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Abstract
Context: Pegpesen is a novel Y-shape pegylated recombinant human growth hormone (rhGH) for once-weekly treatment of children with 
growth hormone deficiency (GHD).
Objective: This work aimed to evaluate the efficacy and safety of Pegpesen in children with GHD vs daily rhGH.
Methods: A multicenter, randomized, controlled phase 3 clinical trial was conducted at 23 centers in China with a duration of 52 weeks’ 
treatment. There were 391 pediatric participants diagnosed with GHD. Participants were randomly assigned 2:1 to a weekly Pegpesen group 
(140 μg/kg/week) or a daily rhGH group (245 μg/kg/week) for 52 weeks. The primary end point was the growth velocity (GV) at 52 weeks, and 
the secondary end points mainly involved changes from baseline in height SD scores for chronological age and bone age (ΔHt SDS CA and 
ΔHt SDS BA).
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Results: At 52 weeks, the least squares mean (LS means) of GV was 9.910 cm/year in the Pegpesen group and 10.037 cm/year in the daily rhGH 
group. The LS means difference between groups was −0.127 (95% CI, −0.4868 to 0.2332), confirming that weekly Pegpesen is noninferior to 
daily rhGH. The LS means of ΔHt SDS CA, ΔHt SDS BA, were similar across both groups (all P > .05). Safety profiles and adherence were 
comparable.
Conclusion: Pegpesen was noninferior to daily rhGH, with similar safety, lower dosage requirements, thus presenting a new therapeutic option 
for children with GHD.
Key Words: Y-shape pegylated rhGH, growth hormone, pediatric, growth hormone deficiency, long-acting growth hormone
Abbreviations: AUC, area under the curve; BA, bone age; CA, chronological age; GH, growth hormone; GHD, growth hormone deficiency; GV, growth velocity; 
Ht, height; IGF-1, insulin-like growth factor-1; IGFBP-3, insulin-like growth factor-binding protein 3; LAGH, long-acting growth hormone; LS means, least squares 
mean; PD, pharmacodynamic; PEG, polyethylene glycol; PK, pharmacokinetic; rhGH, recombinant human growth hormone; SAEs, serious adverse events; SDS, 
SD score; TEAEs, treatment-emergent adverse events; UPEG-rhGH, U-shaped branched N-terminal PEGylated rhGH.

Growth hormone deficiency (GHD) is a syndrome caused by 
various factors and is associated with alterations in growth, 
body composition, and metabolism, affecting approximately 1 
in 5000 children (1). The effectiveness and safety of daily recom
binant human growth hormone (rhGH) for treating GHD in 
children have been extensively proven (2-4). However, numer
ous studies have highlighted poor adherence or nonadherence 
to daily rhGH treatment, primarily due to the need for frequent 
injections, which cause distress for some children, thereby affect
ing the achievement of linear growth targets (5-9). In recent 
years, various long-acting growth hormone (LAGH) formula
tions with extended half-lives have been developed worldwide 
to reduce administration frequency, enhance patient compli
ance, and consequently improve clinical outcomes (10, 11). 
The development of LAGH formulations generally falls into 2 
categories: manipulation of drug release from subcutaneous de
pots, such as microsphere formulations, and manipulation of in 
vivo clearance from circulation, such as polyethylene glycol 
(PEG) formulations (3). The latter represents a leading technol
ogy extensively applied to enhance the performance of biotech 
drugs (12). Compared to rhGH, PEG-modified LAGH exhibits 
enhanced stability within the bloodstream and increased protec
tion against proteolytic degradation. It also has the potential to 
mitigate or entirely avert immunogenicity under specific condi
tions, and may contribute to a reduction in toxicity (13, 14). 
Presently, in China, only one PEGylated LAGH, PEG-rhGH, 
has received approval (15, 16). Nonetheless, its phase 3 trial 
was narrowly focused on evaluating efficacy and safety over a 
limited 26-week period, and the medication’s high cost has lim
ited its availability (17). Therefore, ongoing research and devel
opment efforts in PEGylated LAGH are crucial for enhancing 
treatments for children with GHD.

Pegpesen is composed of 40-kDa Y-shaped branched 
PEG chains conjugated to the alpha-amino group in the 
epsilon-amino group of lysine in the side chain of rhGH, result
ing in a mean half-life of 65 to 120 hours, which is 20 times lon
ger than that of daily rhGH (18). Distinguished from other 
LAGH products both domestically and internationally, 
Pegpesen features unique long-acting technology, biological 
activity, and pharmacokinetic characteristics in vivo (17-21). 
In comparison, the currently available PEG-rhGH on the mar
ket employs U-shaped branched N-terminal PEGylated rhGH 
(UPEG-rhGH) and has a mean half-life of 31 hours (18, 22). 
As demonstrated in our prior patent, Y-shaped branched 
PEGylated rhGH exhibited superior bioactivity compared 
to UPEG-rhGH. This indicates that the required dose of 
Pegpesen to achieve equivalent efficacy with daily rhGH might 
be lower than that of UPEG-rhGH, offering a promising av
enue for optimized dosing strategies (18).

The phase 2 study of Pegpesen confirmed that its efficacy and 
safety at a dosage of 120 to 140 μg/kg/week were comparable to 

that of daily GH at 35 μg/kg/day (18). Furthermore, quantitative 
analysis of pharmacological data indicated that the change in the 
area under the curve of insulin-like growth factor-1 (IGF-1) from 
baseline (ΔIGF-1 AUC) was most similar between the Pegpesen 
140 μg/kg/week group and the daily rhGH group at 12 weeks 
(specific data not disclosed), suggesting comparable efficacy be
tween the two treatment regimens. Consequently, for the phase 
3 study, the Pegpesen dosage was set at 140 μg/kg/week, a lower 
therapeutic dose compared to other LAGHs on the market 
(160-660 μg/kg/week) (17, 19-21), which may contribute to en
hanced long-term safety in children with GHD.

This phase 3 clinical trial further confirmed the efficacy and 
safety of weekly Pegpesen (Xiamen Amoytop Biotech Co Ltd) 
at a dosage of 140 μg/kg/week compared to daily rhGH 
(Norditropin, Novo Nordisk) in children with GHD. These 
findings provide robust evidence supporting the clinical appli
cation of Pegpesen and expand the treatment options avail
able for GHD.

Materials and Methods
Study Design
This was a multicenter, randomized, open-label, active-controlled 
phase 3 clinical trial (ClinicalTrials.gov: NCT04513171), con
ducted across 23 centers in various regions of China, including 
central, eastern, southern, western, and northern areas from 
May 26, 2020, to July 10, 2023.

Participants were randomly assigned at a 2:1 ratio to receive 
weekly subcutaneous injections of Pegpesen (140 μg/kg/week) 
or daily rhGH (245 μg/kg/week) for 52 weeks. Sex and GH 
peak concentration (stratified as ≤5 μg/L, <5 μg/L to ≤7 μg/L, 
and >7 μg/L) were considered as stratification factors. Efficacy, 
adverse events, safety-related laboratory tests, and treatment ad
herence were assessed at 4, 12, 24, 36, and 52 weeks, as well as 5 
weeks after discontinuation of the drug.

The study protocol was approved by the institutional review 
board/ethics committee at all participating centers. All proce
dures were conducted in accordance with the International 
Council on Harmonization guidelines for Good Clinical 
Practice, the ethical principles outlined in the Declaration of 
Helsinki, and the regulatory standards of China. Prior to en
rollment in the study, written informed consent was obtained 
from the parents and/or legal guardians of the children, with 
assent also obtained from the children themselves, where ap
propriate based on their age.

Participants
Participants underwent an 8-week screening period before 
enrollment. Inclusion criteria were as follows: (1) confirmed 
diagnosis of GHD prior to screening, characterized by a height 
SD score (Ht SDS) of less than −2 based on the Chinese general 
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population standard for age (23), growth velocity (GV) of 
5.0 cm/year or less, GH peak level of less than 10 ng/mL in
duced by 2 different stimulants, and bone age (BA) lower 
than chronological age (CA) (girls younger than 10 years, 
boys younger than 11 years); (2) prepubertal children (girls 
younger than or equal to 10 years, boys younger than or equal 
to 11 years), with external genitalia at Tanner stage I and age 
older than 3 years; (3) uniformly short stature with normal in
tellectual development; (4) IGF-1 levels lower than the median 
level of IGF-1 in children of the same age and sex.

Exclusion criteria were (1) prior use of rhGH and sex 
hormone therapies; (2) history of or current presence of malig
nancy and/or intracranial tumor; (3) severe allergic tendencies; 
(4) other types of growth abnormalities, such as idiopathic 
short stature, Turner syndrome, thyroid hormone deficiency, 
hypoadrenalism, and antidiuretic hormone deficiency; (5) 
other medical conditions that may hinder growth, such as liver 
dysfunction, diabetes, malnutrition, and deformities; (6) Cobb 
angle greater than 15 degrees in individuals with scoliosis.

Efficacy End Points
The primary efficacy end point was the annual GV (measured 
in cm/year) of children with GHD treated with weekly 
Pegpesen compared to daily rhGH after 52 weeks of therapy. 
GV was determined by linear regression of each child’s height 
against the exact date based on height measurements.

Secondary efficacy end points primarily included changes in 
height SD score for chronological age (ΔHt SDS CA), height SD 
score for bone age (ΔHt SDS BA), and growth velocity (ΔGV) 
from baseline to 52 weeks, as well as serum levels of IGF-1 and 
insulin-like growth factor-binding protein 3 (IGFBP-3) at 52 
weeks of treatment. Serum IGF-1 and IGFBP-3 levels were 
measured at baseline, and before administration at weeks 4, 
12, 24, 36, and 52 to track their continuous changes.

Quantitative Pharmacological Model
A quantitative pharmacological model of Pegpesen was devel
oped for children with GHD, using serum IGF-1 levels of partic
ipants from Pegpesen phase 2 and phase 3 trials as the 
pharmacodynamic (PD) index. The IGF-1 characteristics of chil
dren receiving Pegpesen at doses of 100 μg/kg/week, 120 μg/kg/ 
week, and 140 μg/kg/week were simulated separately, and quan
titative pharmacological models for Pegpesen at different dos
ages were established. Evaluation of IGF-1 SDS and ΔIGF-1 
AUC levels aided in comprehensively assessing the efficacy and 
safety of different dosage groups, providing a basis for dosage 
selection.

Safety Assessments
Safety assessment included monitoring adverse events, vital 
signs, physical examinations, laboratory tests, changes in im
aging findings compared to baseline, evaluation of immuno
genicity, and instances of early withdrawal. Immunogenicity 
of the study drug was assessed by detecting the presence of 
anti-GH antibodies in participants before and after treatment. 
Anti-GH antibodies for both Pegpesen and daily rhGH were 
detected using a validated enzyme-linked immunosorbent as
say, and neutralizing antibodies were further confirmed with a 
cell proliferation assay. A polyclonal antihuman GH antibody 
(R&D Systems, catalog No. AF1067, RRID: AB_354573) 
was used as the positive control.

Adherence
Calculation the treatment adherence of the Pegpesen group 
and daily rhGH group according to the following method: ad
herence = (doses administered/doses prescribed) × 100%.

Statistical Analysis
This study employed a noninferiority design, setting a nonin
feriority margin of −1.8 cm/year. Participants were allocated 
to the Pegpesen group and the daily rhGH group at a ratio 
of 2:1. Considering an estimated 20% withdrawal and drop
out rate and regulatory requirements, it was determined that 
360 children would need to be enrolled.

The individuals who were randomly assigned and received at 
least one dose of treatment were included in the full analysis set. 
The safety analysis set contained all randomly assigned children 
who received at least one treatment. Missing data were imputed 
by the last observation-carried-forward method. Analysis of co
variance was employed, considering baseline GV, sex (male and 
female), GH peak concentration (≤5 μg/L, <5 μg/L to ≤7 μg/L, 
>7 μg/L), study center as a covariate, and treatment group as an 
independent variable to compare between groups.

Statistical analyses were performed using SAS 9.4 (SAS 
Institute Inc). All statistical tests were 2-tailed. A P value of 
less than or equal to .05 was considered statistically significant 
(unless otherwise stated).

Results
Baseline Characteristics
A total of 757 individuals underwent screening for this study, 
among whom 391 participants were randomly assigned to 
receive either weekly Pegpesen (n = 261) or daily rhGH 
(n = 130). The primary reasons for screening failures were 
that 47% of the individuals exhibited IGF-1 levels higher 
than those typically observed in children of the same age 
and sex, while 43% failed to meet the diagnostic criteria for 
GHD. Both the full analysis set and safety analysis set popula
tions comprised 391 children. In all, 96% of participants com
pleted the study. The mean ages, GV, Ht SDS CA, Ht SDS BA, 
IGF-1 levels, and GH peak concentration distribution were 
largely similar in both treatment groups. Overall, demograph
ic characteristics and other baseline parameters were well- 
balanced between the two groups (Table 1).

Efficacy

Primary efficacy end points
The least square means (LS means) of GV after 52 weeks of 
treatment were 9.910 cm/year in the Pegpesen 140 μg/kg/week 
group and 10.037 cm/year in the daily rhGH 245 μg/kg/week 
group. The LS means difference between the two groups was 
−0.127 (95% CI, −0.4868 to 0.2332), indicating the noninfer
iority of Pegpesen compared to daily rhGH (Table 2).

The trend of average GV changes over the course of 12, 24, 
36, and 52 weeks of treatment was consistent between the two 
groups (Fig. 1), demonstrating similar height improvement in 
both groups from baseline to 52 weeks.

During the 52-week treatment period, 8 participants (8/261) 
in the Pegpesen group and 1 participant (1/130) in the daily 
rhGH group entered puberty. Excluding data from these indi
viduals, the GVs for the two groups were 9.947 cm/year and 
10.063 cm/year, respectively. The LS means difference was 
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−0.116 (95% CI, −0.4797 to 0.2476), consistent with the 
main analysis results and confirming that weekly Pegpesen is 
noninferior to daily rhGH.

Secondary efficacy end points
After 52 weeks of treatment, Ht SDS CA significantly im
proved both in the Pegpesen and daily rhGH groups compared 
to baseline (both P < .001), with the trends over the course of 
4, 12, 24, 36, and 52 weeks being similar in the two groups 
(data not shown). Additionally, Ht SDS BA in both treatment 
groups exhibited a decreasing trend compared to baseline, 
without statistically significant changes (P = .259 and 0.138, 
respectively), suggesting that neither Pegpesen nor daily 
rhGH significantly accelerated BA growth or induced prema
ture epiphyseal closure. The ΔGV significantly improved in 
both groups at 52 weeks (both P < .001 compared to baseline) 
and the LS means difference between groups supported the 
noninferiority observed in primary efficacy end points (see 
Table 2).

Furthermore, at 52 weeks of treatment, the levels of IGF-1 
SDS and IGFBP-3 significantly increased in both groups com
pared to baseline (P = .041 and P = .004 for intergroup com
parisons, respectively) (Fig. 2). However, the statistical 
difference between the two groups was primarily due to the 
weekly administration of Pegpesen vs daily administration 
of rhGH. As a result, the regimen design’s IGF-1 and 
IGFBP-3 sampling points (preadministration testing) corres
pond to the trough concentration for the Pegpesen group 
and the peak concentration for the daily rhGH group, thus 
direct comparability was not feasible.

Quantitative Pharmacological Model
Individual pharmacokinetic/pharmacodynamic (PK/PD) pa
rameters of 292 individuals with GHD treated with Pegpesen 
were collected from both this study and a previous phase 2 

trial. The IGF-1 exposures at 12 and 52 weeks were compar
able, indicating achievement of steady state before 12 weeks, 
thus resulting in similar ΔIGF-1 AUC values at 12 and 52 
weeks. Furthermore, the ratio of ΔIGF-1 AUC after the first 
dose to that after the last dose was 1.06 to 1.21, suggesting neg
ligible accumulation of Pegpesen following multiple doses 
(Table 3).

Analysis of the IGF-1 SDS curve with time data revealed 
that IGF-1 SDS levels in children with GHD increased slightly 
with escalating doses of Pegpesen, and levels following mul
tiple doses were slightly higher than those after a single dose 
(Fig. 3). The IGF-1 SDS profile also indicated that the peak 
time for IGF-1 SDS after Pegpesen treatment ranged from 
48 to 72 hours, with the time to reach average concentration 
ranging from 96 to 120 hours. Additionally, the maximum 
percentage of individuals with IGF-1 SDS peak concentration 
and average concentration greater than 2 was 3.08% (see 
Fig. 3), indicating that the current dosages of Pegpesen (100/ 
120/140 μg/kg/week) were relatively safe.

Safety
During the treatment period, the incidence of treatment- 
emergent adverse events (TEAEs) was 87.7% in the Pegpesen 
group and 94.6% in the daily rhGH group, with severity pre
dominantly categorized as grade 1 and 2. The incidence of 
TEAEs related to trial medication was similar between the 
two groups, at 19.9% and 20.0%, respectively. TEAEs leading 
to temporary discontinuation of treatment occurred in 10.0% 
of the Pegpesen group and 27.7% of the daily rhGH group. The 
most common TEAEs leading to temporary discontinuation 
were fever (0.8% vs 11.5%) and upper respiratory tract infec
tion (3.8% vs 6.9%). Notably, all fevers and upper respiratory 
tract infection resulting in temporary discontinuation were un
related to the trial drugs and resolved spontaneously. No 
TEAEs resulting in dose reduction occurred in the Pegpesen 

Table 1. Study demographics and baseline characteristics (full analysis set)

Pegpesen group 
(N = 261)

Daily rhGH group  
(N = 130)

P

Mean chronological age, y (SD) 6.68 (2.11) 7.03 (2.20) .138
No. of male cases (%) 172 (65.9%) 87 (66.9%) .840
Mean height, cm (SD) 108.37 (11.57) 109.94 (11.80) .231
Mean weight, kg (SD) 18.46 (4.92) 18.83 (4.75) .325
Mean BMI (SD) 15.47 (1.65) 15.34 (1.35) .790
Mean growth velocity, cm/y (SD) 3.53 (1.39) 3.49 (1.31) .600
Mean Ht SDS CA (SD) −2.55 (0.61) −2.57 (0.64) .891
Mean Ht SDS BA (SD) 4.53 (10.16) 4.68 (10.64) .439
Mean IGF-1 level, ng/mL (SD) 104.26 (43.85) 107.14 (42.48) .247
Mean IGF-1 SDS (SD) −0.90 (0.65) −0.95 (0.62) .462
Mean IGFBP-3 level, ng/mL (SD) 3.66 (0.88) 3.58 (0.88) .724
Mean GH peak concentration, μg/L (SD) 6.59 (2.24) 6.43 (2.29) .584
GH peak concentration group, n (%) .935

≤5 μg/L 60 (23.0%) 30 (23.1%)
<5 μg/L to ≤7 μg/L 78 (29.9%) 41 (31.5%)
>7 μg/L 123 (47.1%) 59 (45.4%)

Abbreviations: BMI, body mass index; Ht SDS BA, height SD score for bone age; Ht SDS CA, height SD score for chronological age; IGF-1, insulin-like growth 
factor-1; IGFBP-3, IGF binding protein 3; rhGH, recombinant human growth hormone; SDS, SD score.

4                                                                                                    The Journal of Clinical Endocrinology & Metabolism, 2024, Vol. 00, No. 0
D

ow
nloaded from

 https://academ
ic.oup.com

/jcem
/advance-article/doi/10.1210/clinem

/dgae816/7912016 by guest on 18 D
ecem

ber 2024



group. No TEAEs resulting in death were observed during the 
trial. The incidence of serious adverse events (SAEs) was simi
lar between the two groups, at 6.5% in the Pegpesen group and 
6.2% in the daily rhGH group (Table 4).

TEAEs with an incidence of 5% or greater in the Pegpesen 
group mainly included upper respiratory tract infection 
(49.4% vs 44.6%), fever (18.4% vs 25.4%), cough (14.6% 
vs 19.2%), and bronchitis (10.3% vs 14.6%), followed by 
tonsillitis (7.3% vs 3.8%), indigestion (5.7% vs 4.6%), rhi
norrhea (5.0% vs 3.8%), and allergic rhinitis (5.0% vs 
3.8%). These were in line with those observed in the rhGH 
group. Additionally, 99% of these cases were deemed unre
lated to the trial drugs. Other TEAEs related to GH, such as 
hypothyroidism, injection site pain, adrenal insufficiency, 
scoliosis, increased intracranial pressure, glucose metabolism 
abnormalities, dyslipidemia, and fluid retention, occurred 
very rarely in the Pegpesen group (0-2 cases each).

Immunogenicity results
Following 52 weeks of treatment, the rates of new antidrug anti
bodies and new neutralizing antibodies for Pegpesen were signifi
cantly lower than those observed in the daily rhGH group (0.0% 
vs 26.4%; P < .0001; 0.0% vs 7.9%; P < .0001).

Adherence
The doses administered compared to the doses prescribed for 
the Pegpesen group and the daily rhGH group were 99.5% 
and 97.7%, respectively, indicating good adherence in both 
groups.

Discussion
Currently, rhGH replacement therapy is primarily used in 
children with GHD to attain normal adult height (24). 
However, the daily regimen of rhGH treatment may lead to 
missed doses and nonadherence, resulting in inadequate 
growth responses (16). Since 1999, various LAGH formula
tions have been developed, some of which have been approved 
for clinical use, aiming to improve pediatric compliance and, 
consequently, therapeutic outcomes and quality of life (11, 
25). LAGH formulations approved by the US Food and 
Drug Administration and European Medicines Agency for 
use in children include somatrogon (Ngenla), lonapegsoma
tropin (Skytrofa) and somapacitan (Sogroya) (16), while 
China has authorized the use of only one LAGH product 
(Jintrolong) (3). The mentioned LAGHs employ different 
long-acting technologies, with both Jintrolong and Pegpesen 
using PEGylation, though the PEG structures and modifica
tion sites differ between the two (18). This might result in var
iations in biological activity, half-life, and recommended 
dosage (Jintrolong 200 μg/kg/week vs Pegpesen 140 μg/kg/ 
week) (18).

In terms of drug technology, Pegpesen is modified with a 
novel Y-shaped PEG chain, which provides superior protect
ive effects on rhGH and relatively higher protein biological ac
tivity. The previous phase 2 trial suggested that Pegpesen is 
suitable for the once-weekly treatment of pediatric GHD 
(18). This phase 3 study found that Pegpesen was noninferior 
to daily rhGH in terms of GV, with a similar safety profile. It is 
worth noting that the dosage of Pegpesen and daily rhGH was 
140 μg/kg/week and 245 μg/kg/week, respectively. Therefore, 
while offering comparable efficacy and safety, the dosage of 
Pegpesen is merely 57% of the equivalent dose of daily 
rhGH and is also lower than other approved LAGH formula
tions (10, 17). Considering the nature of GH drugs, GV is 
closely linked to drug dosage; however, higher-dosage GH 
regimens and growth rates may pose additional safety con
cerns (26). Hence, administering Pegpesen at a lower dose to 
children requiring long-term treatment may result in better 
long-term safety outcomes. This approach aligns with the 
goal of optimizing therapeutic strategies while minimizing po
tential risks associated with treatment.

Recently, a real-world study showed that adherent patients 
gained an additional 1.8 cm in height during the first year of 

Table 2. Efficacy end points (full analysis set)

LS means 95% CIL 95% CIU

GV
Pegpesen group (N = 261)a 9.910 9.6475 10.1721
daily rhGH group (N = 130)a 10.037 9.6973 10.3760
Pegpesen-daily rhGH group −0.127 −0.4868 0.2332

ΔHt SDS CA
Pegpesen group (N = 261)b 0.873 0.8247 0.9215
daily rhGH group (N = 130)b 0.902 0.8395 0.9647
Pegpesen-daily rhGH group −0.029 −0.0955 0.0375

ΔHt SDS BA
Pegpesen group (N = 261)c −2.997 −3.8323 −2.1627
daily rhGH group (N = 130)d −3.019 −4.0987 −1.9393
Pegpesen-daily rhGH group 0.022 −1.1250 1.1680

ΔGV
Pegpesen group (N = 261) 6.394 6.1319 6.6565
daily rhGH group (N = 130) 6.521 6.1817 6.8604
Pegpesen-daily rhGH group −0.127 −0.4868 0.2332

Abbreviations: CIL, lower bound of CI; CIU, upper bound of CI; GV, growth 
velocity; LS means, least squares mean; rhGH, recombinant human growth 
hormone; ΔGV, changes in growth velocity from baseline to 52 weeks; ΔHt SDS 
BA, changes in height SD score for bone age from baseline to 52 weeks; ΔHt SDS 
CA, changes in height SD score for chronological age from baseline to 52 weeks.
aAn analysis of covariance model including group, baseline GV, sex, GH peak 
concentration, and center was used for analysis.
bP less than .001 compared to baseline.
cP equals .259 compared to baseline.
dP equals .138 compared to baseline.

Figure 1. Annualized growth velocity (cm/year) by visit (full analysis 
set). 
Abbreviations: GV, growth velocity; LSMEAN, least squares mean; rhGH, recombinant 
human growth hormone.
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therapy compared to nonadherent patients (27). In multiple 
phase 3 studies of LAGH with a treatment duration of 52 
weeks, the average adherence to medical orders ranged from 
95.8% to 99.6%, which is similar to the adherence of the 
Pegpesen group (99.3%) in this study (19-21). Despite no stat
istically significant difference in the adherence between the 
Pegpesen group and the daily rhGH group in this study, the 
reduction in injection frequency helps to alleviate the treat
ment burden for children with GHD and their caregivers. 
Furthermore, in the future it will be necessary to observe the 
gap in compliance between Pegpesen and daily rhGH, as well 
as the resulting differences in therapeutic efficacy over a longer 
treatment period in the real world.

Immunogenicity is a substantial concern for LAGH drugs, as 
the additional molecular and pharmaceutical manipulations 
involved in their production may lead to the formation of neu
tralizing antibodies and increased immunogenicity, thereby re
ducing drug bioavailability and efficacy (28). In the present 
study, the positive rates of new antidrug antibodies and new 
neutralizing antibodies were both 0.0% in the Pegpesen group, 
significantly lower than those in the rhGH group (P < .0001). 
In 2 other phase 3 studies of LAGHs, Skytrofa and Soroya, the 

positive rate of antidrug antibodies at 52 weeks was compar
able to that of daily rhGH (6.7% vs 3.6%, 1.5% vs 1.5%) 
(19, 20). Moreover, in a phase 3 study focusing on the once- 
weekly GH-fusion protein somatrogon, 15.6% of participants 
tested positive for antidrug antibodies (21). Additionally, in 
the phase 3 study of UPEG-rhGH, no antidrug antibodies 
were generated during the 26-week treatment period (17). 
This study is the first to demonstrate that PEGylation rhGH 
does not induce the production of antidrug antibodies during 
a treatment period of up to 52 weeks, indicating that 
Pegpesen can effectively mitigate immunogenicity, aligning 
with the initial design objectives of PEG-modified drugs (12).

Regarding safety, the overall incidence of TEAEs in the 
Pegpesen group was similar to that in the rhGH group, with se
verity predominantly categorized as grade 1 and 2, often alle
viated spontaneously or with simple treatment. Furthermore, 
the incidence of medication discontinuation due to TEAEs 
was lower in the Pegpesen group compared to the rhGH group 
(10% vs 27.7%). The improved medication continuity in the 
Pegpesen group may be attributed to higher full adherence 
to medical orders and could partly explain why the Pegpesen 
dosage is only 57% of the equivalent dose of rhGH to achieve 
similar therapeutic effects. It is a concern that LAGH may po
tentially cause metabolic abnormalities (28). However, in this 
study, Pegpesen hardly affected the normal glucose metabol
ism, lipid metabolism, and thyroid function of the participants.

The growth effect of GH is primarily attributed to its ability 
to induce IGF-I. Serum IGF-I concentration is commonly used 
as a biomarker to assess the efficacy and safety of rhGH 
medication (24, 29). Therefore, research on each LAGH 
should determine the optimal time for IGF-1 assessment, 
aiming to maintain serum IGF-1 concentrations within the 
age-appropriate normal range (–2SD to 2SD) for most of the 
treatment period (25). This study established a quantitative 
pharmacological model based on PK/PD data from phase 
2/3 participants. The data revealed that the IGF-1 SDS peak 
time after Pegpesen 100/120/140 μg/kg/week treatment 
ranged from 48 to 72 hours, with time to reach the average 
concentration being 96 to 120 hours, guiding the timing of 
regular monitoring in clinical practice. In the present study, 
the maximum percentage of individuals with IGF-1 SDS 
peak concentration and average concentration greater than 
2 was 3.08%, slightly lower than Jintrolong (7.5%) (17) 

Figure 2. Observed IGF-1 SDS and IGFBP-3 profiles following 
Pegpesen and daily rhGH administration. A, At 52 weeks of treatment, 
IGF-1 SDS levels significantly improved both in the Pegpesen and daily 
rhGH groups compared to baseline (both P < .001). P = .0041 for 
intergroup comparisons. B, IGFBP-3 levels also significantly improved 
compared to baseline both in the Pegpesen and daily rhGH groups 
(both P < .001). P = .004 for intergroup comparisons. The statistical 
difference between the 2 groups was mainly due to different 
frequency of administration, thus the test results represented trough 
concentration in the Pegpesen group and peak concentration in the 
daily rhGH group. 
Abbreviations: IGF-1, insulin-like growth factor-1; IGFBP-3, insulin-like growth factor- 
binding protein 3; LSMEAN, least squares mean; rhGH, recombinant human growth 
hormone; SDS, SD score.

Table 3. Levels of ΔIGF-1 area under the curve in different dose 
groups of Pegpesen

Dose, μg/kg Wk ΔCmax, ng/mL ΔIGF-1 AUC, ng × h/mL

100 0 95.7 (37.3) 9190 (41.7)
100 12 108 (36.1) 11700 (40.8)
100 52 108 (36.1) 11800 (40.8)
120 0 107 (35.9) 10700 (39.8)
120 12 121 (34.6) 14000 (38.8)
120 52 121 (34.6) 14100 (38.8)
140 0 117 (34.9) 12100 (38.3)
140 12 133 (33.5) 16200 (37.1)
140 52 133 (33.5) 16300 (37.1)

Abbreviations: ΔCmax, change in maximum concentration from baseline; ΔIGF-1 
AUC, change in the area under the curve of insulin-like growth factor-1 (IGF-1) 
from baseline.
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and Skytrofa (3.8%) (19), indicating the relatively safe IGF-1 
SDS range following Pegpesen 100 to 140 μg/kg/week treat
ment. Additionally, at 12 weeks, the ΔIGF-1 AUC of each 
Pegpesen dose group had reached a steady state, similar to 
the ΔIGF-1 AUC at 52 weeks. Thus, the ΔIGF-1 AUC at 12 
weeks can determine the Pegpesen dosage equivalent in effi
cacy and safety to daily rhGH. Therefore, from the perspective 
of safety, combined with the quantitative pharmacological 
model established with IGF-1 and the clinical efficacy meas
ured by GV, the dose selection in this study is reasonable.

It is worth noting that the cutoff values for the GH stimula
tion test used to diagnose GHD vary across countries. In the 
United States and China, the cutoff value is 10 μg/L, whereas 
in Italy and Germany it is 8 μg/L, and in France and the United 
Kingdom it is 6.7 μg/L (30, 31). Therefore, the diagnostic cri
teria for GHD remain controversial, especially for patients 
with peak GH levels between 7 and 10 μg/L. This study con
ducted a subgroup analysis based on different GH peak levels 
(≤5 μg/L, <5 μg/L to ≤7 μg/L, and >7 μg/L) and found that in 
each subgroup, the LS means of GV in the Pegpesen group was 

not inferior to that of the daily rhGH group, with similar re
sults observed in both groups (data not shown). Among these, 
the LS means of GV for participants with peak GH levels be
tween 7 and 10 μg/L was similar to the main analysis, indicat
ing significant benefits for this subgroup as well. However, the 
standards for stimulation tests in the diagnosis of GHD re
main a scientific issue that requires further exploration and 
more research in the future to establish standardized criteria.

This study had some limitations. First, it employed an open- 
label design due to the different administration frequencies of 
drugs in the two groups, potentially introducing slight bias 
into the results. Second, the treatment and observation dur
ation in this study was approximately 1 year, warranting lon
ger follow-up periods to ascertain the long-term safety, 
efficacy, and adherence of Pegpesen.

Future research directions could involve evaluating the 
treatment burden on patients (including financial, physio
logical, and psychological aspects), as well as assessing the ef
ficacy and safety of long-term treatment. Additionally, 
exploring the feasibility of extending dosing intervals to 

Figure 3. Quantitative pharmacology results: IGF-1 SDS profiles during 52 weeks after Pegpesen administration in children with GHD simulated by 
PK/PD model (n = 292). 
Abbreviations: GHD, growth hormone deficiency; IGF-1, insulin-like growth factor-1; PK/PD, pharmacokinetic/pharmacodynamic; SDS, SD score.

Table 4. Adverse events (safety analysis set)

Item Pegpesen group 
(N = 261)

Daily rhGH group 
(N = 130)

No. of cases (%) No. of events No. of cases (%) No. of events

All TEAEs 229 (87.7) 1146 123 (94.6) 651
TEAEs related to trial drugs 52 (19.9) 112 26 (20.0) 51
TEAEs leading to dose reduction 0 0 1 (0.8) 2
TEAEs leading to increased dose 0 0 0 0
TEAEs leading to temporary discontinuation 26 (10.0) 41 36 (27.7) 68
TEAEs leading to permanent discontinuation 4 (1.5) 4 2 (1.5) 2
TEAEs leading to withdrawal from trial 4 (1.5) 4 2 (1.5) 2
TEAEs leading to death 0 0 0 0
All SAEs 17 (6.5) 26 8 (6.2) 11
SAEs related to trial drugs 1 (0.4) 1 0 0

Abbreviations: rhGH, recombinant human growth hormone; SAEs, serious adverse events; TEAEs, treatment-emergent adverse events.
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further reduce dosing frequency for patients would be valu
able. Moreover, investigating the clinical application of 
Pegpesen in a broader population of individuals with GHD 
would benefit more patients.

Acknowledgments
The authors thank all study participants and their families, as 
well as the research team members for their contributions.

Funding
This work was supported by Xiamen Amoytop Biotech Co, 
Ltd and funded by the “Fourteenth Five-Year Plan” for the 
National Key Research and Development Projects—The med
ical research of the discovery of key diagnostic techniques and 
therapeutic targets and their transformation for rare diseases 
in children (No. 2023YFC2706300).

Author Contributions
Conceptualization: X.P.L. Methodology: L.S., W.D.Z., 
R.Y.H., Y.L.Y., and Y.L. Data analysis: R.Y.H., Y.L.Y., 
and Y.L. Data collection: Y.L., H.Y.W., F.Y., H.Z., L.Q.C., 
H.Y., X.M.L., X.R.C., Y.Y., Q.L., H.W.D., T.L., P.L., 
G.X.Z., F.Y.S., L.Y.L., D.Y.L., S.Y.Z., H.H.G., C.X.G., 
X.G.C., Z.J.X., Y.P.M., and Z.S. Writing—original draft 
preparation: Y.L. Writing—review and editing: L.S., Y.L., 
and X.P.L. Supervision: X.P.L. All authors contributed to 
the article and approved the submitted version.

Disclosures
X.P.L. is an editorial board member of The Journal of Clinical 
Endocrinology & Metabolism and played no role in the 
Journal’s evaluation of the manuscript. L.S. is the president 
of Xiamen Amoytop Biotech Co, Ltd. W.D.Z., R.Y.H., and 
Y.L.Y. are employees of Xiamen Amoytop Biotech Co, Ltd. 
The remaining authors declare that the research was con
ducted in the absence of any commercial or financial relation
ships that could be construed as a potential conflict of interest.

Data Availability
Some or all data sets generated during and/or analyzed during 
this study are not publicly available but are available from the 
corresponding author on reasonable request.

Clinical Trial Information
ClinicalTrials.gov clinical trial registration number: NCT04 
513171 (registered <2020-08-07>).

References
1. Ranke MB, Wit JM. Growth hormone — past, present and future. 

Nat Rev Endocrinol. 2018;14(5):285-300.
2. Maghnie M, Ranke MB, Geffner ME, et al. Safety and efficacy of 

pediatric growth hormone therapy: results from the full KIGS co
hort. J Clin Endocrinol. 2022;107(12):3287-3301.

3. Pampanini V, Deodati A, Inzaghi E, Cianfarani S. Long-acting 
growth hormone preparations and their use in children with growth 
hormone deficiency. Horm Res Paediatr. 2022;96(6):553-559.

4. Geffner ME, Ranke MB, Wajnrajch MP; for the Pfizer International 
Growth Database Strategic Executive Committee, Strategic 

Advisory Board, and International Board. An overview of growth 
hormone therapy in pediatric cases documented in the Kabi inter
national growth study (pfizer international growth database). Ann 
Pediatr Endocrinol Metab. 2024;29(1):3-11.

5. Graham S, Weinman J, Auyeung V. Identifying potentially modifi
able factors associated with treatment non-adherence in paediatric 
growth hormone deficiency: a systematic review. Horm Res 
Paediatr. 2018;90(4):221-227.

6. Cutfield WS, Derraik JGB, Gunn AJ, et al. Non-compliance with 
growth hormone treatment in children is common and impairs lin
ear growth. PLoS One. 2011;6(1):e16223.

7. Loftus J, Chen Y, Alvir JMJ, et al. Suboptimal adherence to daily 
growth hormone in a US real-world study: an unmet need in the 
treatment of pediatric growth hormone deficiency. Curr Med Res 
Opin. 2021;37(12):2141-2150.

8. Fisher BG, Acerini CL. Understanding the growth hormone therapy 
adherence paradigm: a systematic review. Horm Res Paediatr. 
2013;79(4):189-196.

9. Cawley P, Wilkinson I, Ross RJ. Developing long-acting growth 
hormone formulations. Clin Endocrinol (Oxf). 2013;79(3): 
305-309.

10. Miller BS. What do we do now that the long-acting growth hor
mone is here? Front Endocrinol (Lausanne). 2022;13:980979.

11. Mameli C, Orso M, Calcaterra V, et al. Efficacy, safety, quality of 
life, adherence and cost-effectiveness of long-acting growth hor
mone replacement therapy compared to daily growth hormone in 
children with growth hormone deficiency: a systematic review 
and meta-analysis. Pharmacol Res. 2023;193:106805.

12. Yang BB. Integration of pharmacokinetics and pharmacodynamics 
into the drug development of pegfilgrastim, a pegylated protein. 
In: Meibohm B, ed. Pharmacokinetics and Pharmacodynamics 
of Biotech Drugs. Wiley-VCH Verlag GmbH & Co. KGaA; 
2006:373-393.

13. Delgado C, Francis GE, Fisher D. The uses and properties of 
PEG-linked proteins. Crit Rev Ther Drug Carrier Syst. 1992;9(3–4): 
249-304.

14. Nucci ML, Shorr R, Abuchowski A. The therapeutic value of 
poly(ethylene glycol)-modified proteins. Adv Drug Deliv Rev. 
1991;6(2):133-151.

15. Grillo MS, Frank J, Saenger P. Long acting growth hormone 
(LAGH), an update. Front Pediatr. 2023;11:1254231.
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