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Development of a non-functional pancreatic neuroendocrine tumor and
a duodenal ulceration after cholecystoduodenostomy in a cat
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en een duodenale ulcus na cholecystoduodenostomie bij een kat
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ABSTRACT

A six-year-old Ragdoll with previous extrahepatic biliary tract obstruction due to cholangio-
hepatitis, treated with cholecystoduodenostomy, was presented for acute vomiting, hyporexia,
and weight loss. Abdominal ultrasound examination revealed randomly distributed hepatic nod-
ules and dilated biliary ducts. Gastroduodenoscopy showed a patent cholecystoduodenostoma
but disclosed a perforated duodenal ulceration. Conversion to celiotomy revealed extensive liver
pathology, a discrete pancreatic nodule, and a duodenal ulcer opposite to the cholecystoduode-
nostoma. The cat was euthanized intra-operatively and necropsy was performed. The intrahe-
patic biliary tract of the right liver lobes was obstructed and severely dilated, whereas bile from
the left lobes drained through the cholecystoduodenostoma. Histopathologic diagnoses were a
primary pancreatic tumor, positive for glucagon on immunohistochemistry, with liver meta-
stases, chronic purulent cholecystitis, and duodenal ulceration. To the authors’ knowledge, this
is the first report in which the development of pancreatic neoplasia is described in a cat with a
history of biliary tract disease.

erika.bianchini@ugent.be

SAMENVATTING

Een zes jaar oude ragdoll met een voorgeschiedenis van cholecystoduodenostomie na extra-
hepatische galgangobstructie door chronische cholangiohepatitis werd aangeboden omwille van acuut
braken, verminderde eetlust en gewichtsverlies. Op het abdominale echografisch onderzoek werden
diffuus verspreide levernodules gezien en gedilateerde galgangen. Via gastroduodenoscopie werd een
patente cholecystoduodenostomie opening gezien maar eveneens een geperforeerde duodenale ulcus.
Tijdens de daaropvolgende exploratieve celiotomie werden uitgesproken afwijkingen ter hoogte van
de lever vastgesteld en het darmulcer in de wand van het duodenum tegenover de cholecystoduode-
nostomieopening werd bevestigd. Daarenboven werd een kleine nodule ter hoogte van de pancreas
opgemerkt. In overleg met de eigenaar werd de kat intraoperatief ge€uthanaseerd waarna een necropsie
werd uitgevoerd. De afvoer van de sterk gedilateerde intrahepatische galgangen van de rechterlever-
lobben was geblokkeerd. De gal afkomstig van de linkerleverlobben draineerde in het duodenum via
de cholecystoduodenostomie-opening. De histologische diagnose was een primaire pancreastumor,
die aankleurde voor glucagon op immunohistochemie, met levermetastases. Er was ook sprake van
chronisch purulente cholecystitis en een duodenale ulcus. Volgens de auteurs is dit de eerste casuistiek
waarin de ontwikkeling van een neoplastisch proces wordt beschreven ter hoogte van de pancreas bij
een kat met een voorgeschiedenis van galgangproblemen.
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INTRODUCTION

Cholecystoduodenostomy is widely considered to
be the best surgical procedure for biliary diversion in
dogs and cats in case of obstruction or trauma affect-
ing the extrahepatic biliary tree, when the gallblad-
der is not affected by the disease process (Doran and
Moore, 2007; Morrison et al., 2008). Reports on long-
term complications in cats are scarce and comprise
stenosis of the stoma, reflux cholangiohepatitis, recur-
rent cholelithiasis, chronic weight loss, and duodenal
ulceration, the last being observed after cholecysto-
jejunostomy (Eich and Ludwig, 2002; Mayhew et
al., 2002; Bacon and White, 2003; Buote et al., 2006;
Doran and Moore, 2007). In cats, the close anatomi-
cal relationship between the pancreatic and biliary
duct predisposes to concurrent pathologies (May-
hew et al., 2002; Jergens, 2012); however, it is often
unclear which problem is causal, a consequence, or
even coincidental. In human medicine, bile acids are
suspected to play a role in the carcinogenesis of pan-
creatic tumors (Feng and Chen, 2016), but a similar
association has not yet been described in cats. More-
over, the reported incidence of feline primary pancre-
tic neoplasia is extremely low and pancreatic neuro-
endocrine carcinomas are even more rare (Seaman,
2004; Linderman et al., 2013). In the present case, the
development of a pancreatic neoplasia and a duodenal
ulceration are reported after previous cholecystoduo-
denostomy. To the authors’ knowledge, this has not
been reported previously in the veterinary literature.

CASE DESCRIPTION

A six-year-old, female Ragdoll was presented
for acute vomiting, hyporexia and weight loss. Nine
months earlier, cholecystoduodenostomy had been
performed because of common bile duct obstruction;
chronic suppurative cholangiohepatitis with dilation
and proliferation of bile ducts and mild ulcerative,
neutrophilic and plasma-cellular enteritis had been
diagnosed and treated with long-term antimicrobial
therapy. Although after recovery, the cat had been
free of clinical signs till a few days before being pre-
sented again, she had experienced significant weight
loss over time.

At presentation, a palpable mass in the cranial
abdomen was detected. General blood analysis, in-
cluding coagulation profile, did not show significant
abnormalities. Abdominal ultrasound (US) revealed
multiple ovoid, hyperechoic, well-defined nodules of
various sizes (1-2 cm), randomly distributed over the
entire hepatic parenchyma. The intrahepatic biliary
ducts were moderately to severely dilated and con-
tained partially echoic bile and focal hyperechoic
areas (gas). The gallbladder was positioned over the
duodenum and demonstrated a moderate amount of
echoic bile in its lumen. The exact attachment and
opening towards the duodenum were not clearly vi-
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sualized due to gas content of the duodenum in this
region; however, the opening appeared to be perme-
able for a few millimeters. No significant ultrasono-
graphic abnormalities were observed in the remain-
ing abdominal organs. Ultrasound-guided fine-needle
aspirates of the liver nodules revealed several clusters
of epithelial cells with augmented nucleus/cytoplasm
ratio, mild to moderate anisocytosis and anisokaryo-
sis. The bile, aspirated under US guidance, was non-
pigmented and viscous, and contained fibrin-like de-
bris. These characteristics belong to the definition of
“white bile”, a finding associated with biliary tract ob-
struction (Hashmonai et al., 1984). Microscopically, a
large number of moderately degenerated neutrophils
with numerous intra- and extracellular rod-shaped
bacteria was present. Microbiological testing of the
collected bile revealed the presence of Escherichia
coli, sensitive to potentiated amoxicillin.

The main differential diagnosis was recurrent
cholangiohepatitis and biliary tract (sub)obstruction
with either reactive changes of the intrahepatic biliary
tract epithelium (due to chronic bacterial infection) or
with concurrent epithelial neoplasia. Treatment was
initiated with amoxicillin-clavulanic acid (Kesium®,
Ceva, Bruxelles, Belgium), ursodeoxycholic acid
(Ursochol, Zambon, Bruxelles, Belgium), metoclo-
pramide (Emeprid®, Ceva, Libourne, France), mir-
tazapine (Mirtazapine, Mylan, Bruxelles, Belgium)
and tramadol (Tralieve, Dechra Veterinary Products
NV, Lille, Belgium). Liver biopsies were advised to
investigate possible neoplasia.

At the control visit twenty days later, hyporexia,
occasional vomiting and weight loss were still pres-
ent. On US, the bile was increased in echogenicity
compared to the previous examination, and focal spots
of gas were present in the region of the cholecysto-
duodenostoma. The gallbladder showed a moderate
amount of echoic bile in its gravity dependent portion
of the lumen. The stoma was difficult to visualize but
appeared permeable. Because of the presence of white
bile at the previous examination and the inability to
see the stoma of the cholangioduodenostomy well
with US, it was decided to perform gastroduodeno-
scopy. The endoscopic examination confirmed pa-
tency of the cholecystoduodenostoma but revealed
ectasia at the duodenal wall opposite to the cholecys-
toduodenostomy site. In the center of this dilation,
smooth white-colored tissue was surrounded by hy-
peremic edges, indicative for a duodenal ulcer. Be-
cause of the development of pneumoperitoneum with
a sudden decrease in respiratory rate and saturation,
the procedure was converted to ventral midline celio-
tomy. The right liver lobes were completely replaced
by a multinodular mass composed of 0.5 cm up till 2
cm slightly umbilicated nodules, grey to yellow and
firm with a necrotic center on the cut surface. The left
liver lobes presented similar nodules, in less number.
The omentum was adherent to the liver surface at sev-
eral sites, to the gallbladder, and to the proximal duo-
denum. A discrete, irregular and hard nodule of 1 cm
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was palpable in the right lobe of the pancreas. Due to
the extensive liver pathology, the cat was euthanized
intra-operatively.

At necropsy, once the omentum was released, a
small perforation was seen in the mesenteric side of
the duodenal wall, opposite to the cholecystoduode-
nostoma at the level of the duodenal ulcer (Figure 1).
The cholecystoduodenostoma drained normal green-
ish bile, originating from the left liver lobes. The right
bile ducts were obstructed and contained viscous white
material. Samples of left and right liver lobes, duode-
num and pancreas were taken for histopathological
examination. The most important histologic findings
were present in the liver lobes and pancreas. Within
the pancreas, there was a poorly circumscribed infil-
trative neoplastic mass composed of noduli of densely
packed nests with moderately pleomorphic oval cells
with oval nucleus with coarsely granulated chromatin
and a moderate amount of well-defined eosinophilic
cytoplasm. The neoplastic nests were surrounded by
a small amount of collagen stroma. Mitoses were nu-
merous, MC:34 (2.37 mm?).

Histologic examination of the right liver lobes
revealed a diffuse infiltrative, widely disseminated
neoplastic process composed of moderately circum-
scribed nodules with densely packed irregular tubular
structures lined by a moderately pleiomorphic cu-
boidal epithelium, with a round to oval nucleus with
coarsely granulated chromatin and a small amount
of well-defined eosinophilic cytoplasm. The neo-
plastic tubules were surrounded by a small amount
of collagen stroma. Mitoses were moderate; MC:
14 (2.37 mm?). In the remaining liver parenchyma,
the bile ducts were surrounded by a concentric band
of slightly mucinous collagen stroma with a mild to
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moderate infiltrate of neutrophils, macrophages and
lymphocytes. Similar neoplastic nodules were present
randomly distributed in the left liver lobes.

The neoplastic cells in the pancreas and liver re-
sulted positive for chromogranin A (Chrom A 1/1000,
Abcam, Cambridge, UK), pancytokeratin (CK Pan
CK AEI1/AE3, Dako, Glostrup, Denmark) and glu-
cagon (Glucagon ab10988 Clone K79bB10, Abcam,
Cambridge, UK), and negative for cytokeratin 7 (Cy-
tokeratin 7, Dako, Glostrup, Denmark), insulin (Insu-
lin RTU antibody, code IK002, Dako, Glostrup, Den-
mark) and gastrin (Gastrin GA519, Dako, Glostrup,
Denmark). Based on these immunohistochemical
characteristics in combination with the distribution of
neoplastic nodules, the diagnosis of primary pancrea-
tic neuroendocrine carcinoma, immunoreactive for
glucagon, was made (Figure 2).

DISCUSSION

In this case report, a case of pancreatic neuroen-
docrine carcinoma with massive liver metastases and
duodenal ulceration is described in a cat that had un-
dergone a cholecystoduodenostomy nine months ear-
lier.

The reported incidence of feline primary pancrea-
tic neoplasia is extremely low and reports on pan-
creatic neuroendocrine neoplasia (pan-NEN), other
than insulinomas, are even more rare, although the
true incidence of pan-NEN might be higher than as-
sumed (Seaman, 2004; Linderman et al., 2013). In
general, pan-NENSs are divided into two groups: func-
tional (hormone-producing and -secreting) and non-
functional neoplasms (Uribe Galeano et al., 2017).

- - o

Figure 1. Post-mortem images of the cat ten months after cholecystoduodenostomy. A. The omentum was fixed to a
liver metastasis and to the site of the duodenal ulcer (>), opposite to the site where the gall bladder (m) was attached
to the duodenal wall. A discrete nodule on the pancreas (%) betrayed the underlying primary pancreatic neoplasia. B.
After incising the liver parenchyma and the duodenum, patency of the cholecystoduodenostomy site (®) was confirmed.
At the opposite site, the duodenal wall was ulcerated (»).The severely dilated intrahepatic biliary tract of the right liver
lobes contained white, viscous bile (¢).
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Figure 2. Histologic images of the pancreatic neuroendocrine n
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eoplasia. A. Neuroendocrine tumor nests in the pancreas

(arrow); H&E, (400x). B. Immunohistochemical glucagon-positive staining of the nests in the pancreas (arrow); IHC

staining for glucagon, (200x).

As in humans (Halfdanarson et al., 2008), most are
non-functional, eventually producing hormones, but
without inducing clinically evident hormone-related
syndromes (Seaman, 2004; Linderman et al., 2013).
As a consequence, pan-NENSs are generally incidental
findings, unless they cause clinical signs due to a mass
effect (Cloyd, 2015).

In the cat reported here, the pan-NEN stained nega-
tive for insulin and gastrin on immunohistochemistry
but positive for glucagon. Glucagon-producing tu-
mors are rarely reported in dogs and cats (Rosol and
Meuten, 2017). In cats, one pan-NEN with exocrine
differentiation (Michishita et al., 2017), one gluca-
gonoma in a cat with necrolytic migratory erythema
(Sahinduran and Ozmen, 2017), one glucagon-posi-
tive gastrin-secreting pancreatic tumor (Middleton
and Watson, 1983), and one glucagon-producing
hepatic neuroendocrine carcinoma (Asakawa et al.,
2013) have been reported. In the present case, prima-
ry pancreatic neoplasia was not suspected clinically,
related to the small and most likely non-functional
pancreatic nodule, nor was it diagnosed by US, pre-
sumably because the small lesion was masked by the
massive liver pathology and the previous cholecysto-
duodenostomy. Furthermore, the difference between
acute pancreatitis and pancreatic neoplasia is difficult
to detect by US (Bennett et al., 2001). In the past, any
tumor staining positive for glucagon on immunohis-
tochemistry was called glucagonoma, but, according
to recent WHO guidelines on tumors of the digestive
system, tumors in the absence of typical clinical syn-
dromes should nowadays be termed non-functional
NENs (Nagtegaal et al., 2020).

Only during necropsy, it became clear that the
white bile obtained via US-guidance was not collect-
ed from the gallbladder itself (as this drained normal
green bile coming from the left liver lobes), but from
a part of the dilated right extrahepatic biliary tracts.
This error prompted to proceed with further investi-

gation, which otherwise would possibly have been
postponed.

Liver metastases are frequent findings in human
pancreatic glucagonomas (Soga and Yakuwa, 1998),
either with or without diabetico-dermatogenic syn-
drome (DDS and metastases were also present in two
of the reported feline pancreatic endocrine tumors)
(Middleton and Watson, 1983; Michishita et al.,
2017). In human medicine, metastatic rate seems to
correlate with the size of the primary tumor and its
malignancy (Soga and Yakuwa, 1998). In the cat of
this present case, the liver masses stained positive for
glucagon during immunohistochemistry, confirming
the diagnosis of a primary pancreatic neoplasia. How-
ever, macroscopically, the dimension and severity of
the liver lesions compared to the pancreatic nodule
rather suggested a primary liver neoplasia.

Based on the absence of typical clinical symptoms,
it can be assumed that this feline pan-NEN was non-
functional. A test for blood glucagon is not readily
available for cats. Serum biochemistry did not reveal
indirect signs of hyperglucagonemia (e.g. hypergly-
cemia, anemia, hypoaminoacidemia). Necrolytic mi-
gratory erythema, a syndrome associated in humans
(Tierney and Badger, 2004), dogs (Gross et al., 1993),
and two cats with glucagonoma (Asakawa et al., 2013;
Sahinduran and Ozmen, 2017) was not observed.

It might not have been a coincidence that the pan-
creatic tumor in this cat was observed after biliary
tract disease. The strong anatomical connection be-
tween pancreas and gall bladder, especially in the fe-
line species, predisposes to mutual pathologic influ-
ences, but a clear physiological basis has not yet been
established (Jergens, 2012). Since the feline extrahe-
patic biliary anatomy closely resembles the human
situation (Mayhew et al., 2002), abnormal bile acid
flow combined with severe bacterial cholangiohepa-
titis could have promoted neoplastic changes in the
pancreas similar to what has been described in hu-
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mans (Cigrovski Berkovic et al., 2014). It has been
suggested that bile acids systemically activate can-
cer-signalling pathways, but also locally induce pan-
creatic carcinogenesis, although typically, pancrea-
tic adenocarcinoma would be expected rather than
neuroendocrine neoplasia (Feng and Chen, 2016). At
the time of the previous surgery, the pancreas had ap-
peared normal and liver biopsies had tested negative
for malignant disease, but had revealed chronic sup-
purative cholangiohepatitis, which could also have
triggered carcinogenesis. In humans, chronic inflam-
mation and pro-inflammatory cytokines have been
shown to be modifying factors in tumor growth (Ci-
grovski Berkovic et al., 2014).

An additional finding in the cat of the present case
was the ulcer opposite the cholecystoduodenostomy
site. Duodenal ulcer formation is a known complica-
tion after cholecystojejunostomy (Doran and Moore,
2007; Mehler, 2011). When bile is diverted from the
duodenum to the jejunum via a rerouting procedure,
gastric acid secretion by the stomach is increased
while there is no longer bile for neutralization of gas-
tric acids in the duodenum, leading to ulcerative dam-
age to the proximal duodenum (Davies et al., 1985).
Cholecystoduodenostomy theoretically does preserve
the neuroendocrine reflex of acid inhibition and is
therefore preferred (Mehler, 2011).

The question why a duodenal ulcer was formed in
this case and, in particular, whether its localization
was incidental, is difficult to answer. Firstly, it can
be hypothesized that the amount of bile reaching the
duodenum was insufficient to neutralize the gastric
acids (Mehler, 2011), since bile of the right liver lobes
was no longer drained. It could be argued whether the
constant “dripping” of bile onto the contralateral duo-
denal wall, due to the absence of a sphincter regulat-
ing the bile flow, may have resulted in a mechanical
damage with disruption of the normal architecture.
Lastly, duodenal ulcers have been related to a spe-
cific type of pan-NEN, gastrinoma, and its associated
Zollinger-Ellison syndrome; this type of tumor has
previously been reported in a cat with duodenal ulcers
(Middleton and Watson, 1983). In the present case,
immunohistochemistry of the tumor tested negative
for gastrin. Nevertheless, it is known that pan-NENs
can stain positive for several pancreatic hormones,
with predominance of one hormone. Furthermore,
correlation between immunohistochemistry and bio-
activity is not always apparent (Rosol and Meuten,
2017). Therefore, a role of gastrin in the pathogenesis
of the duodenal ulcer cannot completely be excluded
in the present case.

In conclusion, abnormal bile acid flow combined
with severe bacterial cholangiohepatitis could have
promoted the development of the pancreatic neopla-
sia, similar to bile acid involvement suggested in the
carcinogenesis of human pancreatic cancer. Forma-
tion of the duodenal ulcer opposite to the cholecysto-
duodenostoma might have been caused by insufficient
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neuroendocrine acid inhibition and/or by irritation due
to constant contact with bile. Based on both findings,
pancreatic neoplasia and duodenal ulceration opposite
to the cholecystoduodenostoma should be considered
in the differential diagnosis of cats that clinically de-
teriorate after prior recovery of biliary tract surgery.
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Uit het verleden

Paard eten

Vanouds, met name in de middeleeuwen, werd het paard geassocieerd met de adel — was

zelfs aan de adel voorbehouden - en speelde het een belangrijke rol in de cavalerie. Door deze

bijzondere positie was er ook vroeger al duidelijk weerstand tegen het eten van paardenvlees,

behalve als het om oude afgeleefde werkpaarden ging. Paarden, zeker deze waarop ridders

reden hadden eigennamen en waren wijd en zijd bekende persoonlijkheden. (...). Een paard

heeft dan ook geen poten maar ‘benen’, geen kop, maar een ‘hoofd’. Kortom het staat tamelijk

dicht bij de mens.

Uit: Lemaire T. (2017). Onder dieren, Ambo/Anthos, Amsterdam, p. 22
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