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ABSTRACT

Introduction: To evaluate efficacy and safety
data of dulaglutide in Chinese patients with
type 2 diabetes mellitus (T2DM) who had
inadequate glycemic control with 1–2 oral
antihyperglycemic medications (OAMs).
Methods: This is a subgroup analysis of a phase
3, open-label, randomized, parallel-arm,
52-week study in Chinese patients aged

C 18 years with T2DM who had inadequate
glycemic control with OAMs (glycated hemo-
globin [HbA1c] C 7.0% and B 11.0%). The pri-
mary endpoint was assessment of the
noninferiority of dulaglutide 1.5 mg as mea-
sured by change in HbA1c, compared with
insulin glargine (glargine), using a 0.4% non-
inferiority margin at week 26.
Results: A total of 607 patients from China
were randomized 1:1:1 to once-weekly
dulaglutide 1.5 or 0.75 mg or once-daily glar-
gine. At week 26, the least squares mean (LSM)
change from baseline in HbA1c was greater with
dulaglutide 1.5 mg (- 1.67%) and dulaglutide
0.75 mg (- 1.31%) compared with glargine
(- 1.11%). The LSM (95% confidence interval)
for the difference of dulaglutide 1.5 mg and
0.75 mg vs glargine was - 0.56% (- 0.75 to
- 0.37) and - 0.20% (- 0.39 to - 0.01),
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respectively. Both doses of dulaglutide were
noninferior and superior to glargine at 26 weeks
and 52 weeks (two-sided P value\0.05). The
mean body weight decreased (P\0.001) and
total hypoglycemia rates were lower (P\ 0.05)
in the dulaglutide groups compared with the
glargine group. Gastrointestinal adverse events
(AEs) were the most frequently reported AEs in
dulaglutide groups.
Conclusion: Both doses of dulaglutide are effi-
cacious and tolerable in Chinese patients with
T2DM who had inadequate glycemic control on
OAMs.
Trial Registration: ClinicalTrials.gov identifier,
NCT01648582.
Funding: Eli Lilly and Company.

Keywords: China; Dulaglutide; Glucagon-like
peptide-1 receptor agonist; Glycated
hemoglobin; Type 2 diabetes mellitus

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a chronic
metabolic disorder and a global epidemic that
affects people of all ages and ethnicities, irre-
spective of gender. It is estimated that by 2045,
a total of 629 million people aged between 20
and 79 years will be affected with T2DM, with
China being one of the most affected countries
[1]. Multiple risk factors such as genetic predis-
position, epigenetic modifications, and envi-
ronmental factors and their interactions have
led to a significant increase in the prevalence of
T2DM in China in the past few decades [2].
Some surveys in Chinese patients with T2DM
showed that the glycemic control rate is low
[3, 4]. This provides an opportunity to look into
alternate treatment modalities to achieve better
glycemic targets recommended by the American
Diabetes Association (ADA) [5] and Chinese
Diabetes Society [6] guidelines.

T2DM is characterized by progressive
degeneration of pancreatic beta cells due to
increased peripheral insulin resistance and beta
cell dysfunction [7]. Treatment strategies of
T2DM have changed during the past decade.
Incretin hormones help in preservation of beta
cell function [8]. In patients with T2DM, as a

result of progressive loss of beta cell tissues,
there is a progressive decline of these incretins
such as glucagon-like peptide-1 (GLP-1) and
glucose-dependent insulinotropic polypeptide
[8]. Recent evidence has shown that GLP-1
receptor agonists (RAs) are effective in glycemic
control with low risk of hypoglycemia while
providing further help in weight reduction
[9–11]. As per the recent consensus report by
the ADA and the European Association for the
Study of Diabetes (EASD) [12] and newly
released ADA guidelines [13], GLP-1 RAs are
recommended as the first-line injectable medi-
cations rather than insulin in patients with
T2DM who need the greater glucose-lowering
effect of an injectable medication. Dulaglutide
is a once-weekly subcutaneously administered
GLP-1 RA biologic drug approved for treatment
in adult patients with T2DM as an adjunct with
a diet and exercise program [14–16]. Recent
studies conducted as a part of the phase 3
AWARD program (Assessment of Weekly
AdministRation of LY2189265 [dulaglutide] in
Diabetes) suggest that dulaglutide is an effective
and safe antidiabetic medication both as
monotherapy and in combination with other
antidiabetic medications [17–24].

Although dulaglutide is efficacious and safe
in East Asian patients [25–27], evidence of safety
and efficacy of dulaglutide in Chinese patients
is limited. In AWARD-CHN2 study [26], efficacy
and safety of once-weekly dulaglutide was
assessed in patients comprised of an Asian
population from China and Korea along with
the patients recruited in Mexico and Russia. In
AWARD-CHN2 study [26], as noticed with other
GLP-1 RA drugs [28], gastrointestinal (GI)
adverse events (AEs) are the most commonly
reported AEs in patients treated with dulaglu-
tide [15, 16]. In this subgroup analysis of the
AWARD-CHN2 study [26], we assessed the effi-
cacy and safety of once-weekly dulaglutide
compared to once-daily insulin glargine (glar-
gine) in only Chinese patients with T2DM who
had inadequate glycemic control with 1–2 oral
antihyperglycemic medications (OAMs) over a
period of 52 weeks. In addition, we also assessed
the characteristics of GI AEs like incidence and
severity in Chinese patients with T2DM who
were treated with once-weekly dulaglutide.
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METHODS

This was a subgroup analysis of a multinational,
multicenter, open-label (blinded-to-dulaglutide
dose), randomized, parallel-arm, active com-
parator, noninferiority phase 3 study that
examined the efficacy and safety of once-weekly
dulaglutide compared to once-daily glargine in
patients with T2DM who have inadequate gly-
cemic control (glycated hemoglobin [HbA1c]
between C 7.0% and B 11.0%) on metformin
and/or a sulfonylurea [25]. This study was con-
ducted between August 2012 and December
2014 at 45 study centers in China, Korea,
Mexico, and Russia. Here, we present the sub-
group analysis of Chinese patients enrolled at
31 study centers in China.

Study Design

The study consisted of four study periods that
included a 2-week screening period, 2-week
lead-in period, 52-week study treatment period,
and 30-day safety follow-up period (Fig. 1).
Glargine was chosen as the active comparator
for this study because it is available worldwide
and is often used to initiate basal insulin ther-
apy, a common next step in diabetes therapy for
patients who no longer achieve adequate gly-
cemic control with OAMs.

To achieve between-group comparability,
randomization was stratified by country,

baseline HbA1c (\8.5% or C 8.5%), and the
patients’ usual OAM regimen at visit 3 (met-
formin only, sulfonylurea only, or metformin
and sulfonylurea). Because patients from China
were included in the analyses, the effect of
country as a stratification factor was automati-
cally ignored by analyses.

Patients

Major inclusion criteria included men or non-
pregnant, nonbreastfeeding women aged
C 18 years with a diagnosis of T2DM for at least
6 months before the screening visit based on
the World Health Organization’s diagnostic and
classification criteria, with a body mass index
(BMI) of C 19.0 and B 35.0 kg/m2, and qualify-
ing HbA1c values of C 7.0% and B 11.0%.

Major exclusion criteria included patients
with type 1 diabetes mellitus, previous treat-
ment with GLP-1 RA or insulin within
3 months, clinically significant gastric empty-
ing abnormality, history of pancreatitis, or per-
sonal or family history of medullary C-cell
hyperplasia, focal hyperplasia, or carcinoma.

Study Treatment

Patients who met all of the eligibility criteria
were randomized to one of the three treatment
arms at visit 2 in a 1:1:1 ratio according to a

Fig. 1 Study design. DU dulaglutide, GLP-1 glucagon-like peptide-1, LV30 post-study therapy safety follow-up visit, Met
metformin, RA receptor agonist, SU sulfonylurea
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computer-generated random sequence using an
interactive voice-response system. Dulaglutide
(1.5 and 0.75 mg) was given once weekly as a
subcutaneous (SC) injection, whereas glargine
was given as a once-daily SC injection.

The initial dose of glargine was determined
by the patient’s average plasma-equivalent
fasting plasma glucose (FPG) concentration
from the previous 2–4 days before visit 3. The
initial dose of glargine was 6 IU/day for patients
who had an average FPG concentration of
C 7.8 mmol/L (140 mg/dL). The initial dose of
glargine for patients with an average FPG con-
centration of \ 7.8 mmol/L (\140 mg/dL)
could be reduced by 1–2 IU/day at the investi-
gator’s discretion. All subsequent glargine dose
adjustments by the investigator were deter-
mined on the basis of the algorithm in Supple-
mentary Table 1 to achieve a target FPG in the
range of 4.0–5.6 mmol/L (72–100 mg/dL).

Study Endpoints

The primary efficacy measure was the change in
HbA1c from baseline at week 26 with a 0.4%
noninferiority margin. Secondary efficacy mea-
sures included change in HbA1c from baseline
at week 52, the proportion of patients attaining
HbA1c \7% or B 6.5%, fasting serum glucose
(FSG), 7-point self-monitored blood glucose
(SMBG) profiles, blood glucose (BG) excursions,
and beta cell function and insulin sensitivity
assessed with the updated Homeostasis Model
Assessment (HOMA2), calculated using BG,
insulin, and C-peptide concentrations at both
weeks 26 and 52.

Safety and tolerability were evaluated
throughout the study by the assessment of
weight change, hypoglycemic episodes, AEs,
serious adverse events (SAEs), treatment-emer-
gent adverse events (TEAEs), discontinuations
due to AEs, laboratory tests, vital signs, elec-
trocardiograms, dulaglutide antidrug antibod-
ies, and allergic/hypersensitivity reactions.

Laboratory analyses were performed at a
central laboratory (Quintiles). Immunogenicity
testing was performed by Wu Xi AppTec
(Shanghai, China).

Ethical Considerations

An ethics review board approved the study and
informed consent form. All procedures per-
formed were in accordance with the ethical
standards of the institutional and/or national
research committee and with the 1964 Helsinki
declaration and its later amendments or com-
parable ethical standards. Informed consent was
obtained from all individual participants inclu-
ded in the study, and privacy rights of patients
were always observed. The study was initiated
after approval of the study protocol by the
ethics review board at each site including the
master ethics review board at Ruijin Hospital
Affiliate to Shanghai Jiao Tong University
(Supplementary Table 2).

Statistical Analyses

The study was designed with 90% power to
confirm the noninferiority of dulaglutide
1.5 mg vs glargine for the change in HbA1c
from baseline at the 26-week primary endpoint
assuming a noninferiority margin of 0.4% and a
standard deviation (SD) of 1.3% with no true
difference in HbA1c reduction between
dulaglutide 1.5 mg and glargine. This corre-
sponds to 263 patients per treatment arm, with
an approximate dropout of 15% during the
study between randomization and week 26.

Dulaglutide 1.5 mg was considered noninfe-
rior to glargine if the upper limit of the 95%
confidence interval (CI) for the treatment dif-
ference was \0.4%. A sequential gatekeeping
approach was used to control family-wise type I
error rate at 0.025 (one-sided) while assessing
the primary and key secondary objectives. As
these were subgroup analyses, no adjustments
for multiplicity were made.

Efficacy analyses were conducted on a mod-
ified intent-to-treat (mITT) analysis set. The
mITT analysis set included all of the random-
ized patients who had a baseline HbA1c mea-
surement and at least one postbaseline HbA1c
measurement and received at least one dose of
injectable study drug. Safety analyses were
conducted on an as-treated population (the
safety analysis set) according to the treatment
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the patients actually received. The safety anal-
ysis set included all patients who received at
least one dose of study drug.

The method for the efficacy analysis was
based on mixed model with repeated measures
analysis using restricted maximum likelihood of
the mITT analysis set. The change in HbA1c was
the dependent variable; and treatment, coun-
try, prestudy therapy (OAM stratum), visit, and
treatment-by-visit interaction were fixed effects;
baseline HbA1c was a covariate, and patient was
a random effect. The percentage of patients
achieving HbA1c targets (with last observation
carried forward for the missing endpoint
HbA1c) and patients experiencing AEs or
hypoglycemia were analyzed using Fisher’s
exact test. Hypoglycemia rate was analyzed
using the generalized estimating equation
method for negative binomial distribution. This
generalized linear model used the count of
hypoglycemic episodes as response, prestudy
therapy, country, treatment, visit, and treat-
ment-by-visit interaction as fixed effects, and
the logarithm of days between visits as an off-
setting variable to account for unequal duration
between visits and between patients. Beta cell
function and insulin sensitivity were estimated
with the mITT analysis set using analysis of
covariance models. Descriptive statistics include
counts and percentages for categorical variables
and counts, mean, SD, median, and minimum
and maximum for continuous variables. All
analyses were performed using SAS Version 9.3.
A detailed statistical analyses plan was pub-
lished by Wang et al. [26].

RESULTS

Patient Disposition and Baseline
Characteristics

Of 1121 patients who entered the study, 885
patients were entered at sites in China. Of these
885 patients, 607 patients were randomized to
dulaglutide 1.5 mg, dulaglutide 0.75 mg, or
glargine; 275 patients failed screening, and the
remaining 3 patients were lost to follow-up
(Fig. 2). Of the 607 randomized patients, 591
patients comprised the mITT population, and

602 patients comprised the safety analysis
population.

The number of patients discontinued from
treatment either during the 26-week phase or
the 52-week phase of treatment was similar
across the treatment arms, with subject decision
being the primary cause of discontinuation
(Fig. 2).

Overall, demographic and baseline charac-
teristics in the mITT population were compa-
rable among the treatment groups. The overall
mean (SD) age was 54.55 (9.74) years, and the
mean (SD) HbA1c at baseline was 8.33 (1.08)%
(Table 1). The majority of patients were male
(60.9%) and \ 65 years of age (86.8%), with
59.7% having a baseline HbA1c\8.5%. During
the study treatment, patients were maintained
on stable doses of their usual OAMs. The mean
(SD) daily dose of insulin glargine was 21.0
(12.39) IU or 0.29 (0.15) IU/kg at week 26 and
21.8 (13.11) IU or 0.30 (0.16) IU/kg at week 52
(Supplementary Fig. 1).

Efficacy Measures

At week 26, the least squares mean (LSM) stan-
dard error (SE) changes from baseline in HbA1c
were - 1.67% (0.069) for the dulaglutide 1.5-
mg group, - 1.31% (0.069) for the dulaglutide
0.75-mg group, and - 1.11% (0.070) for the
glargine group. The LSM (95% CI) difference of
the dulaglutide 1.5- and 0.75-mg groups com-
pared with glargine were - 0.56% (- 0.75 to
- 0.37) and - 0.20% (- 0.39 to - 0.01),
respectively (Fig. 3a). Dulaglutide 1.5 mg was
noninferior and superior to glargine at 26 weeks
(two-sided P value \0.001). Dulaglutide
0.75 mg was noninferior to glargine (two-sided
P value\ 0.001) and superior to glargine at
26 weeks (P = 0.040).

Similarly, at week 52, the LSM (SE) change
from baseline in HbA1c was - 1.38% (0.077) for
the dulaglutide 1.5-mg group, - 1.00% (0.078)
for the dulaglutide 0.75-mg group, and - 0.79%
(0.078) for the glargine group. The LSM (95%
CI) for the difference of dulaglutide 1.5 mg and
0.75 mg relative to glargine at 52 weeks was
- 0.59% (- 0.80 to - 0.38) and - 0.21%
(- 0.43 to - 0.00), respectively (Fig. 3a). Both
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the doses of dulaglutide were noninferior to
glargine at 52 weeks (two-sided P value
\0.001). Both doses of dulaglutide were also
superior to glargine at 52 weeks (P\0.05).

Figure 3b shows LSM (SE) change in HbA1c
by visit from baseline to week 52 in all treat-
ment groups. A significantly greater proportion
(P\0.05) of patients achieved HbA1c targets of
\7% and B 6.5% in the dulaglutide 1.5-mg
(66.0% and 51.0%) and dulaglutide 0.75-mg
(54.1% and 39.8%) groups compared with the
glargine group (39.0% and 19.5%) at week 26.
Similar findings were reported at the end of
week 52 (Fig. 3c).

The decrease in FSG levels was significant in
the glargine group compared with the dulaglu-
tide 0.75-mg group, at both week 26
(- 2.58 mmol/L vs - 1.75 mmol/L) and week
52 (- 2.09 mmol/L vs - 1.42 mmol/L) (Fig. 3d)
but was not clinically meaningful when com-
pared with the dulaglutide 1.5-mg group.

The morning premeal SMBG LSM reduction
was significantly greater for the glargine group

compared with the dulaglutide groups at both
weeks 26 and 52. However, the morning 2-h
postprandial (PP) meal SMBG LSM reduction for
the dulaglutide 1.5-mg group, midday 2-h PP
meal, evening 2-h PP meal, and bedtime SMBG
LSM reductions for both dulaglutide groups
were significantly greater compared with the
glargine group at both weeks 26 and 52 (Fig. 3e,
f, and Supplementary Table 3). The morning 2-h
PP excursions were significantly lower for both
dulaglutide groups compared with glargine. The
midday 2-h PP excursions were significantly
lower for the dulaglutide 0.75-mg group com-
pared with the glargine group at both weeks 26
and 52, whereas they were significantly lower at
week 26 and similar at week 52 for the
dulaglutide 1.5-mg group compared with the
glargine group. The evening 2-h PP excursions
were similar among the treatment groups
(Supplementary Table 3).

Decrease in weight was clinically significant
in both dulaglutide treatment groups compared
with glargine from week 2 and remained

Fig. 2 Patient disposition. �Cumulative total of all patients who discontinued the study up to week 52. N total population,
n number of patients in each category
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significant until week 52. The LSM (SE) changes
from baseline in body weight in the dulaglutide
1.5- and 0.75-mg groups and glargine at week 26
were - 1.30 (0.213) kg, - 0.84 (0.214) kg, and
? 1.00 (0.215) kg, respectively, and at week 52
were - 0.82 (0.209) kg, - 0.66 (0.212) kg, and
? 1.34 (0.212) kg, respectively (Fig. 3g).

At weeks 26 and 52, both insulin-based and
C-peptide-based HOMA2 beta cell function
levels increased and insulin-based and C-pep-
tide-based HOMA2 insulin sensitivity levels
decreased in both dulaglutide treatment groups
(Supplementary Table 4).

Safety Measures

The incidence of TEAEs was higher in both
dulaglutide groups than in the glargine group,
primarily because of a higher incidence of GI
TEAEs (Table 2). The most frequently reported
GI TEAEs (C 5%) in either dulaglutide group
included diarrhea, nausea, abdominal disten-
sion, and vomiting. The incidence of GI TEAEs
was high during the first 2 weeks of dulaglutide
treatment but declined rapidly from week 2 as
treatment continued and remained low during
the 26-week treatment period (Fig. 3h). The
median duration of first-reported diarrhea,

Table 1 Baseline characteristics

Variable Dulaglutide 1.5 mg
(n = 200)

Dulaglutide 0.75 mg
(n = 196)

Glargine
(n = 195)

Total
(N = 591)

P value�

Age, years 54.51 (10.04) 54.11 (10.01) 55.03 (9.18) 54.55 (9.74) 0.643

Gender, n (%) 0.652

Male 117 (58.5) 120 (61.2) 123 (63.1) 360 (60.9)

Body weight, kg 71.93 (12.17) 73.21 (12.01) 72.51 (12.46) 72.55 (12.21) 0.577

BMI, kg/m2 25.84 (3.19) 26.24 (3.28) 26.04 (3.21) 26.04 (3.22) 0.479

HbA1c, % 8.40 (1.15) 8.28 (1.07) 8.33 (1.00) 8.33 (1.08) 0.539

FSG, mmol/L 9.58 (2.58) 9.68 (2.30) 9.90 (2.28) 9.72 (2.39) 0.396

Duration of diabetes,

years

7.72 (4.60) 7.84 (5.33) 8.15 (5.02) 7.90 (4.98) 0.680

OAM regimen, n (%) [ 0.999

Metformin only 86 (43.0) 83 (42.6) 82 (42.3) 251 (42.6)

Sulfonylurea only 28 (14.0) 27 (13.8) 27 (13.9) 82 (13.9)

Metformin and

sulfonylurea

86 (43.0) 85 (43.6) 85 (43.8) 256 (43.5)

Current alcohol use, n (%) 0.829

No 167 (83.9) 160 (81.6) 160 (83.3) 487 (83.0)

Current tobacco usage, n (%) 0.772

No 149 (74.9) 143 (73.0) 147 (76.2) 439 (74.7)

Data are presented as mean (SD), except where indicated otherwise
ANOVA analysis of variance, BMI body mass index, FSG fasting serum glucose, HbA1c glycated hemoglobin, OAM oral
antihyperglycemic medication
� P value is from Fisher’s exact test for categorical measurements and is from an ANOVA model for continuous
measurements
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nausea, and vomiting was relatively short
(B 5 days). All the GI TEAEs reported were mild
to moderate in severity, and none of the GI
TEAEs were more severe than baseline. The
most frequently reported (at least 5% of patients
in any treatment group) drug-related TEAEs
were diarrhea, nausea, abdominal distension,
lipase increased, and decreased appetite.

No deaths were reported in any of the three
treatment groups during the study. A total of 38
(6.3%) patients reported SAEs during the study,
of which 17 (8.4%) were reported in the
dulaglutide 1.5-mg group, 13 (6.5%) were
reported in the dulaglutide 0.75-mg group, and
8 (4.0%) were reported in the glargine group
(Table 2). A total of three SAEs (thyroid ade-
noma, pancreatitis, and transient ischemic
attack) in the dulaglutide 1.5-mg group and two
SAEs (gastroesophageal reflux disease and
chronic gastritis in one patient) in the dulaglu-
tide 0.75-mg group were reported as possibly
related to the study drug.

A total of 19 patients (3.2%) were discon-
tinued from the study treatment (7 [3.4%], 10

[5.0%], and 2 [1.0%] in the dulaglutide 1.5-mg
group, dulaglutide 0.75-mg group, and glargine
group, respectively) because of AEs during the
study (Table 2). Of these, five patients were
discontinued because of diarrhea (two in the
dulaglutide 1.5-group and three in the
dulaglutide 0.75-mg group).

Hypoglycemia events were categorized as
‘‘documented symptomatic,’’ ‘‘asymptomatic,’’
‘‘severe,’’ ‘‘nocturnal,’’ and ‘‘probable symp-
tomatic.’’ The incidence and 1-year rate of all
the categories of hypoglycemic episodes were
lower in the dulaglutide groups compared with
the glargine group up to week 26 and week 52
(Table 2). The incidence of total hypoglycemic
episodes was significantly lower in the
dulaglutide groups (16.7% in the 1.5-mg group
and 15.9% in the 0.75-mg group) compared
with the glargine group (27.8%) at week 26
(Table 2). Similarly, the incidence of total
hypoglycemic episodes was significantly lower
in the dulaglutide groups (20.2% and 18.9%)
compared with the glargine group (32.3%) up to
week 52. No episode of severe hypoglycemia
was reported during the study in any of the
treatment groups (Table 2).

The increase in pancreatic enzymes was
similar in both the dulaglutide groups at week
26 and week 52. Although the mean increase
was significantly higher in both the dulaglutide
groups compared with the glargine group, the
mean values in all three treatment groups were
within the normal range (Table 2). A total of 14
pancreatic events in eight patients were sub-
mitted for adjudication (four patients each in
the two dulaglutide groups). None of the events
were confirmed as events of pancreatitis upon
adjudication.

The median increase of calcitonin was simi-
lar among the treatment groups at both weeks
26 and 52 (0.29 pmol/L) (Table 2). A total of five
patients experienced five thyroid-related AEs
during the study (three events in the dulaglu-
tide 1.5-mg group [two events of thyroid mass
and one event of thyroid adenoma] and one
event each in the dulaglutide 0.75-mg and
glargine groups [one event of thyroid mass
each]).

No significant differences were noticed at the
end of 52 weeks in systolic and diastolic blood

bFig. 3 Efficacy and safety outcome measures. a LSM (SE)
change in HbA1c (%) from baseline to 26 weeks and to
52 weeks. �LSM difference (95% CI) of dulaglutide 1.5 mg
with glargine. �LSM difference (95% CI) of dulaglutide
0.75 mg with glargine. *Dulaglutide noninferior to glargine
(two-sided P value\ 0.001). #Dulaglutide superior to
glargine (two-sided P value\ 0.05). CI confidence inter-
val, DU dulaglutide, HbA1c glycated hemoglobin, LSM
least squares mean, SE standard error. b LSM (SE) change
in HbA1c (%) from baseline over time. c Percentage of
patients achieving HbA1c targets at week 26 and at week
52. *P\ 0.001 dulaglutide vs glargine. #P\ 0.05 dulaglu-
tide vs glargine. d LSM (SE) change in fasting serum
glucose (mmol/L) from baseline to week 26 and to week
52. �LSM difference (95% CI) of dulaglutide 1.5 mg with
glargine. �LSM difference (95% CI) of dulaglutide 0.75 mg
with glargine. *P\ 0.05 dulaglutide vs glargine. FSG
fasting serum glucose. 7-point self-monitored blood glucose
profiles (mmol/L) by time of day at the end of e week 26
and f week 52. *P\ 0.05 dulaglutide vs glargine.
#P\ 0.05 glargine vs dulaglutide. hr hour, PP postpran-
dial, SMBG self-monitored blood glucose. g LSM (SE)
change in body weight (kg) from baseline to 52 weeks.
*P\ 0.001 dulaglutide 1.5 mg vs glargine. #P\ 0.001
dulaglutide 0.75 mg vs glargine. h Summary of occurrence
of gastrointestinal treatment-emergent adverse events
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pressure among the treatment groups (Table 2).
However, the increase in pulse rate was signifi-
cant among the treatment groups at both weeks
26 and 52.

A total of 16 patients reported a treatment-
emergent dulaglutide antidrug antibody in the

dulaglutide groups, of which six patients (two in
the dulaglutide 1.5-mg group and four in the
dulaglutide 0.75-mg group) had neutralizing
antibodies. None of the patients developed
native-sequence GLP-1 neutralizing antibodies
(Table 2). A total of six patients (five in the

Fig. 3 continued
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dulaglutide 0.75-mg group and one in the glar-
gine group) reported injection-site reactions. Of
the 12 patients who reported hypersensitivity
reactions (six patients in the dulaglutide 0.75-
mg group and six patients in the glargine group),
one patient in the glargine group had a drug-
related hypersensitivity reaction. None of these
patients developed treatment-emergent
dulaglutide antidrug antibodies.

DISCUSSION

The present subgroup analysis showed that both
doses of dulaglutide (1.5 mg and 0.75 mg)
achieved a significant and clinically meaningful
improvement in HbA1c levels compared with

glargine at week 26 and week 52 in Chinese
patients with T2DM who had inadequate gly-
cemic control with OAMs. Sensitivity analysis
with the per-protocol analysis set supported the
results presented in this subgroup analysis (data
not shown). The clinically meaningful
improvements in HbA1c were associated with a
statistically significantly greater percentage of
patients meeting the HbA1c targets of \7.0%
and B 6.5% at both weeks 26 and 52 in the
dulaglutide groups compared with the glargine
group in a dose-dependent manner. A recent
observational study showed that 40.8% of Chi-
nese patients achieved the optimal glycemic
control rate of \7.0% on insulin glargine at
week 26 [29], which was similar to our subgroup
analysis.

Fig. 3 continued
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Table 2 Safety assessments

Variable Week 26 Week 52

Dulaglutide Glargine Dulaglutide Glargine

1.5 mg 0.75 mg 1.5 mg 0.75 mg
(n = 203) (n = 201) (n = 198) (n = 203) (n = 201) (n = 198)

Death, n (%) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Serious adverse events, n (%) 8 (3.9) 6 (3.0) 4 (2.0) 17 (8.4) 13 (6.5) 8 (4.0)

TEAEs (patients with C 1), n (%) 128 (63.1) 123 (61.2) 94 (47.5) 142 (70.0) 142 (70.6) 116 (58.6)

TEAEs in at least 5% of patients in any treatment group, n (%)

Gastrointestinal AEs 64 (31.5) 51 (25.4) 15 (7.6) 65 (32.0) 54 (26.9) 16 (8.1)

Diarrhea 31 (15.3) 19 (9.5) 6 (3.0) 32 (15.8) 23 (11.4) 7 (3.5)

Nausea 20 (9.9) 9 (4.5) 2 (1.0) 20 (9.9) 9 (4.5) 2 (1.0)

Abdominal distention 18 (8.9) 12 (6.0) 0 (0.0) 18 (8.9) 12 (6.0) 0 (0.0)

Vomiting NA NA NA 11 (5.4) 3 (1.5) 1 (0.5)

Infections and infestations 25 (12.3) 20 (10.0) 22 (11.1) 37 (18.2) 32 (15.9) 34 (17.2)

Nasopharyngitis NA NA NA 13 (6.4) 10 (5.0) 11 (5.6)

Upper respiratory tract infection NA NA NA 7 (3.4) 9 (4.5) 13 (6.6)

Investigations 30 (14.8) 26 (12.9) 16 (8.1) 47 (23.2) 37 (18.4) 22 (11.1)

Lipase increased 19 (9.4) 16 (8.0) 2 (1.0) 25 (12.3) 18 (9.0) 2 (1.0)

Metabolism and nutrition disorders 56 (27.6) 56 (27.9) 39 (19.7) 59 (29.1) 66 (32.8) 49 (24.7)

Hyperlipidemia 38 (18.7) 38 (18.9) 31 (15.7) 40 (19.7) 43 (21.4) 39 (19.7)

Decreased appetite 18 (8.9) 11 (5.5) 0 (0.0) 18 (8.9) 11 (5.5) 0 (0.0)

Discontinuation due to AE, n (%) 6 (3.0) 6 (3.0) 1 (0.5) 7 (3.4) 10 (5.0) 2 (1.0)

Total hypoglycemic incidence, n (%)� 34 (16.7)* 32 (15.9)* 55 (27.8) 41 (20.2)* 38 (18.9)* 64 (32.3)

Total hypoglycemia rate, events/patient/

year (SD)�
0.90

(3.864)

0.75

(2.379)

1.41

(3.882)

0.64

(3.503)

0.54

(1.709)*

1.11

(3.443)

Severe hypoglycemia, n (%) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Nocturnal hypoglycemia incidence,

n (%)�
14 (6.9) 8 (4.0)* 21 (10.6) 15 (7.4)* 8 (4.0)* 28 (14.1)

Nocturnal hypoglycemia rate,

events/patient/year (SD)�
0.22

(0.969)

0.14

(0.811)*

0.38

(1.527)

0.11

(0.486)

0.09

(0.523)*

0.29

(1.270)

Documented symptomatic hypoglycemic

incidence, n (%)�
18 (8.9) 15 (7.5)* 29 (14.6) 20 (9.9)* 19 (9.5)* 36 (18.2)

Asymptomatic hypoglycemic incidence,

n (%)�
17 (8.4) 13 (6.5) 23 (11.6) 21 (10.3) 16 (8.0)* 30 (15.2)

Probable hypoglycemic incidence, n (%) 8 (3.9) 12 (6.0) 16 (8.1) 9 (4.4) 13 (6.5) 18 (9.1)
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Table 2 continued

Variable Week 26 Week 52

Dulaglutide Glargine Dulaglutide Glargine

1.5 mg 0.75 mg 1.5 mg 0.75 mg
(n = 203) (n = 201) (n = 198) (n = 203) (n = 201) (n = 198)

Pancreatic enzymes

Pancreatic enzymes, mean (SD), units/L

Lipase (baseline) 39.88

(21.068)

40.63

(23.891)

40.59

(22.874)

39.88

(21.068)

40.63

(23.891)

40.59

(22.874)

Lipase D 11.01

(36.878)

10.48

(28.834)

- 3.49

(21.563)

10.54

(28.156)

11.46

(32.976)

- 4.50

(19.330)

Total amylase (baseline) 56.97

(18.894)

58.23

(20.505)

59.05

(24.184)

56.97

(18.894)

58.23

(20.505)

59.05

(24.184)

Total amylase D 7.48

(18.566)

7.86

(16.025)

0.03

(17.258)

7.96

(16.282)

8.40

(19.051)

- 0.37

(15.707)

Pancreatic amylase (baseline) 25.30

(10.751)

25.51

(10.843)

25.44

(11.164)

25.30

(10.751)

25.51

(10.843)

25.44

(11.164)

Pancreatic amylase D 5.84

(14.611)

5.18

(11.056)

- 0.09

(7.721)

5.23

(12.893)

5.45

(13.971)

- 0.76

(8.063)

Pancreatic enzymes, n (%) patients with C 3 9 ULN§

Lipase (baseline) 1 (0.5) 2 (1.0) 0 (0.0) 1 (0.5) 2 (1.0) 0 (0.0)

Lipase 3 (1.5) 2 (1.0) 1 (0.5) 4 (2.0) 4 (2.0) 0 (0.0)

Total amylase (baseline) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Total amylase 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Pancreatic amylase (baseline) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Pancreatic amylase 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Serum calcitonin, mean (SD), pmol/L 0.57

(0.512)

0.63

(0.632)

0.60

(0.565)

0.57

(0.512)

0.63

(0.632)

0.60

(0.565)

Serum calcitonin, median, pmol/L 0.29 0.29 0.29 0.29 0.29 0.29

Serum calcitonin D, mean (SD) 0.59

(0.591)

0.56

(0.530)

0.60

(0.593)

0.53

(0.503)

0.53

(0.559)

0.53

(0.561)

Serum calcitonin D, median 0.29 0.29 0.29 0.29 0.29 0.29

Vital signs

Sitting blood pressure, mmHg

Systolic (baseline) 131.89

(13.612)

129.78

(13.164)

131.79

(14.954)

131.89

(13.612)

129.78

(13.164)

131.79

(14.954)
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The decrease in FSG levels at the end of
weeks 26 and 52 was similar between the
dulaglutide 1.5-mg and glargine groups and
significantly greater with glargine compared
with the dulaglutide 0.75-mg group. This might
be due to the dose titration algorithm used for
glargine to target the fasting BG levels. The
morning premeal BG reductions were signifi-
cantly greater in the glargine group compared
with the dulaglutide groups at both weeks 26
and 52. Evening premeal BG reductions were

significantly greater in the dulaglutide 1.5-mg
group, and bedtime BG reductions were signif-
icantly greater in both dulaglutide groups at
both weeks 26 and 52. The morning 2-h PP meal
BG reductions were significantly greater in the
dulaglutide 1.5-mg group compared with the
glargine group, and the midday 2-h and eve-
ning 2-h PP meal BG reductions were signifi-
cantly greater in both dulaglutide groups
compared with the glargine group at both weeks
26 and 52. A significantly greater reduction in

Table 2 continued

Variable Week 26 Week 52

Dulaglutide Glargine Dulaglutide Glargine

1.5 mg 0.75 mg 1.5 mg 0.75 mg
(n = 203) (n = 201) (n = 198) (n = 203) (n = 201) (n = 198)

Systolic D - 6.69

(12.597)

- 3.82

(12.467)

- 2.72

(13.402)

- 2.79

(11.706)

- 1.43

(12.533)

0.06

(11.975)

Diastolic (baseline) 78.26

(8.949)

77.94

(9.629)

79.30

(8.818)

78.26

(8.949)

77.94

(9.629)

79.30

(8.818)

Diastolic D - 1.98

(8.117)

- 1.39

(8.089)

- 1.97

(8.800)

- 0.48

(8.057)

0.02

(7.747)

- 1.30

(8.778)

Sitting pulse rate (baseline), bpm 76.30

(10.537)

77.54

(9.795)

77.28

(10.014)

76.30

(10.537)

77.54

(9.795)

77.28

(10.014)

Pulse rate D 4.60

(8.769)

3.01

(8.304)

- 0.49

(9.022)

3.95

(8.603)

2.91

(9.034)

- 0.09

(8.142)

Treatment-emergent dulaglutide

antidrug antibody, n (%)

NA NA NA 6 (3.0) 10 (5.0) 1 (0.5)

Neutralizing dulaglutide NA NA NA 2 (1.0) 4 (2.0) 0 (0.0)

Neutralizing native-sequence GLP-1 NA NA NA 0 (0.0) 0 (0.0) 0 (0.0)

Hypoglycemic episode is defined as a combination of the following: an episode with blood glucose concentration of
B 70 mg/dL (B 3.9 mmol/L) with (documented symptomatic) or without symptoms (asymptomatic), an episode during
which symptoms are indicative of hypoglycemia but are not accompanied by a blood glucose concentration of B 70 mg/dL
(B 3.9 mmol/L) (probable symptomatic), or a severe hypoglycemic episode (requiring medical assistance as determined by
the investigator) and an episode that occurred between bedtime and waking (nocturnal hypoglycemia)
D change from baseline at week 26 or week 52, AE adverse event, GLP-1 glucagon-like peptide-1, OAM oral antihyper-
glycemic medication, SD standard deviation, TEAE treatment-emergent adverse event, ULN upper limit of normal
� P value is based on Fisher’s exact test, on the incidence rate of patients with analyzed hypoglycemia episodes
� P value for overall is based on a negative binomial regression model: patient’s hypoglycemia count = OAM
strata ? treatment ? country, with log of (patient’s total number of days of exposure/365.25) as an offset variable
§ Patients with at least 1 value C 3 9 ULN during the assessed time period
* P value is\ 0.05 for dulaglutide vs insulin glargine
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morning 2-h excursions was noticed in both
dulaglutide doses compared with the glargine
group. These clinically meaningful reductions
in excursion might be due to the dual effects of
dulaglutide on both fasting and PP glucose. This
might be attributed to dulaglutide’s mechanism
of action and pharmacokinetic properties,
including glucose-dependent insulin secretion,
inhibition of release of glucagon, delayed gas-
tric emptying, gastric motility leading to satiety,
and time to maximum plasma concentration of
24–72 h [14–16].

Patients with T2DM who have inadequate
glycemic control with OAMs eventually need to
start on injectable drugs. GLP-1 RA drugs are
recommended as the first choice of
injectable medication as per recent ADA guide-
lines and the ADA and EASD consensus report
[12, 13]. Achieving an optimal balance between
glycemic and nonglycemic outcomes with an
antihyperglycemic medication is clinically
important. In this subgroup analysis, along with
improvement in HbA1c levels, a significant
decrease in weight and lower incidence of
hypoglycemia were noted with both the doses
of dulaglutide compared with glargine, which is
characteristic of the GLP-1 RA class of drugs
[30, 31]. Both the doses of dulaglutide were well
tolerated in Chinese patients.

The safety findings were consistent with
AWARD studies [17–24] and other GLP-1 RA
drugs [32–34]. As noted with other GLP-1 RA
drugs, the most common AEs noted were GI in
nature, including diarrhea, nausea, abdominal
distention, and vomiting. Although the inci-
dence of GI AEs was significantly greater in the
dulaglutide groups, they were mild to moderate
in severity and were transient in nature, with
very few patients discontinuing treatment
because of these AEs. A small elevation in pan-
creatic enzymes and increase in pulse rate were
observed with both doses of dulaglutide, which
were consistent with known characteristics of
other GLP-1 RA class of drugs [34, 35]. None of
the patients reported with possible pancreatitis
cases were adjudicated as having an event of
pancreatitis.

As seen with peptides, development of anti-
drug antibodies is of huge concern because it
can lead to decreased efficiency or increased

hypersensitivity over a period of treatment. A
very low incidence of patients developed anti-
drug antibodies when compared with other
GLP-1 RA classes of drugs [32, 36], which might
be due to a difference in immunogenicity of
varied formulations of drugs. As a result of the
low incidence of treatment-emergent dulaglu-
tide antidrug antibodies in the phase 3 AWARD
program (1–2.8%), there is no clinical evidence
to determine the role of antidrug antibodies on
glycemic control [37, 38]. No additional safety
concerns were identified in this subgroup anal-
ysis, other than those that were well known
with this class of drugs.

The present subgroup analysis was a sub-
group analysis of a study conducted in East
Asian patients with T2DM [26]. Because of the
subgroup nature of this analysis, the results
need to be interpreted cautiously. As a result of
the open-label study design, the present analy-
sis may have been subject to bias by affecting
the physician’s and patients’ behavior. How-
ever, conducting a double-blind study would
have been difficult because of the requirement
of titration for glargine. High doses of glargine
would have decreased HbA1c levels to a more
desired level, which might have led to an
increased incidence of hypoglycemia and
weight gain as reported in earlier studies.

CONCLUSION

Both doses of dulaglutide (1.5 mg and 0.75 mg)
resulted in clinically meaningful improvement
in glycemic control and were associated with
weight loss and lower risk of hypoglycemia
when compared with once-daily glargine in
Chinese patients with T2DM who had failed to
achieve optimal glycemic control on OAMs.
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