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Abstract
Context: Somatrogon is a long-acting recombinant human growth hormone treatment developed as a once-weekly treatment for pediatric pa-
tients with growth hormone deficiency (GHD).
Objective: Evaluate patient and caregiver perceptions of the treatment burden associated with the once-weekly somatrogon injection regimen 
vs a once-daily Somatropin injection regimen.
Methods: Pediatric patients (≥3 to <18 years) with GHD receiving once-daily somatropin at enrollment were randomized 1:1 to Sequence 1 
(12 weeks of once-daily Somatropin, then 12 weeks of once-weekly somatrogon) or Sequence 2 (12 weeks of once-weekly somatrogon, then 
12 weeks of once-daily Somatropin). Treatment burden was assessed using validated questionnaires completed by patients and caregivers. 
The primary endpoint was the difference in mean overall life interference (LI) total scores after each 12-week treatment period (somatrogon vs 
Somatropin), as assessed by questionnaires.
Results: Of 87 patients randomized to Sequence 1 (n = 43) or 2 (n = 44), 85 completed the study. Once-weekly somatrogon had a significantly 
lower treatment burden than once-daily Somatropin, based on mean overall LI total scores after somatrogon (8.63) vs Somatropin (24.13) treat-
ment (mean difference –15.49; 2-sided 95% CI –19.71, –11.27; P < .0001). Once-weekly somatrogon was associated with greater convenience, 
higher satisfaction with treatment experience, and less LI. The incidence of treatment-emergent adverse events (TEAEs) for Somatropin and 
somatrogon was 44.2% and 54.0%, respectively. No severe or serious AEs were reported.
Conclusion: In pediatric patients with GHD, once-weekly somatrogon had a lower treatment burden and was associated with a more favorable 
treatment experience than once-daily Somatropin.
Keywords: growth hormone, growth hormone deficiency, long-acting growth hormone, somatrogon, Somatropin, NGENLA
Abbreviations: AE, adverse event; AESI, adverse event of special interest; DCOA, Dyad Clinical Outcome Assessment; GHD, growth hormone deficiency; hGH, 
human growth hormone; LI, life interference; PGIS-IDA, Patient Global Impression Severity Scale—Impact on Daily Activities; rhGH, recombinant human growth 
hormone; SAE, serious adverse event; SC, subcutaneous; TEAE, treatment-emergent adverse event.

Since the first published use of human growth hormone 
(hGH) to treat a child in 1958 [1], regular administration 
of hGH has gradually become standard of care for children 
with GH deficiency (GHD). In the 1980s, recombinant hGH 
(rhGH) became available thanks to advances in protein pro-
duction technology. Subsequently, 6 or 7 subcutaneous (SC) 
injections of rhGH per week, administered by injection 

devices before bedtime, became established as the best-known 
mode of long-term therapy. Treatment with rhGH has been 
demonstrated to promote linear growth velocity in children 
with GHD, as well as maintaining healthy body compos-
ition, normal blood glucose concentrations, and a favorable 
lipid profile [2]. Somatropin (somatropin) was one of the 
first rhGH products to be registered in Europe, the United 
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States, Japan, and other countries worldwide [3-5], and has 
a well-established efficacy and safety profile [2]. Currently, 
Somatropin is administered once-daily as a SC injection [2].

Despite treatment with rhGH, many children with GHD 
fail to achieve their target adult height. Poor adherence to 
treatment has been suggested as one of the main reasons 
for the reduced efficacy of rhGH observed in some children  
[6-8]. Based on a recent systematic review, the prevalence 
of nonadherence to daily rhGH treatment may be as high 
as 71% [9]. Given the long-term use of rhGH over many 
years during childhood, daily injections can become a sub-
stantial emotional and physical burden to both children and 
their parents/caregivers [6, 10, 11]. Physical burdens include 
the discomfort, pain, and bruising associated with injections 
[10, 11]; emotional burdens consist of fear of injections and 
worries or embarrassment about treatment [10]. Parents/
caregivers also feel the emotional burden of daily treatment 
because they worry about treatment and causing their chil-
dren pain [10]. rhGH treatment can also interfere with daily 
activities and travel, with the administration [10], storage 
[11], and reconstitution [11] of the injections being reported 
as burdens. A recent patient preference study conducted as a 
discrete-choice experiment showed patients with GHD pre-
ferred a less-frequent injection schedule [12].

In order to better characterize and understand the treat-
ment experience, including the burden of rhGH injections 
from the child and caregiver perspective, we developed a 
new Dyad Clinical Outcome Assessment (DCOA) question-
naire (also known as the Life Interference Questionnaire for 
Growth Hormone Deficiency) [13]. The development process 
was in accordance with measurement science best practices, 
described in the relevant regulatory guidance. The question-
naire content and structure are understood by children and 
parents. The reliability and validity of the questionnaire was 
established in a cross-sectional, observational field study 
of 224 participants that included a cohort of children with 
GHD and their caregivers [13]. Given that the injection pro-
cedure in children involves both patients and their caregivers, 
the questionnaire was intended to be completed by the pa-
tient–caregiver dyad (patient and caregiver answer questions 
together) [13].

The introduction of a longer-acting rhGH treatment (ad-
ministered as a once-weekly injection) to reduce treatment 
burden could potentially improve adherence and, ultimately, 
clinical outcomes. Somatrogon is a long-acting rhGH com-
prising the amino acid sequence of hGH fused to 3 copies 
of the carboxy terminal peptide from human chorionic go-
nadotropin (hCG) [14]. The carboxy terminal peptides from 
hCG extend the half-life of the attached rhGH [15], allowing 
longer intervals between injected doses. Somatrogon is cur-
rently approved in Canada, Australia, Japan, the UK, and the 
EU as a once-weekly SC injection for the treatment of chil-
dren with growth disturbance due to insufficient secretion of 
GH, also referred to as pediatric GHD. Results from a global 
Phase 3 study indicate that once-weekly somatrogon was gen-
erally well tolerated and demonstrated noninferiority to once-
daily Somatropin in promoting growth in pediatric patients 
with GHD [16].

The aim of this study was to evaluate and compare patient 
and caregiver perceptions of the treatment burden associated 
with once-weekly somatrogon injections compared with once-
daily somatropin injections (administered as Somatropin) 

for pediatric GHD, primarily through the validated DCOA 
questionnaire. Although the evidence from this study helps to 
describe treatment burden, several of the endpoints are also 
directly linked to adherence.

Materials and Methods
Study Overview
This Phase 3, randomized, open-label, multicenter, 2-period 
crossover study was carried out at 20 centers in Bulgaria, the 
Czech Republic, Slovakia, the United Kingdom, and the United 
States. This study used the DCOA questionnaire to evaluate 
perceptions of the treatment burden associated with once-
weekly somatrogon compared with once-daily Somatropin, 
in children aged ≥3 to <18 years with GHD who had received 
stable daily rhGH therapy for ≥3 months. A crossover study 
design was used to enable comparison of patient and care-
giver experience with each treatment schedule.

Ethics
The study was conducted in accordance with the International 
Conference on Harmonisation Guideline for Good Clinical 
Practice and the Declaration of Helsinki and was registered 
on ClinicalTrials.gov (NCT03831880). This protocol was ap-
proved by the institutional review board and/or independent 
ethics committee of the participating centers. Parents or 
guardians of each patient provided signed informed consent 
before any study procedures commenced.

Participants
Eligible patients were aged ≥3 to <18 years at consent, with 
either isolated GHD or GHD as part of multiple pituitary 
hormone deficiencies; had insulin-like growth factor 1 SD 
score (SDS) <2 (prior to first initiation of rhGH therapy); 
had been receiving treatment with once-daily SC injections 
of somatropin (Somatropin Pen, Somatropin GoQuick 
Pen, HumatroPen [USA only], or Omnitrope Pen [USA 
only]) and had been compliant on a stable dose (±10%) 
for ≥3 months prior to screening. Patients were excluded if 
they had a history of cancer, radiation therapy, or chemo-
therapy, had psychosocial dwarfism, were born small for 
gestational age with birth weight and/or birth length ≤2 
SDS for gestational age, had chromosomal abnormalities, 
including Turner syndrome, other known causes of short 
stature, or diabetes mellitus. Patients were also excluded 
if they had regularly scheduled daily injectable medica-
tions other than Somatropin Pen, Somatropin GoQuick 
Pen, HumatroPen, or Omnitrope, or had ever received a 
long-acting rhGH preparation. Patients were also excluded 
if they had closed epiphyses, as determined by existing clin-
ical data.

Procedures
The screening period was up to 30  days, with a follow-up 
phone call 4 weeks after the last clinic visit. Patients were 
randomized 1:1 to either Sequence 1 (12 weeks of once-
daily Somatropin followed by 12 weeks of once-weekly 
somatrogon) or Sequence 2 (12 weeks of once-weekly 
somatrogon followed by 12 weeks of once-daily Somatropin). 
The first dose of each treatment period (baseline and week 
12) was self-administered at the clinic site; the remaining doses 
were self-administered at home. Regardless of the sequence to 
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which they were randomized, all patients were to receive a 
somatrogon dose of 0.66 mg/kg/week and a Somatropin dose 
equivalent to their daily rhGH dose before the study com-
menced. There was no treatment washout period, as these pa-
tients required continual GH treatment.

The primary objective of this study was to evaluate the 
treatment burden of a once-weekly somatrogon injection 
regimen compared with a once-daily Somatropin injection 
regimen. Secondary objectives included an evaluation of 
different aspects of the treatment experience of each injec-
tion regimen, including caregiver burden, injection schedule 
preference, convenience, and satisfaction with injection 
schedule. Secondary objectives also included the Patient 
Global Impression Severity Scale—Impact on Daily Activities 
(PGIS-IDA) question, which asks about the impact of daily 
and weekly treatment administration on daily activities, rated 
on a 7-point scale from “Not present” to “Extremely severe.” 
The safety objective of the study was to describe the safety 
and tolerability of once weekly somatrogon.

Study Assessments and Endpoints
Treatment burden and experience, including preferred 
injection schedule
The recently developed, validated DCOA questionnaire [13], 
and the PGIS-IDA, were administered electronically using a 
computer tablet.

The DCOA questionnaire comprises 2 parts (DCOA 1 
and 2). DCOA 1 includes a comprehensive list of questions 
to determine the treatment burden. DCOA 2 asks the dyad 
to indicate their preference for either daily injections or 
weekly injections to a suite of questions asking about their 
treatment experience (Table 1). The questionnaire was 
to be completed as a dyad, or by the patient or caregiver 
alone (depending on who was most involved with the in-
jections), with some specific questions intended only for 
the patient or caregiver separately (Table 1). At baseline 
and after each 12-week treatment period, patient/caregiver 
dyads completed DCOA 1 (rating treatment experience) 
and the PGIS-IDA (Fig. 1 and Table 1). At 24 weeks, after 
experiencing both treatment schedules, patient/caregiver 
dyads also completed DCOA 2, indicating their preference 
for the once-daily or once-weekly injection schedule (Fig. 
1 and Table 1).

The primary endpoint of treatment burden was assessed as 
the difference in mean overall life interference (LI) total scores 
between once-weekly somatrogon and once-daily Somatropin 
injections after each 12-week treatment period, based on a 
subset of DCOA 1 items. The LI total score is based on 7 
items: impact on daily activities, social activities, recreation/
leisure, spending a night away, travel, changes to life rou-
tine, and bother due to injections. The remaining DCOA 1 
questions were evaluated as secondary endpoints. All DCOA 
2 items were evaluated as secondary endpoints at week 24 
and reported as the proportion of patient/caregiver dyads 
preferring the weekly injection schedule over the daily injec-
tion schedule. The PGIS-IDA was evaluated as a secondary 
endpoint.

Safety
Safety evaluations included all AEs, injection site reactions, 
vital signs, body weight, physical examination, and labora-
tory assessments, which consisted of insulin-like growth 

factor 1 concentration, free thyroxine concentration, 
glycated hemoglobin A1c, hematology, blood chemistry, liver 
and thyroid function, and urinalysis. Immunogenicity was 
assessed in terms of the presence of antidrug antibodies, spe-
cifically anti-hGH antibodies, antisomatrogon antibodies, 
and neutralizing antibodies. All AEs were coded using the 
Medical Dictionary for Regulatory Activities (MedDRA) 
version 23. The severity or intensity of an adverse event (AE) 
was classified as being mild, moderate, or severe. AEs of 
special interest (AESI) were chosen from a set of class-based 
potential identified risks relating to somatropin-containing 
products.

The safety endpoints were frequency, severity, and relation-
ship of AEs, serious AEs (SAEs), discontinuation due to AEs, 
frequency and severity of abnormal laboratory values, and 
immunogenicity (detection of antidrug antibodies and neu-
tralizing antibodies).

Statistical Analyses
The primary endpoint and continuous secondary endpoints 
were analyzed using a linear mixed-effects model, including 
sequence, period, and treatment as fixed effects and subject 
within sequence and within-subject error as random effects. 
This model was used to test the hypothesis that the differ-
ence in LI total score between weekly and daily regimens is 
statistically significant. The main analyses of the primary and 
secondary endpoints were conducted in the full analysis set 
(all randomized patients who received ≥1 dose of study drug). 
A sensitivity analysis was performed on the primary endpoint 
using the linear mixed effects model described earlier but re-
peated using the per protocol set (randomized patients who 
completed both treatment periods and their corresponding 
assessments).

Results
Patients and Treatment
This study was conducted between February 7, 2019, and 
August 28, 2020, and enrolled patients at 20 centers in 
Bulgaria, the Czech Republic, Slovakia, the United Kingdom, 
and the United States. Of 107 screened patients, 87 were ran-
domized (n = 43 to Sequence 1 and n = 44 to Sequence 2) and 
treated with ≥1 dose of study drug (Fig. 1). Most patients in 
the study were male (82.8%) and White (93.1%), with over 
half of the patients from the United States (59.8%) and the 
remaining 40.2% from Europe (Table 2). Patients random-
ized to Sequence 1 had similar baseline demographics to those 
randomized to Sequence 2 (Table 2).

Treatment Burden
Once-weekly somatrogon demonstrated a lower (ie, im-
proved) treatment burden, as shown by a reduced patient LI 
score, compared with once-daily Somatropin (Fig. 2). The least 
squares mean (95% CI) of the overall Life Interference total 
score was 8.63 (5.05, 12.22) for once-weekly somatrogon 
and 24.13 (20.61, 27.65) for once-daily Somatropin (Fig. 2). 
The treatment mean difference (somatrogon – Somatropin) 
was statistically significant based on the linear mixed effects 
model; it was –15.49 (95% CI –19.71, –11.27) (P < .0001), 
confirming that the treatment burden of the once-weekly 
somatrogon injection schedule is lower than that of the once-
daily Somatropin injection schedule.
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Treatment Experience
DCOA 1
The estimated mean score differences for most variables 
within DCOA 1 demonstrated a statistically significant im-
provement (negative estimated mean difference) with once-
weekly somatrogon compared with once-daily Somatropin 
(Fig. 3). The variables that did not show a statistically sig-
nificant difference between treatments included overall mean 
scores for injection signs and symptoms (patients ≥8  years 
old; P = .61), the assessment of injection signs (reported by 
caregivers for patients <8 years old; P = .84), and satisfaction 
with the overall treatment experience (P = .07). Although not 
statistically significant, the point estimate of the mean satis-
faction with the overall treatment experience score was lower 
(increased satisfaction) for patients receiving once-weekly 
somatrogon compared with once-daily Somatropin.

PGIS-IDA
Patients receiving once-weekly somatrogon reported a lower 
overall mean PGIS-IDA score compared with once-daily 
Somatropin (Fig. 3), indicating that once-weekly somatrogon 
had a less severe impact on daily activities. The mean score 

difference (95% CI) of –14.58 (–18.72, –10.44) was statistic-
ally significant (P < .0001).

DCOA 2
The majority of patients/caregivers preferred the once-weekly 
somatrogon dosing regimen over the once-daily Somatropin 
regimen on every domain of the DCOA 2, except pen ease 
of use (Fig. 4). A  much larger proportion of patients/care-
givers preferred once-weekly somatrogon compared with 
once-daily Somatropin in terms of the choice of injection pen 
(88.1% vs 11.9%), preferred injection schedule (91.7% vs 
7.1%), convenience of injection schedule (95.2% vs 4.8%), 
and the ease of following the injection schedule (85.7% vs 
9.5%). The proportion of patients/caregivers who had no 
preference for injection schedule (1.2%) or who reported no 
difference in the ease of following either injection schedule 
(4.8%) was small. Most patients/caregivers reported that the 
once-weekly somatrogon injection schedule interfered less 
with patient life as well as caregiver and family life (daily ac-
tivities, social activities, recreation/leisure, night away from 
home, and travel) than the once-daily Somatropin injection 
schedule (Fig. 4). Although the majority of patients/caregivers 

Figure 1. Study design and patient flow.

Table 1. Study questionnaires

 DCOA 1 PGIS-IDA DCOA 2 

Administration schedule Administered at baseline and at the end 
of each treatment period (week 12 and 
week 24)

Administered at baseline and 
at the end of each treatment 
period (week 12 and week 24)

Administered at the end of the study, 
after both treatments have been 
completed (week 24)

Assessments Questions focused on the most recently 
completed injection schedule (either 
daily or weekly) and assessed 
treatment burden and treatment 
experience

Question focused on how 
severely the most recently 
completed treatment impacted 
patients’ daily activities

Questions focused on comparing 1 
injection schedule with the other, 
e.g. which schedule was preferred 
in terms of treatment burden and 
intention to comply

Completed by patient/
caregiver dyad vs 
individual

Most questions were completed by the 
patient/caregiver dyad, except for the 
following:  

• injection signs and symptoms—patient 
completed (children aged 8–17 years)  

• caregiver assessment of injection 
signs—caregiver completed (for 
children aged <8 years)  

• caregiver and family life interference—
caregiver completed

Question completed by patient/
caregiver dyad

Most questions were completed by the 
patient/caregiver dyad, except for the 
following:  

• caregiver and family life 
interference—caregiver completed

DCOA; Dyad Clinical Outcome Assessment; PGIS-IDA, Patient Global Impression Severity Scale—Impact on Daily Activities.
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reported that the somatrogon pen was easier to use with re-
gards to preparing the pen, less than half of the patients/care-
givers preferred the somatrogon pen in terms of setting the 
dose, injecting the medicine, and storing the pen. For these 
3 items of the pen ease of use domain in DCOA 2, a sub-
stantial proportion of patients had no preference between 
the somatrogon vs Somatropin pens (38.1%, 29.8%, and 
64.3%, respectively). Most patients/caregivers felt it would 
be extremely or very beneficial to take injections less often 
(86.9%; n = 84). A higher proportion of patients/caregivers 
indicated a greater intention to comply with the treatment 

schedule for once-weekly somatrogon compared with once-
daily Somatropin.

Safety
Of 87 patients randomized, 86 were treated with both study 
drugs. During the somatrogon period, 1 patient discontinued 
the study due to a nonserious treatment-emergent adverse 
event (TEAE) of moderate injection site pain, which was 
considered related to the study drug. This patient did not 
cross over to the Somatropin treatment period. During the 
Somatropin treatment period, 3 patients had a temporary 

Table 2. Patient demographics and baseline characteristics

 Sequence 1:  
Somatropin then somatrogon 
(n = 43) 

Sequence 2: somatrogon 
then Somatropin (n = 44) 

Total  
(N = 87) 

Age, years    

 Mean (SD) 10.8 (3.4) 10.7 (3.7) 10.7 (3.5)

 Median (min, max) 12.0 (4, 16) 11.0 (3, 17) 11.0 (3, 17)

Sex, n (%)    

 Female 9 (20.9) 6 (13.6) 15 (17.2)

 Male 34 (79.1) 38 (86.4) 72 (82.8)

Race, n (%)    

 Asian 0 1 (2.3) 1 (1.1)

 Black or African American 3 (7.0) 1 (2.3) 4 (4.6)

 White 39 (90.7) 42 (95.5) 81 (93.1)

 Other 0 0 0

 Not reported 1 (2.3) 0 1 (1.1)

Ethnicity, n (%)    

 Hispanic or Latino 3 (7.0) 2 (4.5) 5 (5.7)

 Not Hispanic or Latino 39 (90.7) 42 (95.5) 81 (93.1)

 Not reported 1 (2.3) 0 1 (1.1)

Country, n (%)    

 Bulgaria 4 (9.3) 6 (13.6) 10 (11.5)

 Czech Republic 9 (20.9) 7 (15.9) 16 (18.4)

 Slovakia 1 (2.3) 4 (9.1) 5 (5.7)

 UK 3 (7.0) 1 (2.3) 4 (4.6)

 USA 26 (60.5) 26 (59.1) 52 (59.8)

Height, cm    

 Mean (SD) 138.6 (20.4) 138.2 (20.4) 138.4 (20.3)

 Median (min, max) 142.1 (92, 181) 139.7 (96, 177) 141.5 (92, 181)

Weight, kg    

 Mean (SD) 37.5 (20.0) 34.3 (13.7) 35.8 (17.1)

 Median (min, max) 35.7 (13, 131) 31.4 (14, 68) 33.8 (13, 131)

BMI, kg/m2    

 Mean (SD) 18.5 (4.8) 17.2 (2.6) 17.8 (3.8)

 Median (min, max) 17.0 (13, 40) 16.4 (14, 25) 16.7 (13, 40)

Type of rhGH injection pen used 
prior to study start, n (%)

   

 Somatropin GoQuick Pen 8 (18.6) 13 (29.5) 21 (24.1)

 Somatropin Pen 25 (58.1) 25 (56.8) 50 (57.5)

 HumatroPen 7 (16.3) 5 (11.4) 12 (13.8)

 Omnitrope Pen 3 (7.0) 1 (2.3) 4 (4.6)

Percentages are based on the number of patients in the treatment sequence group.
Abbreviations: BMI, body mass index; rhGH, recombinant human growth hormone.
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discontinuation due to a total of 4 TEAEs (viral upper re-
spiratory tract infection, nasopharyngitis, otitis media, and 
viral infection); all 4 TEAEs were mild and were considered 
unrelated to the study drug. There were no TEAEs that led to 
dose reduction.

Both study drugs had a similar safety profile, with all-
causality TEAEs reported in 54.0% of somatrogon-treated 
patients and 44.2% of Somatropin-treated patients (Table 3).  
All TEAEs were mild to moderate in severity and no se-
vere TEAEs or SAEs were reported. Injection site pain was 
the most common TEAE during treatment with somatrogon 
(14.9%) and Somatropin (12.8%) and most cases were rated 

as mild (84.6% and 100%, respectively). Other TEAEs (≥5%) 
reported during treatment with somatrogon vs Somatropin 
were nasopharyngitis (6.9% vs 5.8%), headache (6.9% vs 
5.8%), and injection site hematoma (4.6% vs 9.3%). The 
overall incidence of treatment-emergent AESI was higher 
for the somatrogon treatment period (26.4%) than for the 
Somatropin treatment period (18.6%) and this was due 
mainly to the higher incidence of injection site reactions in the 
somatrogon period (21.8%) than in the Somatropin period 
(16.3%).

The overall incidence of laboratory test abnormalities was 
higher for patients receiving once-weekly somatrogon than 
for patients receiving once-daily Somatropin, though these 
differences were not clinically meaningful.

Five patients in Sequence 1 tested positive to antidrug anti-
bodies to hGH at the study screening visit. Subsequently, 1 
additional subject in this sequence tested positive for hGH 
antidrug antibodies at week 12. None of these participants 
developed antidrug antibodies to somatrogon. Four patients 
in Sequence 2 tested positive for somatrogon antidrug anti-
bodies at week 12, with the antidrug antibodies showing spe-
cificity to the hGH component of the molecule. In addition, 3 
patients in Sequence 2, for whom antidrug antibodies against 
hGH results were either missing or negative at week 12 tested 
positive for anti-hGH at week 24. Almost all of the positive 
results for antidrug antibodies were low titer. None of the pa-
tients in the study developed neutralizing antibodies.

Discussion
This is the first Phase 3 study to evaluate and compare the 
treatment burden of once-weekly somatrogon injections with 
once-daily rhGH injections, utilizing a crossover design to 
compare both treatments. Once-weekly somatrogon demon-
strated a statistically significant reduction in overall LI score 

Figure 3. Patient and caregiver assessments of treatment experience 
(DCOA 1). Results based on a linear mixed-effects model, including 
sequence, period, and treatment as fixed effects and subject-within-
sequence and within-subject error as random effects. Assessment 
of signs: Caregivers completed the assessment of signs for children 
<8 years old. All scores were transformed from raw scores and 
converted to a 0 to 100 scale. Lower scores represent less life 
interference/less impact on daily activities (better outcome). DCOA, Dyad 
Clinical Outcome Assessment; PGIS-IDA, Patient Global Impression 
Severity—Impact on Daily Activities.

Figure 2. Overall Life Interference total scores (DCOA 1). All scores were transformed from raw scores and converted to a 0 to 100 scale. Box shows 
interquartile range (IQR); whiskers include observed values within 1.5× IQR from the box edges. aNumber of patients with non-missing values. 
Model results based on a linear mixed-effects model, including sequence, period, and treatment as fixed effects and subject-within-sequence and 
within-subject error as random effects. Sensitivity analysis in the per protocol set (randomized patients who completed both treatment periods and 
corresponding assessments; n = 81 for both treatments) showed similar results (mean difference in overall scores: –14.85; 95% CI –19.03, –10.66; 
P < .0001). DCOA, Dyad Clinical Outcome Assessment.
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compared with once-daily Somatropin, reflecting a lower 
treatment burden associated with once-weekly injections. The 
results, in totality, which showed an overall benefit in treat-
ment experience with the somatrogon once-weekly dosing 
regimen compared with the Somatropin once-daily dosing 
regimen, can be interpreted as being clinically meaningful to 
patients. Given that children with GHD require many years 
of treatment, the lower treatment burden, strong prefer-
ence for, and higher intention to comply with once-weekly 
somatrogon treatment may increase adherence and improve 

treatment response relative to once-daily Somatropin in the 
longer term.

Despite its efficacy, the once-daily rhGH injection regimen 
constitutes a substantial burden on patients and their care-
givers [10], and a number of studies have highlighted the 
extent to which treatment interferes with the lives of the 
patients and their families [10, 17]. This study showed that 
once-weekly somatrogon had a lower treatment burden than 
once-daily Somatropin, quantified as a statistically significant 
difference in mean overall LI total score after 12 weeks of 

Figure 4. Patient and caregiver preference for weekly or daily injections (DCOA 2). a“Does not favor somatrogon” includes Somatropin and No 
preference/No difference. For the 3 items of the “pen ease of use” domain where <50% of patients preferred somatrogon, a substantial proportion of 
patients had no preference (38.1%, 29.8%, 64.3%, for setting the dose, injecting the medicine, and storing the pen, respectively) between the injection 
schedules. Two-sided 95% CI computed using the Wilson score method. DCOA, Dyad Clinical Outcome Assessment
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treatment. This finding was supported by patient evaluations 
of the other aspects of injection experience in the DCOA 1 
that were consistent with this, reflecting an overall improve-
ment in treatment experience with somatrogon administered 
once weekly compared with Somatropin administered once 
daily (Fig. 3). After completing both treatment periods at 24 
weeks, a large proportion of patients/caregivers preferred 
once-weekly somatrogon injections to once-daily Somatropin 
injections on almost every domain of the DCOA 2 (Fig. 4). 
Although the pen ease of use domain did not clearly favor 
somatrogon over Somatropin, these data suggest that, in 
general, somatrogon administration was found to be no more 
difficult than Somatropin administration, an important con-
sideration for choosing a treatment, particularly with regards 
to long-term adherence. The majority of patients/caregivers 
reported that once-weekly somatrogon had less interference 
with daily/social activities, leisure/recreation, night away, 
and travel, when compared with once-daily Somatropin; this 
trend was observed across the 3 perspectives considered: pa-
tient, caregiver, and family (Fig. 4).

As might be expected from a treatment regimen that results 
in reduced life interference, most patients/caregivers in the 
study preferred the somatrogon injection schedule, reporting 
it as being more convenient and easier to follow compared 
with the Somatropin injection schedule. Similar sentiments 
have been reported from patient preference studies in the 
United States [12] and Japan [18], in which patients showed a 
strong hypothetical preference for a treatment schedule with 
less frequent injections compared with once-daily regimens. 
The importance of the injection schedule to patients was also 
highlighted in both studies, which found it to be the most im-
portant treatment-related factor assessed [12, 18]. However, 
it should be noted that these previous hypothetical studies 
involved patients and caregivers who had only experienced 
daily rhGH injections. One of the strengths of this crossover 
study was that it enabled patients, for the first time, to make 
a comparison of both the weekly and daily injection sched-
ules that they actually experienced in this study. Compared 
with the Somatropin injection schedule, a larger proportion 
of patients/caregivers in this study also indicated they were 
more likely or better able to follow the somatrogon injection 

schedule for a longer time. However, whether greater inten-
tion to comply with the once-weekly regimen translates to im-
proved adherence remains to be seen and should be explored 
using longer term studies of real-world experience. Since ad-
herence rates for daily rhGH treatments reported by observa-
tional studies are often much lower [9], treatments that can 
improve adherence may help address a range of issues asso-
ciated with suboptimal adherence to daily rhGH injections. 
Studies have shown that poor treatment adherence is associ-
ated with suboptimal treatment response as well as economic 
cost (from unused injections) [6, 19, 20]. Studies of injectable 
treatments for type 2 diabetes [21] and relapsing–remitting 
multiple sclerosis [21-23] that compared a once-daily treat-
ment regimen with a less-frequent treatment regimen showed 
that patients who had less-frequent injections had higher 
treatment adherence, fewer AEs, and higher levels of satisfac-
tion [24]. Patients with relapsing–remitting multiple sclerosis 
who switched from once-daily injections to 3-times-weekly 
injections exhibited improved treatment adherence [23].

Once-weekly somatrogon was generally well tolerated by 
patients with GHD and had a similar safety profile to once-
daily Somatropin. No SAEs or severe TEAEs were reported 
during either treatment, and all AEs were mild to moderate 
in severity and of comparable incidence for both injection 
schedules, except for injection site hematoma, which was 
higher for patients receiving once-daily Somatropin, and in-
jection site reactions, which was higher for patients receiving 
once-weekly somatrogon. The most common TEAE observed 
in both treatment groups was injection site pain, and all but 
2 events of injection site pain were mild. One patient dis-
continued the study while receiving somatrogon due to a 
nonserious TEAE of injection site pain. Five patients tested 
positive for hGH antidrug antibodies at screening and 4 pa-
tients tested positive for somatrogon antidrug antibodies 
after 12 weeks of treatment, but none developed neutralizing 
antibodies. The safety findings in this study were similar to 
those reported in the Phase 2 and global Phase 3 studies of 
somatrogon, which found that once-weekly somatrogon and 
once-daily Somatropin had similar safety and tolerability 
profiles. No severe AEs, SAEs, or withdrawals due to AEs 
were reported for any treatment group in the Phase 2 study 
[15]. The incidence of severe TEAEs and serious AEs for the 
somatrogon group in the Phase 3 study was 8.3% and 2.8%, 
respectively, with 1 patient discontinued due to an AE [16].

This was the first study to assess the treatment burden of 
the once-weekly somatrogon injection schedule in patients 
and caregivers across a wide pediatric age range. In line with 
the growing recognition of the importance of patient involve-
ment in drug development [25, 26], this study addresses one 
of the key tenets of patient centricity [25], namely, under-
standing the real-world experiences and priorities of patients. 
In addition to the patient perspective, this study also seeks 
to understand the impact of the treatment regimens on the 
caregiver. This is particularly important given the high level 
of caregiver involvement required to support GH treatment 
in children and adolescents, meaning that caregivers have a 
key role in maintaining adherence [27]. Another strength of 
this study is that it enrolled subjects with prior experience of 
daily rhGH therapy, as they are the most qualified individuals 
to assess a “real-world” treatment difference when switching 
to weekly injections. In order to minimize bias from becoming 
acclimated to once-daily therapy, we utilized a crossover 

Table 3. All-causality treatment-emergent adverse events

n (%) During Treatment Witha

Somatrogon 
(n = 87) 

Somatropin 
(n = 86) 

Any AE 47 (54.0) 38 (44.2)

Discontinued study due to AE 1 (1.1) 0

Dose reduced or temporary 
discontinuation due to AEs

0 3 (3.5)

Most common AEsb   

Injection site pain 13 (14.9) 11 (12.8)

Injection site hematoma 4 (4.6) 8 (9.3)

Nasopharyngitis 6 (6.9) 5 (5.8)

Headache 6 (6.9) 5 (5.8)

n, number of patients with ≥1 event.
Abbreviation: AE, adverse event.
aAEs are presented during the treatment they were reported (regardless of 
sequence).
bBy preferred term, with ≥5% incidence in either treatment period.
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study design with 12 weeks of each treatment (considered to 
be an appropriate time period) [27].

One potential limitation of the study was that the majority 
of patients were White and male. Although this reflects the 
demographics of the real-world population of patients with 
GHD who are undergoing treatment with rhGH [28, 29], 
expanding the study to include patients from other ethnici-
ties, countries, or geographies could have increased the ap-
plicability of the findings. The study might have also been 
improved by the inclusion of an open-label extension period 
following the main study.

Conclusion
Compared with once-daily Somatropin, once-weekly 
somatrogon has a lower treatment burden (as shown by less 
life interference) and is associated with a more favorable treat-
ment experience in patients with pediatric GHD. The safety 
and tolerability profile of once-weekly somatrogon appears to 
be similar to that of once-daily Somatropin. The reduction in 
life interference and treatment burden for patients and care-
givers, combined with their preference for the somatrogon 
weekly injection schedule and a higher intention to comply 
with treatment suggests real-world adherence to once-weekly 
somatrogon might be higher than for once-daily Somatropin. 
This improved adherence would potentially have positive im-
plications for both treatment response and clinical outcomes.
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