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Context: Antidiabetic therapies based on potentiation of incretin action are now widely used;
however, understanding of their long-term safety remains incomplete.

Evidence Acquisition: We searched articles in PubMed for data assessing the safety of incretin-
based therapies.

Evidence Synthesis: Three major areas of interest are reviewed: incretin action in the cardio-
vascular system, pancreatitis, and cancer. Incretin therapies reduce weight gain, minimize
hypoglycemia, decrease inflammation, and are cardioprotective in preclinical studies. How-
ever, data permitting conclusions about whether incretin therapies modify the development
of cardiovascular events in humans are not available. Case reports link incretin therapies to
pancreatitis, but retrospective case control studies do not associate pancreatitis with glucagon-
like peptide-1 receptor (GLP-1R) agonists or dipeptidyl peptidase-4 inhibitors. Preclinical stud-
ies of pancreatitis have yielded conflicting results, and mechanisms linking incretin receptor
activation to pancreatic inflammation have not yet been forthcoming. GLP-1R activation pro-
motes C-cell hyperplasia and medullary thyroid cancer in rodents; however, long-term clinical
studies of sufficient size and duration to permit conclusions regarding cancer and incretin
therapeutics have not yet been completed.

Conclusions: The available data on incretin action and incidence of cardiovascular events,
pancreatitis, or cancer are not yet sufficient or robust enough to permit firm conclusions
regarding associations with incretin-based therapies in humans with diabetes. The forthcom-
ing results of long-term cardiovascular safety studies should provide more conclusive infor-
mation about the safety of GLP-1R agonists and dipeptidyl peptidase-4 inhibitors in diabetic
patients. (J Clin Endocrinol Metab 96: 2027–2031, 2011)

The efficacy and safety of therapies for type 2 diabetes
mellitus (T2DM) remain a subject of intense interest,

invigorated by recent discussions of the cardiovascular
safety of thiazolidinediones and the ongoing debate about
whether a putative link exists between insulin therapy and
the incidence of cancer in patients with T2DM. Over 1 yr
ago, we summarized available knowledge surrounding the
risks and benefits of incretin-based therapies [dipeptidyl
peptidase-4 (DPP-4) inhibitors and glucagon-like pep-

tide-1 (GLP-1) receptor agonists], with a focus on cardio-
vascular mechanisms of action and preclinical and epide-
miological data on pancreatitis and medullary thyroid
cancer (1). Because several new clinical and preclinical
studies have recently been published that address the
safety of incretin-based therapies (2–6), we now present a
concise update incorporating recent information that fur-
ther illuminates our understanding of the risks and bene-
fits of these two new classes of antidiabetic agents.
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Cardiovascular Effects of Incretin
Hormones

The cardiovascular actions of GLP-1 receptor (GLP-1R)
agonists and DPP-4 inhibitors include cardioprotection in
preclinical studies of normoglycemic and diabetic rodents
and pigs and reductions in blood pressure, postprandial
lipids, and markers of inflammation and oxidative stress
in clinical studies (7, 8). Putative beneficial effects of
GLP-1R agonists in human subjects with congestive heart
failure have not yet been replicated (9). An increase in
heart rate of several beats per minute may be seen in some
patients treated with GLP-1R agonists, the clinical signif-
icance of which is uncertain. Available data from health
care insurance claims database analyses reveal that patients
treated with exenatide from 2005–2009 were significantly
less likely to have a cardiovascular event or hospitalization
relative to subjects treated with other glucose-lowering ther-
apies (2). Nevertheless, the potential for incomplete cap-
ture of key variables in claims data, such as weight, smok-
ing, alcohol consumption, lipids, blood pressure, and
hemoglobin A1C, is a major limitation of such analyses.
Multiple prospective adjudicated randomized long-term
cardiovascular outcome studies are now under way with
individual GLP-1R agonists and DPP-4 inhibitors that will
provide important information about the cardiovascular
safety of these agents (8).

Pancreatitis: Preclinical Studies

Preclinical studies of incretin-based therapies have yielded
conflicting results and failed to reveal a mechanism linking
GLP-1R activation or DPP-4 inhibition to the pathophys-
iology of acute pancreatitis. The observation that a single
transgenic rat with marked overexpression of human amy-
lin in pancreatic �-cells developed histological evidence
for pancreatitis with sitagliptin (10) was followed by dem-
onstration of acinar inflammation in 10 nondiabetic rats
treated for 75 d with exenatide (11); however, the ex-
enatide-treated rats lost 30% of their body weight, no
weight-matched controls were included, and weight loss is
a well-recognized risk factor for pancreatitis. In contrast,
much larger studies of normal and diabetic mice and rats
treated with exenatide, sitagliptin, or liraglutide before or
after induction of experimental pancreatic injury did not
find a relationship between incretin therapy and the de-
velopment of pancreatitis (4, 6, 12). Remarkably, GLP-1R
activation was associated, in two independent studies (6,
12), with attenuated expression of proinflammatory genes
and proteins and reduction of histological injury in the
exocrine pancreas. GLP-1R agonists may also modify
cholangiocyte function; however, little data are available

regarding the effects of GLP-1R agonists on bile compo-
sition or biliary tract motility in humans.

It seems likely that preclinical studies represent imper-
fect models for predicting the ability of incretin-based
therapies to promote pancreatitis in human subjects. An-
imal studies generally employ healthy rodents exposed to
drugs for brief periods, without concomitant pancreatic
disease, obesity, dyslipidemia, or gallstones. In contrast,
patients with T2DM may be frequently less healthy and
exhibit multiple risk factors known to predispose them to
pancreatitis. Hence, given these limitations, the lack of
evidence or mechanism to date in studies probing a link
between incretin pathways and the development of pan-
creatitis must be interpreted with caution.

Pancreatitis: Clinical Data

Because patients with T2DM exhibit significantly in-
creased rates of acute pancreatitis (13, 14), large case con-
trol studies are required to ascertain whether a specific
antidiabetic therapy independently modifies the risk of
developing pancreatitis. Rates of hospitalization for acute
pancreatitis were comparable in patients initiating ex-
enatide, sitagliptin, metformin, or glyburide from June
2005 to June 2008 using the i3 Aperio administrative
health care claims database (15). A related study using the
Normative Health Information Database examined rates
of acute pancreatitis (from emergency room or hospital-
ization records) in patients initiating antidiabetic therapy
from June 2005 to December 2007. Exenatide therapy
was not associated with an increased relative risk of de-
veloping pancreatitis compared with use of other antidi-
abetic agents (16). Similarly, pooled analysis of random-
ized controlled clinical trial data (10,246 patients) did not
reveal an increased rate of pancreatitis in subjects treated
with sitagliptin (4). Garg et al. (17) analyzed rates of acute
pancreatitis in diabetic subjects treated with exenatide,
sitagliptin, or other antidiabetic agents using data from the
Medco National Integrated Database from January 2007
to June 2009. Although rates of pancreatitis were higher
in diabetic vs. nondiabetic subjects, use of exenatide or
sitagliptin was not associated with increased rates of pan-
creatitis (17). Rates of pancreatitis were slightly higher
with liraglutide in the Liraglutide Effect and Action in
Diabetes (LEAD) clinical trial program, but the small
number of reported events and patients does not permit
clear conclusions to be made (18). Hence, the available
data from multiple independent sources does not currently
support a mechanistic or epidemiological link between
incretin therapies and the development of acute pancre-
atitis; however, longer studies with greater numbers of
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patients are needed for more robust conclusions to be
drawn. Moreover, the use of administrative claims data-
bases for analysis of drug safety is imperfect because di-
agnoses may not always meet stringent clinical definitions,
the prevalence of events may be underestimated due to
underreporting, and individual cases are not always inde-
pendently adjudicated and verified. However, these anal-
yses provide defined numerators and denominators, in-
formation about medication use, baseline historical data,
and the opportunity to interrogate large numbers of pa-
tient events over defined time periods.

Incretin Therapies and Cancer

Considerable epidemiological evidence supports a rela-
tionship between T2DM and an increased rate of certain
cancers (19), and there is intense interest in understanding
whether specific antidiabetic agents, notably metformin
and insulin, modify the likelihood of developing cancer
(20). The rodent calcitonin-producing thyroid C cell ex-
presses functional GLP-1Rs, and sustained GLP-1R acti-
vation results in increased calcitonin secretion, C-cell hy-
perplasia, and medullary thyroid cancer, predominantly
in rats (21). In contrast, C cells within the monkey and
human thyroid gland exhibit lower levels of GLP-1R ex-
pression, and prolonged administration of liraglutide at
very high doses does not produce C-cell proliferation in
monkeys (21). Moreover, analysis of sequential changes in
calcitonin levels in several thousand diabetic subjects did
not reveal a relationship between liraglutide therapy and
plasma calcitonin (5, 21). Hence, the considerable differ-
ences in the biology of the rodent vs. human thyroid
GLP-1R system have led regulatory authorities to con-
clude that the risk for development of medullary thyroid
cancer with GLP-1 therapy in humans is low and difficult
to quantify (18).

Use of the AERS Database for Detection of
Adverse Events

A recently published study using the AERS (Adverse Event
Reporting System) database concluded that therapy with
sitagliptin or exenatide was associated with a 6-fold in-
creased risk of developing pancreatitis and increased re-
ports of pancreatic cancer, and the first published proof
reported more frequent reports of cancer in subjects
treated with sitagliptin (3). Elashoff et al. (3) examined
reports of adverse events associated with the use of sita-
gliptin or exenatide from 2004–2009 and compared the
number of events (primary outcomes were pancreatitis
and pancreatic and thyroid cancer) reported with these

two incretin-based therapies with data reported for use of
rosiglitazone, nateglinide, repaglinide, and glipizide (3).
Additional reported events that were arbitrarily selected as
controls for reporting were back pain, urinary tract infec-
tion, chest pain, cough, and syncope. Curiously, pioglita-
zone, initially selected as a control drug, was found to be
associated with higher than expected reporting of control
events, and hence it was arbitrarily excluded from the
analysis. Elashoff et al. (3) concluded that the use of sita-
gliptin and exenatide was associated with significantly
higher reported events for pancreatitis and pancreatic can-
cer; more thyroid cancer was reported with exenatide. In
a revised proof made available several weeks after the first
version published online, using the same data set, the au-
thors subsequently found no link between other cancers
and sitagliptin (3).

It may be useful to consider the different mechanisms of
action of GLP-1R agonists vs. DPP-4 inhibitors in regard
to contemplating potential mechanism-based toxicities.
GLP-1R agonists such as exenatide and liraglutide exert
their actions largely through activation of the GLP-1R.
The levels of circulating GLP-1R agonist achieved after
injection of these peptides are generally 3- to 5-fold higher
than those achieved using DPP-4 inhibitors to stabilize
postprandial levels of incretin hormones. Moreover, not
only are levels of circulating incretin hormones much
lower with DPP-4 inhibitors, these agents also lower glu-
cose through both glucose-dependent insulinotropic pep-
tide receptor- and GLP-1R-dependent mechanisms (22)
and have the potential to modify levels of other bioactive
DPP-4 substrates in vivo (23). Hence, it is not at all clear that
one should predict an identical spectrum of adverse events
that would be associated with the use of two substantially
different mechanisms for potentiating incretin action.

How are we to reconcile the failure to find a link be-
tween pancreatitis and incretin therapies in the analysis of
hundreds of thousands of patients using administrative
heath care claims data and the 6-fold increased risk of
pancreatitis reported by Elashoff et al. (3) using the AERS
database? The AERS database can provide valuable in-
formation, particularly if a rare event is reported with
unexpectedly high frequency, disproportionate to what
might be expected based on available expectations and
evidence. For example, much higher than expected rates of
a very rare disease such as red cell aplasia in patients
treated with specific forms of erythropoietin who devel-
oped antierythropoietin antibodies (24) may provide an
early signal prompting more rigorous scientific evaluation
of the incidence and putative association of rare adverse
events with specific drugs. Nevertheless, the AERS database
exhibits numerous and substantial limitations, including dis-
proportionate reporting, failure to validate specific diagno-
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ses, absence of information regarding comorbidities, con-
founding risk factors, and duration of drug exposure, and
incomplete information about event ascertainment, drug
compliance, and the complete range of medications a patient
may have been exposed to before development of a specific
adverse event (25). Moreover, population of the AERS da-
tabase with case reports is clearly influenced by publicity
linking specific drugs to reports of adverse events (26, 27).
For these reasons, the Food and Drug Administration states
that “AERS cannot be used to calculate the incidence of an
adverse event in the U.S. population” (28). In general, well-
done pharmacoepidemiological studies such as those that
failed to demonstrate an excess of pancreatitis association of
incretin-based therapies (10–12) are more widely regarded
as scientifically valid compared with selective probing of the
AERS system (17). Further pharmacoepidemiological stud-
ies of incretin-based therapies and adverse events and addi-
tional data from long-term prospective randomized trials,
such as those under way for analysis of cardiovascular safety
(8), will help establish whether or not there is a relationship
between specific diabetes therapies, pancreatitis, and cancer.

Rapid advances in monitoring electronic health care
information hold considerable promise for future im-
provements in our ability to detect and evaluate adverse
events associated with the use of new medications (29).
Nevertheless, current methods for evaluation of the safety
of medications and technology remain imperfect, substan-
tially limiting our ability to make firm conclusions about
the safety of new drugs, in the absence of adequate data
and appropriate analysis. The available evidence from
both preclinical and clinical studies does not permit clear
conclusions to be drawn about the risks of pancreatitis or
cancer that might be associated with incretin-based ther-
apies. Hence, the use of these agents must be based on
consideration of demonstrated benefits (control of glyce-
mia, prevention of weight gain, and reduced rates of hy-
poglycemia) vs. the side effect profile demonstrated in clin-
ical trials, routine clinical use, and the theoretical risks
gleaned from preclinical and clinical studies (1, 30).

All available methods for assessing the incidence and
prevalence of adverse events have limitations. Retrospec-
tive database analyses may reflect underreporting of
events, inadequate verification of events, assignment of
different drugs to populations at different risk of events,
and inability to adequately account for multiple con-
founding variables. Prospective trials carried out for as-
sessment of drug efficacy may not always independently
verify or carefully adjudicate adverse events and are often
too short (6–12 months in duration) to provide meaning-
ful data for events with long latency, such as cancer. The
“gold standard,” large randomized, controlled prospec-
tive trials of much longer duration should provide more

accurate data for adverse effects of specific drugs; how-
ever, even these studies containing 5,000–15,000 subjects
may not have sufficient power to provide accurate data for
rare adverse events of interest, such as medullary thyroid
cancer or pancreatic cancer. Given the potential for harm
to patients arising from inaccurate reporting based on in-
complete scientific information, clinicians, scientists, reg-
ulatory authorities, and the pharmaceutical industry must
employ the highest scientific and ethical standards and a
greater degree of transparency in ongoing efforts to un-
derstand the risks and benefits of new medications for the
treatment of T2DM.
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5. Hegedüs L, Moses AC, Zdravkovic M, Le Thi T, Daniels GH 2011
GLP-1 and calcitonin concentration in humans: lack of evidence of

2030 Drucker et al. Safety of Incretin-Based Therapies J Clin Endocrinol Metab, July 2011, 96(7):2027–2031



calcitonin release from sequential screening in over 5000 subjects
with type 2 diabetes or nondiabetic obese subjects treated with the
human GLP-1 analog, liraglutide. J Clin Endocrinol Metab 96:853–
860

6. Tatarkiewicz K, Smith PA, Sablan EJ, Polizzi CJ, Aumann DE, Vill-
escaz C, Hargrove DM, Gedulin BR, Lu MG, Adams L, Whisenant
T, Roy D, Parkes DG 2010 Exenatide does not evoke pancreatitis
and attenuates chemically induced pancreatitis in normal and dia-
betic rodents. Am J Physiol Endocrinol Metab 299:E1076–E1086

7. Ban K, Hui S, Drucker DJ, Husain M 2009 Cardiovascular conse-
quences of drugs used for the treatment of diabetes: potential prom-
ise of incretin-based therapies. J Am Soc Hypertens 3:245–259

8. Drucker DJ, Goldfine AB 2011 Cardiovascular safety and diabetes
drug development. Lancet 377:977–979

9. Halbirk M, Nørrelund H, Møller N, Holst JJ, Schmitz O, Nielsen R,
Nielsen-Kudsk JE, Nielsen SS, Nielsen TT, Eiskjaer H, Bøtker HE,
Wiggers H 2010 Cardiovascular and metabolic effects of 48-hour
glucagon-like peptide 1 infusion in compensated chronic heart fail-
ure patients. Am J Physiol Heart Circ Physiol 298:H1096–H1102

10. Matveyenko AV, Dry S, Cox HI, Moshtaghian A, Gurlo T, Galasso
R, Butler AE, Butler PC 2009 Beneficial endocrine but adverse exo-
crine effects of sitagliptin in the human islet amyloid polypeptide
transgenic rat model of type 2 diabetes: interactions with metformin.
Diabetes 58:1604–1615

11. Nachnani JS, Bulchandani DG, Nookala A, Herndon B, Molteni A,
Pandya P, Taylor R, Quinn T, Weide L, Alba LM 2010 Biochemical
and histological effects of exendin-4 (exenatide) on the rat pancreas.
Diabetologia 53:153–159

12. Koehler JA, Baggio LL, Lamont BJ, Ali S, Drucker DJ 2009 GLP-1
receptor activation modulates pancreatitis-associated gene expres-
sion but does not modify the susceptibility to experimental pancre-
atitis in mice. Diabetes 58:2148–2161

13. Girman CJ, Kou TD, Cai B, Alexander CM, O’Neill EA, Williams-
Herman DE, Katz L 2010 Patients with type 2 diabetes mellitus have
higher risk for acute pancreatitis compared with those without di-
abetes. Diabetes Obes Metab 12:766–771

14. Noel RA, Braun DK, Patterson RE, Bloomgren GL 2009 Increased
risk of acute pancreatitis and biliary disease observed in patients
with type 2 diabetes: a retrospective cohort study. Diabetes Care
32:834–838

15. Dore DD, Seeger JD, Arnold Chan K 2009 Use of a claims-based
active drug safety surveillance system to assess the risk of acute
pancreatitis with exenatide or sitagliptin compared to metformin or
glyburide. Curr Med Res Opin 25:1019–1027

16. Dore DD, Bloomgren GL, Wenten M, Hoffman C, Clifford CR,
Quinn SG, Braun DK, Noel RA, Seeger JD 14 February 2011 A
cohort study of acute pancreatitis in relation to exenatide use. Di-
abetes Obes Metab doi: 10.1111/j.1463–1326.2011.01376.x

17. Garg R, Chen W, Pendergrass M 2010 Acute pancreatitis in type 2
diabetes treated with exenatide or sitagliptin: a retrospective obser-
vational pharmacy claims analysis. Diabetes Care 33:2349–2354

18. Parks M, Rosebraugh C 2010 Weighing risks and benefits of lira-

glutide—the FDA’s review of a new antidiabetic therapy. N Engl
J Med 362:774–777

19. Seshasai SR, Kaptoge S, Thompson A, Di Angelantonio E, Gao P,
Sarwar N, Whincup PH, Mukamal KJ, Gillum RF, Holme I, Njøl-
stad I, Fletcher A, Nilsson P, Lewington S, Collins R, Gudnason V,
Thompson SG, Sattar N, Selvin E, Hu FB, Danesh J 2011 Diabetes
mellitus, fasting glucose, and risk of cause-specific death. N Engl
J Med 364:829–841

20. Giovannucci E, Harlan DM, Archer MC, Bergenstal RM, Gapstur
SM, Habel LA, Pollak M, Regensteiner JG, Yee D 2010 Diabetes and
cancer: a consensus report. Diabetes Care 33:1674–1685

21. Bjerre Knudsen L, Madsen LW, Andersen S, Almholt K, de Boer AS,
Drucker DJ, Gotfredsen C, Egerod FL, Hegelund AC, Jacobsen H,
Jacobsen SD, Moses AC, Mølck AM, Nielsen HS, Nowak J, Solberg
H, Thi TD, Zdravkovic M 2010 Glucagon-like peptide-1 receptor
agonists activate rodent thyroid C-cells causing calcitonin release
and C-cell proliferation. Endocrinology 151:1473–1486

22. Hansotia T, Baggio LL, Delmeire D, Hinke SA, Yamada Y, Tsu-
kiyama K, Seino Y, Holst JJ, Schuit F, Drucker DJ 2004 Double
incretin receptor knockout (DIRKO) mice reveal an essential role for
the enteroinsular axis in transducing the glucoregulatory actions of
DPP-IV inhibitors. Diabetes 53:1326–1335

23. Drucker DJ 2007 Dipeptidyl peptidase-4 inhibition and the treat-
ment of type 2 diabetes: preclinical biology and mechanisms of ac-
tion. Diabetes Care 30:1335–1343

24. Bennett CL, Cournoyer D, Carson KR, Rossert J, Luminari S, Evens
AM, Locatelli F, Belknap SM, McKoy JM, Lyons EA, Kim B,
Sharma R, Costello S, Toffelmire EB, Wells GA, Messner HA, Yar-
nold PR, Trifilio SM, Raisch DW, Kuzel TM, Nissenson A, Lim LC,
Tallman MS, Casadevall N 2005 Long-term outcome of individuals
with pure red cell aplasia and antierythropoietin antibodies in pa-
tients treated with recombinant epoetin: a follow-up report from the
Research on Adverse Drug Events and Reports (RADAR) Project.
Blood 106:3343–3347

25. Weaver J, Willy M, Avigan M 2008 Informatic tools and approaches
in postmarketing pharmacovigilance used by FDA. AAPS J 10:
35–41

26. McAdams M, Staffa J, Dal Pan G 2008 Estimating the extent of
reporting to FDA: a case study of statin-associated rhabdomyolysis.
Pharmacoepidemiol Drug Saf 17:229–239

27. Davidson MH, Clark JA, Glass LM, Kanumalla A 2006 Statin safe-
ty: an appraisal from the adverse event reporting system. Am J Car-
diol 97:32C–43C

28. FDA 2011 Adverse Event Reporting System. http://www.fda.gov/
Drugs/GuidanceComplianceRegulatoryInformation/Surveillance/
AdverseDrugEffects/default.htm, accessed March 2011

29. Behrman RE, Benner JS, Brown JS, McClellan M, Woodcock J, Platt
R 2011 Developing the Sentinel System—a national resource for
evidence development. N Engl J Med 364:498–499

30. Bergenstal RM, Bailey CJ, Kendall DM Type 2 diabetes: assessing
the relative risks and benefits of glucose-lowering medications. Am J
Med 123:374.e9–18

J Clin Endocrinol Metab, July 2011, 96(7):2027–2031 jcem.endojournals.org 2031

http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Surveillance/AdverseDrugEffects/default.htm
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Surveillance/AdverseDrugEffects/default.htm
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Surveillance/AdverseDrugEffects/default.htm

