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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. 
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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 HbA,, 8.30%, mean BMI

23.9 kg/m”) 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

Results: Liraglutide dose levels reduced HbA;- versus placebo (by 0.79%, 1.22%, 1.64% and

1.85%, respectively; p < 0.0001 for linear contrast). Liraglutide 0.9 mg/day resulted in 75% of

patients achieving HbA:, <7.0% and 57% achieving HbA; <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 3h) glucose excursion (up to 12.8 mmol/(L h)); and increased postprandial

insulin secretion (up to 23.0 »U/(mL h)) and beta cell function as evaluated by HOMA6(up
to around 20.0 (1U/mL)/(mg/dL)). Body weight was unchanged; no developmentof liraglu

Conclusions: Liraglutide was highly effective and well tolerated at doses up to 0.9 mg/dayin

Japanese patients with type 2 diabetes, allowing glycemic control without weight gain or

© 2008 Elsevier Ireland Ltd. All nights 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 tak
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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
R. REDDY’S LABORATORIES, INC. 
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een 20 and 75 years and to have BMI <30 kg/m2. Patients

ted with insulin or insulin sensitizer within 16 weeks, or

iving or expected to receive systemic corticosteroids,

e excluded, as were those with impaired hepatic or renal

ction (serum glutamic oxaloacetic transaminase or

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

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

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

ocardial infarction within 12 months, uncontrolled

ertension (SBP > 160 mmHg or diastolic blood pressure

0 mmHg), non stabilised proliferative retinopathy or

culopathy.

he trial consisted of an 8 week run in period following

ening (at which point OADtherapy, ifany,wasdiscontinued

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

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

a 12 week maintenance phase. Patients were randomized

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

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

ned 40 patients received one of four liraglutide doses

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

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

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

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

after 2 weeks. Randomization was stratified by pre

tment (with or without OAD monotherapy) and was

formed by sealed code by a central telephone registration

tre; allocation to liraglutide or placebo in each cohort was

ded to subject and investigator. Dynamic allocation was

loyed in order to guarantee a balanced allocation within

ta of pre trial treatment. Liraglutide was supplied by Novo

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

visually indistinguishable liraglutide vehicle as placebo.

lmedicationwas administered byabdominal subcutaneous

ction using pre filled pen and needle set (FlexPen1,

Needle1, Novo Nordisk), once daily in the evening (at the

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

bA1c and FPG were measured at baseline, after 2, 6 and 10

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

nese style breakfast, was performed at baseline and at

end of the trial; plasma glucose, insulin and glucagon

g measured and the pre breakfast plasma glucose being

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

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

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

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

measured before and approximately 2 h after each meal,

at bedtime by self monitoring at home using glucose

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

n; Glucocard Diameter or Glucocard Diameter a, Arkray

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

y, furthermore plasma liraglutide concentrations were

asured using ELISA by Capio Diagnostics (Copenhagen,

mark), and liraglutide antibodies were measured by

ioimmunoassay by Novo Nordisk A/S Immunochemistry

løv, Denmark). Safety assessments included thyroid

asonography at screening and end of study, electrocar

raphy and clinical laboratory assessments including

itonin. Beta cell function and insulin resistance were

essed from fasting insulin and plasma glucose values

 MPI EXHIBIT 1038 PAGE 2MPI EXHIBIT 1038 PAGE 2



PRA

Tab
er
ati
he

M
ela
ffe
rou
Tab
2%
.9 m
he
% t
rou
on
air
nce
4 w

S
how
ea
er
.1m
irm
how

a

D
IP
E

DIABETES RESEARCH AND CLINICAL

using the homeostasis model assessment (HOMA) p and
HOMA R models, respectively [20]:

HOMA 8 360xfastinginsulin/(FPG 63)

HOMA R (fastinginsulin x FPG)/405

where units of insulin and glucose »U/mL and mg/dL, respec
tively.

Efficacy endpoints were analyzed using data from all
patients whoreceivedtrial product and for whom anyefficacy
data were recorded. Safety endpoints were recorded for any
patient receiving any dose of trial product. HbA,, and other
efficacy endpoints were analyzed using an ANOVA model with
dose group andpretrial treatment (with and without OAD)as
fixed effects and value at baseline as covariate. The existence

of a monotonic dose responserelationship was assessed for
each endpointusing an F test for linear contrast with contrast
coefficient of ( 2, 1,0, 1, 2). Asequentially rejecting Dunnett
test was used to perform pairwise comparison of HbA;- levels
in liraglutide groupsversus placebo. Required sample size was
calculated as 32 per dose group, based on a two sided 5%
significance level for the F test for linear contrast in the
primary endpoint with 80% power. Randomization of a
minimum of 200 subjects was planned, allowing for an
expected dropoutrate of 15%.
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ai Results

A total of 372 patients were screened, of whom 226 were
randomized to study cohorts and exposed to treatment

l
2
l

w

Table 1 - Patient flow and baseline characteristics of treatment gr
Screened 372

Screening failure
Met >1 exclusion criterion 100
Failed >1 inclusion criterion 39
Other 15

Placebo 0.1mg
Randomized 46

Withdrew
Adverse event 1 0

Non compliance with protocol 0 1
Ineffective therapy 1 1
Other 6 0

Completed 38 43

Age (years) 57.5 56.5
Mean(S.D.) (87) (8.4)
Gender: male/female (n/n) 29/17 31/14
Body weight(kg), mean (S.D.) 62.78 (10.88) 64.82 (10
BMI (kg/m”), mean (S.D.) 23.77 (2.63) 24.26 (2.7
Duration of diabetes (years), mean (S.D.) 7.48 (5.65) 7.15 (5.14

Diabetic complications
Retinopathy(n) 10 17
Nephropathy(n) 6 9
Neuropathy (n) 12 14
Other(n) 2 0

Treatmentincludes OAD (n) 22 21

R. REDDY’S LABORATORIES, INC. 
R2024-00009 
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le 1). Mean HbA;, was 8.30%; baseline characteristics
e comparable across study groups (Table 1). Sixteen
ents withdrew from the study, the largest number from
groups allocated to placebo (eight withdrawals).

ean HbA;, was reduced byall liraglutide dose levels
tive to placebo (Fig. 1), the magnitude of the treatment
ct ranging from 0.79 percentage points in the 0.1 mg/day
p to 1.85 percentage points with 0.9 mg/dayliraglutide
le 2). HbA:- levels below 7.0% were achieved by 22%, 43%,
and 75% of patients receiving liraglutide, 0.1, 0.3, 0.6 and
g/day, respectively, and 9% of those receiving placebo.

proportionofpatients achieving HbA;, <6.5% ranged from
o 57% in theliraglutide dose groups, and 2% in the placebo
p (Table 2). A monotonic dose response relationship was

firmed in HbA,, level, with p < 0.0001 for linear contrast.
wise comparison showedstatistically significant differ
sin HbA,, levels versus placeboin all liraglutide groups at
eeks.

elf monitored seven point plasma glucose profiles
ed reductions in mean glucose levels across the day;

n AUC valuesfor glucose across the seven point profiles
e lower than placebo with all liraglutide doses above

g/day (Table 2). Dose response relationship was con
ed with p< 0.0001 for linear contrast. FPG levels also
ed reductions with all liraglutide dose levels versus

ebo ranging from 0.76 to 2.48 mmol/L, with p < 0.0001 for
ar contrast. A reduction in FPG was already evidentat the
eek visit, which wasthe first timepoint followingstart of
lutide administration.
lucose levels following a standard breakfast after 14

ks showed significant dose response in glucose AUCp_
MPI EXHIBIT 1038 PAGE 3MPI EXHIBIT 1038 PAGE 3

oups

0.3 mg 0.6 mg 0.9 mg
46 45 44

0 0 1

1 0 0
1 1 0
1 0 1

43 44 42

56.8 60.0 55.5
(8.8) (7.0) (7.6)
32/14 28/17 31/13

.29) 62.42 (11.18) 61.97 (9.40) 62.36 (10.65)
7) 23.93 (3.09) 23.74 (2.78) 23.59 (3.04)
) 6.78 (4.69) 8.87 (6.77) 7.62 (4.92)

13 11 5
9 8 3
12 7 11
0 1 0

22 19 20
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Fig. 1 - Dose-response for HbA;, with increasing doses of
liraglutide. Data are means+ S.E. for HbA: after 14 weeks.

for l
rela
vers
p <
pro
dos
resp
resi

N
stud
the
rang

N
grou
hyp
plas

P
grou
at 1
(4.2
lirag
lirag
spec
Cau
sub
cut

D
I
E

3 h, With reductionsversus placebo atall liraglutide dose levels
and p <0.0001 for linear contrast (Table 2). One hour PPG
levels showed reductionswith all liraglutide doses except for
the lowest, whileall liraglutide doses showed reductions in 2
and 3 h PPG versus placebo (Fig. 2).

Insulin levels during the 3h following the standard
breakfast were also increased by the three highestliraglutide
doselevels (Table 2), also showing dose response (p < 0.0001
Table 2 - Effect of liraglutide on measures of glycemia, beta-cell fu

Placebo 0.1 mg 0.3 mg

HDbA,, (%), mean (S.D.)
Baseline 8.43 (1.02) 8.50 (0.84) 8.24 (0.92)
Week 14 8,52 (1.23) 7.78 (0.91) 7.17 (1.01)
Liraglutide placebo, 0.79 ( 1.08, 1,22 ( 1.50,

mean (95% Cl) 0.50) 0.93)

Patients achieving HbA; levels at week 14, n (%)
<5.8% 0 (0%) 0 (0%) 1 (2.2%)
25.8%, <6.5% 1 (2.2%) 3 (6.7%) 12 (26.1%)
26.5%, <7.0% 3 (6.5%) 7 (15.6%) 7 (15.2%)
27.0% 34 (73.9%) 33 (73.3%) 23 (50.0%)

7 point SMPG profile: AUC(7 point) (mmol/(L h)), mean (S.D.)
Baseline 170.8 (32.0) 173.7 (32.0) 164.7 (32.2)
Week 14 165.6 (35.1) 153.1 (30.3) 137.8 (29.0)
Liraglutide placebo, 13.7 ( 25.3, 25.0( 36.6,

mean (95% Cl) 2.1) 13.3)

Fasting plasma glucose (mmol/L), mean (S.D.)
Baseline 9.99 (1.71) 10.03 (1.73) 9.84 (1.73)
Week 14 9.77 (2.47) 9.03 (1.76) 8.42 (1.96)
Liraglutide placebo, 0.76( 140, 1.26 ( 1.89,

mean (95% Cl) 0.11) 0.61)

1 h postprandial plasma glucose (mmol/L), mean (S.D.)
Baseline 16.91 (2.42) 16.57 (2.61) 16.08 (2.61)
Week 14 16.03 (2.72) 15.00 (2.70) 13.78 (2.87)
Liraglutide placebo, 0.83 ( 1.81, 1.75 ( 2.73,

mean (95% Cl) 0.15) 0.76)

2 h postprandial plasma glucose (mmol/L), mean (S.D.)
Baseline 15.97 (2.92) 16.05 (3.04) 14.77 (2.74)
Week 14 14.95 (3.49) 13.57 (3.15) 11.48 (2.89)

R. REDDY’S LABORATORIES, INC. 
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inear contrast). This was accompanied by significant dose
tionship in beta cell function (HOMA B), with increases
us placebo at 0.3, 0.6 and 0.9mg/dayliraglutide (also
0.0001 for linear contrast). Pro insulin:insulin ratio and
insulin:C peptide ratios were decreased in all liraglutide

e groups (p 0.0008 and p< 0.0001 for linear contrast,
ectively). There was no evidence of change in insulin
stance (HOMA R).
o relevant changes in body weight occurred during the
y, a reduction of 0.95 kg (from baseline 62 kg) occurring in
placebo group and changes in the liraglutide groups
ing from +0.13kg to 0.48kg versus baseline (Table 2).
o major hypoglycemic events were reported in any study
p during the trial. Likewise, no episodes of minor

oglycemia occurred (symptomatic events confirmed by
ma glucose <3.1 mmol/L).
lasmalevels of liraglutide remained steady in all dose
psfrom 2 to 14 weeks; mean(S.D.) plasma concentrations
4 weeks were 1.98 (0.93), 4.31 (1.68), 9.42 (4.13) and 10.08
1) nmol/L in subjects receiving 0.1, 0.3, 0.6 and 0.9 mg/day
lutide, respectively. No treatmentrelated increase in
lutide antibodies occurred during the study. An assay
ific normal range was defined from a phase 2 study in
casians with type 2 diabetes [21]. In this trial of Japanese
jects, antibody levels were above the pre defined assay
off level in 11/226 patients at baseline and in 13/207
MPI EXHIBIT 1038 PAGE 4MPI EXHIBIT 1038 PAGE 4

nction and body weight

0.6 mg 0.9 mg F test for
linear

contrast

8.21 (0.83) 8.12 (0.98)
6.71 (0.92) 645 (0.77)
1.64( 1.93, 1.85 ( 2.14, p < 0.0001
135) 1.56)

6 (13.3%) 9 (20.5%)
18 (40.0%) 16 (36.4%)
4 (8.9%) 8 (18.2%)

15 (33.3%) 9 (20.5%) Notapplicable

167.0 (35.1) 155.5 (27.7)
123.5 (23.6) 116.8 (27.4)
40.2 ( 51.9, 419 ( 53.8, p< 0.0001
28.6) 29.9)

9.84 (1.23) 9.34 (1.36)
7.41 (1.23) 6.91 (1.22)
2.27 ( 2.92, 2.48 ( 3.13, p< 0.0001
1.63) 1.82)

16.47 (2.99) 15.61 (2.89)
12.99 (2.78) 11.39 (2.68)
2.78 ( 3.74, 3.85 ( 4.84, Nottested
1.81) 2.86)

16.01 (3.78) 14.42 (3.44)
10.74 (2.94) 8.89 (3.16)
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Table 2 (Continued)
Placebo 0.1 mg 0.3mg 0.6 mg 0.9mg F test for

linear
contrast

Liraglutide placebo, 1.43 ( 2.58, 2.83 ( 3.98, 4.22 ( 5.35, 5.23 ( 6.39, Nottested
mean (95% Cl) 0.29) 1.68) 3.09) 4.07)

3 h postprandial plasma glucose mmol/L), mean (S.D.)
Baseline 13.34 (2.91) 13.86 (3.09) 12,49 (2.96) 13,52 (3.48) 12.27 (2.92)
Week 14 12.57 (3.10) 11.24 (2.68) 9,39 (2.86) 8.13 (2.28) 6.86 (1.88)
Liraglutide placebo, 1.56 ( 2.53, 2.79 ( 3.77, 453( 5.49, 5.23 ( 6.21, Nottested

mean (95% Cl) 0.58) 1.82) 3.57) 4.26)

AUC(O 3h) plasma glucose (mmol/(Lh)), mean (S.D.)
Baseline 44.35 (6.88) 44,50 (7.19) 42.02 (6.72) 44.18 (8.54) 40.84 (7.85)
Week 14 41.86 (8.19) 38.64 (7.40) 34.16 (7.12) 31.46 (6.39) 27.12 (6.41)
Liraglutide placebo, 3.30 ( 5.88, 6.42( 9.01, 10.30 ( 12.85, 12.80 ( 15.40, p <0.0001

mean (95% Cl) 0.73) 3.84) 7.76) 10.20)

AUC (0 3h) insulin (uU/(mL h)), mean (S.D.)
Baseline 58.84 (32.47) 54.12 (30.98) 71.69 (48.06) 60.53 (32.04) 63.83 (45.73)
Week 14 59.38 (33.72) 64.23 (33.17) 95.29 (69.12) 102.56 (78.51) 88.97 (67.74
Liraglutide placebo, 10.69 ( 6.00, 19.69 (3.01, 41,34 (25.12, 23.02 (6.52, p<0.0001

mean (95% Cl) 27.39) 36.36) 57,55) 39.52)

Beta cell function (HOMA B)((uU/mL)/(mg/dL)), mean (S.D.)
Baseline 21.45 (14.75) 19.36 (13.34) 23.97 (18.51) 22.06 (13.69) 22.99 (18.62)
Week 14 22.34 (21.77) 27.56 (19.39) 36.82 (28.16) 44.06 (30.27) 44.04 (32.44)
Liraglutide placebo, 7.79 ( 0.11, 11.40 (3.58, 20.99 (13.17, 19.82 (11.96, p< 0.0001

mean (95% Cl) 15.70) 19.21) 28.80) 27.67)

Insulin resistance (HOMA R), mean (S.D.)
Baseline 2.78 (1.90) 2.68 (1.69) 3.02 (2.00) 2.93 (1.63) 2.58 (1.86)
Week 14 2.35 (1.33) 2.82 (1.98) 3.34 (3.12) 2.61 (1.81) 2.05 (1.47)
Liraglutide placebo, 0.54 ( 0.15, 0.83 (0.15, 0.14( 0.54, 0.17 ( 0.85, p=0.3521

mean (95% Cl) 1.23) 1.51) 0.82) 0.52)

Pro insulin:insulin ratio ((pmol/L)/(uU/mL)), mean (S.D.)
Baseline 1.56 (1.32) 1.52 (1.17) 1.44 (1.03) 1.50 (1.27) 1.51 (1.01)
Week 14 1.58 (1.25) 1.04 (0.66) 1.04 (0.77) 0.86 (0.65) 1.00 (0.94)
Liraglutide placebo, 0.53 ( 0.87, 0.50 (_ 0.83, 0.69( 1.02, 0.56 ( 0.89, p= 0.0008

mean (95% Cl) 0.20) 0.17) 0.36) 0.23)

Pro insulin:C peptide ratio ((pmol/L)/(ng/mL)), mean (S.D.)
Baseline 4.28 (2.90) 3.98 (2.45) 4.05 (2.28) 4.16 (3.56) 3.60 (1.97)
Week 14 3.87 (2.32) 3.22 (2.35) 2.94 (2.08) 2.41 (147) 2.28 (1.53)
Liraglutide placebo, 0.54 ( 1.25, 0.84( 1.55, 140( 2.11, 1.32 ( 2.04, p<0.0001

mean (95% Cl) 0.18) 0.13) 0.69) 0.61)

Body weight (kg), mean (S.D.)
Baseline 62.00 (10.97) 64.26 (10.46) 61.54 (10.98) 61.52 (9.46) 61.48 (10.55)
Week 14 61.05 (10.89) 64.21 (10.67) 61.67 (11.39) 61.42 (9.68) 61.00 (11.07)
Liraglutide placebo, 0.87 (0.19, 1.55) 1.08 (0.41, 1.75) 0.84 (0.16, 1.51) 0.46 ( 022,114) p=0.2481

mean (95% Cl)
 

Valuesfor baseline and week 14 are mean (S.D.). Liraglutide placebo differences (at week 14) were calculated using an ANOVA model with dose
group and pre treatmentas fixed effects and baseline value as covariate. SMPG, self measured plasmaglucose.

patients at week 15 (post treatment). No subject’s antibody
levels at week 15 exceeded the maximum level recorded at

events (abdominal discomfort andviral gastroenteritis; upper
abdominal pain, respectively).
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baseline.

A total of 154 patients (68%) experienced adverse events
during the study, most commonly infections and gastro
intestinal disorders. Distribution ofadverse events was similar

across treatment groups for infection/infestation disorders;
incidences of gastrointestinal disorders were placebo, 24%;
liraglutide 0.1 mg/day, 18%; 0.3 mg/day, 15%; 0.6 mg/day, 31%;
0.9 mg/day, 30%. Twopatients, one receiving placebo, and one
receiving 0.9 mg/day liraglutide, withdrew due to adverse

a

r
c
n
s
g
r
s
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even patients entering the study experienced serious
erse events; in five cases these events occurred before

iving any study medication. The two remaining events
cerned a subject with suspected papillary thyroid carci
a(in the 0.6 mg/dayliraglutide group) and a subject who
ered an alcohol related fall (in the 0.9 mg/day liraglutide
p). Neither event was considered by investigators to be
ted to study treatment and both patients completed the
y.
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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.
R. REDDY’S LABORATORIES, INC. 
PR2024-00009 
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s is likely to reflect the very different initial characteristics

ical for Japanese patients: initial BMI values in the studies

einglos et al. and Nauck et al. were 34.5 kg/m2 and 31.3

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

nese cohort [7,12].

apanese and Caucasian patients also differ, typically, in

nature of their type 2 diabetes. Japanese subjects have

tly impaired first phase insulin secretion from an early

e in type 2 diabetes, which accelerates the onset of

tprandial hyperglycemia, whereas in some other groups

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

The improvements in overall metabolic control as well as

PPG levels with liraglutide in Japanese individuals are

refore welcome and consistent with previous data with

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

se data show that liraglutide is highly effective in

ulations where either increased insulin resistance or

aired insulin secretion is the main contributor to meta

c derangement. The 31% reduction in postprandial glucose

seen in this study with 0.9 mg/day liraglutide compares

rably with the 23% reduction reported in Caucasian

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

rovements in beta cell function was also encouraging.

insulin:insulin ratio, a postulated indicator of insulin

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

glutide versus placebo, as seen in previous studies with

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

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

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

ody weight and the low initial levels of insulin resistance

hese Japanese subjects.

iraglutide was well tolerated in this study, with adverse

nt profiles comparable to placebo and few withdrawals

treatment. No safety concerns were raised.

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

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

well tolerated in Japanese patients with type 2 diabetes,

h encouraging indications of beneficial effects on beta cell

ction. An agent that allows three quarters of a population

ubjects with type 2 diabetes to achieve good glycaemic

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

l tolerated and requires only a single daily administration

be welcome in clinical practice.
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ppendix A. Investigators

Takashi Sasaki, Director, Keijinkai Sasaki Hospital, Sap

oro City, Hokkaido; Fuminobu Okuguchi, Director, Okuguchi

linic of Internal Medicine, Sendai City, Miyagi; Kenichi

amada, Director, Kenichi Yamada Clinic, Tagajo City, Miyagi;

iroaki Seino, Director, Diabetic Centre, Ohta Nishinouchi

ospital, Koriyama City, Fukushima; Takeshi Osonoi, Direc

or, Iryo Houjin Kenseikai, Naka Memorial Clinic, Naka City,

baraki; Yukiko Onishi, Director of Clinical Research Division,

he Institute for Adult Diseases Asahi Life Foundation

arunouchi Hospital, Tokyo; Yasuhiko Iwamoto, Director,

iabetic Centre, Tokyo Women’s Medical University School of

edicine, Tokyo; Kouichi Hirao, President, H.E.C Science

linic, Yokohama City, Kanagawa; Rika Usuda, Director,

oyama Prefectural Central Hospital, Toyama City, Toyama;

oshinari Takamura, Assistant Professor, Kanazawa Univer

ity Hospital Endocrinology and Metabolism Department,

anazawa City Ishikawa; Tatsuhide Inoue, Director of Live

ood Support, Shizuoka Kenritsu Sougo Hospital, Shizuoka

ity Shizuoka; Nobuyuki Abe, Director, Internal Medicine, ABE

ospital, Ohita City Ohita; Hideaki Jinnouchi, Sub Director,

iabetes Care Center, Jinnouchi Clinic, Kumamoto City,

umamoto; Shinji Taneda, Director, Manda Memorial Hospi

al, Sapporo City, Hokkaido; Masato Odawara, Professor,

okyo Medical University Hospital, Tokyo; Keiko Arai, Direc

or, Arai Clinic, Yokohama City, Kanagawa; Hiroshi Tanaka,

ept. Chief Director, Social Insurance Chukyo Hospital

ndocrinology and Metabolism Department, Nagoya City,

ichi; Syuji Nakamura, Director, Iryo Houjin Shadan Kowakai

eiwadai Hospital, Miyazaki City, Miyazaki; Hiroki

okoyama, Director, Jiyugaoka Clinic, Internal Medicine,

bihiro City, Hokkaido; Takashi Sasaki, Director, Kashiwa

ospital, Jikei University School of Medicine Diabetes,

etabolism and Endocrinology Dept., Kashiwa City, Chiba;

asami Nemoto, Chief Director, Jikei University School of

edicine Diabetes, Metabolism and Endocrinology Dept.,

okyo; Takashi Kadowaki, Professor, University of Tokyo

ospital Department of Metabolic Diseases, Tokyo; Kiyokazu

atoba, President, Matoba Diabetes Clinic, Ebina City, Kana

awa; Kunikazu Kondo, Director, Aichi Prefectural Welfare

ederation of Agricultural Co operative Associations Anjo

osei Hospital, Anjo City, Aichi; Hiroshi Sobajima, Internal

epartment Director, Ogaki Municipal Hospital Department of

iabetology and Nephrology, Ogaki City, Gifu; Yutaka Noto,

irector, National Hospital Organisation Kanazawa Medical

enter, Kanazawa City, Ishikawa; Yukihiro Nagai, Director,

agai Internal Medicine Clinic, Kanazawa City, Ishikawa;

kira Okada, Director, Okada Clinic, Fukuoka City, Fukuoka;

oshifumi Yokomizo, Director, Iryo Houjin Yokomizo Internal

edicine Clinic, Kitakyusyu City Fukuoka; Shigeru Miyazaki,

nternal Department Director, Tokyo Teishin Hospital Endo

rinology and Metabolism Department, Tokyo; Katsuhiro

anaka, Assistant, National University Corporation Oita

niversity Hospital First Department of Internal Medicine,

ufu City, Oita; Sumiko Hasumi, Sub Director, Iryo Houjin

eishinkai Nishiyamadou Hospital, Hitachiota City, Ibaraki;

akeshi Ogihara, Assistant, Juntendo University Hospital

iabetes and Endocrine Division, Tokyo; Masako Murakami,

irector General, Shizuoka Red Cross Hospital, Shizuoka City,
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oka; Akira Yamauchi, Director, Suruga Clinic, Shizuoka

hizuoka; Toshihiro Toyoshima, Director, Shizuoka Kosei

ital, Shizuoka City, Shizuoka; Mitsuo Imura, Director,

City Hospital Metabolism and Endocrinology Depart

, Yaizu City, Shizuoka; Kyuji Kamoi, Director, Nagaoka

ross Hospital, Nagaoka City, Niigata; Masaya Hosokawa,

rer, Kyoto University Hospital, Kyoto City, Kyoto; Ataru

uchi, Director, The Kansai Electric Power Co., Inc. Kansai

ric Power Hospital, Osaka City, Osaka; Teruo Shiba,

tor, Mitsui Memorial Hospital, Tokyo; Azuma Kanatsuka,

tor, Diabetic Centre, Chiba Central Medical Centre,

a City, Chiba; Hiroshi Ohashi, Director, Oyama East

c, Oyama City, Tochigi; Nariaki Ejiri, Director, Hitachi,

aga General Hospital, Hitachi City Ibaraki; Akiko Onishi,

or, Hitachi, Ltd. Mito General Hospital, Hitachinaka City,

ki; Fuyuki Minagawa, Director, Minagawa Medical Clinic,
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J.P. Courrèges, et al., Liraglutide: a once daily GLP 1 analog,
given as monotherapy significantly improves glycemic
control and lowers body weight without risk of
hypoglycemia in patients with type 2 diabetes mellitus,
Diabetes Care 30 (2007) 1608 1610.

] Japan Diabetes Society, Treatment objective and index for
blood glucose control, in: Guidance for Diabetes Therapy
2006 2007, Japan Diabetes Society, Bunkodo, Japan, 2006,
pp. 21 23.

] M. Fukushima, M. Usami, M. Ikeda, Y. Nakai, A. Taniguchi,
T. Matsuura, et al., Insulin secretion and insulin sensitivity
at different stages of glucose tolerance: a cross sectional
trial of Japanese Type 2 diabetes, Metabolism 53 (2004)
831 835.

] S.M. Haffner, G. Howard, E. Mayer, R.N. Bergman, P.J.
Savage, M. Rewers, et al., Insulin sensitivity and acute
insulin response in African Americans, non Hispanic
whites, and Hispanics with NIDDM: the insulin resistance
atherosclerosis study, Diabetes 46 (1997) 63 69.

] T. Nakagami, Q. Qiao, B. Carstensen, C. Nhr Hansen, G. Hu,
J. Tuomilehto, B. Balkau, K. Borch Johnsen, The DECODE
DECODA Study Group, age, body mass index and Type 2
diabetes associations modified by ethnicity, Diabetologia
46 (2003) 1063 1070.

] H. Sone, Y. Yoshimura, H. Ito, Y. Ohashi, N. Yamada, Japan
Diabetes Complications Study Group, energy intake and
obesity in Japanese patients with type 2 diabetes, Lancet
363 (2004) 248 249.

] D. Porte, S.E. Kahn, Hyperproinsulinemia and amyloid in
NIDDM: clues to etiology of islet b cell dysfunction?
Diabetes 38 (1989) 1333 1336.

] A. Clark, L.C. Jones, E. de Koning, B.C. Hansen, D.R.
Matthews, Decreased insulin secretion in type 2 diabetes: a
problem of cellular mass or function? Diabetes 50 (Suppl. 1)
(2001) S169 S171.
 MPI EXHIBIT 1038 PAGE 8MPI EXHIBIT 1038 PAGE 8




