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Abstract

Introduction: PATRO Children is an international, observa-
tional, postmarketing surveillance study for a biosimilar re-
combinant human growth hormone (rhGH; somatropin,
Omnitrope®; Sandoz), approved by the European Medicines
Agency in 2006. We report safety and effectiveness data for
patients with Turner syndrome (TS). Methods: The study
population included infants, children, and adolescents with
TS who received Omnitrope® treatment according to stan-
dard clinical practice. Adverse events (AEs) were monitored
for safety evaluation, and height velocity (HV), height stan-
dard deviation score (HSDS), and HVSDS were calculated to
evaluate treatment effectiveness. Results: As of August

2019, 348 TS patients were enrolled from 130 centers. At
baseline, 314 patients (90.2%) were prepubertal and 284 pa-
tients (81.6%) were rhGH treatment naive. The mean (range)
age at baseline was 9.0 (0.7-18.5) years, and mean (SD) treat-
ment duration in the study was 38.5 (26.8) months. Overall,
170 patients (48.9%) reported AEs, which were considered
treatment related in 25 patients (7.2%). One treatment-relat-
ed serious AE was reported (intracranial hypertension). Mean
AHSDS after 3 years of therapy was +1.17 in treatment-naive
prepubertal patients and +0.1 in pretreated prepubertal pa-
tients. In total, 51 patients (31.1%) reached adult height (AH),
35 of whom were rhGH treatment naive; in these patients,
mean (SD) HSDS was —2.97 (1.03) at the start of Omnitrope®
treatment, and they achieved a mean (SD) AHSDS of —2.02
(0.9). Conclusion: These data suggest that biosimilar rhGH is
well tolerated and effective in TS patients managed in real-
life clinical practice. Optimization of rhGH dose may contrib-

ute to a higher AH. © 2021 The Author(s)
Published by S. Karger AG, Basel
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Introduction

Turner syndrome (TS) is characterized by partial or
complete loss of the second sex chromosome in pheno-
typic females. A variety of genotypes existin TS, although
45,X (monosomy X) is the most observed karyotype, af-
fecting 40-50% of patients [1]. There is a wide variation
in the clinical presentation of TS, and the observed karyo-
type does not necessarily predict patient phenotype [1].
Comorbidities include (but are not limited to) cardiovas-
cular abnormalities, ovarian failure, neurocognitive or
behavioral problems, and growth failure [2-4]. Short
stature, especially in relation to parental height, is a very
common occurrence in TS patients [1] and is caused by
haploinsufficiency of the short stature homeobox-con-
taining gene (SHOX) located on the sex chromosomes
[5].

Recombinant human growth hormone (rhGH) thera-
py was approved for the treatment of TS in 1996 [6]. Ran-
domized trials and observational studies have shown
rhGH to improve adult height (AH) in patients with TS,
although the reported efficacy has been variable [7-9].
Factors associated with a good response to rhGH therapy
include initiating rhGH treatment at a young age and use
of higher rhGH doses [10-12]. Other factors affecting
treatment response include weight and height standard
deviation score (HSDS) at treatment start and the differ-
ence between midparental height SDS and baseline HSDS
[10-13].

Data from clinical trials have demonstrated that thGH
treatment is generally well tolerated in TS patients [10,
13]. However, observational studies have reported that
TS patients have an increased risk of intracranial hyper-
tension, slipped capital femoral epiphyses, pancreatitis,
and development/progression of scoliosis, compared
with rhGH use in other indications [14, 15].

Omnitrope® is an rhGH approved by the European
Medicines Agency (EMA) and the US Food and Drug
Administration (FDA) in 2006. It was approved as a bio-
similar in Europe on the basis that it matches the refer-
ence medicine (Genotropin®; Pfizer) in terms of safety,
efficacy, and quality [16]. The PAtients TReated with
Omnitrope® (PATRO) Children study is a long-term,
postmarketing surveillance program for Omnitrope®
[17, 18]. The primary objective of PATRO Children is to
assess the safety of rhGH in all approved indications. Ef-
fectiveness of rhGH is analyzed as a secondary endpoint
[18]. Here, we present safety and effectiveness data from
the subgroup of patients in PATRO Children who have
TS.
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Methods

Study Design and Patient Population

The design of the PATRO Children study has been previously
reported [18]. In brief, infants, children, and adolescents who have
received at least 1 dose of Omnitrope® were enrolled. Patients
could be rhGH treatment naive at study entry or previously treat-
ed with another rhGH medicine. Omnitrope® was administered
as per standard clinical practice, and doses were given according
to country-specific prescribing information. Patients and/or their
guardians (for patients aged <18 years) provided written informed
consent to participate in the study.

Safety and Effectiveness Assessments

All adverse events (AEs) were monitored and recorded for the du-
ration of Omnitrope® treatment. AEs were recorded in electronic case
report forms (eCRFs) and entered into the sponsor’s safety database.
The relationship of AEs to treatment was made according to investiga-
tor and sponsor assessment, with worst-case scenarios applying. Em-
phasis was placed on safety, including the development and reoccur-
rence of malignancies. Laboratory values, including glucose metabo-
lism, were suggested to be recorded at baseline and at least once a year
during the study. AEs are summarized for the subgroup of patients
with TS and for the overall PATRO Children study population.

Auxological data were recorded at each visit. Height velocity
(HV, cm/year), HSDS, HVSDS, and BMISDS were derived from
height and weight measurements and country-specific reference
tables for each country [19]. Target height and target height SDS
were calculated using previously published methods [20-22].
AHSDS was calculated using height (in cm) and appropriate height
reference data at age 18 years. Patients were considered to have
reached AH if the investigator identified one of the following rea-
sons for study discontinuation: reaching AH/bone age maturation,
reaching near AH, referral to adult endocrinologist, HV <1 cm/
year plus bone age >14 years for girls, HV <1 cm/year if start of
puberty was documented, and any height measurement was avail-
able >4 years after puberty onset.

Data Collection and Statistical Analysis

Patient data were recorded in an eCRF at each routine visit. All
eCRFs were reviewed by data management, and centralized mon-
itoring was performed by a contract research organization.

Standard descriptive statistics were used to describe continuous
(e.g., age, height, and weight) and categorical (e.g., gender) variables.
The safety population for this analysis included all TS patients docu-
mented in the eCRF before the interim analysis cutoff date (August
2019). The effectiveness population was a subset of the safety popula-
tion and includes all patients with documented height measurement
at baseline (start of Omnitrope® treatment) and at least 1 measure-
ment of height under Omnitrope® treatment, at least 60 days after
baseline. The 3-year analysis set includes patients who have com-
pleted at least 3 years of Omnitrope® therapy in the study.

Results

Patients and Treatment (Safety Set)
As of August 2019, 348 patients with TS had been en-
rolled in the study from 130 centers (Table 1); of these, 64
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Table 1. Number of sites and patient enrollment by country

Country Sites, Enrolled Active Discontinued
n patients, n patients, n (%) patients, n (%)

Germany 53 170 102 (60.0) 68 (40.0)

France 24 56 27 (48.2) 29 (51.8)

Romania 18 53 21 (39.6) 32 (60.4)

United Kingdom 9 20 12 (60.0) 8 (40.0)

Sweden 5 16 9 (56.3) 7 (43.8)

Czech Republic 4 9 0(0.0) 9 (100.0)

USA 6 9 0(0.0) 9 (100.0)

Italy 4 5 1(20.0) 4 (80.0)

Canada 4 4 3 (75.0) 1(25.0)

Slovenia 1 3 0(0.0) 3(100.0)

Austria 1 2 0(0.0) 2 (100.0)

Australia 1 1 1(100.0) 0 (0.0)

Total 130 348 176 (50.6) 172 (49.4)
Table 2. Patient baseline characteristics (safety set)

N Pubertal/ Mean (range) age, Mean (SD) Mean (SD) Mean (SD) HV?, Mean (SD) PC
prepubertal, % years BMI SDS HSDS cm/year HVSDS

All 348 9.8/90.2 8.96 (0.7-18.5) 0.31(1.18) -2.78 (1.14) 3.60 (1.82) —2.43(2.38)
rhGH naive 284 6.0/94.0 8.54 (0.7-18.5) 0.20 (1.18) -3.00 (1.03) 3.39 (1.68) —3.08 (1.85)
Pretreated 64 26.6/73.4 10.84 (2.9-18.0) 0.81 (1.02) -1.80(1.12) 3.99 (2.00) -1.23(2.78)

AH, adultheight; HV, height velocity; HSDS, height standard deviation score; SD, standard deviation; HVSDS, HV standard deviation
score; PC, peak-centered; rhGH, recombinant human growth hormone. * Only for patients who had not attained AH.

(18.4%) had previously received rhGH treatment and 284
(81.6%) were rhGH treatment naive. At baseline (start of
Omnitrope® treatment), 314 patients (90.2%) were pre-
pubertal, and the remaining 34 patients (9.8%) had en-
tered puberty. Additional baseline characteristics are
shown in Table 2. In prepubertal patients, mean (SD) age
at baseline was 8.2 (4.0) years and 9.8 (3.5) years in treat-
ment-naive and pretreated patients, respectively. Karyo-
type was reported in 94.5% of patients (Table 3), and for
the remaining patients, the karyotype was not entered in
the eCRF.

The mean (SD) duration of Omnitrope® treatment in
the study was 38.5 (26.8) months (approx. 3.2 years;
1,116.6 patient-years). In total, 196 patients (56.3%) had
completed 3 years of treatment. In pretreated patients, the
mean (SD) duration of thGH therapy prior to starting the
study was 51.4 (34.0) months (approx. 4.3 years). The
mean (range) baseline dose was 38.5 (10.0-67.0) pg/kg/
day in rhGH treatment-naive patients and 43.2 (22.0-

rhGH in Children with Turner Syndrome:
Data from PATRO Children

60.0) pg/kg/day in pretreated patients. The initial starting
dose was 45-50 pg/kg/day in 22.2% of rhGH treatment-
naive patients and in 20.3% of pretreated patients. In the
remaining patients, the initial starting dose was outside of
this range (thGH naive, 57.4%; pretreated, 57.8%) or not
recorded (thGH naive, 20.4%; pretreated, 21.9%). Fol-
lowing 1-1.5 years of Omnitrope® therapy, the mean
(range) dose increased to 44.1 (0.02-87.0) pg/kg/day in
treatment-naive patients and 45.1 (26.0-64.0) pg/kg/day
in pretreated patients.

No patients received estrogen treatment prior to en-
tering the study. During the study, 84 treatment-naive pa-
tients (29.6%) received concomitant estrogen, including
estradiol (n=37;13.0%), estradiol valerate (n=33;11.6%),
ethinyl estradiol (n = 7; 2.5%), conjugated estrogens (n =
3; 1.1%), estradiol hemihydrate (n = 2; 0.7%), estrogen
(not otherwise specified) (n = 2; 0.7%), and estriol with
estradiol (n = 1; 0.4%). Forty pretreated patients (64.1%)
received concomitant estrogen during the study, includ-
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Table 3. Genetic abnormalities identified (safety set)

Genetic abnormality

Pretreated patients,
n (%) (n=64)

Treatment-naive patients,
n (%) (n =248)

Complete absence of 1 sex chromosome (karyotype 45,X)

Mean (SD) age at thGH treatment start, years

Mean (SD) target height SDS

Mean (SD) rthGH (Omnitrope®) dose at baseline, pg/kg/day
Mosaicism (karyotype 45,X/46,XX)

Mean (SD) age at thGH treatment start, years

Mean (SD) target height SDS

Mean (SD) rhGH (Omnitrope®) dose at baseline, pg/kg/day
Partial absence of 1 sex chromosome (karyotype 45,X/46,X,delX)

Mean (SD) age at rhGH treatment start, years

Mean (SD) target height SDS

Mean (SD) rhGH (Omnitrope®) dose at baseline, ug/kg/day
Structural aberrations (karyotype 45,X/46,X,rX)

Mean (SD) age at rhGH treatment start, years

Mean (SD) target height SDS

Mean (SD) rhGH (Omnitrope®) dose at baseline, ug/kg/day
Others

Mean (SD) age at rhGH treatment start, years

Mean (SD) target height SDS

Mean (SD) rhGH (Omnitrope®) dose at baseline, pg/kg/day
Missing information

89 (31.3) 26 (40.6)
8.52 (4.61) 7.15 (4.44)
0.01 (0.75) -0.27 (0.73)
39.3 (11.4) 442 (8.3)
78 (27.5) 13 (20.3)
8.08 (3.58) 5.74 (2.50)

-0.15 (0.72) -0.35 (0.60)
38.6(9.8) 43.5(7.8)
16 (5.6) 5(7.8)
10.17 (4.41) 6.78 (3.74)

-0.10 (1.37) -0.01 (0.66)
40.5 (10.9) 38.3(10.4)
12 (4.2) 2(3.1)
7.84 (4.65) 3.72 (1.02)
0.02 (0.73) -0.34 (0.44)
41.8 (14.2) 50.0 (N/A)
72 (25.4) 14 (21.9)
8.82 (4.28) 6.30 (3.98)
0.10 (0.67) ~0.07 (0.49)
36.4 (10.4) 41.5(12.4)
17 (6.0) 4(6.3)

rhGH, recombinant human growth hormone.

Table 4. Primary reasons for study discontinuation (safety set)

Total (n=172) Patients
n %

Patient reached adult height/bone age maturation® 52 30.2
Reached near adult height? 28 16.3
Patient satisfied with current height 5 2.9
Lost to follow-up 15 8.7
Adverse event 10 5.8
Patient does not wish to continue the injections 9 5.2
Site closure 9 5.2
Switch to other GH medicine 9 5.2
No treatment response® 6 3.5
Patient noncompliant 3 1.7
HV slowdown (HV <1 cm/year) 2 1.2
Referral to adult endocrinologist 1 0.6
Withdrawal of informed consent 1 0.6
Others 22 12.7

GH, growth hormone; HV, height velocity; SDS, standard
deviation score. * According to physician assessment. ® No
treatment response defined as HVSDS <1 after first year of
treatment; HV <2 cm/year postbaseline. If confirmation is
required, bone age is >14 years for girls or >16 years for boys,
corresponding to closure of epiphyseal growth plate (postbaseline).
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ing estradiol (n = 25; 39.1%), estradiol valerate (n = 12;
18.8%), ethinyl estradiol (n = 4; 6.3%), conjugated estro-
gens (n = 3; 4.7%), and estrogen not otherwise specified
(n=2;3.1%).

No patients received oxandrolone treatment prior to
entering the study. One pretreated patient received oxan-
drolone therapy during the study. This patient had been
treated with another rhGH for 6 years before entering the
study at 11 years of age. At the time of analysis, this pa-
tient had received Omnitrope® treatment in the study for
over 5 years, with a daily dose ranging between 44 and 47
ug/kg/day. HSDS was —3.18 at baseline and —2.72 follow-
ing 5.5 years of Omnitrope® treatment in the study.

The most common reported comorbidities (present in
>2% of patients) by MedDRA preferred term were hypo-
thyroidism (n = 24; 6.9%), autoimmune thyroiditis (n =
23; 6.6%), congenital heart valve disorder (n = 18; 5.2%),
primary hypogonadism (n = 14; 4.0%), vitamin D defi-
ciency (n = 13; 3.7%), obesity (n = 10; 2.9%), otitis media
(n=10;2.9%), coeliac disease (n = 9; 2.6%), hypertension
(n = 8; 2.3%), hypercholesterolemia (n = 8; 2.3%), renal
fusion anomaly (n = 8;2.3%), foot deformity (n =7;2.0%),
and asthma (n =7;2.0%).

Backeljauw et al.



Table 5. Summary of AEs in patients with TS and in the overall PATRO Children study population

Patients with TS (n = 348) All patients (n = 7,042)

n % n %

Any AE 170 48.9 3,583 50.9
Relationship to study drug

Not suspected 167 48.0 3,470 49.3

Suspected 25 7.2 527 7.5
Intensity

Mild 139 39.9 2,797 39.7

Moderate 85 24.4 1,556 22.1

Severe 14 4.0 334 4.7

Missing 32 9.2 690 9.8
Changes to rhGH treatment

Not changed 163 46.8 3,406 48.4

Increased 9 2.6 138 2.0

Reduced 5 1.4 87 1.2

Interrupted 8 2.3 191 2.7

Permanently discontinued 10 2.9 122 1.7

Missing 9 2.6 156 2.2
SAEs

No 160 46.0 3,423 48.6

Yes 49 14.1 915 13.0
SAE relationship to study drug

Not suspected 48 13.8 877 12.5

Suspected 1 0.3 59 0.8

AE, adverse event; MedDRA, Medical Dictionary for Regulatory Activities; SAE, serious adverse event; thGH,
recombinant human growth hormone; TS, Turner syndrome.

Abnormal values for thyroid function were recorded
in 27 out of 348 patients (7.8%) at baseline (before start
of Omnitrope® treatment). Over 5 years of treatment, the
proportion of patients with abnormal thyroid test results
was between 2.6 and 9.3%.

Safety (Safety Set)

Asof August 2019, 172 TS patients (49.4%) had discon-
tinued the study; primary reasons for discontinuation are
shown in Table 4. Ten patients (2.9%) discontinued due
toan AE (Table 5), which was considered rhGH treatment
related in 7 patients (2.0%; n = 9 events). Treatment-relat-
ed AEs leading to discontinuation were increased weight
(n = 2), insulin-like growth factor increased (n = 1), glu-
cose tolerance impaired (n = 1), hyperinsulinism (n = 1),
overweight (n = 1), headache (n = 1), intracranial hyper-
tension (n = 1), and scoliosis (n = 1).

The overall summary of AEs in the TS patients was
similar to that of the overall PATRO Children study pop-
ulation (Table 5). Among patients with TS, 170 (48.9%)
experienced AEs during the study, most of which were of

rhGH in Children with Turner Syndrome:
Data from PATRO Children

mild or moderate intensity (Table 4). In total, 25 patients
with TS (7.2%) reported drug-related AEs; events report-
ed in >2 patients (MedDRA preferred term) were head-
ache (n = 4), glucose tolerance impaired (n = 4), insulin-
like growth factor increased (n = 2), injection-site hema-
toma (n = 2), and weight increased (n = 2). Forty-nine
patients (14.1%) reported serious AEs (SAEs). Only 1 pa-
tient had an SAE that was possibly related to treatment
(intracranial hypertension). This SAE was reported 3
months after the start of Omnitrope® treatment in a pa-
tient who was rhGH treatment naive at study entry; at the
time of onset, the patient was 11.4 years old, and the dose
of Omnitrope® was 48.0 pg/kg/day. Omnitrope® therapy
was discontinued, and the event resolved completely after
approximately 2 years.

In total, 13 patients (3.7%) reported scoliosis, which
was treatment related in 1 patient (0.3%). Pancreatitis was
reported in 1 patient (0.3%); this event was considered
serious but not related to rhGH therapy.

No AEs with a fatal outcome were reported. To date,
there have been no reports of treatment-related SAEs re-
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Patients, n Baseline 12 24 36
Naive 129 116 107 88
Pre-treated 28 26 23 17

Fig. 1. HSDS for TS patients remaining prepubertal over 3 years of Omnitrope® treatment (3-year efficacy set).
HSDS, height standard deviation score; TS, Turner syndrome.

lating to malignancies or diabetes mellitus. Treatment-
related AEs relating to insulin sensitivity in this cohort
include impaired glucose tolerance (n = 4 patients), hy-
perinsulinism (#n = 1), and insulin resistance (n = 1), all of
which were considered nonserious.

Effectiveness (3-Year Cohort, Effectiveness Set)

In total, 163 patients from the effectiveness set com-
pleted at least 3 years of treatment and were included in
the 3-year effectiveness cohort. This included 131 treat-
ment-naive patients (80.4%) and 32 pretreated patients
(19.6%). Of the 131 treatment-naive patients, 129 (98.5%)
were prepubertal at baseline and 2 patients (1.5%) had
entered puberty. Of the pretreated patients, 29 (90.6%)
were prepubertal and 3 (9.4%) had started puberty.

Improvements in mean HSDS and HVSDS over 3
years for patients remaining prepubertal are shown in

138 Horm Res Paediatr 2021;94:133-143
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Figures 1 and 2. The mean gain in HSDS from baseline
to year 3 was +1.17 in prepubertal treatment-naive pa-
tients (year 1, +0.63; year 2, 0.37; year 3, +0.17) and
+0.04 in prepubertal pretreated patients. AH was
reached by 51 patients (31.1%) from the 3-year effec-
tiveness cohort; 35 of these patients were treatment na-
ive at study entry, and 16 patients were pretreated.
Mean (SD) patient age when reaching AH was 15.9 (1.7)
years in treatment-naive patients and 15.7 (1.6) years in
pretreated patients. Among the 35 treatment-naive pa-
tients who reached AH, mean (SD) HSDS was —2.97
(1.03) at the start of Omnitrope® treatment; these pa-
tients achieved a mean (SD) AHSDS of —2.02 (0.9). A
similar mean (SD) AHSDS -2.10 (1.1) was reached by
the 16 pretreated patients.

The mean improvement in peak-centered HVSDS
from baseline to year 3 was +3.94 in prepubertal treat-

Backeljauw et al.
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Fig. 2. Peak-centered HVSDS for TS patients remaining prepubertal over 3 years of Omnitrope® treatment (3-
year efficacy set). HV, height velocity; TS, Turner syndrome.

ment-naive patients and +0.47 in prepubertal pretreated
patients. Mean (SD) HV at year 3 was 5.9 (1.5) cm/year
and 4.5 (1.4) cm/year in rhGH treatment-naive and pre-
treated patients, respectively. In prepubertal patients,
mean (SD) HV at year 3 was 5.2 (1.3) cm/year and 4.7
(1.4) cm/year in treatment-naive and pretreated patients,
respectively.

At year 3, mean (SD) BMI SDS was 0.3 (1.2) in prepu-
bertal treatment-naive patients, representing a mean
(SD) change from baseline of +0.4 (0.8). In prepubertal
pretreated patients, mean (SD) BMI SDS was 0.7 (1.1) at
year 3, a mean (SD) change from baseline of +0.1 (0.7). In
patients who reached AH, the mean (SD) difference be-
tween AHSDS and target height SDS was —2.03 (0.9) in
treatment-naive patients, corresponding to a mean (SD)
deficit of 11.8 (6.4) cm. In pretreated patients, the mean
(SD) difference was —1.82 (1.1), corresponding to a mean
(SD) deficit of 9.6 (6.9) cm.

rhGH in Children with Turner Syndrome:
Data from PATRO Children

The change in HSDS over time by karyotype is shown
in Figure 3 for treatment-naive patients in the 3-year ef-
fectiveness cohort. Patients with classical TS (45,X) had
more severe short stature at baseline compared with
mosaic TS patients (45,X/46,XX). Across all of the
karyotypes, improvement in HSDS was the largest in the
45,X group (+1.32) and the smallest in the 45,X/46,XX

group.

Discussion

This analysis of an observational study of 348 girls with
TS demonstrates that biosimilar rhGH (Omnitrope®)
therapy is well tolerated and effective in these patients in
real-life clinical practice. These findings are in line with
reports from other observational studies of rhGH treat-
ment in pediatric TS patients, although differences in ob-
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Fig. 3. HSDS for treatment-naive TS patients by karyotype over 3 years of Omnitrope® treatment (3-year effi-
cacy set). HSDS, height standard deviation score; TS, Turner syndrome.

servational time periods and reported outcomes make a
direct comparison of results difficult.

An increased risk of intracranial hypertension, slipped
capital femoral epiphyses, scoliosis, and pancreatitis has
been reported in rhGH-treated patients with TS [14, 15].
Another study found that TS patients have an increased
risk of scoliosis, although this was not directly related to
rhGH therapy [23]. The data from our study do not sup-
port an increased risk of these events due to rhGH thera-
py. However, as the treatment duration in the current
analysis was relatively short, longer-term follow-up
would be required to verify these safety findings. In addi-
tion, the data available in TS patients from this analysis
show no evidence of an increased risk of developing un-
expected AEs or new malignancies during rhGH treat-
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ment. The safety profile of rhGH treatment in TS patients
was also consistent with the overall PATRO Children co-
hort, which additionally includes patients with GH defi-
ciency, small for gestational age, Prader-Willi syndrome,
chronic renal insufficiency, and idiopathic short stature
[24].

Individuals with TS have an increased risk of develop-
ing autoimmune conditions such as thyroiditis, type 1
diabetes, juvenile rheumatoid arthritis, coeliac disease,
and inflammatory bowel disease [1, 25]. A meta-analysis
of 18 studies (2,719 patients with TS) found that 12.7%
had clinical hypothyroidism and 2.6% had hyperthyroid-
ism [26]. The prevalence of thyroid dysfunction in pa-
tients with TS in PATRO Children appears to be lower
than reported in the meta-analysis (based on reported co-
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morbidities and the number of abnormal thyroid func-
tion tests). The apparent underreporting of thyroid dys-
function, as well as some of the other comorbidities, most
likely reflects the observational nature of PATRO Chil-
dren.

Clinical practice guidelines for the care of girls and
women with TS were published in 2017 [1]. Once diag-
nosed, starting rhGH treatment by 4-6 years of age is rec-
ommended [1]. The guidelines further recommend initi-
ating rhGH treatment earlier if there is evidence of growth
failure. In PATRO Children, the mean patient age at
rhGH treatment initiation was 8.5 years (in treatment-
naive patients, who had mean baseline HSDS of —3.0).
The diagnosis of TS is often delayed [27, 28], which could
explain the late treatment initiation observed in PATRO
Children. In one study of 81 TS patients, the mean (SD)
delay in diagnosis was 7.7 (5.4) years in girls diagnosed in
childhood or adolescence [28]. The varied clinical pre-
sentation of TS can also affect when the diagnosis is made;
one study reported that lymphedema and dysmorphic
features were the main symptoms that prompted screen-
ing in infancy, whereas short stature triggered diagnosis
in most children and adolescents [27]. The study design
did not allow a delay between TS diagnosis and the initia-
tion of rhGH therapy.

The approved starting dose of rhGH in TS patients is
45-50 ug/kg/day in Europe [17] and 50-54 pg/kg/day in
the USA [29]. The 2017 clinical practice guidelines rec-
ommend starting at a dose of 45-50 pg/kg/day, increasing
up to 68 pg/kg/day if the initial growth response is sub-
optimal [1]. In the current analysis, the starting dose in
rhGH-naive patients ranged from 10 to 67 pg/kg/day
(mean 38.5 ug/kg/day), and the mean dose remained low-
er than the recommended dose following 1-1.5 years of
treatment (44.1 pg/kg/day). Only around 20% of treat-
ment-naive patients received a starting dose within the
recommended range of 45-50 pg/kg/day. This is impor-
tant, as the greatest effect on growth response is observed
during the first year of treatment. These findings suggest
that guideline-recommended rhGH doses may not al-
ways be closely adhered to in routine clinical practice. A
lack of rhGH dose escalation in TS patients has been dem-
onstrated in another observational study [30]. One expla-
nation is that endocrinologists are cautious about in-
creasing thGH dose in girls with TS, although other data
indicating reduced sensitivity to IGF-I in girls with TS
may provide some reassurance [31]. It is also worth not-
ing that patients with TS in PATRO Children will likely
have started rhGH treatment before the updated guide-
lines were published in 2017.

rhGH in Children with Turner Syndrome:
Data from PATRO Children

Clinical practice guidelines also suggest that the addi-
tion of oxandrolone to rhGH treatment may be consid-
ered in TS patients from the age of 10 years who have poor
projected AH on rhGH therapy alone [1], although avail-
ability of oxandrolone outside the USA is limited. In our
analysis, oxandrolone use was recorded in only 1 patient,
who received rhGH therapy prior to entering PATRO
Children. Based on data from several placebo-controlled
studies, use of oxandrolone in rhGH-treated girls with TS
increases AH by an average of 2.3-4.6 cm [32-35].

The effectiveness results from our analysis are broadly
in line with those from other observational studies in TS
patients. The Neuroendocrinology of Short Stature Inter-
national Study (GeNeSIS) included treatment-naive and
pretreated TS patients (n = 886), whose baseline charac-
teristics (mean baseline age 9.2 years and mean baseline
HSDS -2.56) were comparable to the present study. In
the GeNeSIS study, mean age at reaching AH was 17.2
years and near-adult HSDS was —1.70 (n = 695), although
these data are reported for the whole cohort, regardless of
pubertal status and rhGH pretreatment [8]. Another
analysis included data from treatment-naive TS patients
(n = 294) enrolled in the observational NordiNet® Inter-
national Outcome Study and the American Norditropin
Studies: Web-Enabled Research (ANSWER) Program
[9]. The baseline characteristics of patients included
(mean age 7.8 years and HSDS was —2.67) were again
comparable to those of the TS patients enrolled in PA-
TRO Children. At year 4, mean HSDS was —1.65 [9]; this
AHSDS from baseline (+1.0) is comparable to the year 3
AHSDS (+1.2) in prepubertal treatment-naive TS pa-
tients in PATRO Children.

The most common genetic variant in TS patients en-
rolled in PATRO Children was 45,X (monosomy X). A
response to GH treatment was observed across all karyo-
types, although patient numbers in the different groups
were very small due to the population used for analysis
(effectiveness set; patients who had completed 3 years of
follow-up). Nevertheless, previous studies have reported
that karyotype does not significantly influence response
to rhGH therapy in TS patients [11-13, 36].

In the current analysis, approximately one-third of pa-
tients in the 3-year effectiveness set reached AH. In treat-
ment-naive patients, mean adult HSDS was —2.0, and the
mean patient age at reaching AH was 16 years. The rela-
tively late initiation of treatment may have contributed to
the low adult HSDS observed. It is well recognized that
children with short stature, including those with TS, show
a greater response to rhGH if treatment is initiated at an
early age [13].
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The PATRO Children study has several limitations,
which are common to all observational studies. For ex-
ample, there is a potential selection bias due to enrollment
of patients from selected clinics in some countries. Ad-
ditionally, there are differences in the management of TS
patients across the different centers and countries includ-
ed in the study. Furthermore, as data are collected accord-
ing to routine clinical practice, there is a risk of bias as
some recorded data may be incomplete. In order to re-
duce this risk of bias, eCRFs were reviewed by data man-
agement to identify discrepancies, and participating cen-
ters were visited twice a year by a contract research orga-
nization to monitor data.

Conclusion

This analysis demonstrates that treatment with bio-
similar rhGH (Omnitrope®) is well tolerated and effec-
tive in TS patients managed in real-life clinical practice.
No unexpected or concerning safety signals were identi-
fied. However, several well-known AEs were observed,
confirming the need for ongoing patient monitoring.
Substantial height gains were observed in prepubertal in-
dividuals over 3 years of treatment, despite the use of dos-
esat the lower end of those recommended. This study also
indicates that rhGH treatment and estradiol supplemen-
tation can be further improved to help individuals with
TS to attain AH closer to the population mean.
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