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A 9-year-old male neutered Cockerpoo crossbreed dog was initially presented for investigations of pyrexia. The dog was diagnosed with Sweet’s like syndrome. During initial investigations, 
advanced imaging revealed a suspected left-sided paraganglioma and bilateral adrenal masses. Surgical excision involving bilateral adrenalectomy and subsequently the paraganglioma, 
were performed. Histopathology identified bilateral adrenocortical carcinoma and cervical neuroendocrine carcinoma. Three months later, the dog was diagnosed with primary 
hyperparathyroidism based on ionised hypercalcaemia, increased PTH and a left parathyroid gland mass. Despite left total thyroidectomy and parathyroidectomy, the dog remained mildly 
hypercalcaemic for several months. Eight months later, persistent hypokalaemia refractory to potassium supplementation, metabolic alkalosis and systemic hypertension were diagnosed. 
The dog was euthanised five months later due to clinical deterioration. On post-mortem examination, right parathyroid hyperplasia and metastatic neuroendocrine carcinoma involving liver, 
jejunum, pancreas and tracheobronchial lymph node were identified. This is the first report describing the concurrent presence of these types of endocrine neoplasms a dog.

ABSTRACT

Multiple endocrine neoplasia (MEN) is is defined as the concurrent presence of two or
more endocrine tumours and/or hyperplasia and is classified in several types based on
the organs affected. These tumours may be functional or not and may be associated
with non-endocrine tumours or other non-neoplastic abnormalities1.
Neuroendocrine tumours (NETs) comprise a heterogenous group of neoplasms derived
from peptide- and amine-producing cells of the neuroendocrine system. These tumours
may arise sporadically or in the context of a MEN syndrome2.
Paragangliomas are a group of NETs that originate from the extra-adrenal sympathetic
and para-sympathetic paraganglia. Paragangliomas can occur in the context of several
hereditary syndromes, including MEN syndrome1.

INTRODUCTION

A 9 year-old male neutered Cockerpoo dog was initially presented for a two-weeks
history of lethargy, waxing and waning pyrexia, increased breathing rate intermittently
and hyporexia. Initial CBC and serum biochemistry revealed leucocytosis (31.57 x
109/L; RI: 5.5-16.9 x 109/L) marked monocytosis (11.70 x 109/L; RI: 0.3-2 x 109/L)
eosinophilia (5.57 x 109/L; RI: 0.10-1.49 x 109/L), mild thrombocytopenia (111 k/L; RI:
175-500), mildly increased ALKP activity (270 U/L; RI: 23-212 U/L) and mild
hypokalaemia (3.3 mmol/L; RI: 3.5-5.8 mmol/L). Prior to referral the dog had received
intravenous fluid therapy, non-steroidal anti-inflammatory medication and antibiotic
therapy (amoxicillin-clavulanate and metronidazole) with an initial favorable response
but subsequent deterioration and was then referred.

CASE HISTORY

Ø This case could represent a potential variant of MEN type 1, based on the presence of hyperparathyroidism, adrenocortical tumour and neuroendocrine tumour cells within carotid body
Ø Given the adrenal masses were histologically adrenocortical carcinoma and the urine sample was collected in stress-free environment, the paraganglioma could have been functional
Ø Hyperaldosteronism could be due to a functional neuroendocrine primary or metastatic disease, since the dog remained hypokalaemic 90 days post last dose of DOCP and

spironolactone supplementation

Ø The simultaneous occurrence of multiple endocrine neoplasms in different organs is strongly suggestive of an association between these tumours
Ø The most common post-operative complications associated with paraganglioma surgery include Horner’s syndrome and laryngeal paralysis
Ø Tumour combinations affecting companion animals might differs from the well-documented MEN syndrome described in human medicine
Ø A complete diagnostic evaluation including hormonal tests, advanced imaging and histopathology should be performed in any animal diagnosed with one or more endocrine neoplasms
Ø Regular follow-up evaluations are recommended after the diagnosis of the first endocrine tumour

DISCUSSIONS AND CONCLUSIONS

Figure 1 and 2: post-contrast transverse and sagittal
planes CT imaging of a the left-sided paraganglioma and
parathyroid nodule (red arrowhead), respectively. The red
arrow is indicating the thyroid gland.

Figure 3 and 4: post-contrast transverse planes CT imaging of the right and left adrenal masses measuring respectively 2.55 x
3.71 cm and 3.96 x 3.6 cm and showing a moderate and mildly heterogeneous contrast enhancement.
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On presentation at the referral hospital the dog was lethargic but alert and responsive, was
panting with otherwise normal cardiopulmonary auscultation. Mild prescapular and
popliteal lymphadenomegaly was noticed. The dog was generally tense during abdominal
palpation, but no specific abnormalities were found. The left eye showed mature cataract,
while the right had mild ocular discharge. A cystic lesion was seen on the dorsal aspect of
his cervical neck; a full flexion of the neck was not attempted as the dog became very tense
when manipulated. The rest of neurologic examination was otherwise unremarkable. The
temperature was 39.9 C and the rectal examination was unremarkable. The dog weighed
17.5 kg with a BCS of 4/9.

Initial investigations included computed tomography (CT) imaging, cerebro-spinal fluid
analysis, cytology and histopathology examination of the skin lesions. CT imaging revealed
an ill-defined soft tissue attenuating mass within the left cranial cervical area, between the
larynx and the common carotid artery, displacing the surrounding structures, compatible
with a paraganglioma (figure 1). Both adrenal glands were marked enlarged with a globoid
shape and had well-defined margins, most likely secondary to neoplastic infiltration (figure
3 and 4).

The dog underwent bilateral adrenalectomy and, a month later,
paraganglioma excision. Permanent surgical complications were
left-sided laryngeal paralysis, hypoglossal paresis and Horner’s
syndrome (Figure 5). Life-long treatment with steroid therapy and
DOCP supplementation were therefore started.

Follow-up CT scan identified a small (5 mm) soft tissue attenuating nodule located lateral to
the cranial pole of the left thyroid gland, most likely a parathyroid adenoma (figure 2).

PHYSICAL EXAMINATION AND FINDING OF DIAGNOSTIC TESTS

Post-mortem findings: neuroendocrine carcinoma involving the liver, jejunum, pancreas
and tracheobronchial lymph node. The right parathyroid gland was hyperplastic, and the
right thyroid gland presented multifocal follicular cysts.

DIAGNOSIS
Time 

(months) Diagnosis

M0 Sweet's like syndrome, bilateral adrenal masses and left-sided paraganglioma

M3 Diagnosed with bilateral adrenocortical carcinoma following bilateral adrenalectomy. DOCP supplementation started

M4 Diagnosed with neuroendocrine carcinoma following paraganglioma excision

M6 Hypercalcemia

M7 Hyperparathyroidism 

M9 
Diagnosed with neuroendocrine adenoma and calcium oxalate urolithiasis following unilateral total thyroidectomy and 
parathyroidectomy with cystotomy

M10 Persistent hypercalcemia due to hyperparathyroidism 

M18 Bladder uroliths

M19 Hypokalaemia and hypophosphatemia. Normocalcaemia. Potassium supplementation started

M20 
Hypokalaemia with metabolic alkalosis and hypertension. Diagnosed with hyperaldosteronism and hepatic metastatic 
neuroendocrine disease. Spironolactone and amlodipine treatment started. DOCP stopped

M22 Euthanasia due to SIRS

Time (months) M6 M7 M9 M10 M12 M14 M18 M19 Reference 
range

Ionised calcium 
(mmol/L) 1.5 1.49 1.52 1.5 1.47 1.57 1.43 1.3 1.18 - 1.40

PTH (pg/ml) 25 73 20 - 65

PTHrP (pmol/L) <0.1 <0.5

Phosphorus 
(mmol/L) 0.64 0.9 1.72 0.81 - 2.19

Endocrine Test Value Reference range

Basal cortisol (nmol/L) 45 <124
1hour post ACTH (nmol/L) 303 <470
Endogenous ACTH (nmol/L) <5.0 5.0 - 20
Total T4 (nmol/L) 11.1 13.5 - 50
cTSH (ng/ml) 0.1 <0.6
Noradrenaline:creatinine (nmol/L) 23.5 <13
Normetadrenaline:creatinine (umol/L) 0.32 <0.14
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Table 1: endocrine tests results 
performed once the dog was 
diagnosed with adrenal masses and 
paraganglioma based on CT imaging 
findings  with the aim to investigate 
the potential endocrine origin of the 
tumours. Abnormal values are 
marked in bold red.

Table 2: Ionised calcium , PTH (parathyroid hormone), (PTHrP (parathyroid hormone-related protein), and phosphorus 
concentration at different time frame. At M7 the dog was diagnosed with hyperparathyroidism due to suspected 
parathyroid adenoma. At M9 the dog underwent unilateral total thyroidectomy and parathyroidectomy, nevertheless at 
M10 remained hypercalcemic as the remaining parathyroid tissue was hyperplastic. Abnormal values are in bold red. 

Figure 5: left-sided 
Horner’s syndrome 
following 
paraganglioma 
excision.


