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INTRODUCTION
Diabetes mellitus (diabetes) is a chronic and insidious disease affecting more than 20 million
Americans, approximately 7% of the population.1 Of those diagnosed, 90-95% have type 2
diabetes, while 5-10% have type 1 diabetes. Type 1 diabetes is characterized by autoimmune
destruction of beta cells of the pancreas resulting in absolute insulin deficiency. Type 2 diabetes
encompasses a heterogeneous group of disorders characterized by slow progressive loss of beta
cell function and mass leading to variable degrees of insulin resistance, impaired insulin
secretion, and increased hepatic glucose production. Among the counterregulatory hormones,
higher glucagon levels relative to insulin also plays a significant role in the pathogenesis and
management of type 2 diabetes, making optimal control difficult to maintain.
The 2008 American Diabetes Association treatment guidelines recommend achieving and
maintaining an A1c goal of <7% in nonpregnant patients with the caveat that less stringent goals
may be appropriate for certain populations, all the while maintaining minimal hypoglycemia in
order to prevent micro- and perhaps macrovascular outcomes.2 Insulin is the treatment for type 1
diabetes. Pharmacologic options for type 2 diabetes have primarily included sulfonylureas,
biguanides, thiazolidinediones, meglitinides, alpha-glucosidase inhibitors, and insulin. Because
of the progressive nature of diabetes, practitioners and patients experience challenges in reaching
and sustaining American Diabetes Association goals. In fact, it is estimated that more than 50%
of persons with type 2 diabetes will require more than one oral hypoglycemic agent after 3 years
of diagnosis and approximately 70% will require combination oral therapy with or without
insulin 6 to 9 years from diagnosis.3
Within the last 1 to 2 years, three new antihyperglycemic agents have been approved:
pramlintide, exenatide, and sitagliptin (Table 1). These agents offer mechanisms of glycemic
control beyond that of “traditional” oral agents and insulin by targeting alternate glucoregulatory receptors and hormones such as amylin, glucagon-like peptide-1 (GLP-1), glucosedependent insulinotropic peptide (GIP), and dipeptidyl peptidase-4 (DPP-4).
Amylin is a neuroendocrine hormone co-secreted with insulin from beta cells in response
to elevated blood glucose concentrations and complements the actions of insulin. GLP-1 and GIP
are secreted by L-and K-type cells in the intestinal tract in response to a combination of
endocrine and neural signals initiated by the entry of food into the gut. Secretion of GLP-1 and
GIP enhance insulin release. Both endogenous GLP-1 and GIP are rapidly degraded by the
proteolytic enzyme DPP-4.
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Table 1. Characteristics of pramlintide, exenatide, and sitagliptin
Drug
Drug class
Brand name
(Manufacturer)
Approval date
Country

Pramlintide
Amylinomimetic/amylin
agonist
®
Symlin (Amylin)
March 2005
US

Dosage
How supplied
DM1: Initiate at 15 mcg
subQ before major
meals (≥30 g of
carbohydrate) and
titrate by 15 mcg every
3 days to 30 or 60
mcg/meal as tolerated.
If nausea persists at
the 45 or 60 mcg dose,
may decrease to 30
mcg.
DM2: Initiate at 60 mcg
subQ before major
meals and increase
every 3-7 days to 120
mcg/meal as tolerated.
If nausea persists at
the 120 mcg dose, may
decrease to 60 mcg.
Supplied as Symlin
Pen™ 60 or 120
prefilled pen, or as a 5
mL vial containing 600
mcg/mL.

FDA indications
Mono- or combined
therapy
Adjunctive therapy in
DM1, DM2, adults
only, who use
prandial insulin and
failed desired
glucose control
despite optimal
therapy (+/- SU
and/or metformin in
DM2). Patients who
meet any of the
following criteria
should NOT be
considered: Poor
compliance with
current insulin
regimen and with
self-blood glucose
monitoring, A1c
>9%, recurrent
severe
hypoglycemia,
requires use of
drugs that stimulate
gastrointestinal
motility, pediatric
patients

Contraindications
Precautions
Pregnancy category

Contraindications:
Hypersensitivity to
pramlintide or its
components,
confirmed diagnosis
of gastroparesis,
hypoglycemia
unawareness.
Precautions:
Pramlintide should not
be mixed with any
type of insulin.
Pregnancy category:
C

Dose
adjustments
Monitoring
Decrease rapidor short-acting
insulins,
including fixedmix insulins
(such as 70/30)
by 50% to
reduce the risk
of
hypoglycemia.
Patients should
monitor blood
glucose and
A1c frequently.
Recent blood
glucose
monitoring
data, history of
hypoglycemia,
current insulin
regimen, and
body weight
should be
reviewed prior
to use.

Mechanism of action: The exact mechanism of action is unclear but it appears to affect the
rate of postprandial glucose appearance by slowing gastric emptying, suppressing
glucagon secretion (not normalized by insulin alone), which leads to suppression of
endogenous glucose output from the liver, and regulating food intake due to centrallymediated modulation of appetite.
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Table 1. Characteristics of pramlintide, exenatide, and sitagliptin

Exenatide
Incretin
mimetic/GLP-1
analog
®
Byetta
(Amylin)
April 2005
US

5 mcg BID subQ before a
meal, can be increased
to 10 mcg BID subQ
before a meal after 1
month. Supplied as 5
mcg 1.2 mL prefilled pen
and 10 mcg 2.4 mL
prefilled pen

DM2, adults only, in
patients taking
metformin, SU, or TZD
with inadequate
glycemic control
Combined therapy
with metformin +/-SU,
SU, TZD +/metformin

Contraindications:
Hypersensitivity to
exenatide or any of its
components
Precautions: Not a
substitute for insulin in
insulin-requiring
patients, type 1
diabetes, diabetic
ketoacidosis, acute
pancreatitis, antiexenatide antibodies,
end-stage renal
disease, severe renal
impairment, severe
gastrointestinal
disease, hypoglycemia
Pregnancy category: C

Decrease SU
dose to reduce
risk of
hypoglycemia;
monitor
hypersensitivity

Mechanism of action: The exact mechanism is unclear but appears to have acute effects on
pancreatic beta cell responsiveness to glucose and leads to insulin release only in the presence of
elevated glucose concentrations. Exenatide improves fasting and postprandial glycemic control by
suppressing elevated glucagon levels from alpha-cells of the pancreas, and delaying gastric
emptying time while increasing the sensation of satiety by mimicking the actions of GLP-1 in the
gut and through stimulation of GLP-1 receptors located in the central nervous system and vagus
nerve.

Sitagliptin
Incretin
enhancer/DPP4 enzyme
inhibitor
®
Januvia
(Merck)
October 2006
US, Canada

100 mg once daily with
or without food. Available
as 100 mg, 50 mg, or 25
mg tablets

Mono- or as add-on
therapy in DM2, adults
only, inadequately
managed on diet and
exercise.
Combined therapy
with metformin +/- SU,
SU, TZD

Contraindications:
Hypersensitivity to
sitagliptin or its
components
Precautions: Dose
adjustment is
recommended in
patients with renal
insufficiency and failure
Pregnancy category: B

Decrease
sitagliptin dose to
50 mg if CrCl 3050 mL/min and
decrease dose to
25 mg if CrCl <30
mL/min, or on
dialysis.
SU dose may
need to be
decreased if
frequent
hypoglycemia
occurs.

Mechanism of action: Inhibits the degradation of endogenous GLP-1 and glucose-dependent
insulinotropic peptide (GIP), thereby prolonging their half-lives and concentrations. It is unclear
whether sitagliptin has clinically relevant effects on prolonging gastric emptying time or reducing
satiety. It appears that sitagliptin may exhibit a flat dose-response curve at 100 mg/d.
Abbreviations: AMP, adenosine monophosphate; BID, twice daily; CrCl, creatinine clearance; DM1, type 1 diabetes;
DM2, type 2 diabetes; FDA, US Food and Drug Administration; GLP-1, glucagon-like peptide-1; SC, subcutaneous;
SU, sulfonylureas; TZDs, thiazolidinediones.
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Scope and Key Questions
The purpose of this review was to compare the effectiveness and harms of newer diabetes
medications for persons with diabetes mellitus. The key questions for this review were developed
with input from experts in the fields of endocrinology and internal medicine. The Oregon
Evidence-based Practice Center wrote preliminary key questions and identified the populations,
interventions, outcomes of interest, and the eligibility criteria for studies. The key questions were
reviewed and revised by representatives of organizations participating in the Drug Effectiveness
Review Project. The participating organizations of the Drug Effectiveness Review Project were
responsible for ensuring that the scope of the review reflected the populations, drugs, and
outcome measures of interest to clinicians and patients in their constituencies. The participating
organizations approved the following key questions to guide this review:
Pramlintide: Key Questions
1. For children and adults with type 1 diabetes does pramlintide differ in efficacy,
effectiveness, or harms in achieving glycemic control when added to prandial insulin
compared with conventional insulin therapy?
2. For children and adults with type 2 diabetes does pramlintide differ in efficacy,
effectiveness, or harms in achieving glycemic control when added to prandial insulin
compared with conventional insulin therapy with or without concurrent oral
hypoglycemic agents?
3. Are there subgroups of patients for which pramlintide is more or less suitable than other
hypoglycemic agents?
Exenatide: Key Questions
1. For children and adults with type 2 diabetes does exenatide differ in efficacy,
effectiveness, or harms in achieving glycemic control compared with other hypoglycemic
agents as monotherapy or combined therapy?
2. For children and adults with type 2 diabetes, does exenatide differ in efficacy,
effectiveness, or harms in achieving glycemic control when added to other hypoglycemic
agents compared with conventional insulin therapy?
3. Are there subgroups of patients for which exenatide is more or less suitable than other
hypoglycemic agents?
Sitagliptin: Key Questions
1. For children and adults with type 2 diabetes does sitagliptin differ in efficacy,
effectiveness, or harms in achieving glycemic control compared with placebo?
2. For children and adults with type 2 diabetes does sitagliptin differ in efficacy,
effectiveness, or harms in achieving glycemic control as monotherapy compared with
other hypoglycemic agents or when added as part of combined therapy?
3. Are there subgroups of patients for which sitagliptin is more or less suitable than other
hypoglycemic agents?
Note: Inhaled insulin (Exubera®) was included in the key questions posted for public comment in
August 2007. When in October 2007 Pfizer announced that it would no longer provide the
inhaled powder for use, the medication was removed from these key questions. According to
Pfizer, the decision to remove Exubera® was voluntary and was not based on safety or efficacy
problems but on lack of demand for the drug.
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METHODS
Literature Search
To identify relevant citations we searched Ovid MEDLINE®, Ovid MEDLINE® IN-Process
(1950 to April Week 3, 2008), Cochrane Database of Systematic Reviews®, Cochrane Central
Register of Controlled Trials®, and the Database of Abstracts of Reviews of Effects (3rd quarter
2007) using search terms for included drugs, indications, and study designs. Electronic database
searches were supplemented by hand searches of reference lists of included studies and reviews.
In addition, we searched the US Food and Drug Administration (FDA) Center for Drug
Evaluation and Research, the Canadian Agency for Drugs and Technologies in Health, and the
National Institute for Health and Clinical Excellence web sites for medical or statistical reviews
and technology assessments. Finally, we searched dossiers of published and unpublished studies
submitted by pharmaceutical companies. (See Appendix A for complete search strategies.) All
citations were imported into an electronic database (Endnote® v.9.0).
Study Eligibility
All citations were reviewed for inclusion using the criteria shown in Table 2. Two reviewers
independently assessed titles and abstracts of citations identified from literature searches. Fulltext articles of potentially relevant citations were retrieved and assessed for inclusion by two
reviewers, and disagreements were resolved by consensus. Results published only in abstract
form (such as a conference proceeding) were not included, because they typically provided
insufficient detail for adequate quality assessment.
Table 2. Study inclusion and exclusion criteria
Included populations
• Adults and children
• Type 1 and type 2 diabetes mellitus
Excluded populations
• Gestational diabetes and Type 1 and type 2 diabetes mellitus in pregnancy
Subgroups of interest
•
•
•
•
•
•

Demographic characteristics (age, race, and sex)
Concomitant medications and drug-drug interactions
Comorbidities such as obesity and cardiovascular disease
History of hypoglycemic episodes
Baseline A1c
Drug specific-subgroups: pramlintide, renal insufficiency; exenatide, renal insufficiency; and
sitagliptin, renal and hepatic insufficiency
Included health outcomes
•
•
•
•
•

Diabetes

All-cause mortality
Microvascular disease: chronic kidney disease including renal dialysis, renal transplantation, and
end-stage renal disease; retinopathy including proliferative retinopathy and blindness; and
peripheral neuropathy
Macrovascular disease: cardiovascular events, cardiovascular mortality, stroke or transient
ischemic attack, coronary heart disease, cardiovascular procedures, and extremity amputation
Other complications of diabetes: lower extremity ulcers
Quality of life including treatment satisfaction
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• Other: hospitalization and medical visits related to diabetes care
Included intermediate outcomes
• Glycemic control: fasting glucose, post-prandial glucose, and A1c
• Change in weight
• Time to treatment failure
Included safety and harms outcomes
•
•
•

Overall adverse events
Withdrawals due to adverse events
Major adverse events including but not limited to diabetic ketoacidosis and non-ketotic
hyperosmolar coma
• Specific adverse events including but not limited to hypoglycemia, liver toxicity, liver function
abnormalities, gastrointestinal effects, adverse changes in lipid concentrations, and weight gain
• Adverse events specific to drug class: DPP-4 inhibitors, infection and neoplasm including cancer;
amylinomimetics, neoplasm including cancer
Included study designs
•
•
•
•

All studies (efficacy, effectiveness, and harms) were required to have ≥12 weeks of follow-up, the
minimum study duration needed to adequately assess change in glycemic control.
Studies evaluating health outcomes: randomized controlled trials of cross-over or parallel group
design, good-quality systematic reviews, observational studies reporting health outcomes such
as: cohort studies with a comparison group and case-control studies.
Studies evaluating intermediate outcomes: randomized controlled trials of cross-over or parallel
group design and good-quality systematic reviews
Studies evaluating harms: randomized controlled trials, controlled clinical trials, population-based
comparative cohort studies focused on adverse events, case-control studies, reports from
voluntary adverse event reporting systems, and good-quality systematic reviews

Data Abstraction
The following data were abstracted by one reviewer and reviewed by a second: study design;
setting and population characteristics (including sex, age, ethnicity, and diagnosis); eligibility
and exclusion criteria; interventions (dose and duration); comparisons; numbers screened,
eligible, enrolled, and lost to follow-up; method of outcome ascertainment; and results for each
outcome. We recorded intention-to-treat results when reported.
For included systematic reviews, we abstracted the searched databases, study eligibility
criteria, numbers of studies and patients represented, characteristics of included studies, data
synthesis methods, and main efficacy and safety results.
Validity Assessment
We assessed the internal validity (quality) of trials based on the predefined criteria listed in
Appendix C. These criteria are based on the US Preventive Services Task Force and the National
Health Service Centre for Reviews and Dissemination (UK) criteria.4, 5 We rated the internal
validity of each trial based on the methods used for randomization, allocation concealment, and
blinding; the similarity of compared groups at baseline; maintenance of comparable groups;
adequate reporting of dropouts, attrition, crossover, adherence, and contamination; loss to
follow-up; and the use of intention-to-treat analysis. We considered methods to meet criteria for
intention-to-treat analysis if outcomes for at least 95% of participants were analyzed according to
the group to which they were originally assigned. We considered total attrition of ≥15% in any of
the treatment arms to be excessive.
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Trials that had fatal flaws were rated poor quality. Trials that met all criteria were rated
good quality and the remainder rated fair quality. As the fair-quality category is broad, studies
with this rating vary in their strengths and weaknesses: The results of some fair-quality studies
are likely to be valid, while others are only probably valid. A poor-quality trial is not valid; the
results are at least as likely to reflect flaws in the study design as the true difference between the
compared drugs. A fatal flaw is reflected by failing to meet combinations of items of the quality
assessment checklist that work together to suggest a potential for bias.
We assessed the quality of systematic reviews using pre-defined criteria developed by
Oxman and Guyatt (See Appendix C). These included adequacy of literature search and study
selection methods, methods of assessing validity of included trials, methods used to combine
studies, and validity of conclusions.
Data Synthesis
A qualitative analysis of the available evidence or lack of evidence was undertaken. We
constructed evidence tables (included as a separate document) showing the study characteristics,
quality rating, and results for all included studies.
Pooled estimates of effect sizes were estimated by meta-analysis using random-effects
models.6 Results from each study were stratified by dose level of the drug intervention arms
(high and low doses). Weighted mean differences between drug and control were calculated for
outcomes (percent change in A1c, weight loss, fasting plasma glucose, and post-prandial
glucose). Risk ratios between drug and control were pooled for withdrawals and adverse events.
Forest plots for both weighted mean difference and risk ratio were created to visually inspect the
data.7 The Q-statistic and the I2 statistic (the proportion of variation in study estimates due to
heterogeneity) were calculated to assess heterogeneity between the effects from pooled studies.8,
9
Publication bias was examined using funnel plots to check for asymmetry with respect to
precision and magnitude of effect.10 All analysis was done using “R statistical environment”
software and Forest plots were generated using RevMan.11, 12
Peer Review and Public Comment
Original Drug Effectiveness Review Project reports are independently reviewed and commented
upon by three to five peer reviewers. Peer reviewers are identified through a number of sources,
including but not limited to members of professional societies, acknowledged experts in a
particular field, authors figuring prominently in the published literature, and persons
recommended by the Drug Effectiveness Review Project participating organizations. A list of
peer reviewers for Drug Effectiveness Review Project reports is available on the Drug
Effectiveness Review Project website (www.ohsu.edu/drugeffectiveness).
The Drug Effectiveness Review Project process allows for a two-week public comment
period prior to finalization of the report. Draft reports are posted on the Drug Effectiveness
Review Project website and interested individuals or organizations can submit comments.
Comments received from peer reviewers are considered and revisions made accordingly. Public
comments are discussed with the Drug Effectiveness Review Project participating organizations
and then a determination is made as to what revisions are appropriate.
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RESULTS
Pramlintide
We identified 134 citations from our literature search (Figure 1). Six randomized controlled trials
(with 1 companion paper) and 4 pooled analyses fulfilled inclusion criteria. No comparative
cohort or case-control studies reporting long-term benefits or harms were identified. Details of
included studies are found in Evidence Tables 1-3 and quality assessment in Evidence Table 4.
Trials excluded upon review of the full text are listed in Appendix D. In the FDA Medical and
Statistical Reviews, 6 relevant trials were identified, of which 4 were published and already
included in our review. The remaining two trials could not be found in the published literature.
No good quality systematic reviews of pramlintide were identified for inclusion.
Figure 1. Literature search results for pramlintide
Citations identified through searches (Medline, Cochrane, FDA): 134

Citations excluded at the title/abstract level: 112

Full-text articles retrieved for
more detailed evaluation: 22
Articles excluded at full-text level: 9
Wrong publication type: 3
Wrong study design: 5

Wrong outcome: 1

Included studies: 13
Randomized trials: 6 (+1 companion paper)
Observational study: 2
Pooled analyses: 4
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Summary of Evidence for Pramlintide
Key Question 1. For children and adults with type 1 or type 2 diabetes, does
pramlintide differ in efficacy, effectiveness, and in harms for achieving glycemic
control when added to prandial insulin compared to conventional insulin
therapy?
Type 1 diabetes
Evidence in children
•

No data on children were reported, although children were eligible for study enrollment
in 2 included trials.

Long-term health outcomes and adverse events
•

No studies evaluated long-term health outcomes or adverse events and none were longer
than 52 weeks in duration.

Efficacy and harms
•

A1c was either slightly improved or no different with the addition of pramlintide 30 or 60
mcg/meal to a flexible-dose insulin regimen compared with placebo plus flexible-dose
insulin regimen over 29 weeks13 (between-group difference: 0.0%) and 52 weeks14
(between-group difference: 0.27%, P-value, not reported) of treatment.

•

When pramlintide 60 mcg 3 or 4 times a day was added to fixed-dose insulin therapy,
A1c decreased from baseline by 0.29% to 0.34% (P<0.01), with no significant effect in
the placebo group 0.04% at 52 weeks of follow-up.15

•

Patients randomized to receive pramlintide in addition to insulin lost slightly more weight
from baseline (range: -0.4 to -1.3 kg) than compared with those receiving placebo plus
insulin in a fixed- or flexible-dose setting, who experienced slight weight gain (range:
+0.8 to +1.2 kg) over 29 and 52 weeks.

•

Groups receiving pramlintide in addition to fixed- or flexible-dose insulin therapy
exhibited larger overall rates of withdrawal (range across studies: 20-42% compared with
10-33%) and withdrawals due to adverse events (range across studies: 5-20% compared
with 2-8%) than groups receiving placebo plus insulin.

•

Adverse events including nausea, vomiting, anorexia, and reduced appetite were more
commonly reported with the use of pramlintide plus insulin than with placebo plus
insulin.

•

Severe hypoglycemia occurred more frequently with pramlintide plus insulin during the
first 4 weeks of treatment compared with placebo plus insulin. Rates of severe
hypoglycemia declined once pramlintide doses stabilized but continued to remain slightly
higher than with placebo plus insulin at up to 52 weeks of follow-up.
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Type 2 diabetes
Evidence in children
•

Children and adolescents ≤ 18 years were not included in any of the published studies on
effectiveness, efficacy, or harms.

Long-term health outcomes and adverse events
•

No studies evaluated long-term health outcomes or adverse events and none were longer
than 52 weeks in duration.

Efficacy and harms
•

Pramlintide 90 mcg or 120 mcg added to fixed- or stable doses of insulin decreased A1c
by 0.13% to 0.4% and weight by 1.1 kg to 1.85 kg (placebo-corrected differences) at 52
weeks compared with placebo and insulin.16, 17

•

At 16 weeks the addition of pramlintide to glargine (without prandial insulin) reduced
A1c by 0.34% and weight by 2.3 kg (placebo-corrected differences) relative to placebo
plus glargine in a flexible-dose setting.18

•

Both pramlintide- and placebo-treated subjects exhibited similar rates of withdrawal and
withdrawal due to adverse events.

•

The most commonly reported adverse event was nausea, which occurred more frequently
with pramlintide plus insulin than with placebo plus insulin especially during the first 4
weeks of treatment and declined thereafter.

•

Severe hypoglycemia occurred more frequently with pramlintide 150 mcg 3 times a day
added to insulin than with insulin plus placebo during the first 4 weeks of treatment.
Rates of hypoglycemia after 4 weeks were similar among treatment groups.
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Table 3. Characteristics of pramlintide placebo-controlled trials in adults with
type 1 diabetes
a

Author,
year
Country
Quality

Whitehouse,
2002
US
Fair-Poor

Sample
size (N)
Followup
(weeks)

480/342
52

Age (years) (SD)
a
% Male
a
% White
a
% Hispanic
a
Diabetes duration
(years)
40.3-40.4 (11.612.1)
55
92-96
NR
16.5-17.1 (10.010.5)

Baseline values:
a
A1c (%) (SD)
a
Weight (kg)
a
BMI (kg/m2)
Total daily insulin
a
dose (units)
Glycemic goals
prespecified?

8.7-8.9 (1.3-1.5)
75.0-75.6 (13.8-13.3)
25.2-25.8 (3.3-3.5)
NR
NR

Interventions
Pramlintide: 30 mcg,
60 mcg QID, before
meals + insulin
Insulin: No
restrictions on use
(flexible dosing)

Combination
therapy
Treatment arms
received the
addition of
pramlintide to
insulin while the
comparator arm
received
placebo in
addition to
insulin

Pramlintide: 60 mcg
TID, 60 mcg QID, 90
mcg TID, before
meals + insulin

Ratner,
15
2004
US, Canada
Fair-Poor

Edelman,
13
2006
US
Fair

651/479
52

296/295
29

39.2-41.9 (12.813.6)
47-53
89-92
NR
18.2-19.2 (10.511.4)

41 (12-14)
36.6-53.5
85.4-92
NR
19-21 (12)

8.9-9.0 (0.9-1.1)
75.8-78.3 (14.5-15.8)
26.3-26.8 (4.1-4.9)
NR
NR

8.1-8.2 (0.7-0.8)
77-83 (13-18)
27-28.1 (3.8-4.9)
MDI: 63.7-66.4 (26.535.1)
CSII: 45.9-49.6 (17.523.3)
Yes

Insulin: Dose
adjustments not
encouraged (fixedstable dosing)
Note: Efficacy results
from 90-mcg arm
were excluded after
another trial indicated
that this dose
exhibited an adverse
tolerability profile

Pramlintide: 30 mcg,
60 mcg, TID-QID,
before meals +insulin
Insulin: No
restrictions on use
(flexible dosing)

Treatment arms
received the
addition of
pramlintide to
insulin while the
comparator arm
received
placebo in
addition to
insulin

Treatment arms
received the
addition of
pramlintide to
insulin while the
comparator arm
received
placebo in
addition to
insulin

a

Data presented are the range across treatment groups for mean and standard deviation.
Abbreviations: CSII, Continuous subcutaneous insulin infusion; MDI, Multiple daily injections; NR, not reported; SD,
standard deviation; TID, three times daily; QID, four times daily.
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Detailed Assessment of Pramlintide in Type 1 Diabetes
Key Question 1. For children and adults with type 1 diabetes, does pramlintide
differ in efficacy, effectiveness, or harms in achieving glycemic control when
added to prandial insulin compared with conventional insulin therapy?
Details of the three included placebo-controlled trials are presented in Table 3 and glycemic
control results are presented in Table 4. None of these trials were similar enough for efficacy
data to be pooled. This section reports key details of individual studies.
Flexible-dose insulin
In a fair-quality trial the addition of pramlintide 30 mcg or 60 mcg 3 or 4 times a day with meals
to a flexible-dose insulin regimen did not significantly improve A1c (-0.5% vs. -0.5%; Table 4).
The comparison group was patients receiving a combination of short- and long-acting insulin
plus placebo adjusted to achieve specified glycemic targets over 29 weeks.13 According to the
study investigators, a greater percentage of pramlintide-treated patients who self-monitored
blood glucose concentrations achieved post-prandial glucoses below the American Diabetes
Association targets for all three meals compared with those on insulin plus placebo (breakfast:
68% compared with 51%; lunch: 71% compared with 61%; dinner: 70% compared with 58%,
P<0.0001 for each meal compared with placebo). Pramlintide-treated patients lost slightly more
weight than insulin-only patients (-1.3 kg compared with +1.2 kg). Pramlintide-treated patients
also exhibited slightly larger reductions in total daily insulin doses (-12% of total daily dose from
baseline) than patients using insulin plus placebo (+1% of total daily dose from baseline) by the
end of 29 weeks. In the initial 4 weeks of treatment however, more pramlintide-treated patients
decreased their prandial insulin doses than compared with patients on insulin plus placebo (-28%
of prandial insulin dose vs. -8% of prandial insulin dose). During the remainder of the trial,
patients in both treatment arms required dose increases to their basal insulin regimen
(pramlintide, +3% of basal insulin dose vs. placebo, +10% of basal insulin dose).
All patients received stable doses (±10% change from baseline) of intensive insulin
therapy using multiple daily injections or continuous insulin infusion before enrolling in the
study. Patients were mainly middle-aged and white and had long-standing type 1 diabetes. Mean
baseline A1c was 8.1%. A 30%-50% reduction in mealtime insulin was recommended before
starting pramlintide to avoid hypoglycemic events.
A patient survey examined whether subjects in this study believed that pramlintide added
to insulin provided marked benefits compared with placebo plus insulin.19 A significantly greater
proportion of subjects receiving pramlintide believed their study medication provided them with
more control over their blood sugar, weight, appetite, and ability to function than compared with
those in the insulin plus placebo arm. However, more pramlintide-treated patients believed their
study medication “had side effects that would keep me from using it on a long-term basis”
relative to those randomized to the placebo plus insulin arm.
The authors of this study stratified the results by insulin delivery method (multiple
injections or continuous infusion). Patients using placebo plus continuously infused insulin were
more likely to have lower satisfaction than patients on pramlintide plus insulin delivered by
either modality. Because baseline treatment satisfaction data were not presented, this study could
not be used to determine whether significant changes in satisfaction occurred over the duration of
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the study. Also, the study does not explicitly state that patients participating in the survey
remained blinded during the entire survey period.
In a second trial using flexible insulin dosing,14 the addition of pramlintide 30 mcg or 60
mcg 4 times a day to insulin with each meal was slightly more effective than insulin plus placebo
in lowering A1c, weight, and total insulin requirement (Table 4). The change in A1c at week 52
was -0.39% with pramlintide plus insulin and -0.12% with insulin plus placebo (between-group
difference: 0.27%, P-value, not reported). During the course of the trial, patients from both
treatment groups required increases in their total daily insulin dose. The percent change in
insulin dose adjustment were statistically significant between pramlintide-treated and insulin plus
placebo-treated patients at the end of 52 weeks (+2.3% compared with +10.3%, P=0.018);
however, the clinical significance of the between-group difference is yet to be determined. A
higher proportion of pramlintide-treated patients achieved an A1c of <7% “at any time” at the
end of the trial.
This trial was rated fair-poor quality: only 71% of patients completed the 52 weeks of
therapy and data from only completers were examined. The total withdrawal rates of 28-29%
were similar between the treatments, however, more pramlintide-treated patients discontinued
due to adverse events than placebo-treated patients during the study (12.8% compared with
8.0%). Nausea was the most common reason for withdrawal. In addition, the authors reported no
further details on insulin dose adjustments than that they were made according to “good medical
practices.”
Stable insulin dosing
The addition of pramlintide 60 mcg 3 or 4 times a day with meals to fixed or stable background
insulin therapy improved A1c by 0.25% and 0.34% compared with 0.04% improvement in the
insulin plus placebo group over 52 weeks of therapy.15 A greater proportion of pramlintidetreated patients achieved the A1c goal of <7% at “any time” and exhibited small decline in total
daily insulin doses over the study duration (3-6% decrease in total daily dose of insulin from
baseline compared with 0% change). Pramlintide-treated subjects also demonstrated nominal
weight loss from baseline (-0.5 kg at 52 weeks, P<0.05), which was not seen with placebo (+0.8
kg at 52 weeks, P>0.05). This trial was rated fair-poor quality because of high withdrawal rates
(>35% in all treatment arms), however a greater proportion of pramlintide-treated patients
discontinued due to adverse events (primarily nausea) compared with those in the placebo plus
insulin arm (14-20% compared with 3% for adverse events).
This trial began with a 90 mcg dose arm, which was removed from efficacy analysis
when another trial (identified as study #137-117 in FDA reviews) revealed an adverse
tolerability profile associated with this 90 mcg dose. Specific reasons for “intolerability” with the
90 mcg dose could not be found in either study #137-117 in the FDA documents or from this
trial by Ratner and colleagues. Only general sweeping statements were made by Ratner and
colleagues: there was 2-fold increase in nausea, vomiting, anorexia and 4-fold increase in severe
hypoglycemia event rates associated with pramlintide across the doses compared with placebo.
Study #137-117 could not be found in a peer-reviewed publication.
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Table 4. Pramlintide in type 1 diabetes
a

Author,
year

a

Weight (kg)

Total daily insulin dose
(% change)

Percent achieving A1c goal <7%

29 weeks

29 weeks

29 weeks

a

A1c (%)
29 weeks

Edelman,
13
2006

b

b

Ratner,
200415

b

30/60 TID-QID

PBO

30/60 TID-QID

PBO

30/60TID-QID

PBO

30/60 TID-QID

PBO

-0.5

-0.5

-1.3

+1.2

-12

+1

NR

NR

26 weeks
Whitehouse,
200214

b

30/60
QID

52 weeks

b

-0.58
60 TID

PBO
-0.18

-0.39

60
QID

PBO

52 weeks

b

30/60
QID

60 TID

PBO

30/60
QID

-0.12

-0.5

60
QID

PBO

60 TID

-0.41
-0.39
-0.18
-0.29
-0.34
-0.04
-0.4
Data represent change from baseline.
b
Patients received 30 or 60 mcg with meals.
Abbreviations: PBO, placebo; TID, three times daily; QID, four times daily.

52 weeks

b

at “any time”

b

b

PBO

30/60 QID

PBO

30/60 QID

PBO

+1.0

+2.3

+10.3

25.0

11.3

60
QID

PBO

60 TID

60
QID

PBO

60 TID

60
QID

PBO

-0.4

+0.8

-3.0

-6.0

0.0

11.0

12.5

3.5

a
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Table 5. Adverse events with pramlintide in type 1 diabetes
Whitehouse 200214
30/60
QID

Ratner 200415

Edelman 200613

a

Placebo

60 TID

60 QID

Mean number of severe hypoglycemia events per patient-year (SE)

90 TID

Placebo

30 TID-QID

60 TID-QID

Placebo

b

Weeks 0-4

2.12
(0.35)

1.04
(0.24)

3.78 (0.57)

3.41 (0.55)

3.91 (0.58)

0.87 (0.27)

0.79 (0.46)

0.46 (0.46)

0.42 (0.19)

Weeks 26-52

0.43
(0.07)

0.52
(0.08)

0.74 (0.12)

0.79 (0.12)

0.64 (0.12)

0.45 (0.09)

---

---

---

Weeks 0-29

---

---

---

---

---

---

1.10 (0.25)

0.42 (0.09)

0.30 (0.06)

Treatment-emergent adverse events (%)
Total nausea
Severe nausea
Total vomiting
Severe vomiting
Total anorexia
Severe anorexia
Total reduced
appetite
Severe reduced
appetite
Total sinusitis

c

46.5

21.9

47.0

47.0

59.0

12.0

95.1

48.5

36.1

6.2

1.7

8.5

6.8

5.8

1.3

7.3

4.0

0.7

11.5

8.0

9.8

11.0

12.0

6.5

17.1

11.9

6.1

2.1

0.4

1.8

0.6

1.2

0.6

2.4

5.9

0.7

17.7

2.1

18.0

11.0

16.0

2.6

---

---

---

2.5

0.0

1.2

1.9

0.6

0.0

---

---

---

---

---

---

---

---

---

14.6

6.9

2.0

---

---

---

---

---

---

0.0

0.0

0.0

---

---

---

---

---

---

22.0

12.9

8.8

Severe sinusitis
------------0.0
0.0
0.0
a
All doses are reported as mcg/meal. 30/60, 30 or 60-mcg arms .
b
Severe hypoglycemia event rates are calculated as the total number of events for all patients on a treatment regimen divided by the total number of patient-years
of observation.
c
Treatment-emergent adverse events with occurrences ≥10% for totals and the incidence in the pramlintide arm is at least twice that of placebo arm.
Abbreviations: TID, three times daily; QID, four times daily.
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Harms
Patients receiving pramlintide in addition to insulin had greater rates of withdrawal due to all
causes and withdrawal due to adverse events than patients receiving placebo plus insulin. This
was found with both fixed- and flexible-dose insulin (see Evidence Table 3). No included trial
reported deaths or listed rare adverse events. There were no significant cardiac, hepatic, renal, or
drug-related idiosyncratic adverse events observed in any treatment arm. Adverse events
reported in the included studies are summarized in Table 5.
Hypoglycemia

During the first 4 weeks of treatment severe hypoglycemia occurred more frequently with
pramlintide plus insulin than with insulin plus placebo, with both fixed and flexible insulin
regimens. The rate of severe hypoglycemia declined once pramlintide doses were stabilized and
not being titrated; however, at weeks 26-5214, 15 and weeks 0-2913 the rate of severe
hypoglycemia associated with pramlintide was still slightly higher than placebo (event rates 0.42
to 1.10 compared with 0.30 to 0.52) (Table 5). Only 1 trial13 reported that a 30-50% reduction in
prandial insulin was allowed before the use of pramlintide. Even in this study, pramlintidetreated patients exhibited slightly higher rates of severe hypoglycemia than compared with
insulin plus placebo-treated patients (Table 5). No trials reported the overall incidence of mild to
moderate hypoglycemic episodes. All 3 trials predefined the term “severe hypoglycemia” to
mean: those requiring either assistance of another person, the administration of glucagon, or the
administration of intravenous glucose.
Nausea and vomiting

A significant proportion of pramlintide-treated patients experienced nausea during the trials:
Across trials overall rates of nausea for pramlintide groups ranged from 46% to 95%; for placebo
groups, 12% to 36%. Specifically, patients who did not tolerate pramlintide 60 mcg also
frequently experienced nausea with the 30 mcg dose, and the highest reported rates of nausea
(95%) were in subjects who received 30 mcg 3 times a day.13 Higher rates of nausea were
reported with pramlintide 90 mcg 3 times a day15 than with lower dosages in the same trial.
Severe nausea was much less common than nausea overall, ranging between 5.8% and
8.5% for pramlintide plus insulin and 0.7% to 1.7% for placebo plus insulin across studies.13-15
More than 10% of patients randomized to pramlintide plus insulin experienced vomiting,
compared with rates of up to 8.0% with placebo plus insulin. Severe vomiting occurred in up to
2% of patients taking pramlintide compared with 0.4% to 0.7% taking placebo.13-15
Of note, 2 of 3 placebo-controlled trials 14, 15 reported that most cases of nausea and
vomiting tended to occur within 2-4 weeks of treatment but no actual data were provided to
verify these statements.
Anorexia or reduced appetite

Rate of anorexia was significantly more frequent with pramlintide plus insulin (11%-18% across
trials) than with placebo plus insulin (approximately 2%). Severe anorexia occurred in <2% of
pramlintide patients and no placebo patients.14,15
Other adverse events

One trial reported sinusitis at a rate of 14.0% with pramlintide and 8.8% with placebo
(P>0.05).13 Two non-comparative observational studies20, 21 were also evaluated for rare adverse
events and neither reported any additional information.
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Key Question 3. Are there subgroups of patients with type 1 diabetes for which
pramlintide is more or less suitable than other hypoglycemic agents?
There was insufficient evidence to perform subgroup analyses based on age, sex, race, ethnicity,
or baseline A1c in individual studies.
One randomized controlled trial conducted subgroup analyses that were not all
prespecified, and one post hoc pooled-analyses was identified.15, 22 Results from these
hypothesis-generating analyses should be used with caution. Further prospective research with
larger sample sizes will need to be conducted to verify these findings.
Total daily insulin dose
No studies conducted subgroup analysis evaluating whether pramlintide exhibited differential
effects depending on total daily insulin dose.
Stable insulin dose
A1c outcomes were reported for a subgroup with stable insulin dosing (± 10% change in total
insulin dose from baseline over 52 weeks).15 Change in A1c was -0.59% with pramlintide 60
mcg 3 times a day and -0.57% with dosing 4 times a day. These reductions were significantly
larger than those noted in the entire study group of -0.29 to -0.34%; however, generalizability of
using fixed doses of insulin is limited in clinical practice.
Baseline body mass index
Pramlintide appeared to inhibit weight gain in patients with baseline body mass index ≤ 23 kg/m2
while producing mild weight loss for patients with body mass index > 23 kg/m2 (baseline to
week 26).15 Data at 52-week follow-up were not reported.
Baseline A1c < 8%
Data from 3 studies that included patients with baseline A1c between 7% and 8.5% receiving
pramlintide 30 mcg or 60 mcg were pooled and reported in a separate publication.22 Two of the 3
studies were identified and included in our review.14, 15 The third study was in abstract form and
was excluded. The pooled publication reported results up to 26 weeks. In this subgroup, the
pooled change in A1c was -0.3% and the change in weight was -1.6 kg (both placebo-corrected;
both P<0.0009). There was no overall increased risk in hypoglycemia. The improvement in A1c
in this pooled subgroup analysis was similar to the change in A1c noted for all subjects (across a
range of A1c) in the original studies. Thus, it appears that patients with good but not optimal
baseline A1c of 7%-8.5% experienced similar degrees of A1c reduction as the populations
included in the original trials, with no increased risk of hypoglycemia at 26 weeks.
Applicability to general populations with type 1 diabetes
The methods for recruiting study subjects were not reported in these trials, and subjects likely
represent a highly selected population: Primarily white, middle-aged men and women with mean
baseline A1c ranging from 8.1% to 9.0% and diabetes of 16 to 21 years duration. None of the
patients had significant cardiovascular or renal disease or problems with gastrointestinal motility.
Data regarding baseline comorbidities, disease severity, and existing microvascular disease such
as retinopathy or neuropathy were not reported. The population included highly motivated
subjects who were willing to add 2 to 4 injections to their daily regimen and who rigorously self-
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monitored blood glucose over the course of the study. Study settings were not reported, but they
were likely to have been outpatient clinics.
Detailed Assessment of Pramlintide in Type 2 Diabetes
Key Question 2. For children and adults with type 2 diabetes, does pramlintide
differ in efficacy, effectiveness, or harms in achieving glycemic control when
added to prandial insulin compared with conventional insulin therapy?
Details of the three included placebo-controlled trials are presented in Table 6 and glycemic
results in Table 7. None of the trials were pooled due to significant heterogeneity.
Dose-ranging study
The addition of pramlintide 75 mcg/meal or 150 mcg/meal to fixed-dose insulin, with or without
oral hypoglycemic agents (metformin or sulfonylureas), improved A1c by 0.3% to 0.4% and
weight loss by 1.5 to 2.4 kg (placebo-corrected values)17 in a population with poorly controlled
(A1c 9.0-9.3%) type 2 diabetes over 52 weeks. No significant differences in A1c were observed
between two pramlintide doses at the end of the trial: pramlintide 75 mcg (-0.5%) vs. 150 mcg (0.6%). The largest reductions in A1c (almost 1%) occurred early on at week 13 for those on the
150 mcg dose. A greater percentage of patients taking pramlintide achieved an A1c goal of <7%
at “any time” during the study than compared with patients taking placebo (Table 7). Both
placebo- and pramlintide-treated patients required increases in their total daily insulin doses
during the 52 weeks (change in total daily dose from baseline for pramlintide compared with
placebo: pramlintide: +8 to +11% vs. placebo: +15%, P-value, not reported).
This trial was rated fair-poor quality based on a high withdrawal rate (~30%) which were
similar for placebo, pramlintide 30 mcg and 75 mcg groups. Those randomized to pramlintide
150 mcg dose exhibited largest rates of total withdrawal and withdrawal due to adverse events
(37.5% and 18%).
Stable insulin dosing
During the course of this one fair-quality trial,16 results from another study (identified as study
#137-123 in the FDA reviews) found that pramlintide 60 mcg was less effective than compared
with higher doses. As a result, efficacy and safety information from the 60 mcg arm were
excluded from this trial, though safety results should have been reported.
The addition of pramlintide 90 mcg or 120 mcg to fixed or stable doses of insulin with or
without oral hypoglycemic agents (metformin or sulfonylureas) gave slightly larger
improvements in A1c and weight at 52 weeks than patients randomized to placebo plus fixeddose insulin (placebo-corrected values for A1c: 90 mcg: -0.13%, 120 mcg: -0.4% and for weight:
90 mcg: -1.1 kg; 120 mcg: -1.85 kg).16 Effect on A1c was greatest at 26 weeks for both
pramlintide groups (P<0.05 compared with placebo) and persisted only with the 120 mcg arm at
52 weeks (change in A1c from baseline -0.62%, P<0.05). No dose adjustments of baseline
insulin or oral hyperglycemic agents were implemented during the study and no specific
glycemic targets were reported. Approximately 20-27% of all randomized patients were taking
oral hypoglycemic agents at baseline.
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Flexible basal insulin dosing
In contrast to the previous study, this short-term fair-quality trial 18 evaluated pramlintide
as a pre-meal medication in conjunction with glargine (without prandial insulin) with or without
oral hypoglycemic agents (metformin, sulfonylureas, and/or thiazolidinediones). The comparison
group was patients on flexible-dose glargine plus placebo. At 16 weeks, the addition of
pramlintide to glargine reduced A1c by 0.36% and induced weight loss of 2.3 kg (placebocorrected values) relative to placebo plus glargine. Pramlintide-treated patients also exhibited
larger reductions in post-prandial glucose (change from baseline: -24.4 mg/dL ± 3.6 mg/dL
compared with -0.4 mg/dL ± 3.0 mg/dL, P<0.0001). There were no significant differences
between pramlintide-treated and placebo-treated groups for those achieving A1c <7% (54%
compared with 45%) and no significant differences in changes in total daily insulin dose (change
from baseline: +11.7 units compared with +13.1 units) following 16 weeks of treatment.
Glargine, a basal insulin without pronounced peak effects, was allowed to be adjusted
during the study to achieve prespecified fasting glucose targets once pramlintide doses were
stabilized. Patients had diabetes of 10 to 11 years’ duration. At baseline A1c was moderately
elevated at 8.5%, and patients were using insulin glargine 48 to 54 units per day, with 50% of
patients concomitantly taking ≥2 oral hypoglycemic agents and 89% taking at least 1 oral agent.
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Table 6. Characteristics of pramlintide placebo-controlled trials in adults with
type 2 diabetes
a

Author,
year
Country
Quality

Ratner,
200217
US
Fair-Poor

Sample
size (N)
Followup
(weeks)

538/538
52

Age (years) (SD)
a
% Male
a
% White
a
% Hispanic
Diabetes duration
a
(years)

55.5-57.5 (8.9-10.8)
56-62
76-81
8-10
11.3-13.3 (7.0-7.8)

Baseline
a
A1c (%) (SD)
a
Weight (kg)
2 a
BMI (kg/m )
Total daily insulin
dose (units)
Glycemic goals
prespecified?
9.0-9.3 (1.1-1.2)
NR
30.4-31.1 (4.7-5.5)
55.1-60.6 (26.529.2)
NR

Intervention
Dosages
Pram: 30 mcg
75 mcg, 150 mcg TID,
before meals + insulin
± OHA
Insulin: Dose
adjustments not
encouraged (fixedstable dosing)

Combination
therapy
Stable doses
of MET or SU
were
allowed;
doses to
remain
unchanged

Pram: 60 mcg TID, 90
mcg, 120 mcg BID,
before meals +insulin
± OHA
Hollander,
16
2003
US
Fair

Riddle,
200718
US
Fair

656/498
52

212/211
16

56.4-57.0 (10.210.5)
48-52
73-77
8-13
12.0-12.4 (6.6-7.3)

9.0-9.3 (1.1-1.3)
96.7-97.1 (19.323.2)
33.7-34.1 (6.3-7.5)
69-74
NR

55 (9-10)
45.7-51.9
72-73
8-13
12.0-12.4 (6.6-7.3)

8.5 (0.9)
103 (18)
35 (5-6)
48-54 (25-42)
Yes

Insulin: Dose
adjustment not
encouraged (fixedstable dosing)
Note: 60 mcg arm
was excluded after
another trial indicated
that this dose was
less effective than
higher doses
Pram: 60 mcg, 120
mcg, BID-TID
+glargine ± OHA

Stable doses
of MET or SU
were
allowed;
doses to
remain
unchanged

Stable doses
of MET, SU,
+/-TZD were
allowed

Insulin: Glargine only;
flexible dosing; titrate
to goals
a
Data presented are the range across treatment groups for mean and standard deviation.
Abbreviations: Pram, pramlintide; NR, not reported; OHA, oral hypoglycemic agents; SU, sulfonylureas; MET,
metformin; TZD, thiazolidinediones; BID, twice daily; TID, three times daily.
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Table 7. Effect of pramlintide in type 2 diabetes
Author,
year

Change in A1c from baseline at (%)

Change in PPG from
baseline at (mg/dL)

Change in weight
from baseline at (kg)

Change in total daily
insulin dose from baseline

Percent achieving
A1c goal <7%

16 weeks

16 weeks

16 weeks

16 weeks

16 weeks
Riddle,
18
2007

60/120
BID-TID

PBO

-0.7

-0.34
26 weeks

Ratner,
17
2002
Hollander,
16
2003

60/120
BID-TID

PBO

60/120
BID-TID

PBO

60/120
BID-TID

PBO

60/120
BID-TID

PBO

-24.4

-0.4

-1.6

+0.7

+11.7 u

+13.1 u

54.0

45.0

52 weeks

52 weeks

75
TID

150
TID

PBO

75
TID

150
TID

PBO

75 TID

-0.8

-0.79

-0.3

-0.5

-0.6

-0.2

90
BID

120
BID

PBO

90
BID

120
BID

PBO

52 weeks

at “any time”

150
TID

PBO

75
TID

150
TID

PBO

75 TID

150
TID

PBO

75
TID

150
TID

PBO

NR

NR

NR

-0.5

-1.4

+1.0

+10.9%

+7.9%

+8.1%

13.4

19.2

11.1

90 BID

120
BID

PBO

90
BID

120
BID

PBO

90 BID

120
BID

PBO

90
BID

120
BID

PBO

NR

NR

-0.5

-1.25

+0.6

+2 u

+1 u

+2 u

9.4

12.2

4.1

-0.54
-0.68
-0.3
-0.35
-0.62
-0.22
NR
Abbreviations: PBO, placebo; u, units; BID, twice daily; TID, three times daily.
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Table 8. Adverse effects reported with pramlintide
Ratner 200217
a

75 TID

150 TID

Hollander 200316
Placebo

90 BID

Mean number of severe hypoglycemia events per patient-year (SD)

Riddle 200718

120 BID

Placebo

60/120
BID-TID

Placebo

0.9 (0.3)

0.3 (0.20)

---

---

b

Weeks 0-4

---

---

---

0.1 (0.08)

Weeks 26-52

---

---

---

0.0 (0.02)

0.1 (0.05)

0.2 (0.06)

---

---

Weeks 0-52

---

---

---

0.1 (0.03)

0.3 (0.05)

0.3 (0.05)

---

---

c

Treatment-emergent adverse effects (%)
Total hypoglycemia

67.6

64.6

70.6

---

---

---

43.8

47.2

Severe
hypoglycemia

2.2

2.8

1.5

---

---

---

0.95

0.0

26.5

22.9

16.9

18

16

3

31.4

10.4

0.7

2.8

1.5

---

---

---

---

Total nausea
Severe nausea
Nausea during
weeks 0-4

31

30

14

Total headaches

19.1

16.0

13.2

15

17

8

---

---

Total sinusitis

18.4

9.7

8.1

---

---

---

---

---

Total retinal
disorder

5.9

10.4

5.1

---

---

---

---

---

Total inflicted
d
injury

13.2

10.4

12.5

---

---

---

---

---

Injection site
------------0.95
0.94
reactions
a
Doses are expressed in mcg.
b
Severe hypoglycemia event rates are calculated as the total number of events for all patients on a treatment regimen divided by the total number of patient-years
of observation.
c
Treatment-emergent adverse events with occurrences ≥10% for totals and a 5% higher incidence in the pramlintide arm than placebo arm.
d
Inflicted injury was not defined.
Abbreviations: BID, twice daily; TID, three times daily.
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Harms
Pramlintide-plus-insulin and placebo-plus-insulin groups had similar rates of withdrawal due to
all causes and withdrawal due to adverse events (see Evidence Table 3). There was no evidence
of cardiac, hepatic, renal, or drug-related idiosyncratic adverse events in patients in any treatment
arm of the three randomized controlled trials identified for this review and no deaths were
reported. Adverse effects are summarized in Table 8.
Hypoglycemia

Pramlintide-plus-insulin and placebo-plus-insulin groups experienced similar rates of mild-tomoderate hypoglycemia,17, 18 but pramlintide-treated patients experienced more episodes of
severe hypoglycemia. Severe hypoglycemia occurred most with pramlintide 120 mcg during the
first 4 weeks of therapy (0.9 events/patient-year compared with 0.3 events/patient-year with
placebo).16 The incidence of severe symptoms declined with continued use of pramlintide, and
rates were similar to placebo for weeks 4-26 and 26-52.16 All 3 trials predefined the term “severe
hypoglycemia” to mean: those requiring either assistance of another person, the administration of
glucagon, or the administration of intravenous glucose.
Nausea

The incidence of mild-to-moderate and severe nausea was significantly higher with pramlintide
75, 90, 120, and 150 mcg than with placebo plus insulin. Only 1 trial reported data showing that
most events occurred within the first 4 weeks of treatment.16 When metformin use was stratified
in one trial, its addition to pramlintide plus insulin appeared to have no significant effect on
nausea compared with the larger study population.16 These trials did not report vomiting or
anorexia.
Headache

Higher rates of headache were reported with pramlintide (15% and 17%) than with placebo
(8%).16 In another trial17 rate of headache was similar among treatment groups, ranging from
13.2% in the placebo-plus-insulin group to 19.1% with pramlintide 75 mcg 3 times a day plus
insulin. None of the studies provided enough information to determine whether there were any
correlations between the incidence of headaches and hypoglycemic events.
Other adverse events

No trials reported any treatment-emergent adverse events occurring with a frequency of more
than 2%-5%. Overall adverse events occurring with a frequency of ≥10% with a minimum 5
percentage point difference between pramlintide- and placebo-treated patients comprised
sinusitis, retinal disorder, inflicted injury, and injection site reactions (Table 8).16, 17
Higher incidence of retinal disorder was reported with pramlintide 150 mcg than with
lower pramlintide doses and placebo.17 The authors performed detailed medical reviews of these
patients with reported retinal disorder and concluded that the increased incidence was likely
attributable to preexisting conditions that were not documented at the time of screening.
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Key Question 3. Are there subgroups of patients with type 2 diabetes for which
pramlintide is more or less suitable than other hypoglycemic agents?
Age, sex, total daily insulin dose, and prior use of oral hypoglycemic agents
None of the randomized controlled trials conducted subgroup analyses evaluating whether
pramlintide had differential effects in these populations.
Race and ethnicity
A post hoc analysis23 of two 52-week trials16, 17 pooled subjects of various ethnic groups. Black
and Hispanic patients tended to have higher baseline A1c (9.2%-9.7%) than white patients
(8.9%-9.1%). Pramlintide produced larger reductions in A1c and weight from baseline in black
patients (0.7%, 4.1 kg) than white patients (0.5%, 2.4 kg) and Hispanic patients (0.3%, 2.3 kg).
Changes in total daily insulin requirement and baseline oral hyperglycemic use were not
different among the different races and ethnicities.
Nausea and weight loss and effects of weight on A1c
Weight loss experienced with pramlintide 90 or 120 mcg appeared to be independent of nausea,
as weight loss was similar in patients never experiencing nausea (90 or 150 mcg, -1.1 to -1.5 kg)
and patients experiencing nausea at anytime (90 or 150 mcg, -0.3 to -2.0 kg).16 In addition,
improvements in A1c observed with pramlintide appeared to be independent of weight lost or
gained during the trial (subjects who gained weight, change in A1c -0.29% to -0.53%; subjects
who lost weight, change in A1c -0.22% to -0.58%).
A pooled analysis24 of overweight and obese patients also evaluated whether weight loss
associated with pramlintide 120 mcg was influenced by nausea. Like the other, this post hoc
subgroup analysis suggested that weight loss was independent of nausea (change in weight in
group reporting “never nausea,” -1.3 kg; “nausea at anytime,” -1.9 kg). None of the studies
explored to see if there were any correlations between anorexia and weight loss.
Overweight and obese patients
A post hoc analysis24 pooled data from two randomized controlled trials comparing pramlintide
120 mcg with placebo when both were added to insulin. At 26-week follow-up overweight and
obese (body mass index > 25 kg/m2) patients receiving pramlintide showed greater reductions in
A1c and weight than similar patients receiving placebo. Approximately 2% of overweight and
obese patients on pramlintide plus insulin achieved weight loss of ≥10% change from baseline
compared with 0% in those on placebo plus insulin. Markedly obese patients (baseline body
mass index 35-40 kg/m2 and >40 kg/m2) had the greatest weight loss (-2.4 kg and -3.2 kg,
respectively).
Baseline A1c
When patients were stratified by baseline A1c,18 at 16 weeks patients with baseline A1c > 8.5%
who received pramlintide plus insulin glargine showed larger improvements in A1c, fasting
plasma glucose, and postprandial glucose than patients receiving placebo plus glargine
(pramlintide change in A1c -1.19%, fasting plasma glucose -44.4 mg/dL, postprandial glucose 23 mg/dL, and weight -1.0 kg compared with placebo plus glargine A1c -0.69%, fasting plasma
glucose -18.4 mg/dL, postprandial glucose +3.2 mg/dL, weight +1.1 kg). Among subjects with
lower baseline A1c (≤ 8.5%), improvements in A1c (-0.36%) and weight (-2.0 kg) were also
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larger in pramlintide-treated patients than those who took placebo plus glargine. Overall,
reductions in A1c were greatest in those with baseline A1c >8.5%.
Another post hoc analysis25 pooled data from two trials at 26-week follow-up and
examined patients with baseline A1c of 7.0% to 8.5%. Pramlintide plus insulin was better than
placebo plus insulin for A1c (placebo-corrected change in A1c -0.43, P<0.0009) and weight
(placebo-corrected change in weight -2.0 kg, P<0.0003).
Applicability to general populations with type 2 diabetes
No included trial evaluated the effects of pramlintide in patients whose type 2 diabetes was
inadequately managed on combination prandial and basal insulin therapy with or without oral
agents. Two studies evaluated pramlintide in patients using fixed-dose insulin. One trial used
flexible dosing for insulin glargine only. Hence, results have limited applicability to the broader
population using more commonly prescribed insulin regimens.
FDA-approved dosage of pramlintide for type 2 diabetes includes initial therapy of 60
mcg/meal and maintenance therapy of 120 mcg/meal. Only 2 trials examined the 120 mcg
dosage.16, 18 The third included trial was a dose-ranging study that did not use a 120 mcg dose but
did include a 75 mcg dose which may be used in clinical practice.17
Overall, patients included in these 3 trials represent a highly selected population: mainly
white, middle-aged men and women with mean baseline A1c between 8.5% and 9.3% and
diabetes of 11-13 years’ duration. None of the patients had significant pulmonary,
cardiovascular, renal, neurologic, or hematologic diseases or problems with gastrointestinal
motility. The study populations probably included highly motivated subjects who desired to
achieve optimal glycemic control through the additional 2-4 injections added to their usual
regimens of insulin and oral hypoglycemic agent over 16-52 weeks of participation in a trial.
Study setting also was not reported in any of the included trials; subjects likely were evaluated in
outpatient clinics.
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Table 9. Summary evidence table
Type 1 diabetes
Type 1 Diabetes

Quality of evidence

Key Question 1. For children and
adults with type 1 diabetes, does
pramlintide differ in efficacy,
effectiveness, and in harms for
achieving glycemic control when
added to prandial insulin compared
to conventional insulin therapy?

Conclusion

Evidence in children is lacking.

-Data are insufficient to determine longterm effectiveness of pramlintide.
Effectiveness

No available data

-No studies assessed long-term health
outcomes and none were > 52 weeks in
duration.
Pramlintide with titratable insulin
-Evidence on FPG and time to treatment
failure is lacking.

Pramlintide with titratable
insulin (flexible schedule)
-Fair, 2 RCTs

-One trial showed no significant differences
in A1c lowering between those receiving
pramlintide+insulin and placebo+insulin (in
a setting where insulin was titrated to
achieve prespecified glycemic targets) at
the end of 29 weeks.
-In contrast, one trial showed a small
improvement in A1c by 0.27% (placebocorrected) with pramlintide + insulin
compared with placebo + insulin over 52
weeks.
-Two trials showed small reductions in total
daily insulin dose with those on
pramlintide+insulin than compared with
those on placebo+insulin (range: 3-12%
decrease compared with 0-1% increase).
Clinical significance is yet to be
determined.

Efficacy

Pramlintide with fixed or
stable doses of insulin
-Fair-Poor, 1 RCT (relevance:
Low)

-Pramlintide-treated subjects showed more
weight loss than insulin-treated subjects,
but this was not clinically significant (range:
-0.4 kg to -1.3 kg compared with +0.8 kg to
+1.2 kg) at 29 or 52 weeks.
Pramlintide with fixed or stable insulin
-Pramlintide produced small reductions in
A1c (placebo-corrected: 0.21% to 0.30%)
and weight (-1.3 kg) compared with a fixed
doses of placebo plus insulin over 52
weeks.

Harms

-Fair-Poor

For both groups:
-Studies beyond 52 weeks in duration
evaluating harms are lacking.
-More pramlintide-treated patients
withdrew due to adverse effects than
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Quality of evidence

Conclusion
insulin-treated patients (5-20% compared
with 2-8%).
-In general, adjunctive therapy with
pramlintide was associated with higher
rates of severe hypoglycemia during the
initial 4 weeks than insulin alone (event
rate: 0.46 to 3.78 compared with 0.42 to
1.04). In one trial where patients were
allowed to decrease prandial insulin by 3050%, rates of severe hypoglycemia were
still slightly higher for those on
pramlintide+insulin than compared with
those receiving placebo+insulin.
-There was significantly greater incidence
of nausea, vomiting, and anorexia
associated with pramlintide therapy than
insulin therapy. Two trials mentioned that
most of these events occurred within 4
weeks of therapy, however, no actual data
were available to verify the statement.
-No subgroup analyses were conducted on
age, sex, race, or total daily insulin usage.

Key Question 2. Are there
subgroups of patients for which
pramlintide is more or less suitable
than other hypoglycemic agents?

-Poor (post hoc analyses and
selective outcome reporting)

-One study showed patients with baseline
A1c <8% exhibited similar reductions in
A1c than the total population.
-One study showed the use of pramlintide
prevented weight gain in normal weight
populations (BMI < 23 kg/m2) and assisted
weight loss in overweight and obese
patients (BMI > 23 kg/m2).

Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; PPG, postprandial glucose; RCT, randomized
controlled trial.

Type 2 Diabetes
Type 2 Diabetes

Quality of evidence

Key Question 1. For children and
adults with type 2 diabetes, does
pramlintide differ in efficacy,
effectiveness, and in harms for
achieving glycemic control when
added to prandial insulin compared
to conventional insulin therapy?

Conclusions

No evidence in children.

-Data were insufficient to determine
long-term effectiveness of pramlintide.
Effectiveness

No available data

-No studies assessed long-term health
outcomes and none were > 52 weeks
in duration.
-Evidence on FPG and time to
treatment failure was lacking.

Efficacy

Diabetes

Pramlintide added to titratable
doses of insulin glargine with or
without oral agents

Added to titratable insulin glargine
with or without oral agents)
-Addition of pramlintide to a glargine-
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Quality of evidence
-Fair, 1 RCT

Conclusions
only regimen lowered A1c by 0.36%
(placebo-corrected values) more than
those receiving placebo+glargine over
16 weeks.
-Small weight loss was observed with
pramlintide, while minimal weight gain
was seen with glargine. The results
were not clinically significant (-1.6 kg
compared with +0.7 kg) over 16
weeks.

Added to fixed or stable doses of
insulin with or without oral agents
-Fair-Poor, 2 RCTs (relevance: Low)

-Patients in both treatment groups
required dose increases to their insulin
regiments. There was no significant
differences between the groups at the
end of 16 weeks (change from
baseline: +11.7 units compared with
+13.1 units).
Added to fixed or stable doses of
insulin with or without oral agents
- Pramlintide lowered A1c by 0.13%0.4% compared with placebo (placebocorrected) over 52 weeks.
-Pramlintide-treated patients had larger
weight loss than patients not on
pramlintide, but these results were not
clinically significant (-0.5 to -1.25 kg
compared with +0.6 kg) over 52
weeks.
-Studies beyond 52 weeks in duration
evaluating harms are lacking.
-There were no significant differences
in withdrawal rates between
pramlintide+insulin and
placebo+insulin treated patients.
-Both pramlintide+insulin and
placebo+insulin groups exhibited
similar rates of mild-moderate
hypoglycemia.

Harms

-Fair-Poor

-More pramlintide+insulin treated
patients had greater incidence of
severe hypoglycemic events during the
first 4 weeks of treatment than those
receiving placebo+insulin.
-Incidence of nausea was significantly
greater for pramlintide + insulin than
placebo+insulin treated patients. One
trial reported data that showed most
events occurring within 4 weeks of
therapy.
-Headache was reported at a slightly
higher rate in patients receiving
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Quality of evidence

Conclusions
pramlintide+insulin compared with
those receiving placebo+ insulin. It is
unknown whether these events were
associated with hypoglycemia.
-Neither vomiting nor anorexia was
reported.
-No subgroup analyses were
conducted on age, sex, race, or total
daily insulin usage.
- Black patients may have slightly
larger treatment effects with
pramlintide than White or Hispanic
patients.

Key Question 2. Are there
subgroups of patients for which
pramlintide is more or less suitable
than other hypoglycemic agents?

-Poor (post hoc analyses with
selective outcome reporting)

-The incidence of nausea had no
impact on observed weight loss with
pramlintide.
- Markedly obese subjects (BMI ≥35
kg/m2) had the largest reduction in
weight (2-3 kg) but only 1%-2%
achieved clinically significant weight
loss of ≥ 10% of body weight.

-Patients with higher baseline A1c
(>8.5%) had larger treatment effects
than patients with baseline A1c ≤8.5%.
Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; PPG, postprandial glucose; RCT, randomized
controlled trial.
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Exenatide
We identified 4 RCTs that compared exenatide with conventional insulin therapy, with both
groups receiving oral diabetes agents (Table 10 and Evidence Table 1-3).26-30 In addition we
identified 4 placebo-controlled trials (Table 11 and Evidence Table 1-3),31-34 5 single-arm openlabel extension studies of exenatide,35-39 one single-arm retrospective cohort study40 (Table 12
and Evidence Tables 1-4), and two relevant systematic reviews (Evidence Tables 5-6).41, 42 No
studies that met our inclusion criteria compared exenatide to oral diabetes agents used as either
monotherapy or combined therapy in adults. We found no studies of exenatide in children. The
literature search results are provided in Figure 2, and studies excluded upon review of the full
text are listed in Appendix D.
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Figure 2. Literature search results for exenatide
Citations identified through searches (Medline,
Cochrane, FDA, pharmaceutical dossiers [9], and peer
review [1]): 324

Citations excluded at the title/abstract-level: 281

Full-text articles retrieved for
more detailed evaluation: 43
Articles excluded at full-text level: 27
Wrong drug: 1
Wrong population: 1
Wrong publication: 10
Wrong study design: 15

Included studies: 16
Active-control trials: 4
Placebo-controlled trials: 4
Observational studies: 6 (5 open-label
extension studies)
Systematic reviews: 2

Systematic Reviews
Two systematic reviews of exenatide met our inclusion criteria.41,42 Amori and
colleagues41 published a high-quality review of published and unpublished English-language
studies of FDA-approved and unapproved DPP-4 inhibitors (sitagliptin and vildagliptin) and
GLP-1 analogs including exenatide. These reviewers derived the following pooled estimates of
change from baseline for exenatide compared with placebo (both groups combined with various
oral diabetes agents): A1c –1.01% (95% CI -1.18% to -0.84%), fasting plasma glucose -27
mg/dL (95% CI -34 to –20 mg/dL), and weight -1.44 kg (95% CI -2.13 to -0.75 kg). When
exenatide was compared with various insulin regimens, the following pooled estimates of change
from baseline for exenatide compared with insulin were noted: A1c -0.06% (95% CI -0.22% to
0.10%), fasting blood glucose 13 mg/dL (95% CI -16 to 41 mg/dL), and weight -4.8 kg (95% CI
-6.0 to -3.5 kg). Weight loss was dose-dependent and progressive, with no apparent plateau by
week 30. Severe hypoglycemia was rare (5/2781 patients who used exenatide) and occurred only
when combined with sulfonylurea use. The risk ratio for mild to moderate hypoglycemia with
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exenatide compared with placebo was 2.3 (95% CI 1.1 to 4.9). Dose-dependent nausea and
vomiting were the most frequently reported adverse events with exenatide (risk ratio nausea
compared with any other treatment 2.9 (95% CI 2.0 to 4.2). Withdrawal rates due to
gastrointestinal effects were higher with exenatide (4%) than with placebo.
The second review42 was poor quality (Score ≤ 4 using the Oxman and Guyatt criteria43)
(see Evidence Table 4) and so was not included in our review.
Summary of Evidence for Exenatide
Key Question 1 and 2. For children and adults with type 2 diabetes, does
exenatide differ in efficacy, effectiveness, and in harms for achieving glycemic
control when compared to other hypoglycemic agents as monotherapy or
combined therapy? or when added to other hypoglycemic agents compared to
conventional insulin therapy?
Are there subgroups of patients for which exenatide is more or less suitable than
other hypoglycemic agents?
Efficacy
• Active-control trials compared exenatide to insulin, with both groups receiving oral
diabetes agents, and demonstrated improved A1c in both treatment groups (range change
in A1c exenatide 10 mcg twice daily -1.0% to -1.4%; range insulin -0.9% to -1.4%), with
no significant differences between treatments.27, 28 The substitution of exenatide for
insulin did not improve A1c in either group.26
•

A1c improved more with exenatide than with placebo, both added to various oral agents:
between-group difference (exenatide minus placebo): 5 mcg twice daily: -0.6% (95% CI 0.8 to -0.4%); 10 mcg twice daily -1.0% (95% CI, -1.2 to -0.8%)

•

Active-control studies demonstrated significant weight loss in exenatide groups
compared to weight gain with insulin (between-group difference 4.0 to 5.5 kg). Weight
decreased progressively with exenatide combined with oral agents, compared with
placebo, but weight change was small (pooled between group difference exenatide 5 mcg
twice daily, -0.51 kg, 95% CI -0.89 to -0.13; exenatide 10 mcg twice daily, –1.25 kg,
95% CI –1.90 to –0.61).

•

No study examined children or adolescents with type 2 diabetes.

Effectiveness
• Quality of life was examined in only one study. No significant differences were seen
between exenatide dosed twice a day and insulin glargine, despite higher rates of
gastrointestinal adverse effects with exenatide.
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Adverse effects
• Total withdrawals were less with exenatide 5 mcg twice daily than with placebo (relative
risk 0.67, 95% CI 0.53 – 0.85); there was no significant difference between placebo and
exenatide 10 mcg twice daily.
•

Withdrawal rates due to adverse events were higher with exenatide 10 mcg twice a day
than with placebo; there were no differences between treatment groups at the 5 mcg twice
daily dosing.

•

The incidence of hypoglycemia was elevated with exenatide 5 and 10 mcg twice a day
compared with placebo but was significant only for the higher dosage (relative risk 2.44,
95% CI 1.09 to 5.49). Rates of hypoglycemia were greatest in subjects taking a
sulfonylurea and exenatide compared with placebo plus exenatide. Rates of
hypoglycemia were similar between insulin-treated and exenatide groups.

•

Nausea and vomiting were the most frequent adverse events among exenatide-treated
patients, and rates of these symptoms were significantly higher in the exenatide group
than the insulin or placebo groups. Nausea declined after the first 8 weeks of therapy

•

There was no evidence of cardiovascular, pulmonary, hepatic, or renal adverse effects
across studies, and rates of serious events were similar between treatment groups.

Subgroups
•

In one pooled analysis, exenatide was equally efficacious in reducing A1c in patients
over and under 65 years of age, and rates of hypoglycemia were similar between these
two age groups. There were no other data on subgroups defined by demographic or other
characteristics.

Detailed Assessment of Exenatide
Key Question 1 and 2. For children and adults with type 2 diabetes, does
exenatide differ in efficacy, effectiveness, and in harms for achieving glycemic
control when compared to other hypoglycemic agents as monotherapy or
combined therapy? Or when added to other hypoglycemic agents compared to
conventional insulin therapy?
Active-control trials
Four open label studies compared exenatide 10 mcg twice a day to insulin therapy (various
regimens). All studies used concurrent sulfonylurea and/or metformin in addition to the study
treatment regimes (Table 10, Evidence Tables 1-3). Three of these trials were fair-quality
noninferiority studies,27, 28, 30 and one was a fair-to-poor-quality exploratory substitution study.26
The outcomes in these four trials were too heterogeneous to estimate meaningful pooled effect
sizes.
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Table 10. Characteristics of exenatide active-controlled trials in adults with type 2
diabetes
a

Author, year
Country
Quality
Barnett 2007
Fair

Davis, 2007
Fair-poor

Heine, 2005
Boye, 2006
Fair

Sample
size (N)
Followup
(weeks)
138
16

51
16

551
26

Age (years) (SD)
a
% Male
a
% White
a
% Hispanic
Diabetes duration
a
(years)
54.4-55.3 (1.1-1.2)
45.7 – 48.5
NR
6.6-8.3 (0.6-0.7)

Baseline
a
A1c (%) (SD)
a
Weight (kg)
a
BMI (kg/m2)
8.89 (0.13)
84.0-85.6(2.0)
30.9-31.3 (0.5)

52-54 (8)
56-50
NR
NR
10-12 (6-7)

8.0-8.3 (0.9-1.2)
95-102 (17-19)
33-35 (4)

58-59.8 (8.8-9.5)
55-56.6
79.8-80.5
15-15.6
9.2-9.9 (5.7-6.0)

8.2-8.3( 1.0)
87.5-88.3 (16.9 17.9)
31.3-31.4 (4.4 4.6)

Intervention
Exenatide 10 ug
BID
Insulin glargine

Combination
therapy
Both groups
continued prior
MET or SU

Exenatide: 10
mcg BID
Insulin: various

Both groups
received MET
+/- SU or SU

Exenatide: 10
mcg BID
Insulin glargine

Both groups
received
maximum
MET and SU

58-59 (9)
8.6 (1.0-1.1)
Exenatide: 10
49-53
Both groups
505
83.4-85.5 (15.6mcg BID
NR
received MET
52
15.7)
Biphasic insulin
and SU
NR
30.4 (4.1)
aspart
9.8-10.0 (6.2-6.3)
a
Data presented are the range across treatment groups for mean and standard deviation.
Abbreviations: BID, twice daily; MET, metformin; NR, not reported; SD, standard deviation; SU, sulfonylurea.
Nauck, 2007
Fair
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Efficacy and effectiveness
Heine and colleagues27 compared once-daily glargine to exenatide twice daily over 26 weeks of
follow-up in a noninferiority study, with both groups receiving metformin and a sulfonylurea.
Reductions in A1c were 1.11% in both groups (between-group difference 0.017%, 95% CI 0.123 to 0.157%). Fasting plasma glucose decreased in both treatment groups, with a greater
reduction with insulin glargine (change in the insulin glargine group - 51.5 md/dL and in the
exenatide group -25.7 md/dL; between-group P<0.001). Weight increased in the insulin glargine
group throughout the trial, with progressive reduction in the exenatide group (weight change -2.3
kg with exenatide, +1.8 kg with insulin glargine; between-group difference -4.1 kg, 95% CI -4.6
to -3.5 kg).
Quality of life was assessed in this trial.27, 29 A per protocol analysis of 455 of 549
original trial patients revealed no significant differences between the two treatments for measures
of symptoms, quality of life, vitality, and treatment satisfaction. These similar outcomes occurred
despite an additional injection daily and gastrointestinal adverse events with exenatide.
Another noninferiority study 30 also compared exenatide 10mcg twice daily to insulin
glargine, with both groups continuing pre-study single oral agents. Change in A1c at 16 weeks
was identical in the two treatment arms (-1.36%, SE 0.09%, within group P<0.001). Both
exenatide and insulin glargine reduced A1c by a similar amount in patients with baseline A1c ≥
9% (approximate change -1.8%) and < 9% (change -0.9%).30
A third non-inferiority study28 compared exenatide twice daily with biphasic insulin
aspart in patients poorly controlled on sulfonylurea and metformin. The change in A1c was
similar between groups (change with exenatide -1.04%, change with insulin aspart -0.89%;
between group difference -0.15%, 95% CI -0.32 to 0.01%). Exenatide patients lost weight while
insulin-treated patients gained weight (between-group difference -5.4 kg, 95% CI -5.9 to -5.0
kg). Fasting serum glucose decreased in both groups (insulin aspart -1.7 mmol/L; exenatide -1.8
mmol/L).
The fourth active-control trial26 examined persons with type 2 diabetes who were already
using insulin and sulfonylurea and/or metformin. In this small (N=51), exploratory RCT,
exenatide 5 and then 10 mcg twice daily was substituted for insulin, while oral agents were
continued. Specific glycemic goals were not set. A1c did not change significantly in either group
(P>0.05) and there was no significant between-group difference in A1c at 12-week follow-up.
Exenatide patients noted a decrease in weight (mean weight change -4.2 kg, SD 3.0 kg,
P<0.001), in contrast to the insulin group (mean weight change +0.5 kg, SD 1.7, P<0.001). This
study was rated fair-poor quality because of its high and differential withdrawal rate and lack of
reporting methods for randomization and allocation.
Adverse effects
Total withdrawals in the exenatide group ranged from 12.0% to 21.3% and in the comparison
group from 0% to10.1% in the four active-controlled trials. 26-28, 30 Withdrawals due to adverse
events for the exenatide group ranged from 8% to 15% and were less than 1% in the comparison
groups. Nausea and vomiting were the most frequent adverse events among exenatide-treated
subjects, and rates of these symptoms were significantly higher in the exenatide group than in
groups using insulin glargine27, 30 or other insulin routines,26,28 with rates of nausea ranging from
33% to 57% in the exenatide groups compared with <1 to 9% with the comparison group
receiving insulin.
Overall hypoglycemia rates were similar between groups treated with insulin and with
exenatide. 27, 28, 30 Hypoglycemia was particularly common when exenatide (39%) or insulin
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(38%) was combined with sulfonylurea and/or metformin;26 79% of hypoglycemia cases were
associated with sulfonylurea. In a study comparing exenatide and titrated insulin glargine,30 the
overall rate of hypoglycemia with exenatide (14.7%) was not statistically different than that with
insulin glargine (25.2%). In subgroup analysis of this study, however, the rate of hypoglycemia
in patients who received metformin and exenatide was 2.6% as compared with 17.4% in those
receiving insulin glargine (P=0.010), whereas the rates of hypoglycemia in patients taking
sulfonylureas was similar with exenatide (30.0%) and insulin glargine (34.5%).
Placebo-controlled trials
We identified 4 large, multicenter, fair-quality placebo-controlled trials31-34 of exenatide as
combination therapy (Table 11, Evidence Tables 1-3). Overall, study subjects were fairly
homogeneous. Subjects were similar in age (mean 53 to 57 years) and sex (52 to 60% male) with
some variation in race and ethnicity. Mean baseline A1c ranged from 7.9% to 8.6% and mean
duration of diabetes from 4.9 to 9.4 years.
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Table 11. Characteristics of exenatide placebo-controlled trials in adults with type
2 diabetes
a

Author, year
Country
Quality
Buse, 2004
101 sites in
US
Fair

Sample
size (N)
Followup
(weeks)
377
30

Age (years) (SD)
a
% Male
a
% White
a
% Hispanic
Duration of diabetes
a
(years)
55 (10-11)
57-63
59.7-66.7
18.4-21.7
5.7-6.6 (4.7-6.6)
52-54 (9-11)
51.8-60.2
72.6-79.6
7.3-10.6
4.9-6.6 (4.7-6.1)
55-56 (9-10)
55.9-59.3
66.4-69.0
15.8-16.6
8.7-9.4 (5.9-6.4)

Baseline
a
A1c (%) (SD)
a
Weight (kg)
2 a
BMI (kg/m )
8.5-8.7 (1.1-1.2)
95-99(18-22)
33-34 (5-6)

Intervention
5, 10 mcg BID

DeFronzo,
8.2-8.3 (1.0-1.1)
2005
100-101(19-22)
336
5, 10 mcg BID
82 sites in
34 (6)
30
US
Fair
Kendall,
2005
8.5 (1.0-1.1)
733
91 sites in
97-99(19-21)
5, 10 mcg BID
30
US
33-34 (5-6)
Fair
Zinman,
55.6-56.6 (10.2-10.8)
2007
7.9 (SE 0.1)
53.7-57.1
96.9-97.5(18.849 sites in
233
82.1-85.1
10 mcg BID
Canada,
16
19.0)
NR
34 (5)
Spain, US
7.3-8.2 (4.9-5.8)
Fair
a
Data presented are the range across treatment groups for mean and standard deviation.
Abbreviations: BID, twice daily; MET, metformin; SU, sulfonylurea; TZD, thiazolidinedione.
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Efficacy and effectiveness
Three very similar studies with overlapping authors compared exenatide to placebo, with both
treatment groups taking oral hypoglycemic agents.31-33 Kendall and colleagues33 randomized
patients to exenatide 5 mcg or 10 mcg or placebo twice daily over 30 weeks. Patients continued
their pre-study metformin and a sulfonylurea. A1c decreased in the exenatide arms and steadily
increased with placebo (placebo-adjusted change in A1c for exenatide 5 mcg, -0.8%; 10 mcg, 1.0%; P<0.001 for both treatment groups versus placebo). Weight decreased progressively in
both exenatide arms, more so than in the placebo arm (weight change -1.6 kg, SE 0.2 kg in both
exenatide groups; -0.9 kg, SE 0.2 kg with placebo).
In a similarly designed study Buse and colleagues31 compared exenatide to placebo in
patients taking a sulfonylurea. A1c improved in both treatment groups (A1c change with
exenatide 5 mcg, -0.46%; 10 mcg, -0.86%) while increasing slightly in the placebo group
(between-group P≤ 0.0002). Weight decreased more in the exenatide groups (weight change -1.6
kg, SE 0.3) than in the placebo group (weight change -0.6 kg, SE 0.3 kg). DeFronzo and
colleagues32 performed a similar study except that all subjects were taking metformin. The
researchers noted very similar improvements in A1c with exenatide 10 mcg (A1c change 0.78%, SE 0.1%) compared with placebo (A1c change 0.08%, SE 0.10%) and also a similar
decrease in weight with exenatide.
In a fourth placebo-controlled trial, subjects who were inadequately controlled with a
thiazolidinedione (with or without metformin), were randomized to exenatide 10 mcg twice daily
or placebo.34 Exenatide improved A1c (mean between-group difference -0.98, 95% CI -1.21 to 0.74%) and fasting glucose (mean between-group difference -30.5 mg/dL, 95% CI -40.0 to -21.1
md/dL). Exenatide reduced weight but placebo did not (between-group difference -1.51 kg, 95%
CI -2.15 to -0.88).
In several placebo-controlled trials of exenatide combined with oral agents, patients with
a baseline A1c more than 9.0% achieved greater reductions in A1c than subjects with baseline
less than 9.0%.31, 33, 36 Weight reductions were greater in persons who had higher body mass
index at baseline.35, 38
These studies were sufficiently homogeneous to obtain pooled estimates of effect (Table
12, Figures 3 and 4) When compared with placebo, exenatide 5 mcg twice daily produced a
significant decrease in A1c (pooled effect –0.59, 95% CI –0.79 to –0.40, P<0.00001, Figure
3).31-33 A larger improvement in A1c was noted with exenatide 10 mcg twice daily (pooled effect
versus placebo –0.97, 95% CI –1.16 to –0.79, P<0.00001).31-33 Significant improvements were
also noted in fasting plasma glucose with exenatide 10 mcg twice daily compared with placebo
(pooled effect –1.50 mmol/L, 95% CI –1.85 to –1.15, P <0.00001, Table 12, Appendix B).31-33
Available data were insufficient to conduct meta-analyses on postprandial glucose.
When compared with placebo, exenatide produced a significant decrease in weight
(pooled effect exenatide 5 mcg twice daily, -0.51 kg, 95% CI -0.89 to -0.13, P=0.009; exenatide
10 mcg twice daily, –1.25 kg, 95% CI –1.90 to –0.61, P=0.0001).31-34 Statistical tests for
heterogeneity were not significant (P>0.05) for all glycemic control and weight outcomes.
Adverse effects
Based on pooled estimates across the four placebo-controlled trials, total withdrawals were less
with exenatide 5 mcg twice daily than with placebo (relative risk 0.67, 95% CI 0.53 to 0.85);
there was no significant difference between placebo and exenatide 10 mcg twice daily.
Withdrawals due to adverse effects were greater with exenatide 10 mcg twice daily than with
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placebo, however, with no significant difference between exenatide 5 mcg twice daily and
placebo (See Table 12).
There was no evidence of cardiovascular, pulmonary, hepatic, or renal adverse effects
across studies, and rates of serious events were similar between treatment groups. One study
reported one subject who withdrew from the exenatide group because of chest pain and a second
subject because of an injection site reaction.34 Two additional treatment-group patients in this
study had serious adverse events (chest pain and allergic alveolitis) which did not necessitate
study withdrawal.
Nausea, vomiting, and diarrhea were significantly more frequent with treatment at both
dosages than in the placebo group (Table 12). Nausea declined after 8 weeks of treatment,
although the statistical significance of the trend was not reported.31-34There was no correlation
between change in body weight and duration32, 33 or severity35 of nausea. When the incidence of
nausea remained stable, body weight continued to decrease.39
The incidence of hypoglycemia was elevated in both dosage groups but was significant
only for the higher dosage (relative risk 2.44, 95% CI 1.09 to 5.49). Hypoglycemia and nausea
were much more common in the exenatide groups in a study by Buse and colleagues,31 where all
subjects received a sulfonylurea, than in the other three placebo-controlled studies. Rates were
particularly high with 10 mcg twice daily dosing. These high rates lead to heterogeneity of the
data across studies. Excluding this study from the pooled effect still produced statistically a
significant increase in hypoglycemia (RR 1.88, 95% CI 1.29 to 2.75) and nausea (RR 2.28, 95%
CI 1.86 to 2.80), but with statistically homogeneous data (chi-square for heterogeneity P<0.05)
(Table 12). In this trial which reported higher rates of nausea and hypoglycemia 31, no episodes
of severe hypoglycemia (requiring third party assistance) were noted. Rates of mild-to-moderate
hypoglycemia were reported in 36% of subjects who received exenatide 10 mcg twice daily,
14% with 5 mcg twice daily, and 3% with placebo. All subjects were taking a sulfonylurea
titrated to maximum effect dosage during the lead-in period and dosages were reduced if
hypoglycemia occurred. High rates of hypoglycemia were also noted in a placebo-controlled trial
where all subjects received metformin plus a sulfonylurea.33 The risk of hypoglycemia was not
increased compared with placebo when all subjects received a thiazolidinedione34 or metformin.
32

None of these studies included in this report noted cases of acute pancreatitis, however,
from the date of the drug’s approval through December 2006, the FDA received 30 domestic
reports of acute pancreatitis in patients who received exenatide.44 Median age of patients was 60
years and daily doses ranged from 10-20 mcg. The median time to onset of the symptoms was 34
days (range 4 to 300 days). Median amylase value was 384 IU/L and median lipase value 545
IU/L. Seventy percent of patients required hospitalization. A majority of affected patients (90%)
had other risk factors for pancreatitis, including alcohol use or hypertriglyceridemia.
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Table 12. Placebo-control trials of exenatide: Meta-analysis

Outcome

Exenatide
dosage

10 mcg
BID

Adverse events

Withdrawals

5 mcg
BID

10 mcg
BID

5 mcg
BID
10 mcg
BID

Pooled analysis
Outcome

Studies included
Buse (2004), DeFronzo
(2005), Kendall (2005),
Zinman (2007)
Buse (2004), DeFronzo
(2005), Kendall (2005),
Zinman (2007)
Buse (2004), DeFronzo
(2005), Kendall (2005),
Zinman (2007)

Heterogeneity
2

Measure

Units

Estimate

95% CI

P value

I

Q

p(Q)

WMD

%

-0.97

(-1.16; -0.79)

<0.001

0%

0.08

0.994

WMD

kg

-1.25

(-1.90; -0.61)

<0.001

53%

6.41

0.093

WMD

mmol/L

-1.50

(-1.85; -1.15)

<0.001

0%

1.33

0.722

A1c

4

Weight

4

FPG

4

A1c

3

Buse (2004), DeFronzo
(2005), Kendall (2005)

WMD

%

-0.59

(-0.79; -0.40)

<0.001

0%

1.15

0.563

Weight

3

Buse (2004), DeFronzo
(2005), Kendall (2005)

WMD

kg

-0.51

(-0.89; -0.13)

0.009

10%

2.21

0.331

FPG

1

Kendall (2005)

WMD

mmol/L

-1.30

(-1.98; -0.62)

<0.001

NA

NA

NA

RR

0.95

(0.63; 1.44)

0.812

74%

11.3

0.010

RR

3.40

(1.72; 6.73)

<0.001

31%

4.37

0.224

Buse (2004), DeFronzo
(2005), Kendall (2005),
Zinman (2007)
Buse (2004), DeFronzo
(2005), Kendall (2005),
Zinman (2007)

Total

4

Due to AE

4

Total

3

Buse (2004), DeFronzo
(2005), Kendall (2005)

RR

0.67

(0.53; 0.85)

0.001

0%

1.12

0.571

Due to AE

3

Buse (2004), DeFronzo
(2005), Kendall (2005)

RR

1.64

(0.89; 3.04)

0.113

0%

1.35

0.509

Hypoglycemia, any

4

Buse (2004), DeFronzo
(2005), Kendall (2005),
Zinman (2007)

RR

2.44

(1.09; 5.49)

0.031

78%

13.6

0.004

3

Excluding Buse (2004)

RR

1.88

(1.29; 2.75)

0.001

9%

2.19

0.334

4

Buse (2004), DeFronzo
(2005), Kendall (2005),
Zinman (2007)

RR

2.82

(1.86; 4.27)

<0.001

75%

11.8

0.008

3

Excluding Buse (2004)

RR

2.28

(1.86; 2.80)

<0.001

0%

0.91

0.635

4

Buse (2004), DeFronzo
(2005), Kendall (2005),
Zinman (2007)

RR

3.77

(2.30; 6.18)

<0.001

0%

2.71

0.439

Nausea

Vomiting
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Pooled analysis
Outcome

N

Studies included

Measure

Diarrhea

4

Buse (2004), DeFronzo
(2005), Kendall (2005),
Zinman (2007)

Upper
respiratory
tract
infection

2

Headache
Hypoglycemia, any

Estimate

95% CI

P value

I

Q

p(Q)

RR

2.35

(1.60; 3.48)

<0.001

0%

0.47

0.925

DeFronzo (2005),
Kendall (2005)

RR

0.90

(0.64; 1.26)

0.542

NA

0

1.000

3

Buse (2004), Kendall
(2005), Zinman (2007)

RR

1.37

(0.84; 2.26)

0.211

0%

0.2

0.905

3

Buse (2004), DeFronzo
(2005), Kendall (2005)

RR

1.77

(0.83; 3.76)

0.139

58%

4.79

0.091

2

Excluding Buse (2004)

RR

1.43

(0.97; 2.12)

0.075

NA

0.85

0.356

3

Buse (2004), DeFronzo
(2005), Kendall (2005)

RR

2.35

(1.35; 4.09)

0.003

80%

10.1

0.006

2

Excluding Buse (2004)

RR

1.79

(1.41; 2.27)

<0.001

NA

0.5

0.481

Vomiting

3

Buse (2004), DeFronzo
(2005), Kendall (2005)

RR

3.35

(2.01; 5.58)

<0.001

0%

0.09

0.956

Diarrhea

3

Buse (2004), DeFronzo
(2005), Kendall (2005)

RR

1.72

(1.12; 2.66)

0.014

0%

1.08

0.583

Upper
respiratory
tract
infection

2

DeFronzo (2005),
Kendall (2005)

RR

0.82

(0.39; 1.76)

0.616

NA

3.38

0.066

Headache

2

Buse (2004), Kendall
(2005)

RR

1.88

(1.11; 3.19)

0.018

NA

0.86

0.354

Nausea
5 mcg
BID

Heterogeneity
2

Units

Abbreviations: AE, adverse event; BID, twice daily; CI, confidence interval; FPG, fasting plasma glucose; RR, relative risk; WMD, weighted mean
difference.

Diabetes

Page 46 of 99

Final Report

Drug Effectiveness Review Project

Figure 3. Change in A1c in placebo-controlled studies of exenatide
Comparison:
Outcome:
Study
or sub-category

A1c (%)
Difference from control
Exenatide
N

Control
N

10 mcg BID
129
123
Buse 2004
113
113
DeFronzo 2005
247
241
Kendall 2005
121
112
Zinman 2007
610
589
Subtotal (95% CI)
2
2
Test for heterogeneity: Chi = 0.08, df = 3 (P = 0.99), I = 0%
Test for overall effect: Z = 10.20 (P < 0.00001)
5 mcg BID
125
123
Buse 2004
110
113
DeFronzo 2005
245
241
Kendall 2005
480
477
Subtotal (95% CI)
2
2
Test for heterogeneity: Chi = 1.15, df = 2 (P = 0.56), I = 0%
Test for overall effect: Z = 5.96 (P < 0.00001)

-0.98
-0.90
-1.00
-0.98

Difference (random)
95% CI

Difference (random)
95% CI

Difference (SE)

(0.27)
(0.29)
(0.27)
(0.12)

-0.98
-0.90
-1.00
-0.98
-0.97

[-1.52,
[-1.46,
[-1.52,
[-1.21,
[-1.16,

-0.44]
-0.34]
-0.48]
-0.75]
-0.79]

-0.58 (0.16)
-0.50 (0.16)
-0.78 (0.21)

-0.58
-0.50
-0.78
-0.59

[-0.90,
[-0.81,
[-1.19,
[-0.79,

-0.26]
-0.19]
-0.37]
-0.40]

-4

-2

Favors Exenatide

0

2

4

Favors Control

Abbreviation: BID, twice daily.
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Figure 4. Weight change in placebo-control exenatide studies
Comparison:
Outcome:
Study
or sub-category

Weight loss (kg)
Difference from control
Exenatide
N

Control
N

10 mcg BID
129
123
Buse 2004
113
113
DeFronzo 2005
247
241
Kendall 2005
121
112
Zinman 2007
610
589
Subtotal (95% CI)
2
2
Test for heterogeneity: Chi = 6.41, df = 3 (P = 0.09), I = 53.2%
Test for overall effect: Z = 3.84 (P = 0.0001)
5 mcg BID
125
123
Buse 2004
110
113
DeFronzo 2005
245
241
Kendall 2005
480
477
Subtotal (95% CI)
2
2
Test for heterogeneity: Chi = 2.21, df = 2 (P = 0.33), I = 9.5%
Test for overall effect: Z = 2.60 (P = 0.009)

Difference (random)
95% CI

Difference (SE)

Difference (random)
95% CI

(0.61)
(0.80)
(0.30)
(0.32)

-1.00
-2.50
-0.70
-1.51
-1.25

[-2.19,
[-4.07,
[-1.29,
[-2.14,
[-1.90,

0.19]
-0.93]
-0.11]
-0.88]
-0.61]

-0.30 (0.23)
-1.30 (0.79)
-0.70 (0.30)

-0.30
-1.30
-0.70
-0.51

[-0.76,
[-2.84,
[-1.29,
[-0.89,

0.16]
0.24]
-0.11]
-0.13]

-1.00
-2.50
-0.70
-1.51

-4

-2

Favors Exenatide

0

2

4

Favors Control

Abbreviation: BID, twice daily.
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Cohort studies
We examined adverse events in cohort studies of exenatide and identified six single-arm openlabel extension studies35-39, 45and one single-arm retrospective cohort40 study (Table 13). All of
the open label extension studies assessed exenatide 10 mcg twice daily. In these studies,
investigators included only subjects who had previously completed a prior study and several
studies35, 38, 39 excluded patients who had received placebo.
An open-label extension study of three of the placebo-controlled primary trials31-33
included in this report was published in multiple publications with overlapping or identical
populations.35, 36, 38, 39, 45 These publications represented a pooled synthesis of patients continuing
in an open-label extension beyond the original 30-week trial comparing exenatide 5 mcg or 10
mcg twice daily to placebo. Subjects from both the placebo and treatment groups were invited to
continue on 10 mcg twice daily along with their existing metformin and/or sulfonylurea
regimens for a 2-year36 and then 3-year45 period. Mild-to-moderate nausea was the most
frequently reported adverse event, and 3% of subjects withdrew over the extension period (30
weeks to 2 years) because of nausea. Eight percent of subjects continued to complain of nausea
after 2-years of follow-up. Hypoglycemia (of any severity) occurred at a rate of 1 case in 1010
person-years of exenatide treatment. There were no cardiovascular, pulmonary, hepatic, or renal
effects attributed to treatment.
Adverse events in subjects completing 3-year follow-up of the open label extension of
these three placebo-controlled trials45 included mild-to-moderate nausea (59%) (5% of subjects
withdrew due to nausea over the 3 years), and hypoglycemia (40%) with 2 of 527 subjects
withdrawing because of hypoglycemia. Weight progressively decreased over the follow-up
period (change from baseline -5.3kg, SE 0.4). A1c reductions seen at 12 weeks were sustained at
3 years (A1c change -1.0%, SE 0.1%). This study population was a select group: only
approximately half (46%) of subjects originally enrolled in the three primary trials enrolled in the
open-label extension. Of subjects enrolled, only 54% completed the 2-year follow-up and 41%
the 3-year follow-up.
An unrelated open-label, extension study37 (“Study B”) of a 28-day trial reported that
nausea and vomiting were the most common adverse effects with exenatide 10 mcg twice daily
for 26 weeks, but incidence rates were not reported. Approximately ¾ of subjects also received
metformin; the other ¼ received diet and exercise only. A retrospective chart review40 of 200
patients who had used exenatide noted that 13% discontinued treatment due to side effects,
including nausea (8%), urticaria (2%), and hypoglycemia (0.5%).

Key Question 3. Are there subgroups of patients for which exenatide is more or
less suitable than other hypoglycemic agents?
Only one publication examined subgroups based on demographic characteristics. A pooled
analysis36 of three placebo-controlled trials reported that reductions in A1c were not related to
age and that hypoglycemia was not more frequent in subjects ≥ 65 years of age. No primary
study examined the efficacy or effectiveness of exenatide in subgroups defined by age or other
characteristics.
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Applicability of efficacy, effectiveness, and safety data to general diabetes
populations
The studies identified for this review are rather homogeneous, relatively small, and may be rather
selected, thus applicability to broader diabetes populations may be limited. Study subjects were
homogeneous across studies for age, sex, and baseline A1c in both the In the placebo- and
active-controlled trials. Significant comorbidities were excluded in the three placebo-controlled
studies reporting that characteristic31-33 and comorbidities were not mentioned in three of the four
active-controlled trials.26, 28, 30
Most studies reported only the number of subjects randomized, and randomization occurred in all
placebo-controlled trials after a run-in of injected placebo. In other words, the number of
potential study subjects who did not tolerate twice daily injections and who were therefore not
included in the study was usually not reported. Open label extension studies were of highly
selected populations who completed the primary study and who volunteered to continue (or start
if on placebo) exenatide.
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Table 13. Characteristics of exenatide observational studies in adults with type 2
diabetes
a

Author,
Year
Country
Blonde,
2006
US

Buse,
2007
US
King,
2006
US
Nelson,
2007
US

Ratner,
2006
US

Sample
size (N)
Follow-up
(weeks)

Age (years) (SD)
a
% Male
a
% White
a
% Hispanic
Diabetes duration
a
(years)

Baseline
a
A1c (%)
a
Weight (kg)
2 a
BMI (kg/m )

974
(551-ITT)
82

55(10)
61
74
12
7(6)

8.4(1.0)
98(20)
34(6)

974
(521-ITT)
104

55(10)
59
74
12
8(6)

8.4(1.1)
99(20)
34(6)

Intervention

Combination
therapy

Primary trial
citations

MET +/- SU

Buse, 2004
DeFronzo,
2005
Kendall, 2005

10 mcg BID

NR

Buse, 2004
DeFronzo,
2005
Kendall, 2005

NA

10 mcg BID

200
12

NR

NR

NR

None or
various(TZD,
SU, MET,
insulin)

127
30

52(11)
44
76
6
3.9(4.5)

7.5(0.7)
100(19)
35(6)

10 mcg BID

MET or
diet/exercise
(“Study B”)

NA

150
(92
completers)
82

54(10)
69
86
1
5(5)

8.1(1.0)
102(21)
34(6)

10 mcg BID

MET

DeFronzo,
2005

518
(222
completers)
82

57(10)
61
8.4(1.0)
Buse, 2004
99(21)
75
10 mcg BID
SU
Kendall, 2005
12
34(6)
8(6)
a
Data presented are mean (standard deviation).
Abbreviations: BID, twice daily; ITT, intention-to-treat population; MET, metformin; SU: sulfonylurea; TZD,
thiazolidinedione.

Riddle,
2006
US
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Table 14. Exenatide summary evidence table
Type 2 Diabetes

Quality of evidence

Key Question 1. For children and
adults with type 2 diabetes, does
exenatide differ in:

Placebo-controlled trials, both
groups receiving oral diabetes
agents
Glycemic control: Fair quality, 4
RCTs
Efficacy and effectiveness for
achieving glycemic control when
compared to other hypoglycemic
agents as monotherapy or
combined therapy?

Weight change: Fair quality, 4
RCTs

Health outcomes: No data

Efficacy and effectiveness for
achieving glycemic control when
added to other hypoglycemic
agents compared to conventional
insulin therapy?

Active-controlled trials, both
groups receiving oral diabetes
agents
Glycemic control: Fair quality, 3
RCTs
Weight change: Fair quality, 3
RCTs
Health outcomes: Poor quality, 1
RCT

Harms for achieving glycemic
control when compared to other
hypoglycemic agents as
monotherapy or combined
therapy?
Harms for achieving glycemic
control when added to other
hypoglycemic agents compared
to conventional insulin therapy?

Diabetes

Nausea: Good quality, 7 RCTs
Hypoglycemia: Good quality, 7
RCTs
Severe, long-term, or idiosyncratic
adverse events: Fair, most data
from less than 30-week follow-up.

Conclusion
No study examined children or adolescents
with type 2 diabetes.
No study examined exenatide as
monotherapy.
A1c improved more with exenatide than
with placebo, both added to various oral
agents: between-group difference
(exenatide minus placebo): 5 mcg BID: 0.6% (95% CI -0.8 to -0.4%); 10 mcg BID 1.0% (95% CI, -1.2 to -0.8%)
Weight decreased progressively with
exenatide combined with oral agents and
compared with placebo, but weight change
was small (pooled between group
difference: exenatide 5 mcg twice daily, 0.51 kg, 95% CI -0.89 to -0.13; exenatide
10 mcg twice daily, –1.25 kg, 95% CI –1.90
to –0.61).
No study examined health or quality-of-life
outcomes.
Exenatide was not compared with other
active drugs except insulin.
A1c improved in both treatment groups with
no significant differences between
treatments. The substitution of exenatide
for insulin did not improve A1c in either
group.
Exenatide produced significant weight loss
compared to weight gain with insulin
(difference 4-5.5 kg).
Quality of life was examined in only one
study, with no significant differences
between exenatide and insulin glargine
despite higher rates of gastrointestinal
adverse effects with exenatide.
Total withdrawal rates were higher with
exenatide than with insulin treatment or
placebo.
Withdrawal rates due to adverse events
were higher with exenatide 10 mcg BID
than with placebo; there was no difference
between treatment groups for 5 mcg BID.
Nausea and vomiting were the most
frequent adverse events and rates were
significantly higher in the exenatide group
than with insulin or with placebo. Nausea
persisted in 8% of subjects after 2 years (1
study).
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Quality of evidence

Conclusion
The incidence of hypoglycemia was
elevated with exenatide 5 and 10 mcg BID
compared with placebo (both groups
received oral agents), but was significant
only for the higher dosage. Hypoglycemia
rates were similar between insulin-treated
and exenatide groups.
There was no evidence of cardiovascular,
pulmonary, hepatic, or renal adverse effects
across studies, and rates of serious events
were similar between treatment groups.

Key Question 2. Are there
subgroups of patients for which
Poor quality, 1 subgroup analysis
exenatide is more or less suitable
than other hypoglycemic agents?
Abbreviations: BID, twice daily; RCT, randomized controlled trial.

Diabetes

One study showed exenatide improved A1c
to a similar degree in persons over and
under 65 years of age. There were no other
data on subgroups of interest.

Page 53 of 99

Final Report

Drug Effectiveness Review Project

Sitagliptin
We identified 166 citations by various methods of literature searching (Figure 5). Eleven
randomized controlled trials and 2 systematic reviews fulfilled inclusion criteria. No comparative
cohort or case-control studies were identified reporting either long-term benefits or adverse
events. In the FDA Medical and Statistical Reviews we identified 10 relevant trials, of which 7
were published in peer-reviewed journals. One of the trials46 identified from the FDA Reviews
was not included because it did not meet inclusion criteria; the 3 remaining trials (study #P10X1,
P014, and P014X1) could not be found in the medical literature. Details of included studies are
found in Table 15 with their quality assessment in Evidence Tables 1-6. Trials excluded upon
review of the full text are listed in Appendix D.

Figure 5. Literature search results for sitagliptin
Citations identified through searches (Medline,
Cochrane, FDA, pharmaceutical dossiers [3], and public
comment (1): 166

Citations excluded at the title/abstract-level: 147

Full-text articles retrieved for
more detailed evaluation: 19

Articles excluded at full-text level: 6
Wrong publication type: 4
Wrong study design: 2

Included studies: 13
Randomized trials: 11
Systematic reviews: 2
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Systematic Reviews
Amori and colleagues41 published a high-quality systematic review of FDA approved and
unapproved GLP-1 analogues (exenatide, linaclotide) and DPP-4 inhibitors (sitagliptin [8
studies] and vildagliptin [12 studies]). Sitagliptin and vildagliptin (examined together) lowered
A1c, fasting plasma glucose, and postprandial glucose when used as either monotherapy or addon therapy compared with placebo, with or without additional oral hypoglycemic agents. When
sitagliptin and vildagliptin were compared with other active oral hypoglycemic agents, the DPP4 inhibitors were slightly less effective in reducing A1c (pooled weighted mean difference in
A1c: 0.21%, 95% CI 0.02 to 0.39; I2= 66%). The results were pooled from 4 trials, 3 of which
evaluated vildagliptin and included patients with baseline A1c of 8.7%. Small increases in
weight were also observed with sitagliptin when compared with placebo. When compared with
glipizide or pioglitazone, sitagliptin had a more favorable weight profile. Metformin was the
only comparator medication that exhibited weight loss. Both DPP-4 inhibitors were generally
well tolerated; severe hypoglycemia was reported in only two patients receiving DPP-4 inhibitors
across the included studies. No differences in risk of mild-to-moderate hypoglycemia or
gastrointestinal adverse events were reported when sitagliptin and vildagliptin were compared to
placebo. Results for sitagliptin and vildagliptin were not examined individually; vildagliptin is
also not yet approved in the United States.
Barnett and colleagues42 reviewed the effects on weight of hypoglycemic agents,
including GLP-1 analogs and DPP-4 inhibitors. This systematic review was considered low
quality, as there was insufficient information about study selection criteria and individual study
quality assessment. Thus, the study did not meet our inclusion criteria and we did not further
evaluate its findings.
Summary of Evidence
Key Question 1 and 2. For children and adults with type 2 diabetes, does
sitagliptin differ in effectiveness, efficacy, and in harms for achieving glycemic
control when compared to other hypoglycemic agents as monotherapy,
combined therapy, or when compared to placebo? or when added to other
hypoglycemic agents as second-or third-line therapy?
Evidence in children
• Children and adolescents ≤ 18 years were not included in any of the published studies on
effectiveness, efficacy, or harms.
Evidence on long-term health outcomes and harms
• No studies provided data on benefits or harms for follow-up periods longer than 52
weeks.
Evidence on efficacy
• When compared with placebo, sitagliptin 100 mg/d monotherapy significantly lowered
A1c (pooled effect, between-group change -0.81%, 95% CI -0.94% to -0.67%) in patients
inadequately controlled on diet and exercise over 12-24 weeks.
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•

Though formal statistical analyses were not conducted for glipizide-or metformin
monotherapy compared with sitagliptin monotherapy, it appears that sitagliptin may be
comparable to glipizide and metformin 1 g/d in lowering A1c based on estimated
magnitude of difference between groups. Additional trials are needed to verify the
findings.

•

Overall, in patients inadequately managed on metformin, the addition of sitagliptin was
as effective as the addition of glipizide or rosiglitazone in lowering A1c at the end of 18
and 52 weeks. Patients receiving glipizide or rosiglitazone gained weight compared with
patients on sitagliptin who lost weight during the course of the trial.

•

In patients inadequately managed on 2 oral hypoglycemic agents, the addition of
sitagliptin lowered A1c by about 0.6% compared with an increase in A1c of 0.3% with
placebo plus 2 oral hypoglycemic agents over 24 weeks.

•

Using the initial combination of sitagliptin and metformin 1-2 g/d lowered A1c by about
1.4% to 1.9% from baseline compared with sitagliptin (-0.66%) or metformin 1-2 g/d (0.82 to -1.13%) monotherapy in patients inadequately controlled on diet and exercise
over 24 weeks.

•

Sitagliptin’s effects on fasting plasma glucose and postprandial glucose were moderate
compared with placebo whether used as monotherapy (pooled estimates of fasting plasma
glucose -24.4 mg/dL, 95% CI-1.6 to -1.1 mg/dL; postprandial glucose -54.5 mg/dL, 95%
CI -3.6 to -2.4 mg/dL) or as adjunctive therapy (range of between-group difference for
fasting plasma glucose -18 to -35 mg/dL; postprandial glucose -35 to -50 mg/dL).

Harms
• Weight generally decreased for both sitagliptin-treated and placebo-treated patients (range for
change in weight from baseline: sitagliptin -0.1 to -0.6 kg vs. placebo -0.7 to -1.1 kg);
however, subjects randomized to sitagliptin lost less weight than compared with placebo.
Adjunctive therapy with sitagliptin also did not negatively affect weight, particularly in
persons taking metformin; however, small increases in weight were seen when sitagliptin
was added to sulfonylureas, pioglitazone, or rosiglitazone.
•

Overall, sitagliptin appeared to be well-tolerated. There were 20 reports of severe
hypoglycemia in 2 of 9 trials, mostly in patients taking glipizide (90%). The rates for
total withdrawal were slightly lower with sitagliptin than compared with placebo (pooled
RR 0.69, 95% CI 0.55-0.88) and withdrawal due to adverse events were not significantly
different between the treatment groups (pooled RR 0.76, 95% CI 0.33-1.73).

•

The more commonly reported adverse events across treatment groups were
hypoglycemia, nausea, vomiting, diarrhea, and abdominal pain.
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Detailed Assessment
Key Question 1 and 2. For children and adults with type 2 diabetes, does
sitagliptin differ in efficacy, effectiveness, and in harms for achieving glycemic
control when compared to placebo, when compared to other hypoglycemic
agents as monotherapy or combined therapy, or when added to other
hypoglycemic agents?
Eight randomized controlled trials were rated fair-quality and 1 fair-poor. This review is
organized by how sitagliptin was used (mono- or combined therapy compared with placebo or
active control).
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Table 15. Characteristics of sitagliptin placebo-controlled trials in adults with type
2 diabetes
a

Sample
size (N)
Followup
(weeks)

Author, year
Country
Quality

Age (years) (SD)
a
% Male
a
% White
a
% Hispanic
Diabetes duration
a
(years)

Baseline
a
A1c (%) (SD)
a
FPG (mg/dL)
a
PPG (mg/dL)
a
Weight (kg)
a
BMI (kg/m2)

53.4-54.9 (9.5-10.1)
46.8-57.1
50.2-52.8
21.2-25.3
4.4

8.0
173.7
257-270
83.7-85.0 (18.119.2)
30.3-30.8 (5.25.5)

54.5-55.5 (9.2-10.1)
50.5-62.7
61.8-70.9
18.0-20.0
4.5

8.1
182.2
262.8-279
89.6-92.8 (18.819.4)
31.8-32.5 (5.25.5)

55.0-55.6 (8.0-8.6)
60-66
NR/Asian
NR/Japanese
4.0

7.6
163.5
296.6-276.3
(58.7-74.8)
NR
25.1-25.2 (3.23.5)

54.4-54.7 (9.7-10.4)
55.8-59.5
63.1-67.1
11.8-15.5
6.2

8.0
171.5
271.8-273.6
86.7-89.6 (17.517.8)
30.9-31.5 (4.95.3)

55.6-56.9 (10.4-11.1)
53.1-57.9
72.5-72.6
12.0-12.4
6.1 (5.4-5.7)

8.0-8.1 (0.8)
165.6-168.3
(39.5-39.9)
NR
86.4-90.9 (17.017.4)
31.0-32.0 (5.05.2)

55.6-56.5 (9.6)
52.7-53.4
61.3-63.9
14.6-17.6
8.8

8.34
181.2
267-271.1 (58.462.6)
85.9-86.5 (21.121.8)
30.7-31.2 (6.3)

Intervention
Dosages

Other
Diet and
exercise?
% not on OHA
Rescue
medication?

Monotherapy
a

Aschner,
200647
Multinational
Fair

741
24

a

Raz, 200648
Multinational
Fair

521
18

Sitagliptin 100 mg
daily
Sitagliptin 200 mg
daily
Placebo
Sitagliptin 100 mg
daily
Sitagliptin 200 mg
daily
Placebo
(randomized to
2:2:1 ratio)

Yes
51
Metformin

Yes
36-42
Metformin

a

Nonaka,
49
2008
Japan
Fair

152
12

Sitagliptin 100 mg
daily
Placebo

Yes
43
NR

Add-on therapy
a

Charbonnel,
2006
Multinational
Fair

701
24

Sitagliptin 100 mg
or Placebo
Added-on to
metformin ≥ 1500
mg/day

NR
6
Pioglitazone

b

Rosenstock,
2006
Multinational
Fair

353
24

c

Hermansen,
50
2007
Denmark,
USA
Fair

Diabetes

441
24

Sitagliptin 100 mg
or Placebo
Added-on to
Pioglitazone 30-45
mg/day

Sitagliptin 100 mg
or Placebo
Added on to
glimepiride 4-8
mg/day or
glimepiride+
metformin >1500
mg/day

Yes
8.0-11.3
Metformin

NR
2.7-10.4
Pioglitazone
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a

Author, year
Country
Quality

Sample
size (N)
Followup
(weeks)

273
18

54.8-55.3 (9.3-10.5)
59-61
NR
4.6-5.4 (3.5-4.0)

190
30

53.6-56.1 (9.5)
41.5-51.0
42-47
25-32
7.3-8.4 (5.3-6.5)

9.2
200
NR
81.2-81.5
30.1-30.4

52

Raz, 2008
Multinational
Fair

Baseline
a
A1c (%) (SD)
a
FPG (mg/dL)
a
PPG (mg/dL)
a
Weight (kg)
a
BMI (kg/m2)
7.7-7.8 (0.8-1.0)
157-160 (31.437.4)
220.1-224.4 (4863.2)
83.1-84.9 (16.518.5)
30-30.4 (4.5-5.5)

51

Scott, 2008
Multinational
Fair

Age (years) (SD)
a
% Male
a
% White
a
% Hispanic
Diabetes duration
a
(years)

Intervention
Dosages
Sitagliptin 100 mg
or
Rosiglitazone 8 mg
or
Placebo
Added to metformin
monotherapy ≥
1500 mg/day

Other
Diet and
exercise?
% not on OHA
Rescue
medication?

Yes
NR
NR

d

Sitagliptin 100 mg
or Placebo
Added to metformin
> 1500 mg/day

Yes
0%
Glipizide

a

Data presented are the range across treatment groups for mean and standard deviation.
>50% had A1c <8% at baseline.
c
> 30% had A1c <8% at baseline; means are reported as standard deviation unless otherwise specified.
d
>50% had A1c >9% at baseline.
Abbreviation: NR, not reported.
b
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Table 16. Characteristics of sitagliptin active-controlled trials with or without
placebo study arms in adults with type 2 diabetes
a

Author,
year
Country
Quality

Scott,
53
2007
Multinational
Fair

Sample
size (N)
Followup
(weeks)

743
12

Age (years) (SD)
a
% Male
a
% White
a
% Hispanic
Diabetes duration
a
(years)

Baseline
a
A1c (%) (SD)
a
FPG (mg/dL)
a
PPG (mg/dL)
a
Weight (kg)
a
BMI (kg/m2)

54.7-56.2 (9.0-10.7)
48.0-62.4
61.0-69.4
NR
4.2-5.0 (4.0-5.2)

7.8-7.9 (0.9-1.0)
169.2-172.8
(36.0-45.0)
257.4-278.5
(72.0-92.2)
NR
30.4-31.6 (4.96.9)

53.2-54.1 (9.6-10.2)
42.3-55.3
46.0-58.2
21.4-30.2
4.5

8.8
200
276.8-292.7
(66.7-84.6)
NR
31.2-32.5 (5.97.1)

b

Goldstein,
200754
Multinational
Fair

1091
24

Intervention
Dosages
Sitagliptin 5-, 12.5-, 25,
50 mg BID Glipizide 520 mg/day
Placebo

Sitagliptin 50+MET 500
mg BID
Sitagliptin 50+MET
1000 mg BID
Sitagliptin 100 mg daily
Metformin 500 mg BID
Metformin 1000 mg
BID
Placebo

Other
Diet and
exercise?
% not on
OHA
Rescue
medication?

Yes
NR
NR

Yes
50
Glyburide

c

7.5
1172
56.6-56.8 (9.3-9.8)
Sitagliptin 100 mg daily
158
Nauck,
(per61.3-57.1
or
NR
55
2007
protocol 73.5-74.3
Glipizide 5-20 mg/day
89.5-89.7 (17.4Multinational
793)
7.3-7.9
Added-on to metformin
17.5)
Fair-Poor
52
5.8
>1500 mg/day
31.2-31.3 (5.05.2)
a
Data presented are the range across treatment groups for mean and standard deviation.
b
>50% had A1c <9% at baseline.
c
>70% had A1c <8% at baseline.
Abbreviations: NR, rot reported; BID, twice daily.
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Sitagliptin monotherapy
Sitagliptin compared with placebo
Five fair-quality trials ranging from 12-24 weeks in duration compared sitagliptin 100 mg/d to
placebo (Table 15).47, 48, 53, 54, 56 Patients randomized to receive sitagliptin 100 mg/d showed
significant reductions in A1c (placebo-corrected change 0.81%, 95% CI -0.94% to -0.67%) and
fasting plasma glucose (placebo-corrected change 24.4 mg/dL, 95% CI -29.5 to -19.3 mg/dL),
while placebo-treated patients generally showed worsening glycemic control (Table 17, Figures
6 and 7). For patients who volunteered to participate in a meal-tolerance test, sitagliptin lowered
postprandial glucose relative to placebo (placebo-corrected change 54.5 mg/dL, 95% CI -65.5 to
-43.5 mg/dL). A greater proportion of patients receiving sitagliptin than placebo reached the A1c
goal of <7%, although 9%-21% of subjects on sitagliptin required the use of a second
medication.
Weight generally decreased in both treatment arms (range for change from baseline:
sitagliptin -0.1 to -0.6 kg compared with placebo -0.7 to -1.1 kg). Overall, however, subjects
randomized to sitagliptin lost slightly less weight than subjects randomized to placebo (weighted
mean difference: 0.62, 95% CI 0.36-0.89; see Figure 7).
Approximately 50% of subjects were on 1 or more oral hypoglycemic agents at
screening. These agents were discontinued before diet and exercise run-in periods. Patients not
responding to diet and exercise were eligible for study inclusion but were required to participate
in a 2-week single-blind, placebo run-in period prior to randomization. Three trials allowed use
of prespecified rescue medications based on certain glycemic criteria. Mean baseline A1c was
7.6%-8.9% and mean duration of diabetes was 4-5 years.
Sitagliptin compared with an active agent
In 2 fair-quality trials that evaluated sitagliptin 100 mg/d, active treatment arms of glipizide 5-20
mg/d or metformin 1000-2000 mg/d were included in the studies (Table 16).53, 54 Patients had
baseline A1c of 7.9%-8.9% with 4-5 years duration of diabetes. Overall, patients on glipizide and
metformin 1-2g/d monotherapy showed numerically larger reductions in A1c, fasting plasma
glucose, and postprandial glucose than compared with sitagliptin monotherapy (Table 18).
However, based on the estimated magnitude of difference between groups, it appears that
sitagliptin may be comparable to glipizide and metformin 1 g/day for lowering A1c (sitagliptinglipizide difference: +0.22% and sitagliptin-metformin 1g difference: +0.16%; Table 18). The
estimated magnitude of difference between sitagliptin and metformin 2 g/d was greater
(+0.47%); it is unclear whether this larger difference between treatments would have statistical
significance if analyses were conducted. Hence, these results should be considered with caution
since neither trial performed statistical analyses for these comparisons and power may not have
been adequate to detect the between-group differences in A1c, fasting plasma glucose, or
postprandial glucose.
With regard to changes in weight, patients randomized to glipizide gained about 1 kg
from baseline compared with a nominal increase in weight for those on sitagliptin (0.4 kg).53 In
another trial54 patients on metformin observed slightly larger reductions in weight by about 1 kg
from baseline than no change in weight experienced by those receiving sitagliptin.
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Table 17. Sitagliptin monotherapy compared with placebo
Author, year

Change in A1c from
baseline at (%)
S100

PBO

12 weeks

Change in FPG
from baseline at
(mg/dL)

Change in PPG
from baseline at
(mg/dL)

S100

S100

PBO

12 weeks

Nonaka,
200849

-0.65

+0.41

-22.5

+9.4

-69.3

Scott, 200753

-0.54

+0.23

-18

+8

-48

Raz, 200648

-0.48

+7

-41

18 weeks
+0.12

24 weeks

18 weeks
-13

PBO

12 weeks

S100

PBO

12 weeks

Change in weight
from baseline at
(kg)
S100

PBO

S100

12 weeks

PBO

12 weeks
a

58.1

14.5

-0.1

-0.7

NR

NR

+6

NR

NR

NR

NR

NR

NR

+5

35.8

15.5

-0.6

-0.7

9

b

18 weeks

24 weeks

18 weeks

24 weeks

18 weeks

24 weeks

-0.61*

+0.18

-12.6*

+5.4

-48.6*

-1.8

41**

17

-0.2

-1.1

Goldstein,
200754

-0.66

+0.17

-17.5

+5.8

-51.9

+0.3

20

9

0.0

-0.9

Meta-analysis
-0.81
-24.4
-54.5
results, (95%
(-0.94 to -0.67)
(-29.5 to -19.3)
(-65.5 to -43.5)
CI)
a
P<0.001 compared with sitagliptin.
b
P<0.001 compared with baseline.
Abbreviation: PBO, placebo; S100, sitagliptin 100 mg daily; NR, not reported.

---

+0.62
(+0.36 to +0.89)

17
24 weeks

Aschner,
47
2006

Diabetes

Percent requiring
rescue medication
(%)

+12.0

18 weeks

24 weeks

Percent achieving
A1c <7%

a

9

21

a

21

32
---
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Table 18. Sitagliptin compared with an active agent
Author,
year

Change in A1c from
baseline at (%)
S100

Glip

Change in FPG from
baseline at (mg/dL)
S100

12 weeks
Scott,
200753

-0.54
S100

M1

S100

12 weeks

-0.76

24 weeks

Glip

Change in PPG from
baseline at (mg/dL)

M2

-18.2
S100

M1

S100

12 weeks

-24.8

24 weeks

Glip

Percent achieving
A1c <7%

M2

b

-48.4

S100

b

M1

S100

12 weeks

-66.4

24 weeks

Glip

Change in weight
from baseline at
a
(kg)

M2

NR
M1

24 weeks

S100

12 weeks

NR

S100

Glip

+0.4
M2

S100

+0.9
M1

Glip

12 weeks
NR
M2

NR

S100

24 weeks

Goldstein,
-0.82
-1.13
-17.5
-27.3
-29.3
-51.9
-53.4
-78.0
20
23
38
0
-0.9
-1.1
-0.66
200754
a
Data on weight not reported in the publication were provided by the manufacturer.
b
P<0.01 compared with baseline.
Abbreviations: Glip, glipizide; M1, metformin 1000 mg/day; M2, metformin 2000 mg/day; S100, sitagliptin 100 mg daily; NR, not reported.

Diabetes

Percent requiring
rescue medication
(%)

M1

M2

24 weeks
21

17

12
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Figure 6. Meta-analysis of sitagliptin studies for A1c
Comparison:
Outcome:
Study
or sub-category

A1c (%)
Difference from control
Sitagliptin
N

Control
N

100mg daily dose
229
244
Aschner
193
103
Raz
175
165
Goldstein
75
75
Nonaka
121
121
Scott
793
708
Total (95% CI)
Test for heterogeneity: Chi² = 8.81, df = 4 (P = 0.07), I² = 54.5%
Test for overall effect: Z = 11.83 (P < 0.00001)

Difference (random)
95% CI

Difference (SE)

-0.79
-0.60
-0.83
-1.05
-0.77

(0.09)
(0.11)
(0.12)
(0.11)
(0.10)

-0.79
-0.60
-0.83
-1.05
-0.77
-0.81

-4

-2

Favors Sitagliptin

Diabetes

Difference (random)
95% CI

0

2

[-0.96,
[-0.81,
[-1.06,
[-1.26,
[-0.96,
[-0.94,

-0.62]
-0.39]
-0.60]
-0.84]
-0.58]
-0.67]

4

Favors Control
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Figure 7. Meta-analysis of sitagliptin studies for weight loss
:
Comparison:
Outcome:
Study
or sub-category

Weight loss (kg)
Difference from control
Sitagliptin
N

Control
N

100mg daily dose
229
244
Aschner
193
103
Raz
175
165
Goldstein
75
75
Nonaka
121
121
Scott
793
708
Total (95% CI)
Test for heterogeneity: Chi² = 4.29, df = 4 (P= 0.37), I² = 6.7%
Test for overall effect: Z = 4.58 (P < 0.00001)

0.90
0.10
0.90
0.70
0.40

(0.28)
(0.36)
(0.39)
(0.23)
(0.28)

0.90
0.10
0.90
0.70
0.40
0.62

-4

-2

Favors Sitagliptin

Diabetes

Difference (random)
95% CI

Difference (random)
95% CI

Difference (SE)

0

2

[0.35, 1.45]
[-0.61, 0.81]
[0.15, 1.65]
[0.25, 1.15]
[-0.15, 0.95]
[0.36, 0.89]

4

Favors Control
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Add-on therapy
Sitagliptin or placebo added to one oral hypoglycemic agent
Three fair-quality randomized controlled trials50, 57, 58 assessed the effects of sitagliptin added to
background therapy of “failed” treatment with metformin, pioglitazone, or glimepiride. Mean
baseline A1c ranged from 8.0% to 8.4% with 6.1-8.0 years’ duration of diabetes. Approximately
60% of patients were on more than 1 oral hypoglycemic agent, while 30% were on more than 2
oral agents (Table 15). Patients were considered to have “failed” therapy with metformin,
pioglitazone, or glimepiride at screening or after 10-19 weeks of dose stabilization and if A1c
was between 7-10% or 7.5-10.5%. Patients also entered 2-week single-blind, placebo run-in
periods prior to randomization.
The addition of sitagliptin to metformin, pioglitazone, or glimepiride appears to show
larger reductions in A1c and fasting plasma glucose compared with the addition of placebo over
24 weeks (Table 19). A larger proportion of sitagliptin-treated patients also achieved the A1c
goal of <7% than placebo-treated patients (approximately 11%-47.0% compared with 9%23.0%). Subjects who received placebo plus glimepiride showed worsening glycemic control,
while subjects on placebo plus metformin or placebo plus pioglitazone had slight improvements
or no change in A1c from baseline. Weight gain was generally seen in patients taking
pioglitazone or glimepiride, with or without the addition of sitagliptin. Patients randomized to
metformin lost weight by 0.6 kg to 0.7 kg (P<0.017 and P<0.0001 compared with baseline)
(Table 19).
Another fair quality randomized trial52 studied the effects of sitagliptin or placebo added
to ongoing metformin therapy. Unlike the other studies50, 57, 58, this trial evaluated the effects of
sitagliptin in patients with worse glycemic control (baseline A1c between 8-11%). Of the 544
patients screened, 190 patients were randomized to treatment. These patients were on metformin
and diet and exercise for 6 weeks, had baseline A1c between 8-11%, and had ≥85% adherence to
their regimens during a 2-week, placebo run-in period. No patients were naïve to oral
hypoglycemic agents and approximately 50% were already taking metformin monotherapy or
combination oral therapy at baseline.
The addition of sitagliptin to ongoing metformin therapy was more effective than placebo
plus metformin at lowering A1c (placebo-corrected difference: -1.0%, 95% CI -1.4 to -0.6%) and
fasting plasma glucose (placebo-corrected difference: -25.2 mg/dL, 95% CI -37.8 to -12.6
mg/dL) over 30 weeks. Further evaluation of the data showed that the largest magnitude of A1c
lowering was present in patients with the highest baseline A1c between 10-11%. Postprandial
glucose levels at 18 weeks were also lower with sitagliptin plus metformin than placebo plus
metformin (placebo-corrected difference: -54 mg/dL, 95% CI -75.6 to -34.2 mg/dL)—
measurements at 30 weeks however, were not determined by the investigators. Overall, a
significantly larger proportion of sitagliptin-treated patients achieved A1c <7% than placebotreated patients (P<0.001) and also needed less rescue therapy over the study duration (P<0.001).
Both treatment groups exhibited weight loss of -0.5 kg over 30 weeks.
Sitagliptin or glipizide added to metformin
One fair-to-poor-quality trial compared the effects of adding either sitagliptin 100 mg/d or
glipizide 5-20 mg/d in patients with inadequate glycemic control on metformin (Table 16).55
Glycemic control was considered inadequate if the metformin dose was ≥ 1500 mg/d with
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baseline A1c 6.5-10% at initial screening or after several weeks of stabilizing the metformin
dose prior to a 2-week single-blind, placebo run-in period before randomization.
Over 52 weeks the 2 study groups showed no significant differences in treatment effects
for A1c, fasting plasma glucose, or proportion of patients achieving A1c <7% from one another
(Table 20). The only significant difference between treatment groups was in the change in
weight. Sitagliptin-treated subjects experienced slightly more weight loss (-1.5 kg) compared
with a small weight gain (+1.1 kg) seen in glipizide-treated subjects. Most patients had low
baseline A1c (mean 7.5%) and an average of 5.8 years’ duration of diabetes. More than 70% of
patients were on oral monotherapy while approximately 30% were on two oral agents at
baseline.
This trial was rated fair-poor mainly because the withdrawal rate exceeded 30%. Of the
374 patients who withdrew, more sitagliptin-treated patients withdrew due to lack of efficacy
than glipizide-treated patients (86 patients vs. 58 patients). Main reason for withdrawal due to
lack of efficacy was because of prespecified fasting plasma glucose and/or A1c criteria per study
protocol. Also, patients who withdrew due to lack of efficacy had more severe hyperglycemia at
baseline (A1c 8.6%) than those who completed the trial (7.5%). Analyses of per-protocol
populations were used to show noninferiority and analyses of all-patients-treated population
were also reported.
Sitagliptin, rosiglitazone, or placebo added to metformin monotherapy
Another fair quality trial51 assessed the effects of sitagliptin, rosiglitazone, or placebo added to
regimens of metformin monotherapy over 18 weeks. Prior to randomization patients had to have
inadequate glycemic control (A1c 7-11%) and had to be taking metformin at stable doses ≥1500
mg/d for at least 10 weeks before entering a 2-week run-in period. The mean duration of diabetes
for included patients was 4.9 years with mean baseline A1c of 7.7%.
In these patients, the addition of sitagliptin or rosiglitazone to metformin was
significantly more effective than the addition of placebo to metformin at lowering A1c
(P≤0.001). The placebo-corrected LS mean change from baseline was -0.51% (95% CI, -0.70 to 0.32%) for sitagliptin, and was -0.57% (95% CI, -0.76 to -0.37%) for rosiglitazone. Also,
comparisons between sitagliptin and rosiglitazone were conducted and showed no statistically
significant differences in lowering A1c (between-group difference: -0.06%, 95% CI -0.25 to
0.14). Similarly, there were no significant differences between sitagliptin-treated and
rosiglitazone-treated patients in the proportion achieving A1c <7% (55% compared with 63%;
between-group difference 8%, 95% CI, -6 to 22%). Slightly larger reductions in fasting plasma
glucose (between-group difference: -12.8 mg/dL, 95% CI, -22.6 to -3.0 mg/dL) and 2-hour
postprandial glucose measurements (between-group difference: -15.9 mg/dL, 95% CI, -31.6 to 0.3) were observed with those randomized to rosiglitazone than compared with those on
sitagliptin. Patients randomized to sitagliptin or placebo exhibited slight weight loss from
baseline (sitagliptin, -0.4 kg, 95% CI -0.8 to 0.0 vs. placebo, -0.8 kg, 95% CI -1.2 to -0.4) while
patients on rosiglitazone gained weight (from baseline: +1.5 kg, 95% CI 1.0 to 1.9) over 18
weeks of therapy.
Sitagliptin or placebo added to two existing oral hypoglycemic agents
One fair-quality trial evaluated the addition of sitagliptin or placebo in patients whose glycemia
was inadequately controlled on glimepiride 4-8 mg/d alone or glimepiride plus metformin 15003000 mg/d.50 Results of sitagliptin or placebo added to glimepiride alone have already been

Diabetes

Page 67 of 99

Final Report

Drug Effectiveness Review Project

reviewed. In patients already on glimepiride plus metformin, the addition of sitagliptin improved
A1c by 0.89% (95% CI -1.1 to -0.68%), fasting plasma glucose by 20.7 mg/dL (95% CI -31.7 to
-9.7 mg/dL), and postprandial glucose by 37.1 mg/dL (95% CI -62.7 to -11.6 mg/dL) over 24
weeks of treatment. More sitagliptin-treated patients than placebo-treated patients also achieved
the A1c goal of <7% (P<0.001). Weight, however, increased slightly (+0.4 kg, 95% CI -0.1 to
0.9 kg) with sitagliptin relative to placebo; whereas, placebo-treated patients showed more
weight loss (-0.7 kg, 95% CI -1.4 to -0.1 kg) (Table 21).
In this trial, mean baseline A1c was 8.3%, average duration of diabetes was 8.8 years,
and approximately 65% of subjects had an A1c >8%. More than 95% of patients were also
taking combination oral hypoglycemic agents at baseline and were considered to have failed this
regimen either at screening or after several weeks of dose-stabilization of glimepiride and
metformin before participating in a 2-week placebo run-in phase prior to randomization.
Initial treatment with a combination of sitagliptin plus metformin compared with placebo
Unlike other trials, this study compared initial combination therapy of sitagliptin plus metformin
to placebo, sitagliptin monotherapy, and metformin monotherapy in subjects who were
inadequately controlled only on diet and exercise.54 As in the placebo-controlled monotherapy
trials, patients in this study were taken off prior oral hypoglycemic agents and put through a diet
and exercise run-in phase in addition to a 2-week single-blind placebo run-in period before
enrollment. Approximately 50% of patients were taking oral hypoglycemic agents at baseline,
implying that the remainder was medication naive. Mean A1c was close to 9% and duration of
diabetes was less than 5 years (Table 22). In all treatment arms metformin was titrated to
increase tolerability.
The initial use of sitagliptin 100 mg/d plus metformin 2000 mg/d significantly improved
A1c, fasting plasma glucose, postprandial glucose, weight, and proportion of patients achieving
A1c <7% compared with sitagliptin plus metformin 1000 mg/d, placebo alone, sitagliptin
monotherapy, or metformin monotherapy over 24 weeks (Table 22). In general, patients in all
but 1 treatment arm showed weight loss (-0.6 kg to -1.3 kg, P=0.01 and P<0.001 from baseline).
Weight was unchanged for patients on sitagliptin monotherapy (0 kg) (weight data obtained from
manufacturer).
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Table 19. Sitagliptin or placebo added to one oral hypoglycemic agent
Author,
year

Change in A1c from
baseline at (%)
24 weeks

Rosenstock,
200657
Charbonnel,
200658

Change in FPG from
baseline at (mg/dL)
24 weeks

Change in PPG from
baseline at (mg/dL)
24 weeks

Percent achieving
A1c <7%
24 weeks

S/Pioglit

P/Pioglit

S/Pioglit

P/Pioglit

S/Pioglit

P/Pioglit

S/Pioglit

-0.85

-0.15

-16.7

+1

NR

NR

S/MET

P/MET

S/MET

P/MET

S/MET

P/MET

c

Change in weight
from baseline at
a
(kg)

Percent requiring
rescue medication
(%)

24 weeks

24 weeks

P/Pioglit

S/Pioglit

P/Pioglit

S/Pioglit

P/Pioglit

45.4

23.0

+1.8

+1.5

6.9**

14.0

S/MET

P/MET

S/MET

P/MET

S/MET

P/MET

b

c

-0.7

-0.02

-16.2

+9

-61.2

-10.8

47.0

18.3

-0.7

-0.6

4.5

13.5

S/Glime

P/Glime

S/Glime

P/Glime

S/Glime

P/Glime

S/Glime

P/Glime

S/Glime

P/Glime

S/Glime

P/Glime

Hermansen,
d
-0.3
+0.27
-0.88
+18.4
-24.4
+10.7
8.7
+1.1
0.0
NR
NR
10.8
50
2007
a
weight data not reported in the publication were provided by the manufacturer.
b
P<0.001 compared with placebo.
c
P<0.05 compared with placebo.
d
P=0.638 (no difference).
Abbreviations: S/Pioglit, sitagliptin added to pioglitazone; S/MET, sitagliptin added to metformin; S/Glime, sitagliptin added to glimepiride; P/-, placebo added toP/= placebo; NR, not reported.

Table 20. Sitagliptin or glipizide added to metformin
Author,
year

Change in A1c from
baseline at (%)
52
weeks
S/MET

Glip/MET

Change in FPG from
baseline at (mg/dL)

Change in PPG from
baseline at (mg/dL)

52 weeks

52 weeks

S/MET

Glip/MET

S/MET

Percent achieving
A1c <7%
52 weeks

Glip/MET

S/MET

Change in weight
from baseline at (kg)
52 weeks

Glip/MET

S/MET

Nauck,
-0.67
-0.67
-10.1
-7.6
NR
NR
63
59
-1.5
200755
Abbreviations: S/MET, sitagliptin added-on to metformin; Glip/MET, glipizide added-on to metformin; NR, not reported.

Diabetes

Percent requiring
rescue medication
(%)
52 weeks

Glip/MET

S/MET

Glip/MET

+1.1

NA

NA

Page 69 of 99

Final Report

Drug Effectiveness Review Project

Table 21. Sitagliptin or placebo added to two oral hypoglycemic agents

Author,
year

Change in A1c
from baseline
at (%)
24
weeks
S/G/M

Change in
FPG from
baseline at
(mg/dL)
24
weeks

P/G/M

S/G/M

Change in
PPG from
baseline at
(mg/dL)
24
weeks

P/G/M

S/G/M

Percent
achieving A1c
<7%
24
weeks

P/G/M

S/G/M

Change in
weight from
baseline at
(kg)
24
weeks

P/G/M

S/G/M

Percent
requiring
rescue
medication
(%)
24
weeks

P/G/M

S/G/M

Hermansen,
b
b
+0.3
+12.9
-21.3
+15.8
22.6
1.0
+0.4
-0.7
NR
-7.8
-0.59
a
2006
a
Note: this trial also included 2 other treatment arms: glimepiride alone, glimepiride plus metformin.
b
P<0.001 compared with P/G/M.
Abbreviations: S/G/M, sitagliptin added-on to glimepiride and metformin; P/G/M, placebo added-on to glimepiride and
metformin.
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Table 22. Initial combination of sitagliptin plus metformin compared with placebo and individual agents
Author,
year

Goldstein,
200754

Change in A1c from baseline at (%)

Change in FPG from baseline at (mg/dL)

Change in PPG from baseline at (mg/dL)

24 weeks

24 weeks

24 weeks

S/M1

S/M2

M1

M2

S100

PBO

S/M1

S/M2

M1

M2

S100

PBO

S/M1

S/M2

M1

M2

S100

PBO

-1.4

-1.9

-0.82

-1.13

-0.66

+0.17

-47.1

-63.9

-27.3

-29.3

-17.5

+5.8

-92.5

-116.6

-53.4

-78.0

-51.9

+0.3

Author,
year
S/M1

Percent achieving A1c <7%

Change in weight from baseline at (kg)

Percent requiring rescue medication (%)

24 weeks

24 weeks

24 weeks

S/M2

M1

M2

S100

PBO

S/M1

S/M2

M1

M2

S/M1

S/M2

M1

M2

S100

PBO

Goldstein,
20
43
66
23
38
9
NR
NR
NR
NR
8
2
17
12
21
200754
Abbreviations: S/M1, sitagliptin added to metformin 1000 mg/day; S/M2, sitagliptin added to metformin 2000 mg/day; M1, metformin 1000 mg/day; M2, metformin
2000 mg/day; PBO, placebo; NR, not reported.
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Harms
In 5 trials with data suitable for meta-analysis, total withdrawals and withdrawals due to adverse
events were lower among patients randomized to sitagliptin monotherapy than patients receiving
only placebo (relative risk for total withdrawals 0.69, 95% CI 0.55-0.88; relative risk for
withdrawal due to adverse events 0.76, 95% CI 0.33-1.73). Patients on sitagliptin monotherapy
also had lower rates of total withdrawal relative to patients on glipizide, who experienced more
hypoglycemic events. When compared with metformin, however, sitagliptin was associated with
a greater attrition rate, mainly due to withdrawal of consent, violations of protocol, and
abnormalities in laboratory. The rate of total withdrawals was also higher in patients whose addon therapy was sitagliptin than in patients using monotherapy metformin, pioglitazone, or
glimepiride.
The most commonly reported adverse events were hypoglycemia, abdominal pain,
nausea, vomiting, and diarrhea.
A total of 5 deaths occurred in 3 trials over 24-52 weeks. None was considered to be
related to study interventions; 3 were sudden cardiac deaths, 1 was secondary to trauma, and 1
was related to chronic obstructive pulmonary disease and interstitial lung disease.
Rare adverse events

Five of the 10 randomized controlled trials reported adverse events. In those 5 trials adverse
events occurring in at least 4% of study subjects included: upper respiratory tract infections,
headache, influenza, nasopharyngitis, and urinary tract infection. Four studies47, 50, 55, 58 reported
small increases (≤10% from baseline) in mean white blood cell count, mainly an increase in
absolute neutrophil count, in regimens with sitagliptin compared to regimens without. These
increases appeared early and remained stable throughout the duration of the studies. No other
trials provided data on changes in white blood cell count with sitagliptin.
Hypoglycemia

Two studies53, 55 documented 20 cases of severe hypoglycemia, mostly associated with glipizide
(90%) rather than with sitagliptin. In 1 trial 3 patients on glipizide monotherapy discontinued
treatment. In the other trial 8 patients receiving glipizide plus metformin required non-medical,
third-party assistance compared with 1 patient taking sitagliptin added to metformin. Seven
patients taking glipizide plus metformin experienced severe symptoms requiring medical
assistance compared with 1 patient receiving sitagliptin plus metformin. The remaining six
studies reported no cases of severe hypoglycemia.
There was no statistically significant difference in the overall risk of mild to moderate
hypoglycemia between sitagliptin and placebo (pooled relative risk 1.21, 95% CI 0.42 to 3.5)
(see Table 23). The rate of mild-to-moderate hypoglycemia increased slightly when sitagliptin
was added to glimepiride (7.6% compared with 2.8%) or pioglitazone (1.1% compared with 0%).
Abdominal pain, nausea, vomiting, and diarrhea

There were no statistically significant differences between sitagliptin monotherapy and placebo
in the risk of abdominal pain (pooled RR 1.17, 95% CI 0.54-2.52) 47, 48, 54, nausea (pooled RR
1.56, 95% CI 0.53-4.57) 47, 48, 54, diarrhea (pooled RR 1.26, 95% CI 0.64-2.25) 47, 48, 54, and
vomiting (pooled RR 0.65, 95% CI 0.18-2.4). 47, 48, 54 However, based on the elevated relative
risks, there appears to be a trend for greater risk of experiencing abdominal pain, and nausea with
sitagliptin monotherapy compared with placebo.
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Compared with metformin monotherapy, sitagliptin was associated with lower incidence
of abdominal pain, nausea, vomiting, and diarrhea (Table 23). Combination therapy of sitagliptin
plus glimepiride, metformin, or pioglitazone had <6% incidence of abdominal pain, nausea,
vomiting, and diarrhea; these results were not significantly different from their comparisons
(Table 23).
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Table 23. Adverse events of sitagliptin compared with oral hypoglycemic agents
Scott, 2007
Adverse event

S100

Glip

Goldstein, 2006

Rosenstock, 2006

Charbonnel, 2006

Hermansen, 2007

a

Nauck, 2007

S100

M1

M2

S/Pioglit

Pioglit

S/MET

MET

S/Glime

Glime

S/MET

Glip/MET

Treatment- emergent adverse events (%)
Hypoglycemia

b

1.64

17.1

0.6

0.6

1.1

1.1

0.0

1.3

2.1

7.6

2.8

4.9

32.0

Nausea

NR

NR

1.1

2.8

8.2

1.1

0.0

1.3

0.8

0.0

0.0

2.6

2.7

Vomiting

NR

NR

0.0

0.0

1.1

0.6

0.6

1.1

0.8

0.9

0.0

0.9

1.5

Diarrhea

NR

NR

2.8

5.0

10.4

1.7

1.1

2.6

2.5

1.9

1.9

5.8

5.5

Abdominal pain

NR

NR

3.4

2.8

5.0

3.4

0.0

2.2

3.8

2.8

0.0

2.7

2.1

Rarer adverse events occurring with ≥4% incidence
Nasopharyngitis

---

---

---

---

---

4.0

3.9

4.1

3.4

---

---

10.5

7.5

Upper
respiratory tract
infection

---

---

---

---

---

6.3

3.4

7.3

9.3

---

---

---

---

Influenza

---

---

---

---

---

4.0

2.8

4.3

5.5

---

---

---

---

Headaches

---

---

---

---

---

5.7

3.9

---

---

---

---

---

---

Urinary tract
----------------------5.4
infections
a
Data are presented as percentages (%).
b
Note: this trial also included treatment arms: glimepiride plus metformin, glimepiride plus metformin plus sitagliptin.
Abbreviations: Glime, glimepiride; Glip, glipizide 5-20 mg/d; Glip/MET, glipizide added to metformin; M1, metformin 1000 mg/d; M2, metformin 2000 mg/d;
MET, metformin; NR, not reported; Pioglit, pioglitazone; S100, sitagliptin 100 mg daily; S/Glime, sitagliptin added to glimepiride; S/MET, sitagliptin added to
metformin; S/Pioglit, sitagliptin added to pioglitazone.
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Key Question 3. Are there subgroups of patients for which sitagliptin is more or
less suitable than other hypoglycemic agents?
There was insufficient evidence to perform subgroup analyses based on age, sex, race, ethnicity,
baseline A1c, or other characteristics at the study level. Subgroup data not available in
publications were supplemented by data provided by the manufacturer. The results from this
section should be considered with caution until larger prospective trials evaluating these
populations verify the findings.
Age, sex, race, body mass index, and prior use of oral hypoglycemic agents
Four published trials48, 49, 51, 52 reported no significant differences in changes in A1c based on
subgroups defined by age, sex, race, and BMI. Data on file from 3 additional trials (Rosenstock
2006, Aschner 2006, Hermansen 2007)59 also showed similar findings.
Data on file from one trial (Charbonnel 2006)59 showed a significant interaction between
treatment effect and race for those on sitagliptin monotherapy and placebo. Hispanic patients
experienced the largest decline in A1c (placebo-corrected difference in A1c from baseline: 1.04%, 95% CI -1.38 to -0.70%) followed by White patients (placebo-corrected difference: in
A1c from baseline: -0.69%, 95% CI -0.84 to 0.55%), and Other patients (placebo-corrected
difference in A1c from baseline: -0.44%, 95% CI, -0.82 to -0.07%).
Of the 5 studies (Scott 2007, Hermansen 2007, Nonaka 2008, Charbonnel 2006,
Goldstein 2007)59 that stratified groups by prior oral hypoglycemic agent use, only 1 trial
(Goldstein 2007)59 showed a large numerical difference in treatment effect. Patients who were
not taking an oral hypoglycemic agent prior to this trial experienced greater decline in A1c
across all treatment arms compared with patients who were using oral agents before enrolling
into the study. For instance, the change in A1c from baseline for “no prior oral agent use” for
sitagliptin versus placebo was -1.11% vs. -0.13% compared with -0.26% vs. +0.52% for those
“treated with prior oral agents.” Between-group difference calculations were not conducted.
Baseline A1c
Subgroup information stratified by baseline A1c were found in 10 of 11 trials. Some data were
available from the 9 published studies47-52, 54, 55, 57 and additional information from 4 of these
trials (Scott 2007, Charbonnel 2006, Nauck 2006, Scott 2008) were obtained from data on file.59
Four trials (Charbonnel 2006, Hermansen 2006, Nonaka 2008, Raz 2006) found no
significant differences in the change in baseline A1c among those in the following subgroups:
<7.5%, <8%, 8-8.9%, >7.5%, ≥8.5%, and ≥9%. One trial47showed significant interaction
(P<0.001) in the change in A1c stratified by baseline A1c <8% and ≥9%. In patients with
baseline A1c ≥9%, placebo-corrected reductions of -1.52% were observed for sitagliptin 100
mg/d compared with about -0.6% decrease in those with baseline A1c <8%. Data from
Goldstein, et al.59 also showed consistent findings for sitagliptin 100 mg/d compared with
placebo. For this study, interaction analyses were not conducted (change in A1c from baseline
for those with A1c <8%: sitagliptin, -0.37% vs. placebo, +0.15% compared with those with A1c
≥9%: sitagliptin, -0.88% vs. placebo, +0.08%).
Duration of diabetes
One trial48 reported a potential interaction between median baseline duration of diabetes and A1c
effects in patients randomized to sitagliptin 100 mg compared with placebo. Patients with
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diabetes of ≤ 3 years’ duration had significantly greater reductions in A1c than patients who had
diabetes for > 3 years (placebo-corrected mean change A1c for ≤ 3years -0.90%, 95% CI -1.21%
to -0.60% compared with mean change A1c for > 3years -0.28%, 95% CI -0.59 to +0.20).
Applicability to general diabetes populations
Patients enrolled in the 11 trials represented a highly selected population: primarily white,
middle-aged, obese adults with moderately elevated baseline A1c (< 9%) and diabetes for less
than 10 years. These populations were further selected during long dose-stabilization and run-in
periods, where only persons with > 75% adherence to placebo went on to randomization.
Moreover, these trials did not provide sufficient baseline information on comorbidities and other
characteristics and laboratory values that would enable inference about the applicability of study
findings to general diabetic populations. The available data appear to be limited to persons with
diabetes without related comorbidities and who are highly motivated.
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Table 24. Summary evidence table for sitagliptin
Type 2 Diabetes

Quality of evidence

Key Question 1. For children
and adults with type 2
diabetes, does sitagliptin
differ in efficacy,
effectiveness, and in harms
when compared to placebo,
when compared to other
hypoglycemic agents as
monotherapy, or when added
to other hypoglycemic
agents?
Effectiveness

Conclusion

Evidence in children is lacking.

No available data

-No studies assessed long-term health
outcomes and none were > 52 weeks in
duration.
-Evidence on time-to-treatment-failure is
lacking.

Monotherapy compared
with placebo
-Fair, 5 RCTs

Monotherapy compared with placebo
-Sitagliptin significantly improved A1c, FPG,
and PPG relative to placebo.
Pooled data for the above:
A1c: -0.81% (95% CI, -0.94 to -0.67)
FPG: -24.4 mg/dL (95% CI, -29.5 to -19.3)
PPG: -54.5 mg/dL (95% CI, -65.5 to -43.5)

Monotherapy compared
with an oral hypoglycemic
agent
-Fair, 2 RCTs
Efficacy

Combined therapy
compared with placebo
-Fair, 4 RCTs

Combined therapy
compared with oral
hypoglycemic agents
-Fair-Poor, 1 RCT

-Sitagliptin-treated patients lost slightly less
weight compared with placebo-treated patients
(range: -0.1 to -0.6 kg compared with -0.7 to 1.1 kg; pooled: +0.62 kg (95% CI, +0.36 to
+0.89)
Monotherapy compared with an oral
hypoglycemic agent-Though formal
statistical analyses were not conducted for
glipizide-or metformin monotherapy compared
with sitagliptin monotherapy, it appears that
sitagliptin may be comparable to glipizide and
metformin 1 g/d in lowering A1c based on
qualitative evaluation of the magnitude of
difference between groups. Additional trials
are needed to verify the findings.
Ranges for sitagliptin monotherapy compared
with glipizide and metformin monotherapies:
A1c: -0.54% to -0.66% compared with -0.8%
to -1.1%
FPG: -18 mg/dL compared with -25 to -29
mg/dL
PPG: -48 to -59 mg/dL compared with -53 to 78 mg/dL
-Weight remained unchanged for sitagliptin
while weight gain (+0.9 kg) occurred for those
on glipizide. Weight loss occurred with
metformin by about 1 kg.
Combined therapy compared with placebo
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Quality of evidence

Conclusion
-The addition of sitagliptin to one or two oral
hypoglycemic agents was more effective for
glycemic control than the addition of placebo.
Combined therapy compared with oral
hypoglycemic agents
-There was no difference in A1c between
regimens that included the addition of
sitagliptin or glipizide to metformin. Sitagliptintreated patients experienced slightly more
weight loss (-1.5 kg) than compared with
weight gain seen in glipizide-treated patients
(+1.5 kg).
-There were no significant differences in the
reduction in A1c for those on sitagliptin or
rosiglitazone added to metformin monotherapy
(between-group difference: -0.06%, 95% CI 0.25 to +0.14%) at 18 weeks.

Monotherapy compared
with placebo
-Fair, 5 RCTs

-Studies beyond 52 weeks in duration
evaluating harms are lacking.
Monotherapy compared with placebo
-Fewer sitagliptin-treated patients than
placebo-treated patients withdrew due to
adverse events.
-There was no statistically significant
difference in the risk of hypoglycemia between
sitagliptin and placebo groups (pooled relative
risk 1.21, 95% CI 0.42 to 3.5).

Monotherapy compared
with an oral hypoglycemic
agent
-Fair, 2 RCTs
Harms

Combined therapy
compared with placebo
-Fair, 4 RCTs

- There were no statistically significant
differences between sitagliptin monotherapy
and placebo in the risk of abdominal pain,
nausea, vomiting, or diarrhea.
Pooled relative risks:
Abdominal pain: RR 1.17, 95% CI 0.54-2.52
Nausea: RR 1.56, 95% CI 0.53-4.57
Vomiting: pooled RR 0.65, 95% CI 0.18-2.4
Diarrhea: RR 1.26, 95% CI 0.64-2.25
Monotherapy compared with an oral
hypoglycemic agent
-Sitagliptin and metformin had a lower
incidence of hypoglycemia than glipizide.
-Sitagliptin had lower rates of abdominal pain,
nausea, vomiting, and diarrhea than
metformin.
Combined therapy compared with placebo
- Regimens that included sulfonylurea ±
sitagliptin exhibited greater risk of
hypoglycemia than therapies without
sulfonylurea.

Combined therapy
compared with oral
hypoglycemic agents
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Quality of evidence
-Fair-Poor, 1 RCT

Conclusion
had slightly greater rates of abdominal pain,
nausea, vomiting, and diarrhea than the
individual oral hypoglycemic agents as
monotherapy.
Combined therapy compared with oral
hypoglycemic agents
-Sitagliptin added to metformin had lower rates
of hypoglycemia than glipizide added to
metformin.
- Sitagliptin + metformin versus glipizide +
metformin showed minimal difference in the
incidence of abdominal pain, nausea,
vomiting, and diarrhea.

Key Question 2. Are there
subgroups of patients for
which sitagliptin is more or
less suitable than other
hypoglycemic agents?

-In general, it appears that there are no
significant differences in treatment effect
based on age, sex, BMI, race. Data on file
from 1 trial showed that Hispanic patients
showed slightly larger reductions in A1c than
White or “Other” patients.
-Fair-Poor

- Patients with higher baseline A1c ≥9%
tended to exhibit larger treatment effects than
patients with baseline A1c <8%.

-Patients with <3 years’ duration of diabetes
tended to exhibit larger treatment effects than
those with > 3 years’ duration of diabetes.
Abbreviations: CI, confidence interval; FPG, fasting plasma glucose; PPG, postprandial glucose; RCT, randomized
controlled trial.
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Appendix A. Search strategies
Pramlintide
Database: Ovid MEDLINE(R) <1950 to September Week 1 2007> and updated on <1996 to
April Week 3 2008>
Search Strategy:
-------------------------------------------------------------------------------1 196078-30-5.rn. (0)
2 pramlintide.mp. [mp=title, original title, abstract, name of substance word, subject heading
word] (167)
3 amylin agonist.mp. [mp=title, original title, abstract, name of substance word, subject
heading word] (4)
4 amylin analogue.mp. (35)
5 symlin.mp. (7)
6 amylin ag$.mp. (20)
7 amylin analogue$.mp. (40)
8 amylin agonist$.mp. (11)
9 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 (186)
10 limit 9 to (humans and english language) (167)
11 from 10 keep 1-167 (167)

Database: Ovid MEDLINE(R) <1996 to April Week 3 2008>
Search Strategy:
-------------------------------------------------------------------------------1 196078-30-5.rn. (0)
2 pramlintide.mp. [mp=title, original title, abstract, name of substance word, subject heading
word] (172)
3 amylin agonist.mp. [mp=title, original title, abstract, name of substance word, subject
heading word] (4)
4 amylin analogue.mp. (34)
5 symlin.mp. (7)
6 amylin ag$.mp. (17)
7 amylin analogue$.mp. (39)
8 amylin agonist$.mp. (9)
9 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 (187)
10 limit 9 to (humans and english language) (170)
11 2008$.ed. (210631)
12 10 and 11 (10)
13 from 12 keep 1-10 (10)
14 from 13 keep 1-10 (10)
***************************
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Database: EBM Reviews - Cochrane Central Register of Controlled Trials <3rd Quarter 2007>
Search Strategy:
-------------------------------------------------------------------------------1 [196078-30-5.rn.] (0)
2 pramlintide.mp. [mp=title, original title, abstract, mesh headings, heading words, keyword]
(31)
3 amylin agonist.mp. [mp=title, original title, abstract, mesh headings, heading words,
keyword] (0)
4 amylin analogue.mp. (11)
5 symlin.mp. (0)
6 amylin ag$.mp. (1)
7 1 or 2 or 3 or 4 or 5 or 6 (32)
8 from 7 keep 1-32 (32)

Exenatide
Database: Ovid MEDLINE(R) <1950 to September Week 1 2007> and updated on <1996 to
April Week 3 2008>
Search Strategy:
-------------------------------------------------------------------------------1 141732-76-5.rn. (316)
2 exenatide.mp. (363)
3 byetta.mp. (17)
4 exendin-4.mp. (253)
5 glp-1 analog$.mp. (74)
6 (incretin adj mimetic).mp. [mp=title, original title, abstract, name of substance word, subject
heading word] (43)
7 1 or 2 or 3 or 4 or 5 or 6 (476)
8 limit 7 to (humans and english language) (275)
9 from 8 keep 1-275 (275)

Database: Ovid MEDLINE(R) <1996 to April Week 3 2008>
Search Strategy:
-------------------------------------------------------------------------------1 141732-76-5.rn. (354)
2 exenatide.mp. (409)
3 byetta.mp. (18)
4 exendin-4.mp. (258)
5 glp-1 analog$.mp. (91)
6 (incretin adj mimetic).mp. [mp=title, original title, abstract, name of substance word, subject
heading word] (49)
7 1 or 2 or 3 or 4 or 5 or 6 (534)
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8 limit 7 to (humans and english language) (314)
9 2008$.ed. (210631)
10 8 and 9 (28)
11 from 10 keep 1-28 (28)
12 from 11 keep 1-28 (28)
***************************
Database: EBM Reviews - Cochrane Central Register of Controlled Trials <3rd Quarter 2007>
Search Strategy:
-------------------------------------------------------------------------------1 exenatide.mp. (24)
2 byetta.mp. (0)
3 exendin-4.mp. (13)
4 glp-1 analog$.mp. (3)
5 (incretin adj mimetic).mp. [mp=title, original title, abstract, mesh headings, heading words,
keyword] (11)
6 1 or 2 or 3 or 4 or 5 (29)
7 from 6 keep 1-29 (29)

Database: EBM Reviews - Cochrane Database of Systematic Reviews <3rd Quarter 2007>
Search Strategy:
-------------------------------------------------------------------------------1 exenatide.mp. (1)
2 byetta.mp. (1)
3 exendin-4.mp. (0)
4 glp-1 analog$.mp. (1)
5 (incretin adj mimetic).mp. (0)
6 1 or 2 or 3 or 4 or 5 (1)
7 from 6 keep 1 (1)

Sitagliptin
Database: Ovid MEDLINE(R) <1950 to September Week 1 2007> and updated on <1996 to
April Week 3 2008>
Search Strategy:
-------------------------------------------------------------------------------1 sitagliptin.mp. (73)
2 januvia.mp. (5)
3 790712-60-6.rn. (0)
4 dipeptidyl peptidase inhibit$.mp. (14)
5 cd26 inhibit$.mp. (14)
6 gliptin$.mp. (5)
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7 (incretin adj mimetic).mp. [mp=title, original title, abstract, name of substance word, subject
heading word] (43)
8 DPP-IV inhibit$.mp. (134)
9 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 (264)
10 limit 9 to (humans and english language) (187)
11 from 10 keep 1-187 (187)

Database: Ovid MEDLINE(R) <1996 to April Week 3 2008>
Search Strategy:
-------------------------------------------------------------------------------1 sitagliptin.mp. (111)
2 januvia.mp. (8)
3 790712-60-6.rn. (0)
4 dipeptidyl peptidase inhibit$.mp. (13)
5 cd26 inhibit$.mp. (14)
6 gliptin$.mp. (7)
7 (incretin adj mimetic).mp. [mp=title, original title, abstract, name of substance word, subject
heading word] (49)
8 DPP-IV inhibit$.mp. (145)
9 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 (312)
10 limit 9 to (humans and english language) (225)
11 2008$.ed. (210631)
12 10 and 11 (26)
13 from 12 keep 1-26 (26)
14 from 13 keep 1-26 (26)
***************************
Database: EBM Reviews - Cochrane Central Register of Controlled Trials <3rd Quarter 2007>
Search Strategy:
-------------------------------------------------------------------------------1 sitagliptin.mp. (11)
2 januvia.mp. (0)
3 [790712-60-6.rn.] (0)
4 dipeptidyl peptidase inhibit$.mp. (0)
5 DPP-IV inhibitor$.mp. [mp=title, original title, abstract, mesh headings, heading words,
keyword] (2)
6 1 or 2 or 3 or 4 or 5 (12)
7 from 6 keep 1-12 (12)

Database: EBM Reviews - Cochrane Database of Systematic Reviews <3rd Quarter 2007>
Search Strategy:
-------------------------------------------------------------------------------1 sitagliptin.mp. (1)
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januvia.mp. (0)
[790712-60-6.rn.] (0)
dipeptidyl peptidase inhibit$.mp. (0)
gliptin$.mp. (1)
DPP-IV inhibitor$.mp. [mp=title, short title, abstract, full text, keywords, caption text] (0)
1 or 2 or 3 or 4 or 5 or 6 (1)
from 7 keep 1 (1)
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Appendix B. Quality assessment methods for drug class reviews for
the Drug Effectiveness Review Project
Study quality is objectively assessed using predetermined criteria for internal validity which are
based on the US Preventive Services Task Force and the National Health Service Center for
Reviews and Dissemination1 2 criteria.
All included studies, regardless of design, are assessed for quality and assigned a rating
of “good,” “fair,” or “poor.” Studies that have a fatal flow are rated poor quality. A fatal flow is
failure to meet combinations of criteria that together are consistent with absence of systematic
bias. An example would be inadequate procedures for randomization and/or allocation
concealment combined with important differences in prognostic factors at baseline. Studies that
meet all criteria are rated good quality and the remainder is rated fair quality. As the “fair”
category is broad, studies with this rating vary in their strengths and weaknesses: The results of
some fair-quality studies are likely to be valid, while others are only probably valid. A poorquality trial is not valid; the results are at least as likely to reflect flaws in the study design as to
reflect true difference between the compared drugs.
Criteria for assessing scientific quality of systematic research reviews3 (Oxman
and Guyatt 1991)
The purpose of this index is to evaluate the scientific quality (i.e. adherence to scientific
principles) of research overviews (review articles) published in the medical literature. It is not
intended to measure literary quality, importance, relevance, originality, or other attributes of
overviews.
The index is for assessing overviews of primary (“original”) research on pragmatic
questions regarding causation, diagnosis, prognosis, therapy, or prevention. A research overview
is a survey of research. The same principles that apply to epidemiological surveys apply to
overviews: a question must be clearly specified, a target population identified and accessed,
appropriate information obtained from that population in an unbiased fashion, and conclusions
derived, sometimes with the help of formal statistical analysis, as is done in “meta-analyses”.
The fundamental difference between overviews and epidemiological studies is the unit of
analysis, not the scientific issues that the questions in this index address.
Since most published overviews do not include a methods section, it is difficult to answer some
of the questions in the index. Base your answers, as much as possible, on information provided
in the overview. If the methods that were used are reported incompletely relative to a specific
question, score it as “can’t tell”, unless there is information in the overview to suggest either the
criterion was or was not met.
Each Question is scored as Yes, Partially/Can’t tell, or No.
Extensive Flaws
1
2

Major Flaws
3

4

Minor Flaws
5

6

Minimal Flaws
7

1. Were the search methods reported?
Were the search methods used to find evidence (original research) on the primary questions
stated?
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"Yes" if the review states the databases used, date of most recent searches, and some mention of
search terms.
2. Was the search comprehensive?
Was the search for evidence reasonably comprehensive?
"Yes" if the review searches at least 2 databases and looks at other sources (such as reference
lists, hand searches, queries experts).
Because EMBASE was launched in 1972 and Cochrane Database of Systematic Reviews was
launched in 1994, papers prior to 1994 can be graded “Yes” if only one database is searched.
3. Were the inclusion criteria reported?
Were the criteria used for deciding which studies to include in the overview reported?
4. Was selection bias avoided?
Was bias in the selection of studies avoided?
"Yes" if the review reports how many studies were identified by searches, numbers excluded,
and gives appropriate reasons for excluding them (usually because of pre-defined
inclusion/exclusion criteria).
5. Were the validity criteria reported?
Were the criteria used for assessing the validity of the included studies reported?
6. Was validity assessed appropriately?
Was the validity of all the studies referred to in the text assessed using appropriate criteria
(either in selecting studies for inclusion or in analyzing the studies that are cited)?
"Yes" if the review reports validity assessment and did some type of analysis with it (for
example sensitivity analysis of results according to quality ratings, excluded low-quality studies,
etc.)
7. Were the methods used to combine studies reported?
Were the methods used to combine the findings of the relevant studies (to reach a conclusion)
reported?
"Yes" for studies that did qualitative analysis if there is some mention that quantitative analysis
was not possible and reasons that it could not be done, or if 'best evidence' or some other grading
of evidence scheme used.
8. Were the findings combined appropriately?
Were the findings of the relevant studies combined appropriately relative to the primary question
the overview addresses?
"Yes" if the review performs a test for heterogeneity before pooling, does appropriate subgroup
testing, appropriate sensitivity analysis, or other such analysis.
For Question 8, if not attempt has been made to combine findings, and no statement is made
regarding the inappropriateness of combining findings, check “No”. if a summary (general )
estimate is given anywhere in the abstract, the discussion, or the summary section of the paper,
and it is not reported how that estimate was derived, mark “No” even if there is a statement
regarding the limitations of combining the findings of the studies reviewed. If in doubt, mark
“Can’t tell”.
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9. Were the conclusions supported by the reported data?
Were the conclusions made by the author(s) supported by the data and/or analysis reported in
the overview?
For an overview to be scored as “Yes” in Question 9, data (not just citations) must be reported
that support the main conclusions regarding the primary question(s) that the overview addresses.
10. What was the overall scientific quality of the overview?
How would you rate the scientific quality of this overview?
The score for Question 10, the overall scientific quality, should be based on your answers to the
first nine questions. The following guidelines can be used to assist with deriving a summary
score: If the “Can’t tell” option is used one or more times on the preceding questions, a review is
likely to have minor flaws at best and it is difficult to rule out major flaws (i.e. a score of 4 or
lower). If the “No” option is used on Question 2, 4, 6 or 8, the review is likely to have major
flaws (i.e. a score of 3 or less, depending on the number and degree of the flaws).
Controlled Trials
Assessment of Internal Validity
1. Was assignment to the treatment groups really random?
Adequate approaches to sequence generation:
Computer-generated random numbers
Random numbers tables
Inferior approaches to sequence generation:
Use of alternation, case record number, birth date, or day of the week
Not reported
2. Was the treatment allocation concealed?
Adequate approaches to concealment of randomization:
Centralized or pharmacy-controlled randomization
Serially-numbered identical containers
On-site computer-based system with a randomization sequence that is not
readable until allocation
Other approaches that conceal the sequence to clinicians and patients until
treatment allocation
Inferior approaches to concealment of randomization:
Use of alternation, case record number, birth date, or day of the week
Open random-numbers lists
Serially numbered envelopes (even sealed opaque envelopes can be subject to
manipulation)
Not reported
3. Were the groups similar at baseline in terms of prognostic factors?
4. Were the eligibility criteria specified?
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5. Were outcome assessors blinded to the treatment allocation?
6. Was the care provider blinded?
7. Was the patient kept unaware of the treatment received?
8. Did the article include an intention-to-treat analysis or provide the data needed to calculate it
(that is, number assigned to each group, number of subjects who finished in each group, and
results for those subjects)?
9. Did the study maintain comparable groups?
10. Did the article report attrition, crossovers, adherence, and contamination?
11. Is there important differential loss to follow-up or overall high loss to follow-up (report
numbers in each group)?
Assessment of External Validity (Generalizability)
1. How similar is the population to the population to whom the intervention would be applied?
2. How many patients were recruited?
3. What were the exclusion criteria for recruitment? (report numbers excluded at each step.)
4. What was the funding source and role of the funder in the study?
5. Did the control group receive the standard of care?
6. What was the length of follow-up? (report numbers at each stage of attrition.)
Non-randomized studies
Assessment of Internal Validity
1. Was the selection of patients for inclusion non-biased? (e.g., was no group of patients
systematically excluded?)
2. Is there important differential loss to follow-up or overall high loss to follow-up? (Give
numbers in each group.)
3. Were the investigated events specified and defined?
4. Was there a clear description of the techniques used to identify the events?
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5. Was there non-biased and accurate ascertainment of events (independent ascertainers,
validation of ascertainment technique)?
6. Were potential confounding variables and risk factors identified and examined using
acceptable statistical techniques?
7. Did the duration of follow-up correlate to reasonable timing for investigated events? (Does
follow-up interval meet the stated threshold?)
Assessment of External Validity
1. Was the description of the population adequate?
2. How similar is the population to the population to whom the intervention would be applied?
3. How many patients were recruited?
4. What were the exclusion criteria for recruitment? (report numbers excluded at each step.)
5. What was the funding source and role of the funder in the study?
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Appendix D. Abbreviations
A1c
AE
ANCOVA
ANOVA
CI
CSII
d
dL
g
GIP
GLP-1
ITT
L
mcg
MDI
mg
mmol
N
n
SD
SE
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hemoglobin A1c
adverse event(s)
analysis of covariance
analysis of variance
confidence interval
continuous subcutaneous insulin infusion
day
deciliter
gram
glucose-dependent insulinotropic peptide
glucagon-like peptide-1
intent-to-treat
liter
microgram
multiple dose injections
milligram
millimole
total sample size
size of a subsample
standard deviation
standard error
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