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ABSTRACT

Introduction: The ADA-EASD consensus report
recommends using glucagon-like peptide-1
receptor agonists (GLP-1RAs) as the first
injectable therapy prior to basal insulin in most
patients with type 2 diabetes (T2D) not at gly-
cemic goals after oral anti-hyperglycemia med-
ications (OH). The objective of this analysis was
to assess the glycemic efficacy of once-weekly
dulaglutide 1.5 mg in patients with T2D when
added on a background of commonly used OH
regimens.
Methods: Patients from seven phase 3 AWARD
[Assessment of Weekly AdministRation of
LY2189265 (Dulaglutide) in Diabetes] trials,

where once-weekly dulaglutide 1.5 mg was
added to OHs, were pooled into the following
categories based on OH regimens: metformin
(MET), sulfonylurea (SU), MET ? SU,
MET ? pioglitazone, and MET ? SGLT2i.
Change from baseline in glycated hemoglobin
A1c (HbA1c), fasting serum glucose and body
weight, proportion of patients reaching target
HbA1c\ 7%, and safety parameters were
assessed.
Results: A total of 1784 patients treated with
once-weekly dulaglutide 1.5 mg were included
in this analysis. Baseline characteristics of the
overall population were (mean ± standard
deviation): age, 55.4 ± 9.8 years, HbA1c:
8.2 ± 1.0%, body mass index: 31.4 ± 5.4 kg/m2,
duration of diabetes: 8.0 ± 5.6 years, and 878
(49.2%) were female. At 6 months, the addition
of once-weekly dulaglutide 1.5 mg to various
OH regimens significantly reduced HbA1c
(- 1.3 to - 1.6%) and fasting blood glucose
(- 29 to - 45 mg/dl) from baseline in all groups
(p\ 0.001), with 39–61% and 52–76% of these
patients achieving HbA1c targets of B 6.5% and
\7%, respectively. Significant reductions in
body weight (- 0.8 to - 2.9 kg) were also
observed in all groups (p\0.001). Nausea,
vomiting, and diarrhea were reported by
10–35%, 4–19%, and 6–28% of patients,
respectively. Severe hypoglycemia occurred in
one patient (MET ? SU).
Conclusion: The addition of a once-weekly
GLP-1RA, dulaglutide, demonstrated clinically
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meaningful HbA1c reduction in patients with
T2D on different background OH regimens,
making it an effective first injectable option.
Funding: Eli Lilly and Company.

Keywords: Dulaglutide; GLP-1 receptor ago-
nist; Oral antidiabetic medication; Type 2
diabetes

INTRODUCTION

Metformin, along with diet and exercise, is
universally accepted as first-line oral hypo-
glycemic (OH) therapy for patients with type 2
diabetes (T2D). Additional OHs, such as sul-
fonylureas (SUs), thiazolidinediones (TZDs),
dipeptidyl peptidase-4 inhibitors (DPP4is), or
sodium glucose co-transporter-2 inhibitors
(SGLT2is), are often added sequentially as nee-
ded for management of persistent hyper-
glycemia. Due to the progressive nature of T2D,
the majority of patients eventually require the
addition of injectable therapy, either insulin or
glucagon-like peptide-1 receptor agonist (GLP-
1RA), to OH to reach target glycemic control [1].

Although insulin is efficacious in lowering
glucose, there is ‘psychological insulin resis-
tance’ that occurs in both clinicians and
patients when intensifying an OH regimen with
insulin [2]. Time needed for proper patient
education on insulin therapy, frequent glucose
monitoring requirements, hypoglycemia risk,
and weight gain are common clinician-related
factors associated with this phenomenon. In
addition, fear of needles, apprehension about
injecting, concerns about weight gain, psycho-
logic feelings such as ‘‘insulin is the last treat-
ment resort’’ and ‘‘insulin seen as evidence for
personal failure,’’ and myths such as ‘‘insulin
itself causes the long-term risks of diabetes like
amputation or vision loss’’ are common barriers
observed in patients [3]. A large retrospective
study in the UK revealed that patients with T2D
spend[7 years with their glycated hemoglobin
A1c (HbA1c)[ 7% before initiating insulin [4].
Moreover, the majority of patients who have
initiated basal insulin still fail to reach the rel-
evant glycemic goals. In a US-based real-world
study, 72% and 73% of patients who initiated

basal insulin failed to reach an HbA1c target
of\ 7% after 6 months and 1 year, respectively
[5]. Poor glycemic control after basal insulin
initiation in patients with T2D is often attrib-
uted to suboptimal insulin titration [6]. Despite
this, basal insulin continues to be a preferred
option over GLP-1RAs in 73% of US patients
with T2D who initiate an injectable glucose-
lowering therapy [7].

GLP-1RAs are effective in lowering both
fasting and post-prandial glucose levels, with
low risk of hypoglycemia, via their glucose-de-
pendent insulin secretion and glucagon sup-
pression, along with delaying gastric emptying
[1]. Their satiety-causing and anorexigenic
properties lead to modest weight loss [8, 9].
Furthermore, long-acting GLP-1RAs such as
liraglutide, semaglutide, albiglutide, and
dulaglutide have demonstrated cardiovascular
risk reduction when added to standard-of-care
therapies [10–13]. GLP-1RAs are sometimes
associated with gastrointestinal adverse reac-
tions such as nausea, vomiting, and diarrhea for
the initial few weeks after introduction with
diminishing prevalence after repeated use [14].
Weekly GLP-1RAs have the advantage of a lower
injection burden for patients compared with
daily administration of basal insulin.

In a recent meta-analysis comparing the
addition of GLP-1RAs and insulins to OHs, GLP-
1RAs resulted in statistically significant reduc-
tions in HbA1c (absolute mean difference,
0.12%; p\ 0.001) and body weight (absolute
mean difference, 3.71 kg; p\ 0.001) compared
with insulin [15]. The 2019 American Diabetes
Association (ADA) Standards of Care recom-
mend considering GLP-1RAs as first
injectable therapy over insulin in a majority of
patients with T2D when OHs are not sufficient
[1]. This recommendation aligns with the cur-
rent American Association of Clinical Endocri-
nologists (AACE) algorithm, which encourages
the use of GLP-1RAs over other glucose-lower-
ing medications, including basal insulin [16].

Dulaglutide is a once-weekly GLP-1RA,
approved for the treatment of T2D in the US
and EU [17, 18]. The AWARD [Assessment of
Weekly Administration of LY2189265 (Du-
laglutide) in Diabetes] clinical trial program
included ten phase 3 trials with 6777 T2D
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patients. Across the AWARD program, treat-
ment with dulaglutide 1.5 mg resulted in HbA1c
changes from baseline ranging from - 0.8 to
- 1.6%, changes in fasting blood glucose from
? 23.1 to - 44.9 mg/dl, and changes in body
weight from - 0.9 to - 2.9 kg in adults with
T2D. Changes observed with the 0.75 mg dose
were - 0.7 to - 1. 6%, ? 17.7 to - 34.0 mg/dl,
and ? 0.2 to - 2.6 kg, respectively [19–28]. It is
available in an auto-injector with a pre-attached
hidden needle and provides dose confirmation
to the patient with an audible click [29]. In a
device study that included 211 injection-naı̈ve
patients with T2D, 99% of patients trained to
use the device were successfully able to com-
plete the administration steps and 97% of
patients were willing to use the device again
[30].

The treatment effects of GLP-1RAs vary
depending on the concomitant medication
used. Therefore, a comprehensive understand-
ing of the efficacy and safety of GLP-1RAs added
on to background OHs is required to effectively
implement the ADA and AACE recommenda-
tions. The objective of this pooled post hoc
analysis was to assess the glycemic efficacy of
dulaglutide 1.5 mg when added on to com-
monly used background OH regimens in
patients with T2D.

METHODS

Patient Pooling Approach

In this post hoc analysis, data from all global
phase 3 clinical trials from the AWARD program
where dulaglutide was assessed on the back-
ground of various OH regimens were pooled.
Depending on the background OHs used in the
AWARD program and length of each trial, data
for five commonly used OH regimes could be
pooled to have a sufficient sample size to per-
form efficacy and safety evaluations at 6
months. Background OH regimens that were
evaluable included metformin (MET) from
AWARD-5, AWARD-6, and AWARD-CHN2, gli-
mepiride (SU) from AWARD-8 and AWARD-
CHN2, MET ? SU from AWARD-2 and AWARD-
CHN2, MET and pioglitazone (MET ? PIO)

from AWARD-1, and MET ? SGLT-2i from
AWARD-10.

Individual trial designs and results have been
previously published [19–28, 31]. Only patients
treated with dulaglutide 1.5 mg were included
in this pooled analysis since the dulaglutide
0.75 mg dose was not included in all afore-
mentioned AWARD trials. Since the objective of
this pooled analysis was to assess the efficacy
and safety of dulaglutide when added to differ-
ent OH regimens, comparator arms were not
pooled. All original studies were conducted in
accordance with the International Conference
on Harmonisation Guidelines for Good Clinical
Practice and the Declaration of Helsinki.
Patients provided signed informed consent, and
all protocols were approved by local ethics
review boards.

Statistical Analyses

This analysis assessed the efficacy and safety of
once-weekly dulaglutide 1.5 mg in patients with
T2D by background OH regimens (MET, SU,
MET ? SU, MET ? PIO, and MET ? SGLT-2i).
Analyses were performed on an intent-to-treat
(ITT) population (efficacy measures) or safety
population (safety measures). All analyses were
conducted at either 24 weeks (AWARD-8,
AWARD-10) or 26 weeks (AWARD-1, AWARD-2,
AWARD-5, AWARD-6, AWARD-CHN2), here-
after referred to as 6 months for the combined
studies. Efficacy measures of change from base-
line in HbA1c, fasting plasma glucose, and body
weight were analyzed using ANCOVA, with
baseline value and treatment as continuous
covariates. Efficacy measures did not include
results obtained after post-rescue therapy. The
last observation was carried forward (LOCF) for
missing data at 6 months. Descriptive statistics
were used for assessment of the proportion of
patients achieving HbA1c targets of\ 7% and
B 6.5% using the ITT population. Safety mea-
sures included all observations of hypoglycemia
and gastrointestinal adverse events during the
study period up to 6 months. Data are presented
as least square mean (LSM) and 95% confidence
interval (CI), mean ± standard deviation (SD),
or number of patients (n) and percent. Due to
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the post hoc nature of this analysis, statistical
power was not calculated.

RESULTS

Baseline Characteristics

A total of 1784 patients with T2D treated with
once-weekly dulaglutide 1.5 mg were included
in this analysis. These patients were categorized
into the following OH regimens: MET (N = 712;
39.9%), SU (N = 270; 15.1%), MET ? SU
(N = 390; 21.9%), MET ? PIO (N = 279; 15.6%),
and MET ? SGLT-2i (N = 133; 7.5%). Baseline
characteristics for subgroups of individual OH
regimens and overall population are summa-
rized in Table 1. The mean ± SD baseline char-
acteristics of the overall population treated with
dulaglutide 1.5 mg were: age, 55.4 ± 9.8 years,
HbA1c: 8.2 ± 1.0%, body mass index (BMI):
31.4 ± 5.4 kg/m2, and duration of diabetes:
8.0 ± 5.6 years; 878 (49.2%) were female.

Glycemic Efficacy with Dulaglutide 1.5 mg
by Background OH Regimens

At 6 months, the addition of once-weekly
dulaglutide 1.5 mg to various OH regimens sig-
nificantly reduced HbA1c from baseline in all
groups (p\ 0.001) (Fig. 1a). The largest reduc-
tion in HbA1c was observed in the MET ? PIO
subgroup [LSM (95% CI) - 1.6% (- 1.7, - 1.5)]
with 61% and 76% of these patients achieving
HbA1c targets of B 6.5% and\7%, respec-
tively. Similar HbA1c reductions were observed
in the other OH groups, ranging from - 1.3 to
- 1.4%, with 39–50% and 52–70% of patients
achieving HbA1c targets of B 6.5% and\7%,
respectively (Fig. 1a).

The addition of dulaglutide 1.5 mg to OH
regimens also significantly reduced FPG from
baseline in all groups at 6 months (p\ 0.001)
(Fig. 1b). The greatest reduction in FPG was
observed in the MET ? PIO subgroup [LSM
(95% CI) - 44.9 mg/dl (- 48.8, - 41.0)]. Simi-
larly, FPG reductions were observed in the other
OGLM groups, ranging from - 29 to - 39 mg/
dl (Fig. 1b).

Change in Body Weight with Dulaglutide
1.5 mg by Background OH Regimens

At 6 months, dulaglutide 1.5 mg added to OH
regimens significantly reduced body weight
from baseline in all groups (p\ 0.001) (Fig. 2).
The greatest reduction in body weight was
observed in the MET ? SGLT-2i group [LSM
(95% CI) - 2.9 kg (- 3.5, - 2.3)], while patients
on MET had a weight change of - 2.7 kg (- 2.9,
- 2.4). Weight change from baseline in other
OH regimens ranged from - 0.8 to - 1.7 kg.

Safety

Hypoglycemia
The overall incidence of total, documented
symptomatic, and nocturnal hypoglycemia
events was low (Supplemental Table 1). The
highest rate of total, documented symptomatic,
and nocturnal hypoglycemia events was
observed in patients from the MET ? SU group
[plasma glucose B 70 mg/dl: 170 patients
(43.6%), 104 patients (26.7%), and 64 patients
(16.4%); plasma glucose\54 mg/dl: 56
patients (14.4%), 34 patients (8.7%), and 17
patients (4.4%), respectively]. One severe
hypoglycemia event was reported (MET ? SU
subgroup).

Other Adverse Events
The complete safety profile for each study was
previously reported [20–23, 27, 28, 31]. Overall,
nausea, vomiting, and diarrhea were reported
by 10–35%, 4–19%, and 6–28% of patients,
respectively (Supplemental Table 2). The high-
est number of events was reported from the
MET ? PIO group. The lowest number of events
was reported from the SU group for nausea and
vomiting and from the MET ? SGLT-2i group
for diarrhea.

DISCUSSION

GLP-1RAs are an effective injectable treatment
option with benefits beyond just glucose low-
ering. The recent recommendation from ADA
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and EASD suggests using GLP-1RAs over insu-
lins after OHs as preferred first injectable in
patients with T2D who need additional gly-
cemic control. GLP-1RAs with proven cardio-
vascular (CV) benefits are recommended in
patients with established atherosclerotic CV
disease following metformin therapy. Addi-
tionally, patients who have compelling need to

minimize weight gain or promote weight loss
should choose GLP-1RAs with good efficacy for
weight loss. This recommendation will likely
increase the use of this class [1]. This report will
help physicians make an evidence-based uti-
lization of a weekly GLP-1RA, dulaglutide, when
added to various OH regimens for patients with
T2D.

Table 1 Baseline demographics by OH subgroup

MET
N = 712

SU N = 270 MET 1 SU
N = 390

MET 1 PIO
N = 279

MET 1 SGLT-
2i N = 133

Overall
N = 1784

Sex, female 363 (51.0) 148 (54.8) 191 (49.0) 116 (41.6) 60 (45.1) 878 (49.2)

Age, years 54.3 ± 10.0 57.1 ± 10.1 55.9 ± 9.14 55.7 ± 9.7 56.1 ± 9.4 55.4 ± 9.8

HbA1c, % 8.1 ± 1.0 8.4 ± 0.7 8.3 ± 1.1 8.1 ± 1.3 8.0 ± 0.6 8.2 ± 1.0

HbA1c, mmol/mol 65.0 ± 10.1 66.1 ± 8.1 68.3 ± 11.8 65.0 ± 14.7 63.9 ± 7.1 66.1 ± 11.3

Fasting blood glucose,

mg/dl

170.8 ± 49.9 176.8 ± 52.2 168.4 ± 48.6 162.1 ± 55.7 159.2 ± 31.6 168.9 ± 50.0

Fasting blood glucose,

mmol/l

9.5 ± 2.8 9.8 ± 2.9 9.4 ± 2.7 9.0 ± 3.1 8.8 ± 1.8 9.4 ± 2.8

Weight, kg 87.8 ± 18.3 83.0 ± 16.4 81.5 ± 17.6 96.2 ± 19.6 93.0 ± 20.2 87.4 ± 18.9

Weight at baseline

\ 90 kg 406 (57.0) 191 (70.7) 273 (70.0) 110 (39.4) 61 (45.9) 1041 (58.4)

C 90 kg 306 (43.0) 79 (29.3) 117 (30.0) 169 (60.6) 72 (45.1) 743 (41.6)

BMI, kg/m2 31.5 ± 5.2 30.4 ± 5.2 29.9 ± 5.3 33.1 ± 5.3 33.0 ± 5.6 31.4 ± 5.4

BMI at baseline

\ 25 kg/m2 67 (9.4) 40 (14.8) 77 (19.7) 17 (6.1) 8 (6.0) 209 (11.7)

C 25 and\ 30 kg/m2 231 (32.4) 98 (36.3) 139 (35.6) 74 (26.5) 41 (30.8) 583 (32.7)

C 30 and\ 35 kg/m2 234 (32.9) 86 (31.9) 111 (28.5) 84 (30.1) 36 (27.1) 551 (30.9)

C 35 kg/m2 180 (25.3) 46 (17.0) 63 (16.2) 104 (37.3) 48 (36.1) 441 (24.7)

Duration of diabetes,

years

6.8 ± 5.4 7.8 ± 5.2 9.3 ± 5.9 8.8 ± 5.6 9.4 ± 5.8 8.0 ± 5.6

Duration of diabetes group

\ 5 years 290 (40.7) 82 (30.4) 89 (22.8) 71 (25.4) 25 (18.8) 557 (31.2)

C 5 and\ 10 years 248 (34.8) 104 (38.5) 148 (37.9) 95 (34.1) 53 (39.8) 648 (36.3)

C 10 years 174 (24.4) 84 (31.1) 153 (39.2) 113 (40.5) 55 (41.4) 579 (32.5)

Data are presented as mean ± SD or n (%)
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In this pooled analysis of seven AWARD
phase 3 clinical trials, dulaglutide 1.5 mg low-
ered HbA1c from - 1.3 to - 1.6% after
6 months when added to commonly used OH
regimens. This was accompanied by modest
weight loss ranging from - 0.8 to - 2.9 kg. The
OH regimens evaluated in this report, i.e., MET,

SU, MET ? SU, MET ? PIO, and MET ?

SGLT2i, are commonly used therapies for T2D
management [1].

The smallest reduction in HbA1c (- 1.3%)
was observed in the two groups where SU was
used as background medication. The weight-
lowering effects of dulaglutide were also

Fig. 1 Glycemic efficacy of dulaglutide 1.5 mg by OH subgroup at 6 months. Data are presented as LSM (95% CI);
**p\ 0.001 versus baseline
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diminished in these two groups. Moreover, this
regimen was associated with a larger number of
hypoglycemia events. Overall, there was only
one case of severe hypoglycemia, which was
observed in the group with MET ? SU as back-
ground therapy. Hence, it is advisable to lower
the dose of SU when adding dulaglutide [17]
and educate patients on symptoms of hypo-
glycemia. The lower HbA1c reduction observed
in these groups may be due to the overlap in the
insulin secretion pathway used by SU and GLP-
1RA classes of medications [32]. The greatest
reduction in HbA1c (- 1.6%) was observed in
patients on a background OH regimen of
MET ? PIO. It could be hypothesized that the
improvements in insulin resistance seen with
TZD [33] could complement the insulin secre-
tion mechanism with this combination. Again,
the weight loss effect of dulaglutide seemed to
be attenuated because of the weight-gaining
properties of TZD [34]. Likewise, in the SUS-
TAIN-2 study, the addition of a weekly GLP-
1RA, semaglutide 1.0 mg, to background ther-
apy of MET ± TZD resulted in a similar HbA1c
reduction (- 1.6%) at 56 weeks [35].

There is an increasing consensus on com-
bining SGLT2i and GLP-1RAs to maximize the
metabolic benefits of these classes [1]. If drugs
from either class do not provide sufficient gly-
cemic control, the ADA/EASD consensus

statement encourages combining them in
patients with T2D and cardiovascular disease
and/or patients who needed to minimize weight
gain or promote weight loss [1]. This guidance
was reiterated by recent guidelines published by
the European Society of Cardiology developed
in collaboration with the EASD [36]. In this
report, patients on background MET ± SGLT2i
demonstrated a mean reduction in HbA1c of
- 1.4% and a reduction in body weight of
- 2.9 kg. In the DURATION-8 trial, significant
reductions in HbA1c (- 2.0%) and body weight
(- 3.8 kg) were observed in patients treated
with once-weekly GLP-1RA exenatide plus
dapagliflozin [37]. The greater HbA1c and
weight reductions observed in DURATION-8
may be, in part, due to the fact that patients
started both treatments (exenatide and dapa-
gliflozin) simultaneously, whereas patients from
AWARD-10 were already on a stable dose of
SGLT2i when they initiated dulaglutide [23, 37].
In addition, patients from DURATION-8 had a
higher baseline HbA1c (9.3%); thus, a greater
reduction would be expected. In SUSTAIN 9,
significant reductions in HbA1c (- 1.5%) and
body weight (- 4.7 kg) were observed in
patients treated with semaglutide 1.0 mg added
onto an SGLT2i [38]. Notably, reports of hypo-
glycemia in patients treated with this combi-
nation were low in all three studies [23, 37, 38].

Fig. 2 Change from baseline in body weight with dulaglutide 1.5 mg by OH subgroup at 6 months. Data are presented as
LSM (95% CI); **p\ 0.001 versus baseline
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Although agents from both of these classes have
demonstrated varieties of cardiovascular bene-
fits individually [10, 11, 39, 40], there is cur-
rently no evidence that this combination could
synergize these outcomes.

Limitations of this study include the post
hoc nature of this analysis. Additionally, the
durations of the studies in the present analysis
were limited to 6 months, which may not rep-
resent the effects of long-term use of dulaglu-
tide. No statistical analysis was performed to
compare the treatment effect between groups of
different OHs. However, this analysis was
intended to provide additional insight for clin-
icians when OH therapy alone does not suffice
and treatment intensification is required with
an injectable.

CONCLUSIONS

In patients with T2D on different OH regimens
requiring intensification of treatment, once-
weekly dulaglutide 1.5 mg demonstrated clini-
cally meaningful glycemic control, making it an
effective first injectable option for a wide range
of patients.
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