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Abstract

Introduction Growth hormone deficiency occurs when the pituitary gland does not produce enough growth hormone.
Norditropin®, a recombinant human growth hormone, and Sogroya®, an albumin-binding growth hormone derivative, are
prescribed for patients with growth hormone deficiency. This systematic review assesses the efficacy, safety, and patient
satisfaction associated with Norditropin and Sogroya.

Methods We systematically searched PubMed, Web of Science, and Scopus databases to identify eligible comparative
studies. All studies published until June 2023 were included in our analysis. Our outcomes for children included height
velocity and height velocity standard deviation score. In contrast, adult outcomes included adverse events, insulin-like
growth factor 1-standard deviation score (IGF-1 SDS), and the Treatment Satisfaction Questionnaire for Medication-9
(TSQM-9). Results are reported as odds ratio (OR) and mean difference (MD) with a 95% confidence interval (95% CI).
Results Ten studies involving 1058 participants (665 children and 393 adults) were included in the meta-analysis. In
children, Norditropin at doses of 0.034 and 0.067 mg/kg/day was compared to Sogroya at doses of 0.04, 0.08, 0.16, and
0.24 mg/kg/week. The results showed that 0.034 mg/kg/day Norditropin had a favorable impact on height velocity (MD
—2.01,95% CI —3.7 to —2.12, p <0.00001) and height velocity standard deviation score (Mean Difference —3.61, 95% CI
—5.06 to —2.16, p<0.00001) when compared to Sogroya 0.04 mg/kg/day. Other doses showed comparable results. In
adults, the only significant side effect noted was rash, which favored Sogroya (OR 0.1, 95% CI 0.04-0.27, p <0.00001).
Additionally, IGF-1 SDS was significantly higher in the Sogroya group than in the Norditropin group (MD 0.25, 95% CI
0.02-0.48, p =0.03). Furthermore, the overall score of the TSQM-9 questionnaire, which includes three domains: con-
venience, effectiveness, and satisfaction, was significantly higher in the Sogroya group compared to the Norditropin group
(OR 6.36, 95% CI 3.92-8.8, p <0.00001).

Conclusion Norditropin and Sogroya showed comparable efficacy and safety profiles, except for the prevalence of rash in
the Norditropin group, and Sogroya has higher satisfaction among adults. More high-quality studies with more patients are
required to confirm these results.
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Introduction

Growth Hormone Deficiency (GHD) is a medical disorder
defined by insufficient production or release of growth
hormone (GH) by the pituitary gland [1]. GHD can affect
individuals of all ages, leading to physical symptoms such
as retarded growth, delayed skeletal maturation, reduced
bone density, short stature, decreased muscle mass, dysli-
pidemia, and elevated cardiovascular risks (including obe-
sity and metabolic syndrome), as well as psychological
issues like social discrimination, diminished self-worth,
reduced functional capacity, and overall decreased quality
of life [2-4]. The prevalence of GHD varies depending on
the demographic studied. It is expected to occur in 1 in 4000
to 10,000 live births in children [5]. Research suggests that
in the United States, males are twice as likely as females to
undergo pediatric GH treatment [6]. A male predominance
in referrals for short stature has been reported across age
groups, potentially contributing to the observed disparity
between males and females in the evaluation and treatment
of short stature [7-9].

GHD is less common in adulthood, affecting about 1-1.5
in every 10,000 people [10]. Diagnosing GHD in childhood
is challenging due to the absence of a gold standard and the
generally poor performance of existing diagnostic tests [11].
The diagnosis is complicated by various factors affecting
GHD, such as congenital anomalies of the pituitary gland or
hypothalamus, brain tumors, infections, radiation treatment,
or trauma to the hypothalamic-pituitary region [5]. Addi-
tionally, idiopathic GHD may develop in both children and
adults. Treatment typically involves replacement therapy,
which generally yields favorable outcomes [12].

Norditropin® (somatropin) is a daily GH produced by
recombinant DNA technology administered to treat GHD
[13]. Tt has been suggested to be beneficial in relieving
GHD-related problems, which can help children reach their
genetic height potential, especially if it is started early in the
disease. A study recorded that most patients (78.5%)
achieved a target near adult height NAH regardless of age at
treatment initiation [14]. However, injection discomfort and
the relative inconvenience of administering Norditropin
(once-daily use) continue to be issues that limit therapy
adherence in children and adults [15]. Furthermore, repla-
cement therapy can cause cerebral hypertension, fluid
retention, insulin resistance, scoliosis progression, and
slipped capital femoral epiphysis [13].

As a contender to once-daily Norditropin, once-weekly
Sogroya® (somapacitan, a reversible albumin-binding GH
derivative) is an emerging GH replacement therapy option.
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Somapacitan was well tolerated in a 26-week trial in
patients with adult GHD, and no safety problems were
detected (adverse effects were primarily mild and tempor-
ary) [16]. It has been claimed that once-weekly somapacitan
is tolerated better than once-daily Norditropin. Meanwhile,
after 26 and 52 weeks of treatment, once-weekly somapa-
citan (0.16 mg/kg/week) gave an equivalent efficacy with
comparable safety and tolerability to daily GH in children
with GHD [17]. Our systematic review aimed to assess the
outcomes and patient satisfaction features of somapacitan
and Norditropin, both of which are described for GHD
patients.

Methodology
Protocol registration

This systematic review was conducted and reported per the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [18] and the
Cochrane Handbook for systematic review and meta-
analysis [19]. The review was registered with PROS-
PERO with the following ID (CRD42023444457).

Data sources and search strategy

This study’s data sources and search strategy involved
collaboration with a reference librarian and utilizing mul-
tiple databases. O.A. and M.T. thoroughly searched
PubMed, Web of Science, and Scopus databases to ensure
comprehensiveness. The search encompassed the entire
timeframe from the databases’ inception to the present
without imposing any temporal restrictions. In addition to
database searches, a manual search was performed on the
reference lists of retrieved journal articles, including sys-
tematic reviews. The search strategy employed a combina-
tion of Medical Subject Headings (MeSH terms) and
relevant keywords related to the topic of interest. We used
the following research query “((somapacitan) OR
(Sogroya)) and ((Growth hormone) OR (GH) OR (Growth
hormone therapy) OR (Norditropin) OR (somatropin))”

Eligibility criteria

A PICO criterion was employed to include original research
articles from peer-reviewed journals. The included studies
consisted of randomized controlled trials (RCTs) conducted
in English, specifically examining the efficacy and safety of
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somapacitan compared to daily GH in patients with GH
deficiency. The eligible studies encompassed pediatric and
adult participants diagnosed with GHD and treated with
weekly somapacitan or daily growth hormone. The selected
studies were required to measure and assess the impact of
treatment on various parameters, including height, height
SDS (standard deviation score), height velocity SDS, IGF-1
(insulin-like growth factor 1) SDS, TSQM-9 (Treatment
Satisfaction Questionnaire for Medication), adverse events
and injection site reactions.

Interventions not involving somapacitan were excluded
from the study. This encompassed review articles, case
reports, conference abstracts, and editorials. Studies with
irrelevant data, particularly those lacking primary outcome
data, were also excluded.

Study selection

The review process was conducted using the Rayyan online
software [20]. Two reviewers, O.A. and M.T., indepen-
dently reviewed after removing duplicated records. Full-text
screening was performed, and disagreements were resolved
through discussions involving A.S.

Data extraction

The data extraction process involved using a pre-designed
extraction sheet to extract various data elements. The
extracted data included baseline study characteristics such as
the first author’s name, year of publication, country, journal
name, and study design. Information regarding the included
participants was also collected, including sample size, age,
gender, weight, and BMI. Furthermore, outcome data were
extracted, encompassing parameters such as height, height
SDS (standard deviation score), height velocity SDS, IGF-1
SDS, TSQM-9, adverse events and injection site reactions.
Two sets of two reviewers each (O.A.B, T.P.U, A.B-S, and
Y.A-A.) conducted the data extraction process, and any
discrepancies that emerged were resolved through discussion
or consultation with the senior author.

Risk of bias and quality assessment

Four reviewers (O.A.B, T.P.U, A.B-S, and Y.A-A) inde-
pendently assessed the quality of the included studies in the
research using the Cochrane RoB 2 tool [21]. The domains
evaluated included the risk of bias resulting from the ran-
domization process, the risk of bias due to deviation from
the intended intervention, the risk of bias due to missing
outcome data, the risk of bias in measuring the outcome,
and the risk of bias in selecting the reported results. In cases
of disagreement, the reviewers engaged in discussions and
reached a consensus to resolve them.

Statistical analysis

The statistical analysis was performed using RevMan
v5.3 software [22]. The odds ratio (OR) was calculated to
combine dichotomous results, while the mean difference
(MD) was utilized to obtain continuous results. Both mea-
sures were accompanied by a 95% confidence interval (CI)
and calculated using the random-effects model. The pre-
sence and extent of heterogeneity were assessed using the
Chi-square and I-square tests, respectively. Consistent with
the guidelines outlined in the Cochrane Handbook (chapter
nine) [23], heterogeneity was deemed significant if the
alpha level for the Chi-square test was below 0.1. Inter-
pretation of the I-square test results was insignificant for
0-40 percent, moderate heterogeneity for 30-60 percent,
and substantial heterogeneity for 50-90 percent.

Results

Our search process in the included databases resulted in 98
articles, of which 53 were included in the title and abstract
screening after removing duplicates. After that, full-text
screening was done on a total of 19 articles, which resulted
in 10 articles that were eligible for the final systematic
review and meta-analysis (Fig. 1).

Characteristics of the included studies

All included studies were of RCT design, whether phase two
or three. The included studies compared the use of somapa-
citan in varying doses ranging from 0.02 to 0.24 mg/kg/week,
while that of Norditropin was 0.034 or 0.067 mg/kg/day. The
total number of participants was 1058 (665 children and 393
adults). We included studies comparing the safety and effi-
cacy of somapacitan vs. Norditropin in adults and children, as
shown in Table 1.

Risk of bias assessment

According to RoB 2, none of the included studies had a
high risk of bias, 9 had a low risk, and only one had some
concerns (Fig. 2).

Outcomes

Children population

With regards to height velocity and height velocity SDS in
children, no statistically significant difference was observed

between different doses of somapacitan (0.04, 0.08, 0.16, and
0.24 mg/kg/week) and Norditropin (0.034, and 0.067 mg/kg/
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~
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analysis (n = 10)
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day) except for the 0.04 mg/kg/week somapacitan vs.
0.034 mg/kg/day Norditropin. In these doses, height velocity
and height velocity-SDS favored Norditropin with an MD of
—2.01 95% CI. —3.7 to —2.12, p<0.00001) and —3.61
(95% CIL: —5.06 to —2.16, p<0.00001), respectively. No
heterogeneity among the studies was observed (Fig. 3a, b).
Moreover, we did not observe any significant differences
between Norditropin (0.034 mg/kg/d) and somapacitan
(0.16 mg/kg/wk) for the injection site reactions and adverse
events OR of 0.9 (95% CI: 0.43-1.86, p =0.77) and OR of
0.89 (95% CI: 0.51-1.57, p = 0.0.69), respectively, without
heterogeneity (Supplementary Figs. 1 and 2).

Adult population

Regarding adverse events, no statistically significant dif-
ference was observed between Norditropin and somapacitan
in adults (back pain, arthralgia, headache, nasopharyngitis,
and infection), except for rash, which was statistically sig-
nificantly associated with Norditropin use as somapacitan
had less odds to cause rash with OR 0.1 (0.04-0.27,
p <0.00001) with no heterogeneity (Fig. 4).
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Moreover, the mean change in IGF-1 SDS was statisti-
cally significantly higher in the somapacitan group com-
pared to the Norditropin group with an MD of 0.25 (95%
CI: 0.02-0.48, p=0.03) and no heterogeneity (Fig. 5a).
The overall TSQM-9 questionnaire score with its three
domains (convenience, effectiveness, and satisfaction) was
statistically significantly higher in the somapacitan group
compared with the Norditropin group with an overall OR of
6.36 (95% CI: 3.92-8.8, p <0.00001), with non-significant
heterogeneity (Fig. 5b).

Discussion

This systematic review aimed to (investigate the efficacy
and safety of somapacitan versus daily Norditropin in
children and adolescents with GH deficiency). Overall, no
statistically significant distinction emerged between sepa-
rate doses of Norditropin and somapacitan in terms of
height growth velocity, with the exception of the 0.04 mg/
kg/week somapacitan dose versus the 0.034 mg/kg/day
Norditropin  dose.  Furthermore, patients receiving



549

Endocrine (2024) 85:545-557

"P19AIP
sansst Ayoruagounwi Aue
Q1om Jou ‘ueyoedewos 0 payury

a1om seusts Ajoyes JueoyuSs  qUO i UIp[Iyo U uidonIpioN @®c 0D 791 (659) SL'LT 0/8) (VA 8 (p/8/5w €0°() urdontpioN
AJ[edTuId U ‘OS[y "PajeIajo)  A[Iep-aduo 0} ‘9ATIBALIOp HO) Surpuiq ()4 O L¥'ST (LLS) L¥'LT (1/9) (S¥'1) SL'S 9 (m/3y/3w 91°0) uepoedewog
1o d1om BY/BW 9[°0~¢("0 JO  -UILINQ[E DIqISIOADI E ‘UnOEdewos ©1 (€£D §991  (Trd) $9°9T a9 (61'D 8 9 (wyBy/Bw go:0) uenoedeuwiog
a3uel 9sop Ay ur ueyroedewos Jo AP[eam-9ouo Jo sonaunjodeurreyd
$9S0p A[SUIS ‘(LD A UIP[IY> pue ‘sonueukposeurreyd *AIIqeIofo} (R4 (6¥0 t'LI @9 TLLe G/ wWwns 9 (Im/3y/3w $(0) uendedewog
Texaqnd-a1d 0y papraoxd uaym [eo0] “A3oges oy) aredwod of, ©o0 (200 $8°61 azL w9ve (@) S¥'1) sT'8 9 (my/Sy/Sw gp0) ueidedewos /107 ourpPneq  [¢]
ut Seprren 1000 mdonmion VN @D IsEl (99°€) SLpl #6)  WrD) T6'S €1 (p/AAw £90°0) widonipioN
AJrep se Aypiqeo[oy pue YOS Woq UIp[Iyo VIN (I€D) #8771 (F1'9) 61°S1 (9/9) (#8'7) 679 Tl (p/3/Bw ggoo) urdontpioN
“Krogus “Kovoyga enbs Buiniz Hoys ur juaunean uldontpioN VN SD OV (899 L8 w19) (6 019 71 CmwyByBw () uemoedewog
QATI09JJ Jsow Ay} 9q 03 sreadde A[rep 01 sosop uejroedewos
Yoory/3Y/3W 7°0 Ueyoedewos  A[Ya9m-90UO 301 JO AN[IqRIS0) VIN  (€TD6SST  (L0'S) pE91 wie) (97D 009 €1 (/33w og'0) uenoedewog
JUDUNEAN JO SYOIM 97 Ty pue ‘K1dges ‘Koedoyyd o dreduros of, VIN (€71 9971 (€T°9) S0'ST /8 ayo €19 T OimyBy/Sw 91°0) ueiedewog €20z 1nf  [97]
"PeO] JUSULA) ) UISSI]
Kewr suonoafur A[oom-oouo 0}
suonoalur Afrep-oouo Surredwod ‘ueyoedewos
‘os|y "uonesipawr uejoedewos 0y urdonipioN Afrep woly uryoums
panunuod oym soy) 0y Kjojes Io)je JeaK | pue juoWean Oul
ue Aoeoyjo [enbo pajensuowop SILAA f ‘UIPING JUSUWIBAI/ASLISIP )
Mﬁmommm:wwm ﬁ_: Emomﬂﬁ.EZ b.ﬁw se :%3 m%,bmtmm pue mm\o:gnw&wﬁw wDc V/N 09 ss1 (/6) 0 6S 4! dnoig payanmg €702
woly pauonisuen oym sjudned s ueyoedewos apenfeas of, (€ T V/N € vyl (81/50) 0 6S (34 dnoi3 pajooq [yepuaaes  [Sy]
‘urdonipioN Aqrep 03 A)[iqerofo)
pue AjoJes Ie[IuIrs ym
‘s1B9A € JOAO SOWIOINO PIseq V/IN D 9stI VIN (5/6) 0D 6S vI (/38w Q) urdonipioN
“1YB1oY pautwexa [[e ut Aoeoyje “uenoedewos VIN @D 181 VIN ©8) (€D 19 v (myByBw 91°0) uenoedewog
paurejurew PJenSuoap AP{eom-20uo Jo AIqera[o)
QHD WM UIpIyd  pue ‘A1oyes ‘Aoesny oyp 1en[eAd VIN Dol V/IN (s/on 81 8¢ S1 - (im/3y/3w g0() uededewos 0T
ur ueyoedewos Apjeam-0ouQ JUDUNEAN JO SIEIK QI TV VIN apest VIN (0773) (81) 8¢ yI - OIM/B/8w 0°0) uenoedewog yepuaaes  [€]
‘urdonipioN Aqrep 03 A)[iqero[o)
pue K1dges enbo gim yorew (204 WD 9t (€0°9) S61 (5/6) 07 09 vI (P38 Q) urdonipioN
SSAUQANIRYYD 15500 AU dALS ‘widonipioN @D 1 @D 11 (€T°9) 641 (9r9) €D 19 vI (w/3y/Bwgr-p) ueioedewog
Yoam/3y/8w 91°( ueroedewos A[rep-oouo jsurese ueyoedewos
AD[eom-00U0 ‘JuotEan ADpeom-0ou0 Jo ANIqeIojo) Cn1 ap oyl WS90yl (s/on) 81 6¢ ST (m/3y/8w g0r0) ueadedewiog 0202
Jo sxjoam TG pue 9z 1oy pue ‘Kidges ‘Koedyype oy dreduro) &Do apest (TTy) Tyl 0773) (81) 8¢ vI OIM/3/8w 0°0) uenoedewog [yepuaaes  [L1]
‘uejoedewos pauojord
Koy yey) parels osfe urdonipIoN
A[rep woiy SurtAow SIOAISoIEd
pue sjuaned ‘sieak g 10y ‘duourIoy
Q0UBIDO) PUB AJBOYJO paureisns  (ImoI3 AJrep wolj Suryoims Ioje
AIQIYXS Uejordewos 0)  pue JuUIEAn JO SIIA 7 19)Je
:Eo:_%ou% x::% :wm.E woso:Bw P “:B w&m_wso ur :SN_%%NEMW Mw (89) L @D 9sI 09 091 (81/09) &0 v9 89  (p/3/3w $¢0 o) urdonipioN
oyM qHD WM TaIpIY)  AIIqeIs[0) pue Koedyso oy afenes] (zen L1 (CAIFA (09°%) L91 (€€/66) T v9 el Cm/3y/Bw 91°0) ueioedewog €20C PN [v]
'dHD PIm USIp[IYd dATEU
-jusumyean ut S[OAS] SAS [-4D1
ueow pue Kjofes d[qeredwiod yPIm
‘urdomnr A & urdonr
~:oMMM%%MMWP/Wwﬂmomommw%ww A[rep Jo 1eq) o) :S_MWMMWWMMZO (89) L (8€'1) 961 (S6'7) 091 (81/09) &0 v9 89  (p/3/3w ¢00) urdonipioN
JudUnE JO $HAIM TG A0 Kjoges pue Kovoyyo ayp aredwiod o (TET) LI (65D L'S1 (09%) L91 (€€/66) @9 T€l  (y3yBw9rp) uepoedewos g0z P [1¢€]
UaIpIyD
(fero1) (@s) uesy (as) d@m @as (N ozs
s3uipuy urejy Apmis o Jo wiry N ‘ouesiQ SW/BY TNG UBSIAL WYSIOM Jopuon uedN 93V ordwreg SUONUQAIOII]  IeAA 29 ApmIS  “JoY

sjuedronred pue sarpnjs papnjour Ay) Jo SONSLIOBIRYD Y} Jo Arewwing | dqe]

pringer

as



Endocrine (2024) 85:545-557

550

93e [euONE)SAT 10 [[BWS YOS ‘9100S UONBIAIP PIepue)s S ‘1 1010} YImoI3 oYI[-UI[NSUl [-JO] ‘AJUSIOYIP SUOWIOY YIMOIS (JHH ‘QUouLIoy yImoIs go

‘urdonipioN A[rep Ioj 9ymnsqns
poos e 9q St ueyoedewos
‘@HDO Npe Ul ‘0S|

'syuenred QHO npe ur oqaoed
1900 Kyoradns porensuowop
J1 pue ‘Juewean jo

syeom 98 03 dn 103 Juowaoedox
urdonipioN jo K1oJes pue 19§39
umouy| dY) YIm JUI)SISUOD
a1om uejroedewos Jo Ajojes

pue s309p30 Aderoy) [[e10A0 oy,

‘reonoerd orow
sem uejroedewos APjeam-oduo
‘urdonipioN Aqrep o) pasoddo

SY ‘OS[Y ‘PUNOJ 9IoMm SUIIUOD

Kyoyes ou ‘qHO NP YIm
syuoned ur [eLI) Yoom-9g SIy) Ul
PaleIdo) [[om sem uejroedewrog

‘dHD npe

ym opdoad ur ojqeredwod sem
yorym ‘enssn asodipe pajoayye
HD Aqrep pue uejoedewog
‘osTy ‘sSurpuy Kjojes
paroadxaun ou Y ‘sdnoi3 yloq
Ul PAJRIS[0) [[oM SeM JUSURAL],

‘Kyoyes pue Koeoyjo

Surpre3ar 0qade[d 0} ‘9AneALIOp HO
Surpuig-urunqre 9[qIsIoAdl APeom
-o0uo e ‘ueyoedewos oredwos oJ,

‘uonodejsnes jusunean

pue A)NIqeId[0) [90] JO UOHEN[EAd

ue sem 1Y) ‘os[y ‘uejroedewos
Aproom-oouo pue urdonipioN

Arep-aouo jo Ajoyes oy aredwod o,

$eaMm 76 I0A0 OQHD Jnpe

s syuaned asoueder ur Ho Aqep
sns1oA uejroedewos Apeam-a0uo jo
Koeoyyo pue Kjoyes gy aredwod o,

(611) 21

(0T L1

e L

(19) 81

OD1

o) ¥

@9 L'Le

(€9 6'LT

(9°9) §'8T

09 98¢

(L¢) 8e

(L'9) ¥'9¢

(L0 09L

(010 T9L

(812 018

(9°L1) 128

(0T 619

(LT 769

(19/89)

(29/89)

WLy

(82/€€)

(L16)

(T2

(€S LSy

€vD 91y

aLy Lis

(@91 1'8%

1D €6

(T'eD 1¢S

611

0cI

91

€0

o3k Jo oAnoadsorr ueSomse
Te10 uo syuened oeway

pue ¢]°( :s1eak 9 < page
syuaned (z°(Q ‘s1edk (09 01 €T
paSe sjuoned :sMo[[0J Se oIom
sosop Sune)s :urdonipioN
(982°0) 0'C o3¢

Jo oAnoadsornr ueSonse [eIo
uo sjuaned orewdy pue {(¢y1°0)
0'1 :S1eA 09 < paSe syuaned
{(PIT°0) §'1 ‘s1eak (09 01 €7
pase sjuoned :sMO[[0J Se dIom
sosop Sunue)g :ueyoedewog

9sop Sunueys gl

0] Je[Iuiis sem yorym ‘Kep/sua
(¥1°0) 0T'0 Sem uonenn Ioye
asop ueaw 2y ‘porrdd uonenn
asop 2y 1oy :urdonipioN
Yoom/Sw G| Jo

asop Suniels e s paredwod
QUAUIBAI) ASOP-PAXY JO SYIoM
81 AU U eom/Sw (SH'T) 961
sem ((S) osop ueyoedewos
ueow oY) ‘porrad uonenn
3sop Ay oYy :ueyoedewos

s1eak ()9< pase sjuaned 1oy
Yoom/Suwr 1°() pue ‘uaSonse [e10
UO SIeWJ 10] Yoom/3w ¢
a3k Jo sIedk ()9—8[ S)npe 1oJ
Yoom/Sur 7°() :SMO[[O] S QIom
sasop Sunels :urdonipioN
s1ek ()9< pase sjuaned 1oy
Yoom/3uwr () | pue ‘ua3oxnsd [e1o
Uo SA[eWd) J0J Yoom/Sw (g
‘a3e Jo s1eak ()9—8] synpe 10y
Noom/3uI '] SMO[[O] SE rom
sasop Junue)§ :ueyoedewog

020¢
uossuueyof [8]

810C
uossuueyor [97]

020T ®Ans10  [Ly]
SInpy

s3uipuy urejy

Apmis oy Jo wiry

(fe1o1)
N ‘omesiQ

(@s) uesy
W/ TNG

(as)
UBOIN WSIOM

d@m
Jopuan

(@as
UBQA 93V

(N) 9z18
ordwreg

suonuaAINUY

Iedk 29 ApmS  JoY

pringer

(panunuoo) | 3jqey

As



Endocrine (2024) 85:545-557

55

iy

Fig. 2 Quality assessment of risk
of bias in the included trials. The
upper panel presents a schematic
representation of risks

(low =red, unclear = yellow,
and high = red) for specific
types of biases of each of the

studies in the review. The lower
panel presents risks (low = red,

Bias of randomization process

unclear = yellow, and
high = red) for the subtypes of
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somapacitan displayed elevated IGF-1 levels compared to
those receiving Norditropin. Somapacitan was found to be
more convenient, effective, and satisfactory compared to
Norditropin, as indicated by the TSQM-9 scores. Addi-
tionally, both GH treatments exhibited favorable safety
profiles, although a higher prevalence of rash was observed
in the Norditropin group, attributed to delayed hypersensi-
tivity reactions. These findings contribute to a deeper
understanding of the comparative efficacy, safety, and
physiological impact of somapacitan and daily Norditropin
treatments for GH deficiency in children and adolescents.
GH analogs have been used for persons with GH defi-
ciency for over twenty years in adults [24] and more than
fifty years in children [25]. Norditropin is a daily GH pro-
duced by recombinant DNA technology unlinked to a car-
rier protein. This would distinguish it from somapacitan,
which is linked to albumin [13]. Although Norditropin has
acquired popularity and significant benefits for treating GH
insufficiency, it has drawbacks. For example, contemplating
the administration of Norditropin analog for about 5-10
years, its once-daily consumption may cause significant
discomfort to the user (particularly for children and ado-
lescents) [26, 27]. Furthermore, its usage is not without

adverse reactions, including rash and pain at injection spot,
temporary fever, joint issues (stiffness, arthralgias), myal-
gias, paresthesias, peripheral edema (with fluid retention),
gynecomastia, carpal tunnel syndrome, sleep apnea, sleep
disorders, dyspnea, intracranial hypertension, insulin resis-
tance (diabetes mellitus), scoliosis worsening, slipped
capital femoral epiphysis [28-30]. Notably, though it has
been postulated that GH supplementation can be associated
with an increased risk of neoplasms based on in vitro
observations, the association has not been shown. However,
it has been recognized that if there is an already existing
tumor, GH supplementation can unmask it if administered
in the setting of GH deficiency [28]. Though it is from
2011, it does not suggest an increased risk of neoplasms
[29]. Thus, we evaluated the influence of once-daily Nor-
ditropin and once-weekly somapacitan on height growth
velocity, side effects, and overall satisfaction.

Regarding height growth velocity in children, no statis-
tically significant distinction emerged between separate
doses of Norditropin and somapacitan, except for 0.04 mg/
kg/week of somapacitan versus 0.034 mg/kg/day of Nordi-
tropin. However, a pooled analysis revealed that the Nor-
ditropin group grew faster than the somapacitan. Although

@ Springer



552

Endocrine (2024) 85:545-557

a
( ) Somapacitan Norditropin
Study or Subgroup Mean SD Total Mean SD Total Weight

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

1.1.10.16 X 0.034

Juul {a) 2023 31 1.2 12 55 06 12 12.4%
Miller 2022 69 18 132 76 28 68 12.5%
Savendahl 2020 87 36 14 7.4 31 14 6.6%
Savendahl 2022 73 31 14 633 15 14 8.7%
Subtotal (95% CI) 172 108 40.2%

Heterogeneity: Tau®=1.90; Chi®= 20.81, df= 3 (P = 0.0001); F= 86%
Testfor overall effect Z= 062 (P =0.53)

1.1.20.24 X 0.034

Juul {b) 2023 65 29 12 55 06 12 9.2%
Subtotal (95% CI) 12 12 9.2%

Heterogeneity: Not applicable
Testfor overall effect Z=1.17 (P =0.24)

1.1.3 0.24 X 0.067

Juul {b) 2023 645 29 12 74 06 13 9.2%
Subtotal (95% CI) 12 13 9.2%

Heterogeneity: Mot applicahle
Test for overall effect Z=1.05 (P = 0.29)

1.1.40.04 X 0.034

Savendahl 2020 38 1.2 14 7.4 31 14 8.9%
Savendahl 2022 36 08 14 633 15 14 12.0%
Subtotal (95% CI) 28 28  20.9%

Heterogeneity: Tau®= 0.00; Chi®= 0.76, df=1 (P =0.38); F=0%
Testfor overall effect: Z=7.19 (P < 0.00001)

1.1.50.08 X 0.034

Séavendahl 2020 6.7 1 15 7.4 311 14 9.1%
Sévendahl 2022 55 14 15 633 15 14 11.4%
Subtotal (95% CI) 30 28 20.5%

Heterogeneity: Tau®= 0.00; Chi*=0.02, df=1 (P=0.90); F=0%
Test for overall effect: Z=1.73 (P = 0.08)

Total (95% CI) 254 189 100.0%
Heterogeneity: Tau®*=1.51; Chi*= 45.96, df= 9 (P < 0.00001); = 80%
Test for overall effect Z=2.23 (P = 0.03)

Testfor subgroup differences: Chi*= 2519, df= 4 (P = 0.0001), F=84.1%

(b)
Somapacitan Norditropin
Study or Subgroup Mean _ SD Total Mean SD Total Weight
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Mean Difference
IV, Random, 95% CI

1.5.10.16 X 0.034

Juul {a) 2023 41 085 12 597 205 12 152%
Miller 2022 805 08 132 882 176 68 19.1%
Savendahl 2020 107 455 14 899 3.27 14 7.5%
Savendahl 2022 86 3.2 14 7.4 41 14 8.2%
Subtotal (95% CI) 172 108 50.0%

Heterogeneity: Tau®= 0.78; Chi*=7.69, df=3 (P =0.05); F=61%
Test for overall effect: Z=0.90 (P = 0.37)

1.5.20.24 X 0.034
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Subtotal (95% CI) 12 12 9.7%

Heterogeneity: Not applicable
Test for overall effect: Z=0.92 (P = 0.36)

1.5.3 0.24 X 0.067

Juul (b) 2023 707 386 12 7.89 068 13 109%
Subtotal (95% CI) 12 13 10.9%

Heterogeneity: Not applicable
Test for overall effect: Z=0.78 (P = 0.44)

1.5.4 0.04 X 0.034

Séavendahl 2020 4.97 062 14 8899 327 14 12.6%
Sévendahl 2022 47 28 14 7.4 41 14 8.7%
Subtotal (95% Cl) 28 28 21.2%

Heterogeneity: Tau®= 0.00; Chi*= 068, df=1 (P =0.41); F=0%
Test for overall effect: Z=4.89 (P = 0.00001)

1.5.50.08 X 0.034

Savendahl 2020 7.23 1.7 1 899 3.27 o
Séavendahl 2022 6.1 3.4 15 7.4 41 14 8.1%
Subtotal (95% CI) 30 14 8.1%

Heterogeneity: Not applicable
Test for overall effect: Z=0.93 (P = 0.35)

Total (95% CI) 254 175 100.0%
Heterogeneity: Tau== 1.38; Chi*= 24.90, df= 8 (P = 0.002); F= 68%
Test for overall effect: Z=1.98 (P = 0.05)

Testfor subgroup differences: Chi*=15.59, df= 4 (P=0.004), F=74.3%

-1.87 [-3.13,-0.61]
-0.77 [-1.22,-0.32)
1.71 [-1.23, 4.65)
1.20 [-1.52,3.92)
0.54 [1.73, 0.64]

-4.02[-5.76,-2.28]
-2.70[-5.30,-0.10]
-3.61 [-5.06, -2.16]

Mot estimable

-1.30 [-4.05, 1.45]
-1.30 [-4.05, 1.45]

-1.03 [-2.05, -0.01]

N
-
i
S E—
<t
4 2 0 2 4

Favours [Norditropin] Favours [Somapacitan]

Fig. 3 a Comparison between different doses of somapacitan and Norditropin in the effect on height velocity in children; b Comparison between
different doses of somapacitan and Norditropin in the effect on height velocity-SDS in children
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Somapacitan

Study or Subgroup  Events

Norditropin

Odds Ratio

Total Events Total Weight M-H, Random, 95% Cl

Odds Ratio
M-H, Random, 95% CI

1.2.1 Back pain

Johannsson 2020 11 120
Otsuka 2020 2 46
Subtotal (95% CI) 166
Total events 13

4
1

]

118
16
135

7.6%
2.7%
10.3%

Heterogeneity: Tau®=0.08; Chi*=1.08, df=1{P=0.30); F=7%

Test for averall effect Z=1.30(F=019)

1.2.2 arthralgia

Johannsson 2018 i} 61
Johannsson 2020 g 120
Otsuka 2020 3 46
Subtotal (95% CI) 227
Total events 16

2
11
1

14

31
118

16
166

4.8%
9.3%

3.0%
17.1%

Heterogeneity: Tau*=0.00; Chi*= 042, df=2 (P=0.81), F=0%

Test for overall effect. Z=0.45 (P = 0.65)

1.2.3 headache

Johannsson 2018 7 f1
Johannsson 2020 45 120
Otsuka 2020 4 46
Subtotal (95% CI) 227
Total events a6

G
50
1

57

kil
119

16
166

7.5%
13.0%

31%
23.6%

Heterogeneity: Tau®= 0.00; Chi*= 0.69, df=2 {(P=0.71); F=0%

Testfor overall effect. Z=0.897 (P=0.33)

1.2.4 Rash

Johannsson 2020 4 119
Otsuka 2020 a 46
Subtotal (95% CI) 165
Total events 4

29
3

32

120
16
136

8.2%
1.9%
10.2%

Heterogeneity: Tau®=0.00; Chi*=0.35, df=1 {P=0.55);, F=0%
Test for averall effect: Z=4.48 (P = 0.00001)

1.2.5 Nasopharyngitis

Johannsson 2018 12 61
Johannsson 2020 29 1149
Otsuka 2020 22 46
Subtotal (95% CI) 226
Total events B3

8
24
5

38

a1
120
16
167

8.7%
12.2%
7.4%
28.3%

Heterogeneity: Tau*=0.00; Chi*=1.75,df=2 (P=042), F=0%

Test for averall effect: Z=0.65 (F=0.51)

1.2.6 Infection

Johannsson 2020 3 114
Otsuka 2020 g 46
Subtotal (95% CI) 160
Total events 17

4
1

5

52

16
68

T1%

3.4%
10.5%

Heterogeneity: Tau®*=0.19; Chi*=1.24, df=1 (P=0.27); F=19%

Testfor overall effect: Z=0.49 (P=062)

Total (95% CI)
Total events

171
169

Heterogeneity: Tau®= 0.33; Chi*= 28.60, df=14 (P=0.01); F=51%

Testfor overall effect: Z=0.74 (P = 0.46)

141

838 100.0%

2.90 [0.80, 9.38]
0.68 [0.06, 8.07]
2.15 [0.68, 6.80]

1.29[0.24, 7.08]
0.70[0.27, 1.81]

1.05[0.10, 10.85]
0.83 [0.38, 1.82]

0.54 [0.16,1.77]
0.83 [0.48, 1.39]

1.43[0.15,13.82]
0.79 [0.50, 1.26]

0.111[0.04, 0.32]
0.04 [0.00, 0.84]
0.10 [0.04, 0.27]

0.70[0.25, 1.96]
1.22[0.67, 2.29]
2.02[0.60, 6.73]
1.17 [0.73, 1.89]

0.91 [0.26, 3.15]

3.65[0.42, 31.36]
1.38 [0.39, 4.89]

0.84 [0.54, 1.32]

Test for subaroup differences: Chi®= 22.20, df= 5 (P = 0.0005), F=77.5%

FS

o

>

0.02

0.1 10
Favours [Somapacitan] Favours [Norditropin]

Fig. 4 Comparison between somapacitan and Norditropin use in adults regarding adverse events

this finding contradicts previous studies that found com-
parable efficacy in somapacitan and Norditropin [31, 32], it
can be explained through the hypothesis that the application
of a long-acting GH is less physiological than daily GH
injections (25-50 pg/kg/day) [33] and that constantly high
GH levels may result in downregulation and perhaps less
growth, influencing final height [34]. Still, the overall

a0

number of patients included in the analysis is relatively
small to generalize such a conclusion.

Patients taking somapacitan have greater IGF-1 levels
than those taking Norditropin. This is critical because IGF-1
is the principal mediator of GH and plays a critical role in
controlling growth and metabolism in the human body [35].
Our analysis also highlighted the importance of IGF-1
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(a)
Somapacitan Norditropin Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Johannsson 2018 -0.06 1.2 58 -0.56 093 28 249% 0.50 [0.04, 0.96] =
Johannsson 2020 237 133 116 228 112 47 33.0% 0.09[-0.31,0.49) —
Johannsson 2020 {b) 229 139 110 207 147 47 297% 0.22[-0.20,0.64] e
Otsuka 2020 011 1.25 46 -013 1.1 16 12.5% 0.24[-0.41,0.89]
Total (95% CI) 330 138 100.0% 0.25[0.02, 0.48] ~—
Heterogeneity; Tau®= 0.00; Chi*=1.75, df= 3 (P = 0.63); F= 0% 51 —D} 5 3 0%5 15

Testfor overall effect: Z=2.12 (P=0.03)

Favours [Norditropin]

Favours [Somapacitan]

(b)

Somapacitan Norditropin Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
1.3.1 convenience
Johannsson 2018 155 129 58 41 765 28 19.9% 11.40[7.04,15.76] e
Otsuka 2020 13.3 173 46 87 489 16 10.0% 460237, 11.57] T
Subtotal (95% CI) 104 44 29.9% 8.56[1.99,15.14] g
Heterogeneity: Tau®=14.32; Chi*= 2,63, df=1 (P=010); F=62%
Test for overall effect: Z=2.55 (P = 0.01)
1.3.2 effectiveness
Johannsson 2018 86 78 58 46 817 28 248% 4.00([0.37,7.63] =
Otsuka 2020 7.9 118 46 3.6 16.2 16 6.0% 430[511,13.71] ]
Subtotal (95% CI) 104 44  30.8% 4.04 [0.65, 7.43] L2
Heterogeneity: Tau®= 0.00; Chi*=0.00, df=1 {P = 0.95); F= 0%
Test for averall effect Z=2.34 (P=0.02)
1.3.3 satisfaction
Johannsson 2018 6 56 58 02 71 28 30.0% 5.80[2.80, 8.80] ——
Otsuka 2020 10 16.8 46 31 1a 16 9.3% 6.90[0.39,1419] T
Subtotal (95% CI) 104 44  39.3% 5.96 [3.19,8.73] <
Heterogeneity: Tau®= 0.00; Chi*=0.07, df=1{P=0.78);, F=0%
Testfor overall effect: Z=4.21 (P = 0.0001)
Total (95% CI) 312 132 100.0% 6.36 [3.92, 8.80] L
Heterageneity: Tau®= 2.81; Chi*=7.32, df=5 (P =0.20); F= 32% _an _1?0 b 130 ZID

Test for overall effect: Z=5.12 (P = 0.00001)
Testfor subgroup differences: Chi*=1.65 df= 2 (P=0.44), F=0%

Favours [Norditropin] Favours [Somapacitan]

Fig. 5 a Comparison between the adult patients taking Norditropin and somapacitan in IGF-1 SDS; b Comparison between the adult patients

taking Norditropin and those taking somapacitan in TSQM-9 scale

synthesis in stimulating skeletal growth, with the change in
IGF-1 levels accounting for a substantial portion of the
variance in height growth. According to the literature,
excess or insufficient IGF-1 and GH can cause growth
issues such as gigantism, growth retardation, and short
height. Children with short height but not GH deficiency
were medicated with GH or not treated in some randomized,
controlled, multicenter clinical trials [36, 37]. Over 5 years,
the GH recipients’ height increased significantly in a dose-
response pattern. Compared to untreated children, the
change in IGF-1 levels from foundation accounted for the
most variance (28% of the total variance) in greater height,
suggesting the critical role of IGF-1 synthesis in stimulating
skeletal growth. In both sexes, the IGF-1 impact was highly
related to height growth [38].

Furthermore, the link between IGF-1 and GH is critical
for maintaining skeletal muscle and lean body mass,
decreasing adiposity, increasing immunological function,
improving learning and memory, and increasing

@ Springer

cardiovascular function, which cannot be expected in GH
and IGF-1 deficit [39]. A study, however, found that IGF-1
levels showed low diagnostic accuracy as a screening test
for GHD (due to the multifaceted nature of the disease). As
a result, IGF-1 should not be used alone to screen for GHD
[40].

According to the TSQM-9, somapacitan was statistically
significantly more convenient, effective, and satisfactory
than the Norditropin group. It is connected with fewer
injections encountered by individuals in the somapacitan
group than the Norditropin group. A comprehensive ana-
lysis of thirteen trials found that patients transitioning to less
frequent injections enjoyed greater convenience and ful-
fillment, greater compliance rates, fewer adverse reactions,
and improved quality of life across various diseases,
including GH deficiency. Injections given less frequently
are at least as effective as daily therapy [41].

Both Norditropin and somapacitan have a reasonably
favorable safety profile regarding side events. However, the
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rash is more prevalent in the Norditropin group. The patient
developed delayed hypersensitivity rashes to Norditropin,
which is cell-mediated rather than IgE-mediated [42]. The
rash was also found to reduce adherence in the Norditropin
group [43].

This systematic review and meta-analysis possess several
strengths. We evaluated different doses and side effects
associated with administering Norditropin or somapacitan.
Also, our study’s comprehensive evaluation of parameters
beyond traditional clinical outcomes, encompassing adher-
ence and quality of life considerations, reflects a holistic
approach to assessing treatment effectiveness. However, our
study is accompanied by noteworthy limitations. Variability
in trial protocols, blinding methodologies, and randomiza-
tion practices across included studies might introduce bia-
ses. Heterogeneity among selected trials, stemming from
patient characteristics and demographic variations, neces-
sitates careful interpretation due to potential influences on
treatment responses. Constraints related to exploring dose-
response relationships stem from data scarcity within spe-
cific dosage ranges. Lastly, the generalizability of our
findings to diverse clinical settings merits consideration,
recognizing that despite the study’s significance, applic-
ability to different patient populations, treatment regimens,
and dosages remains subject to inherent variations.

Conclusion

Norditropin and Sogroya demonstrated similar effectiveness
and safety characteristics. Patients’ quality of life can con-
tribute to swapping the medications based on physician
recommendations. Hence, future research efforts would
significantly benefit from real-world mid- and long-term
studies involving larger population samples. Furthermore,
conducting cost-effectiveness studies is essential to assess
the economic implications and potential advantages of
using the therapies from the healthcare payers’ perspective.

Supplementary information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12020-024-03834-z.
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