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Abstract

Context: Recombinant human growth hormone (rhGH) is approved for treatment of
pediatric growth hormone deficiency (GHD), with greatest growth responses observed
in those with severe GHD. Orally administered GH secretagogues (GHS) may be useful
treatment in patients with moderate GHD. Distinguishing children with severe vs mod-
erate GHD could identify children who would be better treated with rhGH or GHS.
Objectives: Evaluate baseline insulin-like growth factor-I (IGF-1) and stimulated peak GH
response as predictors of 12-month height velocity (HV) in children with GHD.

Design: Data on children with GHD were analyzed in a legacy data base (GeNeSIS data).
Participants: 514 naive to rhGH-treatment, prepubertal children with idiopathic isolated
GHD for whom stimulated GH, baseline serum IGF-I, and first-year HV during rhGH treat-
ment data are available.

Outcome Measures: Children with severe or moderate GHD were categorized based on
GH and IGF-I data and evaluated based on baseline auxologic and hormone profiles and
first-year growth response to rhGH.

Results: Cohorts of severe and moderate GHD were 81/514 (15.8%) and 433/514 (84.2%).
Cohorts differed significantly with regard to indicators of GHD [eg, baseline height SD
score (SDS), height SDS minus target height SDS, HV, HV SDS, and change in height
SDS during rhGH treatment]. Multiple regression analysis showed IGF-l and stimulated
GH were significant predictors of HV independent of other known variables. Expected
first-year HV in moderate GHD was 8.3 cm/y.

Conclusions: The combination of peak GH to GH stimulation testing and baseline IGF-I
concentration are predictive enrichment markers for annualized HV responses to rhGH
therapy.
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Growth hormone deficiency (GHD) in children is a well-
recognized medical condition leading to physical disability
and psychological distress associated with short stature
starting during childhood and persisting throughout adult
life [1-4]. The amount of growth hormone (GH) secreted by
children with GHD covers a range, from zero in the most se-
vere cases to measurable but subnormal quantities in milder
disease [5,6]. The condition is rare and is therefore defined
as an “orphan” disease by Food and Drug Administration,
European Medicines Agency, and other regulatory author-
ities. The only currently approved therapy for GHD is re-
combinant human growth hormone (rhGH), which must
be given by daily subcutaneous injection. Nonadherence to
this therapy is a widely recognized issue [7-9]. Ibutamoren
(LUM-201, Lumos, Austin, TX, USA), previously MK-0677
(Merck and Company, Rahway, NJ, USA) is an orally bio-
available small molecule that was instrumental in the
cloning of the GH secretagogue receptor [10,11]. The GH
secretagogue receptor was used to identify ghrelin as the
natural ligand for this receptor [12]. Ibutamoren increases
the release of endogenous GH in adults [13] and in children
more mildly affected by GHD [14,15] and has the potential
to stimulate childhood growth over the longer term, attenu-
ating the physical and psychological symptoms associated
with short stature. Internal feedback systems limit the se-
cretion of GH upon administration of such a GH-releasing
agent [16], potentially preventing safety issues associated
with exposure to excessive levels of GH. Because it is ad-
ministered orally rather than by daily injection, ibutamoren
treatment could increase adherence to a regimen of growth-
promoting therapy, easing the burden of the disease on pa-
tients and families. Results of a previous study found no
statistically significant difference in annualized height vel-
ocity (HV) after 6 months of treatment with ibutamoren or
daily rhGH injections when moderate GHD was defined
as a baseline insulin-like growth factor-I (IGF-I) > 30 pg/L
and a peak GH to single dose ibutamoren >5 pg/L [17].
Consequently, baseline serum IGF-I and GH response to
a single dose of the investigative drug were used to iden-
tify a subset of patients with moderate GHD. In addition,
that study showed a peak GH response to a single dose
of ibutamoren >5 pg/L was equivalent to a GH response
in a standard stimulation test of >2 pg/L [17]. In planning
for a comparative trial of different doses of ibutamoren vs
standard doses of injected rhGH, data illustrating the effect
of rhGH in a large population of children who participated
in the Genetics and Neuroendocrinology of Short Stature

International Study (GeNeSIS; Eli Lilly and Company,
Indianapolis, IN, USA) were evaluated. Since theoretically
GH secretagogues require a functionally intact pituitary
gland, the analysis focused on patients with idiopathic iso-
lated GHD (IGHD) excluding those with organic GHD or
combined pituitary hormone deficiency. The objective of
this analysis was (i) to corroborate the criteria for moderate
GHD determined from the previous study [17] in an inde-
pendent cohort and (ii) to obtain an average value of first-
year annualized HV attained with standard rhGH therapy
in this subset as a comparator for ibutamoren treatment.
Such an approach would strengthen the evidence required
by providers, patient families, and others to evaluate the ef-
fectiveness of the oral GH secretagogue in comparison with
that of currently standard rhGH therapy.

Patients and Methods
Source of data

Data from GeNeSIS (Clinical Trial Registry Number:
NCT01088412) were analyzed to serve as the inde-
pendent cohort. Anonymized data of individual partici-
pants were made available by Lilly on the platform www.
clinicalstudydatarequest.com after approval by an inde-
pendent review committee.

Patients and data collection

GeNeSIS was a prospective, open-label, observational re-
search program conducted in 30 countries at more than
800 study sites between 1999 and 2015. The main objective
was to investigate safety and effectiveness of rhGH treat-
ment (Humatrope®; Eli Lilly and Company, Indianapolis,
IN, USA) in pediatric patients with growth failure. Data
were collected by investigators according to their standard
practices and entered on case report forms. Data included
etiology of GHD; demographic, auxologic, and biochem-
ical data; status of other pituitary hormones; and informa-
tion on abnormal brain or pituitary imaging [18,19]. Bone
age was mostly determined according to Greulich-Pyle, and
data obtained by the Tanner-Whitehouse method were con-
verted as described before [20]. Baseline data were collected
before initiation of GH treatment, and follow-up data were
typically collected at 6-month intervals. The plausibility of
reported data was reviewed using scatter plots, and sites
were queried to comment on or to correct implausible
data. The diagnosis of GHD in an individual patient was
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accepted as provided by the investigator, irrespective of
results of GH or IGF-I testing. If several GH stimulation
test results were reported, the highest GH peak value was
used in statistical analyses. In the final cohort (N = 514) the
following standard GH stimulation tests were performed:
arginine (1523 29.6%), clonidine (1515 29.4%), insulin tol-
erance (92; 17.9%), L-dopa (71; 13.8%), and glucagon
(48; 9.3%). GH measurements were performed locally.
Serum IGF-I concentrations were determined either cen-
trally (University Children’s Hospital, Giessen, Germany,
or Esoterix, Calabasas Hills, CA, USA) using an insulin-like
growth factor-binding protein-blocked radioimmunoassay
[21] or at local laboratories and converted to central la-
boratory equivalent values using previously reported algo-
rithms [22]. The vast majority of IGF-I values, those from
Giessen (for non-US countries) and those from Esoterix
(for US sites) did not require conversion. IGF-I SD scores
(SDS) were calculated using the reference values of the cen-
tral laboratory [23].

The study was conducted in accordance with the
Declaration of Helsinki; institutional review board ap-
provals were obtained; and all applicable regulatory re-
quirements in the participating countries were followed.
Written consent for data collection, processing, and pub-
lication was provided by the parents or legal guardian for
each child according to national laws and regulations.

Final cohort for analysis

Only patients with a primary diagnosis of GHD were
included, while patients with additional growth-limiting
disorders (eg, Turner syndrome, SHOX deficiency, short
for gestational age) were excluded. The large number
of patients was substantially reduced by a stringent se-
lection process, applying criteria intended to ensure
the final study cohort included the patients of primary
interest. Patients were considered suitable for the overall
analysis if the following information had been reported
(“efficacy evaluable” criteria): visit 1 provided sex, age,
diagnosis, current height, previous rhGH treatment (yes/
no), and GH dose. The resulting cohort was further
stepwise limited by the following criteria: GHD, pri-
mary diagnosis idiopathic GHD. If idiopathic GHD was
the highest prioritized diagnosis, patients with organic
GHD (congenital GHD including, for instance, genetic
defects, abnormal pituitary development, or certain clin-
ical syndromes; acquired GHD including intracranial
tumors, surgery, irradiation, and others) were auto-
matically excluded by applying the GeNeSIS diagnostic
scheme. Details on the GeNeSIS diagnostic scheme can
be obtained upon request. After having identified the pa-
tients with idiopathic GHD without additional growth

disorders, further selection steps followed: IGHD,
GH-naive at baseline, GH-treated, chronological age >4
y and <10 y at baseline, pubertal stage 1 (B1 in girls,
G1 in boys) at baseline, first-year annualized HV (cm/y)
available and plausible, stimulated maximum GH and
baseline serum IGF-I available (Fig. 1).

Statistics

Age- and sex-based SDS values for height [24], annualized

V [25], body mass index (BMI) [26], target height ac-
cording to Tanner, bone age, and serum IGF-I were calcu-
lated as described previously [18,19]. Results are presented
as mean = SD unless otherwise stated. Comparisons among
groups were performed by 1-way analysis of variance for
continuous variables and by chi-square test for categorical
variables. For factors influencing response to rhGH, mul-
tiple linear regression analysis was performed with first-
year annualized HV as the response variable and varied
sets of exploratory variables. The baseline characteristics
examined included chronological age, sex, weight SDS,
BMI SDS, height SDS, difference between height and target
height SDS, dose per week, serum IGF-I, and maximum
GH (continuous or categorical by the cutoff). Sex was not
a significant predictor and was excluded from subsequent
modeling. Weight SDS was also removed from the models
because of high collinearity with height SDS, and BMI SDS
was selected instead. Model diagnostics were carried out
by examining residuals, leverages, and Cook’s distances; 3
influential outliers were thus excluded from the analyses.
Both standardized and unstandardized regression param-
eter estimates were reported. All analyses were conducted
using SAS 9.4 (Cary, NC, USA). A P-value of less than 0.05
was considered statistically significant.

Results
Patients

The independent cohort that was analyzed after the fil-
tering process identified patients considered a priori the
most suitable candidates for ibutamoren therapy (Fig.
1). The authors believe that the diagnosis of idiopathic
IGHD was the most important diagnostic category for
identifying the patients of interest, accounting for 73.3%
of all patients with GHD (9022 of 12 315 patients). Only
rhGH treatment-naive patients at baseline who actually
received treatment were eligible (72.4% of idiopathic
IGHD and 53.0% of all GHD). To avoid the interfer-
ence caused by patients undergoing a pubertal growth
spurt and the high HV of patients at a very young age,
the study population was further limited to patients with
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All patients
N = 23,256

l

Efficacy evaluable
N =19,934 (85.7%)

v

GH Deficiency (GHD)
N =12,315 (53.0%)

Other diagnoses (not GHD) or unknown

N = 7,619 (32.8%)

v

Idiopathic GHD Organic GHD Not specified
N =9,637 (41.4%) N =2,638(11.3%) || N =40 (0.2%)
T
v [ 1
Isolated GHD CPHD Status unknown
N =9,022 (38.8%) N =560 (2.4%) N =55 (0.2%)

I

rhGH-naive at BL
N =6,530 (28.1%)
T

v |
rhGH-treated rhGH-untreated
N = 6,528 (28.1%) N =2 (0.01%)

l

Age 24y and <10y at BL
N =2,351(10.1%)

l

Tanner stage 1 at BL
N =1,991 (8.6%)

l

1" year HV available
N=1,789 (7.7%)
|
v 1
1" year HV plausible
N =1,778 (7.6%)

1

Stimulated GH and BL serum IGF-I available
N =514 (2.2%)

1" year HV implausible
N =11 (0.05%)

Figure 1. Patient disposition. The percentages refer to the total number
of patients in GeNeSIS. The variable “efficacy evaluable” comprises a
minimum set of variables that had been defined a priori to be indis-
pensable for sensible analyses of rhGH treatment response such as
“Visit 1 provided” sex, age, diagnosis, current height, rhGH treatment
(yes/no), and rhGH dose.

baseline chronological age between 4 and 10 years and
prepubertal stage (Tanner 1), which further reduced the
cohort (30.5% of rhGH-treated naive idiopathic IGHD,
16.2% of all GHD). Because the primary endpoint was
first-year annualized HV, only patients for whom this
variable was available and plausible were included
(27.2% of rhGH-treated naive idiopathic IGHD patients,
14.4% of all GHD patients). To test the hypothesis that
stimulated maximum GH and baseline serum IGF-I are
suitable markers for determining the severity of GHD, we
focused finally on the cohort where both variables were
available and plausible (N = 514, 7.9% of rhGH-treated

naive idiopathic IGHD patients, 4.2% of all GHD pa-
tients). Based on a previous study [17], we hypothesized
that either stimulated maximum GH < 2 pg/L or baseline
serum IGF-I < 30 pg/L indicate severe GHD in contrast
to moderate GHD predicted by the combined markers
GH > 2 pg/L and 1GF-1 > 30 pg/L. Cohort sizes of these
2 subgroups were 81/514 (15.8%) with severe GHD and
433/514 (84.2%) with moderate GHD.

Demographics at baseline

Baseline characteristics before start of rhGH treatment for all
patients and for the proposed subgroups are shown in Table
1. The total number of boys [313/514 (61%)] was greater
than that of girls [201/514 (39%)]. The individual GHD sub-
groups were also predominantly male; however, the difference
was less marked in the moderate GHD cohort. Chronological
age was similar for the subgroups. Bone age was significantly
more retarded in the severe vs the moderate GHD group when
adjusted for chronological age. Height SDS was more dimin-
ished in the severe GHD cohort (-3.01 vs -2.58; P < 0.0001),
while target height SDS was less diminished (-0.52 vs -0.75;
P =0.0146); consequently, the difference between the patients’
height SDS and their target (mid-parental) height SDS was, on
average, greater (-2.49 vs -1.82; P <0.0001). Pretreatment
annualized HV was not different between the 2 cohorts. BMI
SDS was significantly lower in the severe GHD group (-1.36 vs
-0.37; P < 0.0001). The stimulated maximum GH peaks and
baseline serum IGF-I values (concentrations or means of SDS)
were different between both groups, as expected. The values
complied with the predefined cutoffs of these parameters. The
mean GH dose was slightly greater in the severe GHD group
(0.21 mg/kg/week vs 0.20 mg/kg/week; P < 0.0200), which lay
well in the recommended dose ranges of 0.18 to 0.25 mg/kg/
week (Europe) and 0.18 to 0.3 mg/kg/week (USA).

Changes During rhGH treatment

Mean height SDS at 1 year of rhGH treatment (Table 2)
was not significantly different between the severe and mod-
erate GHD cohorts due to a greater mean increase in the
severe GHD group (0.86 vs 0.61; P < 0.0001). This finding
corresponds with the greater mean first-year HV and HV
SDS of the severe GHD cohort vs the moderate cohort.
Although mean BMI SDS increased more in the severe
GHD cohort (0.22 vs 0.02; P = 0.0054), it was still signifi-
cantly smaller than in the moderate GHD cohort (-1.15
vs =0.34; P <0.0001). Starting from very low values at
baseline, mean IGF-I and IGF-I SDS values in the severe
GHD group ended up in the low normal range after 1 year
of rhGH treatment whereas in the moderate GHD group,
IGF-I concentrations were higher at baseline by definition
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Table 2. Changes in relevant variables during one-year of rhGH treatment in the final study group and the severe vs moderate GHD cohorts

Severe GHD IGF-I < 30 pg/L or Moderate GHD IGF-1> 30 pg/L and

All

GH >2 pg/L

GH <2 pg/L

SD

Mean

SD

Mean

SD

Mean

Variable

0.0562
0.0767
<0.0001

0.06
0.7

0.21
-2.00
0.61
-1.22
8.29
2.77
-0.34
0.02
162

433
432
432
412
433
432
430
427
259

0.06
0.9

0.22
-2.16
0.86
-1.65
9.62
4.22
-1.15
0.22

81

0.06
0.8

0.21
-2.02
0.65
-1.29
8.50
3.00
-0.47
0.05

514
513
513
492
514
512
511

First-year rhGH dose (mg/kg/week)

Height SDS at 1 year

81

0.3

0.5

81

0.4

First-year change in height SDS

0.0004
<0.0001
<0.0001
<0.0001

1.0
2.6

80
81

1.0
1.8
2.0

Height SDS at 1 year - target height SDS

First-year HV (cm/y)
First-year HV SDS

BMI SDS at 1 year

1.6

1.7

2.8

80
81

1.5
0.7
545137
28; 83

1.2
0.6
103;214
37,107

0.0054
<0.0001

0.6
1175217

43;111

80
52
52
30
30

507
311
310

First-year change in BMI SDS

IGF-I at 1 year (pg/L)*

85
53
-1.05
3.01

153
74
-0.09
1.74

0.0064
<0.0001
<0.0001

78
0.20
1.35

257

First-year change in IGF-I (ng/L)"

IGF-1SDS at 1 year

1.3

97
97

1.8
2.7

1.6
1.7

127
127

1.0

First-year change in IGF-I SDS

P values for comparing severe and moderate GHD groups were calculated by one-way ANOVA unless specified otherwise.

Abbreviations: BMI, body mass index; GHD, growth hormone deficiency; HV, height velocity; IGF-1, insulin-like growth factor-I; rhGH, recombinant human growth hormone; SDS, SD score.

“Because of skewed distribution of serum IGF-I concentrations, data are shown as median, first quartile, and third quartile. P-value calculated using Wilcoxon rank sum test.

and ended up at greater concentrations. The change in
IGF-I SDS was greater in the severe GHD group (3.01 vs
1.35, P < 0.0001).

GH, IGF-1, and height velocity

To further confirm the combined cutoffs for stimulated
maximum GH and serum IGF-I concentration as posi-
tive enrichment markers, we divided the population into
2 stimulated GH categories (<2 pg/L or >2 ng/L) and
varied IGF-I cutoffs from 0 to 120 pg/L. First-year annu-
alized HV was chosen as the dependent response variable
(Table 3). Evidently, low GH or low IGF-I result in a
better growth response with a maximum at GH < 2 pg/L
and IGF-I <30 pg/L (mean HV =12.6 cm/y). In pa-
tients with low GH (<2 pg/L) and IGF-I above the
cutoff, mean annualized HV was clearly smaller and
decreased further with increasing baseline IGF-I cutoff,
but to a smaller degree. In patients with greater GH
(22 pg/L) but IGF-I below the cutoffs (0-120 pg/L), mean
HV was greater and decreased further from 10.6 to
8.6 cm/y. Mean annualized HV was smallest in patients
with greater GH (GH > 2 pg/L) and decreased slightly
with IGF-I above increasing cutoffs (8.5-7.8 cm/y). At
GH > 2 pg/L and IGF-I cutoff >30 pg/L, the first-year
HV was 8.3 = 1.6 cm/y. When serum IGF-I was divided
into 2 categories (<30 pg/L or >30 pg/L) and cutoffs for
stimulated GH maximum varied between 0 and 10 pg/L,
a similar picture was obtained (Table 4). Mean HV was
greatest in the low IGF-I group (<30 pg/L) and decreased
with increasing stimulated GH cutoff values. In the high
IGF-I group (>30 pg/L), mean HV was practically inde-
pendent of the GH cutoff values; for GH greater than
the increasing cutoffs, mean annualized HV remained
around 8.3 cm/y. A visual impression of the dependence
of the mean first-year HV on the choice of cutoff values
for stimulated GH maximum and baseline serum IGF-I is
given in Figures 2 and 3.

Multiple regression analysis

HYV during rhGH treatment in patients with GHD is in-
fluenced by a number of parameters. To assess the value
of stimulated maximum GH and baseline serum IGF-I as
markers for rhGH response in comparison with other po-
tential markers, we conducted a series of multiple linear
regression analyses with first-year HV as the response
variable and a variety of exploratory variables including
stimulated maximum GH and baseline IGF-I (continuous
or categorical according to the cutoffs), sex, baseline
chronological age, baseline bone age, baseline height or
height SDS, baseline BMI SDS, target height or target
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Table 3. First-year height velocity (cm/y) during rhGH treatment in low (<2 pg/L) and high (>2 ng/L) stimulated GH groups

according to different baseline serum IGF-l concentrations (N = 514)

Baseline IGF-I < cutoff

Baseline IGF-I > cutoff

IGF-I cutoff (pg/L) AHYV mean (cm/y) AHV SD (cm/y) n AHV mean (cm/y) AHYV SD (cm/y) n

GH <2
0 — — — 9.41 2.96 31
10 12.23 3.06 N 8.87 2.67 26
20 12.46 2.40 8 8.35 2.36 23
30 12.63 2.31 9 8.09 2.06 22
40 12.63 2.31 9 8.09 2.06 22
50 11.88 2.45 12 7.85 2.08 19
60 11.14 3.21 14 7.98 1.83 17
70 11.03 3.12 15 7.89 1.84 16
80 10.53 3.13 18 7.85 1.88 13
90 10.08 3.28 20 8.19 1.83 11
100 9.67 3.30 23 8.65 1.56
110 9.67 3.30 23 8.65 1.56 8
120 9.57 3.27 24 8.86 1.56 7

GH=>2
0 — — — 8.45 1.71 483
10 10.55 2.19 11 8.40 1.66 472
20 10.03 2.39 26 8.36 1.62 457
30 9.75 2.30 50 8.29 1.56 433
40 9.49 2.06 79 8.24 1.55 404
50 9.22 1.81 123 8.18 1.59 360
60 9.13 1.76 158 8.11 1.58 325
70 9.07 1.75 202 7.99 1.52 281
80 8.91 1.75 238 8.00 1.53 245
90 8.83 1.83 284 7.90 1.33 199
100 8.74 1.77 327 7.82 1.37 156
110 8.65 1.77 363 7.82 1.31 120
120 8.61 1.77 389 7.76 1.22 94

Abbreviations: AHV, annualized height velocity; GH, growth hormone; IGF-, insulin-like growth factor-I.

height SDS, and GH dose. In general, the models were
significant (Prl>ltl<l0.0001) and of acceptable quality.
Depending on the set of exploratory variables, chrono-
logical age, BMI SDS, and rhGH dose contributed signifi-
cantly to growth prediction. However, IGF-I (absolute,
SDS, or categorical) was the most powerful predictor of
first-year HV in all models, with an inverse relationship to
HV. Relevant parameters of the best model are shown in
Table 5. The single most important predictor was the cat-
egorical variable of baseline IGF-I > 30 pg/L with a stand-
ardized estimate of —0.2982. The second most important
predictor was baseline chronological age, followed by
GH dose, baseline BMI SDS, baseline height SDS minus
target height SDS, and maximum GH > 2 pg/L. Baseline
height SDS was not a significant predictor. The signifi-
cance of the combined markers stimulated GH > 2 pg/L
and baseline IGF-1 > 30 pg/L was verified by this multi-
variate analysis (Table 3).

Discussion

Examination of the GeNeSIS data corroborates the use of
baseline IGF-I concentration and stimulated GH as mean-
ingful indicators of the severity of GH and the response to
treatment. Using cut-off values comparable to those deter-
mined in a companion study [17], baseline IGF-I concen-
tration <30 ng/mL and stimulated GH < 2 are independent
indicators of good annualized HV to rhGH in children
with GHD. In the IGF-I cut-off groups, subjects with lower
IGF-I concentration had higher annualized HV than those
with higher IGF-I; annualized HV decreases as the IGF-1
cut-off is increased. In the GH cut-off groups, annualized
HV is highest in the low GH group and, again, HV de-
creases with increasing IGF-I. The IGF-I and GH cutoffs
identified in this study also serve to segregate the study
population into severe and moderate GHD groups. Those
with baseline IGF-1 concentration <30 ng/ml or GH <2
have more severe GHD and are found to have lower height
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Table 4. First-year height velocity (cm/y) during rhGH treatment in low (<30 pg/L) and high (>30 pg/L) IGF-l groups according

to different stimulated GH peak concentrations (N =514)

Baseline GH < cutoff Baseline GH > cutoff

GH Cutoff (pg/L) AHV Mean (cm/y) AHV SD (cm/y) n AHYV Mean (cm/y) AHV SD (cm/y) n

IGF-1< 30
0 — — — 10.19 2.51 59
1 13.24 1.98 7 9.78 2.29 52
2 12.63 2.31 9 9.75 2.30 50
3 12.57 2.04 13 9.52 2.21 46
4 12.52 1.97 14 9.47 2.21 45
N 11.69 2.47 18 9.53 2.25 41
6 11.21 2.52 25 9.44 2.24 34
7 11.09 2.49 31 9.20 2.16 28
8 11.03 2.36 36 8.88 2.18 23
9 10.89 2.38 38 8.93 2.28 21
10 10.64 2.43 44 8.90 2.35 15

IGF-1 > 30
0 — — — 8.28 1.58 455
1 9.85 0.96 N 8.27 1.58 450
2 8.09 2.06 22 8.29 1.56 433
3 8.40 1.89 36 8.27 1.56 419
4 8.42 1.77 68 8.26 1.55 387
N 8.46 2.07 118 8.22 1.37 337
6 8.40 1.93 167 8.21 1.34 288
7 8.38 1.83 213 8.20 1.33 242
8 8.33 1.78 246 8.23 1.31 209
9 8.29 1.71 291 8.28 1.33 164
10 8.34 1.69 334 8.13 1.22 121

Abbreviations: AHV, annualized height velocity; GH, growth hormone; IGF-1, insulin-like growth factor-I.
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Figure 2. Dependence of first-year HV on stimulated maximum GH
(<2 pg/L vs 2 pg/L) and varying baseline IGF-I cutoffs.

SDS, greater differences in chronological and bone age,
greater differences in height SDS and target height SDS,
and lower pretreatment height velocities. Moreover, the
group with severe GHD has greater first-year annualized
HV when treated with daily injections of rhGH.
Ibutamoren is a GHS receptor agonist that was studied
in the late 1990s as a potential therapy for pediatric GHD.
At the time, study results suggested a lack of efficacy when
compared to rhGH [14,27]. Re-examination of the data in
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Figure 3. Dependence of first-year HV on baseline IGF-I (<30 pg/L vs
>30 pg/L) and varying baseline GH cutoff.

2018 confirmed the findings from these studies. When data
from all children studied were combined, the growth data
during the first 6 months of rhGH or ibutamoren therapy
showed that daily injected rhGH was superior to once-
daily oral ibutamoren therapy. However, when only the
data from children with severe GHD were considered, the
efficacy of rhGH treatment was even more pronounced.
In contrast, among children with moderate GHD, the
difference in 6-month HV between the ibutamoren- and
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Table 5. Multiple regression analysis: final model for prediction of first-year height velocity

Variable Parameter estimate Standard error Pr > ltl Standardized estimate
Intercept 10.6721 0.6349 <0.0001 0
BL IGF-I > 30 pg/L (= 1)* -1.5835 0.2326 <0.0001 -0.2982
Maximum GH > 2 pg/L (= 1) ~0.7749 0.2881 0.0074 ~0.1117
BL chronological age (y)* -0.2112 0.0406 <0.0001 -0.2131
BL height SDS* -0.1238 0.1250 0.3225 -0.0520
BL height SDS - target height SDS -0.2404 0.0962 0.0128 -0.1322
BL body mass index SDS 0.2114 0.0525 <0.0001 0.1730
rhGH dose (mg/kg/wk) 7.0316 1.6539 0.0001 0.1763
Model, analysis of variance

R? 0.2290

Adjusted R* 0.2176

F value 20.11; Pr > F: <0.0001

Note that baseline serum IGF-I and stimulated maximum GH concentrations are included as categorical variables defined by the stated cutoffs.

Abbreviations: BL, baseline; GH, growth hormone; IGF-1, insulin-like growth factor-I; rhGH, recombinant human growth hormone; SDS, SD score.

“BL = baseline, at start of rhGH treatment.

rhGH-treated patients was not statistically significant [17].
Based on this observation, the data were retrospectively
examined, and 2 criteria were selected to evaluate the
effect of treatment based on the severity of GHD in indi-
vidual children. We hypothesized that a peak GH response
to a single test dose of 0.8 mg/kg ibutamoren orally and
baseline serum IGF-I could distinguish between the chil-
dren who had moderate GHD and those who were severely
deficient [17]. As there were no data on the response to a
test dose of ibutamoren in the GeNeSIS data base, we also
performed a receiver operator curve analysis from the data
of acute response to ibutamoren and compared the results
to those of either serum IGF-I or standard GH stimula-
tion tests. We determined that a cutoff of 5 pg/L in the
ibutamoren stimulation test was equivalent to a peak re-
sponse to a standard GH stimulation test of 2 pg/L [17].
For serum IGF-I, a conservative cutoff of 30 pg/L was
tested as a way to distinguish between moderate and se-
vere GHD.

Since this was a retrospective analysis and the number
of children in the study [17] was limited, we wanted to
confirm this approach, in particular the GH and IGF-I
cutoffs, in an independent large cohort by studying typ-
ical indicators of the severity of GHD in children treated
with thGH. When the GeNeSIS data base was made ac-
cessible to investigators, courtesy of Eli Lilly and Company
through clinicalstudydatarequest.com, we were given per-
mission to interrogate the data base. This paper presents
the results of that interrogation. Theoretically, responsive-
ness to an oral GH secretagogue requires functionally in-
tact somatotrophs in the pituitary. It is unlikely that this
prerequisite is fulfilled in patients with an organic etiology
of GHD such as genetic defect, abnormal pituitary devel-
opment, intracranial tumor, certain clinical syndromes,

central nervous system malformations, irradiation, and
other causes. Most of these etiologies cause combined pi-
tuitary hormone deficiencies. Therefore, we focused on pa-
tients with idiopathic IGHD, which accounts for the great
majority of patients with GHD [4,28,29].

In this study, severe GHD was defined by either
IGF-I < 30 pg/L or maximum GH < 2 pg/L, while moderate
GHD was defined by IGF-I>30 pg/L and GH > 2pg/L.
Both cohorts differed significantly at baseline in height SDS
and height SDS minus target height SDS, which are con-
sidered typical indicators of the severity of GHD [30]. As
expected by definition, stimulated GH and baseline serum
IGF-I were also significantly different between both groups.
P-values were provided, because in the severe GHD cohort
the logical connector for GH and IGF-I is “or,” which may
allow for substantial overlap of IGF-I or GH values with
the moderate GHD cohort. Growth responses to rhGH
treatment such as annualized HV, HV SDS, and change in
height SDS were significantly greater in the severe GHD
cohort, consistent with reports from other studies [31-34].

Using first-year annualized HV as a surrogate marker
of rhGH responsiveness, it was evident that low stimulated
maximum GH and low baseline serum IGF-I indicated good
response to thGH treatment, although the response de-
creased with increasing values of either parameter. This is
consistent with reports from other studies [32-36]. In conclu-
sion, these data confirm that the combined use of stimulated
GH peak and baseline IGF-I with the applied cutoffs allows
for identifying children with moderate GHD who may be
candidates for ibutamoren testing and potentially treatment.

A relevant question is whether stimulated maximum GH
and serum IGF-I are still significant indicators of severe or
moderate GHD, if other contributing variables are included.
A series of multivariate analyses of annualized HV from
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514 children treated with rhGH indicated that age, thGH
dose, the difference between patient and target height SDS,
BMI SDS, GH stimulation test result, and baseline IGF-I
concentration were all independent indicators. These find-
ings are consistent with reports from other studies in pre-
pubertal children with idiopathic GHD [31,33-39]. Based
on our analysis, prepubertal children aged 4 to 10 years
with moderate idiopathic IGHD (stimulated GH > 2 pg/L
and IGF-I > 30 pg/L) have the potential to grow on average
8.3 cm/y in the first year of rhGH treatment. Data from
the KIGS registry of patients with idiopathic GHD, not
necessarily IGHD, including children at younger ages
(1-10 years) and a GH cutoff of 5 pg/L have a similar mean
first-year HV (8.6 cm/y) [36]. We hypothesize that this HV
will be true both for treatment with daily rhGH injections
or with once daily oral ibutamoren treatment.

An unexpected finding from this analysis was that
catch-up growth decreased from >12 cm/y for patients with
severe GHD to 8.3 cm/y for patients with moderate GHD,
where moderate GHD was defined by peak GH to a stimu-
lation test of 2 pug/L and serum IGF-I of 30 pg/L or greater.

A weakness of the GeNeSIS data was that the diagnosis
of GHD was not subject to a stringent protocol: GH stimu-
lation tests were not standardized, and GH measurements
were not performed by the same assay in a central labora-
tory. This is typical for a “real-world” observational study.
On the other hand, a strength of these data is that IGF-I
measurements were performed in central laboratories or
data were converted to central laboratory data. Regarding
the primary objective of the current study, corroborating
the peak GH and IGF-I cutoff values of the twin study [17],
another weakness may be that the mean rhGH doses were
different. The dose-dependence of GH treatment has in
fact been demonstrated in various studies [40,41], but its
role may only be moderate [42]. The mean dose in the twin
study was 0.30 mg/kg/week (maximum approved US dose)
whereas in the current study it was 0.20 mg/kg/week. This
difference may cause slightly different growth responses. In
this context, however, it should be kept in mind that dose-
response relationships in biology commonly follow logit
laws resulting in S-shaped curves (effect linear vs dose loga-
rithmic). Therefore, a 30% decline in dose may have only a
moderate effect and is unlikely to affect the study objective.

In conclusion, baseline IGF-I and stimulated GH alone or
together are significant indicators of the degree of pediatric
GHD, independent of other markers. In children with idio-
pathic IGHD, their combined use with cutoffs >30 pg/L for
IGF-1and >2 pg/L for GH are predictive enrichment markers
to segregate HV responses to rhGH therapy and can iden-
tify patients with moderate GHD who qualify for oral GH
secretagogue testing and treatment. Notably, children with
the most severe GHD grow at highest HV in response to

rhGH treatment. Our working hypothesis is that children
with moderate GHD will grow at similar rates in response to
either daily injections of rhGH or oral ibutamoren.
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