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Abstract: Growth hormone (GH) replacement therapy for growth hormone deficiency (GHD) in children and adults has for over 25
years, until recently, been administered as daily injections. This daily treatment regimen often incurs a burden to patients and
caregivers, leading to high rates of non-adherence and, consequently, decreased treatment efficacy outcomes. To address this short-
coming, long-acting growth hormones (LAGHs) have been developed with the aim of reducing the burden of daily injections, thereby
potentially improving treatment adherence and outcomes. Somapacitan (Sogroya™) (Novo Nordisk, Bagsvaerd, Denmark) is a LAGH
currently approved for the treatment of adult and childhood GHD (AGHD and CGHD, respectively) in several countries. Other
LAGHSs, such as somatrogon (Ngenla®) (Pfizer, New York, United States) and lonapegsomatropin/TransCon GH (Skytrofa®)
(Ascendis Pharma, Copenhagen, Denmark), are also currently approved and available for the treatment of CGHD in several countries.
In this review, we will consider the method of protraction, pharmacokinetics (PK) and pharmacodynamics (PD), efficacy, and safety
results of somapacitan in adult and pediatric trials and how these characteristics differ from those of the other aforementioned LAGHs.
Additionally, the administration of somapacitan and timing of measurement of serum insulin-like growth factor-I (IGF-I) levels are
summarized. Information on administration, advice on missed doses, and clinical guidelines are discussed, as well as identifying which
patients are suitable for somapacitan therapy, and how to monitor and adjust dosing whilst on therapy.

Keywords: (3-6): growth hormone, long-acting growth hormone, adult growth hormone deficiency, pediatric growth hormone
deficiency, adherence

Introduction to Somapacitan and Long-Acting Growth Hormones

The long-term safety and efficacy of daily growth hormone (GH) have been well documented since its approval by the
US Food and Drug Administration (FDA) in 1985 and by the European Medicines Agency (EMA) in 1987 for the
treatment of growth hormone deficiency (GHD) in children.'

Adherence is the extent to which participants act in accordance with their prescribed dose regimen, while persistence
is the accumulation of time from initiation to discontinuation of therapy.? It is known that adherence to GH treatment is
related to treatment outcomes, such as height. In a real-world study, the association between adherence to daily GH and
height outcomes among 201 children with GHD (CGHD) was investigated.> The results showed that participants who
had good adherence to treatment gained an additional 1.8 cm in height compared with non-adherent participants over
1 year.® In another study, treatment adherence was investigated in 103 participants with CGHD,* and it was observed that
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adherence was lower (p < 0.01) in pubertal children compared to prepubertal children, and in children self-administering
their medication compared with those whose treatment was administered by their parent/guardian.* Additionally, two
retrospective studies investigating treatment adherence and persistence of children to daily GH were conducted in the
USA and UK.>¢ Both studies found that a high proportion of children discontinued treatment despite exhibiting early
persistence.”® For adults with GHD (AGHD), adherence to daily GH among 107 participants was investigated using
a cross-sectional analysis,” and the results showed that older age was significantly associated with better adherence to
daily GH (p = 0.021).” Given trends seen in other chronic conditions requiring long-term treatment, it is likely that the
high injection frequency plays a role in the increasingly low adherence to daily GH.**

To address this shortcoming of sub-optimal adherence with daily GH administration, long-acting growth
hormones (LAGHs) have been studied, most of which are administered once weekly (Table 1). Somapacitan
(Sogroya®) (Novo Nordisk, Bagsvard, Denmark) is a LAGH that has been approved for the treatment of AGHD
in the USA, Europe, Australia, and Japan, and for the treatment of CGHD in the USA, Europe, Japan, Saudi Arabia,
and Canada.”'® Other LAGHSs, such as somatrogon (Ngenla®) (Pfizer, New York, United States), lonapegsoma-
tropin/TransCon GH (Skytrofa®) (Ascendis Pharma, Copenhagen, Denmark), LB 3002 (Eutropin Plus®) (LG Chem,
Seoul, South Korea), and PEGylated recombinant human GH (Jintrolong®™) (GeneScience, Beijing, China) are also
currently approved and available for the treatment of CGHD in their respective manufacturing countries. In this

review, we will summarize the method of protraction, pharmacology, efficacy, safety, pharmacokinetics (PK)/

Table | Summary and Comparison of Approved Long-Acting Growth Hormones, Including Somapacitan

Novo Nordisk Ascendis Pfizer/OPKO Health

Somapacitan Lonapegsomatropin, Somatrogon
TransCon hGH

Molecular weight (g/mol) 23,305.10% 22,000° 41,000°¢
Protraction technique Reversible albumin bindingd Transient PEGylation® CTP fusion®
Half-life, hours
Adults 48-72¢ 18-43.4' 20.8-23.6°
Children 34° 30.7° 18.3-36.1°
Elimination technique Metabolized by proteolytic degradation and Catabolized in the liver and | Primarily degraded by proteolytic
cleavage of the linker sequence between the kidney to its constitutive catabolism®
peptide and albumin binder? amino acids®
Dosing interval Once weekly? Once weekly® Once weekly®
Crnax 0.02 mg/kg: 14.4 ng/mL 0.24 mg/kg: 15.2 ng/mL8 0.66 mg/kg: 690 ng/mL®

0.04 mg/kg: 19.8 ng/mL
0.08 mg/kg: 64.2 ng/mL
0.12 mg/kg: 142.5 ng/mL"
Formulation Liquid, subcutaneous® Freeze dried in dual Liquid, subcutaneous®

chamber cartridge,
f

subcutaneous
Development AGHD: approved® AGHD: Phase 3 initiated | AGHD: failed primary endpoint at
CGHD: approved* CGHD: approved*® phase 3'

CGHD: approved**

Notes: *Approved in the USA and EU; **Approved in the EU and a complete response letter issued in the USA. *Sogroya® Novo-P1.2023. Available at: https://www.novo-pi.
com/sogroya.pdf;'* ®Miller BS, Yuen KCJ. Drug Des Devel Ther 2022;16:2055-2066;'® “Assessment report: Ngenla®EMA, 2021. Available at: https://www.ema.europa.eu/en/
documents/assessment-report/ngenla-epar-public-assessment-report_en.pdf;'® dSogroya® SmPC. EMA, 2023. Available at: https://www.ema.europa.eu/en/documents/pro
duct-information/sogroya-epar-product-information_en.pdf;"’ °Lonapegsomatropin SmPC. EMA, 2022. Available at: https://www.ema.europa.eu/en/documents/product-
information/skytrofa-previously-lonapegsomatropin-ascendis-pharma-epar-product-information_en.pdf;'® fLonapegsomatropin PI. FDA 2022. Available at: https://www.access
data.fda.gov/drugsatfda_docs/label/2022/761 1775001 Ibl.pdf;'® BAssessment report: Lonapegsomatropin® EMA, 2021. Available at: https://www.ema.europa.eu/en/documents/
assessment-report/lonapegsomatropin-ascendis-pharma-epar-public-assessment-report_en.pdf;*® "Hgjby Rasmussen et al | Clin Endocrinol Metab 2016;101(3):988-998;'
'ClinialTrials.gov: NCTO05171855. Available at: https://classic.clinicaltrials.gov/ct2/show/NCT05171855;%% IClinicalTrials.gov: NCT01909479. Available at: https://classic.clini
caltrials.gov/ct2/show/NCT01909479.2

Abbreviations: AGHD, adult growth hormone deficiency; CGHD, childhood growth hormone deficiency; C,.x, maximum serum concentration; CTP, carboxyl terminal
peptide; hGH, human growth hormone; PEG, polyethylene glycol.
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pharmacodynamics (PD), and administration of somapacitan. Additionally, we provide insight into several key
factors that should be considered when reviewing clinical trial results of somapacitan or making the decision to
initiate somapacitan.

Method of Protraction

Somapacitan is a LAGH consisting of a human GH protein (22kDa) and a single amino acid substitution at position 101
(leucine to cysteine) where a side chain has been attached (Figure 1).* The side chain in somapacitan consists of a linker
sequence and an attached small noncovalent albumin-binding moiety, which facilitates reversible binding to endogenous
albumin, delaying the elimination and extending the half-life and duration of action.?*?> This protraction technology has been
successfully applied to other peptide drugs to prolong their half-lives, such as insulin detemir, liraglutide, and semaglutide.*®2*

Somapacitan binds reversibly, but extensively (>90% of somapacitan molecules are bound in the circulation and tissues), to
a specific site on endogenous circulating human serum albumin domain 11> In a Phase 1 dose-escalation trial, the ratio of the
highest somapacitan dose of 0.12 mg/kg/week administered in the presence of the lowest normal albumin concentration was
88,000.2' This suggests that albumin occupancy was around 0.001%; hence, displacement of circulating albumin that is bound
to somapacitan is unlikely to be of clinical significance.?’ Somapacitan is cleared in the kidneys by glomerular filtration and
subsequently degraded in the tubular cells or during the receptor-mediated internalization by the GH receptor in target tissues.>’

In a study that investigated the tissue distribution and receptor activation of somapacitan in hypophysectomized
rats with GHD, a dose- and time-dependent activation of phosphorylated STATS (P-STAT5) was observed for
somapacitan in multiple tissues including the epiphyseal growth plates.”” The level of activation was measured
based on downstream tyrosine P-STATS, as it is the primary mediator of insulin-like growth factor-I (IGF-I)
transcription.” In addition, fluorescently tagged somapacitan administered to hypophysectomized rats with GHD
was shown to distribute to the growth plate in living rats to bind specifically to the hypertrophic zone and primary
spongiosa. These data demonstrate the ability of somapacitan to distribute to relevant tissues to promote growth
and metabolic activities. However, somapacitan activity in adipose tissue was not assessed.

Absorption, Metabolism, and Excretion

A study investigated the absorption, metabolism, and excretion, as well as the PK, of tritium-labelled somapacitan ([*H]-
somapacitan).”* The participants were seven healthy males who received a single subcutaneous dose of 6 mg of tritium-
labelled somapacitan containing [*H]-somapacitan 20 MBq. The PK of plasma components was determined, and the
radioactive peaks of the most abundant plasma metabolites and urine metabolites were selected for analysis.>* After 28
days from dosing, 94.0% of the administered dose was recovered as [*H]-somapacitan-related material, of which 80.9%
was excreted in urine, 12.9% was excreted in feces, and 0.2% was exhaled in expired air.>* Somapacitan was extensively
degraded to small residual fragments that were excreted, which indicates that it is almost fully biodegradable.**

) Albumin binder
Linker sequence

Single amino acid substitution
(leucine to cysteine)

Growth hormone

Figure | Molecular structure of somapacitan.
Notes: Figure adapted from Petersen M, Gandhi PS, Buchardt | et al. Tissue distribution and receptor activation by somapacitan, a long acting growth hormone derivative.
Int | Mol Sci. 2020;21(4):1181. Creative Attribution 4.0 International (CC BY 4.0).2’
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It has been suggested that recombinant GH, including somapacitan, is mainly eliminated by the kidneys and liver.*
Two trials (ClinicalTrials.gov NCT03186495 and NCT03212131) were conducted to investigate the steady-state expo-
sure of somapacitan in participants with kidney or hepatic impairment at varying degrees, compared with participants
with normal kidney or hepatic function.*® Each trial included participants aged 1875 years with normal kidney and
hepatic function matched with adults with impaired kidney or impaired hepatic function. Participants in both trials
received three somapacitan injections (0.08 mg/kg/week) in the morning on days 1, 8, and 15, and their blood samples
were collected before each dose, at 28 time-points throughout the 2 weeks after the last dose, as well as at follow-up,
which was 3—4 days after the last dose. The primary endpoint of the trials was area under the somapacitan serum
concentration—time curve from 0 to 168 hours after the last dosing (area under the curve [AUC](o_j63))-

In the kidney impairment trial, somapacitan AUCo_j¢sny Was higher in the severe kidney impairment requiring
hemodialysis group compared with the normal kidney function group (estimated ratio [ER] and 90% CI [confidence
interval]: 1.75 [1.00;3.06] and 1.63 [1.01;2.61], respectively).*® For the moderate kidney impairment group, somapacitan
AUCo_68n) Was similar to the normal function group (ER [90% CI] 1.25 [0.74;2.11] and 1.27 [0.77;2.07], respectively).

In the hepatic impairment trial, somapacitan AUC ¢_;egn) Was significantly higher in the moderate hepatic impairment
group compared with the normal function group, with exposure more than four times higher (ER 4.69 [90% CI
2.92:7.52]).>° For the mild hepatic impairment group, the exposure was similar to that of the normal hepatic function
group (ER 1.08 [90% CI 0.66;1.75]). Specific dosing recommendations of somapacitan for individuals with moderate
hepatic impairment include initiating treatment at a lower dose and using smaller dose increment increases when titrating
the dosage. For individuals with severe hepatic impairment, somapacitan therapy is not recommended.'* For individuals
with renal impairment, specific dosing recommendations of somapacitan have not been provided.'®

In terms of safety endpoints, in the kidney impairment trial, 24 participants (54.5%) experienced 65 adverse events
(AEs), of which 50 were mild and 15 were moderate.*” None of the AEs were serious and* all participants recovered
from the AEs. Two participants reported five injection-site reactions, all of which were mild in severity. In the hepatic
impairment group, nine AEs occurred in five participants, of which 6 were mild and 3 were moderate. The most common
AE was injection-site reaction (four events in two participants), all of which were mild in severity.

Clinical Trial Results

AGHD
Efficacy
The efficacy of somapacitan in adults with AGHD was investigated in REAL 1, a randomized, parallel-group, placebo-
and active-controlled Phase 3 trial (NCT02229851).*! The trial took place across 17 countries and investigated
somapacitan versus daily GH and once-weekly placebo in treatment-naive participants with AGHD (n = 301).
Participants were randomized in a 2:2:1 ratio to receive somapacitan (n = 121), daily GH (n = 119), or once-weekly
placebo (n = 61) for a duration of 34 weeks that constituted the main period of the trial. Following the main period, a 52-
week extension took place where participants continued treatment with somapacitan or daily GH. The results at 34 weeks
showed that somapacitan significantly reduced truncal fat percentage (estimated treatment difference versus placebo
[ETD] [95% CI] —1.53% [—2.68; —0.38], p = 0.0090) and improved visceral fat, lean body mass, and IGF-I standard
deviation score (SDS) levels. Compared with daily GH, after 34 weeks, the truncal fat percentage decrease was lower
(ETD versus daily GH [95% CI] 1.17 [0.23; 2.11]), while similar effects were observed for visceral fat, lean body mass,
and IGF-I SDS. After 86 weeks of treatment, a reduction in visceral fat and increases in total lean body mass and
appendicular skeletal muscle mass were maintained in both groups.

The efficacy of somapacitan compared with daily GH was also investigated in previously treated Japanese adults
(n = 62) with AGHD over a 52-week period in the REAL Japan Phase 3 trial (NCT03075644).>% Participants were
randomized 3:1 to somapacitan (n = 46) or daily GH (n = 16) for a 20-week dose titration period and a 32-week fixed-
dose treatment period. The results showed no significant differences between groups for changes from baseline to week
52 in visceral, subcutaneous, and total adipose tissue (ETD [95% CI] —1.74 [-18.13; 14.66], —11.53 [-35.54; 12.48], and
—12.85 [-47.31; 21.62] cm?, respectively).
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Safety

A dose-escalation trial for somapacitan was conducted in 105 healthy male subjects.”® The results showed that
somapacitan at all dose levels (0.01-0.32 mg/kg) was well tolerated, and no serious AEs were reported. In total, 20 of
79 participants reported transient injection-site reactions.

In a Phase 1 randomized trial, the safety, tolerability, PK, and PD of somapacitan (at doses of 0.02, 0.04, 0.08, and
0.12 mg/kg/week) were compared with those of daily GH in 34 adults with AGHD.?' The number of AEs reported was
similar at the dose levels of 0.02, 0.04, and 0.08 mg/kg/week somapacitan compared with daily GH, whereas the number
of AEs reported was greater at the highest dose level of somapacitan 0.12 mg/kg/week compared with daily GH.
AUC _168n), peak plasma concentrations of somapacitan and IGF-I levels increased in a dose-dependent manner.

The safety and tolerability of somapacitan versus daily GH were also evaluated in participants with AGHD in REAL
2, a 26-week Phase 3 trial (NCT02382939).>* Participants were randomized 2:1 to receive somapacitan (n = 61) or daily
GH (n = 31). The results showed that, throughout the trial, estimated mean IGF-I SDS remained between 0 and 2 in both
groups. AEs were reported by 86.9% of participants in the somapacitan group and 67.7% of participants in the daily GH
group. Most of the AEs reported were mild or moderate, and no clinically significant injection-site reactions were
reported. The safety of somapacitan was also assessed in REAL 1 and REAL Japan.’'”? In REAL 1, somapacitan was
well tolerated, with a similar rate of AEs reported per 100 patient-years at risk in the group receiving somapacitan
compared with the group receiving daily GH.*' In REAL Japan, the rate of AEs reported per 100 patient-years was
similar between groups, and the majority of AEs reported were of mild severity.*> Additionally, in REAL Japan, a post
hoc analysis of the AEs probably/possibly related to treatment was conducted and the results showed a nonsignificant rate
difference of —33.4 (95% CI: —74.9; 8.0) between the somapacitan and daily GH arms.*

The effects of somapacitan, compared with daily GH and a once-weekly placebo, on glucose metabolism were
investigated in post hoc defined analyses using data from three Phase 3 trials (REAL 1, REAL 2, and REAL Japan).*
The investigations included assessments of fasting plasma glucose (FPG) levels, homeostasis model assessment of insulin
resistance (HOMA-IR), glycated hemoglobin (HbA1c), and homeostasis model assessment of beta-cell function (HOMA-
B). No new cases of diabetes mellitus were reported with somapacitan. Two participants in REAL 1 and one participant in
REAL Japan, treated with daily GH, were diagnosed with diabetes mellitus (type not specified) during the trial. Among
GH-naive participants receiving somapacitan (n = 120) or daily GH (n = 119), transient changes from baseline in FPG,
HOMA-IR, and fasting insulin levels were observed with daily GH versus somapacitan at 34 weeks, but not at 86 weeks.
HbAlc and HOMA-B did not differ between groups at either timepoint. In previously treated participants (REAL 1
extension: n = 51 somapacitan, n = 52 daily GH; REAL 2: n= 61 and n = 31, respectively; REAL Japan: n =46 and n = 16,
respectively), the differences in changes from baseline were not statistically significant between somapacitan and daily GH

for any glucose metabolism parameters, reinforcing the neutral effect of somapacitan on glycemia.

Treatment Satisfaction

In REAL 2 and REAL Japan, treatment satisfaction was assessed using the Treatment Satisfaction Questionnaire for
Medication-9 (TSQM-9).**** In REAL 2, treatment satisfaction increased significantly with somapacitan versus daily
GH (p = 0.0171).** In REAL Japan, the differences in change from baseline to the end of the trial in convenience,
effectiveness, and global satisfaction scores were all numerically in favor of somapacitan, but not statistically different to
daily GH (p = 0.0877, 0.2462, and 0.0890, respectively).*>?

Adherence

In REAL 1, REAL 2, and REAL Japan, adherence to treatment was captured by site staff asking participants to record the
date and time of each dose of trial product, as well as any missed doses.*'**** In REAL 1, mean adherence was 95.5% to
somapacitan, 90.6% to daily GH, and 93.9% to placebo.>’ In REAL 2, mean treatment adherence was 93.1% in the
somapacitan group and 90.4% in the daily GH group.** In REAL Japan, mean adherence among participants receiving
somapacitan was 98.7% and 92.2% for participants receiving daily GH.*?
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CGHD

Efficacy

The efficacy of somapacitan has been investigated in children with CGHD in REAL 3 and REAL 4.°°° REAL 3 is an
ongoing Phase 2 trial (NCT02616562) investigating the safety and efficacy of three doses of somapacitan versus daily
GH in children with CGHD.*® The trial consisted of a main phase and an extension phase, each of which lasted 26 weeks,
followed by a 104-week safety extension, comparing 0.16 mg/kg/week somapacitan with daily GH 0.034 mg/kg/day.>®
A further 208-week-long safety extension is currently taking place using somapacitan 0.16 mg/kg/week only.*®*’ Results
from year 1, year 3, and year 4 (year 1 of the long-term safety extension) of the trial have been published.*®>*

During the main phase of the REAL 3 trial, 59 prepubertal children were randomized 1:1:1:1 to 0.04, 0.08, or
0.16 mg/kg/week somapacitan or 0.034 mg/kg/day daily GH.>*® ETD in AHV at week 26 between the group receiving
somapacitan 0.16 mg/kg/week and the daily GH group was 1.7 cm/year [95% CI: —0.2; 3.6]. The increase in HV at week
52 was significantly greater with somapacitan 0.16 mg/kg/week versus daily GH. Model-derived mean (standard
deviation, SD) IGF-I SDS for the somapacitan groups 0.04, 0.08, and 0.16 mg/kg/week was —1.62 (0.86), —1.09
(0.78), and 0.31 (1.06), respectively, versus —0.40 (1.50) observed for daily GH.

Year 3 results from the REAL 3 trial showed similar improvements in height outcomes.’” At year 3, all participants
on somapacitan received 0.16 mg/kg/week somapacitan, while participants on daily GH continued with their treatment
unchanged.’” The ETD (95% CI) in HV for the somapacitan group receiving 0.16 mg/kg/week for 3 years versus the
group receiving daily GH was 0.8 cm/year (—0.4; 2.1). Mean height SDS was similar for the pooled somapacitan groups
and daily GH group. Additionally, change in mean IGF-I SDS from baseline to year 3 was similar across treatments.

At year 4 in the REAL 3 trial, children receiving daily GH for 3 years switched to somapacitan 0.16 mg/kg/week,
while all children receiving somapacitan (0.16 mg/kg/week) were pooled into one group.>® Changes from baseline in HV
and HV SDS were similar and as expected in both groups. The number of children who had entered puberty at year 3,
midway through year 4, and at the end of year 4 was two, four, and five in the pooled group, and two, three, and three in
the switched group, respectively.

REAL 4 is a Phase 3, randomized, multinational, open-label, active-controlled, parallel-group trial (NCT03811535)
taking place in 86 sites across 20 countries.”” REAL 4 was designed to investigate the efficacy and safety of somapacitan
versus daily GH in children with CGHD. Participants were randomized 2:1 to 0.16 mg/kg/week somapacitan or
0.034 mg/kg/day daily GH. The primary endpoint of the trial was annualized HV at week 52 and additional assessments
included HV SDS, height SDS, bone age, IGF-I SDS, patient-reported outcomes, and safety measures. At week 52,
estimated mean HV for the somapacitan group and daily GH group was 11.2 and 11.7 cm/year, respectively, which
confirmed noninferiority of somapacitan to daily GH (Table 2). Changes in HV SDS, height SDS, bone age, and IGF-I
SDS from baseline to week 52 were similar between treatment groups. At week 52, mean IGF-I SDS values were similar
between treatment groups and within the normal range (—2 to +2). Results at year 2 of the REAL 4 trial showed sustained
HV (SD) between weeks 52-104.*° Mean (SD) HV between weeks 52—-104 was 8.4 (1.5) cm/year for the group that
received somapacitan and 8.7 (1.8) cm/year for the group that received daily GH for 1 year and followed by somapacitan
for 1 year. Additionally, year 2 results for mean IGF-I SDS were comparable. For children in the somapacitan group,
between groups and within the normal range (-2 to +2).*°

A Phase 3 clinical trial in China is currently underway to investigate the safety and efficacy of somapacitan compared
with daily GH in children with CGHD. The trial is expected to complete in January 2024.*

Safety

In a Phase 1, randomized, dose-escalation trial (NCT01973244), the safety and tolerability of somapacitan was evaluated
in 32 prepubertal children with CGHD.** Participants were sequentially randomized 3:1 to receive a single dose of
somapacitan (0.02, 0.04, 0.08, and or 0.16 mg/kg/week, n = 6 each) or daily GH (n = 2 each) for 7 days. A total of 19
AEs were reported in 11 participants receiving somapacitan and two AEs were reported in one participant receiving daily
GH. None of the reported AEs were serious, and no treatment-related patterns in the frequency of AEs reported were
found. In total, three out of 24 participants receiving somapacitan reported four transient injection-site reactions. The PK
results showed that mean serum concentrations of somapacitan increased in a dose-dependent, but nonlinear, manner.

296 https: Drug Design, Development and Therapy 2024:18

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Miller et al

Table 2 Summary of the Efficacy Endpoints of Long-Acting Growth Hormones, Including Somapacitan, Investigated in Treatment-
Naive Pediatric Populations Over a 12-Month Period

Trial Number of Participants | Mean AHV of | Mean AHV ETD in AHV at Change Change Mean
(Age Range, Years) LAGH of Daily GH | Week 52 Between | in HSDS | in IGF-I IGF-1
(cmlyear) (cmlyear) LAGH and Daily from SDS SDS at
GH Comparator Baseline* Week 52
(95% CI)
REAL 4* n =200 11.2 1.7 —0.5 (-1.1 t0 0.2) 1.25 236 0.28
Somapacitan Age range: girls 2.5-10 and
boys 2.5-11
NCT02968004° n =228 10.10 9.78 0.33 (-0.24 to 0.89)
Somatrogon Age range: girls 3—10 and
boys 3—11
NCT03874013 (Japan)© n =44 9.65 7.87 1.79 (0.97 to 2.61) 0.94
Somatrogon Age range: girls 3 to <10
and boys 3 to <I|
HeiGHt® n=16l 11.2 10.3 0.9 (0.2 to 1.5) 1.10 0.72
Lonapegsomatropin Age range: girls 3—11 years
and boys 3-12 years

Notes: *Change in HSDS from baseline was for the following time period: REAL 4, 52 weeks; NCT03874013 (Japan), |2 months; HeiGHt, 52 weeks. The treatment product
and the dose for each trial were as follows: REAL 4, somapacitan 0.16 mg/kg/week; NCT02968004 and NCT03874013 (Japan), somatrogon 0.66 mg/kg/week; HeiGHt,
lonapegsomatropin 0.24 mg/kg/week. *Miller et al | Clin Endocrinol Metab 2022;107(12):3378-3388;* "Deal et al J Clin Endocrinol Metab. 2022;107(7): 2717-e2728;*
“Horikawa et al Horm Res Paediatr. 2022;95(3):275-285;* 9Thornton et al J Clin Endocrinol Metab 2021;106(1 I):3I84—3I95.45

Abbreviations: AHV, annualized height velocity; Cl, confidence intervals; ETD, estimated treatment difference; GH, growth hormone; HSDS, height standard deviation
score; IGF-l, insulin-like growth factor-I; LAGH, long-acting growth hormone; n, number of participants; SDS, standard deviation score.

Pharmacodynamic results showed that IGF-I and insulin-like growth factor binding protein-3 (IGFBP-3) levels increased
in a dose-dependent manner for all doses investigated. Somapacitan administered to participants with CGHD was well
tolerated at all doses investigated, and no clinically significant safety issues were identified.

Safety results at week 52 of the REAL 3 trial showed that the overall AE rate per 100 patient-years was similar
between the somapacitan groups and daily GH group (364.8 and 364.1, respectively).*® In the same time period, seven
serious AEs collectively were reported in two participants in the somapacitan groups (0.08 and 0.16 mg/kg/week) and in
one participant in the daily GH group. Additionally, three participants in the somapacitan groups experienced injection-
site reactions: mild urticaria (n = 2), injection-site hematoma, and lipoatrophy (n = 1). The overall AE rate per 100
patient-years during Years 2 and 3 was again similar between the treatment arms: pooled somapacitan groups, 237.7;
daily GH, 224.9.°” Most AEs were mild and deemed unlikely to be related to treatment. After the first year of treatment,
four participants experienced six injection site-related AEs, which were all considered mild in severity.

At year 4 of the REAL 3 trial, the safety profile of somapacitan was similar to that of daily GH; the rate of AEs per
100 patient-years for the group that switched treatment from daily GH to somapacitan was 270.8 before the switch,
compared with 248.2 for the pooled somapacitan groups to the end of year 4.°® In the same year, three participants in the
somapacitan pooled group experienced a total of five injection-site reactions and three of the reported reactions included
pain as a descriptor.

In REAL 4, AEs occurred in 94 (71.2%) participants in the somapacitan group and 41 (60.3%) participants in the
daily GH group; most AEs were mild or moderate in severity (98%) and deemed unlikely to be related to trial products.*’
Additionally, low rates of injection-site reactions were reported for somapacitan (5.3%) and daily GH (5.9%), with 1.5%
of those in each group reporting transient injection-site pain. At year 2 of the trial, somapacitan was well tolerated, with

no safety issues identified.*

Treatment Satisfaction
During the REAL 3 trial, a questionnaire was developed and validated to assess the burden that GH treatment can have
on participants aged between 4 and <13 years and their parents/guardians.®® For children in the somapacitan group,
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overall treatment burden scores were lower at year 4 than years 2 or 3 (Figure 2A). For children in the daily GH group
who switched to somapacitan at year 4, overall treatment burden scores at year 4 were lower than at year 3, but slightly
higher than at year 2 (Figure 2A). This may be due to an overall general increase in treatment fatigue after 4 years of
treatment, regardless of injection frequency. The slight decrease in treatment burden score from year 3 to 4 in the
somapacitan group may also be due to increasing familiarity of treatment, whereas the larger decrease in the group who
switched to somapacitan in year 4 may be related to reduced injection frequency. For parents/guardians of children in the
somapacitan group, the overall treatment burden scores were similar at year 4 and year 2 (Figure 2B). For parents/
guardians of children in the daily GH group who switched treatment, overall treatment burden scores at year 4 were
lower than at years 2 or 3, but year 3 results were higher than at year 2 (Figure 2B). At year 4 of the trial, the parents/

A
7.1 (9.4)
Year 4
5.8 (7.5)
15.1 (16.3)
Year 3
6.4 (8.2)
Year 2
7.6 (9.4)
0 2 4 6 8 10 12 14 16 18 20
Mean GHD-CTB score (SD)
B
Year 4
8.7 (12.1)
11.3 (16.4)
Year 3
9.6 (12.2)
8.7 (10.9)
Year 2
9.5 (11.2)
0 2 4 6 8 10 12 14 16 18 20

Mean GHD-PTB score (SD)

M Daily GH/somapacitan group? B Somapacitan/somapacitan group

Figure 2 Treatment burden scores for participants with CGHD and their parents/guardians in the REAL 3 trial. (A) Growth Hormone Deficiency—Child Treatment Burden
(GHD-CTB) and (B) Growth Hormone Deficiency—Parent Treatment Burden (GHD-PTB) mean (SD) scores at years 2, 3, and 4.

Note: *The increase in GHD-CTB and GHD-PTB mean (SD) scores in the daily GH/somapacitan group between years 2 and 3 can largely be attributed to two patients, who
may have experienced greater treatment fatigue compared with the rest of the cohort. Total scores range from 0 to 100. Data from Sivendahl et al.*®

Abbreviations: CGHD, childhood growth hormone deficiency; GH, growth hormone; SD, standard deviation.
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guardians of the participants were also given a GH patient-preference questionnaire.®® The results showed that most
parents/guardians of the participants who switched treatment at year 3 from daily GH to somapacitan preferred
somapacitan. They also reported that they would be more adherent to somapacitan than daily GH.

In REAL 4, both somapacitan and daily GH treatments similarly reduced disease burden from baseline to week 52.%°
Treatment burden assessments favored somapacitan over daily GH, for both participants and their parents/guardians, and the
difference being statistically significant for the latter group (p = 0.0031).* Year 2 results from the GH patient preference
questionnaire in REAL 4 showed that 90% of participants and their caregivers in the group that switched treatment from
daily GH to somapacitan preferred somapacitan treatment and most indicated that they would be more adherent to it.*’

Adherence

In REAL 4, mean adherence for somapacitan was 95.8% and mean adherence for the daily GH group was 88.3%.%° In the
REAL 3 trial, adherence over 52 weeks of treatment was >96% for the pooled somapacitan groups and 91.8% for the
daily GH group.*® For the same trial at year 3 of treatment, adherence was 92.2% for the pooled somapacitan groups and
87.2% for the daily GH group.’’

PK/PD of Somapacitan

The PK and PD profiles of somapacitan differ from those of daily GH. For example, PD profiles of LAGH demonstrate
greater excursions when compared with daily GH.*® IGF-I is currently the biomarker of choice for titration and
monitoring of GH replacement.*’”*® One study simulated 39,200 IGF-I profiles from 26 adults and 23 children with
GHD to develop and assess a model for predicting mean and peak IGF-I levels on different days after dosing with
somapacitan.** A robust linear relationship was found between IGF-I sampled on any day after a somapacitan dose and

the weekly mean IGF-I level, as well as the peak IGF-I level.*’

Participants with AGHD

A PK/PD modelling study using data from three Phase 3 clinical trials (REAL 1, REAL 2, and REAL Japan) was
conducted with the aim of providing clinical guidance on dose—response titration of somapacitan for participants with
AGHD.*" A total of 4364 PK somapacitan concentration values and 4880 IGF-I values from 330 participants were
included in the final somapacitan PK and PK/PD datasets, respectively. Modelling analysis was also used to predict the
dose—IGF-I response for each patient by starting dose groups. The results showed that the somapacitan IGF-I1 SDS profile
reached its maximum around 2 days after dosing; thus, sampling for IGF-I monitoring is recommended 3—4 days after
dosing. Following on from that, in case of a missed dose, the generated modelling predictions indicated that adminis-
tration with up to a 3-day delay is acceptable. The results also supported the clinical recommendations of higher starting
doses for younger participants and women on oral estrogen replacement therapy.

Participants with CGHD

A pooled modelling analysis from three Phase 1 clinical trials, including data from children with CGHD, was used to
develop PK/PD models.*® The results of the analysis showed that body weight was a significant predictor of the
differences observed in the PK/PD levels between children and adults. Additionally, for both adults and children, the
IGF-I level of once-weekly dosing of somapacitan was elevated, despite little or no accumulation of somapacitan. The
study found that for children with CGHD, adjustments in dosage should be considered based on body weight or body

surface area and growth response to treatment.*®

Another analysis used data from several clinical trials with
participants.”® The analysis involved 1473 PK samples from 210 participants with CGHD receiving somapacitan and
1381 IGF-I samples from 186 participants. All participants had CGHD and were receiving somapacitan in the respective
trials. The results showed a relationship between somapacitan dose, exposure, change from baseline IGF-I SDS, and HV.
Flexible dosing was also supported by the findings from the analysis, where dosing day changes can occur whilst

maintaining at least four days between doses.
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Administration of Somapacitan

Somapacitan is indicated as a replacement treatment of endogenous GH for AGHD and children aged 2.5 (USA) or 3 years
(Europe) and over with CGHD.'*!'7 This drug is administered subcutaneously once per week via a pre-filled pen under the
skin, with recommendations to alternate injections between the abdomen, thighs, buttocks, or upper arms.'*!” There are
three different prefilled pens of somapacitan: the Sogroya 5 mg/1.5 mL (3.3 mg/mL) pen delivers doses from 0.025 mg to
2 mg in increments of 0.025 mg, the Sogroya 10 mg/1.5 mL (6.7 mg/mL) pen delivers doses from 0.05 mg to 4 mg in
increments of 0.05 mg, and the Sogroya 15 mg/1.5 mL (10 mg/mL) pen delivers doses from 0.1 mg to 8§ mg in increments
of 0.10 mg (Figure 3)."*!” In case of a missed dose, it is recommended that the dose is administered as soon as possible and
no later than 3 days after the original administration day.'*!” Following that, the next once-weekly dose should be resumed
at the regularly scheduled dosing day, regardless of whether the previous dose was caught up or not.'*'” The shelf life of
somapacitan is 2 years. After first opening, it must be stored in a refrigerator (2°C—8°C) and the shelf-life after opening is 6
weeks.'*!” During travelling or if refrigeration is not possible, somapacitan may be kept at temperatures up to 30°C for up
to a total of 72 hours. The pen should be stored with its cap on and protected from direct light.

Adults with AGHD

For GH-naive patients and patients switching from daily GH, somapacitan dosage should be initiated at 1.5 mg per
week.'*!” The dosage must also be individually adjusted for each patient, and any increase is recommended to take place
gradually with 2—4-week intervals in increments of 0.5 mg to 1.5 mg, based on the patient’s clinical response, IGF-I level
(aimed at the upper normal range and not exceeding SDS of +2) and occurrence of adverse reactions, up to a dose of 8 mg
per week.'*!” There are alternative recommendations for specific populations, such as patients aged 65 and over, patients
with hepatic impairments and women receiving oral estrogen.'*'” Although there is no evidence for increased risk of new
primary cancers in adults receiving GH, patients receiving GH who have been treated for benign tumors or have achieved

complete remission from malignant disease should be considered carefully for LAGH and followed closely.'*'”

Children with CGHD

The recommended starting dose of somapacitan for pediatric patients is 0.16 mg/kg body weight.'* Thereafter,
dosage should be individualized based on the growth response (US). Dosage may also be individualized and
adjusted based on growth velocity, adverse reactions, body weight, and serum IGF-I concentrations (Europe). For
pediatric patients switching from daily GH to somapacitan, the final daily GH dose should be administered the day
before, or at least 8 hours before, the administration of the first somapacitan dose.'* Somapacitan can be injected at
any hour in the day. Higher doses of somapacitan may be needed for patients with moderate hepatic impairment;
however, no further dose adjustment is required as doses are individually adjusted.'*

Discussion

LAGHs have been developed with the aim of reducing the treatment burden incurred by daily injections.
Somapacitan is a LAGH that is approved for the treatment of GHD for both adults and children.'®'* Clinical
recommendations for somapacitan are provided where appropriate in Table 3.

1,31,34,51-54

Variation in GHD Severity in Pediatric Participants Included in REAL 3 and REAL 4
Positive results of treatment with somapacitan were observed in both REAL 3 and REAL 4. The results of REAL 4 met
the primary endpoint of non-inferiority of somapacitan to daily GH. Participants were stratified based on GH peak level

5 mg/1.5 mL 15 mg/1.5 mL

Figure 3 Somapacitan administration pens.

Sy o-

300 https: Drug Design, Development and Therapy 2024:18

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Miller et al

Table 3 Summary of Main Recommendations for Clinicians About Adults and Children with GHD Receiving Somapacitan

Recommendation | AGHD CGHD

Type

Dosing Initiate somapacitan at a dose of 1.5 mg once weekly for | Initiate somapacitan at a dose of 0.16 mg/kg body weight,
treatment-naive participants and participants switching individualizing the dose thereafter based on growth response
from daily GH Administer a missed dose as soon as possible and no later
Initiate higher starting doses of 2 mg once weekly for than 3 days
younger participants and women on oral estrogen If more than 3 days have passed since the missed dose, skip
Initiate lower starting doses of | mg once weekly for the dose and administer the next dose on the regular
participants aged 265 years dosing day
Increase the weekly dosage every 2—4 weeks by Change the dosage in 10-20% increments

approximately 0.5 mg to 1.5 mg until the desired response | If possible, adjust the dose after 2 elevated IGF-l measures
is achieved

Titrate the dose based on clinical response and serum
IGF-I levels

Initiating a lower dose and using smaller dose increments
for individuals with moderate hepatic impairment
Decrease the dosage as necessary on the basis of adverse
reactions and/or serum IGF-| levels above the age and sex-
specific normal range

The maximum recommended dosage is 8 mg once weekly
Administer a missed dose as soon as possible and no later
than 3 days

If more than 3 days have passed since the missed dose,
skip the dose and administer the next dose on the regular
dosing day

Monitoring Draw IGF-I samples 3—4 days after the prior dose Draw IGF-I samples 3—4 days after the prior dose

Transition Participants who were treated with somapacitan for CGHD
in whom the epiphyses are closed should be reevaluated
before continuing

For participants switching from daily GH to somapacitan, the
final daily dose should be administered the day before
switching, or at least 8 hours before the administration of
the first somapacitan dose

Carefully monitor height, weight, growth velocity, bone age,
and IGF-I when transitioning a patient from daily GH to
somapacitan

Abbreviations: AGHD, adult growth hormone deficiency; CGHD, childhood growth hormone deficiency; GH, growth hormone; GHD, growth hormone deficiency; IGF-I,
insulin growth factor-1.

(<7.0; >7.0 ng/mL) in REAL 4,*° as a GH peak value of 7.0 ng/mL is sometimes taken as the lower cutoff for a normal
level of GH. Participants in the group who initially received daily GH in REAL 4 had more severe GHD at baseline (GH
peak (SD): 4.93 pg/L (2.5) for participants who initially received somapacitan and 4.10 pg/L (2.8) for participants who
initially received daily GH) and more severe short stature at baseline (HSDS (SD): —2.99 (1.00) for participants who
initially received somapacitan vs —3.47 (1.5) for participants who initially received daily GH).>* This could have
contributed to the finding that treatment with somapacitan only was not significantly superior to daily GH followed by
somapacitan in terms of effect on HV at weeks 52 and 104 in REAL 4. In contrast, HV was significantly greater in

3.36

participants treated with somapacitan 0.16 mg/kg/week compared with daily GH at week 52 in REAL The results of

REAL 4 at year 2 showed that HV growth was sustained for both groups.*
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Factors to Be Considered When Switching from Daily to Weekly Injections

In clinical trials investigating somapacitan in pediatric populations, adherence was as high as can be expected in a clinical
trial setting, and numerically slightly higher for somapacitan than daily GH.>**"*° Higher adherence to somapacitan
compared with daily GH was also observed in the trial investigating somapacitan in adults with AGHD.>"**? In both adult
and pediatric trials, adherence was monitored using electronic diaries where participants were instructed to record the
date, time, and injection dose as well as any missed doses.*'**%37-3 In trials investigating other LAGHSs, adherence was
either not recorded or recorded and calculated using different measures.****>3 It can be argued that not only is there
a lack of standardized tool to measure adherence and compliance to GH treatment across trials but also persistence to
treatment is unlikely to be captured in a clinical trial setting. GloBE-Reg is an international consortium-led registry
project aimed at collecting real-world data on the safety and clinical parameters of several medicinal products, including
LAGHSs.”® Analyses using data from this registry would shed more light on adherence and persistence of LAGH in a real-
world setting.

Whether or not persistence with LAGH is improved compared with daily GH, participants with AGHD and children
with CGHD enrolled in the aforementioned trials have indicated a preference for a once-weekly injection instead of a daily
injection.**3¢374%57 The reduced burden with weekly injections could encompass an improvement in physical functioning
and emotional wellbeing, as well as a reduction in interference, for the patient and their parent/guardian if applicable. The
ease of use of pen device of the LAGH is also an important consideration for participants switching from a once-daily to
a once-weekly treatment regimen. Somapacitan is available in three different pre-filled pen devices (Figure 3).>!7 Each
device is color-coded based on the dose strength and the dose increase increments vary for each device.”'® For other LAGH
such as lonapegsomatropin, although there are more dosage strengths available, the treatment is in a powder and solvent
form and thus requires mixing prior to injection.*® For somatrogon, similarly to somapacitan, the treatment is available in
a pre-filled pen, but the strength of the dosage and the incremental increase are not fine-tuned.>

When to Catch Up with a Missed Dose!?

Regardless of the LAGH, the question of when to catch up with a missed dose becomes an important consideration when
a single dose equates to seven injections as with daily GH. An analysis of missed doses with somapacitan showed that up to
a 3-day delay catch-up with a missed dose is acceptable.*’ For somatrogon, this timeframe of when to catch-up with a missed

dose is the same, while for lonapegsomatropin, it is recommended that a missed dose is administered no later than 2 days.”*>’

Cost-Effectiveness and Environmental Impact of LAGH

Another factor that should be considered is the cost-effectiveness of LAGHs compared with daily GH. While this has not
yet been assessed in somapacitan, an analysis of cost-effectiveness has previously been conducted for somatrogon across
five countries (the USA, Canada, Spain, Sweden, and Ireland) and the results showed a favorable cost-effectiveness for
the LAGH versus daily GH in pediatric populations.®® In contrast, for pediatric participants with CGHD in Germany and
the UK, a similar analysis was conducted for somatrogon from a payor perspective, and the results showed that LAGH
for pediatric populations is unlikely to be cost-effective.’! Analyses are required on the cost-effectiveness of somapacitan
in the countries where it is approved for the indication of GHD in pediatric participants and adults. Investigation of the
environmental impact of LAGHs versus daily GH treatment should be considered as well. It can be speculated that fewer
consumables, less frequent travel to collect prescriptions, and reduced pollution from manufacturing would be in favor of
a once-weekly rather than a once-daily regimen.

Who is Not Suitable for Weekly Injections?

Participants not suitable for GH treatment in general would also not be suitable for LAGHs. Historically, there have been
questions regarding a potential link between GH treatment and cancer development. Reports of whether or not GH
treatment increases the risk of second neoplasms are mixed, with some studies finding no statistical increase in the risk of
developing second neoplasms with GH treatment and others reporting an increase dependent on factors such as gender
and age.*> % However, it is generally regarded as appropriate to institute GH therapy in patients who survived childhood
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cancer after clearly successful remission and a waiting period, provided that patients are closely followed up and
monitored.®® However, the effect of LAGH has not been studied in cancer survivors to date and any change in risk of
cancer development remains theoretical. Patients with trypanophobia would also not be suitable for once-weekly
injections. For children with chronic kidney disease, there are no clinical data available.

Can Results from Prepubertal Children Be Extrapolated to Adolescents!?

The trials investigating somapacitan in pediatric populations had either a cut-off of 11 years for boys or 10 years for girls,
with the exception of REAL 3, where the cut-off was ages 10 and 9, respectively.’*~° However, REAL 3 is a long-term
safety and efficacy trial of somapacitan designed with a long-term safety extension of a total of 7 years.>*® The results
from year 4 of the trial showed that a small number of children had entered puberty in each group.*® Additionally, the
protocol of the trial had been amended to include very young children (below 2 years) and children above the cut-off for
boys and girls and below or equal to 17 years old. REAL 4, which is investigating somapacitan in children with CGHD,
also has a long-term extension of a total of 4 years.****°” The results from these trials will provide insights into the long-
term effects of a somapacitan in children and adolescents with CGHD.

Considering trials of other LAGHs, participants up to the age of 17 years were eligible for the phase 3 fliGHt trial of
lonapegsomatropin, with 45.9% of enrolled participants being >11 or >12 years of age (girls and boys respectively).
Results for AHV and change in HSDS were similar for this age group to younger patients, although the highest outcomes
were observed for the youngest (<6 years of age) group. Proportion of participants who underwent puberty was not
reported and safety results were not assessed by age group.’” The phase 3 enliGHten trial was an extension of the fliGHt
trial, and recruited participants had completed the prior trial; consequently, the age criteria were the same as fliGHt.
Proportion of enrolled participants in each age group, proportion of participants who underwent puberty, and efficacy and
safety results by age group were not reported.”> However, the extent to which any observed results for other LAGHs will
apply to somapacitan is unknown.

Conclusion

Somapacitan demonstrated similar efficacy and safety to daily GH in Phase 3 trials in adults with AGHD and non-
inferiority in children with CGHD. As a result, somapacitan has been approved for the treatment of GHD in adults and,
more recently, in children. LAGHs have been developed with the aim of reducing the treatment burden and low
adherence that daily injections can incur, thereby improving adherence and treatment outcomes. Adherence of patients
to LAGHs, including somapacitan, is yet to be investigated in real-world studies. Additionally, the efficacy and safety of
somapacitan in infants and adolescents with GHD are currently being investigated.
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