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Abstract: Lonapegsomatropin, a long-acting GH therapy (LAGH), was approved by the United States Food and Drug Administration in
August 2021 for the treatment of pediatric growth hormone deficiency (GHD). Lonapegsomatropin is a prodrug consisting of unmodified
GH transiently conjugated to methoxypolyethylene glycol which enables time-release of GHwith a half-life of ~25 hours allowing for once-
weekly administration. Clinical trials of lonapegsomatropin have demonstrated positive efficacy results in children (phase 2 and 3) and
adults (phase 2) with GHD. The phase 3 trial in children with GHD established non-inferiority and statistical superiority of height velocity
with lonapegsomatropin (11.2 cm/yr) compared to daily GH (10.3 cm/yr), with no concerning side effects with lonapegsomatropin. Similar
growth responses have been reported in other LAGH products in phase 2 (somapacitan) and phase 3 (somatrogon) trials.
Lonapegsomatropin is distributed in temperature-stable, prefilled cartridges at 9 different doses that can be prescribed based upon specific
weight brackets designed to deliver approximately 0.24 mg/kg/wk. An electronic delivery device is required to combine the powdered
medication with the diluent and deliver the medication subcutaneously through a small gauge needle to the recipient. The pharmacodynamic
data from the clinical trials of lonapegsomatropin has been used to develop models to estimate an average IGF-1 value drawn at any time
during the weekly injection interval. This average IGF-1 value may be used to for safety monitoring and/or to guide dose adjustment. New
LAGH products, including lonapegsomatropin, may potentially improve patient adherence, quality of life and clinical outcomes, particularly
in patients with poor adherence to daily GH injections in the future. With the availability of new LAGH products, clinicians will need to
identify the best candidates for LAGH therapy and understand how to monitor and adjust therapy. Long-term surveillance studies are needed
to demonstrate adherence, efficacy, cost-effectiveness and safety of LAGH preparations.
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Introduction
This article describes the history of daily growth hormone (DGH) therapy, the rationale for using long-acting GH therapy
(LAGH), previous attempts at generating LAGH preparations by different pharmaceutical companies, LAGH therapies
currently in development, and approved LAGH therapies around the world, with a primary focus on the recently approved
lonapegsomatropin. Historically, GH therapy for children with GH deficiency (GHD) began in 1958 with the use of pituitary
derived human GH that was administered by intramuscular injection three times per week.1 The first attempt at developing
a LAGH preparation was performed in 1979 by Lippe et al by incorporating pituitary derived human GH into gelatin to
prolong its half-life.2 Subsequently, recombinant human GH (rhGH) therapy was administered daily and became available for
the treatment of pediatric GHD (PGHD) in 1985 and adult GHD (AGHD) in 1996. However, because of the need for daily
injections, the adherence to GH has shown to decrease over time with concomitant reductions in height velocity and insulin-
like growth factor I (IGF-I) levels in the short term in children and adolescents.3 It is likely that reduced adherence to daily
injections limits treatment outcomes as evidenced by adult height in children who required GH replacement therapy that are
below the mean for the population.4–10

Drug Design, Development and Therapy 2022:16 2055–2066 2055
© 2022 Miller and Yuen. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Drug Design, Development and Therapy Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 2 March 2022
Accepted: 3 June 2022
Published: 29 June 2022

D
ru

g 
D

es
ig

n,
 D

ev
el

op
m

en
t a

nd
 T

he
ra

py
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com


Maintenance of treatment adherence with daily GH (DGH) injections has also been shown to be problematic for
adults with GHD because of device limitations, pain at injection sites, inconvenience of daily injections, lack of
perceived immediate benefits, insurance barriers, and costs, leading to frequent dose omissions and treatment
cessation.11,12 Thus, it has been hypothesized that LAGH products might help mitigate treatment non-adherence and
potentially improve long-term treatment effects in patients with PGHD and AGHD.

Development of Long-Acting Growth Hormone Products
Nutropin Depot®, rhGH released slowly from biodegradable microspheres, was the first LAGH approved for PGHD in 1999, but
was removed from the market in 2004 due to marketing and manufacturing issues. Since then, a number of other attempts have
been made to develop LAGH products using different approaches to prolong the half-life of the GH molecule,13 including
unmodified rhGH in a depot formulation (ie, Eutropin Plus®), pegylated rhGH (ie, Jintrolong®), modification of rhGH to increase
albumin binding (ie, somapacitan, Sogroya®), rhGH fusion proteins (ie, somatrogon, NGENLA®) and prodrug releasing
unmodified rhGH (ie, lonapegsomatropin, Skytrofa®). Eutropin Plus® (South Korea), Jintrolong® (China) and NGENLA®

(somatrogon; Canada, Australia and Japan) are currently available for treatment of PGHD. The Phase III trial of somatrogon in
AGHD (ClinicalTrials.gov Identifier: NCT01909479) was completed in 2016 and failed to meet the primary endpoint,14 whereas
the other phase III trial of somatrogon in PGHD (ClinicalTrials.gov Identifier: NCT02968004) that was completed in 2019
demonstrated non-inferiority of somatrogon to DGH.15,16 Based upon these results, somatrogon received market authorization
for treatment of PGHD in the European Union by the European Medicines Agency in February 2022.17 A Biologics License
Application for somatrogon for the treatment of PGHD was submitted to the US Food and Drug Administration (FDA) in 2021
and received a Complete Response Letter in January 2022, but is currently not approved yet in the US.18 Sogroya® (somapacitan;
US, Europe, Japan) was approved by the FDA for treatment of AGHD in August 2020, but yet to be commercially available in
the US. The somapacitan Phase II trial in children with short stature associated with small for gestational age (ClinicalTrials.gov
Identifier: NCT03878446) and phase III trial in PGHD (ClinicalTrials.gov Identifier: NCT03811535) were completed in 2021,
but results have yet to be reported.19,20 The details of the clinical development program for lonapegsomatropin are described in
Table 1, and the timeline of DGH and LAGH product availability is shown in Figure 1.

Mechanism of Action
Lonapegsomatropin is a prodrug that consists of native, unmodified rhGH attached covalently to an inert carrier
molecule, methoxypolyethylene glycol (mPEG), via a transient linker (Figure 2). The chemical characteristics of the
linker determine the pharmacokinetics and conditions of release of unmodified rhGH from the carrier prodrug. The linker

Table 1 Timeline of Events in the Development of Lonapegsomatropin

Year(s) Event Trial Number

2009–2010 Adult Phase I Trial –Healthy Volunteers NCT01010425

2010–2011 Phase II Trial Adult GHD NCT01247675

2013–2015 Phase II Trial Pediatric GHD NCT01947907

2016–2019 Phase III Trial Pediatric GHD (heiGHt) NCT02781727

2017–2019 Phase III Trial Pediatric GHD (fliGHt) NCT03305016

2017-Ongoing Phase III Extension Trial Pediatric GHD (enliGHten) NCT03344458

2020-Ongoing Phase III Trial Adult GHD (foresiGHt) NCT04615273

2021 (August) FDA Approval Pediatric GHD

2021-Ongoing Phase III Extension Trial Adult GHD NCT05171855

Note: Available at clinicaltrials.gov.
Abbreviations: GHD, growth hormone deficiency; NCT number, National Clinical Trial number; FDA, Food and Drug
Administration.
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present in lonapegsomatropin undergoes autohydrolysis to act as a timer to allow controlled release of GH at body
temperature and pH. The prodrug is absorbed from the subcutaneous injection site into the circulation and acts as
a circulatory reservoir. As GH is released from the prodrug under physiologic conditions, lonapegsomatropin predictably
releases the native GH within therapeutic levels over 1 week to allow the same tissue distribution and receptor activation
as endogenous GH. This includes binding to GH binding protein in the circulation and delivery to the target tissues where
GH action occurs through interaction with the GH receptor. Because the prodrug releases unmodified rhGH, lonapegso-
matropin is expected to be able to reach the target tissues and exert similar actions as endogenous GH. The mPEG carrier
is cleared primarily by renal filtration and to a minor extent by hepatobiliary excretion.

Pharmacokinetics and Pharmacodynamics
The pharmacokinetics and pharmacodynamics of lonapegsomatropin (also known as ACP-001, TransCon PEG hGH and
TransConGH) have been studied in healthy adults (Phase 1) as well as adults and children with GHD (phase 2 and 3).21–24 The

Figure 1 Timeline of daily GH and long-acting GH product availability.
Notes: The timeline shows the year each GH product became available. *GH-gelatin was never approved for use.
Abbreviations: Pit-hGH, pituitary human growth hormone; GH, growth hormone; rhGH, recombinant human growth hormone; PGHD, pediatric growth hormone
deficiency; AGHD, adult growth hormone deficiency; USA, United States of America; LAGH, long-acting growth hormone; EU, European Union.

Figure 2 Schematic overview of lonapegsomatropin.24

Notes: Lonapegsomatropin is a sustained-release inactive prodrug consisting of unmodified GH transiently bound to an inert carrier via a proprietary linker. The linker
undergoes predictable autohydrolysis under physiologic pH and temperature, releasing fully active GH at the GH receptor. The inert carrier is primarily cleared by renal
excretion. Adapted from Thornton PS, Maniatis AK, Aghajanova E, et al. Weekly lonapegsomatropin in treatment-naive children with growth hormone deficiency: the Phase
3 heiGHt trial. J Clin Endocrinol Metab. 2021;106(11):3184–3195. Copyright © The Author(s) 2021. Published by Oxford University Press on behalf of the Endocrine Society.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs licence (https://creativecommons.org/licenses/
by-nc-nd/4.0/).24

Abbreviations: GH, growth hormone; hGH, human growth hormone; TransCon, transiently conjugated.
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absorption profile of lonapegsomatropin from the subcutaneous tissue is similar to that with DGH injections. There is a large
peak of lonapegsomatropin that occurs within the first 24 hours following subcutaneous administration. Following the initial
peak, there is a slow decline in GH levels over the course of one week. The half-life of lonapegsomatropin is 30.7 ± 12.7 hours,
while the half-life of released GH is approximately 25 hours and the apparent clearance of lonapegsomatropin is 3.2 mL/h/kg
in pediatric patients. This pharmacokinetic profile allows for weekly administration of lonapegsomatropin with no accumula-
tion of drug over time. This contrasts to the half-life of approximately two hours for DGH after a subcutaneous injection and
approximately 20 minutes after an intravenous injection.

The pharmacodynamics of lonapegsomatropin have been measured using IGF-I as the biomarker. Using IGF-I data
from the phase 2 and phase 3 clinical trials in children, a pharmacodynamic model has been developed to estimate the
average IGF-I SDS and average IGF-I concentrations from a single serum sample obtained at any time after an injection
of lonapegsomatropin at steady state.25 It is necessary that the timing of the injection and the timing of collection of the
serum sample are known in order to calculate the estimated average IGF-I level. Based upon the pharmacodynamic
model, the peak IGF-I level occurs at approximately 2.5 days and the average IGF-I level occurs at approximately four
days. Therefore, if a convenience sample is obtained four days after the injection, it is a reasonable estimate of the
average IGF-I. If the sample is collected at any other time following the injection, the IGF-I calculator can be used to
calculate the estimated average IGF-I. Because the shape of the pharmacodynamic curve should be identical regardless of
the method of IGF-I assay, the IGF-I calculator could be very useful regardless of the type of IGF-I assay used. However,
this calculator needs to be evaluated further in a broader population of children with GHD, including pubertal children
and transition patients. Additionally, since IGF-I values are not normally distributed, the SDS values may vary by age
and assay.26 For this reason, further validation of the model with different IGF-I assays are needed.

Clinical Trial Data
In clinical trials (Table 1), the dosing of lonapegsomatropin is based upon the milligrams of native GH present in the
prodrug as this allows a direct comparison to dosing for daily rhGH. The first human phase 1 randomized trial published in
2017 aimed to evaluate the safety, tolerability, immunogenicity, pharmacokinetics and pharmacodynamics of a single dose
of lonapegsomatropin as compared to equivalent doses of DGH (Omnitrope®) or placebo in healthy adults.22 Forty-four
healthy male adults were randomized to 4 cohorts of 11 subjects, distributed in a 7:2:2 ratio (lonapegsomatropin:
Omnitrope®: placebo). A single injection of 4 possible lonapegsomatropin doses (ie, 0.04, 0.08, 0.16, or 0.24 mg/kg/
week) or two different Omnitrope® doses (ie, 0.08 or 0.16 mg/kg/wk divided into 7 equal daily doses) were administered
and subjects were evaluated for adverse events, immunogenicity, and GH and IGF-I levels. Lonapegsomatropin was well
tolerated with no injection site reactions and no anti-GH binding antibodies or electrocardiogram changes. Overall, the
exposure of GH (Cmax) and IGF-I (AUC 0–168 hours) following administration of equivalent doses of lonapegsomatropin
and Omnitrope® were similar, and GH and IGF-I kinetics showed a dose-proportional increase following a single
administration of lonapegsomatropin. These results indicated that the prodrug is suitable for weekly administration and
support its advancement to pediatric and adult GHD trials.

The phase 2 clinical trial of lonapegsomatropin compared the safety and efficacy of three different doses of once
weekly lonapegsomatropin (0.14, 0.21 and 0.30 mg/kg/wk) to daily Genotropin® at a dose of 0.21 mg/kg/wk in
prepubertal children with GHD over the course of 26 weeks.21 The annualized height velocity of children receiving
once weekly lonapegsomatropin was 11.9 cm/yr (0.14 mg/kg/wk), 12.9 cm/yr (0.21 mg/kg/wk) and 13.9 cm/yr (0.30 mg/
kg/wk) compared to 11.6 cm/yr in children receiving daily Genotropin® (0.21 mg/kg/wk). The size of this study was
small with 12 to 14 children in each treatment group, the average age of the children in each group ranged from 7.5 to 8.4
years, the average height at start of treatment ranged from −2.8 to −3.3 SDS and the average peak stimulated GH ranged
from 4.4 to 5.2. These characteristics demonstrate an appropriate group of children with severe growth failure related to
PGHD. During this study, IGF-I levels were measured at day 7 following the injection as this represented the trough
level. IGF-I levels measured during this phase 2 study were infrequently greater than +2 SDS. IGF-I levels greater than
+3 SDS were only seen in the highest dose group receiving 0.30 mg/kg/wk lonapegsomatropin, were seen transiently in
one subject and were not associated with any adverse events. The safety of lonapegsomatropin was comparable to daily
Genotropin® with no new adverse events reported. The BMI in children receiving lonapegsomatropin was stable over the
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course of the study, while the BMI in children receiving daily Genotropin® decreased slightly during treatment. One
subject receiving lonapegsomatropin developed anti-GH antibodies that were non-neutralizing and had no apparent effect
on the growth velocity.

The phase 3 clinical trials for lonapegsomatropin included the pivotal heiGHt™ trial, a head-to-head 52 week trial
comparing lonapegsomatropin (0.24 mg/kg/wk) to DGH (Genotropin® 0.24 mg/kg/wk), the fliGHt™ switch trial, a 26
week trial in which children receiving DGH for GHD transition to lonapegsomatropin, and the enliGHten™ trial which is
the extension study for continued monitoring of safety and efficacy of lonapegsomatropin which children in the heiGHt™
and fliGHt™ trials transitioned into when they completed those studies.24,27,28

In the heiGHt™ trial, childrenwere randomized 2:1 to receive lonapegsomatropin (n = 105) or daily Genotropin® (n = 56) for
52 weeks.24 The primary endpoint of the heiGHt™ trial was annualized height velocity. This trial was powered to meet the
noninferiority requirements of the regulatory agencies. Based upon these requirements, lonapegsomatropin was non-inferior to
DGH if the annualized height velocity in children receiving lonapegsomatropin reached a threshold of 2 cm below the annualized
height velocity in children receiving daily Genotropin®. Children receiving lonapegsomatropin had an annualized height velocity
of 11.2 cm/yr compared to 10.3 cm/yr in children receiving daily Genotropin®. The estimated treatment difference was 0.86 cm
(P = 0.0088; 95% confidence intervals for the treatment difference 0.22–1.50). Based on these data, lonapegsomatropin was
deemed to be non-inferior to DGH, and the children achieved higher annualized height velocity with lonapegsomatropin
compared to daily Genotropin®. Similar growth responses to LAGH were demonstrated in the phase 2 REAL3 trial of
somapacitan in PGHD with a statistically superior response to the dose (0.16 mg/kg/wk) that was chosen for the phase 3 trial
and a numerically superior response to somatrogon (0.66 mg/kg/wk) in PGHD in the phase 3 trial (Table 2).15,16,29

During the heiGHt™ trial, IGF-I levels were measured at peak (2–3 days after lonapegsomatropin injection) and
trough (day 6–7 after lonapegsomatropin injection). Average IGF-I levels were >+2 SDS in 2 children receiving daily
Genotropin® and did not exceed +3 SDS. In children receiving lonapegsomatropin, the estimated average IGF-I was
+1.20 SDS at the peak and −0.69 SDS at trough for a change from baseline to peak of +1.89 SDS. The modeled average
IGF-1 was +0.72 SDS in children receiving lonapegsomatropin. For comparison, the estimated average IGF-1 SDS in the
phase 2 REAL3 trial of somapacitan in PGHD at a dose of 0.16 mg/kg/wk was +0.31 SDS (Table 2).29 Dose reductions
occurred in two subjects receiving lonapegsomatropin due to asymptomatic IGF-I elevations. A dose reduction of daily
Genotropin® occurred in one subject due to facial edema. There was no evidence of lonapegsomatropin accumulation or
increasing IGF-I levels over time. Elevations of IGF-I levels were not associated with any adverse events. The safety of
lonapegsomatropin was comparable to daily Genotropin® with no new adverse events identified. Seven subjects receiving

Table 2 Comparison of Growth Responses Between Long-Acting and Daily Growth Hormones in Pediatric
Growth Hormone Deficiency.16,24,29

lonapegsomatropin
(Phase 3)

Somatrogon
(Phase 3)

Somapacitan
(Phase 2)

Mechanism Reversible PEGylation Fusion Protein with hCG
CTP (x3)

Acylation increases
binding to Albumin

Molecular weight of the active
agent (kDa)

22 41 23.3

Dose (mg/kg/wk) 0.24 0.66 0.16

Height velocity LAGH (cm/yr) 11.2 10.1 11.5

Height velocity DGH (cm/yr) 10.3 9.8 10.5

Estimated average
IGF-1 SDS on LAGH

+0.72 Data not available +0.31

Notes: Height velocity data from Phase 2 (Somapacitan) and Phase 3 (Lonapegsomatropin and Somatrogon). The DGH dose was 0.034 mg/kg/
day (0.24 mg/kg/wk) in each study. Estimated average IGF-1 SDS was based upon LAGH product specific pharmacokinetic modeling.
Abbreviations: cm, centimeter; CTP, C-terminal peptide; DGH, daily growth hormone; hCG, human chorionic gonadotropin; IGF-I, insulin-like
growth factor I; kDa, kilodalton; kg, kilogram; mg, milligram; SDS, standard deviation score; wk, week; yr, year.
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lonapegsomatropin and two subjects receiving Genotropin® developed anti-GH antibodies that were transient, non-
neutralizing and had no apparent effect on the growth velocity.

In the fliGHt™ trial, 143 children with GHD between six months and 17 years of age were recruited to be switched
from DGH therapy to lonapegsomatropin at a dose of 0.24 mg/kg/wk for 26 weeks.30 Children less than three years of
age could be GH-naïve. Older participants were required to be on DGH for 13–130 weeks prior to enrollment and were
not required to be prepubertal. The primary endpoint of this study was safety. The youngest child enrolled was 1.2 years
and three children were GH-naïve. At the time of entry into the study, the average height of the children was −1.42 SDS
in the average IGF-I was +0.90 SDS. The average annualized height velocity after 26 weeks in the fliGHt™ study was
8.7 cm/yr with higher values seen in the subgroups of GH-naïve, younger children in children who had been on GH for
shorter periods of time prior to transitioning to lonapegsomatropin. The average IGF-I obtained five days after
lonapegsomatropin injection was +1.6 SDS. In the enliGHten™ trial, 298 children have continued to be monitored for
safety and efficacy while they receive lonapegsomatropin at a dose of 0.24 mg/kg/wk. From an efficacy perspective,
children who received daily Genotropin® during the heiGHt™ trial showed growth improvement when they switched to
lonapegsomatropin and the group who continued lonapegsomatropin showed continued gain in height at 104 weeks.

Children who received DGH transitioned into the fliGHt™ trial and the enliGHten™ trial for a total of 78 weeks of
available exposure data gained +0.73 SDS while receiving lonapegsomatropin for a height SDS at 78 weeks of −0.69 (n =
129). This demonstrates continued catch up growth while receiving lonapegsomatropin that is approaching the midparental
target height of the cohort of approximately −0.3 SDS. For both the fliGHt™ and enliGHten™ trials, no new adverse events
were identified, and there were no treatment emergent adverse events that led to study drug discontinuation.31

Conversely, in adults with GHD, a phase 2 multi-center, randomized, open-label, active-controlled trial designed to
compare the safety (including tolerability and immunogenicity), pharmacokinetics and pharmacodynamics of three doses of
weekly lonapegsomatropin to DGH (Omnitrope®) was conducted.23 Thirty-seven adult males and females with AGHD and
stable on DGH therapy for at least 3 months were, following a wash-out period, randomized to one of three lonapegsomatropin
doses (0.02, 0.04 and 0.08 mg/kg/week) or Omnitrope® 0.04 mg/kg/week (divided into 7 equal daily doses) for 4 weeks. Main
outcomes evaluated were adverse events, immunogenicity and GH and IGF-I levels. Lonapegsomatropin was well tolerated,
with fatigue and headache being the most frequent drug-related adverse events. No anti-GH binding antibodies were detected
and lonapegsomatropin demonstrated a linear, dose-dependent increase in GH exposure without accumulation. GHmaximum
serum concentration and IGF-I exposure were similar after lonapegsomatropin or Omnitrope® administered at comparable
doses. Currently, the foresiGHt™ (ClinicalTrials.gov Identifier: NCT04615273) trial is underway, which is a multicenter,
phase 3, double-blind study comparing the efficacy and safety of lonapegsomatropin, placebo, and DGH for the treatment of
AGHD.32 This is a 8-week dosing study and the DGH arm is included to assist clinical judgement on the trial results, and the
aim is to recruit approximately 240 patients. Randomization will occur in a 1:1:1 ratio (lonapegsomatropin: placebo: DGH),
and participating sites are from the US, and countries in Europe, and Asia.

Dose Adjustment
Lonapegsomatropin has been studied in clinical trials using aweight-based dosing paradigm at a dose of 0.24mg/kg/wk.30,31,33,34

In this dosing paradigm, similar to DGH, the dose of lonapegsomatropin was adjusted for the weight of the child at specified
clinical research visits. In the published data, the only other dose adjustments occurred were due to elevated IGF-I levels or
adverse events. Therefore, there is little information available to guide the clinician on how to adjust the dose of lonapegsoma-
tropin. In clinical practice, adjustment of DGH dosing has been based upon weight or body surface area, growth velocity and/or
IGF-I levels. The use of IGF-I levels to guide dose adjustment of DGH therapy has been recommended for both safety and short-
term efficacy purposes. From a safety perspective, it has been recommended that GH therapy increases IGF-I levels to fall within
the normal range (ie, ≤ +2 SDS).35,36 From an efficacy perspective, targeting an IGF-I in the upper part of the normal range (+1 to
+2 SDS) has been suggested to improve short-term efficacy.37 However, long-term efficacy of this approach has not been
demonstrated. Weight-based dosing of DGH has been shown to achieve an IGF-I level close to 0 SDS depending upon the dose
used.38 As described earlier, the pharmacodynamic profile of IGF-I levels following an injection of lonapegsomatropin shows an
increase of IGF-I from baseline to peak about +1.9 SDS and with return to baseline before the next injection.25 It is likely that the
efficacy of lonapegsomatropin will correlate with the average IGF-I level achieved.37 Therefore, it will be important to be able to
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estimate an average IGF-I from serum samples collected at random clinic visits. Using the IGF-I calculator to estimate average
IGF-I values from these samples may help guide dose adjustment of lonapegsomatropin (Table 3).25 Lonapegsomatropin has
been shown to have a linear IGF-I dose response during clinical trials suggesting that predictable changes in average IGF-I levels
will be achieved with adjustments in dose of lonapegsomatropin.21,24 There have been concerns raised that short-term elevations
of GH and IGF-I during LAGH therapy may be associated with short- and long-term adverse events.26,36 The GH Research
Society consensus guidelines suggested that the goal of LAGH therapy is to maintain IGF-I levels within the age-appropriate
range for the majority of the treatment period, as IGF-1 levels maintained within such age-appropriate range correlates with
safety of treatment.36 However, peak IGF-I levels, using the pharmacodynamic model, may be able to be estimated for future
analysis of their relationship to safety and efficacy. Clinicians interested in measuring peak IGF-I levels following lonapegsoma-
tropin administration as steady-state could obtain IGF-1 measurements at approximately 2.5 days after an injection.25

Current Status and Administration of Lonapegsomatropin
Lonapegsomatropin was approved by the FDA in August 2021 for the treatment of PGHD, and is marketed as
Skytrofa®.39 Lonapegsomatropin is available in room temperature stable cartridges that can deliver nine different
doses. The cartridges are prescribed based upon a weight range for the child with a goal of 0.24 mg/kg/wk (Table 4).

Table 3 The Predicted Difference Between Observed IGF-I SDS and Average IGF-I SDS and
Predicted Ratio Between IGF-I and Average IGF-I Concentrations by time25

Day Mean Difference from Average
IGF-I SDS

IGF-I Concentration Ratio

0.0 −1.22 0.62

0.5 −0.12 0.96

1.0 0.39 1.14

1.5 0.60 1.22

2.0 0.67 1.25

2.5 0.68 1.25

3.0 0.62 1.23

3.5 0.46 1.17

4.0 0.21 1.07

4.5 −0.09 0.97

5.0 −0.39 0.87

5.5 −0.64 0.79

6.0 −0.85 0.73

6.5 −1.07 0.67

7.0 −1.22 0.62

Notes: These tables may be used to estimate the average IGF-I value at steady state. It is necessary to know the day/time of
injection to the nearest half day and the day/time of venipuncture for IGF-I measurement to determine the number of days since
the injection. The estimated average IGF-I SDS can be determined by subtracting the value listed for the number of days since
injection the sample was drawn from the measured IGF-I SDS (Average IGF-I SDS=IGF-I SDS on Day X – difference between
measured IGF-I SDS on Day X and average IGF-I SDS on Day X). Similarly, the estimated average IGF-I concentration can be
determined by dividing the measured IGF-I concentration value by the ratio listed for the number of days since injection the
sample was drawn (Average IGF-1 concentration=IGF-1 concentration on Day X ÷ IGF-I ratio on Day X). Adapted from
Lin Z, Shu AD, Bach M, Miller BS, Rogol AD, Average IGF-1. Prediction for once-weekly lonapegsomatropin in children with
growth hormone deficiency. J Endocr Soc. 2022;6(1):bvab168. © The Author(s) 2021. Published by Oxford University Press on
behalf of the Endocrine Society.This is an Open Access article distributed under the terms of the Creative Commons Attribution-
NonCommercial-NoDerivs licence (https://creativecommons.org/licenses/by-nc-nd/4.0/).25

Abbreviations: IGF-I, insulin-like growth factor I; SDS, standard deviation score.
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For example, children weighing between 11.5 and 13.9 kg will receive a 3 mg cartridge of lonapegsomatropin. Children
weighing greater than 60 kg will require two injections once per week. To administer lonapegsomatropin, the cartridges
are placed into the associated electronic injection device that has a number of unique features designed to improve the
injection experience for the recipient (Figure 3). The device will reconstitute the medication while prompting the user to

Table 4 Recommended Dosing for Patients Prescribed
Doses of 0.24 mg/kg/Week Based Upon Available
Cartridge size39

Weight (kg) Dose (mg)

11.5–13.9 3

14–16.4 3.6

16.5–19.9 4.3

20–23.9 5.2

24–28.9 6.3

29–34.9 7.6

35–41.9 9.1

42–50.9 11

51–60.4 13.3

60.5–69.9 15.2 (using 2 cartridges of 7.6 mg)

70–84.9 18.2 (using 2 cartridges of 9.1 mg)

85–100 22 (using 2 cartridges of 11 mg)

Note: Reproduced with permission from Ascendis. SKYTROFA™ (lona-
pegsomatropin-tcgd) for injection, for subcutaneous use; 2021. Available
from: https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/761177lbl.
pdf. © 2022 Ascendis Pharma. All rights reserved. SKYTROFA™,
Ascendis®, TransCon®, the Ascendis Pharma logo and the company logo
are trademarks owned by the Ascendis Pharma Group.39

Figure 3 Skytrofa electronic delivery device and its features.39

Note: Reproduced with permission from Ascendis. SKYTROFA™ (lonapegsomatropin-tcgd) for injection, for subcutaneous use; 2021. Available from: https://www.
accessdata.fda.gov/drugsatfda_docs/label/2021/761177lbl.pdf. © 2022 Ascendis Pharma. All rights reserved. SKYTROFA™, Ascendis®, TransCon®, the Ascendis Pharma logo
and the company logo are trademarks owned by the Ascendis Pharma Group.39

Abbreviations: GH, growth hormone; mm, millimeter; SC, subcutaneous.
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invert the device for proper mixing. Once ready, the device will autoinject lonapegsomatropin into the subcutaneous area
chosen by the parent or child. The device administers all of the medication in the cartridge with minimal waste. The
electronic injection device is Bluetooth capable, but this feature is not yet approved for activation.40 In the future, if
approved, the device may be able to prompt the parent or child electronically with reminders for the injection and collect
injection information for tracking of adherence. The use of a bracketed dosing paradigm, where a child is matched to
a cartridge based upon the weight range rather than receiving a specific amount of milligrams per kilogram per day, is
a change in how pediatric endocrinologists approach the dosing of GH. This may be a beneficial change because fewer
dose adjustments are needed resulting in fewer prescription changes that simplify the prescribing process for providers.
However, it removes the potential to personalize the GH dose by making small dose changes based upon changes in
weight, height velocity, IGF-I levels or other biomarkers. The inability to individualize therapy based upon known
predictors of long-term growth responsiveness may have a negative impact on long-term effectiveness measured by adult
height outcomes. In the bracketed dosing paradigm, dose adjustment would mean switching between the different size
cartridges (Table 4) which results in different amounts of change based upon the weight category of the child. Therefore,
children in the lower end of the weight category for each bracket will receive a dose that is higher than the recommended
0.24 mg/kg/wk and children in the higher end of the weight category for each bracket will receive a dose that is lower
than recommended. It remains to be seen whether this bracketed dosing paradigm will exert a positive or negative impact
on growth, adherence, ease of prescribing and side effects. Additionally, it is too early to understand how coverage of
lonapegsomatropin by government payers, insurance providers and pharmacy benefit managers will impact access to this
newly approved medication.

Patient Selection for Lonapegsomatropin
When selecting children with GHD for treatment with lonapegsomatropin, providers may consider a number of different
characteristics known to negatively impact adherence. Potential candidates for lonapegsomatropin include individuals
with poor adherence, particularly teenagers, young children expected to be on therapy for many years, children with
needle phobia, children transitioning to self-injection and patients on multiple other medications, particularly injectable
medications like insulin. Good candidates will likely be a highly motivated subset of this list of potential candidates. The
prescriber needs to recognize that children with poor adherence with DGH may still have poor adherence with
lonapegsomatropin. Many children, their families and their providers may be reluctant to transition to lonapegsomatropin
or other LAGH products due to comfort and good growth outcomes with DGH, availability of decades of safety and
efficacy data for DGH and fear of change. The cost and cost-effectiveness of lonapegsomatropin and other LAGH
products is also likely to impact treatment decisions. Based upon the short-term efficacy and safety data, providers are
also likely to start lonapegsomatropin in naïve children. Although lonapegsomatropin is approved for PGHD down to
1 year of age, children with severe GHD associated with hypoglycemia may not be good candidates for lonapegsoma-
tropin or other LAGH products since they may be at increased risk of hypoglycemia at trough GH levels occurring in
the day or two prior to each injection. Cancer survivors with PGHD are a group of children who warrant careful thought
when considering LAGH therapy. DGH has not been shown to cause recurrent neoplasms, but concern about a small
increased risk for subsequent neoplasms overall in pediatric cancer survivors remains.41 Therefore, theoretical concerns
about transient elevations of GH and IGF-I that occur with each LAGH dose may lead providers to hesitate when
considering LAGH therapy in cancer survivors with PGHD.42 As more safety and efficacy data for LAGH emerges and
as experience with lonapegsomatropin and other LAGH products grows, it is possible that LAGH may potentially replace
DGH in the treatment of PGHD.

Conclusion
Numerous LAGH preparations have been or are currently being developed but they all have their unique molecular
characteristics and clinical efficacies.13 In terms of lonapegsomatropin, it has been found to be non-inferior to and
statistically superior to DGH, with comparable safety in PGHD, and may potentially improve patient adherence, quality
of life and clinical outcomes, particularly in patients with poor adherence to DGH injections.
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Future Directions
Although a transition from daily injections to once weekly injections has been shown to improve adherence in other
treatment areas, it has not yet been demonstrated in children receiving LAGH preparations such as
lonapegsomatropin.43–46 It will be important to document improved adherence through standard methodologies
including pharmacy refill data. If the Bluetooth capability of the electronic injection device for lonapegsomatropin
is approved, this will provide additional information to correlate adherence with treatment outcomes. Although LAGH
preparations are being evaluated through a regulatory process that requires demonstration of non-inferiority to DGH
injections, it is likely that these compounds will result in improved long-term efficacy as well as convenience for
patients and their caregivers. This improvement in outcomes will likely be due to the underestimated impact of
reduced adherence and persistence with GH therapy. Long-term studies, however, are still needed to demonstrate these
benefits as they are crucial in determining the cost-effectiveness and safety of LAGH preparations.

Neutralizing antibodies were not identified in lonapegsomatropin clinical trials. However, the modifications of the
native GH molecule to prolong the half-life of the various LAGH products and their different pharmacokinetic profiles
may activate the immune response leading to an increase in the development of neutralizing antibodies over time.
Therefore, surveillance for the development of anti-LAGH antibodies may need to continue over the long term.

Long-term safety of lonapegsomatropin also requires further study as it does not mimic the physiologic profile of
endogenous GH secretion, although it could be argued that DGH administration also does not have a physiologic profile
either. It remains to be seen whether this difference in pharmacokinetic and pharmacodynamic profile will exert a positive or
negative impact on short- and long-term safety and efficacy. Following the approval of rhGH in 1985, numerous Phase 4
postmarketing surveillance registries have collected safety and efficacy data for DGH therapy.47 These studies accumulated
more than 500,000 patient years of safety and efficacy data and helped our community learn about common and rare side
effects of DGH therapy. One of the challenges of these studies were that children were no longer followed after DGH therapy
was discontinued, and were therefore lost to follow-up. Herculean efforts have been performed in Europe to collect
retrospective data in patients who received DGH therapy in the 1980s and 1990s resulting in the landmark SAGhE
study.48–50 In order to collect important data regarding linear growth and metabolic outcomes in children receiving LAGH
preparations, including lonapegsomatropin, it will be crucial to perform similar phase 4 postmarketing surveillance studies.
However, in order to avoid losing the patients when they complete therapy or transition to another GH product and to capture
patient reported outcomes, it is imperative to develop a study utilizing LAGH therapy that follows children long-termwell into
their adulthood. Efforts to develop an international study to achieve these outcomes is currently underway and needs to be
supported by the manufacturers of DGH and LAGH preparations as well as the pediatric endocrinology community.
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