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GLUCAGON-LIKE PEPTIDE-1 (GLP-1) is an 
endogenous incretin hormone that is rapidly secreted 
by intestinal L-cells in response to food ingestion.  
GLP-1 stimulates postprandial insulin secretion, inhib-
its glucagon secretion, and slows gastric emptying [1].  
The acute administration of GLP-1 induces satiety and 
reduces food intake in subjects with and without diabe-
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Abstract.  The goal of this study was to assess the safety and efficacy of 0.75 mg of dulaglutide, a once weekly glucagon-
like peptide-1 receptor agonist, in Japanese patients with type 2 diabetes (T2D) on a single oral hypoglycemic agent 
(OHA).  In this phase 3, nonrandomized, open-label, parallel-group, 52-week study, safety and efficacy of once weekly 
dulaglutide 0.75 mg were assessed in Japanese patients with T2D on a single OHA (sulfonylureas [SU], biguanides [BG], 
α-glucosidase inhibitors [AGI], thiazolidinedione [TZD], or glinides [GLN]).  A total of 394 patients were treated with 
study drug, and 92.9% completed the 52-week treatment period.  The most frequent treatment-emergent adverse events 
were nasopharyngitis and gastrointestinal disorders, including constipation, diarrhea, and nausea.  Incidences of 
hypoglycemia varied across the combination therapy groups: incidence was greater in patients receiving SU compared with 
other combinations.  No severe hypoglycemic episodes occurred during the study.  Increases from baseline in pancreatic 
and total amylase, lipase, and pulse rate were observed in all 5 combination therapy groups.  Significant reductions from 
baseline in HbA1c were observed in all 5 combination therapy groups (–1.57% to –1.69%, p < 0.001 for all).  Mean body 
weight changes from baseline varied across the combination therapy groups: a significant increase was observed in 
combination with TZD, there were no significant changes in combination with SU or GLN, and significant reductions were 
observed in combination with BG or AGI.  Once weekly dulaglutide 0.75 mg in combination with a single OHA was 
overall well tolerated and improved glycemic control in Japanese patients with T2D.  
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tes [2, 3].  Several GLP-1 receptor agonists have been 
developed or are in development for the treatment of 
type 2 diabetes (T2D) [4–6].  As of June 2015, four 
GLP-1 receptor agonists (liraglutide [7], exenatide 
twice daily and once weekly [8, 9], and lixisenatide 
[10]) have been launched in Japan.  

Dulaglutide is a long-acting GLP-1 receptor agonist 
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2011 to December 2013 at 34 sites in Japan and was 
registered at ClinicalTrials.gov (NCT01468181).  

Japanese male and female patients ≥20 years old 
who had been diagnosed with T2D and had a screen-
ing HbA1c ≥7.0% to ≤11.0% were eligible; they were 
required to be taking SU, BG, AGI, TZD, or GLN 
monotherapy for at least 3  months before screening 
at doses that were stable for at least 8 weeks before 
screening.  Key exclusion criteria included patients 
with type 1 diabetes; patients previously treated with 
any GLP-1 receptor agonist or insulin within 3 months 
prior to screening; patients undergoing chronic sys-
temic glucocorticoid therapy; and patients who had 
a clinically significant gastric emptying abnormality, 
cardiovascular (CV) disease, liver disease, renal dis-
ease, active or untreated malignancy, history of chronic 
or acute pancreatitis, obvious clinical signs or symp-
toms of pancreatitis, or self or family history of med-
ullary C-cell hyperplasia, focal hyperplasia, or medul-
lary thyroid carcinoma.  Hypoglycemia was defined 
as blood glucose concentration of ≤70 mg/dL and⁄or 
symptoms and⁄or signs attributable to hypoglycemia.  
Severe hypoglycemia was defined as an episode requir-
ing the assistance of another person to actively admin-
ister therapy [23].  

A common protocol was approved at each site by an 
institutional review board, and the study was performed 
in accordance with the principles of the Declaration of 
Helsinki and Good Clinical Practice.  Each patient pro-
vided written informed consent prior to participation.  

Study treatments
DU 0.75 was given once weekly as a subcutaneous 

injection.  Throughout the study, patients were main-
tained on stable doses of their usual OHA (SU, BG, AGI, 
TZD, or GLN) unless dose modifications were required 
due to hypoglycemia or persistent hyperglycemia.  

Study endpoints and assessments
Safety measures evaluated were treatment-emergent 

adverse events, vital signs (blood pressure and pulse 
rate), electrocardiograms (ECGs), laboratory tests, 
dulaglutide antidrug antibodies (ADAs), and hypo-
glycemia.  Efficacy measures evaluated were HbA1c 
(changes from baseline), proportions of patients who 
achieved HbA1c <7.0% or ≤6.5%, fasting serum glu-
cose (FSG; changes from baseline), 7-point self-mon-
itored blood glucose (SMBG) profiles (changes from 
baseline), β-cell function and insulin sensitivity as esti-

that mimics some of the effects of endogenous GLP-
1; it is administered as a subcutaneous injection once 
weekly.  The 0.75 mg and 1.5 mg doses have been 
approved in the United States and the European Union, 
and the 0.75 mg dose (DU 0.75) has been approved in 
Japan for the treatment of T2D [11–13].  Dulaglutide 
has been modified to render the molecule more stable 
against dipeptidyl peptidase-4 (DPP-4) inactivation, 
increase the solubility of the peptide, reduce immuno-
genic potential, and increase the duration of its phar-
macologic activity [14].  The pharmacokinetic half-life 
of DU 0.75 is approximately 4.5 days, and the max-
imum dulaglutide plasma concentration is observed 
approximately 2 days after subcutaneous administra-
tion in Japanese patients, which supports once weekly 
dosing (data not shown).  In clinical trials in patients 
with T2D conducted outside of Japan, dulaglutide 
1.5 mg once weekly has shown superiority to metfor-
min, sitagliptin, insulin glargine, and exenatide twice 
daily and non-inferiority to liraglutide, all based on 
changes in HbA1c, and has been associated with reduc-
tions in body weight [15–19].  In phase 3 clinical tri-
als in patients with T2D in Japan, DU 0.75 has shown 
superiority to insulin glargine and non-inferiority to 
liraglutide 0.9 mg based on changes in HbA1c after 26 
weeks of treatment [20, 21].  

Although dulaglutide is not an oral hypoglycemic 
agent (OHA), this study was conducted in accordance 
with the Guideline for Clinical Evaluation of OHA in 
Japan [22].  Based on this guideline, the primary objec-
tive of this study was to assess the safety and tolerabil-
ity of once weekly DU 0.75 in combination with a sin-
gle OHA over 52 weeks of treatment.  

The 5 OHAs that DU 0.75 was added onto in this 
study were as follows:  sulfonylureas (SU), biguanides 
(BG), α-glucosidase inhibitors (AGI), thiazolidinedi-
one (TZD), and glinides (GLN).  

Materials and Methods

Study design and patients
This was a 52-week, multicenter, nonrandomized, 

outpatient, open-label, phase 3 study to assess the long-
term safety and efficacy of DU 0.75 in patients with 
T2D who had inadequate glycemic control with a sin-
gle OHA.  

The study had 4 periods:  screening (2 weeks), lead-
in (2 weeks), treatment (52 weeks), and safety follow-
up (30 days).  The study was conducted from December 
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Results

Patients
A total of 452 patients entered the study, with 394 

(DU 0.75+SU, 131; DU 0.75+BG, 61; DU 0.75+AGI, 
65; DU 0.75+TZD, 66; DU 0.75+GLN, 71) patients 
assigned to treatment (enrolled).  All enrolled patients 
received at least 1 dose of study drug and comprised 
the FAS.  A total of 366 patients (92.9%) completed the 
52-week treatment period, and 28 patients (7.1%) were 
discontinued from the study early.  The most common 
reasons for discontinuation overall were adverse event 
(4.8%) and protocol violation (1.0%).  

The mean ± standard deviation (SD) age overall was 
57.4 ± 11.0 years (Table 1).  All patients were Japanese.  
The majority (75%) were male.  The mean duration of 
T2D was 7.7 ± 6.3 years.  The mean HbA1c was 8.5 
± 1.1%, and the mean FSG was 172.8 ± 41.6 mg/dL.  
Mean body weight was 71.4 ± 13.3 kg, and mean body 
mass index (BMI) was 25.9 ± 3.7 kg/m2.  Mean dura-
tion of T2D was longest in patients receiving SU (9.4 
years).  Mean age was lowest in patients receiving BG 
(52.7 years).  Mean BMI was highest in patients receiv-
ing TZD or BG (27.0 and 27.1 kg/m2, respectively).  
Mean HbA1c was highest in patients receiving GLN 
or SU (8.6% and 8.9%, respectively).  The mean dose 
of SU at baseline was 2.5 mg glimepiride equivalent.  

Safety
No deaths occurred during the study.  The incidence 

of treatment-emergent adverse events during the study 
ranged from 70.8% (DU 0.75+AGI) to 85.5% (DU 
0.75+SU).  Nasopharyngitis was the most frequent 
treatment-emergent adverse event overall, followed by 
constipation, diarrhea, and nausea (Table 2).  In total, 19 
patients (4.8%) experienced ≥1 serious adverse event 
through the treatment period (Table 2).  The incidence 
of serious adverse events during the study ranged from 
1.5% (DU 0.75+TZD) to 6.9% (DU 0.75+SU).  One 
additional patient (DU 0.75+GLN) experienced a seri-
ous adverse event during the follow-up period.  Serious 
adverse events are summarized in Supplementary 
Table 1.  The only serious adverse event reported by 
more than 1 patient overall was large intestine polyp (2 
patients: DU 0.75+BG, 1; DU 0.75+GLN, 1).  Serious 
adverse events for which study drug causality was 
not excluded by the investigator were bile duct stone, 
edema, and adenocarcinoma gastric, each of which 
occurred in separate patients.  Five patients were dis-

mated with updated Homeostasis Model Assessment 
[24] (HOMA2-%B and HOMA2-%S [each calculated 
with both fasting insulin and C-peptide], respectively; 
changes from baseline), and body weight (changes 
from baseline).  

Deaths, nonfatal CV adverse events, cardiac bio-
markers, and possible cases of pancreatitis (patients with 
severe abdominal pain or serum amylase and/or lipase 
≥3 times the upper limit of normal [ULN]) were adjudi-
cated by independent committees of expert physicians.  

Statistical analyses
Because this study was nonrandomized, no between-

group hypothesis testing was conducted for safety or 
efficacy measures, and statistical tests of within-group 
changes from baseline for efficacy parameters were 
conducted for reference only.  For these reasons, sta-
tistically-derived power calculations were not used to 
determine sample size.  Sample size was based on the 
Japanese Guideline for Clinical Evaluation of OHA 
[22] for safety assessment:  at least 100 patients treated 
for 1 year in combination with SU (based on SUs hav-
ing a higher hypoglycemia risk compared with other 
OHAs) and at least 50 patients treated for 1 year in 
combination with each of the other 4 agents.  Taking 
into account the expected overall dropout rate of 
approximately 17%, a total of 365 patients was planned 
to be enrolled:  approximately 60 patients in each of the 
DU 0.75+BG, DU 0.75+AGI, DU 0.75+TZD, and DU 
0.75+GLN groups, and approximately 120 patients in 
the DU 0.75+SU group.  

The Full Analysis Set (FAS), defined as all patients 
enrolled who took at least 1 dose of study drug, was used 
for safety and efficacy reporting.  For laboratory tests, 
vital signs, ECGs, and efficacy measures, within-group 
changes from baseline at each time point were assessed 
by t-tests at the level of 0.05.  T-tests at individual time 
points were based on patients with nonmissing baseline 
data and nonmissing data at the time point.  Adjustments 
for multiplicity were not used for t-tests at multiple time 
points.  At weeks 26 and 52, last observation carried for-
ward (LOCF) imputation was also used for both safety 
and efficacy assessments with t-tests.  Observed val-
ues and changes from baseline in laboratory measure-
ments were summarized by combination therapy group 
at each scheduled visit as well as at endpoint (LOCF).  
Statistical analyses were performed using SAS Version 
9.2 (SAS Institute Inc, Cary, NC, USA).  
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23.3% (DU 0.75+TZD) to 43.5% (DU 0.75+AGI).  
Three and 16 patients, respectively, had total amy-
lase or lipase >3×ULN during the study.  Two cases 
of pancreatitis were confirmed on adjudication, both 
in the DU 0.75+SU group (1 patient was a 73-year-
old female with BMI of 22.5 kg/m2 and the other 
patient was a 45-year-old male with BMI of 30.5 kg/
m2).  In the former case, pancreatic enzyme increases 
were thought to have been iatrogenically induced by 
an endoscopic ultrasound/fine needle aspiration proce-
dure for tumor examination; the results of the fine nee-
dle aspiration were not reported to the sponsor, but the 
patient continued treatment in the study for approxi-
mately 10 months after the procedure and completed 
the study with no additional pancreatic-related com-
plaints or adverse events.  In the latter case, there were 
no typical abdominal symptoms of pancreatitis related 
to the lipase increase.  

No median changes from baseline in serum calcito-
nin were observed in any combination therapy group at 
week 52 (LOCF), and all postbaseline calcitonin val-
ues were within normal limits.  No treatment-emergent 
thyroid-related adverse events were observed.  

A total of 19 patients (4.8%) experienced at least 
1 treatment-emergent adverse event related to injec-
tion site reactions through 52 weeks.  All of the treat-
ment-emergent injection site adverse events were of 
mild intensity, except for 1 moderate-intensity injec-
tion site reaction, which led to discontinuation from the 

continued from the study due to serious adverse events: 
3 in the DU 0.75+SU group (acute myocardial infarc-
tion, edema, and adenocarcinoma gastric) and 2 in the 
DU 0.75+AGI group (ovarian neoplasm and cholan-
gitis).  A total of 19 patients (4.8%) were discontin-
ued from the study due to an adverse event through the 
treatment period (Table 2).  

A total of 10 nonfatal CV events were adjudi-
cated for a total of 6 patients (DU 0.75+SU, 6 events 
in 3 patients; DU 0.75+AGI, 4 events in 3 patients).  
Events in 5 patients were confirmed as CV events (DU 
0.75+SU, congestive cardiac failure, acute myocardial 
infarction, and coronary angioplasty in 1 patient; cere-
bral infarction in 1 patient; coronary arterial stent inser-
tion and angina unstable in 1 patient; DU 0.75+AGI, 
myocardial ischemia and coronary artery bypass in 1 
patient and percutaneous coronary intervention in 1 
patient).  One event, the serious adverse event of myo-
cardial infarction, was confirmed upon adjudication 
as a major adverse CV event (MACE); the investiga-
tor did not consider this event to be possibly related to 
study drug.  

Median increases from baseline in amylase and 
lipase were observed in all 5 combination therapy 
groups (Table 2).  Percentages of patients with treat-
ment-emergent abnormal changes in total amy-
lase ranged from 7.5% (DU 0.75+SU) to 14.7% (DU 
0.75+GLN).  Percentages of patients with treatment-
emergent abnormal changes in lipase ranged from 

Table 1  Patient characteristics at baseline 
DU 0.75 + SU

N=131
DU 0.75 + BG

N=61
DU 0.75 + AGI

N=65
DU 0.75 + TZD

N=66
DU 0.75 + GLN

N=71
Total

N=394
Sex

Women 36 (27.5) 21 (34.4)   10 (15.4) 14 (21.2) 17 (23.9) 98 (24.9)
Men 95 (72.5) 40 (65.6) 55 (84.6) 52 (78.8) 54 (76.1) 296 (75.1)  

Age (years) 58.7 (11.6) 52.7 (10.2) 59.1 (10.5) 56.4 (10.5) 58.2 (10.3) 57.4 (11.0)
≥65 years 44 (33.6) 6 (9.8) 20 (30.8) 13 (19.7) 18 (25.4) 101 (25.6)
Weight (kg) 70.0 (12.6) 74.5 (12.0) 70.2 (12.5) 75.2 (15.6) 68.7 (12.9) 71.4 (13.3)
BMI (kg/m2) 25.7 (3.6) 27.1 (3.7) 25.4 (3.6) 27.0 (3.9) 24.9 (3.5) 25.9 (3.7)
Diabetes duration (years) 9.4 (6.8) 5.8 (4.4) 8.1 (7.0) 7.4 (6.7) 6.1 (4.8) 7.7 (6.3)
HbA1c (%) 8.9 (1.1) 8.2 (0.9) 8.1 (1.0) 8.4 (1.2) 8.6 (1.2) 8.5 (1.1)
FSG (mg/dL) 181.6 (43.6) 160.8 (35.8) 165.6 (40.0) 165.2 (43.2) 180.7 (37.8) 172.8 (41.6)
Seated vital signs

SBP (mmHg) 134.8 (13.6) 124.7 (10.7) 129.7 (14.9) 129.0 (11.9) 132.4 (14.6) 131.0 (13.7)
DBP (mmHg) 81.5 (9.4) 79.4 (9.0) 79.8 (8.6) 81.4 (9.1) 80.9 (9.2) 80.8 (9.1)
Pulse rate (bpm) 72.8 (10.1) 73.3 (9.6) 72.3 (10.2) 71.2 (10.3) 73.7 (12.0) 72.7 (10.4)

AGI, α-glucosidase inhibitor; BG, biguanide; BMI, body-mass index; DBP, diastolic blood pressure; DU 0.75, 0.75 mg dulaglutide 
once weekly; FSG, fasting serum glucose; GLN, glinide; N, number of patients in full analysis set; SBP, systolic blood pressure; SU, 
sulfonylurea; TZD, thiazolidinedione. Data are numbers (%) or mean (SD). 
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Table 2  Safety assessments and vital signs

DU 0.75 + SU
N=131

DU 0.75 + BG
N=61

DU 0.75 + AGI
N=65

DU 0.75 + TZD
N=66

DU 0.75 + GLN
N=71

Deaths 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Serious adverse events 9 (6.9) 3 (4.9) 4 (6.2) 1 (1.5) 2 (2.8)
Patients with at least one treatment-emergent 
adverse event 112 (85.5) 51 (83.6) 46 (70.8) 53 (80.3) 52 (73.2)

Treatment-emergent adverse events 
(≥5% of patients in any group)§ 

Nasopharyngitis  31 (23.7) 16 (26.2) 11 (16.9) 16 (24.2) 16 (22.5) 
Constipation  20 (15.3) 3 (4.9) 8 (12.3) 3 (4.5) 5 (7.0) 
Diarrhea  13 (9.9) 9 (14.8) 3 (4.6) 5 (7.6) 7 (9.9) 
Nausea  17 (13.0) 2 (3.3) 4 (6.2) 5 (7.6) 3 (4.2) 
Lipase increased  11 (8.4) 6 (9.8) 6 (9.2) 3 (4.5) 2 (2.8) 
Back pain  8 (6.1) 2 (3.3) 2 (3.1) 6 (9.1) 1 (1.4) 
Decreased appetite  10 (7.6) 3 (4.9) 3 (4.6) 1 (1.5) 2 (2.8) 
Pharyngitis  7 (5.3) 2 (3.3) 3 (4.6) 6 (9.1) 0 (0.0) 
Hypertension  5 (3.8) 3 (4.9) 4 (6.2) 2 (3.0) 3 (4.2) 
Influenza  6 (4.6) 7 (11.5) 0 (0.0) 0 (0.0) 3 (4.2) 
Vomiting  8 (6.1) 1 (1.6) 3 (4.6) 3 (4.5) 1 (1.4) 
Bronchitis  10 (7.6) 1 (1.6) 0 (0.0) 2 (3.0) 2 (2.8) 
Dyspepsia  6 (4.6) 2 (3.3) 1 (1.5) 0 (0.0) 5 (7.0) 
Contusion  2 (1.5) 4 (6.6) 1 (1.5) 2 (3.0) 2 (2.8) 
Weight increased  0 (0.0) 0 (0.0) 0 (0.0) 4 (6.1) 1 (1.4) 

Patients discontinued from the study 
due to adverse event 8 (6.1) 1 (1.6) 6 (9.2) 2 (3.0) 2 (2.8)

Seated vital signs 
(mean change from baseline [SE])‡

Systolic blood pressure (mmHg) −1.9 (1.1) 0.9 (1.5) −0.6 (1.7) 1.0 (1.3) −2.1 (1.6)
Diastolic blood pressure (mmHg) −0.7 (0.7) 0.5 (1.0) −0.0 (1.1) 0.5 (0.9) −1.1 (0.9)
Pulse rate (bpm) 2.8 (0.7)** 3.1 (0.9)* 1.7 (1.0) 1.8 (0.9)* 3.7 (0.8)**

ECG PR interval (ms) 1.8 (0.8)* 2.3 (1.3) 3.3 (1.4)* 0.8 (1.5) 1.6 (1.7)
Pancreatic enzymes 
(median change; minimum and maximum)‡ 

Total amylase (U/L) 7.0 (−151, 74)* 5.0 (−34, 58)* 11.0 (−72, 245)** 4.0 (−24, 59)* 6.0 (−139, 97)
Lipase (U/L) 9.0 (−93, 73)** 6.0 (−15, 128)** 9.0 (−180, 629) 4.5 (−17, 51)** 5.0 (−43, 449)

Patients with treatment-emergent abnormal 
changes in pancreatic enzymes (>ULN)‡‡ 

Total amylase 9/120 (7.5) 6/59 (10.2) 6/60 (10.0) 6/60 (10.0) 10/68 (14.7)
Lipase 46/118 (39.0) 16/56 (28.6) 27/62 (43.5) 14/60 (23.3) 23/65 (35.4)

Patients with pancreatic enzyme 
concentration >3×ULN

Total amylase 1 (0.8) 0 (0.0) 1 (1.5) 1 (1.5) 0 (0.0)
Lipase 5 (3.8) 5 (8.2) 4 (6.2) 1 (1.5) 1 (1.4)

Treatment-emergent dulaglutide 
antidrug antibodies¶

Dulaglutide antidrug Antibodies 1 (0.8) 0 (0.0) 1 (1.5) 3 (4.5) 4 (5.6)
Dulaglutide neutralising antidrug antibodies 1 (0.8) 0 (0.0) 1 (1.5) 3 (4.5) 4 (5.6)
nsGLP-1 neutralising antibodies 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.5) 2 (2.8)

AGI, α-glucosidase inhibitor; BG, biguanides; DU 0.75, 0.75 mg dulaglutide once weekly; ECG, electrocardiogram; GLN, glinides; 
MedDRA, Medical Dictionary for Regulatory Activities. N, number of patients in full analysis set; nsGLP1, native sequence glucagon-
like peptide-1; SU, sulfonylurea; TZD, thiazolidinedione; ULN, upper limit of normal. Data are numbers (%) unless otherwise specified. 
§MedDRA version 16.1. ‡Data are last observation carried forward. ‡‡Denominator is patients with a normal baseline and a postbaseline 
measurement. ¶These values include all postbaseline observations including the safety follow-up. **denotes p < 0.001 for change from 
baseline within treatment group. *denotes p < 0.05 for change from baseline within treatment group. 
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study for 1 patient in the DU 0.75+SU group.  A total 
of 6 patients experienced treatment-emergent adverse 
events that were considered hypersensitivity reactions: 
5  patients experienced mild urticaria, and 1 patient 
experienced mild swelling of the face.  

A total of 9 patients (2.3%) had at least 1 treatment-
emergent dulaglutide ADA; all of these patients had 
treatment-emergent dulaglutide ADA that were dula-
glutide neutralizing and native sequence GLP-1 cross-
reactive (Table 2).  All of these patients except for 1 
completed 52 weeks of treatment.  HbA1c increased 
from baseline to week 52 (LOCF) in 2 of the 9 patients 
(by 0.1 and 0.4%).  None of these patients exhibited 
hypersensitivities or allergic reactions, though 2 expe-
rienced mild injection site pruritus.  

Mean changes from baseline to week 52 (LOCF) 
in seated vital signs and ECG PR interval are pre-
sented in Table 2.  There were no clinically relevant 
changes in seated systolic or diastolic blood pressure.  
Statistically significant mean increases from baseline 
in seated pulse rate were observed in 4 of the 5 combi-
nation therapy groups:  mean changes ranged from 1.7 
(DU 0.75+AGI) to 3.7 bpm (DU 0.75+GLN).  Mean 
changes from baseline in ECG PR interval ranged 
from 0.83 msec (DU 0.75+TZD) to 3.25 msec (DU 
0.75+AGI).  

Table 3 summarizes incidence and rate (events/
patient/30 days) of hypoglycemia through 52 weeks of 
treatment in this study.  A total of 61 patients (15.5%) 
experienced hypoglycemia; the incidence was higher 
in the DU 0.75+SU group (33.6%) than in the other 
4 combination therapy groups (range 3.3% to 9.9%).  
The mean ± SD hypoglycemia rate (events/patient/30 
days) ranged from 0.00 ± 0.01 (DU 0.75+BG) to 0.10 
± 0.27 (DU 0.75+SU).  No severe hypoglycemic epi-
sodes occurred during the study.  

Efficacy
All 5 combination therapy groups had significant 

mean reductions from baseline in HbA1c (p < 0.001, 
all) beginning at week 14 that continued through week 
52.  The mean ± standard error (SE) change from base-
line in HbA1c at week 26 (LOCF) overall was –1.77 
± 0.05%; changes ranged from –1.93 ± 0.09% (DU 
0.75+SU) to –1.58 ± 0.11% (DU 0.75+BG; Table 4).  
The mean change from baseline in HbA1c at week 52 
(LOCF) overall was –1.65 ± 0.05%; changes ranged 
from –1.69 ± 0.13% (DU 0.75+TZD) to –1.57 ± 0.11% 
(DU 0.75+BG).  Fig. 1A plots mean HbA1c values (%) 

over time.  
At week 26 (LOCF), 70.1% of patients overall 

achieved HbA1c <7.0%, and 51.8% achieved HbA1c 
≤6.5%.  Across the treatment groups, percentages of 
patients achieving HbA1c <7.0% ranged from 61.8% 
(DU 0.75+SU) to 81.5% (DU 0.75+AGI); percent-
ages of patients achieving HbA1c ≤6.5% ranged from 
35.1% (DU 0.75+SU) to 72.3% (DU 0.75+AGI; Table 
4).  At week 52 (LOCF), 65.5% of patients overall 
achieved HbA1c <7.0%, and 49.2% achieved HbA1c 
≤6.5%.  Across the treatment groups, percentages of 
patients achieving HbA1c <7.0% ranged from 48.9% 
(DU 0.75+SU) to 83.1% (DU 0.75+AGI), and percent-
ages of patients achieving HbA1c ≤6.5% ranged from 
31.3% (DU 0.75+SU) to 70.8% (DU 0.75+AGI).  

All 5  combination therapy groups had significant 
mean reductions from baseline in FSG (p < 0.001, all) 
beginning at week 14 that continued through week 52.  
The mean ± SE change from baseline in FSG at week 
26 (LOCF) overall was –43.9 ± 2.0 mg/dL; changes 
ranged from –37.9 ± 4.0 mg/dL (DU 0.75+BG) to –46.8 
± 4.2 mg/dL (DU 0.75+SU) and –46.8 ± 4.7 mg/dL 
(DU 0.75+AGI; Table 4).  The mean ± SE change from 
baseline in FSG at week 52 (LOCF) overall was –42.6 
± 2.0 mg/dL; changes ranged from –36.0 ± 4.2 mg/dL 
(DU 0.75+BG) to –47.0 ± 4.7 mg/dL (DU 0.75+AGI).  
Fig. 1B plots mean FSG values (mg/dL) over time.  

Treatment with dulaglutide in all 5 combination ther-
apy groups resulted in statistically significant (p < 0.05) 
decreases from baseline in the following SMBG param-
eters at both weeks 26 (LOCF) and 52 (LOCF): individ-
ual 7-point SMBG profile values (data not shown), mean 
of 7-point blood glucose values, mean of all pre-meals 
blood glucose values, mean of all postprandial blood glu-
cose values, breakfast 2-hour excursion, all meals 2hour 
excursion, and circadian variation (Supplementary Table 
2).  Fig. 2 plots mean 7-point SMBG profile values (mg/
dL) at baseline and week 52 (LOCF).  

Mean changes from baseline in body weight var-
ied across the combination therapy groups (Table 4 
and Fig.  1C).  Mean ± SE changes from baseline at 
week 26 (LOCF) ranged from –1.22 ± 0.33 kg (DU 
0.75+AGI) to 0.78 ± 0.30 kg (DU 0.75+TZD).  Mean 
changes from baseline at week 52 (LOCF) ranged from 
–1.24 ± 0.42 kg (DU 0.75+AGI) to 1.02 ± 0.35 kg (DU 
0.75+TZD).  

Treatment with dulaglutide in all 5 combination 
therapy groups resulted in significant mean increases 
from baseline in HOMA2-%B (C-peptide and insu-
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Table 3  Summary of hypoglycemia through week 52

DU 0.75 + SU
N=131

DU 0.75 + BG
N=61

DU 0.75 + AGI
N=65

DU 0.75 + TZD
N=66

DU 0.75 + GLN
N=71

Incidence of hypoglycemia, n (%)
Total hypoglycemia 44 (33.6) 2 (3.3) 4 (6.2) 4 (6.1) 7 (9.9)
Severe hypoglycemia 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Nocturnal hypoglycemia 9 (6.9) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.4)

Rate of total hypoglycemia
Mean (SD), events/patient/30 days 0.10 (0.27) 0.00 (0.01) 0.03 (0.18) 0.01 (0.03) 0.01 (0.04)

AGI, α-glucosidase inhibitor; BG, biguanides; DU 0.75, 0.75 mg dulaglutide once weekly; GLN, glinides; N, number of patients in full 
analysis set; SU, sulfonylurea; TZD, thiazolidinedione.

Table 4  Efficacy measures at week 26 (LOCF) and week 52 (LOCF)

DU 0.75 + SU
N=131

DU 0.75 + BG
N=61

DU 0.75 + AGI
N=65

DU 0.75 + TZD
N=66

DU 0.75 + GLN
N=71

HbA1c (%)
Week 26 (LOCF)

Mean (SE) 6.94 (0.08) 6.64 (0.10) 6.44 (0.10) 6.64 (0.10) 6.79 (0.12)
Mean change from baseline (SE) −1.93 (0.09)** −1.58 (0.11)** −1.67 (0.10)** −1.71 (0.13)** −1.80 (0.12)**

Week 52 (LOCF)
Mean (SE) 7.20 (0.09) 6.66 (0.10) 6.46 (0.11) 6.66 (0.11) 6.95 (0.14)
Mean change from baseline (SE) −1.67 (0.09)** −1.57 (0.11)** −1.65 (0.11)** −1.69 (0.13)** −1.65 (0.13)**

HbA1c targets 
Week 26 (LOCF), n (%)

<7% 81 (61.8) 45 (73.8) 53 (81.5) 48 (72.7) 49 (69.0)
≤6.5% 46 (35.1) 33 (54.1) 47 (72.3) 40 (60.6) 38 (53.5)

Week 52 (LOCF), n (%)
<7% 64 (48.9) 45 (73.8) 54 (83.1) 51 (77.3) 44 (62.0)
≤6.5% 41 (31.3) 35 (57.4) 46 (70.8)  38 (57.6)  34 (47.9)

FSG (mg/dL)
Week 26 (LOCF)

Mean (SE) 134.9 (3.3) 122.9 (3.2) 118.8 (3.3) 123.0 (3.2) 138.0 (4.0)
Mean change from baseline (SE) −46.8 (4.2)** −37.9 (4.0)** −46.8 (4.7)** −42.1 (4.5)** −42.7 (3.9)**

Week 52 (LOCF)
Mean (SE) 138.5 (3.3) 124.7 (2.8) 118.6 (2.8) 125.5 (5.4) 134.9 (4.3)
Mean change from baseline (SE) −43.2 (3.8)** −36.0 (4.2)** −47.0 (4.7)** −39.6 (5.0)** −45.8 (4.0)**

Weight (kg)
Week 26 (LOCF)

Mean (SE) 70.04 (1.13) 73.79 (1.58) 68.99 (1.60) 75.93 (2.00) 68.92 (1.62)
Mean change from baseline (SE) 0.02 (0.22) −0.74 (0.39) −1.22 (0.33)** 0.78 (0.30)* 0.19 (0.25)

Week 52 (LOCF)
Mean (SE) 70.12 (1.13) 73.66 (1.57) 68.97 (1.57) 76.17 (1.96) 68.77 (1.62)
Mean change from baseline (SE) 0.10 (0.24) −0.87 (0.40)* −1.24 (0.42)* 1.02 (0.35)* 0.04 (0.26)

AGI, α-glucosidase inhibitor; BG, biguanides; DU 0.75, 0.75 mg dulaglutide once weekly; FSG, fasting serum glucose; GLN, glinides; 
LOCF, last observation carried forward; N, number of patients in full analysis set; SU, sulfonylurea; TZD, thiazolidinedione. **denotes p 
< 0.001 for change from baseline within treatment group. *denotes p < 0.05 for change from baseline within treatment group.
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lin) at weeks 26 (LOCF) and 52 (LOCF; p < 0.001, all; 
Supplementary Table 3).  There were no statistically sig-
nificant changes from baseline in HOMA2-%S (insulin) 
at weeks 26 (LOCF) or 52 (LOCF) in any combination 
therapy group.  There was a significant mean increase 
from baseline in HOMA2-%S (C-peptide) in the DU 
0.75+AGI group at week 52 (LOCF), but no statisti-
cally significant changes in any of the other combina-
tion therapy groups at weeks 26 (LOCF) or 52 (LOCF).  

Discussion

Once weekly administration of DU 0.75 in combina-
tion with a single OHA was overall well tolerated.  The 
incidence of discontinuations due to adverse events was 
low.  There were no deaths during the study.  Twenty 
patients experienced serious adverse events during the 
study.  The most commonly reported treatment-emer-
gent adverse events were nasopharyngitis and gastroin-
testinal disorders, such as constipation, diarrhea, nausea, 
and vomiting.  The adverse event profile was generally 
consistent with other studies evaluating GLP-1 recep-
tor agonists in Asian patients [25–30]. The incidence of 
diarrhea in the DU 0.75+BG group (14.8%) was higher 
than in the other combination therapy groups (range 
4.6 to 9.9%).  The incidence of constipation in the DU 
0.75+AGI (12.3%) and DU 0.75+SU (15.3%) groups 
was higher than in the other combination therapy groups 
(range 4.5% to 7.0%).  Finally, the incidence of nausea 
in the DU 0.75+SU group (13.0%) was higher than in 
the other combination therapy groups (range 3.3% to 
7.6%).  Although the reasons for the higher incidence 
of constipation and nausea in the DU 0.75+SU group 
remain unclear, diarrhea in the DU 0.75+BG group 
and constipation in the DU 0.75+AGI group were most 
likely caused by the mechanisms of action of the respec-
tive concomitant therapies.  

No severe hypoglycemia was observed in this 
study.  Incidence of total hypoglycemia over 52 weeks 
was more than 3 times higher in combination with 
SU (33.6%) than with any other concomitant therapy 
(range 3.3% to 9.9%).  In order to avoid severe hypo-
glycemia in combination with SU, Japan Diabetes 
Society (JDS) recommends to reduce the SU dose (to 
≤1.25 mg/day of glibenclamide, 40 mg/day of glicla-
zide, 2 mg/day of glimepiride) when starting incretin-
related drugs in the recommendation for appropriate 
use of incretin drugs [31].  In this study, the mean dose 
of SU at baseline was 2.5 mg glimepiride equivalent, 

Fig. 1	 HbA1c, FSG, and body weight.  A. Mean (SE) HbA1c 
(%) values.  Significant mean reductions from baseline in 
HbA1c (p < 0.001) were observed from week 14 through 
week 52 in all 5 combination therapy groups.  B. Mean 
(SE) FSG (mg/dL) values.  Significant mean reductions 
from baseline in FSG (p < 0.001) were observed 
from week 14 through week 52 in all 5 combination 
therapy groups.  C. Mean (SE) changes from baseline 
in body weight (kg).  AGI, α-glucosidase inhibitor.  
BG, biguanides.  DU 0.75, 0.75 mg dulaglutide once 
weekly.  FSG, fasting serum glucose, GLN, glinides.  
SU, sulfonylurea.  TZD, thiazolidinedione.  *p < 0.05 for 
changes from baseline within treatment group.
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kg) and AGI (–1.24 kg).  The mechanism resulting in 
weight reduction with dulaglutide in combination with 
BG or AGI is unknown, but similar results were observed 
in a phase 3 study of liraglutide [33].  This study was a 
52-week, open-label, parallel-group comparison study 
in which Japanese patients with type 2 diabetes who 
were inadequately controlled on a single OHA (AGI, 
GLN, metformin, or pioglitazone) had liraglutide 0.9 
mg once daily or a second OHA added to their exist-
ing therapy.  Mean changes from baseline in weight 
after 52 weeks were as follows: liraglutide+AGI: –1.30 
kg; liraglutide+GLN: –0.64 kg; liraglutide+metformin: 
–1.58 kg; liraglutide+pioglitazone: 0.18 kg.  In addi-
tion, the differing changes from baseline in body 
weight depending on concomitant therapy in our study 
were consistent with results in previous global phase 
3 studies of dulaglutide.  For example, body weight 
reduction with DU 0.75 and metformin (–2.60 kg at 
week 52) [16] was greater than that observed with DU 
0.75 monotherapy (–1.36 kg at week 26) [15].  

This study was designed to detect adverse events 
occurring frequently during long-term treatment; thus, 
the sample size was not large enough to assess uncom-
mon risks, including CV events and cancer.  Due to the 
nature of the nonrandomized design of the study, the 
background and baseline characteristics of the patients 
in each combination therapy group differed.  Also, 
because this was not a randomized study, comparisons 
of safety and efficacy results between the groups were 
not conducted, and estimates in each arm should not 
be interpreted comparatively.  Finally, dulaglutide was 

nearly equal to the JDS recommendation.  
Statistically significant increases from baseline in 

pulse rate were observed in 4 of the 5 combination 
therapy groups at week 52 (LOCF).  These results are 
comparable to the data obtained for liraglutide 0.9 mg 
in phase 3 studies in Japan [25, 30] and for exenatide 
once weekly in a phase 3 study in Asian countries [27].  

Consistent with previous reports in the GLP-1 recep-
tor agonist class [19, 32] as well as other dulaglutide 
phase 3 studies in Japan [20, 21], increases in pancre-
atic enzymes were observed.  Patients whose amylase 
or lipase levels exceeded 3×ULN were adjudicated, 
and 2 cases during the treatment period were adjudi-
cated as pancreatitis.  No patients developed acute pan-
creatitis with typical abdominal pain.  

Significant mean reductions from baseline in HbA1c 
were observed from week 14 through week 52 in all 
5 combination therapy groups (p < 0.001); the mean 
decrease overall at week 52 (LOCF) was approximately 
1.7%.  A total of 70.1% of patients overall achieved 
HbA1c target <7.0% at week 26 (LOCF) and 65.5% 
of patients achieved HbA1c target <7.0% at week 52 
(LOCF); these results were consistent with other dula-
glutide phase 3 studies in Japan [20, 21].  Treatment 
with dulaglutide in all 5 combination therapy groups 
resulted in significant improvements from baseline in 
secondary efficacy parameters, including FSG, 7-point 
SMBG profiles, and HOMA2-%B.  Changes from 
baseline body weight at week 52 (LOCF) varied among 
the OHA combination therapy groups; reductions from 
baseline were observed in combination with BG (–0.87 

Fig. 2	 Mean (SE) 7-point SMBG profiles (mg/dL) by time of day.  A. At baseline.  B. At week 52 (LOCF).  AGI, α-glucosidase 
inhibitor.  BG, biguanides.  DU 0.75, 0.75 mg dulaglutide once weekly.  GLN, glinides.  LOCF, last observation carried 
forward.  SMBG, self-monitored blood glucose.  SU, sulfonylurea.  TZD, thiazolidinedione.  Significant mean reductions from 
baseline for all 7 SMBG time points (p < 0.001) were observed at week 52 (LOCF) in all 5 combination therapy groups.  



1110 Emoto et al.

Kiyosue (Tokyo-Eki Center-building Clinic), Genichi 
Watanabe (Watanabe Clinic), Hitoshi Hayashi (Hayashi 
Katagihara Clinic), Kazuyuki Hida (Okayama Medical 
Center), Kenji Masukawa (Suito Medical Clinic), 
Koichi Hirao (H.E.C. Science Clinic), Kunihiro 
Nakajima, Yuichiro Makita (Koshigaya Municipal 
Hospital), Makoto Nomura, Makoto Ohashi (Osaka 
Rosai Hospital), Masafumi Kitaoka (Showa General 
Hospital), Masahiko Takai (Takai Naika Clinic), 
Masanori Emoto (Osaka City University Hospital), 
Michio Nakagawa (Matsumoto Nakagawa Hospital), 
Mitsuru Ozaki (Kitade Hospital), Naohiko Ueda (AMC 
Nishi-umeda Clinic), Nobuaki Watanabe (Watanabe 
Naika Clinic), Nobuo Takahashi (Takahashi Family 
Clinic), Shinji Ako (Matsumoto City Hata General 
Hospital), Shinya Minagawa (Minagawa Clinic), 
Shizuo Kajiyama (Kajiyama Clinic), Shusaku Hosono 
(Hosono Clinic), Taihei Imai (Tsuchiura Kyodo 
General Hospital), Takaaki Yoshimasa (Yoshimasa 
Clinic), Takahisa Sano, Eitaro Nakashima (Chubu 
Rosai Hospital), Takeshi Inazawa (Kashiwa City 
Hospital), Tatsuaki Nakatou (Okayama Saiseikai 
General Hospital), Tetsuya Fukuda (Sakakibara Heart 
Institute of Okayama), Yasuo Terauchi (Yokohama 
City University Hospital), Yoji Takatsuka (Motomachi 
Takatsuka Naika Clinic), Yoshio Hiraiwa (Toyama 
Red Cross Hospital), Yoshitaka Kajimoto (Senrichuo 
Ekimae Clinic), Yoshiyuki Hamamoto (Kitano 
Hospital), Yukiko Onishi (The Institute for Adult 
Diseases Asahi Life Foundation Clinic), and Yumiko 
Ide (Tokyo Center Clinic).  
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not studied in combination with DPP-4 inhibitors or 
sodium/glucose cotransporter 2 (SGLT2) inhibitors in 
this study.  

In summary, once weekly dulaglutide 0.75 mg 
added onto monotherapy of SU, BG, AGI, TZD, or 
GLN in previously uncontrolled Japanese patients with 
T2D was overall well tolerated and improved glyce-
mic control.  
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Supplementary Table 1  Serious adverse events
DU 0.75 + SU

N=131
DU 0.75 + BG

N=61
DU 0.75 + AGI

N=65
DU 0.75 + TZD

N=66
DU 0.75 + GLN

N=71
Large intestine polyp 0 (0.0) 1 (1.6) 0 (0.0) 0 (0.0) 1 (1.4)
Acute myocardial infarction 1 (0.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Adenocarcinoma gastric 1 (0.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Angina unstable 1 (0.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Ankle fracture 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.4)
Benign soft tissue neoplasm 0 (0.0) 1 (1.6) 0 (0.0) 0 (0.0) 0 (0.0)
Bile duct cancer 0 (0.0) 0 (0.0) 1 (1.5) 0 (0.0) 0 (0.0)
Bile duct stone 1 (0.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Cholangitis 0 (0.0) 0 (0.0) 1 (1.5) 0 (0.0) 0 (0.0)
Concussion 1 (0.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Coronary artery stenosis 0 (0.0) 0 (0.0) 1 (1.5) 0 (0.0) 0 (0.0)
Gastric cancer 1 (0.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Myocardial ischemia 0 (0.0) 0 (0.0) 1 (1.5) 0 (0.0) 0 (0.0)
Edema 1 (0.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Ovarian neoplasm§ 0 (0.0) 0 (0.0) 1 (10.0) 0 (0.0) 0 (0.0)
Pancreatic enzyme abnormality 1 (0.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Pelvic fracture 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.5) 0 (0.0)
Pleurisy 1 (0.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Prostatitis§§ 0 (0.0) 1 (2.5) 0 (0.0) 0 (0.0) 0 (0.0)
The data are shown as numbers (%). AGI, α-glucosidase inhibitor; BG, biguanides; DU 0.75, 0.75 mg dulaglutide once weekly; GLN, 
glinides; MedDRA, Medical Dictionary for Regulatory Activities; N, number of patients in full analysis set; SU, sulfonylurea; TZD, 
thiazolidinedione. MedDRA version 16.1. The cholangitis and bile duct cancer occurred in the same patient. §Denominator adjusted for 
gender-specific event for women:  N=21 (DU 0.75 + SU), N=21 (DU 0.75 + BG), N=10 (DU 0.75 + AGI), N=14 (DU 0.75 + TZD), N=17 
(DU 0.75 + GLN). §§Denominator adjusted for gender-specific event for men:  N=95 (DU 0.75 + SU), N=40 (DU 0.75 + BG), N=55 (DU 
0.75 + AGI), N=52 (DU 0.75 + TZD), N=54 (DU 0.75 + GLN). 

Supplementary Table 2  Mean change from baseline (SE) 7-point SMBG profile parameters (mg/dL) at week 26 (LOCF) and week 52 
(LOCF)

DU 0.75 + SU
N=131

DU 0.75 + BG
N=61

DU 0.75 + AGI
N=65

DU 0.75 + TZD
N=66

DU 0.75 + GLN
N=71

Mean change from baseline (SE), Week 26 (LOCF)
Mean of 7-point blood glucose −56.81 (3.99)** −42.41 (4.02)** −62.61 (5.70)** −58.28 (5.55)** −60.19 (5.01)**

Mean of all pre-meals blood glucose −46.07 (4.12)** −28.83 (3.90)** −53.34 (5.41)** −43.91 (5.13)** −50.47 (4.60)**

Mean of all PPBG −66.55 (4.53)** −53.89 (4.76)** −71.06 (6.42)** −70.30 (6.29)** −68.49 (6.15)**

Breakfast 2-hour excursion −25.42 (4.78)** −29.66 (5.73)** −27.48 (5.38)** −30.11 (5.40)** −19.39 (5.81)**

Lunch 2-hour excursion −16.98 (4.95)** −24.46 (6.90)** −12.69 (6.15)* −26.45 (6.37)** −14.09 (7.38)
Dinner 2-hour excursion −19.00 (5.77)* −18.07 (7.28)* −13.62 (5.85)* −23.30 (8.47)* −21.26 (6.99)*

All meals 2-hour excursion −20.51 (3.08)** −24.68 (3.91)** −17.51 (3.90)** −26.65 (3.98)** −18.63 (3.74)**

Circadian variation† −44.69 (4.15)** −39.49 (5.12)** −44.07 (4.63)** −53.30 (5.80)** −36.89 (6.19)**

Mean change from baseline (SE), Week 52 (LOCF)
Mean of 7-point blood glucose −51.12 (3.88)** −44.78 (4.43)** −60.39 (5.83)** −59.89 (6.00)** −60.32 (4.98)**

Mean of all pre-meals blood glucose −43.86 (4.00)** −31.87 (4.19)** −52.52 (5.65)** −44.16 (5.49)** −51.57 (4.57)**

Mean of all PPBG −58.32 (4.49)** −55.39 (5.14)** −66.94 (6.28)** −72.92 (6.76)** −67.84 (5.94)**

Breakfast 2-hour excursion −16.29 (4.53)** −26.68 (5.64)** −28.02 (4.85)** −27.36 (5.28)** −26.45 (6.84)**

Lunch 2-hour excursion −11.69 (5.53)* −19.29 (5.83)* −7.19 (5.83) −30.35 (6.32)** −9.14 (6.66)
Dinner 2-hour excursion −14.78 (6.56)* −22.97 (6.91)* −8.52 (6.52) −25.92 (7.86)* −11.76 (5.63)*

All meals 2-hour excursion −14.74 (3.32)** −23.34 (3.68)** −13.94 (3.17)** −28.66 (3.79)** −16.33 (3.37)**

Circadian variation† −33.82 (4.40)** −41.68 (5.33)** −42.18 (4.06)** −58.17 (6.30)** −37.32 (6.08)**

AGI, α-glucosidase inhibitor; BG, biguanides; DU 0.75, 0.75 mg dulaglutide once weekly; GLN, glinides; LOCF, last observation 
carried forward; N, number of patients in full analysis set; PPBG, postprandial blood glucose; SU, sulfonylurea; TZD, thiazolidinedione. 
†The daily circadian variation was calculated as the difference between maximum and minimum (maximum − minimum) blood glucose 
values collected on a particular day. **denotes p <0.001 for change from baseline within treatment group. *denotes p <0.05 for change 
from baseline within treatment group. 
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Supplementary Table 3  Homeostasis Model Assessment at week 26 (LOCF) and week 52 (LOCF)
DU 0.75 + SU

N=131
DU 0.75 + BG

N=61
DU 0.75 + AGI

N=65
DU 0.75 + TZD

N=66
DU 0.75 + GLN

N=71
HOMA2-%B (insulin)

Week 26 (LOCF)
Mean (SE) 64.22 (3.18) 73.83 (4.40) 68.85 (3.74) 59.73 (3.48) 56.25 (3.64)
Mean change from baseline (SE) 29.10 (2.75)** 28.15 (2.79)** 30.88 (3.25)** 27.34 (2.60)** 26.93 (2.59)**

Week 52 (LOCF)
Mean (SE) 61.04 (3.35) 71.63 (5.17) 66.04 (3.26) 57.90 (3.40) 61.63 (4.73)
Mean change from baseline (SE) 26.06 (2.77)** 26.05 (2.97)** 28.06 (3.61)** 25.38 (2.53)** 33.51 (3.81)**

HOMA2-%S (insulin)
Week 26 (LOCF)

Mean (SE) 90.61 (5.19) 85.34 (7.02) 97.98 (6.69) 107.06 (6.99) 96.10 (7.22)
Mean change from baseline (SE) −4.80 (3.40) −3.48 (4.39) 7.57 (5.60) −5.50 (5.21) −4.41 (4.05)

Week 52 (LOCF)
Mean (SE) 90.13 (4.77) 86.13 (6.73) 96.71 (5.66) 112.57 (7.69) 98.50 (7.78)
Mean change from baseline (SE) −3.99 (3.18) −3.83 (4.89) 6.86 (5.24) 0.47 (5.87) −5.51 (4.71)

HOMA2-%B (C-peptide)
Week 26 (LOCF)

Mean (SE) 80.49 (3.32) 85.77 (4.11) 86.44 (3.75) 73.08 (3.59) 67.35 (3.36)
Mean change from baseline (SE) 35.09 (2.91)** 32.20 (2.96)** 36.30 (3.25)** 29.55 (2.30)** 29.62 (2.59)**

Week 52 (LOCF)
Mean (SE) 76.42 (3.61) 79.67 (4.33) 83.73 (3.65) 70.90 (3.49) 74.05 (4.76)
Mean change from baseline (SE) 31.03 (2.62)** 26.10 (2.63)** 33.60 (3.65)** 27.37 (2.29)** 36.32 (3.85)**

HOMA2-%S (C-peptide)
Week 26 (LOCF)

Mean (SE) 57.45 (2.77) 60.36 (3.98) 63.84 (3.28) 77.23 (5.14) 64.84 (4.13)
Mean change from baseline (SE) −0.96 (1.97) 0.35 (2.50) 4.93 (2.59) 0.88 (3.93) −3.10 (2.93)

Week 52 (LOCF)
Mean (SE) 59.00 (2.66) 62.85 (3.49) 65.77 (3.50) 81.53 (5.54) 64.83 (3.94)
Mean change from baseline (SE) 0.59 (2.09) 2.84 (2.68) 6.86 (2.90)* 5.17 (3.55) −3.11 (2.55)

AGI, α-glucosidase inhibitor; BG, biguanides; DU 0.75, 0.75 mg dulaglutide once weekly; GLN, glinides; HOMA2-%B, Updated 
Homeostasis Model Assessment of beta cell function; HOMA2-%S, Updated Homeostasis Model Assessment of insulin sensitivity; 
LOCF, last observation carried forward; N, number of patients in full analysis set; SU, sulfonylurea; TZD, thiazolidinedione. **denotes p 
< 0.001 for change from baseline within treatment group. *denotes p < 0.05 for change from baseline within treatment group.

References



1113Safety study of dulaglutide in Japan

(In Japanese). Accessed 16 June 2015.
  9.	 Bydureon [Japan package insert]. Osaka Japan:  

AstraZeneca K.K. 2015. Available from  
http://www.info.pmda.go.jp/downfiles/ph/PDF/ 
670227_2499411G3029_1_11.pdf (In Japanese). Accessed 
16 June 2015.

10.	 Lyxumia [Japan package insert]. Tokyo Japan: Sanofi 
K.K. 2014. Available from http://www.info.pmda.go.jp/
downfiles/ph/PDF/780069_2499415G1024_1_04.pdf 
(In Japanese). Accessed 16 June 2015.

11.	 Trulicity [Prescribing Information]. Indianapolis, IN: 
Lilly USA, LLC 2014. Available from http://pi.lilly.
com/us/trulicity-uspi.pdf Accessed 16 June 2015.

12.	 Trulicity [Summary of Product Characteristics]. 
Houten, The Netherlands: Eli Lilly and Company  
2015. Available from http://www.ema.europa.eu/docs/ 
en_GB/document_l ibrary /EPAR_-_Product_
Information/human/002825/WC500179470.pdf 
Accessed 24 September 2015. 

13.	 Trulicity Ateos [Japan package insert]. Hyogo Japan: 
Eli Lilly Japan K.K. 2015. Available from http:// 
www.info.pmda.go.jp/downfiles/ph/PDF/530471_ 
2499416G1029_1_03.pdf (In Japanese). Accessed 24 
September 2015.

14.	 Glaesner W, Vick AM, Millican R, Ellis B, Tschang 
SH, et al. (2010) Engineering and characterization 
of the long-acting glucagon-like peptide-1 analogue 
LY2189265, an Fc fusion protein. Diabetes Metab Res 
Rev 26:287-296. 

15.	 Umpierrez G, Tofé Povedano S, Pérez Manghi F, 
Shurzinske L, Pechtner V (2014) Efficacy and safety 
of dulaglutide monotherapy versus metformin in type 2 
diabetes in a randomized controlled trial (AWARD-3). 
Diabetes Care 37:2168-2176. 

16.	 Nauck M, Weinstock RS, Umpierrez GE, Guerci B, 
Skrivanek Z, et al. (2014) Efficacy and safety of dula-
glutide versus sitagliptin after 52 weeks in type 2 dia-
betes in a randomized controlled trial (AWARD-5). 
Diabetes Care 37:2149-2158. 

17.	 Giorgino F, Benroubi M, Sun JH, Zimmermann AG, 
Pechtner V (2015) Efficacy and safety of once-weekly 
dulaglutide versus insulin glargine in patients with type 
2 diabetes on metformin and glimepiride (AWARD-2). 
Diabetes Care 38:2241-2249.

18.	 Wysham C, Blevins T, Arakaki R, Colon G, Garcia P, et 
al. (2014) Efficacy and safety of dulaglutide added on to 
pioglitazone and metformin versus exenatide in type 2 
diabetes in a randomized controlled trial (AWARD-1). 
Diabetes Care 37:2159-2167.

19.	 Dungan KM, Povedano ST, Forst T, Gonzalez JG, 
Atisso C, et al. (2014) Once-weekly dulaglutide ver-
sus once-daily liraglutide in metformin-treated patients 
with type 2 diabetes (AWARD-6): a randomised, open-
label, phase 3, non-inferiority trial. Lancet 384:1349-
1357. 

20.	 Miyagawa J, Odawara M, Takamura T, Iwamoto N, 
Takita Y, et al. (2015) Once weekly glucagon-like 
peptide-1 receptor agonist dulaglutide is non-inferior 
to once daily liraglutide and superior to placebo in 
Japanese patients with type 2 diabetes: a 26-week ran-
domized phase III study. Diabetes Obes Metab 17:974-
983.

21.	 Araki E, Inagaki N, Tanizawa Y, Oura T, Takeuchi M, 
et al. (2015) Efficacy and safety of once weekly dula-
glutide in combination with sulphonylurea and/or big-
uanide compared with once daily insulin glargine in 
Japanese patients with type 2 diabetes: a randomized, 
open-label, phase III, non-inferiority study. Diabetes 
Obes Metab 17:994-1002.

22.	 Ministry of Health, Labour and Welfare (2010) On 
release of the Guideline for Clinical Evaluation of Oral 
Hypoglycemic Agents. Available from https://www.
pmda.go.jp/files/000208194.pdf Accessed 16 June 
2015.

23.	 Workgroup on Hypoglycemia, American Diabetes 
Association (2005) Defining and reporting hypoglyce-
mia in diabetes: a report from the American Diabetes 
Association Workgroup on Hypoglycemia. Diabetes 
Care 28:1245-1249.

24.	 Wallace TM, Levy JC, Matthews DR (2004) Use and 
abuse of HOMA modeling. Diabetes Care 27:1487-
1495. 

25.	 Seino Y, Rasmussen MF, Nishida T, Kaku K (2010) 
Efficacy and safety of the once-daily human GLP-1 
analogue, liraglutide, vs glibenclamide monotherapy in 
Japanese patients with type 2 diabetes. Curr Med Res 
Opin 26:1013-1022. 

26.	 Kadowaki T, Namba M, Imaoka T, Yamamura A, Goto 
W, et al. (2011) Improved glycemic control and reduced 
bodyweight with exenatide: a double-blind, random-
ized, phase 3 study in Japanese patients with subop-
timally controlled type 2 diabetes over 24 weeks. J 
Diabetes Investig 2:210-217. 

27.	 Ji L, Onishi Y, Ahn CW, Agarwal P, Chou CW, et al. 
(2013) Efficacy and safety of exenatide once weekly vs 
exenatide twice-daily in Asian patients with type 2 dia-
betes mellitus. J Diabetes Investig 4:53-61. 

28.	 Inagaki N, Atsumi Y, Oura T, Saito H, Imaoka T (2012) 
Efficacy and safety profile of exenatide once weekly 
compared with insulin once daily in Japanese patients 
with type 2 diabetes treated with oral antidiabetes 
drug(s): results from a 26-week, randomized, open-
label, parallel-group, multicenter, noninferiority study. 
Clin Ther 34:1892-1908. 

29.	 Seino Y, Min KW, Niemoeller E, Takami A; EFC10887 
GETGOAL-L Asia Study Investigators (2012) 
Randomized, double-blind, placebo-controlled trial of 
the once-daily GLP-1 receptor agonist lixisenatide in 
Asian patients with type 2 diabetes insufficiently con-
trolled on basal insulin with or without a sulfonylurea 



1114 Emoto et al.

(GetGoal-L-Asia). Diabetes Obes Metab 14:910-917. 
30.	 Kaku K, Rasmussen MF, Clauson P, Seino Y (2010) 

Improved glycaemic control with minimal hypoglycae-
mia and no weight change with the once-daily human 
glucagon-like peptide-1 analogue liraglutide as add-on 
to sulphonylurea in Japanese patients with type 2 diabe-
tes. Diabetes Obes Metab 12:341-347. 

31.	 Japan Diabetes Society (2011) Committee on the proper 
use of incretin drugs (GLP-1 receptor agonists and 
DPP-4 inhibitors). Available from http://www.jds.or.jp/
uploads/photos/797.pdf (In Japanese). Accessed 16 
June 2015.

32.	 Pratley RE, Nauck MA, Barnett AH, Feinglos MN, 
Ovalle F, et al. (2014) Once-weekly albiglutide versus 
once-daily liraglutide in patients with type 2 diabetes 
inadequately controlled on oral drugs (HARMONY 7): 
a randomised, open-label, multicentre, non-inferiority 
phase 3 study. Lancet Diabetes Endocrinol 2:289-297.

33.	 Pharmaceuticals and Medical Devices Agency (2014) 
Review report for new indication of liraglutide 
(Victoza). http://www.pmda.go.jp/drugs/2014/P20140
0122/620023000_22200AMX00236_A100_1.pdf (In 
Japanese). Accessed 28 July 2015.


