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1 | INTRODUCTION
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Abstract

Androgen excess in women typically presents clinically with hirsutism, acne or
androgenic alopecia. In the vast majority of cases, the underlying aetiology is
polycystic ovary syndrome (PCOS), a common chronic condition that affects up to
10% of all women. Identification of women with non-PCOS pathology within large
cohorts of patients presenting with androgen excess represents a diagnostic
challenge for the endocrinologist, and rare pathology including nonclassic congenital
adrenal hyperplasia, severe insulin resistance syndromes, Cushing's disease or
androgen-secreting tumours of the ovary or adrenal gland may be missed in the
absence of a pragmatic screening approach. Detailed clinical history, physical
examination and biochemical phenotyping are critical in risk-stratifying women who
are at the highest risk of non-PCQOS disorders. Red flag features such as rapid onset
symptoms, overt virilization, postmenopausal onset or severe biochemical distur-
bances should prompt investigations for underlying neoplastic pathology, including
dynamic testing and imaging where appropriate. This review will outline a proposed
diagnostic approach to androgen excess in women, including an introduction to
androgen metabolism and provision of a suggested algorithmic strategy to identify

non-PCOS pathology according to clinical and biochemical phenotype.

KEYWORDS

adrenocortical carcinoma, androgen excess, androstenedione, ovarian hyperthecosis, polycystic
ovary syndrome, testosterone

with androgen excess, and has a background population prevalence

of at least 10%.% More severe biochemical disturbance may result in

Androgen excess is defined as clinical or biochemical evidence of
elevated androgenic steroids in women,® typically presenting with
clinical features such as hirsutism, alopecia or acne.? Polycystic ovary
syndrome (PCOS) represents the underlying diagnosis in the vast

majority of adolescent girls and reproductive-aged women presenting

overt virilization; however, this phenomenon is typically due to
pathology other than PCOS, and more likely to represent monogenic
or neoplastic adrenal, ovarian and pituitary disease. ldentifying
patients at risk of harbouring non-PCOS pathology represents a

diagnostic challenge for the endocrinologist, with careful clinical and
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biochemical phenotyping critical to guide clinical judgement on the
requirement for further investigations such as imaging, or definitive
interventions such as surgery.

Androgen excess is a cardinal clinical and biochemical character-
istic of PCOS and is a central component in both the androgen excess
and PCOS (AE-PCOS) Society and earlier National Institute of Health
(NIH) diagnostic criteria.*~¢ Although application of the Rotterdam
consensus criteria leads to a phenotypic subgroup with ovulatory
dysfunction and PCO morphology without androgen excess, the
existence of a non-hyperandrogenic PCOS subgroup is not univer-
sally accepted by all clinicians.” Androgen excess has been
increasingly associated with adverse chronic health consequences
in women, with increased rates of disorders of glucose regulation,
nonalcoholic fatty liver disease and cardiovascular disease, which
closely correlate with circulating androgen burden, observed in
women with PCOS.8-1°

This review aims to provide objective guidance for clinicians in
their approach to the patient presenting with clinical or biochemical
evidence of androgen excess. Particular emphasis will be placed on
delineating clinical and biochemical risk factors for non-PCOS
pathology, with a proposed algorithmic approach to determine the
requirement for dynamic testing and imaging strategies where
appropriate (Table 1).

2 | ANDROGEN METABOLISM IN WOMEN

The ovaries, adrenal glands and peripheral tissues all play key roles in
androgen metabolism in women (Figure 1). Androgenic precursors
such as dehydroepiandrosterone (DHEA), its sulphated ester DHEAS,
and androstenedione (A4) are secreted by the zona reticularis of the
adrenal cortex, and activated to more potent androgens such as
testosterone (T) and 5a-dihydrotestosterone (DHT) in the ovaries and
peripheral tissues. Although T may be produced and secreted by the
adrenal gland in low concentrations, serum T levels are generally
considered representative of ovarian androgen generation, while
DHEA and DHEAS production is primarily reflective of adrenal
androgen production.?! Debate persists over the predominant source
of A4 production, with likely relatively equivalent contributions from
the adrenals and ovaries.??

The zona reticularis of the adrenal cortex is responsible for
adrenal androgen precursor synthesis, % which is under the control of
pituitary corticotropin (ACTH).2* The adrenal gland produces several
19 carbon (C19) steroids, with DHEA and DHEAS produced in the
greatest quantity.?> The majority of DHEA is converted to A4 via
oxidation of the 3-beta-hydroxyl group through the action of 3f-
hydroxysteroid dehydrogenase type 2.

Androgen synthesis in the ovarian follicular unit occurs primarily
in the thecal cells and is regulated by pituitary luteinizing hormone
(LH) secretion. Ovarian thecal cells can generate DHEA from
cholesterol and pregnenolone through the actions of cholesterol
side-chain cleavage enzyme and 17a-hydroxylase, with subsequent
conversion to A4 and T.2¢ Venous sampling studies have confirmed

significant gradients between ovarian vein and peripheral samples for
T and A4, which persist even after menopause, with significantly
greater relative production of T.2” Insulin is a potent regulator of
ovarian androgen generation, acting directly on thecal cell steroido-
genesis; it also potentiates the ovarian steroidogenic response to
LH.28 Insulin plays a further role in peripheral androgen metabolism,
suppressing sex hormone-binding globulin (SHBG) production at the
level of the liver, thereby increasing circulating free testosterone
concentrations. Previous work from our group has also highlighted
the role of insulin in adipose androgen generation in women with
PCOS through upregulation of AKR1C3 expression and activity??;
indeed, adipose tissue itself is a source of androgen production in
simple obesity.3° Hyperinsulinaemia in PCOS and simple obesity is
therefore likely to be a key driver of the androgen excess phenotype
in these conditions.

Androgenic precursors such as DHEA and A4 may undergo
activation to more potent active androgens such as T and DHT in the
periphery, depending on the expression of androgen activating
enzymes in local tissues. 3BHSD1 and 2 are expressed in skin,
adipose, liver, brain and breast and may convert DHEA to A43t A4
may then undergo downstream conversion to T by the action of
AKR1C3 in peripheral tissues; this enzyme is highly expressed in
adipose tissue and a key contributor to androgen excess in the
context of both simple obesity and PCOS.2%%%33 T may bind directly
to the androgen receptor, but its effect can be amplified by enzymatic
reduction to DHT, the most potent androgen, by isoforms of the
enzyme 5a-reductase (5aR). Systemic 5aR activity is upregulated in
women with PCOS.3#35

In the adrenal gland, cytochrome P450 11B-hydroxylase type 1
(CYP11B1) has the ability to convert A4 to the 11-oxygenated
androgen precursor 11p-hydroxyandrostenedione (110HA4).3¢ This
(11KA4) by 11B-
hydroxysteroid dehydrogenase type 2 (11BHSD2) at the level of
the kidney. 11KA4 is activated to 11-ketotestosterone (11KT) in
peripheral tissues by AKR1C3; indeed, 11KA4 is a preferred substrate
for AKR1C3 compared to A4.57*® 11-Oxygenated androgens
constitute the majority of circulating androgens in PCOS, premature
adrenarche and CAH.*?7#! 11KT and 11-ketodihydrotestosterone
(11KDHT) are potent androgens that bind and activate the androgen

is converted to 11-ketoandrostenedione

receptor with the same affinity as counterparts T and DHT in the
classic pathway.*? Circulating 11KT levels do not decline with age in
women, a phenomenon that may have implications for metabolic

health in the postmenopausal phase of life.3

3 | CLINICAL EVALUATION AND
DIFFERENTIAL DIAGNOSIS

3.1 | History

Clinical features of androgen excess in women include hirsutism, acne

and alopecia.** A focused history will include assessment of the
severity and duration of symptoms as well as rapidity of onset.
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11-oxygenated androgen pathway

Adipose

5aR1/2
110HA4 m 110HT 11 OHDHT

l

11KA4

11 KDHT

11KT

Adrenal Adrenal
Pregnenolone Progesterone
170HPreg 17 OHP
[ é
DHEA Al

Classic androgen pathway

A4 11KA4
DHEA
| |
A4 T T 11KT
Ovary Adipose
N
&

FIGURE 1 Adrenal, ovarian and peripheral androgen metabolism. Both classic and 11-oxygenated androgen pathways are demonstrated.
Androgenic precursors are secreted predominantly by the adrenal glands and activated to potent androgens in the ovaries and peripheral tissues.
5aR 1/2, 5a-reductase type 1 and 2; 110HA4, 11B-hydroxyandrostenedione; 110HT, 11B3-hydroxytestosterone; 110OHDHT,
11-hydroxydihydrotestosterone; 11KA4, 11-ketoandrostenedione; 11KT, 11-ketotestosterone; 11KDHT, 11-ketodihydrotestosterone; 170HP,
17-hydroxyprogesterone; A4, androstenedione; AKR1C3, aldoketoreductase type 1C3; CYP11B1, 11B-hydroxylase type 1; DHEA,

dehydroepiandrosterone; DHT, dihydrotestosterone; T, testosterone

Establishing how much time is spent removing hair from face, trunk
and limbs may also give an indication of the severity of hirsutism, as
the modified Ferriman-Gallwey index (mFG) may be confounded by
cosmetic measures taken preconsultation. It should be emphasized
that acne is highly prevalent in non-hyperandrogenic women,
particularly in adolescence, with up to 20% of individuals in their
midteens and 15% of those in their early 20 s reporting the presence
of acne.*?

Long-standing mild to moderate symptoms of androgen
excess are usually due to PCOS, whereas rapid virilization
suggests non-PCOS pathology (Figure 2). Androgen excess may
be linked to menstrual disturbances such as oligomenorrhoea
(defined as menses occurring at intervals longer than 35 days
apart or less than 8 periods per year) either causally or in the
context of underlying PCOS, and so a full menstrual history
should be obtained. Cardiovascular risk factors including obesity,
cigarette smoking, dyslipidaemia, hypertension and impaired
glucose tolerance should be considered.!® Patients should be
asked about a family history of congenital adrenal hyperplasia
(CAH), severe insulin resistance (SIR) syndromes, impaired
glucose tolerance or PCOS. It is important to determine fertility
plans as the majority of systemic pharmacological treatments for
androgen excess are not compatible with trying to conceive due
to teratogenic risk. Lastly the patient should be asked about signs
and symptoms consistent with overt virilization such as clitoral

enlargement or voice deepening.

3.2 | Physical exam

Anthropometric characteristics including BMI, waist circumference and
blood pressure should be documented. An mFG* is used to grade
hirsutism. A score of 0-4 is assigned to nine areas of the body depending
on the density of terminal-end hairs, giving a final score out of 36. There
is wide inter-racial variability and cut-off values are somewhat arbitrary,
but a value 28 is generally considered at the threshold for hirsutism. The
mFG may not always be accurate as many women will undertake
cosmetic measures to remove excess hair growth in advance of clinic
consultation. The presence of other features such as acne and/or
androgenic alopecia should be documented. Clinical examination should
also assess for acanthosis nigricans and skin tags, which are clinical
features of SIR, as well as cushingoid features such as striae, bruising and
proximal muscle weakness. Adipose tissue distribution should be
examined to look for signs of lipodystrophy. Examination of external
genitalia may not be appropriate unless the patient reports specific clinical

signs such as clitoromegaly or other features of overt virilization.

3.3 | Differential diagnosis

3.3.1 | PCOS

The vast majority of women of reproductive age presenting with
clinical signs of androgen excess will have a diagnosis of PCOS, which
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Urgent diagnostic pathway (any of
the following criteria present):
- Rapid onset symptoms

- Features of severe androgen excess
including overt virilisation

- Postmenopausal onset

- Severe biochemical disturbances (see
Figure3)

- Clinical features of severe insulin resistance

Adrenal origin Evidence of severe insulin
suspected (isolated or resistance
severe elevation of A4 Fasting serum Insulin
or DHEAS) -0GTT
- Urgent cross sectional _SHBG

adrenal imagin
ehe - Leptin/adiponectin

- Genetic testing

Mass seen
Yes No Refer for specialist
Urgent Adrenal Consider management
MDT +/- dexamethasone

adrenalectomy suppression test for

cortisol and DHEAS

Clinical History and Exam

Routine diagnostic pathway —
presumed PCOS (all of the following
criteria present):
- No virilisation

- No signs of lipodystrophy or severe insulin
resistance

- Gradual clinical course
- Mild biochemical disturbances (see Figure 3)

Baseline work-up
- Biochemical investigations*
- US ovaries if borderline criteria for PCOS

- ONDST if clinical suspicion for Cushing’s
syndrome

Medical management as

Ovarian origin suspected clinically indicated

(isolated or severe elevation of
serumT)

- GnRH analogue suppression test
- Transvaginal US ovaries +/- MRI pelvis
- Consider PET scan if above negative

Unilateral mass

Oophorectomy if
clinically appropriate

Normal imaging or
bilateral masses

Premenopausal: consider
ovarian vein sampling

Postmenopausal: consider
bilateral oophorectomy or
long term GnRH therapy if
unfit for surgery

FIGURE 2 Clinical approach to the patient with androgen excess. A typical peripubertal and indolent presentation is in keeping with PCOS.
Severe biochemical disturbances, rapid onset symptoms and other red flag clinical features such as virilization should prompt investigation for
non-PCQOS adrenal or ovarian pathology. *Baseline biochemical workup: FSH, LH, estradiol, 17-hydroxyprogesterone (170HP), testosterone (T),
dehydroepiandrosterone sulphate (DHEAS), androstenedione (A4), sex hormone-binding globulin (SHBG) and prolactin. FSH, follicle-stimulating
hormone; LH, luteinizing hormone; OGTT, oral glucose tolerance test; ONDST, overnight dexamethasone suppression test; PCOS, polycystic

ovary syndrome; PET, positron emission tomography

affects up to 10% of all women.® The typical age of onset of PCOS is
between ages of 15 and 25 years, with slowly progressive signs and
symptoms. However, caution should be exercised in making a
diagnosis in the adolescent phase, as many girls will experience
irregular menstrual cycles that will subsequently normalize.*® PCOS is
now increasingly considered a chronic metabolic disorder, and many
of the long-term health consequences are closely correlated with the
severity of androgen excess.*® Typical clinical presentations include
hirsutism, acne, alopecia, weight gain, subfertility or menstrual
disturbance. A transvaginal ovarian ultrasound is indicated in women
without oligomenorrhoea to ensure that Rotterdam criteria are met
for diagnostic purposes. However, this is usually not appropriate in
younger girls with hymen intacta. The typical biochemical picture
observed is mild-to-moderate elevations in serum T, A4 and/or
DHEAS.***” Overweight or obesity is observed in over 70% of

women with PCOS. In women with regular periods and without

polycystic ovarian morphology on ultrasound, a diagnosis of

idiopathic hirsutism/androgen excess should be considered.

3.3.2 | Congenital adrenal hyperplasia

CAH is a rare monogenic form of androgen excess with a prevalence
rate of ~1:14,000 to 1:18,000 births, depending on the population
studied.*® 21-Hydroxylase deficiency due to a homozygous or
in the CYP21A2 gene on
chromosome 6 accounts for 95% of cases and results in defective
of (170HP) 11-

deoxycortisol*’; this leads to glucocorticoid and mineralocorticoid

compound heterozygous mutation

conversion 17-hydroxyprogesterone to
deficiency in most cases, alongside adrenal androgen excess due to a
compensatory rise in ACTH. Affected female infants are typically

diagnosed at birth due to ambiguous genitalia, while male infants
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usually present after 2-4 weeks with a salt-wasting adrenal crisis. In
so-called nonclassic CAH (NCCAH), there is typically 20%-70%
residual activity of the 21-hydroxylase enzyme, resulting in a less
severe phenotype, with adrenal androgen excess but preserved
glucocorticoid and mineralocorticoid production.>® NCCAH typically
presents in adolescence or even adulthood, with hirsutism, acne or
ovulatory dysfunction in women often clinically indistinguishable
from PCOS.>? Clinical history should focus on family history or any
history of familial consanguinity as a risk factor for inherited
metabolic disease. Confirmatory biochemical testing for NCCAH is
outlined in the section on diagnostics. In certain ethnic groups, the
incidence of consanguinity in parents of patients with CAH is
relatively high. One study looking at consanguinity rates in Saudi
Arabia showed positive consanguinity between parents in 22.2% of
cases. Of the cases with a history of consanguinity, 38% were first

degree, and a family history of CAH was present in 25.6%.%2

3.3.3 | Adrenocortical carcinoma

Adrenocortical carcinoma (ACC) is a rare malignant tumour of the
adrenal cortex with a clinical incidence between 0.7 and 2.0 per
million per year.>® Presentation of ACC varies from incidental
detection on imaging to clinically overt syndromes of hormone
excess due to malignant secretion of steroids from malignant
tissue.>* Most ACCs are biochemically active, secreting both
precursor and active adrenal corticosteroids from at least one
histological zone of the adrenal cortex.>® Affected women may
present with clinical signs of severe androgen excess due to adrenal

androgen hypersecretion. ACC should be considered in all women

presenting with severe biochemical disturbances as highlighted in
Figures 3 and 4,'! in particular preferential elevation of adrenal
androgen precursors, or with rapid onset androgen excess, including
virilization. Our 2018 paper on biochemical phenotype as a predictor
of non-PCOS pathology highlighted that 9/9 postmenopausal women
with an elevation of DHEAS levels above 20 umol/L on radio-
immunoassay (RIA) had an underlying diagnosis of ACC.*® Patients
with malignant cosecretion of cortisol and other glucocorticoids may
also demonstrate features of Cushing's syndrome clinically. Patients
presenting with the above clinical and biochemical features must
undergo urgent cross-sectional imaging of the abdomen to screen for
an adrenal mass.

3.34 | Syndromes of SIR

Monogenic disorders of insulin signalling or adipose tissue function
resulting in SIR syndromes may also present with androgen excess in
women of reproductive age.?® Severe hyperinsulinaemia can drive
ovarian androgen generation by acting synergistically with pituitary
LH secretion; high insulin levels may also stimulate ovarian cystic
enlargement and rupture. An incorrect diagnosis of PCOS is often
made in such patients due to a combination of ovulatory dysfunction,
androgen excess and severe PCO on ultrasound. Clinical indicators of
monogenic SIR include the presence of acanthosis nigricans, a strong
family history of type 2 diabetes and SIR in the setting of a relatively
normal BMI. A fasting serum insulin >150 pmol/L and/or a peak
insulin >1500 pmol/L during oral glucose tolerance test are highly
suspicious for SIR. Serum testosterone levels are often significantly

elevated (>10 nmol/L), sometimes with overt virilization.

Premenopausal women

Serum DHEAS (umol/Il) Serum A4 (nmol/l) Serum T (nmol/l)

30 . . , 40 .
. o n b o

28{ °° g %0 . g 10
2012 eveeenennnnnnnnnnnnnnnee ST \ o S
15 ?as‘{ [ I '-.:;;'. ----------------------- S 61 ' e .

7 ; 10{ % ° L M beovsesseseasenzzzneennanee: '
104 . o M >§----‘- ------ " / 44 :35:. . . } I

§ .....:) ...... goceesecces - 8 .
54 . .

.
. -t .
ST '¢‘ 'y

PCOS CAH ACC OHT

0 . . .
PCOS CAH ACC OHT

0
PCOS CAH ACC OHT

FIGURE 3 Severity of androgen excess according to diagnosis and androgen measured in premenopausal women on a single assay.!!
Arbitrary stratification of elevated serum androgen levels into mild (M), intermediate (I), and severe (S) was applied, with grouping of values
according to underlying diagnosis. Median values for each diagnosis are denoted by a solid black line. ACC, adrenocortical carcinoma; CAH,
congenital adrenal hyperplasia; OHT, ovarian hyperthecosis; PCOS, polycystic ovary syndrome (reference J Clin Endocrinol

Metab 2018;103(3):1214-1223. doi:10.1210/jc.2017-02426)
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Postmenopausal women
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FIGURE 4 Severity of androgen excess according to diagnosis and androgen measured in postmenopausal women on a single assay.*?
Arbitrary stratification of elevated serum androgen levels into mild (M), intermediate (I) and severe (S) was applied, with grouping of values
according to the underlying diagnosis. Median values for each diagnosis are denoted by a solid black line. PCOS, polycystic ovary syndrome;
CAH, congenital adrenal hyperplasia; ACC, adrenocortical carcinoma; OHT, ovarian hyperthecosis (reference J Clin Endocrinol

Metab 2018;103(3):1214-1223. doi:10.1210/jc.2017-02426)

SIR is categorized as due to either primary defects in insulin
signalling, such as insulin receptor (INSR) mutations, or due to
primary adipose tissue dysfunction, such as lipodystrophy. Women
with INSR mutations typically present with severe androgen excess in
the context of a family history of diabetes; they are protected against
dyslipidaemia and hepatic steatosis due to a postreceptor phenome-
non.>® Unlike lipodystrophy and acquired insulin resistance SHBG,
adiponectin and leptin levels may be normal or even elevated.
Patients with lipodystrophy present with regional abnormalities of fat
distribution or absence of adipose tissue. In contrast to primary SIR,
there is significant dyslipidaemia and hepatic steatosis, with low
SHBG, leptin and adiponectin levels. Lipodystrophy may be partial or
complete, and congenital and acquired variants exist. The androgen
excess phenotype is biochemically indistinguishable from that
observed in INSR mutations, with predominant ovarian hyperandro-

genism and severe elevation of serum testosterone.

3.3.5 | Cushing's disease

Cushing's disease (CD) is a rare cause of androgen excess in women
caused by a corticotroph pituitary adenoma, and accounts for 1% and
4% of pre- and postmenopausal women, respectively, presenting
with androgen excess in our recent series.!! Discriminant clinical
features of hypercortisolism include violaceous abdominal striae and
proximal muscle weakness; the presence of suppressed gonadotro-
pins and oestradiol, bruising, osteoporosis and hypertension should
also raise the index of suspicion.”” Serum levels of DHEAS and A4
may be elevated due to autonomous ACTH secretion. With Cushing's
disease, the clinical course is typically much more indolent than that

observed with hypercortisolism due to an ACC, and may be

misdiagnosed as PCOS in many cases.

3.3.6 | Ovarian hyperthecosis

Ovarian hyperthecosis (OHT) results from overproduction of andro-
gens in the ovarian stromal cells and can result in severe androgen
excess.** The pathophysiology has not been fully elucidated, but a
typical histological finding is ovarian stromal hyperplasia with cellular
luteinization. It is due to a complex interplay between pituitary LH
secretion, ovarian stroma proliferation and possibly increased serum
insulin levels in the context of insulin resistance. The majority of
women are postmenopausal and complain of gradual but severe
features of androgen excess, with features of overt virilization such
as voice deepening and clitoromegaly sometimes observed. In
general, the onset is slow and progressive, which can help to
distinguish it from androgen-secreting tumours that also present in
postmenopausal women.>® Biochemically these women will have
significantly elevated testosterone levels and relatively normal
adrenal androgens.”” It is frequently associated with insulin resist-
ance or T2DM in postmenopausal women, and postmenopausal

gonadotropin levels are usually preserved.

3.3.7 | Virilizing ovarian tumours

Virilizing ovarian tumours (VOTSs) are a rare but important cause of
androgen excess, as early diagnosis of these potentially malignant
tumours may improve outcomes. Similarly to OHT, VOTs present
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with severe androgen excess and virilizing signs are seen in up to 50%
of women, with a rapid clinical course.®° VOTs are rare accounting
for 5% of all ovarian tumours. Common androgen-secreting ovarian
tumours include Leydig cell neoplasms, thecomas, stromal luteoma
and Sertoli-Leydig cell tumours.®? It can be challenging to discrimi-
nate between OHT and VOT on biochemical grounds alone. In one
study evaluating the biochemical profile in the differential diagnosis
of VOT versus OHT, the VOT group showed higher T and E2 levels
and lower gonadotropin levels compared to the OHT group. In the
same study, mean serum T levels were 20 versus 6.2 nmol/L in the
VOT and OHT groups, respectively. The authors have suggested a
T > 10 nmol/to be more specific for VOT; in both VOT and OHT there
was >50% suppression following gonadotropin-releasing hormone
(GnRH). However, there was a significant overlap in the hormonal

levels noted.®?

4 | DIAGNOSTIC WORK-UP

Following a targeted history and exam, appropriate biochemical and
radiological investigations should be instituted. A recommended
diagnostic approach and decision tool on the requirement for
dynamic testing and imaging is summarized in Figure 2.

4.1 | Biochemistry—baseline and dynamic testing
Initial biochemical screening of a patient with androgen excess should
include a baseline reproductive profile taken in the early follicular
phase between Days 2 and 5 of the menstrual cycle. However, this
may not be possible in patients with oligo- or amenorrhoea. Baseline
testing should include LH, follicle-stimulating hormone (FSH),
oestradiol, T, DHEAS, A4, SHBG, 17-OHP, prolactin and thyroid
function tests.

4.1.1 | Testosterone

Serum total T remains the most commonly measured androgen in
clinical practice in the evaluation of suspected androgen excess,®®
and is recommended by most consensus statements as the first-line
biochemical investigation.®* However, the diagnostic utility of serum
T measurement is limited by a number of key factors. Serum T
circulates bound to SHBG and other proteins.®® Therefore measured
total serum T is affected by fluctuating SHBG levels, and suppression
of hepatic SHBG output due to hyperinsulinaemia and obesity in
PCOS may significantly interfere with the interpretability of serum
total T levels. T circulates in the low nanomolar range in females and
may be below the limit of quantitation in many assays. Liquid
chromatography-tandem mass spectrometry (LC-MS/MS) is a highly
sensitive and specific tool for the quantification of very low
abundance steroids. However, LC-MS/MS is limited by cost and
operator skill and is therefore not universally available in all centres.

The severity of androgen excess is often poorly correlated with
circulating total serum T levels.®® Measurement of total T with direct
RIA can be inaccurate and unreliable due to substantial cross-

reactivity,?”28

while estimation of free T using equilibrium dialysis is
analytically challenging, not universally available and produces highly
variable results.

Calculation of free T, bioavailable T and the free androgen index
(FAI) is recommended in the 2018 PCOS consensus guidelines for the
biochemical work-up of patients with PCOS.%” FAl is calculated using
the formula Tx100/SHBG. This helps to partially mitigate the
biochemical impact of low SHBG levels due to hyperinsulinaemia
observed in women with PCOS, who may manifest a normal total
serum T level on direct measurement. However caution must be
exercised in applying this to all patient cohorts, and FAIl becomes
increasingly inaccurate when SHBG levels drop below 30 nmol/L as is
frequently observed in PCOS.¢°

Serum T is generally reflective of ovarian androgen generation.
Although it may also be elevated in ACC, this rarely occurs in isolation in
this context, with co-elevation of adrenal androgen precursors almost
invariably observed! Isolated severe T elevations in postmenopausal
women are typically seen in OHT, although rare androgen-producing
tumours such as Leydig cell tumours or ovarian thecomas should also be
considered. Based on our published data, serumT levels below 5 nmol/L
measured using LC-MS/MS in premenopausal women do not warrant
adnexal or adrenal imaging, as these are almost invariably due to PCOS
(Figure 3). Conversely, we recommend ovarian imaging in all women

with serum T > 5nmol/|, regardless of menopausal status.

41.2 | Androstenedione (A4)

A4 is a weak androgenic precursor that circulates in higher nanomolar
concentrations than serum T and may therefore have enhanced
diagnostic utility for the work up of women with androgen excess.
Unlike T, A4 is not influenced by variables such as SHBG; therefore, it
may be a more reliable marker of PCOS-related androgen excess.*”
Current consensus guidelines for the investigation of women with
suspected PCOS do not routinely recommend measurement of A4,
but evidence of its utility continues to grow. Our published data
show that up to 25% of women with a normal serum T who had
clinical features of androgen excess had an elevated serum A4.%”
Both the ovary and adrenal produce A4, but the relative contribution
of each to the circulating A4 pool remains somewhat contentious.
Severe A4 elevations in premenopausal women (>15 nmol/L on LC-
MS/MS assays) are typically seen in CAH or ACC while the latter is
much more likely in postmenopausal women with levels above
10 nmol/L on LC-MS/MS (Figures 3 and 4).

4.1.3 | DHEAS

DHEAS is water soluble and is present in large quantities circulating
in the micromolar range in serum. It may be measured with either RIA
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or LC-MS/MS; however, use of the latter is not critical due to its
significantly higher circulating concentration than serum T in women.
Severe DHEAS elevation in premenopausal women is still most likely
to be attributable to PCOS, but in the postmenopausal phase of life
the likelihood of ACC is extremely high (Figures 3 and 4). None-
theless, we recommend imaging all premenopausal women with
DHEAS elevations >20 umol/L, and in all postmenopausal women

with levels in excess of 5 pumol/L presenting with androgen excess.

41.4 | 11-Oxygenated androgens

11-Oxygenated androgens are currently not routinely available in
most clinical biochemistry laboratories. Their wider clinical availability
in the future may represent an additional diagnostic tool for the
clinician in the evaluation of androgen excess. Areas for future
research include the utility of 11-oxygenated androgens to differen-
tiate between adrenal and ovarian hyperandrogenism, as biomarkers
of disease control in CAH, and in discriminating between nonclassic
CAH and more severe forms of PCOS. It also remains to be
elucidated whether 11-oxygenated androgens may play a role as
surrogate markers of metabolic risk in women with PCOS. 110HA4
can only be generated by adrenal CYP11B1 activity, and therefore in
theory should be helpful in discriminating between underlying

adrenal and ovarian pathology in the work up of androgen excess.

415 | Dexamethasone suppression testing

Dexamethasone suppression testing with measurement of adrenal
androgens may be clinically indicated in patients with significant
adrenal androgen excess atypical for PCOS and in whom cross-
sectional adrenal imaging has not revealed an abnormality. Suppres-
sion of DHEAS by dexamethasone confirms adrenal androgen
hypersecretion remains under the control of ACTH as might be
observed in PCOS or idiopathic adrenal hyperandrogenism, rather
than due to an autonomous process such as occult tumour
hypersecretion. The half-life of DHEAS is such that a 96-
h dexamethasone suppression test may be necessary (0.5 mg every
6h), with 96h of glucocorticoid exposure deemed optimal in

comparison to 24, 48 or 72 h in some studies.>>¢®

41.6 | GnRH analogue test

GnRH analogue testing is a valuable diagnostic tool in the work-up of
suspected ovarian hyperandrogenism, particularly in women with a
preferential elevation of serum testosterone as observed in post-
menopausal women with OHT.®° GnRH analogue testing involves
administering a single dose of a GnRH analogue such as leuprorelin
(3.75mg) or triptorelin (3mg) intramuscularly or subcutaneously.
Ovarian secretion of androgens is gonadotropin-dependent even in

the context of OHT, and suppression of gonadotropins and

consequently T secretion after GnRH analogue therapy strongly
supports a suspected diagnosis of benign ovarian hyperandrogenism.
GnRH analogues induce prolonged activation of GnRH receptors in
the pituitary gonadotrophs, leading to desensitization and resultant
downregulation of these receptors. The net effect after 21-28 days
is suppression of LH and FSH secretion and inhibition of oestrogen
and androgen secretion. Suppression of T by more than 50% at
28 days after administration of a GnRH analogue suggests a benign
ovarian source of hyperandrogenism. Postmenopausal women who
have suppressed T after GnRH analogue therapy should undergo
bilateral oophorectomy unless there is a clear unilateral lesion; in
premenopausal women who do not have a radiologically defined
unilateral lesion, joint ovarian and adrenal vein sampling should be
considered.

There is limited data on whether GnRH analogue testing can
differentiate between OHT and VOTs in the literature. Theoretically,
the severity of androgen excess with VOTs may be more severe and
less likely to be under gonadotropin regulation; therefore, this
diagnosis should be considered in patients with a strong suspicion of
ovarian hyperandrogenism who fail to suppress their testosterone
after GnRH agonist. In very rare cases of adrenal hyperandrogenism,
androgen secretion may fall under the control of LH or even GnRH. If
the GnRH analogue adequately suppresses testosterone, long-term
GnRH agonist treatment can be considered for use in patients with
an increased risk for surgery due to comorbidities or who are

unwilling to undergo bilateral oophorectomy.

417 | Short synacthen test

Routine measurement of serum 170HP in the early follicular phase is
a sensitive but poorly specific screening strategy for NCCAH.>° Initial
screening tests should include early morning serum 170HP, T and
A4, which may be markedly elevated. DHEAS levels tend to be
relatively normal. Depending on the assay, the proposed cut-off value
for basal 170HP levels as a prompt for confirmatory testing varies
between 5 and 12 nmol/L.”® Measurement of 170HP 30 min after
ACTH stimulation (with synthetic ACTH 250 pg i.v. or i.m) is the gold
standard for confirmatory diagnosis.”* The Endocrine Society Guide-
lines recommend a stimulated 170HP cut-off value of 30 nmol/L for
NCCAH diagnosis.”?

4.1.8 | Ovarian and adrenal venous sampling

In postmenopausal women with unequivocal evidence of ovarian
hyperandrogenism on GnRH analogue testing, bilateral oophorec-
tomy is generally appropriate, as fertility preservation and mainte-
nance of oestrogen levels is usually not a key consideration. Ovarian
hyperthecosis is usually bilateral, and many VOTs are radiologically
occult. However, ovarian venous sampling may be considered in
premenopausal women with severe ovarian hyperandrogenism
beyond that deemed typical for PCOS, especially if imaging is not
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helpful at locating a discrete culprit unilateral ovarian lesion such as
thecoma or Leydig cell tumour. Ovarian vein sampling can lateralize
and therefore direct targeted unilateral surgical oophorectomy while
preserving fertility.”® This may be conducted in tandem with adrenal
vein sampling in situations where there is equivocal evidence of
ovarian versus adrenal hyperandrogenism. Drawbacks include inva-
siveness, requirement for specialist experienced operator input and

lack of availability outside tertiary centres.

4.2 | Imaging

Adrenal imaging for androgen excess should be considered in
premenopausal women with severe biochemical disturbances, espe-
cially preferential elevation of adrenal androgens DHEAS and A4, and
any postmenopausal woman with new-onset androgen excess.”* The
initial investigation of choice for those with a suspected adrenal mass
is an unenhanced computed tomography (CT) scan of the adrenal
glands. An unenhanced CT adrenal with a cut-off of over 20 HU has a
99% sensitivity for ACC, but specificity is poor.”> In older patients,
the likelihood of clinically insignificant incidental adrenal lesions is
much higher and careful multidisciplinary team involvement should
guide decision making in these equivocal cases to avoid unwarranted
surgical intervention.

In premenopausal women with mild clinical and biochemical
androgen excess with oligomenorrhoea, ovarian imaging is typically
not required as the Rotterdam criteria threshold for a diagnosis of
PCOS will already be met; in cases without menstrual dysfunction,
imaging to assess ovarian morphology is clinically indicated to help
establish a diagnosis of PCOS.*® The preferred imaging modality is a
transvaginal ultrasound, but this is usually not appropriate in younger
girls or adolescents.

A transvaginal ultrasound should be the first-line radiological
investigation for pre- and postmenopausal women with suspected
ovarian hyperandrogenism and severely elevated serum T. Bulky
ovaries bilaterally may be observed in women with OHT, but the
finding is relatively subjective and has a sensitivity as low as 33%.
VOTs may be radiologically occult on ultrasound in up to 45% of
cases in one series.®? Pelvic magnetic resonance imaging has been
reported as the best radiological discriminator between VOT and
OHT by identifying a unilateral ovarian nodule, although positron
emission tomography scan may also have some further diagnostic
utility. However, imaging is often nondiagnostic as many VOTs can be

less than 1 cm in size.”®

5 | SUMMARY

PCOS is the underlying cause of androgen excess in the vast majority
of women presenting to primary and secondary care, and is
associated with a significant metabolic risk burden. A targeted
history and exam are required to identify those patients who harbour
non-PCOS pathology, in particular amongst those presenting with

atypical or red flag features such as rapid onset symptoms or overt
virilization. Systematic interrogation of circulating serum T and
adrenal androgen precursors, in tandem with other markers such as
170HP and gonadotropins, can identify signature patterns suspicious
for underlying adrenal, pituitary and ovarian disease, and guide
imaging strategies accordingly. Serum T levels below 5 nmol/L
measured using LC-MS/MS in premenopausal women typically do
not warrant further investigation in women with clinical features
otherwise consistent with polycystic ovary syndrome. Early multi-
disciplinary input from colleagues in radiology and clinical bio-
chemistry is key to achieve an early diagnosis and understand the
limitations of imaging and biochemical testing, respectively.
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