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The following program is a taped presentation by Susan A. Cornell.
Susan A. Cornell is the associate director of experiential education and an associate professor in the
department of pharmacy practice at Midwestern University Chicago College of Pharmacy in Downers
Grove, Illinois.
Dr. Cornell is also a clinical pharmacy consultant and certified diabetes educator, specializing in
community and ambulatory care practice. She has over 24 years of practice in community pharmacy
where she has practiced as a clinical pharmacist, diabetes educator and preceptor, as well as, the
inaugural coordinator of the ADA recognized Dominick’s Pharmacy Diabetes Self-Management
Education program through 2004.
Dr. Cornell received her bachelor of pharmacy at the University of Illinois, College of Pharmacy and her
Doctor of Pharmacy at Midwestern University.
Dr. Cornell’s current clinical practice is with the Access Community Health Network and the
Bolingbrook Christian Health Center, where she trains, educates, and supervises students from the
colleges of medicine, pharmacy, and health sciences, as they provide diabetes education classes for
patients in numerous underserved community clinics.
Dr. Cornell recently completed her term as President of the Illinois Pharmacists Association in October
2011. She has received numerous awards and recognitions, including the 2010 Teacher of the Year
Award, the 2010 American Association of Colleges of Pharmacy, Student Engaged Community Service
Award, the 2008 American Association of Diabetes Educators Fellow Award, 2008 American
Pharmacists Association Fellow award, the 2005 Midwestern University Golden Apple Teaching Award.
She is an active member of the American Diabetes Association, and the American Association of
Diabetes Educators, where she served on their board of directors from 2004 to 2007. Dr. Cornell has
given numerous presentations to various healthcare professionals and community groups and has
published and contributed to many peer-reviewed, professional written and online publications.
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After completing this activity, participants should be able to:
• Discuss the major characteristics and functions of endogenous incretin
hormones and the mechanism of action and main effects of the GLP-1
agonists

• Differentiate between the class effects and characteristics of the GLP-1
agonists and the effects and characteristics of the individual members of
this class
• Review key data related to the efficacy and safety of the GLP-1 agonists
and describe the positioning of these agents in current clinical practice
guidelines
• Describe effective strategies for using the GLP-1 agonists in clinical
practice and practical, patient-centered considerations associated with
these agents
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Type 2 diabetes (T2DM) is a progressive metabolic disorder characterized by
functional defects in several organs. Patients experience progressive
pancreatic islet dysfunction, including qualitative and quantitative abnormalities
in insulin and amylin secretion from beta cells.
Amylin, which is co-secreted with insulin from pancreatic beta cells, works with
insulin to suppress glucagon secretion. It also promotes satiety and helps to
regulate gastric emptying, thereby influencing the rate at which glucose enters
the blood.
Patients also experience unrestrained glucagon secretion from alpha cells. In
addition, they have insulin resistance in muscle and adipose tissue, as well as
dysregulated hepatic glucose production.
T2DM is also characterized by impaired incretin hormone activity. (The word
“incretin” is an acronym for INtestinal seCRETion of INsulin.) The incretin
hormones are discussed in the next slides.
Pratley RE. Overview of glucagon-like peptide-1 analogs and dipeptidyl peptidase-4 inhibitors for type 2
diabetes. Medscape J Med. 2008;10:171.
Meier JJ, Nauck MA. Is the diminished incretin effect in type 2 diabetes just an epi-phenomenon of
impaired β-cell function? Diabetes. 2010;59:1117–1125.
Neumiller JJ. Differential chemistry (structure), mechanism of action, and pharmacology of the GLP-1
receptor agonists and DPP-4 inhibitors. J Am Pharm Assoc. 2009;49(Suppl 1):S16–S29.
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The incretin hormones glucagon-like peptide 1 (GLP-1) and glucose-dependent
insulinotropic polypeptide (GIP) are produced by specialized endocrine cells, called
enteroendocrine cells, in the gastrointestinal (GI) tract. Incretin hormones are
secreted in response to the entry of nutrients into the gut. GLP-1 secretion is
stimulated by glucose, amino acids, and fat, and GIP secretion is stimulated by fat
and, to a lesser extent, glucose. The incretin hormones increase insulin secretion
from pancreatic beta cells in a glucose-dependent manner. Studies conducted in
human volunteers during the 1960s showed that oral ingestion of glucose led to a
greater insulin response than intravenous (IV) administration of an equivalent amount
of glucose. This phenomenon, called “the incretin effect,” is discussed further on the
next slide.
GLP-1 also has other effects. It slows gastric emptying, suppresses postprandial
glucagon secretion from pancreatic alpha cells, and promotes satiety and reduces
appetite, thereby lowering food intake and body weight.
Preclinical studies have shown that both GLP-1 and GIP reduce beta-cell apoptosis
(cell death) and promote beta-cell proliferation, although these effects have not been
demonstrated in humans.
Pratley RE. GIP: an inconsequential incretin or not? Diabetes Care. 2010;33:1691–1692.
Elrick H, Stimmler L, Hlad CJ Jr, et al. Plasma insulin response to oral and intravenous glucose administration. J Clin
Endocrinol Metab. 1964;24:1076–1082.
Pratley RE. Overview of glucagon-like peptide-1 analogs and dipeptidyl peptidase-4 inhibitors for type 2 diabetes.
Medscape J Med. 2008;10:171.
Drucker DJ. Glucagon-like peptides: regulators of cell proliferation, differentiation, and apoptosis. Mol Endocrinol.
2003;17:161–171.
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As just mentioned, the incretin effect is the phenomenon by which oral ingestion of
glucose provokes a greater insulin response than IV administration of the same
amount of glucose. The term derives from the fact that increased insulin secretion
following oral glucose administration is primarily due to the actions of incretin
hormones GLP-1 and GIP.
This slide depicts the incretin effect, presenting data for human volunteers who did
not have diabetes. In the graph on the left, the yellow line represents mean serum
glucose levels following oral ingestion of glucose and the blue line represents mean
glucose levels following IV infusion of an equivalent amount of glucose. The
superimposition of the lines shows that subjects had similar serum glucose levels
regardless of the route of administration.
The graph on the right shows mean levels of secreted insulin when subjects received
glucose by the oral route (yellow line) or the IV route (blue line). As the graph shows,
considerably more insulin was secreted when glucose was administered by the oral
route. Additional research has shown that average insulin responses to IV glucose
infusion are 30% to 70% less than average insulin responses to oral glucose
ingestion. Studies have also shown that the insulinotropic effects of GLP-1 and GIP
are additive to each other.
Pratley RE. GIP: an inconsequential incretin or not? Diabetes Care. 2010;33:1691–1692.
Nauck MA. Incretin-based therapies for type 2 diabetes mellitus: properties, functions, and clinical
implications. Am J Med. 2011;124(1 Suppl):S3–S18.
Nauck MA, Homberger E, Siegel EG, et al. Incretin effects of increasing glucose loads in man calculated
from venous insulin and C-peptide responses. J Clin Endocrinol Metab. 1986;63:492–498.
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The incretin effect is impaired in people with T2DM, resulting in impaired
glucose-stimulated insulin secretion, reduced glucose clearance, increased
glucagon levels, and quicker gastric emptying. The mechanisms underlying
this defect are incompletely understood and have generated considerable
controversy. The views summarized here are those of Michael Nauck, MD,
PhD, a pioneer in the field of incretin research.
Most, but not all, studies have found that the secretion of GIP and GLP-1 is
not reduced in people with T2DM. However, the insulinotropic activity of GIP is
greatly compromised, even when GIP is infused at supraphysiologic levels.
This compromise may result from a decrease in beta-cell mass and a
reduction in the maximum insulin secretory capacity of beta cells.
GLP-1 retains its activity in people with T2DM, but cannot compensate at
physiologic levels for the greatly reduced activity of GIP. However, as we will
discuss, supraphysiologic levels of GLP-1 can partially compensate for
impaired GIP activity.

Nauck MA. Incretin-based therapies for type 2 diabetes mellitus: properties, functions, and
clinical implications. Am J Med. 2011;124(1 Suppl):S3–S18.
Pratley RE. Overview of glucagon-like peptide-1 analogs and dipeptidyl peptidase-4 inhibitors
for type 2 diabetes. Medscape J Med. 2008;10:171.
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The foundation of today’s incretin-based therapy is the finding that infusion of
native GLP-1 to volunteers with T2DM normalized beta-cell responsiveness to
glucose, improved the insulin response to glucose, and reduced daytime
plasma glucose (PG) to near-normal levels.
Despite these benefits, large-scale, long-term administration of native GLP-1 is
not feasible, because this hormone is rapidly degraded by dipeptidyl
peptidase-4 (DPP-4), a ubiquitous enzyme.
Therefore, researchers focused on two therapeutic approaches. The first was
the development of GLP-1 agonists, which replicate the activities of native
GLP-1 but are less susceptible to DPP-4 degradation. The second was the
development of DPP-4 inhibitors, which limit the degradation of endogenous
GLP-1, thereby prolonging GLP-1 availability.
This activity focuses on the GLP-1 agonists.

Pratley RE. Overview of glucagon-like peptide-1 analogs and dipeptidyl peptidase-4 inhibitors
for type 2 diabetes. Medscape J Med. 2008;10:171.
Cornell S. Differentiating among incretin therapies: a multiple-target approach to type 2
diabetes. J Clin Pharm Ther. 2012;37:510–524.
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“The incretin effect” refers to the fact that:
a. GLP-1 and GIP increase insulin secretion from pancreatic beta cells in a
glucose-dependent manner

b. GLP-1 delays gastric emptying, promotes satiety, and reduces appetite
c. GLP-1 secretion is stimulated by glucose, amino acids, and fat
d. oral glucose ingestion leads to a greater insulin response than IV glucose
administration
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The correct answer is d.
“The incretin effect” refers to the fact that oral glucose ingestion leads to a
greater insulin response than IV glucose administration.
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The major class effects of the GLP-1 agonists are to:
•

Enhance glucose-dependent insulin secretion

•

Reduce hepatic glucose production

•

Improve postprandial glucose levels

•

Delay gastric emptying

•

Increase satiety and reduce food intake, and

•

Promote weight loss.

Long-acting GLP-1 agonists also improve fasting glucose levels.
All currently available GLP-1 agonists are administered by subcutaneous
injection.

Cornell S. Differentiating among incretin therapies: a multiple-target approach to type 2 diabetes. J Clin
Pharm Ther. 2012;37:510–524.
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This table summarizes basic information about the five GLP-1 agonists that
had been approved for use by the US Food and Drug Administration (FDA) as
of August 2015. Exenatide, the first GLP-1 agent to come to market, was
approved in April 2005 and dulaglutide, the most recently marketed agent, was
approved in September 2014. All of the approved GLP-1 agonists are
indicated as an adjunct to diet and exercise to improve glycemic control in
adults with T2DM.
Another GLP-1 agonist, lixisenatide, is approved in the European Union and
several other countries, but not approved in the US as of November 2015.
Additional GLP-1 agonists are at various stages of development.
This activity covers only the five FDA-approved agents listed on the slide.

US Food and Drug Administration. Drugs @ FDA: FDA approved drug products. Available at:
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.Search_Drug_Nam
e. Accessed June 30, 2015.
Trujillo JM, Nuffer W, Ellis SL. GLP-1 receptor agonists: a review of head-to-head clinical studies. Ther
Adv Endocrinol Metab. 2015;6:19–28.
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Despite their similar pharmacodynamic characteristics, the GLP-1 agonists differ in their
dosing frequency, molecular weight, homology with native GLP-1, and chemical properties.
Exenatide is a synthetic 39-amino acid peptide amide that was originally identified in a lizard.
This agent has 53% homology with native GLP-1.
Liraglutide is 97% homologous to native human GLP-1. The attachment of a palmitoyl group
facilitates the binding of liraglutide to albumin following administration. This results in delayed
absorption and an extended half-life, permitting once-daily administration.
With exenatide extended release, exenatide is incorporated in a microsphere formulation
containing a polymer and sucrose.
Albiglutide and dulaglutide, the other GLP-1 agonists administered once weekly, are
recombinant fusion proteins. Albiglutide consists of two copies of modified human GLP-1 that
are genetically fused to human albumin. A glycine substitution within the GLP-1 confers
resistance to DPP-4–mediated proteolysis (protein breakdown).
Dulaglutide consists of two copies of modified human GLP-1 that are genetically fused to a
modified human immunoglobulin G4 heavy chain. The GLP-1 analog portion of dulaglutide is
90% homologous to native human GLP-1.
Byetta® (exenatide) injection. Prescribing information. Wilmington, DE: AstraZeneca Pharmaceuticals LP; Feb. 2015.
Cornell S. Differentiating among incretin therapies: a multiple-target approach to type 2 diabetes. J Clin Pharm Ther. 2012;37:510–
524.
Victoza® (liraglutide [rDNA origin] injection). Prescribing information. Plainsboro, NJ: Novo Nordisk Inc.; March 2015.
Deacon CF. Potential of liraglutide in the treatment of patients with type 2 diabetes. Vasc Health Risk Manage. 2009;5:199–211.
Bydureon® (exenatide extended-release) for injectable suspension. Prescribing information. Wilmington, DE: AstraZeneca
Pharmaceuticals LP; March 2015.
Tanzeum™ (albiglutide) for injection, for subcutaneous use. Prescribing information. Wilmington, DE: GlaxoSmithKline LLC; March
2015.
Trulicity™ (dulaglutide) injection, for subcutaneous use. Prescribing information. Indianapolis, IN: Eli Lilly and Company; March 2015.
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The varying time to maximum plasma concentration (T max) and elimination half-life (T1/2) values
of the different GLP-1 agonists help to explain why the dosing intervals for the GLP-1 agonists
range from twice daily to once weekly. Note that two different T max values are reported for
exenatide extended release. Following a single dose, there is initial release of surface-bound
exenatide, followed by a gradual release of exenatide from microspheres. When exenatide
extended release is administered every 7 days, steady-state is achieved after 6 to 7 weeks,
and pronounced drug-level fluctuations no longer occur.

Clinical pharmacology studies and real-world experience have shown that significant drug
interactions rarely occur with the GLP-1 agonists. However, patients who are taking oral
medications that depend on threshold concentrations for efficacy, such as contraceptives and
antibiotics, should take them at least 1 hour before exenatide. The prescribing information for
liraglutide, exenatide extended release, albiglutide, and dulaglutide cautions that since GLP-1
agonists delay gastric emptying, they have the potential to impact the absorption of
concomitantly administered oral medications. Therefore, caution should be exercised when
oral medications are concomitantly administered with a GLP-1 agonist. Drug levels of oral
agents with a narrow therapeutic window should be adequately monitored during
coadministration with a GLP-1 agonist. Later in this activity, we will discuss this issue further.
With exenatide and exenatide extended release, elimination is mainly renal. Liraglutide,
albiglutide, and dulaglutide are eliminated by protein catabolism pathways, not by a specific
organ. As we will discuss, these characteristics affect the use of these agents in patients with
renal impairment.
Byetta® (exenatide) injection. Prescribing information. Wilmington, DE: AstraZeneca Pharmaceuticals LP; Feb. 2015.
Victoza® (liraglutide [rDNA origin] injection). Prescribing information. Plainsboro, NJ: Novo Nordisk Inc.; March 2015.
Bydureon® (exenatide extended-release) for injectable suspension. Prescribing information. Wilmington, DE: AstraZeneca
Pharmaceuticals LP; March 2015.
Tanzeum™ (albiglutide) for injection, for subcutaneous use. Prescribing information. Wilmington, DE: GlaxoSmithKline LLC; March
2015.
Trulicity™ (dulaglutide) injection, for subcutaneous use. Prescribing information. Indianapolis, IN: Eli Lilly and Company; March 2015.
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The GLP-1 agonists are administered subcutaneously, in the abdomen, thigh, or upper arm. To
reduce the incidence and severity of GI side effects, patients beginning treatment with
exenatide should receive a 5 µg dose, given twice daily, for the first month. Based on clinical
response, the dose can then be increased to 10 µg, twice daily, if warranted. Exenatide can be
administered at any time within the 60-minute period before the morning and evening meals, or
before the 2 main meals of the day, approximately 6 hours or more apart. (Later in this activity,
timing with regard to meals is discussed further.)
To enhance tolerability, liraglutide should be initiated with a dose of 0.6 mg per day for 1 week.
After that, the dose should be increased to 1.2 mg. The dose can be further increased to 1.8
mg, if necessary. Liraglutide is administered once daily, at any time of day, independently of
meals.
Exenatide extended release should always be administered as a 2 mg dose. Once-weekly
treatment with albiglutide should begin with the 30 mg dose. If warranted, the dose can be
increased to 50 mg. Dulaglutide treatment should be initiated at a dose of 0.75 mg once
weekly, and can be increased to 1.5 mg. Weekly doses of exenatide extended release,
albiglutide, and dulaglutide can be administered at any time of day, with or without meals. If a
dose of a long-acting GLP-1 agonist is missed, the patient should administer it as soon as
possible if there are at least 3 days remaining until the next scheduled dose. Otherwise the
patient should wait until the next regularly scheduled dose to administer the medication.
Byetta® (exenatide) injection. Prescribing information. Wilmington, DE: AstraZeneca Pharmaceuticals LP; Feb. 2015.
Victoza® (liraglutide [rDNA origin] injection). Prescribing information. Plainsboro, NJ: Novo Nordisk Inc.; March 2015.
Bydureon® (exenatide extended-release) for injectable suspension. Prescribing information. Wilmington, DE: AstraZeneca
Pharmaceuticals LP; March 2015.
Tanzeum™ (albiglutide) for injection, for subcutaneous use. Prescribing information. Wilmington, DE: GlaxoSmithKline LLC; March
2015.
Trulicity™ (dulaglutide) injection, for subcutaneous use. Prescribing information. Indianapolis, IN: Eli Lilly and Company; March 2015.
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Since exenatide and exenatide extended release are primarily eliminated by the
kidneys, these agents should be used with caution in patients with moderate renal
impairment and renal transplantation, and should not be used in patients with severe
renal impairment or end-stage renal disease. Liraglutide, albiglutide, and dulaglutide,
which are not eliminated by a specific organ, should be used with caution in patients
with any degree of renal impairment.

No dose adjustment is recommended with any GLP-1 agonist for patients with renal
impairment.
Although preclinical and clinical studies have shown that the GLP-1 agonists are not
directly nephrotoxic, there have been reports of acute renal failure, worsening of
chronic renal failure, and other renal disorders during GLP-1 agonist treatment. Most
of these events occurred in patients who had experienced nausea, vomiting, diarrhea,
or dehydration. Because these adverse GI reactions may worsen renal function,
clinicians should use particular caution when initiating or escalating doses of a GLP-1
agonist in patients with renal impairment. Renal function should be monitored in
patients with renal impairment who are reporting severe GI reactions.
Byetta® (exenatide) injection. Prescribing information. Wilmington, DE: AstraZeneca Pharmaceuticals LP; Feb. 2015.
Victoza® (liraglutide [rDNA origin] injection). Prescribing information. Plainsboro, NJ: Novo Nordisk Inc.; March 2015.
Bydureon® (exenatide extended-release) for injectable suspension. Prescribing information. Wilmington, DE:
AstraZeneca Pharmaceuticals LP; March 2015.
Tanzeum™ (albiglutide) for injection, for subcutaneous use. Prescribing information. Wilmington, DE:
GlaxoSmithKline LLC; March 2015.
Trulicity™ (dulaglutide) injection, for subcutaneous use. Prescribing information. Indianapolis, IN: Eli Lilly and
Company; March 2015.
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The GLP-1 agonists are in Pregnancy Category C. No adequate, well-controlled studies have
been conducted in pregnant women, and a GLP-1 agonist should be used during pregnancy
only if the potential benefit justifies the potential risk to the fetus.
It is not known whether the GLP-1 agonists are excreted in human milk. Because many drugs
are excreted in milk and because of the potential for clinical adverse reactions in nursing
infants, the importance of the GLP-1 agonist to the mother should be considered when
deciding whether to discontinue the drug or discontinue nursing.
The safety and efficacy of the GLP-1 agonists in patients less than 18 years of age have not
been established. Therefore, treating a pediatric patient with a GLP-1 agonist is not
recommended.
In controlled clinical trials, no overall differences in safety and efficacy were detected in
patients 65 years of age or older and in younger adults. However, the greater sensitivity of
some older individuals to GLP-1 agonist therapy cannot be ruled out.
There is limited clinical experience with the GLP-1 agonists in individuals with mild, moderate,
or severe hepatic impairment. Although the liver does not play a significant role in the
elimination of any GLP-1 agonist, these drugs should be used with caution in patients with
hepatic impairment. No dose adjustment is recommended for patients with hepatic impairment.
Byetta® (exenatide) injection. Prescribing information. Wilmington, DE: AstraZeneca Pharmaceuticals LP; Feb. 2015.
Victoza® (liraglutide [rDNA origin] injection). Prescribing information. Plainsboro, NJ: Novo Nordisk Inc.; March 2015.
Bydureon® (exenatide extended-release) for injectable suspension. Prescribing information. Wilmington, DE:
AstraZeneca Pharmaceuticals LP; March 2015.
Tanzeum™ (albiglutide) for injection, for subcutaneous use. Prescribing information. Wilmington, DE:
GlaxoSmithKline LLC; March 2015.
Trulicity™ (dulaglutide) injection, for subcutaneous use. Prescribing information. Indianapolis, IN: Eli Lilly and
Company; March 2015.
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Seven randomized, open-label, phase 3 clinical trials directly compared two FDAapproved GLP-1 agonists. The trials ranged in length from 24 to 32 weeks and in size
from 252 to 976 patients. Each was a noninferiority trial. AWARD-1, which tested the
noninferiority of dulaglutide to exenatide, also tested the superiority of dulaglutide to
placebo. Note that exenatide extended release was compared to exenatide in two
trials, DURATION-1 and -5. DURATION-5 used the intended commercial formulation
of exenatide extended release, whereas DURATION-1 used an earlier formulation.
Agents used as background therapy in these trials included metformin, sulfonylureas
(SUs), and thiazolidinediones (TZDs). Patients enrolled in DURATION-1 and -5 could
be naive to glucose-lowering drug therapy.
Buse JB, Rosenstock J, Sesti G, et al; LEAD-6 Study Group. Liraglutide once a day versus exenatide twice a day for type 2
diabetes: a 26-week randomised, parallel-group, multinational, open-label trial (LEAD-6). Lancet. 2009;374:39–47.
Drucker DJ, Buse JB, Taylor K, et al; DURATION-1 Study Group. Exenatide once weekly versus twice daily for the treatment of
type 2 diabetes: a randomised, open-label, non-inferiority study. Lancet. 2008;372:1240–1250.
Blevins T, Pullman J, Malloy J, et al. DURATION-5: exenatide once weekly resulted in greater improvements in glycemic control
compared with exenatide twice daily in patients with type 2 diabetes. J Clin Endocrinol Metab. 2011;96:1301–1310.
Buse JB, Nauck M, Forst T, et al. Exenatide once weekly versus liraglutide once daily in patients with type 2 diabetes (DURATION6): a randomised, open-label study. Lancet. 2013;381:117–124.

Pratley R, Nauck M, Barnett A, et al. Once-weekly albiglutide versus once-daily liraglutide in patients with type 2 diabetes
inadequately controlled on oral drugs (HARMONY 7): a randomized, open-label, multicentre, non-inferiority phase 3 study.
Lancet Diabetes Endocrinol. 2014;2:289–297.
Wysham C, Blevins T, Arakaki R, et al. Efficacy and safety of dulaglutide added onto pioglitazone and metformin versus
exenatide in type 2 diabetes in a randomized controlled trial (AWARD-1). Diabetes Care. 2014;37:2159–2167.
Dungan K, Povedano S, Forst T, et al. Once-weekly dulaglutide versus once-daily liraglutide in metformin-treated patients with
type 2 diabetes (AWARD-6): a randomized, open-label, phase 3, non-inferiority trial. Lancet. 2014;384:1349–1357.
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In the head-to-head GLP-1 agonist trials, patients’ mean A1C at baseline ranged from 8.1% to
8.5%. As the table shows, mean A1C decreases from baseline at endpoint were often
substantial, ranging from 0.8% to 1.9%, or about 1% to 2%. Decreases with liraglutide were
statistically significantly greater than those seen with exenatide, exenatide extended release,
and albiglutide, and were similar to those observed with both dulaglutide doses. Decreases
with exenatide extended release were significantly greater than those seen with exenatide.

Another efficacy measure in six of the trials was the percentage of patients whose A1C was
less than 7% at endpoint. In DURATION-1, the percentage of patients attaining an A1C of ≤7%
was reported instead. Percentages of patients achieving the A1C goal ranged from 43% to
78%. Proportions of patients attaining the goal were significantly greater with liraglutide than
with exenatide, exenatide extended release, and albiglutide, and were similar to those seen
with both dulaglutide doses. Percentages were significantly greater with exenatide extended
release than with exenatide.
Buse JB, Rosenstock J, Sesti G, et al; LEAD-6 Study Group. Liraglutide once a day versus exenatide twice a day for type 2 diabetes: a 26-week
randomised, parallel-group, multinational, open-label trial (LEAD-6). Lancet. 2009;374:39–47.
Drucker DJ, Buse JB, Taylor K, et al; DURATION-1 Study Group. Exenatide once weekly versus twice daily for the treatment of type 2 diabetes: a
randomised, open-label, non-inferiority study. Lancet. 2008;372:1240–1250.
Blevins T, Pullman J, Malloy J, et al. DURATION-5: exenatide once weekly resulted in greater improvements in glycemic control compared with
exenatide twice daily in patients with type 2 diabetes. J Clin Endocrinol Metab. 2011;96:1301–1310.
Buse JB, Nauck M, Forst T, et al. Exenatide once weekly versus liraglutide once daily in patients with type 2 diabetes (DURATION-6): a randomised,
open-label study. Lancet. 2013;381:117–124.
Pratley R, Nauck M, Barnett A, et al. Once-weekly albiglutide versus once-daily liraglutide in patients with type 2 diabetes inadequately controlled
on oral drugs (HARMONY 7): a randomized, open-label, multicentre, non-inferiority phase 3 study. Lancet Diabetes Endocrinol. 2014;2:289–297.
Wysham C, Blevins T, Arakaki R, et al. Efficacy and safety of dulaglutide added onto pioglitazone and metformin versus exenatide in type 2
diabetes in a randomized controlled trial (AWARD-1). Diabetes Care. 2014;37:2159–2167.
Dungan K, Povedano S, Forst T, et al. Once-weekly dulaglutide versus once-daily liraglutide in metformin-treated patients with type 2 diabetes
(AWARD-6): a randomized, open-label, phase 3, non-inferiority trial. Lancet. 2014;384:1349–1357.
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Weight loss is a desirable effect of the GLP-1 agonists. As this table shows, mean
weight loss from baseline at endpoint in the head-to-head trials was sometimes
considerable, reaching 3.7 kg.
Often, weight loss was similar with the sponsored drug and the active comparator.
However, exenatide was associated with significantly greater weight loss than
dulaglutide 30 mg in AWARD-1. Liraglutide was associated with significantly greater
weight loss compared to albiglutide in HARMONY-7 and compared to dulaglutide 50
mg in AWARD-6.
Statistical significance for the difference in mean weight loss was not reported in the
original article reporting on DURATION-6.
Buse JB, Rosenstock J, Sesti G, et al; LEAD-6 Study Group. Liraglutide once a day versus exenatide twice a day for type 2
diabetes: a 26-week randomised, parallel-group, multinational, open-label trial (LEAD-6). Lancet. 2009;374:39–47.
Drucker DJ, Buse JB, Taylor K, et al; DURATION-1 Study Group. Exenatide once weekly versus twice daily for the treatment of
type 2 diabetes: a randomised, open-label, non-inferiority study. Lancet. 2008;372:1240–1250.
Blevins T, Pullman J, Malloy J, et al. DURATION-5: exenatide once weekly resulted in greater improvements in glycemic control
compared with exenatide twice daily in patients with type 2 diabetes. J Clin Endocrinol Metab. 2011;96:1301–1310.
Buse JB, Nauck M, Forst T, et al. Exenatide once weekly versus liraglutide once daily in patients with type 2 diabetes (DURATION6): a randomised, open-label study. Lancet. 2013;381:117–124.
Pratley R, Nauck M, Barnett A, et al. Once-weekly albiglutide versus once-daily liraglutide in patients with type 2 diabetes
inadequately controlled on oral drugs (HARMONY 7): a randomized, open-label, multicentre, non-inferiority phase 3 study.
Lancet Diabetes Endocrinol. 2014;2:289–297.
Wysham C, Blevins T, Arakaki R, et al. Efficacy and safety of dulaglutide added onto pioglitazone and metformin versus
exenatide in type 2 diabetes in a randomized controlled trial (AWARD-1). Diabetes Care. 2014;37:2159–2167.
Dungan K, Povedano S, Forst T, et al. Once-weekly dulaglutide versus once-daily liraglutide in metformin-treated patients with
type 2 diabetes (AWARD-6): a randomized, open-label, phase 3, non-inferiority trial. Lancet. 2014;384:1349–1357.
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At endpoint in head-to-head trials of the GLP-1 agonists, __________.
a. most patients were receiving their GLP-1 agonist as monotherapy
b. the typical mean A1C reduction from baseline was about 1% to 2%
c. between 40% and 60% of patients had an A1C below 7%

d. maximum mean weight loss from baseline was slightly below 3 kg
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The correct answer is b.
At endpoint in head-to-head trials of the GLP-1 agonists, the typical mean A1C
reduction from baseline was about 1% to 2%.
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Given the mechanism of action of the GLP-1 agonists, it is not surprising that GI disorders are
their most common adverse effects. This table summarizes the incidence of nausea, diarrhea,
and vomiting in the phase 3 head-to-head clinical trials.
Although some authors have suggested that GI effects are more common with the shorteracting than the longer-acting agents, the table shows that this is an oversimplification. In both
DURATION-1 and DURATION-5, the incidence of GI adverse events was higher with
exenatide than with exenatide extended release, suggesting that a gradual increase in plasma
exenatide concentrations may decrease the incidence of GI events. In HARMONY-7, the
incidence of nausea and vomiting were higher with liraglutide than with albiglutide, but the
incidence of diarrhea was similar. In AWARD-1, rates of nausea were similar with dulaglutide
1.5 mg and exenatide, and rates of vomiting and diarrhea were higher with dulaglutide 1.5 mg
than with exenatide. In AWARD-6, similar rates of GI adverse events were reported with
dulaglutide and liraglutide.
GI adverse events are common at the start of GLP-1 agonist treatment, but often resolve over
time. In clinical practice, approximately 5% to 10% of patients discontinue treatment due to GI
adverse effects. A GLP-1 agonist should not be prescribed for a patient with preexisting severe
GI disease, such as gastroparesis. Closely following manufacturers’ instructions about dose
titration reduces the risk of GI disturbances.
Note: Full citations for the following references are given in the Reference List for this activity.
Buse et al. Lancet. 2009;374:39–47. Drucker et al. Lancet. 2008;372:1240–1250.
Blevins et al. J Clin Endocrinol Metab. 2011;96:1301–1310.
Buse et al. Lancet. 2013;381:117–124.
Pratley et al. Lancet Diabetes Endocrinol. 2014;2:289–297.
Wysham et al. Diabetes Care. 2014;37:2159–2167.
Dungan et al. Lancet. 2014;384:1349–1357.
Handelsman et al. Endocr Pract. 2015;21(Suppl 1):1–87.
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Consistent with the potentially immunogenic properties of protein and peptide pharmaceuticals,
patients treated with a GLP-1 agonist may develop antibodies to that agent or, less frequently,
to native GLP-1.
Antibody formation rates cannot be compared among the different GLP-1 agonists, because
antibody formation was not universally assessed in controlled clinical trials. Moreover, the
observed incidence of antibody positivity may be influenced by the sensitivity and specificity of
the assay used, sample handling, timing of sample collection, concomitant medications, and
underlying disease.
Most patients known to have developed antibodies during clinical trials had low-titer antibodies
that were not clinically significant. However, some patients who developed high-titer antibodies
had an attenuated treatment response. Therefore, the prescribing information for exenatide
and exenatide extended release includes the following warning: “If there is worsening glycemic
control or failure to achieve targeted glycemic control, alternative antidiabetic therapy should
be considered.”
Evidence also suggests that some patients with high-titer antibodies have an increased risk of
experiencing an adverse reaction to GLP-1 agonist therapy, such as a nonserious upper
respiratory tract infection or an injection-site reaction.
Byetta® (exenatide) injection. Prescribing information. Wilmington, DE: AstraZeneca Pharmaceuticals LP; Feb. 2015.
Victoza® (liraglutide [rDNA origin] injection). Prescribing information. Plainsboro, NJ: Novo Nordisk Inc.; March 2015.
Bydureon® (exenatide extended-release) for injectable suspension. Prescribing information. Wilmington, DE:
AstraZeneca Pharmaceuticals LP; March 2015.
Tanzeum™ (albiglutide) for injection, for subcutaneous use. Prescribing information. Wilmington, DE:
GlaxoSmithKline LLC; March 2015.
Trulicity™ (dulaglutide) injection, for subcutaneous use. Prescribing information. Indianapolis, IN: Eli Lilly and
Company; March 2015.
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There are wide variations in the incidence of injection-site reactions among the GLP-1
agonists. In clinical trials in which exenatide was compared to exenatide extended release, the
incidence of these reactions was about 13% with exenatide and 17% with exenatide extended
release. As shown in the table, the presence of antibodies appears to be associated with
injection-site reactions in patients treated with exenatide extended release, but not in those
treated with exenatide. The incidence of reactions was 18% in the pool of albiglutide placebocontrolled trials. No association with antibodies was reported.
Low injection-site reaction rates have been reported with liraglutide and dulaglutide. The
incidence of reactions was about 2% in five liraglutide double-blind trials of at least 26 weeks’
duration and 0.5% in the pool of dulaglutide placebo-controlled trials.
Injection-site reactions in GLP-1 agonist-treated patients usually consist of mild erythema,
rash, or itching. However, as indicated by the warning shown on the slide, reactions with
exenatide extended release can be serious and, in isolated cases, can require surgery. The
microspheres used to deliver exenatide over the treatment period may lead to the formation of
subcutaneous nodules. The immunogenicity of exenatide extended release may also
contribute to the development of reactions.
To minimize the frequency and severity of injection-site reactions, all patients treated with a
GLP-1 agonist should be instructed to rotate their injection site with each injection.
Byetta® (exenatide) injection. Prescribing information. Wilmington, DE: AstraZeneca Pharmaceuticals LP; Feb. 2015.
Victoza® (liraglutide [rDNA origin] injection). Prescribing information. Plainsboro, NJ: Novo Nordisk Inc.; March 2015.
Bydureon® (exenatide extended-release) for injectable suspension. Prescribing information. Wilmington, DE: AstraZeneca
Pharmaceuticals LP; March 2015.
Tanzeum™ (albiglutide) for injection, for subcutaneous use. Prescribing information. Wilmington, DE: GlaxoSmithKline LLC; March
2015.
Trulicity™ (dulaglutide) injection, for subcutaneous use. Prescribing information. Indianapolis, IN: Eli Lilly and Company; March 2015.
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Rates of minor and major hypoglycemia were important safety measures in GLP-1 agonist
clinical trial programs. Minor hypoglycemia was defined slightly differently in the various
programs, but consisted of a PG value below a prespecified threshold, with or without
hypoglycemic symptoms. Major hypoglycemia was defined as an episode that required thirdparty assistance.
Minor and major hypoglycemia occur very rarely when the GLP-1 agonists are given as
monotherapy.
The table shows the incidence of hypoglycemia in head-to-head GLP-1 agonist trials, during
which the great majority of patients were receiving at least one additional glucose-lowering
agent. Note that there were few substantial differences in minor hypoglycemia rates between
the sponsored drug and the active comparator within each trial. The great majority of minor
hypoglycemia episodes occurred in patients receiving a concomitant SU. Therefore,
differences in minor hypoglycemia rates among trials were largely due to whether patients
could receive a SU and the percentage of SU-treated patients in the trials. Only 4 events of
major hypoglycemia were reported: 2 in patients receiving exenatide with a SU and 2 in
patients receiving exenatide with metformin and pioglitazone.
Because patients receiving a GLP-1 agonist with a SU, another insulin secretagogue, or insulin
may have an increased risk for hypoglycemia, prescribers should consider reducing the dose
of the insulin secretagogue or insulin during GLP-1 agonist therapy. Later in this activity, we
will discuss the use of a GLP-1 agonist in combination with basal insulin in greater detail.
Note: Full citations for the following references are given in the Reference List for this activity.
Buse et al. Lancet. 2009;374:39–47. Drucker et al. Lancet. 2008;372:1240–1250.
Blevins et al. J Clin Endocrinol Metab. 2011;96:1301–1310. Buse et al. Lancet. 2013;381:117–124.
Pratley et al. Lancet Diabetes Endocrinol. 2014;2:289–297. Wysham et al. Diabetes Care. 2014;37:2159–2167.
Dungan et al. Lancet. 2014;384:1349–1357.
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Liraglutide, exenatide extended release, and dulaglutide cause an increased
incidence of thyroid C-cell tumors at clinically relevant exposures in rodents. The
carcinogenicity of albiglutide could not be assessed in rodents. It is currently unknown
whether these GLP-1 agonists cause thyroid C-cell tumors, including medullary
thyroid carcinoma (MTC), in humans.

Therefore, liraglutide, exenatide extended release, albiglutide, and dulaglutide have a
boxed warning on thyroid C-cell tumor risk as part of their label. These agents are
contraindicated in patients with a personal or family history of MTC and in patients
with multiple endocrine neoplasia syndrome type 2 (MEN 2).
Prescribers should counsel patients about the potential risk for MTC with these
agents. They should also inform them about the major symptoms of thyroid tumors:
mass in the neck, dysphagia, dyspnea, and persistent hoarseness.
These stipulations do not apply to exenatide, which is not associated with thyroid Ccell tumors in rodents.
Byetta® (exenatide) injection. Prescribing information. Wilmington, DE: AstraZeneca Pharmaceuticals LP; Feb. 2015.
Victoza® (liraglutide [rDNA origin] injection). Prescribing information. Plainsboro, NJ: Novo Nordisk Inc.; March 2015.
Bydureon® (exenatide extended-release) for injectable suspension. Prescribing information. Wilmington, DE:
AstraZeneca Pharmaceuticals LP; March 2015.
Tanzeum™ (albiglutide) for injection, for subcutaneous use. Prescribing information. Wilmington, DE:
GlaxoSmithKline LLC; March 2015.
Trulicity™ (dulaglutide) injection, for subcutaneous use. Prescribing information. Indianapolis, IN: Eli Lilly and
Company; March 2015.
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Pancreatitis has been reported in association with GLP-1 agonist treatment. Cases have
included fatal and nonfatal hemorrhagic or necrotizing pancreatitis. Some patients had other
pancreatitis risk factors, such as a history of cholelithiasis or alcohol abuse. Regulatory
agencies, pharmaceutical manufacturers, and independent researchers are intensively
studying the nature of the association between GLP-1 agonist treatment and pancreatitis. They
are also investigating a possible link between the GLP-1 agonists and pancreatic cancer, since
clinical and subclinical pancreatitis is a risk factor for this type of cancer.
Until more is known about the association between GLP-1 agonist treatment and pancreatitis,
clinicians should observe patients carefully for pancreatitis signs and symptoms, especially
after treatment initiation and dose increases. The cardinal symptom of pancreatitis is persistent
severe abdominal pain, sometimes radiating to the back, which may or may not be
accompanied by vomiting. Patients who are experiencing symptoms should be instructed to
contact their physician promptly. Treatment should be discontinued if pancreatitis is suspected
and should not be restarted if pancreatitis is confirmed. It is important to consider glucoselowering therapies other than GLP-1 agonists for patients with a history of pancreatitis.
Byetta® (exenatide) injection. Prescribing information. Wilmington, DE: AstraZeneca Pharmaceuticals LP; Feb. 2015.
Victoza® (liraglutide [rDNA origin] injection). Prescribing information. Plainsboro, NJ: Novo Nordisk Inc.; March 2015.
Bydureon® (exenatide extended-release) for injectable suspension. Prescribing information. Wilmington, DE:
AstraZeneca Pharmaceuticals LP; March 2015.
Tanzeum™ (albiglutide) for injection, for subcutaneous use. Prescribing information. Wilmington, DE:
GlaxoSmithKline LLC; March 2015.
Trulicity™ (dulaglutide) injection, for subcutaneous use. Prescribing information. Indianapolis, IN: Eli Lilly and
Company; March 2015.
Egan AG, Blind E, Dunder K, et al. Pancreatic safety of incretin-based drugs—FDA and EMA assessment. N Engl J
Med. 2014;370:794–797.
Butler PC, Elashoff M, Elashoff R, et al. A critical analysis of the clinical use of incretin-based therapies: are the GLP1 therapies safe? Diabetes Care. 2013;36:2118–2125.
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During registration trials, the GLP-1 agonists often showed favorable effects on blood
pressure, lipid values, and inflammatory markers. However, the clinical relevance of these
effects is currently unknown.
The FDA has responded to questions about the long-term cardiovascular safety of some
glucose-lowering agents by requiring that drug manufacturers show that new agents are not
associated with clinically meaningful increases in rates of major adverse cardiovascular
events. Therefore, the manufacturers of liraglutide, exenatide extended release, albiglutide,
and dulaglutide have designed large, randomized, double-blind, placebo-controlled, multicenter
cardiovascular outcome trials. (Exenatide, as an older drug, is exempt from this requirement.)
The primary outcome measure in each of these trials is the time to first occurrence of a major
adverse cardiovascular event, such as cardiovascular death, nonfatal myocardial infarction, or
nonfatal stroke. The table provides information about these outcome trials.
Harris KB, McCarty DJ. Efficacy and tolerability of glucagon-like peptide-1 receptor agonists in patients with type 2 diabetes mellitus.
Ther Adv Endocrinol Metab. 2015;6:3–18.
U.S. Department of Health and Human Services. Guidance for industry: diabetes mellitus—evaluating cardiovascular risk in new
antidiabetic therapies to treat type 2 diabetes. December 2008.
ClinicalTrials.gov. Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome Results – a long-term evaluation
(LEADER®). Available at: https://clinicaltrials.gov/. Accessed July 16, 2015.
ClinicalTrials.gov. Exenatide Study of Cardiovascular Event Lowering Trial (EXSCEL): a trial to evaluate cardiovascular outcomes after
treatment with exenatide once weekly in patients with type 2 diabetes mellitus. Available at: https://clinicaltrials.gov/. Accessed July 16,
2015.
ClinicalTrials.gov. Effect of albiglutide, when added to standard blood glucose lowering therapies, on major cardiovascular events in
subjects with type 2 diabetes mellitus. Available at:
https://clinicaltrials.gov/ct2/show/NCT02465515?term=%22albiglutide%22+AND+%22cardiovascular%22&rank=1.
ClinicalTrials.gov. Researching Cardiovascular Events with a Weekly Incretin in Diabetes (REWIND). Available at:
https://clinicaltrials.gov/ct2/show/NCT01394952?term=%22rewind%22+AND+%22dulaglutide%22&rank=1. Accessed July 16, 2015.
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Prandial insulin injections are often added to the regimens of patients who have an inadequate
response to basal insulin, with or without oral agents. Although adding prandial insulin further
reduces A1C levels, the effectiveness of this approach is often compromised by hypoglycemia
and weight gain.
These limitations have prompted investigators to assess the feasibility of administering a GLP1 agonist with basal insulin. There is a strong rationale for this approach. Concomitant therapy
offers the potential for robust glucose lowering due to the complementary effects of these
agents. Basal insulin targets fasting and post-absorptive glucose control, while GLP-1 agonists
reduce postprandial glycemic excursions by inhibiting gastric emptying and stimulating
glucose-dependent insulin secretion. Because of the low hypoglycemic potential of the GLP-1
agonists, the risk of hypoglycemia is likely to be lower when a GLP-1 agonist is administered
with basal insulin than when prandial insulin is administered with basal insulin. Furthermore,
the weight-lowering effects of the GLP-1 agonists might limit insulin-associated weight gain.
Additionally, concomitant treatment might make it possible to reduce the dose of basal insulin,
further lowering the risks of insulin-associated hypoglycemia and weight gain.
As of August 2015, the FDA has approved exenatide, liraglutide, and albiglutide for use in
combination with basal insulin. We will discuss the most important clinical trials supporting
combination therapy in the following slides.
Providers should caution patients initiating combination GLP-1 agonist and basal insulin
therapy that they should never mix the two agents together before injecting them. Agents can
be administered in the same body area, but not in immediate proximity to each other.
Eng C, Kramer CK, Zinman B, et al. Glucagon-like peptide-1 receptor agonist and basal insulin combination
treatment for the management of type 2 diabetes: a systematic review and meta-analysis. Lancet. 2014;384:2228–
2234.
Ahrén B. Insulin plus incretin: a glucose-lowering strategy for type 2 diabetes. World J Diabetes. 2014;5:40–51.
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The FDA approved the use of exenatide in combination with basal insulin based on
the results of Study H80-US-GWCO. This was a double-blind, placebo-controlled,
multicenter, 30-week trial in which patients were randomized to receive exenatide at a
dose of 10 μg with insulin glargine or placebo with insulin glargine. The insulin
glargine dose was titrated to achieve a fasting plasma glucose (FPG) level of less
than 100 mg/dL. Both groups could receive concomitant oral therapy with metformin,
pioglitazone, or both.
Compared to placebo and insulin glargine, treatment with exenatide and insulin
glargine resulted in a significantly greater reduction in the mean A1C from baseline at
end point, as well as a significantly higher percentage of patients whose A1C was
≤7%. The mean FPG reduction at endpoint was similar in the two groups. The mean
weight change from baseline at endpoint was a decrease of 1.8 kg in the exenatide
group and an increase of 1.0 kg in the placebo group, a statistically significant
difference.
The incidence of minor hypoglycemia was similar—25% with exenatide and 29% with
placebo. Only one patient, in the placebo group, experienced major hypoglycemia. A
significantly greater proportion of patients in the exenatide group compared to the
placebo group discontinued the study because of adverse events.
Buse JB, Bergenstal RM, Glass LC, et al. Use of twice-daily exenatide in basal insulin–treated patients
with type 2 diabetes: a randomized, controlled trial. Ann Intern Med. 2011;154:103–112.
Byetta® (exenatide) injection. Prescribing information. Wilmington, DE: AstraZeneca Pharmaceuticals
LP; Feb. 2015.
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FDA approval of the use of liraglutide with basal insulin was based on the results of the
Liraglutide-Detemir Study. In this 26-week, open-label trial, patients were randomly assigned to
receive an optimized dose of insulin detemir or placebo, in combination with liraglutide and
metformin. At endpoint, significant differences favoring the insulin detemir group were reported
for mean A1C reduction, mean FPG reduction, and the percentage of patients whose A1C was
less than 7%. There was a mean weight decrease in both groups, but the reduction was
significantly less in the insulin detemir group. No major hypoglycemia episodes were reported.
The incidence of minor hypoglycemia was greater in the insulin detemir group, and the
percentage of patients who discontinued due to adverse events was higher in the placebo
group.
In a 26-week, double-blind trial, patients were randomized to receive liraglutide or placebo in
combination with an optimized dose of insulin detemir or insulin glargine, with or without
metformin. Compared to the placebo group, patients in the liraglutide group had a significant
reduction at endpoint in the mean A1C and the mean FPG level. Significant differences
favoring liraglutide were also reported for the percentage of patients meeting the A1C goal and
for mean weight loss at endpoint. No episodes of major hypoglycemia were reported. A higher
percentage of patients in the liraglutide group reported minor hypoglycemia and discontinued
the study due to adverse events.
DeVries JH, Bain SC, Rodbard HW, et al; Liraglutide-Detemir Study Group. Sequential intensification of metformin
treatment in type 2 diabetes with liraglutide followed by randomized addition of basal insulin prompted by A1C
targets. Diabetes Care. 2012;35:1446–1454.
Victoza® (liraglutide [rDNA origin] injection). Prescribing information. Plainsboro, NJ: Novo Nordisk Inc.; March 2015.
Ahmann A, Rodbard HW, Rosenstock J, et al; NN2211-3917 Study Group. Efficacy and safety of liraglutide vs.
placebo added to basal insulin analogues (with or without metformin) in patients with type 2 diabetes: a randomized,
placebo-controlled trial. Diabetes Obes Metab. 2015 Jul 14. [Epub ahead of print]
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Two major randomized, open-label trials investigated the efficacy and safety of a GLP-1
agonist plus basal insulin compared to prandial insulin plus basal insulin. In the 30-week 4B
Study, patients receiving optimized doses of insulin glargine and metformin were randomly
assigned to receive exenatide at a total daily dose of 10 or 20 μg or mealtime insulin lispro,
administered 3 times daily, titrated to a premeal BG value of 102 to 108 mg/dL. In the 26-week
HARMONY-6 trial, patients receiving optimized doses of insulin glargine, with or without oral
agents, were randomized to receive albiglutide 30 mg, administered once weekly, or insulin
lispro, administered 3 times daily. The dose of albiglutide could be increased to 50 mg, if
warranted. Insulin lispro doses were titrated to achieve preprandial BG levels of 79–130 mg/dL
and peak postprandial levels of less than 180 mg/dL.
In both studies, the mean A1C reduction from baseline at endpoint and the percentage of
patients attaining the A1C goal were similar in the GLP-1 agonist group and the prandial insulin
group. The mean FPG change from baseline was significantly greater, favoring exenatide, in
the 4B Study and similar in the albiglutide and insulin lispro groups in HARMONY-6. In both
trials, the mean weight change was significantly different between the GLP-1 agonist and the
prandial insulin group, favoring the GLP-1 agonist. Rates of minor hypoglycemia were
substantially lower in the GLP-1 agonist group in both trials. Few cases of major hypoglycemia
were reported overall, and no cases were reported in the HARMONY-6 dulaglutide group. In
both trials, a higher percentage of GLP-1 agonist–treated patients discontinued due to adverse
events.
Diamant M, Nauck MA, Shaginian R, et al; 4B Study Group. Glucagon-like peptide 1 receptor agonist or bolus injection with optimized
basal insulin in type 2 diabetes. Diabetes Care. 2014;37:2763–2773.
Byetta® (exenatide) injection. Prescribing information. Wilmington, DE: AstraZeneca Pharmaceuticals LP; Feb. 2015.
Rosenstock J, Fonseca VA, Gross JL, et al; Harmony 6 Study Group. Advancing basal insulin replacement in type 2 diabetes
inadequately controlled with insulin glargine plus oral agents: a comparison of adding albiglutide, a weekly GLP-1 receptor agonist,
versus thrice-daily prandial insulin lispro. Diabetes Care. 2014;37:2317–2325.
Tanzeum™ (albiglutide) for injection, for subcutaneous use. Prescribing information. Wilmington, DE: GlaxoSmithKline LLC; March
2015.
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In March 2015, a Limitation of Use was added to the labels of liraglutide, exenatide
extended release, albiglutide, and dulaglutide. These GLP-1 agonists are not
recommended as first-line therapy for patients who have inadequate glycemic control
on diet and exercise because of the uncertain relevance of rodent C-cell tumor
findings to humans. These agents should be prescribed only to patients for whom the
potential benefits are considered to outweigh the potential risk.

The limitation does not apply to exenatide since, as we have noted earlier, exenatide
administration does not appear to be associated with rodent thyroid C-cell tumors.
The recommendation that liraglutide, exenatide extended release, albiglutide, and
dulaglutide not be used as first-line glucose-lowering drug therapy was added shortly
after the development of two major clinical practice guidelines on the pharmaceutical
management of T2DM. However, as we will see on the next two slides, the limitation
has a minimal impact on the guidelines.
Byetta® (exenatide) injection. Prescribing information. Wilmington, DE: AstraZeneca Pharmaceuticals
LP; Feb. 2015.
Victoza® (liraglutide [rDNA origin] injection). Prescribing information. Plainsboro, NJ: Novo Nordisk Inc.;
March 2015.
Bydureon® (exenatide extended-release) for injectable suspension. Prescribing information. Wilmington,
DE: AstraZeneca Pharmaceuticals LP; March 2015.
Tanzeum™ (albiglutide) for injection, for subcutaneous use. Prescribing information. Wilmington, DE:
GlaxoSmithKline LLC; March 2015.
Trulicity™ (dulaglutide) injection, for subcutaneous use. Prescribing information. Indianapolis, IN: Eli Lilly
and Company; March 2015.
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The 2012 ADA–EASD position statement and its 2015 update contain some general
recommendations about glucose-lowering therapy in T2DM. The diagram on this slide
summarizes the 2015 recommendations.
There are four tiers of therapy. The first is for metformin monotherapy, since
metformin is the initial glucose-lowering agent for most patients without
contraindications. The second tier is for 2-drug combinations of glucose-lowering
agents, the third is for 3-drug combinations, and the fourth is for metformin plus
combination injectable therapy. Note that in tiers 2 and 3, the order of the treatment
options is determined by year of introduction and route of administration and does not
denote any specific preference for one agent over another. The usual transition to a
new therapy is vertical, from top to bottom, but horizontal movement within therapy
stages is also possible, depending on the situation.
The figure depicts drugs commonly used in both the US and Europe. However,
meglitinides may be used in place of SUs. Other drugs not shown, including the αglucosidase inhibitors, colesevelam, bromocriptine, and pramlintide, may be used in
selected patients, but have modest efficacy and/or problematic side effects.

Note that the GLP-1 agonist class of agents is identified as a possible component of
dual, triple, and combination injectable therapy. The restriction on the use of
liraglutide, exenatide extended release, albiglutide, and dulaglutide as first-line
therapy does not affect these recommendations.
Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyperglycemia in type 2 diabetes, 2015: a
patient-centered approach: update to a position statement of the American Diabetes Association and the
European Association for the Study of Diabetes. Diabetes Care. 2015;38:140–149.
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This is the 2015 AACE–ACE glycemic control algorithm. An important difference from
the 2012/2015 ADA‒EASD position statement is that glucose-lowering drugs are
listed in a suggested hierarchy of use. Furthermore, agents are divided into 2 major
categories: those that have few adverse effects or provide possible benefits, such as
weight loss, and those that should be used with caution because of possible safety
issues. The more clearly beneficial agents are indicated with a check mark (), while
potentially problematic agents are identified with a caution symbol (!).
The GLP-1 agonists, which have a check mark, occupy a prominent place in the
algorithm. Note that a GLP-1 agonist is the first choice for monotherapy after
metformin—a positioning that is not completely consistent with the FDA
recommendation that 4 of the 5 GLP-1 agonists not be used as first-line therapy. The
algorithm also positions the GLP-1 agonists as first-choice components of dual and
triple therapy regimens.
The Profiles of Antidiabetic Medications chart that accompanies the algorithm
indicates that the GLP-1 agonists are neutral with respect to hypoglycemia, promotion
of congestive heart failure and cardiovascular disease, and effects on bone mineral
density. These agents are also described as promoting weight loss and as drugs to
be used with caution in patients with preexisting GI issues. The profile also notes the
likelihood of adverse effects if—contrary to product labeling—exenatide or exenatide
extended release are used in patients with severe renal impairment.
Garber AJ, Abrahamson MJ, Barzilay JI, et al. American Association of Clinical Endocrinologists’
comprehensive diabetes management algorithm 2013 consensus statement. Endocr Pract.
2013;19(Suppl 2):1–48.
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Recently the editors of Diabetes Care convened an expert forum to review the latest safety
evidence for major classes of glucose-lowering agents, including the GLP-1 agonists. During
their forum, participants developed a list of topics to be discussed with patients who are
contemplating GLP-1 agonist treatment.
As part of their education, it is important for patients to understand that nausea, vomiting, and
diarrhea are usually infrequent and transient adverse reactions. Furthermore, reducing food
intake often lessens the frequency and severity of nausea and vomiting. However, treatment
may need to be withdrawn in a minority of patients who experience severe and persistent GI
effects. Other patients benefit from pharmacotherapy to alleviate adverse GI reactions during
the early stage of GLP-1 agonist therapy.
Patients should also be taught that injection-site reactions and nodules are immunological
responses potentially related to antibody formation. Treatment discontinuation should be
considered for patients who experience repeated injection-site reactions.
The possibility of a causal relationship between acute pancreatitis and GLP-1 agonist
treatment is an unresolved issue. However, patients should be instructed to discontinue the
drug and seek medical assistance if they experience possible signs and symptoms of
pancreatitis. A different glucose-lowering drug should be prescribed for a patient with a history
of pancreatitis.

Providers should advise patients that the likelihood of developing MTC during GLP-1 agonist
treatment is low, in view of the rarity of the disease. Nevertheless, prescribing a different
glucose-lowering therapy is important for a patient with a personal or family history of MTC or
with MEN 2.
Cefalu WT, Buse JB, Del Prato S, et al. Beyond metformin: safety considerations in the decision-making process for
selecting a second medication for type 2 diabetes management. Diabetes Care. 2014;37:2647–2659.
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Given the frequent association between overweight or obesity and weight gain, Van
Gaal and Scheen have recently argued that there is a need for a shift in the approach
to weight management in people with T2DM.
Lifestyle interventions aimed at prompting weight loss are important in managing
T2DM, but most patients remain overweight or obese despite these interventions.
Therefore, the ability to simultaneously target inadequate glycemic control and
overweight or obesity is the ideal approach to T2DM management.
The authors recommend that clinicians consider the weight effects of glucoselowering drugs when managing patients with T2DM and favor weight-reducing drugs
that can complement the patient’s desire for a healthier lifestyle.
Preeminent among the glucose-lowering therapies with weight-loss potential are the
GLP-1 agonists, since they are highly effective at reducing A1C and may result in
clinically significant weight loss for many patients.
This guidance is consistent with recommendations in the 2015 American Heart
Association–ADA scientific statement on the prevention of cardiovascular disease in
adults with T2DM.
Van Gaal L, Scheen A. Weight management in type 2 diabetes: current and emerging approaches to treatment.
Diabetes Care. 2015;38:1161–1172.
Fox CS, Golden SH, Anderson C, et al; American Heart Association Diabetes Committee of the Council on Lifestyle
and Cardiometabolic Health, Council on Clinical Cardiology, Council on Cardiovascular and Stroke Nursing, Council
on Cardiovascular Surgery and Anesthesia, Council on Quality of Care and Outcomes Research, and the American
Diabetes Association. Update on prevention of cardiovascular disease in adults with type 2 diabetes mellitus in light
of recent evidence: a scientific statement from the American Heart Association and the American Diabetes
Association. Diabetes Care. 2015 Aug 5. [Epub ahead of print]
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The accurate statement about the safety and tolerability of the GLP-1 agonists
is that __________.
a. up to 35% of patients experienced nausea in head-to-head clinical trials
b. antibody formation is associated with a large increase in the incidence
of many adverse reactions
c. with all GLP-1 agonists, injection-site reactions usually involve
subcutaneous nodules
d. all GLP-1 agonists are contraindicated in patients with a personal
history of medullary thyroid carcinoma
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The correct answer is a.
Up to 35% of patients experienced nausea in head-to-head clinical trials.
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Exenatide (Byetta®) is administered with a disposable pen that is similar to an insulin pen.
There are 2 different pens, each dispensing 60 exenatide doses. The pen used to administer 5
µg doses has a total capacity of 1.2 mL, and the pen used for 10 µg doses has a total capacity
of 2.4 mL. The 5 µg pen has an orange and blue label and the 10 µg pen has a yellow and blue
label. Both have dark blue caps.
A one-time new pen setup procedure must be performed before initial use. No product
resuspension is necessary. Pens use disposable, single-use, 29G to 31G pen needles that are
not included with the pens. Therefore, clinicians must be sure to write a separate prescription
for pen needles when prescribing Byetta®. In addition to the 5 μg and 10 μg Pen User Manuals,
the Byetta.com web site has various educational materials to help patients learn to use their
pen.
The education of a patient who is about to begin treatment with exenatide or another GLP-1
agonist must include some basic safety training. The health care provider must instruct the
patient not to share their administration device or needle with anyone else, not to keep a
removable needle on a reusable device once the dose has been given, and to dispose of
devices and needles in a puncture-resistant container.
Detailed information about storing exenatide pens and other administration devices is provided
later in this activity.

Byetta® (exenatide) injection. Pen user manual, 250 mcg/mL, 1.2 mL; 5 mcg. Wilmington, DE: AstraZeneca
Pharmaceuticals LP; February 2015.
Byetta® (exenatide) injection. Pen user manual, 250 mcg/mL, 2.4 mL, 10 mcg. Wilmington, DE: AstraZeneca
Pharmaceuticals LP; February 2015.
Byetta® (exenatide) injection. US website. Available at: http://byetta.com/. Accessed June 26, 2015.
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Liraglutide (Victoza®) is administered with a disposable pen device that
contains 18 mg of liraglutide. The same device is used to administer 0.6 mg,
1.2 mg, and 1.8 mg doses. The pen has a light blue body and cap.
The “First-time use for each new pen” procedure should be performed before
initial use and if the pen is dropped. No product resuspension is necessary.
The recommended needle for the Victoza® pen is the NovoFine® 32G Tip
needle, which is not included with the pen. Therefore, clinicians must be sure
to write a separate prescription for pen needles when prescribing Victoza ®.
In addition to the Victoza® Medication Guide, the Victoza.com website has
written materials and brief videos to help patients learn to use their pen.

Victoza® (liraglutide [rDNA origin] injection), solution for subcutaneous use. Medication Guide.
Plainsboro, NJ: Novo Nordisk Inc.; March 2015.
Victoza® (liraglutide [rDNA origin] injection). US website. http://www.victoza.com/. Accessed June 26,
2015.
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Exenatide extended release (Bydureon®) is administered using one of two systems, each of
which delivers 2 mg of exenatide mixed with 0.65 mL of diluent. The Bydureon® Single-Dose
Tray includes a vial containing exenatide, a prefilled syringe delivering diluent, a vial
connector, and two custom needles, one intended as a backup. The Bydureon® pen comes
with a custom needle. Both systems are supplied in cartons containing 4 systems—enough for
4 weeks.
Before the administration process begins, refrigerated pens should stand at room temperature
for 15 minutes to facilitate mixing. The 15-minute wait time does not apply to the vial-andsyringe system.
Whether Bydureon® is given by syringe or pen, the product must be thoroughly mixed, so that
the liquid is cloudy and no clumps of powder are visible. To prevent needle clogging,
Bydureon® must be administered as soon as it is completely mixed. It cannot be saved to be
injected at a later time. With both delivery systems, Bydureon® is administered using a 23G
needle. Needle lengths are 5/16-inch with the syringe and 9/32-inch with the pen.
In addition to the Instructions for Use, the Bydureon.com website has many written materials to
help patients learn to use their delivery system.
Clinicians should be aware that unless the Bydureon® PEN is specifically prescribed, the
single-dose tray will be dispensed.
Bydureon® (exenatide extended-release) for injectable suspension. Instructions for use: Single-Dose Tray and Pen.
Wilmington, DE: AstraZeneca Pharmaceuticals LP; March 2015.
Bydureon® (exenatide extended-release) for injectable suspension. Prescribing information. Wilmington, DE:
AstraZeneca Pharmaceuticals LP; March 2015.
Bydureon® (exenatide extended-release) for injectable suspension. US website. Available at:
https://www.bydureon.com/. Accessed June 26, 2015.
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Albiglutide (Tanzeum™) is administered with a 30 mg or 50 mg pen. Pens have two
storage chambers, one for albiglutide powder, the other for water. Each pen comes
with a custom needle. Pens are supplied in cartons containing 4 systems.
To facilitate mixing, a refrigerated pen should be kept at room temperature for 15
minutes before proceeding.

The administration process begins when the patient combines the contents of the
albiglutide and water chambers by twisting the pen. To ensure that the albiglutide
powder dissolves completely, the pen must then be placed upright in a clean, empty
cup for 15 minutes with the 30 mg pen and for 30 minutes with the 50 mg pen.
Tanzeum™ needs to be injected within 8 hours of reconstitution, and immediately
after the needle is attached to the pen. Delayed administration can result in a clogged
needle. The product is administered using a 29G, 5-mm, thin-wall needle that is
supplied with the pen.
The Tanzeum.com website provides detailed instructions for reconstituting and
administering the product.

Tanzeum™ (albiglutide), for injection, for subcutaneous use. Instructions for Use: Tanzeum Pen 30 mg
and 50 mg. Wilmington, DE: GlaxoSmithKline LLC; June 2014.
Tanzeum™ (albiglutide) for injection, for subcutaneous use. Prescribing information. Wilmington, DE:
GlaxoSmithKline LLC; March 2015.
Tanzeum™ (albiglutide) for injection, for subcutaneous use. US website. Available at:
http://www.tanzeum.com/. Accessed June 26, 2015.
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Dulaglutide (Trulicity™) is administered with an 0.75 mg/0.5 mL or a 1.5
mg/0.5 mL single-use pen. Pens are supplied in cartons containing 4 systems.
The “How Supplied” section of the March 2015 US Prescribing Information
also describes a prefilled syringe, but syringes are not currently available in the
US.

A refrigerated pen does not need to stand at room temperature before use.
No reconstitution is necessary. To administer the product, the patient presses
the base of the pen against the skin at the injection site, unlocks the pen by
turning the lock ring, and presses and holds the injection button until there are
two clicks. Trulicity™ is administered using a pre-attached, concealed, nonremovable 29G needle.
The trulicity.com website provides written instructions and short videos about
using the product.

Trulicity™ (dulaglutide) injection, for subcutaneous use, 0.75 mg/0.5 mL and 1.5 mg/0.5 mL single dose
pen, once weekly. Instructions for use. Indianapolis, IN: Eli Lilly and Company; Sept. 18, 2014.
Trulicity™ (dulaglutide) injection, for subcutaneous use. Prescribing information. Indianapolis, IN: Eli Lilly
and Company; March 2015.
Trulicity™ (dulaglutide) injection, for subcutaneous use. U.S. website. Available at:
https://www.trulicity.com/. Accessed June 30, 2015.
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All GLP-1 agonists should be stored in their original packaging and must not be frozen. The
agents differ with respect to when they should be refrigerated (at standard refrigerator
temperatures of 36–46°F), and at what temperature range and for how long they can be kept
outside the refrigerator. In some circumstances, such as when a patient lives in a hot climate
without access to air conditioning, storage requirements may be a consideration in product
selection.

Both exenatide and liraglutide pens should be refrigerated before first use and can be kept
outside the refrigerator, while they are in use, for up to 30 days. The permitted temperature
range is 36–77°F for exenatide and 59–86°F for liraglutide. Multiple-use pens should be
discarded after 30 days, even if they are not completely empty.
To ensure proper mixing, both exenatide and albiglutide should be removed from the
refrigerator and kept at room temperature for 15 minutes before mixing. They can be stored
outside the refrigerator for up to 4 weeks: exenatide at a temperature range of 68–77°F, and
albiglutide at a temperature no higher than 86°F.
Since dulaglutide does not require mixing, it does not need to be removed from the refrigerator
and stand at room temperature before administration. Alternatively, it can be kept outside the
refrigerator, at a temperature no higher than 86°F, for up to 2 weeks.
Byetta® (exenatide) injection. Prescribing information. Wilmington, DE: AstraZeneca Pharmaceuticals LP; Feb. 2015.
Victoza® (liraglutide [rDNA origin] injection). Prescribing information. Plainsboro, NJ: Novo Nordisk Inc.; March 2015.
Bydureon® (exenatide extended-release) for injectable suspension. Prescribing information. Wilmington, DE:
AstraZeneca Pharmaceuticals LP; March 2015.
Tanzeum™ (albiglutide) for injection, for subcutaneous use. Prescribing information. Wilmington, DE:
GlaxoSmithKline LLC; March 2015.
Trulicity™ (dulaglutide) injection, for subcutaneous use. Prescribing information. Indianapolis, IN: Eli Lilly and
Company; March 2015.
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Exenatide differs from the other GLP-1 agonists in terms of timing with regard to
meals. Exenatide should be administered at any time within the 60-minute period
before the morning and evening meals (or before the two main meals of the day,
approximately 6 hours or more apart). Exenatide should not be administered after a
meal, as it would not be effective at that time.

Liraglutide, exenatide extended release, albiglutide, and dulaglutide can be
administered at any time of day, without regard to meals.
The requirement that exenatide be administered during the hour before a meal may
be onerous for some patients, who may forget their premeal dose and then be unable
to take their medication until the hour before their next meal. Exenatide timing interval
restrictions may also be problematic for patients who have their main meals of the day
at breakfast and lunch, or at lunch and dinner, rather than at breakfast and dinner. In
such cases, the customary interval between major meals may be substantially less
than 6 hours, potentially disrupting personal or family routines and increasing the risk
for nonadherence to the treatment regimen.
Byetta® (exenatide) injection. Prescribing information. Wilmington, DE: AstraZeneca Pharmaceuticals LP; Feb. 2015.
Victoza® (liraglutide [rDNA origin] injection). Prescribing information. Plainsboro, NJ: Novo Nordisk Inc.; March 2015.
Bydureon® (exenatide extended-release) for injectable suspension. Prescribing information. Wilmington, DE:
AstraZeneca Pharmaceuticals LP; March 2015.
Tanzeum™ (albiglutide) for injection, for subcutaneous use. Prescribing information. Wilmington, DE:
GlaxoSmithKline LLC; March 2015.
Trulicity™ (dulaglutide) injection, for subcutaneous use. Prescribing information. Indianapolis, IN: Eli Lilly and
Company; March 2015.
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The delayed gastric emptying that occurs with all GLP-1 agonists can potentially reduce the
extent and rate of absorption of orally administered drugs. Therefore, GLP-1 agonists should
be used with caution in patients receiving oral medications that have a narrow therapeutic
index or require rapid GI absorption.
Because of its greater dosing frequency, exenatide can have especially pronounced effects on
the absorption of orally administered drugs. Therefore, several stipulations apply specifically to
this agent. Patients should take oral contraceptives, antibiotics, and other medications that are
dependent on threshold concentrations for efficacy at least 1 hour before their exenatide
injection. If such drugs are to be administered with food, patients should take them with a meal
or snack were exenatide is not administered.
Due to postmarketing reports of increased international normalized ratios (INRs) sometimes
associated with bleeding, patients taking warfarin and initiating treatment with exenatide or
undergoing exenatide dose escalation should have their prothrombin time monitored more
often than usual. Once a stable prothrombin time has been documented, prothrombin times
can be monitored at the intervals usually recommended for warfarin-treated patients.
Byetta® (exenatide) injection. Prescribing information. Wilmington, DE: AstraZeneca Pharmaceuticals LP; Feb. 2015.
Victoza® (liraglutide [rDNA origin] injection). Prescribing information. Plainsboro, NJ: Novo Nordisk Inc.; March 2015.
Bydureon® (exenatide extended-release) for injectable suspension. Prescribing information. Wilmington, DE:
AstraZeneca Pharmaceuticals LP; March 2015.
Tanzeum™ (albiglutide) for injection, for subcutaneous use. Prescribing information. Wilmington, DE:
GlaxoSmithKline LLC; March 2015.
Trulicity™ (dulaglutide) injection, for subcutaneous use. Prescribing information. Indianapolis, IN: Eli Lilly and
Company; March 2015.
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A key factor in optimizing adherence to GLP-1 agonist therapy is selecting the most
appropriate agent for an individual patient. As with all drug categories, determining which agent
or agents are covered by the patient’s insurance and how large the patient’s copays will be
with the different agents is essential.
Sometimes, as we have already mentioned, storage requirements or the timing of an agent
with regard to meals is an important consideration.

With the GLP-1 agonists, the relationship between administration frequency and treatment
adherence is complex. Once-daily administration typically fosters better adherence than twicedaily administration. However, using a once-weekly agent rather than a once-daily agent does
not promote adherence in all patients, since some patients may forget to take their medication
when it is administered once weekly.
Given the range of administration procedures and needle characteristics associated with the
GLP-1 agonists, providers need to determine which attributes are most likely to foster
adherence in specific patients. For some patients, the lack of a mixing process preceding the
administration of exenatide, liraglutide, and dulaglutide may be very advantageous. For others,
the comfort associated with the 32G needles used with the liraglutide pen may be the most
compelling attribute. Patients with needle anxiety may think the dulaglutide pen’s continuously
concealed needle is the most important consideration in product selection.
Malmenäs M, Bouchard JR, Langer J. Retrospective real-world adherence in patients with type 2 diabetes initiating
once-daily liraglutide 1.8 mg or twice-daily exenatide 10 μg. Clin Ther. 2013;35:795–807.
Matfin G, Van Brunt K, Zimmermann AG, et al. Safe and effective use of the once weekly dulaglutide single-dose pen
in injection-naïve patients with type 2 diabetes. J Diabetes Sci Technol. 2015 Apr 21. [Epub ahead of print]
Prasad-Reddy L, Isaacs D. A clinical review of GLP-1 receptor agonists: efficacy and safety in diabetes and beyond.
Drugs Context. 2015;4:212283.
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A GLP-1 agonist that requires mixing before it is administered is __________.
a. exenatide
b. liraglutide
c. exenatide extended release

d. dulaglutide
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The correct answer is c.
A GLP-1 agonist that requires mixing before it is administered is exenatide
extended release.
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This case describes a patient who is an appropriate candidate for treatment
with a GLP-1 agonist.
William is a 65-year-old, married African American male. He works full time in
the operating room of a large urban hospital, and is continuously active while
at work.
He has had T2DM for an unknown period of time. He also has hepatitis C.
Otherwise his medical history is unremarkable.
William has a history of medication nonadherence. In addition, he has limited
diabetes self-management skills and little knowledge about the disease.
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At his initial office visit, William had an A1C of 9.3%—considerably above his
individual target of less than 7%. His fasting BG (FBG) and predinner BG
values ranged from 190 to 203 mg/dL, and thus were considerably above his
target values of 80 to 130 mg/dL.
His weight was 228 pounds and his BMI was 31 kg/m 2, indicating mild obesity.
His serum creatinine level was 1.05 mg/dL, which is within the normal range.
His estimated glomerular filtration rate was 86 mL/min, indicating mild loss of
renal function.
William had a prescription for metformin 1000 mg twice daily, which he took
with breakfast and dinner. His other prescription was for insulin detemir, to be
taken at bedtime, at a dose of 10 units. However, William said that he had not
started taking insulin.
At this visit the certified diabetes educator provided William with diabetes
survival skills education, including insulin administration with an insulin pen.
The educator supervised the patient’s in-office administration of 10 units of
insulin detemir that day. The educator also asked William to call in on a weekly
basis to review his progress, continue his diabetes self-management
education, and adjust his insulin dose.
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During his weekly telephone follow-up, William reported that he sometimes
forgot to take his insulin detemir dose in the evening, because he was tired
after a long day at work. He thought it would be easier to take his insulin in the
morning.
Based on William’s feedback, the diabetes educator switched William’s insulin
detemir administration to the morning, and increased his daily dose to 35 units.
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At his 3-month follow-up visit, William stated that he took his medications most
of the time and was happy with his progress.
At 7.6%, his A1C was considerably improved but still above his individual goal
of less than 7%.
His FBG values were within the target range of 80 to 130 mg/dL. However, his
premeal values remained above goal, ranging from 136 to 195 mg/dL.
Since it was clear that he needed additional medication to enable him to reach
his glycemic targets, the diabetes educator discussed various treatment
options with William. The overall treatment goal was to make the regimen as
simple as possible to keep adherence high and prevent hypoglycemia.
After considering the various options, William chose to initiate treatment with
liraglutide, at the recommended starting dose of 0.6 mg/day.
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At his follow-up visit 3 weeks after adding liraglutide to his regimen, William
reported that he was tolerating liraglutide without problems.
Following the addition of liraglutide, William’s premeal BG values improved, to
a range of 117 to 155 mg/dL.
Since William was tolerating liraglutide well and having a therapeutic response
to it, the diabetes educator increased his dose to 1.2 mg/day.
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William showed additional progress when he came for his 4-month follow-up
visit, one and one half months after adding liraglutide to his regimen of insulin
detemir and metformin.
He stated that his appetite had decreased, and he had lost 3 pounds since his
last visit.
He continued to tolerate liraglutide well, and did not have any adverse effects.
He commented that he appreciated the simplicity of his regimen and did not
find it burdensome to take three glucose-lowering medications.
His A1C was 6.9% and thus was at his individualized goal.
Nearly all of his FBG and premeal BG values were now within the target
range. His FBG values ranged from 99 to 148 mg/dL and his premeal BG
values ranged from 112 to 133 mg/dL.
Given these encouraging results, William will continue this regimen for the time
being.
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GLP-1 agonists mimic the actions of native GLP-1, but are less susceptible to
DPP-4 degradation. They also enhance glucose-dependent insulin secretion,
delay gastric emptying, and promote weight loss.
GLP-1 agonists are highly effective when administered with oral agents.
Three* agents have shown efficacy when given with basal insulin.
The major adverse effect is nausea, which is often transient.
Differences among agents include dosing frequency, administration with
regard to meals, administration procedures, and the size of needle used to
administer the medication.

*As of August 2015, exenatide, liraglutide, and albiglutide had been approved
for use with basal insulin.
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