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ABSTRACT

Background: Gastrointestinal (GI) events are
the most frequent treatment-emergent adverse
events (TEAEs) reported for glucagon-like pep-
tide-1 receptor agonist therapies. This post hoc
analysis of the AWARD-11 phase 3 trial assessed
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the GI tolerability of dulaglutide at once-weekly
doses of 1.5, 3.0, and 4.5 mg.

Methods: The AWARD-11 trial randomized
patients to once-weekly dulaglutide 1.5 mg
(n=612), 3.0mg (n = 616), or 4.5 mg (n = 614)
for 52 weeks. Patients started on dulaglutide
0.75 mg for 4 weeks before escalating stepwise
every 4 weeks until the final randomized dose
was reached. This study analyzes the onsets,
incidences, prevalences, and severities of nau-
sea, vomiting, and diarrhea events reported
through 52 weeks.

Results: The highest incidences of nausea
(< 8%), vomiting (< 2%), and diarrhea (< 4%)
were primarily observed soon after the initia-
tion of dulaglutide treatment at 0.75 mg. Inci-
dence then declined throughout the remainder
of the study, even with dose escalation to 1.5,
3.0, and 4.5 mg. Most of these GI TEAEs were
mild to moderate in severity, with severe nau-
sea, vomiting, or diarrhea events occurring in
< 0.6% of patients. Treatment discontinuation
due to nausea was low across treatment groups
(= 1.5%).

Conclusions: The tolerability profiles of
dulaglutide 3.0 mg and 4.5 mg were consistent
with that of the 1.5-mg dose. Patients experi-
encing GI events were most likely to do so

I\ Adis


https://doi.org/10.1007/s13300-021-01140-9
https://doi.org/10.1007/s13300-021-01140-9
https://doi.org/10.1007/s13300-021-01140-9
https://doi.org/10.1007/s13300-021-01140-9
http://crossmark.crossref.org/dialog/?doi=10.1007/s13300-021-01140-9&amp;domain=pdf
https://doi.org/10.1007/s13300-021-01140-9

2784

Diabetes Ther (2021) 12:2783-2794

within 2 weeks of treatment initiation, and few
patients experienced a new GI event after esca-
lating to the 3.0-mg or 4.5-mg dose. Severe
events were infrequent, and when they did
occur, no relationship with dose at time of
event was observed.

PLAIN LANGUAGE SUMMARY

Dulaglutide is a glucagon-like peptide 1 receptor
agonist (GLP-1 RA) prescribed for the treatment
of type 2 diabetes (T2D). The most frequently
reported side effects of GLP-1 RAs are nausea,
vomiting, or diarrhea. This analysis of a 52-week
study in adult patients with T2D details the
tolerability of dulaglutide injected once weekly
at a dose of 1.5 mg, 3 mg, or 4.5 mg, as assessed
by looking at the nausea, vomiting, and diar-
rhea events reported during the study. All
patients started dulaglutide at 0.75 mg before
escalating to 1.5 mg after 4 weeks. Depending
on the group they were randomly assigned to,
the patients then either remained on the 1.5-mg
dose, escalated to 3 mg after another 4 weeks
and remained on this dose, or escalated further
to 4.5 mg after another 4 weeks. The minority of
patients who experienced nausea, vomiting, or
diarrhea events (less than 16% of patients in
each case) generally did so at the beginning of
treatment, when all groups were taking the
same dose (0.75 mg). Episodes of nausea, vom-
iting, or diarrhea then became less frequent,
even as patients escalated to each of the higher
doses. Most of these events were mild to mod-
erate in severity, and most did not cause
patients to stop taking the treatment. In gen-
eral, this analysis shows that, for the minority of
patients who experienced nausea, vomiting, or
diarrhea, these events were most likely to hap-
pen shortly after starting treatment and less-
ened over time, even as patients escalated to
higher dulaglutide doses.

Keywords: Dulaglutide; Gastrointestinal;
Glucagon like peptide-1 (GLP-1) agonist;
Nausea; Tolerability; Type 2 diabetes

Key Summary Points

Why carry out this study?

Gastrointestinal (GI) events are the most
frequent treatment-emergent adverse
events reported for glucagon-like peptide-
1 receptor agonist therapies.

Providing tolerability information can
inform both clinicians’ and patients’
expectations for dose escalation and may
improve adherence.

This post hoc analysis of the AWARD-11
phase 3 trial assessed the GI tolerability of
dulaglutide at once-weekly doses of 1.5
mg, 3.0 mg, and 4.5 mg.

What was learned from the study?

The gastrointestinal tolerability profiles of
dulaglutide at doses of 3.0 mg and 4.5 mg
were consistent with that established for
the 1.5-mg dose.

The incidences of nausea, vomiting, and
diarrhea peaked soon after treatment
initiation and declined thereafter, even
with dose escalation.

Most events were mild to moderate in
severity and led to few treatment
discontinuations.

DIGITAL FEATURE

This article is published with digital features,
including plain language summary and video
abstract, to facilitate understanding of the arti-
cle. To view digital features for this article go to
https://doi.org/10.6084/m9.figshare.15125622.

INTRODUCTION

Medication adherence is a significant problem
in attempts to attain adequate glycemic control
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and prevent complications in diabetes [1].
Although multifactorial in cause, treatment
discontinuation due to adverse events may be a
contributing factor to the failure to achieve
optimal glycemic control [2]. Dulaglutide is a
long-acting glucagon-like peptide-1 receptor
agonist (GLP-1 RA) approved for glycemic con-
trol in patients with type 2 diabetes (T2D) and is
associated with a low inherent risk of hypo-
glycemia [3-14]. The most frequent treatment-
emergent adverse events (TEAEs) associated
with dulaglutide, and other GLP-1 RA therapies
[15], are nausea, vomiting, and diarrhea [16].
These events are typically mild and tend to peak
soon after treatment initiation before decreas-
ing in the following weeks [15, 17]. While the
frequency of gastrointestinal (GI) TEAEs can be
dose dependent [18, 19], previous studies
involving GLP-1 RA therapies have shown that
escalating the dose in a measured, stepwise
manner can lessen the occurrence and severity
of GI events [20, 21]. The AWARD-11 trial
compared the efficacy and safety of dulaglutide
at once-weekly doses of 3.0 mg and 4.5 mg with
its efficacy and safety at the previously
approved 1.5-mg dose [22], with dose escalation
occurring every 4 weeks from the 0.75-mg
starting dose to mitigate potential tolerability
issues at higher doses.

This post hoc analysis of AWARD-11 pro-
vides a detailed evaluation of the most frequent
Gl-related TEAEs of nausea, vomiting, and
diarrhea for dulaglutide at doses of 1.5, 3.0, and
4.5 mg, including a time course of these events
through to week 52 of the trial.

METHODS

Study Design

Participants in the 52-week randomized, dou-
ble-blind, parallel-arm AWARD-11 phase 3 trial
who received at least one dose of the study drug
were included in this analysis. The AWARD-11
study design and results have previously been
published [22]. Briefly, eligible adults who had
T2D, had HbA1c (glycated hemoglobin) > 7.5%
(58 mmol/mol) and < 11.0% (97 mmol/mol),
were on  stable doses  of metformin

> 1500 mg/day, were GLP-1 RA and insulin
naive (except for short-term [< 14 consecutive
days] use of insulin for acute conditions), and
had a body mass index (BMI) > 25 kg/m? were
randomized 1:1:1 to dulaglutide 1.5, 3.0, or
4.5 mg administered once weekly via subcuta-
neous injection (Fig.1; full inclusion and
exclusion criteria are shown in Supplementary
Table S1). All patients initiated treatment on
dulaglutide 0.75 mg for 4 weeks before escalat-
ing to 1.5mg. Patients in the 1.5-mg group
remained on this dose for the duration of the
study, while patients in the 3.0-mg and 4.5-mg
groups continued dose escalation in 1.5-mg
dose increments every 4 weeks to reach the final
randomized dose of 3.0 or 4.5 mg.

Patients unable to tolerate dulaglutide dur-
ing dose escalation could temporarily interrupt
and then restart dulaglutide once. Patients were
not permitted to lower the dose. If intolerable
symptoms returned, the study drug was dis-
continued. Guidance was provided to study
sites regarding the treatment of patients with GI
symptoms, including advice on dietary behav-
iors to mitigate nausea and vomiting, and the
use of oral antiemetic or antidiarrheal medica-
tion was considered on an as-needed basis.

The AWARD-11 study was conducted in
accordance with the International Conference
on Harmonisation Guidelines for Good Clinical
Practice and the Declaration of Helsinki.
Patients provided a signed informed consent,
and all protocols were approved by local ethics
review boards.

Study Assessments and Statistical Analyses

In this post hoc analysis of AWARD-11, the GI
tolerability of dulaglutide at doses of 1.5, 3.0, or
4.5 mg once weekly, based on events of nausea,
vomiting, and diarrhea, was assessed. Adverse
events were classified according to the Medical
Dictionary for Regulatory Activities (MedDRA)
version 22.0 and summarized by treatment arm.
Adverse event severity was categorized as either
mild, moderate, or severe by investigators who
used their medical judgment to compare the
reported event to similar events or conditions
observed in clinical practice. The time course of
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Fig. 1 AWARD-11 study design. Eligible patients were
randomized 1:1:1 to dulaglutide 1.5 mg, 3.0 mg, or 4.5 mg,
administered once weekly via subcutaneous injection. For
all patients, treatment was initiated with once-weekly

GI events was assessed using 2-week intervals
over the 52-week treatment period. Onset (the
first occurrence for each participant), incidence
(any new event occurrence within the 2-week
interval), and prevalence (a new or ongoing
event during the 2-week interval) are reported
regardless of whether an event end date was
captured. A sensitivity analysis that re-esti-
mated prevalence using only events for which
both start and stop dates were reported was also
performed. Kaplan-Meier curves were used to
summarize both time to onset and treatment
discontinuation due to a GI event. The curves
depict the cumulative percentage of patients
experiencing onset or discontinuation as a
function of time. GI TEAE severity and a treat-
ment-by-subgroup analysis of GI TEAEs based
on intrinsic factors (age, race, sex, duration of
diabetes, baseline BMI, and baseline estimated
glomerular filtration rate [eGFR]) were also
assessed.

RESULTS

Patient Disposition and Baseline
Characteristics

A total of 1,842 patients with T2D were ran-
domized to dulaglutide 1.5mg (n=612),
3.0mg (n=616), or 4.5mg (n = 614). Patients
had a mean BMI of 34.2 kg/m* and a mean

dulaglutide 0.75 mg before stepwise dose escalation to the

of 15mg 3.0mg 4.5 mg.

randomized dose

DU dulaglutide

or

duration of diabetes of 7.6 years. Baseline char-
acteristics were consistent across treatment
groups (Supplementary Table S2). As previously
reported, there was no significant difference
between 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 = 0.427) or completing the study on the study
drug (1.5mg: 87.1%; 3.0mg: 84.9%; 4.5 mg:
84.7%; p = 0.416) [22].

The primary objective of the study (change
from baseline to week 36 in HbAlc) has been
reported previously [22]: in the on-treatment
analysis excluding data after rescue, all
dulaglutide doses were efficacious at lowering
HbAlc (least-square mean [LSM] change from
baseline: — 1.53% for 1.5mg, — 1.71% for
3.0mg, and — 1.87% for 4.5 mg), with both the
dulaglutide 3.0mg (p =0.003) and 4.5mg
(p < 0.001) doses demonstrating superiority to
the 1.5-mg dose [22].

Incidence and Prevalence
of Gastrointestinal Adverse Events Over
Time

As detailed previously [22], the most frequently
reported TEAEs for all treatment groups through
52 weeks were Gl-related, led by nausea (1.5 mg:
14.2%; 3 mg: 16.1%; 4.5 mg: 17.3%; p = 0.336),
diarrhea (1.5mg: 7.7%; 3 mg: 12.0%; 4.5 mg:
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Fig. 2 New onsets, incidences, and prevalences of nausea,
vomiting, and diarrhea events from initiation of treatment
to week 52, measured at 2-week intervals. Arrows denote
weeks at which dose escalation steps occurred. Line marker
color indicates the planned final dose (i.e., treatment arm),

11.6%; p = 0.021), and vomiting (1.5 mg: 6.4%;
3mg: 9.1%; 4.5mg: 10.1%; p = 0.048). The
highest proportions of patients with new-onset
nausea, vomiting, or diarrhea occurred during
the first 2-week study interval after initiating
the 0.75-mg dose (5.0-7.6% for nausea,
1.5-1.8% for vomiting, and 2.3-3.7% for diar-
rhea) within each treatment group (Fig.2).
New-onset incidence rapidly declined by more
than 50% thereafter, with slight variations
between dose groups. New-onset incidence of
GI AEs was lower at each subsequent 2-week
interval, even after escalation to the 1.5-mg
dose (with the exception of vomiting in the 4.5-
mg group) and further escalation to the
assigned maintenance dose of 3.0 mg or 4.5 mg.

Treatment Period (Weeks)

while /ine color denotes the actual dose administered at a
specific point in time. All patients began treatment with a
once-weekly dose of 0.75 mg for a period of 4 wecks before
gradually escalating to the target dose of 1.5, 3.0, or 4.5 mg
at 4-week intervals

The incidences of nausea, vomiting, and diar-
rhea in 2-week intervals, including both first
and subsequent events, followed a pattern very
similar to that of new onsets (Fig. 2). As expec-
ted, based on the overall incidence through
52 weeks, small numerical differences (< 1.8%)
between treatment groups in the incidence of
GI events were evident during the study inter-
vals following escalation to 3.0 mg (after week
8) or 4.5 mg (after week 12). However, after
week 26, the new-onset incidence and the
incidences of nausea, vomiting, and diarrhea
were low and similar across dose groups within
each 2-week interval (< 0.5% and < 0.9% for
new onsets and the event incidences, respec-
tively; Fig. 2).
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The prevalences of nausea (5.7-7.6%) and
diarrhea (3.0-4.5%) tended to be highest during
the dose escalation period through to the final
assigned dose, before decreasing steadily
through to week 52 (Fig. 2). The prevalence of
vomiting was low in all time intervals, affecting
at most 1.8-3.3% of the patients in any dose
group, and it declined after the maintenance
dose was reached, remaining within the range
0.5-1.5% after week 20. The prevalence of each
type of event tended to decrease at a slower rate
compared to new onsets and incidence, as
prevalence is based on the occurrence of all
events, including ongoing events, within the
respective study interval. Importantly, duration
of adverse events was not systematically col-
lected in the study and was dependent upon the
reporting of the event stop date.

A total of 113 (9.8%) GI AEs (nausea n = 68,
vomiting n =16, diarrhea n=29) had no
recorded stop date and were included in the
analysis of prevalence. A sensitivity analysis was
performed to include only those events for
which both start and stop dates were reported

(Supplementary Fig. S1). Both analyses yielded
similar general prevalence patterns for GI events
over time, with the highest prevalence generally
observed during dose escalation, followed by a
declining prevalence of each event type over
time.

Severity of Gastrointestinal TEAEs

The majority of the reported GI TEAEs (69% for
nausea, 68% for diarrhea, and 63% for vomit-
ing) were mild in severity (Fig. 3). The propor-
tion of participants who experienced at least
one severe event of nausea, vomiting, or diar-
rhea was below 1% for each event type, and was
not significantly different between treatment
groups (Fig. 3, Supplementary Table S3).
Importantly, although all patients reporting
a severe diarrhea or vomiting event were in the
3.0-mg or 4.5-mg dose groups, some of those
severe events occurred while patients were tak-
ing a lower dulaglutide dose during the escala-
tion phase: in the 3.0-mg treatment group, half
of the severe vomiting (2 out of 4) and diarrhea
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Fig. 3 Summary of the severities of the reported nausea,
vomiting, and diarrhea events. Total » = 1842; 1.5 mg
n = 612;3.0 mgn = 616; 45 mg n = 614. Bars represent

the proportion of patients (%) for ecach category and
treatment. Patients who experienced > 1 adverse event can
be present in multiple severity categories
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(2 out of 4) events were reported before reach-
ing the 3.0-mg dose (Supplementary Table S3).

In patients who reported a severe GI TEAE,
there was no discernible trend of a preceding
event of lesser severity. For nausea, most
patients with a severe event (7 out of 9) had not
reported a prior nausea event of milder severity.
For vomiting and diarrhea, half of the severe
events were preceded by one or more events of
milder severity (3 out of 6 patients for both
severe vomiting and severe diarrhea events).
One participant who experienced a severe GI
TEAE had a subsequent event of milder severity;
all other participants who experienced a severe
GI TEAE had no subsequent events. The onset

study day for severe events ranged from day 2 to
day 310, with no clear trend toward early or late
onset (data not shown).

Time to Onset of and Treatment
Discontinuation Due to Gastrointestinal
Adverse Events

Kaplan-Meier analysis of the cumulative inci-
dence of onset for nausea, vomiting, and diar-
rhea is presented in Fig.4. During the first
8 weeks of the study, when all patients were
receiving the same dose of dulaglutide, the
cumulative onset incidences of these events

Nausea Vomiting Diarrhea
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Fig. 4 Kaplan—Meier curves for cumulative incidence of
the onset of nausea, vomiting, or diarrhea adverse events
(top) and discontinuation due to nausea, vomiting, or
diarrhea adverse events (bottorn) by treatment group
through week 52. Arrows denote weeks at which dose

Treatment Period (Weeks)

escalation steps occurred. Line color denotes the actual dose
administered at a specific point in time. All patients began
treatment with a once-weekly dose of 0.75 mg (yellow) for
a period of 4 weeks and then escalated to the target dose of
1.5, 3.0, or 4.5 mg at 4-week intervals
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were similar between treatment groups,
although some variability was evident for nau-
sea. However, as patients escalated from the 1.5-
mg to the 3.0-mg or from the 3.0-mg to the 4.5-
mg dose, there were small differences in the
cumulative incidence of onset between treat-
ment groups. Consistent with the new-onset
and overall incidences at discrete study intervals
(Fig. 2), the cumulative incidence of onset ten-
ded to plateau for all dose groups after week 18,
with few new events reported afterwards.

Relative to the overall incidence of patients
experiencing an event of nausea, vomiting, or
diarrhea, few patients permanently discontin-
ued the study drug due to one of these events
(Fig. 4): 1.4% of the total discontinued due to
nausea (1.5mg: 1.3%, 3.0mg: 1.3%, 4.5 mg:
1.5%), 0.7% due to vomiting (1.5mg: 0%,
3.0 mg: 0.8%, 4.5 mg: 1.3%), and 0.7% due to
diarrhea (1.5 mg: 0.2%, 3.0 mg: 1.0%, 4.5 mg:
1.0%). The cumulative incidence of study drug
discontinuation due to nausea was similar
across dose groups (Fig. 4). Most patients who
discontinued the study drug in the 3.0-mg or
4.5-mg treatment groups due to vomiting or
diarrhea did so after escalating to the final
assigned dose.

Subgroup Analyses

No significant treatment-by-subgroup interac-
tions for incidence of nausea, vomiting, or
diarrhea were observed for age (above and
below 65 years and 75 years), BMI (above and
below median BMI), race, duration of diabetes,
or baseline eGFR. Significant (p < 0.10) treat-
ment-by-subgroup interactions were observed
for female versus male subgroups for nausea
(p =0.030) and diarrhea (p =0.022). The sig-
nificant treatment-by-sex interactions for nau-
sea and diarrhea were the result of differences in
patterns across the dose groups between females
and males. Females experienced a higher inci-
dence of nausea than males in each dulaglutide
dose group, with similar incidences of nausea
observed across the dulaglutide dose groups in
females. In males, the overall incidences of
nausea and diarrhea were lower, but there were
higher incidences of these events in the 3.0-mg

and 4.5-mg groups compared to the 1.5-mg
group (Supplementary Table S4).

DISCUSSION

Gl-related TEAEs are among the most frequent
reasons provided for treatment discontinuation
of GLP-1 RAs [23], and are an important deter-
minant of tolerability. The time courses of GI-
related TEAEs and other tolerability indicators
for dulaglutide 1.5, 3.0, and 4.5 mg are impor-
tant factors for patients and health-care provi-
ders to consider when initiating or escalating
dulaglutide doses. In the AWARD-11 trial, GI
TEAEs were the most frequently reported
adverse events (8.5-15.9%), but they resulted in
few patients discontinuing dulaglutide treat-
ment (1.4% for nausea, 0.7% each for vomiting
and diarrhea). The incidences of nausea, vom-
iting, and diarrhea were generally highest across
all dose groups early after the initiation of
dulaglutide, before lowering during each sub-
sequent study interval, even after escalating to
the 3.0-mg or 4.5-mg dose. The results did not
suggest a greater risk of more severe GI events
with escalation to higher doses. Overall, these
findings indicate that incremental escalation of
the dulaglutide dose from 1.5 to 3.0 mg and
then to 4.5 mg once weekly has an accept-
able GI tolerability profile which is generally
consistent with those of lower doses of
dulaglutide.

Several findings from these analyses could
help inform patients on what to expect with
dulaglutide treatment. This study shows that
most patients who experience GI adverse events
with dulaglutide will do so within the first
2 weeks, and symptoms are not likely to persist.
Patients escalating the dose after at least 4 weeks
on 1.5 mg have a low likelihood of increasing
the incidence or severity of GI adverse events. If
GI adverse events are going to occur with
dulaglutide treatment, they are most likely to
occur soon after initiating treatment. Analysis
of the first-onset incidences over time and the
similarity between new-onset incidence and
overall incidence by study interval support the
conclusion that few patients experience new or
repeat GI events when escalating the
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dulaglutide dose. While the absence of GI
events after first initiating dulaglutide cannot
completely exclude the possibility of experi-
encing new GI events with later dose escalation,
the low incidence of treatment discontinuation
due to these events after escalation suggests
they will usually be manageable.

Precise measurement of the duration of GI
TEAEs has proven difficult in previous studies
[24-26]. Similarly, in this analysis, missing stop
dates (an unlikely clinical event) and inconsis-
tent reporting methods for intermittent events
made the precise determination of event dura-
tion difficult. However, where an end date was
available, the duration of the GI adverse event
was generally found to be less than a week.
While excluding events with no stop date may
underestimate the overall incidence, a sensitiv-
ity analysis that only includes events for which
a stop date was recorded may better reflect the
change in prevalence over time, and the sensi-
tivity analysis provided a trend consistent with
that seen in the main analysis.

Treatment-by-subgroup analysis of GI TEAEs
yielded significant treatment-by-sex interac-
tions for nausea and diarrhea due to different
patterns of incidence across dose groups in
males and females. While the higher incidence
rates in females were not observed in previous
dulaglutide trials, higher rates of nausea in
females have been documented in other studies
involving GLP-1 RA therapies [19, 27, 28].
Indeed, for reasons not well understood, gas-
trointestinal symptoms are consistently repor-
ted more frequently in females than in males,
with or without diabetes [29].

In this study, the tolerability of dulaglutide is
described in the context of the AWARD-11 dose
escalation scheme, with 4-week increments for
escalation from dulaglutide 0.75 to 1.5 mg and
subsequent 1.5-mg escalation steps to 3.0 mg
and 4.5 mg. This clinical trial dose escalation
scheme may not necessarily reflect routine
clinical care situations, which may be influ-
enced by a variety of considerations. However,
this safety and efficacy study informed the rec-
ommended minimum 4-weekly dose escalation
to 3.0 mg and 4.5 mg [14]. In addition, model-
ing results using either a 4-, 8-, or 12-week
increment for escalation from 1.5 to 3.0 mg and

a subsequent 4-week increment to 4.5-mg
dulaglutide indicated a tolerability profile con-
sistent with that observed in this post hoc
analysis [30].

CONCLUSIONS

When treatment intensification to either
dulaglutide 3.0mg or 4.5mg for additional
glycemic control is required, patients can
expect a GI tolerability profile consistent with
that of dulaglutide 1.5 mg. The highest inci-
dences of GI TEAEs occurred shortly after initi-
ating dulaglutide, before they rapidly declined
over time. Few patients who escalated from 1.5
to 3.0 mg and subsequently to 4.5 mg in 4-week
increments experienced new or additional GI
TEAEs, and for those patients who did, most
were mild in severity. Patients’ reports of toler-
ability concerns contribute to poor treatment
adherence [23, 31]. Providing tolerability infor-
mation associated with dulaglutide 3.0 mg and
4.5 mg to patients during consultation for dose
escalation may improve adherence to a medi-
cation regimen.
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