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ABSTRACT 

Aims: To evaluate dose response efficacy and safety of once daily human GLP 1 analog 
liraglutide in Japanese subjects with type 2 diabetes. 
Methods: Patients (226, treated with diet with/without OADs, mean HbA1c 8.30"/4, mean BMI 
23.9 kw'm2) were randomized after OAD discontinuation and washout to receive liraglutide 
0.1, 0.3, 0.6 or 0.9 mg once daily, or placebo in double blind, parallel group design for 14 
weeks. 
Results: Liraglutide dose levels reduced HbA1 c versus placebo (by 0.79%, 1.22%, 1.64% and 
1.85%, respectively; p < 0.0001 for linear contrast). Liraglutide 0.9 mW-day resulted in 75% of 
patients achieving HbA1c <7.0% and 57% achieving HbA1 c <6.5%. There were no major or 
minor hypoglycemic events. Liraglutide also reduced, with significant dose response (each 
p < 0.0001 for linear contrast) versus placebo: fasting plasma glucose (up to 2.5 mmol/L), 
postprandial (0 3 h} glucose excursion (up to 12.8 mmol/(L h)}; and increased postprandial 
insulin secretion (up to 23.0 µ.U/(rnL h)} and beta cell function as evaluated by HOMA 13 (up 
to around 20.0 (µ.U/rnL)/(mw"dL)). Body weight was unchanged; no development of liraglu 
tide antibodies was detected. 
Conclusions: Liraglutide was highly effective and well tolerated at doses up to 0.9 mW-day in 
Japanese patients with type 2 diabetes, allowing glycemic control without weight gain or 
hypoglycemia. 

© 2008 Elsevier Ireland Ltd. All rights reserved. 
1 . Introduction 

Type 2 diabetes is a multifactorial disease, in which individuals, 
to a varying degree, exhibit failing beta cell function, weight 
gain and increasing insulin resistance over time. The relative 
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importance of these factors differs between individuals and 
between populations, and it is well established that the 
pathophysiology of type 2 diabetes differs between Japanese 
and Caucasian patients. Insulin secretory capacity in Japanese 
patients with type 2 diabetes has been shown to be half of that 
reserved. 
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seen in Caucasian patients, a difference that is particularly

pronounced for meal related secretion [1 3]. Japanese patients,

in addition, typically have less insulin resistance compared

to Caucasians and are generally less obese, with a typical

body mass index (BMI) of 23 24 kg/m2 [4]. However, deteriorat

ing glycemic control is often observed resulting in increased

risk of microvascular and macrovascular complications. Avail

able treatments for type 2 diabetes are often associated

with undesirable effects (such as weight gain, hypoglycemia

or edema) that limit their acceptability and potential

for reaching treatment targets. There remains an urgent need

for new therapies that address the multiple dysfunctions in

type 2 diabetes without limitations of poor tolerability or

acceptability.

Glucagon like peptide 1 (GLP 1) is an incretin hormone

with a broad spectrum of physiological actions. Analogs of

GLP 1 may potentially be able to modulate the otherwise

inevitable progression of type 2 diabetes [5 7]. Liraglutide is a

long acting human GLP 1 analog that has a high degree of

homology to native GLP 1 but, via acylation to myristic acid,

achieves a longer plasma half life of 13 h and can thus be

administered once daily [8 10].

Previous studies with liraglutide in Japanese subjects have

included single dose and 21 day stepwise dose escalation (up

to 15 mg/kg) studies in healthy subjects and a 14 day dose

escalation study (to 10 mg/kg) in subjects with type 2 diabetes

[11]. Studies in non Japanese subjects with type 2 diabetes

have shown that liraglutide is able to achieve sustained

improvements in glycemic control with significant reduction

in body weight and with a very low risk of hypoglycemia [7,12

14]. Liraglutide has shown favorable effects on several

parameters of beta cell function [10,15 17], and animals

treated with liraglutide have shown increases in beta cell

mass [18]. Recent data in non Japanese subjects with type 2

diabetes also suggest potentially beneficial effects of liraglu

tide on systolic blood pressure (SBP), triglycerides and

cardiovascular biomarkers [19].

The present study was conducted to assess the efficacy,

safety and optimal dose for liraglutide during sustained

treatment in Japanese subjects with type 2 diabetes.
2. Subjects and methods

This was a multicenter, double blind, randomized, parallel

group phase 2 trial to evaluate the dose response relationship

on glycemic control of four doses of liraglutide and placebo in

Japanese subjects with type 2 diabetes. The primary efficacy

endpoint was HbA1c after 14 weeks of treatment, with other

measures of glycemic control (fasting plasma glucose (FPG),

postprandial plasma glucose (PPG), self monitored plasma

glucose profile) as secondary endpoints. The study was

performed at 63 centers in Japan between March 2005 and

May 2006. The study was performed in accordance with the

Declaration of Helsinki, with informed consent of subjects and

with approval of relevant ethics committees. Trial registration

numbers were NCT00154414 and JapicCTI 050131.

Patients included were to have type 2 diabetes treated

with diet therapy with or without oral antidiabetic drug

(OAD) monotherapy, HbA1c �7.0% and <10.0%, to be aged
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between 20 and 75 years and to have BMI <30 kg/m2. Patients

treated with insulin or insulin sensitizer within 16 weeks, or

receiving or expected to receive systemic corticosteroids,

were excluded, as were those with impaired hepatic or renal

function (serum glutamic oxaloacetic transaminase or

serum glutamic pyruvic transaminase >80 IU/L, or serum

creatinine �1.7 mg/dL), congestive heart failure (New York

Heart Association class III or IV), unstable angina pectoris or

myocardial infarction within 12 months, uncontrolled

hypertension (SBP > 160 mmHg or diastolic blood pressure

>100 mmHg), non stabilised proliferative retinopathy or

maculopathy.

The trial consisted of an 8 week run in period following

screening (at which point OADtherapy, ifany,wasdiscontinued

and during which an FPG<7.5 or�11.1 mmol/L at either of two

visits was cause for exclusion), a 2 week dose titration period

and a 12 week maintenance phase. Patients were randomized

at the end of the run in period to liraglutide or placebo in four

cohorts, each planned to contain 50 patients; in each cohort a

planned 40 patients received one of four liraglutide doses

(0.1 mg/day; 0.3 mg/day; 0.6 mg/day or 0.9 mg/day) and 10

received placebo. Liraglutide doses in the 0.6 and 0.9 mg/day

cohorts were increased from a starting dose of 0.3 0.6 mg/day

after 1 week and, in the 0.9 mg/day cohort, by a further 0.3 mg/

day after 2 weeks. Randomization was stratified by pre

treatment (with or without OAD monotherapy) and was

performed by sealed code by a central telephone registration

centre; allocation to liraglutide or placebo in each cohort was

blinded to subject and investigator. Dynamic allocation was

employed in order to guarantee a balanced allocation within

strata of pre trial treatment. Liraglutide was supplied by Novo

Nordisk A/S (Copenhagen, Denmark) as a 6.25 mg/mL solution,

and visually indistinguishable liraglutide vehicle as placebo.

Trialmedicationwas administered byabdominal subcutaneous

injection using pre filled pen and needle set (FlexPen1,

PenNeedle1, Novo Nordisk), once daily in the evening (at the

same time every day for each subject, as far as possible).

HbA1c and FPG were measured at baseline, after 2, 6 and 10

weeks and at the end of the trial. A meal test, using a standard

Japanese style breakfast, was performed at baseline and at

the end of the trial; plasma glucose, insulin and glucagon

being measured and the pre breakfast plasma glucose being

taken as measure of FPG. Fasting pro insulin and C peptide

levels were also recorded. All analyses were carried out by a

central laboratory (Mitsubishi Kagaku BCL, Inc., Tokyo,

Japan), except for a seven point plasma glucose profile which

was measured before and approximately 2 h after each meal,

and at bedtime by self monitoring at home using glucose

meters (Glutest Ace1, Glutest PRO1, Sanwa Kagaku, Nagoya,

Japan; Glucocard Diameter or Glucocard Diameter a, Arkray

KDK Corp., Kyoto, Japan) before start of treatment and end of

study, furthermore plasma liraglutide concentrations were

measured using ELISA by Capio Diagnostics (Copenhagen,

Denmark), and liraglutide antibodies were measured by

radioimmunoassay by Novo Nordisk A/S Immunochemistry

(Måløv, Denmark). Safety assessments included thyroid

ultrasonography at screening and end of study, electrocar

diography and clinical laboratory assessments including

calcitonin. Beta cell function and insulin resistance were

assessed from fasting insulin and plasma glucose values
 EXHIBIT 1038, IPR2024-00107, PAGE 2



SUN E
XHIBIT 1038, IPR2024-00107, PAGE 3



SUN
 EXHIBIT 1038, IPR2024-00107, PAGE 4



SUN E
XHIBIT 1038, IPR2024-00107, PAGE 5



Fig. 2 – Postprandial plasma glucose profiles following a

standard breakfast after 14 weeks’ treatment with

liraglutide. Data are means W S.E.
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4. Discussion

In this study, we investigated efficacy and safety from a dose

response perspective with four doses of liraglutide and

placebo in Japanese patients with type 2 diabetes. We

demonstrated significantly dose dependent improvements

in key parameters of glycemia HbA1c, FPG, PPG, seven point

self monitored plasma glucose and beta cell function

following 14 weeks’ treatment with liraglutide. Treatment

was weight neutral, no major or minor hypoglycemic episodes

occurred, and there was no treatment related development of

liraglutide antibodies during the trial.

The magnitude of HbA1c reduction with liraglutide in this

study is comparable to those reported in non Japanese

subjects by Vilsbøll and colleagues, where reductions of up

to 1.74% points were achieved from similar baseline HbA1c

levels of 8.1 8.5% [14]. Madsbad and colleagues reported a

0.74% point reduction in HbA1c with liraglutide, 0.75 mg/day,

from a somewhat better controlled baseline of 7.4% [13].

A clear dose response relationship for HbA1c reduction was

shown in this study. All doses of liraglutide tested showed a

degree of efficacy, with a plateau of dose response at 0.9 mg/

day. A dose of 0.9 mg/day appears to be highly effective and, of

the doses tested, offers the optimal efficacy/tolerability

balance in Japanese patients with type 2 diabetes. Indeed,

the reductions in HbA1c in this study allowed a large majority

of patients receiving the higher doses of liraglutide to achieve

satisfactory glycaemic control: in the 0.9 mg/day group 75% of

patients achieved HbA1c <7.0% and more than 50% achieved

HbA1c <6.5% (‘good’ or ‘excellent’ categories in current Japan

Diabetes Society guidance) without safety concerns or limited

tolerability [22]. As in previous studies with liraglutide in non

Japanese subjects [7,12,13,21], the risk of hypoglycemia is low

with this agent, with no confirmed minor or major hypogly

cemic episodes reported in this study. This combination of

efficacy and hypoglycemic tolerability is highly encouraging.

Previous longer term studies with liraglutide, largely in

Caucasians, have reported significant weight reduction

[7,12,14]. In the present study, body weight remained stable.
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This is likely to reflect the very different initial characteristics

typical for Japanese patients: initial BMI values in the studies

by Feinglos et al. and Nauck et al. were 34.5 kg/m2 and 31.3

32.4 kg/m2, respectively, compared with 23.9 kg/m2 in our

Japanese cohort [7,12].

Japanese and Caucasian patients also differ, typically, in

the nature of their type 2 diabetes. Japanese subjects have

greatly impaired first phase insulin secretion from an early

stage in type 2 diabetes, which accelerates the onset of

postprandial hyperglycemia, whereas in some other groups

type 2 diabetes is a disease of profound insulin resistance [23

26]. The improvements in overall metabolic control as well as

in PPG levels with liraglutide in Japanese individuals are

therefore welcome and consistent with previous data with

liraglutide in non Japanese subjects [15]. Taken together,

these data show that liraglutide is highly effective in

populations where either increased insulin resistance or

impaired insulin secretion is the main contributor to meta

bolic derangement. The 31% reduction in postprandial glucose

AUC seen in this study with 0.9 mg/day liraglutide compares

favorably with the 23% reduction reported in Caucasian

subjects by Juhl et al. [15]. Evidence from this study of

improvements in beta cell function was also encouraging.

Pro insulin:insulin ratio, a postulated indicator of insulin

secretory dysfunction [27,28] was reduced by all doses of

liraglutide versus placebo, as seen in previous studies with

liraglutide [13]. Beta cell function (HOMA B) was improved by

liraglutide, as seen by Madsbad et al. [13]; the lack of

improvement in HOMA R is likely to reflect the lack of effect

on body weight and the low initial levels of insulin resistance

in these Japanese subjects.

Liraglutide was well tolerated in this study, with adverse

event profiles comparable to placebo and few withdrawals

from treatment. No safety concerns were raised.

In conclusion, we have shown that liraglutide, at doses of

up to 0.9 mg/day, is effective in improving glycaemic control

and well tolerated in Japanese patients with type 2 diabetes,

with encouraging indications of beneficial effects on beta cell

function. An agent that allows three quarters of a population

of subjects with type 2 diabetes to achieve good glycaemic

control, with a low risk of hypoglycemia and no weight gain, is

well tolerated and requires only a single daily administration

will be welcome in clinical practice.
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