 ng/l (RI <10–39.5 ng/l).2 Although administration 
of omeprazole is associated with a subsequent increase 
in gastrin levels, the marked increase in gastrin concen-
trations in this case far exceeded those typically seen in 
dogs receiving omeprazole.3 In addition, gastrin concen-
trations were markedly increased compared with values 
reported in normal cats and cats with hypergastrinemia 
secondary to severe azotemia.4 Hypergastrinemia, the 
presence of a gastric ulcer, and documentation of multi-
focal neuroendocrine masses in the liver led to the pre-
sumptive diagnosis of gastrinoma (Zollinger–Ellison 
syndrome), though a pancreatic mass could not be iden-
tified on ultrasound.

Further deterioration in the cat’s condition necessi-
tated hospitalization with intravenous (IV) crystalloid 
therapy, pantoprazole (1 mg/kg [0.45 mg/lb] IV q12h), 
maropitant (1 mg/kg [0.45 mg/lb] IV q24h) and somato-
statin analog (octreotide) therapy (2 µg/kg [0.9 mg/lb] 
SC q8h for 2 doses, 4 µg/kg [1.8 µg/lb] for two doses and 

Figure 1 Ultrasonographic images of the stomach of a cat with gastrinoma (a) before and (b) after 8 weeks of medical 
therapy with a proton pump inhibitor (q12h) and octreotide (q8h). The luminal aspect of the gastric wall is delineated by black 
arrowheads. The ulcer is indicated by white arrowheads and manifests as a linear hyperechoic defect in the gastric wall with 
reduced visibility of wall layers, distal reverberation artifact and mild thickening of the adjacent normal gastric wall
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10 µg/kg [4.5 µg/lb] q8h thereafter). In addition, 48 h 
continuous gastric pH monitoring was performed to 
evaluate the cat’s intragastric pH response to therapy for 
severe hypergastrinemia.

A pH monitoring capsule (Bravo pH monitoring sys-
tem; Given Imaging) was administered orally using a 
syringe-style pet piller (JorVet Pet Piller; Jorgensen Labs). 
The cat was hospitalized in the intensive care unit. Its 
condition improved rapidly with resolution of ptyalism 
within 2 h of hospitalization and return of a consistent 
appetite within 15 h. Radiographs obtained during day 2 
of hospitalization confirmed that the capsule remained 
in the stomach.

Results of pH monitoring on day 1 indicated pH ⩾3.0 
was achieved for 89% of the day, ⩾4.0 for 57% of the day, 
⩾5.0 for 46% of the day and ⩾6.0 for 31% of the day. 
During day 2, a pH ⩾3.0 was achieved for 100% of the 
day, ⩾4.0 for 99% of the day, ⩾5.0 for 85% of the day and 
⩾6.0 for 17% of the day (Figures 3 and 4). These values 
were consistent with our ⩾3.0 pH goal for treatment of 
gastroduodenal ulcerations. Intravenous pantoprazole 
was discontinued, and oral omeprazole was prescribed 
once the cat was eating readily. The cat was discharged 
following 48 h pH monitoring and was reported to have 
a normal appetite and energy level at home. Omeprazole 
(1 mg/kg [0.45 mg/lb] orally q12h) and octreotide (10 
µg/kg [4.5 µg/lb] SC q8h) were prescribed indefinitely. 
Continued therapy with octreotide and omeprazole 
resulted in complete palliation of clinical signs. In addi-
tion, the original site at which ultrasonographic findings 
were consistent with gastric ulceration was repeatedly 
identified by the original ultrasonographer, and 

abnormalities were improved within 1 week. Complete 
resolution of the ulcer was seen within 8 weeks (Figure 
1b). Owing to the persistent growth of the hepatic masses 
on subsequent ultrasonographic imaging, therapy with 
toceranib was pursued (2.38 mg/kg [1.1 mg/lb] orally 
q48h). Toceranib was discontinued after 1.5 months 
because of anorexia, despite a reduction in dosing fre-
quency (2.38 mg/kg [1.1 mg/lb] three times weekly). 
Overall, clinical signs were well controlled for 5 months 
(7 months from the time of initial presentation), when 
acute recurrence of nausea, poor appetite and lethargy 
led to a decision by the owners to euthanize the cat. A 
necropsy was not performed.

Discussion
Gastrinomas are rare, gastrin-secreting, non-beta islet 
cell tumors of neuroendocrine origin; these tumors lead 
to hypergastrinemia, gastric hyperacidity and, conse-
quently, peptic ulceration. The overall incidence of gas-
trinoma is unknown. In people, the incidence is estimated 
to be between 1 and 3 per million per year.5 To our 
knowledge, only 34 canine cases and six feline cases, 
including this one, have been reported in the veterinary 
literature.6,7

For dogs and cats diagnosed with gastrinoma, surgi-
cal debulking is recommended in an attempt to reduce 
gastrin secretion, although, as with the cat reported here, 
up to 70% of cases will have visible metastases at the 
time of initial diagnosis.8 Survival times for dogs and 
cats with gastrinoma are typically <8 months,8 though 
survival for up to 18 months was reported in cats with 
gastrinoma using a combination of surgical debulking 

Figure 2 Photomicrographs of smear preparations from fine-needle aspiration of metastatic lesions in the liver of a cat with 
gastrinoma at (a) × 100 and (b) × 500 magnification. Cellularity is high, consisting mostly of moderately sized epithelial cells 
that are present in clusters, packets and occasional linear or acinar-like arrangements, on a background of blood and a few 
free nuclei from ruptured cells. The cells are cuboidal to low columnar, with a round nucleus, stippled chromatin and a small 
amount of light blue cytoplasm. They are fairly uniform in size, with occasional cells having a larger nucleus. No hepatocytes 
are noted.
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and gastroprotectants.9 Surgical excision was not recom-
mended for the cat in this report owing to multifocal 
hepatic irregularities presumed to represent significant 
metastatic disease. Given the severity of clinical signs 
associated with the condition, medical therapy was 
attempted.

Somatostatin analogs, considered a cornerstone of 
medical treatment in people with gastrinoma,5,10 have 
been described for use in diagnosis and treatment of 
gastrinoma in dogs.7,11 This is the first report to describe 
the use of somatostatin analog therapy for the treatment 
of feline gastrinoma. Early studies indicated that 

Figure 3 Gastric pH in a cat with gastrinoma during the (a) first 16 h, (b) second 16 h and (c) third 16 h of hospitalization 
for treatment of gastroduodenal ulceration. Asterisks (*) represent time of administration of pantoprazole, and daggers (†) 
represent administration of octreotide. The target pH (⩾3.0) is indicated by the horizontal solid line; the target was achieved 
for 89% of the first 24 h and for 100% of the second 24 h. Note that the cat received 3 days of at-home, twice-daily omeprazole 
administration prior to hospitalization and intragastric pH monitoring
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somatostatin analogs have a dose-dependent effect on 
inhibition of gastric acid secretion in healthy cats;12 
however, individual analogues have different specifici-
ties for somatostatin receptors (SSTRs) involved in the 
inhibition of insulin, growth hormone, glucagon and 
gastrin.12 While expression of specific SSTRs in feline 
gastrinoma remains to be elucidated, a previous study 
suggested that SSTR2 mediates inhibition of gastrin and 
histamine secretion in people, dogs and rats, whereas 
SSTR3 and SSTR5 agonists have no significant effects on 
gastrin secretion.13 Recently, the somatostatin analogs 
octreotide and pasireotide were evaluated for use in cats 
with hypersomatotropism.14,15 Octreotide has high affin-
ity for SSTR2 and SSTR5, and is reported to have antitu-
mor activity against neuroendocrine tumors in people.16 
Octreotide administration (5 µg/kg [2.27 μg/lb]) IV 
bolus) resulted in lowered plasma growth hormone, 
adrenocorticotropic hormone and cortisol concentra-
tions, and a slight increase in plasma glucose.14 
Pasireotide, which has a higher binding affinity for 
SSTR1, SSTR3 and SSTR5, significantly decreased insu-
lin-like growth factor-1 concentrations (when dosed at 
0.03 mg/kg [0.01 mg/lb] SC q12h).15 Neither somatosta-
tin analog has been evaluated for use in cats with gas-
trinoma, but previous studies in dogs and other species 
suggest that octreotide may have greater specificity 
than pasireotide to antagonize gastrin secretion in cats.13 
Gastrointestinal disturbances have been reported in 
people being treated with octreotide,10 and mild diar-
rhea has been reported in a small proportion of cats 
treated with pasireotide.15 However, the cat described 
herein displayed no detectable ill effects, despite pro-
longed dosage administration at 10 µg/kg q8h. Further 
dose escalation was not attempted.

Toceranib, a tyrosine kinase inhibitor, has also not 
been evaluated for use in feline gastrinoma. Given 
reports of clinical benefit in dogs with neuroendocrine 
tumors,17 and reports in people indicating that tyrosine 
kinase inhibitors improved objective response rate, pro-
gression-free survival and overall survival in patients 
with advanced neuroendocrine tumors, this therapy was 
pursued.18 Unfortunately, the cat in this report devel-
oped persistent anorexia, despite a dose reduction while 
being treated with toceranib. Several recent reports have 
identified anorexia as the most common side effect seen 
in tumor-bearing cats treated with toceranib, although in 
most cases anorexia appears to be mild and can be ame-
liorated with a temporary drug cessation or dose 
reduction.19,20

Medical management of gastrinoma also requires 
addressing the patient’s gastric hyperacidity.21 A contin-
uous intragastric telemetric pH monitoring capsule was 
used in this case to monitor the response of the cat’s 
intragastric pH to octreotide and acid suppressant ther-
apy. Use of the pH monitoring capsule has been previ-
ously described in studies evaluating the effect of gastric 
acid suppressants in healthy dogs and cats.22–25 No pub-
lished studies have used this technology in a cat with an 
acid-related disease. The pH monitoring capsule is 
designed to be placed under endoscopic guidance using 
a preassembled catheter delivery device. Traditionally, a 
location is identified for placement, and then an external 
suction device is applied to allow for a spring-loaded pin 
to secure the capsule to the gastroesophageal mucosa. In 
this study, we administered a pH monitoring capsule 
orally to the cat to continuously monitor the response of 
gastric pH to the prescribed therapies. The ability to 
administer the capsule orally will enable less invasive 
therapeutic monitoring of gastric pH in cats with gastric 
erosions and ulcerative disease. Furthermore, allowing 
for natural passage of the capsule might aid in preven-
tion of complications associated with endoscopic 
removal of the capsule.26

Gastric pH is closely associated with acid-related 
mucosal injury and healing in people. In vitro and in vivo 
findings in people with peptic ulcers have suggested that 
an acidic environment activates plasminogen and inhib-
its adequate platelet aggregation and fibrin clot forma-
tion, leading to delayed healing.27,28 It is believed that 
plasmin-mediated fibrinolysis and acid-dependent pro-
teases lead to clot degradation and subsequent re-bleed-
ing. For medical treatment of esophageal mucosal erosion 
and duodenal ulceration in people, optimal healing has 
been shown to occur when a gastric pH of ⩾3.0 is main-
tained for approximately 75% of the day.29,30 This goal has 
been accepted in human medicine as the minimal target 
for acid suppression in patients with gastric acid-induced 
tissue injury. More aggressive pH goals have been estab-
lished to promote hemostasis and healing of bleeding 

Figure 4 Mean time (%) that gastric pH was within each 
pH range throughout a 48 h monitoring period in a cat 
with a naturally occurring gastric ulceration treated with 
pantoprazole (q12h) and octreotide (q8h). pH <3.0 did not 
occur during the monitoring period
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peptic ulcers.31,32 Thus, acid-suppressant therapy is rec-
ommended for the treatment of people with acid-related 
disorders and, in particular, patients with peptic ulcers.28 
Ideal intragastric conditions for hemostasis in cats might 
be similar to those of people; however, it is unknown 
whether therapeutic goals established for people can be 
extrapolated to other species. Because no intragastric pH 
goals exist for the treatment of gastrointestinal ulceration 
in cats, we chose a target intragastric pH of ⩾3.0 for 
⩾75% of the day at the onset of therapy. This goal was 
exceeded on both days during which intragastric pH was 
monitored. Because PPI and octreotide therapy were 
administered simultaneously during the period of intra-
gastric pH monitoring, it was not possible to observe the 
impact of each individual therapy on intragastric pH in 
this case.

Conclusions
Owing to the paucity of feline gastrinoma cases in the 
veterinary literature, little is known regarding the most 
appropriate management of the condition in cats, par-
ticularly in cases that are not amenable to surgical exci-
sion. Preliminary evidence from this case suggests that 
medical management using octreotide therapy (q8h), as 
well as PPI therapy (q12h), is feasible and provides pal-
liation of clinical signs and peptic ulceration associated 
with gastrinoma in cats. However, because of the simul-
taneous administration of these therapies, it is unclear 
whether octreotide provides a clinical advantage over 
PPI therapy alone. This case serves as a platform for fur-
ther study of the most effective medical therapy for cats 
with gastrinoma and other causes of acid-related tissue 
injury.
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