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ORIGINAL ARTICLE

Recovery of hypothalamic-pituitary-gonadal function with low
dose testosterone treatment in a male with congenital
hypogonadotropic hypogonadism
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Abstract

Congenital hypogonadotropic hypogonadism (CHH) is a rare disease caused by defi-
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ciency or action of gonadotropin-releasing hormone. While generally considered a

long-life condition, CHH can be reversible in about 5%-20% of cases, but mecha-
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nisms of reversibility are unknown. We report the case of a male with CHH who
began treatment with low dose (20 mg/day) transdermal testosterone to induce
pubertal development at age 17. Following the start of treatment, he experienced
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testicular growth and his serum testosterone concentrations increased beyond the
expectations in relation to the dose. Treatment was withdrawn, but this led to the
reappearance of symptoms of hypogonadism and a drop in testosterone levels. Tes-
tosterone was again prescribed at the same dose and, for the subsequent years, he
completed full puberty, including attainment of 20 cc testicular volume, mature sec-
ondary sexual characteristics, normal levels of testosterone and only partially
arrested germinal function, as demonstrated by inhibin B levels and spermogram.
Testosterone treatment was withdrawn three more times, but hypogonadism
resumed on each occasion. This case suggests that low-dose testosterone treatment
can induce reversal of CHH through the activation, albeit non-permanent, of the
hypothalamic-pituitary-gonadal axis, indicating that testosterone administration

might be a reliable therapeutic option for reverting GnRH deficiency.
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1 | INTRODUCTION

of sex steroids and the appearance of secondary sexual character-
istics (Styne & Grumbach, 2011).

Puberty is the period of transition between childhood and adult-
hood during which primary and secondary sexual characteristics
develop, leading to important psychological changes, complete
reproductive capability, and sexual activity. This process begins
with the activation of gonadotropin-releasing hormone (GnRH)
secreting neurons in the hypothalamus, stimulating the pulsatile
release of LH and FSH in the peripheral circulation, the secretion

Congenital hypogonadotropic hypogonadism (CHH) is a syn-
drome defined by the inability to synthesize, secrete or respond to
GnRH, which leads to absent or incomplete pubertal development,
insufficient gonadotropins secretion, deficiency of sex steroids and
infertility. CHH is a rare disorder which has an estimated incidence of
around 1 in 4000 males, and affects 2-5 times more commonly men

than women. It can be accompanied by other non-reproductive
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manifestations. Defective sense of smell (Kallmann syndrome) is by
far the most common, affecting approximately 50% of cases (Boehm
et al., 2015; Young et al., 2019).

During recent years, complex oligogenic-environmental interac-
tions have been identified to take part in the clinical course and to
modify the phenotype of CHH (Boehm et al, 2015; Mitchell
et al., 2011; Young et al., 2019). To date, more than two dozen differ-
ent genes have been known to underlie CHH (Young et al., 2019) and
their mutations are characterized by incomplete penetrance and vari-
able expressivity.

CHH has been traditionally considered a permanent condition, and
patients typically undergo lifelong treatment. However, since the first
case described in 1975 (Rezvani et al., 1975), in the last three decades
there have been numerous reports of individuals with CHH who spon-
taneously recovered reproductive endocrine function (Bauman, 1986;
Finkelstein et al., 1989; Gianetti et al., 2010; Mao et al., 2015; Pitteloud
et al, 2005; Quinton et al, 1999; Raivio et al, 2007; Ribeiro
et al., 2007; Sidhoum et al., 2014). At present, no factors have been
identified that permit identifying individuals with potentially reversible
forms of CHH. It has been shown that replacement therapy with GnRH
pulses (Delemarre-Van de Waal, 1993; Hoffman & Crowley Jr, 1982) or
gonadotropins (Barrio et al., 1999) can normalize testicular function and
achieve fertility, but there are no defined strategies to induce CHH
reversal and restore endogenous GnRH secretion. In this regard, some
previous cases have observed reversal of CHH in males who had
received sex steroid treatment (Kulshreshtha et al, 2013; Rowe
et al, 1983; Santhakumar et al, 2014), but a causal relationship
between the two has not been established. The present report presents
a case of CHH in which treatment with low-dose transdermal testoster-
one produced a non-permanent reactivation of the hypothalamic-pitui-
tary-gonadal axis, which invariably relapsed with treatment withdrawal.
Thus, this clinical experience strengthens the possibility that testoster-
one treatment, albeit at low doses, is a reliable therapy for reversing
GnRH deficiency.

2 | CASEPRESENTATION

The patient was a 17-year-1-month-old boy who came for the first
time to our Endocrinology Department in July 2007 because of
delayed puberty.

There was no family history of delayed puberty, anosmia, infertil-
ity or other endocrine disorders. The boy had had a normal develop-
ment during his childhood, although he had been diagnosed of
Asperger's syndrome at age 13-14. He had no history of cryptorchi-
dism or micropenis.

Physical examination showed incomplete secondary sexual char-
acteristics, in a Tanner stage |l (testicular volume 6 cc), and gyneco-
mastia grade 2-3; weight was 100.2 kg, height 183 cm (BMI
29.9 kg/cm?) and arm span 183 cm.

In the laboratory work-up, blood count was normal but biochem-
istry showed low serum levels of FSH and LH and total testosterone

was in the peripubertal range, with normal prolactin, TSH, free T4,

TABLE 1  Sexual hormone levels at first visit

Normal adult range
(CV intra; imprecision/

Hormone (units) Result CV inter®)

Prolactin (pg/L) 6.7 2.6-13.1 (<10%/<10%)

TSH (mUI/L) 5.094 0.34-5.6 (<10%/<10%)

Free T4 (ng/dl) 0.87 0.6-1.6 (<10%/<10%)

LH (luteinizing 0.34 1.2-8.6 (<10%/<10%)
hormone) (U/L)

FSH (follicle- 0.53 1.31-19.3 (<10%/
stimulating <10%)

hormone) (U/L)

Total testosterone  1.28 4.37-19.5 (10%-20%/
(nmol/L) <20%)

DHEAs (umol/L) 5.91 1.15-25.9 (10%-20%/
<10%)

SHBG (sex 20.40 12.00-75.00 (<7%/
hormone <7%)
binding-globulin)

(nmol/1)

Inhibin B (ng/L) 140
GnRH test (100 pg i.v. bolus)

LH (U/L) (0, 30,60 0.27,2.75, 2.74, 2.02
and 120 min)

FSH (U/L) (0, 30,
60 and 120 min)

80-300 (2.91%/2.15%)

(10%-20%/10%-20%)?

0.4, 0.94, 1.09, 1.09 (10%-20%/10%-20%)?

Alpha subunit (ng/  <0.2,0.2,0.3,0.2, <0.2 (10%-20%/10%-20%)

L) (0, 30, 60 and
120 min)

®Normal and pathological results for GnRH stimulation test have not been
established.

PThe first percentage is the intra-assay coefficient of variation and the
second one is the imprecision, except for the Inhibin B which is the inter-
assay coefficient of variation.

DHEAs, SHBG and inhibin-B. Although not established cut-off points
have been defined to distinguish between CHH and constitutional
delay of growth and puberty, there was a poor response of LH to the
stimulation with GnRH (Kauschansky et al., 2002). Complete results
of hormonal assessment at first visit are shown in Table 1. Bone age
was delayed 2-3 years (assessed with Greulich-Pyle atlas). Brain mag-
netic resonance imaging showed a normal-appearing pituitary gland,
no space-occupying lesions in the hypothalamic-pituitary area, and
normally developed olfactory grooves and bulbs. The patient was fol-
lowed up and, in the absence of pubertal progression and the exis-
tence of indirect data contrary to constitutional delay of growth and
puberty (tall stature, adrenarche, lack of family history), a diagnosis of
CHH was established in March 2008 (17 years and 9 months). He was
then prescribed a starting low dose testosterone 2% gel of 20 mg/
day, lower than literature's recommended replacement adult dose
(40-70 mg/day) (Bhasin et al., 2018), with the intention of promoting
a progressive development of secondary sexual characteristics. This
option has been suggested by other authors for initiating testosterone

replacement therapy in adolescent patients (Rey & Grinspon, 2020).
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3 | INVESTIGATIONS AND METHODS

Testicular volume was assessed with Prader orchidometer, bone age
with Greulich and Pyle atlas. No objective quantitative methods were
available, and smell function was evaluated exclusively through clinical
history.

Laboratory evaluation was performed in the Biochemistry Labora-
tory of the Complejo Hospitalario Universitario Insular Materno-Infan-
til. Hormones were measured with chemiluminescence by using the
Unicel DXI-800 analyzer (Beckman Coulter, CA, USA).

A stimulation test was performed with GnRH and LH, FSH and
a-subunit were measured at 0, 30, 60 and 120 min after its adminis-
tration; hormones were also assayed with chemiluminescence in the
Unicel DXI-800 analyzer (Beckman Coulter, CA, USA).

4 | TREATMENT AND FOLLOW-UP

At his first review after starting testosterone treatment, in September
2008 (18 years and 2 months), the patient reported enhanced sexual
behaviour and libido, and physical examination showed increased tes-
ticular volume (testicle volume 8-10 cc, Tanner stage lll) and progres-
sion of secondary sexual characteristics, including Tanner stage IV of
pubic hair, while serum concentrations of total testosterone were
21.5 nmol/L, a value that was estimated to be higher than expected
for the doses of testosterone he was receiving. In view of these find-
ings, it was considered the possibility that testosterone treatment had
boosted pubertal development and the patient actually had a consti-
tutional delay of growth and puberty. Therefore, testosterone treat-
ment was interrupted. However, 2 months later, he complained of a
marked decrease of libido and sexual function and total testosterone
levels fell down to 2.1 nmol/L. So, the same dose of testosterone gel
treatment was reintroduced and the patient was kept on follow-up.
During the following 3 years, he completed his pubertal develop-
ment, achieving a Tanner Stage IV at 20 years and 2 months and

Tanner stage V (testicular volume 20 cc) at 20 years and 11 months.
His final height was 191 cm. Through this time, testosterone levels
remained at normal adult male values (Figure 1).

In March 2012 (21 years and 8 months) a second trial was per-
formed to stop testosterone treatment. Total testosterone levels
dropped again to 4.2 nmol/L 3 months after the withdrawal and the
patient complained of fatigue, concentrating trouble and decreased
libido, so that the treatment was resumed again. For the subsequent
years, he continued on the same dose of transdermal testosterone
(20 mg/day). A slight trend of increased LH levels was observed
throughout this period in successive laboratory tests (Figure 2),
although gonadotropin levels remained low through the entire follow-
up. Testosterone was stopped twice more (in September 2014 and in
January 2018, at 24 and 28 years, respectively) (Figure 1), but marked
decline of testosterone concentrations was observed again on both
occasions. So, treatment was continued until his last appointment,
achieving normal levels of testosterone, normal libido and overall
well-being. Behavioural changes attributable to testosterone treat-
ment were not observed. On the last visit in March 2020 (29 years),
total testosterone level was normal (15.5 nmol/L), LH was 1.18 U/L
and FSH 0.54 U/L. After that, the patient lost follow-up.

Spermogram was obtained in February 2014, at 23 years and
7 months, and showed oligozoospermia (sperm concentration 4.0 mil-
lion/ml and total sperm number 24 million per ejaculate) with total
motility in range (50%). Inhibin B levels ranged between 63 and
386 ng/L, with a growing trend after the start of treatment.

The patient was screened for genetic mutations in several genes
related to normosmic CHH, namely GNRHR, GNRH1, KISS1R, TACR3
and TACS3, but no pathogenic mutations were found.

5 | DISCUSSION

Reversal of CHH is an interesting phenomenon that has been well
documented in the past. In a small prospective study (Raivio et al.,
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2007), 5 cases of reversal were identified among 50 men with CHH
who were followed for 39 months. In retrospective analyses of large
series of patients, the incidence of reversal has ranged from 5% to
22% (Mao et al., 2015; Sidhoum et al., 2014). The criteria for rever-
sal have varied among different studies, but, in all cases, patients
have uniformly demonstrated a dramatic improvement in their
reproductive endocrine function, including normalization of circulat-
ing sex steroids, spontaneous increases in testicular volume, and
paternity/maternity without the use of medications. On the other
hand, reversal can be followed by relapse, for example under unfa-
vourable environmental conditions (Dwyer et al., 2016; Sidhoum
et al., 2014). Relapse has been defined as a decrease to hypogonadal
sex-steroid levels (serum testosterone level <3.46 nmol/L in men or
serum estradiol <73.4 pmol/L in women) (Sidhoum et al., 2014).
Mechanisms of reversal are not clear yet. No phenotypic or genetic
characteristics have been found to definitely distinguish patients
with reversible CHH from those with permanent forms. One study
found that reversible cases show higher basal and stimulated LH
levels and larger baseline testicle size (Mao et al., 2015), but reversal
can occur even in patients with severe GnRH deficiency (for exam-
ple in males with micropenis or cryptorchidism), as well as in
patients with Kallmann syndrome (Mao et al., 2015; Quinton
et al.,, 1999; Raivio et al., 2007; Sidhoum et al., 2014). Some authors
have suggested on several occasions that normalization of circulat-
ing levels of sex steroids, either by replacement with testosterone,
gonadotropins or GnRH pulses, is the only common denominator of
patients with CHH who experience a reversal of the disease (Dwyer
et al., 2016; Raivio et al.,, 2007; Young et al., 2019), proposing that
sex steroids could promote the activation of genes implicated in the
functioning of GnRH neurons.

In this regard, several reports have called attention to CHH rever-
sal in patients receiving sex steroids treatment (Kulshreshtha
et al., 2013; Rowe et al., 1983; Santhakumar et al., 2014). However, in
all cases reversal was detected after a prolonged period of hormonal
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replacement therapy, often as an incidental finding, and withdrawal of
treatment did not lead to a relapse of hypogonadism, so it is difficult
to establish a causal relationship between testosterone treatment and
recovery of the hypothalamic-pituitary-gonadal axis. In the present
case, spontaneous pubertal development was detected at the first
evaluation after the initiation of hormone replacement therapy and a
relapse of gonadal hypofunction was noted after each attempt to dis-
continue testosterone treatment. Thus, chronic low-dose testosterone
therapy was intentionally maintained to promote the progression of
endogenous puberty.

The findings in this case reinforce the suggestion that CHH
reversal might be related to the neuronal GnRH network plasticity,
following androgen treatment (Raivio et al., 2007). Although it is well
known that sex steroids exert feedback effects regulating the GnRH
pulse pattern, GnRH neurons do not express androgen receptors
(Huang & Harlan, 1993). Genes involving kisspeptin function, a
potent stimulator of GnRH secretion (de Roux et al., 2003), could be
more plausible candidates as sex steroid targets. In fact, some
reports have found that patients with reversible CHH characteristi-
cally show responsiveness to the administration of exogenous kis-
speptin (Lippincott et al., 2016). The vast majority of kisspeptin
neurons, often called KNDy neurons, as they produce kisspeptin,
neurokinin B, and dynorphin, also express sex steroid receptors, and
it has been demonstrated that their activity is modulated by steroid
feed-back in male murine models (Ruka et al., 2016; Vanacker
et al., 2017). Although androgen and oestrogen exposure mainly
downregulate kisspeptin gene expression, the association between
kisspeptin and sex steroids is more than a simple, unidirectional rela-
tionship. Estradiol is capable of augmenting kisspeptin signalling in
the anteroventral periventricular nucleus of female mice, probably
eliciting the positive feedback responsible for the increase of LH
production preceding ovulation (Smith et al., 2005). In addition,
progesterone and androgens can also play complementary modulat-

ing roles in the generation of LH surges (Gal et al., 2016;
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Walters et al., 2018). This bidirectional relationship between sex ste-
roids and kisspeptin could also exist in males (Kim et al., 2011).
Theoretically, variations in the amount of GnRH neurons effec-
tively reaching the hypothalamus and establishing adequate connec-
tions could explain the broad spectrum of clinical manifestations of
GnRH deficiency. This clinical spectrum has been suggested to be cor-
related to the range of responsiveness to kisspeptin, and encompasses
from delayed puberty to severe permanent CHH (Pitteloud
et al., 2005). Perhaps this report shows one new clinical variant which
would lie between completely reversible forms of CHH, and perma-
nent CHH. It might be hypothesized that, in the present case, only a
relatively small number of GnRH neurons are properly positioned in
the hypothalamus and functionally viable, making necessary a pro-
longed stimulation with exogenous androgens to restore and maintain

hypothalamic function.

6 | CONCLUSIONS

In conclusion, this case brings a new perspective on the treatment of
males with CHH and suggests that, before starting a substitute dose
of testosterone, a short trial with low doses of testosterone could be
tried with the goal of restoring the functionality of the hypothalamic-
pituitary-gonadal axis.
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