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Abstract
Context: Somatrogon is a long-acting recombinant human growth hormone (rhGH) in development for once-weekly treatment of children with 
growth hormone deficiency (GHD).
Objective: We aimed to compare the efficacy and safety of once-weekly somatrogon with once-daily somatropin in prepubertal children with 
GHD.
Methods: In this 12-month, open-label, randomized, active-controlled, parallel-group, phase 3 study, participants were randomized 1:1 to receive 
once-weekly somatrogon (0.66 mg/kg/week) or once-daily somatropin (0.24 mg/kg/week) for 12 months. A total of 228 prepubertal children 
(boys aged 3-11 years, girls aged 3-10 years) with GHD, impaired height and height velocity (HV), and no prior rhGH treatment were randomized 
and 224 received ≥1 dose of study treatment (somatrogon: 109; somatropin: 115). The primary endpoint was annualized HV at month 12.
Results: HV at month 12 was 10.10  cm/year for somatrogon-treated subjects and 9.78  cm/year for somatropin-treated subjects, with a treat-
ment difference (somatrogon-somatropin) of 0.33 (95% CI: −0.24, 0.89). The lower bound of the 2-sided 95% CI was higher than the prespecified 
noninferiority margin (−1.8 cm/year), demonstrating noninferiority of once-weekly somatrogon vs daily somatropin. HV at month 6 and change in 
height standard deviation score at months 6 and 12 were similar between both treatment groups. Both treatments were well tolerated, with a similar 
percentage of subjects experiencing mild to moderate treatment-emergent adverse events in both groups (somatrogon: 78.9%, somatropin: 79.1%).
Conclusion: The efficacy of once-weekly somatrogon was noninferior to once-daily somatropin, with similar safety and tolerability profiles. 
(ClinicalTrials.gov no. NCT02968004).
Key Words: growth hormone, growth hormone deficiency, long-acting growth hormone, somatrogon, somatropin, pediatric
Abbreviations: ADA, anti-drug antibody; AE, adverse event; ANCOVA, analysis of covariance; BMI, body mass index; CTP, C-terminal peptide; GH, growth 
hormone; GHD, growth hormone deficiency; HbA1c, glycated hemoglobin A1c; hGH, human growth hormone; HV, height velocity; IGF-1, insulin-like growth factor 
1; LS, least squares; MedDRA, Medical Dictionary for Regulatory Activities v22.0; OLE, open-label extension; PK/PD, pharmacokinetic/pharmacodynamic; rhGH, 
recombinant human growth hormone; SAE, serious adverse event; SDS, standard deviation score; TEAE, treatment-emergent adverse event.

Growth hormone deficiency (GHD) in children results in 
growth attenuation and ultimately, adult short stature. 
Treatment of GHD requires administration of growth 

hormone in the form of daily subcutaneous injections, which 
constitute a substantial burden for both pediatric patients 
(1) and their caregivers (2). Recombinant human growth 

Extract2=HeadB=Extract=HeadB
Extract2=HeadA=Extract=HeadA
Extract3=HeadA=Extract1=HeadA
Extract3=HeadB=Extract1=HeadB
BList1=SubBList1=BList1=SubBList
BList1=SubBList3=BList1=SubBList2
SubBList1=SubSubBList3=SubBList1=SubSubBList2
SubSubBList3=SubBList=SubSubBList=SubBList
SubSubBList2=SubBList=SubSubBList=SubBList
SubBList2=BList=SubBList=BList
Keywords=Keywords=Keywords_First=Keywords
HeadA=HeadB=HeadA=HeadB/HeadA
HeadB=HeadC=HeadB=HeadC/HeadB
HeadC=HeadD=HeadC=HeadD/HeadC
Extract3=HeadA=Extract1=HeadA
EM_Ack_Text=EM_Ack_Text=EM_Ack_Text_WithOutRule= EM_Ack_Text
REV_HeadA=REV_HeadB=REV_HeadA=REV_HeadB/HeadA
REV_HeadB=REV_HeadC=REV_HeadB=REV_HeadC/HeadB
REV_HeadC=REV_HeadD=REV_HeadC=REV_HeadD/HeadC
REV_Extract3=REV_HeadA=REV_Extract1=REV_HeadA
BOR_HeadA=BOR_HeadB=BOR_HeadA=BOR_HeadB/HeadA
BOR_HeadB=BOR_HeadC=BOR_HeadB=BOR_HeadC/HeadB
BOR_HeadC=BOR_HeadD=BOR_HeadC=BOR_HeadD/HeadC
BOR_Extract3=BOR_HeadA=BOR_Extract1=BOR_HeadA
EDI_HeadA=EDI_HeadB=EDI_HeadA=EDI_HeadB/HeadA
EDI_HeadB=EDI_HeadC=EDI_HeadB=EDI_HeadC/HeadB
EDI_HeadC=EDI_HeadD=EDI_HeadC=EDI_HeadD/HeadC
EDI_Extract3=EDI_HeadA=EDI_Extract1=EDI_HeadA
CORI_HeadA=CORI_HeadB=CORI_HeadA=CORI_HeadB/HeadA
CORI_HeadB=CORI_HeadC=CORI_HeadB=CORI_HeadC/HeadB
CORI_HeadC=CORI_HeadD=CORI_HeadC=CORI_HeadD/HeadC
CORI_Extract3=CORI_HeadA=CORI_Extract1=CORI_HeadA
ERR_HeadA=ERR_HeadB=ERR_HeadA=ERR_HeadB/HeadA
ERR_HeadB=ERR_HeadC=ERR_HeadB=ERR_HeadC/HeadB
ERR_HeadC=ERR_HeadD=ERR_HeadC=ERR_HeadD/HeadC
ERR_Extract3=ERR_HeadA=ERR_Extract1=ERR_HeadA
INRE_HeadA=INRE_HeadB=INRE_HeadA=INRE_HeadB/HeadA
INRE_HeadB=INRE_HeadC=INRE_HeadB=INRE_HeadC/HeadB
INRE_HeadC=INRE_HeadD=INRE_HeadC=INRE_HeadD/HeadC
INRE_Extract3=INRE_HeadA=INRE_Extract1=INRE_HeadA
SectionTitle=SectionTitle=SectionTitle=SectionTitle1
App_Head=App_HeadA=App_Head=App_HeadA/App_Head
Keywords=Text=Keywords=Text_First

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/107/7/e2717/6566444 by Yonsei U
niversity M

edical School user on 16 D
ecem

ber 2022

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://orcid.org/0000-0003-3663-5473
mailto:mille685@umn.edu?subject=


e2718 The Journal of Clinical Endocrinology & Metabolism, 2022, Vol. 107, No. 7

hormone (rhGH) has been used to treat children with GHD 
for more than 30 years, and it has a well-established efficacy 
and safety profile (3). Treatment with rhGH has been dem-
onstrated to promote linear growth, optimize adult height, 
increase bone mineral density, manage known risk factors (ie, 
increased body fat and insulin resistance, and cardiovascular 
risks), and improve body composition in children with GHD.

Most formulations of rhGH are currently administered 
via daily subcutaneous (SC) injections, with studies showing 
high rates of treatment cessation (4, 5). Poor adherence is 
associated with suboptimal response to treatment, with re-
duced linear growth and nonattainment of genetic height 
potential (4, 6). Noncompliance has been shown to increase 
over time and is a significant issue for long-term treatment 
(7, 8). Given the patient complaints surrounding the burden 
of daily growth hormone (GH) treatment, such as unhappi-
ness with frequent injections, disruption of overnight travel 
plans, and nightly interruption of activities to administer 
medication (1), it is thought that these complaints will be 
mitigated by less-frequent injections (9, 10). A recently con-
ducted discrete choice experiment demonstrated that patients 
prefer a less-frequent injection regimen for treating GHD 
(11). Furthermore, data from other indications demonstrate 
patient preference for long-acting treatments, as seen for pre-
parations of recombinant follicle-stimulating hormone for 
fertility induction (12) and long-acting treatments for hemo-
philia (13, 14).

Somatrogon (MOD-4023) is a long-acting rhGH that is cur-
rently in development for the treatment of pediatric patients 
who have growth failure due to an inadequate secretion of en-
dogenous GH. Somatrogon contains the amino acid sequence 
of hGH and 3 copies of the C-terminal peptide (CTP) of 
human chorionic gonadotropin. It was previously shown that 
the inclusion of CTP in proteins such as follicle-stimulating 
hormone (15, 16) and erythropoietin (17) led to increased 
half-life. In vitro data demonstrated that somatrogon binds 
to the GH receptor (18), and animal studies showed that the 
addition of CTP to rhGH extends the half-life of rhGH and 
that somatrogon effectively raises circulating levels of insulin-
like growth factor 1 (IGF-1). A clinical study in adults with 
GHD revealed that most patients who received once-weekly 
somatrogon maintained IGF-1 standard deviation score (SDS) 
levels within the normal range (19).

A multicenter, open-label, randomized phase 2 study was 
conducted in children with GHD to compare the safety, toler-
ability, and efficacy of 3 different doses of somatrogon (0.25, 
0.48, and 0.66  mg/kg/week) administered once weekly vs 
rhGH (Genotropin® [somatropin]; 0.24 mg/kg/week) admin-
istered once daily (20). The estimated half-life of somatrogon 
administered once weekly was 18 to 36 hours, which was ~5- 
to 10-fold longer than that of somatropin (20). Subjects in all 
3 somatrogon dose cohorts showed acceleration of growth 
velocity following 12 months of somatrogon treatment. The 
somatrogon cohort who received 0.66 mg/kg/week had the 
highest mean annualized height velocity (HV; 11.9 cm/year), 
which was closest to that of the daily somatropin cohort 
(12.5 cm/year) (20). Somatrogon demonstrated an acceptable 
safety profile during treatment up to 12 months; no serious 
adverse events (SAEs) were reported, and there were no dis-
continuations due to adverse events (AEs) associated with 
somatrogon or somatropin. The tolerability of treatment with 
once-weekly somatrogon was similar to that of somatropin. 

Data collection is ongoing for the open-label extension (OLE) 
of this phase 2 study (21).

The results of the phase 2, dose-finding study by Zelinska 
and coauthors (20) demonstrated a dose-dependent trend of 
HV outcome and progressive increase in IGF-1 levels between 
the 3 doses of somatrogon, with no IGF-1 accumulation. The 
phase 2 data indicated that the somatrogon dose of 0.66 mg/
kg/week elicited a comparable response outcome (HV SDS 
and height SDS at 12 months) to daily somatropin admin-
istration. Based on these findings, a 12-month, open-label, 
multicenter, randomized, active-controlled, parallel-group, 
phase 3 study was initiated to evaluate whether somatrogon 
administered once weekly (0.66 mg/kg/week) was noninferior 
to somatropin administered once daily (0.034 mg/kg/day) in 
prepubertal children with GHD.

Methods
Study Design and Treatment
This study was a 12-month, open-label, multicenter, random-
ized, active-controlled, parallel-group, phase 3 study com-
paring the safety and efficacy of somatrogon administered 
once weekly to somatropin administered once daily in pre-
pubertal children with GHD who were GH-treatment naïve. 
This study was sponsored by OPKO Health (NCT02968004) 
and was conducted from April 2017 to August 2019 at 83 
sites in 21 countries (Argentina, Australia, Belarus, Bulgaria, 
Canada, Colombia, Georgia, Greece, India, Israel, Mexico, 
New Zealand, Poland, Russian Federation, Spain, Republic 
of Korea, Taiwan, Turkey, Ukraine, the United Kingdom, and 
United States).

Following a 12-week screening period, subjects were ran-
domized 1:1 (stratified according to region, GH peak levels, 
and chronological age) using the Interactive Web Response 
Technology system to receive SC doses of somatrogon ad-
ministered once weekly (0.66  mg/kg/week) or SC doses of 
somatropin (Genotropin®) administered once daily (0.24 mg/
kg/week) for 12  months (Fig. 1A). The daily somatropin 
dose was selected as per recommendations from the current 
product label. Both treatments were administered using a 
single-patient-use, multi-dose, disposable, pre-filled pen de-
vice utilizing 31-gauge, 5-mm-long BD Micro-Fine pen nee-
dles. During the study, doses of somatrogon and somatropin 
were adjusted every 3  months based on the subject’s body 
weight. Furthermore, a predefined dose-adjustment algo-
rithm was followed to guide decreases in dose when repeated 
elevated IGF-1 levels were observed (> +2 SD score [SDS]). 
Subjects who completed the 12-month main study were eli-
gible to participate in a single-arm, long-term OLE. During 
the OLE period, subjects who received somatrogon in the 
main study continued the same treatment and subjects who 
received somatropin in the main study were switched to 
somatrogon (0.66 mg/kg/week).

The primary objective of the study was to demonstrate that 
12-month HV following once-weekly somatrogon adminis-
tration was noninferior to daily somatropin administration in 
children with GHD. The secondary objectives included add-
itional efficacy endpoints (change in 6-month HV, change in 
height SDS at 6 and 12  months, change in bone maturation 
at 12 months, IGF-1 levels, and IGFBP-3 levels) as well as an 
evaluation of the safety and tolerability of somatrogon (inci-
dence of AEs and SAEs, and clinical, biochemical, and hormonal 
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assessments described below). This study was approved by the 
institutional review board or independent ethics committee of 
the participating institutions and followed the Declaration of 
Helsinki and International Conference on Harmonization Good 
Clinical Practice guidelines. An independent, external Data and 
Safety Monitoring Board reviewed the key safety data approxi-
mately every 4 months or on an ad hoc basis as required. Prior 
to commencement of the study, written informed consent from 
each subject’s parents/guardians and written assent from the 
pediatric subjects (where applicable based on age and country-
specific regulations) were obtained.

Subjects
Prepubertal children (boys age range, 3-11 years; girls age 
range, 3-10  years) diagnosed with GHD were eligible for 

enrollment in this study if they had impaired height and HV 
(annualized HV below the 25th percentile for chronological 
age [HV < −0.7 SDS]), baseline IGF-1 level ≥ 1 SD below 
the age- and sex-standardized mean IGF-1 level (SDS ≤ −1), 
and had not received prior rhGH therapy. Subject height 
was not required to be < −2 SDS for inclusion in this study. 
IGF-1 levels were quantified using the same validated assay 
across all testing laboratories to ensure test alignment, ir-
respective of physical location. Diagnosis of GHD had to 
be confirmed using 2 different GH provocation tests (peak 
plasma GH level ≤ 10 ng/mL), determined at a local or cen-
tral laboratory using a validated assay (insulin tolerance 
test, with serum cortisol response to hypoglycemia if insulin 
stimulation test was chosen; Arginine test; Clonidine test; 
Glucagon test; or L-dopa test). Subjects with congenital 

0.66 mg/kg/week somatrogon

0.034 mg/kg/day somatropin

Screening Randomization

12-month main study

A.

B.

Screened
(N=536)

Not randomized (N=308)
Screen failure (n=263)
Not screen failure but not randomized (n=45)a

Randomized
(N=228)

Received at least 
1 dose of study 

treatment (N=224)

Randomized but not treated (N=4)
3 withdrawal by parent/guardian
1 lost to follow-up 

Somatrogon
(n=109)

Somatropin
(n=115)

Discontinued (n=1)
AE

Completed 12-month study
(n=108)

Discontinued (n=1)
Withdrawal by parent/

guardian or subject

Completed 12-month study
(n=114)

Figure 1. (A) Study design and (B) subject disposition. aSubjects who were in screening when enrollment target was met, and therefore not 
randomized to study treatment.
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causes of multiple pituitary hormone deficits were eligible 
but hydrocortisone and/or L-thyroxin replacement doses 
had to be stable for a minimum of 3 months prior to en-
rollment. Children in treatment for attention-deficit hyper-
activity disorder were also eligible if their medication was 
stable for at least 3 months.

Subjects were excluded if they had any prior history 
of cancer or had received radiation therapy or chemo-
therapy. Subjects who had a body mass index (BMI) < −2 
SDS (age- and sex-standardized), anti-rhGH antibodies at 
screening, psychosocial dwarfism, chromosomal abnormal-
ities (including Turner’s syndrome, Laron syndrome, Noonan 
syndrome, Prader-Willi syndrome, Silver-Russell syndrome, 
SHOX mutations/deletions, or skeletal dysplasia), or who 
were born small for their gestational age (birth weight and/
or birth length < −2 SDS for gestational age) were also ex-
cluded from the study. Children with type 1 or type 2 dia-
betes mellitus were also excluded from the study if they were 
deemed by the investigator as not receiving standard of care, 
were noncompliant with their prescribed treatment, or were 
in poor metabolic control. Additional inclusion/exclusion cri-
teria are listed in the Supplemental Methods (22).

Study Assessments
Efficacy
Height measurements were performed at screening, baseline, 
and months 3, 6, 9, and 12 using a calibrated, wall-mounted 
stadiometer; 3 independent readings were recorded for each 
visit. Height SDS was derived from the age and sex stand-
ards from the 2000 Centers for Disease Control Growth 
Charts (23). Annualized HV was calculated as the change in 
height from visit 2 (baseline) to visit 6 (month 6) and visit 
8 (month 12). Bone age was determined via x-ray according 
to the Greulich-Pyle method (24) using a central bone age 
reader at screening, baseline, and month 12. A single radiolo-
gist, at a centralized Core Imaging Laboratory (Calyx) across 
all centers, reviewed all of the images, utilizing analysis soft-
ware that provides magnification and panning tools. IGF-1 
measurements were obtained at the same visits as the height 
measurements, as well as at month 1; IGF-1 was measured 
in a central laboratory using a chemiluminescence IGF-1 im-
munoassay (25). IGF-1 SDS was calculated using the modified 
least squares (LS) mean model as described by Bidlingmaier 
and coauthors (25). A previously developed indirect response 
pharmacokinetic/pharmacodynamic (PK/PD) model was ap-
plied to IGF-1 observations to estimate IGF-1 SDS profiles 
over the dosing interval (26).

Safety and tolerability
Safety evaluations included all AEs, concomitant medication 
use, treatment compliance (monitored via patient diaries), 
vital signs, electrocardiogram, physical examination, and la-
boratory assessments that consisted of: hematology, blood 
chemistry, glucose metabolism (fasting blood glucose, fasting 
insulin level, and glycated hemoglobin A1c [HbA1c]), endo-
crinology (free T4 and thyrotropin [TSH] levels), IGF-1 level, 
immunogenicity (anti-hGH antibodies in both groups and 
anti-somatrogon antibodies [with full length somatrogon 
used as the antigen] in the somatrogon group), and urinalysis. 
An AE was defined as any adverse change from the baseline 
condition of the subject, regardless of whether it was con-
sidered related to the investigational product. All AEs were 

coded using the Medical Dictionary for Regulatory Activities 
(MedDRA v22.0) and were classified according to the 
MedDRA preferred term and system organ class. The inten-
sity or severity of an AE was characterized as mild, moderate, 
or severe. AEs of special interest (Supplemental Methods 
(22)) were selected from the class-based important potential 
identified risks relating to somatropin-containing products.

The tolerability of injection site pain was closely moni-
tored and carefully documented in this study. Per protocol, 
the intensity of injection site pain was monitored with a Pain 
Assessment Scale from 0 (“no hurt”) to 5 (“hurts worse”); 
the pain intensity scores were recorded in the patient diary. 
Pain was to be reported as an AE if the subject recorded a 
pain severity score ≥ 4 in the patient diary. In the somatrogon 
group, the severity of injection site pain after each weekly 
injection was recorded, whereas, in the somatropin group, 
the most-severe pain for the week was recorded (ie, once a 
week) rather than after each daily injection. Furthermore, if a 
somatropin-treated subject experienced multiple instances of 
pain with severity ≥ 4 during a week, only 1 occurrence would 
be recorded in the diary, and therefore only 1 AE would be 
recorded. As mandated by the study protocol, all episodes of 
injection site pain with pain assessment scale scores of 4 or 
5 were then assigned severity scores (mild, moderate, severe) 
by investigators.

Serial serum samples were collected to test for antibodies 
against somatrogon using qualitative, validated methods as 
described by Zelinska et al (20).

Adherence
Adherence to somatrogon and somatropin treatment was 
assessed according to the following method: adherence 
rate (number of doses administered/number of doses ex-
pected) × 100, where number of doses administered was the 
difference between the number of expected doses and the 
number of missed doses. Patients reported missed or delayed 
doses in a patient diary. All used and unused injection devices 
were returned at various study visits and the amount of used 
and unused study drug was recorded.

Statistical Analyses
The safety analysis set consisted of all enrolled subjects who 
received at least 1 dose of the study treatment. The full ana-
lysis set included all randomized subjects who received at 
least 1 dose of the study drug, and this constituted the pri-
mary efficacy analysis set. The primary study endpoint was 
annual HV (cm/year) following 12 months of treatment. The 
noninferiority of somatrogon compared with somatropin was 
concluded if the lower bound of the 2-sided 95% CI for the 
mean treatment difference (somatrogon − somatropin) in the 
primary efficacy endpoint was ≥ −1.8 cm/year.

The CI for the difference in means between the 2 treatments 
was derived using analysis of covariance (ANCOVA). The 
ANCOVA model included terms for treatment, age group, sex, 
peak GH level, geographic region, and baseline height SDS 
as covariates. Delta-adjusted pattern imputation was applied 
and the imputed values were reduced by 1.8 cm/year, ie, the 
noninferiority margin. The secondary endpoints were annu-
alized HV following 6 months of treatment, change in height 
SDS at 6 and 12 months (compared with baseline), change in 
bone maturation after 12 months (compared with bone age at 
screening), and IGF-1 SDS at baseline and 12 months. These 
endpoints were characterized using descriptive statistics. To 
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support the interpretation of the ANCOVA-based primary 
analysis, additional sensitivity analyses were also conducted 
using observed data, last height carried forward, and sub-
group analyses.

Results
Patients and Treatment
A total of 536 subjects were screened, 228 were random-
ized, and 224 received at least 1 dose of study treatment 
(Fig. 1B). Screening failures were mainly due to subject IGF-1 
levels being > −1.0 SD (~50% of screen failures) or subjects 
achieving a GH peak >10 ng/mL (~25% of screen failures). 
One subject from the somatrogon group discontinued from 

the study due to injection site erythema and injection site 
induration, and one subject in the somatropin group was 
withdrawn from the study (Fig. 1B). In all, 99% of subjects 
completed the study. Most subjects in the study were male 
(71.9%) and White (74.6%). Demographic and baseline 
characteristics were similar between the 2 treatment groups 
(Table 1).

Efficacy
At month 12, the LS mean estimate of annual HV using the 
ANCOVA model was 10.10  cm/year for somatrogon and 
9.78 cm/year for somatropin. The treatment mean difference 
(somatrogon − somatropin) was 0.33  cm (95% CI: −0.24, 
0.89). As the lower bound of the 2-sided 95% CI was greater 

Table 1. Patient demographics and baseline characteristics (safety analysis set)

 Somatrogon (n = 109) Somatropin (n = 115) Total (N = 224) 

Age, mean (range), y 7.83 (3.01-11.96) 7.61 (3.05-11.85) 7.72 (3.01-11.96)

Sex, n (%)    

 Male 82 (75.2) 79 (68.7) 161 (71.9)

 Female 27 (24.8) 36 (31.3) 63 (28.1)

Race, n (%)    

 White 81 (74.3) 86 (74.8) 167 (74.6)

 Black or African American 0 2 (1.7) 2 (0.9)

 Asian 24 (22.0) 21 (18.3) 45 (20.1)

 American Indian or Alaska Native 1 (0.9) 0 1 (0.4)

 Native Hawaiian or Other Pacific Islander 0 1 (0.9) 1 (0.4)

 Other 3 (2.8) 5 (4.3) 8 (3.6)

Height SDS    

 Mean (SD) −2.94 (1.29) −2.78 (1.27) −2.86 (1.28)

Weight SDS    

 Mean (SD) −2.66 (2.00) −2.41 (1.50) −2.53 (1.76)

BMI, SDS    

 Mean (SD) −0.28 (1.04) −0.20 (1.01) −0.24 (1.02)

Peak GH level group, n (%)    

 ≤3 ng/mL 22 (20.18) 21 (18.26) 43 (19.20)

 >3 ng/mL to ≤7 ng/mL 53 (48.62) 56 (48.70) 109 (48.66)

 >7 ng/mL 34 (31.19) 38 (33.04) 72 (32.14)

Peak GH (ng/dL)    

 n 109 115 224

 Mean (SD) 5.45 (2.81) 5.76 (2.59) 5.61 (2.70)

 Range (min, max) (0.10, 9.93) (0.10, 9.90) (0.10, 9.93)

Target height, males (cm)    

 n 82 78 160

 Mean (SD) 169.4 (7.04) 172.7 (5.56) 171.0 (6.56)

 Range (min, max) (152.0, 184.9) (159.5, 184.5) (152.0, 184.9)

Target height, females (cm)    

 n 25 35 60

 Mean (SD) 159.5 (6.26) 156.7 (8.82) 157.8 (7.92)

 Range (min, max) (149.8, 175.0) (140.4, 171.3) (140.4, 175.0)

Bone age, years    

 n 107 107 214

 Mean (SD) 5.46 (2.72) 5.19 (2.45) 5.33 (2.59)

 Range (min, max) (1.00, 11.00) (1.25, 11.00) (1.00, 11.00)

Abbreviations: BMI, body mass index; GH, growth hormone; min max, minimum maximum.
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than the prespecified noninferiority margin (−1.8  cm/year), 
the study was considered to have met its primary objective 
of demonstrating that somatrogon administered once weekly 
was noninferior to somatropin administered once daily with 
respect to annual HV at 12 months in children with GHD. 
Results obtained using various sensitivity analyses were con-
sistent with and supportive of the primary endpoint. The 
prespecified subgroup analyses comparing somatrogon and 
somatropin treatment based on age, sex, or peak GH levels 
showed that similar HVs were achieved in response to both 
treatments (Fig. 2).

The mean annualized HV at 6 months in the somatrogon 
group was similar to the somatropin group, with LS mean 
estimates of 10.59 and 10.04 cm/year, respectively (LS mean 
treatment difference 0.55 cm [95% CI, −0.13, 1.23]). At all 
post-baseline visits, both treatment groups had similar HV 
(Fig. 3A). Subjects in both the somatrogon and somatropin 
groups showed similar increases in mean change in height 
SDS from baseline to 6 months (LS mean treatment differ-
ence: 0.06 [95% CI, −0.01, 0.13]) (Fig. 3B). Similar improve-
ments were also observed for both treatment groups from 
baseline to 12 months (LS mean treatment difference: 0.05 
[95% CI, −0.06, 0.16]).

Plotting the individual growth responses of patients re-
ceiving somatrogon and somatropin (Supplemental Figure 
S1) (22) demonstrates similar growth trends and variability in 
both groups; peak height velocity was seen at 3 months. The 
large variability of height velocity in both groups at 3 months 
is expected due to the known impact of height measurement 
errors in this short interval.

The secondary endpoint of change in bone maturation 
was assessed as mean change in bone age relative to change 
in chronological age from baseline to 12  months; change 
in bone maturation was similar between treatment groups 
(somatrogon: 1.07; somatropin: 1.12). In the somatrogon 
group, the mean value for IGF-1 SDS was −1.95 at baseline, 
approached 0 at 1 month post-baseline, and was 0.65 SDS 
(range: −3.64 to 3.22) at 12  months post-baseline (Fig. 4). 
The mean IGF-1 SDS value in the somatropin group was 
−1.72 at baseline and remained near 0 at all post-baseline 
visits, ranging from −0.69 (12 months) to −0.16 SDS (Fig. 4).

Safety and Tolerability
The 2 treatment groups had a similar mean (SD) duration 
of treatment: somatrogon: 363 (32) days; somatropin: 355 
(28) days. In all, 192 of 224 patients (85.7%) experienced a 
treatment-emergent AE (TEAE). The incidence of TEAEs was 
similar between the somatrogon (87.2%) and somatropin 
groups (84.3%) (Table 2). Most of the all-causality TEAEs 
experienced with somatrogon vs somatropin were mild 
(54.1% vs 60.0%) or moderate (24.8% vs 19.1%) in inten-
sity (Supplemental Table S1 (22)). The incidence of severe 
TEAEs was 8.3% and 5.2% in the respective groups.

The most frequently reported all-causality TEAEs by 
MedDRA preferred term that occurred in ≥ 5% of subjects in 
any treatment group were injection site pain, nasopharyngitis, 
headache, pyrexia, cough, vomiting, anemia, arthralgia, bron-
chitis, pharyngitis, otitis media, tonsillitis, blood creatinine 
phosphokinase increased, oropharyngeal pain, hypothy-
roidism, ear pain, injection site erythema, abdominal pain 

Group

Age group

>3 years to ≤7a [43, 47]

>7 yearsa [65, 66]

Gender

Malea [82, 77]

Primary endpoint

Femalea [26, 36]

Peak GH level group

≤3 ng/mLa [22, 21]

>3 to ≤7 ng/mLa [52, 55]

>7 to <10 ng/mLa [34, 37]

Region

Region 1a [44, 49]

Region 2a [52, 51]

Region 3a [12, 13]

10.45

10.1

9.91

9.88

10.76

12.7

9.47

9.58

9.93

9.86

11.8

10.29

9.78

9.35

9.98

9.32

11.38

9.31

9.32

8.92

10.64

9.45

–2 0 2 4

0.16 (–0.83, 1.15) 

0.33 (–0.24, 0.89) 

Somatragon
LSM

Somatropin
LSM

LSM Difference
(95% CI) 

LSM Difference
(Somatragon-Somatropin) and 95% CI

0.56 (–0.23, 1.36) 

0.10 (–0.84, 0.63) 

1.45 (0.26, 2.64) 

1.32 (–0.42, 3.06) 

0.16 (–0.57, 0.88) 

0.26 (–0.80, 1.33) 

1.01 (0.30, 1.71) 

–0.78 (–1.76, 0.20) 

2.35 (–0.17, 4.86) 

Figure 2. Subgroup analyses for the primary endpoint of height velocity at month 12. a[n1, n2] represents the sample sizes for somatrogon and 
somatropin, respectively, within each subgroup. Region 1: Western Europe, Israel, Greece, Australia, New Zealand, Canada, and USA. Region 2: Central 
and Eastern Europe, Turkey, Latin America, and Asia, except for India and Vietnam. Region 3: India and Vietnam. Abbreviations: GH, growth hormone; 
LSM, least squares mean.

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/107/7/e2717/6566444 by Yonsei U
niversity M

edical School user on 16 D
ecem

ber 2022



The Journal of Clinical Endocrinology & Metabolism, 2022, Vol. 107, No. 7 e2723

upper, rhinitis, arthropod bite, and injection site pruritus 
(Table 3). All-causality TEAEs with ≥ 5% higher incidence 
in the somatrogon group than in the somatropin group were 
injection site erythema, injection site pain, and injection site 
pruritus (Table 3).

Most TEAEs of injection site pain were mild or moderate in 
severity for subjects in both treatment groups. Eight subjects 
reported severe injection site pain (somatrogon: n = 5 [4.6%]; 
somatropin: n = 3 [2.6%]). The severity of injection site pain 
TEAEs over time in both treatment groups are shown as heat 
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Figure 3. Summary of (A) height velocity and (B) height SDS over time. Baseline is defined as the last non-missing measurement prior to the start of 
study drug. Abbreviation: SDS, standard deviation score.
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maps in Supplemental Figure S2 (22). The heat maps demon-
strate that most TEAEs of injection site pain occurred during 
the first 6 months of treatment. For some subjects, however, 
TEAEs of injection site pain were reported throughout the 
study, usually with mild or decreasing severity.

Both treatment groups had a similarly low incidence of SAEs 
(somatrogon: 2.8%; somatropin: 1.7%) (Table 2) and none 
were considered related to the study treatment. No deaths 
occurred during the study and only 1 subject (somatrogon 
group) discontinued from the study due to an AE (injection 
site erythema and injection site induration) (Table 2). The in-
cidence of dose reductions or temporary study drug discon-
tinuations due to an AE was low overall (2.2% [n = 5]) and 
similar between somatrogon (2.8% [n = 3]) and somatropin 
(1.7% [n  =  2]). No TEAEs led to a dose reduction of the 
study drug.

Overall, 29 subjects experienced IGF-1 levels > 2 SDS 
sometime during the study (somatrogon: n = 26; somatropin; 
n = 3). There was a total of 26 subjects in the somatrogon 
group with initially high IGF-1, but 14 of them were not high 
on the mandatory retest. Closer scrutiny of these 26 samples 
showed that 23 of them were obtained on day 2 or 3 after 
administration, which represents peak IGF-1 levels, not the 
mean, explaining the high IGF-1 levels. A total of 12 patients 
did require a dose reduction, as per protocol (due to 2 con-
secutive measurements with SDS > 2).

Using the data collected, a PK/PD analysis was performed 
to simulate IGF-1 profiles for each of the study subjects and 
to estimate the mean IGF-1 SDS over the dosing interval, 
regardless of when the sample had been collected. Among 
somatrogon-treated subjects, 10 of 535 (1.9%) samples that 
corresponded to mean IGF-1 SDS over the dosing interval 

Baseline

–4

–2

0

2

4

Visit 4 (Month 1)

Somatrogon
Somatropin

Visit 5 (Month 3)

Months

IG
F-

1 
SD

S 
(z

)

Visit 8 (Month 12)Visit 6 (Month 6) Visit 7 (Month 9)

109 107 109 107107 108
115 115 113 110113 113

Figure 4. IGF-1 SDS over time. Abbreviation: SDS, standard deviation score.

Table 2. Treatment-emergent adverse events (all-causality)

Number (%) of subjects Somatrogon (n = 109) Somatropin (n = 115) Total (N = 224) 

Number of AEs 868 570 1438

Subjects with AEs 95 (87.2%) 97 (84.3%) 192 (85.7%)

Subjects with serious AEs 3 (2.8%) 2 (1.7%) 5 (2.2%)

Subjects with severe AEs 9 (8.3%) 6 (5.2%) 15 (6.7%)

Subjects discontinued from study due to AEsa 1 (0.9%) 0 1 (0.4%)

Subjects discontinued study drug due to AE and continued studyb 0 0 0

Subjects with dose reduced or temporary discontinuation due to AEs 3 (2.8%) 2 (1.7%) 5 (2.2%)

Serious AEs are based on the investigator’s assessment. Abbreviation: AE, adverse event.
aSubjects who have an AE record that indicates that the AE caused the subject to be discontinued from the study.
bSubjects who have an AE record that indicates that action taken with study treatment was drug withdrawn but AE did not cause the subject to be 
discontinued.
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were > 2. These 10 instances of mean IGF-1 SDS >2 occurred 
in 3 subjects and no subject had a mean IGF-1 SDS ≥ 3. The 
use of PK/PD modeling as a tool to estimate IGF-1 SDS pro-
files in patients receiving somatrogon over the dosing interval 
confirmed that samples collected close to 96 hours after dose 
administration represent the mean IGF-1 SDS over the week 
between doses. The PK/PD modeling also confirmed that sam-
ples collected 48 to 72 hours after dose administration repre-
sent peak IGF-1 SDS over the week between doses.

Glucose, HbA1c, and insulin levels rose modestly during 
the 12-month period in both the somatrogon and somatropin 
groups (Supplemental Table S3 (22)); values remained within 
the normal range. No clinically meaningful differences in thy-
roid function, TSH, insulin, lipids, vital assessments, or phys-
ical examinations were observed between subjects treated 
with somatrogon vs somatropin. There were no cases of drug-
induced liver function abnormalities in any subjects.

Immunogenicity
Among 109 somatrogon-treated subjects, 84 subjects (77.1%) 
tested positive for anti-drug antibodies (ADAs) at any time 
during the 12-month study period. Among 115 somatropin-
treated subjects, 18 (15.6%) tested positive for ADAs. Post 
hoc analyses comparing clinical endpoint results to ADA 
status indicate that the presence of ADAs did not have an 
effect on overall safety (eg, adverse events) or efficacy (eg, 
growth rate) during the main study. Further, no ADAs had 
evidence of neutralizing activity on safety or efficacy. Analyses 
of immunogenicity are ongoing since the conduct of the OLE 
portion of the study is actively in progress and monitoring 
subjects for safety and efficacy continues accordingly.

Adherence
The overall adherence rate for this study was 99.6%, with 
very high adherence observed in both the somatrogon 
(99.4%) and somatropin (99.7%) groups. The lowest adher-
ence rate observed for an individual patient was 87.5% in the 
somatrogon group and 91.5% in the somatropin group.

Discussion
The objective of this clinical study was to evaluate the safety 
and efficacy of somatrogon administered once weekly com-
pared with somatropin administered once daily in prepubertal 
children with GHD. Conducted in 21 countries, this study met 
its primary objective, demonstrating that once-weekly treat-
ment with somatrogon was noninferior to daily treatment 
with somatropin. The LS mean estimate of annual HV at 
12 months was 10.10 cm/year for somatrogon and 9.78 cm/
year for somatropin. The efficacy of somatrogon adminis-
tered once weekly in this study was consistent with what was 
observed for the highest dose group (somatrogon 0.66 mg/kg/
week) in the previous phase 2 study, as reported by Zelinska 
et al, with the mean annualized HV in the somatrogon group 
similar to that for the somatropin group (11.9 cm/year and 
12.5  cm/year, respectively) and a similar improvement ob-
served in height SDS (20).

The safety and tolerability of somatrogon administered 
once weekly was similar to that of somatropin adminis-
tered once daily in prepubertal children with GHD. The 
most commonly reported all-causality TEAE in this study 
was injection site pain, which was reported by 39.4% and 
25.2% of subjects in the somatrogon and somatropin groups, 

Table 3. All-causality treatment-emergent adverse events reported in ≥5% of subjects in either treatment group (safety analysis set)

Number (%) of subjects Somatrogon (n = 109) Somatropin (n = 115) Total (N = 224) 

With any AE 92 (84.4%) 90 (78.3%) 182 (81.3%)

Injection site pain 43 (39.4%) 29 (25.2%) 72 (32.1%)

Nasopharyngitis 25 (22.9%) 29 (25.2%) 54 (24.1%)

Headache 18 (16.5%) 25 (21.7%) 43 (19.2%)

Pyrexia 18 (16.5%) 16 (13.9%) 34 (15.2%)

Cough 9 (8.3%) 9 (7.8%) 18 (8.0%)

Vomiting 8 (7.3%) 9 (7.8%) 17 (7.6%)

Anemia 7 (6.4%) 7 (6.1%) 14 (6.3%)

Arthralgia 5 (4.6%) 8 (7.0%) 13 (5.8%)

Bronchitis 3 (2.8%) 9 (7.8%) 12 (5.4%)

Pharyngitis 7 (6.4%) 5 (4.3%) 12 (5.4%)

Otitis media 4 (3.7%) 7 (6.1%) 11 (4.9%)

Tonsillitis 5 (4.6%) 6 (5.2%) 11 (4.9%)

Blood creatine phosphokinase increased 2 (1.8%) 8 (7.0%) 10 (4.5%)

Oropharyngeal pain 6 (5.5%) 4 (3.5%) 10 (4.5%)

Hypothyroidism 7 (6.4%) 3 (2.6%) 10 (4.5%)

Ear pain 2 (1.8%) 7 (6.1%) 9 (4.0%)

Injection site erythema 9 (8.3%) 0 9 (4.0%)

Abdominal pain upper 2 (1.8%) 6 (5.2%) 8 (3.6%)

Rhinitis 6 (5.5%) 1 (0.9%) 7 (3.1%)

Arthropod bite 6 (5.5%) 1 (0.9%) 7 (3.1%)

Injection site pruritus 6 (5.5%) 0 6 (2.7%)

Abbreviation: AE, adverse event.
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respectively. This likely reflects the thoroughness of the study 
protocol for tracking patient and family perceptions of in-
jection pain. The between-group difference in the number 
of reports of injection site pain did not appear to be due to 
a difference in age or injection site location and may have 
been a result of differences in the way that injection site pain 
was recorded in the 2 treatment groups, as outlined in the 
Methods above. The modest increases in glucose and HbA1c 
levels observed have also been described in previous studies 
(27, 28); however, the resulting values in this study were still 
within the normal range. The tolerability of once-weekly 
somatrogon and once-daily somatropin was underscored by 
the fact that, of the 224 subjects who enrolled in the study, 
222 (99%) completed the main study. Furthermore, of these 
222 subjects, 212 (somatrogon: n = 104 [95%]; somatropin: 
n = 108 [94%]) chose to enroll into the optional OLE. The 
safety findings from this study were similar to those reported 
in the previous phase 2 study (20).

The safety profile of the subjects with 2 consecutive IGF-1 
values > 2 SDS was similar to that of subjects without ele-
vated IGF-1 values. There is currently little clinical evidence 
to suggest that high IGF-1 levels (in the short term) increase 
the risk of adverse events (29); however, prolonged and sus-
tained increases in IGF-1 may be deleterious. With daily ad-
ministered rhGH products, the time of sample collection for 
IGF-1 measurement is not a concern, as fluctuations over 
the 24-hour dosing interval are modest and as such, all sam-
pling times provide reasonable estimates of the average IGF-1 
SDS. However, as noted previously (26) and highlighted by 
Bidlingmaier (30), interpretation of IGF-1 SDS for somatrogon 
needs to consider the timing of sample collection due to the 
significant peak trough fluctuation over the dosing interval. 
With weekly dosing of long-acting somatrogon, samples col-
lected 2 or 3 days after the dose provide good estimates of 
peak IGF-1. Although collecting samples approximately 96 
hours (4 days) post somatrogon dose will provide an accurate 
estimate of the mean IGF-1 SDS over the dosing interval, in 
real-world practice, IGF-1 SDS monitoring at any day after 
dosing will require the use of PK/PD-generated models for all 
long-acting GH products (30).

Clinical studies of a number of other long-acting GH prod-
ucts were recently described in a review by Yuen and coauthors 
(31). Thornton and coauthors (10) recently published a study 
describing the efficacy and safety of another long-acting GH 
molecule, lonapegsomatropin, showing similar findings to 
those reported in the current study. Lonapegsomatropin em-
ploys a different mechanism to prolong half-life than does 
somatrogon; lonapegsomatropin consists of somatropin 
bound to a methoxy polyethylene glycol carrier via a cleavable 
linker. In a study of 161 treatment-naïve, prepubertal children 
with GHD, once-weekly lonapegsomatropin demonstrated 
noninferiority over once-daily somatropin in terms of efficacy 
based on LS mean annualized HV. Lonapegsomatropin had a 
similar safety and tolerability profile to once-daily somatropin. 
However, it is impossible to directly compare the phase 3 re-
sults of different long-acting GH molecules with regard to 
growth response because of the differences in inclusion and 
exclusion criteria, sample sizes, subject demographics, and 
molecular characteristics including PK/PD. Moving forward, 
it will be important to continue monitoring the safety and 
long-term efficacy of all long-acting GH products.

The use of long-acting GH products such as somatrogon 
for the treatment of pediatric GHD may address some of the 
issues with adherence and persistence currently associated 

with daily rhGH treatment, without compromising patient 
health and development, although this remains to be proven 
for all the long-acting GH products (32, 33). Poor adher-
ence to treatment and early cessation have been identified as 
key issues associated with daily rhGH treatment (4, 5, 34). 
In addition to reduced efficacy, poor adherence can also re-
sult in substantial costs being borne for unused treatment (4). 
A recent study of pediatric patients, caregivers, and adult pa-
tients showed a strong preference for a less-frequent injection 
schedule for the treatment of GHD (35).

One of the key strengths of this study is that it provides a 
direct comparison of somatrogon administered once weekly 
vs somatropin administered once daily, which helps address 
patient preference for a treatment regimen with less-frequent 
injections. Other strengths of this study include the diversity 
of subjects (21 countries), the examination of adherence, and 
the fact that the range of peak GH values in this study reflect 
those seen in a clinical setting. The potential weaknesses of 
the study include the difficulty of knowing what constitutes 
a safe and optimal level of IGF-1 and the lack of long-term 
safety and efficacy data on long-acting GH preparations (30, 
31). However, the latter is currently being addressed in the 
OLE period of this study as well as the OLE of the phase 2 
study (20) of somatrogon mentioned previously.

In conclusion, the efficacy of somatrogon administered 
once weekly was noninferior to somatropin administered 
once daily for the treatment of prepubertal children with 
GHD. Once-weekly somatrogon resulted in an increase in 
HV comparable to that achieved with daily GH treatment, 
while maintaining IGF-1 and bone age advancement within 
the normal range. Long-acting somatrogon and daily GH 
had similar safety and tolerability profiles. Compared with 
somatropin administered once daily, the less-frequent injec-
tion schedule afforded by somatrogon administered once 
weekly has the potential to improve poor adherence and in-
crease quality of life (1), which are key unmet needs in this 
pediatric population.
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