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INTRODUCTION

ABSTRACT

Introduction: Fast-acting insulin aspart (faster aspart) is insulin aspart (Asp) in a new
formulation with two added excipients (niacinamide and L-arginine) in order to obtain
accelerated absorption after subcutaneous dosing. The present study compared the phar-
macokinetic/pharmacodynamic characteristics of faster aspart vs 1Asp in Japanese patients
with type 1 diabetes.

Materials and Methods: In a randomized, double-blind, cross-over design, 43 partici-
pants were given faster aspart and IAsp (0.2 U/kg single dose) at two separate dosing vis-
its. Frequent pharmacokinetic blood sampling was carried out, and pharmacodynamics
were assessed using an automated euglycemic clamp lasting for a maximum of 12 h after
dosing (target 55 mmol/L).

Results: Faster aspart showed onset of appearance approximately twice-as-fast vs IAsp
(least squares means: 3.0 vs 7.1 min; estimated treatment difference —4.1 min, 95% confi-
dence interval [Cl]: =50, —=3.2; P < 0.001) and onset of action occurring approximately

5 min earlier (20.2 vs 25.5 min; estimated treatment difference —5.3 min, 95% Cl: -84,
—2.2; P =0001). Within the first 30 min post-dose, both exposure (area under the curve
[AUC)asp0-30 min) and glucose-lowering effect (AUCqiro-30 min) Were approximately twofold
greater for faster aspart vs I1Asp (P < 0001 and P = 0.002, respectively). Bioavailability of
faster aspart was similar to 1Asp (AUCasp0. €Stimated treatment ratio 0.99, 90% Cl:
0.96-1.02), whereas the total glucose-lowering effect (AUCgro o) was slightly lower for
faster aspart vs |Asp (estimated treatment ratio 0.93, 95% Cl: 0.87-0.99, P = 0.020).
Conclusions: Faster aspart showed faster onset, higher early exposure and a greater
early glucose-lowering effect relative to IAsp in Japanese patients with type 1 diabetes, in
accordance with previous findings in Caucasian type 1 diabetes patients.

Accordingly, during the first year after insulin initiation in

Postprandial hyperglycemia contributes markedly to overall glu-
cose control in patients with diabetes, particularly in Asian vs
Caucasian patients' ™, as Asians might have impaired insulin
secretory capacity compared with Caucasians®. The high-carbo-
hydrate, low-fat Asian diet might also play a role®. Thus, Asian
patients with diabetes, as compared with Caucasians, might
have to rely to a greater extent on the prandial component as
part of their insulin regimen to improve overall glucose control.
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Japanese patients with type 2 diabetes, >80% of patients were
using rapid-acting insulin (RAT)”.

The aim of exogenous mealtime insulin products is to mimic
the endogenous prandial insulin secretion in the healthy state,
thereby achieving optimal control of postprandial glucose. Cur-
rent RAIs (insulin lispro, insulin aspart [[Asp] and insulin gluli-
sine) were developed in order to address the shortcomings of
regular human insulin (RHI). Through faster absorption, earlier
onset of action and shorter time to maximum glucose-lowering
effect compared with RHI, current RAIs provide improved
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prandial glycemic control®, Even though current RAIs, relative
to RHI, provide pharmacokinetic profiles that are considerably
closer to the endogenous prandial insulin profile in healthy
individuals, there is still room for further optimizing the
absorption rate of subcutaneously administered mealtime
insulin’.

Fast-acting insulin aspart (faster aspart) is an ultrafast-acting
insulin product developed to improve control of postprandial
glucose. Faster aspart is IAsp in a new formulation where two
additional excipients (niacinamide and L-arginine) have been
included. Niacinamide provides accelerated absorption after
subcutaneous injection, whereas L-arginine yields a stable for-
mulation'’. Phase 1 studies in Caucasian patients with type 1
diabetes have shown that onset of appearance is twice-as-fast,
early exposure is twofold higher and early action is >50%
greater for faster aspart vs IAsp'" . So far, no clinical studies
with faster aspart in Japanese individuals have been reported.

The pharmacological properties of an insulin product might
be affected by race and/or ethnicity'®. For current RAISs, slightly
faster absorption and action have been observed in Japanese vs
Caucasian individuals with insulin glulisine and insulin lisprols,
whereas no such effect of race was seen on the pharmacological
properties of IAsp'®. The objective of the present study was to
evaluate the pharmacological properties of faster aspart vs IAsp
in Japanese patients with type 1 diabetes. Furthermore, the
results in Japanese patients were compared with results previ-
ously obtained in a pooled analysis of phase 1 studies with fas-
ter aspart in Caucasians'’.

METHODS

Study design

The present randomized, single-center (SOUSEIKAI, Hakata
Clinic, Fukuoka, Japan), two-period, double-blind, cross-over
study of Japanese patients with type 1 diabetes (clinicaltrials.gov
identifier: NCT01934712) was carried out according to the Dec-
laration of Helsinki'’, and the Ministry of Health and Welfare
Ordinance on Good Clinical Practice’®. An appropriate ethical
institutional review board approved the study. Before study ini-
tiation, written informed consent was obtained from all
patients.

Participants

Individuals eligible for participation were Japanese men and
women, aged 20-64 years, who had been diagnosed with type
1 diabetes for >12 months, had received multiple daily insulin
injection therapy or continuous subcutaneous insulin infusion
treatment for >12 months (total insulin dose <1.2 (I)U/kg/day
and total bolus insulin dose <0.7 (I)U/kg/day), with body mass
index of 18.5-28.0 kg/m?, glycated hemoglobin <9.0% and fast-
ing C-peptide <0.3 nmol/L. Patients were not eligible for partic-
ipation if they had clinically significant abnormal values in
clinical laboratory screening tests or if they had clinically signif-
icant concomitant diseases. Smokers, those currently receiving
treatment with drug(s) (other than insulin) potentially

http://onlinelibrary.wiley.com/journal/jdi

interfering with glucose metabolism and pregnant or breastfeed-
ing women were also not eligible for participation.

Procedures

Patients attended a screening visit (3-21 days before first dos-
ing), two dosing visits (3—12 days apart) and a follow-up visit
(7-21 days after second dosing).

At each dosing visit, patients received a single dose of 0.2
U/kg faster aspart (100 U/mL; Novo Nordisk, Bagsverd,
Denmark) or IAsp (NovoRapid®; 100 U/mL; Novo Nordisk) in
randomized order. Both study drugs were supplied in blinded
PDS290 pen-injector prefilled pens (Novo Nordisk), and
injected subcutaneously in a lifted skin fold of the lower
abdominal wall above the inguinal area.

Patients came to the clinical site in the evening the day
before dosing, and initiated an overnight fast (water ad libitum
and up to 20 g of rapidly absorbable carbohydrate were allowed
to avoid hypoglycemia). Patients receiving multiple daily insulin
injection therapy should not inject insulin degludec during the
last 72 h before dosing, and insulin detemir or insulin glargine
during the last 48 h before dosing (patients could use neutral
protamine Hagedorn insulin instead). Administration of neutral
protamine Hagedorn insulin or other intermediate-acting insu-
lin products should not be done later than 22 h before dosing,
while administration of IAsp (by injection or continuous subcu-
taneous insulin infusion) should not occur later than 12 h
before dosing (patients could use RHI instead). RHI or other
short-acting insulin products (except IAsp) should not be
administered later than 6 h before dosing. Patients receiving
continuous subcutaneous insulin infusion should terminate the
basal rate at least 3 h before dosing (except if using IAsp for
which the basal rate should be terminated at least 8 h before
dosing). Patients were not allowed to participate in a dosing
visit in case of a hypoglycemic episode (blood glucose
[BG] < 3.5 mmol/L) within the last 24 h before dosing.

A euglycemic glucose clamp was carried out (STG-22, glu-
cose-controlled insulin infusion system; Artificial Endocrine
Pancreas; NIKKISO Co. Ltd, Tokyo, Japan). If necessary,
patients were given a variable intravenous RHI infusion (40 IU
Novolin® R [100 IU/mL; Novo Nordisk] in 97.6 mL isotonic
saline and 2 mL of the patient’s blood) or glucose (Otsuka Glu-
cose Injection 10%; Otsuka Pharmaceutical Factory, Inc.,
Tokushima, Japan) for between 1 and 6 h pre-dose in order to
achieve the target level of 5.5 mmol/L for BG. Dosing of the
study drug occurred after stable BG had been obtained for
>1 h with no infusion of glucose. After dosing, any intravenous
insulin infusion rate was gradually lowered and fully terminated
after BG had fallen by 0.3 mmol/L. Then the intravenous infu-
sion of glucose was started, and automatically adjusted by the
STG-22 in order to maintain BG at the target during the glu-
cose clamp. The clamp lasted for up to 12 h post-dose, but ear-
lier termination occurred in case BG was consistently
>11.1 mmol/L without any need for intravenous infusion of
glucose over the past 30 min.
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Blood samples for analysis of pharmacokinetics were taken
frequently from 10 min before dosing until 12 h after dosing.

Assessments

A validated IAsp-specific enzyme-linked immunosorbent assay
with a lower limit of quantification of 10 pmol/L was used to
measure free serum IAsp concentrations (polyethylene glycol-
precipitated). The glucose infusion rate (GIR) required to main-
tain BG at 5.5 mmol/L was recorded automatically each minute
during the glucose clamp. Safety assessments included adverse
events, injection site reactions, hypoglycemic events (‘confirmed’
if either ‘severe’ as per American Diabetes Association, ie.,
requiring third party assistance'’, or documented by plasma
glucose <3.1 mmol/L), safety laboratory parameters, vital signs,
physical examination and electrocardiogram.

End-points
Evaluation of onset of exposure was based on the following
end-points: onset of appearance (calculated as the time from
study drug administration until the first time serum insulin
concentration > lower limit of quantification), time to early
50% of maximum insulin concentration (fgady s50% Cmax)
and time to maximum insulin concentration (t,,.,). Early expo-
sure was evaluated by deriving area under the curve
(AUC)IAsp,(Hs min> AUCIAsp,(F.%O min AUCIAsp,(H n  (primary
end-point), AUCipqp0-15 b and AUCiag0 2 1. The choice of
AUCzqp0-1 h as the primary end-point was based on the
assessment that early insulin exposure within the first hour
after administration is a major determinant of postprandial glu-
cose control. Overall exposure was evaluated by deriving total
exposure (AUCjpqp0) and maximum concentration (Ciax)-
Total exposure (AUCiaqp ) Was calculated as the AUC until
the last quantifiable insulin concentration, and then extrapolat-
ing until 12 h (last pharmacokinetic sampling) using the termi-
nal slope. Onset of appearance and AUC,y, end-points were
calculated by imputing the insulin concentration from the time
of study drug administration until the first observed insulin
concentration higher than the lower limit of quantification
using compartmental modeling as previously described'?.
Assessment of onset of glucose-lowering effect was based on
the following end-points: onset of action (calculated as the time
from study drug administration until BG had declined by >0.3
mmol/L relative to baseline), time to early 50% of maximum
GIR (fgarly 50% GlRmax) and time to maximum GIR (fGirmax)-
Assessment of early glucose-lowering effect was based on
AUCGIR 0-30 min» AUCGIr0-11 AUCGIro-1.5 h and AUCGro 21
Overall glucose-lowering effect was assessed by the total glucose-
lowering effect (AUCgr ) and maximum GIR (GIR,,,,). Total
glucose-lowering effect (AUCgro ) was calculated until the
time of the last GIR observation >0. To ensure robust derivation
of tgarly 50% GiRmax GIRmax and fGrmax these were calculated
based on smoothed individual GIR profiles (using local regres-
sion [LOESS] with the smoothing factor set to 0.1). Other end-
points were calculated from the raw individual profiles.
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Statistical analysis

For the sample size consideration, as no previous data on faster
aspart were available in Japanese patients, the residual standard
deviation for the primary end-point, AUCaqp01 1 Was based
on a study with faster aspart in Caucasian patients with type 1
diabetes''. Assuming a residual standard deviation for
AUCpqp0-1 1 Of 0.28, if 36 patients completed the study, the
95% confidence interval (CI) for the treatment ratio (faster
aspart/TIAsp) of AUCiaqpo1 1 ranged from 0.87- to 1.14-fold
the estimated mean treatment ratio. This range was assessed to
be sufficiently narrow, as AUCiaqpo 1 n Was expected to be
approximately 25% greater for faster aspart vs IAsp.

Statistical analysis was carried out using SAS version 9.3
(SAS Institute, Cary, North Carolina, USA). A two-sided signif-
icance level of 5% was used for treatment comparisons of all
pharmacokinetic/pharmacodynamic end-points (except
AUCpqp0-6 See below). Statistical analyses included all random-
ized patients receiving at least one dose of the study drug.

Pharmacokinetic/pharmacodynamic  end-points were log-
transformed (except onset of exposure end-points, onset of
glucose-lowering effect end-points and AUCgiro 30 min)> and
compared between faster aspart and IAsp in a linear mixed
model with treatment and period as fixed effects, and patient
as random effect. Treatment ratios and 95% Cls (except
AUCpqp0-5 see below) were calculated by back-transformation
of the model-based treatment differences and corresponding
Cls. Ratios between treatments and corresponding 95% Cls for
end-points analyzed with no log-transformation were deter-
mined using Fieller's method™. For tearly 50% Cmax aNd fnae @
non-parametric analysis had been pre-specified. However, anal-
ysis using a linear mixed model was decided on after unblind-
ing, in order to also obtain treatment ratio estimates for these
two end-points. The relative bioavailability for faster aspart vs
IAsp was assessed based on AUCiaq, 0 Similar bioavailability
for faster aspart and TAsp was to be claimed if the 90% CI for
the treatment ratio was fully within 0.80-1.25>"%%,

Safety end-points were analyzed using summary statistics
including all patients receiving at least one dose of the study
drug.

RESULTS

Patient disposition and demographics

Of 54 patients screened, 50 were randomized (Figure SI). Seven
patients were withdrawn before dosing (five were unable to fol-
low the protocol schedule; two were due to failed BG control
during the clamp run-in period). Thus, 43 patients were
exposed to the study drug. One patient was withdrawn after
having completed the first dosing visit (faster aspart) because of
failed BG control during the clamp run-in period at the second
dosing visit. Consequently, 42 patients completed the study. All
43 exposed patients were included in the pharmacodynamic
analyses and in the safety results. Both pharmacokinetic profiles
from one patient and one profile (faster aspart) from another
patient were excluded from the pharmacokinetic analyses

© 2017 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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because of difficulties in blood sampling leading to a substantial
number of missing samples. The mean (£SD) age of the 43
exposed patients was 39.4 £ 94 years. A total of 19 patients
were female (44.2%). The mean bodyweight was 61.4 + 8.2 kg,
and the mean body mass index was 22.6 + 2.1 kg/m”. The
mean duration of diabetes was 16.6 = 10.7 years, and the mean
glycated hemoglobin at baseline was 7.4  0.9%.

Onset, early exposure and early glucose-lowering effect

The mean serum insulin concentration-time profile was shifted
to the left for faster aspart vs IAsp (Figure 1). In line with the
pharmacokinetic profile, the glucose-lowering effect profile was
also left-shifted for faster aspart relative to IAsp (Figure 2). The
mean 5-h pharmacokinetic and pharmacodynamic profiles for
faster aspart and IAsp are provided in Figures S2 and S3,
respectively.

Onset of exposure was earlier for faster aspart than for IAsp,
with an approximately twice-as-fast onset of appearance (~4 min
earlier), approximately 10 min earlier fg,y 500 Cmax (35% earlier)
and approximately 15 min earlier f,,.x (22% earlier) for faster
aspart vs IAsp in the Japanese patients (Table 1). Likewise, onset
of glucose-lowering effect was earlier for faster aspart than for
IAsp, with approximately 5 min faster onset of action (21%
faster), approximately 10 min earlier tga1y 509 Grrmax (21%
earlier) and approximately 19 min earlier fGrrmax (13% earlier)
for faster aspart vs IAsp in the Japanese patients (Table 1).

Both early exposure and early glucose-lowering effect were
greater for faster aspart than for IAsp within the first 2 h
after dosing. The partial early AUCs (Figure 3) and the par-
tial early GIR AUCs (Figure 4) were greater for faster aspart
vs IAsp in the Japanese patients. Within the first 30 min
after dosing, approximately twofold higher exposure
(AUCiA¢p0-30 min) as well as approximately twofold greater
glucose-lowering effect (AUCgGir0.30 min) Were observed for
faster aspart vs IAsp.

—— Faster aspart, Japanese
3509 U |Asp, Japanese

300 1
250

200
150 1
100
50 1

O ”l L] L] L] 1
0 30 60 90 120
Time since injection (min)

Serum IAsp
concentration (pmol/L)

Figure 1 | Mean 2-h pharmacokinetic profiles for fast-acting insulin
aspart (faster aspart) versus insulin aspart (IAsp) in Japanese patients
with type 1 diabetes.
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—— Faster aspart, Japanese
64 - |Asp, Japanese

Glucose infusion rate
(mg/kg/min)
w
1

O — T T T 1
0 30 60 90 120
Time since injection (min)

Figure 2 | Mean 2-h pharmacodynamic profiles for fast-acting insulin
aspart (faster aspart) versus insulin aspart (IAsp) in Japanese patients
with type 1 diabetes.

In Table 1 and in Figures 3 and 4, we have also included a
comparison of faster aspart vs IAsp from a pooled analysis of
phase 1 studies in Caucasian patients with type 1 diabetes'.
This has been done in order to compare our present results of
faster aspart vs IAsp in Japanese patients with those obtained
in Caucasian patients. For further details, please refer to the
Discussion section.

Relative bioavailability, maximum concentration and overall
glucose-lowering effect

The estimated treatment ratio of faster aspart vs IAsp for total
exposure (AUCqp0-0) Was 0.99 (90% CI: 0.96-1.02; Table S1).
Thus, the bioavailability of faster aspart was shown to be simi-
lar to TAsp, as the 90% CI for AUC 5qp0¢ Was fully within the
interval of 0.80-1.25. C,.. was comparable between faster
aspart and IAsp (treatment ratio faster aspart/IAsp 1.07, 95%
CL: 0.96-1.19, P = 0.206; Table S1). While the total glucose-
lowering effect (AUCgro ) was slightly lower for faster aspart
vs IAsp (093, 95% CI: 0.87-0.99, P = 0.020), the maximum
glucose-lowering effect (GIR,,,) was comparable between the
two treatments (0.95, 95% CI: 0.89-1.02, P = 0.130; Table S1).

Safety

Faster aspart and IAsp were well tolerated in Japanese patients,
and no safety concerns were detected in the present study. A
total of three adverse events (1 after faster aspart and 2 after
[Asp) were reported in three patients (all of mild intensity and
assessed to be unrelated to the study drug). There were no seri-
ous adverse events or clinically significant findings in safety lab-
oratory parameters, vital signs, physical examination or
electrocardiogram. No confirmed hypoglycemic episodes or
injection site reactions were reported in the present study.

DISCUSSION
The key findings of the present phase 1 study in Japanese
patients with type 1 diabetes were the approximately twice-as-
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fast onset of appearance, and the approximately twofold greater
early exposure and glucose-lowering effect within the first
30 min after dosing of faster aspart relative to IAsp. A limita-
tion of current RAIs, including IAsp, is that their absorption
and action after subcutaneous injection occur too slowly to
match the glucose absorption after a meal if the insulin is
injected at meal initiation’. With faster aspart in the present
study, both the concentration-time profile and the time-action
profile were left-shifted relative to IAsp. These results suggest
that absorption of faster aspart more closely mimics the physio-
logical insulin secretion seen after meal ingestion in the healthy
state.

We have compared the present results of faster aspart vs
[Asp in Japanese patients with those obtained in Caucasian
patients for pharmacokinetic profiles, as well as for end-points
related to onset, early exposure and early glucose-lowering
effect. In order to use the most robust estimates for Caucasian
patients, the results from a pooled analysis of phase 1 studies
with faster aspart in Caucasian patients with type 1 diabetes
were used”. A comparison of the pharmacokinetic profiles of
faster aspart and IAsp in Japanese and Caucasian patients is
shown in Figure S4. Overall, there was slightly faster insulin
absorption in Japanese than in Caucasian patients, which was
of the same magnitude for faster aspart and IAsp. Faster insulin
absorption in Japanese than in Caucasian individuals has been
reported previously for other mealtime insulin products, and
might be related to a thinner subcutaneous fat layer in Japanese
individuals'®. Importantly, however, the left-shift of the phar-
macokinetic profile for faster aspart vs [Asp seen in Japanese
patients occurred in parallel with that of Caucasian patients
(Figure S4). Estimates of treatment differences between faster
aspart and IAsp appeared to be similar in Japanese and Cau-
casian patients for onset of exposure and glucose-lowering
effect (Table 1), and for early exposure and glucose-lowering
effect (Figures 3 and 4). This suggests that the faster pharmaco-
logical characteristics of faster aspart vs IAsp are consistent in
Japanese and Caucasian races.

The better resemblance to the physiological meal-related
insulin action profile achieved with faster aspart vs IAsp in
Japanese diabetes patients could lead to more optimal pran-
dial glucose control with faster aspart. So far, meal-test stud-
ies or clinical treatment studies have not been carried out
with faster aspart in Japanese diabetes patients to investigate
the implication of the faster initial absorption of faster aspart
on glycemic control. However phase 3 studies in non-Japa-
nese patients with type 1 diabetes or type 2 diabetes have
shown improved overall and/or postprandial glucose control
with faster aspart than with IAsp after 26 weeks of basal-
bolus treatment™?*, Given that the acceleration of insulin
absorption and action with faster aspart vs IAsp occurs to
the same extent in Japanese and Caucasian patients with dia-
betes, it might be anticipated that improvements in glycemic
control can also be achieved with faster aspart in Japanese
patients with diabetes. However, this hypothesis requires

© 2017 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Japanese Caucasians
Endpoint LS Mean (pmol-h/L) Treatment ratio P-value Treatment ratio P-value
Faster IAsp [95% Cl] [95% Cl]
aspart
AUC |ap,0-15 min E —e 15.8 438 3.26 [2.654.02] <0.001 3.83[3.41,4.29] <0.001
]
AUC 1r56,0-30 min ; — 66.0 340 1.94[1.68:2.25] <0007 201[1.872.17] <0007
)
AUC jpg001 1 E —a 201.7 1539 1.31[1.17:1.47] <0.001 1.32[1.26;1.39] <0.001
]
AUC o015 | —-— 3230 2775 1.16[1.06;1.28] 0003 1.16[1.12:1.21] <0001
)
AUC 1co00h E—-— 4180 381.2 1.10[1.01,1.19] 0.033 1.10[1.06;1.14] <0.001
1 2 4
In favor of ¢ . In favor of
IAsp faster aspart

Treatment ratio
Faster aspart/IAsp

Figure 3 | Early exposure for fast-acting insulin aspart (faster aspart) versus insulin aspart (IAsp) in Japanese patients with type 1 diabetes including
the same comparison in Caucasians'>. AUC, area under the curve; Cl, confidence interval; LS Mean, least squares mean; P-value, treatment
comparison of faster aspart versus IAsp within each population; Treatment ratio, faster aspart/IAsp.

Japanese Caucasians
Endpoint LS Mean (mg/kg) Treatment ratio P-value Treatment ratio P-value
Faster IAsp [95% Cl] [95% Cl]
aspart
)
AUC GIRO-30 min E 15.5 74 2.10[1.32,4.08] 0.002 1.74[1.47:2.10] <0.001
]
AUCGIR,O-W h E —a— 117.1 86.0 1.36[1.20;1.54] <0.001 1.34[1.25,1.43] <0.001
]
AUC oo | —— 2593 220 1.17[1.08:1.27] <0001 1.19[1.13:1.26] <0001
)
AUC a0 1~ 406.6 3744 1.09[1.01;1.17] 0023 1.13[1.07:1.19] <0.001
1 2 4
In favor of In favor of
IAsp faster aspart

Treatment ratio
Faster aspart/IAsp

Figure 4 | Early glucose-lowering effect for fast-acting insulin aspart (faster aspart) versus insulin aspart (IAsp) in Japanese patients with type 1
diabetes including the same comparison in Caucasians'>. AUC, area under the curve; Cl, confidence interval; GIR, glucose infusion rate; LS Mean,
least squares mean; P-value, treatment comparison of faster aspart versus IAsp within each population; Treatment ratio, faster aspart/IAsp.

confirmation in long-term studies with faster aspart in
Japanese patients with diabetes.

One strength of the current study was that patients with type 1
diabetes were included, which ensured that pharmacodynamic
results could be obtained without interference from endogenous
insulin secretion. Another strength was that the study had the
same overall design and used similar pharmacokinetic methodol-
ogy compared with previous studies of faster aspart in Caucasian
patients, thereby enabling a valid comparison of faster aspart
pharmacokinetics between Japanese and Caucasians. As the
clamp device used in the current study of Japanese patients

differed from that used in previous studies with faster aspart in
Caucasian patients'”, it was not meaningful to compare the glu-
cose-lowering effect profiles of faster aspart and IAsp in Japanese
vs Caucasian patients. It was, however, still possible to compare
the pharmacodynamic treatment differences for faster aspart vs
IAsp in Japanese patients with previous findings in Caucasians.
Although the strictly controlled nature of the current study
design and methodology facilitates the collection of robust results,
it might limit the applicability of the results to the clinical setting,
where, for example, fasting, washout of previous insulin and
administration of a fixed dose is not usual practice.
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In conclusion, faster aspart showed faster onset, higher early
exposure and greater early glucose-lowering effect vs IAsp in
Japanese patients with type 1 diabetes. The accelerated absorp-
tion profile for faster aspart relative to IAsp in Japanese patients
is in line with previous findings in Caucasians'’. Thus, in Japa-
nese as well as in Caucasian patients with type 1 diabetes, faster
aspart more closely mimics the physiological insulin secretion
after meal ingestion as compared with current RAIs.
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SUPPORTING INFORMATION
Additional Supporting Information may be found in the online version of this article:

Figure S1 | Study flow diagram.

Figure S2 | Mean 5-h pharmacokinetic profiles for fast-acting insulin aspart versus insulin aspart in Japanese patients with type 1
diabetes.

Figure S3 | Mean 5-h pharmacodynamic profiles for fast-acting insulin aspart versus insulin aspart in Japanese patients with type
1 diabetes.

Table S1 | Relative bioavailability, maximum concentration and overall glucose-lowering effect for fast-acting insulin aspart versus
insulin aspart in Japanese patients with type 1 diabetes.

Figure $4 | Mean 5-h and 2-h pharmacokinetic profiles for fast-acting insulin aspart versus insulin aspart in Japanese patients with
type 1 diabetes including the same comparison in Caucasians.
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