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industry; the reduced competition, which is likely to
result, will endanger the availability of low-cost generic
drugs in India and the developing world.
India has an obligation under domestic and
international law to respect, protect, and fulﬁl the
right to health of its people. To meet its health-care
obligations India must guarantee the continued
domestic production of generic drugs. International
agreements that interfere with India’s use of TRIPS
ﬂexibilities and require TRIPS-plus and other measures
must, therefore, be resisted. Foreign investment in the
drug industry must also be regulated to preserve India’s
fundamental and constitutional right to health for its
citizens and those of the developing world.
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Cardiovascular safety and diabetes drug development
Recent innovations in the pharmacotherapy of
type 2 diabetes are important, in view of the epidemic
of type 2 diabetes and the individual and global
economic costs of the disease. Although overall
control of the disease has improved, more than 40% of
patients on current therapies do not reach glycated
haemoglobin (HbA1C) targets as suggested by clinical
practice guidelines.1
The pathway for new drug development in
diabetes traditionally involved 6–12-month studies
that focussed on reduction of HbA1C. Historically,
phase 3 clinical trials for a new antidiabetic agent
involved 1000–3000 patients in total, a sample size
that would be able to detect adverse events at the
time of approval with frequency rates greater than
0·2%. However, emerging concerns about the longterm cardiovascular safety of diabetes drugs, caused
in part by meta-analysis of clinical trials,2 sparked
a major shift in the diabetes drug-development
model. After much deliberation, the US Food and
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Drug Administration (FDA) issued new guidance for
assessment of cardiovascular risk of drugs before and
after approval.3 The implementation of these guidelines
will certainly enhance understanding of the safety of
new antidiabetic agents. However, adherence to the
guidelines will also add substantially to the cost and
time needed to complete the approval process.
New diabetes drugs should oﬀer clear advantages
over available agents, and lower glucose via
mechanisms associated with either neutral or beneﬁcial
eﬀects on cardiovascular health. The most recently
approved drug classes, agonists at the glucagon-like
peptide 1 receptor (GLP-1R) (exenatide, liraglutide)
and inhibitors of dipeptidyl peptidase 4 (DPP-4)
(sitagliptin, vildagliptin, saxagliptin, alogliptin) seem
to fulﬁl both criteria, although deﬁnitive cardiovascular
outcome studies have not been completed. GLP-1R
agonists improve glycaemia by stimulation of insulin
secretion and inhibition of glucagon secretion and
gastric emptying. Although thiazolidinediones, insulin
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Light-micrograph section through human heart after myocardial infarction
Necrotic muscle ﬁbres stain deeper red and do not show nuclei, compared with living muscle.

secretagogues, and insulin often lead to weight gain,
GLP-1R agonists induce satiety, leading to weight loss
in most patients. Unlike sulphonylureas, glinides, or
insulin, GLP-1R agonists and DPP-4 inhibitors lower
glycaemia in a glucose-dependent manner, thereby
reducing the risk of hypoglycaemia. Importantly, the
GLP-1R is expressed in cardiomyocytes, endothelial
cells, macrophages, and in regions of the central and
peripheral nervous system that regulate cardiovascular
function. Hence GLP-1R activation produces direct
and indirect actions on the blood vessels and heart in
patients with diabetes.4
GLP-1R activation is directly cardioprotective
in normal and diabetic animals. Interestingly,
GLP-1(9-36), a metabolite of endogenous GLP-1,
is also cardioprotective, which complicates the
prediction of cardiovascular actions attributable to
DPP-4 inhibitors and structurally distinct GLP-1R
agonists.4 Additionally, GLP-1R activation reduces
postprandial intestinal lipoprotein secretion in rodents
and human beings, and attenuates the development
of atherosclerosis in mouse models of dyslipidaemia.
GLP-1R is expressed on monocytes and macrophages,
and agonists here reduce inﬂammation in normal,
injured, and atherosclerotic blood vessels, and in hearts
from animal models of diabetic cardiomyopathy.
DPP-4 inhibition might also be cardioprotective;
cardiovascular events were not increased in an
analysis of phase 2 and 3 trials in patients treated with
978

saxagliptin.4,5 Nevertheless, because rosiglitazone
showed protective and anti-inﬂammatory actions in
preclinical and proof-of-concept studies in human
beings, healthy scepticism is needed about the
available data on the cardiovascular actions of GLP-1R
agonists and DPP-4 inhibitors.
What have we learned about the cardiovascular
actions of GLP-1R agonists from clinical studies? Both
exenatide and liraglutide reduce blood pressure and
bodyweight in most patients.6 A retrospective analysis
of cardiovascular events in patients with diabetes
treated with all available antidiabetic agents from 2005
to March, 2009, showed that being given twice-daily
exenatide was associated with a statistically signiﬁcant
lowered risk of cardiovascular events and cardiovascularrelated hospital admissions.7 Although small increases in
heart rate have been seen in some patients treated with
exenatide or liraglutide, the clinical importance of this
ﬁnding remains uncertain.
Patients’ satisfaction and compliance with multiple
daily injections are problematic; thus strategies
designed to prolong the action of GLP-1R agonists and
reduce the frequency of injection have appeal.8 The
ﬁrst once-weekly formulation of exenatide seems to
be more eﬀective than twice-daily exenatide,9 and a
New Drug Application for exenatide once weekly was
submitted to the FDA in May, 2009, with a revised
new drug application resubmitted in April, 2010. The
manufacturers received a second complete response
letter from the FDA in October, 2010, with a new request
for a thorough QT (tQT) cardiac study in patients
exposed to high levels of exenatide. This request for
new electrocardiographic data came as a surprise to
most diabetologists. First, inter-individual variability
in the pharmacokinetics of circulating exenatide after
the once-weekly injection, with the potential for some
individuals with renal impairment to have higher blood
concentrations, has been known for over 3 years.9,10
Results of the original tQT study, with single-dose
exenatide, have been available since June, 2009, and
do not seem to show a consistent dose-dependent
QT abnormality. Moreover, a tQT study for liraglutide
did not reveal a link between GLP-1R activation and
QT prolongation.11
Lessons learned from rosiglitazone have led to earlier
initiation of cardiovascular outcome studies for diabetes
drugs,12 including TECOS (sitagliptin, NCT00790205),
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SAVOR-TIMI (saxagliptin, NCT01107886), LEADER
(liraglutide, NCT00393718) and EXSCEL (exenatide
once weekly, NCT01144338). These ongoing trials are
adequately powered for safety and to show superiority
rather than non-inferiority.
Assessment of the beneﬁt–risk ratio for new drugs
is challenging and the clinical community has high
expectations for the eﬃcacy and safety of new agents.
Indeed, the recent report on cardiovascular outcomes
with sibutramine exempliﬁes the risks inherent when
establishing drug safety in populations at high risk for
cardiovascular events.13 Striking the balance between
maximisation of eﬀorts to ensure drug safety before
approval in a transparent manner, without discouraging
innovation and new drug development, seems more
important than ever. All stakeholders will need to
become increasingly thoughtful about risk tolerance
and regulatory requirements for new agents if we are to
foster an environment that encourages development of
improved drugs to combat the diabetes epidemic of the
21st century. The challenges and uncertainties involved
in development of drugs for metabolic disorders are
further highlighted by the FDA’s recent request for
cardiovascular outcome studies as a condition for
approval of the anti-obesity agent naltrexone plus
bupropion.14

Medtronic provides glucose-monitoring supplies. ABG was a site investigator for
a trial sponsored by Eli Lilly, and one by Daiichi Saynko. ABG has received travel
or accommodation payments from the Endocrine Society, the American
Diabetes Association, the American Association of Clinical Endocrinologists, the
National Institutes of Health, the US Food and Drug Administration, and the
Drug Information Association.
1

2

3

4

5

6

7

8

9

10

*Daniel J Drucker, Allison B Goldﬁne
Department of Medicine, Samuel Lunenfeld Research Institute,
Mount Sinai Hospital, University of Toronto, Toronto, ON,
Canada M5G 1X5 (DJD); and Joslin Diabetes Center, Harvard
Medical School, Boston, MA, USA (ABG)
d.drucker@utoronto.ca
DJD has received research funding from Merck, Novo Nordisk, Roche, Arena, and
Metabolex for preclinical studies, and travel and accommodation expenses from
the Endocrine Society. ABG has received consultancy fees from Merck,
CV Therapeutics, NovoNordisk, and Daiichi Saynko. ABG works on
investigator-initiated clinical trials sponsored by the American Diabetes
Association and National Institutes of Health, for which: Caraco Pharmaceuticals
provides drug and placebo, Lifescan provides blood-glucose monitoring supplies,
Mercodia provides assay supplies, Nestlé provides a nutritional supplement, and

www.thelancet.com Vol 377 March 19, 2011

11

12
13

14

Ong KL, Cheung BM, Wong LY, Wat NM, Tan KC, Lam KS. Prevalence,
treatment, and control of diagnosed diabetes in the U.S. National Health
and Nutrition Examination Survey 1999–2004. Ann Epidemiol 2008;
18: 222–29.
Nissen SE, Wolski K. Eﬀect of rosiglitazone on the risk of myocardial
infarction and death from cardiovascular causes. N Engl J Med 2007;
356: 2457–71.
US Department of Health and Human Services, Food and Drug
Administration Center for Drug Evaluation and Research (CDER). Guidance
for industry; diabetes mellitus—evaluating cardiovascular risk in new
antidiabetic therapies to treat type 2 diabetes. December, 2008. http://
www.fda.gov/downloads/Drugs/Guidances/ucm071627 (accessed
Jan 9, 2011).
Ban K, Hui S, Drucker DJ, Husain M. Cardiovascular consequences of drugs
used for the treatment of diabetes: potential promise of incretin-based
therapies. J Am Soc Hypertens 2009; 3: 245–59.
Frederich R, Alexander JH, Fiedorek FT, et al. A systematic assessment
of cardiovascular outcomes in the saxagliptin drug development program
for type 2 diabetes. Postgrad Med 2010; 122: 16–27.
Buse JB, Rosenstock J, Sesti G, et al, for the 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.
Best JH, Hoogwerf BJ, Herman WH, et al. Risk of cardiovascular disease
events in patients with type 2 diabetes prescribed the GLP-1 receptor
agonist exenatide twice daily or other glucose-lowering therapies:
a retrospective analysis of the LifeLinkTM database. Diabetes Care 2011;
34: 90–95.
Best JH, Boye KS, Rubin RR, Cao D, Kim TH, Peyrot M. Improved treatment
satisfaction and weight-related quality of life with exenatide once weekly
or twice daily. Diabet Med 2009; 26: 722–28.
Drucker DJ, Buse JB, Taylor K, et al, for the 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: 1240–50.
Kim D, Macconell L, Zhuang D, et al. Eﬀects of once-weekly dosing of
a long-acting release formulation of exenatide on glucose control and
body weight in subjects with type 2 diabetes. Diabetes Care 2007;
30: 1487–93.
Chatterjee DJ, Khutoryansky N, Zdravkovic M, Sprenger CR, Litwin JS.
Absence of QTc prolongation in a thorough QT study with subcutaneous
liraglutide, a once-daily human GLP-1 analog for treatment of type 2
diabetes. J Clin Pharmacol 2009; 49: 1353–62.
Goldﬁne AB. Assessing the cardiovascular safety of diabetes therapies.
N Engl J Med 2008; 359: 1092–25.
James WP, Caterson ID, Coutinho W, et al, for the SCOUT Investigators.
Eﬀect of sibutramine on cardiovascular outcomes in overweight and obese
subjects. N Engl J Med 2010; 363: 905–17.
Orexigen. FDA issues complete response to new drug application for
Contrave for the management of obesity. Feb 1, 2011. http://ir.orexigen.
com/phoenix.zhtml?c=207034&p=irol-newsArticle&ID=
1522207&highlight (accessed Feb 4, 2011).

979

