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Abstract
Background and Objective  Individuals with diabetes mellitus may prefer different body regions for subcutaneous insulin adminis-
tration. This trial investigated whether choice of injection region affects exposure and glucose-lowering effect of once-weekly basal 
insulin icodec.
Methods  In a randomised, open-label, crossover trial, 25 individuals with type 2 diabetes received single subcutaneous icodec injec-
tions (5.6 U/kg) in the thigh, abdomen or upper arm (9–13 weeks’ washout). Pharmacokinetic blood sampling occurred frequently 
until 35 days post-dose. Partial glucose-lowering effect was assessed 36–60 h post-dose in a glucose clamp (target 7.5 mmol/L). 
Steady-state pharmacokinetics following multiple once-weekly dosing were simulated using a two-compartment pharmacokinetic 
model.
Results  Total icodec exposure (area under the curve from zero to infinity after single dose; AUC​0–∞,SD) was similar between injec-
tion in the thigh, abdomen and upper arm (estimated AUC​0–∞,SD ratios [95% confidence interval]: abdomen/thigh 1.02 [0.96–1.09], 
p = 0.473; upper arm/thigh 1.04 [0.98–1.10], p = 0.162; abdomen/upper arm 0.98 [0.93–1.05], p = 0.610). Maximum icodec con-
centration (Cmax) after single dose was higher for abdomen (by 17%, p = 0.002) and upper arm (by 24%, p < 0.001) versus thigh. 
When simulated to steady state, smaller differences in Cmax were seen for abdomen (by 11%, p = 0.004) and upper arm (by 16%, p < 
0.001) versus thigh. Geometric mean [coefficient of variation] glucose-lowering effect 36–60 h post-dose was comparable between 
the thigh (1961 mg/kg [51%]), abdomen (2130 mg/kg [52%]) and upper arm (2391 mg/kg [40%]).
Conclusion  Icodec can be administered subcutaneously in the thigh, abdomen or upper arm with no clinically relevant difference 
in exposure and with a similar glucose-lowering effect.
ClinicalTrials.gov Identifier  NCT04582448.
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Key Points 

Total exposure of insulin icodec was shown to be inde-
pendent of subcutaneous injection region (thigh, abdo-
men or upper arm).

Maximum insulin icodec concentration at steady state 
was slightly higher after injection in the abdomen (by 
11%) and upper arm (by 16%) than in the thigh. How-
ever, this is considered of limited clinical relevance since 
glucose-lowering effect profiles were comparable across 
injection regions.

Individuals with diabetes may choose between differ-
ent injection regions for subcutaneous administration 
of once-weekly insulin icodec with a similar glucose-
lowering effect.

http://crossmark.crossref.org/dialog/?doi=10.1007/s40261-022-01243-6&domain=pdf
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(Landesärztekammer Rheinland-Pfalz) approved the trial, 
which was performed according to the Declaration of Hel-
sinki and Good Clinical Practice. All participants provided 
written informed consent prior to any trial activities. The 
trial was registered at ClinicalTrials.gov (NCT04582448).

Eligible participants were men or women aged 18–69 
years, diagnosed with type 2 diabetes ≥ 180 days prior to 
screening, treated with basal insulin (total daily insulin dose 
of 0.2–1.0 U/kg) ± metformin, dipeptidyl peptidase-4 (DPP-
4) inhibitors, sodium-glucose transport protein-2 inhibitors, 
oral combination products (of the allowed oral antidiabetic 
drugs) or oral/injectable glucagon-like peptide-1 recep-
tor agonists ≥ 90 days prior to screening, with body mass 
index 18.5–38.0 kg/m2, HbA1c ≤ 75 mmol/mol (≤ 9.0%), 
and supine blood pressure of 90–159 mmHg (systolic) and 
50–99 mmHg (diastolic). Individuals with highly fluctuating 
blood glucose levels prior to screening, previous or current 
cardiovascular disease, known or suspected hypersensitivity 
to trial product or a related product, and pregnant women 
were excluded from participation.

2.2 � Procedures

The trial consisted of a screening visit (3–21 days before 
the first treatment period), 3 treatment periods of 5 weeks’ 
duration, and a follow-up visit (at the end of the third treat-
ment period).

At the start of each treatment period, participants received 
a single dose of icodec (5.6 U/kg body weight; 700 U/mL; 
Novo Nordisk, Bagsværd, Denmark) injected subcutane-
ously into a lifted skin fold of the thigh (anterior surface), 
abdomen (lower abdominal wall above the inguinal area) 
or upper arm (the outer aspect) in randomised sequence. 
Single-dose injections were separated by 9–13 weeks of 
washout. Icodec was provided in a 3 mL PDS290 prefilled 
pen-injector (Novo Nordisk) and administered by trained site 
staff at approximately 08:00 h. Participants stayed in-house 
at the clinical site until 60 h after icodec administration.

Before each treatment period, participants who normally 
received once-daily basal insulin degludec or insulin glar-
gine U300 discontinued their insulin treatment 48 h prior 

Fig. 1   Overall trial design. 
Individuals participated in three 
5-week periods, each consisting 
of single-dose subcutaneous 
administration of insulin icodec 
in the thigh, abdomen or upper 
arm in randomised sequence. 
Single dose injections were 
separated by 9–13 weeks of 
washout PK pharmacokinetic

1  Introduction

Several different regions of the body can be used for subcu-
taneous insulin injection in the treatment of diabetes mel-
litus: the upper arm, abdomen, thigh or buttock [1, 2]. Every 
individual with diabetes may have a preferred body region 
for subcutaneous insulin administration depending on ana-
tomical, physiological and practical circumstances [1, 3]. 
However, choice of subcutaneous injection region may, at 
least to some extent, impact insulin pharmacokinetics and 
pharmacodynamics [4–7]. For insulin products in develop-
ment, it is therefore highly relevant to investigate the phar-
macological properties following subcutaneous injection in 
different body regions.

Insulin icodec (icodec) is a basal insulin in development 
for once-weekly dosing [8]. After subcutaneous administra-
tion and subsequent absorption into the circulation, icodec 
binds strongly to albumin and thereby forms an inactive ico-
dec depot. At steady state, slow and stable release of icodec 
from this depot results in a half-life appropriate for once-
weekly dosing [9]. In Phase 2 clinical trials in individuals 
with type 2 diabetes, the reductions in glycosylated hae-
moglobin (HbA1c) and fasting plasma glucose were similar 
between once-weekly icodec and once-daily insulin glargine 
U100 with comparable rates of level 2 and 3 hypoglycaemia 
[10–12].

The aim of the current trial was to investigate whether 
the choice of injection region affects the pharmacological 
properties of icodec. The trial compared the exposure and 
partial glucose-lowering effect of icodec following subcu-
taneous injection between the thigh, abdomen or upper arm 
in individuals with type 2 diabetes.

2 � Methods

2.1 � Trial Design and Participants

This was a single-centre (Profil, Mainz, Germany), ran-
domised, open-label, three-period crossover trial (Fig. 1). 
Local health authorities (Bundesinstitut für Arzneimittel 
und Medizinprodukte) and an independent ethics committee 
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to the icodec single dose, and participants who normally 
received once- or twice-daily basal insulin detemir or insu-
lin glargine U100 discontinued their insulin treatment 24 h 
prior to the icodec single dose. Instead, participants could 
use neutral protamine Hagedorn insulin for the last 24–48 
h prior to the icodec administration. During the washout 
periods, participants received their usual basal insulin treat-
ment guided by the investigator. Any allowed non-insulin 
anti-diabetic medication received at the time of entry into 
the trial was maintained at a stable dose and at the same 
frequency during the entire trial.

Blood samples for pharmacokinetic assessment were 
drawn pre-dose and frequently up to 840 h (35 days) after 
administration of each icodec single dose (Online Resource, 
Table S1). Total serum icodec concentrations (i.e., the sum 
of free, unbound icodec and icodec bound to albumin) were 
measured using a validated icodec specific luminescence 
oxygen channelling immunoassay with a minimum required 
dilution of 50, an analytical range from 500 to 80,000 
pmol/L, and quality controls having a cumulative accuracy 
from − 12.0% to − 3.6% across the analytical range and an 
inter-batch coefficient of variation ≤ 18.2%.

The partial glucose-lowering effect of icodec was 
assessed between 36 and 60 h after administration of each 
icodec single dose in an automated glucose clamp (Clam-
pArt; Profil, Neuss, Germany). This time interval covered 
the expected time of maximum glucose-lowering effect 
of icodec. On the day of the glucose clamp, participants 
received a standardised breakfast and a light lunch and then 
started fasting for at least 8 h prior to clamp initiation until 
end of the clamp procedure (except for water ad libitum). 
Participants stayed in a supine or semi-supine position 
throughout the glucose clamp. During clamp run-in, sub-
jects received a variable intravenous infusion of regular 
human insulin [15 U NovoRapid® (100 U/mL; Novo Nor-
disk) in 49 mL saline and 1 mL of the subject’s blood] or 
glucose (20%) for 5 h prior to clamp initiation to obtain a 
plasma glucose target level of 7.5 mmol/L (135 mg/dL). 
From 1 hour prior to clamp initiation, the insulin infu-
sion rate (if any) was decreased as much as possible while 
keeping plasma glucose at 7.5 mmol/L ±20% from − 60 to 
− 10 min and stable at 7.5 mmol/L ±10% during the last 
10 min prior to clamp initiation. Insulin infusion (if any) 
was terminated at clamp initiation. From clamp initiation 
at 20:00 h, a variable intravenous glucose infusion was 
performed to ensure that plasma glucose was kept at the 
target level of 7.5 mmol/L throughout the clamp duration 
of 24 h. In case plasma glucose consistently exceeded 15.6 
mmol/L, with no glucose infusion for the last 30 min, the 
clamp was terminated early. The quality of the conducted 

clamps was high and comparable across injection regions 
(Online Resource, Table S2) [13].

Safety assessments included adverse events, hypo-
glycaemic episodes classified as level 1 (plasma glu-
cose < 3.9 mmol/L and ≥ 3.0 mmol/L), level 2 (plasma 
glucose < 3.0 mmol/L), and level 3 (severe cognitive impair-
ment requiring assistance for recovery) [14], safety labora-
tory parameters, vital signs and physical examination.

2.3 � Statistical Analyses

Statistical analyses were performed using SAS version 9.4 
(SAS Institute, Cary, NC, USA).

The sample size calculation was based on an assumed 
within-participant standard deviation for the logarithmic 
transformed primary endpoint (area under the serum ico-
dec concentration-time curve from zero to infinity after a 
single dose; AUC​0–∞,SD) of 0.125 estimated from the phar-
macokinetic results of previous trials with icodec (Clini-
calTrials.gov identifier: NCT03723785) and insulin deglu-
dec [15]. With a sample size of 20 participants, the 95% 
confidence interval (CI) for the geometric mean ratio of  
AUC​0–∞,SD between any two subcutaneous injection regions 
that could be obtained with at least 90% probability would 
be [0.91;1.10] if the observed ratio was 1.00. This was con-
sidered adequate to support the primary objective of the 
trial. A total of 25 individuals were randomised with the 
aim of achieving at least 20 completers.

The primary endpoint, AUC​0–∞,SD, was calculated as the 
sum of two areas: first, the area under the curve from time 
zero to the time of last quantifiable concentration (tlast) using 
the linear trapezoidal technique based on observed values 
and actual measurement times. Second, the area from tlast 
to infinity under an exponential concentration-time curve 
with terminal rate constant, λz, and a concentration at tlast 
predicted from the linear part of the logarithmic transformed 
curve. Other pharmacokinetic endpoints after a single dose 
were the maximum observed concentration (Cmax,SD) and 
time to maximum concentration (tmax,SD).

The endpoints AUC​0–∞,SD and Cmax,SD were logarithmic 
transformed and analysed using linear mixed models with 
injection region and period as fixed effects and participant 
as a random effect. The residual variance was depending on 
injection region. The pairwise differences between thigh, 
abdomen and upper arm were back-transformed to the origi-
nal scale and presented as ratios with 95% CIs. The endpoint 
tmax,SD was summarised by descriptive statistics.

Glucose infusion rate (GIR) data from the glucose clamp 
were smoothed using the Loess smoothing technique (fixed 
smoothing parameter of 0.25). The partial glucose-lowering 



122	 L. Plum‑Mörschel et al.

effect between 36 and 60 h after a single icodec dose (AUC​
GIR,36–60 h,SD) was calculated as the area under the smoothed 
GIR curve using the linear trapezoidal technique on interpo-
lated points. AUC​GIR,36–60 h,SD was summarised by descrip-
tive statistics.

2.4 � Pharmacokinetic Modelling

To be able to simulate the serum icodec concentration-time 
profiles at steady state following multiple once-weekly sub-
cutaneous injection in the thigh, abdomen or upper arm, 
a pharmacokinetic model was developed based on the 
observed serum icodec concentrations after a single dose.

The structural part of the model was a two-compartment 
model with first-order absorption and first-order elimina-
tion, parameterised in terms of a bioavailability parameter 
(F; fixed to 1 for injection in the thigh), an absorption rate 
parameter (kA), two clearance parameters (CL/F and Q/F), 
and two volume of distribution parameters (Vc/F and Vp/F). 
Between-individual variability was included on CL/F, Q/F, 
Vc/F and Vp/F, assuming a log-normal distribution with 
correlation between all four parameters. Between-occasion 
variability was included on F and kA, assuming a log-nor-
mal distribution with no correlation. Injection region (thigh, 
abdomen and upper arm) was included as a covariate on F 
and kA. A combined (proportional + additive) error model 
was used to describe residual variability.

The parameters of the model were estimated with a non-
linear mixed-effects approach using the first-order condi-
tional estimation method with interaction (FOCE+I) in 
NONMEM version 7.3 (ICON Development Solutions, Elli-
cott City, MD, USA). Diagnostic plots for the model and a 
table with the estimated fixed effect parameters and random 
effect and residual error variances are provided in Online 
Resource, Figs. S1, S2 and Table S3. Using the post hoc 
parameters from the model, an individual set of values of the 
six model parameters was obtained for each injection region 
in each participant. Using these individual sets of parameter 
values, and assuming no change in pharmacokinetic param-
eters over time, simulation was performed to obtain indi-
vidual-predicted steady-state serum icodec concentration-
time profiles for each injection region in each participant. 
Specifically, once-weekly dosing of 5.6 U/kg for 10 weeks 
was simulated. The profile at Week 10 was considered the 
steady-state profile since it takes 3–4 weeks of once-weekly 
icodec dosing to achieve pharmacokinetic steady state [9]. 
Maximum concentration at steady state (Cmax,SS) and time 
to maximum concentration at steady state (tmax,SS) for each 
injection region in each participant were derived from the 
individual-predicted steady-state profiles. Cmax,SS was com-
pared between injection regions by statistical analysis as 
described above for AUC​0–∞,SD and Cmax,SD, while tmax,SS 
was summarised by descriptive statistics.

3 � Results

3.1 � Participants

A total of 52 individuals were screened and 25 were ran-
domised and exposed to icodec (Online Resource, Fig. S3). 
One participant was withdrawn by the investigator during 
the first period (upper arm) and one participant withdrew 
consent after the first period (upper arm). Thus, 23 partici-
pants completed the trial. Baseline characteristics of the 
25 randomised participants are shown in Table 1.

3.2 � Pharmacokinetics

One-week pharmacokinetic profiles of icodec injected sub-
cutaneously in the thigh, abdomen or upper arm after a sin-
gle dose and simulated to steady state are shown in Fig. 2. 
Total exposure after a single dose (AUC​0–∞,SD) was similar 
for subcutaneous injection in the thigh, abdomen and upper 
arm (Table 2 and Fig. 3). Because extrapolation from single 
dose to steady state has no effect on total exposure, total 
icodec exposure at steady state (AUC​τ,SS) was also inde-
pendent of injection region. Maximum concentration after a 
single dose (Cmax,SD) was higher for the abdomen and upper 
arm than for the thigh, while no difference was observed 

Table 1   Participant characteristics

Data are mean ± standard deviation unless otherwise stated
BMI body mass index, DPP-4 dipeptidyl peptidase-4, GLP-1 gluca-
gon-like peptide-1, HbA1c glycosylated haemoglobin, N number of 
individuals, SGLT2 sodium-glucose cotransporter-2

N = 25

Age, years 59.9  ±  7.2
Sex
 Female, N (%) 3 (12.0)
 Male, N (%) 22 (88.0)

Race
 White, N (%) 25 (100.0)

Height, m 1.75 ± 0.07
Body weight, kg 94.2 ± 17.2
BMI, kg/m2 30.7 ± 4.6
HbA1c, mmol/mol 60 ± 7
% 7.6 ± 0.7
Type 2 diabetes duration, years 16.6 ± 8.4
Basal insulin at screening, N (%) 25 (100.0)
Other anti-diabetic medication at screening
 Metformin, N (%) 24 (96.0)
 GLP-1 receptor agonists, N (%) 11 (44.0)
 SGLT2 inhibitors, N (%) 9 (36.0)
 DPP-4 inhibitors, N (%) 6 (24.0)
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between the abdomen and upper arm (Table 2 and Fig. 3). 
At steady state, relative to single dose, smaller differences 
in Cmax,SS were observed for the abdomen and upper arm 
compared with the thigh (Table 2 and Fig. 3). Median time 
to maximum concentration (tmax) was comparable between 
injection regions after a single dose as well as when simu-
lated to steady state (Table 2).

3.3 � Pharmacodynamics

Glucose-lowering effect profiles from 36 to 60 h after a 
single dose of icodec did not differ between subcutane-
ous injection in the thigh, abdomen or upper arm (Fig. 4). 
Accordingly, the glucose-lowering effect from 36 to 60 h 
(AUC​GIR,36–60h,SD) was comparable across injection regions. 
Geometric mean AUC​GIR,36–60h,SD (and coefficient of varia-
tion in percent) was 1961 mg/kg (51%) for the thigh, 2130 
mg/kg (52%) for the abdomen and 2391 mg/kg (40%) for 
the upper arm.

3.4 � Safety

Icodec was well tolerated with no safety issues. During the 
treatment periods, 28 adverse events were reported by 12 
(48%) participants. Headache (11 events) and back pain (3 
events) were the most frequently reported adverse events. 
No injection-site reactions were reported. All adverse events 
were mild or moderate. No serious or severe adverse events 

were reported, and no adverse events led to withdrawal. A 
total of 27 level 1 hypoglycaemic episodes and 3 level 2 
hypoglycaemic episodes were reported during the treat-
ment periods. No severe (level 3) hypoglycaemic episodes 

Fig. 2   Mean (SEM) serum 
insulin icodec concentration-
time profiles during a dosing 
interval of 1 week following 
subcutaneous injection of 
insulin icodec (5.6 U/kg) in the 
thigh, abdomen or upper arm. a 
After a single dose. b Simulated 
to once-weekly administration 
at steady state using pharma-
cokinetic modelling. Data are 
based on 23 individual pharma-
cokinetic profiles for thigh and 
upper arm and 24 individual 
pharmacokinetic profiles for 
abdomen. Error bands show 
standard error of the mean

a

b

Table 2   Pharmacokinetic endpoints following subcutaneous injection 
of insulin icodec (5.6 U/kg) in the thigh, abdomen or upper arm

Data for AUC and Cmax are geometric mean (CV%) and data for tmax 
are median (minimum-maximum)
Results for single dose are observed data, while results for steady 
state are based on simulation to once-weekly administration at steady 
state using pharmacokinetic modelling. Results for AUC​0–∞,SD also 
reflect total exposure at steady state (AUC​τ,SS) because extrapolation 
to steady state has no effect on total exposure
Data are based on 23 individual pharmacokinetic profiles for thigh 
and upper arm and 24 individual pharmacokinetic profiles for abdo-
men
AUC​ area under the curve, Cmax maximum concentration, CV% coeffi-
cient of variation in percent, SD single dose, SS steady state, tmax time 
to maximum concentration

Thigh Abdomen Upper arm

Single dose
 AUC​0–∞,SD, 105·pmol·h/L 682 (18.6) 695 (22.2) 713 (17.1)
 Cmax,SD, 105·pmol/L 2.92 (24.3) 3.38 (23.8) 3.65 (19.6)
 tmax,SD, h 27 (21–96) 24 (12–48) 24 (12–30)

Steady state
 Cmax,SS, 105·pmol/L 5.08 (19.2) 5.59 (20.4) 5.94 (16.5)
 tmax,SS, h 20 (17–42) 17 (12–26) 16 (13–19)
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were reported. There were no clinically significant find-
ings in safety laboratory parameters, vital signs or physical 
examination.

4 � Discussion

The main findings of the present trial in individuals with 
type 2 diabetes were that total icodec exposure was similar 
after subcutaneous injection of icodec in the thigh, abdo-
men or upper arm, that maximum icodec concentration was 
slightly but statistically significantly higher by up to 24% 
for the abdomen and upper arm versus the thigh, but these 

differences in maximum concentration between injection 
regions were not considered clinically relevant since the glu-
cose-lowering effect of icodec was shown to be independent 
of injection region. Single doses of icodec injected subcuta-
neously in the thigh, abdomen or upper arm were safe and 
well tolerated, and no injection site reactions were reported.

The observation in the current trial of a greater maximum 
concentration of icodec after a single dose when administered 
in the abdomen and upper arm compared with the thigh was 
expected, since such a difference between injection regions 
has been shown in previous studies with the basal insulin 
products, insulin detemir and insulin degludec [15, 16]. For 
insulin glargine, no differences were found between the thigh, 

Fig. 3   Comparison of insulin icodec exposure among subcutaneous 
injection regions. Total exposure (AUC​0–∞,SD) and maximum con-
centration (Cmax,SD) were derived after a single dose of insulin ico-
dec (5.6 U/kg). Cmax,SS was derived after simulation to once-weekly 
administration at steady state. Results for AUC​0–∞,SD also reflect total 
exposure at steady state (AUC​τ,SS) because extrapolation to steady 

state has no effect on total exposure. Data are based on 23 individual 
pharmacokinetic profiles for thigh and upper arm and 24  individual 
pharmacokinetic profiles for abdomen. AUC​0–∞ area under the curve 
from 0 to infinity, AUC​τ area under the curve during a dosing interval, 
CI confidence interval, Cmax maximum concentration, SD single dose, 
SS steady state

Fig. 4   Mean (SEM) glucose-
lowering effect profiles from 36 
to 60 h following a single dose 
of insulin icodec (5.6 U/kg) 
injected subcutaneously in the 
thigh, abdomen or upper arm. 
Data are based on 22 individual 
glucose-lowering effect profiles 
for thigh and upper arm and 23 
individual glucose-lowering 
effect profiles for abdomen. 
Error bands show standard error 
of the mean
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abdomen, and upper arm in the disappearance of radioactiv-
ity from the site of injection following subcutaneous injection 
of radio-labelled insulin glargine [17]. However, it may be 
questioned to what extent the indirect measure of disappear-
ance of radioactivity from the site of injection reflects the 
absorption into the circulation and whether this is an appro-
priate method to investigate potentially modest differences in 
absorption between injection regions.

At steady state, which is the clinically most relevant situ-
ation, smaller differences in maximum concentration of ico-
dec were observed for the abdomen and upper arm versus the 
thigh relative to the differences seen after a single dose. The 
explanation for this is that the icodec concentration at any 
time point at steady state is the result of the four to five pre-
vious once-weekly dose administrations, each of them with 
different relative contribution to exposure depending on the 
time since injection. Thus, the icodec pharmacokinetic pro-
file, including the maximum concentration, at steady state 
would be less affected by small injection region-dependent 
differences in absorption rate from each single injection. A 
similar smaller difference in maximum concentration for the 
abdomen and upper arm versus the thigh at steady state rela-
tive to after a single dose has been observed for once-daily 
insulin degludec, probably also due to overlapping exposure 
from consecutive injections at steady state [15, 18].

Despite the slightly higher maximum concentration of 
icodec with subcutaneous injection in the abdomen and 
upper arm compared to the thigh, the glucose-lowering 
effect around the expected time of maximum was compa-
rable between injection regions. This may be explained 
by the mode of protraction and mode of action of icodec. 
Thus, after absorption from the subcutaneous tissue, icodec 
is strongly and reversibly bound to albumin thereby form-
ing an inactive depot of icodec in the circulation and in the 
interstitium [8, 9]. As with native human insulin, clearance 
of free icodec from the circulation occurs mainly by inter-
nalisation following binding to and activation of the insulin 
receptor, a process that is protracted for icodec due to its 
low insulin receptor binding affinity [8, 9]. It is speculated 
that when the absorption rate of icodec is increased, such as 
when icodec is injected subcutaneously in the abdomen or 
upper arm relative to the thigh, the inactive depot of icodec 
bound to albumin will act as a buffer to avoid any significant 
increase in the free, circulating pool of active icodec [9]. 
These features of icodec may help prevent any clinically 
relevant impact of injection region on the glucose-lowering 
effect of icodec. In general, since the mode of protraction 
of icodec occurs mainly in the circulation and at the target 
tissues, the glucose-lowering effect of icodec in the clini-
cal situation is considered best reflected by its pharmaco-
dynamic profile rather than by the pharmacokinetic profile, 
which reflects the total serum icodec concentrations, i.e., the 
sum of free, unbound icodec and icodec bound to albumin.

In individuals with type 2 diabetes on basal-only insu-
lin therapy, Phase 2 clinical trials have shown comparable 
improvement in glycaemic control between once-weekly ico-
dec and once-daily insulin glargine U100 with a similar risk 
of hypoglycaemia [10–12]. The current results suggest that 
individuals with diabetes initiating treatment with icodec as 
basal insulin can choose their preferred subcutaneous injec-
tion region among the thigh, abdomen or upper arm without 
any difference in the efficacy and safety profile of icodec. 
There are several barriers to insulin initiation in individuals 
with type 2 diabetes, and inconvenience and fear of pain asso-
ciated with injection are among the most prominent [19, 20]. 
Therefore, it is reassuring for individuals with diabetes that 
once-weekly icodec offers not only a reduction in number of 
basal insulin injections by approximately 85% from 365 to 52 
per year but also the option to administer basal insulin in the 
thigh, abdomen or upper arm according to preference.

A limitation of the current trial was that glucose-lowering 
effect was only assessed during part of the weekly dosing 
interval, since it was not feasible for participants to take part 
in a full-week glucose clamp. A single-dose trial design was 
also chosen to limit the burden on the participants, and simu-
lation to the more clinically relevant steady-state situation 
was subsequently performed using a pharmacokinetic model 
developed based on the observed serum icodec concentra-
tions after a single dose. A strength of the present trial was 
the inclusion of participants with type 2 diabetes, the popula-
tion that may gain the largest advantage with a once-weekly 
basal insulin. With this trial population, the glucose clamp 
target level was set at 7.5 mmol/L to ensure that glucose 
infusion was required in all participants to keep the glucose 
concentration constant at the target. The risk of endogenous 
insulin secretion, which might potentially confound the phar-
macodynamic results, was considered minimal due to the 
relatively high dose level of 5.6 U/kg icodec (correspond-
ing to 0.8 U/kg/day) and given that the glucose clamp was 
conducted around the time of maximum glucose-lowering 
effect, where suppression of endogenous insulin secretion 
was also anticipated to be at its maximum. Furthermore, all 
participants were using basal insulin at entry into the trial, 
suggesting a relatively low residual insulin secretion.

5 � Conclusion

The current trial shows that icodec can be administered by 
subcutaneous injection in the thigh, abdomen or upper arm 
with no clinically relevant difference in exposure and with a 
similar glucose-lowering effect. These results support that 
individuals with diabetes may choose between different 
injection regions for subcutaneous administration of once-
weekly icodec with the same treatment effect.
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