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Abstract

Background Fast-acting insulin aspart (faster aspart) is
insulin aspart set in a new formulation with faster initial
absorption after subcutaneous administration. This study
investigated the pharmacokinetic properties, including the
absolute bioavailability, of faster aspart when administered
subcutaneously in the abdomen, upper arm or thigh.
Methods In a randomised, open-label, crossover trial, 21
healthy male subjects received a single injection of faster
aspart at five dosing visits: 0.2 U/kg subcutaneously in the
abdomen, upper arm and thigh, intramuscularly in the thigh
and 0.02 U/kg intravenously. Blood sampling for phar-
macokinetics was performed pre-dose and frequently
thereafter until 12 h post-dose (8 h after intravenous
administration).

Results Onset of appearance (~3 min), time to 50% of
maximum concentration (fgary 50% Cmax: ~20 min) and
time to maximum concentration (¢,,x; ~55 min) were all
similar between injection regions. Early exposure within
the first 2 h after injection (AUCagp,0-1nh and AUCiagp 0-21)
as well as maximum concentration (Cy,,x) were comparable
for the abdomen and upper arm, but were ~25% lower for
the thigh as seen previously for other mealtime insulin
products. Total exposure (AUCjsp 0 ) Was similar for the
abdomen, upper arm and thigh, and absolute bioavailability
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was ~80% after subcutaneous administration of faster
aspart in all three injection regions.

Conclusion The current study supports the ultra-fast
pharmacokinetic characteristics of faster aspart across dif-
ferent injection regions, with administration in the abdo-
men and upper arm resulting in greater early exposure than
in the thigh.

ClinicalTrials.gov identifier: NCT02089451.

Key Points

Fast-acting insulin aspart has an ultra-fast onset of
exposure independent of injection region (abdomen,
upper arm or thigh).

As previously observed for other mealtime insulin
products, early exposure (<2 h after administration)
and maximum concentration of fast-acting insulin
aspart are lower for the thigh than for the abdomen
and upper arm, while total exposure is comparable
between all three injection regions (absolute
bioavailability of ~80%).

Fast-acting insulin aspart may be administered
subcutaneously in the abdomen, upper arm or thigh;
however, administration in the abdomen and upper
arm leads to the fastest pharmacokinetic profile.

1 Introduction
For practical, physiological and anatomical reasons, the

preferred body region for subcutaneous injection of insulin
varies among patients with diabetes [1]. Recommended
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injection regions include the abdomen, thigh, upper arm
and buttock [2]. It is well recognised that the rate and/or
extent of insulin absorption may differ between injection
regions [3-7], e.g. slower absorption for the thigh versus
the abdomen is a consistent finding [4, 5, 7]. Therefore, it is
important for any new insulin that its pharmacokinetic
properties are characterised when administered in different
anatomical regions of the body.

Fast-acting insulin aspart (faster aspart) is insulin aspart
(TAsp) designed in a new formulation including two addi-
tional excipients (L-arginine and niacinamide), serving to
achieve a stable formulation that conveys earlier onset of
appearance and faster initial absorption rate after subcu-
taneous injection. Faster aspart has twice-as-fast onset of
appearance and two-fold higher early insulin exposure
leading to faster onset of action and more than 50% greater
early glucose-lowering effect compared with IAsp [8-10].
Consequently, use of faster aspart may lead to better
postprandial glucose control relative to current rapid-acting
insulins.

The current study aimed to investigate the pharma-
cokinetics, including the absolute bioavailability, of faster
aspart administered subcutaneously in the abdomen, upper
arm or thigh in healthy subjects.

2 Methods
2.1 Trial Design and Participants

This randomised, open-label, five-period, crossover trial
was approved by Bundesinstitut fiir Arzneimittel und
Medizinprodukte (the local health authority) and by
Arztekammer Nordrhein (an independent ethics commit-
tee), conducted according to the Declaration of Helsinki,
Good Clinical Practice and guidelines on bioavailability
trials [11, 12], and registered at ClinicalTrials.gov
(NCT02089451). Informed consent was obtained from all
individual participants included in the study.

Eligible subjects were healthy men and women (how-
ever, all enrolled subjects were men) aged 18-64 years,
with a body mass index of 20.0-28.0 kg/m* and fasting
plasma glucose <5.6 mmol/L. Individuals with abnormal
clinical laboratory results, those using prescription or non-
prescription drugs (except topical medication, oral contra-
ceptives, routine vitamins and occasional use of ibuprofen
and paracetamol), smokers and pregnant or breastfeeding
women were excluded.

2.2 Procedures

The visit structure is shown in Fig. 1. Subjects received
faster aspart single-dosing at five visits: 0.2 U/kg
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subcutaneously in the abdomen (lifted skin fold of the
lower abdominal wall above the inguinal area), upper arm
(lifted skin fold of the outer aspect of the upper arm) and
thigh (lifted skin fold of the anterior surface of the thigh),
0.2 U/kg intramuscularly in the thigh and 0.02 U/kg
intravenously (1-min injection through a catheter inserted
into a hand or forearm vein). Faster aspart (100 U/mL;
Novo Nordisk, Bagsverd, Denmark) was provided in a
PDS290 pen-injector prefilled pen (Novo Nordisk) for
subcutaneous administration and in a 3-mL Penfill® car-
tridge for intramuscular and intravenous administration.

At the dosing visits, subjects came to the clinic in the
morning after an overnight fast and received faster aspart.
For safety reasons, to maintain blood glucose within the
normal range, a euglycaemic clamp (ClampArt®; Profil,
Neuss, Germany) was performed [9]. The clamp target was
4.5 mmol/L and clamp duration was up to 12 h post-dosing
(8 h after intravenous administration).

For subcutaneous and intramuscular administration,
blood was sampled for pharmacokinetics within 2 min pre-
dose, then every 2 min from dosing until 20 min post-dose,
every 5 min until 80 min, every 10 min until 2 h, every 15
min until 3 h, and then at 3.5, 4, 5, 6, 7, 8, 10 and 12 h post-
dose. For intravenous administration, the same schedule
applied until 2.5 h, followed by sampling at 3, 4, 6 and 8 h
post-dose. Free (unbound) serum IAsp concentration was
assessed by polyethylene glycol precipitation using an
IAsp-specific enzyme-linked immunosorbent assay [lower
limit of quantification (LLOQ) of 10 pmol/L] validated
according to relevant guidelines [13, 14]. Safety assess-
ments included adverse events, local tolerability at the
injection site, hypoglycaemic episodes (defined as ‘con-
firmed’ when they were either ‘severe’ according to the
American Diabetes Association [15] or verified by plasma
glucose <3.1 mmol/L), laboratory safety parameters,
physical examination, vital signs and electrocardiogram.

2.3 Statistical Analyses

Statistical analysis was performed using SAS version 9.3
(SAS Institute, Cary, NC, USA).

Assuming a residual standard deviation for the primary
endpoint (total exposure; AUCjasp0) of 0.25 [8], 18
completers would expectedly yield a 95% confidence
interval (CI) of (0.85-1.18) for the geometric mean ratio of
AUCpgp - between any two subcutaneous injection
regions, if the observed ratio was 1.00. This was considered
sufficiently narrow to support the primary objective of
comparing total exposure between administration in the
abdomen, upper arm and thigh.

Endpoints related to onset of exposure included onset of
appearance (time from faster aspart administration until the
first time of insulin concentration >LLOQ), time to 50% of
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Screening Randomisation Follow-up
visit visit
N=33 N=22
l 3-21 days N=21 5 dosing visits in randomised sequence: N=19 7-21 days

s.c. abdomen, upper arm and thigh (all 0.2 U/kg),

i.m. thigh (0.2 U/kg) and i.v. (0.02 U/kg)

Fig. 1 Study design and subject disposition. Each subject partici-
pated in a total of five dosing visits in randomised sequence. All
dosing visits were separated by a washout period of 3—12 days. The
three randomised subjects who did not complete the trial were all due
to withdrawal of consent (one before first dosing, one after

maximum concentration (fgaiy s0% cmax) and time to
maximum concentration (#,,x). Endpoints to evaluate early
exposure were areas under the curve (AUC) for IAsp from
0to 1 h (AUCaoep,0-1n) and 0 to 2 h (AUCagp g_2n)- Overall
exposure was assessed by AUC a0, maximum concen-
tration (Cpax) and the IAsp AUC from 0 to infinity
(AUClAsp,O—oo)~

For determination of onset of appearance and AUC
endpoints after subcutaneous administration, fitted
curves based on compartmental modelling were used
from the time of administration until the first quantifiable
concentration, as previously described [9]. After intra-
venous administration, the initial part of the AUC was
derived using back-extrapolation to 1 min (end of
intravenous injection) and setting the concentration to
zero at t = 0 (while excluding the 2-min sample since
appropriate distribution of trial product had not been
achieved at this time point). Between the first and last
quantifiable concentration, AUCs were calculated using
the linear trapezoidal technique. After the last quantifi-
able concentration, extrapolation based on the terminal
slope was applied until the last pharmacokinetic sam-
pling time point (for AUCisp0-) Or until infinity (for
AUCIASp,O—CYJ)'

Onset and early exposure endpoints were compared
between subcutaneous injection regions using descriptive
statistics. AUCyagp 0- and Cp,x Were log-transformed and
compared between subcutaneous injection regions in an
analysis of variance with treatment and period as fixed
effects and subject as random effect. A covariance model
allowing for different variances, but identical correlation
between treatments for each subject, was used to account
for heteroscedasticity. In order to assess the absolute
bioavailability of faster aspart after subcutaneous
administration, AUCjaep 0o Was log-transformed and
analysed using the same model as for AUCq, 0 and
Cmax- The estimated treatment ratios and 95% ClIs for
AUCasp0-o0 Were calculated between each of the sub-
cutaneous injection regions and intravenous administra-
tion (after dose-adjustment to 0.2 U/kg for intravenous
administration).

subcutaneous administration in the thigh and one after intravenous
administration and subcutaneous administration in the abdomen and
upper arm). Im. intramuscularly, i.v. intravenously, N number of
subjects, s.c. subcutaneously

3 Results
3.1 Subjects

Of 33 subjects screened, 22 were randomised, 21 were
exposed to faster aspart and 19 subjects completed the trial
(Fig. 1). Subject characteristics are shown in Table 1.

3.2 Pharmacokinetics

Observed pharmacokinetic time-profiles for subcuta-
neously administered faster aspart are shown in Fig. 2.
Onset of appearance, fgary 50% Cmax and fmax were all
similar between injection regions (Table 2). AUCiaqp0-1n
and AUCiaqp00n Were comparable for the abdomen and
upper arm, but lower for the thigh.

Total exposure (AUCisgp0-) Was similar for all three
injection regions, while C,,,x was comparable between the
abdomen and upper arm but lower for the thigh (Table 3).

Treatment ratios (95% CI) for AUCizqp0 oo for the
abdomen, upper arm and thigh versus intravenous admin-
istration were 0.83 (0.74-0.93), 0.77 (0.68-0.87) and 0.77

Table 1 Subject characteristics (N = 21)

Characteristic Value
Age, years 32.8 (7.7)
Sex

Female, N (%) 0 (0.0)

Male, N (%) 21 (100.0)
Race

White, N (%) 20 (95.2)

Other®, N (%) 1(4.8)
Height, m 1.82 (0.07)
Body weight, kg 84.0 (7.7)
BMI, kg/m? 25.4 (1.8)
Fasting plasma glucose, mmol/L 5.0 (0.3)

Data are mean (standard deviation) unless otherwise stated
BMI body mass index, N number of subjects
* Mixed Asian and White
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Fig. 2 Mean observed serum insulin aspart concentration-time
profiles for 0.2 U/kg faster aspart administered subcutaneously in
the abdomen, upper arm or thigh

(0.68-0.87), respectively. Thus, absolute bioavailability of
faster aspart was close to 80% after subcutaneous admin-
istration in all three injection regions (abdomen 83%; upper
arm 77%; thigh 77%).

Intramuscular administration of faster aspart resulted in
a median onset of appearance of 2.6 min (minimum-—
maximum: 1.1-5.3), fgarty 50% cmax Of 14.0 min (10.0-35.0)
and . of 45.0 min (25.0-90.0), mean =+ standard devi-
ation AUCIAsp,Oflh and AUCIAsp,0—2h of 198.9£80.0 and
414.1+141.9 pmol-h/L, and least square mean total expo-
sure of 696.7 pmol-h/L and C,,, of 270.1 pmol/L.

3.3 Safety
Faster aspart was well tolerated with no safety issues

identified during the trial. A total of 11 adverse events
(AEs) were reported (10 mild and 1 moderate). All were

non-serious and no obvious pattern occurred across injec-
tion region or route of administration. Headache was the
most frequently reported AE (5 events). There were no
clinically significant findings in safety laboratory parame-
ters, vital signs, physical examination or electrocardio-
gram. No confirmed hypoglycaemic episodes or injection
site reactions were reported.

4 Discussion

Among the key pharmacological properties of faster
aspart are its faster onset of exposure and glucose-
lowering effect versus IAsp [8-10]. It was therefore
reassuring in the present study that onset of exposure for
faster aspart was unaffected by subcutaneous injection
region. Total exposure for faster aspart was comparable
between injection regions, as previously seen for insulin
lispro, insulin glulisine and [Asp (Table 4). Pharmaco-
dynamics were not assessed in the current study. How-
ever, a robust correlation between pharmacokinetics and
pharmacodynamics was recently shown for faster aspart
[9], suggesting the present pharmacokinetic results may
likely translate to similar pharmacodynamics for different
injection regions.

The lower early exposure and C,,x of faster aspart for
the thigh compared with the abdomen was expected, since
a similar difference was shown in several previous studies
with regular human insulin [3-6] and with rapid-acting
insulin analogues (Table 4). For mealtime insulins, early
exposure and C,,x are important factors determining the
ability to control postprandial glucose. Therefore, it is
expected for faster aspart, and for other mealtime insulins,
that abdominal administration is better able to reduce
postprandial glucose compared with administration in the
thigh.

Table 2 Onset of exposure and
early exposure for 0.2 U/kg

Abdomen Upper arm Thigh

faster aspart administered
subcutaneously in the abdomen,
upper arm or thigh (N = 21)

Onset of exposure
Onset of appearance (min)
TEarly 50% Cmax (Min)
tmax (Min)

Early exposure
AUCqasp0-1n (pmol-h/L)
AUCpp 021 (pmol-h/L)

2.8 (1.3-5.0)
25.0 (12.0-35.0)
55.0 (30.0-100.0)

2.3 (1.1-5.3)
18.0 (8.0-30.0)
50.0 (30.0-100.0)

3.4 (1.8-5.9)
20.0 (12.0-40.0)*
57.5 (20.0-210.0)

192.4 £+ 114.2
4263 + 174.1

265.1 £ 121.5
607.9 £+ 259.0

261.6 £ 136.2
529.4 £+ 2139

Data for onset of exposure endpoints are median (minimum-maximum) and data for early exposure
endpoints are mean =+ standard deviation

AUC area under the curve, [Asp insulin aspart, N number of subjects, tz.y 50% cmax time to 50% of
maximum insulin aspart concentration in the early part of the pharmacokinetic profile, t,,,, time to max-

imum insulin aspart concentration

* Comparison with abdomen and upper arm should be interpreted with caution due to the maximum
concentration being lower for thigh compared to abdomen and upper arm (see Table 3)
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Table 3 Total exposure and LS mean Treatment ratio (95% CI) P value
maximum concentration for 0.2
Ul/kg faster aspgrt administered Total exposure (AUCragp0-) (pmol-h/L)
3‘;‘;‘;‘:‘22?10251{}1;;:}2 ‘i’dz"g‘e“’ Abdomen 1000.9
Upper arm 921.9
Thigh 926.5
Upper arm/abdomen 0.92 (0.84-1.01) 0.070
Thigh/abdomen 0.93 (0.85-1.01) 0.092
Thigh/upper arm 1.00 (0.92-1.09) 0.907
Maximum concentration (Cy,,x) (pmol/L)
Abdomen 394.6
Upper arm 363.8
Thigh 275.7
Upper arm/abdomen 0.92 (0.74-1.14) 0.447
Thigh/abdomen 0.70 (0.56-0.87) 0.002
Thigh/upper arm 0.76 (0.61-0.95) 0.016

AUC area under the curve, CI confidence interval, C,,,, maximum concentration, /Asp insulin aspart, LS
Mean least square mean, N number of subjects

Table 4 Differences between

Mean® Ratio (%)

subcutaneous injection regions

for total exposure and maximum Abdomen Upper arm Thigh Upper arm/abdomen Thigh/abdomen

concentration of insulin lispro,

insulin glulisine, insulin aspart Total exposure (pmol-h/L)

and faster aspart Insulin lispro [5] 1388 1313 1277 95 92
Insulin glulisine [7] 2182 2119 2021 97 93
Insulin aspart [6] 1300 1361 1265 105 97
Faster aspart 1001° 922° 927° 92 93

Maximum concentration (pmol/L)

Insulin lispro [5] 589 395 458 67 78
Insulin glulisine [7] 1003 821 684 82 68
Insulin aspart [6] 501 506 422 101 84
Faster aspart 395° 364° 276° 92 70

All data are for a dose of 0.2 U/kg. Insulin glulisine data have been dose-adjusted from 0.1 U/kg assuming

dose-proportionality

# Absolute levels of total exposure and maximum concentration should be compared with caution between
the different insulin products, since results originate from different studies

" Absolute levels of total exposure and maximum concentration for faster aspart are not comparable to the
other insulin products, since free (i.e. unbound), rather than total (i.e. bound plus unbound), insulin con-
centration was measured in the current study

Early exposure and C,,x for faster aspart were compa-
rable for the abdomen versus the upper arm (Tables 2 and
3). The same was observed for Cy,,x of IAsp in a previous
study [6] (Table 4). In contrast, for insulin lispro and
insulin glulisine, C,.x appears lower for the upper arm
versus the abdomen (Table 4). Moreover, for insulin glu-
lisine, early exposure within 1 h after administration is
~20% lower for the upper arm than for the abdomen (and
~40% lower for the thigh than for the abdomen) [7]. These
findings imply that faster aspart may be administered in the
abdomen or upper arm with no difference in its ultra-fast

pharmacokinetic properties. In contrast, for insulin lispro
and insulin glulisine, some difference in early pharma-
cokinetic response, and thereby in postprandial glucose-
lowering effect, may be expected for administration in the
abdomen versus the upper arm. Differences in insulin
absorption rate between injection regions are due to sub-
cutaneous anthropometry and blood flow [16]. It is spec-
ulated that faster aspart absorption is less prone to
variations in these factors for some yet unidentified reason.

One limitation of the current study was that pharmaco-
dynamics were not assessed. In line with regulatory
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guidance, healthy subjects were included in the current trial
[11, 12]. Consequently, pharmacodynamics would pre-
sumably have been affected by endogenous insulin secre-
tion of the healthy subjects. It was therefore decided
prospectively to include a glucose clamp only for safety
precaution. Another limitation was that all subjects par-
ticipating in the present study were males (although both
males and females were eligible). A third limitation was
related to the interpretation of fgany 50% cmax after admin-
istration in the thigh relative to the abdomen and upper
arm, which should be made with caution since C,,,x was
lower for the thigh versus the abdomen and upper arm [17].
Intramuscular administration in the thigh was only
included for regulatory purposes. Compared with subcu-
taneous administration in the thigh, intramuscular admin-
istration resulted in similar onset of appearance, shorter
IEarly 50% Cmax> SDOTtET fn.,., similar early exposure and
Cinax, and lower total exposure. The clinical relevance is,
however, assessed to be somewhat limited as faster aspart
will not be indicated for intramuscular administration.

5 Conclusion

This study showed similar ultra-fast onset of exposure of
faster aspart after subcutaneous administration in the
abdomen, upper arm and thigh. As previously observed for
other mealtime insulin products, early exposure and max-
imum concentration were lower for the thigh than for the
abdomen and upper arm. The current study supports the
option of administering faster aspart in the abdomen, upper
arm or thigh, with the abdomen and upper arm providing
greater early exposure and, hence, taking full advantage of
the more rapid pharmacokinetic properties of this new
formulation.
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