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AbSTrAcT

Premature pubarche (PP) in girls is considered to be a benign phenomenon and is the clini-
cal expression of premature adrenarche. Since it does not usually increase the risk of either 
abnormalities in pubertal development or a reduced final adult height, a non-interventional 
approach is generally adopted after exclusion of non-classical (Nc) congenital adrenal hyper-
plasia (cAH). Extremely premature pubarche is nevertheless not a pubertal variant. We here 
report two cases of adrenocortical tumors (AcT) for which precocious pubarche was the initial 
sign. This report suggests that premature pubarche is not always a mere pubertal variant and 
that a delay in the etiological diagnosis can be harmful. Therefore, pubarche before the age of 
four years should be considered as a feature of AcT or Nc cAH until proven otherwise.
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IntRoductIon

Premature pubarche (PP) in girls is commonly 
defined as the appearance of pubic hair before eight 
years of age. The pubic hair is generally limited to 
the labia majora and thus it may not be noted on 
casual examination. A larger area can be involved, 
however, leading parents to consult pediatric endo-

crinologists. The clinical presentation may include 
axillary hair and adult apocrine secretion, advanced 

bone maturation, and increased growth velocity, but 
pubic hair remains the most frequent symptom. The 
pathophysiological basis of premature pubarche is 
an early isolated maturation of the reticular zone of 
the adrenal gland with increased adrenal androgen 
secretion for chronological age (CA). The mechanism 
of the premature activation of the reticular zone 
remains unclear.1 Nevertheless, a high percentage 
of cases with heterozygocity of CYP21A2 has been 
reported2,3 in isolated PP.

Premature pubarche is often considered a normal 
variant of puberty requiring nothing but an observa-
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tional approach. The non-interventional approach is 
supported by the observation that girls with premature 
gonadarche do not have early pubarche. All pubertal 
events seem to occur normally in girls with PP and 
target adult height is not modified,4 even though 
metabolic syndrome and PCOS may develop, as 
recently noted in several reviews.1,5 

Although these data appear reassuring, PP should 
nonetheless not be underestimated and remain unex-
plored, especially in the youngest patients. Besides the 
risk of undiagnosed congenital adrenal hyperplasia 
and later polycystic ovary syndrome in these patients, 

1 a more threatening pathology should be looked for 
because of the risk of an underlying malignancy. We 
here report two cases of adrenocortical tumors initially 
manifested with PP in early infancy. 

case RepoRts

Between January 1990 and January 2010, an aver-
age of 30 girls per year were evaluated in our depart-
ment for isolated premature pubarche. We recently 
focused on 36 of them who had been referred to our 
pediatric endocrinology clinic for PP between 2008 
and 2009. Among these girls, 8.3% had non-classical 
adrenal hyperplasia and 22% had a heterozygote 
status;22 in the other cases, an ACTH stimulation 

test ruled out a defect in adrenal steroidigeneis and 
the final diagnosis was a benign condition related to 
early activation of the reticular zone. Nevertheless, 
among all the patients seen for PP between 1990 
and 2010, two cases, observed in particularly young 
patients, were due to adrenocortical tumor (Table 1).

Case 1

A 23-month-old girl was presented with rapid 
development of pubic hair (P3 according to Tan-
ner stage) and mild facial acne. Clinical inspection 
revealed a moderate increase in clitoral size, while 
palpation did not detect any abdominal mass. The 
initial abdominal ultrasonography was normal. Plasma 
testosterone was elevated (2.6 nmol/l, normal range 
for age <1 nmol/l). Plasma 17-OH-progesterone was 
11.5 nmol/l (normal range for age <3 nmol/l), 11 
desoxycortisol was 8.1 nmol/l (normal range for age 
<7 nmol/l), plasma DHEAS was 7.2 μmol/l (normal 
range for age <2 μmol/l), delta 4 androstenedione was 
5 nmol/l (normal range for age <6 nmol/l), ACTH 
was 11.6 pmol/l (normal range for age <12 pmol/l), 
and cortisol was 410 nmol/l (normal range for age 
<600 nmol/l). The dexamethasone suppression test 
showed normal cortisol suppression. The bone age 
(BA) was advanced (4 years), weight was increased 
(+3SD), and growth velocity was accelerated (+4 SD). 

Table 1. Clinical findings, hormonal data, and follow-up for cases 1 and 2

case 1 case 2

Age (years) 2 3 

Tanner staging B1 P3 B1 P3

Associated initial symptoms Clitoromegaly,
mild facial acne

Clitoromegaly,
mild facial acne, and plethora

Bone age (years) 4 3 

Weight and height (SDS) +4 + 4 Normal for age

Follow-up Worsening of virilization (hirsutism,  
deepened voice), hepatic metastases

Cushing syndrome

Plasma hormonal steroids DHEAS: 7.2 μmol/l 
Testosterone: 6.97 nmol/l

DHEAS: 6.4 µmol/l (N <2 mmol/l)
Testosterone: 10.7 nmol/l (N <1 nmol/l)

Abdominal US and CT scan Initially considered as normal Adrenocortical mass: 40 mm

Treatment - Adjuvant chemotherapy (mitotane)
- Adrenalectomy + right hepatectomy

- Adrenalectomy

Follow-up No relapse after 20 years No relapse after 6 years

US: ultrasonography; CT: computed tomography



358 F. PariS eT al

an adrenalectomy was performed. Histopathological 
examination confirmed a 5-cm adrenocortical tumor 
without extracapular extension or vascular invasion. 
The Weiss score was 4. This was followed by regres-
sion of pubarche in the subsequent two months. The 
clitoromegaly persisted for six months with slow 
regression. No tumoral recurrence was observed 
after six years.

dIscussIon

Premature pubarche is the clinical expression of 
premature adrenarche and is considered a benign 
phenomenon.6 This symptom progresses slowly and 
may be accompanied by moderate acceleration in 
growth and bone maturation without virilization. 
There is however little effect on the onset and pro-
gression of gonadarche or on the target adult height. 
4 Isolated premature pubarche in girls is often consid-
ered a normal pubertal variant, since it is secondary 
to an early isolated activation of the reticular zone, 
independent of gonadotropins.7 Several pathophysi-
ological mechanisms of this precocious activation 
have been proposed: 1 enzymatic dysregulation of 
P450C17,8 premature and rapid development of the 
zona reticularis,9 overweight or sudden weight gain,10 
and hyperinsulinism.11 

The increase in growth velocity and the advance-
ment in bone age most often do not continue, so that 
puberty develops normally. These reassuring data 
support a non-interventional approach to isolated 
premature pubarche after exclusion of specific etiolo-
gies like congenital adrenal hyperplasia or adrenal 
adenoma. 

Premature pubarche is nevertheless not always 
just a pubertal variant and a particularly young age 
of occurrence should raise the suspicion of a more 
threatening condition (Table 2). In the two cases we 
here describe, early pubarche was the initial sign of 
adrenocortical tumors (ACT). Malignancy revealed 
exclusively by androgen secretion-related symptoms 
is extremely rare.12 Many virilizing tumors, such as 
ACT, produce one type of hormone. It may, however, 
secrete various hormones, as in case 2. Thus, Cush-
ing’s syndrome or high mineralocorticoid activity 
with hypertension are frequent manifestations of 
such tumors.13

Initial imaging, including cerebral and abdominal CT 
scans, was considered to be normal. The diagnosis at 
that time was a partial defect in 11 beta-hydroxylase. 

After a transient improvement with hydrocorti-
sone treatment, virilization progressively worsened 
with increasing clitoromegaly, deepened voice and 
hirsutism at the age of three years. The plasma tes-
tosterone rose to 6.97 nmol/l (normal range for age 
<1 nmol/l) and the advance in bone age increased 
further (BA=6years/CA=3 years). A new hormonal 
and ultrasonographic assessment was performed. 
The final diagnosis was a metastatic adrenocortical 
tumor with hepatic involvement. The delay between 
the initial isolated pubarche and the definitive diag-
nosis was 13 months. Adjuvant chemotherapy with 
mitotane (OP’DDD) allowed radical surgery on both 
the adrenal gland and the liver (right hepatectomy). 
The pubarche regressed completely one month after 
surgery. The patient is still alive without recurrence 
after 20 years of follow-up.

Case 2

A three-year-old girl presented with a rapid de-
velopment of pubic hair (Tanner stage P3) facial 
plethora and acne. Clinical examination revealed 
slight clitoromegaly. Bone age, height, and weight 
were normal for chronological age. No abdominal 
mass was palpable. Hyperandrogenism was confirmed 
by elevated plasma testosterone (10.7 nmol/l, normal 
range for age <1 nmol/l), DHEAS (6.4 μmol/l, normal 
range for age <2 μmol/l), and delta 4 androstenedione 
(3.5 nmol/l, normal range for age <6 nmol/l). The 
17 OH progesterone was also increased (13.5 nmol/l, 
normal range for age <3 nmol/l).

Premature pubarche was not associated with other 
pubertal signs. However, hypercortisolism and hyper-
aldosteronism were detected, presenting a picture 
compatible with Cushing syndrome. The low ACTH 
level (5.7 pmol/l, normal for age <12 pmol/l) and the 
high cortisol (735 nmol/l, normal range for age <600 
nmol/l) confirmed the adrenal origin of the hormo-
nal abnormalities. A right adrenocortical mass of 40 
mm was discovered by abdominal ultrasonography. 
The dexamethasone suppression test was thus not 
performed. There was no tumoral extension outside 
the adrenal. After exclusion of pheochromocytoma 
by meta-iodo-benzyl-guanidine (MIBG) scintigraphy, 
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Premature pubarche as the revealing symptom of 
ACT is not the only clinical trap. The increased so-
matic growth of these children, their generally healthy 
appearance, and the lack of a palpable abdominal 
mass may divert pediatricians from considering the 
possibility of a malignant process. The resulting delay 
in diagnosis can be long and harmful, as in one of 
our cases. The prognosis for ACT is generally grim. 
MacFarlane14 reported that patients with untreated 
ACT have a median survival of only three months. In 
treated ACT, the overall five-year survival has ranged 
between 23% and 60% in different series.15 There is 
some evidence that earlier diagnosis and improved 
surgical management have both led to significantly 
better outcomes.

Both clinical and biological data can contribute 
to an early diagnosis. Even if the overall clinical 
examination cannot reliably distinguish between 
patients with a premature adrenarche and those with 
an ACT, four clues should raise the suspicion of an 
adrenal malignancy: (1) the explosive appearance 
of pubic hair, (2) clitoromegaly, (3) very early onset 
of pubarche (before the age of four years, which is 
rare in cases of isolated premature adrenarche), 
and (4) very advanced bone age. (16 Hypertension is 
also frequently encountered, as well as Cushingoid 
features. In such cases, hormonal evaluation, espe-

cially plasma levels of DHEAS and testosterone, 
provide useful information,17 and particularly high 
values, as reported in case 1. In isolated premature 
adrenarche, adrenal androgens can be increased 
for the chronological age but usually fall within the 
reference ranges for the BA and pubertal stage of 
pubic hair.18 In premature adrenarche, the adrenal 
androgens are also suppressed following dexametha-
sone testing, contrary to observations in patients with 
ACT. Atypical biological findings can nevertheless 
be misleading: (1) a transient antitumoral effect of 
dexamethasone, as described in case 1, can lower the 
level of adrenal androgen, this followed by a marked 
secondary increase in androgens; and (2) adreno-
cortical tumors may show considerable biochemical 
heterogeneity and the steroid excretion pattern may 
change spontaneously.19 Thus, in cases of prepubertal 
hyperandrogenism presenting particular diagnostic 
difficulty, abdominal CT-scan or preferably MRI 
should help make a definitive diagnosis.20

Although most androgen-secreting adrenocortical 
masses in children are benign, size, weight, and early 
occurrence are correlated with the malignant potential 
of these virilizing tumors21 and are chracterized by the 
frequent association of Cushingoid and androgenic 
features. Early diagnosis is mandatory, even in cases 
where isolated pubarche is the presenting symptom. 

Table 2. Differential diagnosis between premature adrenarche, late onset congenital adrenal hyperplasia, and adrenocortical tumor

Idiopathic premature adrenarche
late onset congenital 
adrenal hyperplasia Adrenocortical tumor

Intrauterine growth 
retardation

Frequent No No

Age <8 years by definition Prepubertal <4 years is highly suspect

Clitoromegaly Absent Absent Frequent and marked

Evolution Slow progression Slow progression Explosive (in weeks)

Hypertension Rare Rare Frequent

Other endocrine symptoms NO NO Cushingoid syndrome frequent

Bone age Conform or moderately advanced Conform or moderately 
advanced

Markedly advanced

Plasma androgens level In normal range or slightly elevated Increased basal or post 
synacthen 17OHP level

Markedly elevated of all 
androgens precursors

Frequent hypercortisolism and 
hyperaldosteronism

Abdominal ultrasonography Normal Normal Adrenal mass
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Hence, we advise that pubarche in children under 
four years of age be considered as a feature of ACT 
until proven otherwise.
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