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Type 2 diabetes is a progressive disease characterised by deteriorating p-cell function and glycaemic control. To counter this, affected
individuals require regular intensification of their antidiabetes treatments to provide appropriate metabolic control. However, current
treatment options — such as sulphonylureas, thiazolidinediones and insulins — induce weight gain, which can reduce patient acceptance
and/or compliance with treatment and may have significant health implications. In addition, many of the antidiabetic therapies raise the
risk of hypoglycaemic episodes. Therefore, patients, physicians and healthcare providers are looking for new therapeutic options to address
this large and growing burden of diabetes. Incretin-based therapies — including glucagon-like peptide-1 (GLP-1) receptor agonists and
dipeptidyl peptidase-4 (DPP-4) inhibitors — are becoming a popular treatment option for patients with type 2 diabetes because they offer
many benefits compared with other antidiabetic therapies. First, incretin-based therapies are associated with significant reductions in
glycated haemoglobin (HbA,.) with a low inherent risk of hypoglycaemic events. In addition, GLP-1 receptor agonists are associated with
reductions in bodyweight and systolic blood pressure. Incretin-based therapies such as liraglutide also offer the potential to improve p-cell

function, an important underlying mechanism of type 2 diabetes.
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Incretin-based Therapies

The human incretin hormones glucagon-like peptide-1 (GLP-1) and
glucose-dependent insulinotropic polypeptide are released by the
intestine following nutrient exposure. In normal individuals, incretin
activity is estimated to be responsible for around 70% of post-prandial
insulin secretion; however, the incretin effect is impaired in individuals
with type 2 diabetes." Human GLP-1 has many important actions that
could directly benefit patients with type 2 diabetes, such as: stimulating
insulin secretion and suppressing glucagon secretion in a glucose-
dependent manner; promoting glucose uptake and glycogen synthesis
by muscle, liver and adipose tissue; protecting p-cell function; and
inducing feelings of satiety and reducing appetite.? Human GLP-1 has a
short half-life of around two minutes in circulation,® as it is rapidly
degraded by the enzyme dipeptidyl peptidase-4 (DPP-4), minimising its
therapeutic potential.* Therefore, therapies are based on two main
approaches. One approach has been the development of GLP-1
receptor agonists that are more resistant to DPP-4-mediated
degradation than native GLP-1. This increases their circulating half-life
in vivo and enables pharmacological levels of GLP-1 activity to be
achieved. Another approach is taken by the group of DPP-4 inhibitors,
which restore physiological GLP-1 activity by reducing the degradation
of endogenous GLP-1.

There is currently one DPP-4 inhibitor available in both Europe and the
US: sitagliptin (Velmetia®, Merck Sharp & Dohme Ltd, UK; Januvia™,
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Merck & Co., Inc, Whitehouse Station, NJ, US), while a second option,
vildagliptin (Galvus®, Novartis Pharmaceuticals, East Hanover, NJ, US), is
available only in Europe. At present, exenatide (Byetta®, Amylin/Lilly
Pharmaceuticals Inc., San Diego, CA, US), a recombinant protein based
on a salivary product of the ‘gila monster’ lizard (Heloderma suspectum),
is the only available GLP-1 receptor agonist. Liraglutide (Novo Nordisk,
Copenhagen, Denmark), a second GLP-1 receptor agonist, is awaiting
formal EU approval after receiving a positive opinion from the
Committee For Medicinal Products For Human Use, and is currently
under regulatory review for marketing authorisation in the US. Exenatide
shares 53% sequence homology with human GLP-1 and has a greater
potency in terms of therapeutic action, largely due to its partial
resistance to DPP-4.° The 2.4-hour half-life of exenatide requires
twice-daily dosing. However, other formulations — such as liraglutide, a
once-daily formulation, and exenatide long-acting release, a once-
weekly formulation — are currently under regulatory review.®

Liraglutide
The aim of this article is to summarise clinical data for liraglutide and to
highlight key considerations for physicians and patients.

Pharmacology, Pharmacokinetics

and Pharmacodynamics

Liraglutide has 97% amino acid sequence identity to human GLP-1,
resulting from a substitution of lysine at position 34 with arginine and the
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addition of a fatty acid side chain linked via a glutamoy! spacer at position
26. From a therapeutic perspective, the modification of the amino acid
sequence and the addition of a fatty acid side chain substantially
improves the pharmacokinetics and pharmacodynamics of liraglutide
compared with human GLP-1, increasing the in vivo half-life from
approximately two minutes to 13 hours. This increase in the half-life of
liraglutide is related to increased self-association (heptamer formation)
and albumin binding and reduced susceptibility to DPP-4.” Therapeutic
levels of liraglutide are sustained over 24 hours following a single dose,
which means that liraglutide can be administered once daily. In addition,
liraglutide has a glucose-dependent mechanism of action,® which means
that it lowers blood glucose only when plasma glucose levels are high.

There is no evidence that liraglutide exhibits clinically relevant alteration
in drug metabolism in individuals with renal and hepatic insufficiency, so
these data suggest that liraglutide could be used without dose
adjustment in these populations.”™® By contrast, exenatide is not
recommended for patients with renal insufficiency.” Interestingly,
sitagliptin is not recommended for patients with moderate or severe
renal impairment in Europe, while in the US it is recommended that
sitagliptin dosing be adjusted in individuals with renal insufficiency.™" A
study of atorvastatin, lisinopril, digoxin and griseofulvin, drugs with
differing solubility and permeability properties, demonstrated that
liraglutide does not induce clinically significant alterations in the
pharmacokinetics of concomitantly administered oral drugs. Other
drug interaction studies have demonstrated that liraglutide has no
clinically significant interactions with paracetamol or a low-dose oral
contraceptive (ethinylestradiol/levonorgestrel).™*

Clinical Data

In a 14-week phase Il study of adult patients with type 2 diabetes,
liraglutide demonstrated an average glycated haemoglobin (HbA)
reduction of 1.74% versus placebo from a baseline of 8.5%, and
approximately 50% of patients met the American Diabetes Association
(ADA) target of <10mmol/I for post-prandial hyperglycaemia (PPG) with
1.9 and 1.25mg/day liraglutide monotherapy.” In addition, liraglutide was
associated with dose-dependent weight reduction (-2.99kg in the 1.9mg
group; p=0.039 versus placebo), improvements in pancreatic
B-cell function (p<0.0001 for all liraglutide doses versus placebo) and
reductions in systolic blood pressure of 5.02-7.9mmHg versus placebo.”
The 1.9mg dose was used in the phase Il studies; however, in the phase
Il studies liraglutide was dosed at 1.2 or 1.8mg daily.

The six phase Il Liraglutide Effect and Action in Diabetes (LEAD) trials
examined the effect of liraglutide in patients with type 2 diabetes at
various stages of the disease (see Figure 7). The LEAD studies
demonstrated that liraglutide was effective as a monotherapy (LEAD 3)*
in combination with one oral antidiabetic agent (OAD), such as
metformin (LEAD 2),” or a sulphonylurea (SU) (LEAD 1% and LEAD 6%, or
with two OADs such as metfomin and thiazolidinediones (TZD) in LEAD
4% or metformin and an SU in LEAD 5% and LEAD 6. HbA, reductions
of between 1 and 1.5% were observed across the trials with the 1.8mg
once daily dose of liraglutide (see Table 1), and half of all LEAD patients
who received this dose achieved HbA,. levels of <7%. LEAD 3, which
compared liraglutide and glimepiride monotherapy, demonstrated the
maintenance of HbA,. reductions (1.14% for the 1.8mg dose) over
the 52-week study length,” while the other LEAD trials demonstrated
sustained reductions over 26 weeks. Significant fasting plasma glucose
(FPG) reductions of -1.4 to -2.4mmol/I and significant post-prandial
glucose (PPG) reductions of -1.8 to -2.7mmol/l were observed with
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Figure: 1 The Effect of Liraglutide Addition at various
Stages of Oral Antidiabetes Therapy Intensification
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From the Liraglutide Effect and Action in Diabetes (LEAD) trials.
MET = metformin,; SU = sulphonylurea, TZD = thiazolidinedione.

liraglutide 1.8mg compared with placebo, rosiglitazone and
glimepiride.”* Liraglutide was associated with significantly greater
HbA4. reductions (-1.12%) compared with exenatide (-0.79%) in the
LEAD 6 study (p<0.0001).” The HbA reduction observed with exenatide
in LEAD 6 was similar to previously reported HbA results (0.8-0.9%).*
FPG concentrations were reduced by a maximum of 0.6mmol/I with
exenatide compared with a gain of 0.8mmol/I in the placebo group
(p<0.0001). Sitagliptin monotherapy with 100 or 200mg once daily
produced reductions in HbA4. of -0.6 and -0.8%, respectively (p<0.001
versus placebo), and reductions in FPG of -0.7 and -0.9 mmol/I versus
placebo, respectively.”

Low Risk of Hypoglycaemia

Liraglutide is associated with a low risk of hypoglycaemia. In total, only
six patients in all of the LEAD trials treated with liraglutide reported
major hypoglycaemic episodes.®*#*2 Significantly lower rates of minor
hypoglycaemia were reported with liraglutide versus glimepiride in the
LEAD 2 and LEAD 3 trials (p<0.0001) and versus exenatide in the LEAD 6
trial (1.9 versus 2.6 events per patient-year; p=0.01). In LEAD 4, minor
hypoglycaemia was low in all groups but was significantly higher in the
liraglutide group than in the metformin + rosiglitazone group (0.64
versus 0.17 events per patient-year; p=0.004). Higher rates of
hypoglycaemia were observed in trials where liraglutide or exenatide
were combined with SUs, suggesting that SU dosing may need to be
reduced when it is used in combination with GLP-1 receptor agonists.
Low rates of hypoglycaemia were also observed in trials of exenatide
and the DPP-4 inhibitor sitagliptin.**

Safety

Liraglutide is generally well tolerated: across the six LEAD trials
approximately 22% of patients in the liraglutide 1.8mg/day dosage group
experienced nausea.”” The feelings of nausea may relate to the action
of GLP-1 on delaying gastric emptying. Most cases of nausea were mild
and transient in nature. Furthermore, studies with both liraglutide and
exenatide have indicated that nausea can be largely avoided by
gradually escalating the dose following initiation.”?* Lower rates of
gastrointestinal (Gl) adverse events were observed with the DPP-4
inhibitors such as sitagliptin compared with the GLP-1 receptor agonists,
which may reflect the differing levels of GLP-1 receptor stimulation with
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Table 1: Summary of Liraglutide Clinical Trials - Liraglutide Effect and Action in Diabetes (LEAD) Trials

Study/Publication  Description/Baseline Data Comparators A HbA1¢ (%) A SBP (mmHg)
LEAD 1% 26-week RCT, 1,018 patients on SU Addition of:
HDA,.: 8.4% Liraglutide 1.2mg -1.08 2.6
Bodyweight: 81.6kg Liraglutide 1.8mg -1.13 -2.8
Placebo +0.23 -2.3
Rosiglitazone 4mg -0.44 -0.9
LEAD 2% 26-week RCT, 1,091 patients on MET Addition of:
HDA,.: 8.4% Liraglutide 1.2mg -0.97 -2.8
Bodyweight: 88.6kg Liraglutide 1.8mg -1.00 -2.3
Placebo +0.09 -1.8
Glimepiride 4mg -0.98 +0.4
LEAD 3% 52-week RCT, 746 patients, approximately one- Monotherapy:
third OAD-naive and two-thirds with up to 50% Liraglutide 1.2mg -0.84 -2.1
maximum dose of OAD monotherapy Liraglutide 1.8mg -1.14 -3.6
HDA,: 8.2% Glimepiride 8mg -0.51 -0.7
Bodyweight: 92.6kg
LEAD 4% 26-week RCT, 533 Patients on MET + TZD Addition of:
HDA, . 8.5% Liraglutide 1.2mg -1.48 -6.7
Bodyweight: 97.0kg Liraglutide 1.8mg -1.48 -5.6
Placebo -0.54 -1.1
LEAD 5% 26-week RCT, 581 patients on MET + SU Addition of:
HDA: 8.2% Liraglutide 1.8mg -1.33 -4.0
Bodyweight: 85.4kg Placebo -0.24 -1.4
Insulin glargine -1.09 +0.5
LEAD 6” 26-week RCT, 464 patients on MET, SU Addition of:
or combination Liraglutide 1.8mg -1.12 -2.5
HDA,: 8.2% Exenatide 10ug BID -0.79 2.0

Bodyweight: 93.5kg

BID = twice daily; MET = metformin, OAD = oral antidiabetic agent; RCT = randomised controlled trial;, SBP = systolic blood pressure, SU = sulphonylurea; TZD = thiazolidinedione.

the two treatment approaches.” However, there are some concerns
that DPP-4 inhibitors may be immunomodulatory, and a meta-analysis
of sitagliptin safety data suggested a 34% increased relative risk of
developing infection versus controls (odds ratio [OR] 1.34, 95%
confidence interval [CI] 1.10-1.64; p=0.004).*

Patients who receive repeated doses of recombinant protein
therapeutics may develop neutralising antibodies, which in certain
cases result in a reduction in product efficacy.® However, although a
minority of patients (4-13%) in the LEAD studies developed liraglutide
antibodies, there was no evidence that this affected the clinical efficacy
of liraglutide. Higher levels of antibody induction were observed in three
exenatide trials. Low-titre exenatide antibodies were observed in 38% of
patients (366 of 963). An additional 6% of patients (58 of 963) had high-
titre antibodies, which caused a loss of exenatide’s glycaemic effect in
3% of patients.™

Weight

Obesity, together with dyslipidaemia, coagulation abnormalities and
hypertension, forms the basis for the dramatic increase in
cardiovascular (CV) risk in individuals with type 2 diabetes. For example,
a five-unit increment in body mass index (BMI) can increase coronary
heart disease (CHD) mortality by 30%.* In addition, an individual's
concern about weight gain may be a barrier to intensifying diabetes
treatment.®** Human GLP-1 induces feelings of satiety and delays
gastric emptying, which suggests benefits in terms of weight reduction
(see Table 2). Liraglutide treatment was associated with weight loss
of around 2-3kg, which was significantly better than the weight gains of
1-2kg observed with comparator treatments in LEAD 1-5 (see Table 2).
In LEAD 6, an equivalent weight loss of 2-3kg was seen in patients on
liraglutide and exenatide (see Table 2). In LEAD 3, the weight loss
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observed in the first 16 weeks was maintained over the 52-week
study.” This maintenance of weight loss is confirmed by exenatide
studies that demonstrated maintenance of weight loss over a two-year
period.* However, patients in all BMI subgroups experienced weight
loss with liraglutide, with the greatest decrease in bodyweight occurring
in subjects with a high baseline BMI (>35kg/m?). By contrast, the DPP-4
inhibitors sitagliptin and vildagliptin are weight-neutral.”=*%

Blood Pressure

Individuals with type 2 diabetes face an increased risk of hypertension
compared with healthy individuals.®® Hypertension raises the risk of CV
disease, and treatments that can reduce hypertension can have a
profound benefit. For example, a reduction of 5.6mmHg in systolic
blood pressure (SBP) has been shown to reduce death from CV disease
by 18% in patients with type 2 diabetes.¥ SBP reductions of this
magnitude have been reported with liraglutide: across the LEAD trials,
SBP was reduced by 2.3-5.6mmHg with the 1.8mg dose, suggesting
that liraglutide could have a very positive impact on reducing CV risks
in individuals with diabetes. Blood pressure reductions have been
observed in trials of exenatide versus placebo;®* in one trial,
reductions in SBP of 3.7 and 0.3mmHg were observed with exenatide
10ug twice daily (BID) and placebo, respectively (p=0.010 for combined
exenatide group versus placebo). By contrast, blood pressure reduction
has not yet been widely studied with DPP-4 inhibitors.

Pancreatic Islet and p-cell Function

Type 2 diabetes is characterised by a progressive 10ss of pancreatic
B-cell function, which leads to increasing impairment of insulin
secretion.” Liraglutide has been shown to increase p-cell mass and
decrease apoptosis in in vitro and in vivo rodent models.”** In human
studies, liraglutide treatment is also associated with improvements in
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surrogate markers of p-cell function.*“ For example, in an in vivo study,
first-phase insulin response was increased by 118% (10.6pmol/I x h) and
103% (9.09pmol/I x h) with liraglutide 1.25 or 1.9mg/day, respectively
(p<0.05).* Homeostatic model assessment (HOMA) is a method for
assessing p-cell function and insulin resistance from fasting glucose and
insulin or C-peptide concentrations.” In the LEAD trials, liraglutide
induced significant improvements in the HOMA index of p-cell function
of between 28 and 34% compared with placebo (p<0.03) and reductions
in the pro-insulin to insulin ratio of -0.09 to -0.12 versus placebo
(p<0.03).”” These data suggest that liraglutide may maintain, or
potentially improve, p-cell function. Measures of p-cell function such as
HOMA-B pro-insulin to insulin ratio also appear to be improved with
exenatide and the DPP-4 inhibitors. Data confirming whether these
beneficial effects on p-cell function that are associated with incretin-
based therapies could translate into clinical improvements in disease
progression in patients with type 2 diabetes are eagerly awaited.

Dosage and Administration

Liraglutide will be indicated for once-daily administration by
subcutaneous injection. Patients will be able to take their liraglutide
injection at any time of the day, irrespective of meals. However, patients
should take liraglutide at the same time each day. In the case of a
missed dose, the next dose should be taken as planned as it is not
advisable to take two doses together. It will be recommended that
patients are initiated on liraglutide at a dose of 0.6mg/day for one week
to increase tolerability, following which the dose will be increased to
1.2mg/day. The dose can be increased to 1.8mg/day to achieve
maximum efficacy if required. Liraglutide will be available in a pre-filled
disposable pen that is compatible with fine-gauge needles (32G) to
minimise injection pain. Liraglutide should be stored in a refrigerator (at
2-8°C). After first use of the liraglutide pen, the product can be stored
for one month at room temperature (<30°C) or in a refrigerator (2-8°C).

sSummary

Incretin-based therapies, including GLP-1 receptor agonists and DPP-4
inhibitors, offer new treatment choices for patients with diabetes.
Liraglutide is the first once-daily human GLP-1 analogue in a new class
of GLP-1 agonists. Liraglutide’s reduction of bodyweight, along with its
ability to improve all aspects of glycaemic control and reduce systolic
blood pressure, suggests that once-daily liraglutide can address the
multiple co-morbidities commonly associated with type 2 diabetes. In
addition, treatments that target the incretin system, such as liraglutide,

Liraglutide Treatment for Type 2 Diabetes

Table 2: Weight Loss Associated with Liraglutide -
Liraglutide Effect and Action in Diabetes (LEAD) Trials

Study Treatment A Bodyweight (kg)
LEAD 1% Liraglutide 1.2mg +0.3*
Liraglutide 1.8mg -0.2*
Rosiglitazone 4mg +2.1
Placebo -0.1
LEAD 2% Liraglutide 1.2mg -2.6%*
Liraglutide 1.8mg -2.8%*
Glimepiride 4mg +1.0
Placebo -1.5
LEAD 3® Liraglutide 1.2mg -2.0t
Liraglutide 1.8mg -2.4%
Glimepiride 4mg +1.1
LEAD 4% Liraglutide 1.2mg -1.0tt
Liraglutide 1.8mg -2.0ft
Placebo +0.6
LEAD 57 Liraglutide 1.8mg -1.8t
Placebo -0.4%
Insulin glargine +1.6
LEAD 6" Liraglutide 1.8mg -3.2
Exenatide 10ug BID -2.9

*p<0.0001 versus rosiglitazone; **p<0.05 versus placebo and p<0.0001 versus glimepiride;
1p<0.0001 versus glimepiride; T1p<0.0001 versus placebo; *p <0.0001 versus placebo or
insulin glargine. BID = twice daily.

offer the potential to preserve p-cell function, the deterioration of which
is an important underlying pathogenic mechanism in type 2 diabetes.
Liraglutide is generally well tolerated; the majority of adverse events
were mild and transient Gl events, which generally occurred early in the
course of therapy. In addition, flexible once-daily administration of
liraglutide means that patients can choose the most convenient time of
day to administer their medication. By targeting the underlying disease
pathology as well as the symptoms of diabetes, liraglutide and other
incretin-based therapies offer great hope for diabetes treatment. l
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