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Case summary A 7-year-old male neutered domestic longhair cat was presented with chronic progressive
gynaecomastia, polydipsia, polyphagia, weight loss and poor fur regrowth. Sexualised behavioural changes
were not reported and virilisation was not present on physical examination. Pertinent haematology, biochemistry
and urinalysis findings at the time of referral included mild hypokalaemia. Left adrenomegaly and mild
prostatomegaly were identified on a CT scan. Evaluation of adrenal hormones with a low-dose dexamethasone
suppression test, serum progesterone, testosterone, oestradiol, plasma aldosterone, renin, plasma metanephrine
and normetanephrine measurement supported a diagnosis of hyperprogesteronism, hyperaldosteronism and
hypercortisolism. Adrenalectomy was performed and histopathology was consistent with an adrenocortical tumour.
Clinical signs and hormone elevations resolved postoperatively.

Relevance and novel information To our knowledge, this is the second report of gynaecomastia secondary to an

adrenal tumour in a male neutered cat and the first associated with hyperprogesteronism.
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Case description
A 7-year-old male neutered domestic longhair cat was
referred with gynaecomastia and left adrenomegaly.
Twelve months earlier the cat had been diagnosed with
bacterial cystitis. Haematology and biochemistry were
unremarkable, and urine specific gravity (USG) was
1.038. Abdominal ultrasonography identified left adreno-
megaly (approximately 0.60cm thick at the caudal pole).
The right adrenal gland was unremarkable (approxi-
mately 0.31cm thick at the caudal pole). The infection
resolved with antimicrobial treatment based on culture
and sensitivity results. Repeat culture was negative.

Five months later, the cat presented with polydipsia,
polyphagia and 200g weight loss. Physical examination
identified poor fur regrowth at previously clipped sites.

Urinalysis revealed trace proteinuria and potentially
reduced tubular concentrating ability (USG 1.018).
Haematology and biochemistry were unremarkable and
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Figure 1 The cat at the first referral presentation
preoperatively. Note the poor body condition and sparse
fur coat

total thyroxine (TT4) was low (<10nmol/l; reference
interval [RI] 10-60).

Three months later the cat presented for mild diffuse
mammary gland development over several weeks.
Polydipsia and polyphagia continued, and USG was 1.030.
Six months later the cat re-presented with persistent poly-
dipsia, polyphagia and progressive gynaecomastia. Fur
regrowth following abdominal ultrasound 13 months earlier
was incomplete. Abdominal ultrasound identified pro-
gressive left adrenomegaly (approximately 1.4cm thick),
while the right adrenal gland was unremarkable
(approximately 0.2cm thick at the caudal pole, 0.84cm
length). Haematology revealed mild neutropenia
(22X10°/1; RI 3.8-10.1) and lymphopenia (0.5x10°/1; RI
1.6-7.0). Biochemistry revealed normoglycaemia, mild
hypokalaemia (3.4mmol/1; RI 3.74.9), hypercholesterolae-
mia (64mmol/l; RI 24-52) and hypertriglyceridaemia
(0.8mmol/1; RI 0.1-0.6). TT4 was 17nmol/l (RI 6-52).
Urinalysis identified 1+ proteinuria, 2+ glucosuria and
USG was 1.023. The urinary protein:creatinine ratio was
0.5 (RI <04).

Examination at referral revealed diffuse, moderate
and symmetrical mammary gland development with-
out discharge (Figures 1 and 2) and a body condition
score (BCS) of 3/9. Blood pressure measurement was
not possible owing to the cat’s temperament, and fundic
examination was unremarkable. Sexualised behavioural
changes and virilisation were not observed. A low-dose
dexamethasone suppression test was performed, and
multiple adrenal hormones were measured (Table 1).
The results supported a diagnosis of hyperprogestero-
nism, hyperaldosteronism and hypercortisolism.

CT scans (pre- and postcontrast of the head [soft
tissue, brain and bone algorithms] and abdomen [soft tis-
sue and bone algorithms]) were performed for surgical
planning and to investigate possible pituitary-dependent

Figure 2 The cat at the first referral presentation showing
gynaecomastia. The abdominal fur was clipped for
ultrasonography

(PD) hypercortisolism. Pertinent findings included left
adrenal mass (approximately 1.6cm widthX1.5cm
height X 1.7cm length), which was heterogeneously con-
trast enhancing with a small peripheral mineral attenuat-
ing area caudomedially (Figures 3 and 4), mild
prostatomegaly (approximately 1cm X 1.6cm in short axis;
Figures 5 and 6)°> and moderate mammary development.
The left phrenicoabdominal vein could not be clearly visu-
alised. The right adrenal gland was unremarkable
(approximately 0.3cm width X0.2cm  height X 0.8cm
length). The pituitary gland was unremarkable.

The left adrenal gland was approached through a ven-
tral midline laparotomy under general anaesthesia. The
left adrenal mass was exposed by blunt dissection and a
plane was developed between the renal vessels and the
caudal aspect of the gland. The phrenicoabdominal vein
was isolated and ligated at its entry into the vena cava. The
multiple penetrating vessels on the dorsal aspect of the
gland were attenuated using a combination of bipolar elec-
trocautery and a vessel sealing device. The adrenal gland
was removed in its entirety without rupture of its capsule.

Left adrenal gland histopathology revealed a poorly
demarcated, non-encapsulated multinodular epithelial pro-
liferation effacing much of the normal adrenal architecture.
A compressed thin rim of atrophied cortical tissue was seen
peripheral to the mass (Figure 7), and some remnant medu-
llary tissue was evident. The neoplastic cells were organised
into variously sized packets separated by a sparse fibrovas-
cular stroma of varying thickness with abundant vascular
spaces amongst the neoplastic cells. The proliferating cells
were medium to large and polyhedral with abundant pale
granular eosinophilic or, less commonly, vacuolated
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Table 1 Hormone test results

Hormones (units) Preoperative 2 months 8 months 11 months RI
postoperative postoperative postoperative
Progesterone (nmol/l)* 8.6 <0.2 3.1 1.6 0.16-2.21
17a-hydroxyprogesterone (nmol/l)* 0.3 - - - 0.24-0.911
Testosterone (nmol/l)* 0.3 - - - <0.52
Oestradiol (pmol/l)* 30 - - - 143.5-327.8"
Aldosterone (pmol/l)* 1710 130 366 - 110-5408
Renin (fmol/l/s)* 155 402 222 - 60-6303
Aldosterone: renin* 11 0.3 1.2 - 0.3-3.88
Metanephrine (pmol/I)t 834 - - - 407-17994
Normetanephrine (pmol/l)* 2270 - - - 2472-45504
Resting cortisol (nmol/I)t - <28 - - 28-138
Low-dose dexamethasone 0 h: 53 - - - 28-138
suppression test (0.1 mg/kg V) 4 h: 30
(nmol/l)t 8 h: 52
ACTH stimulation test (nmol/l) - - Oh:72 - 28-138
(125 ug tetracosactide acetate IM)t 45 min: 84

Results outside the reference intervals (Rls) are in bold
*Sydney South West Pathology Service, Australia
TIDEXX Laboratories, Australia

ACTH = adrenocorticotropic hormone

Figure 3 Axial postcontrast CT image displaying the left
adrenal mass (white cross) left lateral to the caudal vena cava
(white arrow) and mammary development (white stars)

cytoplasm (Figure 8). The nuclei were intermediate to large
in size, round to oval and vesicular with a prominent single
nucleolus. Nuclei were centrally or eccentrically located
within the cell; occasional karyomegaly, as well as plentiful
binucleates and rare cells with three or more nuclei, were
noted. There was moderate-to-marked anisocytosis and
anisokaryosis with few mitoses (one mitotic figure detected
in 10 contiguous high-power fields [X 400]). Populations of
smaller cells with darker nuclei and darkly eosinophilic
cytoplasm were also seen throughout the proliferation.
Small areas of peripheral necrosis with mineralisation were
seen. Angiolymphatic and capsular invasion were not evi-
dent. The mass was diagnosed as an adrenocortical tumour,
most consistent with an adenoma given the low mitotic
index and absence of definitive criteria of malignancy, spe-
cifically capsular and angiolymphatic invasion.

Figure 4 Sagittal postcontrast CT image displaying the close
proximity of the left adrenal mass (*) with the left renal vein
(white arrow) and caudal vena cava (black arrow)
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Figure 5 Axial postcontrast CT image displaying the suspect
prostatomegaly (*)

Figure 6 Sagittal postcontrast CT image displaying the
suspect prostatomegaly (*)

Postoperative treatment included intravenous fluids
(Hartmann’s solution, total of 0.06mmol/kg/h potas-
sium chloride), methadone (0.2mg/kg q4h for 24h), cefa-
zolin (30mg/kg IV q8h for 48h) and a hydrocortisone
continuous rate infusion (0.5mg/kg/h for 48h) before
starting prednisolone (1.25mg PO q24h). The postopera-
tive potassium concentration was 3.0 mmol/1 (R 4.0-4.5).
The cat ate well postoperatively; however, 24h later the
potassium concentration had decreased to 2.5mmol/l
and supplementation was increased to 0.15mmol/kg/h.
Methadone was reduced to every 6h for 48h. By
72h postoperatively the potassium concentration had
increased to 3.3mmol/l. The cat was discharged with
buprenorphine (0.02mg/kg sublingually g8h for 3 days)
and a 6-week tapering prednisolone course.

Two months postoperatively, polyphagia had resolved,
fur was appropriately regrowing and gynaecomastia had
almost completely resolved. Urinalysis revealed a USG
of 1.045. Haematology was unremarkable. Biochemistry
identified a blood urea concentration of 17.3mmol/1
(RI5-15) and TT4 was low (<10nmol/1; RI 10-60). Hormone
measurements were repeated (Table 1). Hyperaldo-
steronism had resolved. Owing to concerns of prolon-
ged adrenocortical function recovery postoperatively,

Figure 7 Adrenal capsule, compressed remnant cortical
tissue and proliferation of neoplastic cells. Haematoxylin
and eosin stain

b

Figure 8 Proliferating epithelial cells. Note the karyomegaly,
binucleated and multinucleated cells. Haematoxylin and
eosin stain

prednisolone was recommenced at 1.25mg PO every 3 days
for another 6 weeks. Follow-up was done by telephone
rechecks owing to the COVID-19 pandemic.

Eight months postoperatively the cat had gained
500g, had a BCS of 5/9, gynaecomastia had resolved,
and the clipped fur had completely regrown and was
longer and thicker (Figure 9). Haematology, biochem-
istry and TT4 (21nmol/l; RI 6-52) were within the
RIs. An adrenocorticotropic hormone stimulation test
was performed with 125pg tetracosactide acetate
(Synacthen; Novartis) intramuscularly owing to the
patient’s temperament (Table 1), which excluded hypo-
or hypercortisolism.®”

The 8-month progesterone level was above the pub-
lished RI (Table 1).> Progesterone levels were determined
for 13 clinically healthy staff-owned cats at the same
laboratory (Sydney South West Pathology Service).
Serum had been collected for another study with consent
for use in other projects (University of Sydney Animal
Ethics project approval number 2020/1700). The 13
healthy cats had a median progesterone level of
0.8nmol/1 (range <0.2-3.6nmol/l) and median age of
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Figure 9 The cat 8 months postoperatively. Note the thick fur
regrowth and normal body condition score

5 years (range 1.5-14) (Table 2). Eleven months post-
operatively the cat was clinically normal and progester-
one was within the RI (Table 1).

Discussion

Functional adrenal neoplasms are infrequently reported in
cats, with most hypersecreting aldosterone or cortisol.#-10
Feline sex steroid-producing tumours are rare, with only
20 previously reported.2911-21 Cats with hyperprogester-
onism commonly present with clinical signs consistent
with Cushing’s disease, as in this case, and can have sec-
ondary diabetes mellitus.!-1315162022 Cats with tumours
producing testosterone, androstenedione and/or oestra-
diol more commonly present with sexualised behaviours
and physical changes2*1720 A single case of gynaeco-
mastia in a neutered male cat secondary to an oestrogen-
secreting adrenocortical carcinoma, which also displayed
sexual behaviours, has been reported.? A neutered male
ferret with gynaecomastia with an adrenocortical carci-
noma has been reported; however, hormone measure-
ments were not performed.?

Gynaecomastia is common in humans and defined as a
glandular proliferation of male breast tissue causing breast
enlargement. Causes range from benign physiological
processes to rare neoplasms.?* In humans, gynaecomastia
associated with feminising adrenal tumours is usually sec-
ondary to hyperoestrogenism, although other hormones
such as dehydroepiandrosterone (DHEA), DHEA sulfate
(DHEAS) and androstenedione have been reported.?>-33
Excess androgens can be aromatised peripherally to
oestradiol, leading to clinical signs of hyperoestrogenism.
Progesterone-producing adrenal tumours are extremely
rare in humans, with four cases reported in women with
secondary amenorrhoea or oligomenorrhoea.?-”

Mammary enlargement in male cats is rare and can
be caused by neoplasia or fibroadenomatous hyperplasia
(MFH).38 MFH is a benign proliferation of ductal epithelium

Table 2 Serum progesterone levels of 13 healthy cats

Cat  Age (years) Sex Breed Progesterone

level (nmol/l)*
1 6 MN Sphynx  <0.2
2 14 FN DSH <0.2
3 1.5 MN DMH 0.3
4 2 MN DMH 0.4
5 6 MN DSH 0.5
6 5 MN DSH 0.7
7 8 MN DSH 0.8
8 2 MN DSH 2.0
) 5 MN DSH 2.2
10 4 MN DSH 2.4
11 6 MN DSH 2.7
12 14 MN DSH 2.8
13 5 MN DSH 3.6

*Sydney South West Pathology Service, Australia
MN = male neutered; FN = female neutered; DSH = domestic
shorthair; DMH = domestic mediumhair

and mammary stroma, usually seen in young female cats.®
Endogenous progesterone and exogenous progestogens are
involved in the pathogenesis; however, idiopathic cases,
including male cats, are reported.¥* Resolution subse-
quent to ovariectomy, withdrawal of progestogens, proges-
terone receptor antagonist treatment, mastectomy or,
occasionally, spontaneously is reported.

Both pituitary and ovarian hormones are involved
in normal mammary development. Mammary tissue
contains both oestrogen and progesterone receptors.
Progesterone is involved in mammary duct epithelium
and stromal proliferation. Feline cases of spontaneous or
progestogen-induced MFH show high levels of mam-
mary progesterone receptors and secondary local expres-
sion of growth hormone and insulin-like growth factor-1,
considered to be the mechanism of mammary tissue pro-
liferation, compared with normal mammary tissue.343-4¢
In contrast, oestrogen receptors have been detected in a
lower proportion of MFH cases.*4¢ Why some cats and
not others develop MFH secondary to progesterone or
progestogen exposure is unclear and could be due to
individual variation in tissue sensitivity.3%44

Twelve other cats with adrenal tumours resulting in
hyperprogesteronism have been published (Table 3), but
none had gynaecomastia.!” In the case reported here, we
postulate that gynecomastia occurred secondary to
hyperprogesteronism and that adrenal tumour-associated
gynecomastia in cats could, in some cases, have different
mechanisms to those reported in humans. However, we
did not perform mammary biopsy or immunohistochem-
istry to assess for progesterone receptors. Progesterone is
a precursor hormone for androgens, oestrogens, aldoster-
one and cortisol. Paraneoplastic aberrant steroid synthe-
sis pathways or enzyme deficiencies can also occur in
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Table 3 Published progesterone-secreting adrenal tumours in cats with reported progesterone levels

Source Age (years)
Boord and Griffin 7
DeClue et al'? 12
Briscoe et ald 14
Leshinsky et al' 12
Guerios et al'® 14
Rossmeisl et al® 7
Millard et al'® 1S
Meler et al'® 15

MN = male neutered; FN = female neutered; DSH = domestic shorthair;

adrenal tumours. Qestradiol, testosterone and
17o-hydroxyprogesterone were within the Rls in this
case. This does not exclude hypersecretion of other hor-
mones, or their precursors, which may have oestrogenic
effects such as androstenedione, DHEA or DHEAS,
which were not measured owing to limited availability.
This cat did not have sexualised behavioural or physical
changes as is usually reported in cats hypersecreting
oestrogen or testosterone.! This further supports hyper-
progesteronism as the cause of gynecomastia.

Prostatic disease is rare in cats. The mild prostatome-
galy observed in this case could have been incidental or
secondary to the functional adrenal mass. Benign pros-
tatic hyperplasia in dogs and humans has an unclear
pathogenesis but may be due to increased intraprostatic
dihydrotestosterone.#” In male ferrets, prostatomegaly is
associated with adrenocortical disease. Although the
exact pathogenesis is unclear, increased sex hormone
levels are believed to stimulate proliferation of prostatic
tissue.#8-50 Whether hyperprogesteronism, or an unmeas-
ured hormone, played a role in this case is speculative and
postoperative prostatic imaging was not performed.

Clinical signs of Cushing’s disease in this case
could have been due to both hypercortisolism and
hyperprogesteronism.!® Preoperatively, the cat did
not have clinical signs of hyperaldosteronism; how-
ever, conscious blood pressure measurement was not
possible. Interestingly, the cat became hypokalaemic
postoperatively, which could be explained by a com-
bination of hyperaldosteronism, fasting and fluid
therapy.

The cat’s initial presentation for bacterial cystitis is
uncommon for a 7-year-old male neutered cat with ade-
quate urine-concentrating ability. Immunosuppression
secondary to hypercortisolism may have predisposed to
infection.!? Biochemistry performed at the time of refer-
ral identified fasting hypertriglyceridaemia and hyper-
cholesterolaemia, consistent with previous reports of
feline hypercortisolism.!? The right adrenal gland meas-
urements reduced over time but remained within nor-
mal size limits. This may have been due to atrophy

Sex Breed Progesterone
level (nmol/l)

MN Himalayan 11.5

MN DLH 31.64

FN DSH 19

MN DSH 16.1

FN DSH 8.24

MN DSH 41.98

MN DSH 6.3

FN DSH 1.59

DLH = domestic longhair

secondary to a hyperfunctional left adrenal gland or dif-
fering imaging modalities and operators.

The pituitary gland of this cat was unremarkable on CT
scan; however, this does not exclude a pituitary tumour.
The low-dose dexamethasone suppression test was sug-
gestive of PD hypercortisolism with a 4h cortisol of
<38nmol/1; however, this was not <50% of baseline,
which is considered a more sensitive indicator.?! This,
combined with the unilateral adrenal mass and resolution
of hypercortisolism postoperatively, supports a diagnosis
of adrenal-dependent hypercortisolism.

The low cortisol and progesterone 2 months post-
operatively may have been secondary to prolonged
adrenocortical recovery or recent prednisolone with-
drawal. The transiently low TT4 preoperatively may have
been secondary to hypercortisolism, and postoperatively
may have been due to recent prednisolone withdrawal.

Hormone measurements at a human laboratory (pro-
gesterone, 17a-hydroxyprogesterone, testosterone, oes-
tradiol, aldosterone, renin) and a veterinary laboratory
(metanephrine, normetanephrine), which lacked species-
specific Rls, was a limitation. The initial progesterone level
of the cat was above the published RI and consistent with
published adrenal-origin cases of hyperprogesteronism
(Tables 1 and 3).! Comparison with the progesterone
levels of 13 healthy cats suggested that the 8-month postop-
erative progesterone level was, in fact, normal (Table 2).
Ideally, a larger number of cats, stricter inclusion criteria for
health and cats with a higher median age should
have been used; however, this was beyond the scope of
this report.

Conclusions

To our knowledge, this is the second report of
gynaecomastia secondary to an adrenal tumour and
the first associated with hyperprogesteronism in a
cat.
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