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Boulogne-Billancourt, France, 4 Ipsen Pharma, Milton Park, United Kingdom, 5 Endocrinology and Diabetology, University
Children’s Hospital, Friedrich-Alexander University Erlangen-Nürnberg, Erlangen, Germany

Background: Puberty is delayed in untreated children and adolescents with severe
primary IGF-1 deficiency (SPIGFD); to date, it has not been reported whether recombinant
human insulin-like growth factor-1 mecasermin (rhIGF-1) treatment affects this. Pubertal
growth outcomes were extracted from the European Increlex® Growth Forum Database
(Eu-IGFD) Registry (NCT00903110).

Methods: The Eu-IGFD Registry includes children and adolescents aged 2 to 18 years
with growth failure associated with SPIGFD who are treated with rhIGF-1. Reported
outcomes include: age at last registration of Tanner stage 1 and first registration of Tanner
stage 2-5 (T2-T5; based on breast development for girls and genital development for
boys, respectively); maximum height velocity during each Tanner stage; and pubertal peak
height velocity (PPHV). Data cut-off was 13 May 2019.

Results: This analysis included 213 patients (132 boys and 81 girls). Mean (SD) age at last
registration of T1 and first registration of T5 was 13.0 (2.0) and 16.3 (1.6) years,
respectively, in boys and 11.6 (1.8) and 14.7 (1.5) years, respectively, in girls. Among
patients reaching the end of puberty (25 boys and 11 girls), mean (SD) height SDS
increased from -3.7 (1.4) at baseline in the Eu-IGFD Registry to -2.6 (1.4) at T5 in boys and
from -3.1 (1.1) to -2.3 (1.5) in girls. Maximum height velocity was observed during T2 in
girls and T3 in boys. Median (range) PPHV was 8.0 (0.3–13.0) cm/year in boys and 6.8
(1.3–9.6) cm/year in girls and occurred most frequently during T2. Overall, the adverse
events seen in this analysis were in line with the known safety profile of rhIGF-1.
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Conclusion: Children and adolescents treated with rhIGF-1 for SPIGFD with growth
failure experienced an increase in height SDS in prepubertal years compared with
baseline. Despite 1.5 years delay in pubertal start and a delayed and slightly lower
PPHV, height SDS gain during puberty was maintained.
Keywords: growth retardation, severe primary insulin-like growth factor-1 deficiency, puberty, mecasermin,
Eu-IGFD Registry
INTRODUCTION

The growth hormone (GH)/insulin-like growth factor-1 (IGF-1)
axis is crucial for linear growth and pubertal growth promotion
(1, 2), and IGF-1 deficiency causes severe growth retardation.
Severe primary IGF-1 deficiency (SPIGFD) comprises a group of
rare growth disorders, with a prevalence of approximately 1%
within the spectrum of IGF-1 deficiency disorders (3). The GH/
IGF-1 axis is disrupted in children with SPIGFD with GH
insensitivity (low IGF-1 levels, despite normal or elevated GH
secretion) (4, 5), leading to growth failure. Physical
characteristics resulting from SPIGFD include extremely short
stature, retarded organ growth, small hands and feet, and under-
development and weakness of the muscular system (6, 7).
Disruption to the GH/IGF-1 axis is also thought to have a
negative impact on gonadal function and pubertal
development in patients with SPIGFD (8–11).

Growth failure associated with SPIGFD in children aged 2 to
18 years can be successfully treated, especially when diagnosed
early (12), with long-term administration of recombinant human
IGF-1 (rhIGF-1). The rhIGF-1 Increlex® (mecasermin [rDNA
origin]; Ipsen Pharma, France) has been licensed for the
treatment of SPIGFD since 2005 in the USA and 2007 in
Europe (4, 5). Clinical trials have demonstrated that rhIGF-1
stimulates linear growth in children with SPIGFD, leading to
increased height velocity (13, 14). Despite being used in clinical
practice for over a decade, the impact of rhIGF-1 treatment on
pubertal growth dynamics has not been extensively assessed. The
effect of rhIGF-1 on pubertal development was described as part
of a study assessing the safety and efficacy of rhIGF-1 in children
with short stature and low IGF-1 levels, which showed that
pubertal development occurred at appropriate ages in all
individuals, except one; however, patient numbers in this study
were low (15). Two important characteristics of the growth spurt
at puberty are the pubertal peak height velocity (PPHV) and the
age at which the PPHV occurs (16, 17); as the effect of rhIGF-1
treatment on these variables is currently unknown, and further
research is required.

The European Increlex® Growth Forum Database (Eu-IGFD)
Registry is an ongoing, open-label observational study to
monitor the long-term safety and effectiveness of rhIGF-1
treatment in children and adolescents with growth failure in
routine clinical practice. The Registry aims to monitor patients
during, and after the end of treatment and to the attainment of
near adult height (1). Here, we describe pubertal growth
dynamics in children and adolescents with SPIGFD with
n.org 2
growth failure who were treated with mecasermin and whose
data were entered into the Eu-IGFD.
MATERIALS AND METHODS

Trial Design
The Eu-IGFD Registry is a descriptive, multicentre,
observational, prospective, open-ended, non-interventional,
post-authorization surveillance study (ClinicalTrials.gov ID:
NCT00903110) conducted in ten European countries (Austria,
Belgium, France, Germany, Italy, the Netherlands, Poland, Spain,
Sweden and the UK), and initiated in December 2008.

The primary objective of the Eu-IGFD Registry is to collect
long-term safety data on the use of mecasermin (rhIGF-1) for the
treatment of children and adolescents with growth failure,
including SPIGFD. The main secondary objective is to collect
long-term effectiveness data for rhIGF-1 treatment in children
and adolescents with growth failure. The Registry design has
been described previously (1). The analysis presented in this
manuscript covers data collected up to 13 of May 2019 and
focuses on the effect of rhIGF-1 treatment on pubertal
growth dynamics.

Patients
The Eu-IGFD Registry includes children and adolescents aged 2
to 18 years. All children and adolescents presenting at
participating centres with growth failure associated with
SPIGFD, for whom rhIGF-1 is indicated, and those who are
already receiving treatment with rhIGF-1, are eligible for
enrolment into the Registry and are assessed throughout their
course of treatment (irrespective of subsequent treatment
changes). The decision to prescribe rhIGF-1 treatment is made
independently of the decision to enrol the patient into the
Registry (1). Children and adolescents currently participating
in either a mecasermin clinical trial or in any clinical trial for
treatment of growth retardation were excluded from the Eu-
IGFD Registry.

The analysis presented in this manuscript includes children
and adolescents who were prepubertal (Tanner stage [T] 1;
before breast development in girls and genital development in
boys) at first rhIGF-1 intake in the Eu-IGFD Registry, were not
receiving gonadotropin-releasing hormone (GnRH) agonist
treatment and whose data were entered in the Eu-IGFD
Registry before 13 May 2019.
February 2022 | Volume 13 | Article 812568
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Treatment
The administered dose of rhIGF-1 was in accordance with the
European Summary of Product Characteristics (SmPC) for
mecasermin (4) and local clinical practice. Dosing was
individualised based on the treating-physician’s clinical
judgment. According to the mecasermin prescribing
information, doses of 0.04–0.12 mg/kg bodyweight are given
twice daily by subcutaneous injection before or shortly after a
meal or snack. The timing and dose of rhIGF-1 treatment were
at the discretion of the treating-physician and were
independent of the decision to include patient data in the Eu-
IGFD Registry.

Outcomes
Anonymous data in the patients’ medical records are collected
using an electronic case report form. General methodology for
the Eu-IGFD Registry and information collected at baseline (or
the visit closest to the start of rhIGF-1 treatment) and each
follow-up visit has been described previously (1). The number
and frequency of follow-up visits are determined by the
investigator’s judgment based on clinical need and mecasermin
SmPC recommendations (1).

The following endpoints are reported in this manuscript:
breast development in girls and genital development in boys
were assessed at each visit according to Tanner stage, and the last
registration of T1 and first registration of stages T2 to T5 were
identified. Data were collected until patients reached adult
height. In reporting the data on Tanner stage, an informal
comparison was made with reference data from a healthy
population in Denmark (18). Pubertal duration was defined as
the time between last registration of T1 to first registrations of
T4/T5. Maximum height velocity during each Tanner stage was
calculated. PPHV was defined as the maximum annualised
height velocity between two visits ≥6 months apart during T2
to T4/T5. The Tanner stage at which PPHV occurred was noted.
The evolution in height SDS during pubertal development was
also assessed.

Adverse events (AEs) were reported by the investigator and
classified as serious or non-serious, as mild, moderate or severe,
and whether they were related or not to rhIGF-1 treatment.
Neoplasia events and all ‘targeted’ AEs were collected. Targeted
AEs are defined as those AEs that were shown to occur
frequently or historically associated with rhIGF-1 treatment
(i.e., headache, otitis media, papilledema, hypoglycaemia,
acromegalic facial changes, oedema, gynaecomastia, hearing
loss, intracranial hypertension, lipohypertrophy at injection
si te , myalgia , s leep apnoea, tonsi l lar hypertrophy,
and cardiomegaly).

Statistics
Descriptive statistics were used for all endpoints. Results are
presented as mean (standard deviation [SD] or two-sided 95%
confidence interval [CI] of the mean) and median (range or 25th

and 75th percentiles). For categorical variables, the 95% CIs of the
proportion are provided. Unless specified, continuous variables
are given as median (range).
Frontiers in Endocrinology | www.frontiersin.org 3
RESULTS

Patient Characteristics
Between December 2008 and May 2019, 281 patients were
enrolled in the Eu-IGFD Registry; of these: 213 (132 boys and
81 girls) were prepubertal and were included in this analysis
(Table 1); 157 (73.7%) were treatment-naïve (i.e., had not
received previous growth-promoting treatment); and SPIGFD
was the diagnosis in 188 (88.3%) patients (Table 1). All patients
who were pubertal at the start of rhIGF-1 treatment in the
Registry have been excluded from this analysis.

Of the 36 participants assessed until the end of puberty
(excluding patients treated with gonadotropin-releasing
hormone agonist), 14 were non-naïve, including 11 who were
previously treated with rhGH, 2 who were previously treated
with rhIGF-1, and 1 who was previously treated with both rhGH
and rhIGF-1.

The median (range) duration of follow-up from the start of
rhIGF-1 treatment was 4.3 (0.2–11.0) years. Mean rhIGF-1 doses
remained stable as puberty progressed, with median doses of 120
µg/kg bid at all stages of puberty. At 1 year after initiation of
rhIGF-1 treatment (after the titration period), 107 (50.2%) were
receiving 120 µg/kg bid (the recommended maximum dose) (4)
or above (only 6 patients were receiving a dose above 120µg/kg
bid), 24 (11.3%) were receiving 100-120 µg/kg bid, and 82
(38.5%) were receiving <100 µg/kg bid.

Puberty and Pubertal Growth Dynamics
The mean (SD) age at start of rhIGF-1 treatment for patients
reaching the end of puberty was 10.9 (2.56) years for boys, and
9.1 (1.83) years for girls. The mean age of patients at entry into
each Tanner stage is shown in Figure 1 (not all children had
visits at every Tanner stage as the time between clinic visits
varied). Compared with a Danish reference population of healthy
children (18), boys and girls with SPIGFD had delayed entry into
T2, with approximately 1.5 years, and with less delayed entry into
T4/T5. Among the patients reaching the end of puberty (T5; 25
boys and 11 girls), mean (SD) pubertal duration from last T1 was
3.7 (1.2) years in boys and 3.9 (1.0) years in girls. During pubertal
development, height SDS was unchanged in boys while an
apparent increase was observed in girls (Figure 1).

Height SDS at T1-T5 for boys and girls is shown in Table 2.
There was no correlation, in the small subgroup reaching the end
of puberty (25 boys and 11 girls), between the duration of
treatment in the prepubertal period and total height SDS gain
or height SDS gain during the pubertal period.

Maximum height velocity was achieved in T2 (breast
development) in girls and in T3 (genital development) in boys
(Figure 2). For the overall period of puberty, median (range)
PPHV was 8.0 (0.3–13.0) cm/year in boys (n=62) and 6.8 (1.3–
9.6) cm/year in girls (n=35). PPHV was observed at T2 for 40%
of boys and 57% of girls (Figure 3) and mean (SD) age at PPHV
was 15.3 (1.9) years in boys (n=62) and 13.3 (1.8) years in girls
(n=35). In the subgroup of patients reaching T4/T5 at the time of
this analysis, mean (SD) PPHV was 8.2 (2.3) cm/year in boys
(n=43) and 7.2 (1.5) cm/year in girls (n=23).
February 2022 | Volume 13 | Article 812568
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TABLE 1 | Patient characteristics of prepubertala patients at the start of rhIGF-1 intake in the Eu-IGFD Registry (baseline) and at last rhIGF-1 intake.

Boy (n=132) Girl (n=81) Total (N=213)

Patient characteristics at the start of rhIGF-1 intake (baseline)
Previously treated, n (%)b 37 (28.0) 19 (23.5) 56 (26.3)
Treatment-naïve, n (%) 95 (72.0) 62 (76.5) 157 (73.7)
Age, years
Mean (SD) 8.8 (3.8) 8.1 (3.6) 8.6 (3.7)
Median (range) 8.6 (0.4–16.1) 8.2 (1.9–14.8) 8.3 (0.4–16.1)

Height, cm
n 117 74 191
Mean (SD) 111.3 (20.0) 106.8 (20.8) 109.6 (20.4)

Height SDS
n 117 74 191
Mean (SD) -3.7 (1.4) -4.0 (1.4) -3.8 (1.4)

BMI SDS
n 105 68 173
Mean (SD) -0.7 (1.4) -0.9 (1.3) -0.8 (1.4)

Bone age, years
n 23 16 39
Mean (SD) 7.8 (3.2) 7.1 (3.1) 7.5 (3.2)

Height velocity, cm/y
n 75 41 116
Mean (SD) 4.6 (1.7) 5.1 (1.8) 4.8 (1.8)

Diagnosis, n (%)c

Severe primary IGF-1 deficiency 116 (87.9) 72 (88.9) 188 (88.3)
Primary IGF-1 deficiency 9 (6.8) 7 (8.6) 16 (7.5)
GH gene deletion with anti-GH antibodies 1 (0.8) 0 (0.0) 1 (0.5)
Small for gestational age 2 (1.5) 2 (2.5) 4 (1.9)
Insulin resistance syndrome 0 (0.0) 1 (1.2) 1 (0.5)
Diabetes 1 (0.8) 0 (0.0) 1 (0.5)
Other 6 (4.5) 2 (2.5) 8 (3.8)

Laron syndrome, n (%) 18 (13.6) 12 (14.8) 30 (14.1)
Patient characteristics at last rhIGF-1 intaked

Age, years
Mean (SD) 12.9 (4.0) 11.6 (3.6) 12.4 (3.9)
Median (range) 13.0 (2–22) 12.0 (4–18) 12.6 (2–22)

Pubertal stage at last visit while on treatment, n (%) 115 75 190
1 56 (48.7) 38 (50.7) 94 (49.5)
2 14 (12.2) 10 (13.3) 24 (12.6)
3 11 (9.6) 9 (12.0) 20 (10.5)
4 19 (16.5) 12 (16.0) 31 (16.3)
5 15 (13.0) 6 (8.0) 21 (11.1)

Missing data 17 6 23
Height, cm
n 131 79 210
Mean (SD) 135.1 (22.4) 128.0 (19.7) 132.4 (21.7)

Height SDS
n 131 79 210
Mean (SD) -2.9 (1.5) -3.0 (1.5) -2.9 (1.5)

BMI SDS
n 131 79 210
Mean (SD) -0.1 (1.5) -0.4 (1.4) -0.2 (1.5)

Bone age, years
n 34 16 50
mean (SD) 10.2 (4.4) 10.6 (3.3) 10.3 (4.0)

Height velocity, cm/y
n 88 51 139
Mean (SD) 5.3 (2.3) 4.7 (2.0) 5.1 (2.2)
Frontiers in Endocrinology | www.frontiersin.org
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aPrepubertal patients not treated with a gonadotropin-releasing hormone agonist.
bIn prepubertal patients followed until the end of puberty (excluding patients treated with gonadotropin-releasing hormone agonist), 14 were non naïve, including 11 previously treated with
rhGH, 2 previously treated with rhIGF-1, and 1 previously treated with both rhGH and rhIGF-1.
cMore than one diagnosis is possible.
dOr the time of evaluation if treatment with rhIGF-1 was ongoing.
GH, growth hormone; IGF-1, insulin-like growth factor-1; SD, standard deviation; SDS, standard deviation score.
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A

B

FIGURE 1 | Mean age of entry into Tanner stage* and mean height SDS at each Tanner stage in rhIGF-1-treated children compared with reference population (18).
(A) Boys. (B) Girls. Reference population: healthy Caucasian children from public schools in Denmark between 1991–1993. A total of 826 boys and 1100 girls (aged
6.0 to 19.9 years) were included. Dashed lines show 95% confidence intervals for the Eu-IGFD Registry population. *Except T1 values, which are age at last T1. aFor
children in the Eu-IGFD Registry, this was the mean age at first registration into each Tanner stage. SPIGFD, severe primary insulin-like growth factor-1 deficiency;
SD, standard deviation; SDS, standard deviation score.
TABLE 2 | Height SDS at different Tanner stages of the subgroup of children receiving rhIGF-1 who reached the end of puberty during the time period of this analysisa.

Boys (n=25) Girls (n=11)

BL T1 T2 T3 T4 T5 BL T1 T2 T3 T4 T5

Age in years at Tanner
stage, mean (range)

10.9 (5.8
to 15.3)

12.6 (8.0
to 16.0)

13.1 (8.6
to 16.3)

14.2 (11.0
to 16.5)

15.2 (11.9
to 17.4)

16.3
(12.3 to
19.0)

9.1 (6.1
to 11.2)

10.8 (8.8
to 13.0)

11.5 (9.5
to 13.7)

12.4 (10.6
to 15.9)

13.4 (11.0
to 15.4)

14.7 (12.0
to 17.4)

Height SDS, mean
(range)

-3.7 (-7.0
to -1.7)

-3.1 (-3.7
to -2.4)

-2.9 (-6.1
to -1.3)

-2.8 (-6.6
to -0.8)

-2.9 (-7.0
to -1.2)

-2.6 (-6.9
to -0.5)

-3.1 (-5.9
to -2.0)

-2.7 (-3.1
to -2.1)

-2.6 (-4.6
to -1.1)

-2.3 (-5.1
to -1.1)

-2.3 (-6.1
to -0.9)

-2.3 (-6.5
to -1.0)
Frontiers in Endocrinology
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aat latest registration of T1, and at first registration of T2, T3, T4 and T5.
BL, baseline; SDS, standard deviation score.
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Mean (SD) growth recorded between the last registration of
T1 and first registration of T4 was 17.0 (6.4) cm in boys (n=40)
and 17.5 (3.8) cm in girls (n=23), and between the last
registration of T1 and first registration of T5 was 25.2 (7.2) cm
in boys (n=24) and 20.8 (3.9) cm girls (n=11).

Safety
In this population of 213 patients who were prepubertal at
the time of initiation of rhIGF-1 treatment, 143 (67.1) had at
least one treatment-emergent AE (TEAE; Table 3). The three
most frequent TEAEs were: hypoglycaemia, 23.9%;
lipohypertrophy, 11.7%; and headache, 11.7% (Table 3).
Frontiers in Endocrinology | www.frontiersin.org 6
Targeted TEAEs were reported in 109 patients (51.2%), and
15 patients (7.0%) had 25 serious targeted TEAEs. Twenty-two
patients (10.3%) had 39 serious TEAEs that were considered,
by the investigator, to be related to treatment. Neoplastic
TEAEs were reported in six patients: two cases of
melanocytic naevus, and one each of dysplastic naevus,
haemangioma of skin, myelodysplastic syndrome and
papillary thyroid cancer. Eleven patients (5.2%) withdrew
because of TEAEs. Two patients (0.9%) had a fatal TEAE:
one patient had myelodysplastic syndrome; and one patient
had a complication of a bone marrow transplant. In both
patients there were other confounding medical conditions and
A

B

FIGURE 2 | Maximum height velocity at each Tanner stage in children receiving rhIGF-1 for growth failure. (A) Boys. (B) Girls. The middle box represents the
interquartile range; the mid-line represents the median value. The upper/lower whiskers represent the upper and lower quartiles. SPIGFD, severe primary insulin-like
growth factor-1 deficiency.
February 2022 | Volume 13 | Article 812568
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death was considered unrelated to the study drug by the
reporting investigators.
DISCUSSION

The results from this analysis of Eu-IGFD Registry population of
rhIGF-1-treated patients with SPIGFD and growth failure suggest
that puberty is delayed by approximately 1.5 years and that PPHV
Frontiers in Endocrinology | www.frontiersin.org
t
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is delayed in both sexes despite ongoing rhIGF-1 treatment.
Treatment with rhIGF-1 may provide improvements in
measures of pubertal growth dynamics, including maintenance
of (boys) or slight further increase (girls) in height SDS during
puberty. The total pubertal height gain in the limited number of
patients with SPIGFD reaching T5 during the time period of this
analysis was within the expected range for healthy boys and girls,
respectively, as was the duration of puberty (last T1 through to
T5) (18). The dose of rhIGF-1 may be of importance, and for
safety reasons should not exceed 120 µG/kg bid (4), nevertheless
in this analysis, not all of the patients received the recommended
maximum dose of rhIGF-1. However, the responsiveness to
rhIGF-1 is likely to be individual and we have previously failed
to identify an rhIGF-1 dose that can predict the first year height
response in patients with or without Laron syndrome (12).

Data on age of entry into Tanner stages were compared with a
reference population (consisting of 826 and 1100 healthy
Caucasian boys and girls, respectively), aged 6.0 to 19.0 years,
from public schools in Denmark between 1991 and 1993 (18).
These normative data were used because they provide reliable
information from a large European population sample. When
compared with this reference population, the Eu-IGFD Registry
population started puberty approximately 1.5 years later. Laron
et al. (19) described reference values for untreated children with
SPIGFD, in which the authors noted that puberty was more
delayed in boys than in girls: the mean onset of puberty in girls
with Laron Syndrome was 10.7 (0.7) years and 15.6 (2.6) years in
boys with Laron Syndrome (compared with 12.1 years and 13.3
years, respectively, in the rhIGF-1-treated Eu-IGFD population).
Thus rhIGF-1 treatment of patients with SPIGFD does not
appear to completely correct the age at which puberty occurs.

The population in the Eu-IGFD Registry reported here
reached a maximum height velocity later in life than historical
TABLE 3 | Overview of frequently reported (≥2% of patients) treatment-emergen
adverse events in children receiving rhIGF-1 with growth failurea.

Number of patients (%)b (N = 213

Any TEAE 143 (67.1)
Serious TEAE 47 (22.1)
Treatment-related TEAE 107 (50.2)
Targeted TEAE 109 (51.2)
Most frequent TEAEs (≥2% of
patients)
Hypoglycaemia 51 (23.9)
Lipohypertrophy 25 (11.7)
Headache 25 (11.7)
Tonsillar hypertrophy 22 (10.3)
Otitis media 17 (8.0)
Insulin-like growth factor increased 12 (5.6)
Deafness 8 (3.8)
Adenoidal hypertrophy 6 (2.8)
Injection site pain 6 (2.8)
Acromegalyc 6 (2.8)
Sleep apnoea 5 (2.3)
aMedian duration of follow-up from the start of rhIGF-1 treatment, 4.3 years.
bWith at least one event.
cAcromegalic facial changes
TEAE, treatment-emergent adverse event; TSH, thyroid stimulating hormone.
FIGURE 3 | Pubertal stage at pubertal peak height velocity in children receiving rhIGF-1 for SPIGFD with growth failure. Percentage of patients who started puberty
with available data on PPHV, and stage at which PPHV occurred. Percentages for each gender do not add up to 100% as Tanner stage 5 has been omitted from
this figure. PPHV, pubertal peak height velocity; SPIGFD, severe primary insulin-like growth factor-1 deficiency.
February 2022 | Volume 13 | Article 812568

https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Bang et al. Mecasermin and Pubertal Growth Dynamics
healthy controls [15.2 years vs approximately 13.5 years for boys,
respectively (20); 13.3 years vs approximately 11.5 years for girls,
respectively (20)]. However, untreated children with SPIGFD
lack the typical pubertal growth spurt usually seen in children
without GH insensitivity (19), and therefore, in the Eu-IGFD
Registry population, rhIGF-1 treatment may restore, to a certain
extent, the pubertal growth spurt compared with no treatment.
Nevertheless, further research is needed to confirm these
findings. PPHV was approximately 2 cm/year lower in patients
with growth failure included in the Eu-IGFD Registry than in
healthy populations (20).

The AE profile reported in this analysis of the Eu-IGFD
Registry is generally consistent with previous reports of AEs
during long-term treatment with rhIGF-1 (6). rhIGF-1 treatment
may increase the risk of benign and malignant neoplasia in
patients with SPIGFD (4, 21); therefore, special consideration of
these events in this Registry population is important. Although
available data do not allow calculations of relative risk, the
current analyses included six neoplasm TEAEs (2.8% of the
population). In those who receive rhIGF-1 treatment for
unapproved uses or at above the recommended doses, risk of
neoplasia may be higher. Clinicians should be vigilant for
potential malignancy symptoms and if neoplasia develops,
rhIGF-1 treatment should be discontinued, and appropriate
expert medical care sought. However, the data in this study do
not raise any new safety concerns.

While the Eu-IGFD Registry is a robust source of long-term
data in a large Europe-wide population, an updated analysis of
the data would provide a larger dataset for analysis of near adult
height and pubertal growth characteristics. Other limitations in
these data stem from the non-interventional nature of the Eu-
IGFD Registry. For example, the frequency of visits to physicians
may have resulted in some stages of puberty being unrecorded.
There are also insufficient data on patients who stopped
treatment before puberty. As is typical of registries, there is no
comparator group and the use of previously published
populations (e.g., from Denmark and the UK) may be sub-
optimal, but studies of healthy children across the same
geographical range as the Eu-IGFD are lacking. Furthermore, it
was not possible to establish representative control populations
as the ethnicity, country of origin and immigrant status of the
study population were not routinely collected in the Registry.
Nevertheless, while this represents a drawback of the current
analysis, the use of a control group originating from Europe and
inclusion of comparator populations large enough to be
considered reliable may mitigate these methodological
limitations to some extent. In previous analyses of height data
from the Eu-IGFD Registry, we focused on children who were
prepubertal and naïve to treatment that may affect growth. In the
current analysis, most patients (157 of 213) were treatment naïve,
but importantly 14 of the 36 children who reached the end of
puberty had received prior growth-promoting therapy, including
11 previously treated with rhGH, 2 previously treated with
rhIGF-1, and 1 previously treated with both rhGH and
rhIGF-1. We do not yet have data regarding the first-year
height response in patients previously treated with growth-
promoting therapy compared with treatment-naïve patients,
Frontiers in Endocrinology | www.frontiersin.org 8
but responses may be lower than in treatment-naïve patients.
This means there is a potential risk of underestimating the first-
year height response in the group of children that reached T5,
and were prepubertal at start of rhIGF-1. It is worth noting here
that rhIGF-1 is approved for patients with SPIGFD and GH
sufficiency, and therefore, is not considered a reasonable
alternative to rhGH treatment in GH-sensitive patients.
Despite these limitations, these data are the first of their kind,
and therefore do add to our knowledge on the impact of rhIGF-1
on pubertal growth dynamics.

The results from this analysis provide further support to the
concept that the GH/IGF-1 axis has a crucial role in gonadal
function and pubertal development. While there has been a lack
of direct evidence showing the benefit of IGF-1 treatment on
pubertal development in patients with SPIGFD, indirect
evidence has come from studies in patients with GH
insensitivity syndrome, which offer a unique human model to
study the effects of congenital IGF-1 deficiency. In these
patients, pubertal development is delayed and genitalia and
gonads are typically small (8, 9). Furthermore, findings from in
vivo and clinical studies have demonstrated the importance of
IGF-1 in supporting testicular function and steroidogenesis
(10, 11).

In conclusion, boys and girls treated with rhIGF-1 for
SPIGFD with growth failure experienced an increase in height
SDS compared with baseline. rhIGF-1-treated patients entered
puberty at an older age than children in a previously reported
healthy population; and PPHV was achieved later in life and was
lower overall than in a previously reported healthy population.
Despite an older age at pubertal start, rhIGF-1 treated children
with SPIGFD maintain or slightly increase their height SDS
during pubertal years. Current knowledge of IGF-1 biology
indicates that IGF-1 could play a role in malignancies in all
organs and tissues. Physicians should therefore be vigilant of any
symptoms of potential malignancy. If benign or malignant
neoplasia develops, rhIGF-1 treatment should be discontinued,
and appropriate expert medical care sought immediately.
Overall, the AEs seen in this analysis were in line with the
known safety profile of rhIGF-1. Data from this analysis suggest
that, compared with no treatment, rhIGF-1 may provide
improvements for children with growth failure due to SPIGFD.
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