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SUMMARY
A 10.5- year- old, male, neutered Samoyed was presented 
to the Iowa State University Lloyd Veterinary Medical 
Center with history (including prior surgical biopsy), 
non- speciic acute clinical signs and clinicopathology 
changes most consistent with pancreatitis. Marked 
hypercalcemia developed within a short span of time, 
raising clinical concerns for neoplasia. Diagnostic imaging 
and ine- needle aspirate cytology were consistent 
with pancreatitis. Marked elevation in parathyroid 
hormone–related protein with low parathyroid hormone 
further supported the diagnosis of underlying neoplasia. 
The dog’s clinical status declined despite aggressive 
medical supportive therapy. Humane euthanasia 
was elected. Postmortem examination revealed an 
extensive pancreatic neoplasm conirmed as exocrine 
pancreatic adenocarcinoma with diffuse intra- abdominal 
metastases. Acute kidney injury most likely resulted from 
the severe pancreatic inlammation (pancreatitis) and 
hypercalcemia of malignancy caused by the exocrine 
pancreatic adenocarcinoma. This is the irst reported case 
of hypercalcemia of malignancy associated with exocrine 
pancreatic adenocarcinoma in a dog.

BACKGROUND
Hypercalcemia of malignancy (HM) in dogs is 
most commonly associated with lymphoma or 
apocrine gland anal sac adenocarcinoma (AGASAC) 
and usually results from production of parathy-
roid hormone–related protein (PTHrP) by the 
neoplastic cells.1 2 A number of other carcinomas 
(squamous cell, thyroid, mammary, pulmonary, etc) 
have also been less commonly identified as causes 
of HM.2 3 This report highlights the first case of 
exocrine pancreatic adenocarcinoma resulting 
in HM in a dog. Hypercalcemia of malignancy 
resulting from increased production of PTHrP is 
reported in human exocrine pancreatic adenocar-
cinoma, particularly in those cases with adenos-
quamous differentiation.4 This case also highlights 
the key clinical point that pancreatic adenocar-
cinoma can mimic pancreatitis on the basis of 
presentation, physical examination findings, and 
clinicopathology and diagnostic imaging results. 
These similarities are likely related to the intense 
pancreatic inflammation occurring secondary to 
the neoplastic process.5 6 Although rarely reported 
in dogs, exocrine pancreatic adenocarcinoma 
should be considered as a differential diagnosis 
in cases of suspected pancreatitis not responsive 
to typical supportive therapies or in cases with 
hypercalcemia and pertinent pancreatic clinical 

signs and/or changes on clinicopathology or diag-
nostic imaging.

CASE PRESENTATION
A 10.5- year- old, male, neutered Samoyed was 
presented to the Iowa State University Lloyd Veter-
inary Medical Center for evaluation of progressive, 
intermittent vomiting, hyporexia and lethargy. On 
initial physical examination, the dog was quiet, alert 
and responsive with a body weight of 24.3 kg and 
body condition score of 5/9. Additional findings 
were elevated body temperature (39.8°C); heart 
rate 108 beats/min with regular rhythm and strong, 
synchronous femoral pulses; respiratory rate 36 
breaths/min, eupneic with clear lung fields; and 
mucous membranes pink and slightly tacky. Clinical 
dehydration status was estimated at <5 per cent. 
The dog’s abdomen was mildly distended, tense 
and painful on palpation with no organomegaly 
or distinct masses palpable. Urine dribbling was 
noted. Peripheral lymph nodes were small, soft and 
symmetrical. Rectal examination was unremark-
able with no masses or lymphadenomegaly. Fundic 
examination was unremarkable.

Evaluation by the primary care veterinarian 3 
days earlier had revealed elevated body tempera-
ture (39.4°C) with a slightly distended and tense 
abdomen. Diagnostics performed at that time 
showed neutrophilia (15.0×103/µL, reference 
interval (RI) 2.95–11.64) and mildly elevated canine 
pancreatic lipase immunoreactivity (cPLI, 235 µg/L, RI ≤200). Baseline cortisol (1.6 µg/dL, RI 1.0–5.0) 
and total calcium (9.1 mg/dL, RI 7.9–12.0) were 
within reference interval. Diagnostic imaging had 
no significant findings in two- view thoracic radio-
graphs; however, abdominal radiographs had loss 
of serosal detail with a mottled appearance in the 
cranioventral abdomen.

Previous history included exploratory 
coeliotomy for duodenal foreign body removal 
at 2 years of age, during which gross changes 
were observed in the pancreas, a biopsy taken, 

Figure 1 Diffusely enlarged left (A) and right 
(B) pancreatic lobes exhibit hypoechoic, mildly 
heterogeneous parenchyma with undulant margins and 
surrounding hyperechoic mesenteric fat.

http://orcid.org/0000-0003-1855-6966
http://crossmark.crossref.org/dialog/?doi=10.1136/vetreccr-2020-001190&domain=pdf&date_stamp=2020-010-13


Veterinary Record Case Reports

2 Johannes CM, et al. Vet Rec Case Rep 2020;8:e001190. doi:10.1136/vetreccr-2020-001190

and histopathology- confirmed necrosuppurative pancreatitis. 
Subsequent clinical episodes consistent with pancreatitis were 
managed with supportive medical therapy (antiemetics) and diet. 
One year prior to presentation for the current condition, spon-
taneous pneumothorax was diagnosed. A right middle lung lobe 
lobectomy was performed with no concerning changes noted on 
histopathology. No further respiratory clinical signs had been 
observed.

INVESTIGATIONSComplete blood count (CBC) at presentation revealed leucocy-
tosis (29.52/µL, RI 6.0–17.0) composed of a neutrophilia (26.86/
µL, RI 3.0–11.4) and mild left shift (886 band neutrophils/µL, 
RI 0–300) with slight toxic granulation; and mild normocytic, 
normochromic anaemia (haematocrit 29.6 per cent, RI 37–55). 
Serum biochemistry profile indicated increased total calcium 
(13.4 mg/dL, RI 9.7–11.3). Ionised calcium was elevated (1.71 
mmol/L, RI 1.25–1.45). Urinalysis showed isosthenuria (urine 
specific gravity 1.009) with 1+ protein; urine protein:creatinine 
ratio was 1.99. Canine trypsin- like immunoreactivity (cTLI) was 
elevated (>50 µg/L, RI 5.7–45.2), as was cPLI (272 µg/L, RI 
<200 ug/L); serum folate and cobalamin were within reference 
interval. ACTH stimulation test indicated elevated pre- cortisol 
level (8.84 µg/dL, RI 1.0–5.0) with post- cortisol within refer-
ence interval (18.5 µg/dL, RI 5.5–20.0).

Thoracic radiographs (three- view) revealed moderate sternal 
lymphadenomegaly suspected to be secondary to abdominal 
disease; no visible changes consistent with metastatic neoplasia 
were observed. The entire pancreas was markedly enlarged and 
hypoechoic on abdominal ultrasound, extending caudally near 
the level of the urinary bladder (figure 1). The surrounding 
adipose was heterogeneous and hyperechoic; a moderate 
amount of hypoechoic free abdominal fluid was present. An 
enlarged, lobular pancreatic lymph node was noted near the 
left limb of the pancreas. Several small, hyperechoic nodules 
were noted within the spleen near the mesenteric margin. Due 
to changes observed on ultrasound, fine- needle aspirates were 
obtained from the pancreas and spleen; a sample of free peri-
toneal fluid was obtained for analysis. Although no changes 
were noted on ultrasound evaluation of the liver, fine- needle 
aspirates were performed to exclude lymphoma as a cause of 
HM. The enlarged pancreatic lymph node was not accessible 
for aspiration. Pancreatic cytology revealed neutrophilic inflam-
mation with pyogranulomatous steatitis, necrosis, and typical 
and low numbers of atypical (high nuclear to cytoplasmic ratio) 
pancreatic cells. Differentials for the atypical pancreatic cells 
were morphology changes due to inflammation and necrosis or 
possible neoplasia. Splenic cytology indicated mild hemosiderin 
and extramedullary hematopoiesis. Liver cytology indicated 
mild bile retention and blood- associated neutrophilia. Perito-
neal fluid analysis was consistent with a neutrophilic inflam-
matory exudate. Sternal bone marrow aspirate was performed 
and no evidence of lymphoma or other neoplasia was identi-
fied. A hypercalcemia panel was submitted to the Michigan State 
University Veterinary Diagnostic Laboratory.

DIFFERENTIAL DIAGNOSISBased on the clinical history and presentation, diagnostic imaging, inflammatory changes noted on CBC and aspirates of 
the pancreas and abdominal fluid, pancreatitis was the initial 
primary differential diagnosis. However, the newly identified 
hypercalcemia was not expected with acute pancreatitis as this 

condition is most commonly associated with hypocalcemia.7 
Given the extensive pancreatic changes noted on abdominal 
ultrasound along with hypercalcemia, further consideration 
was given to pancreatic neoplasia (lymphoma, adenocarci-
noma, insulinoma). The dog was normoglycemic and cytology 
of the pancreas and abdominal fluid revealed no indication of 
lymphoma, so the most likely diagnosis became exocrine pancre-
atic adenocarcinoma.

TREATMENT
Intravenous fluid diuresis with 0.9 per cent sodium chloride was 
initiated at 100 mL/kg/day. Fentanyl was administered intrave-
nously at 3 to 5 µg/kg/h as indicated for abdominal pain relief 
(response monitored via Colorado State University Canine Acute 
Pain Scale).8 Supportive medical therapy included pantoprazole 
1 mg/kg intravenously every 24 hours; maropitant 1 mg/kg 
intravenously every 24 hours; ondansetron 0.25 mg/kg intra-
venously every 8 hours; capromorelin 3 mg/kg orally every 24 
hours. After 24 hours of hospitalisation when control of emesis 
was accomplished with antiemetic therapy, a nasogastric tube 
was placed for enteral nutritional support with 50 mL Clini-
Care Canine administered every 6 hours. An indwelling urinary 
catheter was placed to monitor and quantify urine production. 
Prednisone therapy was not instituted due to lack of definitive 
diagnosis, as lymphoma remained on the differential diagnosis 
list and prednisone treatment would make diagnosis challenging. 
Furosemide therapy was not instituted due to the dog’s clinical hydration status in spite of intravenous fluid therapy. Bisphos-
phonate therapy was considered and discussed but not elected 
by the client.

OUTCOME AND FOLLOW-UP
Despite aggressive supportive therapy for 48 hours, the dog’s clinical status continued to decline. A subsequent CBC revealed 
more profound leucocytosis (44.67/µL, RI 6.0–17.0) composed 
of a neutrophilia (39.31/µL, RI 3.0–11.4) and mild left shift 
(893 band neutrophils/µL, RI 0–300) with slight toxic granu-
lation and basophilia; and moderate normocytic, hypochromic, 
non- regenerative anaemia (haematocrit 24.4 per cent, RI 37–55; 
mean corpuscular haemoglobin concentration 30.7 g/dL, RI 
32–36; absolute reticulocyte count 73 500/µL). The repeated 
serum biochemistry profile showed persistent hypercalcemia 
(13.2 mg/dL, RI 9.7–11.3), elevated liver enzyme activities 
(alanine aminotransferase, ALT, 102 IU/L, RI 24–90; alkaline 
phosphatase, ALP, 709 IU/L, RI 20–150) and hyperbilirubinemia 
(total bilirubin 1.75 mg/dL, RI <0.1–0.6), marked azotemia 
(creatinine 5.3 mg/dL, RI 0.5–1.5; blood urea nitrogen 76 mg/
dL, RI 10–30) and hyperphosphatemia (6.3 mg/dL, RI 3.2–6.0). 
Ionised calcium had improved slightly but remained elevated 
(1.61 mmol/L, RI 1.25–1.45).

Exploratory coeliotomy for pancreatic biopsy was discussed 
but not pursued by the client. Due to declining clinical status 
and quality of life, the development of acute kidney injury (AKI) 
and the clinical concern for a diagnosis of neoplasia with a grave 
prognosis, humane euthanasia was elected. Postmortem exam-
ination confirmed the diagnosis of exocrine pancreatic acinar 
adenocarcinoma with local extension to the mesentery, tunica 
muscularis of the adjacent duodenum and into the duodenal 
mucosa (figure 2). Multiple foci of necrosis and haemorrhage 
were noted within the pancreatic adenocarcinoma; no squamous 
differentiation was observed (figure 3). The clinical diagnosis 
of pancreatitis was supported and likely occurred via leakage 
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of digestive enzymes from the neoplastic pancreatic epithe-
lium. Regional metastasis of the pancreatic adenocarcinoma 
was observed to the liver, mesenteric lymph nodes and diffusely 
to the omentum, mesentery, gastrointestinal serosa and surface 
of the urinary bladder. Mild to moderate, multifocal, chronic 
glomerulosclerosis was noted within the kidneys.

Hypercalcemia panel results returned following euthanasia 
and indicated hypercalcemia (ionised calcium 2.04 mmol/L, 
RI 1.24–1.45), PTH at the low end of reference interval (0.70 
pmol/L, RI 0.50–5.80) and markedly elevated PTHrP (7.9 
pmol/L, RI 0.0–1.0 pmol/L). These findings were consistent with 
HM.

DISCUSSION
Exocrine pancreatic adenocarcinoma is an uncommonly 
reported cancer in dogs with an estimated incidence rate of 
17.8 per 100 000 patient years at risk.9 Fewer than 100 cases of 
clinically or pathologically described canine exocrine pancreatic 
adenocarcinoma have been published in the veterinary literature 
since 1963.5 Clinical signs tend to be non- specific and are often 
consistent with those seen in pancreatitis, including lethargy, 
vomiting, diarrhoea, abdominal pain, inappetence and weight 
loss.5 6 Clinicopathology changes also often parallel those seen 
with pancreatitis, including neutrophilia and increased amylase, 

lipase, cPLI and/or cTLI.5 6 If extrahepatic biliary obstruction 
results from the presence of the pancreatic mass, increased 
liver enzyme activities (ALT, ALP) and total bilirubin may be 
observed.5 6 The clinical utility of advanced diagnostic imaging 
(CT, MRI) is not well established for exocrine pancreatic adeno-
carcinoma, as much overlap occurs with pancreatitis.10 While 
ultrasound- guided fine- needle aspirate cytology or biopsy has 
been shown to be helpful in obtaining a diagnosis,6 coeliotomy 
for histopathology is often necessary for definitive diagnosis.5 10 
The case described here had many similar characteristics as those 
previously reported. History, clinical signs, physical examination 
findings and clinicopathology results, and diagnostic imaging 
findings were most consistent with pancreatitis. In this dog, 
however, marked hypercalcemia (with renal values within refer-
ence interval) was noted to have developed within a short period 
of time (total calcium was within reference interval at primary 
care veterinarian 3 days earlier). Marked elevation of PTHrP 
with low PTH confirmed HM.

Hypercalcemia of malignancy associated with exocrine pancre-
atic adenocarcinoma in dogs has not been previously reported 
in the veterinary literature. Lymphoma and AGASAC are the 
neoplasms most commonly associated with HM in dogs.1 3 A 
number of other carcinomas are less frequently reported as 
causes of HM in dogs and have been previously summarised, 
including adrenal, hepatocellular, mammary, pulmonary, squa-
mous cell, transitional cell and so on.2 3 Hypercalcemia of malig-
nancy associated with exocrine pancreatic adenocarcinoma 
is rarely reported in human oncology. When observed, HM 
is typically seen with adenosquamous carcinoma (ASC) of the 
pancreas and is accompanied by elevated levels of PTHrP.4 ASC 
accounts for only 0.38 per cent to 10 per cent of all human 
exocrine pancreatic neoplasms. Diagnostic guidelines require the 
squamous component to comprise at least 30 per cent of the 
pancreatic neoplastic tissue in order to be classified as ASC.4 It 
is believed to be the squamous component of the neoplasm that 
accounts for the PTHrP production.11 In the case reported here, 
no squamous differentiation or component was observed on 
histopathology. While mammary,12 pulmonary13–15 and oesoph-
ageal16 ASC have been reported in dogs, pancreatic origin has 
not. One case of pancreatic ASC in a cat has been published.17

As in this case, canine exocrine pancreatic adenocarcinomas 
are most commonly diagnosed at exploratory coeliotomy or 
postmortem examination.5 10 The clinical prognosis is grave with 
reported survival times ranging from 1 day to several weeks; 
a few cases of hyalinising tubular pancreatic carcinoma have 
been reported with survival over a year.5 18 Diffuse metastasis 
is common in pancreatic exocrine adenocarcinomas at the time 
of diagnosis or postmortem examination.5 6 19 20 Hepatic metas-
tasis is most common, but also seen in regional lymph nodes 
and infiltration on adjacent tissues, as seen in this case. Clinical 
benefit of adjunctive therapies such as chemotherapy or radia-
tion therapy for canine exocrine pancreatic adenocarcinoma has 
not been documented.

The AKI experienced by this dog at the latter stage of the 
disease process likely resulted from the acute pancreatic inflam-
mation associated with the underlying neoplasm and/or from the 
hypercalcemia itself. In this case, histopathology of the pancreas 
included marked inflammation that supported the clinical diag-
nosis of pancreatitis via leakage of digestive enzymes from the 
neoplastic pancreatic epithelium. A recent report identified AKI 
in 17/65 (26 per cent) of dogs with acute pancreatitis and this 
was associated with a poor clinical outcome.21 The pathophys-
iology of renal injury associated with hypercalcemia has been 
previously summarised.2

Figure 2 Pancreatic tumour identiied at postmortem examination.

Figure 3 Histopathology of exocrine pancreatic adenocarcinoma.
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Learning points

 ► Exocrine pancreatic adenocarcinoma in dogs can cause 
hypercalcemia of malignancy via production of parathyroid 
hormone–related protein. This is the irst reported case in the 
veterinary literature. This should be a consideration in cases 
of hypercalcemia with pertinent pancreatic clinical signs and/
or changes on diagnostic imaging.

 ► Clinical signs, clinicopathology indings and diagnostic 
imaging show signiicant overlap between pancreatitis 
and exocrine pancreatic adenocarcinoma (due to marked 
pancreatic inlammation associated with the neoplasm).

 ► Fine- needle aspirate cytology of exocrine pancreatic 
adenocarcinoma and/or associated free abdominal luid may 
only yield inlammatory changes; histopathology is often 
necessary for deinitive diagnosis of pancreatic neoplasia.

 ► Exocrine pancreatic adenocarcinoma in dogs is typically 
highly aggressive locally with distant metastasis often 
present at diagnosis. Treatment options are limited and rarely 
reported in the veterinary literature.

 ► Acute pancreatic inlammation and severe hypercalcemia can 
both be associated with acute kidney injury in dogs.
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