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What is already known on this topic?

Short stature is a common characteristic of Noonan syndrome (NS), with many individuals’ adult height remaining below the third
percentile. Growth hormone (GH) treatment has been shown to be beneficial in improving height outcomes in patients with NS.

What this study adds?

This study presents national data on the efficacy and safety of GH in children and adolescents with NS. The findings confirm that GH
treatment significantly increased final height in children and adolescents with NS, with a mean increase of approximately + 1.4 standard
deviation scores. GH treatment was demonstrated to be safe for patients with NS, with no significant side effects observed and stable
cardiac findings in those with hypertrophic cardiomyopathy.
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Abstract

Objective: Proportional short stature is one of the most important features of Noonan syndrome (NS), and adult height often remains
below the third percentile. Although the pathophysiology of short stature in NS patients is not fully understood, it has been shown that
growth hormone (GH) treatment is beneficial in NS, significantly improving height in respect to the results of short and long-term GH
treatment.

Methods: In this national retrospective cohort study, patients with NS who reached final height from 14 centers were evaluated. Patients
were stratified by sex and treatment with or without GH and final height outcomes were compared.

Results: The study included 67 patients with NS, of whom 53 (79.1 %) with mean follow-up 5.6 years, received GH treatment. At
presentation height standard deviation scores (SDS) of the subjects who were started on GH tended to be shorter than those who did not
(-3.26 + 1.07 vs. -2.53 + 1.23). In girls mean final height and final height SDS in those using GH vs not using GH were 150.1 cm (-2.17
SDS) vs. 147.4 cm (-2.8 SDS), respectively, and for boys these values were 162.48 cm (-1.81 SDS) vs 157.46 cm (-2.68 SDS), respectively.
The Aheight SDS value of the cases was significantly higher in the group receiving GH compared to those not receiving GH (1.36 + 1.12
SD vs. -0.2 + 1.24, p<0.001). Cardiac findings remained stable in two patients with hypertrophic cardiomyopathy who received GH
treatment. No significant side effects were observed in any patient during follow-up.

Conclusion: In patients with NS who reach their final height, a significant increase in height was observed with GH treatment. An

increase of approximately + 1.4 SDS may be achieved. GH treatment appears to be safe and effective in NS.
Keywords: Final height, growth hormone, Noonan syndrome, treatment

Introduction

Noonan syndrome (NS; OMIM 163950) is an inherited,
multisystemic disease that occurs in 1/1000-1/2500 live
births and is characterized by unique phenotypic findings
(1). Mutations in the RAS-mitogen-activated protein kinase
(RAS-MAPK) pathway cause NS by altering protein-coding
genes. In most cases, the genetic mutations that cause NS
are “gain-of-function” mutations and lead to RAS/MAPK
hyperactivation, which causes the NS phenotype (2).

One of the main features of NS is postnatal-onset,
proportionate, short stature and is the most common
reason for presentation to pediatric endocrinology clinics
(1,3). Growth rate decreases in the first year of life after
birth and in the first year height standard deviation (SD)
scores (SDS) loss of 1.5 SD and weight increase loss by
2 SD have been reported (4,5). Compared to the general
population, in adults with NS final height is generally short.
In addition, a prolonged growth period due to pubertal
delay and retardation in bone age are among the growth
characteristics (6).

Although the pathophysiology of short stature in patients
with NS is not fully understood, the cause of short stature
is multifactorial, and response to growth hormone (GH)
stimulation tests may be variable. In terms of endogenous
GH, there may be a deficiency, neurosecretory dysfunction,
or mild GH resistance although insulin-like growth factor-1
levels are at low normal ranges (7,8,9). GH treatment
has been shown to be benefiical in NS, and significantly
improves height in studies with both short and long-
term GH administration (7,9-24). However, questions
remain unanswered about some aspects of growth in NS,
including the effectiveness and safety of GH treatment in

NS. Furthermore, predictive models are not yet practical
as they are not sufficiently reliable for predicitng “target
heights” in families with a child affected by NS. This is
becuase potential genetic growth in NS are not yet fully
understood given the generaly different pattern of growth,
which limits the utility of current models. In particular,
final height studies are lacking, with inconsistent findings
and variable age at last follow-up. There is no data on the
final heights of NS cases with or without GH treatment in
the Turkish population.

The aim of this study was to evaluate the efficacy of GH
therapy in children and adolescents with NS in the Turkish
population and who had attained final height. Retrospective
analysis of presenting characteristics and final heights of
patients, with and without GH treatment, was performed
to identify factors affecting final height in this population.

Methods

Patient Selection

The study was conducted with multiple centers across Turkiye
with clinical links to the Turkish Pediatric Endocrinology and
Diabetes Association. Patients followed up with a diagnosis
of NS based on genetic analysis and/or Van der Burgt
(25) criteria and who had reached their final height were
included. The study was cross-sectional and was conducted
between September 2022 and January 2024. The study
was designed by the Turkish Pediatric Endocrinology and
Diabetes Association “Noonan Syndrome Working Group”,
and centers with Pediatric Endocrinology specialists were
invited to participate. Centers caring for patients with NS
and who had reached their final height were selected, and
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demographic and clinical information was collected through
the data collection form.

Patient information was obtained from patients’ medical
records. Anthropometry and physical examination findings
at diagnosis and at follow-up, laboratory evaluations, the
result of systemic disease screening, and responses to GH
treatment were evaluated. At presentation and final follow-
up, age, puberty stage (Tanner staging), height and height
SDS, Ranke height SDS, body mass index (BMI), BMI SDS,
and bone age were evaluated. Target height (cm), target
height SDS, the difference between target height SDS and
presentation height SDS, age at completion of puberty, final
height (cm), final height SDS, the difference between target
height SDS and final height SDS, and final bone age were
recorded. For patients receiving GH treatment, additional
variables included age at initiation of GH treatment, duration
of GH treatment, timing of GH treatment dose increases, age,
height (cm), and height SDS at cessation of GH treatment,
and GH dose (mcg/kg/day) were recorded. AHeight SDS was
defined as the difference between the height SDS at the first
year of follow-up in those who did not receive GH and the
height SDS at the time of admission, the difference between
the beginning of GH treatment and after the first year of
treatment in those who received GH.

Weight and height SD values were calculated according
to Turkish children norms created by Neyzi et al. (26)
and standard curves for NS created by Ranke et al. (27).
Growth velocity was calculated, and puberty staging was
assessed according to Tanner staging. Left wrist radiographs
were evaluated using the Greulich-Pyle Atlas for bone age
assessment.

Criteria for inclusion in the study were:
1) Age at diagnosis is < 18 years;

2) Confirmed diagnosed of NS by Van der Burgt (25) clinical
criteria and/or genetic analysis;

3) Having achieved near final height (bone age reaching
>14 years in girls and =16 years in boys, annual growth of
less than 2 cm) and final height was defined as the point at
which the growth plates in the bone age assessment had
fully closed.

Exclusion criteria were:

1) Patients with suspected NS but who did not meet the Van
der Burgt (25) criteria; and,

2) Patients with confirmed diagnosis of NS but who had not
yet reached final height.

Ethical approval for the study was received from Ankara
University Faculty of Medicine Human Research Ethics
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Committee (decision no: 110-627-22, date: 21.11.2022).

Statistical Analysis

Cases were divided into groups, stratified by male/female
and those receiving GH treatment or those not receiving GH
treatment. Males and females in the GH-treated and non-GH-
treated groups were compared. All statistical calculations were
performed using Statistical Package for the Social Sciences
for Windows, version 22.0 (IBM Inc., Armonk, NY, USA). The
conformity of the variables to the normal distribution was
examined using visual (histogram and probability graphs)
and analytical methods (Kolmogrov-Smirnov/Shapiro-
Wilk test). Differences between independent groups were
analyzed using the Mann-Whitney U test. Correlation analysis
was performed using Spearman’s method. A p<0.05 was
considered statistically significant.

Results

Fourteen centers participated in the study, submitting
data on 67 cases, including 28 (41.8%) girls and 39 boys.
In addition, the adult heights of 12 of the parents of these
cases, who were diagnosed with NS, were recorded. In the
evaluation of parental height and target height, affected
parent were excluded. The mean age of the cases at
presentation was 10.2+4.1 years, with height SDS of
-3.1 £ 1.1 and BMI SDS of -0.92 + 1.3. At first presentation,
19 (28.35%) were prepubertal, and the mean bone age in
all cases was 8.8 + 3.6 years (Table 1).

All cases met the Van der Burgt (25) diagnostic criteria. In 51
of 67 (76.1 %), the diagnosis was confirmed by the detection
of a pathogenic variant on genetic analysis, including 43
(84.3%) in PTPNI1, three (5.9%) in SOSI, two (3.9%) in
KRAS, two (3.9%) in RAFI, and one (2.0 %) patient had NS-
related mutations in the LZTR1 gene. Genetic analysis was
not available in the remaining 16 (23.9 %) patients.

The target height SDS for all cases was -1.1+0.9, and
there was no difference between girls (-1.2 + 1.0) and boys
(-1.0+£0.9) (p=0.25) (Table 1).

Among the cases that reached final height, GH treatment
was given to 53 cases, of whom 31 (58.5%) were boys.
While the mean age at diagnosis was 10.3 + 3.5 years, the
mean age at start of GH was 11.7 + 2.8 years. GH treatment
was generally started around 1.4 years after diagnosis and
follow-up continued for 5.1 + 3.5 years. While the overall pre-
treatment height SDS was -3.2 + 1.0, the initial height SDS
tended to be lower in girls (-3.7 £ 1.0 in girls vs -2.9+0.9
in boys, p=0.02). In cases where GH was not given, mean
height SDS at diagnosis was -2.5+ 1.2, being -3.3 SDS in
girls compared to -2.0 SDS in boys (Table 2).
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Table 1. Baseline characteristics of all patients with Noonan syndrome reaching final height

Total group (n=67) Females (n =28) Males (n =39) P
Gender (male/female) 39/28 28 39
Age at admission (years) 10.2+4.0 102+£29 10.1£4.3 0.89
11.4 [0.1; 17.0] 10.5[3.1; 13.4] 11.7 [0.1; 16.5]
Puberty (yes/no) 19/48 7121 11/28
Birth weight (grams) 3045+ 707.0 2914.2 +689.05 3139.4+714.3 0.18
3000 [1000; 4750] 3000 [1500; 4250] 3100 [1000; 4750]
Height SD at admission B1+1.1 3.6+1.0 2.7+1.0 0.008
-3.045 [-5.89; -0.06] -3.565 [-5.5; -2.1] -2.9 [-5.8; -0.01]
Height SD (Ranke) at admission 03+1.2 -05+1.0 02+1.4 0.07
-0.4 [-3.1; 2.7] -0.3 [-2.7, 0.9] -0.5[-3.1; 2.7]
BMI SD -09+1.,3 1.1+1.3 -1.0+1.5 0.59
-0,9 [-3.6; 2.3] 1.0 [-3.5; 1.5] -1.0 [-4.4; 2.3]
Bone age at admission 8.8+3.6 8.4+3.9 9.0+3.4 0.99
912; 18] 8.8 [2; 18] 10 [2; 14.6]
Target height SD 1.1+£0.9 -1.2+1.0 -1.0+£0.8 0.25
1.1 [-2.7,0.8] -1.51[-2.7,0.8] -1.0 [-2.5; 0.7]
Target height SD-height SD -1.9+1.1 23+1 -1.7+1.1 0.11
-2.03 [-4.0; 1.7] -2.1 [-3.8;-0.5] -1.8 [-4.0; 1.7]
Growth hormone treatment (yes/no) 53/14 2216 31/8 -
Genetic characteristics PTPN11 43 18 25 -
KRAS 2 2 0 -
SOS1 3 3 0
LZTR1 1 1 0 -
RAF1 2 1 1 -

SD: standard deviation, BMI: body mass index

GH treatment dose ranged from 25 to 45 mcg/kg/day, with a
mean of 32.9 + 6.4 mcg/kg/day. In 29 of the cases receiving
GH, the GH dose was started in the range of 25-30 mcg/kg/
day, and in 24 of the cases, the dose was started in the range
of 35-45 mc/kg/day. In 26 of the cases that started with the
lower dose range, the dose was increased during follow-up.

When the admission characteristics of the cases receiving
GH and those not receiving GH were evaluated, no
difference was found in terms of age, gender, birth weight,
presence of puberty, age of onset of puberty in those
receiving prepubertal monitoring, target height and target
height SDS. Most of the cases were prepubertal or in the
early pubertal period at the time of starting GH treatment
(39 were prepubertal, 12 were Tanner stage 2).

In terms of genetic characteristics of the patients receiving
GH, PTPNI1! mutation was found in 36/53 (67.9%) and
KRAS mutation was found in two (3.8%). Of the 14 cases
who did not receive GH, 7 (50%) had PTPNI11, 3 (21.4%)
had SOS1I, 2 (14.3%) had RAFI1, and one (7.1 %) had the
LZTR1 mutation. The limited number of patients with
PTPNI1I made subgroup analysis unreliable.

When the growth response in the first year of follow-up was
calculated as AHeight, this tended to be lower in those not

receiving GH but this was not significantly different from
those who did receive GH (Table 3).

Final Height Data

Subjects reached final height at a mean age of 17.8+2.2
years. While the mean final height SDS was -2.12 £ 1.3, it
was -1.96 + 1.3 SDS in those who received GH compared to
-2.7+ 1.3 SDS in those who did not receive GH (p =0.84).
When data on the time of treatment discontinuation in cases
receiving GH treatment was analyzed, the age at termination
of GH treatment was 16.1 + 4.4 years, and the height SDS
was -2.0+1.1. In these cases, there was no significant
increase between the height SDS at the time of cessation of
GH treatment and the final height SDS (p > 0.05).

When the difference between the height SDS at the start of
follow-up and the final height SDS was assessed as AHeight
SDS, this was 1.3+ 1.1 SD in the group receiving GH and
-0.2 + 1.2 in those not receiving GH (p < 0.001). AHeight SDS
(1.5+ 1.2) in girls receiving GH and AHeight SDS (1.2 + 1.2)
in boys were similar (p=0.33) (Figure 1). Although there
was no difference between girls and boys in the group not
receiving GH, the final height SDS of the boys was poorer
when compared to presentation values (AHeight SDS in girls
not given GH was 0.4 + 0.9 and -0.6 + 1.3 in boys, p=0.12).
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Table 2. Comparison of baseline characteristics of GH-treated and untreated patients

At presentation GH-treated GH-untreated p
Age, (years) Total 10.3+£3.5 9.8+5.8 0.71
11.4 [0.6; 16.5] 11.8 [0.1; 17.0]
Female 10.2+2.9 10.3+5.8 0.38
10.5[3.1; 13.4] 11.2 [0.7;, 17.0]
Male 10.3+3.8 93+6.1 0.97
11.7 [0.6; 16.5] 11.8 [0.1; 15]
Height SDS Total -32+1.0 25+1.2 0.08
3.0 [-5.8; -1.4] 2.6 [-4.5; -0.0]
Female 37+1.0 -32+0.8 0.20
3.7 [-5.5;-2.1] 3.0 [-4.5; -2.3]
Male -29+09 20+1.2 0.1
-2.9 [-5.8; -1.4] -1.9 [-3.7; -0.0]
Height SD (Ranke) Total 0.4+1.2 0.0+1.1 0.24
-0.6 [-3.1; 2.7] -0.0 [-2.0; 1.7]
Female -0.6+£1.0 0.4+1 0.62
-0.5 [-2.7; 0.96] -0.2 [-2.0; 0.6]
Male 0.4+1.4 05+1.2 0.11
-0.6 [-3.1; 2.7] 0.8 [-1.3; 1.7]
BMI SDS Total -0.8+1.2 -1.0+1.6 0.62
-0.9 [-3.6; 1.8] -1.0 [-3.5; 2.3]
Female -1+1.4 -1.4+1.2 0.86
-1.0 [-2.7; 1.5] -0.9 [-3.5; -0.4]
Male -0.7+1.1 -0.7+1.9 0.71
-0.8 [-3.6; 1.8] -1.1[-2.9; 2.3]
Target height SDS Total -1+0,9 -1.5+0.8 0.8
-0,8 [-2,7; 0.8] -1.7 [-2.6; -0.3]
Female -1.1+1.0 -1.8+1.0 NA
-1.1 [-2.7;,0.8] -1.7 [-2.6; -0.5]
Male -0.9+£0.9 -1.36+0.8 0.25
-0.8 [-2.2; 0.7] -1.3 [-2.5;-0.3]
Target height SD-height SD Total -2.2+0.9 -1.0+1.3 0.002
2.1 [-4.0; -0.0] 1.1 [2.7; 1.7]
Female -25+09 -1.5+09 0.06
-2.7 [-3.8;-0.9] -1.8 [-2.6;-0.5]
Male -2.0+0.9 -0.6+1.4 <0.001
-2.0 [-4.0; -0.0] -1.1 [-2.7; 1.7]
Bone age Total 83+3.0 105+5.2 0.23
8.8 [2; 13.5] 12 [2; 18]
Female 7.84+2.9 11.3+6.4 0.1
8.8 [2; 12] 12.7 [2: 18]
Male 8.8+3.1 10.0+4.6 0.30
9 [3; 13.5] 11.5[2; 14.6]

SDS: standard deviation (SD) score, GH: growth hormone, BMI: body mass index

Patients that reached final height were evaluated separately
according to their gender. In girls the average final height and
final height SDS in those using GH were 150.1 cm and -2.1
SDS, respectively. In girls who were not given GH (n=12)
the final height was 147.4 cm and final height SDS was -2.8
(p=0.95 for height and p=0.73 for SDS) (Table 3). AHeight
SDS was 1.5+ 1.2 in girls who received GH treatment and
0.4 + 0.9 in girls who did not receive GH (p = 0.03). In terms
of target height SDS, the final height-target height SDS
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difference (parentally adjusted height SDS) was 1.0 + 1.4 SD
in girls receiving GH treatment, while it was -1.0 £ 1.2 SD in
girls not receiving GH (p =0.008; see Table 3).

The mean final height and final height SDS in boys who
reached final height and used GH were 162.4+6.1 c¢cm
and -1.8 SD, respectively. The final height of boys who did
not use GH was 157.4+ 10.1 cm and final height SDS was
-2.6 £ 1.4 (p=0.34 for height and p =0.19 for SDS). AHeight
SDS was 1.2 +0.9 SDS in boys receiving GH treatment and
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Male GH Treated Female GH Treated

M Initial Height SD
M Final Height SD
M ASD

W

Male Untreated

Female Untreated

Figure 1. Initial height SDS, final height SDS, and delta height SDS of patients by GH treatment or not and gender

SDS: standard deviation score, GH: growth hormone

-0.6 + 1.3 in those not receiving GH (p=0.001). The final
height-target height difference was 0.9+ 1.2 SD in boys
receiving GH treatment but -1.3 + 1.6 SD in boys who did
not get GH (p <0.001; see Table 3).

In those who were started on GH, no significant correlation
was found between AHeight SDS and age at presentation,
GH, height SDS, BMI SD, bone age at presentation and also
target height SDS. Again, no difference was found in terms
of AHeight SDS between those who started GH treatment
during puberty compared to those who started prepubertally
(r=-0.08, p=0.57).

For the 12 parents with NS (9 women), the mean adult
height SDS was -2.2 £ 0.9 SD. The mean BMI values were
23.1 + 1.4 kg/m? and BMI SDS was 0.7 + 0.7. No additional
problems were reported in the parents. The final height SDS
of the subjects who did not receive treatment was similar
to the height SDS of their parents who did not receive
treatment (p > 0.05).

No serious side effects were observed during follow-
up with GH treatment in this cohort.There were a total
of 19 cases with cardiac involvement (predominantly
pulmonary stenosis) who underwent corrective surgery.
Eighteen of them were in the group receiving GH treatment.
Hypertrophic cardiomyopathy (HCMP) was detected in two
cases receiving GH treatment, and the findings during GH
treatment did not change. No additional systemic findings
developed during follow-up in any case. No proliferative
diseases or neoplasms were reported during the follow-up
period of 5.16 + 3.54 years.

Discussion

In this multicenter study, data of children and adolescents
diagnosed with NS and who reached final height were
collected and analyzed. GH treatment was not initiated in all
cases with NS who reached their final height. The presenting
height SDSs of the cases in which GH was started tended to
be worse. When treatment was started it was around 1.4
years after the diagnosis, and that the treatment dose also
tended to be lower than the GH doses recommended for
NS with the same dose given to the standard GH deficiency
cases. Hence, the dose was increased during the follow-
up. Moreover, GH was not started in some cases despite
pathological short stature. Therefore, it appears that
pediatric endocrinologists may have some concerns about
administering GH to patients with NS. With increasing data
showing that the use of GH in NS is effective and reliable,
decisions can be made more easily about administering GH
to cases in need.

Several studies report short- and long-term follow-up of
pediatric age patients with NS and evaluate their response
to GH treatment (9,10,11,13-24). After it was shown in very
early studies that patients benefited from GH, including
a small number of cases with NS after short-term follow-
up, the results of studies with GH in long-term use in NS
began to be reported (1,8,28). In studies of NS over short-
term follow-up, the GH treatment dose varied between 31-
66 mcg/kg/day, and there was an increase in the growth
rate and height SDS of the cases. This increase was between
0.7-1.88 SDS (9,10,11,13,14,15,16,23). Data may vary in
studies on final height/near final height with GH treatment.
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Table 3. Comparison of final height characteristics of GH-treated and untreated patients

At last follow-up GH-treated GH-untreated p
Age at final height (years) Total 17.82+2.05 17.94+2.97 0.56
17.8 [13.33; 26] 17.275 [14.7; 27.3]
Female 17.88 +2.66 17.41£0.78 0.73
17.91 [13.33; 26] 17.37 [16.25; 18.45]
Male 17.78 + 1.51 18.33+3.95 0.67
17.65[15.12; 22] 17.21 [14.7, 27.3]
Final height SD (Ranke) Total 0.56+1.11 0.07 + 1.41 0.28
0.52 [-1.96; 2.65] 0.09 [-2.1; 3.12]
Female 0.21+1.17 -0.38 + 1 0.52
-0.23 [-1.49; 2.65] -0.06 [-2.1; 0.63]
Male 0.81+1 0.4+1.63 0.43
0.76 [-1.96; 2.36] 0.26 [-1.91; 3.12]
Final height (cm) Total 157.34+9.21 153.16+9.92 0.27
159.4 [139.3; 175] 151.8 [136.2; 170]
Female 150.1 +7.84 147.43 +6.52 0.95
147.4 [139.3; 169] 149.4 [136.2; 153.5]
Male 162.48+6.19 157.46 +10.16 0.34
162.6 [145.6; 175] 160.4 [140.3; 170]
Final height (SD) Total -1.96+1.33 -2.73+1.38 0.84
-1.9[4.5;1.19] -2.34 [-5.47; -1.01]
Female 2.1+1.4 -2.8+1.44 0.73
-2.76 [-3.99; 1.01] -2.33 [-5.47; -1.55]
Male -1.81+1.22 -2.68+1.42 0.19
-1.75 [4.453; 1.19] 252 [5.12;-1.01]
First year AHeight SD Total 0.42 +0.61 -0.61 +1.23 0.14
0.49 [-2.72; 1.72] -0.09 [-2.01; 0.28]
Female 0.46 +0.41 0.28 NA
0.56 [-0.46; 1.21]
Male 0.39+0.73 -1.05+£1.36 NA
0.45 [-2.72; 1.72] -1.05 [-2.01; -0.09]
Final BMI SD Total -1.24+1.8 -0.87 £ 1.57 0.53
-1.11 [-4.9; 2.5] -1.285 [-3.33; 2.01]
Female -1.12+1.93 -0.06 + 1.66 0.24
-1.15 [-4.9; 2.33] 0.45 [-2.5; 2.01]
Male -1.33+1.74 -1.48+1.27 0.71
-1.11 [4.72; 2.5] -1.665 [-3.33; 0.85]
Final AHeight SD Total 1.36+1.12 -0.2+1.24 <0.001
1.28 [-1.06; 4.39] -0.07 [-3; 1.63]
Female 1.57+1.27 0.41 +0.94 0.03
1.41[-0.31; 3.98] 0.55 [-0.97; 1.63]
Male 1.2+0.98 -0.66+1.3 0.001
1.28 [-1.06; 2.94] -0.28 [-3; 0.84]
Target height SD-final height SD Total 0.99+1.3 -1.2+1.44 <0.001
1.06 [-2.73; 4.17] -1.02 [-3.53; 0.63]
Female 1.05+1.49 -1.02+£1.26 0.008
1.38 [-1.84; 3.14] -1.02 [-2.81; 0.48]
Male 0.95+1.2 -1.32+1.61 <0.001

0.89 [-2.73; 4.17]

-1.11 [-3.53; 0.63]

SD: standard deviation, BMI: body mass index, NA: not applicable

It has been reported that height gain with GH treatment was
between 0.79 and 1.5 SD (17-24). In a systematic review
including articles published up to 2014 in terms of adult
height, the average height gain was reported to be between
0.6 and 1.4 SDS, according to national standards (29).
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Looking at the data at the time of presentation, the
admission height SDS value tended to be worse in those
given GH treatment than in those not given GH. Although
BMI, BMI SDS, bone age, and target height SDS values were
not different between the groups, the difference between
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height SDS and target height SDS was greater in those given
GH treatment. Moreover, the height gain with GH treatment
was significantly better than in those who did not receive
treatment, in spite of similar ages.

In our cohort, the target height SDS was around -1.1. It can
be expected that the frequency of short stature in parents
of youth with NS (since they may carry the same mutation)
will be significant compared to the general population.
In addition, at presentation, patients with NS were
approximately -2.0 SDS more negative than their parents.
The height SD of the subjects in the group receiving GH was
lower than the target height SD compared to the group not
receiving GH. The fact that the children were shorter than
their parents may have led them to present to a physician.

Patient databases created for cases receiving GH treatment
are based on observational information and ensure
the accumulation of sufficient data in both number and
duration. In two complementary, non-interventional
(NordiNet® 10S and ANSWER) studies created from these
data, the safety of recombinant human GH (rhGH) treatment
in 412 patients and its effectiveness in 84 patients were
evaluated. The mean height SDS of the cases was -2.76,
and the mean administered GH dose was 41.6 pg/kg/day.
The increase in height SDS was positive with 0.49 SD at
the end of the first year, 0.79 SD at the end of the second
year, and 1.01 SD at the end of the third year. In the 24
cases that reached near final height [165.61 cm (-1.79 SD)
in men, 154.9 cm (-1.51 SD) in women] 70.8% of them
were -2 SD or above (23). In the present study, a similar
proportion (67 %) of the GH-treated patients achieved a
height SDS of -2 SD or above. However, the final height
SDS in our cohort exhibited a wider range, (-1.96 + 1.3),
indicating that while the response to GH treatment in our
cohort was effective, baseline differences, lower starting
doses of GH and treatment duration may account for some
variation in final height outcomes.

Within the scope of the KIGS study by Ranke et al. (21),
140 patients (74 boys/66 girls) with NS who reached near
final height were evaluated. While the height SDS at the
beginning of treatment was -3.8 in girls and -3.2 in boys,
at the end of approximately six years of follow-up, the total
height gain was 1.3 SD in girls and 1.2 SD in boys. The
average rhGH dose used was 0.3 mg/kg/week in girls and
0.27 mg/kg/week in boys. In the present study the initial
height SDS was similar, with a mean value of -3.1 + 1.1
across the cohort. After approximately 6.5 years of GH
treatment, the height gain observed was slightly higher,
with a AHeight SDS of 1.3 + 1.1 SD, indicating a comparable
response to GH therapy. The GH doses used in our study
were slightly lower on average but still within a similar

range, which might reflect variations in treatment protocols
or patient-specific factors.

Sodero et al. (7) recently evaluated 43 articles examining
the effectiveness and safety of GH treatment in NS,
including 3.927 patients with NS, Ages ranged from
3 to 17.5 years and clinical and genetic findings were
heterogeneous. The duration of GH treatment was between
one and 14 years, and the height SDS increased between
0.05 to a maximum of 3.2 SD. Most of the 43 articles
reported that GH treatment helps improve target height
in children or adolescents with NS. Although the range
of height SDS improvement in our study was narrower
than reported by Sodero et al. (7), our findings align with
the overall trend that GH treatment is advantageous for
height gain in young patients with NS. The variations in
height SDS response across different studies may be due
to differences in study design, patient demographics, and
GH dosing protocols.

It has been reported that the growth response in patients
with NS is better the earlier GH treatment is started
and the longer it is used. The duration of GH use before
puberty and the height at the time of entering puberty also
affect the near-final height (1). However, in the present
study, no correlation was found between GH treatment
and total AHeight SDS or the age at which treatment
started or patient pubertal status at GH initiation. Since
the GH treatment dose was heterogeneous, correlation
between dose and treatment response was not assessed.
That the time of GH initiation in our cohort was mostly
in the prepubertal or early pubertal period may have led
to a lack of association with pubettal status at start of GH
tretment.

In the study including twenty-five years of KIGS data, the
younger the age at starting GH treatment, the better the
frequency of weekly injections, birth weight and height SDS
at the beginning of treatment were associated with a better
response. These parameters explained 36 % of the increase
in growth rate in the first year of treatment. Age at starting
GH treatment, growth in the first year of treatment, and
gender explained 74 % of the change in near-final height
(21).

PTPNII mutation was detected in the majority of the
cases in our study group, and 68% of those who received
GH treatment and 50% of those who did not receive GH
treatment had this mutation. A small number (between one
and three) of those with variants in other genes were also
included in the cohort. Due to the small number of cases
with variants other than in PTPNI11, no comparison between
NS-associated gene differences was attmpted.
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Noordam et al. (17) in a study evaluating GH treatment in
NS, reported that 22/27 (81.5%) had PTPN1! mutation,
and the average age at start of rhGH was 11 years. Before
treatment, median height SDS was -2.8 compared to the
healthy group and 0.0 according to NS standards. GH
treatment was continued for a median of 6.4 years at a
dose of 0.05 mg/kg/day and height gains were + 1.3 SDS
according to the standard height SDS and + 1.3 according
to the NS standard. The average adult height for males
was 171.3 c¢cm (median, 171.6), and the average adult
height for females was 157.3 cm (median, 156.4 cm). No
difference in height gain was observed in the group with
PTPNI1 mutation compared to those without mutation. In
our study, the baseline height SDS of patients who received
GH treatment was lower (-3.2 +1.0), with the age of GH
initiation being similar. However, in contrast to Noordam et
al. (17), we observed a significant improvement in height
SDS in our cohort, with a AHeight SDS of 1.3+ 1.1 SD in
those who received GH, compared to -0.2 + 1.2 SD in those
who did not. The height gain in our study appears to be in
line with the findings of Noordam et al. (17), though the
baseline SDS in our cohort was poorer, indicating a greater
deficit before treatment.

It has been suggested that the severity of clinical phenotype
is not important in terms of response to GH treatment.
However, the relationship between genotype and growth
response has been investigated and it has been suggested
that cases with PTPN11 mutation, especially, may have less
growth response. In some short-term studies with a limited
number of cases, it has been reported that the growth
response of cases with PTPNI! mutation may be less than
that of those without PTPN11 mutation (10,30). However,
this findings was not replicated in other larger and longer-
term studies (9,13,21,31). Since the cases were treated with
different protocols, the answers regarding the effectiveness
of the treatment are still controversial.

In patients who received GH treatment, GH treatment
was discontinued when puberty was completed and the
epiphyses closed. Thus, there was no increase in height
after GH was discontinued. In our cases, height SDS at the
time of discontinuation of GH treatment and final height
SDS were not different. So, we conclude that GH was given
for a sufficient period in our cohort. It is known that in NS,
growth may continue until later than normal due to features
of pubertal progress specific to NS. The growth spurt occurs
with a delay of about 2 years compared to normal children,
which leads to prolonged catch-up growth at the end of
the second decade of life. However, peak height velocity is
low and lower than that in normal-timed puberty (6,32).
Therefore, it is important to monitor NS patients treated
with GH until puberty is completed.
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Different side effects have been reported with GH treatment
in patients with NS. Since the underlying pathology in
patients with NS is an increase in the Ras/MAPK signaling
pathway, it has been reported that the occurrence of
benign and malignant proliferative diseases may be higher,
independent of GH treatment (33). No neoplasia was found
in our cases with long-term follow-up. Although there is
an increased risk in the nature of the disease, it has been
stated that there is no additional increase in the frequency
of malignancy in cases receiving GH treatment, and serious
side effects rarely develop (21,23).

In our case series, HCMP was observed in two cases receiving
GH treatment, which remained stable and did not lead to
cessation of treatment. Due to the presence of structural
cardiac deffects and the development of HCMP in patients
with NS, questions have arisen regarding the risk of rhGH
treatment that may increase the frequency of cardiac side
effects. The effect of GH treatment on the heart have been
studied in different studies. Data generally support that the
frequency or severity of HCMP does not increase with GH
treatment in patients with NS (11,26,34,35,36). In a study
that included a large database, cardiac side effects were
identified in only seven of 429 children with NS who received
rhGH, and it was reported that there was no relationship
between these cardiac events and GH treatment (14).

In the present study two patients had RAFI mutation and
both were in the group that did not receive GH treatment.
Since ventricular hypertrophy is progressive, especially
in NS with RAFI mutation, it should be remembered that
caution should be exercised regarding GH treatment (36).

Study Limitations

The strengths of the present study include having two
homogeneous groups with long follow-up and so patients
who did and those who did not receive GH treatment were
evaluated and compared However, limitations of the present
study include genetic mutation analysis not being performed
in all cases. Since the number of patients with mutations in
genes other than PTPNII was small, no comparison was
attempted. Indications for dosage of GH therapy were not
uniform due to data being collected retrospectively from
different centers using no standardized treatment protocol
for GH in NS.

Conclusion

There was a better height gain with GH treatment in
patients with NS who reached their final height, compared
to those who did not receive GH. Early presentation, starting
GH therapy without delay in cases where necessary, and
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having a better target height SDS may be associated with a
better GH treatment effect. Finally, it should be noted that
there were no additional adverse effects seen during GH
treatment which should reassure clinicians managing NS
that GH treatment in these patients is safe.
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