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ABSTRACT

INTRODUCTION: Noonan syndrome (NS) is caused by mutations in RAS/MAPK signalling pathway genes.
Growth hormone (GH) treatment is an established yet not fully standardized treatment.

AIM: The aim of this article is to assess the first 2 years of GH treatment in NS patients at a single centre.

PATIENTS AND METHODS: A total of 20 (16 males) NS clinically diagnosed regularly followed patients
participated (2011-2020). Of these, 9 (45%) had cardiac defects, and 8 (40%) had short stature. Growth hor-
mone deficiency (GHD) was confirmed in 5 patients who started GH treatment, and 2 were treated as short,
small for gestational age children. Patients underwent anthropometry, clinical, laboratory and imaging in-
vestigations.

RESULTS: The mean age at NS diagnosis was 7.8+3.4 years (1.3+10.5), and at GH start 9.1+1.5 years. At
GH start, SDSheight was -3.42+0.58 (-4.1+-2.6), SDSweight-3.07iO.58 (-3.73+-2.27), and SDS  -1.12+0.98

(-2.44+0.25). The mean BA at diagnosis was delayed by 2.6 + 0.9 years. The GH starting dose was 0.035+0.005
mg/kg/d, and changed little thereafter.

The growth velocity for the 1* year of treatment was 8.9+1.4 cm, and for the 2" year 6.9+1.1 cm. The first
year ASDS, . was0.72 (p=0.002), ASDS_, . was 0.83 (p=0.025), the 2"* year increments being insignificant.
The 1* and 2" year ASDS, . were 1.70 (p=0.007) and 0.25 (n.s.), resp. Bone age remained significantly de-
layed. No treatment side effects were observed.

CONCLUSION: Our study showed that GH-treated
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Noonan Syndrome Patients with Short Stature at a Single Paediatric Endocrinology Centre

INTRODUCTION

Noonan syndrome (NS) (OMIM#63950, OR-
PHA:648) is a congenital disorder presenting with
characteristic facial features, heart defects, short stat-
ure, skeletal and ectodermal abnormalities, bleed-
ing tendency and increased risk for tumour genesis
(1). It was first reported in 1962 by Jacqueline Noon-
an. Noonan syndrome has a reported prevalence of
1:1000 to 1:2500 (2). It is caused predominantly by
autosomal dominant mutations although most cas-
es are sporadic. The genetic nature of the condition
started to reveal since the first description of a muta-
tion in 2001 (3). Before that, NS was often referred to
as phenotypic Turner syndrome and similar terms.
Different genes have been associated with NS such
as PTPN11 (about 50% of cases) (1,4), KRAS, HRAS,
BRAF1, SOS1, MAP2K1, MAP2K2, RAF], etc. In
about 15% of cases no mutation has been found yet
(5). Mutated genes causing NS are involved in the
RAS/MAPK signalling pathway, which is impor-
tant for cell proliferation, differentiation, and apop-
tosis (6). This is also the reason to the frequent us-
age in the literature of the cumulative name RA-
Sopathies, all classified as rare diseases. Apart from
NS, the RASopathies include LEOPARD syndrome
(OMIM 151100), Cardio-facio-cutaneous syndrome
(CFC) (OMIM 115150), Costello syndrome (OMIM
218040), Neurofibromatosis type 1 (OMIM 162200),
Legius syndrome (OMIM 611431).

About 70% of the patients with NS have short
stature (7) although its exact mechanisms have not
yet been defined. Multiple studies (8-13) have shown
the effectiveness of growth hormone (GH) treatment
for these patients but it is not yet fully standardized.

AIM

The objective of the current study is to assess
the characteristics of NS patients at a single Expert
Centre of Rare Endocrine Diseases in Varna (VE-
CRED) and to evaluate GH treatment prevalence and
effectiveness.

PATIENTS AND METHODS

The design of the current study is retrospective
cohort evaluation. The study includes patients diag-
nosed clinically with NS based on the van der Burgt
criteria (14) at a tertiary university centre in Varna,

Bulgaria with an adjacent ECRED, for a 10-year pe-
riod (2011-2021).

Patient’s height and weight were measured in
a standard manner using wall-mounted Harpenden
stadiometer and professional TANITA measuring
scale. Body mass index (BMI) was calculated. Two
standard stimulation tests for GH deficiency (GHD)
in some of the patients using glucagon, insulin, and/
or arginine hydrochloride test substances. Standard
protocols were followed for the tests. Growth hor-
mone deficiency was defined by levels of GH<10 ng/
mL at all measurement points during the tests. Bone
age (BA) was estimated by experienced paediatric
endocrinologists using the Greulich and Pyle meth-
od at the beginning of GH therapy and after 1 and 2
years of treatment, respectively. At each visit the pa-
tients had laboratory tests done to follow renal and
hepatic function. Hormonal tests were performed in-
cluding TSH, FT4, LH, FSH, estradiol/testosterone.

Patients who had structural heart defects were
followed annually by a paediatric cardiologist and
had echocardiography performed. DNA testing was
performed at the Institute of Human Genetics, Uni-
versity Hospital Magdeburg, Germany in a sample of
the patients.

Statistical analysis was conducted using IBM
SPSS ver. 19.0. P<0.05 was considered statistically
significant.

RESULTS

A total of 20 patients of whom 16 males (80%)
and 4 females (20%) diagnosed with NS (one boy
with LEOPARD syndrome and one boy with CFC)
were included in the study. Seven patients (35%) re-
ceived GH treatment due to short stature (SDSheight<-2
compared to standard growth reference). Four pa-
tients (20%) did not need therapy by the time of data
collection due to lack of short stature. One patient
(5%) with LEOPARD syndrome was diagnosed at
16.0 years of age with no further growth potential.
Eight patients (40%), of whom one with short stat-
ure and 7 who were advised to visit the centre for re-
assessment after six months, were lost to follow-up.

Nine (45%) patients had structural heart de-
fects. Six of them were annually followed by a pae-
diatric cardiologist and had echocardiography per-
formed. DNA test results showed that 3 patients
(27.3%) had PTPNI11 mutation, 1 (9.1%) had KRAS
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mutation, 1 (9.1%) had BRAF mutation, one (9.1%)
had A2ML1 mutation, in 2 patients (18.2%) no mu-
tation was found, and 3 (27.3%) were still waiting for
genetic results by the time of data collection.

Among our patients 7 (35%) received GH treat-
ment. One patient is not included in the statisti-
cal analyses due to the short period of treatment (1
month) by the time of data collection and a total
number of 6 patients were analysed. The DNA test
results of the 7 GH-treated patients showed that 3
(43%) had PTPN11 mutation, in 2 patients no mu-
tation was found, and in 2 (28.5%) the genetic work-
up was not yet finalized (Fig. 1). Four (57.1%) of the
treated patients had heart defects (2 with pulmonary
stenosis, 1 with pulmonary and aortic stenosis and 1
with aortic regurgitation).

DNA test results of GH treated patients

mPTPN11 (n=3) mNo mutaion found (n=2) m Not finalized (n=2)

Fig. 1. DNA test results of GH treated patients

Two patients (10%) were treated under the label
“small for gestational age without postnatal catch-up
growth”. The other five children (25%) underwent at
least two GH stimulation tests and all of them had
peak levels of GH<10 ng/mL at all time points.

The mean age at clinical diagnosis was 7.8+3.4
(range 1.3+10.5) years. The mean age at the begin-
ning of GH treatment was 9.1+1.5 years (7.5+10.7) and
the mean period of treatment was 38.3+15.3 months
(range 17.0+59.0). At diagnosis, the mean SDS, . was

-3.42 + 0.58 (range -4.1+-2.6), the mean SDS was

weight

-3.07+0.58 (range -3.73+-2.27) and mean SDS, , was
-0.75+0.17 (range -1.09+-0.58). The mean SDS  at
the beginning of the treatment was -1.12+0.98 (range
-2.44+0.25). The mean BA at diagnosis was 6.4%1.3
(4.6+7.8) years and was delayed by 2.6+0.9 years com-
pared to chronological age (CA). The starting dose
of GH was 0.035+0.005 mg/kg/d (0.029+0.045). The
dosage thereafter changed based on growth velocity,
safety parameters and IGF-1 values for some of the
patients and the mean dosage during the first year
of treatment was 0.036+0.002 (0.034+0.038) mg/kg/d
and was increased to 0.037+0.003 (0.034+0.041) mg/
kg/d during the second year.

After one year of GH treatment, the mean
height ASDS was 0.72 (p=0.002) and between the
first and second year the mean height ASDS was
0.56 (p=0.09). The mean ASDS for weight was 0.83
(p=0.025) and 0.25 (p=0.09) at the end of the 1* year
and between the 1* and 2™ year of treatment, respec-
tively. The mean ASDS, | was 0.16 (p=0.609) and 0.35
(p=0.801) at the end of 1* year and between 1* and
2"dyear of treatment respectively. The mean ASDS
was 1.70 (p=0.007) and 0.25 (p=0.543) at the end of
the 1* year and between the 1 and 2 year of treat-
ment, respectively. Data are shown on Fig. 2 and in
Table 1. The mean growth velocity during the first
year of GH treatment was 8.9+1.4 cm/year for the
first year and 6.9+1.1 cm/year for the second year of
treatment (Fig. 3). By the end of the first year of treat-
ment, the mean BA was 7.6+2.2 years and was de-
layed by 1.9+0.9 years compared to chronological age
(CA). By the end of the second year of treatment the
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Mean growth velocity during GH treatment (cm/year)
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Fig. 3. Mean growth velocity during GH treatment

(cm/year)
Table 1. Patient characteristics during the period of
observation
Patient Characteristics | Baseline | 1% year | 2" year
Mean SDS, | -3.42 -2.70 -2.14
eight

Mean SDSweight -3.07 -2.24 -1.99
Mean SDS -1.12 0.58 0.83

IGF1

mean BA was 9.4+2.3 years and was delayed 1.5+1.1
years compared to CA.

No patient reached puberty for the first 2 years
of GH treatment. In the patients with heart defects,
no progression of the condition was observed. There
was no significant change in BMI during the treat-
ment period. None of the patients were diagnosed
with a malignant disease throughout the period of
observation.

DISCUSSION

Noonan syndrome is a relatively common ge-
netic disorder within the group of rare diseases, with
short stature as one of its main characteristic fea-
tures. Although the precise pathogenetic mechanism
of short stature has not been defined, multiple stud-
ies have shown the positive effect of GH treatment
on stature. There are conflicting data regarding the
long-term effectiveness of treatment. Some authors
describe a significant increase in growth velocity and
SDS, . ,, during the first year of treatment and a wan-
ing effgect afterwards (9,10). Other studies show con-
sistent increase of SDS, ~during long-term treat-
ment (15). Horikawa et al. (13) showed that consistent
increase in SDS, . is achieved only in NS patients

treated with higher doses of GH. Our study shows
that during the first year of GH treatment there was
statistically significant (p < 0.05) improvement in
height, weight, GV and IGF-1 levels. Treatment dur-
ing the second year shows less satisfactory and no
statistically significant results. The unsatisfactory re-
sults may be due to the late age at beginning of treat-
ment or low GH dosage.

Multiple studies have been performed on the
relationship between genotype and GH treatment
effectiveness. Noonan syndrome patients with a
PTPNI11 mutation are often reported to have normal
to high levels of GH and lower levels of IGF-1 sug-
gesting GH resistance (16). Some authors speculate
that this might be the reason for the less satisfacto-
ry results from GH treatment seen in these patients
compared to NS patients with mutations in other
genes (12). In contrast, other studies have shown no
significant difference in treatment effectiveness be-
tween different genotypes (17). The patient sample in
the current study is small and such conclusions can-
not be made.

The use of GH for NS patients has recently
been approved by the European Medicines Agen-
cy (https://mri.cts-mrp.eu/Human/Product/De-
tails/14639). So far there are no universal treatment
protocols for NS patients. Zavras et al. (19) compared
the effectiveness of similar doses of GH between pa-
tients with NS and with idiopathic growth hormone
deficiency (IGHD) and showed that NS patients had
less satisfactory results. Seok at al. (9) demonstrated
that patients with NS needed higher doses of GH to
achieve similar results on growth compared to IGHD
patients. This may be due to the late age at the begin-
ning of treatment and possible GH resistance (20) in
NS patients. Some studies show no significant differ-
ence between the GH dosage used and the effects on
growth in NS patients (19,21). In contrast, Horikawa
et al. (13) described a significantly better response to
a higher GH dose. In the current study the used dos-
es of GH seem to be insufficient to achieve satisfacto-
ry results beyond the first year of treatment.

There have been concerns regarding the pos-
sible side effects of GH such as progression of heart
structural defects, particularly, hypertrophic cardio-
myopathy, as well as increasing the risk for malig-
nancy and negative metabolic effects. Most authors
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show no progression of the structural heart defects
during treatment (16,22). It should be noted, though,
that NS patients with RAF1 mutation are at risk for
developing progressive hypertrophic cardiomyopa-
thy (17) and GH treatment in these patients should
be carefully considered. Similar to previous data, the
patients in the current study showed no progression
of the structural heart defects.

Patients with NS are at increased risk for malig-
nant diseases, particularly juvenile myelomonocytic
leukaemia. There have been concerns regarding the
risk for GH treatment to increase these patients’ ma-
lignancy potential. So far GH treatment has not been
associated with an increased risk for malignancy (8).
None of the patients in the current study developed
malignancy during the period of observation.

Growth hormone treatment has been associat-
ed with negative impact on lipid and carbohydrate
metabolism (16). Studies of NS patients treated with
GH show no negative effect on the metabolic pro-
file, no change in BMI and body composition dur-
ing treatment (15,19). Data from the literature sug-
gest that disease-causing mutations in NS might have
a protective role for the metabolism as NS patients
rarely develop obesity and impaired carbohydrate
metabolism (7). The current study is consistent with
previous reports of stable BMI during GH treatment,
but lipid levels were not assessed due to the low num-
bers of the participants.

There is still a large number of NS patients who
do not reach a paediatric endocrinologist, and as a
result are not diagnosed, treated or followed. This is
a significant issue which could be overcome via uni-
tied efforts at different levels — education and train-
ing of medical students and medical staff, raising
awareness among the society, increasing free re-
sources for parents who seek advice, and more acces-
sible genetic testing even for very subtle features. Ear-
ly diagnosis and treatment of NS could significantly
improve their final stature, quality of life, and late-
term outcome.

A major disadvantage of our study is the small
patient sample. Its strength is in the follow-up of pa-
tients at a single setting.

CONCLUSION

Our study showed that NS patients follow the
general patterns for the first 2 years of GH treatment.

The applied doses seem insufficient to cause good
height increment. In order to improve outcomes, the
treatment should be further standardized.
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