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Liraglutide
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InJanuary 2010, liraglutide (Victoza; Novo
Nordisk) —an injectable glucagon-like
peptide 1 receptor agonist—was approved
by the US FDA to improve glycaemic control
in adults with type 2 diabetes mellitus.

Type 2 diabetes is a common metabolic
disorder that is characterized by insufficient
insulin production, often accompanied by
defective insulin action. The global prevalence
of the disorder is increasing rapidly, largely
due to the increasing incidence of obesity.
Although there are more than 10 drug
classes available for the treatment of type 2
diabetes, the risk-benefit ratios of many
available agents remains suboptimal, thereby
complicating treatment choices. The biguanide
metformin is widely used as the first-choice
treatment’, but gastrointestinal intolerance
may limit its use in up to 15-20% of patients.
Sulphonylureas such as glimepiride potently
increase insulin secretion, but their use is
frequently associated with hypoglycaemia
and weight gain, and many patients become
resistant to their actions'. Thiazolidinediones
such as rosiglitazone are effective insulin
sensitizers'. However, thiazolidinedione
therapy may be accompanied by peripheral
oedema, weight gain, congestive heart failure
and osteoporosis'. Insulin therapy is highly
effective, but requires frequent self-monitoring
of blood glucose, and its use is also associated
with weight gain and hypoglycaemia'.

Basis of discovery
The most recent drug classes to be introduced
for type 2 diabetes are based on the activity
of two incretin hormones: glucagon-like
peptide 1 (GLP1) and glucose-dependent
insulinotropic polypeptide (GIP)> These
two hormones potentiate glucose-dependent
insulin secretion from islet B-cells by activating
specific G protein-coupled receptors?.

One class of drugs enhance the activity
of endogenous incretins by inhibiting their
normally rapid breakdown by the protease
dipeptidyl peptidase 4 (DPP4)*. The first
DPP4 inhibitor to be approved was sitagliptin
(Januvia; Merck) in 2006, and two further
such drugs have since been approved:
saxagliptin (Onglyza; Bristol-Myers Squibb/
AstraZeneca) and vildagliptin (Galvus;
Novartis). The second class of incretin-based

drugs are agonists of the GLP1 receptor that
are resistant to DPP4-mediated degradation®
The first such agent to be approved was
exenatide (Byetta; Amylin/Eli Lilly) in 2005.
It has recently been joined by liraglutide,
which received marketing approval in the
European Union in July 2009, and approval in
Japan and the United States in January 2010.

Drug properties

Liraglutide was discovered during studies

of GLP1 derivatives intended to increase

the plasma half-life compared with human

GLP1_ . .» Whichis ~2 min**.

The peptide portion of liraglutide, which is

produced recombinantly in yeast, is identical to

GLP1, ,, except that the lysine at position 34 is

substituted by arginine®*. It also has a 16-carbon

fatty-acid chain with a glutamic acid spacer,

which is chemically attached to the remaining

lysine residue at position 26 of the peptide

precursor®*. These modifications prolong

the plasma half-life of liraglutide to 13 hours

following subcutaneous administration, in part

by facilitating its binding to plasma proteins**.
Like GLPIL,_, liraglutide activates

the GLP1 receptor, leading to insulin

release in the presence of elevated glucose

concentrations, and it decreases glucagon

secretion in a glucose-dependent manner>*.

The mechanism of blood glucose lowering

also involves a delay in gastric emptying>*.

Clinical data

The efficacy and safety of liraglutide

(administered subcutaneously once daily)

were assessed in five double-blind,

randomized, controlled clinical trials involving

a total of 3,978 patients with type 2 diabetes*.

One trial of the drug as a monotherapy had

a duration of 52 weeks, and the other four

trials of the drug in combination with one or

two other antidiabetic drugs had a duration

of 26 weeks*. Primary efficacy parameters

included glycated haemoglobin (HbA1c),

an indicator of average blood-sugar levels

for the past 3-4 months, and body weight*~*.
In the 52-week trial of liraglutide as a

monotherapy, 746 patients were randomized

to receive 1.2 mg or 1.8 mg liraglutide,

or 8 mg glimepiride®. Treatment with

liraglutide at 1.8 mg or 1.2 mg dosages resulted

in a significant reduction in HbAIc levels

NEWS & ANALYSIS

compared with glimepiride; the mean decreases
were -1.1%, -0.8% and -0.5%, respectively®.

In a 26-week trial of liraglutide added to
metformin, 1,091 patients were randomized
to receive 0.6 mg, 1.2 mg or 1.8 mg
liraglutide, placebo or 4 mg glimepiride,
all in addition to metformin®. Treatment with
1.8 mg or 1.2 mg liraglutide in addition to
metformin resulted in a significant reduction
in HbAIc levels compared with placebo
added to metformin, and in a similar HbA1c
reduction to 4 mg glimepiride in addition to
metformin®. The mean decreases were —1.0%,
-1.0%, +0.1% and -1.0%, respectively®.

In a 26-week trial of liraglutide added to a
sulphonylurea, 1,041 patients were randomized
to receive 0.6 mg, 1.2 mg or 1.8 mg liraglutide,
placebo or 4 mg rosiglitazone, all in addition to
glimepiride’. Treatment with 1.8 mg or 1.2 mg
liraglutide in addition to glimepiride resulted
in a significant reduction in HbAlc levels
compared with placebo added to glimepiride;
the mean decreases were —1.1%, -1.1% and
+0.2%, respectively’.

In a 26-week trial of liraglutide added to
metformin and a sulphonylurea, 581 patients
were randomized to 1.8 mg liraglutide,
placebo or insulin glargine, all in addition to
metformin and glimepiride®. Treatment with
liraglutide in addition to glimepiride and
metformin resulted in a significant reduction
in HbAlc levels compared with placebo added
to glimepiride and metformin®. The mean
decreases were -1.3% and -0.2%, respectively®.

In a 26-week trial of liraglutide in addition
to metformin and a thiazolidinedione, 533
patients were randomized to receive 1.2 mg or
1.8 mg liraglutide, or placebo, all in addition
to rosiglitazone and metformin’. Treatment
with 1.8 mg or 1.2 mg liraglutide in addition
to metformin and rosiglitazone resulted
in a significant reduction in HbA1c levels
compared with placebo added to metformin
and rosiglitazone®. The mean decreases were
-1.5%, -1.5% and -0.5%, respectively®.

Liraglutide therapy was consistently
associated with mild to moderate weight loss
of 1-3 kg in the majority of treated patients*’.

Indications

Liraglutide is approved by the FDA as an adjunct
to diet and exercise to improve glycaemic
control in adults with type 2 diabetes mellitus*.
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Analysing issues in the use of GLP1-targeted
drugs for type 2 diabetes is Daniel J. Drucker,
M.D,, Director, Banting and Best Diabetes
Centre, University of Toronto, Canada.

In the past 5 years, two new classes of
antidiabetic agents that potentiate the
actions of the gut hormone GLP1 have been
approved®. DPP4 inhibitors, such as sitagliptin,
vildagliptin and saxagliptin, prevent the
degradation of GLP1 and GIP, and control
glucose mainly via the regulation of insulin
and glucagon secretion®. GLP1 receptor
agonists (such as exenatide and liraglutide)
stimulate insulin secretion and inhibit
glucagon secretion, inhibit gastric emptying,
and also promote satiety, leading to control
of body weight®. DPP4 inhibitors and GLP1
receptor agonists exert their actions in a
glucose-dependent manner without weight
gain or the need for frequent dose adjustment,
which are key features that are often lacking
in older antidiabetic drugs.

Although exenatide is an effective therapy
when used alone or in combination with
other agents, its relatively short half-life
necessitates twice-daily administration.
Second-generation GLP1 receptor agonists,
exemplified by liraglutide, an acylated
GLP1 derivative, exhibit a protracted
pharmacokinetic profile, making them
suitable for once-daily administration.

A head-to-head study of liraglutide versus
exenatide in subjects with type 2 diabetes
demonstrated comparable weight loss

with both agents, but liraglutide was better
tolerated, and produced a greater reduction
in HbAIc levels after 26 weeks of therapy™.
The next generation of investigational GLP1
receptor agonists promise to be even more
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convenient and probably more potent!, with
exenatide LAR, taspoglutide and albiglutide
all requiring once-weekly administration®

However, several questions surrounding
the risks and benefits of incretin-based therapy
require further investigation'?. Although GLP1
receptor agonists promote p-cell survival
and expand p-cell mass in preclinical studies,
evidence for durability of glucose control
with prolonged clinical use of these agents
has not yet been forthcoming®. Continuous
GLP1 receptor activation leads to hyperplasia
and carcinoma of the calcitonin-producing
C cells in rodents, but not in monkeys'*, and
calcitonin levels have remained fairly normal
with up to 2 years of liraglutide use in patients
with diabetes. Nevertheless, the long-term
safety of continuous GLP1 receptor activation
remains unknown.

Most importantly, however, given the
recent concerns over the cardiovascular
safety of diabetes drugs, activation of the
GLP1 receptor is associated with robust
cardioprotection in preclinical studies®.

In addition, GLP1 receptor agonists promote
weight loss, reduce postprandial lipids and
blood pressure, and minimize the risk of
hypoglycaemia. This raises the possibility
that long-term use of these agents may be
associated with a reduction in cardiovascular
morbidity and mortality independent of
their ability to lower blood glucose levels.

With the introduction of liraglutide and
other investigational GLP1 receptor agonists
in late-stage clinical development, clinicians
will soon have many more options for the
treatment of type 2 diabetes. However,
whether the promise of these new agents
will be sustained requires careful study in
long-term controlled clinical trials.

Analysing the market for antidiabetic drugs is Argyris Dritselis, IMS Health, London, UK.

Across the key pharmaceutical markets — the United States, the top five European countries and
Japan — the market for antidiabetic drugs was worth US$22.9 billion in 2009, which was a 25.5%
growth from 2007 (REF.16). The United States dominates this market, with reported sales of $15.1
billion, whereas Europe and Japan had reported sales of $5 billion and $2.8 billion, respectively®.
Human insulin analogues are currently the main drug class in the market, with a 46.1% share,
and reported sales of $10.5 billion, followed by thiazolidinediones and DPP4 inhibitors, with sales of
$5.5 billion and $2.3 billion, respectively'. Sales of DPP4 inhibitors showed a marked ~260% increase
over the past three years, whereas sales of thiazolidinediones dropped by 4.5% in the same period®.
The market (United States and Europe only) for GLP1 analogues was worth $0.75 billion in 2009,
a29% increase from 2007; exenatide (Byetta; Amylin/Eli Lilly), the first-in-class drug, dominated
the market with a 98.3% share'®. The GLP1 analogue liraglutide (Victoza; Novo Nordisk), is the most
recent entrant in this emerging market, following its European approval in July 2009 as a second- or
third-line treatment for type 2 diabetes in adult patients. In 2010, it was also approved in the United
States and in Japan as monotherapy or second-line treatment. Analysts estimate global sales for
liraglutide of $262 million in 2010, $1.06 billion in 2013 and a peak of $1.28 billion in 2015 (REF. 17).
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