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dase inhibitors has not been reported.
Published information regarding the
use of exenatide with thiazolidinediones (TZDs) is limited to two
abstracts.5,6 The objective of this study
was to determine the effectiveness and
safety of off-label exenatide use in
patients with type 2 diabetes.
Methods
A retrospective review of the electronic
medical records of one private-practice
endocrinologist was conducted. The
study was approved by the Albany
College of Pharmacy investigational
review board. The study population
consisted of type 2 diabetic patients
who were prescribed exenatide for offlabel indications (i.e., exenatide was
added to therapeutic regimens of
patients receiving insulin, a TZD, a
meglitinide, and/or an a-glucosidase
inhibitor). Potential subjects were
identified through a computerized text
search of patient electronic medical
records using the search terms
“Byetta” and “exenatide.” A data collection form was developed and used
to collect the following information:
baseline patient demographic information (sex, race, age, height, and
weight), disease states, duration of diabetes, medications, laboratory information (A1C, cholesterol profile, and
transaminase levels), blood pressure,
duration of exenatide use, and adverse
drug events.
Drug efficacy was evaluated by
comparing each patient’s baseline A1C,
weight, lipid profile (total cholesterol,
LDL cholesterol, HDL cholesterol, and
triglyceride levels), and blood pressure
with data after a minimum of 100 days
of exenatide use. Based on the
American Diabetes Association (ADA)
target A1C of < 7%, the percentage of

patients achieving goal glycemic status
before and after exenatide initiation
was also compared. In addition, a comparison of diabetes medication use
before and after exenatide initiation
was performed. Drug effectiveness was
evaluated in all patients with follow-up
visits of a minimum of 100 days of
therapy.
Drug safety was evaluated by
review of transaminase levels and documented reports of side effects and/or
drug discontinuation that occurred
during therapy. Drug safety was evaluated in all patients in whom any follow-up data were available.
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Exenatide is an incretin mimetic agent
that possesses multiple mechanisms of
glucose lowering. It enhances glucosedependent insulin secretion by the
pancreatic b-cell, leading to insulin
release in the presence of elevated glucose concentrations. It also moderates
glucagon secretion and lowers serum
glucagon concentrations during periods of hyperglycemia. Lower
glucagon concentrations lead to
decreased hepatic glucose output and
decreased insulin demand. Exenatide
also slows gastric emptying, thereby
reducing the rate at which mealderived glucose appears in the circulation, thereby further decreasing postprandial blood glucose levels. Finally,
administration of exenatide has been
shown to reduce subsequent food
intake by increasing satiety, often
resulting in weight loss.1
Exenatide is indicated as an adjunctive therapy to improve glycemic control in patients with type 2 diabetes
who are taking metformin and/or a
sulfonylurea but have not achieved
adequate glycemic control.1 To
decrease gastrointestinal intolerance,
exenatide is initiated at 5 mg subcutaneously twice daily and increased after
1 month to a target maintenance dose
of 10 mg twice daily. Three 30-week
studies as add-on therapy to sulfonylurea, metformin, and sufonylurea/
metformin have demonstrated hemoglobin A1c (A1C) reductions of ~ 1%
with an average weight loss of 1.4–1.8
kg.2–4 Therapy was generally well tolerated with the most frequent adverse
events classified as mild or moderate
and gastrointestinal in nature. Severe
hypoglycemia was not observed during
these studies.2–4
The concurrent use of exenatide
with insulin, meglitinides, or a-glucosi-

Statistical methods. Subjects served as
their own controls; paired Student’s
t tests were used for statistical analysis.
The binomial distribution was used to
assess changes in the frequency of specific drug use between baseline and follow-up. P values < 0.05 were considered statistically significant.
Results
A total of 131 patients were prescribed
off-label exenatide therapy. Follow-up
data were available for 93 patients
with a mean follow-up duration of 150
6 32 days (range 100–231 days).
Twenty-four patients did not have the
necessary follow-up duration of 100
days though were presently receiving
therapy with exenatide and reported
no adverse effects; no follow-up information was available for five patients;
and nine additional patients discontinued therapy because of adverse drug
effects. Thirteen patients remained on
the 5 mg twice daily dose because of
gastrointestinal intolerance at the target 10 mg twice daily maintenance
dose. Demographic information of the
93 patients is listed in Table 1. The
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Table 1. Baseline Patient
Characteristics
Value
Characteristic
n
93
Sex (M/F)
45/48
Race (white/African
American/Asian)
80/12/1
Age (years)
61 6 9.4
Duration of
diabetes (years)
14 6 8.5
Weight (kg)
111.3 6 23.2
BMI (kg/m2)
39.3 6 7.6
A1C (%)
7.8 6 1.4

breakdown of off-label use, which
illustrates a predominance of concomitant TZD (79.5%) and insulin (65.5%)
therapies, is shown in Figure 1.
The effects of exenatide on A1C,
weight, blood pressure, and cholesterol profiles are presented in Table 2.
Use of exenatide was associated with
significant reductions in A1C and
weight and improvements in total
cholesterol, triglycerides, and HDL
cholesterol. There were no differences
in mean blood pressure or LDL cholesterol at the end of the follow-up
period compared with baseline. The
percentage of patients achieving an
A1C of < 7% did not significantly differ at follow-up (36.7%) compared
with baseline (30.1%, P > 0.05). In
addition, there were no differences in
average A1C reduction or weight loss
in the 13 patients who received 5 mg
twice daily compared with those
receiving 10 mg twice daily. Average
weight loss was 4.9 kg (10.8 lb) with
86% of patients losing weight, 7.5%
gaining weight, and 2.2% having no
weight change. Follow-up weights
were unavailable for 4 of the 93
(4.4%) patients.
Use of exenatide was associated
with significant reductions of subsequent insulin, sulfonylurea, and meglitinide use. At baseline, 61 of 93
patients were insulin users compared
with 57 of 93 at follow-up (including
3 patients not on insulin at baseline
who started basal insulin therapy after
the initiation of exenatide). The overall median number of daily insulin
injections decreased from two (average 2.3 6 1.4) to one (average 1.2 6
1.0, P < 0.001). The average daily
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Figure 1. Off-Label Exenatide Use. Meg, meglitinide.
insulin dose decreased from 51 6 46
to 42 6 44 units (P = 0.004), and
short-acting insulin doses decreased
from 12 6 16 to 4 6 13 units (P =
0.001). There was no difference in
average basal insulin dose (39 6 37
compared with 38 6 39 units. Of the
34 patients receiving bolus insulin at
baseline, only 9 received bolus insulin
therapy at follow-up (P < 0.001).
Compared to baseline, there was a
significant decrease in the use of secretagogue therapy after exenatide initiation. Thirty-one patients received sulfonylurea therapy at baseline compared with 10 at follow-up (P <
0.001), and only 7 of the 23 patients
receiving meglitinide at baseline continued therapy at follow-up (P <
0.001). In contrast, there was no significant difference in metformin or
TZD use at follow-up compared with
baseline.
Drug safety was evaluated by
review of documented reports of side
effects that occurred during exenatide
therapy. Consistent with results of pre-

vious clinical studies, the most common side effects associated with exenatide in this study were nausea and
vomiting. Nine patients (7.1%) discontinued therapy because of nausea
or vomiting. In addition, nausea was
reported by 8 patients who did not
require exenatide discontinuation, and
13 patients could not tolerate a dosage
increase to 10 mg twice daily because
of gastrointestinal side effects.
Hypoglycemia episodes (symptoms
with or without documented glucose
of < 60 mg/dl) were reported by three
patients, but no cases of severe hypoglycemia (i.e., need for assistance of
another person or hospitalization or
emergency department visit) occurred.
Hypoglycemia events occurred in
patients receiving a meglitinide (n = 1)
and insulin (n = 2). There were no
increases in serum transaminase levels.
Discussion
Glucagon-like peptide-1 (GLP-1) is a
naturally occurring 31–amino acid
peptide secreted by L cells in the gas-

Table 2. Baseline and 1-Year Patient Characteristics
Baseline
A1C (%)
7.8 6 1.4
Weight (kg)
111.3 6 23.2
Systolic blood pressure
(mmHg)
116 6 8.5
Diastolic blood pressure
71 6 3.8
(mmHg)
Total cholesterol (mg/dl)
50.8 6 38.3
Triglycerides (mg/dl)
148 6 78
LDL cholesterol (mg/dl)
69.7 6 28.0
HDL cholesterol (mg/dl)
53.0 6 13.5
Aspartate aminotransferase
22.2 6 11.9
(units/l)
Alanine aminotransferase
(units/l)
24.9 6 13.2
Data are the means 6 SD.
*Paired Student’s t test.
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Follow-Up

P value*

n

7.4 6 1.4
106.4 6 23.7

0.004
< 0.0001

90
89

0.9998

90

0.9935
0.0047
0.0276
0.9928
< 0.0001

90
88
87
87
87

116 6 9.2
71 6 5.2
143 6 35
135.2 6 69.4
69.4 6 28.5
46.6 6 11.5
21 6 5.7

0.1406

23.9 6 12.2

0.1892

88
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avoid hypoglycemia in patients who
received exenatide in off-label indications, the secretagogue or bolus
insulin was initially discontinued at
the initiation of exenatide and then
reinitiated only after the effect of exenatide was seen.
In our study, two-thirds of patients
received insulin, one-third received
sulfonylurea therapy, and 14%
received a meglitinide at baseline. The
exenatide package insert recommends
a decrease in sulfonylurea dose at the
initiation of exenatide therapy to
reduce the risk of hypoglycemia; however, no recommendation exists
regarding concurrent meglitinide or
insulin therapy. The package insert of
pramlintide, an amylin analog that
has several pharmacological activities
in common with exenatide, recommends a 50% decrease in premeal
insulin doses when initiating therapy.7
Because exenatide also possesses the
additional mechanism of action of a
glucose-dependent increase in insulin
secretion, patients on premeal insulin
or insulin secretagogues in this study
were counseled to stop their premeal
insulin or secreatagogue at the initiation of exenatide and titrate back if
necessary. Indeed, sulfonylurea and
meglitinide use decreased by 68 and
70%, respectively, and mean premeal
insulin doses decreased by 67% from
baseline to follow-up.
The combination of exenatide and
TZD would seem to address the core
defects of type 2 diabetes, i.e., b-cell
dysfunction and insulin resistance.
Two abstracts were recently published
by Zinman et al.5,6 evaluating the utility of exenatide in patients already
receiving a TZD with or without metformin. On average, patients receiving
exenatide decreased A1C 0.9% (from a
baseline of 7.9%), reduced weight by 3
lb, and were almost four times as likely
to reach an A1C of < 7% compared
with placebo, with no significant difference in incidence of hypoglycemia.
Previous studies have demonstrated
a significant A1C lowering of the 10mg exenatide dose compared to the 5mg dose,2–4 although this was not
observed in our study. The small
number of patients (n = 13) maintained on the 5 mg dose and the
potential of a type 2 error could
explain this result.
The ADA recommends a target

A1C of < 7%.8 In this study, there
was not a significant difference in the
percentage of patients attaining this
goal at follow-up (37%) compared
with baseline (30%, P = 0.22).
According to results of the National
Health and Nutrition Examination
Survey, target glycemic goal attainment in the United States decreased
from 44% in 1994 to 37% in 2000.9
A review of future A1C levels after the
final manipulation of secretagogue
and premeal insulin therapy will be of
interest to assess the full utility of exenatide in these off-label combinations.
In addition to improved glycemic
control, previous 30-week studies
have demonstrated significant weight
loss in exenatide-treated patients,
including average weight reductions
of 3.1 and 4.2 lb in the 5 and 10 mg
exenatide groups, respectively, compared with an average loss of 1.4 lb in
the placebo groups.2–4 This study
found an average 10.8-lb weight loss
after an average of 150 days of exenatide use, with 86% of patients
experiencing weight loss. That patient
baseline weights were greater and
baseline diabetes therapies used in this
study (insulin and TZDs) are typically
associated with greater weight gain
compared to agents used in the previously published studies (sulfonylurea
and metformin) may explain the
greater weight loss identified in this
study. Although prospective, openlabel extension studies have demonstrated continued weight loss after 82
weeks of therapy with exenatide when
used in combination with sulfonylurea
or metformin (an average 8- to 10-lb
weight loss was reported),10 we plan
to continue following this cohort of
patients to evaluate the long-term
effects of off-label exenatide use on
weight.
Use of exenatide in this study was
associated with an average 6.4 mg/dl
decrease in HDL cholesterol, a 7
mg/dl decrease in total cholesterol,
and a 13 mg/dl reduction in mean
triglyceride levels. Although the reduction of HDL cholesterol is of some
concern, especially in a disease considered to be a cardiovascular disease
risk-equivalent,11 HDL levels may
transiently decrease early in weight
loss and are reversible over time.12 We
will continue to monitor this study
population to evaluate the long-term

Downloaded from http://diabetesjournals.org/spectrum/article-pdf/20/1/59/502789/0059.pdf by guest on 27 January 2022

trointestinal tract that stimulates
insulin secretion in response to meals.
Natural GLP-1 has a very short halflife because it is rapidly metabolized
by dipeptidyl peptidase-IV (DPP-IV).
Exenatide (exendin-4) is a synthetic
39–amino acid GLP-1 originally
derived from the Gila monster lizard.
It is structurally modified to resist
breakdown by endogenous DPP-IV.
Exenatide was approved by the U.S.
Food and Drug Administration (FDA)
in April 2005 as adjunctive therapy
for the treatment of type 2 diabetic
patients currently taking metformin
and/or sulfonylurea and requiring
additional glycemic control.1 A
request for an indication for use with
a TZD (with or without metformin) is
currently under review by the FDA.
To date, there have been no published
data regarding the use of exenatide in
patients currently taking meglitinides,
a-glucosidase inhibitors, or insulin.
This retrospective study was completed to evaluate the off-label safety and
efficacy of exenatide.
Three 30-week, placebo-controlled,
double-blind, phase 3 studies of subjects with type 2 diabetes randomized
to placebo, 5 mg of exenatide, or 10
mg of exenatide twice daily in patients
already receiving metformin, a sulfonylurea, or a combination have
been published.2–4 In addition to differences in baseline antidiabetes medication use (in this study 80% of
patients received a TZD and twothirds received insulin at baseline),
patients in this study were older (average 61 vs. 54 years of age), more
obese (average BMI 39 vs. 34 kg/m2),
had a longer duration of diabetes (14
vs. 8 years), and had a lower baseline
A1C (7.8 vs. 8.4%) compared with
patients in the previously reported
studies.
Our study found an average reduction in A1C of 0.4% compared with
the 0.7 and 1% mean decreases in the
5 and 10 mg groups reported in the
three prospective studies. In addition
to the differences in patient populations mentioned above, other reasons
for the apparent attenuated A1C
effects found in this study could be
related to the reduction in premeal
insulin and secretagogue use that was
empirically instituted at the start of
exenatide therapy in our study population. In an abundance of caution to

61
Diabetes Spectrum

Volume 20, Number 1, 2007

0059.qxd

2/16/07

6:05 PM

Page 62

Pharmacy Update

62

exenatide 1–60 minutes before mealtime). Anecdotally, patients who take
exenatide closer to meals reportedly
have fewer incidences of gastrointestinal adverse effects. Once patients are
tolerating the drug, moving the dose
to 30–45 minutes before meals theoretically would be associated with
greater drug efficacy. Clinical trials
designed to determine optimal time of
dosing before meals are reportedly
ongoing.
Only three patients (2.4%) reported hypoglycemic reactions in this
study. This compares to rates of
5–36% in the active treatment groups
and 3–13% in the placebo groups of
the randomized prospective studies.2–4
Discontinuation of premeal insulin
and insulin secretagogue at the initiation of exenatide presumably allowed
this low frequency of adverse events.
We would suggest this approach when
considering exenatide in patients taking premeal insulin or insulin secretagogue therapy. The lack of other
adverse effects or causes for drug discontinuation in this study attests to
the overall tolerability and safety of
this medication.
Type 2 diabetes is a progressive
disease because of its characteristic
insulin resistance, inappropriate
hepatic glucose production, and
decline in insulin secretion secondary
to progressive pancreatic b-cell loss.14
Any diabetes therapy that could
change the natural progression of disease would be especially useful. TZDs
are oral antidiabetes agents that act as
peroxisome proliferator–activated
receptor agonists. By activating these
receptors, gene expression is induced,
which leads to an improvement in
insulin signaling, a decrease in peripheral insulin resistance, and an increase
in glucose uptake by skeletal muscle,
adipose tissue, and hepatic tissue. This
distinct mechanism of action may help
to preserve b-cell function and slow
the progression to type 2 diabetes.15–17
For these reasons, as well as because
of their beneficial metabolic effects18
and recent evidence pointing to cardioprotection,19 there has been a call
to consider TZD therapy as initial
therapy in the management of type 2
diabetes.20
In vitro data have documented exenatide’s ability to induce differentiation in pancreatic cell lines, causing a
Diabetes Spectrum
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conversion of non–insulin-producing
cell lines into cells that are capable of
producing insulin and glucagon.21 In
addition, the administration of GLP-1
in animal studies resulted in pancreatic islet neogenesis, b-cell proliferation,
and an increase in b-cell mass.22
Although these findings have yet to be
replicated in humans, the increase in
b-cell mass combined with pancreatic
cell differentiation highlight the
potential of agents with GLP-1–like
actions to target the progressive b-cell
decline seen in those with type 2 diabetes, potentially leading to long-term
improvements in patients treated with
exenatide. Exenatide has been shown
to augment phase 1 and phase 2
insulin release defects in patients with
type 2 diabetes.23
Off-label combination of a TZD
with exenatide is therefore particularly appealing. In addition to potentially halting the progression of diabetes,
this combination would have a low
risk of hypoglycemia, and exenatide
would be expected to offset any
TZD-associated weight gain. The offlabel use of basal insulin with exenatide would offer another appealing
diabetes treatment option, presumably offering a physiological basalbolus approach to glycemic control
(because these agents address fasting
and postmeal glucose levels, respectively) with potentially less hypoglycemia and less weight gain than
that occurring with traditional basalbolus insulin regimens.
Conclusions
Off-label exenatide use was associated
with significant A1C lowering and
weight loss and was, overall, well tolerated. Randomized, prospective studies are needed to better evaluate the
full utility of exenatide in patients
receiving TZD and/or insulin therapy.
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