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Abstract 
Context: Growth hormone (GH) replacement therapy improves longitudinal growth and adult height in children with GH deficiency (GHD). GH 
stimulates insulin-like growth factor (IGF)-I release, the biomarker used for monitoring GH activity during treatment.
Objective: This study aims to provide model-based insights into the dose–IGF-I responses of once-weekly somapacitan, a novel long-acting GH, 
compared with daily GH in children with GHD.
Methods: Analyses included dosing information and 1473 pharmacokinetic samples from 210 somapacitan-treated pediatric patients with GHD 
across 3 trials, including phase 1 (NCT01973244), phase 2 (NCT02616562; REAL 3), and phase 3 (NCT03811535; REAL 4), as well as 1381 IGF-I 
samples from 186 patients with GHD treated with somapacitan in REAL 3 and REAL 4. Pharmacokinetic/pharmacodynamic modeling to 
characterize somapacitan dose–IGF-I response and predict the response to dosing day changes.
Results: Relationships were established between somapacitan dose, exposure, change from baseline IGF-I SD score (SDS), and height velocity 
(HV). A linear model permitted the development of a tool to calculate estimated average weekly IGF-I exposure from a single IGF-I sample 
obtained at any time within the somapacitan dosing interval at steady state. In practice, the use of this tool requires knowledge of 
somapacitan injection timing relative to IGF-I sample collection timing. IGF-I SDS simulations support flexible dosing day changes while 
maintaining at least 4 days between doses.
Conclusion: We characterized the dose–IGF-I response of somapacitan in children with GHD. To support physicians in IGF-I monitoring, we 
present a practical guide about expected weekly average IGF-I concentrations in these patients and provide insights on dosing day flexibility.
Key Words: growth hormone deficiency, somapacitan, IGF-I, dosing, monitoring, pharmacodynamics, pharmacokinetics
Abbreviations: CV, coefficient of variation; GH, growth hormone; GHD, growth hormone deficiency; HV, height velocity; IGF, insulin-like growth factor; LAGH, 
long-acting growth hormone; LLOQ, lower limit of quantification; PI, prediction interval; PK/PD, pharmacokinetic and pharmacodynamic; SC, subcutaneous; 
SDS, SD score; TAD, time after dose. 
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GH deficiency (GHD) in children has, for decades, been suc-
cessfully treated with daily injections of recombinant human 
GH to improve longitudinal growth and adult height [1, 2]. 
GH stimulates insulin-like growth factor (IGF)-I release, the 
most widely used biomarker for monitoring GH treatment 
in pediatric GHD [3]. In clinical practice, IGF-I sampling is 
also used by physicians to guide dose adjustment and to moni-
tor adherence and overtreatment in children with GHD [4-7].

Although daily GH injections do not mimic endogenous 
IGF-I release patterns, IGF-I concentrations remain relatively 
constant throughout the day and from day to day in patients 
treated with daily GH [8]. The IGF-I profile during treatment 
with a long-acting GH (LAGH), such as novel once-weekly 

somapacitan, differs from the IGF-I profile during daily GH 
treatment by exhibiting larger peaks and troughs over the dos-
ing interval [9]. This difference raises an important question 
for physicians used to monitoring IGF-I during daily GH re-
placement therapy: When should blood samples be obtained 
to monitor IGF-I concentrations for patients receiving replace-
ment therapy with LAGH treatment? To address this ques-
tion, physicians require additional guidance about IGF-I 
sampling time to determine IGF-I exposure in patients treated 
with LAGHs [10, 11].

Somapacitan (Sogroya, Novo Nordisk A/S) is a LAGH ad-
ministered as a once-weekly subcutaneous (SC) injection for 
pediatric and adult patients with GHD. With 1 single amino 
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acid substitution linked to a short noncovalent albumin- 
binding moiety, somapacitan is a human GH derivative with 
99% similarity to daily GH [12]. Somapacitan reversibly asso-
ciates with circulating endogenous albumin, which delays its 
elimination and prolongs in vivo half-life to allow once- 
weekly administration. This technology is also used to en-
hance the half-life of other approved peptide drugs, such as 
the long-acting insulin detemir and glucagon-like peptide-1 re-
ceptor agonist semaglutide [13-16]. The recent pivotal phase 3 
trial REAL 4 in treatment-naïve children with GHD demon-
strated efficacy and safety of 0.16 mg/kg/week somapacitan 
similar to daily GH (0.034 mg/kg/day Norditropin, Novo 
Nordisk A/S) after 52 weeks of treatment. Further similar 
mean IGF-I standard deviation score (SDS) values within the 
normal range (−2 to +2) were observed for somapacitan 
(+0.28) compared with daily GH (+0.10) at week 52 [17]. 
These findings are also consistent with the 4-year results 
from the phase 2 trial REAL 3 in children with GHD, which 
showed treatment with 0.16 mg/kg/week somapacitan has a 
sustained efficacy and safety profile similar to the control 
group where patients received daily GH (0.034 mg/kg/day 
Norditropin) for up to 3 years and after control group patients 
in the fourth year switched from daily GH to once-weekly so-
mapacitan [18]. Treatment with once-weekly somapacitan re-
duces the treatment burden for patients and their parents/ 
guardians in REAL 3 and REAL 4 [17-20].

In the present study, we used pharmacokinetic and pharma-
codynamic (PK/PD) modeling based on data from 210 and 82 
pediatric patients with GHD treated with somapacitan and 
daily GH (Norditropin), respectively, to address the following 
questions: (1) How does the IGF-I profile of somapacitan com-
pare with the one of daily GH? (2) How can IGF-I be moni-
tored following once-weekly somapacitan? (3) How do IGF-I 
and height velocity (HV) respond to a change in somapacitan 
dose? (4) What is the expected IGF-I response when initiating 
somapacitan in treatment-naïve patients or in patients switch-
ing from daily GH; and, finally, (5) What is the expected IGF-I 
response when changing the dosing day or missing a dose?

Materials and Methods
Clinical Trial Data
The analyses were conducted based on data from patients 
with GHD randomized to somapacitan or daily GH injections 
in 3 active-controlled trials: (1) a multinational single-dose 
phase 1 trial in previously GH-treated children with GHD 
(NCT01973244); (2) a global phase 2 trial in treatment-naïve 
children with GHD (NCT02616562, REAL 3); and (3) a global 
phase 3 trial in treatment-naïve children with GHD 
(NCT03811535, REAL 4) (Table 1). In the first trial, 32 chil-
dren with GHD were enrolled into 4 ascending somapacitan 
dose cohorts with a daily GH control group. Within each co-
hort, 6 children were randomized to a single SC dose of somapa-
citan of 0.02, 0.04, 0.08, or 0.16 mg/kg. In total 8 children were 
randomized to daily GH SC injections (0.03 mg/kg/day 
Norditropin) for 7 days. In the second trial (REAL 3), 57 chil-
dren with GHD were randomized 1:1:1:1 for treatment with 
SC somapacitan (0.04, 0.08, or 0.16 mg/kg/week) or SC daily 
GH (0.034 mg/kg/day Norditropin) for 52 weeks. After 52 
weeks, all children randomized to somapacitan were allocated 
to receive 0.16 mg/kg/week for the safety extension (week 
52-156), while children randomized to daily GH continued 
treatment until week 156, after which all children were 

allocated to receive 0.16 mg/kg/week somapacitan (week 
156-364). Results for efficacy and safety up to week 208 have 
been published [18, 20]. For the third trial (REAL 4), 200 chil-
dren with GHD were randomized 2:1 for treatment with 
0.16 mg/kg/week SC somapacitan or 0.034 mg/kg/day SC daily 
GH (Norditropin) for 52 weeks, respectively. After week 52, all 
children were allocated to receive 0.16 mg/kg/week somapaci-
tan for a 3-year safety extension period. Results for efficacy 
and safety up to week 52 have been published [17].

Prior to the initiation of the 3 trials (NCT01973244, phase 
1; NCT02616562, REAL 3, phase 2; NCT03811535, REAL 
4, phase 3) the protocol of each trial was reviewed and ap-
proved according to local regulations by appropriate health 
authorities, and by local and national independent ethics com-
mittees/institutional review boards. The trials were conducted 
in accordance with the International Conference on 
Harmonization Guidelines for Good Clinical Practice [21, 
22] and the Declaration of Helsinki [23]. The data reported 
in this manuscript were exempt from human ethics review 
since it was based on previously collected data from all 3 trials.

Blood Sampling and Bioanalysis
In REAL 3 (phase 2) and REAL 4 (phase 3), serial blood sam-
pling was performed throughout the trials at carefully selected 
time-windows relative to dosing (before first dose, 1-4 days 
after dosing, 4-6 days after dosing, and predose before next 
dosing) to cover baseline, maximum (peak), estimated weekly 
average, and minimum (trough) PK and IGF-I concentrations 
following once-weekly somapacitan dosing. In the phase 1 tri-
al, 14 samples per patient were collected up until 10 days after 
the single somapacitan dose to characterize the PK/PD profile. 
Dosing time was entered in dosing diaries and was used to cal-
culate actual time after dose for blood samples.

In both trials, REAL 3 and REAL 4, somapacitan serum con-
centrations were measured using a validated and noncommer-
cially available somapacitan-specific Luminescent Oxygen 
Channeling Immunoassay developed by Novo Nordisk. The 
lower limit of quantification (LLOQ) was 0.5 ng/mL for all tri-
als. IGF-I was analyzed using the IDS-iSYS Insulin like Growth 
Factor-I Assay Kit from Immunodiagnostic Systems (Cat. # 
IS-3900, RRID:AB_2861357). IGF-I values were analyzed on 
the ng/mL scale, and IGF-I SDS values were calculated using 
previously published reference data [24].

Population PK/PD and Exposure-Response Methods

PK/PD analysis of somapacitan
Somapacitan population PK/PD models were based on previ-
ously published models developed from full PK and IGF-I pro-
files obtained in phase 1 [25, 26]. The model consisted of a 
nonlinear PK model and an indirect response model of 
IGF-I. Nonlinear mixed-effects modeling was used to refit 
model to sparse PK and IGF-I data collected in REAL 3 and 
REAL 4 and full profile PK data from phase 1 to support 
the estimation of PK parameters in the model. The primary pa-
rameters of interest for the analysis were the relative bioavail-
ability parameter (Frel), the baseline IGF-I production rate 
(kin), and maximum somapacitan response of IGF-I (Emax). 
Prespecified covariates evaluated for population PK/PD mod-
els were sex, race/ethnicity, and body weight. Interindividual 
variability for the parameters of interest were assumed to be 
log-normal, for the residual error to be log-normal for PK, 
and proportional for IGF-I (on ng/mL scale).
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PK/PD analysis of daily GH
The population PD model for IGF-I following daily GH was 
based on IGF-I data collected until week 52 following daily 
GH treatment in REAL 3 and REAL 4. An indirect response 
model was estimated with primary parameters of interest kin 

and Emax to allow comparison to the somapacitan model. 
The PK model (1-compartment, linear absorption) and the 
concentration corresponding to half-maximum stimulation 
of IGF-I production rate (EC50) were assumed the same as a 
previously established for daily GH [26]. Negligible endogen-
ous GH values were observed at baseline, and these were 
ignored in the analysis. The drug-independent IGF-I turn-over 
rate kout was assumed to be the same for somapacitan. The 
same interindividual variability structure, covariates, and re-
sidual error model was applied for the somapacitan population 
PD model.

Estimation of individual IGF-I SDS profiles and average
For each patient, the individual predicted weekly IGF-I pro-
files at week 52 were estimated based on observed IGF-I con-
centrations, actual time after dose, and the final population 
PK/PD model for somapacitan and daily GH, respectively. 
IGF-I profiles were estimated on the ng/mL scale and con-
verted to SDS. Weekly IGF-I average (IGF-Iavg) SDS was de-
rived as area under the curve from individually estimated 
IGF-I SDS profiles.

Relationship between sample time after dose and average for 
somapacitan
Linear modeling was used to estimate at different sampling 
time after dose (TAD) the difference between weekly 
IGF-Iavg SDS and IGF-ITAD SDS as well as between weekly 
IGF-Iavg (ng/mL) and IGF-ITAD (ng/mL) concentration values 
for subjects receiving 0.16 mg/kg/week somapacitan in 
REAL 3 and REAL 4. Results were approximated into a cor-
rection parameter to calculate IGF-Iavg based on a sample tak-
en in daily (24 hours) intervals for ease of use.

Dose–IGF-I analysis and exposure–response analysis on HV
The relationship between somapacitan dose (mg/kg) and indi-
vidual predicted IGF-Iavg SDS at week 52 from trials REAL 3 
and REAL 4 was investigated with a linear model with base-
line IGF-I SDS as covariate.

Exposure–response analyses were conducted based on 
week 52 data using a log-linear relationship between somapa-
citan exposure vs HV and a linear relationship between 
change from baseline IGF-I SDS vs HV. Included covariates 
were sex, age group, and region, with a sex by age group 
interaction.

Estimation and software
Population PK/PD parameters for somapacitan and daily GH 
were estimated by simultaneous fitting of PK and IGF-I data 

Table 1. Overview of trials and patients

Trial NCT01973244 NCT02616562; REAL 3 NCT03811535; REAL 4

Study design Phase 1, randomized 1:1:1:1, 
open-labelled, active-controlled, 
multinational, dose escalation trial

Phase 2, randomized 1:1:1:1, open-label, 
active-controlled, multinational, 
multicenter, dose-finding 
(double-blinded), parallel group trial

Phase 3, randomized 2:1, 
active-controlled, multinational, 
multicenter, open-label parallel 
group trial

Trial duration 28-35 days 
7 days (treatment period)

364 weeks (7 years) 
Week 0-52 (26-week main phase +26-week 

extension period) 
week 52-156 (safety extension period) 
Week 156-364 (long-term safety extension 

period)

208 weeks (4 years) 
Week 0-52 (main phase) 
Week 52-208 (safety extension 

period)

Treatment 
regimen

Somapacitan single dose 0.02, 0.04, 0.08 
and 0.16 mg/kg/week, or daily GH 
(Norditropin) 0.03 mg/kg/day for 7 
days

Week 0-52: somapacitan 0.04, 0.08 and 
0.16 mg/kg/week, or daily GH 
(Norditropin) 0.034 mg/kg/day (1:1:1:1) 

Week 52-156: somapacitan 0.16 mg/kg/ 
week or daily GH (Norditropin) 
0.034 mg/kg/day (3:1) 

Week 156 to 364: somapacitan 0.16 mg/kg/ 
week (all children)

Week 0-52: somapacitan 0.16 mg/ 
kg/week or daily GH 
(Norditropin) 0.034 mg/kg/day 
(2:1) 

Week 52-208: somapacitan 0.16 mg/ 
kg/week (all children)

Patients enrolled Non-naïve pre-pubertal children with 
GHD

GH treatment naïve prepubertal children 
with GHD

GH treatment naïve prepubertal 
children with GHD

Population Global Global Global

Comparator Daily GH (Norditropin) Daily GH (Norditropin) Daily GH (Norditropin)

Patients 
randomized

32 57 200

Patients treated 
with 
somapacitan

24 43 
Week 156-208: 11a

132

Patients treated 
with daily GH

8 14 68

Abbreviations: GH, growth hormone; GHD, growth hormone deficiency. 
aChildren randomized to daily GH who switched to somapacitan after 156 weeks of treatment.
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using the NONMEM software. Data below LLOQ were set to 
LLOQ/2. Full PK/PD models were constructed with all inves-
tigated covariates included [27]. The 90% CI for each covari-
ate effect was estimated by sampling importance resampling 
[28]. Covariate–parameter relationships with a 90% CI that 
overlapped “no effect” (0 and 1 for continuous and categoric-
al covariates, respectively) were not included in the final PK/ 
PD models. NONMEM (ICON Development Solutions, 
Ellicott City, MD, USA) and R version 3.5.3 (R Foundation 
for Statistical Computing, Vienna, Austria) with PsN version 
4.60 (https://uupharmacometrics.github.io/PsN/index.html, 
University of Uppsala) were used for the population PK/PD 
and exposure–response analyses.

Results
Data for PK and PK/PD Analyses
Baseline demographics and characteristics of patients are pub-
lished elsewhere (Tables S1 and S2 [29]). Population PK/PD 
analyses for somapacitan were based on data from 210 chil-
dren with GHD randomized to somapacitan in phase 3 trial 
REAL 4 (132), phase 2 trial REAL 3 (54), and a phase 1 trial 
(NCT01973244) (24) (Table S1 [29]). Population PK/PD ana-
lyses for daily GH were based on data from 82 patients with 
GHD treated with daily GH in REAL 4 (68) and REAL 3 
(14) (Table S2 [29]). Eleven patients from REAL 3 contributed 
with data to both somapacitan PK/PD analysis and the daily 
GH population PD analysis, as they were randomized to daily 
GH and switched to somapacitan after 156 weeks of treat-
ment. The baseline somapacitan dataset included 1534 PK 
samples and 1455 IGF-I samples. Less than 5% of data were 
excluded either due to missing data (0.6%), incomplete/am-
biguous dosing diary before sampling (2.7%), or sampling 
outside the on-treatment period (0.8%). Eleven PK outliers 
and 1 IGF-I outlier were identified by CWRES in the starting 
model and were excluded. Following data cleaning, a total of 
1473 PK concentration values and 1381 IGF-I values were in-
cluded in the final somapacitan PK and PK/PD data sets. The 
PD dataset for daily GH included 452 IGF-I values.

Analyses of dose–IGF-I relationship and exposure–response 
analysis of HV were based on data from the main period of 

REAL 3 and REAL 4 (52 weeks) and included 175 children 
for somapacitan in the population PK/PD dataset (excluding 
data from phase 1 and patients switching from daily GH to 
once-weekly somapacitan in REAL 3; Table S1 [29]).

PK/PD Modeling
The population PK/PD models for somapacitan and daily GH 
converged successfully with covariance step and sampling im-
portance resampling. The final model for somapacitan in-
cluded body weight on relative bioavailability (Frel); body 
weight, sex, and race (Asian non-Japanese vs White/Other) 
on maximum IGF-I stimulation rate (Emax); body weight 
and race (Asian Japanese and Asian non-Japanese vs White/ 
Other) on baseline IGF-I production rate (kin) as significant 
covariates. Body weight was the only significant covariate 
on somapacitan PK, and the analysis showed that, when dos-
ing according to body weight (0.16 mg/kg/week), children are 
expected to have similar somapacitan exposure across demo-
graphic factors. The covariate effects identified on Emax and 
kin indicate differences in IGF-I concentrations (ng/mL) be-
tween the groups during treatment, and at baseline. 
However, these appeared to be correlated with age and sex, 
and no clinically meaningful covariate effects were found on 
IGF-I when evaluated as a change from baseline IGF-Iavg 

SDS. The final model for daily GH included body weight, 
sex and race (Asian non-Japanese vs White/Other) on Emax, 
as well as body weight and race on kin (Asian Japanese and 
Asian non-Japanese vs White/Other) as significant covariates.

How Does the IGF-I Profile of Somapacitan Compare 
to the one of Daily GH?
As expected, the weekly steady-state IGF-I SDS profiles were 
found to differ following 0.16 mg/kg/week somapacitan vs 
0.034 mg/kg/day daily GH dosing in trials REAL 3 and 
REAL 4 (Fig. 1). The weekly IGF-I SDS profile for 0.16 mg/ 
kg/week somapacitan was previously published for REAL 3 
and REAL 4 and reached its maximum approximately 2 
days after dosing [17, 19], differing from the estimated weekly 
profile of daily GH. In our analyses, the mean change from 
baseline for weekly IGF-Iavg increased 2.56 ± 0.76 SDS (mean  
± SD) for somapacitan and 2.33 ± 0.86 SDS (mean ± SD) for 
daily GH after 52 weeks of treatment.

In REAL 3 and REAL 4, the distribution of IGF-I concentra-
tions during the first year of treatment with 0.16 mg/kg/week 
somapacitan showed a low frequency of patients with IGF-Iavg 

above +2 SDS (2.7%) and none with IGF-Iavg SDS above +3 
SDS. Overall, most patients (96.6%) in the trials achieved 
weekly IGF-Iavg within normal range (−2 to +2 SDS). IGF-I 
values for patients receiving daily GH in REAL 3 and REAL 
4 were similar to those receiving somapacitan, showing a 
low proportion of patients with IGF-Iavg above +2 SDS 
(1.2%), no patients with IGF-Iavg above +3 SDS, and 
IGF-Iavg largely within normal range (−2 to +2 SDS) for 
most of the patients (95.1%).

How Can IGF-I Levels be Monitored Following 
Once-Weekly Somapacitan?
Linear models were established between individual estimated 
steady-state IGF-I concentrations (SDS and ng/mL) at differ-
ent times after dosing (IGF-ITAD SDS and IGF-ITAD [ng/mL]) 
and weekly IGF-Iavg concentration SDS and IGF-Iavg absolute 

IG
F

−I
 S

D
S

Time (days)

Daily GH 0.034 mg/kg/day
Somapacitan 0.16 mg/kg/week

−2

−1

0

1

2

0 1 2 3 4 5 6 7

Figure 1. Weekly IGF-I response course for once-weekly somapacitan and 
daily GH at steady state in children with GHD. Estimated weekly IGF-I SDS 
profiles at steady state based on individual predictions of 146 subjects 
treated with 0.16 mg/kg somapacitan and 82 subjects treated with 
0.034 mg/kg daily GH at week 52 in REAL 3 and REAL 4. Abbreviations: GH, 
growth hormone; GHD, growth hormone deficiency; IGF-I, insulin-like 
growth factor I; SDS, standard deviation score.
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concentration (ng/mL) at steady state in 146 children receiv-
ing 0.16 mg/kg/week somapacitan for 52 weeks in the REAL 
3 and REAL 4 trials. The difference between predicted 
IGF-Iavg SDS and IGF-ITAD SDS as well as IGF-Iavg (ng/mL) 
and IGF-ITAD (ng/mL) at each time point after dose is illus-
trated in Fig. 2A and 2B, respectively. Formulas were derived 
to allow approximation of IGF-Iavg SDS and IGF-Iavg (ng/mL) 
based on IGF-I SDS and IGF-I (ng/mL) concentration meas-
urements on different days within the weekly somapacitan 
dosing interval (Table 2). Based on these analyses, the IGF-I 
value closest to IGF-Iavg occurs approximately 4 days 
(97-120 hours) after dosing. The correction factor at this 
time point can be considered negligible, so that no correction 
is needed. The peak IGF-I (49-72 hours after dose) was found 
to be approximately 1.0 SDS higher than the average IGF-I, 
which in turn was approximately 1.1 SDS higher than the 
trough IGF-I (145-168 hours after dose).

In general, sample to sample variability should be expected 
during IGF-I monitoring for both somapacitan and daily GH. 
When accounting for the IGF-I profile over the week, as done 
using the modeling approach, the residual variability in IGF-I 
values was similar between somapacitan (21.3% coefficient 
of variation [CV]) and daily GH (23.8% CV). In addition, 
slight variations when monitoring IGF-I for somapacitan are 
expected, as profiles over the week vary among individuals. 
To quantify this variation, prediction interval (PI) of 90% 
and CVs were estimated when using the formulas parameter 
provided in the calculation table (Table 2) to predict IGF-Iavg 

SDS and IGF-Iavg (ng/mL) concentration values, respectively. 
Overall, the variability attributed to differences in profile 
were relatively small compared with the residual sample to sam-
ple variability, and the highest precision was obtained with 
samples taken 4 days (97-120 hours) after dose, where the 
90% PI was ± 0.3 SDS or 6.9% CV on ng/mL scale (Table 2).

How do IGF-I and HV Respond to a Change in 
Somapacitan Dose?
An approximately linear relationship was found between so-
mapacitan dose and IGF-I response in children with GHD 
(Fig. 3), indicating that a somapacitan dose change of 
0.02 mg/kg is expected to result in a change in IGF-Iavg of 
0.32 SDS (0.28; 0.37)95%CI. Significant exposure–response re-
lationships between somapacitan exposure and HV as well as 
between change from baseline IGF-Iavg SDS and HV were ob-
served after 52 weeks (Fig. 4A and 4B).

What is the Expected IGF-I Response When Initiating 
Somapacitan in Treatment-Naïve Patients or in 
Patients Switching From Daily GH?
Simulations were used to illustrate expected IGF-I profiles 
when initiating somapacitan treatment in treatment-naïve pa-
tients and in patients switching from daily GH. After treatment 
initiation in GH treatment-naïve patients with 0.16 mg/kg/ 
week somapacitan, steady-state IGF-I is reached within 1-2 
doses (Fig. 5A). The IGF-I SDS profile when switching from 
daily GH treatment to once-weekly somapacitan was also si-
mulated (Fig. 5B). The maximum IGF-I concentration at 
peak following the first somapacitan dose (8 hours after switch 
from last daily GH injection) is predicted to be 0.33 SDS higher 
than the somapacitan steady-state profile peak. Based on these 
analyses, steady state is expected to occur after the second so-
mapacitan dose following a switch from daily GH.

What is the Expected IGF-I Response When 
Changing the Dosing day or Missing a Dose?
Simulations were used to assess flexibility to dose up to 2 days 
prior (Fig. 6A) and 3 days after (Fig. 6B) the regular dosing day, 
followed by continued weekly dosing on the regular dosing 
day. After administering a dose 2 days early and then resuming 
the regular dosing day (ie, a 5-day-long dosing interval fol-
lowed by a 9-day-long interval), the weekly peak and trough 
IGF-I SDS were predicted to be 0.19 SDS higher and 0.45 
SDS lower than the regular steady-state profile, respectively. 
When administering a dose with 3 days delay (10- and 4-day 
dosing intervals), peak and trough IGF-I SDS were predicted 
to be 0.34 SDS higher and 0.61 SDS lower than the regular 
steady-state profile, respectively. IGF-I response reoccurred 
to steady state after 1-2 doses when weekly treatment of soma-
pacitan at the regular dosing day was resumed.

Next, we assessed the change to a new weekly dosing day of 
somapacitan by dosing up to 3 days earlier (ie, 4 days after the 
previous dose) (Fig. 6C) or 3 days later (ie, 10 days after the pre-
vious dose), respectively (Fig. 6D). When shifting to a new dosing 
day by 3 days prior to the previous regular dosing day, maximum 
IGF-I SDS was predicted to be 0.35 SDS higher after dosing than 
the regular steady-state profile, while no effect on trough concen-
trations were predicted. When changing the dosing day by 3 days 
later than the previous regular dosing day, minimum IGF-I SDS 
was predicted to be 0.61 SDS lower than the regular steady-state 
profile, while no effect on maximum IGF-I concentrations were 
predicted. After the change to a new regular dosing day, IGF-I re-
sponse returned to steady state after 1-2 weekly treatment doses 
of somapacitan when applied on the new regular dosing day.

Discussion
With the analyses presented here, we aim to inform physicians 
about correlations between once-weekly somapacitan dosing/ 
exposure and IGF-I/HV response. Furthermore, our aim is to 
provide guidance in the clinical context of IGF-I monitoring 
during somapacitan treatment in children with GHD. In the 
current study, we compare effects on IGF-I SDS for patients 
treated with once-weekly somapacitan and daily GH and 
this supports our previously published results of phase 2 and 
phase 3 clinical trial data (REAL 3 and REAL 4) in prepuber-
tal children with GHD [17, 19, 20]. We build upon these find-
ings by quantifying the dose–IGF-I relationship and weekly 
IGF-I fluctuation to provide guidance on the impact of dosing 
and IGF-I monitoring. Finally, we expand on observations 
made in REAL 3 and REAL 4 by simulating IGF-I response 
after initiating somapacitan in treatment-naïve and previously 
daily GH-treated children with GHD, as well as following 
flexible dosing, changes in dosing day, and missed doses.

How Does the IGF-I Profile of Somapacitan Compare 
to the one of Daily GH?
Although the IGF-I SDS profiles differ between 0.16 mg/kg/ 
week somapacitan and 0.034 mg/kg/day daily GH treatment, 
the increase in IGF-I (averaged over the course of the week) 
from baseline corresponded well between the treatments. As 
with daily GH, average IGF-I SDS at week 52 were within nor-
mal range (−2 to +2 SDS) for nearly all patients treated with so-
mapacitan in the REAL 3 and REAL 4 trials, with none above 
+3 SDS. In line with this, observed data from the REAL 4 trial 
demonstrate that both groups, 0.16 mg/kg/week somapacitan 
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and 0.034 mg/kg/day daily GH, showed a similar growth re-
sponse in HV (noninferiority confirmed) and a similar change 
from baseline IGF-I SDS after 52 weeks [17].

How Can IGF-I be Monitored Following 
Once-Weekly Somapacitan?
IGF-I monitoring is an important element during GH treat-
ment for long-term safety, adherence and to an extent to 
achieve optimal efficacy in children with GHD [4, 5, 30]. As 
demonstrated in this work, and previous publications 
[9, 17-19, 25], the IGF-I profile increases over the first 2-3 
days after somapacitan administration and then declines to-
wards a trough on day 7 just prior to the next administration 
of somapacitan. Similarly, studies with other once-weekly 
LAGHs, such as lonapegsomatropin and somatrogon, also 
show peak and trough IGF-I fluctuations over the course of 
the weekly dosing period [31, 32]. It is important to account 
for sampling time after dosing when treating patients with 

LAGHs and the medical community is therefore seeking spe-
cific guidance on monitoring IGF-I during treatment with 
LAGHs [10].

In this work, we used linear models to provide a quantita-
tive solution to interpret IGF-I samples taken on any day after 
somapacitan dosing and derive estimated weekly average 
IGF-I SDS and average IGF-I concentration values with a sim-
ple calculation table. Thereby, weekly average IGF-I SDS val-
ues are calculated by either adding or subtracting a value 
according to the sampling time point, whereas weekly average 
IGF-I (ng/mL) concentration values are calculated through 
multiplying by a factor according to the sampling time 
point provided in Table 2. Results were approximated into a 
correction parameter for each daily interval (24 hours) for 
ease of use. Consistent with previously published findings 
[9, 17, 19], we show that an IGF-I sample taken 4 days 
(97-120 hours) after somapacitan dosing best captures the 
weekly average, and no correction is needed. However, com-
pared with the weekly IGF-I SDS average, peak IGF-I SDS 
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Figure 2. Calculation of approximate average IGF-I SDS and IGF-I concentration values over the weekly somapacitan dosing interval in children with 
GHD. Predicted difference between IGF-I SDS and average IGF-Iavg SDS and predicted ratio between IGF-I concentration (ng/mL) and IGF-Iavg 

concentration (ng/mL) at various times over the somapacitan weekly dosing interval. Average values were calculated based on formulas provided in 
Table 2. The dark line indicates the difference between (A) IGF-ITAD SDS and IGF-Iavg SDS and (B) IGF-I (ng/mL)TAD and IGF-I (ng/mL)avg, respectively. 
Dotted lines indicate time of maximum and minimum IGF-I SDS (A) and maximum and minimum IGF-I (ng/mL), respectively (B). Abbreviations: avg, 
average; GHD, growth hormone deficiency; h, hour; IGF-I, insulin-like growth factor I; TAD, time after dose; SDS, standard deviation score.

Table 2. Calculation table for prediction of IGF-Iavg SDS and IGF-Iavg concentration (ng/mL) values by time after dose

Calculating IGF-Iavg SDS Calculating IGF-Iavg concentration (ng/mL)

Interval (time 
after dose)

Adjustment to measured IGF-I 
SDS to approximate IGF-Iavg 

SDSa

90% prediction interval 
of IGF-I SDS adjustment 
value

Adjustment to measured IGF-I 
(ng/mL) to approximate IGF-Iavg 

(ng/mL)b

Coefficient of variation (%) 
of IGF-I (ng/mL) adjustment 
value

25-48 hours IGF-I SDS −0.8 ±0.5 IGF-I (ng/mL) × 0.8 9.0

49-72 hours IGF-I SDS −1 ±0.6 IGF-I (ng/mL) × 0.7 8.3

73-96 hours IGF-I SDS −0.5 ±0.4 IGF-I (ng/mL) × 0.9 7.4

97-120 hours No adjustmentc N/A No adjustmentc N/A

121-144 hours IGF-I SDS +0.7 ±0.4 IGF-I (ng/mL) × 1.3 10

145-168 hours IGF-I SDS +1.1 ±0.6 IGF-I (ng/mL) × 1.6 15

Abbreviations: avg, average; CV, coefficient of variation; GHD, growth hormone deficiency; hrs, hours after dose; IGF-I, insulin-like growth factor I; PI, 
prediction interval; SDS, standard deviation score. 
aAdjustment of IGF-I SDS values should be performed by either adding or subtracting the value provided in the table according to the time point when the 
sample was obtained. 
bAdjustment of IGF-I (ng/mL) concentration values should be performed through multiplying by the factor provided in the table according to the time point 
when the sample was obtained. 
cAdjustment for values obtained 97-120 hours after dose is considered not to be required as the predicted adjustments of IGF-I SDS +0.1 (PI 90% +/0.3 SDS) 
and IGF-I (ng/mL) × 1.1 (6.9 CV%) are not clinically relevant.
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(49-72 hours after dose) is approximately 1.0 SDS higher, and 
this value should be subtracted, whereas trough IGF-I SDS 
(145-168 hours after dose) is approximately 1.1 SDS lower, 
this value should be added to derive the weekly average 
IGF-I SDS from samples taken 2 days (49-72 hours) and 6 
days (145-168 hours) after dosing, respectively. For the week-
ly average IGF-I concentration value (ng/mL) prediction from 
a sample taken 2 days (49-72 hours) and 6 days 
(145-168 hours) after dosing, the IGF-I (ng/mL) laboratory 
value should be multiplied by 0.7 and 1.6, respectively. 
However, it should be noted that the precision of the calcu-
lated average is lower when samples are collected at either 
end of the dosing interval.

Variability in IGF-I values during monitoring is inherent 
with any GH treatment and was quantified for both somapa-
citan and daily GH. This study shows that the residual vari-
ability from sample to sample was similar for somapacitan 
and daily GH when accounting for the weekly fluctuation of 
the IGF-I profile following somapacitan. Hence, treating 
physicians can generally expect that their experience in terms 

of variations in IGF-I results during monitoring can be applied 
from daily GH treatment to somapacitan treatment if samples 
are either taken 4 days after dosing (no correction needed) or if 
the IGF-I result is converted to an estimated weekly average 
using the calculation table (Table 2).

The IGF-I calculation table is provided to estimate average 
IGF-I SDS and average IGF-I (ng/mL) concentrations based on 
blood samples taken on any day of the week. However, it 
should be emphasized that this tool is not generally approved 
for clinical use by regulatory authorities and results should al-
ways be interpreted in the context of individual clinical man-
agement. We further want to note that the analysis is limited 
to the scope of assessing the expected impact of sampling 
time during monitoring, dose–response, and dosing flexibility 
on IGF-I and that any potential effects on clinical outcomes 
have not been investigated.

How do IGF-I and HV Respond to a Change in 
Somapacitan Dose?
The relationships between somapacitan dose and IGF-I re-
sponse have already been established in children with GHD, 
and the link from dose to IGF-I via nonlinear PK have been an-
alyzed in detail with a population PK/PD analysis [19, 25]. In 
the current study, we approximated the relationship between 
somapacitan dose and IGF-Iavg SDS with a linear model to 
ease interpretation. A somapacitan dose change of 0.02 mg/kg 
is expected to result in an estimated IGF-Iavg change of 0.32 
SDS. Thus, it is important to note that relatively small incre-
ments in somapacitan dose can provide clinically relevant 
changes in IGF-I concentrations. Consistent relationships 
were also observed between exposure, change from baseline 
IGF-I and HV with increasing doses of somapacitan. These re-
sults reassure that the dose-response relationship in pediatric 
GHD is well understood, and that the effects of different doses 
of somapacitan are predictable.

What is the Expected IGF-I Response When Initiating 
Somapacitan in Treatment-Naïve Patients or in 
Patients Switching From Daily GH?
Steady-state IGF-I is predicted to be reached after 1-2 somapa-
citan doses in both treatment-naïve patients and patients 
switching from daily GH. This is relevant because IGF-I 
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monitoring is most reliable when done at steady state. For pa-
tients switching from daily GH to somapacitan, the stimulat-
ing effect of the last daily GH dose will be negligible after 
8 hours due to the short half-life of daily GH. Thus, when 

initiating somapacitan treatment 8 hours or later after the 
last dose of daily GH, only a minor increase in IGF-I peak is 
expected compared with steady state following subsequent 
doses, and IGF-I should reach steady state after the second 
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somapacitan dose. However, it should be noted that the ana-
lysis of somapacitan IGF-I levels was based on observed IGF-I 
data collected at the earliest 4 weeks after the baseline meas-
urement for both treatment-naïve patients and patients 
switching from daily GH. While our model predicts a steady 
state after 1 or 2 doses, the earliest IGF-I samples available 
to confirm this were taken at week 4 after treatment initiation.

What is the Expected IGF-I Response When 
Changing the Dosing day or Missing a Dose?
Once-weekly somapacitan should be administered on the 
same day each week. However, on occasions when adminis-
tration at the scheduled dosing day is not possible, our simu-
lations indicate there is only minor impact on the IGF-I profile 
if once-weekly somapacitan is taken up to 2 days before or 3 
days after the scheduled weekly dosing day—as long as the 
time between 2 doses is at least 4 days (96 hours). In such 
cases, once-weekly dosing could be resumed for the next 
dose on the regularly scheduled dosing day.

Changing the day of once-weekly somapacitan dosing can 
be done if, at the time of change, the time between 2 doses is 
at a minimum 4 days and a maximum 10 days. After selecting 
a new dosing day, the new once-weekly dosing regimen should 
be continued on the new dosing day. Simulations of IGF-I re-
sponses indicated that missing a dose, dosing flexibility, and 
change of dosing day had only minor impact on the IGF-I re-
sponse since return to steady state occurred 1-2 doses after 
regular weekly treatment was resumed.

Conclusion
In the current work, we present model-based insights into once- 
weekly somapacitan dosing and IGF-I response in children with 
GHD compared with once-daily GH. Relationships were estab-
lished between somapacitan dose, exposure, change from base-
line IGF-I SDS and HV.

We provide an IGF-I calculation table with formulas to pre-
dict a patient’s average IGF-I values from a single blood sam-
ple at steady state after 0.16 mg/kg/week somapacitan. With 
this we address a frequently asked question by physicians re-
garding the applicability of monitoring IGF-I in somapacitan- 
treated children with GHD. Our IGF-I calculation table may 
support physicians when monitoring IGF-I at any day during 
the weekly dosing interval.

In addition, we present a linear dose–response relationship 
between somapacitan dose and IGF-Iavg SDS response. 
Relationships between HV and somapacitan average concen-
tration and between HV and change from baseline IGF-Iavg 

SDS were established. Further, we provide guidance for physi-
cians when initiating the switch from daily GH to once-weekly 
somapacitan and present which IGF-I concentrations they can 
expect after the first dose of somapacitan has been given at 
least 8 hours after the last daily GH dose. Finally, our model-
ing analysis support flexibility to change the dosing day by up 
to 3 days before or after the regular dosing day and predicts 
only a minor impact on the IGF-I profile. In all cases, IGF-I 
steady state is assumed to reoccur 1-2 doses after resuming a 
regular once-weekly treatment schedule.

Overall, the results of our modeling study support existing 
clinical data of the observed somapacitan dose exposure re-
sponse relationship in children with GHD. With our IGF-I cal-
culation table physicians may have a practical tool to quickly 
estimate expected mean or maximum IGF-I concentrations in 

a clinical practice setting irrespective of the sampling day. 
The results can help set expectations for IGF-I response when 
changing dose, initiating therapy and applying dosing 
flexibility.
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