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Abstract

Background: Short stature in children represents a heterogeneous group with different etiologies. Primary Insulin like growth
factor1(IGF-1)deficiency in short stature can present with normal or elevated growth hormone (GH) production. Currently there is
no model that can reliably predict response to recombinant (r)GH therapy and/or rIGF-1therapy in children with non - GH deficient
short stature.

Hypothesis: Baseline Insulin like growth factor binding protein 3 (IGFBP-3) along with A IGF-1in the first 3 months of GH therapy
level can be a marker of growth response to the rGH and|or rIGF-1 therapy in children with non - growth hormone deficiency short
stature.

Objectives: To study the relationship between baseline IGFBP - 3 and IGF - 1 levels and the response to rGH and rIGF - 1 therapy in
children with short stature, normal GH secretion and low IGF-1SDS.

Methods: 43 children, age 9.07 = 2.75 years with height-2.72 4= 0.7 SD and baseline IGF -1 of -2.76 &= 0.58 SD, who passed the growth
hormone releasing hormone (GHRH) stimulation test were included in a retrospective chart review. They were treated with rGH
therapy with a mean dose of 0.46 & 0.1 mg/kg/week. Growth velocity (GV), IGF -1 and IGFBP - 3 levels were done at 3 and 6 months
of therapy. Subjects with poor response to rGH after 6 months of therapy were switched to rIGF - 1 therapy at 0.24 mg/kg/day for
the next 6 months. Subjects were divided according to their growth rate into responders to rGH (N = 23); non - responders to rGH,
responders to rIGF-1(N =14) and non - responders to rGH and rIGF-1 (N =6).

Results: There was no correlation between GV and peak GH level at GHRH test. Growth velocity positively correlated with AIGF -
1SD among subjects treated with rGH therapy. Height SD positively correlated with IGFBP - 3 SD. Baseline IGFBP - 3 also inversely
correlated with GH peak during GHRH test.

Conclusions: In subjects with short stature and low IGF - 1 level, baseline IGFBP - 3 levels can predict the growth response to rGH
and/or rIGF-1 therapy.
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1. Background

Non - growth hormone deficient conditions such as:
Turner syndrome, Prader - Willi syndrome, small for gesta-
tional age, Noonan syndrome, chronic renal insufficiency,
primary Insulin like growth factor 1 (IGF 1 deficiency, SHOX
gene mutations and idiopathic short stature (ISS) are some
of the common conditions treated with recombinant hu-
man growth hormone (rGH). The dose of growth hormone

therapy is usually higher than in growth hormone defi-
ciency state and can be titrated to both growth velocity
and levels (1). It has been demonstrated that growth hor-
mone (GH) therapy is not completely successful in all cases
of non - GH deficient conditions and a subset of these
children continue to have suboptimal growth response to
therapy.

Using the data from the National Cooperative Growth
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Study (NCGS), curves were constructed showing first year
GH response in subjects with short stature. The consen-
sus was that a growth velocity (GV) of < -1 SD for age and
gender is considered poor response to GH treatment (2).
ISS is a non - specific diagnosis which has been founded
to represent a heterogeneous group of children (3); some
could have neurosecretory growth hormone dysfunction
responding well to GH therapy. Others are sensitive only
to higher doses of GH therapy; meanwhile others repre-
sent a severe form of GH resistance requiring rIGF - 1 ther-
apy to improve their final height outcome. For more than
a decade, our understanding of GH, IGF - 1 and IGFBP - 3
signaling has changed considerably. Several studies have
demonstrated that ISS could be due to several genetic dis-
orders and genetic traits. Now with these findings chil-
dren are getting the proper underlying genetic diagnosis
which would be otherwise known as ISS. Patients originally
classified as ISS have been reported to have variable phe-
notypes and different degrees of GH sensitivity. Heterozy-
gous growth hormone receptor mutations have been de-
scribed in previously labelled ISS children (4-8); the mecha-
nism being due to growth hormone resistance in these pa-
tients. Non - classical mutations in the growth hormone
receptor could be another reason for GH resistance. In pa-
tients with non - classical GH resistance, IGF-1and IGFBP -
3 levels are not as compromised when compared with the
classical form i.e. Laron syndrome (9). In non-classical GH
resistance subjects, heightand baseline IGFBP-3 level is not
as affected when compared with the typical patient with
classical GH resistance (10).

Similarly to IGFBP - 3, IGF - I and the Acid - Labile Sub-
unit (ALS) are produced after GH binds to the GH receptor
and stimulation of STAT5b in the hepatocytes. IGFBP - 3 is
produced by the liver Kupffer cells. These three molecules
together form the IGF-1ternary complex. In plasma, IGF-1
binds to the soluble IGF - I receptor (IGF- IR). At target cells,
this complex activates signal - transduction pathways that
resultin the mitogenic and anabolic responses that lead to
growth. In cases of ALS, STAT5b, IGF - I gene mutation and
GH resistance (recessive forms), the IGFBP - 3 levels are re-
markably low, whereas in GH resistance (dominant nega-
tive forms), the IGFBP-3 levels are low - normal. However,
the IGF - 1level is overall low in all the above conditions.

Height or growth response prediction models have
been constructed to best predict the height gain in 3 years
of rGH therapy. Along with the initial GV at 3 months
of therapy, bone remodeling marker, pyridinoline at 3
months of therapy, and height standard deviation scores
have been used to evaluate response to treatment. IGFBP
- 3 was the only biochemical marker from the GH - IGF - 1
axis which has been shown to predict response to GH ther-
apy (11). We evaluated AIGF - 1in the first 3 months of GH
therapy, peak of GH level during GHRH test and IGFBP - 3

level as markers of response to rGH and/or rIGF - 1 therapy
in non-growth hormone deficient subjects treated in our
endocrine clinics.

2. Methods

2.1. Subjects

We retrospectively reviewed charts of subjects with
short stature treated in our clinics. The study was approved
by the IRB at Maimonides Medical Center and SUNY Down-
state Medical Center in Brooklyn, NY. The chart review pro-
tocol followed were in accordance with the ethical stan-
dards of the responsible committee on human experimen-
tation. Forty - three pre - pubertal children with mean age
of 9.07 £ 2.75 years with height of -2.72 + 0.7 SD and base-
line IGF-10f-2.76 £ 0.58 SD, who passed the GHRH stimula-
tion test, were included in the study of those, 29 were male
and 14 were female. These subjects underwent Growth Hor-
mone Releasing Hormone (Semorelin® or GHRH) stimula-
tion test with routine protocol dose of 1 mcg/kg and passed
the GHRH stimulation test with a GH peak of > 15 ng/mL.
Children with secondary causes of short stature (celiac
disease, chronic systemic disease, brain tumors among
others), completion of final height, entire epiphyseal clo-
sure as seen on bone age X - ray, organic causes of short
stature, children with GH deficiency, normal or elevated
levels of IGF - 1 or those who failed the GHRH stimulation
test were excluded. Clinical and laboratory data were ob-
tained from routine investigations, which were performed
atendocrine clinics. One of the endocrinologist performed
the clinical examinations and measurements.

Height was measured at the same wall mounted sta-
diometer. Calibration of the height scale was performed
once every two weeks. Three measurements were done and
average of three measurements was used for documenta-
tion and calculations. Typically, subjects are asked to in-
hale deeply and to stand fully erect without altering the
position of the heels. The head is maintained in the Frank-
fort Horizontal Plane position while the examiner lowers
the horizontal bar snugly to the crown of the head with
sufficient pressure to compress the hair. Hair ornaments,
buns, braids, etc. are removed to obtain an accurate mea-
surement. The measurement are recorded to the nearest
0.1cm. The technical error of measurement was acceptable
if the intraobserver and interobserver range for height was
< 0.3 cms.

2.2. Methods

Baseline blood levels of IGF - 1 and IGFBP - 3 were ob-
tained as part of routine standard of care. IGF -1 and
IGFBP - 3 samples were analyzed by Liquid Chromatogra-
phy/Mass Spectrometry (LC/MS) and Immunoassay respec-
tively at Quest diagnostics. Subjects were initially treated
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with daily rGH (average dose of 0.46 £ 0.1 mg/kg/week).
At the 3 months interval, IGF - 1 and IGFBP - 3 levels were
drawn and analyzed again. AIGF -1 was calculated as the
difference between baseline IGF - 1 levels and IGF - 1 lev-
els after 3 months of rGH therapy. AIGF -1 < 150 ng/mL
was considered as a poor response to rGH therapy. AIGF
-1> 250 ng/mL was considered to be a good response.
An intermediate response of AIGF - 1 was between 150 -
250 ng/mL. Therapy with rGH was continued for at least
6 months. Afterwards, GV was analyzed. Subjects with
poorresponse to rGH therapy were switched to rIGF-1ther-
apy (0.24 mg/kg/day) for another 6 months. Those who re-
sponded to rGH therapy i.e. GV of > -1 SD for age and gen-
der, were categorized as responders to rGH. The subjects
who responded to rIGF - 1 but not to rGH were categorized
as responders to rIGF - 1. Lastly, those subjects who did not
respond to either treatment were categorized as non - re-
sponders. Response to treatment was defined as a growth
velocity of > 7 cm/year (GV > -1SD) after 6 months of treat-
ment (2).

While receiving treatment, subjects had routine follow
up visits every 3 months to monitor their growth. During
these visits, an interval medical history, anthropometrics
and physical examination were obtained in addition to IGF
-1and IGFBP - 3 concentrations levels. There were no ad-
verse effects documented during the treatment period.

2.3. Statistics and Assays

The data was analyzed using SPSS software (SPSS Inc.,
Chicago, IL). Results are reflected as mean =+ SD scores, R
as the coefficient of correlation. Regression analysis was
used to determine correlations. ANOVA was performed to
study the groups. Unadjusted, univariate analysis compar-
ing the outcomes between treatment and anthropometric
and biochemical hormonal data was used. Stratified anal-
ysis was performed between the different subgroups for
comparison within these subgroups. IGF - 1 and IGFBP - 3
levels were reported in ng/mL and mg/L units, respectively.

3. Results

Average children height SDS and baseline IGF - 1 SDS
were -2.72 + 0.7 and -2.76 &+ 0.58 respectively. The average
IGFBP-3 baseline level was-0.49 £ 0.9 SDS. Subjects were di-
vided into 3 different groups depending on their response
to treatment: group 1 were the children who were respon-
ders to rGH therapy, this group was called the Responder -
GH group (N =23, 14 boys); group 2 was the group of chil-
dren who had responded well to rIGF - 1 therapy but not
to GH, this group was called the Responder- IGF - 1 group
(N =14, 10 boys). Group 3 were the ones who were non-
responders to both GH and IGF - 1 therapy, this group was
name as Non - responder- GH and IGF-1(N =6, 5 boys).
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Twenty (47%) of all the children with short stature had
apoorresponse to initial rGH treatment and these subjects
were then switched to rIGF-1therapy. Amongst this group,
6 out of 20 subjects did not respond to rIGF - 1 therapy as
well.

Amongst the groups, there was no statistical difference
of age at presentation, birth weight, baseline height, IGF-1,
GH peak(Table1)and AIGFBP-3 levels (Table 2). The change
in IGF-1concentrations from baseline and post-rGH treat-
ment is also known as AIGF - 1. The AIGF -1 level in group
1(Responder - GH) was higher than in group 2 (Responder-
IGF - 1) and group 3 (Non - responder- GH and IGF - 1) both
P < 0.05 between group 2 and group 3; P < 0.05 between
group 1 and group 2. There was no difference in AIGF -1
level in group 2 (Responder- IGF - 1) comparing to group 3
(Non - responder- GH&IGF - 1) (Table 2).

Baseline IGFBP - 3 levels were significantly lower in
group 3 (Non - responder- GH and IGF - 1) as compared to
group 1 (Responder- GH) and group 2 (Responder- IGF - 1)
both P < 0.05 between group 1 and group 3; P < 0.05 be-
tween group 2 and group 3. In between groups 1and 2 the
baseline IGFBP - 3 levels were not statistical different (Table
2).

The growth velocity positively correlated with AIGF-1
SD among patients treated with GH therapy (R=0.37,P =
0.02) (Figure 1A). Baseline IGFBP - 3 SD also correlated pos-
itively with GV (R = 0.47, P < 0.01) (Figure 1B). Height SD
correlated positively with baseline IGFBP - 3 SD (Figure 1C).
Baseline IGFBP-3 SD also inversely correlated with GH peak
(R=-0.45,P=0.02) (Figure 1D).

4. Discussion

Our results demonstrated that short stature subjects
are a heterogeneous group of patients with different re-
sponses to treatment, as previously described in the liter-
ature. According to our data, twenty subjects (47%) with
short stature and low IGF - 1 level (< -2 SDS) had poor re-
sponse to the initial rGH treatment which we attributed
to GH resistance, as described in the literature. Over
two decades ago, Hintz demonstrated that approximately
eleven percent of subjects with short stature have IGF-1de-
ficiency (12). In 2001, Ranke reported that up to fifty per-
cent of non-growth hormone deficient subjects have IGF
- 1 levels less < -2 SDS (13). Additionally, low IGF - 1 lev-
els (< -2 SDS) were reported in twenty to fifty percent of
short stature cases (9, 14-16). Baseline IGFBP - 3 measure-
ments usually do not differentiate between GH deficiency
and short stature groups with other etiologies (17).

According to our data, response to either therapy de-
pended on AIGF-1and baseline IGFBP-3 levels, together. As
expected, the group with AIGF-1< 150 ng/mL responded
poorly to growth hormone therapy; these children most
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Table 1. Data on age, birth weight, height SD, IGF-1baseline, and GH peak according to group classes. Group 1, responder to growth hormone, Group 2, responder to IGF-1but

not to growth hormone, Group 3, non-responder to growth hormone nor IGF-1*

Group Number Age (years)b Birth weight (kg)b Baseline height (SDS)" IGF-1Baseline, ng/ml, GH Peak (ng/mL)
SDS

Group 1, Responder- Boys 14, Girls 9 9.28 274 3.07£035 2.57+0.44 85.08 + 28.3,(-2.69 &= 0.5) 43.85 £ 26.2

rGH

Group 2, Responder- Boys 10, Girls 4 9.08 £2.71 2,80+ 0.48 2,59 £ 0.48 9113 £ 37.2,(-2.80 &= 0.36) 48.6 +42.7

rIGF-1

Group 3, Non-responder Boys 5, Girls 1 819 +3.2 3.92+ 043 3.61+1.27 62131.2,(-3.48 + 0.84) 77+ 82

rGH and rIGF-1

Abbreviations: IGF-,Insulin like growth factor 1; IGFBP-3, Insulin like growth factor binding protein 3; GH, Growth hormone; SDS, standard deviation score.

Values are presented as mean = SD.
There was no significant difference between the group parameters.

Table 2. Data on baseline IGFBP3, AIGF -1, AIGFBP - 3 and AHeight SDS according to group type. Group 1, responders to growth hormone, Group 2, responders to IGF -1 but

not to growth hormone, Group 3, non-responder to growth hormone nor IGF-1*

Groups IGFBP - 3, Baseline, mg/L (SDS) AIGF-1,ng/ml (SDS) AIGFBP-3 AHeight SDS
Group 1, Responder- rGH 329 + 0.86° (0.32 £ 118") 21672 £ 193> ¢ (434 £ 2.6 9) 1.02 £ 1.41 0.45 + 031°
Group 2, Responder- rIGF-1 2.76 £1.02,(-0.46 + 1.40°) 101.73 % 69.8% ,(2.08 +1.48%) 126 £1.06 0.42 £ 0.35°
Group 3, Non-responder- rGH and rIGE-1 172 £ 0.79” ¢ (2.08 £136°" ) 354 26.2°, (152 +-122°) 0.63 = 0.48 0114 015> ¢

Abbreviations: IGF-,Insulin like growth factor 1; IGFBP-3, Insulin like growth factor binding protein 3; GH, Growth hormone; SDS, standard deviation score.

Values are presented as mean = SD.

bp < 0.05 between group 1and group 3.
“P< 0.05 between group 2 and group 3.
4p < 0.05 between group 1and group 2.
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rGH therapy and Baseline IGFBP-3 SD.R=0.47, P < 0.01. C: Correlation between height SD and baseline IGFBP -3 SD. D: Correlation between baseline IGFBP -3 SD with GH peak.

R=0.45,P=0.02.

likely represent cases of growth hormone resistance. The
group with AIGF-1> 250 ng/mL responded well to rGH
therapy. We believe these children represent cases of GH
neurosecretory dysfunction and are growth hormone sen-

sitive.

We consider that low AIGF - 1 levels in subjects with
short stature can be a marker of GH resistance and can pre-
dict the response to treatment with rGH. AIGF-1levels dur-
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ing the first 3 months of rGH treatment can be used as a
surrogate marker similar to IGF -1 generation test. The IGF
-1generation test was proposed to evaluate the degree of
resistance to growth hormone. In classical cases of severe
growth hormone insensitivity, AIGF - 1 is extremely low
and usually < 15 ug|L (18). According to Buckway et al. the
AIGF - 1 range for normal pre - pubertal children is > 180
ng/mL (19) as opposed to children with growth hormone
resistance who usually have AIGF-1< 120 ng/mL (20). This
correlates with our data distribution between 3 groups (Ta-
ble 1). In group 1, responders to GH therapy, the average
AIGF-1was 216 ng/mL, while in group 3, non-responders to
GHJIGF -1 therapy, AIGF -1 was 35 ng/mL. Baseline IGFBP - 3
levels in group 1 (Responder- GH) and group 2 (Responder-
IGF - 1) were higher than in group 3 (Non - responder- GH
and IGF - 1). The difference in baseline IGFBP - 3 levels be-
tween groups 1 and 2 didn’t reach statistical significance.
Additionally, we did not found a significant difference in
AIGFBP-3 amongst the three groups and when stimulated,
there was no significant increase in value.

The most widely studied IGFBP3 SNP, which is in the
promoter region at nucleotide 202, is significantly associ-
ated with circulating IGFBP - 3 levels. This SNP was found to
predict growth response to rGH therapy in GH deficiency
and other short stature etiologies such as Turner syndrome
and small for gestational age (21-27). The results from the
GWAS have demonstrated that an IGFBP3 gene SNPs signifi-
cantly correlated with serum IGFBP - 3 concentrations sug-
gesting that circulating IGFBP - 3 could influence human
body proportion (28, 29).

According to our data, subjects with baseline IGFBP - 3
levels < -1SD were also found to be poor responders to rGH
therapy, while those with baseline IGFBP- 3 levels > -1SD re-
sponded well to therapy. This data showed the important
role of IGFBP - 3 in response to growth hormone therapy.
Therole of IGFBP-3 in rGH response was previously demon-
strated since it potentiates IGFR - I receptor signaling (30).
At a cellular level, IGFBP - 3 has anti - proliferative proper-
ties and the cell cycle growth happens perhaps via the acti-
vation of TGF - beta receptors, which is an IGF independent
action (30). Apart from the linear effects on IGF-1levels and
GH - IGF-1axis, IGFBP - 3 also works to prevent aberrant cell
growth at the tissue level (31).

We found that baseline IGFBP - 3 concentrations also
correlated positively with baseline height SDS (Figure 1c).
These results are similar to previous data of IGFBP - 3 in
growth hormone insensitive subjects (13, 15). It is already
known that rGH therapy increases IGF-1concentrations in
much greater proportions than IGFBP- 3 levels, thus reveal-
ing the different effects of GH therapy on IGF - 1 as com-
pared with IGFBP - 3 (32). IGFBP - 3 levels, like IGF - 1, are
dependent on endogenous GH production. For example,
serum IGFBP-3 is increased in GH excess (acromegaly) and
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is low in GH - deficient children. However, some IGFBP - 3
gene expressions, especially in the human liver, are GH - in-
dependent (33, 34).

In our study, baseline IGFBP-3 was the marker of degree
of GH resistance and the predictor of response to GH ther-
apy. Based on our findings, in children with short stature
who have exclusion of other etiologies of short stature,
normal GH secretion after GH stimulation test, height SDS
< -2.25 SDS and IGF -1 level < -2SD, AIGF -1 (difference be-
tween baseline IGF-1levels and IGF - 1levels after 3 months
of rGH therapy) can help to decide the course of treatment.
If AIGF-1is < 150 ng/mL, those children may benefit from
rIGE-1therapy since they most likely represent growth hor-
mone resistance cases; and will more than likely not re-
spond well to rGH therapy. However, if the AIGF -1 is >
250 ng/mL, the child is likely to benefit from rGH therapy
as those cases usually are sensitive to growth hormone. In
cases with an intermediate response was considered when
AIGF-1between 150 -250 ng/mL, the IGFBP-3 baseline level
should be taken into consideration when deciding which
therapy to begin with. In cases where the baseline IGFBP -3
level is > -1 SDS, rGH therapy can be beneficial and should
be used as the first choice of therapy. Whereas, in cases of
growth hormone resistance where baseline IGFBP - 3 is < -
1 SDS, the child would benefit from rIGF - 1 therapy while
the rGH therapy response may not be successful. A retro-
spective study such as this one is helpful because there are
very few of children with short stature which get treated
with rIGF - 1 due to insurance coverage and availability of
IGF-1 therapy. This set of data gives an insight into growth
responses with IGF-1therapy. As it was retrospective study
none of the subjects were lost to follow up. The data from
this study can be used as the initial study for further larger
prospective trials. The limitation of the study is the small
sample size, however it was representative of our popula-
tion.

In conclusion, we believe that both AIGF -1 and base-
line IGFBP -3 levels can serve as markers of response to rGH
therapy in non - GH deficient children with short stature.
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Short stature, height <-2.25 SDS
Passed Growth hormone stimulation test

Vi

AIGF1

(Calculated as the difference of IGF-1 level after 3 months of
GH therapy and baseline IGF-1 level)

AIGF-1: AIGF-1: AIGF-1:
<150ng/ml 150-250ng/ml >250ng/ml
IGF-1 therapy GH therapy

GH or IGF-1 therapy?

Baseline IGFBP-3

Baseline IGFBP-3 <-1 SDS

IGF-1 therapy can be

successful

Baseline IGFBP-3 >-1SDS

GH therapy can be

successful

Figure 2. Algorithm for Management of Non - GH Deficient Short Stature with Low IGF - 1. Abbreviations: IGF-, insulin-like growth factor-1; GH, growth hormone; IGFBP3,

insulin-like growth factor binding protein 3; SDS, standard deviation score.
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