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Abstract

Case summary Thisreport describes the case of a 7-year-old male neutered domestic mixed-breed cat that was initially
referred to the Veterinary Hospital of the State University of Londrina for evaluation of a 2-week history of abdominal
distension and a 2-day history of anorexia, infected with feline immunodeficiency virus (FIV). Abdominal ultrasound
revealed an expansive mass located around the pancreas and right hepatic lobe. In the transoperative macroscopic
observation, multiple white nodules were visualized in the liver, pancreas, mesentery, intestine, stomach and peritoneal
wall. Immunohistochemical examination revealed that neoplastic cells demonstrated a strong positivity for AE1/AE3
and CK20. A sparse immunoreactivity to chromogranin A was observed, which demonstrates neuroendocrine cell
labeling. The histopathologic changes associated with the immunohistochemical profile confirmed the diagnosis of
metastatic carcinoma with neuroendocrine differentiation, originating from the pancreas.

Relevance and novel information Neuroendocrine tumors of the pancreas are rare and are associated with a poor
prognosis in humans. In humans, approximately 7% of neuroendocrine tumors develop in the pancreas, and the
5-year survival rate for a pancreatic neuroendocrine tumor is 53%, according to the American Cancer Society. To
our knowledge, only one case has been described in the feline species so far. Due to the rarity of this type of tumor
in cats, there is little information about predisposition related to age, sex or breed, as well as the main clinical signs
presented, survival time and treatment options.
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infected with feline immunodeficiency virus (FIV),
treated at the Veterinary Hospital of State University of

Introduction
Neuroendocrine carcinomas are rare tumors that occur
in humans and animals, originated by dispersed cells of
the neuroendocrine system known to produce hormones
and peptides.!?

In humans, neuroendocrine carcinomas are more
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often found in the gastrointestinal tract and bronchopul-
monary system.® In cats, neuroendocrine carcinomas
have been reported in several organs, including the gall-
bladder,* skin,® colon,® trachea,” esophagus® and liver.%10
To our knowledge, only one case of feline pancreatic
neuroendocrine carcinoma has been described so far.!!
The aim of the present paper is to report the case of a
7-year-old male neutered domestic mixed-breed cat,
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Londrina, which was diagnosed with pancreatic carci-
noma with neuroendocrine differentiation.

Case description

A 7-year-old male neutered domestic mixed-breed cat,
infected with FIV, was originally referred to the
Veterinary Hospital of the State University of Londrina
for an evaluation of a 2-week history of abdominal dis-
tension and a 2-day history of anorexia. Physical exami-
nation revealed pale mucous membranes, dehydration
(8%), hypothermia (36.2°C), cachexia and ascites.

A full blood count revealed mild normochromic nor-
mocytic anemia (red blood cells: 5.89 [10.6/mm?] [refer-
ence interval (RI): 5.0-10.0 (10.6/mm?)]; hemoglobin:
76g/dl [RI: 8.0-15.0g/dl]; hematocrit: 24.9% [RI:
24.0-45.0%]); platelets (270,000 [RI: 230,000-680,000]) and
leukocytes (17,700 [RI: 5500-19,500]) were within the nor-
mal range. The biochemical analysis revealed an increase
in urea (100mg/dl [RI: 42-64mg/dl]), and the other bio-
chemical tests were within the normal range: creatinine
14mg/dl (RI: 0.8-1.8mg/dl), alanine aminotransferase
16 U/1 (RI: 6-83 U/1), gama-glutamil transferase 10 U/I
(RI: 0-10 U/1), albumin 2.9 g/dl (RI: 2.1-3.3 g /1) and blood
glucose 122mg/dl (RI: 73-134 mg/dl).

The peritoneal fluid collected was compatible with
modified transudate. It had a hemorrhagic aspect. The
results were as follows: density: 1028; albumin: 1.6g/1;
proteins: 4.1g/dl, albumin/globulin ratio: 0.73; glucose:
112mg/dl; bacteria absent; red blood cells: 540,000/
mm?; nucleated cells: 5600/mm?; and 78% neutrophils,
19% lymphocytes and 3% monocytes.

Abdominal ultrasound revealed an expansive mass
in the epigastric and mesogastric regions, of immeasur-
able dimensions, multinodular, with mixed echogenic-
ity and irregular contours, located around the pancreas
and right hepatic lobe. The perihepatic lymph node was
enlarged (1.53 X 2.22cm) and there was a large amount
of free fluid.

An exploratory laparotomy was performed, where
multiple white nodules were visualized in the liver, pan-
creas, mesentery, intestine, stomach and peritoneal wall.
Due to the impossibility of surgical excision and the poor
prognosis, euthanasia was indicated.

The necropsy examination showed mild hydroperito-
neum and accentuated fibrinous peritonitis, and in the
abdominal cavity there were numerous multifocal to
coalescent firm nodules spread throughout serosa
(Figure 1a and b). The pancreas was severely atrophied
and had multiple white, well-delimited plaques neofor-
mation, 0.2-0.5cm in size, located in the pancreatic head
and tail (Figure 1c). Metastases were observed in the
mesenteric lymph nodes, omentum, diaphragm, mesen-
tery and peritoneal serosa (Figure 1d). An in situ evalua-
tion of the abdominal cavity evidenced a solid irregular
mass, topographically arising from the mesenteric
lymph nodes and replacing the epiploon, and adhered to

Figure 1 Macroscopic appearance of a metastatic pancreatic
carcinoma with neuroendocrine differentiation in an adult

cat: (a) in situ evaluation of the abdominal cavity evidenced
carcinomatosis, mild hydroperitoneum, accentuated fibrinous
peritonitis and a solid irregular mass, topographically arising
from mesenteric lymph nodes and replacing the epiploon,
and adhered to the spleen; (b) numerous white solid

plaques, multifocal to coalescing, 0.5-2.0cm in size, spread
throughout the serosa of the diaphragm; (c) the pancreas
was marked by severe atrophy (arrow) and had multiple
white, well-delimited plagues neoformation, 0.2-0.5cm in
size, located in the pancreatic head and tail (arrowhead);

(d) multiple white solid nodules, 0.5-1.0cm in size, spread
throughout the mesentery (arrow); and (e) dissected irregular
mass of panel (a), topographically arising from the mesenteric

lymph nodes and replacing the epiploon. Bar=1.0cm

the spleen (Figure 1le). Numerous white solid plaques,
multifocal to coalescing, 0.5-2.0cm in size, were spread
throughout the serosa of the diaphragm. Tissue samples
5pm thick from all visceral organs were fixed in 10% for-
malin for 48 h, dehydrated in a graded series of ethanol,
embedded in paraffin, stained with hematoxylin and
eosin (H&E), and observed under a light microscope.
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Figure 2 Pancreatic carcinoma with neuroendocrine differentiation in a domestic cat. (a) Expansive proliferation,
unencapsulated, compresses the remainder of the non-neoplastic pancreatic parenchyma. Hematoxylin and eosin (H&E), X
20. (b) Proliferation is composed of polygonal cells arranged predominantly in a glandular pattern, with acinar structures in
various sizes, separated by thin fibrous stroma. H&E, X 20. (c) Higher magnification demonstrates an epithelial neoplastic cell
population with well-defined, abundant eosinophilic and finely granular cytoplasm. The nucleus is round with coarse chromatin
and conspicuous nucleoli. Filling the central gap of the acini is an amount of homogeneous, eosinophilic material. H&E, X 40.
(d) Section of the abdominal wall demonstrates a lymphatic vessel with a neoplastic embolus. H&E, X 20

Microscopically, the pancreatic nodule consisted of an
expansive proliferation, unencapsulated, composed of
polygonal cells arranged predominantly in glandular pat-
tern, with large acinar structures that usually present vari-
able amounts of homogeneous eosinophilic material
filling the central gap of these structures (Figure 2a and b).
Neoplastic cells were supported by a fine fibrovascular

stroma, which compressed the remainder of the non-neo-
plastic pancreatic parenchyma. The neoplastic cells were
polygonal, well-defined and had abundant eosinophilic
cytoplasm (Figure 2c). The nucleus was composed of
coarse chromatin and conspicuous nucleoli. Marked cell
pleomorphism, anisocytosis and anisokaryosis, as well as
several areas of intratumoral and peripheral lymphatic
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invasion (Figure 2d), intratumoral necrosis and 41 mitotic
figures 2.37 mm? in size were observed, including bizarre
ones. Although there was neuroendocrine differentiation
confirmed by immunohistochemistry, no histomorpho-
logical features that could promote the distinction of the
two cell populations were observed. The metastatic
lesions spread in the abdominal cavity showed the same
architectural and cellular features as described above. In
addition, in the section of the abdominal wall and perito-
neum, there were multiple foci of invasion lymphatic
vessels by neoplastic cells.

To confirm the tumor cell origin, a paraffin block was
sent to the VetMol laboratory, which performed stand-
ardized techniques at the laboratory of the Service of
Veterinary Pathology of FMVZ — UNESP - Botucatu,
with the following panel of antibodies: cytokeratin (CK);
anti-pan-cytokeratin (AE1/AE3); CK20; chromogranin
A (CgA); vimentin; CK7; synaptophysin; Wilms tumor
(WT-1); calretinin; Caudal Type Homeobox 2 (CDX2);
and thyroid transcription factor (TTF-1).

Immunohistochemical examination revealed that neo-
plastic cells demonstrated a strong positivity for AE1/AE3
and CK20 (Figure 3a and b). Immunoreactivity of approxi-
mately one-third (30%) of the cells to CgA was observed,
which demonstrates neuroendocrine cell labeling (Figure
3c and d). In contrast, the tumor cells were negative for
vimentin, CK7, synaptophysin, WTI-1, calretinin, CDX2
and TTF-1. The histopathologic findings associated with
the immunohistochemical profile confirmed the diagnosis
of metastatic pancreatic carcinoma with neuroendocrine
differentiation. Immunohistochemical features of the met-
astatic tumor cells were similar to those of the primary
pancreatic tumor cells.

Discussion

Neuroendocrine neoplasia is produced by tumor cells
that express neuroendocrine differentiation markers,
including CgA and synaptophysin, as well as hormones,
and transcription factors, which are tissue-specific and
assimilate the tumor cell to its normal counterpart neu-
roendocrine cell.!?

In humans, neuroendocrine tumors that develop
in the pancreas have predominant neuroendocrine
differentiation and are classified into histologic sub-
types according to the current human World
Health Organization (WHO) classification, including
well-differentiated neuroendocrine tumors, poorly
differentiated neuroendocrine carcinomas and mixed neu-
roendocrine-non-neuroendocrine neoplasms (MiNENSs),
which include mixed acinar-neuroendocrine carcinoma,
mixed ductal-neuroendocrine carcinoma and mixed aci-
nar-neuroendocrine-ductal carcinoma.!®

The immunohistochemical profile is fundamental to
establishing the morphologic type of the pancreatic
tumor. The positivity for cytokeratin (AE1/AE3) — a
marker of all epithelial cell types and carcinomas — and

the absence of staining for vimentin — a marker of cells of
mesenchymal origin and sarcomas - confirmed the
carcinoma. !4

CK19 is a marker used in the immunohistochemical
staining of neoplastic processes to demonstrate a higher
ductal immunophenotype when endocrine cells become
positive for it.!> In the present case, it was not possible to
test for CK19 and confirm the morphologic classification
of the pancreatic carcinoma, due to the unavailability of
testing for CK-19 in our location.

Tumors with the histologic features of both adenocar-
cinoma and neuroendocrine carcinoma (NEC), where
each component has to exceed 30% of the neoplastic
cells, are classified as MiNEN.?3 In the histologic results
of this case report, over 30% of the tumor had a neuroen-
docrine composition, so it was categorized as an MiNEN.

The only case of feline pancreatic neuroendocrine
carcinoma that has been described occurred in a 2-year-
old mixed-breed female cat that had presented similar
clinical signs, such as hyporexia, ascites, diarrhea and
weight loss, and also had multiple metastatic liver
nodules.!

Pancreatic tumors are generally rare in cats, dogs and
humans. Among them, carcinoma is the most common
type of tumor in dogs and cats.!® Previous studies indi-
cate that exocrine pancreatic carcinomas normally occur
in elderly cats, with no breed predisposition.”18 In a ret-
rospective study of 34 cats with exocrine pancreatic car-
cinoma, the average age was 11 years, with a higher
predisposition for male cats.!

There is still no information about the predisposed
age or sex for pancreatic carcinoma with neuroendocrine
differentiation in cats; however, the age and sex of the
animal reported in this case is similar to those cats diag-
nosed with exocrine pancreatic neoplasia, both with
higher occurrence in elderly and male cats.!

Regarding NECs described in other organs, there also
seems to be a predisposition towards male cats of
advanced age. In a retrospective study of 17 cats with
hepatobiliary NEC, the average of the animals was 9
years, mainly affecting male cats.*

Pancreatic neoplasms often cause non-specific consti-
tutional and gastrointestinal signs, such as lethargy,
anorexia, weight loss, diarrhea, vomiting, abdominal
pain or palpable abdominal masses.'6?

Pancreatic neuroendocrine tumors can cause clinical
signs of mass effect or hormone production?!; thus, they
are classified as functional and non-functional tumors
based on the ability to produce bioactive substances.? In
humans, most (50-75%) of them are non-functional
tumors?® and are at an advanced stage at the time of
diagnosis, becoming symptomatic only when they cause
the mass effect (compression of structures, abdominal
pain, peritoneal effusion).?*

In cats, some functional pancreatic neuroendocrine
tumors, including gastrin, glucagon or insulin-producing
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Figure 3 Immunostaining results for pancreatic carcinoma with neuroendocrine differentiation in a domestic cat: (a) neoplastic
cells were diffusely positive for cytokeratin(CK)20; (b) neoplastic cells were diffusely positive for anti-pan-cytokeratin(AE)1/
AE3; and (c,d) approximately one-third of neoplastic cells were positive for chromogranin A. Immunohistochemistry:
3,3-diaminobenzidine tetrachloride (DAB) for all sections and counterstained with Harris’s hematoxylin, X 20

tumors, have been reported.®?>?¢ Functional pancreatic
neuroendocrine tumors cause clinical signs according to
the substances they produce, such as necrolytic migra-
tory erythema in glucagon-secreting tumors and hypo-
glycemia in insulin-producing tumors.%2°

In our case report, no skin lesions or seizures were
observed, and the concentration of serum glucose remained
within the normal range throughout the study period.
Considering that the clinical signs did not indicate hyper-
secretion of these hormones, the neuroendocrine tumor

was probably not functional in this case. For definitive dif-
ferentiation between functional and non-functional neu-
roendocrine tumors, serum concentrations of bioactive
peptides and immunohistochemistry are required.

The diagnosis of a neuroendocrine tumor is based
on a combination of clinical signs, physical examina-
tion, histopathologic findings and immunohistochemi-
cal staining.?”

On immunohistochemical examination, pancreatic
neuroendocrine tumors can be identified using CgA,
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or neuron-specific enolase (NSE) or synaptophysin,
along with morphologic features.!! The tumor
described here was immunoreactive for CgA, but not
for synaptophysin; NSE has not been performed in this
case. In a study that analyzed the immunoreactivity of
CgA in pancreatic neuroendocrine tumors of dogs and
cats, CgA was expressed in 76% and 100% of cases,
respectively, demonstrating that CgA is a useful immu-
nohistochemical marker for pancreatic tumors of neu-
roendocrine origin.?

There is little information about the prognosis, sur-
vival time and treatment options of neuroendocrine
pancreatic carcinoma. The first-choice treatment is rad-
ical surgical excision; therefore, the anatomic location
of the tumor has great impact on treatment and prog-
nosis.?? In the case described, the surgical approach for
a complete resection of the tumor was not possible
because of the metastases presented in several abdomi-
nal organs, so euthanasia was indicated.

For the definitive diagnosis of this tumor, detailed his-
tologic and immunohistochemical examinations are
required. Improvements in diagnostic accuracy can help to
increase the number of reported cases, making it possible
to study the behavior, risk factors, treatment and progno-
sis of this neoplasm in animals, and compare it with
human cases for recognition of potential similarities.

Conclusions

This case report describes the clinical signs and ultra
sonographic, histologic and immunohistochemical find-
ings of a cat diagnosed with pancreatic carcinoma with
neuroendocrine differentiation. Although it is an uncom-
mon tumor, neuroendocrine pancreatic carcinoma must
be considered to be a differential diagnosis in cats with
signs such as ascites, hyporexia and weight loss, with
pancreatic masses detected on abdominal ultrasound.

Conflict of interest The authors declared no potential
conflicts of interest with respect to the research, authorship,
and/or publication of this article.

Funding The authors received no financial support for the
research, authorship, and/or publication of this article.

Ethical approval The work described in this manuscript
involved the use of non-experimental (owned or unowned)
animals. Established internationally recognized high standards
(‘best practice’) of veterinary clinical care for the individual
patient were always followed and/or this work involved the
use of cadavers. Ethical approval from a committee was there-
fore not specifically required for publication in JFMS Open
Reports. Although not required, where ethical approval was still
obtained, it is stated in the manuscript.

Informed consent Informed consent (verbal or written)
was obtained from the owner or legal custodian of all animal(s)
described in this work (experimental or non-experimental

animals, including cadavers) for all procedure(s) undertaken
(prospective or retrospective studies). No animals or people are
identifiable within this publication, and therefore additional
informed consent for publication was not required.

ORCID iD Gisele Augusta Amorim de Lemos
orcid.org/0000-0002-7517-174X

https://

References

1 Dala R, Shoosmith J, Lilenbaum R, et al. Primary hepatic
neuroendocrine carcinoma: an underdiagnosed entity.
Ann Diagn Pathol 2006; 10: 28-31.

2 American Society of Clinical Oncology (ASCO). Neuroen-
docrine tumors: introduction. https://www.cancer.net/
cancer-types/neuroendocrine-tumors/introduction (2018,
accessed 13 December 2022).

3 Ferreira-Neves P, Lezmi S, Lejeune T, et al. Immunohis-
tochemical characterization of a hepatic neuroendocrine
carcinoma in a cat. | Vet Diagn Invest 2008; 20: 110-114.

4 Patnaik AK, Lieberman PH, Erlandson RA, et al. Hepato-
biliary neuroendocrine carcinoma in cats: a clinicopatho-
logic, immunohistochemical, and ultrastructural study of
17 cases. Vet Pathol 2005; 42: 331-337.

5 Bagnasco G, Properzi R, Porto R, et al. Feline cutaneous
neuroendocrine carcinoma (Merkel cell tumour): clinical
and pathological findings. Vet Dermatol 2003; 14: 111-115.

6 Slawienski MJ, Mauldin GE, Mauldin GN, et al. Malignant
colonic neoplasia in cats: 46 cases (1990-1996). | Am Vet
Med Assoc 1997; 211: 878-881.

7 Rossi G, Magi GE, Tarantino C, et al. Tracheobronchial
neuroendocrine carcinoma in a cat. | Comp Pathol 2007;
137: 165-168.

8 Patnaik AK, Erlandson RA and Lieberman PH. Esopha-
geal neuroendocrine carcinoma in a cat. Vet Pathol 1990;
27:128-130.

9 Asakawa MG, Cullen JM and Linder KE. Necrolytic
migratory erythema associated with a glucagon-produc-
ing primary hepatic neuroendocrine carcinoma in a cat.
Vet Dermatol 2013; 24: 466-469.

10 Kita C, Yamagami T, Kinouchi S, et al. A feline case of
hepatic neuroendocrine carcinoma with gastrin immuno-
reactivity. | Vet Med Sci 2014; 76: 887-890.

11 Michishita M, Takagi M, Kishimoto TE, et al. Pancreatic
neuroendocrine carcinoma with exocrine differentiation
in a young cat. | Vet Diagn Invest 2017; 29: 325-330.

12 Inzani F, Petrone G and Rindi G. The new World Health
Organization classification for pancreatic neuroendocrine
neoplasia. Endocrinol Metab Clin North Am 2018; 47: 463—470.

13 Rindi G, Klimstra DS, Abedi-Ardekani B, et al. A common
classification framework for neuroendocrine neoplasms:
an International Agency for Research on Cancer (IARC)
and World Health Organization (WHO) expert consensus
proposal. Mod Pathol 2018; 31: 1770-1786.

14 Santos SO, Cintra PP, Fonseca-Alves C, et al. Carcinoma
indiferenciado de pancreas exocrino en perro: descripcion
de caso. Vet e Zootec 2017; 24: 303-310.

15 Anderson M], Kwong CA, Atieh M, et al. Mixed acinar-
neuroendocrine-ductal carcinoma of the pancreas: a tale
of three lineages. BMJ Case Rep 2016. DOI: 10.1136/bcr-
2015-213661.

Downloaded From: https://staging.bioone.org/journals/Journal-of-Feline-Medicine-and-Surgery-Open-Reports on 13 Dec 2024
Terms of Use: https://staging.bioone.org/terms-of-use


https://orcid.org/0000-0002-7517-174X
https://orcid.org/0000-0002-7517-174X
https://www.cancer.net/cancer-types/neuroendocrine-tumors/introduction
https://www.cancer.net/cancer-types/neuroendocrine-tumors/introduction

Berto et al

16 Torner K, Staudacher M, Steiger K, et al. Clinical and path-
ological data of 17 non-epithelial pancreatic tumors in
cats. Vet Sci 2020; 7. DOI: 10.3390/ vetsci7020055.

17 Bennett PF, Hahn KA, Toal RL, et al. Ultrasonographic
and cytopathological diagnosis of exocrine pancreatic
carcinoma in the dog and cat. | Am Anim Hosp Assoc 2001;
37: 466-473.

18 Seaman RL. Exocrine pancreatic neoplasia in the cat:
a case series. | Am Anim Hosp Assoc 2004; 40: 238-245.

19 Linderman M], Brodsky EM, de Lorimier LP, et al. Feline
exocrine pancreatic carcinoma: a retrospective study of 34
cases. Vet Comp Oncol 2013; 11: 208-218.

20 Toll AD, Mitchell D, Yeo CJ, et al. Acinar cell carcinoma
with prominent intraductal growth pattern: case report
and review of the literature. Int | Surg Pathol 2011;
19: 795-799.

21 Scott AT and Howe JR. Evaluation and management of
neuroendocrine tumors of the pancreas. Surg Clin North
Am 2019; 99: 793-814.

22 Nabeta R, Kanaya A, Ikeda N, et al. A case of feline pri-
mary duodenal carcinoid with intestinal hemorrhage.
J Vet Med Sci 2019; 81: 1086-1089.

23

24

25

26

27

28

Zhang H and Shang D. Nonfunctional pancreatic neuro-
endocrine carcinoma with isolated retroperitoneal metas-
tasis: a case report and literature review. Pancreas 2020;
49: e29-e31.

Up To Date. Classification, epidemiology, clinical presen-
tation, localization, and staging of pancreatic neuroendo-
crine neoplasms. https://www.uptodate.com/contents/
classification-epidemiology-clinical-presentation-localiza-
tion-and-staging-of-pancreatic-neuroendocrine-neoplasms
(2021, accessed 8 February 2022).

Diroff JS, Sanders NA, McDonough SP, et al. Gastrin-
secreting neoplasia in a cat. | Vet Intern Med 2006;
20: 1245-1247.

Greene SN and Bright RM. Insulinoma in a cat. | Small
Anim Pract 2008; 49: 38—40.

Rossmeisl JH, Jr, Forrester SD, Robertson JL, et al. Chronic
vomiting associated with a gastric carcinoid in a cat.
J Am Anim Hosp Assoc 2002; 38: 61-66.

Myers NC, 3rd, Andrews GA and Chard-Bergstrom C.
Chromogranin A plasma concentration and expression in
pancreatic islet cell tumors of dogs and cats. Am | Vet Res
1997; 58: 615-620.

Downloaded From: https://staging.bioone.org/journals/Journal-of-Feline-Medicine-and-Surgery-Open-Reports on 13 Dec 2024

Terms of Use: https://staging.bioone.org/terms-of-use


https://www.uptodate.com/contents/classification-epidemiology-clinical-presentation-localization-and-staging-of-pancreatic-neuroendocrine-neoplasms
https://www.uptodate.com/contents/classification-epidemiology-clinical-presentation-localization-and-staging-of-pancreatic-neuroendocrine-neoplasms
https://www.uptodate.com/contents/classification-epidemiology-clinical-presentation-localization-and-staging-of-pancreatic-neuroendocrine-neoplasms

