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Abstract
Introduction Somapacitan is a long-acting growth hormone (GH) derivative being developed for once-weekly dosing in 
patients with GH deficiency (GHD). Our objective was to evaluate the impact of kidney or hepatic impairment on soma-
pacitan exposure in adults.
Methods In two open-label, parallel-group, single-center, 6-week trials, eligible subjects (18–75 years of age, body mass 
index 18.5–34.9 kg/m2, GH-naïve, without GHD) were divided into five kidney (total n = 44) or three hepatic (n = 34) func-
tion groups. Subjects with normal kidney/hepatic function were matched to those with kidney/hepatic impairment by age, 
sex, and body weight. Subjects received three subcutaneous somapacitan administrations (0.08 mg/kg) on days 1, 8, and 15. 
Blood samples were collected before each dose, at 28 time points throughout 2 weeks after the last dose, and at follow-up 
(3–4 weeks after the last dose). The primary endpoint was area under the somapacitan serum concentration–time curve up to 
1 week after the last dose (AUC 0–168 h), while secondary endpoints included AUC 0–168 h of insulin-like growth factor (IGF)-I.
Results In the kidney impairment trial, somapacitan AUC 0–168 h was higher in groups with severe kidney impairment 
and requiring hemodialysis versus the normal kidney function group (estimated ratio and 90% confidence interval 1.75 
[1.00–3.06] and 1.63 [1.01–2.61], respectively). AUC 0–168 h of IGF-I was increased in the moderate impairment group (1.35 
[1.09–1.66]), severe impairment group (1.40 [1.10–1.78]), and requiring hemodialysis group (1.24 [1.01–1.52]), compared 
with the normal function group. In the hepatic impairment trial, somapacitan AUC 0–168 h was significantly higher in the 
moderate impairment group compared with the normal hepatic function group (4.69 [2.92–7.52]). IGF-I AUC 0–168 h was 
lower in both hepatic impairment groups (0.85 [0.67–1.08] for the mild impairment group and 0.75 [0.60–0.95] for the 
moderate impairment group) compared with the normal function group. No new safety or tolerability issues were observed.
Conclusions In summary, somapacitan exposure increased with level of kidney/hepatic impairment. Clinically, this will be 
taken into account when treating adults with GHD with somapacitan, as doses should be individually titrated.
Clinical Trial Registration NCT03186495 (kidney impairment trial, registered 12 June 2017); NCT03212131 (hepatic impair-
ment trial, registered 30 June 2017).

Plain Language Summary
Somapacitan is a long-acting growth hormone molecule for patients with growth hormone deficiency. After its administra-
tion as a subcutaneous injection, the action of somapacitan can be affected by kidney or liver disease. Thus, we conducted 
two trials in which the pharmacokinetic and pharmacodynamic properties of somapacitan were compared between adult 
subjects with different degrees of worsened kidney or liver function and their healthy counterparts. We found that subjects 
with severely impaired kidney function and those requiring hemodialysis had a higher somapacitan exposure in blood serum 
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compared with subjects with normal kidney function. The concentration of insulin-like growth factor (IGF)-I, an effector 
molecule of growth hormone, was also increased with decreased kidney function. In subjects with moderate hepatic function 
impairment, somapacitan exposure was also higher than those with normal hepatic function; however, the IGF-I concentra-
tions were lower, both at baseline and after dosing with somapacitan. Our results indicate that patients with growth hormone 
deficiency and kidney or liver disease may need different doses of somapacitan than people with healthy kidneys and/or 
liver. However, this will be taken into account because somapacitan doses will be individually titrated for each patient with 
growth hormone deficiency.

Key Points 

The exposure of somapacitan, a long-acting growth 
hormone, was compared between adults with kidney or 
hepatic function impairment and their healthy counter-
parts.

Somapacitan exposure was considerably higher in 
subjects with severe kidney impairment and those who 
required hemodialysis than those with normal kidney 
function, and significantly higher in subjects with moder-
ate hepatic impairment versus those with normal hepatic 
function.

As the somapacitan dose is to be individually titrated, 
this higher observed exposure will be taken into account 
in patients with impaired kidney or hepatic function.

1 Introduction

Growth hormone (GH) disorders, such as GH deficiency 
(GHD), are currently treated with daily subcutaneous injec-
tions of GH replacement therapy. The requirement for daily 
administration is burdensome for the affected patients and/or 
their caregivers and may, therefore, compromise adherence 
to treatment [1, 2].

Somapacitan is a long-acting GH derivative developed 
to enable once-weekly dosing in adults and children with 
GHD [3, 4]. Phase III development in adults with GHD has 
recently been completed [5] and its use in adults has been 
approved by the US FDA [6]. The prolonged action of soma-
pacitan is achieved with a protraction method, which was 
proven to extend the half-life of insulin [7] and glucagon-
like peptide-1 therapies [8, 9]. Somapacitan consists of a 
human GH molecule (22 kDa) with a single amino acid 
substitution (Leu101Cys; not involved in binding to a GH 
receptor) and an albumin-binding moiety (1.2 kDa), which 
delays elimination and prolongs half-life. In adults with 
GHD, the terminal half-life of somapacitan was between 2 
and 3 days [10].

It has previously been suggested that recombinant GH 
is eliminated by the kidneys as well as the liver [11, 12]. 
Thus, impaired kidney or hepatic function may affect the 
pharmacokinetic (PK) and pharmacodynamic (PD) proper-
ties of somapacitan. We report the results of two trials with 
the primary objective to investigate the steady-state exposure 
of somapacitan in subjects with various degrees of kidney 
or hepatic impairment, compared with subjects with normal 
kidney or hepatic function. Secondary objectives included 
evaluation of PK/PD properties, safety, and tolerability of 
three once-weekly subcutaneous administrations of soma-
pacitan in these subjects.

2  Materials and Methods

2.1  Trial Design

Both trials were open-label, multiple-dose, parallel-group, 
single-center trials. Trial NCT03186495 was conducted in 
Germany and involved subjects with normal or impaired kid-
ney function, whereas trial NCT03212131 was conducted 
in Slovakia and involved subjects with normal or impaired 
hepatic function.

Subjects in both trials received three subcutaneous soma-
pacitan administrations (0.08 mg/kg), one per week in the 
morning on days 1, 8, and 15 (Fig. 1) after an overnight fast. 
Subjects requiring hemodialysis continued their hemodialy-
sis treatment throughout the trial period according to the 
standard clinical regimen and were administered on non-
dialysis days. All somapacitan injections were administered 
into a skin fold parallel to the femur on the anterior aspect 
of the thigh by a qualified person at the clinical site. The full 
analysis and safety analysis sets were defined as all subjects 
who received at least one dose of somapacitan.

Trough somapacitan concentrations after the first and 
second somapacitan administrations were measured 10 min 
prior to the second and third dosing (days 8 and 15, respec-
tively). Samples for the full profiles of somapacitan concen-
tration versus time were collected at 15 min and 1, 2, 4, 6, 8, 
12, 16, 20, 24, 26, 28, 30, 36, 42, 48, 50, 56, 64, 72, 74, 80, 
86, 96, 120, 144, 168 and 336 h (i.e. from 15 min to 14 days) 
after the third dose, and at follow-up (21–28 days after the 
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third dose) (Fig. 1). During the course of the trial, total 
blood volumes of 300 mL and 170 mL were drawn from the 
subjects with kidney and hepatic impairment, respectively.

2.2  Trial Participants

2.2.1  Kidney Impairment Trial

Eligible subjects were aged 18–75 years, with a body mass 
index (BMI) of 18.5–34.9 kg/m2, and meeting the predefined 
glomerular filtration rate (GFR) for any of the kidney func-
tion groups. Subjects with normal kidney function had to be 
considered generally healthy based on the medical history, 
physical examination, and the results of vital signs, electro-
cardiogram (ECG), and clinical laboratory tests performed 
during the screening visit, as judged by the investigator.

Exclusion criteria included suspected hypersensitivity to 
the trial product, history of GHD, being non-naïve to GH 
treatment, any disorder except for conditions associated 
with kidney impairment for subjects in the kidney impair-
ment groups, pregnancy (or inadequate use of contracep-
tion), breastfeeding, and alcohol or drug abuse. Additionally, 
exclusion criteria for subjects with normal kidney function 
included supine blood pressure outside 90−139 mmHg 
(systolic) or 50−89 mmHg (diastolic), supine heart rate  
≥ 90 beats/min, fasting plasma glucose (FPG) ≥ 5.6 mmol/L 
(100.9 mg/dL) and concomitant medication.

Subjects were enrolled in five groups in a planned ratio of 
16:8:8:8:8, corresponding to normal kidney function, mild, 
moderate and severe impairment, and requiring hemodialy-
sis (RH), respectively. Subjects with normal kidney function 
were matched to the population with kidney impairment by 
age, sex, and body weight. Kidney function was assessed 
with an exogenous filtration marker sinistrin  (Inutest®; Fre-
senius Kabi, Austria), as recommended by the European 
Medicines Agency (EMA) [13]. The GFR was measured 
at baseline in all subjects excluding those requiring hemo-
dialysis, and was used to classify the kidney function as 
normal (GFR ≥ 90 mL/min), mildly decreased (GFR 60 to  

< 90 mL/min), moderately decreased (GFR 30 to < 60 mL/
min), and severely decreased (GFR < 30 mL/min, not requir-
ing hemodialysis).

Estimated GFR (eGFR) was calculated for all subjects 
using the Chronic Kidney Disease Epidemiology Collabo-
ration (CKD-EPI) formula, and estimated creatinine clear-
ance  (CLCr) was calculated for all subjects using the Cock-
croft−Gault formula, both based on serum creatinine.

2.2.2  Hepatic Impairment Trial

Eligible subjects were aged 18–75 years, with a BMI of 
18.5–39.9 kg/m2. Subjects with impaired hepatic function 
had a stable hepatic impairment, classified as Child–Pugh 
grade A or B as assessed by the investigator. Subjects with 
normal hepatic function (not assessed with the Child–Pugh 
score) were defined by their alanine aminotransferase, aspar-
tate aminotransferase, and γ-glutamyl transpeptidase being 
within the lower normal limit – 100% and upper normal limit 
+ 50%, and considered to be generally healthy (assessed as 
in the kidney impairment trial).

Exclusion criteria for all subjects were the same as in the 
kidney trial, with kidney impairment substituted with hepatic 
impairment. Additionally, exclusion criteria for subjects 
with normal hepatic function included supine blood pressure 
outside 90−159 mmHg (systolic) or 50−89 mmHg (dias-
tolic), supine heart rate ≥ 90 beats/min, FPG ≥ 5.6 mmol/L  
(100.9 mg/dL), concomitant medication, acute hepatitis 
within the last 180 days, and a positive test for hepatitis B 
or C. For subjects with hepatic impairment, specific exclu-
sion criteria included liver transplantation, clinical signs 
of acute hepatitis, esophageal variceal bleeding within the 
last 90 days, and biliary obstruction and/or other causes of 
hepatic impairment not related to parenchymal disorders 
and/or diseases.

Subjects were enrolled in three groups in a planned 
ratio of 16:9:9, corresponding to normal hepatic func-
tion, and mild and moderate hepatic impairment, respec-
tively. Subjects with normal hepatic function were 
matched to the population with hepatic impairment by 

Informed
consent 

Screening 1st dosing 2nd dosing 3rd dosing Follow-up

V0 V1 V2 V4 V5–V8 V9

Day: 1 8 15 2016 191817 21 22 29

PK sampling

36–4314– 1 2 7 9

V3

Fig. 1  Trial design (applicable to both trials). Visits 2, 3, and 4 were in-house. PK pharmacokinetic, V visit



1018 B. Bentz Damholt et al.

age, sex, race and body weight. Classification of hepatic 
impairment was made according to the Child–Pugh 
score, as recommended by the EMA and the US FDA 
[14, 15]. Child–Pugh Grade A (5–6  points) corre-
sponded to mild hepatic impairment, while Child–Pugh 
Grade B (7–9 points) corresponded to moderate hepatic 
impairment. Subjects with severe hepatic impairment 
(Child–Pugh Grade C; 10–15 points) were not included 
in this trial.

2.3  Selected Pharmacokinetic/Pharmacodynamic 
(PK/PD) Endpoints

The primary endpoint was area under the somapaci-
tan serum concentration–time curve (AUC) from time 
0 to 168 h after the last dosing (i.e. 7 days, days 15–22). 
The bioanalysis of somapacitan concentrations in serum 
was performed using a validated somapacitan-specific 
luminescent oxygen channeling immunoassay (LOCI) 
[10, 16].

Secondary PK endpoints were derived from the soma-
pacitan serum concentration–time curve after the last 
dosing on day 15 until follow-up (day 43), and included 
a maximum serum concentration of somapacitan (Cmax) 
and time to maximum serum concentration of somapaci-
tan (tmax).

Secondary PD endpoints included AUC 0–168  h of 
insulin-like growth factor (IGF)-I, IGF binding pro-
tein 3 (IGFBP-3), and GH-binding protein (GHBP; in 
the hepatic trial only). The quantification of IGF-I and 
IGFBP-3 in human serum was performed with an IDS-
iSYS analyzer (Immunodiagnostic Systems, West Boldon, 
UK) as per the manufacturer’s instructions. Serum sam-
ples were incubated with two monoclonal anti-IGF-I 
or anti-IGFBP-3 antibodies, one biotinylated and one 
labeled with acridinium ester. The complexes of IGF-I 
or IGFBP-3 with antibodies were captured with coated 
magnetic particles and the luminescence, directly propor-
tional to IGF-I or IGFBP-3 concentration, was determined 
[17]. The quantification of GHBP in the hepatic trial was 
performed using a validated enzyme-linked immuno-
sorbent assay (ELISA). The assay was performed using 
a commercially available kit (Mediagnost; Reutlingen, 
Germany). Interassay precision was ≤ 8.7% and overall 
accuracy was ± 14.6%.

Safety evaluations involved incidence of adverse events 
(AEs), number of injection-site reactions, and occurrence 
of anti-somapacitan antibodies. Reports of AEs were col-
lected and evaluated by the investigator, from signing the 
informed consent until the end of the trial. Injection-site 
reactions were evaluated by the investigator by visual and 
manual inspection of injection sites, at all site visits, after 

product administration. Blood samples for anti-somapac-
itan antibodies were taken prior to the first dose and at 
the follow-up visit.

2.4  Statistical Analyses

2.4.1  Kidney and Hepatic Impairment Trials

The sample size in both trials was not based on a formal 
power calculation, but was within the standard range of 
participants in trials investigating the PK in subjects with 
kidney/hepatic impairment [13, 14].

All endpoints were summarized for each of the kidney/
hepatic function groups using descriptive statistics. Con-
tinuous endpoints were summarized by the geometric mean, 
mean, median, standard deviation, coefficient of variation 
and range, if applicable and relevant. Categorical endpoints 
were summarized by the number and percentage. AUC 0–168 h 
of somapacitan, IGF-I, IGFBP-3, and GHBP were approxi-
mated by a linear trapezoidal technique.

Within each trial, group difference estimates (ratios) 
comparing kidney/hepatic impairment groups with normal 
function groups were obtained from an analysis of covari-
ance (ANCOVA) with log-transformed AUC 0–168 h or Cmax 
as dependent variables. Log weight and age were included as 
continuous covariates, with sex and kidney/hepatic function 
group as factors. Estimated differences in log-transformed 
values were back-transformed to original scale and presented 
as estimated ratio (ER) together with corresponding two-
sided 90% confidence intervals (CIs). All statistical analy-
ses and calculations of PK endpoints were carried out using 
 SAS® software version 9.4 (SAS Institute, Cary, NC, USA).

2.4.2  Kidney Impairment Trial

Two additional analyses of the primary endpoint (somapaci-
tan AUC 0–168 h) were performed, in which the kidney func-
tion group factor was changed to log-transformed eGFR or 
log-transformed  CLCr as the explanatory variable. Because 
the modeled function between eGFR or  CLCr and AUC 0–168 h 
could not, a priori, be assumed to be identical between the 
subjects requiring hemodialysis and those who did not, both 
analyses were performed without the RH group, and then 
repeated to include the RH group to evaluate the impact of 
including these data in the analysis. For these supplemental 
analyses, the slope estimate is presented with corresponding 
two-sided 95% CIs.

2.5  Ethics

Both trials were conducted in accordance with the Dec-
laration of Helsinki [18] and International Conference on 
Harmonisation (ICH) Good Clinical Practice [19]. Prior 
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to the initiation of both trials, the protocol and the consent 
form with the subject information sheet were reviewed and 
approved, according to local regulations, by appropriate 
health authorities, and by an independent ethics committee. 
Subjects were informed of the risks of the trial and that they 
could withdraw from the trial at any time for any reason. 
Consent was obtained in writing at visit 0, prior to any trial-
related activities.

3  Results

3.1  Baseline Characteristics

3.1.1  Kidney Impairment Trial

Of the 94 screened subjects, 44 were enrolled in a ratio of 
15:8:8:5:8 (Table 1) and administered somapacitan. The rea-
son for not reaching the planned number of subjects (48) in 
a 16:8:8:8:8 ratio was premature termination of the recruit-
ment process due to market withdrawal of  Inutest® by the 

manufacturer. Two subjects in the normal function group 
withdrew their consent after the first dose and one subject 
from the mild impairment group was withdrawn due to non-
compliance during an in-house visit. In total, 41 subjects 
completed the trial and all 44 subjects were included in the 
full analysis set and safety analysis set (Fig. 2a)

Overall, mean age was 52 years, 43% of subjects were 
female, and 57% were male. The mean BMI and the mean 
body weight of the mild and moderate impairment groups 
were slightly higher compared with other kidney function 
groups (Table 1). Six patients were taking concomitant oral 
contraceptives: ethinylestradiol (n = 3), chlormadinone 
(n = 1), levonorgestrel (n = 1), and dienogest (n = 1). All of 
the six patients were in the normal kidney function group. 
The cause of kidney function impairment was a variety of 
chronic or congenital kidney disorders (e.g. various stages 
of chronic kidney disease, polycystic kidney disease, immu-
noglobulin [Ig] A, and diabetic nephropathies).

Table 1  Baseline characteristics of subjects with normal kidney function and four levels of kidney impairment (mild, moderate, or severe 
impairment, and requiring hemodialysis)

BMI body mass index, eGFR estimated glomerular filtration rate, GFR glomerular filtration rate, CLCr estimated creatinine clearance, min mini-
mum, max maximum, n number of subjects, NA not applicable, RH requiring hemodialysis, SD standard deviation

Normal [n = 15] Mild [n = 8] Moderate [n = 8] Severe [n = 5] RH [n = 8] Total [N = 44]

Sex [n (%)]
 Male 8 (53.3) 6 (75.0) 4 (50.0) 2 (40.0) 5 (62.5) 25 (56.8)
 Female 7 (46.7) 2 (25.0) 4 (50.0) 3 (60.0) 3 (37.5) 19 (43.2)

Age, years
 Mean (SD) 46.3 (12.6) 62.9 (8.1) 57.0 (8.6) 53.8 (13.2) 44.5 (10.6) 51.8 (12.6)
 Range (min–max) 28–64 48–74 44–68 32–66 28–55 28–74

Height, m
 Mean (SD) 1.74 (0.10) 1.73 (0.08) 1.69 (0.09) 1.70 (0.12) 1.74 (0.09) 1.72 (0.09)
 Range (min–max) 1.59–1.90 1.59–1.85 1.57–1.85 1.55–1.84 1.57–1.83 1.55–1.90

Weight, kg
 Mean (SD) 80.2 (19.6) 88.8 (15.6) 86.9 (16.7) 75.7 (12.1) 78.4 (19.1) 82.1 (17.4)
 Range (min–max) 57.6–114.6 64.0–108.5 65.5–116.9 65.5–95.0 49.2–108.0 49.2–116.9

BMI, kg/m2

 Mean (SD) 26.1 (4.2) 29.6 (4.4) 30.3 (3.1) 26.1 (3.2) 25.7 (5.4) 27.4 (4.5)
 Range (min–max) 19.5–32.1 24.8–35.0 26.0–34.2 20.5–28.1 20.0–34.8 19.5–35.0

GFR, mL/min
 Mean (SD) 121 (16) 74 (12) 44 (9) 22 (3) NA 80 (41)
 Range (min–max) 98–149 63–89 34–59 19–26 NA 19–149

eGFR, mL/min/1.73m2

 Mean (SD) 105 (12) 54 (10) 31 (9) 15 (3) 10 (6) 55 (40)
 Range (min–max) 81–124 40–68 21–49 11–18 4–25 4–124

CLCr, mL/min
 Mean (SD) 126 (23) 69 (14) 44 (6) 22 (6) 17 (8) 69 (47)
 Range (min–max) 97–179 56–91 35–55 15–32 8–35 8–179



1020 B. Bentz Damholt et al.

3.1.2  Hepatic Impairment Trial

After screening 41 subjects, 34 were enrolled in the planned 
16:9:9 ratio and administered somapacitan. All 34 subjects 
completed the trial and were included in the full analysis set 
and safety analysis set (Fig. 2b)

The overall mean age was 57 years; 56% of subjects 
were female and 44% were male (Table 2). The predomi-
nant cause of hepatic disease in the mild and moderate 
hepatic impairment groups was hepatic cirrhosis. None 
of the female subjects were using concomitant oral 
contraceptives.

Screening failure (n = 50)
• Did not meet inclusion criteria

or met exclusion criteria
(n = 48)

• Withdrawal of consent (n = 2)

Withdrawal of
consent (n = 2)

Kidney impairment trial

FAS, SAS (n = 44)

Withdrawn due to
non-compliance

(n = 1)

Completed trial
(n = 8)

Requiring hemodialysis
(n = 8)

Completed trial
(n = 5)

Severe impairment 
(n = 5)

Completed trial
(n = 13)

Normal kidney function
(n = 15)

Completed trial
(n = 7)

Mild impairment 
(n = 8)

Completed trial
(n = 8)

Moderate impairment 
(n = 8)

Exposed (n= 44)

Screened (n = 94)

a

Screening failure (n = 7)
• Did not meet inclusion criteria

or met exclusion criteria
(n = 6)

• Withdrawal of consent (n = 1)

Hepatic impairment trial

Completed trial
(n = 9)

Moderate impairment
(n = 9)

Completed trial
(n = 16)

Normal hepatic function
(n = 16)

Screened (n = 41)

Completed trial
(n = 9)

Mild impairment 
(n = 9)

Exposed (n = 34)

b

FAS, SAS (n = 34) 

Fig. 2  Patient flow in the a kidney and b hepatic impairment trials. FAS full analysis set, n number of subjects, SAS safety analysis set
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3.2  Endpoints

3.2.1  Kidney Impairment Primary Endpoint

The concentration–time profile displayed a higher geomet-
ric mean concentration of somapacitan in the groups with 
impaired kidney function and requiring hemodialysis, com-
pared with the group with normal kidney function, through-
out the 2-week period after the last dose (Fig. 3a).

Somapacitan AUC 0–168 h was considerably higher in the 
severe kidney impairment and RH groups compared with 
the normal kidney function group (Fig. 4a). The ER [90% 
CI] was 1.75 [1.00–3.06] for the severe kidney impairment 
versus normal function group, and 1.63 [1.01–2.61] for the 
RH group versus the normal function group. Somapacitan 

AUC 0–168 h in the groups with mild and moderate kidney 
impairment was similar to the normal function group (1.25 
[0.74–2.11] and 1.27 [0.77–2.07], respectively) (Fig. 4a).

In the supplemental analyses of the primary endpoint, an 
increase in AUC 0–168 h was observed with decreasing eGFR 
(Fig. 5a) and  CLCr (Fig. 5b). In both cases, the increase was 
statistically significant when the RH group was included 
in the analysis, and non-significant when this group was 
excluded. For the analysis with eGFR, the ER [95% CI] was 
− 0.22 [− 0.41 to − 0.03] when including the RH group, and 
−0.30 [− 0.63 to 0.03] when the RH group was excluded. 
For the association with  CLCr, the ER [95% CI] was − 0.26 
[− 0.48 to − 0.03] and − 0.34 [− 0.73 to 0.04] after including 
and excluding the RH group, respectively.

Table 2  Baseline characteristics 
of subjects with normal hepatic 
function, and those with mild or 
moderate hepatic impairment

BMI body mass index, min minimum, max maximum, n number of subjects, SD standard deviation

Normal [n = 16] Mild [n = 9] Moderate [n = 9] Total [N = 34]

Sex [n (%)]
 Male 7 (43.8) 5 (55.6) 3 (33.3) 15 (44.1)
 Female 9 (56.3) 4 (44.4) 6 (66.7) 19 (55.9)

Age, years
 Mean (SD) 54.3 (9.6) 57.6 (8.0) 59.8 (9.7) 56.6 (9.2)
 Range (min–max) 37–65 44–69 37–68 37–69

Height, m
 Mean (SD) 1.71 (0.1) 1.68 (0.1) 1.63 (0.1) 1.68 (0.1)
 Range (min–max) 1.50–1.83 1.52–1.83 1.55–1.79 1.50–1.83

Weight, kg
 Mean (SD) 84.9 (17.7) 75.8 (14.8) 77.6 (15.5) 80.6 (16.5)
 Range (min–max) 58.0–118.0 55.4–94.0 50.0–100.0 50.0–118.0

BMI, kg/m2

 Mean (SD) 29.0 (5.0) 26.7 (4.4) 29.3 (5.5) 28.5 (5.0)
 Range (min–max) 21.7–35.6 23.3–32.7 20.5–35.7 20.5–35.7
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Fig. 3  Geometric mean curve of somapacitan full profile on the logarithmic scale in a four kidney impairment groups and the normal function 
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3.2.2  Kidney Impairment Secondary PK Endpoints

The Cmax of somapacitan was similar across all kidney func-
tion groups (Fig. 6a). Compared with the normal kidney 
function group, the ER [90% CI] was 1.31 [0.71–2.39] for 
the mild impairment group, 1.40 [0.79–2.47] for the mod-
erate impairment group, 1.47 [0.77–2.81] for the severe 
impairment group, and 1.34 [0.77–2.32] for the RH group.

The median tmax varied across the different kidney func-
tion groups, but did not show a consistent pattern (8 h in the 
normal kidney function group, 27 h in the mild impairment 
group, 12 h in the moderate and severe impairment groups, 
and 14 h for the RH group).

3.2.3  Kidney Impairment Exploratory PD Endpoints

The AUC 0–168 h of IGF-I was increased in the moderate 
impairment group (ER [90% CI] 1.35 [1.09–1.66]), severe 
impairment group (1.40 [1.10–1.78]), and RH group (1.24 
[1.01–1.52]), compared with the normal function group 
(Fig. 7a). In the mild impairment group, AUC 0–168 h of IGF-I 
was similar to the group with normal kidney function (1.14 
[0.90–1.43]).

There was a tendency towards higher AUC 0–168  h of 
IGFBP-3 in the kidney impairment groups compared 
with the group with normal kidney function (mild: 1.12 
[0.99–1.27]; moderate: 1.18 [1.06–1.32]; severe: 1.36 
[1.20–1.55]; and RH: 1.53 [1.37–1.70]).
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3.2.4  Kidney Impairment Safety Endpoints

Twenty-four (54.5%) subjects experienced 65 AEs, of which 
50 were mild and 15 were moderate. The highest proportion 
of patients experiencing AEs was in the severe impairment 
group (five patients, 100%), and the lowest was in the mild 
impairment group (two patients, 25%). None of the AEs 
were serious and all subjects recovered from the AEs. The 
most commonly reported AEs were headache (14 events), 
peripheral edema (six events), arthralgia (six events), and 
injection-site pain (four events). Edema occurred in one 
patient in each group with one event per patient, except for 
the moderate impairment group, where one patient expe-
rienced two events. A total of 37 AEs in 18 subjects were 
considered possibly or probably related to treatment. Five 

injection-site reactions were experienced by two subjects: 
one in the mild impairment group and one in the moderate 
impairment group; all were mild in severity.

No anti-somapacitan antibodies were observed in any 
of the subjects. No clinically relevant changes from base-
line in biochemistry, hematology, or urinalysis parameters 
were observed. There were no clinically significant abnor-
mal findings in the vital sign parameters, ECG, or body 
weight.

FPG and fasting serum insulin (FSI) levels were 
observed to be within normal ranges throughout the trial 
for the majority of trial subjects. Six subjects had elevated 
FPG, two subjects had elevated FSI, and two subjects had 
both parameters elevated. Most of these subjects were over 
60 years of age, with a BMI ≥ 28 kg/m2.
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Two subjects in the kidney impairment groups had clin-
ically significant abnormalities in the central and periph-
eral nervous system, musculoskeletal system, and skin (toe 
amputation due to pre-existing type 2 diabetes, and swell-
ing due to joint dislocation).

3.2.5  Hepatic Impairment Primary Endpoint

The concentration–time profile showed that, throughout 
the 2-week period after the last dose, the group with mod-
erate hepatic impairment had the highest geometric mean 
concentration of somapacitan (Fig. 3b). The mild impair-
ment and normal hepatic function groups had similar 
responses to somapacitan.

AUC 0–168 h of somapacitan was significantly higher 
in the moderate hepatic impairment group compared 
with the normal function group, with exposure more 
than four times higher (ER [90% CI] 4.69 [2.92–7.52]) 
(Fig. 4b). The exposure was similar in subjects with mild 
hepatic impairment and normal hepatic function (1.08 
[0.66–1.75]).

3.2.6  Hepatic Impairment Secondary PK Endpoints

The Cmax of somapacitan showed a similar pattern to that 
of AUC 0–168 h across the three hepatic function groups, 
with nearly four times higher Cmax in the group with 
moderate hepatic function versus the group with normal 
hepatic function (ER [90% CI] 3.52 [1.97–6.31]) [Fig. 6b]. 
The Cmax of somapacitan was similar in subjects with mild 
hepatic impairment and normal hepatic function (0.95 
[0.52–1.74]).

The normal hepatic function and mild impairment groups 
had similar median tmax (12 h in both groups), while the tmax 
seemed prolonged in the moderate impairment group (16 h).

3.2.7  Hepatic Impairment Exploratory PD Endpoints

The AUC 0–168 h of IGF-I was lower in the hepatic impair-
ment groups compared with the normal function group. The 
ER of IGF-I AUC 0–168 h [90% CI] compared with the normal 
hepatic function group was 0.85 [0.67–1.08] for the mild 
hepatic impairment group and 0.75 [0.60–0.95] for the mod-
erate hepatic impairment group (Fig. 7b).

The baseline IGF-I concentrations were lower in the mild 
and moderate hepatic impairment groups (mean [standard 
deviation] 93.7 [29.9] ng/mL and 101.1 [70.9] ng/mL, 
respectively), compared with the normal hepatic function 
group (148.1 [58.0] ng/mL).

The IGFBP-3 levels were similar between the mild and 
moderate impairment groups, but lower than in the normal 

function group. The ER of IGFBP-3 AUC 0–168 h [90% CI] 
compared with the normal hepatic function group was 0.81 
[0.68–0.97] in the mild hepatic impairment group and 0.68 
[0.57–0.81] in the moderate hepatic impairment group.

The AUC 0–168 h of GHBP was similar across the hepatic 
function groups. Compared with the normal function group, 
the ER [90% CI] was 0.96 [0.86–1.07] for the mild impair-
ment group and 0.98 [0.88–1.09] for the moderate impair-
ment group.

3.2.8  Hepatic Impairment Safety Endpoints

Nine AEs occurred in five subjects, of which six were mild 
and three were moderate. One patient (6.3%) in the normal 
hepatic function group and two patients (22.2%) in each of 
the mild and moderate impairment groups experienced AEs. 
None of the AEs were serious and all subjects recovered 
from the AEs. The most common AE was injection-site reac-
tion (four events in two subjects), all of which were mild. No 
cases of edema were reported.

No anti-somapacitan antibodies were observed, and no 
clinically relevant changes were observed in individual sub-
jects for hematology, biochemistry, lipids, and coagulation 
parameters across the three hepatic function groups from 
baseline to follow-up. No clinically relevant abnormal vital 
sign parameters, physical examination parameters, or ECG 
findings were observed.

FPG and FSI appeared stable and within normal ranges 
throughout the trial for the majority of subjects. Four sub-
jects had elevated FPG, one had elevated FSI, and two sub-
jects had both parameters elevated. Three of these four sub-
jects had concomitant type 2 diabetes, and the fourth subject 
had a BMI of 35.6 kg/m2 and likely insulin resistance.

4  Discussion

Results from the two trials showed that an impairment in 
kidney or hepatic function was associated with an increased 
steady-state exposure of somapacitan, which was most pro-
nounced in the moderate hepatic impairment group. The 
purpose of these trials was to determine whether kidney 
or hepatic impairment alters the PK of somapacitan to an 
extent that would create a requirement for adjusting the dos-
ing schedule applied in phase III trials.

In the REAL 1 phase III trial, the starting dose was 
1.0–2.0 mg/week (depending on age and concomitant oral 
estrogen), which was then individually titrated to a dose 
within the range of 0.1–8 mg/week [5]. The dose selected 
in the trials reported here (0.08 mg/kg/week) was within 
the dose range used in the REAL 1 phase III trial for sub-
jects with up to 100 kg of bodyweight (8 mg/week). As the 
mean bodyweight was 82.1 kg and 80.6 kg in the kidney and 



1025PK/PD of Somapacitan in Kidney and Hepatic Impairment

hepatic trials, respectively, the corresponding mean doses 
were 6.6 and 6.4 mg/week, respectively, and the maximum 
doses reached 9.4 mg/week in both trials. According to the 
recently approved prescribing information, the maximum 
recommended somapacitan dose is 8 mg/week, except for 
patients with moderate hepatic impairment, for whom the 
maximum dose is reduced to 4 mg/week [20].

4.1  Kidney Impairment Trial

In the kidney impairment trial, subjects with severe kid-
ney impairment or those requiring hemodialysis had a sub-
stantially higher AUC 0–168 h compared with subjects with 
normal kidney function. As the hepatic function in sub-
jects with severe kidney disease was normal, the increased 
somapacitan exposure suggests that clearance via kidneys 
also plays a role in somapacitan elimination. Somapacitan  
AUC 0–168 h showed an increasing trend with decreasing eGFR 
and  CLCr values, which was statistically significant when the 
RH group was included in the analysis. This was most likely 
due to the lower intersubject variability in the RH group com-
pared with the remaining four kidney function groups.

The  Cmax of somapacitan was similar across the kidney 
function groups, with intersubject variability observed 
within all groups. Median tmax varied across the different 
kidney function groups, with no consistent pattern.

IGF-I and IGFBP-3 levels were increased in the kidney 
impairment groups, most likely due to a higher somapacitan 
exposure compared with subjects with normal kidney func-
tion. However, this increase may not translate into higher 
bioactivity of IGF-I because levels of other IGFBPs (1, 2, 
4, 6) are also increased in relation to kidney impairment, 
compromising the bioavailability of IGF-I [21, 22].

Women tend to have lower IGF-I concentrations com-
pared with men [17]. Furthermore, in women using oral 
contraceptives, IGF-I levels are decreased further, thus 
reducing the hepatic sensitivity to GH [23, 24]. Therefore, 
it is possible that IGF-I levels measured in the normal kid-
ney function group were affected by the six women taking 
oral contraceptives in this group, which could have led to a 
slight overestimation of the impact of kidney impairment 
in this trial.

Overall, the observed higher exposure of somapacitan and 
IGF-I indicate that patients with impaired kidney function 
may require a lower somapacitan dose relative to their coun-
terparts with normal kidney function.

4.2  Hepatic Impairment Trial

In the hepatic impairment trial, somapacitan AUC 0–168 h 
was significantly higher in subjects with moderate hepatic 
impairment compared with those with normal hepatic func-
tion. Somapacitan Cmax and tmax followed a similar pattern 

to that of AUC 0–168 h. Both parameters were markedly higher 
in the moderate hepatic impairment group, and were similar 
between the mild impairment and normal function groups.

In the hepatic impairment groups, both IGF-I and 
IGFBP-3 levels were decreased relative to the subjects with 
normal hepatic function since baseline. However, the extent 
of the increase in IGF-I concentration after dosing with 
somapacitan in the hepatic impairment groups was similar to 
that in the normal hepatic function group. The decrease may 
be related to the resistance to GH and low levels of hepati-
cally produced IGF-I and IGFBP-3 reported in subjects with 
hepatic disease [25–27]. This may be due to the decreased 
number of functional GH receptors on the liver in subjects 
with hepatic impairment [28]. The reduced IGF-I response 
may lead to the requirement of a higher somapacitan dose 
in patients with mild or moderate hepatic impairment com-
pared with patients with normal hepatic function. However, 
the maximum recommended dose for patients with moderate 
hepatic impairment is reduced to 4 mg/week [20].

The levels of GHBP after somapacitan exposure were 
similar across the three hepatic function groups. The results 
from GHBP appear not to contribute to the explanation of 
the increased exposure of somapacitan observed in subjects 
with moderate hepatic impairment.

4.3  Safety

In both trials, somapacitan had a good safety profile and was 
well tolerated after three once-weekly subcutaneous soma-
pacitan administrations. No new safety or tolerability issues 
were observed.

GH treatment can lead to a transient and reversible 
decrease in insulin sensitivity [29, 30]. In the present trials, 
increased FPG or FSI were observed in one or more subjects 
in each of the five kidney and three hepatic function groups. 
The elevated levels of FPG and FSI were mostly transient 
and likely related to the GH treatment, together with pre-
existing concomitant diabetes mellitus and reduced insulin 
sensitivity.

4.4  Somapacitan Elimination

Previously, it was observed that the PK of somapacitan were 
approximately linear in the clinically relevant dose range 
(0.02–0.12 mg/kg), but non-linear at higher doses [31, 32]. 
This finding suggested that saturable elimination mecha-
nisms, e.g. receptor-mediated clearance, play a key role in 
the elimination of somapacitan. Given the high abundance 
of GH receptors in the liver, high somapacitan exposure in 
subjects with moderate hepatic impairment further substanti-
ates the notion of receptor-mediated clearance of somapaci-
tan in the liver. This is in line with the previously suggested 
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elimination of recombinant GH by receptor-mediated endo-
cytosis followed by lysosomal degradation [11].

The observed increase in somapacitan exposure in 
the severe kidney impairment and RH groups may also 
be related to reduced receptor-mediated clearance in the 
kidney. This observation is consistent with the previous 
findings that subjects with kidney impairment had reduced 
kidney clearance of recombinant GH [11, 33]. However, 
it is likely that, since the patients with kidney impairment 
had normal liver function, GH was being cleared by the 
liver via receptor-mediated mechanisms to a normal extent, 
which could also translate into GH-induced IGF-I genera-
tion from the liver. This is supported by the observation 
that the impact of kidney disease on somapacitan clearance 
was less pronounced than that of hepatic impairment. The 
low IGF-I levels in subjects with moderate hepatic impair-
ment, already observed at baseline, indicate a substantial 
degree of GH resistance. While the reason for GH resist-
ance is unknown, it is likely that a liver with moderately 
impaired function expresses fewer GH receptors, or that 
the receptors are not functioning normally, consequently 
also causing reduced receptor-mediated clearance of soma-
pacitan in subjects with moderate hepatic impairment.

A previous study on the absorption and excretion of 
somapacitan in healthy males has shown that urine is the 
major excretory route for somapacitan metabolites [34]. 
Therefore, it is likely that the somapacitan elimination 
pathway occurs primarily by metabolizing in the liver 
via receptor-mediated elimination, and upon entering the 
blood stream, the resulting metabolites are filtered and 
excreted by the kidney.

5  Conclusions

The exposure of somapacitan in subjects with severe kid-
ney disease or those requiring hemodialysis, as well as 
those with moderate impaired hepatic function, was higher 
than in subjects with normal kidney or hepatic function. 
However, as somapacitan dose is to be individually titrated 
according to international guidelines based on individual 
clinical response, adverse effects, and serum IGF-I levels 
[35], the consequence of this in clinical practice is mini-
mal. Furthermore, the results from these studies support 
the notion that somapacitan is degraded by receptor-medi-
ated clearance, most pronounced in the liver, but other 
GH receptor-expressing organs may also contribute to the 
receptor-mediated clearance of somapacitan.
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