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OBJECTIVE

To compare the efficacy and safety of two doses of once-weekly dulaglutide, a
glucagon-like peptide 1 receptor agonist, to sitagliptin in uncontrolled, metformin-
treated patients with type 2 diabetes. The primary objective was to compare (for
noninferiority and then superiority) dulaglutide 1.5 mg versus sitagliptin in change
from baseline in glycosylated hemoglobin A1c (HbA1c) at 52 weeks.

RESEARCH DESIGN AND METHODS

This multicenter, adaptive, double-blind, parallel-arm study randomized patients (N =
1,098; mean baseline age 54 years; HbA1c 8.1% [65 mmol/mol]; weight 86.4 kg;
diabetes duration 7 years) to dulaglutide 1.5 mg, dulaglutide 0.75 mg, sitagliptin
100mg, orplacebo (placebo-controlledperiod up to 26weeks). The treatmentperiod
lasted 104 weeks, with 52-week primary end point data presented.

RESULTS

The mean HbA1c changes to 52 weeks were (least squares mean 6 SE): 21.10 6

0.06% (212.0 6 0.7 mmol/mol), 20.87 6 0.06% (9.5 6 0.7 mmol/mol), and
20.39 6 0.06% (4.3 6 0.7 mmol/mol) for dulaglutide 1.5 mg, dulaglutide 0.75
mg, and sitagliptin, respectively. Both dulaglutide doseswere superior to sitagliptin
(P < 0.001, both comparisons). No events of severe hypoglycemia were reported.
Meanweight changes to 52weeks were greater with dulaglutide 1.5mg (23.036
0.22 kg) and dulaglutide 0.75 mg (22.60 6 0.23 kg) compared with sitagliptin
(21.536 0.22 kg) (P < 0.001, both comparisons). The most common gastrointestinal
treatment-emergent adverse events in dulaglutide 1.5- and 0.75-mg arms were
nausea, diarrhea, and vomiting.

CONCLUSIONS

Both dulaglutide doses demonstrated superior glycemic control versus sitagliptin
at 52 weeks with an acceptable tolerability and safety profile.

The American Diabetes Association and European Association for the Study of Di-
abetes recommend metformin for initial drug treatment of type 2 diabetes (1). If
alternative or combination therapy is necessary, other agents such as sulfonylureas,
thiazolidinediones, dipeptidyl peptidase-4 (DPP-4) inhibitors, glucagon-like peptide
1 (GLP-1) receptor agonists, or insulin may be used (1). DPP-4 inhibitors and GLP-1
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receptor agonists are being prescribed
with increasing frequency in these
patients (1).
Both GLP-1 receptor agonists and

DPP-4 inhibitors act via the GLP-1 path-
way by increasing the interaction of na-
tive GLP-1, or a respective receptor
agonist, with the GLP-1 receptor. Treat-
ment with GLP-1 receptor agonists is
based on subcutaneous administration
of exogenous peptides with different
degrees of structural homology with
native GLP-1. Oral DPP-4 inhibitors in-
crease concentrations of endogenous
GLP-1 by inhibiting the rapid inactiva-
tion by the DPP-4 protease (1,2). In-
creased availability of GLP-1 or a
receptor agonist stimulates insulin se-
cretion in a glucose-dependent manner
and inhibits glucagon secretion (3,4).
GLP-1 receptor agonists also slow gastric
emptying and suppress appetite, actions
that can contribute to overall glucose-
lowering potency (1). In recently re-
ported trials, GLP-1 receptor agonists
and the DPP-4 inhibitor sitagliptin have
been compared over a 26-week treat-
ment period (5,6). The results of these
studies indicate greater glucose- and
body weight–lowering effects of GLP-1
receptor agonists. Additional data from
longer duration trials are important to
confirm these observations and further
characterize safety profiles of these
agents.
Dulaglutide is a long-acting human

GLP-1 receptor agonist in development
as a once-weekly subcutaneous injec-
tion for the treatment of type 2 diabetes
(7,8). The molecule consists of two iden-
tical, disulfide-linked chains, each con-
taining an N-terminal GLP-1 analog
sequence covalently linked to a modi-
fied human immunoglobulin G4 heavy
chain by a small peptide linker (7). In
contrast to native GLP-1, dulaglutide is
resistant to degradation by DPP-4 and
has a large size that slows absorption
and reduces renal clearance. These mo-
lecular features result in a soluble for-
mulation and a prolonged half-life of
;5 days, making it suitable for once-
weekly subcutaneous administration (7).
Dulaglutide exhibits GLP-1–mediated
effects, including glucose-dependent
potentiation of insulin secretion, inhibi-
tion of glucagon secretion, delay of gas-
tric emptying, and weight loss (7–10).
Initial clinical trials have shown that

dulaglutide treatment results in dose-

dependent reductions in fasting plasma
glucose (FPG), postprandial plasma glu-
cose, and glycosylated hemoglobin A1c
(HbA1c) (7,11,12). Nausea and diarrhea
were the most commonly reported ad-
verse events (7,11,12). This trial, Assess-
ment of Weekly AdministRation of
LY2189265 [dulaglutide] in Diabetes-5
(AWARD-5), evaluated multiple sets of
objectives, including selection of one
or two dulaglutide doses (from a range
of seven doses) for further assessment
in this and other phase 3 trials (13–15)
and safety and efficacy of selected
dulaglutide doses in comparison with
sitagliptin over a period of 104 weeks
and placebo up to 26 weeks in metformin-
treated patients with type 2 diabetes. In
this study, we present results for the
selected doses and comparators up to
the primary end point at 52 weeks.

RESEARCH DESIGN AND METHODS

Eligible patients were those 18–75 years
old, had type 2 diabetes ($6 months)
with an HbA1c value of .8% (64
mmol/mol) and #9.5% (80 mmol/mol)
on diet and exercise alone or $7% (53
mmol/mol) and #9.5% (80 mmol/mol)
on oral antihyperglycemic medication
(OAM) monotherapy or combination
therapy (metformin plus another OAM),
a BMI between 25 and 40 kg/m2, and a
stable weight during the 3-month period
before entering the study. Patients were
excluded if theywere takingGLP-1 recep-
tor agonists during the 6 months prior
to screening or were on chronic insulin
therapy. The protocol was approved
by local ethics review boards, and all
patients provided written informed
consent. The study was conducted in
compliance with the Declaration of
Helsinki and the International Confer-
ence on Harmonization guideline on
good clinical practices (16).

The study used an adaptive, seamless,
parallel-arm design (Fig. 1A) to address
two groups of objectives: 1) selection of
one or two doses for further longer-
term assessment (dose-finding) (17);
and 2) comparison of efficacy and safety
of selected dulaglutide doses versus
sitagliptin (100 mg once daily) at 52
and 104 weeks and versus placebo at
26 weeks (confirmatory objectives). Eli-
gible patients entered a lead-in period
that lasted up to 11 weeks. Patients
were required to be treated with met-
formin monotherapy (minimum dose

$1,500 mg/day) for $6 weeks prior to
randomization, to then be continued
during the treatment period; all other
OAMs were discontinued. This lead-in
period allowed patients to achieve a sta-
ble dose of metformin and washout of
other OAMs. Following the lead-in pe-
riod, patients were assigned to treatment
by one of two sequential randomization
schemes: adaptive randomization during
the dose-finding portion, followed by
fixed randomization after dose selection
(13–15). A total of 230 patients were
adaptively randomized during the dose-
finding portion. Dulaglutide 1.5- and
0.75-mg doses were selected for further
assessment at the completion of the
dose-finding portion (18). After dose
selection occurred, patients from nonse-
lected arms were discontinued. Addi-
tional patients were assigned in a fixed
randomization manner to the remaining
arms: dulaglutide 1.5 mg, dulaglutide
0.75 mg, sitagliptin 100 mg, or placebo
(replaced with sitagliptin after 26 weeks
to keep blinding) in a 2:2:2:1 ratio (17).
The treatment period lasted 104 weeks.
Patients who developed persistent or
worsening hyperglycemia based on pre-
specified thresholds (Supplementary
Table 1) were discontinued from the
study, and an adverse event of hypergly-
cemia was reported in the database.

The primary outcome measure was
mean change in HbA1c from baseline to
52 weeks. Secondary efficacy measures
included change from baseline in HbA1c
at other time points; percentage of pa-
tients with HbA1c ,7.0% (53 mmol/mol)
or #6.5% (48 mmol/mol); body weight,
FPG (central laboratory measure), and
fasting insulin; b-cell function and insulin
sensitivity indices (updated homeostasis
model assessment [HOMA2]) (19); and
lipids.

Safety assessments included hypo-
glycemic episodes, vital signs, electro-
cardiograms, laboratory parameters,
adverse events, and dulaglutide antidrug
antibodies (ADAs). Adjudication of pan-
creatic events was performed by an in-
dependent clinical end point committee.
The following events were adjudicated
to assess for development of pancreati-
tis: investigator-reported pancreatitis,
adverse events of serious or severe ab-
dominal pain without known cause, and
cases of confirmed pancreatic enzyme
elevations ($3 times the upper limit
of normal). Laboratory analyses were

2150 Efficacy and Safety of Dulaglutide Diabetes Care Volume 37, August 2014

http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc13-2761/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc13-2761/-/DC1


performed at a central laboratory (Quin-
tiles Laboratories). Immunogenicity test-
ing was performed by BioAgilytix

(Durham, NC) andMillipore (St. Charles,
MO). Hypoglycemia was defined as
plasma glucose #70 mg/dL (#3.9

mmol/L) and/or symptoms and/or signs
attributable to hypoglycemia (20).
Severe hypoglycemia was defined as

Figure 1—Study design (A) and patient disposition (B). All patients underwent a metformin run-in period that lasted up to 11 weeks, to be continued
for the duration of the study; other OAMs were discontinued. Seven doses of dulaglutide were evaluated in the dose-finding portion along with
sitagliptin and placebo. At dose selection, dulaglutide 1.5 and 0.75 mg were selected for further evaluation. Only patients assigned to selected
dulaglutide doses and comparators continued forward in the study. Placebo-treated patients continued until week 26 and were then switched to
sitagliptin for blinding purposes. aRandomization. bPrimary end point. cFinal end point. dThe placebo period lasted for 26 weeks followed by a switch
to sitagliptin to keep the arm blinded.
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an episode requiring the assistance of
another person to actively administer
therapy (20).

Statistical Analysis
A sample size of 263 patients was cho-
sen per arm (131 placebo) based on a
predictive power calculation at dose se-
lection of at least 85% to show superi-
ority relative to sitagliptin at 52 weeks
(14).
Primary and secondary analyses were

based on the intent-to-treat (ITT) popu-
lation, defined as all randomized pa-
tients. All results presented are based
upon patients who had at least one out-
come measure after initiation of treat-
ment. All patients randomized in this
study received at least one dose of study
drug. The data from the placebo arm
were excluded from any analysis after
26 weeks.
The analyses for the primary (nonin-

feriority of dulaglutide 1.5 mg to sita-
gliptin at 52 weeks) and key secondary
efficacy objectives (HbA1c change from
baseline at 26 weeks vs. placebo and
at 52 weeks vs. sitagliptin) used a tree-
gatekeeping strategy to control the
family-wise type 1 error rate with ad-
justed P values (21). Superiority or non-
inferiority (noninferioritymargin of 0.25%)
of a dulaglutide dose to a comparator

treatment was concluded if the (one-
sided) adjusted P value was,0.02.

The change from baseline in HbA1c and
weight at 26 and 52 weeks was analyzed
usingANCOVAwith factors for treatment,
country, and baseline value as a covari-
ate. The last observation was carried for-
ward (LOCF) in the case of missing data.
All continuous measures, including sensi-
tivity analyses of HbA1c and weight over
time, were also analyzed using a mixed-
effects, repeated-measures (MMRM)
analysis with additional factors for visit
and treatment-by-visit interaction. Least
squares (LS) means and SEs are reported.
The percentage of patients achieving
HbA1c targets (LOCF) was analyzed
using a logistic regression model. Total
hypoglycemia included events that were
documented symptomatic, documented
asymptomatic, probable, and/or severe
(20). Adverse events were analyzed
using a x2 test, unless there were not
sufficient data to meet the assumptions
of the analysis, in which case a Fisher ex-
act test was conducted. The two-sided
significance level was 5% for secondary
end points and 10% for interactions.

RESULTS

The ITT population comprised 1,098
patients randomized to dulaglutide
(1.5 or 0.75 mg), sitagliptin, or placebo

arms (Fig. 1A). Baseline characteristics
were balanced across arms (Table 1).
The metformin dose was similar across
arms at baseline, and changes in dose
were rare. The most common reasons
for early study discontinuation were
adverse events and subject decision
(Fig. 1B).

Efficacy
Of 1,098 patients included in the ITT pop-
ulation, 13 did not contribute to the pri-
mary analysis due to missing baseline or
postbaseline HbA1c measurements. The
mean HbA1c changes from baseline to
the primary end point at 52 weeks were
(LS mean 6 SEs): 21.10 6 0.06%
(212.06 0.7 mmol/mol) for dulaglutide
1.5 mg, 20.87 6 0.06% (29.5 6 0.7
mmol/mol) for dulaglutide 0.75 mg, and
20.396 0.06% (24.36 0.7 mmol/mol)
for sitagliptin (Fig. 2A). Compared with
sitagliptin, the LS mean changes from
baseline were significantly greater (ad-
justed P , 0.001, both comparisons)
with dulaglutide 1.5 mg (LS mean differ-
ence20.71% [27.8 mmol/mol]; nominal
95% CI:20.87 to20.55% [29.5 to26.0
mmol/mol]); and also with dulaglutide
0.75 mg (20.47% [25.1 mmol/mol];
20.63 to 20.31% [26.9 to 23.4
mmol/mol]). Fig. 2B shows HbA1c values
over time up to 52 weeks.

Table 1—Baseline characteristics and demographics of randomized patients

Variable DU 1.5 mg (N = 304) DU 0.75 mg (N = 302) SITA (N = 315) PL (N = 177)

Sex
Men 146 (48) 134 (44) 151 (48) 90 (51)
Women 158 (52) 168 (56) 164 (52) 87 (49)

Age (years) 54 6 10 54 6 10 54 6 10 55 6 9

Race
Aboriginal 0 (0) 0 (0) 1 (,1) 0 (0)
Black 16 (5) 12 (4) 7 (2) 9 (5)
White 157 (52) 162 (54) 158 (50) 91 (51)
East Asian 50 (16) 47 (16) 52 (17) 28 (16)
Hispanic 54 (18) 51 (17) 67 (21) 38 (22)
Native American 0 (0) 0 (0) 1 (,1) 0 (0)
West Asian 27 (9) 30 (10) 28 (9) 11 (6)

BMI (kg/m2) 31 6 5 31 6 4 31 6 4 31 6 4

Weight (kg) 87 6 17 86 6 18 86 6 17 87 6 17

Diabetes duration (years) 7 6 6 7 6 5 7 6 5 7 6 5

HbA1c [% (mmol/mol)] 8.1 6 1.1 (65 6 12) 8.2 6 1.1 (66 6 12) 8.1 6 1.1 (65 6 12) 8.1 6 1.1 (65 6 12)

Antihyperglycemic medicationa

OAM 290 (95) 284 (94) 294 (93) 167 (94)
One medication class 203 (67) 193 (64) 218 (69) 114 (64)
Two medication classes 83 (27) 89 (30) 76 (24) 49 (28)
More than two medication classes 4 (1) 2 (1) 0 (0) 4 (2)

SBP (mmHg) 129 6 13 128 6 14 127 6 13 128 6 13

DBP (mmHg) 78 6 8 78 6 9 77 6 9 78 6 8

Data are means 6 SD or n (%) unless otherwise indicated. DU, dulaglutide; PL, placebo; SITA, sitagliptin. aAt screening.
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The LS mean HbA1c changes from
baseline to 26 weeks were 21.22 6
0.05 (213.3 6 0.6), 21.01 6 0.06

(211.0 6 0.7), 20.61 6 0.05 (26.7 6
0.6), and 0.03 6 0.07% (0.3 6 0.8
mmol/mol) for dulaglutide 1.5 mg,

dulaglutide 0.75 mg, sitagliptin, and pla-
cebo, respectively (Fig. 2A). Compared
with placebo, LS mean changes from

Figure 2—Efficacy and safetymeasures through the treatment period. A: Change in HbA1c from baseline at 26 and 52weeks, ANCOVA LOCF. B: HbA1c
over time, MMRM. C: Percentage of patients achieving HbA1c targets at 26 and 52 weeks. D: Change in FPG over time, MMRM. E: Change in weight
over time, MMRM. Data presented are LS mean6 SE. ††P, 0.001, superiority vs. sitagliptin; ‡‡P, 0.001, superiority vs. placebo; #, *P, 0.05 vs.
sitagliptin and placebo, respectively; ##, **P , 0.001 vs. sitagliptin and placebo, respectively.
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baseline were significantly greater (P ,
0.001, all comparisons) with dulaglutide
1.5 mg (LS mean difference 21.26%
[213.8 mmol/mol]), dulaglutide 0.75
mg (21.05% [211.5 mmol/mol]), and
sitagliptin (20.64% [27.0 mmol/mol]).
Compared with sitagliptin, LS mean
changes from baseline at 26 weeks
were significantly greater with both
dulaglutide doses (P , 0.001, both
comparisons).
After 52 weeks of treatment, the per-

centage of patients attaining the target
HbA1c goal of ,7.0% (53 mmol/mol)
was significantly higher in dulaglutide
1.5-mg and dulaglutide 0.75-mg arms
(58 and 49%, respectively) compared
with sitagliptin (33%) (P , 0.001, both
comparisons) (Fig. 2C). At the same end
point, 42 and 29% of patients in the
dulaglutide1.5- and0.75-mgarms, respec-
tively, achieved HbA1c targets of #6.5%
(48 mmol/mol) compared with 19% in
the sitagliptin arm (P, 0.001, both com-
parisons). At 26 weeks, the percentage
of patients achieving HbA1c values
,7.0% (53 mmol/mol) was significantly
higherwith dulaglutide 1.5mg (61%) and
dulaglutide 0.75 mg (55%) compared
with sitagliptin (38%) (P , 0.001, both
comparisons) and placebo (21%) (P ,
0.001, both comparisons) (Fig. 2C). At
the same time point, 47 and 31% of du-
laglutide 1.5 mg– and dulaglutide 0.75
mg–treated patients, respectively,
achieved HbA1c values #6.5% (48
mmol/mol) compared with 22% with si-
tagliptin (P , 0.001, both comparisons)
and 13% with placebo (P , 0.001, both
dulaglutide comparisons; P = 0.005, sita-
gliptin comparison).
Values of FPG significantly decreased

within 2 weeks with both dulaglutide
doses and with sitagliptin and remained
steady thereafter, while the placebo
arm exhibited smaller and slower de-
creases over time (Fig. 2D). Compared
with sitagliptin, LS mean changes from
baseline at 52 weeks in FPG were signif-
icantly greater (P, 0.001, both compar-
isons) with dulaglutide 1.5 mg (LS mean
difference 226 mg/dL) and dulaglutide
0.75 mg (213 mg/dL). All three active
arms had significantly greater changes
in FPG from baseline to 26 weeks com-
pared with placebo (Fig. 2D).
Themean changes in bodyweight from

baseline to 52 weeks were (LSmean6 SE
[ANCOVA with LOCF]) significantly
greater (P , 0.001, both comparisons)

for dulaglutide 1.5 mg (23.03 6 0.22
kg) and dulaglutide 0.75 mg (22.60 6
0.23 kg) compared with sitagliptin
(21.53 6 0.22 kg) (LS mean difference
21.50 and21.07 kg, respectively). Both
dulaglutide doses were associated with
significantly greater (P, 0.001) reduc-
tions in body weight compared with
placebo and sitagliptin at 26 weeks.
The effect on body weight was main-
tained in all arms over time (Fig. 2E).

b-Cell function, estimated by
HOMA2-%B at 52 weeks, increased nu-
merically in all arms versus baseline
(Supplementary Table 2). The changes
observed at 52 weeks were significantly
greater with dulaglutide doses com-
pared with sitagliptin (P , 0.001). No
differences were observed among arms
with respect to insulin sensitivity of the
peripheral tissues, estimated by
HOMA2-%S (Supplementary Table 2).
Both dulaglutide arms were associated
with a greater effect on HOMA2-%B ver-
sus placebo at 26 weeks (P , 0.001,
both comparisons). A significantly lower
(P = 0.026) effect on HOMA2-%S was
associatedwith dulaglutide 0.75mg com-
pared with placebo; no other differences
were noted for change in HOMA2-%S
at this time point.

At 52 weeks, a decrease in LDL cho-
lesterol with dulaglutide 1.5 mg and an
increase with sitagliptin was observed,
resulting in significant between-
treatment difference (P = 0.03) (Sup-
plementary Table 2). At 26 weeks, sig-
nificantly greater decreases in total
and LDL cholesterol were observed
with dulaglutide 1.5 mg compared
with placebo (P, 0.001 and 0.007, re-
spectively). No other differences were
observed for total, LDL, and HDL choles-
terol or triglycerides between dulaglu-
tide and sitagliptin doses at 52 weeks
and placebo at 26 weeks.

Safety
Table 2 summarizes incidence of deaths,
overall and serious adverse events, and
individual adverse events occurring in at
least 5% of patients at 26 and 52 weeks.
Four patients (dulaglutide 1.5 mg: one;
sitagliptin: two; placebo [during the
sitagliptin period]: one) died during
this trial. The patient treated with
dulaglutide 1.5 mg died of a nonhemor-
rhagic stroke 6 months after random-
ization. The incidence of adverse events
was similar in dulaglutide arms versus

sitagliptin at 52 weeks and versus pla-
cebo at 26 weeks. The incidence of
gastrointestinal (GI) adverse events
(nausea, diarrhea, and vomiting), and
the adverse event of decreased appetite
was significantly higher (P , 0.05) with
dulaglutide- compared with sitagliptin-
treated patients. Similar results were ob-
served for comparisons between
dulaglutide- and placebo-treated pa-
tients. The incidence of nausea, diarrhea,
and vomiting with dulaglutide 1.5 mg
and dulaglutide 0.75 mg peaked within
the first 2 weeks of treatment and grad-
ually declined to stable levels (1–6% in-
cidence) between 8 and 52 weeks of
treatment.

The incidence of study discontinua-
tion due to adverse events at 52 weeks
was similar across arms (dulaglutide 1.5
mg: 33 [10.9%]; dulaglutide 0.75 mg: 23
[7.6%]; sitagliptin: 30 [9.5%]); the most
common adverse events causing study
discontinuation were hyperglycemia
and nausea. Discontinuation because
of nausea was only reported with dula-
glutide (dulaglutide 1.5 mg: 8 [2.6%];
dulaglutide 0.75 mg: 3 [1.0%]), and the
majority of these patients (6) discontin-
ued within the initial 2 weeks of study
drug administration. During the placebo-
controlled period, hyperglycemia and
nausea were also the most common ad-
verse events causing discontinuation. All
cases of discontinuation due to nausea
during this period (eight patients) oc-
curred in dulaglutide arms. There were
more patients from the placebo arm (17
patients [9.6%]) who discontinued the
study due to hyperglycemia compared
with active treatments (dulaglutide 1.5
mg: 4 [1.3%]; dulaglutide 0.75 mg:
1 [0.3%]; and sitagliptin: 6 [1.9%]).

The incidence of total hypoglycemia
at 52 weeks was 10.2% for dulaglutide
1.5 mg, 5.3% for dulaglutide 0.75 mg,
and 4.8% for sitagliptin; mean (SD)
1-year adjusted rates (events/patient/
year) were 0.4 (1.6), 0.3 (2.6), and 0.1
(1.1), respectively. The incidence and
rates at 26 weeks for dulaglutide- and
sitagliptin-treated patients were similar
to those observed at 52 weeks; inci-
dence and rate in the placebo arm at
26 weeks were 1.1 and 0.1% (0.9), re-
spectively. There were no severe hypo-
glycemic events reported during this
trial.

There were three events of acute
pancreatitis confirmed by adjudication
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(sitagliptin: two; placebo [during the si-
tagliptin period]: one). Increases in me-
dian values of serum lipase, total
amylase, and pancreatic amylase (p-
amylase) (within the normal range)
were observed with both dulaglutide
doses and sitagliptin (Supplementary
Table 2). Increase in total amylase was
significantly greater for both dulaglutide
doses than for sitagliptin during the 52-
week treatment period (P = 0.016,
for both comparisons); increase in
p-amylase for dulaglutide 1.5 mg was
also significantly greater compared
with sitagliptin (P = 0.008). There were
no differences between the dulaglutide
and sitagliptin arms in the incidence of
treatment-emergent (TE) high values
during this period. All active treatments
demonstrated significant (P, 0.001) in-
crease in median values of pancreatic
enzymes (except sitagliptin for total am-
ylase) and higher incidence of TE high

lipase values in comparison with pla-
cebo during the placebo-controlled
period (P , 0.001, dulaglutide 1.5 mg;
P = 0.015, dulaglutide 0.75 mg; and P =
0.023, sitagliptin). TE high p-amylase
values were also more common in
both dulaglutide arms than placebo
(P = 0.032, dulaglutide 1.5 mg; and P =
0.02, dulaglutide 0.75 mg).

Systolic blood pressure (SBP) de-
creased in all active treatment arms,
with the greatest reductions observed
during the first 3–6 months (Table 2).
Decrease in SBP from baseline up to 26
weeks was significantly greater with
both dulaglutide doses and sitagliptin
compared with placebo (P , 0.05).
There were no differences between du-
laglutide arms and sitagliptin at this
time point or at 52 weeks. Changes in
diastolic blood pressure (DBP) were
small (Table 2), and there were no sig-
nificant differences between active

treatments at 26 or 52 weeks. An in-
crease of;2 to 3 bpm in LS mean pulse
rate was observed with both dulaglutide
doses at 26 and 52 weeks in comparison
with no relevant changes in the sitaglip-
tin and placebo arms at these time
points (Table 2).

There were no cases of thyroid cancer
during the 52-week observational pe-
riod. There were no differences among
arms in calcitonin levels at 26 or 52
weeks.

Nine patients treated with dulaglutide
had TE dulaglutide ADAs during the treat-
ment period (1.3%) (Table 2). Dulaglutide
neutralizing antibodies were present in
two of these nine patients, and no patient
developed native-sequence GLP-1 neu-
tralizing antibodies. None of these pa-
tients had hypersensitivity events. The
incidence of hypersensitivity events
across the groups was very low and sim-
ilar (data not shown).

Table 2—Safety assessments, change from baseline in vital signs, and TE dulaglutide ADAs through 26 and 52 weeks

Variable

26 weeks 52 weeks

DU 1.5 mg
(N = 304)

DU 0.75 mg
(N = 302)

SITA
(N = 315)

PL
(N = 177)

DU 1.5 mg
(N = 304)

DU 0.75 mg
(N = 302)

SITA
(N = 315)

Death 1 (,1) 0 (0) 0 (0) 0 (0) 1 (,1) 0 (0) 2 (,1)

Serious adverse events 17 (6) 10 (3) 11 (4) 6 (3) 26 (9) 16 (5) 17 (5)

Adverse events, (patients with $1 event) 208 (68)# 204 (68)# 185 (59) 111 (63) 233 (77) 231 (77) 219 (70)

TE adverse events, ($5% patients)
SOC: GI events 116 (38)##,** 97 (32)##,* 55 (18) 41 (23) 126 (41)## 111 (37)## 73 (23)
Nausea 51 (17)##,** 38 (13)##,* 14 (4) 7 (4) 53 (17)## 42 (14)## 16 (5)
Vomiting 36 (12)##,** 22 (7)#,** 6 (2) 1 (1) 39 (13)## 23 (8)# 7 (2)
Diarrhea 39 (13)##,* 27 (9)## 8 (3)* 11 (6) 44 (15)## 30 (10)## 9 (3)
Abdominal pain 13 (4) 11 (4) 6 (2) 3 (2) 18 (6) 12 (4) 10 (3)
Dyspepsia 13 (4) 14 (5) 8 (3) 2 (1) 14 (5) 18 (6) 9 (3)
Abdominal distension 12 (4) 12 (4) 3 (1) 1 (1) 12 (4) 14 (5) 3 (1)

SOC: infections and infestations 89 (29) 71 (24) 74 (24) 36 (20) 111 (37) 97 (32) 101 (32)
Nasopharyngitis 25 (8) 24 (8) 26 (8) 13 (7) 35 (12) 35 (12) 36 (11)
URI 12 (4) 12 (4) 4 (1) 2 (1) 16 (5) 16 (5) 12 (4)
UTI 11 (4) 16 (5) 11 (4) 9 (5) 15 (5) 18 (6) 15 (5)

Other adverse eventsa

Hyperglycemia 4 (1)#,** 5 (2)#,** 14 (4)* 19 (11) 16 (5) 23 (8) 29 (9)
Decreased appetite 29 (10)##,** 16 (5)# 5 (2) 3 (2) 29 (10)## 17 (6)# 7 (2)
Back pain 12 (4) 13 (4) 10 (3) 7 (4) 15 (5) 18 (6) 15 (5)
Headache 20 (7) 20 (7) 19 (6) 9 (5) 26 (9) 23 (8) 23 (7)
Arthralgia 7 (2) 10 (3) 4 (1) 4 (2) 11 (4) 14 (5) 8 (3)
Dizziness 3 (1) 13 (4) 8 (3) 4 (2) 5 (2) 14 (5) 10 (3)

Discontinuation due to adverse events 21 (7) 12 (4) 14 (4) 24 (14) 33 (11) 23 (8) 30 (10)

Vital signs
SBP (mmHg) 21.7 6 0.7* 21.4 6 0.7* 21.9 6 0.7* 1.1 6 0.9 20.8 6 0.7 20.5 6 0.7 20.5 6 0.7
DBP (mmHg) 20.4 6 0.4 20.2 6 0.4 21.1 6 0.4* 0.7 6 0.6 0.3 6 0.5 0.2 6 0.5 20.2 6 0.5
Pulse rate (bpm) 2.6 6 0.5##,** 1.9 6 0.5#,* 20.1 6 0.5 20.2 6 0.7 2.4 6 0.5## 2.1 6 0.5## 20.3 6 0.5

TE dulaglutide ADAs
Dulaglutide ADAs 2 (,1) 6 (2) 1 (,1) 0 (0) 2 (,1) 7 (2) 2 (,1)
Neutralizing dulaglutide ADAs 2 (,1) 0 (0) 0 (0) 0 (0) 2 (,1) 0 (0) 0 (0)

Data are n (%) or LS mean (6 SE) unless otherwise indicated. DU, dulaglutide; PL, placebo; SITA, sitagliptin; SOC, system organ class; URI, upper
respiratory infection; UTI, urinary tract infection. #, *P, 0.05 vs. sitagliptin and placebo, respectively. ##, **P, 0.001 vs. sitagliptin and placebo,
respectively. aMultiple SOCs.
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CONCLUSIONS

The results of the AWARD-5 study
showed that in patients unable to attain
glycemic targets with metformin mono-
therapy, addition of dulaglutide 1.5-mg
or dulaglutide 0.75-mg doses provided
significantly greater improvement in
HbA1c compared with sitagliptin after
52 weeks and placebo after 26 weeks.
Accordingly, a higher percentage of
dulaglutide-treated patients attained
HbA1c targets in comparison with sita-
gliptin. The differences in HbA1c relative
to sitagliptin for dulaglutide 1.5 mg
(20.71% [27.8 mmol/mol]) and dulaglu-
tide 0.75 mg (20.47% [25.1 mmol/mol])
are considered clinically relevant (22).
Dulaglutide also exhibited greater weight
reduction than sitagliptin. GI system–

related adverse events were the most
commonly reported events in patients
treated with dulaglutide and more fre-
quent than with placebo or sitagliptin.
Discontinuation rates across the groups
at 26 and 52 weeks were comparable to
the rates observed in similar diabetes tri-
als previously reported in the medical lit-
erature (23–25).
The observed effects of dulaglutide

and sitagliptin on HbA1c in AWARD-5
are similar to those reported in other
patient populations treated with these
agents. Grunberger et al. (11) and
Umpierrez et al. (12) showed a similar
effect of dulaglutide on HbA1c as add-
on therapy to diet or in combination
with OAMs. In the current study, the
glucose-lowering effect of sitagliptin
was 20.61 6 0.05% (26.7 6 0.6
mmol/mol) and 20.39 6 0.06% (4.3 6
0.7 mmol/mol) at 26 and 52 weeks, re-
spectively. This decrease in HbA1c is con-
sistent with results from other studies
with similar patient populations and
study duration (6,26,27). Greater im-
provements in glycemic control with
dulaglutide were also evident in the
significantly higher percentage of pa-
tients who achieved HbA1c targets of
,7.0% (53 mmol/mol) and #6.5% (48
mmol/mol) than with sitagliptin. In ad-
dition, the results of this trial showed
that the difference in glucose-lowering
effects between dulaglutide and sita-
gliptin was sustained over a longer pe-
riod of time (i.e., 52 weeks) compared
with previously published trials that
compared sitagliptin to a GLP-1 recep-
tor agonist for up to 26 weeks (3,4).

One possible explanation of these dif-
ferences in glucose-lowering effects re-
lates to the greater degree of GLP-1
receptor stimulation with receptor ago-
nists than with DPP-4 inhibitors (28). It
has been suggested that longer-acting
receptor agonists are associated with
persistently elevated GLP-1 receptor ag-
onist concentrations, while DPP-4 inhib-
itors increase concentration of GLP-1
mostly after meals (29–31). Assessment
of pancreatic b-cell function using the
HOMA2 model may support these ex-
planations. Dulaglutide demonstrated
greater effects on b-cell function com-
pared with sitagliptin, suggesting that a
drug that provides high pharmacological
levels of exogenous GLP-1 receptor ag-
onist may be more effective than a drug
that modestly increases concentration
of endogenous GLP-1. One caveat to
this comparison; HOMA2 assesses
b-cell function in the fasting state
when dulaglutide levels were continu-
ously elevated, while during this same
time phase for patients treated with si-
tagliptin, endogenous GLP-1 was, most
likely, in its basal range (non–nutrient-
stimulated).

Dulaglutide-treated patients achieved
an early improvement (after 2 weeks)
in fasting glucose consistent with the
reported pharmacokinetic characteris-
tics of the drug (5,6). This early effect
is important from a clinical perspective,
in that it is a readily available measure
of glycemic response, allowing patients
and health care providers to gauge an
indication of therapeutic effect soon
after the initiation of therapy.

Themain determinants of weight gain
in patients with diabetes are changes in
HbA1c and type of glucose-lowering in-
tervention (32). Dulaglutide treatment
resulted in significantly greater de-
creases in body weight compared with
sitagliptin throughout the duration of
the treatment period, despite its larger
effect on HbA1c. The mechanisms of
weight loss with GLP-1 receptor agonists
are probably related to their actions in
the GI and/or central nervous system
(33,34).

Safety assessments of dulaglutide in
this trial are consistent with the known
effects of the GLP-1 receptor agonist
class. The incidence of hypoglycemic
events remained very low in both dula-
glutide arms, despite the robust effect
on glycemic control. This is consistent

with the known mechanism of action
of dulaglutide, which enhances insulin
secretion in a glucose-dependent fash-
ion without causing b-cell overstimula-
tion and hyperinsulinemia (35).

Both dulaglutide doses were associ-
ated with a higher incidence of GI ad-
verse events, most commonly nausea,
vomiting, and diarrhea. There were no
cases of pancreatitis reported in pa-
tients treated with dulaglutide. The ob-
served increases within the normal
range in median values of pancreatic en-
zymes with dulaglutide and sitagliptin
were similar in magnitude to the
changes reported with liraglutide (36).
The mechanism that causes these in-
creases is unknown, and there were no
observed clinical consequences of these
findings.

Cardiovascular system observations
included a decrease in SBP and an in-
crease in pulse rate. The magnitude of
the observed changes in pulse rate was
similar to that reported with other GLP-
1 receptor agonists (6,27,37). The inci-
dence of dulaglutide ADAs was very low
(1.3%) compared with other GLP-1 re-
ceptor agonists (38,39). There were no
associated systemic or injection site hy-
persensitivity reactions in ADA-positive
patients. Additionally, hypersensitivity
events overall were rare and balanced
in incidence across the arms. These
data suggest a low risk of hypersensitiv-
ity reactions with dulaglutide.

The AWARD-5 trial confirmed that
dulaglutide is an effective treatment
option in metformin-treated patients
who require further treatment inten-
sification. Both doses were superior in
glucose lowering to sitagliptin and pla-
cebo. Despite a greater decrease in
HbA1c, patients who received dulaglu-
tide exhibited a decrease in weight and
low risk of hypoglycemia. Dulaglutide
has a similar safety profile to that of
other agents from the GLP-1 receptor
agonist class. These results suggest
a favorable benefit/risk profile for
dulaglutide as an add-on intervention
in metformin-treated type 2 diabetic
patients.
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