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OBJECTIVE

To compare efficacy and safety of dulaglutide at doses of 3.0 and 4.5 mg versus
1.5 mg in patients with type 2 diabetes inadequately controlled with metformin.

RESEARCH DESIGN AND METHODS

Patients were randomly assigned to once-weekly dulaglutide 1.5 mg, 3.0 mg, or
4.5 mg for 52 weeks. The primary objective was determining superiority of
dulaglutide 3.0 mg and/or 4.5 mg over 1.5 mg in HbA1c reduction at 36 weeks.
Secondary superiority objectives included change in body weight. Two estimands
addressed efficacy objectives: treatment regimen (regardless of treatment dis-
continuation or rescue medication) and efficacy (on treatment without rescue
medication) in all randomly assigned patients.

RESULTS

Mean baseline HbA1c and BMI in randomly assigned patients (N5 1,842) was 8.6%
(70 mmol/mol) and 34.2 kg/m2, respectively. At 36 weeks, dulaglutide 4.5 mg
provided superior HbA1c reductions compared with 1.5 mg (treatment-regimen
estimand: 21.77 vs. 21.54% [219.4 vs. 216.8 mmol/mol], estimated treatment
difference [ETD] 20.24% (22.6 mmol/mol), P < 0.001; efficacy estimand: 21.87
vs. 21.53% [220.4 vs. 216.7 mmol/mol], ETD 20.34% (23.7 mmol/mol), P <

0.001). Dulaglutide 3.0 mg was superior to 1.5 mg for reducing HbA1c, using the
efficacy estimand (ETD 20.17% [21.9 mmol/mol]; P 5 0.003) but not the
treatment-regimen estimand (ETD20.10% [21.1 mmol/mol]; P5 0.096). Dulaglu-
tide 4.5 mg was superior to 1.5 mg for weight loss at 36 weeks for both estimands
(treatment regimen: 24.6 vs. 23.0 kg, ETD 21.6 kg, P < 0.001; efficacy: 24.7
vs. 23.1 kg, ETD 21.6 kg, P < 0.001). Common adverse events through 36 weeks
included nausea (1.5 mg, 13.4%; 3 mg, 15.6%; 4.5 mg, 16.4%) and vomiting (1.5 mg,
5.6%; 3 mg, 8.3%; 4.5 mg, 9.3%).

CONCLUSIONS

In patients with type 2 diabetes inadequately controlled by metformin, escalation
from dulaglutide 1.5 mg to 3.0 mg or 4.5 mg provided clinically relevant, dose-
related reductions in HbA1c and body weight with a similar safety profile.
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Type2diabetes is a chronic disease requir-
ing long-term maintenance of glycemic
control to reduce the risk of micro- and
macrovascular complications. Treatment
intensification is required over time, with
most patients eventually requiring two
or more drugs to achieve and maintain
glycemic goals (1). Current guidance rec-
ommends that glucagon-like peptide-1
receptor agonists (GLP-1 RAs) should fol-
low metformin therapy in several clinical
situations, because of their effective glu-
cose lowering, low hypoglycemia risk,
potential for weight loss, and proven car-
diovascular (CV) benefit for most agents
in this therapeutic class (2).
Dose selection leading to develop-

ment of dulaglutide 0.75 mg and 1.5
mg weekly doses was guided by GLP-1
RA class concerns related to increases in
heart rate, pancreatic enzyme levels, and
gastrointestinal (GI) adverse events (3).
Evolution in the understanding of the
GLP-1RA benefit-risk profile, especially
with respect to CV (4) and pancreatic
safety (5,6), and experience with step-
wise dose escalation to optimize GI tol-
erability (7), combined with a persistent
need for therapies to maintain glycemic
control, prompted study of higher once-
weekly doses (3.0 mg and 4.5 mg) of
dulaglutide (8). Assessment of Weekly
Administration of LY2189265 [dulaglu-
tide] in Diabetes-11 (AWARD-11) was a
phase 3 study designed to demonstrate
superiority of dulaglutide 3.0 mg and/or
4.5 mg to 1.5 mg for change in HbA1c at
36 weeks and to provide safety data over
52 weeks in patients with type 2 diabe-
tes inadequately controlled bymetformin
monotherapy.

RESEARCH DESIGN AND METHODS

Study Design and Participants
This randomized, double-blind, parallel-
arm study was conducted at 203 sites in
15 countries. The study included three
periods: a 2-week lead-in period, followed
by a 52-week treatment period (with
primary efficacy end point at 36 weeks)
and a 4-week safety follow-up period
(Supplementary Fig. 1). The study was
conducted in accordance with the Dec-
laration of Helsinki and Council for In-
ternational Organizations of Medical
Sciences International Ethical Guide-
lines, and the International Conference
on Harmonization Good Clinical Practices
Guidelines. The protocol was approved

by local institutional review boards.
All patients provided written informed
consent.

Eligible adults (aged $18 years) had
type 2 diabetes for $6 months, with
HbA1c$7.5% (58mmol/mol) and#11.0%
(97 mmol/mol) at screening; BMI$25 kg/
m2; were insulin and GLP-1 RA näıve; and
were taking commercially available met-
formin$1,500 mg/day for$3 months. A
minimum BMI threshold was used to
minimize concerns that higher drug expo-
sures, as seen in previous studies with
lower-weight patients (9), might predis-
pose patients with lower BMI to GI toler-
ability limitations during dose escalation.
Patients with type 1 diabetes; those using
any other glucose-lowering medications
(other than metformin) within 3 months
before randomization; serum calcitonin
level $20 ng/L; a history of pancreatitis,
ketoacidosis, or hyperosmolar state/coma;
recent CV event; or active cancer were
excluded.A summaryofeligibility criteria is
provided in Supplementary Table 1.

Block randomization was used at the
country level. Patients were randomly
assigned 1:1:1 to dulaglutide 1.5 mg,
3.0 mg, or 4.5 mg, administered once
weekly via subcutaneous injection with
a single-dose pen. Randomization was
stratified by HbA1c (,8.5% [69 mmol/
mol], and $8.5% [69 mmol/mol]). Con-
sistent with current labeling recommen-
dations in the U.S., treatment was
initiated with once-weekly dulaglutide
0.75 mg. After 4 weeks, the dose was
escalated every 4 weeks to the ran-
domized dose of 1.5 mg, 3.0 mg, or
4.5 mg (Supplementary Fig. 1).

Patients unable to tolerate dulaglutide
during dose escalation were not put in a
lower-dose group but could temporarily
interrupt and then restart the study drug
once. If intolerable symptoms returned,
the study drug no longer was adminis-
tered to the patients. Guidance was
provided to study sites regarding treat-
ment of patients with GI symptoms,
including advice on dietary behaviors
tomitigate nausea symptoms and vomit-
ing, allowance for temporary interrup-
tion of study drug, and consideration for
theuseoforal antiemeticor antidiarrheal
medication.

Patients with severe, persistent hy-
perglycemia during the study could ini-
tiate glycemic rescue therapy (other
than nonstudy GLP-1 RAs or dipeptidyl
peptidase-4 inhibitors, which were not

permitted) according to prespecified
criteria (Supplementary Appendix 2).

Efficacy Measures and Safety
Assessments
The primary efficacy measure was the
change inHbA1c frombaselineto36weeks.
Secondary efficacy measures (all assessed
at 36weeks and controlled for type I error)
were the proportion of patients achieving
HbA1c ,7.0% (,53 mmol/mol); change
from baseline in fasting serum glucose
(FSG) level, determined by the central
laboratory; and change from baseline in
body weight. All other efficacy measures
wereexploratoryand includedcomparison
of dulaglutide 3.0 mg and 4.5 mg to the
1.5-mg dose at 52 weeks on the primary
and secondary efficacy measures, as well
as assessment at 36 and 52 weeks of the
proportion of patients achieving theHbA1c
target of#6.5% (48 mmol/mol), six-point
self-monitored plasma glucose profile,
fasting glucagon level, and measures of
insulin resistance and b-cell function.

Adverse events, laboratory parame-
ters, vital signs, and electrocardiograms
were assessed for safety. Cases of sus-
pectedpancreatitis, CVevents, andcause
of deathwere confirmed by independent
adjudication. Clinically important hypo-
glycemia was defined as any episode
with a documented blood glucose level
,54 mg/dL (,3 mmol/L) (10) or severe
hypoglycemia, as defined by the Amer-
ican Diabetes Association (11). An in-
dependent data monitoring committee,
external to the sponsor, reviewed un-
blinded safety data through the end of
the primary 36-week end point.

Statistical Analysis
Approximately 510 participants per treat-
ment group completing 36 weeks of the
study (primary end point) provided at
least 80% power to demonstrate superi-
ority of dulaglutide 3.0 mg and/or 4.5 mg
relative to 1.5 mg in change from baseline
in mean HbA1c. Assumptions for sample-
size calculations included a 0.22% differ-
ence in HbA1c change between dulaglutide
1.5 mg and at least one of the higher
doses, a SD of 1.1%, and a two-sided
significance level of 0.05. The primary
safety and efficacy analysis population
was the intent-to-treat population, de-
fined as all randomlyassignedpatientswho
received at least one dose of study drug.
Analyses of the 36-week primary and
secondary objectives were performed on
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the basis of a primary database lock after
all patients either completed the 36-
week primary end-point visit or discon-
tinued the study prior to this visit.
Two primary estimands were de-

fined for analysis of the 36-week primary
and secondary efficacy end points: a
treatment-regimen estimand and an effi-
cacy estimand (Supplementary Appendix
3). The treatment-regimen estimand in-
cluded all baseline and end point data
(either 36-week or 52-week data) col-
lected regardless of initiation of new
antihyperglycemic therapy or premature
treatment discontinuation, with imputa-
tion of missing end-point data based on
measurements frompatients in the same
treatment group and the same binary
status of premature treatment discon-
tinuation. Theefficacy estimand included
data from all study visits up to either
initiation of any new antihyperglycemic
medication for .14 days or premature
treatment discontinuation, whichever
occurred first. The treatment-regimen
estimand was prespecified and applied
only to the primary and secondary ob-
jectives at the 36-week time point in
compliance with the U.S. Food and Drug
Administration preference for this meth-
odology for regulatory evaluation of
safety andefficacy. Theefficacy estimand
was prespecified as primary for all other
purposes and was estimated for all pri-
mary, secondary, and exploratory effi-
cacy objectives (including all efficacy
analyses through 52 weeks).
For the treatment-regimen estimand,

an ANCOVA model was applied to the
complete baseline and end-point data
using multiple imputation for HbA1c,
body weight, and FSG analyses. A logistic
regressionmodel was fit to the complete
data to analyze the proportions of pa-
tients achieving HbA1c target ,7.0%
(53mmol/mol), with imputation of miss-
ing end-point data as not achieving the
target. For the efficacy estimand, amixed
model for repeated measures was used
for longitudinal continuous variables and a
longitudinal logistic regressionmodel for
repeated measures was used for cate-
gorical variables. Additional details on
the statistical methods are provided in
Supplementary Appendix 3.
To control overall type I error, a graph-

ical approach (12) was used to com-
pare the treatment effect among the
predefined parameters of interest to ad-
dress the primary and secondary efficacy

objectives at 36 weeks for the intent-to-
treat population (Supplementary Appendix
3). This graphical approach was conducted
separately for each estimand, and each
was tested at the full significance level
of 0.05.

RESULTS

Patient Disposition and Baseline
Characteristics
A total of 1,842 patients were randomly
assigned to a dulaglutide dose (1.5 mg,
n 5 612; 3.0 mg, n 5 616; 4.5 mg, n 5
614), of whom 93.1% completed the
primary 36-week time point and 89.3%
completed 36 weeks of study drug treat-
ment with no difference across dose
groups (1.5 mg, 89.7%; 3.0 mg, 88.3%;
4.5 mg, 89.9%; P5 0.623) (Fig. 1). There
was no significant difference across dose
groups in the proportion of patients
completing the study through 52 weeks
(1.5 mg, 90.8%; 3.0 mg, 89.1%; 4.5 mg,
91.2%; P 5 0.427) or completing the
study while taking the study drug (1.5
mg, 87.1%; 3.0 mg, 84.9%; 4.5 mg, 84.7%;
P 5 0.416) (Fig. 1).

Baseline characteristics were compa-
rable among treatment groups (Table 1).
The proportion of patients receiving
new antihyperglycemic medication dur-
ing the trial for any reason was similar
across dose groups at both the primary
36-week time point (1.5 mg, 7.0%;
3.0 mg, 5.5%; 4.5 mg, 6.8%; P 5
0.491) and final 52-week time point
(1.5 mg, 9.2%; 3.0 mg, 7.1%; 4.5 mg,
9.0%; P 5 0.370).

Glycemic Control

Treatment-Regimen Estimand

All treatment doses were efficacious
using the treatment-regimen estimand
(HbA1c least-square mean [LSM] change
from baseline at 36 weeks, 21.54% for
1.5 mg,21.64% for 3.0 mg, and21.77%
for 4.5 mg) (Fig. 2A). Superiority over the
1.5-mg dose for the primary HbA1c end
point was observed for the 4.5-mg dose
(estimated treatment difference [ETD]
20.24% [95% CI 20.36, 20.11] [22.6
mmol/mol (95% CI 23.9, 21.3)]; P ,
0.001) but not the 3.0-mg dose (ETD
20.10% [95% CI 20.23, 0.02] [21.1
mmol/mol (22.5, 0.2)]; P 5 0.096)
(Fig. 2A). Because superiority was not
shown for the 3.0-mg dose, per the
graphical testing procedure, subsequent
comparisons for prespecified second-
ary glycemic control measures of the

proportion of patients achieving HbA1c
,7% (Fig. 2D) and of FSG levels (Supple-
mentary Fig. 2) could not be formally
tested for either dose using the treat-
ment-regimen estimand, and all P values
displayed for these comparisons are nom-
inal. However, a consistent pattern of
dose-related improvement in HbA1c, FSG
levels, and the proportion of patients
achieving HbA1c ,7% was evident for
the higher doses at both the primary
36-week time point and final 52-week
time point using the treatment-regimen
estimand (Fig. 2A andD and Supplementary
Fig. 2).

Efficacy Estimand

All treatment doses were efficacious,
resulting in significant LSM reductions
in HbA1c from baseline to 36 weeks:
21.53% (216.7 mmol/mol) for 1.5 mg,
21.71% (218.6 mmol/mol) for 3.0 mg,
and 21.87% (220.4 mmol/mol) for
4.5 mg (Fig. 2B and C). Compared with
the 1.5-mg dose, the 3.0- and 4.5-mg
doses resulted in significantly greater
LSM HbA1c reductions from 12 weeks
(Fig. 2C), with ETDs at 36 weeks of
20.17% for 3.0 mg (95% CI 20.29,
20.06 [21.9 mmol/mol (95% CI 23.2,
20.6)]; P 5 0.003) and 20.34% for 4.5
mg(95%CI20.45,20.22[23.7mmol/mol
(95% CI24.9,22.4)]; P, 0.001) (Fig. 2B).
Based on prespecified subgroup analysis,
escalation to dulaglutide 3.0 mg or 4.5 mg
resulted in additional HbA1c reductions
versus the 1.5-mg dose regardless of
baseline HbA1c (Supplementary Fig. 3).
Mean treatment differences in the 4.5-
mg group were greater in patients with
higher HbA1c at baseline (treatment-by-
subgroup interaction P 5 0.02) (Supple-
mentary Fig. 3).

Significantly more patients achieved
the secondary outcome of HbA1c ,7.0%
(53 mmol/mol) (Fig. 2E) and exploratory
outcomeofHbA1c#6.5% (48mmol/mol)
(Supplementary Table 2) in the higher
dulaglutide dose groups versus the
1.5-mg dose. At the primary 36-week
time point, the odds of achieving each
HbA1c target (either ,7% or #6.5%)
were approximately two times higher in
patients who were escalated to the
dulaglutide 4.5-mg dose compared
with those maintained at the 1.5-mg
dose (odds ratio for achieving HbA1c

,7%, 2.2 [95% CI 1.7, 3.0], P , 0.001;
odds ratio for achieving HbA1c #6.5%,
2.0 [95% CI 1.5, 2.6], P , 0.001)
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(Supplementary Table 2). Dulaglutide
4.5 mg but not 3.0 mg was superior
to the 1.5-mg dose for reduction in
FSG at 36 weeks (Supplementary Fig.
2).
Changes from baseline in HbA1c, the

proportion of patients achieving HbA1c
targets, and FSG levels observed at the
primary 36-week time point were sus-
tained through the final 52-week time
pointusing theefficacy estimand (Fig. 2B,
C, and E and Supplementary Fig. 2).

Body Weight
For the treatment-regimen estimand, du-
laglutide 4.5 mg was superior to 1.5 mg
for body weight (ETD, 21.6 kg [95% CI
22.2, 21.1]; P , 0.001) (Fig. 2F). Su-
periority of the 3.0-mg dose on body
weight could not be formally tested using
the treatment-regimen estimand in the
graphical testing method (Supplementary
Appendix 3), because this dose did not
achieve superiority on the primary HbA1c
end point. However, a pattern of dose-

related decrease in body weight was ob-
served at 36 weeks and 52 weeks (Fig. 2F).

For the efficacy estimand, patients
whose dulaglutide dose was escalated
from 1.5 mg to the 3.0-mg and 4.5-mg
doses had greater reductions in body
weight compared with those maintained
on dulaglutide 1.5 mg from 12 weeks
(Fig. 2H), with superior weight loss for
3.0 mg (24.0 kg; ETD, 20.9 kg [95% CI
21.4,20.4]; P5 0.001) and 4.5 mg (24.7
kg; ETD, 21.6 kg [95% CI 22.1, 21.1];

Figure 1—Patient disposition. *Patient randomly assigned at two different investigator sites, only counted once in randomization total; †Includes
patients who discontinued the study.
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P , 0.001) at 36 weeks (Fig. 2G), with
additional weight loss observed in each
dose group at week 52 (Fig. 2G and H).

Other Outcomes
Results for the exploratory efficacy out-
comes of self-monitored plasma glucose
(Supplementary Fig. 4) and markers of
glucosemetabolism (Supplementary Table
3)were generally consistentwith thedose-
related improvements in glycemic control
discussed and are summarized in the
Supplementary Material.

Safety
The proportion of patients reporting
at least one treatment-emergent adverse
eventwassimilaracrossdosegroups(Table
2). The three most frequently reported
adverse eventswere nausea, diarrhea, and
vomiting, although few cases were severe
(#0.5%) (Supplementary Table 4); the in-
cidence of each, although numerically
higher in the higher dulaglutide-dose
groups comparedwith the 1.5-mg group,
were similar between the 3.0- and 4.5-mg
groups (Table 2). Adverse GI events
tended to occur early and abate over
time, with the incidences of nausea,
vomiting, or diarrhea through 52 weeks

generally similar to those reported through
36weeks (Supplementary Table 4).Other
GI-related events, such as constipation,
dyspepsia, and abdominal pain, were re-
ported in #5% of patients overall, with
no clinically relevant dose-related dif-
ferences across groups (Supplementary
Table 5).

The overall incidence of study drug
discontinuation due to common GI events
was low (3.9%) but more common in the
3-mg(3.4%)and4.5-mg(3.9%)groups than
in the 1.5-mg group (1.5%) (Table 2).
Study drug discontinuation due to nau-
sea was similar across dose groups
(1.5 mg, 1.3%; 3.0 mg, 1.3%; 4.5 mg,
1.5%). Study drug discontinuation was
more common in the higher-dose groups
for vomiting and diarrhea but remained
low for these events in the highest
4.5-mg group (1.3% for vomiting and
1.0% for diarrhea) (Table 2).

Fewer serious events were reported
in the higher-dose groups than in the
1.5-mg group (Table 2). The incidence
and estimated annual rate of documented
hypoglycemia (plasma glucose,,54mg/
dL [3.0 mmol/L]) by dose group were as
follows: 1.5 mg, 1.3%, n 5 0.017 events
per year; 3.0 mg, 0.3%, n5 0.003 events

per year; 4.5 mg, 1.1%, n5 0.02 events
per year. Two patients, one each in the
1.5- and 4.5-mg dose groups, experienced
one episode each of severe hypoglycemia.

Six cases of pancreatitis were con-
firmed by adjudication (Table 2). One
of these patients (assigned todulaglutide
4.5 mg) had a previously undisclosed
history of pancreatitis and would have
been excluded from enrollment had this
been known at screening.

Similar proportions of patients reported
gallbladder-or renal-relatedadverseevents
(Table 2). Diabetic retinopathy was re-
ported as an adverse event in eight
patients (0.4%) overall: 1.5 mg, n 5
4 patients (0.7%), 3.0 mg, n 5 1 patient
(0.2%), and 4.5mg, n5 3patients (0.5%).
There were no reports of pancreatic
cancer, C-cell hyperplasia, or medullary
thyroid carcinoma during the treat-
ment period of the study. One patient
in the dulaglutide 1.5-mg group pre-
sented at the 52-week study visit with
elevated serum aminotransferase and
lipase concentrations and was subse-
quently diagnosed with pancreatic ad-
enocarcinoma after completing the study,
;74 days after receiving the last dose
of dulaglutide.

Table 1—Baseline characteristics and demographics

Parameter DU 1.5 mg (n 5 612) DU 3.0 mg (n 5 616) DU 4.5 mg (n 5 614) Total (N 5 1,842)

Age (years) 57.8 6 9.7 56.9 6 10.2 56.6 6 10.2 57.1 6 10.0
$65 156 (25.5) 150 (24.4) 132 (21.5) 438 (23.8)
$75 20 (3.3) 14 (2.3) 21 (3.4) 55 (3.0)

Duration of diabetes (years) 7.6 6 5.8 7.6 6 5.5 7.7 6 5.8 7.6 6 5.7

Female sex 314 (51.3) 288 (46.8) 296 (48.2) 898 (48.8)

Race
American Indian or Alaska Native 30 (4.9) 26 (4.2) 32 (5.2) 88 (4.8)
Asian 13 (2.1) 18 (2.9) 14 (2.3) 45 (2.4)
Black 28 (4.6) 31 (5.0) 23 (3.7) 82 (4.5)
Native Hawaiian or Pacific Islander 1 (0.2) 1 (0.2) 3 (0.5) 5 (0.3)
White 529 (86.4) 521 (84.6) 530 (86.3) 1,580 (85.8)
Multiple 11 (1.8) 19 (3.1) 12 (2.0) 42 (2.3)

HbA1c (%) 8.6 6 0.9 8.6 6 1.0 8.6 6 0.9 8.6 6 1.0

BMI (kg/m2) 34.4 6 6.4 34.3 6 6.2 34.0 6 6.2 34.2 6 6.3

Weight (kg) 95.5 6 20.2 96.3 6 20.1 95.4 6 20.6 95.7 6 20.3

eGFR (mL/min/1.73 m2) 93.4 6 18.2 93.3 6 17.8 93.7 6 18.3 93.5 6 18.1

eGFR category (mL/min/1.73 m2)
$30–60 33 (5.4) 25 (4.1) 33 (5.4) 91 (4.9)
$60 to ,90 171 (27.9) 198 (32.1) 184 (30.0) 553 (30.0)
$90 408 (66.7) 393 (63.8) 397 (64.7) 1,198 (65.0)

SBP (mmHg) 132.1 6 14.2 131.1 6 14.1 132.1 6 14.0 131.8 6 14.1

DBP (mmHg) 78.8 6 9.3 78.4 6 8.7 79.0 6 9.0 78.7 6 9.0

HR (bpm) 75.6 6 10.1 75.3 6 9.5 75.5 6 10.3 75.5 6 10.0

FSG (mg/dL) 185.0 6 52.0 184.0 6 54.4 183.4 6 48.0 184.1 6 51.5

All values presented asmean6 SD or n (%). DBP, diastolic blood pressure; DU, dulaglutide; eGFR, estimated glomerular filtration rate; HbA1c, glycated
hemoglobin; HR, heart rate; SBP, systolic blood pressure.
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Figure 2—Primary and secondary efficacy outcomes by estimand. A: Change in HbA1c from baseline to 36 weeks and 52weeks, ANCOVAwithmultiple
imputation (treatment-regimenestimand).B: Change inHbA1c frombaseline to36weeks (primary timepoint) and52weeks,mixed-model for repeated
measure (MMRM; efficacy estimand). C: Change in HbA1c by study week, MMRM (efficacy estimand). D: Proportion of patients achieving HbA1c,7%
(53mmol/mol) at 36 and52weeks, logistic regressionwith imputation ofmissing endpoint data as not achieving target (treatment-regimenestimand).
E: Proportionof patients achievingHbA1c,7% (53mmol/mol) at 36and52weeks, longitudinal logistic regression (efficacyestimand).F: Change inbody
weight frombaseline to 36 and52weeks, ANCOVAwithmultiple imputation (treatment-regimen estimand).G: Change in bodyweight frombaseline to
36 and 52weeks,MMRM(efficacy estimand).H: Change in bodyweight by studyweek,MMRM(efficacy estimand). Data presented as LSM6 SE unless
otherwise indicated; †P , 0.05, ††P , 0.001 vs. dulaglutide 1.5 mg, respectively. *Nominal P value, not adjusted for multiplicity; comparison vs.
dulaglutide 1.5 mg did not achieve statistical superiority using the graphical testing approach. Note that 36-week LSMs in bar graphs for efficacy
estimand are from MMRM analysis performed at the 36-week primary database lock, whereas LSMs in the line graphs (C and H) are from MMRM
analyses including all data through the final 52-week time point. The efficacy estimand included patients with a nonmissing baseline value and at least
one nonmissing postbaseline value of the response variable: n5 1,780 patients for HbA1c (1.5mg, n5 591; 3.0mg, n5 595; 4.5mg, n5 594) and n5
1,809 patients for body weight (1.5 mg, n5 601; 3.0 mg, n5 604; 4.5 mg, n5 604). For the treatment-regimen estimand, data were included from all
randomly assigned patients with imputation of missing end point values. BL, baseline; DU, dulaglutide; HbA1c, glycated hemoglobin.
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Eleven deaths occurred during the
study across the three dose groups:
1.5 mg, n 5 3 patients; 3.0 mg, n 5
4 patients; 4.5 mg, n 5 4 patients. Ac-
counting for the dose-escalation period,
the distribution of the 11 deaths accord-
ing to the dulaglutide dose being taken
before or at the time of death was one
patient receiving 0.75 mg, three patients
receiving 1.5 mg, four patients receiving
3.0 mg, and three patients receiving
4.5 mg.
Fifteen patients had at least one CV

event confirmed by adjudication (Table
2). Twoof the eight CVevents reported in
the 3.0-mg dose group occurred during
the dose escalation period when the
patient was taking the 1.5-mg dose,
and one of the five CV events reported
in the 4.5-mg group occurred when the
patient was taking the 0.75-mg dose.
Significant LSM increases in seated

heart rate were observed across all
dose groups over time (Supplementary
Fig. 5A), includingat the36-weekprimary
time point (1.5 mg, 1.5 bpm; 3.0 mg,
2.7 bpm; 4.5 mg, 2.7 bpm) and the

52 week final time point (1.5 mg, 1.0
bpm; 3.0 mg, 1.9 bpm; 4.5 mg, 1.9
bpm). There were no clinically relevant
differences from a safety perspective
related to blood pressure (Supplemen-
tary Fig. 5), electrocardiogram findings
(Supplementary Fig. 6), or serum lipid
levels (Supplementary Table 6).

CONCLUSIONS

In patients with type 2 diabetes who are
taking metformin but experiencing in-
adequate glycemic control, escalation
from dulaglutide 1.5 mg to 3.0 mg or
4.5 mg once weekly provided improved
glycemic control and body weight re-
duction compared with patients taking
dulaglutide 1.5 mg at 36 weeks, and
these improvements were maintained
to 52 weeks. The additional glycemic
benefit and weight loss were achieved
with a safety profile similar to the 1.5-mg
dose of dulaglutide.

Two primary estimands were prespe-
cified, consistent with recent diabetes
intervention trials (13). The treatment-
regimen estimand included efficacy data

for patients no longer taking dulaglutide
with or without rescue medication and
replaced missing end point data with
model-derivedvalues. Thisestimandpro-
vides a conservative estimate of overall
effectiveness in populations in which pa-
tients may not adhere to treatment or
may initiate other therapies. Estimands
of this type often ascribe meaningful
HbA1c reductions to the placebo arm
because patients randomly assigned to
placebo therapy are more likely to re-
ceive rescue therapies. Similarly, esti-
mates of the active treatment effect
can be blunted by inclusion of patients
who have discontinued active random-
ized therapy. The efficacy estimand in-
cluded data from patients only while
they were taking dulaglutide and with-
out initiating another glucose-lowering
medication, thus providing an estimate
of treatment effects expected in pa-
tients adherent to dulaglutide therapy.
Neither the treatment-regimen nor the
efficacy estimand approaches were ap-
plied to safety analyses and therefore do
not affect conclusions about safety or

Table 2—Summary of adverse events through 52 weeks

Variable DU 1.5 mg (n 5 612) DU 3.0 mg (n 5 616) DU 4.5 mg (n 5 614)

Patients with $1 TEAE 380 (62.1) 384 (62.3) 408 (66.4)

TEAEs occurring in $5% patients in any group
Nausea 87 (14.2) 99 (16.1) 106 (17.3)
Diarrhea 47 (7.7) 74 (12.0) 71 (11.6)
Vomiting 39 (6.4) 56 (9.1) 62 (10.1)
Nasopharyngitis 28 (4.6) 32 (5.2) 38 (6.2)
Dyspepsia 17 (2.8) 31 (5.0) 17 (2.8)

Discontinuation of study drug due to any AE or death 37 (6.0) 43 (7.0) 52 (8.5)

Discontinuation of study drug due to common GI events* 9 (1.5) 21 (3.4) 24 (3.9)
Nausea 8 (1.3) 8 (1.3) 9 (1.5)
Diarrhea 1 (0.2) 6 (1.0) 6 (1.0)
Vomiting 0 (0.0) 5 (0.8) 8 (1.3)
Dyspepsia 0 (0.0) 2 (0.3) 1 (1.2)

Serious adverse events 51 (8.3) 42 (6.8) 38 (6.2)

Death 3 (0.5) 4 (0.6) 4 (0.7)

Adjudication confirmed
Acute pancreatitis 1 (0.2) 2 (0.3) 3 (0.5)
CV events 2 (0.3) 8 (1.3) 5 (0.8)

Gallbladder-related events† 9 (1.5) 11 (1.8) 10 (1.6)

Acute renal events‡ 6 (1.0) 6 (1.0) 5 (0.8)

Hypoglycemia
Documented§ (,54 mg/dL) 8 (1.3) 2 (0.3) 7 (1.1)
Severe| 1 (0.2) 0 (0.0) 1 (0.2)

All values presented as n (%). Deaths and adjudication-confirmed events include any events reported during the safety follow-up period. AE, adverse
event; DU, dulaglutide; PG, plasma glucose; TEAE, treatment-emergent adverse event. *Any AE reported under MedDRA System Organ Class
Gastrointestinal Disorders in$5%of patients in any dose group. †Defined by StandardizedMedDRAQuery (SMQ)AcuteGallbladder Disease. ‡Defined
by SMQ Acute Renal Failure. §Any confirmed PG level ,54 mg/dL (3.0 mmol/L). |An episode requiring the assistance of another person to actively
administer carbohydrate, glucagon, or other resuscitative actions. These episodesmay have been associatedwith sufficient neuroglycopenia to induce
seizure or coma. Plasma glucose measurements may not have been available during such an event, but neurologic recovery attributable to the
restoration of PG to normal was considered sufficient evidence that the event was induced by a low PG concentration.
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tolerability of the higher dulaglutide
doses.
Dose-related improvements in glyce-

mic control and body weight were ob-
served using both estimands. Although
the statistical inference for superiority
using the graphical testing approach was
different between estimands, estimates
of the absolute changes from baseline in
HbA1c and body weight were generally
similar between estimands. This is ex-
pected on the basis of the high patient
retention (90%) in the trial with no
significant difference across dose groups
in the proportion of patients discontinu-
ing dulaglutide treatment early or re-
ceiving rescue therapy. Although the
dulaglutide 3.0-mg dose did not achieve
statistical superiority to the 1.5-mg dose
for theHbA1c primary end point using the
treatment-regimen estimand, clinically
relevant improvements in HbA1c were
seen regardless of estimand used and
should have clinical utility in patients
requiring treatment intensification. The
clinical relevance of the 3.0- and 4.5-mg
doses is further supported by the dose-
related increase observed using both
estimands in the proportion of patients
able to achieve the American Diabetes
Associated–recommended HbA1c treat-
ment targets of,7% (53mmol/mol) and
#6.5% (48 mmol/mol) at 36 weeks and
who maintained these targets through
52 weeks, which is particularly important
in these patients with poor glycemic con-
trol (meanHbA1c,8.6%)atbaseline.On the
basis of these results and a favorable risk-
benefit balance, both the 3.0- and 4.5-mg
dulaglutide doses are considered effica-
cious and have been approved by the U.S.
Food and Drug Administration and the
European Medicines Agency in the Euro-
pean Union as additional dosing options
for dulaglutide.
The safety of once-weekly dulaglutide

0.75 mg and 1.5 mg, approved in 2014,
has been thoroughly characterized (14,15).
Aswith the lowerdoses, themost common
adverse events with the 3.0- and 4.5-mg
doses were GI related (primarily nausea,
vomiting, and diarrhea) andwere predom-
inantly limited in duration and mild in se-
verity. Importantly, among patients whose
dose was escalated to 4.5 mg, the inci-
dences of nausea, diarrhea, and vomiting
(17.3%,11.6%,and10.1%,respectively)were
in the range previously reported for lower
doses of dulaglutide (14,16), and early treat-
ment discontinuations due to common

GI events in AWARD-11 were infrequent
(#4% in each higher-dose group). Thus,
escalation of dulaglutide dose from 1.5 mg
to 3.0 mg and then to 4.5 mg achieved
additional glycemic control while maintain-
ing GI tolerability generally consistent with
that previously established for dulaglutide.

Patient retention in the study (.90%)
and adherence to assigned treatment
(88%–90%) were high and relatively bal-
anced across the treatment groups through
36 weeks, enabling a robust assessment of
theprimaryand secondaryobjectivesof the
trial. Generalizability of these results to
broader populations requires consideration
of the population enrolled in AWARD-11.
The study includedpatientswhowereover-
weight or obese (mean BMI, 34.2 kg/m2)
withdiabetespoorly controlledwhile taking
metformin (mean HbA1c, 8.6%). Although
indicative of many patients with chronic
hyperglycemia requiring intensification of
therapy, the results may not generalize to
patients who do not meet these criteria.
The dulaglutide 3.0- and 4.5-mg doses were
studied here only in combination with
metformin. However, the efficacy of du-
laglutide 1.5 mg once weekly has been
established with a wide variety of back-
groundmedications (14), and the incremen-
tal benefits of the higher doses are expected
tobesimilarwhenused incombinationwith
other glucose-lowering medications.

In conclusion, the AWARD-11 trial
demonstrated glycemic and weight ben-
efits for patients using 3- and 4.5-mg
doses of dulaglutide once weekly, with-
out meaningful changes to the safety
profile already familiar to clinicians and
patients using dulaglutide. Currently ap-
proved prescribing information in the
U.S. recommends a 0.75-mg starting
dose once weekly, which may be in-
creased to 1.5 mg once weekly for ad-
ditional glycemic control. If additional
glycemic control is needed, dose escala-
tion may be performed to 3.0 mg or
4.5 mg at 4-week intervals. The availabil-
ity of four clinically efficacious dulaglu-
tide doses provides additional tools to
individualize patient care, helping pa-
tients achieve and maintain glycemic
and weight-reduction goals and allowing
those already taking 1.5 mg to intensify
treatment while continuing to receive a
familiar therapy.
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