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Objectives: A medical need remains for a once-daily insulin with 24-h basal
coverage in all patients. We characterize the steady-state (SS) pharmacoki-
netic/pharmacodynamic properties of insulin degludec (IDeg) versus insulin
glargine (IGlar).

Research design and methods: In this controlled, single-center study,
66 type 1 diabetes patients were randomized to two 8-day periods of once-
daily IDeg or IGlar at 0.4, 0.6 or 0.8 U/kg. At SS, subjects underwent a 42-h
euglycemic glucose clamp (5.5 mmol/l; 100 mg/dl). Glucose infusion rate
(GIR), distribution of GIR and half-life were assessed.

Results: Mean 24-h GIR profiles were flatter and more stable for all doses of
IDeg versus IGlar. The evenly distributed glucose-lowering effect of IDeg was
confirmed by the AUCgr across one dosing interval, as each of the four 6-h
intervals across one dosing interval contributed ~ 25% of the AUCg +,ss- IGlar
was most effective during the first 12 - 18 h after dosing. At SS, the half-life
was 25.4 (IDeg) versus 12.1 h (IGlar). No safety concerns were identified for
IDeg or IGlar.

Conclusion: 1Deg has a longer half-life (> 25 h) than IGlar. Exposure and
glucose-lowering effects are more stable and evenly distributed across one dos-
ing interval for IDeg versus IGlar (Clinical trials.gov identifier: NCT01114542).

Keywords: euglycemic glucose clamp, insulin degludec, insulin glargine, pharmacodynamics,

pharmacokinetics, type 1 diabetes
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1. Introduction

Currently available basal insulin analogs should be dosed once daily according to
their label. However, results from clinical trials and findings in clinical practice
show that their effect does not fully cover 24 h in all individuals, so some patients
may benefit from, or even require, more frequent insulin dosing (1.2]. In addition,
basal insulin analogs, such as insulin glargine (IGlar) and insulin detemir (IDet),
while showing less peak effect than neutral protamine Hagedorn insulin, are still
not peakless. Rather they are characterized by 24-h glucose-lowering effect profiles
with periods of low action rising to a peak/plateau followed by a decline (3-5]. Fur-
thermore, the within-patient variability of the glucose-lowering effect of IGlar was
shown to be greater than IDet [67]. Therefore, an unmet medical need remains
for basal insulin analogs with further optimized pharmacodynamic properties.
Insulin degludec (IDeg) is a basal insulin with a distinct absorption mechanism,
where the formation of multi-hexamers after injection results in a soluble depot in
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the subcutaneous (s.c.) tissue from which IDeg monomers
gradually separate 89]. IDeg was developed to achieve a very
long duration of action with once-daily administration for
all individuals. Previous studies under steady-state (SS) condi-
tions have shown that IDeg has a four-times lower variability
in glucose-lowering effect as compared with IGlar in subjects
with type 1 diabetes mellitus (T1DM) [10] and provides a flat
and stable glucose-lowering effect profile in subjects with
type 2 diabetes mellitus (T2DM) [11]. This study aims to
build on the results from these two previous Phase I trials
by evaluating the dose-to-dose comparison in glucose-
lowering effect between IDeg and IGlar across a broad range
of doses. The primary aim of this study was to characterize
the SS pharmacokinetic and pharmacodynamic properties of
[Deg as compared to IGlar across one dosing interval within
a therapeutically relevant dose range (0.4, 0.6 and 0.8 U/kg)
in subjects with TIDM.

2. Patients and methods

2.1 Study design

This study was a randomized, single-center, double-blind,
two-period, crossover, multiple dose trial conducted in subjects
with TIDM (Clinical trials.gov identifier: NCT01114542).
Prior to trial initiation, the protocol was reviewed and
approved by the independent federal authority (Bundesinstitut
fiir Arzneimittel und Medizinprodukte), according to local
regulations, and by an independent ethics committee
(Arztekammer Nordrhein). The trial was performed in accor-
dance with the Declaration of Helsinki and its amendments
in force at the initiation of the trial. Informed consent was
obtained in writing from all study participants before any
trial-related activities.

2.2 Subjects

Eligible study participants were males and females aged
between 18 and 65 years (both inclusive) with TIDM for a
minimum of 12 months at inclusion, who had been treated
with muldple daily insulin injections for > 12 months
(total daily insulin < 1.2 (I)U/kg/day and daily basal
insulin > 0.2 (I)U/kg/day). Eligible participants had a
body mass index (BMI) of 18.0 - 28.0 kg/m2 inclusive, a
glycated hemoglobin (HbA;,) level of < 10.0% and a fasting
C-peptide of < 0.3 nmol/l. Subjects with a history or presence
of cancer and/or cardiac diseases, proliferative retinopathy or
maculopathy and/or severe neuropathy were excluded.
Subjects were also excluded if receiving current treatment
with systemic (oral or intravenous [i.v.]) corticosteroids,
monoamine oxidase inhibitors, systemic nonselective
B-blockers, growth hormone, non-routine vitamins or herbal
products. Individuals with recurrent severe hypoglycemia or
hypoglycemic unawareness, or those who were pregnant,
breast-feeding or intending to become pregnant were also

excluded from participation.

2.3 Interventions and pharmacokinetic sampling
Eligible subjects were randomized to two periods of 8 days of
once-daily dosing at one of three dose levels (low [0.4 U/kg],
middle [0.6 U/kg] or high [0.8 U/kg]) and one of two treat-
ment sequences (either IDeg followed by IGlar or IGlar
followed by IDeg) according to a predefined randomization
scheme. The two treatment periods were separated by a wash-
out period of 7 - 21 days. IDeg and IGlar were administered
as s.c. once-daily injections into a lifted skinfold on the
anterior surface of the thigh. Dosing of trial product was
performed at ~ 20.00 h each day by a person otherwise not
involved in the study to keep the double-blind character
of the study. During treatment periods, additional control of
blood glucose levels was accomplished by bolus injections of
insulin aspart, which were injected s.c. into a lifted skinfold
of the lower abdominal wall. Adjustment of the bolus doses
were supervised by the investigator on a daily basis and based
on daily blood glucose readings. Bolus insulin was not admin-
istered for 10 h before and throughout the glucose clamp. In
the current study, both investigator and subjects were blinded
to trial treatment.

Blood samples for assessing the SS pharmacokinetics (serum
IDeg and IGlar concentrations) were evaluated at one dosing
interval (24 h) on days 6 and 8. On day 8, blood samples for
determination of serum IDeg and IGlar concentration were
additionally obtained at 30, 36, 48, 72, 96 and 120 h post-
dose in order to investigate the terminal phase. From termina-
tion of the glucose clamp at 42 h, subjects resumed their usual
insulin treatment with the exception that IDet and IGlar were
not allowed until the last pharmacokinetic blood sample had
been taken. Serum IDeg concentrations were measured using
a validated specific sandwich enzyme-linked immunosorbent
assay [11]. Serum IGlar concentrations were measured using a
validated IGlar-specific luminescent oxygen channeling
immunoassay that captures both intact IGlar and the glargine
metabolites (metabolite 1 [M1] and metabolite 2 [M2]),
thereby measuring all biologically active IGlar.

2.4 Pharmacodynamic measurements (clamp
procedure)

At SS, immediately following the last dose of each treatment
period, a 42-h euglycemic glucose clamp was performed
by means of a Biostator® (glucose-controlled insulin infusion
system; MTB Medizintechnik, Amstetten, Germany), as
described previously [11]. Subjects were fasted (with no oral
intake other than water) for 7 h prior to the clamp run-in
period of 5 h. However, rapidly absorbable carbohydrates
could be taken to prevent hypoglycemia prior to the clamp.
Subjects experiencing hypoglycemia before a clamp were
rescheduled. In brief, ~ 5 h before dosing of trial product,
subjects received a variable i.v. infusion of human insulin
(15 TU Actrapid®, 100 TU/ml in 49 ml saline and 1 ml of sub-
ject’s blood) or glucose (20% glucose in water) to obtain a
blood glucose clamp target level of 5.5 mmol/l (100 mg/dl).
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After dosing, the i.v. insulin infusion (if any) was decreased
gradually and stopped completely when blood glucose had
decreased by 0.3 mmol/l (5 mg/dl); glucose infusion was
then initiated to keep the glucose concentration constant at
the glucose clamp target of 5.5 mmol/l (100 mg/dl). The
clamp continued for 42-h post-dosing of trial product but
was terminated earlier if the blood glucose exceeded
13.9 mmol/l (250 mg/ml) without any glucose having been
administered for at least 30 min. During the entire clamp pro-
cedure, subjects remained fasting (with no oral intake other
than water) and stayed in a supine or semi-supine position.

2.5 Assessments

The objective of this trial was to characterize the pharmacoki-
netic and pharmacodynamic properties of IDeg as compared
to IGlar over a range of three clinically relevant doses (0.4,
0.6 and 0.8 U/kg) during one 24-h dosing interval (tau [T])
to reflect clinical dosing frequency at SS in subjects with
TIDM. Assessments were based on the pharmacokinetic
dose-concentration relationship, the distribution and fluctua-
tion of pharmacokinetic exposure, the terminal half-life, the
pharmacodynamic dose-response relationship and the distri-
bution and fluctuation in glucose-lowering effect. Safety
assessments included adverse events (AEs), physical examina-
tion, clinical laboratory safety variables and hypoglycemic epi-
sodes (defined as ‘confirmed’ when they were either ‘severe’ as
defined by the American Diabetes Association [12] or verified
by a plasma glucose concentration < 3.1 mmol/l [56 mg/dl]).

2.6 Data and statistical analyses

The pharmacokinetic dose-proportionality was evaluated for
the end points AUC, s and C,., ss using a linear model on
log-transformed pharmacokinetic data, with period and log-
dose level as fixed effects. Distribution of exposure over a
24-h dosing interval for IDeg and IGlar was quantified by
estimating the ratio of AUC for the first 12-h interval versus
the AUC for the entire 24-h interval (a 50:50 split:
AUCy _ 12 nhss/AUCqss). Fluctuation of pharmacokinetic
exposure over 24 h was quantified as the relative fluctuation
of insulin concentration (AUCF%¢.ss). This ratio estimates
how much an individual’s insulin concentration deviates
from his or her mean concentration over 24 h (i.e., the average
areas above and below the average concentration). Terminal
half-life (t,ss) for IDeg and IGlar was estimated from the
individual log-concentration-time profiles following the last
dose of IDeg and IGlar.

The quality of the conducted clamps was assessed as previ-
ously described [13] from dosing until 24 h or until the last
infusion of glucose whichever came first. Smoothing of
glucose infusion rate (GIR) profiles was achieved with the
Loess smoothing technique, using a fixed smoothing parame-
ter of 0.15 and sampling with 5-min intervals. AUCGR 155
was calculated as the area under the smoothed GIR profile
using the linear trapezoidal technique on interpolated points.
The log-transformed AUCgr 1 ss was analyzed using an

analysis of variance method with treatment and treatment
period as fixed factors, subject as a random effect and an error
variance depending on treatment.

The pharmacodynamic dose-response relationship for IDeg
was evaluated for the end point AUCGr 1 ss using a linear
model on log-transformed pharmacodynamic data, with period
and an interaction term between treatment and dose level as
fixed effects and subject as random effect. Distribution of
glucose-lowering effect over a 24-h dosing interval was assessed
by estimating the ratio between the AUC for sub-areas under
the GIR curves (50:50 split and 25:25:25:25 split) versus
the total AUC for the complete 24-h dosing interval
(AUCGIR,'E,SS) (GIR 50:50 Split: AUCGIR,O—IZ h,SS/AUCGIR,'c,
ss and GIR 25:25:25:25 split, proportion of GIR AUGC;
AUCGIR 0-6 h,ss/AUCqIR 1,555 AUCGIR 6-12 h,ss/AUCGIR 1,555
AUCGIR12-18 h,ss/AUCGIr 1,553 AUCGIR, 18-24 h,ss/AUCGIR 1,
ss)- Fluctuation of glucose-lowering effect over 24 h was quan-
tified using the mean fluctuation in GIR profile (AUCF g 1 ss:
estimates how much an individual’s GIR profile deviates from
his or her mean GIR over 24 h).

3. Results

3.1 Subjects

Of the 77 subjects screened, 66 were randomized (22 at each
dose level) to one of the three fixed doses (0.4, 0.6, 0.8 U/kg)
for both IDeg and IGlar (Figure 1). All 66 subjects were
exposed to at least one drug administration; two subjects
withdrew from the trial due to serious AEs. Both subjects
were withdrawn during the first treatment period (treatment
sequence: IGlar 0.4 U/kg then IDeg 0.4 U/kg and IGlar
0.6 U/kg then IDeg 0.6 U/kg, respectively), and thus did
not receive treatment with IDeg. Baseline characteristics of
the subjects included within this trial are shown in Table 1.

3.2 SS pharmacokinetics

The mean 24-h SS serum insulin concentration-time profiles
at the three dose levels for both IDeg and IGlar are shown
in Figure 2. It is worthy to note that it is not possible to com-
pare the absolute serum concentrations of IDeg and IGlar
due to the affinity of IDeg for albumin (see Section 4, for
details). Total exposure and maximum concentration of
IDeg increased proportionally with increasing dose, with
estimated log-dose slopes of 0.99 [0.76; 1.22]gs04c1 for
AUC, s (Figure 3) and 0.85 [0.63; 1.08]9se,cy for Caxss-
For IGlar, estimated log-dose slopes were 0.99 [0.76;
1-21]95%CI for AUC‘E,SS and 1.01 [077, 1-26]95%CI for
Crnaxss- Exposure to IDeg was close to evenly distributed
over the first and second 12 h for all three doses (AUCy_15y,.
ss/AUCss 52 - 54%). For IGlar, ~ 60% of exposure
occurred in the first 12 h after dosing (Table 2). Individual
serum insulin levels fluctuated less around the individual
mean levels with IDeg (13 - 14%) than with IGlar
(21 - 24%) (Table 2). The mean ty,gs for IDeg and IGlar

estimated for each dose level and across the three dose levels
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Washout
7 — 21 days
IDeg ————e IDeg
0.4 U/kg
IGlar IGlar
IDeg IDeg
2 — 21 days 0.6 U/kg 7 — 21 days
IGlar IGlar
IDeg IDeg
Screening 0.8 U/kg Follow-up
(Visit 1) IGlar IGlar (Visit 20)
8 days 8 days A
First treatment Second treatment
period (Visit 2 — 10) period (Visit 11— 19)
Randomization
Clamp Clamp

Figure 1. Flow diagram showing the trial design. The trial consisted of a screening visit (Visit 1) followed by two treatment
periods (Visits 2 - 10 and Visits 11 - 19) and a follow-up visit (Visit 20). There was 2 - 21 days between the screening visit and
the first treatment period. Each treatment period had a duration of 13 days, consisting of 8 days with once-daily dosing with
IDeg or IGlar followed by a period of 5 days with blood sampling, until 120 h after last dosing (including a glucose clamp
period of 42 h). The two treatment periods were separated by a washout period (7 - 21 days) during which the subjects

resumed their normal insulin treatment.
IDeg: Insulin degludec; IGlar: Insulin glargine.

Table 1. Baseline characteristics.

Key demographics Dose level Total (n = 66)
0.4 U/kg (n = 22) 0.6 U/kg (n = 22) 0.8 U/kg (n = 22)

Sex, male/female 18/4 20/2 17/5 55/11

Age, years 36.0 (+ 11.3) 36.8 (+ 9.9) 38.0 (= 10.3) 36.9 (= 10.4)

BMI, kg/m? 249 (£ 2.4) 252 (£ 2.5) 24.7 (£ 2.5) 249 (£ 2.4)

Duration of diabetes, years 15.8 (= 9.3) 18.8 (= 8.7) 18.2 (= 10.4) 17.6 (= 9.5)

HbA ¢, % [min; max] 8.4 [5.7 - 10.0] 7.91[6.6 - 10.0] 8.0 [7.0 - 9.5] 8.1 [5.7 - 10.0]
(+1.2) (= 1.0) (+ 0.8) (= 1.0)

C-peptide, nmol/l 0.03 (= 0.04) 0.01 (x 0.01) 0.03 (x 0.06) 0.02 (x 0.04)

Data are arithmetic mean (+ SD) unless otherwise indicated.
BMI: Body mass index; HbA;.: Glycated hemoglobin.

are shown in Table 3. The terminal t, ss across the three dose
levels was twice as long for IDeg compared to IGlar (25.4 vs
12.1 h).

3.3 SS pharmacodynamics

Clamp quality was high and comparable between treatment
groups. The mean (+ SD) difference of all paired blood glu-
cose measurements of the Biostator versus the glucose analyzer
reference method (‘trueness’) was 0.6 + 1.6 mg/dl for IDeg
and 0.9 + 1.7 mg/dl for IGlar. The mean absolute difference
(‘accuracy’) was 6.3 + 1.4 and 6.6 + 1.7%. The precision
(i.e., the coefficient of variation in the blood glucose levels)
was 6.8 + 2.6 and 6.6 + 1.7%. The mean difference between

the Biostator blood glucose level and the target blood glucose
level (‘control deviation’) was 0.4 + 0.8 and 0.7 + 1.2 mg/dl.

The total glucose-lowering effect of IDeg (AUCGr 1,s5)
increased proportionally with increasing dose, with an esti-
mated log-dose slope of 1.35 [0.94; 1.75]9504c1 (not assessed
for IGlar). The mean 24-h SS GIR profiles of IDeg were
flatter and more stable during one dosing interval for the
three dose levels compared to that of IGlar (Figures 4
and 5). The glucose-lowering effect was similar over the first
and second 12 h with IDeg for all three dose levels
(AUCGIR 0-120,5/AUCGIR 1,55~ 50%).
60% of total glucose infusion occurred over the first 12 h
with IGlar (Table 2). The glucose-lowering effect profile

Approximately
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Figure 2. Pharmacokinetic profiles: 24 h insulin concentration-time profiles - IDeg and IGlar at steady state are shown. Please
note that it is not possible to compare the absolute serum concentrations of IDeg and IGlar due to the affinity of IDeg for

albumin (see Section 4, for details).
IDeg: Insulin degludec; IGlar: Insulin glargine.
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Figure 3. IDeg dose-concentration relationship at steady state is shown. Data are least square means and 95% Cls.

IDeg: Insulin degludec.

for IDeg compared with IGlar was further analyzed by plot-
ting AUCGr for each of the four 6-h intervals as a percent-
age of AUCgr 1 ss (Figure 5). The total glucose-lowering
effect was more evenly distributed across a 24-h dosing inter-
val with IDeg than IGlar, with more of the effect of IGlar
occurring during the first 12 - 18 h after dosing (Figure 5).
Accordingly, the relative fluctuation in GIR (AUCFg g 1s5)
was lower for IDeg (0.25 - 0.38 mg/[kg-min]) than for IGlar
(0.39 - 0.73 mg/[kg-min]) at steady state (Table 2).

3.4 Safety
Both treatments were well tolerated, and no unexpected safety
concerns were identified. Overall, 11 AEs were reported in

7 subjects treated with IDeg and 23 AEs were reported in
13 subjects treated with IGlar. Two serious AEs (intraspinal
abscess and gastrointestinal hemorrhage), not judged to be
related to study drug, were reported in subjects treated with
IGlar. A total of 82 confirmed treatment-emergent hypoglyce-
mic episodes were reported in 40 subjects treated with IDeg,
compared to 102 reported in 40 subjects treated with IGlar;
one episode was evaluated as severe (0.4 U/kg IGlar group).

4. Discussion

The narrow therapeutic window of insulin, combined with
the variability of absorption and the relatively short
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Table 2. Pharmacokinetic and pharmacodynamic parameters.

IDeg IGlar

0.4 U/kg 0.6 U/kg 0.8 U/kg 0.4 U/kg 0.6 U/kg 0.8 U/kg
Pharmacokinetics
50:50 split*
AUCq_12n,55/AUC 55 (%) 53 52 54 60 59 61
Fluctuation*
AUCF%+ ss 14 13 14 22 21 24
Pharmacodynamics
50:50 split*
AUCGiR 0-12h,s/AUCGR < 55 (%) 51 51 49 60 59 58
Fluctuation*
AUCFgR 55 (Mg/kgemin) 0.25 0.37 0.38 0.39 0.54 0.73

Pharmacokinetics: AUCq _ 12 hss, area under the insulin curve from 0 - 12 h at steady state; AUC,ss: total area under the insulin curve over a 24-h dosing interval

at steady state; AUCF%. ss: fluctuation of exposure over 24 h at steady state (AUCjapove cmean] + AUC(below

Cmean))/AUC:.

Pharmacodynamics: AUCgro - 12 n,ss, area under the GIR curve from 0 - 12 h at steady state; AUCgr +ss: total area under the GIR curve over a 24-h dosing

interval at steady state; AUCFGr ¢,ss: (AUCqabove Girmean] + AUChelow GiRmean))/24.
*Data are geometric means.
GIR: Glucose infusion rate; IDeg: Insulin degludec; IGlar: Insulin glargine; SS: Steady state; t: Dosing interval.

Table 3. Half-life for IDeg and IGlar at steady state.

IDeg IGlar
0.4 U/kg 0.6 U/kg 0.8 U/kg 0.4 U/kg 0.6 U/kg 0.8 U/kg
Half-life (h) 25.9 27.0 23.6 1.5 12.9 11.9
Mean (h) 25.4 12.1
Data are harmonic means.
IDeg: Insulin degludec; IGlar: Insulin glargine.
61 --- IDeg 0.8 U/kg
2 5] - IDeg 0.6 U/kg
g~ — IDeg 0.4 U/kg
S £ 4 |
el S o R
L : R
8 2]
§E st e
3 11
(]
0 T T T T T !
0 4 8 12 16 20 24
Time since injection (h)
61 --. IGlar 0.8 U/kg
54 -+ |Glar 0.6 U/kg
jermmememcm—an — |Glar 0.4 U/kg

Glucose infusion rate
(mg-kg'-min~")

0 T T

0 4 8 12 16
Time since injection (h)

20 24

Figure 4. Pharmacodynamic profiles: 24 h GIR profiles - IDeg and IGlar at steady
GIR: Glucose infusion rate; IDeg: Insulin degludec; IGlar: Insulin glargine.

state are shown.
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Figure 5. Distribution of glucose-lowering effect is shown for insulin degludec and insulin glargine at steady state at

(A) 0.4 U/kg, (B) 0.6 Urkg and (C) 0.8 U/kg.

IDeg: Insulin degludec; IGlar: Insulin glargine.

pharmacokinetic half-lives of current basal insulin products
often provide challenges to achieve both night-time and
interprandial glycemic control with a low risk of hypoglyce-
mia with once-daily dosing. This clinical trial evaluated the
pharmacodynamic and pharmacokinetic properties of IDeg
as compared to IGlar over a range of three clinically relevant
doses during one 24-h dosing interval at SS in subjects with
T1DM.

Assessment of the pharmacokinetic profiles showed that the
estimated half-life was longer for IDeg compared to IGlar
(25.4 vs 12.1 h) across all three dose levels. The twice longer
half-life of IDeg compared to IGlar demonstrated in this
study reflects the slow and sustained absorption of IDeg
from the site of administration into the circulation. The

slow absorption of IDeg has also been shown in subjects
with T2DM, where the half-life of IDeg was ~ 25 h [11].

An important prerequisite for a flatter and more stable
glucose-lowering effect profile within a dosing interval is
that a once-daily basal insulin has an action profile that
extends substantially beyond 24 h. This is because, under SS
conditions, the overlapping action of several injections
decreases the peak-to-trough ratio [5]. Therefore, the long
half-life of IDeg would be expected to lead to less fluctuation
in insulin levels and glucose-lowering effect across the 24-h
dosing interval [14,15], as shown in the present study.

A lower variability in the glucose-lowering effect of IDeg
versus IGlar across the 24-h dosing interval as well as from
day to day should translate into reductions in the rate of
confirmed hypoglycemia [10]. Accordingly, data from three
long-term studies with IDeg in subjects on basal bolus therapy
with T1DM [16] and T2DM 117.18] have shown lower rates of
nocturnal hypoglycemia than with IGlar. Furthermore, a
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recent meta-analysis of seven clinical trials demonstrated that
the rate of nocturnal confirmed hypoglycemic episodes in
subjects with T1DM was significantly lower with IDeg com-
pared with IGlar during maintenance treatment [19].

This study examined the pharmacokinetic and pharmaco-
dynamic properties of IDeg as compared to IGlar under SS
conditions, which is considered the relevant setting for basal
insulin showing overlapping action of consecutive injections.
Compared to healthy subjects and subjects with T2DM, the
lack of endogenous insulin production or acquired insulin
resistance in the TIDM population facilitated the study of
clinically relevant pharmacodynamic responses at therapeutic
dose levels at SS 1201. The inclusion of IGlar as an active com-
parator in this study allowed for comparison to be made in
pharmacokinetic and pharmacodynamic assessments of IDeg
with a long-acting insulin product.

A limitation of this and all glucose clamp studies is the
experimental setup as the euglycemic glucose clamp procedure
is innately distinct from the clinical environment. As such,
this artificial model can make it difficult to translate study
findings to clinical reality. Furthermore, the use of fixed doses
(0.4, 0.6 or 0.8 U/kg) of insulin independent of the subjects’
individual insulin requirement does not reflect clinical prac-
tice as insulin should always be titrated and adjusted in
line with each subjects’ insulin requirements. However, using
a broad dose range to establish dose-concentration and
dose-response relationships is a regulatory requirement in a
study of this nature. Still, the rate of hypoglycemic events
that occurred in this trial may be artificially high due to the
study design, and the lack of individual basal insulin dose
adjustments. As is also the case for IDet, a major fraction of
IDeg in the circulation is bound to albumin, while only a
minor fraction is freely circulating [9]. The assay used to mea-
sure the concentration of IDeg in serum detects the total IDeg
concentration, that is, the sum of the free fraction and the
albumin-bound fraction. Thus, compared to insulin that
does not bind to albumin in the circulation, measured serum
IDeg concentrations are high. However, only the free fraction
of IDeg is available to the insulin receptor. Importantly, the
fact that the total glucose-lowering effect of IDeg and IGlar
are comparable (as seen in the current study) suggests that

the overall number of insulin molecules available to and being
internalized by the insulin receptor over one dosing interval is
comparable for IDeg and IGlar.

In conclusion, IDeg has a half-life of ~ 25 h, twice as long
as that observed for 1Glar, and has a pharmacokinetic expo-
sure that is more stable and evenly distributed across a 24-h
dosing interval compared to IGlar. The pharmacokinetic pro-
file translated into a glucose-lowering effect profile that was
flacter and more stable across a 24-h dosing interval for
[Deg than for IGlar. The pharmacokinetic and pharmacody-
namic properties of IDeg reported in this study clarify the
findings from Phase III clinical trials: IDeg may help achieve
improved nighttime and interprandial glycemic control, pro-
vide a lower risk of hypoglycemia than other forms of treat-
ment and allow some degree of flexibility in the timing of
administration [19].
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