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Abstract
Context: We hypothesize, based on the degree of residual hypothalamic-pituitary function, that some, but not all, children with growth hormone deficiency (GHD) may have
beneficial growth responses to the orally administered growth hormone (GH) secretagogue LUM-201.
Objective: To determine if pretreatment testing can identify predictive enrichment
markers (PEM) for subjects with adequate residual function who are responsive to
LUM-201.
Methods: We performed an analysis of a completed, randomized, placebo-controlled
trial of LUM-201, a GH secretagogue receptor agonist, in which all randomized subjects
had pretreatment testing.
This international multicenter study conducted in pediatric endocrinology clinics included 68 naïve-to-treatment, prepubertal children with established diagnoses of GHD.
Outcome measures included the sensitivity, specificity, and predictive accuracy of potential markers to predict 6-month growth responses to oral LUM-201 and daily rhGH.
Results: Two PEM were identified for use in defining PEM-positive status: (1) baseline
insulin-like growth factor I (IGF-I) concentration >30 ng/mL and (2) peak GH response
of ≥5 ng/mL upon administration of single-dose LUM-201. PEM-positive status enriches
a population for better growth responses to LUM-201. PEM-negative status enriches a
population for better growth responses to rhGH.

ISSN 2472-1972
© The Author(s) 2021. Published by Oxford University Press on behalf of the Endocrine Society.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercialNoDerivs licence (http://creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and
distribution of the work, in any medium, provided the original work is not altered or transformed in any way, and that the
work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

https://academic.oup.com/jes   1

Downloaded from https://academic.oup.com/jes/article/5/6/bvab030/6149958 by guest on 01 June 2021

Development of a Predictive Enrichment Marker
for the Oral GH Secretagogue LUM-201 in
Pediatric Growth Hormone Deficiency

2

Journal of the Endocrine Society, 2021, Vol. 5, No. 6

Conclusion: Combined, the peak GH response to single-dose LUM-201 and the baseline
IGF-I concentration are effective PEMs for 6-month growth responses to LUM-201 and
rhGH in prepubertal children with GHD.
Key Words: predictive enrichment markers (PEM), growth hormone deficiency (GHD), GH, secretagogues, receiver
operating characteristic (ROC), LUM-201

Methods
Evaluation of potential PEM requires pretreatment
measurement of PEMs, an active treatment period, and
a posttreatment analysis to determine if pretreatment
markers functioned to enrich the treatment population for
positive treatment responses.

Data Collection
The study was conducted in accordance with the Declaration
of Helsinki; institutional review board approvals were
obtained and all applicable regulatory requirements in the
participating countries were followed. Written consent for
data collection, processing, and publication was provided
by the parents or legal guardian for each child according to
national laws and regulations.

Subject Population
This study was conducted among naïve-to-treatment, prepubertal children who were at least 4 years of age, with
GHD with short stature (height standard deviation score
[HT-SDS] < −2), slow height velocity (< 10th percentile for
age and gender) and a bone age delay of at least 1 year.
Bone films taken within 3 months prior to randomization were acceptable for baseline analysis. Bone age was
≤ 8 years for girls and ≤ 9 years for boys. Maximal GH
responses to 2 standard GH stimulation tests of < 10 ng/
mL and an absence of other growth-limiting conditions
were required. Of those randomized, 68 completed the
6-month treatment period and were evaluable for efficacy
(per protocol analysis). Each participant was randomized
to receive treatment with either placebo or LUM-201.
Based on prior observations that the children with more
severe GHD might not respond to GH secretagogues [4, 5],
subjects with pretreatment peak GH responses of <1.9 ng/
mL to a single dose of LUM-201 were not randomized to
receive treatment.

Study Drug Administration
LUM-201 was provided as an aqueous formulation containing 2.0 mg/mL of ibutamoren (LUM-201; with orange
flavoring and sucrose). LUM-201 was administered as
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LUM-201 (ibutamoren, formerly MK-0677) is an oral
growth hormone (GH) secretagogue that augments endogenous GH pulsatility [1]. GH secretagogues act by
stimulation of the GHSR1a receptor (ghrelin receptor) in
the hypothalamus and pituitary. Multiple GHSR1a actions
include increased growth hormone–releasing hormone
(GHRH) and decreased somatostatin secretion at the hypothalamus as well as potentiation of GHRH signaling and
GH secretion by the somatotrophs [2, 3]. Oral administration of LUM-201 was shown to increase 24-hour GH production in the healthy elderly [1] and to produce GH and
insulin-like growth factor I (IGF-I) responses in a subset
of children and adults with GH deficiency [4, 5]. It is of
considerable interest to develop methods that may prospectively identify subjects who may respond with a sustained increase in height velocity to oral GH secretagogues.
Interest in GH secretagogues as noninjectable alternatives
to daily recombinant human growth hormone (rhGH) was
not supported by treatment results in early pediatric trials
[6-8]. More recently, a reconsideration of data from early
trials suggested that oral GH secretagogues may not be
beneficial to all subjects within the growth hormone deficiency (GHD) spectrum. Inclusion of a broad spectrum of
GHD subjects in early trials may have diminished overall
treatment responses. In hindsight, those without adequate
baseline hypothalamic-pituitary function could not have
been expected to benefit. Fortunately, in a randomized,
placebo-controlled study of LUM-201 in prepubertal children with GHD, along with several standard baseline values
(including IGF-I), all subjects had a pharmacodynamic
(PD) study done prior to treatment. That PD study included measurement of peak GH response to a single dose
of LUM-201. We hypothesized that this PD result might
form the basis for pretreatment identification of treatment
responders. Accordingly, we have performed a post hoc
analysis of that earlier study database to determine if the
GH response to a single-dose LUM-201, test along with
other baseline characteristics, can enrich a broad spectrum
of pediatric GHD subjects for positive growth responses.
The results of this post hoc analysis were positive and
will be utilized in a predictive enrichment marker (PEM)
strategy [9] for clinical development of LUM-201 as an alternative to injectable rhGH in a subpopulation of children
with GHD.
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single, daily, oral doses (0.4 mg/kg/day [n = 22] or 0.8 mg/
kg/day [n = 24]). After 6 months, 20 of the 22 subjects in
the placebo group agreed to be switched to receive rhGH,
0.3 mg/kg/week, generally taken as 6 daily doses per week.
Doses were periodically adjusted to current body weight.
In practice, doses were done in increments of 5-kg body
weight dose groups resulting in maximal dosing errors of
−11% to −25% depending on actual body weight.

Single-Dose LUM-201 Test

GH and IGF-I Assays
GH and IGF-I assays were performed at Esoterix (Calabasas
Hills, California). GH was measured by a standard doubleantibody radioimmunoassay, with a lower detection limit
of 0.3 ng/mL, an intra-assay coefficient of variation (CV)
of 3.4% to 10%, and an interassay CV of 7.2% to 13%
for GH levels ranging from 0.92 to 8.9 ng/mL. IGF-I was
determined by a competitive-binding radioimmunoassay,
after acid ethanol extraction, with a lower limit of detection of 10 ng/mL, an intra-assay CV of 4.6% to 20%, and
an interassay CV of 6.3% to 28% for IGF-I levels ranging
from 24 to 580 ng/mL.

Statistical Analyses
As a test of the mechanism of action, the GH peak response to single-dose LUM-201 was the primary candidate for a PEM for 6-month annualized height velocities
(AHV). Considering subjects with 6-month AHV above
a specified threshold as the positive growth response, receiver operating characteristic (ROC) analyses were performed to determine sensitivity, specificity, and predictive
accuracy at each level of GH peak. In this study of pediatric GHD, the 6-month AHV was significantly greater for
both LUM-201 doses over placebo (see “Results”), but the
0.8 mg/kg/day group had the higher mean growth response
and so was used for these ROC analyses. Accordingly, the
median AHV (6.85 cm/year) for the 0.8 mg/kg/day dose
group, including all 24 children, was used as the growth
cutoff value for ROC analyses. Predictive enrichment was
assessed by comparing the 6-month AHV for PEM-positive
and PEM-negative subjects. Baseline IGF-I can be a useful

Results
The baseline characteristics of the study dosing arms are
shown in Table 1. The mean age for the 0.4 mg/kg/day
group was greater than for the other 2 groups, and there
was a trend toward taller stature in the 0.8 mg/kg/day
LUM-201 group, but all other characteristics were generally well-balanced between the groups.

ROC Analysis of Single-Dose LUM-201 Test
Using an AHV of ≥6.85 cm/year (the median value for the
0.8 mg/kg/day LUM-201 group with all subjects included),
the ROC analysis comparing true positive rate (TPR) (sensitivity) to the false positive rate (FPR) (1 − specificity)
yielded an area under the curve of 0.75. TPR is defined as
the proportion of subjects with positive tests and positive
growth responses among all with positive growth responses.
FPR is defined as the proportion of subjects with positive
test results among all with negative growth responses.
Predictive accuracy is the proportion of subjects with true
test results among all who were tested. The ROC analysis
for the single-dose LUM-201 test is shown in Fig. 1. The
arrow designates the point at which TPR (sensitivity) and
FPR (1 − specificity) are optimized to produce the highest
value of predictive accuracy [12]. The peak GH value at
which this occurs is 5 ng/mL (TPR [sensitivity] = 0.92,
FPR = 0.50, predictive accuracy 0.71, specificity 0.5).

Annualized Height Velocities
The 6-month AHVs for all subjects randomized to a dosing
group and completing the 6-month treatment period (per
protocol analysis) are shown in Table 2. After completing
a 6-month double-blind placebo treatment, 20 of the 22
subjects completed an additional 6-month treatment period
taking subcutaneous injections of rhGH (0.3 mg/kg/week).
Both LUM-201 groups had increased AHV as compared
with placebo (P = 0.0046 for the 0.4 mg/kg/day group and
P < 0.0001 for the 0.8 mg/kg/day group). AHV for the
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Prior to treatment and following an overnight fast, subjects
received a single oral dose of LUM-201 (0.8 mg/kg) and
serum samples for GH response were collected prior to the
dose and at 30-, 60-, 90-, and 120-minutes post-dose. The
peak GH response for each subject was used as the result
of the test.

tool in GHD diagnostics [10]. Serum IGF-I as a potential
second PEM was assessed by a process of iterative filtering,
that is, determining if an IGF-I cutoff value further improved the predictive enrichment achieved by the ROCselected marker. Comparisons of optimal cutoff points
for the standard GH stimulation tests and the single-dose
LUM-201 test were performed by calculating positive and
negative agreement rates at various cutoff values of these
tests [11]. Baseline clinical characteristics of PEM-positive
and PEM-negative populations were compared.
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Table 1. Baseline Characteristics by Treatment Groups (N = 68). Values are Medians, Interquartile Ranges and Absolute Ranges.
All Subjects were Prepubertal at Baseline. Significance for Between-Group Differences were Tested by One-Way ANOVA
Age (years)

Bone Age
(years)

HT-SDS

Height
Velocity
cm/yr

Maximal GH
in 2 stimulation
tests (ng/mL)

Peak GH to
single-dose
LUM-201
(ng/mL)

IGF-I
(ng/mL)

All subjects

68

Placebo

22

LUM-201 0.4
mg/kg/d

22

LUM-201 0.8
mg/kg/d

24

P value for betweengroup differences
Placebo switch to
daily rhGH

68

9.2
(7.2,10.8)
(3.7, 14.3)
8.5
(5.9, 10.4)
(3.7, 14)
10.6
(9.0, 12.0)
(5.3, 14.3)
8.3
(7.1, 10.1)
(5.1, 12.4)
0.025

8.5
(5.9, 10.4)
(1.8, 10.5)
5.5
(4.0, 7.8)
(1.8, 10)
6.7
(4.5, 7.8)
(2.3, 10)
6.5
(5.0, 8.0)
(2.7, 10.5)
0.35

−3.3
(−4.5, −2.5)
(−7.0,−1.7)
−3.4
(−4.1, −2.5)
(−7.0, −1.7)
−3.8
(−5.3,−2.9)
(−6.9, −1.8)
−2.8
(−3.7,−2.3)
(−6.0, −1.8)
0.08

4.4
(3.5, 5.1)
(0.1, 7.6)
4.4
(3.5, 5.1)
(1.1, 7.6)
3.6
(2.7,4.5)
(0.1, 5.9)
3.8
(3.5,4.5)
(1.1, 5.4)
0.11

5.4
(1.8, 7.6)
(0.8, 10)
6.4
(3.0, 8.4)
(1.2, 10)
3.4
(1.7, 7.3)
(0.8, 8.9)
5.9
(1.6,7.5)
(1.1, 9.4)
0.2

15
(3.5, 49)
(1.9, 103)
26
(5.5, 56)
(2.2, 103)
9.4
(2.9, 39)
(1.9, 81)
13
(3.9, 52)
(1.9, 102)
0.48

51
(24 111)
(10, 231)
56.5
(23 113)
(10, 180)
48.5
(23, 96)
(13, 231)
50
(29 122)
(15, 281)
0.94

9.0
(6.6, 10.8)
(4.1, 14.5)

5.9
(4.2, 8.0)
(2.0, 10.5)

−3.5
(−4.2,−2.7)
(−6.7, −1.6)

4.6
(3.4,5.6)
(0.1, 6.8)

6.3
(3.0, 7.8)
(1.2, 10)

21
(4.6, 43)
(2.2, 103)

73
(24, 118)
(10, 139)

20

Abbreviations: ANOVA, analysis of variance; GH, growth hormone; HT-SDS, height standard deviation score; IGF-I, insulin-like growth factor I.

1.0
0.8
0.6
0.4
0.2
0.0
0.0

0.2

0.4
0.6
False Positive Rate

0.8

1.0

Figure 1. ROC analysis for prediction of 6-month AHV to 0.8 mg/kg/day
LUM-201 treatment with the GH peak from the single-dose LUM-201
test. The arrow designates the point at which TPR (sensitivity) and FPR
(1 − specificity) are optimized to produce the highest value of predictive
accuracy.

rhGH treatment was greater than in either of the LUM-201
groups (P < 0.0001).

Evaluation of Baseline IGF-I Concentration as a
Second PEM
IGF-I secretion is primarily stimulated by GH; thus,
IGF-I may serve as a biomarker for the severity of GH
deficiency. A process of iterative filtering was used to

determine if a specific baseline IGF-I concentration could
further improve mean 6-month AHV when used in conjunction with peak GH from the single-dose LUM-201
test. For subjects with peak GH ≥5 ng/mL (determined
by ROC to provide the highest value of predictive accuracy), as the mean IGF-I cutoff was increased from 0
to 30 ng/mL, the mean AHV for the 0.8 mg/kg LUM-201
group increased from 7.5 to 7.7 cm/year and the mean
AHV for daily rhGH decreased from 9.6 to 8.8 cm/year.
At an IGF-I cutoff level of 30 ng/mL, the between–treatment group difference in AHV was minimized (1.1 cm/
year). Above the IGF-I cutoff of 30 ng/mL, the improvement in between-group difference was minimal but excluded an increasingly larger number of subjects from
the analysis.

Effect of PEM Status on AHV
Taken together, the use of dual PEM markers where PEMpositive is defined as a single-dose GH peak ≥5 ng/mL and a
baseline IGF-I concentration >30 ng/mL had substantial enrichment effects on AHV (Table 3; Fig. 2). No effect by PEM
status was observed for the 0.4 mg/kg/day LUM-201 dosing
group, which had the fewest positive growth responses. In
contrast, PEM-positive status enriched height velocity responses in the 0.8 mg/kg/day LUM-201 group (7.7 ± 1.3 vs
5.4 ± 2.0 cm/year; P = 0.0025) while PEM-negative status
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Comparison of GH Responses to Standard
Testing and to Single-dose LUM-201
For eligibility, each randomized subject was to have a maximal GH response <10 ng/mL to two standard stimuli
among arginine, clonidine, glucagon, insulin or L-dopa.
Tests were performed using standard medical practices of
the investigators. The maximal GH from these tests were
compared to the maximal GH response to single-dose
LUM-201 by comparing rates of positive agreement (both
test results above a specified cutoff) and negative agreement
(both tests below a specified cutoff). The agreement of GH
peak to single-dose LUM-201 to a standard GH cutoff is
shown in Fig. 3. The intersection of the 2 functions identifies the peak GH to single-dose LUM-201 that best corresponds to the specified GH response to standard stimuli.

Discussion

Baseline Characteristics of Subjects by PEM
Status

Within this cohort of naïve-to-treatment, prepubertal
children with GHD, the mean AHVs for the 2 LUM-201
treatment arms were significantly greater than for the

By correlational matrices and multiple regression analyses,
some of the subject baseline characteristics were strongly
Table 2. AHV in All Subjects by Treatment Group

Treatment group
Placebo (n = 22)

Mean (SD) AHV at 6 months (cm/year)
P value versus placeboa
P value versus rhGHa

4.5 (1.4)
NA
< 0.0001

LUM-201

LUM-201

rhGH

0.4 mg/kg/day (n = 22)

0.8 mg/kg/day (n = 24)

0.3 mg/kg/week (n = 20)

6.0 (1.9)
0.0046
< 0.0001

6.9 (1.9)
< 0.0001
< 0.0001

11.1 (4.0)
< 0.0001
NA

Abbreviations: AHV, annualized height velocity; NA, not applicable.
Values are means (SD).
a
T-tests were used to test statistical significance.

Table 3. Effect of PEM on Mean (SD) AHV by Treatment and PEM Groups
Dose

LUM-201
0.4 mg/kg/day
LUM-201
0.8 mg/kg/day
rhGH
0.3 mg/kg/week

All subjects

PEM-positive peak GH ≥5 ng/mL
and baseline IGF-I > 30 ng/mL

PEM-negative peak GH <5 ng/mL
and/or baseline IGF-I ≤ 30 ng/mL

6.0 (1.9)
n = 22
6.9 (1.9)
n = 24
11.4 (4.0)
n = 20

6.2 (1.8)
n = 12
7.7 (1.3)
n = 15
8.8 (1.8)
n = 11

5.8 (2.1)
n = 10
5.4 (2.0)
n=9
14.0 (4.1)
n=9

P value PEM-positive
vs PEM-negative a
0.60
0.0025
0.0013

Abbreviations: AHV, annualized height velocity; GH, growth hormone; IGF-I, insulin-like growth factor I; PEM, predictive enrichment marker; rhGH, recombinant human growth hormone.
a
Paired t-tests were used to test for statistical significance.
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correlated to the PEMs identified in these analyses. For
example, maximal GH to standard stimulation tests was
correlated to peak GH to single-dose LUM-201 (r = 0.68,
P < 0.0001), maximal GH to standard stimulation tests
was correlated to baseline IGF-I (r = 0.58, P < 0.0001), and
peak GH to single-dose LUM-201 was correlated to baseline IGF-I (r = 0.85, P < 0.0001). It was therefore of some
interest to retrospectively test if PEM status was associated
with any differences in the baseline clinical characteristics
of these subjects. The results are shown in Table 5. As compared to similar-age subjects who are PEM-negative, PEMpositive subjects are taller, have higher pretreatment height
velocities (P = 0.02), less delay in bone age (P < 0.001), and
higher GH responses to standard stimuli (P < 0.001). It appears clear that PEM-positive status, as defined by the GH
peak to single-dose LUM-201 and baseline IGF-I, is associated with a more moderate degree of GH deficiency as
defined by growth, bone age, and standard GH stimulation
test parameters.

enriched height velocity responses in the rhGH group
(14.0 ± 4.1 vs 8.8 ± 1.8 cm/year; P = 0.0013).
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All Subjects

PEM Negative

PEM Positive

p < 0.0001

20

n=9
16

12

n=20

p < 0.0001

p < 0.0001
p = 0.082

p < 0.0001
p < 0.0001

p < 0.0001

n=15

p = 0.0560

n=24

n=11

n=9

8
n=22

n=13

n=9

4

0

Placebo 0.8 mg/kg
LUM-201

rhGH

Placebo 0.8 mg/kg
LUM-201

rhGH

Placebo 0.8 mg/kg
LUM-201

rhGH

Figure 2. Effect of predictive enrichment markers (PEM) on annualized height velocities (AHV) (means and SD) by treatment and PEM groups. T-tests
were used to test for statistical significance. The AHV is shown for all children in the left panel, where AHV is increased in response to LUM-201 versus
placebo, but the response is greater with rhGH treatment. In the middle panel, the AHV in the PEM-negative children is not increased with LUM-201
treatment but with rhGH treatment is even greater than in the all-subject group. In contrast, in the right panel in PEM-positive children, both LUM-201
and rhGH increase AHV but the response to the 2 treatments is not different.

Figure 3. Positive and negative agreement rates for peak GH to singledose LUM-201 to maximal GH in 2 standard stimulation tests. GHD defined as maximal GH < 3 ng/mL and optimal cutoff for peak GH at 7 ng/
mL (positive agreement 0.91, negative agreement 0.89). Cutoff values
for the single-dose LUM-201 that best correspond to other levels in the
standard GH stimulation tests are shown in Table 4.

placebo-treated arm but less than for the daily rhGH treatment arm when the PEMs identified in this study were not
employed. Both the placebo and LUM-201 treatment arms
contained subjects with minimal ability to respond to orally administered GH secretagogue. A sustained improvement in growth in children with GHD requires sustained
and sufficient increases in GH and IGF-I, but this may not
be possible in all LUM-201-treated subjects, particularly

those with the most severe degrees of GHD [4, 5]. The peak
GH response in the single-dose LUM-201 test is a subjectspecific test of each subject’s response to LUM-201 and
therefore a test of the mechanism of the drug’s action. Peak
GH was found to be positively correlated to the maximal
GH response in 2 standard GH stimulation tests and to
baseline IGF-I concentrations. As such, the degree of GHD
can also be informed by the single-dose LUM-201 test.
The peak GH in the single-dose LUM-201 test is lowest
in the most severe forms of GHD and more elevated in
moderate GHD as defined by the GH stimulation test and
baseline IGF-I. Furthermore, under the conditions of this
study, the peak GH in the single-dose test and the baseline
IGF-I concentration have been shown to be effective PEMs
for 6-month AHV. There was a significant increase in AHV
among the 0.8 mg/kg/day treated LUM-201 subjects when
both markers were positive (PEM-positive: peak GH >5 ng/
mL and baseline IGF-I >30 ng/mL) compared with PEMnegative. In contrast, the opposite effect was seen with
rhGH treatment. With rhGH, the AHV for daily rhGHtreated subjects was decreased in PEM-positive subjects
and increased in PEM-negative subjects. These data suggest
that oral administration of LUM-201 might be reserved for
pediatric subjects with more moderate GHD, whereas children with more severe GHD would be better served with
rhGH. The use of PEMs identified in this study, if confirmed
prospectively, may identify the more appropriate modality
prior to treatment. When positive, the 2 PEMs, peak GH to
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Annualized Height Velocity (cm/yr)

p < 0.0001
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Table 4. Positive and Negative Agreement Rates for GH Peak
to Single-Dose LUM-201 to Selected Values of the Standard
GH Stimulation Tests
Maximal GH to
standard stimulation
tests cutoff value
(ng/mL)
<2
<3
<5
<7

Positive
Peak GH to
agreement
single-dose
LUM-201 cutoff
value (ng/mL)
5
7
15
20

0.85
0.91
0.86
0.80

Negative
agreement

0.94
0.89
0.85
0.80

Abbreviations: GH, growth hormone; GHD, growth hormone deficiency.

IGF-I reflects the effects of GH acting on the liver to release
IGF-I. In healthy subjects, serum IGF-I is strongly correlated with spontaneous GH secretion assessed by 24-hour
studies [17]. In addition, GH acts at the epiphyseal plate to
stimulate growth by stimulating clonal expansion of chondrocytes, which also increase local IGF-I levels to act synergistically to facilitate growth [18, 19]. Serum IGF-I levels
are low in children with severe GH deficiency. Since there
is a stronger correlation between peak GH after a single
dose of LUM-201 and baseline serum IGF-I than the correlation between standard stimulation tests and IGF-I, it is
likely that the LUM-201 test is measuring endogenous GH
reserve and thus serves as a more important predictor of
the likelihood of a beneficial therapeutic response to treatment with LUM-201. In naïve-to-treatment, prepubertal
children with GHD, age and markers for the severity of
GHD are generally predictive of growth responses with
rhGH. Younger children exhibit greater growth rates than
older children. Lower values of baseline HT-SDS, maximal GH on standard stimulation tests, and baseline IGF-I
generally indicate more severe GHD and predict greater
growth responses to rhGH [14-16, 20-25]. In the present
study, comparisons of AHV between the 0.8 mg/kg/day
LUM-201 and daily rhGH arms are valid because age and
markers of GHD severity are well-balanced with no significant between-group differences. Treatment of moderate
GHD with rhGH, as here defined by the 2 PEMs and in
the KIGS study using a GH stimulation test result between
5 and 10 ng/mL [14, 15], are expected to achieve a mean
first-year height velocity of approximately 8.5 to 9.0 cm/
year, but actual height velocities would be expected to vary
depending on subject age, GH dose, severity of GHD, and
other factors. In a retrospective evaluation of data from
the GeNeSIS study, prepubertal children aged 4 to 10 years
with moderate idiopathic GHD grew on average 8.3 cm/
year in the first year of rhGH treatment [26]. Although
the null hypothesis test of no significant difference in AHV

Table 5. Baseline Characteristics by PEM Status
Parametera

Age
HT-SDS
Pretreatment Height Velocity (cm/year)
Difference between chronological and bone age
Standard GH stimulation test result (ng/mL)

All subjects

PEM-positive

PEM-negative

n = 68

n = 40

n = 28

P value for difference
between PEM-positive and
PEM-negativeb

9.2 (7.2, 10.8)
−3.3 (−4.5, −2.5)
4.0 (3.2, 4.6)
2.3 (1.6, 4.1)
5.4 (1.8, 7.6)

9.1 (7.0, 10.5)
−2.6 (−3.1, −2.2)
4.3 (3.7, 4.8)
1.9 (0.9, 2.8)
7.1 (5.1, 8.8)

9.9 (7.4, 11.6)
−4.6 (−5.3, −3.8)
3.3 (2.8, 4.4)
4.0 (2.1, 5.0)
1.7 (1.3, 3.5)

0.51
<0.00001
0.02
<0.001
<0.0001

Abbreviations: GH, growth hormone; HT-SDS, height standard deviation score; PEM, Predictive Enrichment Marker
a
medians and interquartile ranges
b
P value for difference between PEM-positive an PEM-negative groups by one-way ANOVA
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single-dose LUM-201 and baseline IGF-I, indicate a more
moderate form of GHD, and this observation is extended
by a consideration of other pretreatment characteristics. As
compared to PEM-negative subjects, PEM-positive subjects
are taller, have greater pretreatment height velocities and
less delay in bone age, and have higher GH responses to
standard GH stimulation tests (Table 5). The maximal
GH in 2 standard stimulation tests was also evaluated as
a potential PEM. In this cohort, with a range of stimulated
GH results limited to 0.8 to 10.0 ng/mL, the maximum
predictive accuracy was 0.67 at a stimulated GH value
≥2 ng/mL). A predictive accuracy of 0.6 occurred when
stimulated GH was used as a solitary predictor for 1-year
growth responses to rhGH in the National Cooperative
Growth Study [13] that permitted evaluation of a greater
range of GH stimulation results. Stimulated GH results
are of greater value when included as one of multiple predictors in multivariate models for growth responses to
rhGH [14-16]. The maximal GH response to standard GH
stimulation tests and baseline serum IGF-I are correlated
(r = 0.576, P < 0.0001). However, there is a stronger correlation (r = 0.85, P < 0.00001) between the peak response
to LUM-201 and serum IGF-I in the same children. Serum
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LUM-201 and IGF-I were reasonable candidates to evaluate
as predictive enrichment markers. Data on some potential
covariates (eg, midparental height), used in most treatment
predictions models [14, 15, 42, 43] were not available and
could have affected the results. IGF-I is here analyzed only
as concentration because reliable calculators for IGF-I SDS
were not available for this population at the time of this
study (1996-1998). IGF-I and IGF-I SDS are under evaluation in the ongoing LUM-201 study (NCT04614337).
Also, a limitation of the current report is that it is based
on a retrospective analysis. This is being addressed in a
clinical trial where prepubertal children with GHD are
being studied using 3 doses of LUM-201 compared with
a standard dose of daily subcutaneous injections of rhGH.
In this study, peak GH response to a single dose of LUM201 and baseline IGF-I concentrations proved to be significant PEMs for height velocity responses to LUM-201
over 6 months of treatment. Higher GH and IGF-I results
(PEM-positive, indicative of moderate GHD) predict better
responses to LUM-201. Further, subjects with lower values
for either or both markers (PEM-negative, indicative of
severe GHD) seem better served by injectable rhGH. This
conclusion is corroborated by a retrospective evaluation
of data from the GeNeSIS study, in which lower values of
stimulated GH and baseline IGF-I predict greater growth
responses to daily rhGH [26]. Future studies will determine
if predictive accuracy is maintained for longer periods of
treatment and if the cutoff points identified for peak GH
to single-dose LUM-201 and baseline IGF-I are reproducible when applied prospectively in a second, independent
PGHD population.
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between PEM-positive 0.8 mg/kg/day LUM-201 and rhGH
treatment groups did not reach statistical significance
(P = 0.082), there were higher AHV in the 0.8 mg/kg/day
group than the 0.4 mg/kg/day group and both LUM-201
groups had higher AHV than placebo. These comparisons
suggest the presence of a dose-response curve in this subset
and that a LUM-201 dose higher than the highest used
here (0.8 mg/kg/day) may be required to achieve first-year
height velocity targets comparable to daily rhGH.
Over the dosing range used in this study (0.4-0.8 mg/
kg/day), LUM-201 was generally well tolerated. Full safety
data are provided in the supplementary materials [27].
“Increased appetite” was the most frequently reported
drug-related clinical adverse event, with the 2.5- to 3-fold
higher incidence rate reported for the LUM-201 treatment
groups distinguishing it from the placebo group. Increased
appetite is frequently observed concurrent with catch-up
growth [28], and orally administered GH secretagogues
may also stimulate appetite in children with GHD [29]. In
this context, increased appetite observed with LUM-201
treatment may be a consequence of the intended therapeutic goal and not just an adverse event.
Multiple years of treatment with daily injections of
rhGH impose a significant treatment burden on children
and their caregivers. Over a period of 15 years, reports
have consistently substantiated incomplete treatment adherence with daily injections. No single factor accounts for
poor adherence; rather, several reasons, alone or in combination, have been reported by the nonadherent population
[30, 31]. Nonadherence has consequences for treatment
outcomes [32-34]. Height velocity is dependent on adherence; height velocities decrease as dosing adherence falls
[35, 36]. To lessen the treatment burden of daily rhGH injections, rhGH fusion products and analogues are in development that may permit weekly (or longer) dosing intervals
[37-40]. An orally administered GH secretagogue such as
LUM-201 at doses that result in noninferior growth rates
and exhibit a comparable safety profile when compared
with injectable GH products might minimize the treatment
burden and optimize treatment adherence.
Some limitations exist to the interpretation of the current data. The PEM cutoff values were established using
then-available assays and may differ when contemporary
assays are used. Results of pubertal exams are not available
for the end-of-treatment visit: subjects entering puberty
may have influenced the comparison of height velocities with rhGH and LUM-201. A dose-response curve for
rhGH in children with GHD and ISS is well documented
[25, 41]. The rhGH dose used (43 mcg/kg/d) is higher than
used in many regions: treatment differences between rhGH
and LUM-201 may be exaggerated. Multivariate analysis
of height velocity was used to determine if GH response to
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