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Adult height following a combined treatment
of ketoconazole - cyproterone acetate - leuprolide depot
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ABSTRACT

BACKGROUND: This study was carried out because of the rarity of peripheral precocious
puberty (PPP) in boys with McCune-Albright syndrome (MAS) and the lack of data on adult
height of treated MAS males, treatment for this disorder being not as yet standardized. AIMS:
To report the adult height of a MAS boy with PPP who was treated with ketoconazole — cypro-
terone acetate — leuprolide depot and to describe some atypical aspects of MAS presentation
and course in this boy. CASE HISTORY: The case concerns a boy presenting with unilateral
macroorchidism, no signs of PPP or initially isolated Sertoli cell activation and MAS mutation
that subsequently also activated Leydig cells, thus inducing a change in phenotypic expres-
sion. CONCLUSIONS: a) In a MAS boy presenting with unilateral macroorchidism and no
other signs of PPP, a consecutive involvement of Leydig cells may follow the initially isolated
activation of Sertoli cells; b) prolonged treatment with ketoconazole — cyproterone acetate —
leuprolide depot may be well tolerated and effective, as demonstrated by the very good adult

height outcome recorded in our patient.
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INTRODUCTION

McCune-Albright syndrome (MAS) is a sporadic
and rare disorder which arises from a post-zygotic
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gain-of-function mutation at codon 201 of the GNAS1
gene, leading to ligand-independent receptor activa-
tion and inappropriate cAMP production.'? It occurs
more frequently in girls® and is clinically defined by
the classic triad of café-au-lait skin lesions, polyos-
totic fibrous dysplasia and peripheral precocious
puberty (PPP). The clinical picture, however, may
be very heterogeneous, with 30% of patients showing
the classic triad and 70% of them showing only one
or two of the cardinal features.* In addition to the
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classic triad, a number of other endocrine disorders,
including growth hormone and prolactin excess,’
Cushing’s syndrome® and hyperthyroidism,” have
been reported in MAS.

Phenotypic expression of MAS may significantly
differ according to gender.® In fact, whereas PPP is
the most common initial manifestation in girls, it has
been reported in only 15% of affected boys.” The fact
that girls develop PPP more frequently than boys
explains why MAS is recognized more frequently
and earlier in females.*®’ The vast majority of MAS
patients with PPP are female and thus clinical trials on
therapeutic management of MAS-related PPP have
been focused primarily on girls' and the few studies
in boys are based on isolated case reports'!"'* or small
patient cohorts.”> Moreover, none of the reported
therapeutic trials in boys has followed the treated
patients to final height,"""> which does not allow the
drawing of firm conclusions about the long-term ef-
fectiveness of the different regimens."

The aim of the present case report was to describe
for the first time the results in terms of adult height
of a clinical experience with the therapeutic combina-
tion ketoconazole - cyproterone acetate - leuprolide
depot, a regimen that had never been tested previously
in MAS boys with PPP. Another goal of this report
was to describe the very atypical presentation and
evolution of MAS in this boy.

CASE HISTORY

A 4.6-year-old boy with no relevant clinical an-
tecedents, no reliable data about previous growth
velocity and no family antecedents of precocious
puberty presented to our clinic owing to a painless
enlargement of the right testis (10 ml) which had
started to swell about 1 year earlier according to the
parents’ reports. Apart from the monolateral macroor-
chidism, physical examination revealed neither other
abnormalities nor other signs of precocious puberty,
such as pubic and/or axillary hair, acne, lowering of
the voice pitch and/or typical body odor. Left testis
volume was 3 ml and penis size was infantile (4.5x 1.2
cm). The patient’s height was 119.2 cm (+ 2.3 SDS)
vs a target height of 181.2 cm (+ 0.8 SDS). Weight
and bone age were, respectively, 19.2 kg (+ 0.8 SDS)
and 5.5 years. The father’s and mother’s heights were,
respectively, 178.9 and 170.4 cm.

On admission, the endocrinological assessment of
both pituitary-gonadal and adrenal function enabled
us to exclude both an advanced pubertal activation
and the existence of adrenal disorders. By contrast,
serum inhibin B was elevated to a pubertal level
(153 pg/l, prepubertal reference range 6-72), thus
indicating a Sertoli cell activation. Serum -HCG
was undetectable. The coexistence of other endocrine
abnormalities, such as hyperthyroidism, hypophos-
phatemic osteomalacia and pituitary adenomas, was
excluded. Although in this case macroorchidism
was only monolateral and associated with no other
clinical manifestations of MAS and sexual precoc-
ity, nevertheless, an atypical and monosymptomatic
form of MAS was suspected and this hypothesis
was supported by the right testis biopsy results and
substantiated by DNA analysis of the samples from
right testis biopsy and leukocytes.!® Both biopsy and
DNA analysis were performed some days after the
boy’s admission.

On the basis of clinical, biochemical and histologi-
cal data, which were not compatible with an activation
of Leydig cells, it was concluded at the time that the
activating mutation of the GNAS1 gene was mainly
expressed in Sertoli cells and weakly expressed or
absent in Leydig cells.'® Therefore, no treatment was
initially started and the patient was followed over
time (Table 1).

During the subsequent 2 years, right testis size and
both testosterone and free testosterone serum levels
progressively increased (Table 1) and these changes
were accompanied by growth velocity and bone matu-
ration acceleration, with a consequent increase of
both height SDS and bone age (BA)/chronological
age (CA) ratio (Table 1). In light of these changes,
when the boy reached the age of 6.6 years we initiated
a combined treatment with both ketoconazole (400
mg/daily in 2 divided doses) and cyproterone acetate
(50 mg/daily), aiming at both suppressing testicular
steroidogenesis'’ and inhibiting the peripheral ef-
fects of testosterone and dihydrotestosterone.'® The
initiation of this regimen was followed during the
first 12 months by: a) dramatic decrease of right testis
size and of both testosterone and free testosterone
serum levels (Table 1); b) significant deceleration
of growth velocity (Figure 1a); c) arrest of BA/CA
ratio increase (Figure 1b). These effects became
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Table 1. Auxological, clinical, and biochemical data of a boy with McCune-Albright syndrome and precocious puberty treated with keto-
conazole, cyproterone acetate and leuprolide depot for many years and monitored up to adult height

CA (yrs) 4.6 5.6 6.6 7.6
BA (yrs) 5.6 7.6 10 11.3
BA/CA ratio 1.21 136 152 148
Height (cm) 1192 1311 1433 1499
Height (SDS) 23 32 42 4.1
Growth velocity (cm/year) / 119 122 6.6
Growth velocity (SDS) / +6 +62 +1
Predicted final height (cm) / 187.7  191.8 193.2
Right testis (cc) 10 15 18 12
Left testis (cc) 3 3 3 3
Pubic hair stages P1 P2 P3 P2
Testosterone (ng/dl) 98 164 191 35
Free-testosterone (pg/ml) 1.0 213 14
FSH (mIU/ml) <01 <01 03 0.8
0.4*
LH (mIU/ml) <01 <01 029 07
0.3*
Treatment / / Keto  Keto

Cypro Cypro

8.8 10 11 12.6 13 13.6 16.6
12.9 12.9 / 13.6 / 14.6 17
1.46 1.29 / 1.07 / 1.07 1.02
157.2 163.9 167.7 176.5 1771 180 188.5
4.0 3.8 3.2 2.7 23 2.1 2.1
7.3 4.2 5 6.8 4.6 4
+2.5 -1 +0.3 +2.5 -0.5 -2
187.4 195.4 / 195.7 / 189.9
10 10 12 12-15  12-15 20 25
4 3 3 4 4-5 6-8 12
P2 P2 P2 P2 P3 P4 P5
53 18.6 19.9 55.5 71.8 186.8 355
1.1 0.6 0.8 1.8 2.3 4.8 15.2
1.2 0.5 0.2 0.2 / 0.4 2.5
1.8%
1.0 <0.1 <0.1 <0.1 / 0.4 2
11.1*
Keto Keto Keto Keto Keto / /
Cypro  Cypro Cypro Cypro Cypro

Leupro Leupro Leupro Leupro Leupro

CA = chronological age; BA = bone age; Keto = Ketoconazole (200 mg twice a day), orally; Cypro = Cyproterone acetate (50 mg/
daily), orally; Leupro = Leuprolide acetate depot (3.75 mg/ 28 days), intramuscularly
*peak of FSH and LH after gonadotropin-releasing hormone (GnRH) stimulation test: 100 mcg intravenous

less evident during the 2™ year of therapy, probably
due to the concomitant onset of central puberty. A
spontaneous activation of the pituitary-gonadal axis
at the end of the 2" year was, in fact, evidenced by
both the enlargement of left testis and the pubertal
LH response to GnRH stimulation test (Table 1).
On the basis of these findings, when the boy was 8.8
years old (BA 12.9 years), we decided to add a GnRH
analogue (leuprolide acetate depot, 3.75 mg/ 28 days).
The inclusion of leuprolide in the therapeutic schedule
was followed, during the subsequent 4.2 years, by: a)
deceleration of growth and bone maturation velocity;
b) reduction of height SDS; c) decrease of BA/CA
ratio (Table 1 and Figure 1).

The therapeutic regimen with ketoconazole, cy-
proterone acetate and leuprolide was definitively
stopped at the age of 13 years and its withdrawal was
followed by: a) a relevant increase of testosterone,
free-testosterone and gonadotropin serum levels; b)
significant enlargement of both testes (Table 1). No

side effects and no changes of transaminase serum
levels were recorded throughout the overall treatment
period (6.4 years).

During follow-up this patient exhibited, at repeated
ultrasonographic screening, none of the abnormalities
that have frequently been reported in MAS boys, ">
neither hypoechoic and hyperechoic lesions nor
microlithiasis or focal calcifications. At the age of
16.6 years (BA 17 years), our patient achieved adult
height (188.5 cm), which was higher than target
height (181.2 cm) and very close to that predicted at
the onset of treatment (191.8 cm). At the last exami-
nation (16.6 years), our patient exhibited complete
pubertal development with adult pubic and axillary
hair and penile length, marked testicular asymmetry
(Table 1) and no other apparent signs of MAS, nei-
ther hypophosphatemic osteomalacia, nor pituitary
adenomas, nor hyperthyroidism, nor café-au-lait skin
lesions or polyostotic fibrous dysplasia.

Throughout the overall follow-up duration, heights
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Figure 1. a. Progression over time (12 yrs) of height () and bone age (0) from the first evaluation (4.6 yrs) to the last one (16.6 yrs);
horizontal bars indicate the periods of pharmacological treatment; target height (TH) range is also reported. b. Progression of bone
age (BA)/chronological age (CA) ratio (#) during the same follow-up period.
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and height velocities were measured using Harpenden
stadiometers and compared, respectively, with age-
matched reference values for boys as classified by
Cacciari et al® and Tanner et al.! Bone age was
assessed according to the method of Greulich and
Pyle,”* whilst predicted height was determined by
the Bayley-Pinneau method.” Pubic hair stages were
estimated according to the standards of Tanner et al.*!

Serum inhibin B was measured by means of a
solid phase sandwich assay, as elsewhere described.*

Methods for histological and immunocytochemi-
cal examination of testicular tissue have already been
described elsewhere,'® as well as those for molecular
analysis of genomic DNA from both leukocytes and
a frozen histological section of right testis biopsy.'®

Longitudinal evaluation data

All the main auxological, clinical and biochemical
data of this boy with MAS during the entire follow-
up period (12 years), from the first examination
(4.6 years) to the achievement of adult height (16.6
years), are summarized in Table 1. The progression of
height and bone age during the same 12-year period
is illustrated in Figure 1a, whereas the progression
of BA/CA is depicted in Figure 1b.

Right testis biopsy

As previously reported elsewhere, ' the histological
and immunocytochemical examination of testicular
tissue showed an increased diameter of seminifer-
ous tubules. The germinative epithelium was mainly
constituted of hyperplastic Sertoli cells, whilst germ
cells were variable in number and, for the most part,
reduced but focally more numerous, with occasional
evidence of incomplete spermatogenesis. In the
interstitial tissue, no maturation of fibroblastic cells
to Leydig cells was noted, either morphologically or
immunocytochemically.'®

Molecular analysis

The mutation CGT — TGT at codon 201, resulting
in Arg — Cys substitution and classically responsible for
MAS, was identified in DNA samples from both leu-
kocytes and right testis biopsy, as elsewhere reported.!®

DISCUSSION

In this boy, clinical presentation of MAS was

entirely atypical in that none of the typical mani-
festations of MAS was initially present and the only
clinical signs at presentation were macroorchidism
and tall stature. Moreover, macroorchidism was only
monolateral, as against as that generally reported in
MAS boys.

Apart from the present case, in the literature
there are only two other MAS boys presenting with
unilateral macroorchidism*+® and another four who
presented with dissociation between testicular enlarge-
ment and other pubertal manifestations.*** In two
of them, histological examination revealed a picture
characterized by Sertoli cell hyperplasia and very few
Leydig cells,®®* which was very similar to what was
found in this case. In fact, in light of the histological
findings and the overall presenting picture, we had
initially postulated that the activating MAS mutation
in our patient was mainly expressed in Sertoli cells
and weakly expressed or absent in Leydig cells.!®
Later on we observed in our boy a spontaneous and
progressive increase of serum testosterone which
was accompanied by growth and bone maturation
acceleration. These findings were indicative of a
consecutive involvement of Leydig cells, following
the initial Sertoli cell activation. On the basis of this
longitudinal evolution, we could infer, in agreement
with Boyce et al,”® that Sertoli cell hyperplasia may
initially underlie the originally isolated macroorchid-
ism, whilst Leydig cell activation might develop at a
later date.

In this patient, the distinct asymmetry between
the two testes persisted from childhood to adulthood,
which might suggest that the activating mutation was
expressed in only one gonad. The same hypothesis
was proposed to explain the persistence of unilateral
autonomous ovarian function in an adult woman with
MAS.* In the latter case however, the mutation was
sought in both ovaries but detected only in the af-
fected gonad, whereas in the present case we did not
seek the mutation in the left testis. Furthermore, it
has to be underlined that similarly in another MAS
boy presenting with monolateral macroorchidism, the
asymmetry between testes persisted for many years,
although the mutation was found in both testes.” A
further atypical aspect of this case report is the per-
sistent absence of all the MAS manifestations, apart
from PPP, until the age of 16.6 years, which confirms
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the great phenotypic heterogeneity of this syndrome.

Another aim of this study was to report the re-
sults, in terms of adult height outcome, of prolonged
treatment with ketoconazole — cyproterone acetate
— leuprolide depot. The therapeutic approach that
has been most frequently adopted in boys with MAS-
related PPP is based on the combination of an antian-
drogen to antagonize androgen action at the receptor
level, with an aromatase inhibitor in order to block
the conversion of androgens to estrogens.!'!%1%15
Another approach is based on the association of
an antiadrogen with the antifungin ketoconazole, a
P-450 cytochrome inhibitor which blocks adrenal and
testicular androgen biosynthesis.”* In those cases with
secondary pituitary-gonadal axis activation, GnRH
agonists should also be employed.**

The major limitations of all the above therapeutic
experiences are the very scanty number of the inves-
tigated patients and the short duration of all clinical
trials. By contrast, in the present study we followed our
patient until the achievement of adult stature, which
gave us the opportunity of assessing the long-term
effectiveness of the adopted therapeutic regimen. Our
own experience showed that the combined treatment
with ketoconazole — cyproterone acetate — leuprolide
depot was well tolerated and very effective in terms of
prolonged normalization of the BA/CA ratio, which
enabled our patient to achieve an adult stature even
taller than target height.

The combination ketoconazole — cyproterone
acetate should probably be applied in preference to
the isolated use of either ketoconazole or cyproterone
acetate, as suggested by the limited efficacy of both
drugs in terms of adult height normalization.** How-
ever, in a series of five boys with familial male-limited
PPP treated only with ketoconazole for a median of
6.2 years, this therapy was able to allow the achieve-
ment of an adult height similar to target height.*!

In the present case we decided to adopt this com-
bined regimen because those based on aromatase
inhibitors have no effects on serum testosterone
and their efficacy needs to be evaluated indirectly
by monitoring growth, bone maturation and pubertal
stage evolution.™

Finally, thanks to the prolonged follow-up, we
have observed in this case another surprising phe-

nomenon, i.e. a significant decrease in right testis
size, which followed ketoconazole initiation. This
particular finding can probably be explained by the
concomitant decrease in testosterone levels. In fact,
testosterone alone is known to be able to affect germ
cell maturation, irrespectively of FSH activity.**

CONCLUSIONS

a) In a MAS boy presenting with unilateral mac-
roorchidism and no other signs of PPP, a consecutive
involvement of Leydig cells may follow the initially
isolated activation of Sertoli cells; b) PPP may for a
very long time remain the only manifestation of MAS
until the age of 16.6 years; c) prolonged treatment
with ketoconazole — cyproterone acetate — leupro-
lide depot may be well tolerated and effective, as
demonstrated by the very good adult height outcome
recorded in our patient.
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