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Introduction: As the prevalence of type 2 diabetes mellitus (T2DM) is anticipated to
continue to rise worldwide, so too are the treatment options also continuing to expand. Cur-
rent guidelines recommend individualized treatment plans which allow for provider choice
and diversity of pharmacotherapeutic regimens. The glucagon-like peptide-1 receptor agonist
(GLP-1 RA) class is rapidly expanding, with dulaglutide (Trulicity™) as a once-weekly agent
recently approved.

Aims: This article examines the evidence currently available on the efficacy and safety of
dulaglutide for use in T2DM.

Evidence review: Dulaglutide has been shown to have similar efficacy and safety to other
newer GLP-1 RAs, and better glycemic control than placebo. It lowers glycated hemoglobin
(A,), fasting and postprandial glucose levels, and promotes weight loss when used as first-,
second-, or third-line therapy. It has also been shown to improve -cell function and provide
cardiovascular benefits, such as lower blood pressure and improved lipid levels. Dulaglutide also
has a low risk for hypoglycemia and a similar adverse effect profile to other GLP-1 RAs in the
class, with transient gastrointestinal problems and potential risk for pancreatitis.

Place in therapy: While long-term data on safety and efficacy are forthcoming, dulaglutide
is positioned to be placed at the same level as other GLP-1 RAs in the class: as second-line
therapy in addition to diet and exercise in those patients who cannot achieve glycemic control
on monotherapy metformin. It may also be useful as first-line therapy instead of metformin.
Conclusion: Dulaglutide is a once-weekly GLP-1 RA approved for the treatment of T2DM
that has shown similar efficacy to other agents in this class.

Keywords: GLP-1 RA, glucagon-like peptide-1 receptor agonist, incretin mimetic, type 2
diabetes mellitus therapy
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Outcome Evidence Implications

measure

Di oriented evidence

Reduction in A Randomized In patients with T2DM, dulaglutide significantly

controlled trials
(RCTs) demonstrate
A, _reductions of
0.7% to 1.5%

improves glycemic control compared with
placebo and other antidiabetic agents by
decreasing A, _as monotherapy, in combination
with metformin, and as add-on therapy with

metformin and other antidiabetic agents.
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Outcome
measure

Evidence

Implications

Reduction in fasting
plasma glucose (FPG)
and postprandial
glucose (PPG)

Glycemic
control

Improvement
in B-cell
function

Hypoglycemia

Weight
change
Tolerability

Cardiovascular (CV)
effects

Patient
adherence
Economic evidence

RCTs show FPG
decreases of 13 to
43 mg/dL and PPG
lowering of 41 to
46 mg/dL

RCTs demonstrate
that 55%—78% of
patients reached
A =7%

RCTs show
improvement in
homeostasis model
assessment (HOMA)
2-B

Patient-oriented evidence

RCTs demonstrate
low rates of
hypoglycemia and no
severe hypoglycemia
RCTs show weight
loss of 1.3-3 kg
Gastrointestinal (Gl)
side effects have

been seen in clinical
trials with limited
reports of pancreatitis
RCTs demonstrate
reductions in blood
pressure, total
cholesterol, low-
density lipoprotein
(LDL) cholesterol, and
triglycerides

No RCTs available

No RCTs available

In patients with T2DM, dulaglutide significantly
improves glycemic control compared with placebo
and other antidiabetic agents by decreasing FPG
and PPG as monotherapy, in combination with
metformin, and as add-on therapy with metformin
and other antidiabetic agents.

In patients with T2DM, significantly more
patients achieve A, _goal of =7% on dulaglutide
monotherapy compared with placebo and
metformin monotherapy, as well as on
dulaglutide in addition to metformin and/or
other antidiabetic medications when compared
to placebo, sitagliptin, and exenatide.

Dulaglutide has demonstrated improvements
in B-cell function via increased HOMA2-B as
monotherapy, in combination with metformin,
and as add-on therapy with metformin and
other antidiabetic agents.

Dulaglutide as monotherapy, in combination
with metformin, or as add-on therapy with
metformin and other antidiabetic agents
demonstrated low frequency of hypoglycemia.
In T2DM patients, dulaglutide promotes
weight loss.

Dulaglutide is generally well tolerated with
transient Gl side effects greater than those of
placebo and sitagliptin but similar to metformin
and other GLP-1 RAs. There is potential risk for
pancreatitis.

Dulaglutide has demonstrated positive CV
benefits in T2DM patients.

Studies are required to assess the effects of
dulaglutide on adherence to treatment.
Currently unknown.

Introduction
According to the International Diabetes Federation in 2013,
328 million people are currently diagnosed with diabetes and
there is a projected rise of 55% to 592 million people in the
world living with diabetes by the year 2035.! The greatest rise
is projected to occur in Africa, the Middle East, Southeast
Asia, and South and Central America, with a greater than
50% increase projected in each of these areas.! Treatment
options for diabetes continue to increase to provide more
individualized treatment for patients with type 2 diabetes
mellitus (T2DM).

Glucagon-like peptide-1 (GLP-1) receptor agonists (RAs)
are part of the incretin mimetic diabetes treatment options.

Endogenous GLP-1 is an incretin hormone that is released
from the intestine in response to food intake. GLP-1 effects
include increased insulin secretion, decreased glucagon
release, increased satiety and slowed gastric emptying.>*
GLP-1 is degraded by dipeptidyl peptidase-IV (DPP-4) in
the human body within minutes of release, thereby caus-
ing a limitation in replication of this incretin hormone.
Currently, exenatide, exenatide long-acting release (LAR),
liraglutide, albiglutide, and lixisenatide are available in the
United States and/or Europe, with exenatide first available as
a twice-daily formulation approved in April of 2005. Since
that time, additional formulations have offered once-daily
(liraglutide and lixisenatide) and once-weekly (exenatide LAR
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and albiglutide) dosing strategies. Dulaglutide was recently
approved as a once-weekly GLP-1 RA.

A review of national guidelines for use of GLP-1 RAs
demonstrates a variance in opinion for the place in therapy for
these agents. The American Diabetes Association/European
Association for the Study of Diabetes places GLP-1 RAs as
second- and third-line therapy.’ They state that these agents
have a high efficacy for lowering glycated hemoglobin
(A,,), a low risk for hypoglycemia, promote weight loss,
include gastrointestinal (GI) side effects, and have a high
cost compared to the other second- and third-line agents,
including insulin, sulfonylureas, thiazolidinediones, and
DPP-4 inhibitors. The American Association of Clinical
Endocrinology promotes metformin as first-line therapy,
but lists GLP-1 RAs as an option here as well in place of
metformin, along with being the preferred second- and
third-line option in addition to metformin therapy.® They
too base this on a high A, lowering property, promotion
of weight loss, low risk for hypoglycemia, and their ability
to reduce pre- and postprandial glucose levels; they also
state that they are available in several formulations. The
UK’s National Institute for Health and Clinical Excellence
guideline was last updated in 2009.” It recommends GLP-1
RAs as third-line therapy after metformin and sulfonylureas
if: a patient has a body mass index (BMI) =35.0 kg/m? and
has specific psychological or medical problems associated
with high body weight; or a patient has a BMI <35.0 kg/m?
and therapy with insulin would not be permitted due to the
patient’s occupation; or weight loss would be beneficial for
obesity-related comorbidities.

Current place in therapy

As previously described, GLP-1 RAs mimic the release of
endogenous GLP-1 after a meal or oral glucose load.>* This
“incretin effect” is the process where more insulin secretion
occurs when glucose is administered orally than when the same
amount of glucose is administered intravenously.*® This is a
glucose-dependent action and occurs by increasing the -cell’s
sensitivity to glucose while preventing its apoptosis, exerting
weight loss through satiety.*® Patients with T2DM have an
impaired response to endogenous GLP-1 action, but this can
be overcome through pharmacological doses of GLP-1.#

As discussed, current guideline recommendations place
GLP-1 agonists as second-line therapy behind first-line
metformin for the majority of patients with T2DM.>¢
When used as monotherapy or as add on therapy to existing
regimens, the currently marketed GLP-1 agonist exenatide
twice-daily monotherapy lowered A, by 0.4 to 1.6%, and

liraglutide alone or in combination with glimepiride, met-
formin and rosiglitazone, and long acting insulin was found
to lower A, by 0.9 to 1.5%.'"""* Dulaglutide was found to
lower A, from by 0.9 to 1% in a dose-dependent fashion
when used as monotherapy in a 12-week placebo-controlled
dose-response trial in patients who had discontinued met-
formin.'s In a pharmacokinetic and pharmacodynamic safety
and tolerability trial, dulaglutide reduced A by 0.2 to 1.2%
over 5 weeks in patients using diet and exercise alone or who
were on monotherapy.'® In uncontrolled patients taking met-
formin, dulaglutide reduced A more significantly over sita-
gliptin, with dulaglutide 1.5 mg reducing A, by 1.1%+0.06%
and dulaglutide 0.75 mg reducing A, by 0.87%%0.06% ver-
sus sitagliptin reducing A by 0.39%+0.06% (P<0.001)."
On average, the A, lowering potential for GLP-1 RAs is
approximated at 1%—1.5%.?

Traditionally, GLP-1 RAs have lowered both fasting and
postprandial plasma glucose, and each formulation differs in
the extent to which it lowers the glucose level. Short-acting
GLP-1 RAs predominantly lower postprandial plasma glu-
cose (exenatide short acting, lixisenatide) through slowing
gastric emptying, whereas long-acting GLP-1 RAs lower
blood glucose by stimulating insulin secretion and reducing
glucagon (dulaglutide, liraglutide, albiglutide, exenatide
LAR).? Dulaglutide reduces both fasting and postprandial
glucose when compared to placebo in uncontrolled patients
who have failed oral antidiabetic medications.'® As a once-
weekly GLP-1 RA formulation, dulaglutide has been shown
to have a more robust effect on fasting plasma glucose than
postprandial blood glucose. Despite the lowering of plasma
glucose, significant hypoglycemia is not demonstrated with
GLP-1 RAs secondary to the glucose-dependent mechanism,
which is considered a benefit to this class of medications."

In contrast to guidelines previously discussed, the 2007
Institute for Quality and Economic Efficiency in Health Care
found the glucose-lowering effect of the GLP-1 exenatide twice
daily to be similar to that of insulin glargine or insulin aspart,
without additional benefit, including benefits to quality of life
or treatment satisfaction.?’ This report also found the impact of
weight loss to be unclear, with occurrence of harmful GI adverse
events.” Since the publishing of this 2007 report, additional
agents within this class have come to market and GLP-1 RAs
are currently recommended as second-line therapies.>®

Clinical efficacy
Monotherapy

Dulaglutide, a once-weekly injectable (given via sub-
cutaneous administration) GLP-1 RA was approved in
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September 2014 by the Food and Drug Administration
(FDA) in the United States and November 2014 by the
European Commission based upon published trials sum-
marized below (Table 1).!>17:1821-23 Most trials compare
dulaglutide to placebo in addition to first-line metformin
therapy and have demonstrated promising A, reductions for
dulaglutide. Grunberger et al completed a 12-week double-
blind, placebo-controlled study in 167 T2DM patients (A
7.2%+0.6%, duration of diabetes: 3.9 years) who had either
received metformin therapy or were treatment naive.'
Patients were randomized to one of five treatment arms
(placebo, 0.1 mg, 0.5 mg, 1 mg, or 1.5 mg dulaglutide)
in a 1:1:1:1:1 manner with the primary endpoint being
change from baseline A, and secondary endpoints being
efficacy and safety. Results demonstrated a dose-dependent
A reduction (P<<0.001 for all) for dulaglutide and greater
reduction compared to placebo (P<<0.001 for all) except
for in the 0.1 mg dose. Similar results were seen for daily
plasma glucose and fasting plasma glucose (FPG) with
dose-dependent reductions for all (P<<0.001) which were
greater when compared to placebo (P<<0.001) except for the
0.1 mg dose. More patients receiving dulaglutide achieved
A, reductions of =7% (P<<0.001) or =6.5% (P<<0.001)
than those receiving placebo. Dose-dependent increases

Table | Clinical trial review

in the homeostasis model assessment (HOMA)2-B (a
marker of basal beta-cell function to release insulin during
the fasting state) were seen with all dulaglutide groups
(P=0.036) and were greater than that for placebo except
for the 0.1 mg dose (P=0.013); no changes were noted for
any group for HOMAZ2-S (an assessment of insulin sensitiv-
ity). Body-weight reductions were noted for all dulaglutide
groups with dose-dependent results; however, these were
not significant when compared to placebo. Safety data
showed treatment-emergent adverse drug events (ADEs)
included nausea, diarrhea, and nasopharyngitis, with four
patients discontinuing dulaglutide due to ADEs. Four
cases of serious ADEs, with two of these linked to study
drugs, included hemorrhagic pancreatitis associated with
cholelithiasis (placebo) and abdominal pain/distension
(dulaglutide 1.5 mg). No reports of severe hypoglycemia
were noted, with rates of hypoglycemia similar across all
groups. Both diastolic and systolic blood pressures were
similar across all groups, along with levels of pancreatic
enzymes being similar between groups at endpoint. One
treatment-emergent case of anti-dulaglutide antibody
(dulaglutide 1 mg) was reported, along with one patient
reporting treatment-emergent skin rash and skin exfolia-
tion (dulaglutide 0.1 mg). Overall, this study demonstrated

Study Arms (n) Baseline  Change in % reached % reached Change in Change in
A, (%) A, (%) A, <T% A, =65% FPG (mg/dL) weight (kg)
Monotherapy — initial Placebo (32) 7.410.6 0.0l 21° 7 —4 —1.440.5
or Metf failure' Dula 0.1 mg QW (35) 7.140.6 -0.37 47° 150 -8 -0.2+0.4
Dula 0.5 mg QW (34) 7.2+0.6 —0.89° 73° 53° -26° —-0.3+0.4
Dula | mg QW (34) 7.3+0.7 —-1.04 75° 50° -30° —-1.1+0.4
Dula 1.5 mg QW (29) 7.310.4 —-1.04 71° 52° -34 —-1.5+0.5
Monotherapy — prior Tx  Metf 2,000 mg daily (268)  7.6+0.8 —0.5610.06 54 30 —24+2 —2.22+0.24
with two OAM failure?! Dula 0.75 mg QW (270) 7.610.9 —0.71+0.06¢ 63¢ 40¢ —2612 —1.36+0.24
(26-wk data) Dula 1.5 mg QW (269) 7.610.9 —0.78+0.06c  62° 46° —29+2 —-2.29+0.24
Combination therapy Placebo (66) 8.05+0.8 NR NR NR -9 —-0.12+0.39
with 2 OAM'® Dula 0.5/1 mg QW (66) 825+0.9  —1.38£0.12*  49%-54% 29%-32% -38 —1.44+0.39°
Dula 1/1 mg QW (65) 8.25+1 —1.3240.12* for all for all —37° —1.34£0.3%°
Dula 1/2 mg QW (65) 843l —1.59+0.12* —48° —2.55+0.4*°
Combination therapy Placebo (177) 8.1+l.1 0.03+0.07 21° 13 NR NR
with Metf'7 (26-wk data)  Sita 100 mg daily (315) 8.1£l.1 —0.61+0.05 38° 22° NR —1.53+0.22
Dula 0.75 mg QW (302)  8.2+1.1 —1.01£0.6*¢ 554 3 -13¢ —2.6+0.23¢
Dula 1.5 mg QW (304) 8.1£l.1 —1.2240.05%¢ 614 47¢ —-26¢ —3.03+0.22¢
(52 wk) (52 wk)
Combination therapy Placebo (141) 8.1+1.3 —0.46+0.08 43 24 543 1.24+0.37
with Metf and Pio? Exen 10 mcg BID (276) 8.1£1.3 —0.99+0.60° 52 38 —24+22 —1.07+£0.29*
(26-wk data) Dula 0.75 mg QW (280)  8.1%1.2 —1.310.6*f 68 532 —3442% 0.2+0.29
Dula 1.5 mg QW (279) 8.1+1.3 —1.51+0.06* 78 63 —43+2%F —-1.310.29
Combination therapy Dula 1.5 mg QW (299) 8.1+0.8 —1.42+0.058 68 55 —35+2 —-2.9 (0.22)"
with Metf? Lira 1.8 mg daily (300) 8.1+0.8 —1.36+0.05 68 51 -1.9+2 -3.61 (0.22)

Notes: 0.5/1 mg, 0.5 mg titrated to | mg; I/ mg, | mg continued on | mg during titration; 1/2 mg, | mg titrated to 2 mg. *P<<0.001 versus placebo; ®P<0.001; P<<0.05 versus
metformin; ®P<<0.001 versus sitagliptin; °P<<0.005 versus placebo; P<<0.001 versus exenatide; ¢P<<0.001 for noninferiority versus liraglutide; "P=0.011 versus liraglutide.

Abbreviations: A , glycated hemoglobin; BID, twice daily; Dula, dulaglutide; Exen, exenatide; FPG, fasting plasma glucose; Lira, liraglutide; Metf, metformin; NR, not
reported; OAM, oral antidiabetic medications; Pio, pioglitazone; QW, once weekly; Sita, sitagliptin; Tx, treatment; wk, week.
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safety and efficacy for the dulaglutide 0.5, 1, and 1.5 mg
once-weekly dosages compared to placebo.

Umpierrez et al compared dulaglutide to metformin
therapy in a 52-week double-blind, parallel-arm, randomized
trial in 807 T2DM patients (baseline A, 7.6%, duration of
diabetes: 3 years) who were uncontrolled for diet and exer-
cise alone or on one oral antidiabetic agent for =3 months.?!
Patients’ former medications were discontinued and they
were randomized to once-weekly dulaglutide 1.5 mg or
0.75 mg, or metformin 1,500-2,000 mg daily, with the
primary noninferiority outcome of change from baseline A
at 26 weeks. All three treatments reduced A by less than
1% with the greatest least-squares mean (LSm) change in
the 1.5 mg dulaglutide arm, which was statistically greater
than that of the metformin group (P=0.002). The dulaglutide
0.75 mg arm also had a greater change than metformin.
At 52 weeks, the LSm decrease in Alc for the dulaglutide
1.5 mg and 0.75 mg, and metformin arms were —0.710.07
vs —0.5520.07 vs —0.51£0.07% with the greatest reduction
in the dulaglutide 1.5 mg arm (P=0.02). At 26 weeks, more
patients reached an A of =7% with dulaglutide 1.5 and
0.75 mg than with metformin (P=0.02 for both). The same
was seen for A, of =6.5% (P<<0.001 and P=0.011 for dula-
glutide 1.5 mg and 0.75 mg, respectively, versus metformin).
Similar results for reaching A, goals were seen for dula-
glutide 1.5 mg compared to metformin at 52 weeks (P=0.01
for both). Changes in LSm FPG were similar at 26 weeks but
were greater for dulaglutide 1.5 mg at 52 weeks (P=0.025
dulaglutide 1.5 mg versus metformin). No difference in
postprandial glucose levels were seen at 26 weeks. Weight
loss was similar for dulaglutide 1.5 mg and metformin at
both 26 weeks and 52 weeks, but compared to dulaglutide
0.75 mg at both 26 and 52 weeks, metformin had greater loss
(P=0.003 [26 weeks] and P=0.001 [52 weeks]). HOMA2-B
increased in all arms at 26 weeks with greater changes in
the dulaglutide arms than in metformin (P<<0.01 for both).
HOMAZ2-S was the opposite, with the greater change in
metformin compared to dulaglutide (P=0.001 for dulaglutide
1.5 mg and P=0.01 for dulaglutide 0.75 mg). Similar results
were seen for 52 weeks except that the difference between
dulaglutide 1.5 mg and metformin for HOMA2-S was no
longer significant. There were no serious ADEs and no deaths
in the study. Nausea, diarrhea, and vomiting were the most
common side effects, with the majority being mild to moder-
ate in severity and no difference between the groups. Overall,
hypoglycemia was similar (12.3% for 1.5 mg dulaglutide,
11.1% for 0.75 mg dulaglutide, and 12.7% for metformin)
with no severe hypoglycemic episodes. No cases of pancrea-
titis or pancreatic cancer were noted during the study. Blood

pressure changes, both diastolic and systolic, were similar
in all three arms. Two percent of patients (n=10) developed
treatment-emergent dulaglutide antidrug antibodies with no
reported systemic hypersensitivity reactions. Overall, this
study demonstrated that dulaglutide 1.5 mg had similar to
slightly better reduction of A and a greater percentage of
patients reaching goal than metformin, with similar efficacy
for the 0.75 mg dosage. ADEs were also similar, demonstrat-
ing safe and effective use of dulaglutide as monotherapy in
the early treatment of T2DM.

Combination therapy

In another placebo-controlled study, 262 overweight/obese
(BMI 33.944.1 kg/m*) T2DM patients (A, 8.24%+0.93%,
duration of diabetes: 7.5-9 years) who failed to meet A goal
<7% on oral antidiabetic medications were randomized to
dulaglutide 0.5 mg titrated to 1 mg, dulaglutide 1 mg, dula-
glutide 1 mg titrated to 2 mg, or placebo groups.'® Patients
continued their two oral antidiabetic medications (sulfonylu-
rea, biguanide, thiazolidinedione, or DPP-4 inhibitors). The
primary endpoint of change in A, (LSm) was greater in each
of the dulaglutide doses compared to placebo (P<<0.001 for
all), ranging from —1.32% to —1.59%. The proportions of
patients achieving A =6.5% or <7% were similar for all
treatment groups. Decreases in FPG were significantly lower
for all treatment groups compared to placebo (P<<0.001 for
all) and ranged from 37 to 48 mg/dL for dulaglutide com-
pared to 9 mg/dL for placebo. Weight loss was greatest in
the 1 mg titrated to 2 mg dulaglutide group (P<<0.05) and
overall greater weight loss was seen than for placebo (P<<0.05
for all). The most frequent ADEs were nausea, diarrhea, and
abdominal distention, and these were more frequent with the
higher dulaglutide doses. Serious ADEs were noted in seven
patients (one for placebo, three for 0.5 mg titrated to 1 mg,
two for 1 mg, and one for 1 mg titrated to 2 mg) including
hallucinations, cryptogenic organizing pneumonia, and
pancreatitis (three episodes of which were possibly related to
study drug and/or diabetes). The pancreatitis cases occurred
in the 0.5 mg titrated to 1 mg group. Hypoglycemia was low
but greater in the dulaglutide groups compared to placebo
(weeks 4 and 12, P<<0.05) with the rate decreasing over
time; there was no significant difference at week 16 and no
severe hypoglycemic events reported. Pulse and diastolic
blood pressure were increased but systolic blood pressure
was decreased in the dulaglutide groups, with no clinically
significant ADEs noted due to vitals. In this study of over-
weight/obese T2DM patients, dulaglutide lowered the A
and FPG, while promoting weight loss with expected adverse
effects for a once-weekly GLP-1 RA.
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Compared to DPP-4 inhibitor

Dulaglutide was compared to sitagliptin in 1,098 T2DM
patients (A 8.1%, duration of diabetes: 7 years) uncontrolled
on metformin therapy in a double-blind, parallel-arm
randomized study.!” Patients who were receiving metformin
(=1,500 mg/day) with or without another oral antidiabetic
medication were randomized to a dose-finding arm of dula-
glutide, sitagliptin 100 mg/day, or placebo, and after dosing
were entered into either the dulaglutide 0.75 mg/week or dula-
glutide 1 mg/week dosage arms for comparison to sitagliptin
and placebo (replaced with sitagliptin at week 26 for blinding
purposes) in a 2:2:2:1 ratio for a total of 104 weeks. The
primary outcome was change in A, at 52 weeks. The LSm
changein A at week 52 revealed a greater decrease in A, _for
both dulaglutide arms (decrease of 0.87%—1.1%) compared
to sitagliptin (decrease of 0.39%, P<<0.001). More patients
achieved an A of <7% and =6.5% in the dulaglutide arms
compared to sitagliptin (P<<0.001 for both) at 52 weeks. The
LSm change in FPG was less for sitagliptin compared to
both doses of dulaglutide (P<<0.001 for both). At week 52,
weight loss followed the same trend with greater reduction
for dulaglutide 1.5 mg and 0.75 mg compared to sitagliptin
(P<<0.001 for both). The B-cell function as estimated by
HOMAZ2-B increased in all arms at 52 weeks with signifi-
cantly greater changes in dulaglutide compared to sitagliptin
(P<0.001). No differences were seen for HOMA2-S for
insulin sensitivity. Dulaglutide produced a reduction in
low-density lipoprotein (LDL) cholesterol whereas sitaglip-
tin saw an increase at week 52 for a significant between-
treatment difference (P=0.03). In terms of safety, a total of
four patients died during the trial (one in the dulaglutide 1.5
mg arm, one in the sitagliptin arm, and two in the placebo
arm [during the sitagliptin phase of the study]). Dulaglutide
had a higher percentage of nausea, diarrhea, vomiting, and
decreased appetite compared to sitagliptin (P<<0.05) with
similar results compared to placebo. The GI adverse effects
were worse during the first 2 weeks and declined over time.
Discontinuation from the study due to medication ADEs at
week 52 was similar across all arms, with hyperglycemia
and nausea being the most common ADEs. Hypoglycemia
occurrences were greatest for dulaglutide 1.5 mg (10.2%)
followed by dulaglutide 0.75 mg (5.3%) and then sitagliptin
(4.8%) at 52 weeks with no severe hypoglycemia reported
during the study. Acute pancreatitis occurred in three patients
(two on sitagliptin and one on placebo [during the sitaglip-
tin phase]). Blood pressure also decreased in all treatment
arms. Nine patients had treatment-emergent anti-dulaglutide
antibodies noted during the treatment period (1.3%) with

no hypersensitivity events. Overall, dulaglutide lowered the
A, and FPG greater than sitagliptin at week 52 with similar
hypoglycemia and expected GI ADEs during this trial.

Compared to other GLP-I RAs

Dulaglutide has also been studied as add-on to pioglitazone
and metformin compared to exenatide in a 52-week, parallel
arm, randomized study in 976 T2DM patients (baseline A |_
8.1%, duration of diabetes: 9 years).? Patients were included
if they were receiving monotherapy with one oral antidiabetic
agent with an A of 7%—11% or combination therapy with
an A, of 7%-10%. These oral antidiabetic agents were dis-
continued during the lead-in phase except for metformin or
pioglitazone which were titrated up to 1,500-3,000 mg daily
and 3045 mg daily, respectively. Patients were randomized
in a 2:2:2:1 ratio to once-weekly dulaglutide 1.5 mg, once-
weekly dulaglutide 0.75 mg, exenatide 5 ug titrated up to
10 ug twice daily, or placebo. The primary endpoint was
changein A, at26 weeks, which revealed a decrease by week
26 for all arms with the dulaglutide 1.5 and 0.75 mg being
superior to placebo (P<<0.001 for both). Changes compared to
exenatide were superior for dulaglutide 1.5 and 0.75 mg arms
(P<0.001 for both). At 52 weeks, the changes in A, were also
decreased in all arms with the dulaglutide 1.5 and 0.75 mg
being superior to exenatide (P<<0.001 for both). The percent-
age of patients reaching A| <7% and =6.5% at 26 weeks
was higher for dulaglutide 1.5 and 0.75 mg compared to
exenatide (P<<0.001 for both). Dulaglutide 1.5 and 0.75 mg
decreased FPG greater than exenatide at both 26 (P<<0.001
for both) and 52 weeks (P=0.05 for both). Both dulaglutide
arms demonstrated a greater reduction in preprandial blood
glucose compared to placebo and exenatide (P<<0.001 for
both). The dulaglutide 1.5 mg group had a greater reduc-
tion in all postprandial blood glucose values compared to
exenatide (P=0.047). Weight loss was significantly greater
for the dulaglutide and exenatide groups compared to pla-
cebo at 26 weeks. HOMAZ2-B results at 26 weeks increased
in dulaglutide and exenatide arms with greater increases in
dulaglutide 1.5 mg compared to exenatide (P<<0.001 for all).
No differences were noted for the HOMA2-S results. The
dulaglutide 1.5 mg arm showed a significant mean decrease
in total and LDL cholesterol along with triglyceride levels
compared with placebo at 26 weeks. Serious ADEs were
similar in all groups, with two patients dying (one from
myocardial infarction in the 1.5 mg dulaglutide group and
one from natural causes in the dulaglutide 0.75 mg group)
and overall incidence of ADEs was similar across all groups.
GI ADEs were most commonly reported, with more in the
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dulaglutide 1.5 mg and exenatide arms than in the dulaglutide
0.75 mg arm. One patient in the dulaglutide 1.5 mg group
was diagnosed with chronic pancreatitis at 7 months with
no previous history. Hypoglycemia occurred more in the
exenatide group compared to the dulaglutide 1.5 mg group
(P=0.007) with overall rates at 26 weeks of 10.4% in the
dulaglutide 1.5 mg arm, 10.7% in the dulaglutide 0.75 mg
arm, 15.9% in the exenatide arm, and 3.5% in the placebo
arm. No severe hypoglycemia events were reported in the
dulaglutide arms and two were reported in the exenatide arm.
No significant changes in overall blood pressure were noted
with any treatment groups. Ten (1.8%) patients were posi-
tive for dulaglutide-developed treatment-emergent antidrug
antibodies, but none reported systemic reactions. This trial
revealed that dulaglutide provided greater glycemic control
overall than exenatide twice daily and placebo. Similar ADEs
were seen overall between dulaglutide and exenatide.

A head-to-head randomized, open-label, parallel-arm study
comparing dulaglutide 1.5 mg once-weekly to liraglutide 1.8
mg daily in 599 T2DM patients (baseline A _8.1%, duration of
diabetes: 7.2 years) uncontrolled on metformin 1,500 mg daily
for =3 months was conducted.” The primary outcome was
noninferiority for change in A _at 26 weeks with further effi-
cacy and safety evaluated at the same time. Dulaglutide was
shown to be noninferior to liraglutide with a between-group
A, _difference of —0.06% (95% confidence interval [CI],—0.19
to 0.07, P<<0.001) and individual decreases of LSm of 1.4%
for dulaglutide and 1.36% for liraglutide (£<<0.0001 from
baseline for both). Similar percentages of patients receiving
dulaglutide and liraglutide reached an A, of <7% and =6.5%.
No difference was found between dulaglutide and liraglutide
with decreases in FPG or postprandial glucose (LSm 46
versus 44 mg/dL, respectively). Weight loss was greater with
liraglutide compared to dulaglutide with a between-group
difference of 0.71 kg (95% CI, 0.17—-1.26, P=0.011). Results
for HOMA2-B were also similarly improved for both agents.
Serious, but nonsigificant adverse drug reactions occurred in
2% of the dulaglutide group and 4% of the liraglutide group
with no deaths and with similar rates of treatment-emergent
ADESs. GI adverse effects were similar, mild to moderate in
overall severity, and transient. There were no severe hypogly-
cemic events and rates for overall hypoglycemia were 9% for
dulaglutide and 6% for liraglutide. No cases of pancreatitis
or pancreatic cancer were reported. One cardiovascular event
of a myocardial infarction occurred in the liraglutide group,
and there were similar changes in both systolic and diastolic
blood pressures and no differences in lipids between both
groups. Treatment-emergent antibodies developed in three

patients (1%) in the dulaglutide group (not assessed in the
liraglutide group) that did not develop into hypersensitivity
reactions. Overall, dulaglutide 1.5 mg once weekly demon-
strated noninferiority for efficacy and safety to liraglutide
1.5 mg daily.

Future trials

A review of dulaglutide at ClinicalTrials.gov reveals several
ongoing trials, including studies comparing dulaglutide to
placebo in patients already receiving sulfonylurea therapy
(NCT01769378), glimepiride (NCT01644500), and once-
daily basal glargine insulin (NCT01648582).242¢ The pri-
mary outcome for each of these studies is change in A at
24-26 weeks.

Drug formulation and dosing
Dulaglutide is dosed at 1.5 mg and 0.75 mg once-weekly as
a subcutaneous injection based upon the AWARD-5 trial,
which included a dose finding portion."” Dulaglutide is to
be delivered in a prefilled subcutaneous automatic injection
device that will extend a needle, deliver dulaglutide, and
retract the needle with the push of a button, and patients will
not handle a needle.”’

Proposed benefits

One advantageous benefit of GLP-1 agonists, includ-
ing dulaglutide, is a potential increase in B-cell mass in
vitro via increased cellular regeneration and inhibition of
apoptosis — as seen in young rodent models — which leads
to slower progression of T2DM and a potential delay in the
need for insulin therapy.®?® Although this was not shown to
be detectable in older rodent models or human trials, there
is evidence of preservation of B-cell function after 3 years
of treatment with short acting exenatide.” Studies currently
completed with dulaglutide have shown an increase in B-cell
function measured by an increase in HOMA2-B, but the
insulin sensitivity marker HOMA2-S was not increased by
dulaglutide as compared to placebo, sitagliptin, metformin,
and exenatide twice daily.!>!7182.22 Furthermore, when
compared head-to-head, dulaglutide and liraglutide both
improved HOMA2-B.? Overall, dulaglutide may slow the
progression of T2DM and delay the need for insulin therapy
through increasing HOMA2-B, but long-term data is not
available.

GLP-1 agonists promote weight loss over conventional
therapies for the treatment of T2DM with a moderate weight
loss approximated at 1-3 kg (Table 1).'5171821-23 Dylaglutide
specifically reduced weight in a dose-dependent fashion
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by 0.2-2.5 kg, compared to placebo.''® When compared
to sitagliptin, dulaglutide produced greater weight reduc-
tion than sitagliptin.!” Weight-loss comparisons between
dulaglutide 1.5 mg and metformin 1,500-2,000 mg daily
showed similar results.?! Compared with other GLP-1 RAs,
dulaglutide at 1.5 mg produced similar results to exenatide
10 ug twice daily but statistically significant lower results
compared to liraglutide 1.8 mg daily.?>?

Since 2008, the United States Department of Health and
Human Services FDA has provided guidance and recom-
mendation that agents developed for the treatment of T2DM
demonstrate that they do not cause increased or unaccept-
able cardiovascular risk.*® Exenatide (both formulations)
and liraglutide have provided promising cardioprotective
effects in animal models and early clinical studies, includ-
ing reduced systolic blood pressure, LDL cholesterol, and
triglycerides.’! Additionally, the rate of heart failure in
patients receiving exenatide twice daily was lower than in
patients receiving other treatments.’' In one retrospective
study, patients with risk factors for cardiovascular disease
who received exenatide were less likely to have a cardiovas-
cular event.*? A recent meta-analysis that included 33 trials
consisting of exenatide, exenatide long-acting, liraglutide,
taspoglutide, and albiglutide demonstrated no increased
major cardiovascular events (odds ratio [OR] =0.078 [95%
CI, 0.54-1.13], P=0.18), myocardial infarctions (OR =0.87
[95% CI, 0.48—1.56], P=0.63), strokes (OR =0.87 [95% CI,
0.37-2.05], P=0.75), or all-cause mortality (OR =0.89 [95%
CI, 0.46-1.70], P=0.81).3* Compared to placebo, the GLP-1

Table 2 Cardiovascular endpoints

RAs appeared to provide a potential benefit; however, the
results were nonsignificant. Moreover, evidence exists that
GLP-1 receptors are expressed within cardiomyocytes and
arterial walls, and rodent models have demonstrated reduced
infarct size and improved left-ventricular-ejection function
during coronary ischemia when treated with a GLP-1 RA.®
No current studies have been published with major adverse
cardiovascular events for dulaglutide. The Researching
Cardiovascular Events With a Weekly Incretin in Diabetes
(REWIND) trial (NCT01394952) is an ongoing trial that
is randomizing patients with T2DM and an A, of =9.5%
to either dulaglutide 1.5 mg every week or placebo, with
the primary outcome of time from randomization to first
occurrence of cardiovascular death, nonfatal myocardial
infarction, or nonfatal stroke (a composite cardiovascular
outcome); it is expected to be completed by April 2019.3*

Cardiovascular safety endpoints, such as change in sys-
tolic and diastolic blood pressure for dulaglutide, have shown
positive effects. Overall decreases in blood pressure have been
minimal with only a few trials producing statistically signifi-
cant, but not clinically significant, results (Table 2).!>171821-23
The same is true for cholesterol, with decreases noted in LDL,
triglycerides, and total cholesterol.?>?

Tolerability

Adverse drug events of dulaglutide have been consistent with
those of other agents in this class, with the most common
seen being transient and mild GI side effects. These include
nausea, vomiting, and diarrhea which are expected based

Study

Average decrease
in systolic blood

Average decrease
in diastolic blood

Average decrease

in total cholesterol

Average decrease
in LDL cholesterol

Average decrease
in triglycerides

pressure (mmHg)  pressure (mmHg) (mmol/L) (mmol/L) (mmol/L)
Monotherapy — initial No difference No difference Not studied/ Not studied/ Not studied/
or Metf failure'® between groups between groups reported reported reported
Monotherapy — prior Tx  No difference No difference —2 to —4 (% change) —3 to —7 (% change) —2 (% change)
with two OAM failure?' between groups between groups (0.75 mg)® (1.5 mg)
(26-wk data)
Combination therapy —0.6 to 3.0 02to I.2 Not studied/ Not studied/ Not studied/
with two OAM'® reported reported reported
Combination therapy —1.4to—1.7° -0.2 to —0.4 —0.02 to —0.21 —0.05 to —0.18 —0.14 to -0.19
with Metf'7 (26-wk data) (1.5 mg) (1.5 mg)=4
Combination therapy -0.36t0 0.11¢ 0.56 to0 0.76 —-0.10 to —0.15 —-0.08 to —0.11 —0.08 to —0.20
with Metf and Pio? (1.5 mg)® (1.5 mg)® (1.5 mg)°=e
(26-wk data)
Combination therapy -3.36 -0.22 No difference No difference No difference

with Metf??

observed

observed

observed

Notes: P<0.05 versus metformin; ®P<0.005 versus placebo; P<<0.001 versus placebo; 9P<0.05 versus sitagliptin and placebo; P<<0.05 versus exenatide.

Abbreviations: LDL, low-density lipoprotein; Metf, metformin; OAM, oral antidiabetic medications; Pio, pioglitazone; Tx, treatment; wk, week.
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upon the mechanism of action and usually decrease over
time. Hypoglycemia is similar to other GLP-1 RAs and was
typically not significant in the clinical trials, with no reports
of severe hypoglycemia occurring in any trial.!>!7.18:21-23
Injection-site reactions are also possible but have not been
reported at a high rate in currently available clinical trials.
Development of antibodies against the medication may poten-
tially lead to reduced efficacy and/or changes in the safety
profile. The risk with dulaglutide in clinical trials appears to
be low according to currently available trials but varied from
study to study from no reports to up to ten reports.'>!17:18:21-23
Out of the reported cases, only one hypersensitivity reaction
occurred resulting in treatment-emergent skin rash and skin
exfoliation.!s

Pancreatitis is a concern for all incretin agents. In March
2013, the FDA released a drug-safety communication
describing the risk of pancreatitis with these agents. This
communication was in response to postmarketing reports of
acute pancreatitis with exenatide and sitaglipitn along with
results from a population-based matched case-control study
demonstrating increased risk for hospitalization with acute
pancreatitis from sitagliptin and exenatide.* This study found
that T2DM patients who had pancreatitis and were taking
these two incretin agents were more likely to have hyper-
triglyceridemia, increased alcohol use, gallstones, tobacco
abuse, obesity, biliary and pancreatic cancer, cystic fibrosis,
and any neoplasm compared to controls. After adjusting
for confounders, including specifically metformin therapy,
the association for risk of acute pancreatitis was higher in
those having ever taken sitagliptin and exenatide (adjusted
OR, 2.07 [95% CI, 1.36-3.13], P=0.01). However, a meta-
analysis published in February 2014 reviewed 80 studies and
included 41 studies in an analysis of 14,972 patients; it found
the overall risk of pancreatitis was not different between
GLP-1 RAs and comparators (OR,1.01 [95% CI, 0.37-2.76],
P=0.99).3¢ In another meta-analysis of randomized and
nonrandomized trials, prospective and retrospective cohort
studies, and case-controlled studies of treatment with GLP-1
RAs or DPP-4 inhibitors in T2DM patients, the risk for
pancreatitis was compared to placebo, lifestyle modifica-
tion, or oral antidiabetic medications.’” A total of 60 studies
were included and, from the 55 randomized controlled tri-
als, there was no increased risk for pancreatitis seen for the
incretin therapies (OR, 1.11 [95% CI, 0.57-2.17]). Overall,
the risk in currently available clinical trials is inconclusive as
there have been either no cases reported, or one to two cases
which may have been related to the study drug. In addition it

should be noted that patients with diabetes have an associated
higher rate of pancreatitis. A meta-analysis of T2DM patients
revealed an increased relative risk of 1.8 (95% CI, 1.45-2.33,
P=0.000).

Along with approval of this agent, the FDA has mandated
a risk evaluation and mitigation strategy to be completed
postmarketing to monitor and lessen the potential risk of
pancreatitis and medullary thyroid carcinoma.’® These risk
evaluation and mitigation strategies are required for all GLP-1
RAs currently available on the market in the United States.
The risk for medullary thyroid cancers is because thyroid
C-cell tumors have been seen in rodent studies with other
GLP-1 RAs.*

Economic considerations

GLP-1 RAs are expensive agents for T2DM therapy.
Currently, data and pricing information for dulaglutide is
comparative to mid-range GLP-1 agonists on the market.
GLP-1 therapies range from $391 to $706 based on average
wholesale price package price information (Table 3).%

A recent retrospective cohort study using medical and
pharmacy claims examined per-patient costs of glycemic
control in adult patients naive to incretin therapies who had
a baseline A average of 7.8%.* This study examined the
cost of reducing A to <7% with liraglutide or exenatide
twice daily. Unadjusted cost for total diabetes-related
pharmacy was similar for patients who received liraglutide
compared to exenatide ($1,993 versus $1,924, P=0.376).
When age, sex, baseline A , comorbidity history, and con-
comitant medication-use factors were controlled for, the
exenatide group had lower diabetes-related pharmacy costs
per patient than the liraglutide group (estimated $203.1
difference in cost; P=0.0002). Additionally, the liraglutide

Table 3 Price comparison of currently available GLP-1 RAs

Name Dose and AWP per
concentration package

Exenatide (Byetta®) 250 pg/mL, 1.2 mL $512.51
Exenatide (Byetta®) 250 ug/mL, 2.4 mL $512.51
Exenatide long-acting 2 mg $528.06
(Bydureon®)

Liraglutide (Victoza®) 6 mg/mL $706.32
Albiglutide (Tanzeum™) 30 mg $391.15
Albiglutide (Tanzeum™) 50 mg $391.15
Dulaglutide (Trulicity ™) 0.75 mg/0.5 mL $585.98
Dulaglutide (Trulicity ™) 1.5 mg/0.5 mL $585.98

Note: Data from Redbook system. Available from: http://www.redbook.com/
redbook/.*

Abbreviations: AWP, average wholesale price; GLP-1 RAs, glucagon-like peptide-|
receptor agonist.
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group had a higher predictive diabetes related pharmacy
cost per patient than the exenatide group ($2,002+$502 for
liraglutide versus $1,799£$502 for exenatide, P<0.001),
but more patients in the liraglutide group reached A of
<7%. With this, cost per patient successfully achieving
A, of <7% (cost for control) was lower with liraglutide
compared to exenatide ($3,108+$779 versus $3,354+$936,
P<0.0001). Since dulaglutide is a long-acting GLP-1
similar to liraglutide, clinicians may see results similar to
liraglutide when dulaglutide comes to market. However,
further clinical trials are needed to examine this specifi-
cally for dulaglutide.

Conclusion

Dulaglutide is a GLP-1 RA that has demonstrated A
reduction of ~0.7%—-1.5% and reductions of FPG by
1343 mg/dL, as monotherapy or in combination, at 0.75
and 1.5 mg once-weekly doses in clinical trials. Compared
to other GLP-1 RAs in the class, it has been shown to be
overall noninferior for both safety and efficacy. Safety con-
cerns are similar to other agents in the class, with similarly
low risk for hypoglycemia and the most common ADEs
being transient GI problems. Similar to other agents in the
class, it has demonstrated weight loss of ~1.3-3 kg which
has been sustained over at least 26 weeks. There are still
questions remaining about long-term efficacy and safety,
including major cardiovascular events which are currently
being researched, but dulaglutide has not demonstrated a
significant increased risk for pancreatitis or pancreatic cancer
in short-term trials. Overall, it should be located alongside
the other long-acting agents in the GLP-1 RA class within
the recommended guidelines.
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