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Background: Exenatide therapy is effective in combination with
metformin or sulfonylureas for treating type 2 diabetes. Thiazo-
lidinediones (TZDs) also are commonly used, but the efficacy of
exenatide with a TZD has not been reported.

Objective: To compare the effects of exenatide versus placebo on
glycemic control.

Design: Placebo run-in, randomized, double-blind, placebo-con-
trolled trial conducted from May 2004 to August 2005.

Setting: 49 sites in Canada, Spain, and the United States.

Patients: 233 (exenatide group, n = 121; placebo group, n = 112)
patients with type 2 diabetes that was suboptimally controlled with
TZD treatment (with or without metformin). Mean (+SE) baseline
glycated hemoglobin A,. level was 7.9% = 0.1%.

Interventions: Subcutaneous abdominal injections of 10 ug of ex-
enatide or placebo twice daily, added to a TZD (with or without
metformin) for 16 weeks.

Measurements: The primary outcome was change from baseline in
hemoglobin A, level. Other outcomes were fasting serum glucose
level, body weight, self-monitored blood glucose level, and any
adverse events.

Results: Exenatide treatment reduced hemoglobin A, level (mean
difference, —0.98% [95% Cl, —1.21% to —0.74%]), serum fast-
ing glucose level (mean difference, —1.69 mmol/L [—30.5 mg/dL]
[Cl, =2.22 to —1.17 mmol/L {—40.0 to —21.1 mg/dL}]), and body
weight (mean difference, —1.51 kg [Cl, —2.15 to —0.88 kgl).
Sixteen percent of patients in the exenatide group and 2% of
patients in the placebo group discontinued treatment because of
adverse events. In the exenatide group, 40% (n = 48) of patients
experienced nausea (mostly mild [n = 21] or moderate [n = 19]),
13% experienced vomiting, and 11% experienced hypoglycemia.
In the placebo group, 15% of patients experienced nausea, 1%
experienced vomiting, and 7% experienced hypoglycemia.

Limitations: Combinations with TZDs and sulfonylureas were not
tested. Trial duration was relatively short. Only 71% and 86% of
patients in the exenatide and placebo groups, respectively, com-
pleted the study.

Conclusions: Exenatide therapy improved glycemic control, re-
duced body weight, and caused gastrointestinal symptoms more
than placebo in patients with type 2 diabetes that was suboptimally
controlled with TZD therapy.
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Exenatide is the first in a new class of medications called
incretin mimetics that share several glucoregulatory ef-
fects with the incretin hormone glucagon-like peptide-1
and have been shown to bind the glucagon-like peptide-1
receptor in vitro (1-4). Consequently, exenatide exerts
glucoregulatory effects by enhancing glucose-dependent in-
sulin secretion (5-7), inhibiting inappropriately elevated
glucagon secretion (8, 9), slowing gastric emptying (8—10),
and reducing food intake (10). Exenatide therapy has also
been shown to result in moderate weight reduction (11). In
addition, 82 weeks of exenatide therapy in an open-label
extension trial resulted in weight loss associated with favor-
able effects on several cardiovascular risk factors, including
triglyceride level, high-density lipoprotein cholesterol level,
and diastolic blood pressure (12).

Insulin-sensitizing ~ thiazolidinediones (TZDs) are
widely used for treating type 2 diabetes. These peroxisome
proliferator—activated receptor-7y activators improve insulin
action in muscle and adipose tissue (13-16) with some
reduction in hepatic glucose production (17). They also
seem to exert favorable effects on cardiovascular risk fac-
tors, including blood pressure, high-density lipoprotein
cholesterol level, and triglyceride level, and on the proin-
flammatory and prothrombotic vascular environment in

patients with type 2 diabetes (13-15). However, TZD
therapy is associated with an increased risk for fluid reten-
tion and worsening of heart failure and often results in
weight gain (18, 19).

Exenatide therapy in combination with the commonly
used glucose-lowering agents—metformin or a sulfonyl-
urea—improves glucose control in patients with type 2
diabetes (20-22). Both exenatide and TZDs regulate glu-
cose levels through several mechanisms. These unique and
potentially complementary mechanisms target the primary
pathophysiologic defects that lead to hyperglycemia of type
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Context

The effects of adding exenatide to thiazolidinediones
(TZDs) for treating type 2 diabetes are not clear.

Contribution

The investigators of this double-blind trial randomly as-
signed 233 adults with type 2 diabetes that was subopti-
mally controlled with TZD (with or without metformin) to
twice-daily injections of exenatide or placebo. At 16
weeks, exenatide reduced hemoglobin A,_ levels (mean
difference, —0.98%), fasting glucose levels (mean differ-
ence, —1.69 mmol/L [—30.5 mg/dL]), and body weight
(mean difference, —1.51 kg) more than placebo. More
patients in the exenatide group than in the placebo group
had nausea (40% vs. 15%) and vomiting (13% vs. 1%).

Implications

Adding exenatide to TZD modestly improves glycemic
control and reduces body weight but causes nausea and
vomiting in some patients.

—The Editors

2 diabetes, namely progressive B-cell dysfunction and in-
sulin resistance. In this context, our study compares the
glycemic and body weight effects of exenatide versus pla-
cebo in patients with type 2 diabetes with suboptimal gly-
cemic control who are receiving a background therapy of
TZD or TZD plus metformin.

MEeTHODS
Design Overview

All patients participated in a 2-week, single-blind, pla-
cebo lead-in period, during which placebo was administered
as twice-daily subcutaneous injections into the abdomen.
After the placebo lead-in period, patients self-administered
exenatide or placebo by subcutaneous injection into the
abdomen within 15 minutes before the morning and
evening meals. Exenatide-treated patients received fixed
5-ug doses twice daily for 4 weeks, followed by 10-ug
doses twice daily for 12 weeks. The dosages of TZD and
metformin were constant throughout the study. Lifestyle
interventions were not included in the study protocol. The
institutional review board approved a common clinical
protocol for each site that was in accordance with the prin-
ciples described in the Declaration of Helsinki (23). All
participants gave informed written consent before partici-
pation. The trial was conducted from May 2004 to August
2005.

Setting and Participants

Forty-nine research clinics, hospitals, and primary care
facilities in Canada, Spain, and the United States partici-
pated. Site investigators recruited patients through local
investigators’ practices and advertising. Patients were 21 to
75 years of age and were treated with a stable dosage of a
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TZD (rosiglitazone, =4 mg/d, or pioglitazone, =30 mg/d)
for at least 4 months before screening. Patients received
TZD therapy alone or in combination with a stable dosage
of metformin (no minimum dosage required) for 30 days.
Other inclusion criteria were a hemoglobin A,  value be-
tween 7.1% and 10.0% at screening, body mass index
greater than 25 kg/m2 but less than 45 kg/mz, and a his-
tory of stable body weight (=10% variation) for at least 3
months before screening.

Randomization and Interventions

Within 3 weeks after screening, patients who met the
inclusion criteria were randomly assigned (with equal proba-
bility) to receive exenatide or placebo according to a central
randomization table. The sponsor (Eli Lilly and Company,
Indianapolis, Indiana) generated the central randomization ta-
ble, and an automated, interactive voice-response system ad-
ministered the assignments. Randomization was concealed
and stratified by investigative site and current treatment
(TZD alone or TZD plus metformin). Prefilled disposable
injection pens or cartridges containing indistinguishable
exenatide and placebo solutions (packaged centrally by Eli
Lilly and Company) were used.

Outcomes and Measurements

We measured hemoglobin A,_ at screening, random-
ization (baseline or week 0), and week 16 (or, if possible, at
the time of early discontinuation). We assessed fasting se-
rum glucose concentrations at weeks 0 and 16 (or at early
discontinuation) and measured body weight each month.
We collected profiles of 7-point, self-monitored blood glu-
cose levels (measured before the morning, midday, and
evening meals; 2 hours after the start of each meal; and at
bedtime) at weeks 0, 4, 8, 12, and 16. We determined
homeostasis model assessment (HOMA) of B-cell function
and insulin sensitivity, estimates of the contributions of
B-cell dysfunction and insulin resistance to hyperglycemia
(24), at weeks 0 and 16 (or at early discontinuation). We
measured plasma antiexenatide antibody levels at week 0
and the final visit.

Adverse Events and Follow-up

We assessed blood chemistries for safety monitoring at
screening and week 16 (or at early discontinuation). At
monthly visits, we examined patients for pedal edema and
asked them to report any adverse events. We classified ad-
verse events according to the Medical Dictionary for Reg-
ulatory Activities. Study centers provided patients with
study diaries, glucose monitors, and instructions for their
use. Patients were encouraged to check their glucose levels
when signs or symptoms of hypoglycemia (including
sweating, shaking, palpitations, or confusion) occurred. In
the diaries, patients recorded illnesses, concomitant medi-
cations, any changes to their antidiabetic oral medications
(TZDs or metformin), hypoglycemic episodes, glucose
monitor readings, associated hypoglycemic symptoms, and
treatments for the hypoglycemic events. The diaries con-
tained modules dedicated to hypoglycemic events and were
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Figure 1. Study flow diagram.
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| Placebo (n = 112)

Discontinued (n = 16)
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Loss of glucose control: 1

Completed (n = 96)

reviewed by investigative staff at each study visit. We de-
fined hypoglycemia as an incident when a patient obtained
a glucose monitor reading less than 3.4 mmol/L (<60 mg/
dL) or experienced symptoms of hypoglycemia. We de-
fined severe hypoglycemia as an incident when a patient
required the assistance of another person and either ob-
tained a glucose monitor reading less than 2.8 mmol/L
(<50 mg/dL) or promptly recovered after carbohydrate
intervention. We assessed the severity of each adverse event
(mild, moderate, or severe).

We assessed concomitant therapy and cointerventions
at each visit, and we recorded any deviations from the
prescribed dosage regimens. We did not collect specific
data about treatment adherence. No patient crossovers oc-
curred during the trial.

Statistical Analysis

The primary efficacy variable was the change in hemo-
globin A, _ level from baseline. We determined that a sam-
ple size of 103 patients per group was needed to provide
90% power to detect a difference of 0.5% between groups
in change in hemoglobin A, level. We determined this on
the basis of an estimated 25% dropout rate after random-
ization and with a 2-sided #test at a significance level of
0.05, assuming a common SD of 1.1%.

www.annals.org

We defined 2 cohorts for the analyses of the efficacy
measures: an intention-to-treat sample of patients who
were randomly assigned to study medication and a per
protocol sample of randomly assigned patients who had no
violations of the inclusion or exclusion criteria, met no
discontinuation criteria, and either completed the trial or
discontinued at the last visit and had at least 16 weeks of
exposure to study medication.

The primary efficacy analysis of change in hemoglobin
A, level used a likelihood-based mixed-effects model
analysis. The model included change in hemoglobin A,
level as the dependent variable; treatment, week of visit,
treatment-by-week interaction, baseline hemoglobin A,
level, TZD stratum, and pooled investigator (sites with <5
randomly assigned patients with =1 postbaseline measure
were pooled with another site or sites within the same
country) as fixed effects; and patient and error as random
effects. We included only patients with a baseline measure
and at least 1 postbaseline value in the mixed-effects model
analysis. We included all postbaseline measurements of
change in hemoglobin A,_ level in the analysis, including
unscheduled measurements or measurements from patients
who discontinued early. We did not impute missing data in
the analysis. The mixed-effects model analysis assumed that the
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missing data were missing at random (25). We examined week
16 for inferential purposes only, because week 16 was the
scheduled week for hemoglobin A, . measurement. We used
compound symmetry to model the covariance structure within
patients. We found that the variables of treatment-by-TZD
stratum and treatment-by-pooled investigator were not sta-
tistically significant, and therefore we excluded these in the
final model. Using the PROC MIXED analysis in SAS
software (SAS Institute Inc., Cary, North Carolina), we
obtained least-squares estimates of the group differences and
SEs from the model to compute the 2-sided 95% ClIs (based
on ¢ distribution) that were used to test for superiority.

We used similar mixed-effects models to analyze other
continuous measures (for example, body weight, fasting
serum glucose level, HOMA of B-cell function and insulin
sensitivity, and self-monitored blood glucose level). For
body weight and self-monitored blood glucose values, we
used data from all weeks for inferential purposes because
we obtained those measurements at each week. Results
from mixed-effects model analyses are expressed as adjusted
(least-squares) means. We conducted tests of treatment ef-
fects at a 2-sided significance level of 0.05 and determined
all 95% CIs on the basis of the difference between ex-
enatide and placebo. We used the intention-to-treat sample
in all analyses with the exception of the analyses comparing
the percentage of patients achieving hemoglobin A, _ levels
of 7.0% or less or 6.5% or less.

Role of the Funding Sources

This study was designed by medical personnel at Eli
Lilly and Company, including Drs. Brodows and Traut-
mann, and medical personnel at Amylin Pharmaceuticals

Table 1. Baseline Characteristics*

Variable Exenatide Placebo
Group Group
(n=121) (n=112)

Sex, n (%)

Male 65 (53.7) 64 (57.1)

Female 56 (46.3) 48 (42.9)
Race, n (%)

White 103 (85.1) 92 (82.1)

Other 18 (14.9) 20 (17.9)
TZD stratum, n (%)

TZD alone 28 (23.1) 22 (19.6)

TZD plus metformin 93 (76.9) 90 (80.4)
Mean age (SD), y 55.6 (10.8) 56.6 (10.2)
Mean body weight (SD), kg 97.5 (18.8) 96.9 (19.0)
Mean BMI (SD), kg/m? 34.0 (5.1) 34.0 (5.0)
Mean fasting plasma glucose level (SD)

mmol/L 9.1 (2.6) 8.8 (1.9)

mg/dL 164.0 (46.8) 158.6 (34.2)
Mean hemoglobin A, level (SD), % 7.9 (0.9) 7.9 (0.8)
Mean duration of diabetes (SD), y 7.3 (4.9) 8.2 (5.8)
Mean metformin dose (SD), mg 1804 (459) 1810 (420)
Country, n (%)

Canada (5 sites) 28 (23.1) 22 (19.6)

Spain (7 sites) 30 (24.8) 30 (26.8)

United States (37 sites) 63 (52.1) 60 (53.6)

* BMI = body mass index; TZD = thiazolidinedione.
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Inc. The study was conducted by Eli Lilly and Company.
Drs. Zinman, Hoogwerf, and Durdn Garcia were principal
investigators at their respective study sites. Data analyses
were performed by Ms. Milton, a statistician employed by
Eli Lilly and Company, and the full set of raw data is
available at Eli Lilly and Company. A research physician at
Eli Lilly and Company monitored adverse events through-
out the study. All authors interpreted the data and were
involved in the drafting or critical review of the manu-
script. Each author provided approval of the final manu-
script content.

REsULTS
Patients

Of the 435 patients screened, 250 participated in the
placebo lead-in period (Figure 1). Seventeen patients dis-
continued during this time, resulting in 233 patients who
were randomly assigned and analyzed in the intention-to-
treat sample. All 233 patients received at least 1 dose of
study drug. Of those, 175 (75%) were included in the per
protocol sample: 86 patients assigned to exenatide and 89
patients assigned to placebo.

Of the intention-to-treat patients, 183 (79%) were re-
ceiving background therapy of a TZD plus metformin and
50 (21%) were receiving TZD alone. At baseline, the ex-
enatide and placebo groups were similar in age, body
weight, duration of disease, and glycemic control (Table
1). Most patients were white (>82%) and male (55%).
Mean hemoglobin A, level was less than 8.0%. Eighty-six
(71%) patients receiving exenatide and 96 (86%) patients
receiving placebo completed the study. The percentages of
patients who reported the use of concomitant medications
in each group were similar throughout the study.

Hemoglobin A, Fasting Serum Glucose, and
Self-Monitored Blood Glucose Levels

Table 2 shows the estimated mean changes in efficacy
measures from baseline to week 16 in both groups. Hemo-
globin A,  levels decreased by a mean (*SE) of
0.89% = 0.09% in the exenatide group (P < 0.001; in-
tention-to-treat sample) but increased by a mean (=SE) of
0.09% = 0.10% in the placebo group. The mean between-
group difference in hemoglobin A, _ levels (exenatide mi-
nus placebo) at week 16 was —0.98% (95% CI, —1.21%
to —0.74%; P < 0.001). Among per protocol patients,
62% of patients in the exenatide group and 16% of pa-
tients in the placebo group achieved hemoglobin A, levels
of 7% or less (P < 0.001), and 30% and 8% of patients,
respectively, achieved hemoglobin A, levels of 6.5% or
less (P < 0.001). Mean fasting serum glucose level de-
creased more in the exenatide (intention-to-treat sample)
group (mean [*=SE] change, —1.59 = 0.22 mmol/L
[—28.6 = 3.96 mg/dL]) than in the placebo group (mean
[£SE] change, 0.10 * 0.21 mmol/L [1.80 * 3.78 mg/
dL]). The mean between-group difference in fasting serum
glucose level at week 16 was —1.69 mmol/L (—30.4 mg/dL)

www.annals.org
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Table 2. Estimates of Mean Changes in Efficacy Measures from Baseline to Week 16*

Efficacy Measure

Exenatide Group

Placebo Group Difference (95% CI)t

(n=121) (n=112)

Hemoglobin A, level

Baseline level, %% 7.89 7.91

Change from baseline to week 16, %8§ -0.89 0.09 -0.98 (-1.21 to -0.74)
Fasting plasma glucose level

Baseline level, mmol/L% 9.13 8.84

Change from baseline to week 16, mmol/L§ -1.59 0.10 -1.69 (-2.22 to -1.17)
Mean daily self-monitored blood glucose level|

Baseline level, mmol/L+ 9.46 9.18

Change from baseline to week 16, mmol/L§ -1.85 -0.14 -1.71 (=2.09 to -1.33)
Daily mean postprandial self-monitored blood

glucose leveld]

Baseline level, mmol/L% 1.74 1.99

Change from baseline to week 16, mmol/L§ -1.58 -0.31 -1.27 (-1.64 to -0.91)
Body weight

Baseline, kg+ 97.53 96.75

Change from baseline to week 16, kg§ =175 -0.24 -1.51 (-2.15 to -0.88)
HOMA of B-cell function**

Baseline, %¥ 37.85 35.91

Ratio of week 16 to baseline§ 1.19 0.94 1.27 (1.08 to 1.51)
HOMA of insulin sensitivity**

Baseline, %+ 71.55 78.58

Ratio of week 16 to baseline§ 1.23 1.10 1.11 (0.94 to 1.31)

* The numbers of patients in the exenatide group in each analysis were 117 for hemoglobin A, 114 for fasting plasma glucose, 95 for self-monitored blood glucose, 106
for postprandial self-monitored blood glucose, 121 for body weight, 109 for HOMA of B-cell function, and 110 for HOMA of insulin sensitivity. Corresponding numbers
of patients in the placebo group were 105, 105, 93, 108, 110, 101, and 102, respectively. To convert glucose values from mmol/L to mg/dL, divide value by 0.0555.

HOMA = homeostasis model assessment.
T Difference is calculated as follows: exenatide — placebo.
# Baseline means are presented for descriptive purposes.

§ Least-squares means are obtained from a likelihood-based mixed-effects model that includes baseline as a covariate.

| Average of all nonmissing values throughout the day.
9l Average of all nonmissing excursion values associated with each meal.

** Changes in HOMA of B-cell function and HOMA of insulin sensitivity were performed on log-transformed data where the analysis variable was a change [log(final) —

log(baseline)] and where back-transformations were expressed as ratios.

(CI, —2.22 to —1.17 mmol/L [—40.0 to —21.1 mg/dL];
P< 0.001).

The existing oral antihyperglycemic treatment at base-
line (TZD alone versus TZD plus metformin) did not
influence observed changes in hemoglobin A, _ levels (P =
0.87 for interaction). Patients treated with exenatide and
TZD alone (» = 27) had mean hemoglobin A, levels that
decreased from 7.93% (SD, 0.87%) to 7.15% (SD,
1.05%), and patients treated with exenatide and TZD plus
metformin (z = 90) had mean levels that decreased from
7.88% (SD, 0.92%) to 7.10% (SD, 0.92%). Patients who
received placebo and TZD alone (z = 19) had mean he-
moglobin A,_ levels that increased from 7.83% (SD,
0.89%) to 7.90% (SD, 0.93%), and patients who received
placebo and TZD plus metformin (z = 86) had mean
levels that increased from 7.93% (SD, 0.79%) to 8.02%
(SD, 1.13%).

Self-monitored blood glucose profiles for patients in
the exenatide group were lower at each measurement
throughout the day at week 16 compared with baseline
measurements (P << 0.001) (Figure 2); however, measure-

www.annals.org

ments for patients in the placebo group were similar to
baseline measurements. Each 16-week measurement was
lower for the exenatide group compared with the placebo
group (P < 0.001). In addition, exenatide treatment blunted
postprandial glucose excursions. Compared with placebo, ex-
enatide treatment was associated with reductions in glucose
excursions after the morning (mean [£SE] change in glu-
cose level, —1.73 = 0.27 mmol/L [—31.17 * 4.86 mg/dL];
P < 0.001) and evening (—1.68 * 0.30 mmol/L [—30.27 =
5.41 mg/dL]; P < 0.001) meals.

HOMA of B-Cell Function and Insulin Sensitivity, Body
Weight, and Lipid Levels

Homeostasis model assessment of B-cell function at
week 16 had increased by 19% from a mean (£SE) base-
line value of 37.85 = 2.46 (Table 2) for the exenatide
group but had decreased by 6% from a mean (=SE) base-
line value of 35.91 = 2.50 for the placebo group (P =
0.005). Homeostasis model assessment of insulin sensitiv-
ity increased for both treatment groups at week 16: 23%
increase in the exenatide group (from a mean [*£SE] base-

3 April 2007 | Annals of Internal Medicine
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Figure 2. Effects of exenatide and placebo on glycemic
control in patients with type 2 diabetes treated with a
thiazolidinedione with or without metformin.

Blood Glucose Level, mmol/L

* *

6 Exenatide group
—@- Week 16
—O-Baseline

Blood Glucose Level, mmol/L

Placebo group
—A— Week 16
6 —/\— Baseline

Effects of exenatide (zop) and placebo (bottom) on 7-point, self-moni-
tored blood glucose profiles at baseline (open symbols) and week 16 (closed
symbols) are shown. All results (reported as means [=SE]) were obtained
from the mixed-effects model analyses of the intention-to-treat sample.
Numbers of exenatide patients at each point were 115 at prebreakfast,
111 at postbreakfast, 113 at prelunch, 111 at postlunch, 114 at predin-
ner, 109 at postdinner, and 99 at bedtime. Corresponding numbers of
patients in the placebo group were 110, 109, 108, 108, 109, 109, and
94, respectively. To convert glucose values from mmol/L to mg/dL,
divide by 0.0555. *P < 0.001.

line value of 71.55 * 4.22) and 10% increase in the pla-
cebo group (from a mean [*=SE] baseline value of
78.58 * 5.56). Treatment groups did not significantly dif-
fer in HOMA of insulin sensitivity (P2 = 0.20).

Exenatide treatment reduced mean (*SE) body
weight from 97.53 kg * 1.73 kg to 95.38 kg = 0.25 kg.
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Body weight did not change in the placebo group (mean
[£SE] body weight, 96.75 kg *= 1.81 kg and 96.89
kg = 0.26 kg at baseline and week 16, respectively). At
week 16, the mean difference in body weight reduction
between groups was —1.51 kg (CI, —2.15 to —0.88 kg;
P < 0.001). Exenatide-treated patients had reductions in
body weight at all postbaseline visits, and differences be-
tween groups were statistically significant (Figure 3). Pa-
tients in the exenatide group had reductions in body
weight regardless of their experience with nausea (mean
[£SE] change in body weight, —1.95 kg = 0.43 kg for
patients who had nausea vs. —1.25 kg * 0.35 kg for pa-
tients without nausea).

No clinically significant changes occurred in any fast-
ing serum lipid level for either group (data not shown). No
clinically significant changes in blood pressure were ob-
served in either group over the 16 weeks of study.

Adverse Events

Table 3 lists the most commonly reported adverse
events. The most frequent adverse event was nausea, which
was the reason for withdrawal of 9% and 1% of patients in
the exenatide and placebo groups, respectively. The be-
tween-group difference (exenatide minus placebo) in per-
centage of patients reporting nausea was 24.5 percentage
points (CI, 12.7 to 36.3 percentage points). Nausea was
mostly mild (21 [44%] exenatide recipients) or moderate
(19 [40%] exenatide recipients) and intermittent. Thirty-
four (71%) of patients in the exenatide group who re-
ported nausea had episodes at more than 1 visit. Most
reports of nausea occurred after a dose increase of exenatide
from 5 to 10 ug twice daily (weeks 4 to 8); reports of
nausea declined from a maximum of 41 reports (week 8) to
19 reports (week 16). The between-group difference in
percentage of patients reporting vomiting was 12.3
percentage points (CI, 5.2 to 19.5 percentage points).

Figure 3. Effects of exenatide and placebo on body weight at
each visit in patients with type 2 diabetes treated with a
thiazolidinedione with or without metformin.

» 1.0 —-o- Exenatide —A— Placebo
s 057
&
S 00
=
U -05-
-
® 1.0
o N
= 15
>
T 20 t T
o
25 T T T T
0 4 8 12 16
Weeks

All results were obtained from the mixed-effects model of 121 patients
who received exenatide (circles) and 110 patients who received placebo
(triangles) in the intention-to-treat analysis. Mean (+SE) body weight
changes at week 16 were —1.75 kg = 0.25 kg for exenatide recipients
and —0.24 kg = 0.26 kg for placebo recipients. *2 < 0.01. +2 < 0.001.
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Table 3. Adverse Events and Symptoms That Occurred in 5% or More Patients Who Received at Least 1 Dose of Study Drug*

Adverse Event

Patients reporting =1 adverse event 92 (76.0)
Patients reporting a serious adverse event 2(1.7)
Nausea 48 (39.7)
Nasopharyngitis 16 (13.2)
Vomiting 16 (13.2)
Hypoglycemia 13 (10.7)
Dyspepsia 9(7.4)
Edema 7 (5.8)
Headache 7 (5.8)
Diarrhea 7 (5.8)
Influenza 6 (5.0

Exenatide Group
(n=121), n (%)

Placebo Group Difference (95% CI)t

(n=112), n (%)

73 (65.2) 10.9 (=1.7 to 23.4)
0 (0) 1.7 (—1.51t04.8)

17 (15.2) 24.5(12.7 to 36.3)
9 (8.0) 5.2 (-3.5t013.9)
1(0.9) 12.3 (5.2 to 19.5)
8(7.1) 3.6 (—4.61t011.8)
1(0.9) 6.5(0.7 to 12.4)
9 (8.0) —2.3(-9.6t05.1)
5 (4.5) 13(=5.2t07.8)
3(2.7) 3.1(-291t09.1)
5 (4.5) 0.5(—5.8106.8)

* Values refer to numbers and percentages of patients who reported particular symptoms that occurred =1 times during the trial.

T Difference (reported in percentage points) is calculated as exenatide minus placebo.

Vomiting was mostly mild (5 [31%] exenatide recipients)
or moderate (10 [63%] exenatide recipients).

The incidence of treatment-emergent edema was sim-
ilar in both groups (Table 3). The overall incidence of
hypoglycemia also was low and similar between groups (be-
tween-group difference, 3.6 percentage points [CI, —4.6 to
11.8 percentage points]) (Table 3). No severe hypoglyce-
mia was reported.

Nineteen (16%) patients in the exenatide group dis-
continued because of adverse events: 11 because of nausea,
6 because of vomiting, 1 because of chest pain, and 1
because of an injection site reaction. As with incidences of
nausea, most discontinuations because of adverse events
occurred after a dose increase of exenatide from 5 to 10 pg
(10 at week 8); discontinuations declined to 2 at week 12
and an additional 2 at week 16. Two patients in the pla-
cebo group discontinued because of adverse events: 1 be-
cause of nausea and 1 because of somnolence. Baseline
characteristics within groups for patients who discontinued
the study were similar to those of patients who completed
the study.

Two patients in the exenatide group reported a serious
adverse event: 1 reported chest pain and 1 reported allergic
alveolitis. Neither incident resulted in discontinuation
from the study. The investigator did not consider the case
of chest pain, which resolved within 2 days, to be related to
the study drug, but did consider the case of allergic alve-
olitis to be possibly related. Although the patient who ex-
perienced allergic alveolitis did not discontinue the study
because of the event, the patient eventually discontinued
because of treatment-emergent nausea.

Of the 115 patients in the exenatide group who were
assessed for treatment-emergent antiexenatide antibodies,
46 (40%) had positive titers at end point. Of these anti-
body-positive patients, 36 [78%] developed lower antibody
titers (1:5 to 1:125). Hemoglobin A, responses between
antibody-negative (mean response, —0.84% [SD, 1.03%])
and antibody-positive (mean response, —0.72% [SD,
0.68%]) patients were similar at end point. We observed
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no clinically meaningful differences in adverse events be-
tween antibody-positive and antibody-negative patients.

DiscussioN

Our study demonstrates that exenatide in combination
with a TZD improves glycemic control in patients with
type 2 diabetes that is suboptimally controlled with a
TZD, either alone or in combination with metformin. Fx-
enatide therapy, in combination with TZD therapy, im-
proved hemoglobin A, _ levels, fasting blood glucose levels,
and postprandial glucose excursions and reduced body
weight over 16 weeks. Exenatide treatment also improved
clinical measures of B-cell function. The most commonly
reported adverse event associated with exenatide treatment
was mild to moderate nausea that diminished with time
and continued use of exenatide. Nonetheless, some indi-
viduals did not tolerate these side effects well (9% and 5%
of patients discontinued the study because of nausea and
vomiting, respectively). No clinically significant episodes of
hypoglycemia were reported.

More patients in the exenatide group (z = 35 [29%])
discontinued the study, primarily owing to adverse events,
than patients in the placebo group (7 = 16 [14%]). To
address the differential dropout rates, our primary analysis
used a mixed-effects model approach, which assumes that
missing data are missing at random (25). In addition, we
performed a sensitivity analysis to explore the assumption
that missing data were not missing at random by using a
pattern-mixture model method (26). For this analysis, we
grouped patients into 3 patterns: 2 dropout patterns (early
[week 4] and middle [weeks 8 and 12]) and completers
(week 16). The model variables of interest were the treat-
ment differences for each group and the proportion of pa-
tients in each pattern. Conclusions from the pattern-
mixture model analysis were consistent with those found
by using the mixed-effects model approach.

The progressive nature of type 2 diabetes has led to
combination therapy with conventional glucose-lowering
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agents to help patients achieve glucose control (15, 27—
29); however, many patients have not achieved optimal
glycemic levels despite these efforts (30). Weight gain and
hypoglycemia that result from the use of some currently
available agents are among the side effects that limit the use
or effectiveness of therapy and complicate the management
of type 2 diabetes (31, 32). Since their approval, the use of
TZDs has increased rapidly over the last decade, particu-
larly in the United States (33), and their use in combina-
tion with other glucose-lowering agents has also increased
(34).

Incretin mimetics target several metabolic processes
that result in glucose-lowering effects (1—4). Exenatide, ap-
proved for combination therapy with the commonly avail-
able oral agent metformin, a sulfonylurea, or metformin
plus a sulfonylurea, also recently has been approved for
combination therapy with a TZD for treating type 2 dia-
betes. The glucose-dependent action of exenatide in pro-
moting insulin secretion makes exenatide less likely than
conventional secretagogues to induce hypoglycemic events
(20-22), and weight reduction associated with exenatide
may have clinical significance for the management of type
2 diabetes (32).

In this context, we designed our study to evaluate ex-
enatide in combination with TZD therapy. The combina-
tion may have particular appeal for the treatment for type
2 diabetes, offering the possibility of disease modification
with little risk for hypoglycemia and perhaps minimal
weight gain, a common concern with TZD use. Although
patients in our study experienced weight loss, the study was
not designed to determine whether simultaneous initiation
of exenatide and TZD therapies would prevent weight gain
associated with the use of TZDs. In our trial, weight re-
duction occurred without the use of additional lifestyle
interventions as part of the study protocol.

Given increased attention to achieving and maintain-
ing clinical practice guideline targets for patients with type
2 diabetes (27-29), our findings contribute to data sup-
porting the use of exenatide in combination with TZDs in
patients who do not achieve glycemic targets. Reduction in
hemoglobin A, levels resulted from improvements in fast-
ing serum glucose levels and postprandial blood glucose
excursions (35). The robust effect on postprandial glucose
control is particularly relevant given the suggestion that
postprandial glucose excursions may play an increasingly
important role in reaching guideline recommendations in
individuals with hemoglobin A,  levels close to 7% (36)
and the fact that postprandial glucose excursions may be an
independent risk factor for cardiovascular events (37). Our
findings (decreasing of hemoglobin A, _ levels, postprandial
glucose level control, body weight effects, and tolerability)
are similar to those reported in published trials (20-22)
and provide evidence that exenatide may be suitably com-
bined with the 3 major classes of oral antidiabetic agents:
metformin, sulfonylureas, and TZDs.

Our study limitations include a relatively short interval
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of active treatment. Within this short follow-up, we could
not assess whether a sustained effect on B-cell function,
weight loss, or improved glucose control would have been
achieved. In addition, the completion rates for the ex-
enatide and placebo groups were not similar, because more
patients who received exenatide withdrew from the study
owing to adverse events. The trial did not distinguish be-
tween the efficacies of the TZDs (pioglitazone or rosiglita-
zone) and did not rigorously evaluate the role of met-
formin in these therapeutic combinations. Although
sulfonylurea is another common glucose-lowering agent,
we did not evaluate the effect of exenatide in patients con-
currently treated with a TZD plus sulfonylurea. This may
result in different outcomes with respect to weight effects
and hypoglycemic risk.

In summary, exenatide therapy improved glycemic
control in patients with type 2 diabetes that was subopti-
mally controlled with ongoing TZD therapy either alone
or in combination with metformin. Over a relatively short
duration of active treatment, exenatide therapy resulted in
reductions in hemoglobin A, _ levels and weight loss and
did not statistically significantly increase the incidence of
hypoglycemia or edema. Exenatide therapy also caused
mild to moderate nausea and some cases of vomiting.
These data support considering adding exenatide to TZD
therapy for patients with suboptimally controlled type 2
diabetes. Longer-term study of combination therapy of ex-
enatide and TZDs may provide insight into the potential
disease-modifying effects and effect on vascular complica-
tions of diabetes.
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