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Urine marking, aggression, and other behavioral concerns are common reasons
for cat owners to seek veterinary care. Empiric treatment for lower urinary
tract disease or primary behavior disorders are commonly pursued, especially
in those cases with normal routine laboratory evaluations. Herein, we report
the clinicopathologic findings in eight sexually altered cats that were diagnosed
with androgen-secreting adrenocortical tumors. Nearly all cats (n = 7) initially
were evaluated for inappropriate urination and pungent urine, with additional
behavioral concerns including aggression (n = 3) and excess vocalization (n = 4)
commonly reported. Penile barbs (n = 5) were identified in all five male cats,
and an enlarged clitoris was observed in one female cat. Testing of serum
androgen concentrations revealed abnormally high androstenedione (n = 1) or
testosterone (n = 7) concentrations. In the five cases with available adrenal tissue,
histopathologic evaluation identified either an adrenocortical adenoma (n = 3) or
adrenocortical carcinoma (n = 2). Hormonal abnormalities resolved and clinical
signs improved in the four cats that underwent surgical adrenalectomy, with
each of these cats surviving >1 year. However, clinical signs were minimally
impacted with medical treatments, including one cat in which trilostane treatment
failed to improve clinical signs or testosterone concentrations. This collection of
cases underscores the importance of a detailed physical examination as well as
the consideration of endocrine disturbances in cats undergoing evaluation for
inappropriate urination or aggression. Furthermore, this report adds to the growing
body of evidence that sex-hormone secreting adrenal tumors in cats may be an
under-recognized syndrome.
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1. Introduction

Behavioral abnormalities are a common reason for pet owners to seek veterinary care,
with inappropriate urination and aggression often cited as the most common behavior
problems in cats (1-4). These disorders negatively impact the human-animal bond and can
decrease the likelihood of the cat receiving appropriate veterinary care (5, 6). Inappropriate
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urination and aggression also are leading causes for pet
abandonment as well as non-medical elective euthanasia (7-10).
Often, behavioral disorders in cats are treated empirically once
routine laboratory tests (e.g., chemistry profiles, urinalyses) have
been performed without identification of an underlying medical
includes environmental modifications
(e.g.,
amitriptyline, fluoxetine). Yet ~ 10% of cats have inadequate

condition. This often
or treatments with behavior-modifying medications
treatment responses (11-15). Occult medical conditions might
be contributing to behavioral problems in some of these cases as
comprehensive diagnostic evaluations are seldom performed.

Aldosterone-secreting adrenal tumors are well-described in
cats and are thought to be the most common form of
corticosteroid-secreting adrenal tumor in this species (16).
However, reports of sex-hormone secreting adrenal tumors are
increasing in frequency in recent years (17-30). Most of studies
describe hyperprogesteronism with secondary diabetes mellitus
(17-25), with only seven cases of androgen-secreting adrenal
tumors described (26-30). The primary objectives of this study
were to describe the clinicopathologic features and management of
8 cats with androgen-secreting adrenal tumors, all of which were
initially evaluated for behavioral concerns.

2. Case series description

2.1. History and physical examination

Eight neutered cats (five males, three females) from seven
veterinary clinics spanning the years 2014-2022 were included in
this study. Median (range) age and body weight were 8.5 years
(7-15 years) and 4.7kg (3.77-5.5kg). Breeds included domestic
short hair (n = 6), Maine Coon mix (n = 1), and domestic
long hair (n = 1). All cats were evaluated for ongoing behavioral
problems, including periuria or urine marking in seven cats (cases
1-7), increased vocalization in four cats (cases 1, 2, 4, and 6),
and aggression in three cats (cases 2, 3, and 8). Other presenting
complaints included malodorous urine (cases 1-7), weight loss
(cases 1, 2, and 4), and increased appetite (case 2). Newly developed
aggression toward other cats in the household was the only clinical
sign reported in one cat (case 8).

Various treatments were attempted prior to documentation of
increased androgen concentrations in cases 1-7. Five cats (cases
1, 2, 4, 5, and 7) were treated with antibiotics for potential
urinary tract infection, but periuria did not resolve in any of these
cases. Three cats (cases 2, 3, and 6) were treated with behavior-
modifying medications for at least 1 month in duration, which
included treatment with amitriptyline (cases 3 and 6), fluoxetine
(case 2), or selegiline (case 3). Empiric treatments for possible
feline idiopathic cystitis, including the use of Feliway ~ diffusers
(case 1), prescription urinary diets (cases 1 and 4), buprenorphine
(case 4), and altering litter types (case 1), were also attempted
in two cases. Behavioral and environmental modification did not
resolve the inappropriate urination or aggression, although 1 cat
(case 6) had mild and transient improvement of periuria. One
cat (case 3) was treated with the progestin medroxyprogesterone
acetate, which lessened the severity of malodorous urine but did
not alter aggression.
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FIGURE 1

Images of the penis in a 7-year-old neutered male domestic
shorthair cat (case 1) that underwent surgical adrenalectomy for a
androstenedione-secreting adrenal tumor. Serum androstenedione
concentration prior to surgery was 3.2 nmol/L (Rl 0.35-2.1 nmol/L),
which decreased to 0.35 nmol/L 3 weeks after surgery. (A) Penile
barbs are apparent immediately prior to surgery. (B) The penile
barbs had substantially regressed 2 weeks post-adrenalectomy.

Physical examination identified penile barbs in all male cats
(Figure 1), and an enlarged clitoris in one of the three female cats
(case 3). Other physical examination findings included a large and
wide head (cases 1 and 4) and parasternal heart murmur (cases 2
and 8). One female cat (case 6) had a normal physical examination.
One cat (case 2) was noted to have a firm, moderately distended,
and non-expressible bladder on physical examination and was
diagnosed with a lower urinary tract obstruction. This cat had
no prior history of urinary tract obstruction. Signalment, owner
concerns, and physical examination findings are summarized in
Table 1.

2.2. Clinicopathologic features

Routine laboratory testing, including a complete blood count
and serum chemistry profile, was performed within 1 month of
documenting increased androgen concentrations in five of the
eight cats (cases 1, 2, 4, 7, and 8). None of these cats had
increased ALT or ALP activities, hypercholesterolemia, or blood
glucose concentrations >200 mg/dl. Similarly, serum sodium
and potassium concentrations were normal in all five cats. The
median potassium concentration was 4.4 mmol/L (range 4.0-
4.8 mmol/L). The one cat with evidence of urinary obstruction
on physical examination was azotemic (creatinine 10.2 mg/dl,
reference interval 0.9-2.1 mg/dl). The azotemia resolved within
48h of urinary catheterization and treatment with intravenous
fluid. A urinalysis was performed in all seven cats that presented
for inappropriate urination. Urine specific gravities ranged from
1.017-1.041. A sediment examination (n = 6) revealed no
abnormalities except hematuria and pyuria in the one cat (case
2) with a urethral obstruction. Urine culture was negative for
microbial growth in this cat.

Serum testosterone concentrations were measured in all cats,
which was prompted by the 112 documentation of penile barbs
or an enlarged clitoris in six of the eight cats (cases 1, 2, 3,
5, 7, and 8). Serum testosterone concentrations were high in
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TABLE 1 Summary of signalment, owner concerns, duration of clinical signs, and physical examination findings for 8 cats with androgen-secreting

adrenal tumors.

Signhalment Owner concerns Duration of signs Physical exam

Case 1 7 years M/C Periuria 18 months Penile barbs
Malodorous urine Large, wide head
Vocalization
Weight loss
Hyperactivity

Case 2 7 years M/C Periuria 1 year Penile barbs
Malodorous urine Parasternal heart
Vocalization murmur
Weight loss Bladder distension
Aggression
Polyphagia

Case 3 7 yearsr F/S Periuria 1 year Enlarged clitoris
Malodorous urine
Aggression

Case 4 10 years F/S Periuria 6 months Large, wide head
Malodorous urine
Vocalization
Weight loss
Vomiting

Case 5 8 years M/C Periuria >3 months Penile barbs
Malodorous urine

Case 6 15 years F/S Periuria 2 months Normal
Malodorous urine
Vocalization

Case 7 11 years M/C Periuria 3 days Penile barbs
Malodorous urine
Weight loss

Case 8 9 years M/C Aggression 1 week Penile barbs

Parasternal
heart murmur

seven of eight cats (cases 2-8), with a median concentration
of 3.7 nmol/L (range 2.7-6.3 nmol/L, reference interval <1.2
nmol/L). In case 1, testosterone concentration was normal, but
serum androstenedione concentration was increased 3.2 nmol/L
(reference interval 0.35-2.1 nmol/L). One cat with high serum
testosterone concentration (case 2) also had a high serum
androstenedione concentration (3.9 nmol/L). Other corticosteroids
were measured in five cats, including variable assessments of
cortisol, aldosterone, progesterone, and estradiol. A summary of
hormone concentration data and assay descriptions are available in
Supplementary Table S1.

2.3. Diagnostic imaging

Abdominal ultrasound examination was performed in 7 cats
(cases 1, 2, and 4-8), and either a right adrenal tumor (cases 1
and 6) or left adrenal tumor (cases 2, 4, 7, and 8) was identified
in six of seven cases. The only cat in which adrenal enlargement
was not observed during ultrasound examination had an adrenal
nodule identified at the time of surgical exploration (case 5).
Sonographic evidence of vascular invasion or metastatic disease was
not observed in any cat. The contralateral adrenal gland ranged
from 2.4 to 4.5 mm in dorsoventral thickness, which was considered
normal in all cases (31). Uroliths were not observed in any cat. A
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computed tomographic examination also was performed in three
cats (cases 1, 2, and 8) and confirmed the ultrasound findings in
each case. The right adrenal lesion measured 1.2cm x 1.2cm X
1.3cm in case 1. The caudal vena cava was mildly compressed
dorsoventrally, but no filling defects were noted. Additionally,
the prostate and bulbourethral glands were mildly enlarged in
this cat. The left adrenal lesion measured 2.1cm x 1.7cm x
1.3cm in case 2 and was causing medial deviation of the caudal
vena cava and dorsal deviation of the aorta. No filling defects
were noted although the phrenicoabdominal vein was poorly
delineated in the region of the mass. In case 8, the left adrenal
lesion measured 0.8cm x 0.6cm x 1.3cm with no evidence of
vascular invasion.

2.4. Treatment and outcomes

Surgical adrenalectomy was performed without complications
in 4 cats (cases 1, 2, 5, and 8), all of which were discharged
from the hospital 24-72h after adrenalectomy. In case 1,
periuria resolved several days later, and by 3 weeks, excessive
night-time vocalization and hyperactivity had resolved. The cat
was reevaluated at 3 weeks, and at this time, penile barbs had
substantially regressed (Iigure 1) and serum androstenedione
concentration was 0.35 nmol/L (reference interval 0.35-2.1
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nmol/L). The cat was alive and clinically normal >18 months after
adrenalectomy. In case 2, periuria and malodorous urine resolved
within 2 weeks, and excessive vocalization resolved 8 weeks
post-adrenalectomy. At 2 and 8 weeks post-adrenalectomy, serum
testosterone concentrations were <0.5 nmol/L (reference interval
<0.5 nmol/L) on both occasions. The cat remained alive and
clinically normal >1 year after adrenalectomy. In case 5, periuria
and malodorous urine resolved 2 weeks after adrenalectomy,
and the serum testosterone concentration was <0.3 nmol/L
(reference interval <1.7 nmol/L) 4 weeks after surgery. The cat
remained clinically normal for nearly 2 years, at which time a
recurrence of urine marking and malodorous urine were reported.

10.3389/fvets.2023.1158142

The serum testosterone concentration was again high at 3.1
nmol/L, and an abdominal ultrasound identified a mildly enlarged
right adrenal gland (6 mm dorsoventral thickness). The owners
declined additional diagnostics or treatments because of financial
concerns. The cat remained alive, but symptomatic, 4 months
after recurrence of clinical signs. In case 8, aggression persisted
at 2 weeks and partially improved at 6 weeks post-adrenalectomy.
At this time, penile barbs had substantially regressed, and serum
testosterone concentration was normal (<0.7 nmol/L; reference
interval, <1.2 nmol/L). Over the ensuing months, aggression fully
resolved. The cat remained alive and clinically normal 16 months
after adrenalectomy.

FIGURE 2

normal feline adrenal cortex.

Immunohistochemical labeling showing expression (red chromagen deposit) of steroidogenic enzymes in an androgen-secreting adrenal mass (A, C,
E) of a cat, and in normal feline adrenal cortex (B, D, F). The expression of 17a-hydroxylase cytochrome P450 [P450c17; (A, B)], cytochrome b5 [b5;
(C, D)] and cytochrome P450 21-hydroxylase [P450c21; (E, F)] are shown. (A) The inset shows the entire mass, surrounded by a compressed band of
normal cortex (small arrows). Note P450c17 is strongly expressed in the developing tumor (block arrows) but is undetectable in the cortex around it
(small arrows). (B) P450c17 expression is localized in the zona fasciculata (ZF) but not the glomerulosa (ZG) of a normal feline adrenal cortex. (C)
Note b5 expression in lipid-laden tumor cells at the periphery of the mass. (D) Expression of b5 is detected in the ZG of normal feline adrenal cortex.
(E) Expression of P450c21 is strong throughout the compressed cortex (small arrows) surrounding the tumor, which lacks detectable P450c21
expression by comparison (block arrow). (F) Note, the expression of P450c21 also extends throughout all cortical zones to the medulla (M) of the
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FIGURE 3
Hematoxylin and eosin staining and immunohistochemical labeling for met-enkephalin and GATA-4 from an androgen-secreting adrenal mass in a
cat. (A) [4x] Hematoxylin and eosin stain of adrenocortical carcinoma (asterisk) compressing the adrenal medulla (arrowhead), and non-neoplastic
adrenal cortex (x) (B) 100x magnification of the same region. (C) [10x] Medullary chromaffin cells expressing met-enkephalin. The neoplastic cells
and non-neoplastic adrenal cortex are negative. (D) [20x] Approximately 60% of the neoplastic cells exhibit nuclear labeling for GATA-4 (arrows). The
medullary chromaffin cells and non-neoplastic adrenal cortical cells are negative.

Medical management was pursued in three cats (cases 4, 6,
and 7). Case 4 was treated with increasing doses of alprazolam
(0.05 mg/kg PO q 24 h) which significantly improved, but did not
resolve, the excessive vocalization. At 2 months after diagnosis of
the adrenal tumor, megestrol acetate was prescribed (5mg once
per week) to help control newly developed roaming behaviors,
but this cat was subsequently lost to follow up. Treatment with
trilostane (8 mg/kg/day) was initiated in case 6. After 8 months
of treatment, the testosterone concentration remained high at
16.7 nmol/L (reference interval <1.2 nmol/L), and a baseline
cortisol concentration was 105 nmol/L (reference interval 15-97
nmol/L). Periuria, malodorous urine, and excessive vocalization
persisted. The trilostane dosage was gradually increased (13
mg/kg/day). Partial improvement of periuria was reported, but
no effects were observed on serum testosterone concentrations,
which remained high at 20.6 nmol/L ~2 years after initial
diagnosis. An ACTH stimulation test at this time revealed
cortisol concentrations of 45 nmol/L and 40 nmol/L pre- and
post-ACTH stimulation, respectively. The cat was euthanized
nearly 3 years after diagnosis because of suspected intestinal
neoplasia. In case 7, fluoxetine treatment (0.8 mg/kg PO
q 24h) was initiated at the time of diagnosis, but clinical
signs were unchanged. The cat remained alive 2 months after
initial diagnosis.

No treatment was attempted in case 3, and the cat was
euthanized. Necropsy examination revealed enlargement of the
vulva and clitoris. There was no evidence of remnant gonadal tissue
within the abdominal cavity. The right adrenal gland was round and
enlarged measuring 1.2 cm x 0.9 cm x 0.9 cm. No gross metastases
were observed.
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2.5. Adrenal histopathology

Adrenal tissue was available for histologic evaluation in five
cats. Three cats (cases 2, 3, and 5) were diagnosed with an
adrenocortical adenoma. The adenomas were composed of nodular
to multilobular moderately cellular proliferations of neoplastic
cells that formed broad trabeculae and sheets that compressed the
adjacent medulla and normal adrenal cortex. Neoplastic cells were
often plump, polygonal, and had large volumes of eosinophilic
cytoplasm that often contained microvacuoles. Anisocytosis and
anisokaryosis were mild with low numbers of mitoses (Figure 2).
Although the neoplastic cells in the other 2 cats (cases 1 and
8) were similar in appearance, they either exhibited marked
cellular atypia or extended into the capsule thus warranting a
designation of carcinoma (Figure 3). To further characterize tumor
etiology, immunohistochemical assessments were performed in
three cases using antibodies and techniques described elsewhere
(32-35). In one cat (case 3, Figure 2), the neoplastic cells exhibited
strong immunoreactivity for 17 alpha-hydroxylase cytochrome
P450 (P450c17) and cytochrome b5 (b5), but were negative for
21-hydroxylase cytochrome P450 (P450c21). In two cats (cases
1 and 8), neoplastic cells were negative for beta-endorphin and
met-enkephalin, but exhibited strong nuclear labeling for GATA-4
(Figure 3).

3. Discussion

Herein, we describe eight cats with testosterone- or
androstenedione-secreting adrenocortical tumors. All cats were
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initially evaluated for behavioral disorders including inappropriate
urination, aggression, and excessive vocalization, alone or in
combination. The majority of these cats had been empirically
treated for lower urinary tract disorders or non-medical behavioral
disorders with either incomplete or minimal response to therapy.
Notable features included the commonly reported malodorous
urine despite a normal urinalysis as well as the identification of
masculinizing features in sexually altered cats. More specifically,
malodorous urine was reported by seven of eight owners, and the
identification of penile barbs or an enlarged clitoris prompted
measurements of serum androgen concentrations in six of the
eight cats. However, some of these historical and physical features
were likely overlooked during early examinations in many cases.
This could have been influenced by various factors such as the
suspicion for more common conditions or perhaps the difficulty
of evaluating the penis in a non-sedated cat. Regardless, these
cases emphasize the importance of considering underlying medical
pathology in cases of feline behavioral disorders, especially those
that fail to respond empiric management strategies. They also
underscore the importance of integrating historical information
with a detailed physical examination.

Most functional adrenal tumors in cats are adenomas or
adenocarcinomas arising from the zona glomerulosa that cause the
clinical syndrome of primary hyperaldosteronism (16). However,
adrenal cortical tumors can arise from any of the three layers
of the adrenal cortex thereby resulting in various hormone
abnormalities and associated clinical syndromes (17-25, 36).
Adrenal androgenization is rare in cats though, and several
alternative possibilities for androgen exposure were considered.
No cats had evidence of gonadal tissue on physical examination
or imaging studies. Exogenous exposure also was not reported
and would seemingly be unlikely given the chronicity of clinical
signs and identifiable adrenal lesions. Neoplastic adrenal tissue
was confirmed by histologic evaluation in five cases, with either
an adrenocortical adenoma or an adrenocortical adenocarcinoma
diagnosed in each case. In the aggregate, the histologic assessments,
lack of historical exposure to androgens, and absence of identifiable
gonadal tissue provided strong support that the adrenal tumors
were responsible for increased serum androgen concentrations in
these cats.

Adrenal
incompletely understood process, and current understanding

corticosteroid production is a complex and
of the numerous enzymatic pathways continues to evolve (37).
Although androgen biosynthetic pathways have not been studied
in detail in feline adrenal glands, we sought to further interrogate
tumor etiology in several cases through immunohistochemical
assessments of enzymes and transcription factors that are deemed
critical in adrenal androgen production across species. The
P450c17 enzyme is required for both androgen and cortisol
synthesis whereas P450c21 is a key enzyme essential for cortisol
synthesis. When co-expressed with P450c17, b5 augments
the 17,20-lyase activity that leads to androgen rather than
glucocorticoid synthesis (38-41). GATA-4 is a transcription
factor involved in sex steroid synthesis and can be expressed
in adrenocortical tumors, and its expression in adrenal tumors
is best described in gonadectomized ferrets with sex-hormone
producing adrenocortical tumors (33, 42, 43). The positive
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immunohistochemical assessments for P450c17 and cytochrome
b5 coupled with the lack of labeling for P450c21 in the neoplastic
tissue in one cat as well as the positive immunohistochemical
assessments for GATA-4 in the neoplastic tissue in two cats
provided strong support that the neoplastic cells were directly
responsible for androgen secretion.

Adrenal cortical tumors are thought to account for <5%
of pure androgen-secreting tumors in people, with most
cases of testosterone secreting tumors attributed to ovarian
tumors such as arrhenoblastomas or theca cell tumors
(44, 45).
have been shown to secrete various androgens including

In people, androgen-secreting adrenal tumors

dehydroepiandrosterone/dehydroepiandrosterone sulfate,
with  direct

secretion being relatively uncommon (44, 45). Androstenedione

androstenedione, or testosterone, testosterone

concentrations were only measured in two cats, and

dehydroepiandrosterone and dehydroepiandrosterone sulfate
were not assessed in any cats. It is unknown if the high testosterone
concentrations in the cats in our series were a direct result of
adrenal secretion or if peripheral conversion of other adrenal
androgens to testosterone could have occurred in some cases.
Additional hormonal and immunohistochemical assessments
would be needed to address this possibility, although the
clinical relevance is questionable. Interestingly, testosterone
secreting adrenocortical tumors in humans are most common
in children and women (45-48), and all cats in our case
series were neutered. Similarly, cats in previous reports of
androgen-secreting adrenal tumors were neutered (26-30).
This observation raises concern that the absence of androgen
secretion from gonadal tissue could be a risk factor for the future
development of androgen-secreting adrenal tumors. Further
studies are needed to determine if there is an association of
neuter status and sex-hormone secreting adrenal tumors in
cats and to investigate potential underlying mechanisms for
this phenomenon.

Surgical adrenalectomy is generally recommended for the
treatment of adrenal tumors without overt evidence of metastatic
disease (16). Indeed, the four cats that underwent adrenalectomy
experienced improvement or resolution of clinical signs and long-
term survival, which is consistent with clinical outcomes described
in several previous case reports (26-30). However, adrenalectomy
is invasive, expensive and unlikely to be pursued in all cases.
Unlike medical treatment of hyperaldosteronism, which is usually
associated with substantial clinical improvement and survival times
>6 months, the medical treatment of androgen-secreting adrenal
tumors in this series resulted in marginal success. This is not
surprising as commonly used treatments for urine marking and
aggression do not target androgen production or activity. Similarly,
trilostane treatment did not alter clinical signs or testosterone
concentrations in one cat in our series. However, trilostane
treatment was previously reported to transiently improve urine
marking and aggression in a cat with an estradiol- and testosterone-
secreting adrenal tumor (49). Reasons for this discrepancy are
not known, but the clinical improvement was not accompanied
by improvements in serum androgen concentrations. Perhaps
non-selective targeting of the adrenal cortex with mitotane
would lower androgen concentrations, but mitotone is often
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poorly tolerated in cats (50). In people, androgen receptor
blockers are available and commonly used to treat certain forms
of prostate cancer (51). The use of these or similar classes
of drugs would be intriguing in cases of androgen-secreting
adrenal tumors in cats, but their use has not been reported in
this species.

4. Conclusion

Androgen-secreting  adrenal tumors might be an
underrecognized cause of behavioral abnormalities in cats.
Practitioners should maintain awareness of androgenization
resulting from functional adrenal tumors as a differential
diagnosis in neutered male and female cats with unexplained
urine marking or aggression that are poorly responsive to
treatment. A detailed history and physical examination are
critical for clinical recognition, and the diagnosis is further
supported by sonographic evaluation of the adrenal glands.
Surgical adrenalectomy appears to be associated with a favorable
outcome in most cases whereas medical management is likely to

have limited effects.

Data availability statement
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in the article/Supplementary material, further inquiries can be
directed to the corresponding author.

Ethics statement

Ethical review and approval was not required for the animal
study because this was a retrospective case series and not subject
to JACUC review. However, the MSU CVM research committee
reviewed this work. Written informed consent for participation was
not obtained from cat owners because of the retrospective nature of
this study.

References

1. Ramos D, Reche-Junior A, Hirai Y, Mills D. Feline behavior problems in Brazil: a
review of 155 referral cases. Vet Rec. (2020) 186:1-3. doi: 10.1136/vr.105462

2. Denenberg S, Landsberg GM, Horwitz D, Seksel K. A comparison of cases
referred to behaviorists in three different countries. In: Mills D, Levine E, Landsberg
G, Horwitz D, Duxbury M, Mertens P, et al., editors. Current Issues and Research in
Veterinary Behavioral Medicine. Papers presented at the Fifth International Veterinary
Behavior Meeting. West Lafayette, IN: Purdue University Press (2005), p. 56-62.
ISBN: 987-1-55753-409-5.

3. Amat M, Manteca X. Common feline problem behaviours: owner-directed
aggression. ] Feline Med Surg. (2019) 21:245-55. doi: 10.1177/1098612X19831206

4. Horwitz DF. Common feline problem behaviors: urine spraying. J Feline Med
Surg. (2019) 21:209-19. doi: 10.1177/1098612X19831203

5. Knesl O, Hart BL, Fine AH, Cooper L. Opportunities for incorporating the
human-animal bond in companion animal practice. ] Am Vet Med Assoc. (2016)
249:42-4. doi: 10.2460/javma.249.1.42

Frontiersin Veterinary Science

10.3389/fvets.2023.1158142

Author contributions

AC, CG, KB, JE and DL were involved in clinical case
management. KR assisted in case identification and endocrinology
testing and interpretation. AG, AC, and DS assisted in
histopathologic assessments. CE, AG, AC, KB, and DL wrote
the original draft of the manuscript. All authors read, edited, and
approved the final manuscript.

Acknowledgments

The authors thank Dr. Tamara Sloan and the medical team at
Cat Care Clinic of Rochester Hills, Dr. Joe Simon and the medical
team at Kentwood Cat Clinic, and Dr. Marisa Verwys for providing
follow up information.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fvets.2023.
1158142/full#supplementary-material

6. Calder CD, Albright JD, Koch C. Evaluating graduating veterinary students’
perception of preparedness in clinical veterinary behavior for “Day-1” of
practice and the factors which influence that perception: a questionnaire-based
survey. ] Vet Behav Clin Appl Res. (2017) 20:116-20. doi: 10.1016/j.jveb.2017.
05.001

7. Scarlett JM, Salman MD, New ]G, Kass PH. The role of veterinary practitioners
in reducing dog and cat relinquishments and euthanasias. ] Am Vet Med Assoc. (2002)
220:306-11. doi: 10.2460/javma.2002.220.306

8. Patronek G, Glickman L, Beck A, McCabe G, Ecker C. Risk factors for
relinquishment of cats to an animal shelter. ] Am Vet Med Assoc. (1996) 209:582-8.

9. Mundschau V, Suchak M. When and why cats are returned to shelters. Animals.
(2023) 13:243-55. doi: 10.3390/ani13020243

10. Salman MD, Hutchison J, Ruch-Gallie R, Kogan L, New JC Jr, Kass PH, et al.
Behavioral reasons for relinquishment of dogs and cats to 12 shelters. ] Appl Anim Welf
Sci. (2010) 3:93-106. doi: 10.1207/S15327604JAWS0302_2

frontiersin.org


https://doi.org/10.3389/fvets.2023.1158142
https://www.frontiersin.org/articles/10.3389/fvets.2023.1158142/full#supplementary-material
https://doi.org/10.1136/vr.105462
https://doi.org/10.1177/1098612X19831206
https://doi.org/10.1177/1098612X19831203
https://doi.org/10.2460/javma.249.1.42
https://doi.org/10.1016/j.jveb.2017.05.001
https://doi.org/10.2460/javma.2002.220.306
https://doi.org/10.3390/ani13020243
https://doi.org/10.1207/S15327604JAWS0302_2
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Erger et al.

11. Hammerle M, Horst C, Levine E, Overall K, Radosta L, Rafter-Ritchie M, et al.
2015 AAHA canine and feline behavior management guidelines. ] Am Anim Hosp
Assoc. (2015) 51:205-21. doi: 10.5326/JAAHA-MS-6527

12. Carney HC, Sadek TP, Curtis TM, Halls V, Heath S, Hutchison P, et al. AAFP and
ISEM guidelines for diagnosing and solving house-soiling behavior in cats. ] Feline Med
Surg. (2014) 16:579-98. doi: 10.1177/1098612X14539092

13. Hart BL, Cliff KD, Tynes VV, Bergman L. Control of urine marking by use of
long-term treatment with fluoxetine or clomipramine in cats. ] Am Vet Med Assoc.
(2005) 226:378-82. doi: 10.2460/javma.2005.226.378

14. Pryor PA, Hart BL, Cliff KD, Bain MJ. Effects of a selective serotonin reuptake
inhibitor on urine spraying behavior in cats. ] Am Vet Med Assoc. (2001) 219:1557-
61. doi: 10.2460/javma.2001.219.1557

15. Mills DS, Redgate SE, Landsberg
studies of treatments for feline urine
6:¢18448. doi: 10.1371/journal.pone.0018448

16. Daniel G, Mahony OM, Markovich JE, Appleman E, Monaghan KN, Lawrence
YA, et al. Clinical findings, diagnostics and outcome in 33 cats with adrenal neoplasia
(2002-2013). J Feline Med Surg. (2016) 18:77-84. doi: 10.1177/1098612X15572035

17. Langlois DK, Mazaki-Tovi M, Harro CC, Refsal KR. Multiple corticosteroid
abnormalities in cats with hyperaldosteronism. J Vet Intern Med. (2021) 35:2152-
8. doi: 10.1111/jvim.16224

18. Briscoe K, Barrs VR, Foster
and hyperprogesteronism in a cat. ] Feline Med Surg.
62. doi: 10.1016/j.jfms.2009.07.010

19. DeClue AE, Breshears LA, Pardo ID, Kerl ME, Perlis ], Cohn LA.
Hyperaldosteronism and hyperprogesteronism in a cat with an adrenal cortical
carcinoma. J Vet Intern Med. (2005) 19:355-8. doi: 10.1111/j.1939-1676.2005.tb02708.x

20. Guerios SD, Souza CH de M, Bacon NJ. Adrenocortical tumor in a
cat secreting more than one type of corticosteroid. JEMS open reports. (2015)
1:2055116915617970. doi: 10.1177/2055116915617970

21. Rossmeisl J, Scott-Moncrieff JCR, Siems J, Snyder PW, Wells A,
Anothayanontha L, et al. Hyperadrenocorticism and hyperprogesteronemia in
a cat with an adrenocortical adenocarcinoma. ] Am Anim Hosp Assoc. (2000)
36:512-7. doi: 10.5326/15473317-36-6-512

22. Leshinsky J, Beatty JA, Fawcett A, Voss K, Makara M, Krockenberger MB,
et al. Aldosterone and progesterone-secreting adrenocortical adenocarcinoma
in a cat with a concurrent meningioma. JFMS Open Rep. (2016)
2:2055116915624448. doi: 10.1177/2055116915624448

23. Quante S, Sieber-Ruckstuhl N, Wilhelm S, Favrot C, Dennler M, Reusch CE.
Hyperprogesteronism due to bilateral adrenal carcinomas in a cat with diabetes
mellitus. Schweiz Arch Tierheilkd. (2009) 151:437-42. doi: 10.1024/0036-7281.151.9.437

GM.
spraying.

A meta-analysis  of
PLoS ONE. (2011)

DE  Beatty JA. Hyperaldosteronism
(2009) 11:758-

24. Boord M, Griffin C. Progesterone secreting adrenal mass in a cat with clinical
signs of hyperadrenocorticism. ] Am Vet Med Assoc. (1999) 4:666-9.

25. Harro CC, Refsal KR, Shaw N, Alston SM, Folger W, Gross C, et al. Retrospective
study of aldosterone and progesterone secreting adrenal tumors in 10 cats. ] Vet Intern
Med. (2021) 35:2159-66. doi: 10.1111/jvim.16256

26. Sumner JP, Hulsebosch SE, Dudley RM, Miller ML, Hayes GM. Sex-hormone
producing adrenal tumors causing behavioral changes as the sole clinical sign in 3 cats.
Can Vet J. (2019) 60:305-10.

27. Nadolski AC, Markovich JE, Jennings SH, Mahony OM. Case report Rapport de
cas Mammary development, hyperestrogenemia, and hypocortisolemia in a male cat
with an adrenal cortical carcinoma. Can Vet J. (2016) 57:1077-80.

28. Millard RP, Pickens EH, Wells KL. Excessive production of sex hormones
in a cat with an adrenocortical tumor. ] Am Vet Med Assoc. (2009) 234:505-
8. doi: 10.2460/javma.234.4.505

29. Meler EN, Scott-Moncrieff JC, Peter AT, Bennett S, Ramos-Vara J, Salisbury
SK, et al. Cyclic estrous-like behavior in a spayed cat associated with excessive sex-
hormone production by an adrenocortical carcinoma. J Feline Med Surg. (2011)
13:473-8. doi: 10.1016/j.jfms.2011.02.002

30. Reche Junior A, Ramos D, Ferreira M, da Silva LAG, Hirai Y, Horta PV, et al.
case of behavioral changes in a castrated male cat due to a functional adrenocortical
adenoma producing testosterone and androstenedione. JFMS Open Rep. (2021)
7:2055116920981247. doi: 10.1177/2055116920981247

Frontiersin

08

10.3389/fvets.2023.1158142

31. Pérez-Lopez L, Wagner AM, Saavedra P, Jaber JR, Melian C. Ultrasonographic
evaluation of adrenal gland size in two body weight categories of healthy adult cats. |
Feline Med Surg. (2021) 23:804-8. doi: 10.1177/1098612X20974962

32. Nguyen A, Mapes S, Corbin C, Conley A. Morphological adrenarche in rhesus
macaques: development of the zona reticularis is concurrent with fetal zone regression
in the early neonatal period. J Endocrinol. (2008) 199:367-78. doi: 10.1677/JOE-0
8-0337

33. Wagner S, Kiupel M, Peterson RA, Heikinheimo M, Wilson DB. Cytochrome b
5 expression in gonadectomy-induced adrenocortical neoplasms of the domestic ferret
(Mustela putorius furo). Vet Pathol. (2008) 45:439-42. doi: 10.1354/vp.45-4-439

34. Ritter JM, Garner MM, Chilton JA, Jacobson ER, Kiupel M. Gastric
neuroendocrine carcinomas in bearded dragons (Pogona vitticeps). Vet Pathol. (2009)
46:1109-16. doi: 10.1354/vp.09-VP-0019-K-FL

35. Sako T, Kitamura N, Kagawa Y, Hirayama K, Morita M, Kurosawa T, et al.
Immunohistochemical evaluation of a malignant phecochromocytoma in a wolfdog.
Vet Pathol. (2001) 38:447-50. doi: 10.1354/vp.38-4-447

36. Labelle P, De Cock HEV. Metastatic tumors to the adrenal glands in domestic
animals. Vet Pathol. (2005) 42:52-8. doi: 10.1354/vp.42-1-52

37. Feldman EC, Nelson RW, Reusch CE, Scott-Moncrieff CR]. Canine ¢ Feline
Endocrinology, 4th ed. St. Louis, MO: Elsevier Saunders (2015), p. 380-1.

38. Conley AJ, Bird IM. The role of cytochrome P450 17 alpha-hydroxylase and
3 beta-hydroxysteroid dehydrogenase in the integration of gonadal and adrenal
steroidogenesis via the delta 5 and delta 4 pathways of steroidogenesis in mammals.
Biol Reprod. (1997) 56:789-99. doi: 10.1095/biolreprod56.4.789

39. Conley AJ, Pattison JC, Bird IM. Variations
production among (nonhuman) primates. Semin
22:311-26. doi: 10.1055/s-2004-861548

40. Auchus RJ, Lee TC, Miller WL. Cytochrome b5 augments the 17,20-lyase activity
of human P450c17 without direct electron transfer. J Biol Chem. (1998) 273:3158—
65. doi: 10.1074/jbc.273.6.3158

41. SakaiY, Yanase T, Takayanagi R, Nakao R, Nishi Y, Haji M, et al. High expression
of cytochrome b5 in adrenocortical adenomas from patients with Cushing’s syndrome
associated with high secretion of adrenal androgens. J Clin Endocrinol Metab. (1993)
76:1286-90. doi: 10.1210/jcem.76.5.8496319

in adrenal
Reprod ~ Med.

androgen
(2004)

42. Lunn KE, Boston SE. Withrow and MacEwen’s Small Animal Clinical Oncology,
5th ed. St. Louis, MO: W.B. Saunders (2013), p. 565-96.

43. Bielinska M, Kiiveri S, Parviainen H, Mannisto S, Heikinheimo M,
Wilson DB. Gonadectomy-induced adrenocortical neoplasia in the domestic
ferret (Mustela putorius furo) and laboratory mouse. Vet Pathol. (2006)
43:97-117. doi: 10.1354/vp.43-2-97

44. Del Gaudio A, Del Gaudio G. Virilizing adrenocortical tumors in adult women:
report of 10 patients, 2 of whom each had a tumor secreting only testosterone.
Cancer. (1993) 72:1997-2003. doi: 10.1002/1097-0142(19930915)72:6&It;1997::AID-
CNCR2820720634&gt;3.0.CO;2-1

45. Moreno S, Montoya G, Armstrong J, Leteurtre E, Aubert S, Vantyghem MC, et al.
Profile and outcome of pure androgen-secreting adrenal tumors in women: experience
of 21 cases. Surgery. (2004) 136:1192-8. doi: 10.1016/j.surg.2004.06.046

46. Mattox J, Phelan S. The evaluation of adult females with testosterone producing
neoplasms of the adrenal cortex. Sug Gynecol Obstet. (1987) 164:98-101.

47. Cordera F  Grant C, Van Heerden ],
Mack EA, et al. Androgen-secreting adrenal
134:874-80. doi: 10.1016/S0039-6060(03)00410-0

Thompson G, Young W,
tumors.  Surgery.  (2003)

48. Kogan B, Sonda L, Diokno A. Virilizing adrenal adenoma secreting testosterone.
J Urol. (1981) 126:787-8. doi: 10.1016/S0022-5347(17)54748-5

49. Boag AK, Neiger R, Church DB. Trilostane treatment of bilateral adrenal
enlargement and excessive sex steroid hormone production in a cat. ] Small Anim Pract.
(2004) 45:263-6. doi: 10.1111/j.1748-5827.2004.tb00234.x

50. Boland LA, Barrs VR. Peculiarities of feline hyperadrenocorticism:
update on diagnosis and treatment. ] Feline Med Surg. (2017) 19:933-
47. doi: 10.1177/1098612X17723245

51. Helsen C, Van Den Broeck T, Voet A, Prekovic S, Van Poppel H, Joniau S,
et al. Androgen receptor antagonists for prostate cancer therapy. Endocr Relat Cancer.
(2014) 21:T105-18. doi: 10.1530/ERC-13-0545


https://doi.org/10.3389/fvets.2023.1158142
https://doi.org/10.5326/JAAHA-MS-6527
https://doi.org/10.1177/1098612X14539092
https://doi.org/10.2460/javma.2005.226.378
https://doi.org/10.2460/javma.2001.219.1557
https://doi.org/10.1371/journal.pone.0018448
https://doi.org/10.1177/1098612X15572035
https://doi.org/10.1111/jvim.16224
https://doi.org/10.1016/j.jfms.2009.07.010
https://doi.org/10.1111/j.1939-1676.2005.tb02708.x
https://doi.org/10.1177/2055116915617970
https://doi.org/10.5326/15473317-36-6-512
https://doi.org/10.1177/2055116915624448
https://doi.org/10.1024/0036-7281.151.9.437
https://doi.org/10.1111/jvim.16256
https://doi.org/10.2460/javma.234.4.505
https://doi.org/10.1016/j.jfms.2011.02.002
https://doi.org/10.1177/2055116920981247
https://doi.org/10.1177/1098612X20974962
https://doi.org/10.1677/JOE-08-0337
https://doi.org/10.1354/vp.45-4-439
https://doi.org/10.1354/vp.09-VP-0019-K-FL
https://doi.org/10.1354/vp.38-4-447
https://doi.org/10.1354/vp.42-1-52
https://doi.org/10.1095/biolreprod56.4.789
https://doi.org/10.1055/s-2004-861548
https://doi.org/10.1074/jbc.273.6.3158
https://doi.org/10.1210/jcem.76.5.8496319
https://doi.org/10.1354/vp.43-2-97
https://doi.org/10.1002/1097-0142(19930915)72:6&lt
https://doi.org/10.1016/j.surg.2004.06.046
https://doi.org/10.1016/S0039-6060(03)00410-0
https://doi.org/10.1016/S0022-5347(17)54748-5
https://doi.org/10.1111/j.1748-5827.2004.tb00234.x
https://doi.org/10.1177/1098612X17723245
https://doi.org/10.1530/ERC-13-0545
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

	Case report: Androgen-secreting adrenocortical tumors in eight cats
	1. Introduction
	2. Case series description
	2.1. History and physical examination
	2.2. Clinicopathologic features
	2.3. Diagnostic imaging
	2.4. Treatment and outcomes
	2.5. Adrenal histopathology

	3. Discussion
	4. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


