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Abstract

Background: In boys with Prader-Labhart-Willi syndrome
(PWS), hypogonadism causes pubertal arrest and reduces
pubertal muscle growth. Formerly, it was assumed that ther-
apy with gonadal hormones accentuates behaviour abnor-
malities in PWS. Our aim was to assess the clinical effects of
human chorionic gonadotropin (hCG) therapy on pubertal
development, muscle mass and behaviour in adolescents
with PWS. Methods: 6 peripubertal boys with PWS undergo-
ing long-term treatment with growth hormone were exam-
ined 6-monthly for at least 2 years before and after pubertal
arrest (13.5 * 0.3 years, mean = SEM) and the beginning of
hCG therapy (500-1,500 IU twice weekly, intramuscularly).
Height, weight, pubertal stage, bone age, body composition
(by dual-energy X-ray absorptiometry), testosterone levels
and behaviour abnormalities (obtained from parents) were
assessed. Results: Testicular volume and lean mass were re-
duced in pubertal boys with PWS. During hCG therapy, tes-
tosterone levels and lean mass significantly increased (at the
beginning and after 2 years of hCG therapy: 2.3 = 0.9 and
10.7 £ 1.3 nmol/l,-3.1 * 0.3 and -1.4 * 0.6 SD, respective-

ly), and fat mass stabilized at 38%. The characteristically
observed PWS-associated problems, mood instability, ag-
gressiveness and difficulties in social interaction, did not de-
teriorate during therapy. Conclusion: In the present study,
timely application of hCG to treat hypogonadism in boys
with PWS promoted virilization and normalized muscle mass
without detrimental effects on behaviour. Larger studies
comparing hCG therapy with testosterone replacement

would be useful. Copyright © 2007 S. Karger AG, Basel

Introduction

The Prader-Labhart-Willi syndrome (PWS) is a de-
fined genetic disorder characterized by mental retarda-
tion, behaviour problems and a hypothalamic dysfunc-
tion [1], combined with specific dysmorphisms [2]. The
hypothalamic dysfunction causes growth hormone (GH)
deficiency [3], hypogonadism [4-6] and a dysregulation
of energy balance with hypoactivity [7, 8] and insatiable
hunger [9-11], resulting in an increased fat and decreased
lean body mass [12, 13]. In addition to control of nutrient
intake and enhancement of activity, beneficial effects of
early therapy of GH deficiency in PWS have been dem-
onstrated [14-16]: short stature is normalized and muscle
mass enhanced [8, 12, 17-20].
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As a consequence of the specific form of hypogonad-
ism in PWS [6], sexual maturation stops at mid-puberty.
The resulting eunuchoid appearance with a high voice
aggravates the handicap in male adolescents and adults
with PWS. The absence of a pubertal growth spurt and
an increase in muscle mass during puberty [21, 22] fur-
ther reduce the already decreased energy expenditure [13,
23]. Hence hypogonadism adds to fat accumulation and
morbid obesity due to the lack of pubertal muscle mass
accretion in PWS males [24, 25]. So far, replacement of
sex hormones in male adolescents with PWS has re-
mained controversial because of the belief that testoster-
one may aggravate behaviour abnormalities in these
patients [26, 27]. PWS is characterized by a specific be-
haviour profile comprising obsessions/compulsions, in-
flexibility and temper tantrums [28, 29], in addition to a
mild intellectual disability with a mean IQ of 60 points
[30, 31]. Moreover, psychotic episodes occur in about 20%
of young adults and are more frequent in patients with
maternal uniparental disomy (UPD) [32, 33]. Adoles-
cence is a critical period in PWS due to an increase in
disruptive or antisocial behaviour and in emotional dis-
turbances [34].

Very recently, based on the identical group of male ad-
olescents, we have demonstrated that hypogonadism in
male subjects with PWS has gonadal and hypothalamic
components [6]. The present paper focuses on sexual
maturation, body composition and behavioural changes
during human chorionic gonadotropin (hCG) treatment
in PWS.

Materials and Methods

Patients and Design of the Study

Six peripubertal boys with genetically proven PWS (4 with ma-
ternal UPD and 2 with paternal deletion of chromosome 15) were
examined every 6 months between the age of 7 and 17 years by the
first author.

All boys were on long-term (mean 44 months, range 12-84)
daily treatment with recombinant human GH (Genotropin®,
Pfizer, Diibendorf, Switzerland, 0.025 mg/kg/day, corresponding
to approximately 6 mg/m?/week) and their height and IGF-1levels
had normalized. At a bone age of 13-15 years, the induction of
puberty was started by therapy with hCG (Pregnyl®, Organon,
Pfiffikon SZ, Switzerland), namely for bone ages from 13 to 13.5
years with 500 IU hCG twice weekly, intramuscularly; for bone
ages from 13.6 to 14.5 years with 1,000 I'U twice weekly, intramus-
cularly, and for bone ages above 14.5 years with 1,500 IU twice
weekly, intramuscularly. hCG injections were chosen for substitu-
tion ofhypogonadism in PWS rather than testosterone undecano-
ate, because hCG administration can be controlled and adapted
on a short-term basis preventing significant fluctuations of tes-
tosterone levels.

hCG Effects in Pubertal Boys with PWS

The study was approved by the Ethics Committee of the Uni-
versity of Zurich and informed consent was obtained from the
parents.

Measurements

Height and weight were measured using standard techniques
[35] and weight for height (WFH) was expressed as standard de-
viation scores (SDS, difference between patient’s data and the
height- and gender-related mean of the reference group divided
by the height- and gender-related standard deviation of the ref-
erence group) to adjust for age and gender. Growth velocity per
year was calculated from 6 monthly intervals. In 1 boy, growth
velocity could not be measured because he had scoliosis surgery
whilebeing on hCG injections. Pubertal stage was assessed every
6 months as suggested by Tanner. Testicular volume was mea-
sured using a Prader orchidometer and indicated as mean of the
left and right testicular volume. One boy with secondary ascent
of the testes was cryptorchid at the start of hCG therapy, all oth-
er boys had intrascrotal testes after surgical intervention during
infancy. Bone age was determined by X-ray [36] at 12-month in-
tervals.

Body composition was determined by dual-energy X-ray ab-
sorptiometry [DEXA; Hologic QDR-2000, Waltham, Mass.,
USA, software version 7.10B, intermeasurement variation coef-
ficient for lean mass (LM) = 1% and for fat mass = 2%] before
and at least every 6 months during treatment with hCG. LM was
calculated as fat-free mass minus bone mineral content. Body
composition was compared to reference values measured in a
European population, as previously described [12]: LM and fat
mass were adjusted for gender and height and expressed as SDS,
using a cross-sectional study in Dutch children as reference
[37].

In 1 boy, DEXA measurements could not be performed im-
mediately or 2 years after the start of hCG therapy due to metal
implants for severe scoliosis.

As there is no standardized questionnaire to assess behaviour
abnormalities in adolescents with PWS, main behaviour prob-
lems as well as the changes observed during induction of puberty
with hCG were assessed by a questionnaire developed by a paedi-
atric psychiatrist experienced in caring for adolescents with PWS.
The questions addressed to the parents explored (1) relations to
peers; (2) sexuality; (3) aggressiveness; (4) preoccupation with
one’s own appearance; (5) risky behaviour; (6) retraction from
social interaction; (7) mood, and (8) school performance, subdi-
vided into a total of 19 items. Parents were also asked to compare
these hCG-induced changes with those observed during sponta-
neous puberty in healthy brothers and sisters. The answers to each
item were rated by points, ranging from 0 to +1, with increasing
seriousness of the problems before therapy. Concerning the im-
provement or deterioration during hCG therapy or in comparison
to pubertal behaviour changes in brothers and sisters, points
ranged from -1 to +1, respectively. The more marked and deterio-
rating the problems were, the higher the score resulted. If the
questionnaire was filled in by several adults, means of the scores
in one child were used.

Data are given as means and standard errors of the mean
(SEM) as well as ranges, where appropriate. Significant intra-in-
dividual changes during hCG therapy were calculated by Stu-
dent’s paired t test and p values below 0.05 were considered sig-
nificant.
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Table 1. Clinical, biochemical and body composition parameters in male adolescents with PWS, before and during treatment with

hCG for hypogonadism
CA BA Growth veloc- Testicular ~ Pubic hair ~ Testo. WFH LM FM
years years ity, cm/year  volume, ml stage nmol/l SDS SDS %
Beginning of puberty!
n 6 6 5 5 6 6 6 5 5
Mean 11.2 12.5 6.8 2.7 2.5 1.2 1.70 -3.25 34.6
SEM 0.4 0.3 1.1 0.1 0.4 0.3 0.666 0.38 2.5
Min. 10.1 11.3 4.0 2.5 1.0 0.3 -0.52 -4.30 28.1
Max. 12.7 13.3 11.3 3.0 35 2.3 4.20 -2.36 40.5
Pubertal arrest, beginning of hCG therapy *
n 6 6 5 6 6 6 6 6 6
Mean 13.5 13.9 4.7 4.0%* 4.4%* 2.3 2.59 -3.07 41.0%
SEM 0.3 0.3 0.8 1.0 0.4 0.9 0.90 0.32 3.2
Min. 12.5 13.3 2.7 0.0 3.0 0.8 -0.35 -3.97 31.5
Max. 14.3 15.5 6.7 7.5 5.0 6.9 6.10 -1.95 52.5
6 months after onset of hCG therapy
n 6 6 5 6 6 6 6 5 5
Mean 14.0 14.4 6.4 5.0 4.7 7.3 2.83 -2.41 37.3
SEM 0.3 0.4 1.4 0.6 0.2 1.4 0.89 0.42 4.1
Min. 13.0 13.6 2.6 3.5 4.0 3.9 0.05 -3.63 27.5
Max. 14.7 16.3 9.3 8.0 5.0 13.0 6.20 -1.35 51.7
At 2 years of hCG treatment
n 6 6 5 6 6 6 6 5 5
Mean 15.6 15.5 3.1 5.3%%* 5.%¥**+ 10.7%%% ++ 3.1 -1.38%* 38.1
SEM 0.2 0.3 1.0 0.6 0.2 1.3 0.82 0.62 4.8
Min. 14.6 14.3 1.0 3.5 5.0 7.1 1.70 -3.24 28.1
Max. 16.0 16.8 6.2 8.0 6.0 16.0 7.20 0.60 56.0

CA = Chronological age; BA = bone age; Testo. = testosterone level; WFH = weight for height; FM = relative fat mass as a percent-
age of total body weight. Significant differences: * p < 0.05, ** p < 0.01 and *** p < 0.001 by paired t test versus parameters at the be-
ginning of puberty; * p < 0.05 and ** p < 0.01 versus parameters at the beginning of hCG therapy.

! Beginning of puberty defined as Tanner genital stage G2 or increase in testosterone levels.

% Pubertal arrest defined as a halt of testicular volume, testosterone levels or bone maturation.

32,167 * 167 IU/week, during ongoing therapy with 6 mg hGH/m?/day.

Results

Pubic hair developed normally and bone age was
slightly accelerated (table 1). Puberty started at approxi-
mately 11.2 years of age. Pubertal arrest occurred at an
average chronological age of 13.5 years, before voice deep-
ening, and was manifested by a halt of testicular growth,
bone maturation and testosterone secretion (table 1).

hCG replacement therapy led to a rapid and sustained
increase in testosterone levels to the lower normal range
as well as to adult pubic hair pattern and deepening of
voice, but the testicular volume remained small (table 1).
In 3 out of the 5 boys without scoliosis surgery, growth
velocity accelerated in parallel with rising testosterone
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levels. In the 2 remaining boys with early start of puberty
and peak testosterone levels of 7.3 and 7.5 nmol/l, a spon-
taneous growth spurt had already occurred before puber-
tal arrest and was not produced by hCG therapy (ta-
ble 1).

At the onset of puberty, LM was markedly decreased
in all boys (fig. 1, table 1) despite continuous GH treat-
ment. hCG therapy significantly increased LM (fig. 1,
table 1), namely by 0.91 £ 0.25 SD/year (p <0.05) during
2.5 years of treatment, compared to the year before pu-
bertal arrest, when LM did not significantly rise (by 0.11
* 0.12 SD/year; n.s.). LM became normal in 4 of the 5
boys during hCG replacement therapy.

Eiholzer/Grieser/Schlumpf/I’Allemand



Fig. 1. LM SDS for height of 6 boys with
PWS before and after therapy with hCG,
started at a mean age of 13.5 years (vertical
line). The means are indicated by filled cir-
cles with standard deviations and a bold

Total LM (SDS for height)

line. Normal mean and lower limit of the
normal range of LM SDS are indicated by
broken lines. GH was continuously given
for at least 1 year.

-2
hCG therapy (years)

-1 0 1 2 3

WEFH was at the upper normal limit before hCG ther-
apy, and did not significantly rise thereafter. Relative fat
mass increased significantly during pubertal arrest, but
after onset of hCG treatment this increase was no longer
significant (table 1).

At assessment of behaviour abnormalities, mean age
of the boys with PWS was 16.8 years (range 14.8-19).
Families had 2.5 children on average, age 17.4 years (11-
22). In one family, the PWS boy was the only child. With-
in the remaining 5 families, there were 5 boys and 4 girls,
the adolescent with PWS having a brother in 4/5 fami-
lies.

The questions revealed 3 specific problem areas asso-
ciated with the PWS patients (fig. 2): difficulties in, or
lack of, social interaction were reported in 3/6 patients
that did not worsen, but improved during hCG therapy
in 2/6 patients. There were no marked differences com-
pared to pubertal changes in the brothers and sisters. Ag-
gressiveness or conflicts were a fundamental problem in
3/6 patients. During hCG therapy, conflicts within the
family worsened in 3 of 6 boys, similar to changes in 3 of
5 pubertal brothers and sisters, but aggressive behaviour
outside of the family decreased in 4/6 patients. Irritabil-
ity or rapid mood changes were a problem in 3/6 boys
with PWS, and less stable than in pubertal brothers and
sisters, but remained unaltered during therapy with
hCG.

Sexual arousal was a minor problem in 1 boy only. In
all other boys, sexuality was less problematic than in
pubertal brothers and sisters and even became less ap-
parent during hCG therapy. Also body image, social

hCG Effects in Pubertal Boys with PWS

retraction, risky behaviour and school performance
at a subnormal level were not assigned as a problem in
PWS and were not essentially altered by induction of
puberty.

The 2 boys with paternal deletion of chromosome 15
had no problems of conduct before induction of puberty
and during hCG therapy, in contrast to the 4 boys with
UPD.

Discussion

The present observational study shows for the first
time the clinical effects of a replacement therapy of hy-
pogonadism in male adolescents with PWS in addition to
ongoing GH treatment. The aim of the hCG therapy was
to complete male pubertal development in a physiologi-
cal, well-balanced and cautious way. hCG normalizes pu-
bertal development and muscle mass without deteriorat-
ing behaviour problems. The augmentation of muscle
mass is essential to control the obesity-related metabolic
risk profile in PWS [38].

Boys with PWS entered puberty at an adequate or even
early age with normal levels of testosterone, as shown pre-
viously [6, 39]. Bone maturation and testicular develop-
ment stopped after bone age of 13 years as is typically seen
in hypothalamic hypogonadism [40]. During hCG ther-
apy, testosterone rose, though levels remained in the low-
er normal range. Adult male appearance was completed,
but the mean testicular volume remained below 6 ml, and
fertility was not achieved [6]. hCG treatment accelerated

Horm Res 2007;68:178-184 181



male adolescents wit

Behaviour problems in

Changes of behaviour
h PWS problems during hCG therapy

Changes compared to puberty
in brothers and sisters

0 025 05 075 1-15 -1 05 0 05 1 15-15 -1 -05 0 05 1 15
L 1 1 1 1 L 1 1 1 1 1 ] L 1 1 1 L 1 1
1 Relation 1 Relation to peers -
2 Sexuality 2a Sexual interest
2b Sexual arousal m—
2c Masturbation
2d Other sexual actions
3 Aggres- 3a Conflicts within family h—4
slveness 3b Conflicts outside —
3c Aggressive behaviour within family
3d Aggressive behaviour outside :
4 Appearance 4 Preoccupation with own appearance —
5 Behaviour 5 Risky behaviour —ll —
6 Social 6a Retraction from family
retraction 6b Retraction from peers
7 Mood 7a Irritability :
7b Rapid mood changes
7c¢ Sadness —
8 School 8a Likes to go
8b Performance >—F
8c Conflicts —

Fig. 2. Behaviour in male adolescents with PWS, assessed by a score according to a questionnaire answered by

parents (means * SD; refer to Materials and

growth velocity only in boys who had not started their
pubertal growth spurt spontaneously. However, our data
set is too small and heterogeneous in order to draw any
conclusion on the contribution of the hCG-induced pu-
bertal growth spurt to final height.

During long-term therapy with GH, stature normal-
ized (growth data shown elsewhere [18]), but muscle mass
remained reduced in boys with PWS. Irrespective of the
DEXA method used, the deficit of LM even during GH
therapy was found in several studies [20, 41]. At pubertal
age, the addition of exogenous hCG with subsequent tes-
tosterone secretion stimulated muscle growth, as LM sig-
nificantly increased into the lower normal range. Increas-
ing LM by 0.91 SD per year over 2.5 years, the addition of
hCG was as effective as GH, because during the first 3
years of GH therapy, LM increased by 0.72 % 0.13 SD per
year in these boys. This observation illustrates the impor-
tant interaction between GH and androgens during pu-

182 Horm Res 2007;68:178-184

Methods for further explanation).

berty, as normalization of LM can only be achieved with
the combined replacement therapy.

Even while being on GH therapy, fat mass was elevat-
ed and further increased during the early stages of pu-
berty. Only when hCG was added did fat mass stabilize,
most likely as a consequence of the higher muscle
mass.

The parental interviews on behaviour revealed char-
acteristic fundamental problems associated with this dis-
order, mainly mood instability as well as disturbances of
social interaction combined with aggressiveness. These
observations are in line with larger observational studies
[42, 43]. No parents complained about heightened ag-
gressive behaviour, serious temper tantrums or problems
related to sexuality during induction of puberty in PWS
patients. However, it may have affected the response of
the parents knowing their son on hCG therapy. Never-
theless, the exploration with identical questions by the

Eiholzer/Grieser/Schlumpf/I’Allemand



same child psychologist and the possibility to make com-
parisons within the same family strengthen the reported
behavioural observations. Interestingly, most behaviour
problems were described in boys with UPD only which is
in line with earlier reports [32, 33]. The myth that go-
nadal replacement may lead to a more aggressive behav-
iour and aggravate temper tantrums was not confirmed
by our observations. Though the number of patients ex-
amined was limited due to the rarity of the syndrome
(prevalence 1:15,000-25,000) [44,45], a more generalized
early treatment of hypogonadism in PWS is justified to
examine prospectively the androgenic effects on behav-
iour in larger controlled studies.

Due to the increased knowledge and improved man-
agement of children with PWS the outcome of these pa-
tients has improved in the last years. Consequently, an
optimal management of puberty is now also warranted in
adolescents presenting this rare condition.

In all PWS boys with hypogonadism, adequate re-
placement therapy should be started when gonadal matu-
ration is absent or stops at the age of 13-14 years [46]. All
the same, it has to be borne in mind that adolescence is a
critical period in PWS [34] with psychotic episodes oc-
curring in one fifth of young adults [32, 33]. Even in
healthy men, testosterone in high doses may induce psy-
chotic disorders [47-49], but there is no study so far on
whether hCG therapy bears a smaller risk in this regard
than testosterone. We chose hCG injections to mimic the
physiological development and to prevent significant

fluctuations of testosterone levels, because former anec-
dotal reports [26, 27] suggested that behaviour problems
deteriorate during testosterone treatment in PWS pa-
tients and increase the risk of psychotic exacerbation. The
twice-weekly injections were not perceived as a problem,
most likely due to the adaptation to daily subcutaneous
GH injections and to the reduced level of pain sensitivity
in PWS.

In conclusion, hCG therapy is an adequate treatment
of hypogonadism in adolescent boys with PWS because
in the present study it normalized muscle mass and adult
maleappearance without deterioratingbehavioural prob-
lems beyond what was found in pubertal brothers and
sisters. Larger studies are to be conducted to corroborate
the effects of hCG on behaviour and to compare hCG
with testosterone replacement.
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