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1 | INTRODUCTION

Prader-Willi syndrome (PWS) is a rare multisystem disorder caused
by lack of expression of genes on the paternally inherited
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Abstract

Hypogonadism is the most frequent hormonal deficiency in individuals with Prader-
Willi syndrome (PWS). This often necessitates testosterone treatment, but limited
data are available to guide testosterone treatment in adult men with PWS. We aimed
to evaluate the serum testosterone concentrations and adverse effects of testoster-
one treatment in individuals with PWS attending a specialist obesity management
service. A retrospective audit was undertaken at Austin Health, Melbourne between
January 2010 and April 2021. Main outcome measures were testosterone formula-
tion and dose, serum total testosterone concentration, and prevalence of polycythe-
mia and behavioral disturbance. Data were available for eight individuals with median
baseline age 19 years (range, 19-42) and BMI 37 kg/m? (range, 27-71). Six men had
obstructive sleep apnea; none were smokers. Baseline testosterone concentration
was 1.8 nmol/L (IQR, 1.1-3.3) with hematocrit 0.43. Testosterone formulations were
intramuscular testosterone undecanoate (TU) 1000 mg (n = 5), transdermal testos-
terone gel 50 mg daily (n = 1), and oral TU 80-120 mg daily (n = 2). Median total tes-
tosterone concentration was 9.7 nmol/L (IQR, 8.5-14.7). Nine of 25 (36%)
hematocrit results in six patients measured >0.50 (range, 0.50-0.56). Intramuscular
TU was well tolerated and was the only formulation to achieve serum total testoster-
one concentrations in the adult male reference range. Worsening behavioral distur-
bance resulted in treatment discontinuation in one individual. Our experience
reinforces the need to regular monitoring of hematocrit in men with PWS treated
with testosterone. However, a worsening of behavior problems was uncommon in

this series.
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chromosome 15q11.2-q13 region. It is frequently complicated by
hyperphagia with obesity in up to 82%-98% of adults (Tauber &
Hoybye, 2021), with resultant risk of type 2 diabetes and obstructive
sleep apnea. Emotional dysregulation is a cardinal element in PWS,
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features including temper outbursts, obsessive traits, perseveration,
anxiety, depression, and psychosis (Tauber & Hoybye, 2021). Individ-
uals with PWS are universally hypogonadal, with both gonadal and
hypothalamic dysfunction (Eiholzer et al., 2006; Gross-Tsur
et al,, 2012; Hirsch et al., 2009; Radicioni et al., 2012; Siemensma
etal, 2012).

Men therefore require testosterone treatment to achieve and
maintain secondary sexual characteristics and maintain bone density
(Tauber & Hoybye, 2021). Standard doses and formulations to those
given to hypogonadal men without PWS are typically administered
(Bhasin et al., 2018; Tauber & Hoybye, 2021), though there are no
supportive data using these doses and formulations in individuals with
PWS. Limited data have demonstrated improvements in bone density
and secondary sexual characteristics with low-dose intramuscular tes-
tosterone (Kido et al., 2013).

Polycythemia is the most frequent adverse effect of testosterone
treatment in the general population (Bhasin et al., 2018) but data are
limited in individuals with PWS treated with testosterone. A nonsig-
nificant increase in hematocrit has been reported in individuals with
PWS following treatment with low-dose intramuscular testosterone,
and prevalence of polycythemia was not reported (Kido et al., 2013).
This is an important consideration given epidemiological studies have
demonstrated associations between elevations in hematocrit and arte-
rial and venous thromboses, even after adjustment for other cardio-
vascular risk factors (Byrnes & Wolberg, 2017). Individuals with PWS
have higher rates of venous thromboembolic disease and myocardial
infarction (Hedgeman
et al., 2017).

In this retrospective study of adult men with PWS, we therefore

compared to the general population

aimed to establish the effects of testosterone treatment on serum
total testosterone concentrations, prevalence of polycythemia, and
behavioral disturbance.

2 | PATIENTS AND METHODS

A retrospective audit of electronic medical records was performed of
individuals with PWS attending a specialist obesity treatment service
at Austin Health in Melbourne, Victoria, Australia. Data were collected
from consultations between January 2010 and April 2021. The study
was approved by the Austin Health Human Research Ethics Commit-
tee as an audit (Audit/21/Austin/10) and the nature of the study did
not require informed consent.

This retrospective analysis included adult men with PWS treated with
testosterone. The primary outcomes of interest were testosterone formu-
lation and dose, serum total testosterone concentration at baseline and at
steady state, prevalence of polycythemia, and behavioral disturbance. Data
collected included age (years), body weight (kg), body mass index (BMI,
kg/m?), and presence of comorbidities including obstructive sleep apnea,
type 2 diabetes, hypertension, and hypercholesterolemia. Obesity was cat-
egorized as: class 1 (BMI 30-34.9 kg/m?), class 2 (BMI 35-39.9 kg/m?),
and class 3 obesity (BMI 240 kg/m?; Obesity: Preventing and managing
the global epidemic. Report of a WHO consultation, 2000).

Testosterone formulations included intramuscular testosterone
undecanoate (TU, Reandron, Bayer), 1% testosterone gel (Testogel,
Besins Healthcare), and oral TU (Andriol Testocaps, Merck Sharp &
Dohme). Serum total testosterone concentration, hemoglobin, and
hematocrit were recorded. Polycythemia was defined as hematocrit
20.52 (Ohlander et al., 2018). As data were obtained retrospectively,
total testosterone concentrations were measured as part of routine
clinical care at variable time-points, using several immunoassays avail-
able at a number of different pathology providers. The normal range
of 10.4-30.1 nmol/L was defined from a reference range obtained
from healthy eugonadal men (Sikaris et al., 2005).

Statistical analyses were performed using STATA version 17.0
software (StataCorp. 2021. Stata Statistical Software: Release 17. Col-
lege Station, TX: StataCorp LLC). Data were not normally distributed

so median (range) or median (IQR) are reported.

3 | RESULTS

Data were available for eight individuals with median age 19 years
(range, 19-42). Five individuals had confirmatory PWS diagnostic
tests in our database. Median weight was 96 kg (range, 75-165) and
BMI 39 kg/m? (range, 27-71) at baseline consultation. Two individ-
uals had class 1 obesity, two individuals had class 2 obesity, and four
individuals had class 3 obesity at baseline. Patients were concurrently
undergoing medical weight loss interventions. Median BMI was
37 kg/m? (range, 30-81) at last follow-up. Six men had obstructive
sleep apnea; none were smokers. Four men had type 2 diabetes,
Three had hypertension, and two had hypercholesterolemia. Baseline
total testosterone, hemoglobin, and hematocrit were available for four
individuals. The other four individuals had commenced testosterone
prior to their first appointment in the clinic.

Mean (range) baseline serum testosterone concentration was 1.8
(1.0-5.6) nmol/L (n = 4). Men were treated with testosterone for a
median (range) duration of 6 years (range, 1-12) during the study
period. Formulations prescribed were intramuscular TU 1000 mg
(n = 5), transdermal testosterone gel 50 mg daily (n = 1), and oral TU
80-120 mg daily (n = 2). One patient changed from transdermal tes-
tosterone gel to intramuscular TU due to inadequate serum testoster-
one concentrations of 4.8 nmol/L, which increased to 10.5 nmol/L
when intramuscular TU was given. Median serum total testosterone
concentration during the follow-up period was 9.7 nmol/L (IQR, 8.5-
14.7) (n = 15 laboratory tests). The serum testosterone concentra-
tions achieved with each testosterone formulation are shown in
Figure 1. Testosterone concentrations within the male reference
range (10.4-30.1 nmol/L) were achieved with intramuscular TU (54%)
but not transdermal gel or oral TU.

Baseline hemoglobin was 141 g/L (range, 132-151) with hemato-
crit 0.43 (range, 0.39-0.47; n = 4). Median hemoglobin and hemato-
crit during treatment were 155 g/L (147-160) and 0.48 (0.45-0.50),
respectively. Nine laboratory results in six patients recorded hemato-
crit 20.50, 3-11 years after commencement of testosterone treat-

ment. Twenty-five hematocrit values were available during
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FIGURE 1 Dot plot of serum total testosterone concentration at

baseline (pre-treatment, n = 4) and during testosterone treatment by
formulation (intramuscular n = 5, oral TU n = 1, and testosterone gel
n = 1). Dashed line indicates total testosterone
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FIGURE 2 Dot plot of hematocrit at baseline (prior to
testosterone treatment, n = 4) and during testosterone treatment
(n = 8). Dashed line indicates hematocrit = 0.5, the upper limit of
normal

testosterone treatment, with 16 (64%) <0.50, 6 (24%) 0.50-0.51,
2 (8%) 0.52-0.53, and 1 (4%) >0.54 (Figure 2). For individuals with
class 3 obesity, one individual had hematocrit 0.50 and another 0.51.
The three individuals with hematocrit 20.52 were treated with intra-
muscular TU 1000 mg every 12 weeks, with trough serum total tes-
tosterone 8.8-15.9 nmol/L. Two of the three individuals had
obstructive sleep apnea (one mild, one moderate) treated with contin-
uous positive airway pressure (CPAP). One individual had hematocrit
>0.54 that necessitated decreased frequency of administration of
intramuscular TU to every 14 weeks.

Intramuscular TU was well tolerated whereas one individual dis-

continued testosterone gel due to poor tolerability. Worsening

medical genetics B-WILEY-L_2

behavioral disturbance with physical aggression was reported in one
individual treated with transdermal testosterone 50 mg daily immedi-
ately after commencement. Discontinuation of testosterone was asso-
ciated with an observed improvement in behavior. This individual had
preceding behavioral disturbance, and testosterone treatment was
not recommenced due to family concern regarding physical

aggression.

4 | DISCUSSION

In this retrospective analysis of adult men with PWS, intramuscular
TU achieved serum total testosterone concentrations within the male
reference range at standard dosing intervals. However, polycythemia
was documented in three of five patients during the follow-up period,
which necessitated decreased dose frequency in one individual. One
patient ceased testosterone treatment due to worsening behavioral
disturbance.

4.1 | Comparison to previous literature

To date, only one study has evaluated testosterone treatment in indi-
viduals with PWS (Kido et al., 2013). In this prospective 2-year open-
label study, 22 men aged 16-48 years were prescribed intramuscular
testosterone 125 mg every 4 weeks. Increased secondary sexual char-
acteristics, increased lean mass and decreased fat mass, and increased
lumbar spine areal bone mineral density were reported (Kido
et al,, 2013). No patient had worsening behavioral disturbance in this
analysis. We are unable to compare these parameters in our cohort,
due to inconsistent documentation of secondary sexual characteristics
or areal bone mineral density, and lack of body composition assess-

ment in routine clinical practice.

4.2 | Clinical implications

Polycythemia is the most common adverse event following testoster-
one treatment (Bhasin et al., 2018; Ponce et al., 2018). Four percent
of individuals developed polycythemia in a real-world prospective
observational study of 347 hypogonadal men and transgender individ-
uals without PWS who received 3022 doses of intramuscular TU
(Middleton et al., 2015). Consensus guidelines recommend monitoring
serum testosterone concentration, ideally free testosterone concen-
tration in individuals with obesity, and hematocrit at baseline, after 3-
6 months, and then annually following commencement of testoster-
one treatment (Bhasin et al., 2018). It should be noted that an ele-
vated hematocrit or untreated severe obstructive sleep apnea are
(Bhasin

et al., 2018). Our data confirm the importance of regular monitoring

relative contraindications to testosterone treatment
of hematocrit in individuals with PWS treated with intramuscular tes-
tosterone, particularly given the high prevalence of obstructive sleep

apnea in this population (Lundy et al., 2020). Two of the three



NOLAN ET AL

4 AMER\'CAN JDURNAL.OF PART
—|—Wl LE'Y—medical genetics

individuals with hematocrit 20.52 had obstructive sleep apnea but we
did not find an association between class 3 obesity and polycythemia,
though our sample size was limited. Transdermal testosterone formu-
lations are associated with a lower incidence of polycythemia in hypo-
gonadal men without PWS, likely related to lower overall serum
testosterone concentrations (Ohlander et al., 2018). Should an individ-
ual develop polycythemia, consideration should be given to extending
the dose interval or changing to a transdermal formulation, though
further supportive data are required in individuals with PWS.

The clinical implications of polycythemia have not been elucidated
in individuals with PWS. However, in the general population there are
associations between elevations in hematocrit and arterial and venous
thromboses, even after adjustment for other cardiovascular risk factors
(Byrnes & Wolberg, 2017). Similarly, hematocrit levels in men of 0.46
or higher are associated with greater than two-fold increased risk of
unprovoked venous thromboembolism (Braekkan et al., 2010). Individ-
uals with PWS have higher rates of venous thromboembolic disease
and myocardial infarction compared to the general population (Butler
et al., 2020; Hedgeman et al., 2017), so mitigation of modifiable risk
factors is an important component of long-term management.

Increasing behavioral disturbance was noted in one of eight indi-
viduals following testosterone treatment. Similarly, 4 of 24 individuals
ceased testosterone treatment due to increasing behavioral distur-
bance in a recent analysis in people with PWS (Kherra et al., 2021),
whereas another analysis reported behavioral disturbance in one-third
of individuals (Pellikaan et al., 2021). Few behavioral problems were
attributed to testosterone treatment in a questionnaire of practi-
tioners experienced in care of individuals with PWS (Eiholzer
et al., 2021), and are not commonly reported in the literature follow-
ing initiation of testosterone treatment (Noordam et al., 2021). Indi-
viduals with PWS are more prone to behavioral disturbances and
aggressive outbursts (Tauber & Hoybye, 2021), so families should be
counseled on the potential worsening of these behaviors following

commencement of testosterone treatment (Heksch et al., 2017).

4.3 | Limitations

There are multiple limitations to this analysis, including the small sam-
ple size at a single center, and that all individuals had obesity. Given
the retrospective study design, there are inherent limitations including
missing data and variability in the frequency of monitoring of serum
testosterone concentration, and we do not have data on adherence
with CPAP therapy. Individuals were not randomized to testosterone
formulation, which could confound results, and we did not have
details regarding rationale for the choice of testosterone formulation.
Although serum total testosterone concentration was measured via
several different immunoassays, all were performed using National
Association of Testing Authorities (NATA)-accredited laboratories.
Liquid chromatography-mass spectrometry is considered the refer-
(Harwood &
Handelsman, 2009) but is not routinely available in clinical care. Simi-

ence standard for sex steroid measurement

larly, we did have not free testosterone concentrations. The clinical

implications of polycythemia were unable to be determined and fur-

ther prospective studies are required.

5 | CONCLUSION

Intramuscular TU achieved adequate serum testosterone concentra-
tions and appears well tolerated in men with PWS but polycythemia
was encountered, reinforcing the need for regular monitoring. Families
and carers should be aware of the risk of worsening behavioral distur-

bance with testosterone treatment, though this was rarely noted.
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