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212 Antoniazzi & Zamboni

Central precocious puberty (CPP) is characterized by early pubertal changes, acceleration of growth velocity,Abstract
and rapid bone maturation that often result in reduced adult height. An onset of pubertal signs before the age of
8 years in girls and 9 years in boys should always be evaluated. A combination of clinical signs, bone age, pelvic
echography in girls, and hormonal data are required to diagnose CPP and make a judgment concerning
progression and prognosis.

Not all children with apparently true CPP require medical intervention. The main reasons for treatment are to
prevent compromised adult height and to avoid psychosocial or behavioral problems. The need for treatment for
auxologic reasons is based on estimation of predicted adult height, with the finding of a reduced height potential,
which may require a follow-up. Indication for treatment on the basis of psychologic and behavioral anomalies
has to be determined on an individual basis.

The main short-term aims of therapy are to stop the progression of secondary sex characteristics and menses
(in girls) and to treat the underlying cause, when known. Long-term goals are to increase final adult height and to
promote psychosocial well-being.

Once it has been decided that treatment is appropriate, it should be initiated immediately with depot
gonadotropin-releasing hormone (GnRH) agonists. The effective suppression of pituitary gonadal function is
achieved with these compounds in practically all CPP patients.

Long-term data are now available from 2 decades of GnRH agonist treatment for patients with CPP.
Treatment preserves height potential in the majority of patients (especially in younger patients) and improves the
final adult height of children with rapidly progressing CPP, with a complete recovery of the hypothalamic-
pituitary-gonadal axis after treatment. GnRH agonist treatment using depot preparations is useful and has a good
safety profile, with minimal adverse effects and no severe long-term consequences. Although further data are
need, there may be a role in the future for combining somatropin (growth hormone) and GnRH agonist treatment
for some patients with significantly impaired growth velocity. The introduction of GnRH antagonists is likely to
improve the treatment options for CPP.

Central precocious puberty (CPP) is a condition characterized predicted adult height based on the child’s current height and bone
by early pubertal changes, the acceleration of growth velocity, and age, and comparing this predicted adult height with target height
rapid bone maturation that often results in reduced adult height. (calculated from the mean parental height adjusted for sex, as
CPP is the consequence of early increased stimulation of the described by Tanner et al.[2]). This, along with comparison with
release of pituitary gonadotropins by the gonadotropin-releasing the normal population, determines whether there is reduced height
hormone (GnRH). potential.

The main aims of therapy for precocious puberty are:CPP is a relatively rare disorder, with an incidence rate of about

• to inhibit pubertal development;1 : 5000 – 1 : 10 000 individuals in the general population; it is
more frequent in girls than in boys, with the female : male ratio • to stop and possibly reverse the progression of secondary sex
estimated to be between 3 : 1 and 23 : 1.[1] characteristics;

• to prevent early menarche (in girls) and early sexual activity;The onset of precocious puberty has important physical and

• to slow skeletal maturation;psychologic consequences for affected children and induces anxie-
ty in their families. However, not all girls or boys with early signs • to delay epiphyseal closure and consequently to improve final
of puberty require treatment. To identify which patients should be adult height and achieve final adult height within the target
referred for therapy, it is necessary to make a rapid, correct range;
diagnosis as well as to form a judgment concerning the progres- • to treat the underlying causes, when known;
sion of the condition based on a combination of clinical signs, • to improve psychosocial well-being.[3]

bone age, pelvic echography in girls, and hormonal data as well as In this article, following a brief discussion on the diagnostic
follow-up ascertainment as to the state of sexual development. approach and the etiology of CPP, we review current treatment

Patients need to be treated for two main reasons: to avoid options (indications for treatment, therapeutic approach, and man-
psychosocial and/or behavioral problems and to prevent compro- agement of treatment), as well as the long-term outcomes (follow-
mised adult height. The decision to treat involves estimating up, long-term findings) and any unresolved issues.[4]
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Central Precocious Puberty: Current Treatment 213

1. Definition of Normal and Precocious Puberty However, regarding the estimation of the timing of sexual
maturation[9] and the distribution of age at menarche for all US
girls, we found recent reports[10] where the median age for menar-Puberty is the period during which human development pro-
che was 12.43 years, which was not statistically different (0.34gresses from the first appearance of secondary sexual characteris-
years earlier) from that reported for US girls in 1973. The relativetics to full sexual maturation with the capacity to reproduce. The
stabilization of the age at onset of puberty or menarche since 1980onset of pubertal development is the result of the activation of the
has recently been reported in a large cross-sectional survey in Thehypothalamic-pituitary-gonadal axis (HPGA); progression to full
Netherlands.[11]maturity depends on an increasing hypothalamic pulsatile secre-

Is a puberty onset before the age of 8 years in girls and 9 yearstion of GnRH, which in turn stimulates the pulsatile release of
in boys still an appropriate definition for precocious puberty? Anyluteinizing hormone (LH) and follicle-stimulating hormone
change in definition will necessarily affect recommendations for(FSH).[5]

evaluating and treating this condition. A statistical definition ofThe appearance of breast tissue in girls (thelarche) and testicu-
precocious puberty as 2.5 SD below the mean, using the data oflar enlargement in boys are the first physical signs of the activation
Herman-Giddens et al.[8] would define the age of onset as <6.3of HPGA or gonadarche, which is often preceded or accompanied
years in Caucasian girls and 5 years in African American girls.by an acceleration of growth velocity. The appearance of pubic

The Drug and Therapeutics and Executive Committees of thehair in girls, although occurring at the same time, is related to the
Lawson Wilkins Pediatric Endocrine Society has recently suggest-onset of androgen secretion by the adrenal glands (adrenarche).
ed new guidelines.[12] According to these guidelines, in most cases,The study cited most often to define the age of normal puberty
an evaluation of girls with early breast and/or pubic hair develop-in girls is the classic 1969 article by Marshall and Tanner that
ment for the purpose of investigating a pathologic etiology ofinvolved 192 Caucasian British girls.[6] The mean age at which
precocious puberty need not be performed for Caucasian girlsstage 2 breast development was attained was 11.15 ± 1.10 years
older than 7 years of age or for African American girls older than 6and stage 2 pubic hair growth was 11.69 ± 1.21 years. Their claim
years of age. However, after these ages, girls need to be evaluatedthat the first signs of puberty appear between the ages of 8.5–13
in the following specific cases.years in 95% of girls was widely accepted as a standard for the

• Unusually rapid progression of puberty resulting in rapid skele-normal onset of puberty in girls. The mean interval between initial
tal advancement (bone age >2 SD ahead of chronological age)signs of puberty and menarche was 2.3 years, and most girls
with predicted height of either 2 SD (10cm) or more below theirreached menarche at an age of 13.5 ± 1.0 years.
genetic target height or <150cm.Similarly, the same authors in 1970 defined the age limits for

• New CNS-related findings.boys: pubertal development usually started with testicular enlarge-

• An emotional state adversely affected by the progression ofment between the ages of 9.5–13.5 years,[7] followed by pubic hair
puberty and the potential for early onset of menses.growth. The average time between initial development and mature

external genitalia was about 3.5 years. No change in the guidelines for assessment in boys has been
made at this time. Investigation for pathologic etiologies should bePrecocious puberty is classically defined as the onset of secon-
done for boys who have an onset of pubertal changes beforedary sex characteristics before the age of 8 years in girls and
9 years of age, as CPP in males often has an organic etiology.[13]9 years in boys; these age limits are based on 2.5 standard

deviations (SD) below the mean age of pubertal onset normally The problem of precocious sexual development is far more
seen in girls and boys. prevalent in girls than in boys. The onset of breast development

In 1997, Herman-Giddens et al.[8] studied 17 077 girls in the US between 7 and 8 years of age in Caucasian girls and between 6 and
and reported the normal age of onset of puberty to be earlier than 8 years of age in African American girls may be a part of the
previously thought. In this population, the mean age of initial normal broad variation in the timing of puberty and does not, in
breast development in Caucasian girls was 9.96 ± 1.82 years most cases, represent a pathologic state. This age group comprises
(about 1 year earlier than the age cited in most previous studies) the majority of girls referred to pediatric endocrinologists for
and 8.87 ± 1.93 years in African American girls (about 2 years evaluation of sexual precociousness,[14] and most likely there are
earlier). A similar trend was reported for pubic hair. In this study, some girls in this ‘gray area’ for whom earlier puberty onset is
breast stage was determined only by visual inspection, without the normal and others for whom it is precocious. Progression of
benefit of palpation, and no endocrine evaluations or follow-up normal puberty in girls has been shown to depend on the timing of
data were reported to confirm that any of the girls had had true its onset: the earlier the onset, the longer the time between the
precocious puberty. appearance of breast development and menarche (mean of 2.77
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214 Antoniazzi & Zamboni

years for onset of puberty at 9 years of age, decreasing steadily to berty leads to a state of so-called ‘sexual precocity for age’, that
1.44 years with onset at 12 years of age).[15] In precocious puberty, can cause psychosocial embarrassment.
progression is often very rapid and associated with a deterioration

2.1 Patient Historyof growth prognosis. Nevertheless, some girls with signs of
pubertal development still need to be evaluated, even at ages that Examination of the patient should start with an accurate famili-
fall within the newly proposed limits of normal puberty, as noted al and personal medical history, auxologic evaluation, and
in the Lawson Wilkins Pediatric Endocrine Society guidelines. pubertal staging. It is important to determine the age at onset of

Further epidemiologic studies are needed to determine whether clinical symptoms (obtained from the parents) and the age at
these new age limits are also valid for the European pediatric evaluation in order to better evaluate the progression of clinical
population. signs. A positive parental history may suggest familial cases of

CPP or familial male precocious puberty. The evaluation of height
velocity during the past 6–12 months is particularly important,2. Diagnosis of Precocious Puberty
because most patients with CPP have a height velocity above the
75th percentile. The lack of this acceleration of growth mayCPP is clinically indistinguishable from normal puberty and
suggest the presence of an associated hormonal defect (e.g. growthphysical signs have the same sequence of appearance. The first
hormone deficiency in the presence of empty sella syndrome[17]).signs are breast tissue development in girls and testicular enlarge-

ment in boys, accompanied or preceded by acceleration of growth
2.2 Clinical Signs

velocity, and followed after a variable time by the growth of pubic
and then axillary hair. The physical examination includes height, weight, and body

proportion measurements. Particular attention must be paid toThe diagnosis of true CPP is based on the presence of signs of
pubertal signs:activation of HPGA in girls younger than 8 years of age (breast

• age at onsetstage ≥2 and increased uterine volume) and in boys younger than
9 years of age (testicular volume ≥4mL), increased height velocity, • staging according to Tanner
bone age >2 SD above chronological age, and increased basal or • rate of progression
stimulated LH secretion (table I).[3] • additional signs (menstrual bleeding and/or vaginal discharge

Early puberty is defined on the basis of the early appearance of in girls; acne, oily skin, erections, and nocturnal emissions in
pubertal signs, within the physiologic age range (in boys aged boys).
between 9 and 10.5 years, in girls aged between 8 and 9 years). In precocious puberty, statural growth and skeletal maturation

are accelerated (the latter more than the former), so that theseThe course is considered to be accelerated (‘fast’ puberty) in
children mature more than they grow. Furthermore, they areboys if the transition from Tanner stage 2 (testicular volume
deprived, according to age of onset, of a certain period of normal4–6mL) to Tanner stage 3 (testicular volume 8–10mL) occurs
prepubertal growth. Thus, final adult height may not reach thewithin <1.5 years and is considered slow when it occurs over more
target height.than 1.5 years.[7] It is considered to be accelerated in girls when

Tanner stage 3 is reached before 10 years of age, which is When physical examination demonstrates the presence of the-
significantly earlier than normal.[16] Combined early and fast pu- larche and/or pubic hair in girls and testicular enlargement in boys,

Table I.  Diagnosis of central precocious puberty[3]

Clinical Signs of activation of HPGA in girls younger than 8 years of age and boys younger than 9 years of age

Breast stage ≥2 and increased uterine volume in girls (longitudinal diameter ≥3.6cm)

Testicular volume ≥4mL in boys

Increased height velocity

Bone age >2 SD above chronological age

Additional signs (menstrual bleeding and/or vaginal discharge in girls; acne, oily skin, erections, and nocturnal
emissions in boys)a

Biochemical Increased basal or stimulated LH secretion.

a These signs are indicative, but not specifically diagnostic, for central precocious puberty.

HPGA = hypothalamic-pituitary-gonadal axis; LH = luteinizing hormone; SD = standard deviations.
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it is necessary to establish the degree of skeletal maturation of the basal, and GnRH-stimulated LH and FSH must be measured in
child (bone age) and to obtain an evaluation of internal genitalia in order to diagnose precocious puberty.[23]

girls through a pelvic echography. In girls with isolated thelarche, To exclude other causes of secondary precocious pubertal
pelvic ultrasonography is preferable in the first instance. When development, it is necessary to carry out other laboratory investi-
pubic hair appears first, and if bone age is advanced, ‘late onset’ gations including thyroid function tests, a single early-morning
congenital adrenal hyperplasia caused by 21-hydroxylase defi- level of 17-hydroxyprogesterone (to rule out homozygous
ciency must be excluded.[18] 21-hydroxylase deficiency[18]) and β-human chorionic gonado-

tropin determination (particularly in boys).
2.3 Bone Age Determination The standard GnRH stimulation test (intravenous GnRH

100 µg/m2), with LH and FSH measurements at 0, 15, 30, 45, 60,
The determination of bone age is obtained through an x-ray of and 90 minutes is the definitive diagnostic test for the diagnosis of

the nondominant hand and wrist, evaluated according to the Greu- CPP and its differentiation from gonadotropin-independent preco-
lich and Pyle[19] or Tanner-Whitehouse[20] methods. If bone age is cious puberty. In the latter case, high levels of estradiol in girls (or
greater than chronological age, the situation needs to be better testosterone in boys), with a lack of gonadotropin response to
evaluated by hormone tests; if bone age is consistently ahead of GnRH are found.
chronological age (bone age >2 SD above chronological age), it is CPP is characterized by a pubertal response of LH to GnRH,[24]

highly probable that it is a case of true precocious puberty. An with a predominant LH response compared with the FSH re-
observation period of several months can often clarify the situa- sponse.[25] However, as the ranges of spontaneous and stimulated
tion, and re-evaluation of bone age in relation to chronological age LH and FSH levels overlap in prepubertal and pubertal children,
advancement may give an idea of the progression of CPP: calculat- and measured LH and FSH levels and cut-off levels also depend
ed bone age/chronological age ratio is >1.0 in patients with pro- on the type of gonadotropin assay used, we must utilize the newer
gressive CPP.[1]

immunofluorometric (IFMA) and immunochemiluminometric
(ICMA) assays that have greater sensitivity and detect lower levels

2.4 Pelvic Echography for Girls than the older radioimmunoassays.[26] Neely et al.[27,28] reported
that a baseline LH level >0.3 IU/L or a GnRH-stimulated LH peakAbdominal and pelvic ultrasounds in girls are helpful diagnos-
level >5 IU/L (by ICMA) may be an indication of precocioustic tools for precocious puberty and are primarily indicated to
puberty. Brito et al.[29] demonstrated that basal LH levels ofexclude adrenal or ovarian tumors and ovarian cysts. Several
>0.6 IU/L (by IFMA) were sufficient to confirm a diagnosis ofsonographic parameters concerning internal genitalia may be help-
gonadotropin-dependent precocious puberty in 71.4% of boys andful to differentiate girls with CPP from those with normal puberty
62.7% of girls. In the remaining patients, a GnRH stimulation testor those with premature thelarche; these parameters include en-
was still necessary to confirm the diagnosis with LH peak levelslarged ovaries and uterus, increased uterine length, shape, fundal/
>9.6 IU/L in boys and >6.9 IU/L in girls.cervical ratio, presence of endometrium, ovarian structure, and

In an attempt to simplify the GnRH test, a single determinationuterine artery Doppler analysis.[21] However, none of these para-
of the LH level at 30[1] or 40 minutes after a subcutaneous GnRHmeters should be used as the only diagnostic tool, except in the
injection has been shown to have good sensitivity (88%) in thecase of uterine volume (longitudinal diameter = 36mm), which has
diagnosis of precocious puberty[30] and for monitoring LH sup-been reported to have a sensitivity and specificity for CPP near
pression in children treated with GnRH agonists.[31] Moreover, the100%.[22]

diagnostic use of GnRH agonists instead of GnRH may improve
the likelihood of differentiating premature thelarche from true2.5 Hormonal Data
CPP.[32]

Basal plasma testosterone levels are high in boys with CPP.Physical changes during puberty are controlled by the HPGA,
However, testing 17-β estradiol levels has not been reliable as awhich increases its activity before the onset of clinical puberty.
marker of CPP in girls. New ultra-sensitive estradiol assays mayThe pulsatile secretion of GnRH increases and stimulates the
be useful in the future, both in the initial evaluation of precociouspulsatile release of LH (and to a lesser extent FSH) with a marked
puberty and during treatment.[33-35]increase in spontaneous peak amplitude, occurring first at night-

time and then later on also occurring during the day, with a Thus, no single values of LH, FSH, or estradiol levels can
consequential rise in gonadal steroid levels. Since GnRH levels are indicate precocious puberty with 100% specificity and sensitivity.
practically impossible to determine, the levels of sex steroids, However, the intravenous GnRH test still remains the single most
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important test in the diagnostic pathway of children suspected of tics of premature thelarche progress towards precocious or early
having CPP. More studies with the newer more sensitive gonado- puberty, with an increase in breast size, bone age acceleration, and
tropin and estradiol assays may improve our definition of pubertal a significant decrease in predicted final adult height.
HPGA activity and our ability to determine which children will At baseline evaluation, it is not easy to tell which girls will
benefit from treatment. progress to precocious or early puberty from those who will not,

Of note, all the typical laboratory findings may not be present in and a re-evaluation is necessary after 3–6 months. Parameters that
every patient with CPP, especially in patients evaluated just after could help to predict progression from premature thelarche to
onset. Thus, diagnosis not only depends on biochemical data but CPP[42] are an onset when chronological age is >3 years,[43] elevat-
also on clinical signs (table I). In general, when diagnosis is ed basal LH levels and bone age/chronological age ratio >1 at first
uncertain, it is helpful to do a clinical and biologic follow-up evaluation, and acceleration of bone age and growth velocity after
reassessment 3–6 months later. the first 6 months of follow-up.

One study showed that approximately 13.5% of patients with
2.6 Differential Diagnosis

isolated premature thelarche beginning earlier than 3 years of age
reached menarche before 11 years of age; this was higher thanDifferential diagnosis of precocious isosexual puberty is report-
expected in the general population, but was consistent with mater-ed in table II.
nal age of menarche and normal adult stature.[44]

First, it is important to ascertain if puberty is actually in
Girls with premature thelarche have significantly higher es-progress, thus making a differential diagnosis between (true) pre-

tradiol levels (measured with ultra-sensitive recombinant cellcocious puberty and normal variants or transient forms of pubertal
bioassay) than unaffected prepubertal girls, and this is consistentdevelopment. This is possible by clinical inspection, bone age
with the hypothesis that the mechanism of premature thelarchedetermination, pelvic echography in girls, and GnRH testing. It is
involves increased estradiol levels rather than increased sensitivityalso possible to differentiate CPP and peripheral precocious puber-
of breast tissue to normal estradiol levels.[45] An increased preva-ty (or an eventual ‘secondary’ CPP) by using the same test.
lence of detectable ovarian microcysts[46] and a greater ovarianThereafter, in the case of true CPP, we must define the cause of the
volume[47] have also been found. The presence or absence of cystsdisorder, differentiating idiopathic or organic precocious puberty.
does not correlate with basal gonadotropin or estradiol levels. Both

2.6.1 Progression of Premature Thelarche Into Precocious Puberty
premature thelarche and premature pubarche may be followed by

Normal variants (partial or incomplete forms) of precocious
reproductive endocrine disturbances in adulthood, and girls should

puberty should be distinguished from complete forms of CPP
be followed to ascertain whether their reproductive function will

(table II). This is particularly important for premature thelarche
be normal or impaired (e.g. by polycystic ovaries).[48]

characterized by isolated breast development in girls before
8 years of age that is associated with normal growth velocity, bone

2.6.2 Organic and Idiopathic Precocious Puberty
age advancement within 2 SD of normal, and an FSH-predominant

When gonadotropin-dependent precocious puberty has beenresponse to GnRH. Some girls with breast development present
proven, the final step in diagnosis must be completed in all patientswith a clinical picture that is intermediate between that of isolated
by magnetic resonance imaging.[13,14,49] Although CPP may bepremature thelarche and CPP, based on clinical findings, spontan-
idiopathic in many cases, it can be secondary to CNS tumoral oreous LH and FSH secretion and/or ovarian ultrasound morpholo-
malformative lesions, of which CPP may be the only presentinggy. This condition has been called thelarche variant or slowly
symptom; such secondary causes are evident in 4.8% of girls[14]

progressive precocious puberty.[36]

and in 19.2% of boys[13] with CPP (table II).Isolated premature thelarche, slowly progressive precocious
Idiopathic CPP is sometimes familial and occurs more fre-puberty, and rapidly progressive precocious puberty may represent

quently than organic CPP; CPP was found to be idiopathic in 74%different positions along a continuum of hypothalamic GnRH
of cases in girls,[14] but only 60% of boys.[13] Thus, the risk ofneurone activation.[37] Neither premature thelarche nor slowly
organic CPP is higher in boys than in girls.progressive precocious puberty affects normal final adult height

and are not an indication for treatment.[38] The etiology of precocious puberty influences the timing of its
appearance, and onset is earlier in organic than in idiopathicAlthough in the great majority of patients premature thelarche
precocious puberty in both boys[13] and girls[14] (CPP was reportedis a benign self-limited condition associated with complete regres-
to be organic in 12.9% of girls aged 0–3.9 years, reducing to 7.4%sion and pubertal development at a normal age,[39] a considerable
of cases in girls aged 7–7.9 years).[14]proportion (14–18%)[40,41] of patients with diagnostic characteris-
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Table II.  Differential diagnosis of precocious puberty

Variant Examples of causes

Central (GnRH-dependent) precocious puberty

Idiopathic true precocious puberty Sporadic or familial

Secondary to CNS tumors Optic glioma (may be associated with neurofibromatosis type 1), astrocytoma,
craniopharyngioma, ependymoma, glioma, medulloblastoma, LH-secreting adenoma,
pinealoma

Secondary to other CNS disorders Developmental abnormalities including hypothalamic hamartoma

Congenital anomalies: arachnoid cyst, suprasellar cyst, phakomatosis, hydrocephalus,
meningomyelocele, septo-optic dysplasia, empty sella syndromea

Acquired disease: neonatal encephalopathy, CNS infections, CNS abscess, low-dose
cranial irradiation, chemotherapy, cranial trauma

Secondary to long-term exposure to sex steroids by Congenital adrenal hyperplasia
adrenal or gonadal origin

Sex steroid-producing tumors

McCune-Albright syndrome

Male-limited precocious puberty (familial or sporadic; constitutively activated LH
receptor)

Reversible forms Space-occupying or pressure-associated lesions (abscess, hydrocephalus)

Peripheral (GnRH-independent) precocious puberty

Secondary to tumors Gonadotropin-secreting tumors: choriocarcinoma, chorioepithelioma, teratoma,
dysgerminoma, hepatoma, hepatoblastoma

Adrenal sex steroid-secreting tumors: adenoma, carcinoma

Ovarian tumors: granulosa cell (may be associated with Peutz-Jegher syndrome),
theca cell

Testicular tumors: Leydig cell

Secondary to genetic disorders Congenital adrenal hyperplasia (males)

Male-limited precocious puberty (familial or sporadic; constitutively activated LH
receptor)

McCune-Albright syndrome

Limited or reversible forms Chronic primary hypothyroidism, exogenous sex steroids or gonadotropins, ovarian
cysts

Normal variants of pubertal development

Premature thelarche, premature pubarche, premature
isolated menarche

a Central precocious puberty often associated with growth hormone deficiency.

GnRH = gonadotropin-releasing hormone; LH = luteinizing hormone.

The most frequent CNS lesion associated with CPP is hypothal- As with other organic lesions, the younger the child, the higher
amic hamartoma. This is usually asymptomatic but it can some- the possibility that hypothalamic hamartoma is the cause of
times be associated with seizures that are often resistant to anticon- CPP;[14] in such cases, onset of CPP occurs often before 4 years of
vulsant treatment. The clinical presentation of hypothalamic age. Hypothalamic hamartomas were responsible for CPP in 9.5%
hamartoma depends on its anatomy: small and pedunculated hypo- of girls aged 0–3.9 years[14] and in 13.1% of boys with mean age at
thalamic hamartomas are more frequently associated with CPP, diagnosis of 2.7 ± 1.8 years.[13] This congenital, non-neoplastic
while large and sessile hypothalamic hamartomas are frequently tumor-like lesion may only be detected by magnetic resonance
associated with seizures. The hypothalamic-pituitary function in imaging as an isointense structure on T1-weighted images; it is
these latter cases is normal, which suggests that the absence of typically located in the region of the tuber cinereum and shows no
CPP is not due to gonadotropin deficiency.[50] gadolinium enhancement. Two pathogenetic hypotheses have
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been proposed, involving the classical concept of GnRH pulse long-term complication of true idiopathic precocious puberty is
generator activity and a more recent finding of transforming reduced final adult height compared to the target height and
growth factor-α production.[51] normal reference values of the child’s ethnic group.[58-61] The

decision to treat must be based both on the age of onset of pubertalIn organic precocious puberty or in the absence of advanced
development and on the evidence of its progression.growth, growth hormone secretion should be documented. After

normal initial cerebral imaging, girls are unlikely to develop a In girls, when puberty begins before the age of 7 years and is
CNS lesion, but such a lesion is much more likely in boys and progressive, the decision to treat is mandatory to preserve height
magnetic resonance imaging should be repeated in boys and any potential. On the contrary, it remains debatable whether girls with
patient thought to be at high risk. borderline early onset of puberty (i.e. 7–8 years) have a high risk

The prevalence of precocious puberty is higher in children with of significantly short stature in adulthood if not treated.[62] Because
neurofibromatosis type 1, and frequently, but not exclusively, it is of significant bone age advancement (>2 SD ahead of chronologi-
associated with optic pathway tumors. Treatment seems to be cal age), a subset of early maturing girls with GnRH pubertal
helpful in those children with a younger onset-of-puberty age or response may have a decreased predicted adult height (predicted
with a progressive decline in predicted final height.[52] height,[63] based on bone age,[64] of either 2 SD [10cm] or more

below genetic target height, or <150cm). They should be treatedSome children with congenital adrenal hyperplasia develop
with GnRH agonists to suppress progression of puberty and im-secondary true precocious puberty with early maturation of the
prove predicted adult height.[65]HPGA. Proper glucocorticoid replacement to achieve adequate

control of hyperandrogenemia during early life may prevent devel- In cases of ‘questionable’ precocious puberty (chronological
opment of CPP. If CPP does develop, GnRH agonist therapy may age 7–8 years, bone age not particularly advanced, predicted
improve predicted adult height, although adult height data are not height close to target height, and/or GnRH testing unclear), it is
yet available.[18,53] important to do adequate follow-up tests before a decision for

treatment can be made. Such follow-ups should help to show
2.7 Adopted Children whether puberty is progressing rapidly, whether predicted height

changes negatively, whether LH levels become pubertal, and
Early pubertal development and an increased incidence of

finally, help determine which patients really need GnRH agonist
sexual precocity have been noticed in children, mainly girls,

therapy. Furthermore, GnRH agonist treatment is not recommen-
migrating because of foreign adoption into Western European

ded for patients lacking evidence of pubertal LH secretion. Some
countries.[54] Where such children have been living in deprived

girls, especially those with bone age slightly above their chrono-
conditions, refeeding and catch-up growth together with improved

logical age, appear to have slowly progressive or transient preco-
nutritional and psychologic conditions after adoption may prime

cious puberty, and on average achieve their genetic height poten-
maturation and onset of puberty. However, precocious puberty is

tial and normal adult height without treatment.[62,66,67] However,
also seen in some migrating children who have not been adopted

careful follow-up of these patients is necessary until at least
or living in deprived conditions. In these cases, possible trigger

9 years of age, because until then height prediction may deterio-
factors include changes in environment, and more recently, the

rate, requiring GnRH agonist treatment in some cases.[68]

possible role of endocrine-disrupting chemicals from the environ-
Puberty onset in girls aged 8–9 years with an accelerated course

ment has been considered. Furthermore, in adopted children from
(early and fast puberty) may cause compromised final adult height

underdeveloped countries, age estimation is a possible source of
and psychosocial distress. Treatment with GnRH agonists is con-

error in timing of puberty, as dates of birth are often missing or
troversial because an improvement in final adult height is equivo-

inaccurate.
cal and treatment with GnRH agonists may only affect the pace of

Untreated precocious puberty has social and psychologic con-
this early and rapid puberty. Therefore, GnRH agonist therapy

sequences in addition to those related to adoption.[55] Therefore,
may be suggested for use only in girls who have psychosocial

each child must be carefully evaluated and therapy needs to be
difficulties in coping with early and fast puberty.[69]

individually planned.[56] Treatment with GnRH agonists is indicat-
Thus, not all girls with precocious puberty require treatment oned when height prediction is poor.[57]

the basis of auxologic parameters, but there is no general consen-
sus in the literature regarding the indication for treatment and no3. Criteria to Treat Central Precocious Puberty
one has yet defined absolute criteria for determining who will

Treatment may be indicated for auxologic or psychosocial/ benefit from treatment. Each of the variables considered (age of
behavioral reasons, or a combination of both. The most important appropriate puberty, definition of significant bone age advance,
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decreased predicted height prognosis, and pubertal response to 4. Treatment with Gonadotropin-Releasing Hormone
(GnRH) AgonistsGnRH testing) has still not been well defined and are all ap-

proached differently by investigators.[70]

Treatment for CPP is essentially pharmacologic therapy. In
In boys with CPP, the indication for GnRH agonist treatment is fact, neurosurgical treatment of the organic causes, even when

based mainly on the age of onset of puberty. There may be either possible (tumors, cysts, hydrocephalus), is not always followed by
accelerated or slowed pubertal development and the decision to complete regression of pubertal development.
institute suppressive therapy should be based on the rate of Since 1981, GnRH agonist administration has been the treat-

ment of choice and has changed the outcome of CPP.[3] Treatmentpubertal progression. Treatment should be offered only to those
with cyproterone or medroxyprogesterone has become obsoletewith accelerated growth and bone maturation rates and rapid
because of insufficient hormonal suppression, poor auxologicincrease in testosterone levels. Suppression therapy apparently
outcome,[75] and potential adverse effects.

converts accelerated puberty into nonsustained slow puberty and
Chronic administration of GnRH agonists, following an initial

probably prevents compromised final adult height.[71]

stimulation phase (‘flare-up’), causes pituitary desensitization and
The other reasons to treat are psychosocial or behavioral. Girls arrest of LH and FSH secretion. In this process the downregulation

and boys with CPP may have earlier sexual activity, and girls may of the GnRH receptor plays a minor and initial role, while pos-
treceptor signaling and modification of α- and β-subunit mRNAbe at increased risk for sexual abuse[72] and early pregnancy. As a
levels are more important events.[76] Therefore, constant exposuregroup, girls with CPP appear more depressed, socially withdrawn,
to the drug is a critical requirement for its efficacy. The falling ofaggressive, and moodier than normal.[73] However, a follow-up
LH and FSH levels induces a marked inhibition of gonadal activitystudy of girls with idiopathic precocious puberty at 17 years of age
and regression of clinical symptoms.

found no significant lasting psychologic effects, except a tendency

for excessive psychosomatic complaints.[74]

4.1 Modalities of Treatment
In patients with mental retardation, early onset of menses and

sexual activity may cause severe problems for the families and Several GnRH agonists of different relative potency are used to
treat CPP.[76] Various drug and formulations are used, dependingmay be potentially harmful to the children. Psychologic and be-
on the country and which compounds are licensed for use inhavioral factors, suggesting that the emotional state of the patient
children (table V).or family is adversely affected by the progression of puberty and

As the aim is to maintain constant levels of the drug in order tothe risk for early onset of menses, need to be taken into considera-
have continuous desensitization of GnRH receptors and thus com-

tion and individualized when treatment recommendations are
plete hormonal inhibition, initially GnRH agonists were adminis-

made. tered as once- to three-times daily subcutaneous injections[77] and
Our indications for treatment or cautious follow-up are summa- multiple daily intranasal spray applications.[78,79] These modes of

rized in tables III and IV. administration have been replaced by monthly depot preparations,

Table III.  Suggested indications for immediate treatment with gonadotropin-releasing hormone (GnRH) agonists in children with central precocious
puberty

Complete clinical precocious puberty with pubertal luteinizing hormone levels after the GnRH stimulation test

And

Chronological age <7y in girls and <8y in boys

Bone age advanced >2 SD beyond chronological age

Predicted height (by bone age and actual height) either 2 SD (10cm) or more below genetic target height or <150cm

Rapid deterioration of growth potential and rapid advancement of pubertal signs (prediction of menarche for girls aged <9y based on echographic
description)

Or

Severe psychologic discomfort or behavioral reasons (individualized decision for mental retardation, emotional immaturity, and behavioral
disturbances)

SD = standard deviations.
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Table IV.  Suggested indications for follow-up and delay in decision to treat with gonadotropin-releasing hormone (GnRH) agonists in children with central
precocious puberty

Complete clinical precocious puberty with intermediate luteinizing hormone levels after the GnRH stimulation test

And

Chronological age between 7y and 8y in girls and between 8y and 9y in boys

Bone age advanced <2 SD beyond chronological age

Predicted height (by bone age and actual height) near target height or in the normal-to-high range

Slow progression of pubertal signs and echographic signs in girls with maintenance of a good growth potential

And

Absence of severe psychologic discomfort or behavioral problems

SD = standard deviations.

4.2.1 Desired Effectswhich are given intramuscularly[80,81] or subcutaneously[82] and
During therapy, due to the suppressive effect of GnRH agonistsprovide a steady release of the drug between injections.

on the pituitary-gonadal axis, estradiol and testosterone return toThe most widely used drugs are triptorelin and leuprolide
prepubertal levels, pubertal development stops or regresses, height(leuprorelin) in long-acting depot preparations, which are consid-
velocity and the bone maturation rate decrease.[80]

ered to be more effective than daily doses.[4] Depot preparations
Within the first 6 months after starting therapy, most girls showhave fewer compliance problems compared with daily subcutane-

a prompt reduction in breast size as well as ovarian and uterine sizeous and nasal spray preparations.[83] Moreover, they provide con-
measured with ultrasound, disappearance of the menstrual cycle, ifsistent complete hormonal suppression, which improves growth
present, while pubic hair has a certain tendency to persist. In boyspotential during the early phase of treatment[84] as well as final
there is a decrease in testicular volume, penile erections becomeadult height.[85]

less frequent, and aggressive behavior improves. Both boys andBoth leuprolide and triptorelin depots are given as intramuscu-
girls show an improvement in terms of attention and schoollar injections or as the more acceptable subcutaneous injection (the
performance.thigh is recommended[86]), every 28 days. The recommended

initial monthly dosage of triptorelin is 60–120 µg/kg,[80] whereas
4.2.2 Adverse Effectsfor leuprolide it is 90–150 µg/kg.[87,88] With the 28-day depot
A few days after the first injection of the GnRH agonist,injection, a starting dosage of 3.75mg (one ampoule) of leuprolide

transient vaginal withdrawal bleeding may occur in girls.[80,81] Thisfor a bodyweight ≥20kg and of 1.875mg (half an ampoule) for a
adverse effect is infrequent and is caused by the initial stimulatorybodyweight <20kg is generally recommended in Europe,[89] with
phase of the GnRH agonist (‘flare-up phase’), which is associatedan increase in the dosage in case of incomplete suppression.[90]

with an initial increase in LH and sex steroids, followed byHowever, in the US a starting dosage of leuprolide of 7.5mg for
hormonal suppression. Since most of these reactions disappear28 days is generally used,[82,91,92] and the dosage is correlated with
spontaneously and require no further treatment, proper informa-bone age and pubertal stage.
tion should be given to the girls and their families before begin-Recent pharmacotechnological research has produced 3-month
ning treatment in an attempt to avoid unnecessary anxiety.[97]

depot formulations (11.25mg leuprolide every 3 months for chil-
Rarely, girls experience minor menopausal symptoms (e.g.dren weighing >20kg, half-dose for children weighing <20kg;[93,94]

nausea, insomnia, emotional lability, headache, hot flushes). Othergoserelin 10.8mg every 9–12 weeks[95,96]). A reduction in the
adverse effects reported in both sexes are cutaneous intolerancenumber of yearly injections from 12 to 4 should improve the
(erythema, induration) to depot GnRH agonists in 3–13% ofacceptance of the treatment and compliance in children with CPP,
patients[89,91,98,99] and the formation of sterile abscesses at theas young children frequently show strong emotional reactions to
intramuscular injection site.[100] In general, the adverse effectsinjections.
reported during GnRH agonist treatment in children are infre-
quent, of minor severity, and acceptable.[101,102]

4.2 Effects of Treatment Recently, marked suppression of gonadal function possibly to
infraphysiologic levels has been demonstrated by studies on levels

The treatment has many desired effects, but others, less desira- of inhibin A and B as well as on markers of androgen action such
ble, can also appear. as sex hormone-binding globulin and prostate-specific antigen.
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Detailed analyses of the growth hormone-insulin-like growth fac- one level (below 0.3 ng/mL) in boys is an indication of adequate
tor 1 axis have revealed a decrease in levels of free, biologically suppression.[23]

active insulin-like growth factor 1 during GnRH agonist treat- A puberty suppression score which includes clinical (Tanner
ment.[103] The possible long-term consequences of these observa- staging), auxologic (growth, bone age/chronological age) and
tions have yet to be determined. hormonal (sex steroids) parameters has been proposed to evaluate

GnRH agonist-induced suppression.[90] If suppression is not
reached, the GnRH agonist dose may be increased or, alternative-4.3 Follow-up During Treatment
ly, the period between injections reduced (e.g. from 28 to 21
days).[90] However, as we try to encourage compliance by reducing

During GnRH agonist treatment, clinical parameters such as
the frequency of injections by using 3-month depot preparations, it

height, weight, growth rate, and secondary sex characteristics must
would appear to be counter productive to shorten injection inter-

be evaluated periodically. Moreover, bone maturation should be
vals.

monitored through bone age measured with hand and wrist x-rays,
The decision to stop treatment is under debate and controver-

and uterus and ovary size should be monitored by pelvic
sial: it may be based on many clinical parameters, including

echography in girls.[104]

chronological age, bone age, and attained height. To obtain the
The efficacy of treatment should be assessed regularly by

best results in terms of final height, treatment in girls should be
GnRH stimulation tests with precise criteria for adequate inhibi-

stopped at a chronological age of 11 years[107] or at a bone age of
tion.[23] Alternatively, a single blood sample for determination of

about 12–12.5 years,[85,108] and in boys at around bone age of 13
LH and estradiol levels at 12 hours[105] (or LH at 30–60 min-

years,[109] thus preserving the post-treatment growth spurt. How-
utes[106]) after injection of the depot GnRH agonist provides an

ever, no precise bone age recommendation can be given because
accurate assessment of pituitary-gonadal suppression and of treat-

no single bone age value that correlates with post-treatment
ment efficacy. To test hormonal suppression, we perform a simpli-

growth values has yet been identified.[4]

fied GnRH test every 6 months or if poor compliance with the
Tentative advice of follow-up during treatment is given in table

therapy is suspected. However, in our and other authors’ experi-
VI.

ence, if regular injections of the depot GnRH agonist are given at
the recommended dose, the suppression of GnRH-stimulated LH

4.4 Follow-up After Treatment
response is achieved in practically all patients.[89]

The determination of plasma estradiol levels (unless by ultra- After completion of treatment, the progression of pubertal
sensitive recombinant cell bioassay[34]) in girls, or urinary LH and development and residual growth must be monitored. Patients
FSH in both sexes, are not considered an adequate substitution for should remain under the supervision of a pediatric endocrinologist
the GnRH stimulation test; on the contrary, a low plasma testoster- to ensure that puberty subsequently progresses normally.

Table V.  Dose, preparation, and route of administration of gonadotropin-releasing hormone (GnRH) agonists most frequently used to treat central
precocious puberty in children

GnRH agonist Dose Preparation and route of administration

Buserelin 20–40 µg/kg/day Subcutaneously daily

1200–1800 µg/day Endonasal spray

Deslorelin 4–8 µg/kg/day Subcutaneously daily

Goserelin 3.6 mg/28 days Subcutaneous 28-day depot

10.8 mg/9–12 weeks Subcutaneous 3-month depot

Histrelin 8–10 µg/kg/day Subcutaneously daily

Leuprolide (leuprorelin) 20–50 µg/kg/day Subcutaneously daily

3.75–7.5 mg/28 days Intramuscular or subcutaneous 28-day depot

11.25 mg/12 weeks Intramuscular or subcutaneous 3-month depot

Nafarelin 4 µg/kg/day Subcutaneously daily

800–1600 µg/day Endonasal spray

Triptorelin 20–40 µg/kg/day Subcutaneously daily

3.75 mg/28 days Intramuscular or subcutaneous 28-day depot
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A GnRH test and a pelvic ultrasound exam in females must be ment.[114] For this reason, pharmacologic treatment with long-
performed 6 months after the end of treatment to monitor the acting GnRH agonists is the first choice for patients with CPP due
recovery of HPGA activity. Should a nonpubertal response persist, to this condition. Long-term studies and outcome data after treat-
the GnRH test and echography should be repeated every 6 months ment with GnRH agonists have shown favorable results with no
until normalization. negative consequences. In particular, depot preparations ensure an

adult height within the genetic height potential, normal bodyComplete reversibility of suppression and prompt recovery of
proportions, bone density, and reproductive function both inHPGA activity is normally seen at the end of treatment, whatever
girls[111] and boys.[115]its duration, and the progressive course of puberty is resumed. An

increase in LH and FSH responses to the GnRH stimulation test up The proven efficacy of GnRH agonists in suppressing puberty
to pubertal levels will generally occur after a few months and the and reducing bone age advancement supports the choice of phar-
menarche will appear in girls within 12–15 months. Although macologic therapy as the initial management of CPP caused by
further long-term data are needed, there appears to be complete hypothalamic hamartoma.[116] In fact, neurosurgical treatment may
recovery of the reproductive axis.[110-112] After menarche, it is be traumatic and is often followed by a relapse of precocious
important to follow the evolution of menstrual cycles and eventual puberty; moreover, patients need to be carefully selected to avoid
appearance of acne, hirsutism, and other problems. surgical risks and neurologic morbidity. Nevertheless, in some

cases, microsurgery is a good choice of treatment for pedunculateTentative advice for follow-up after treatment is given in table
hypothalamic hamartoma[117] and gamma knife radiosurgery canVII.
be an effective and relatively safe means of treatment for achiev-
ing good seizure control in patients with hypothalamic4.5 Treatment of Hypothalamic Hamartoma
hamartoma.[118]

The clinical response to treatment of hypothalamic hamartoma
with GnRH agonists is similar to that of patients with idiopathic

4.6 Long-Term Findings
precocious puberty. GnRH agonist treatment has a good safety
profile and provides satisfactory control for most children with

A number of studies have been carried out to investigate
CPP due to hypothalamic hamartoma,[113] even if the hypothalamic

hormonal, auxologic, and psychologic effects of GnRH agonists
hamartoma often remains the same size during and after treat-

and to define the outcome after treatment in children with CPP, but
only a few of these studies were randomized controlled trials.[1]

4.6.1 Gonadal Function

Polycystic-like ovaries have been seen only rarely in girls
treated with GnRH agonists alone,[112] and there is no evidence that
girls receiving this treatment develop enlarged polycystic ova-
ries.[104] An increased prevalence of polycystic ovaries has been
reported in some studies in which it was correlated with certain
aspects of treatment (i.e. combined treatment with a GnRH agonist
and somatropin [growth hormone][47]), or a degree of adrenal
hyperactivity.[119] However, there is no evidence at this time
correlating GnRH agonists, hyperandrogenism, and polycystic
ovary syndrome. The latter appears to be related to CPP onset with
pre-existing hyperandrogenism, although a longer follow-up is
necessary to confirm this. It is not yet known whether this higher
prevalence of polycystic ovaries significantly affects a patient’s
fertility.[120]

In females, fertility and pregnancy seem to be normal even after
prolonged GnRH agonist treatment in our, and in other, groups’
experience.[112] However, a longer follow-up is necessary to con-
firm the complete reversibility of treatment effects in relation to
fertility.

Table VI.  Follow-up during treatment with gonadotropin-releasing hor-
mone (GnRH) agonists in children with central precocious puberty

Parameter Timing Indicators of good
control

Height, weight, Every 3mo during the Cessation or
pubertal staging first year, every 6mo regression of pubertal

thereafter signs

Pelvic echography in At 3mo and 6mo of Cessation of growth or
girls treatment, every 6mo reduction in ovarian

thereafter and uterine size

GnRH test (standard Every 6mo or when LH and FSH at
or simplified) or poor compliance is prepubertal levels
agonist test suspected

Sex steroids Every 6mo or when Testosterone levels in
poor compliance is boys and estradiol
suspected levels in girls at

prepubertal levels

Bone age Every 12mo Bone age
advancement no
greater than
chronological age
advancement

FSH = follicle-stimulating hormone; LH = luteinizing hormone.
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Table VII.  Follow-up after treatment with gonadotropin-releasing hormone (GnRH) agonists for central precocious puberty

Parameter Timing

Height, weight, pubertal staging, menarche recording and menstrual Every 6mo until final adult height is attained
problems in girls

Pelvic echography Every 6mo until pubertal pattern

GnRH test (standard or simplified) Every 6mo until pubertal response

Correspondingly in boys, spermatogenesis seems to be un- no apparent effect on final adult height in girls with an onset of
affected after GnRH agonist treatment once the pituitary-gonadal puberty between 7.5 and 8.5 years[125] or between 8.4 and 10 years
axis has recovered from hormonal suppression. In fact, post- (‘advanced’ or ‘early’ puberty),[124,139] although it transiently de-
therapy data demonstrating normal endocrine and exocrine testicu- lays sexual maturation, bone age, and growth rate. Moreover, girls
lar function support the safety of GnRH agonists with regards to with slowly progressive precocious puberty and a good initial
reproductive function in males.[121] height prognosis show preserved height potential with an accept-

able final adult height without therapy.[62,66,67,136,140]

4.6.2 Final Adult Height In boys with CPP,[141] GnRH agonist therapy significantly
During treatment, the decrease in the bone age maturation rate improves growth prognosis[107,129] and fully restores genetic height

induces a delay in epiphyseal closure and an improvement in potential[121,132] with a final adult height close to target height.[133]

predicted final adult height.[80] To date, a number of patients with
CPP treated with various GnRH agonists over many years have 4.6.3 Peak Bone Mass

reached final adult height and long-term results are now available Bone mineral density (BMD) is often increased for age at
for these treatments (table VIII for girls and table IX for boys). diagnosis of CPP; some studies have shown a reduction during

Treatment with GnRH agonists, particularly when administered GnRH agonist treatment,[142-144] while others reported that it re-
as a depot preparation, restores height potential that is negatively mained unchanged.[145,146] A decrease in BMD instead of the
affected by CPP[107,112,127,131] and preserves genetic adult height normal increase at such a critical age might diminish peak bone
potential in most girls.[123,126,129,134,135] Final adult height was in- mass and increase the risk of postmenopausal osteoporosis. How-
creased in most studies of girls with CPP treated with GnRH ever, the reduction in BMD appears to be completely reversible
agonists compared with untreated patients[122] and individual and preventable by calcium supplementation.[147] In recent studies,
height prediction before treatment.[107,136] In nearly all cases, final BMD values within the normal range have been found in most
adult height was within the target height range,[85] and more than girls[112,128,148,149] and boys[121] after GnRH agonist treatment.
90% of patients had a final adult height >150cm.[108,112,122] Thus, GnRH agonist treatment does not cause osteoporosis, but

whether the achievement of normal peak bone mass is impaired byFinal adult height may be affected positively by several inde-
this treatment has yet to be established.pendent factors: pretreatment height, duration of treatment, height

at the end of therapy, and target height. The most favorable height
4.6.4 Body Compositiongain with respect to target height was seen in patients who were

taller at the start and at the end of treatment and who had the Before GnRH agonist therapy, the mean body mass index
lowest bone age/chronological age ratio at the end of treat- (BMI) SD score for girls with CPP was greater than that of
ment.[137] Height gain is more evident when therapy is started just unaffected girls of similar age, and during and after treatment the
after the onset of precocious puberty when bone age is only mean BMI did not change significantly but continued to exceed
slightly advanced,[130] and discontinued at a chronological age of that of the control individuals.[111,112] In our experience, BMI and
11 years,[107] or at a bone age of 12.0–12.5 years in girls.[108,138]

BMI expressed as SD scores at pretreatment, at the end of treat-
ment, and at final height evaluation were not significantly differentIn terms of final height result evaluation, a differential diag-
compared with control individuals.[149] Thus, although fat massnosis between true precocious puberty, slowly progressive preco-
may be increased[150] and obesity seems to be frequent amongcious puberty, and ‘early’ or ‘advanced’ puberty is important
children with CPP, this does not appear to be related to the long-(table VIII). Treatment improves final adult height only in girls
term pituitary-gonadal suppression induced by GnRH agonistwith true precocious puberty and the positive effects of long-term
therapy,[148,151] which is reported to neither cause nor aggravateGnRH agonist therapy on stature are more clear-cut in younger
obesity.[112]children (<5[131] or 6[130] years of age). GnRH agonist treatment has
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Table VIII.  Final height of girls with progressive central precocious puberty (CPP), slowly progressive precocious puberty (SP), or early puberty (EP), with
or without treatment with gonadotropin-releasing hormone (GnRH) agonists[1]

Study (year) Condition Treatment No. of Mean target height Mean initial predicted Mean final
pts (cm) adult height (cm) height (cm)

Without treatment

Thamdrup[58] (1961) CPP None 15 NR NR 150.5

Sigurjonsdottir and Hayles[59] (1968) CPP None 21 NR NR 153.2

Werder et al.[60] (1974) CPP None 7 161.8 NR 154

Lee[61] (1981) CPP None 15 164.3 156.3 155.3

Antoniazzi et al.[85] (1994) CPP None 10 156.4 NR 149.6

Kauli et al.[122] (1997) CPP None 28 159.3 161.4 155.5

Brauner et al.[123] (1994) SP None 15 161.1 162.5 162

Bouvattier et al.[124] (1999) SP None 10 157.8 155.2 156.1

Palmert et al.[67] (1999) SP None 20 164 NR 165.5

Cassio et al.[125] (1999) EP None 18 158.5 159.3 158.6

GnRH agonists (daily SC or EN)

Boepple et al.[126] (1991) CPP Deslorelin/ 27 NR 147.5 149.9
histrelin SC

Antoniazzi et al.[85] (1994) CPP Buserelin EN 15 155.5 152.9 153.2

Cacciari et al.[79] (1994) CPP Buserelin EN 12 162.5 156.7 159.5

Klein et al.[127] (2001) CPP Deslorelin/ 80 163.7 149.3 159.8
histrelin SC

GnRH agonists (depot IM or SC)

Brauner et al.[123] (1994) CPP Triptorelin 19 160.2 152 159

Antoniazzi et al.[85] (1994) CPP Triptorelin 15 157.6 154.1 160.6

Kauli et al.[122] (1997) CPP Triptorelin 48 157.7 154.4 159.6

Bertelloni et al.[128] (1998) CPP Buserelin/ 14 161 153.5 158.1
triptorelin

Galluzzi et al.[129] (1998) CPP Triptorelin 22 163.5 155.2 158.5

Arrigo et al.[108] (1999) CPP Triptorelin 71 161.5 155.5 158.4

Carel et al.[107] (1999) CPP Triptorelin 58 160.1 156.4 161.1

Heger et al.[112] (1999) CPP Triptorelin 50 163.6 154.9 160.6

Mul et al.[130] (2000) CPP Triptorelin 87 168 155.3 162.5

Bouvattier et al.[124] (1999) EP Triptorelin 20 157.6 154.1 157.6

Cassio et al.[125] (1999) EP Triptorelin 20 157 157.8 158.1

EN = endonasal; IM = intramuscular; NR = not reported; pts = patients; SC = subcutaneous.

4.6.5 Psychologic Outcome risk of such psychologic disturbances.[152] An elevated risk is
typical of patients with short adult stature and a relatively lateSome behavioral and affective characteristics and peculiarities
onset of precocious puberty. The latter tend toward neuroticism,in psychosocial functioning have been observed in girls with
an exaggeration of their physical appearance, and feel significantlyprecocious puberty. It has been reported that girls at onset of
more insecure than age-related females without precocious puber-idiopathic CPP and during treatment have symbiotic character
ty.[153]traits, a negative body image, and express a strong inhibition of

their femininity. Their poor body image is reflected by their Treatment with GnRH agonists can improve the quality of the
limited self-esteem. It has been suggested that at CPP onset, in patient’s life by normalizing the timing of puberty.[154] During
addition to setting up an educational program for the parents, it is treatment, problematic behavior and functioning decrease slightly,
equally important to supply psychologic support for patients at especially among the few girls who show breast regression to
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minimal or absent development.[155] In general, patients receiving puberty, and in short stature but otherwise healthy individuals with
treatment have good psychosocial adjustment and outcome. Psy- early or normal timing of puberty and a prognosis for impaired
chologic evaluation has not revealed any consistent abnormalities adult height.[163]

in adopted children with early puberty; treatment with GnRH
In patients with growth hormone deficiency and early puberty,

agonists, with or without somatropin, did not increase emotional
treatment with the combination of growth hormone and GnRH

and behavioral problems in adopted children, nor was their self-
analog leads to a normal adult height. This height is similar to the

perception decreased.[156,157]

predicted height at the onset of therapy but lower than the target
height.[164] In patients with idiopathic short stature and early or
normal onset of puberty, with low predicted adult height well5. Additional Treatments
below 2 SD of target height, the administration of somatropin plus
a GnRH agonist may be significantly more effective in improving
final adult height than somatropin alone.[165-167]

5.1 Somatropin (Growth Hormone)

As the cost/benefit of such invasive treatment must be seriously
considered, further studies are warranted due to the small sampleGnRH agonists arrest pubertal development, slow growth ve-
of patients in studies reported to date.[168]

locity and bone maturation, thus improving adult height in CPP.
However, in some patients, growth velocity decreases so remark-
ably that it compromises the improvement in predicted adult

5.2 Cyproterone
height and does not allow it to reach within 2 SD of normal adult
height. In these particular cases, the addition of somatropin to

Cyproterone is still used (100 mg/day orally) by some physi-GnRH agonists is recommended.[158] This combined treatment
cians in the 2 weeks preceding and the 2 weeks following the startremarkably improves growth velocity, predicted adult height[159]

as well as final adult height,[160] compared with GnRH agonist of GnRH agonists.[169] This short-term use of cyproterone is found
treatment alone; similar results have been attained in adopted girls to be helpful to counteract the initial stimulatory effect of the
with early or precocious puberty.[161,162] GnRH agonist. Cyproterone is reported to be beneficial as an

adjunct drug in case of very active adrenarche, which causesApart from its use in true precocious puberty, treatment with a
advanced bone age during GnRH agonist treatment. The mainGnRH agonist together with somatropin has been proposed to
adverse effects are occasional fatigue due to partial adrenal in-delay puberty and improve final adult height in patients with
sufficiency and gynecomastia in a few boys.growth hormone deficiency associated with precocious or early

Table IX.  Final height of boys with progressive central precocious puberty with or without treatment with gonadotropin-releasing hormone (GnRH)
agonists[1]

Study (year) Treatment No. of Mean target height Mean initial predicted Mean final height
pts (cm) adult height (cm) (cm)

Without treatment

Thamdrup[58] (1961) None 8 NR NR 155.4

Sigurjonsdottir and Hayles[59] (1968) None 14 NR NR 156.1

GnRH agonists (daily SC or EN)

Paul et al.[131] (1995) Nafarelin/deslorelin/ 6 180 161.3 168
leuprolide (leuprorelin) SC

Klein et al.[127] (2001) Deslorelin/histrelin SC 18 178.3 156.1 171.1

GnRH agonists (depot IM or SC)

Galluzzi et al.[129] (1998) Triptorelin 11 174.5 168.3 175.5

Rizzo et al.[132] (2000) Buserelin/triptorelin 12 174.2 169.9 176.1

Lazar et al.[71] (2001) Triptorelin 11 170.6 174 172.5

Mul et al.[133] (2002) Triptorelin 26 NR NR 172.9

EN = endonasal; IM = intramuscular; NR = not reported; pts = patients; SC = subcutaneous.
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6. Future Therapeutic Possibilities maintaining normal prepubertal growth without acceleration of
bone maturation or pubertal development.[175] However, in the
authors’ opinion, these results do not suggest an indication for

6.1 GnRH Hormone Antagonists
estrogen replacement in precocious puberty or provide justifica-
tion for such therapy at this time.Antagonistic GnRH analogs act by competitively binding to the

pituitary GnRH receptors, thereby preventing the action of endog-
6.4 Aromatase Inhibitorsenous GnRH.[170] The advantage of the antagonists is that they will

directly inhibit the action of GnRH on the pituitary, inducing an
During puberty, estrogen causes breast maturation and growth

immediate fall in LH, FSH, and sex steroid secretion, thus achiev-
of the uterine lining in girls, and accelerates linear growth and

ing rapid therapeutic effects without the typical initial stimulatory
bone maturation in both boys and girls. Decreasing the biosynthe-

phase of the agonists.
sis of estrogen can attenuate these processes. Suppressing estrogen

All current indications for GnRH-agonist desensitization may
with testolactone was effective therapy in gonadotropin-indepen-

prove to be indications for a GnRH antagonist, including endome-
dent precocious puberty,[176] and more potent and specific inhibi-

triosis, leiomyoma, infertility, ovarian, endometrial, and breast
tors of aromatase could further improve the treatment of these

cancer in women, benign prostatic hypertrophy and prostatic carci-
disorders.

noma in men, and CPP in children.[170]

Estrogens generated locally from androgen precursors due to
In peripubertal male rats, a GnRH antagonist (cetrorelix) inhib-

the action of aromatase play a major role in epiphyseal cartilage
ited the pituitary-gonadal axis;[171] and in a female rat model, the

fusion. Treatment with an aromatase inhibitor (oral anastrozole
same antagonist offered advantages for a more controlled medical

1 mg/day for 3 years) increased final stature more than expected
treatment of precocious puberty compared with GnRH agonist

(164.4 vs 158.4cm) in a boy previously operated on for a
treatment.[172] These compounds are not yet available as depot

hamartoma that had caused precocious puberty and advanced bone
preparations, which is a prerequisite for their use in children, and

maturation and nearly fused epiphyseal cartilages. It is suggested
have not yet been used to treat children with CPP. The action of

that treatment with aromatase inhibitors, alone or in combination
the antagonists available today only lasts 1–3 days; however, long-

with somatropin, may also be helpful in children with constitution-
acting depot preparations of GnRH antagonists are in the primate-

al short stature in order to delay epiphyseal closure and improve
testing phase. Animal tests indicate strong potential for the devel-

the final adult height.[177]

opment and testing of long-acting depot preparations of GnRH
antagonists in treating precocious puberty.[173]

7. Further Studies

6.2 Anti-estrogens The following points are still debated and require further re-
search.

Sex steroids accelerate bone maturation, but it is believed that
• Possible ethnic variations in age of onset and development of

estrogen action is needed for terminal epiphyseal fusion. Recent
puberty require further studies in larger populations in different

animal studies on the effects of a new estrogen-blocking agent on
countries, in particular to ascertain whether the new US-derived

estrogen-accelerated skeletal maturation in immature mice suggest
age limits for puberty onset[8] are also valid for European or

new therapeutic possibilities.[174] These agents, ‘anti-estrogens’,
other pediatric populations.

might be helpful in the future for the treatment of patients with
• Definitions of pubertal HPGA activity in terms of LH, FSH, or

precocious puberty or other disorders associated with early skele-
estradiol values need to be refined using new sensitive LH,

tal maturation.
FSH, and estradiol assays in order to determine if we can define
puberty more accurately and to determine which children6.3 Estrogens
would benefit from treatment.[178] The possibility of identifying
the optimum bone age at which treatment should be stoppedDuring GnRH agonist therapy in patients with CPP, growth is
should also be investigated.sometimes suppressed to subnormal velocity. Some authors have

hypothesized that estrogen levels are suppressed by GnRH agonist • Further investigation of whether costly combined treatment
therapy below normal prepubertal levels and that such suppression with somatropin and GnRH agonists is justified in precocious
is responsible for the slow growth of some girls with CPP during puberty and in conditions other than true precocious puberty
GnRH agonist therapy. It has been shown that a mini-dose of that are aimed at increasing final adult height in otherwise
estrogen replacement has a good safety profile and is effective in healthy short-stature individuals who have early or normal
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puberty timing or in precocious puberty with growth hormone GnRH agonist treatment and in particular, fertility does not seem
deficiency. to be compromised.

However, some aspects of the management of CPP are still• More data are required on the prevalence and cause of the
debated. Some controversy has arisen concerning the indicationsincreased frequency of polycystic ovaries in CPP, and the
for treatment, as precocious puberty shows great diversity inimpact of this condition on fertility.
clinical presentation and in the underlying causes for precocious• Whether GnRH agonist treatment affects the subsequent attain-
development and, thus, in long-term prognosis. Perhaps the agement of normal peak bone mass later in life needs to be
limits between normal and precocious puberty should be lowered,established.
and new diagnostic tools could modify and simplify diagnostic
criteria. The future can be expected to bring better understanding

8. Conclusions of many issues including: the possibility of the progression of
premature thelarche into precocious puberty; the pathogenesis of

All children with an onset of pubertal symptoms before the age organic and idiopathic precocious puberty; the criteria for deci-
of 8 years in girls and 9 years in boys should be evaluated for sions regarding when to start and when to stop treatment; the
possible treatment. The diagnosis of CPP must be established usefulness of combining GnRH agonist treatment with somatropin
without delay and a judgment regarding prognosis made. How- treatment; the possible higher incidence of polycystic ovary-like
ever, not all children with apparently true precocious puberty need syndrome in patients with CPP; and the best way to achieve
medical intervention. The decision for or against treatment has to normal peak bone mass and body composition. Treatment options
be individualized and may often require a follow-up period of could most likely be improved in the future with the introduction
6–12 months, including a careful examination of the rate of of GnRH antagonists.
progression of physical changes, linear growth, bone maturation,
estimates of adult height, and stimulated LH levels in order to Acknowledgments
define the rate of progression of CPP and to determine which
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