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Introduction
The concept of male hypogonadism is often asso-
ciated with low testosterone production by the 
testes. This notion derives from adult endocrinol-
ogy; indeed, during adulthood, testosterone is the 
most conspicuous testicular hormone because of 
its circulating levels and target organ actions. 
Conversely, in paediatric endocrinology, basal 
serum testosterone determination is helpful only 
during the first months following birth and after 
mid-puberty.1 During the rest of infancy and 
childhood, serum testosterone is physiologically 
below the detectable levels using classical assays, 
and anti-Müllerian hormone (AMH)2–4 and inhi-
bin B4 are more adequate biomarkers to initially 
screen testicular function (Figure 1).

The ontogeny of the hypothalamic-pituitary-
testicular axis: its importance for the 
diagnosis of male hypogonadism
The hypothalamic-pituitary-testicular (HPT) axis 
is undoubtedly the pituitary axis that shows the 
most remarkable changes throughout life (Figure 
1). The definition of male hypogonadism should 
take into account this ontogeny and reflect the 
inability of Sertoli, Leydig, and/or germ cells to 
fulfil their functions.6 Primary hypogonadism, 
called hypergonadotrophic hypogonadism in adult 
endocrinology, reflects a primary defect of testicu-
lar components—Sertoli, germ and/or Leydig 
cells—that can affect all cell populations concomi-
tantly or initiate with the impairment only one of 
them and affect the others secondarily. Secondary 
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or central hypogonadism, called hypogonado-
trophic hypogonadism in adult endocrinology, 
reflects a gonadal dysfunction that results from a 
hypothalamic-pituitary insufficiency.

The prenatal period: consequences  
of foetal-onset hypogonadism
During the embryonic and foetal periods, the tes-
tes differentiate before the gonadotroph is func-
tional and secrete AMH and testosterone, which 
play essential roles in sexual differentiation of the 
genitalia.7 Testosterone, secreted by Leydig cells 
in response to placental human chorionic gonad-
otrophin (hCG) in the first trimester of gestation 
and by foetal pituitary luteinising hormone (LH) 
thereafter, drives the differentiation of the 
Wolffian ducts into the epididymides, vasa defer-
entia and seminal vesicles. Upon transformation 
to dihydrotestosterone (DHT) by the action of 
the enzyme 5α-reductase in target tissues, it 
induces the formation of the prostate and the viri-
lisation of the urethra and the external genitalia in 
the first trimester and the increase in the size of 
the genitalia, as well as testicular descent in the 
second and third trimesters of gestation. AMH, 
produced by Sertoli cells independently of folli-
cle-stimulating hormone (FSH) action in the first 
trimester of foetal life, provokes the regression of 
Müllerian ducts, the primordia of the uterus and 
Fallopian tubes. Subsequently, FSH stimulates 
Sertoli cell proliferation resulting in testicular 
enlargement8 and increased secretion of AMH9–11 
and inhibin B.11,12 Note that the Sertoli cell popu-
lation represents the major testicular component 
until the onset of puberty (Figure 1).

Foetal onset male hypogonadism has different 
clinical consequences according to the time of 
onset during the embryonic/foetal stage and to 
the testicular cell populations affected (Table 1). 
Very early foetal-onset hypogonadism can only be 
primary, since the gonadotroph is not yet func-
tional. Androgen deficiency may result in a com-
plete lack of virilisation and, thus, a female 
phenotype of the external genitalia at birth in the 
case of complete gonadal dysgenesis, a condition 
characterised by whole gonadal dysfunction and 
named dysgenetic disorder of sex development 
(DSD),7 or of Leydig cell steroidogenic failure, 
characterised by specific cell dysfunction with 
normal Sertoli cell activity and known as non-
dysgenetic DSD.7 In these cases, newborns are 
assigned female and will not be discussed further 

in this review. Alternatively, the gonadal disorder 
may be partial, resulting in ambiguous genitalia 
with different degrees of virilisation, which may 
lead to male gender assignment at birth.13

Foetal-onset hypogonadism during the second or 
third trimesters, irrespective of its primary or cen-
tral origin, is associated with a completely male 
phenotype of the external genitalia. Nonetheless, 
the androgen insufficiency may lead to micrope-
nis and cryptorchidism. When the condition is of 
central origin, the FSH insufficiency results in 
reduced Sertoli cell numbers, leading to micro-
orchidism and low serum AMH and inhibin 
B.11,14,15 If congenital hypogonadism goes unno-
ticed during the first 3 to 6 months of postnatal 
life, androgen insufficiency cannot be detected 
during childhood, and low Sertoli cell biomark-
ers3,4,16–18 and genetic tests19,20 are more helpful 
for the diagnosis (Figure 1). At the age of puberty, 
lack of pubertal signs prompts the assessment.

Childhood: male hypogonadism  
may remain unnoticed
As already mentioned, gonadotrophin and testos-
terone serum levels decline to very low or even 
undetectable values after the age of 3 to 6 months 
in the normal boy (Figure 1).21 Therefore, the 
male hypogonadism established during childhood 
may be challenging not only in the case of central 
hypogonadism, because gonadotrophins and tes-
tosterone cannot be lower than in normal boys 
explaining why the term ‘hypogonadotrophic’ 
may be misleading at this age,1 but also in face of 
cases of primary hypogonadism, because serum 
gonadotrophins show normal prepubertal values 
in a significant number of cases and the term 
‘hypergonadotrophic’ may be confusing.1,22 A 
clear example is Klinefelter syndrome,23,24 the 
commonest aetiology of primary hypogonadism 
in males.

Adolescence: pubertal delay
The reactivation of GnRH secretion in the hypo-
thalamus leads a to a progressive increase in LH 
and FSH pulsatile secretion.25 FSH triggers 
again Sertoli cell proliferation, inducing a moder-
ate but perceivable increase in testicular size, 
from 2 to 4 ml as measured by comparison to 
Prader’s orchidometer, or from 1.0 to 2.7 ml as 
measured by ultrasonography.26 Concomitantly, 
LH acts on Leydig cells to induce a progressive 
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increase in intratesticular androgen concentra-
tion during Tanner stages 2 and 3 of pubertal 
development, which provokes Sertoli cell matu-
ration,27 reflected in a decrease in serum AMH.28 
Then, Sertoli cells cease to proliferate and 
become capable of supporting adult spermato-
genesis, the main responsible for the dramatic 
increase of testicular volume during puberty to 
reach an adult volume  > 15 ml by orchidometer 
or  > 17.5 ml by ultrasound.26 Inhibin B levels 
represent a useful biomarker of Sertoli cell matu-
ration and adequate spermatogenic progres-
sion.29 Serum testosterone levels increase 
progressively from Tanner stage 3 to reach adult 
values in Tanner stage 5.28,30 The gradual 

increase in serum testosterone is associated with 
the development of secondary sex characteristics, 
especially penile growth which occurs from 
Tanner stage 3 onwards,31 and a timely bone age 
maturation to attain adult height.

When there is a whole gonadal dysfunction, due to 
either primary or central hypogonadism, the lack of 
testosterone rise results in the lack of signs of puber-
tal development. For primary hypogonadism to be 
associated with complete lack of development of 
secondary sex characteristics, the testicular disorder 
must be severe, for example, complete testicular 
regression syndrome or gonadal removal. Otherwise, 
Leydig cell function often remains sufficient to 

Figure 1. Ontogeny of the anatomical changes and serum levels of reproductive axis hormones in the male. 
In the early stages of the foetal period, testicular hormones begin to be produced before gonadotrophins and 
are responsible for the virilization of the internal and external genitalia. From the second trimester of foetal 
life onwards, luteinizing hormone (LH) regulates testosterone (T) secretion by Leydig cells, whereas follicle-
stimulating hormone (FSH) controls Sertoli cell proliferation and AMH and inhibin B secretion. FSH induces 
testicular enlargement while T is involved in testicular descent to the scrotum and penile enlargement. 
During the 3–6 months following birth (also known as ‘mini-puberty’), the reproductive axis remains active, 
but then LH and T decline to undetectable levels during childhood. Conversely, Sertoli cells remain functional 
as revealed by high levels of anti- Müllerian hormone (AMH) and inhibin B. During puberty, gonadotrophins 
and T increase. The testes enlarge dramatically due to the proliferation of germ cells undergoing adult 
spermatogenesis. FSH and germ cells boost inhibin B secretion, whereas T is potent inhibitor of AMH. 
Reprinted, with permission, from Salonia et al.5 © 2019 Springer Nature Limited.
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provoke some signs of androgenisation, even if 
Sertoli cells are severely affected, for example, in 
many cases of partial gonadal dysgenesis7 or long-
standing cryptorchidism.17

Apart from the already mentioned congenital 
form, central hypogonadism may be acquired 
during childhood, for example, due to tumours or 
other lesions of the central nervous system affect-
ing the hypothalamic-pituitary region or to func-
tional states such as chronic or acute illnesses that 
impair the HPT axis.5 The severity of the condi-
tion may lead to a complete lack of pubertal onset 
or to a normal or delayed onset with incomplete 
progression.

In those cases where there is no personal or family 
history that could drive the diagnosis, constitutional 

delay of puberty is the commonest cause of lack of 
pubertal signs in a boy reaching the age of 14 years, 
that is, that corresponding to more than 2 standard 
deviations from normal pubertal age onset.32,33 The 
differential diagnosis may prove difficult: basal LH 
and testosterone levels are usually uninformative 
and several dynamic tests have been developed with 
controversial results.34 Although neglected in males, 
the FSH-gonadal axis seems to be more 
informative.35–37

Pharmacotherapy for male hypogonadism

Medicines used
Androgenic drugs. The most frequently used for-
mulations in adolescents are testosterone esters, 
such as enanthate, cypionate and propionate, 

Table 1. Clinical presentation of genitalia in male hypogonadism, according to type and age of initiation.

Age of 
initiation

Type of 
hypogonadism

Whole testicular dysfunction Leydig cell-specific dysfunction Sertoli cell-specific 
dysfunction

Foetal 1st 
Trimester

Primary 
hypogonadism

Testicular dysgenesis DSD, undervirilisation Leydig cell 
hypoplasia
Steroidogenic 
defects

DSD, 
undervirilisation

FSH-R 
defects
AMH 
mutation

Micro-
orchidism
PMDS

Foetal 
2nd – 3rd 
Trimesters

Primary 
hypogonadism

Testicular regression 
syndrome

Micropenis, 
Cryptorchidism

Inexistent Inexistent  

Central 
hypogonadism

Isolated central 
hypogonadism
Multiple pituitary 
hormone deficiency

Micropenis, 
Cryptorchidism, 
Micro-orchidism, 
Absent or incomplete 
puberty
Ibidem +  
hypothyroidism, 
cortisol deficiency, 
growth failure

LHβ mutation Micropenis, 
Cryptorchidism, 
Absent or 
incomplete 
puberty

FSHβ 
mutation

Micro-
orchidism

Postnatal Primary 
hypogonadism

Bilateral 
gonadectomy
Klinefelter syndrome
Testicular 
radiotherapy

Empty scrotum
None, Cryptorchidism, 
Micro-orchidism
Micro-orchidism

Inexistent Inexistent  

Central 
hypogonadism

Surgery of the sellar/
suprasellar region
Pituitary tumours
Cranial trauma
High dose cranial 
radiotherapy
Systemic diseases

Absent or incomplete 
puberty

Inexistent Inexistent  

 Constitutional delay 
of puberty

Absent puberty Inexistent Inexistent  

AMH, anti-Müllerian hormone; DSD, Disorders of sex development; FSH, Follicle-stimulating hormone; FSHβ, FSH beta subunit; FSH-R, FSH 
receptor; LH, luteinising hormone; LHβ, LH beta subunit; PMDS: Persistent Müllerian Duct Syndrome.
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available as oil-based compounds for slow-release 
IM injections. Testosterone enanthate is available 
in 200- or 250-mg ampoules or ready-to-use 
syringes. It has a half-life of 4.5 days and is cleared 
90% through the kidneys and 10% through the 
bile (10%). Testosterone cypionate is available in 
100-mg or 200-mg vials, and its half-life is 
4 days.38 A mixture of 100 mg decanoate, 60 mg 
isocaproate, 60 mg phenylpropionate and 30 mg 
propionate exists in 250-mg ampoules.39–41 IM 
testosterone undecanoate has not been used in 
paediatric patients owing to its long-acting 
period.42

In adolescents  > 12 years-old, the anabolic and 
androgenic effects induced by replacement ther-
apy are expected to mimic the timing and tempo 
observed during normal pubertal development. 
In other words, androgen supplementation should 
start at low doses with progressive increases so 
that adult testosterone serum levels are attained 2 
to 3 years later. Thus, with a progression of 
approximately one Tanner stage every year, a pre-
cocious early closure of the epiphyses is avoided. 
The most commonly used protocols with testos-
terone enanthate or cypionate consist of an initial 
dose of 50–100 mg every 4 weeks.5,43,44 Due to the 
pharmacokinetics of these formulations, circulat-
ing testosterone attains supraphysiological levels 
in the first week after IM injection and subphysi-
ological levels in the fourth week (Figure 2),45,46 
with interindividual variations.47,48 The dosage is 
progressively increased in 50- to 100-mg incre-
ments every 6 to 12 months to mimic the evolu-
tion of serum testosterone levels observed during 
pubertal stages,28 to reach the adult dose of 
250 mg every 4 weeks after approximately 2 to 
3 years.

Transdermal testosterone formulations are the 
most frequently used in adults,53 but like IM for-
mulations, they have not yet been approved for 
use in paediatric patients. Only few studies are 
reported in the literature in prepubertal boys.

While the initial oral androgen formulations 
showed hepatotoxicity,53,54 testosterone unde-
canoate capsules avoid hepatic metabolism, and 
pilot studies have been reported in adolescents.55,56 
Mucoadhesive tablets, designed to provide sus-
tained testosterone release as it hydrates after inner 
cheek adhesion,53 have not been used in children 
or adolescents. Similarly, no experience exists in 
paediatric patients with a testosterone gel for 

intranasal administration featuring easy delivery 
and low risk of transference.53,54

Side effects commonly described for androgenic 
drugs used for long periods include erythrocyto-
sis, irritability, acne, persistent erections, and 
gynaecomastia due to aromatisation to oestro-
gens.57 One particular concern in paediatric ages 
is the potential acceleration of bone age, which 
compromises adult height. Early pubarche can 
also be observed. Oral testosterone undecanoate 
shows lower risk for erythrocytosis than injectable 
formulations.58 It should be kept in mind that the 
beneficial effects that systemic androgen therapy 
has on most organs contrast with their negative 
effects on the HPT axis. Indeed, exogenous 
androgens usually reach circulating levels that 
inhibit the gonadotroph. Because of the reduced 
secretion of LH, intratesticular androgen concen-
tration remains low, spermatogenesis cannot go 
through meiosis and spermiogenesis, and testicu-
lar volume persists small.27,59

DHT, also known as stanolone or androstanolone, 
is the most potent natural androgen and cannot 
be aromatised to oestrogens. It is commercially 
available in some countries as 2.5% gels for 
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Figure 2. Schematic representation of circulating levels of testosterone 
adult male patients with hypogonadism receiving testosterone enanthate or 
testosterone undecanoate IM. Time 0 represents before treatment; serum 
concentrations are indicated following IM injections of 250 mg of enanthate 
or 1000 mg of undecanoate. The grey area represents normal serum levels 
of testosterone for an adult male. Data obtained from references.46,49–51 
Modified with permission from Rey and Grinspon.52 © 2020 The Authors.
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transdermal delivery.60–62 DHT is typically 
applied directly to the external genitalia in patients 
with micropenis63 and is indicated in patients 
with nondysgenetic DSD due to 5α-reductase 
deficiency.42,64

Nandrolone and oxandrolone are non-aromatisa-
ble drugs with a predominant anabolic action and 
are thus used when androgenic effects need to be 
avoided.57,65 Nandrolone exists in 1-ml vials at 
200 mg/ml for IM injections. Oxandrolone is 
available as oral tablets of 2.5 and 10 mg. In 
patients with Klinefelter syndrome, positive effects 
have been reported on psychosocial and visual-
motor functions66 as well as on cardiometabolic 
health markers67 after oxandrolone administra-
tion. The main side effect is hepatotoxicity, though 
rarely serious or irreversible.57 Hepatic peliosis 
hepatocellular neoplasia have been described after 
long-term administration. In paediatric patients, 
even if its androgenic effects are reduced, oxan-
drolone may provoke precocious genital develop-
ment.68 Selective androgen receptor modulators 
(SARMs) with different androgen receptor bind-
ing capacity are under investigation.69

Aromatase inhibitors, such as letrozole and anas-
trozole, repress the metabolisation of androgens 
to oestrogens and have been tested to boost 
androgen levels in patients with preserved andro-
gen synthesis, that is, constitutional delay of 
puberty.40

Gonadotrophin formulations. Several preparations 
containing hCG, LH or FSH, alone or in mixture, 
have existed in the market and have been used 
especially in adult reproductive endocrinology.70 
Here, I will focus on those formulations used in 
paediatric patients with hypogonadism.

Human chorionic gonadotrophin (hCG) has been 
available for several decades as solutions for IM or 
SC injection containing between 500 and 
10,000 IU, obtained from the urine of pregnant 
women. LH and hCG bind the same receptor on 
Leydig cells, but hCG has a longer half-life70 and 
can be given once or twice a week according to the 
therapeutic aim: in boys with cryptorchidism, hCG 
is usually administered at 500–1000 IU per week 
for 5 weeks, whereas in adolescents with delayed 
puberty the usual dosage is 1000 IU twice a week.

LH and FSH are also present in preparations 
obtained from urine: human menopausal 

gonadotrophin or menotropin (hMG) contains 
FSH, LH, and hCG, whereas immunological-
based technologies have allowed to obtain highly 
purified urinary FSH preparations. However, 
almost no experience has been published in paedi-
atric male patients with these preparations. 
Conversely, in the last two decades, recombinant 
gonadotrophin formulations have been developed, 
including r-LH, r-hCG, r-FSH, long-acting 
r-FSH (corifollitropin alfa), and a mixture of 
r-LH/r-FSH.70,71

Two r-FSH preparations, follitropins alfa and 
beta, are very similar and only differ in the techni-
cal approach using Chinese hamster ovary (CHO) 
cells resulting in slight differences in posttransla-
tional changes.71 Nonetheless, all recombinant 
follitropins obtained in CHO cells differ from the 
natural gonadotrophins in some of the attached 
glycans, which may affect their bioactivity.70 In an 
attempt to solve this problem, recombinant folli-
tropin delta was generated using a human cell 
line.71,72 Also more recently, corifollitropin alfa 
has been developed; it consists of r-FSH fused to 
the carboxyl-terminal peptide of the beta-subunit 
of hCG, which conveys a longer plasma half-
life.71,73,74 Recombinant LH (lutropin alfa) and 
r-hCG are produced in CHO cells.71 Although 
gonadotrophins may be given as IM or SC injec-
tions equivalently, SC administration is preferred 
by the overwhelming majority of patients and 
supports long-term adherence to treatment.75

GnRH is available in a few countries for pulsatile 
administration using a SC pump delivering the 
drug at a rate of 25 ng/kg per pulse every 120 min.76

Pharmacotherapy in neonates and infants
Irrespective of the aetiology of impaired gonadal 
hormone production, newborns or infants with 
male hypogonadism may require treatment for 
micropenis and/or cryptorchidism. However, 
those with central hypogonadism have a more 
favourable fertility potential, and treatment 
options should consider future spermatogenic 
development as an aim.

Treatment of newborns/infants with DSD. New-
borns with dysgenetic DSD, including partial tes-
ticular dysgenesis, asymmetric gonadal 
differentiations (also known as mixed gonadal 
dysgenesis) and ovotesticular DSD, assigned male 
usually present with micropenis, hypospadias and 
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cryptorchidism. While hypospadias can only be 
repaired surgically, micropenis and cryptorchi-
dism may be subject to hormonal treatment. For 
penile enlargement and enhancement of scrotal 
trophism, the usual practice consists in the admin-
istration of 2 or 3 courses of IM testosterone 
enanthate 25–50 mg every 3–4 weeks.43,77–85 Lon-
ger courses may provoke bone age advancement 
and pubic hair development and should therefore 
be avoided. Although infrequent, side effects 
related to androgen excess are erections and acne; 
non-specific side effects are pain and infections in 
the injection site. In some countries, testosterone 
is available for percutaneous treatment: 0.2 g of 
5% testosterone cream (i.e. 10 mg of testoster-
one) applied onto the phallus daily for 1 month 
showed efficacy (9-mm increase in penile length) 
and safe (no significant advancement in bone 
age).86,87 DHT gels, which are available in certain 
countries, may be even more efficacious in 
patients with DSD, and especially in those with 
5α-reductase deficiency.64,88–91 Treatment con-
sists of gel application onto the penis twice a day 
at a daily dose of 0.1–0.3 mg/kg/day, with caution 
not to exceed 5 mg/day, for a maximum period of 
6 months.64,92

If LH levels are not too high, hCG treatment 
could be tried to induce testicular descent when 
the gonads are palpable in the lower part of the 
inguinal canal. However, this is infrequent and 
surgical orchiopexy is usually performed.

Treatment of newborns/infants with primary hypo-
gonadism and completely virilised genitalia.  
Patients with testicular regression syndrome or 
testicular torsion occurring in the second half of 
gestation usually present at birth with micropenis 
and nonpalpable gonads. Once the lack of testicu-
lar tissue or its extreme scarcity is ascertained by 
the finding of undetectable or extremely low 
AMH or inhibin B in association with elevated 
FSH, together with low or undetectable testoster-
one and elevated LH, androgen replacement is 
indicated following the same protocol as that 
described above for patients with DSD.

Cryptorchidism may be associated with primary 
hypogonadism or with eugonadism.17 Expectant 
behaviour during the first year is suggested by 
many authors, given that the testes may finalise 
their descent to the scrotum.93,94 However, others 
point to the importance of an adequate hormonal 
milieu for germ cell development during 

the neonatal activation period, also known as 
mini-puberty, and are prone to hCG or GnRH 
treatment without delay.95 Three systematic 
reviews showed that the efficacy of hormone ther-
apy is related to testis position –the lower, the bet-
ter– rather than to age at treatment.96–98 Several 
protocols exist;99 hCG given IM or SC 500–
1000 IU once a week for 5 weeks is the most 
widely used, whereas native GnRH or GnRH 
analogues have also been used,99,100 but are not 
available in most countries.

Treatment of newborns/infants with central hypo-
gonadism. Like patients with other forms of 
hypogonadism, those with central hypogonadism 
are brought to medical attention for micropenis 
and/or cryptorchidism. Micro-orchidism usually 
is underestimated or overlooked. These signs 
might represent a red flag for ruling out other 
pituitary hormone deficiencies,15 which would 
need to be treated as a priority given their vital 
roles, for example, cortisol and thyroid hormone 
deficiencies.

Testosterone treatment has been classically used 
off-label to induce penile growth, as explained 
above, and the age at which treatment is installed 
does not seem to be critical. More recently, a few 
studies have adopted a physiology-based rationale 
to test gonadotrophin replacement during the 
first 6 months of life, in order to mimic the neona-
tal activation of the HPT axis. Combined treat-
ment with recombinant FSH plus LH or hCG, or 
GnRH or a GnRH analogue, was expected to 
induce Sertoli cell proliferation–thus resolving 
micro-orchidism–and adequate germ cell devel-
opment, together with Leydig cell androgen pro-
duction promoting testicular descent and penile 
enlargement. Initial case reports showed that SC 
injections101 or SC pump infusions16,102 of recom-
binant LH and recombinant FSH led to a signifi-
cant increase (twofold to fourfold) in testicular 
volume and hormone (AMH, inhibin B and tes-
tosterone) levels, followed by an enlargement of 
penile size (from ~1 cm to 3–4 cm). LH was 
administered at 20–40 IU twice a week101 or 56–
75 IU/day,16,102 whereas FSH doses were 21.3 IU 
twice a week101 or 67–75 IU/day.16,102 More 
recently, a case series study reported the results of 
recombinant LH 50 IU/day plus recombinant 
FSH 75–150 IU/day given through a SC pump, 
showing and increase in testicular size and penile 
length in the 8 patients included, with complete 
testicular descent in 6 of them.11 While 
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encouraging in the short term, the long-term 
effects of this strategy need to be validated.

Pharmacotherapy in childhood
Continued hormone replacement therapy does 
not seem necessary during childhood, based on 
the knowledge of the normal ontogeny of the 
HPT axis (Figure 1). Nonetheless, in boys with 
Klinefelter syndrome androgenic treatment has 
been assessed even though hypoandrogenism has 
not been unequivocally observed. In placebo-
controlled trials, oxandrolone oral administration 
at a daily dose of 0.05–0.06 mg/kg for 24 months 
to boys aged 4–12 years showed improvements in 
patients’ cognition and behaviour, as well as in 
their motor and visual capacities. Clinically non-
significant adverse events, such as minor advance-
ment in bone age and decline in serum HDL, 
were more frequently observed than early pub-
arche and an increased risk of early testicular 
enlargement; HPT axis hormone levels were not 
affected.66–68 These results cannot be applied to 
patients with higher grade sex chromosome ane-
uploidies, such as 48, XXXY, 48, XXYY or 49, 
XXXXY, in whom testosterone treatment 
resulted in an earlier and persistent suppression 
of testicular hormone production.103

One study assessed the effect of r-FSH treatment 
on 3 boys with central hypogonadism.12 The 
underlying rationale was that FSH is important to 
provoke Sertoli cell proliferation before pubertal 
maturation induced by intratesticular testoster-
one. Subcutaneous r-FSH, administered for 
12 months at 1.5 IU/kg 3 times a week, induced 
testicular enlargement and increased serum inhi-
bin B levels, reflecting Sertoli cell stimulation, 
suggesting that FSH treatment is an option before 
pubertal maturation to induce Sertoli-cell prolif-
eration with a potential of an enhanced sperm-
producing capacity in adulthood.

Pharmacotherapy at pubertal age
Irrespective of the aetiology, androgen insuffi-
ciency needs to be treated at the age of puberty in 
order to tackle the lack of development of second-
ary sexual characteristics and the impaired growth 
spurt. Indeed, boys with hypoandrogenism main-
tain a childlike body aspect and become progres-
sively shorter than their peers, which usually lead 
to psychosocial distress.39 Androgen therapy may 
provoke androgenic and anabolic effects on target 

tissues. Androgenic effects include the develop-
ment of male secondary sexual characteristics as 
well as of male sebaceous gland activity and hair 
growth pattern, whereas anabolic effects include 
greater skeletal muscle mass and bone 
metabolism.57,65

Treatment of patients with DSD or delayed puberty 
due to primary hypogonadism. As discussed for 
newborns, some forms of DSD reflect a primary 
gonadal insufficiency.13 In many cases, especially 
those due to dysgenetic DSD with increased risk 
of gonadal tumour development,104 orchiectomy 
is performed before pubertal age.105 Therefore, 
androgen replacement is needed to induce the 
development of secondary sex characteristics, 
growth spurt and bone mass accrual typical of 
puberty.106 The classic protocol of IM testoster-
one administration is used, starting at 50 mg every 
4 weeks when bone age is at least 12 years-old, 
with progressive increases to reach 250 mg every 
4 weeks approximately 3 years later. The same 
considerations are applicable to patients with pri-
mary hypogonadism not related to DSD but 
severely affecting testicular androgen secretion, 
such as testicular regression syndrome. Other 
forms of primary hypogonadism, for example, 
related to long-standing cryptorchidism, orchitis, 
chemotherapy, pelvic radiotherapy or Klinefelter 
syndrome, usually do not require androgen sup-
plementation to induce pubertal changes, but 
may require it when testosterone levels are below 
normal.52 In these cases, adult doses can be used 
directly, especially if near-adult height has already 
been achieved. A particular controversy exists 
regarding the initiation of androgen therapy in 
adolescents with Klinefelter syndrome. Testoster-
one production is most often within the normal 
range, which makes most authors recommend 
watchful waiting even if LH levels are elevated, 
limiting androgen replacement to those cases 
with low serum testosterone and clinical signs of 
hypogonadism.5,107 Others are prone to earlier 
exposure to androgen treatment based on the 
observation of improved physical and neurocog-
nitive outcomes.108 A clinical trial with a 1% tes-
tosterone gel showed that daily administration 
starting with 0.5 g and a progressive increase up 
to 5 g per day resulted in a two-fold increase in 
serum levels of testosterone and DHT, with no 
side effects.109

Treatment of patients with constitutional delay of 
puberty or central hypogonadism. Patients with 
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functional hypogonadism usually do not require 
hormonal treatment since normal activity of the 
HPT axis is re-established once the underlying 
condition is resolved.110 Conversely, pharmacolog-
ical treatment may be needed in boys with consti-
tutional delay of puberty and is absolutely necessary 
in patients with central hypogonadism. Interest-
ingly, approximately 20% of patients diagnosed 
with central hypogonadism may show a spontane-
ous increase in testicular volume and serum levels 
of gonadotrophins and testosterone when treat-
ment is discontinued in adulthood.111–113

Androgen therapy. In boys with a well-estab-
lished diagnosis of central hypogonadism, treat-
ment should not be delayed beyond the age of 
12 years to avoid the psychosocial burden114 and 
the negative effect that the delay in exposure to 
sex steroids may have on the skeleton and puber-
tal growth spurt.115,116 Similarly, treatment is 
initiated even if a differential diagnosis between 
constitutional delay of puberty and central hypo-
gonadism could not be solved. Although all cur-
rent treatments are off-label, the protocol of IM 
testosterone administration with progressive 
increase already described for primary hypog-
onadism is the most widely used.21 The doses 
(~50 mg every 4 weeks) used at the beginning are 
too low to inhibit the reactivation of the HPT axis 
in boys with constitutional delay of puberty, so 
that testosterone administration can be stopped if 
testicular volume reaches 4 ml. A frequently used 
alternative is to give testosterone for 6 months, 
then discontinue it for 3 months and watch 
whether testicular volume progresses. In a few 
cases, the patient feels satisfied with the andro-
genic effects and is not willing to discontinue 
testosterone administration. Treatment discon-
tinuation can then be delayed until full develop-
ment has been attained, approximately 3 years 
after initiation of treatment. In this case, a longer 
washout (~6 months) is needed to confirm that 
no spontaneous development occurs, given that 
the full dosage of 250 mg every 4 weeks provokes 
the inhibition of the HPT axis. While monitoring 
the potential side effects of androgen treatment 
on haematocrit and liver function is not critical 
when therapy is used for short periods like in boys 
with constitutional delay of puberty, the standard 
monitoring used in adults should be applied in 
boys receiving longer therapy.39

In boys with constitutional delay of puberty, oral 
testosterone undecanoate has been tried for up to 

15 months, at a daily dose of 10 to160 mg. Serum 
testosterone showed physiological levels for 
pubertal onset, in association with the beneficial 
effects of secondary sex characteristics and height 
velocity, while no excessive acceleration of bone 
age was noted.56 Smaller case series or controlled 
trials had also been previously reported.55,117–119 
Other androgen formulations have received little 
attention. A gel of 2% testosterone administered 
at 10 mg/day has shown good results in a small 
cohort of boys with constitutional delay of 
puberty.120 Testosterone patches have shown var-
iable efficacy and patient adherence.121,122

Aromatase inhibitors. Aromatase inhibitors, 
especially third-generation ones such as anastro-
zole and letrozole, have been used in the last two 
decades to increase adult height in boys, by delay-
ing bone age progression.123 However, a recent 
controlled clinical trial used letrozole to induce 
puberty in boys with constitutional delay.40 Boys 
14 years-old or older willing medical treatment 
and exhibiting the first signs of puberty received 
either letrozole 2.5 mg/day orally or testoster-
one 37.5–75 mg IM every 4 weeks for 6 months. 
Treatment with letrozole resulted in higher serum 
LH, FSH, testosterone and inhibin B, as well as 
greater testicular volume increase, suggesting that 
letrozole induces the activation of the HPT axis in 
boys with CDGP.

Gonadotrophins and GnRH. As proposed for 
newborns and infants with central hypogonadism, 
a more physiological option, aiming to mimic the 
normal development of testicular function dur-
ing puberty, is the administration of gonado-
trophins. Several treatment protocols have been 
reported, including hCG alone or in combination 
with r-FSH, hMG or GnRH. Initially, hCG treat-
ment of adolescents with central hypogonadism 
showed a comparable effect to IM testosterone on 
secondary sex characteristics.124 However, pulsa-
tile administration of GnRH has showed better 
efficacy as compared to hCG in adolescents with 
central hypogonadism, underscoring the com-
plementary role of FSH.125 In fact, other stud-
ies showed the beneficial effect of FSH126–128 or 
hMG129 addition to hCG. Nonetheless, to mimic 
physiological chronology, FSH proliferative 
effect on Sertoli cells should be induced before 
testosterone provokes Sertoli cell maturation 
inducing mitotic arrest.27 Indeed, studies with 
r-FSH priming prior to hCG treatment showed 
enhanced testicular growth and increased circu-
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lating concentrations of AMH130 (Figure 3) and 
inhibin B130,131 (Figure 4). Subsequent addition 
of hCG induced testosterone secretion by Leydig 
cells and Sertoli cell maturation, as reflected in 
AMH decline.130 The increase in inhibin B levels 
is useful to monitor sperm production.131 A ran-
domised clinical trial in adolescents with central 
hypogonadism showed better results in patients 
pre-treated with r-FSH in terms of sperm pro-
duction.132 Typically, r-FSH is given 75–150 IU 
SC daily or every other day to attain target serum 
FSH levels of 7–9 IU/L during for 2–6 months, 
followed by combined r-FSH plus hCG start-
ing at 250 IU weekly and progressively increasing 
by 250–500 IU weekly every 6 months to finally 
attain 1500 IU 3 times a week.76,132 Alternatively, 
hMG is given instead of r-FSH at 75–150 IU 2–3 
times per week.129 FSH priming may be especially 
needed in patients with small testes (e.g. volumes 
less than 5–6 ml), as compared to those with 
pubertal arrest or partial forms of central hypog-
onadism, who have larger testes volumes and are 
likely to only require hCG. Once full development 
has been obtained, treatment may be switched to 
testosterone administration for maintenance until 
the patient desires paternity.

Pulsatile GnRH treatment is also a physiological 
approach in adolescents with central hypogonadism. 

GnRH is administered in a pulsatile manner using 
mini-infusion pump with an initial dose of 25 ng/kg 
per pulse every 2 h, with a subsequent titration to 
attain target serum testosterone.76,132 Although gon-
adotrophin and GnRH treatments have a physiol-
ogy-based rationale in patients of pubertal age, 
whether fertility outcomes are improved as com-
pared to using the more classical androgen therapy 
and waiting to administer these agents in adulthood 
still needs evidence.

Concluding remarks and research agenda
All treatments used in paediatric patients with 
hypogonadism are off-label. Testosterone admin-
istration IM is the most frequently used therapy 
in order to provoke genital enlargement in child-
hood or the full development of secondary sexual 
characteristics and growth spurt in adolescents. 
While this is the only possibility for patients with 
primary hypogonadism, the administration of 
gonadotrophins or GnRH may represent a more 
physiological therapy in boys with central hypog-
onadism. Clinical trials with long-term follow-up 
are needed to assess whether gonadotrophin 
treatment yields better results than initial andro-
gen replacement followed by gonadotrophin 
treatment in adulthood when fertility is sought. 
Other possibilities based on recently developed 
technologies, such as Leydig cell133 or spermato-
genic134 development in vitro, represent stimulat-
ing alternatives.
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