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Liraglutide is an analog of the human peptide hormone GLP-1 and a
member of the GLP-1 receptor agonists class, which has recently been
developed for treatment of Type 2 diabetes (T2D). Incretin-based
therapies are an important step forward in the management of T2D as
they can provide effective glycemic control without the hypoglycemia and
weight gain associated with previous therapies. An extensive program of
Phase III clinical trials was developed to test the efficacy and safety of
liraglutide across the continuum of care in T2D. These trials have proven
liraglutide to be well tolerated and effective in managing glycemia in a
variety of treatment combinations and across a wide patient population.
The Phase III trial program also demonstrated that liraglutide can provide
the additional benefits of weight loss, reduction in systolic blood pressure,
improvement in measures of b-cell function and increased treatment
satisfaction.
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Type 2 diabetes (T2D) is characterized by chronic hyperglycemia that is the result
of impaired insulin sensitivity and secretion. Control of glycemia is the primary
aim of treatment of T2D, as improvements are known to reduce the risk of the
microvascular and macrovascular complications associated with the disease [1].
The level of glycosylated hemoglobin (HbA1c) is commonly used as a measure of
plasma glucose concentration over time and the importance of glycemic control
in T2D is reflected in the HbA1c goals that are set by internationally recognized
bodies [2,3].
Although many therapies are available for control of hyperglycemia in T2D,
they often cause weight gain or hypoglycemia, which can limit their effectiveness
[2]. In recent years, however, increased understanding of the incretin hormones
and their receptors has led to the development of two classes of incretin-based
therapies: GLP-1 receptor agonists (RAs) and dipeptidyl peptidase-4 (DPP-4)
inhibitors. These therapies represent an important step forward, as they can
improve glycemic control with a low risk of hypoglycemia and without weight
gain (and with weight loss in the case of GLP-1 RAs) [4].
This review specifically addresses the Phase III clinical trials of the GLP-1
RA liraglutide. Liraglutide is a recently developed analog of the human incretin
hormone GLP-1 that is representative of the GLP-1 RA class and which has been
tested in a wide patient population. Efficacy and tolerability findings from the
trials will be discussed, as well as some of the implications for use of liraglutide
in clinical practice.
Incretin-based therapies in T2D
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The term ‘incretin effect’ refers to the fact that a
given amount of glucose results in greater secretion of insulin when administered orally than when
administered intravenously. The effect is mediated
by intestinal peptides that are secreted in response
to food intake and is thought to contribute up to 70%
of normal post-prandial insulin response [5]. The two
most important incretin peptides are glucose-dependent insulinotropic polypeptide and GLP-1. In T2D,
the incretin effect is impaired [6,7] and the discovery
that exogenous infusion of GLP-1 can restore insulin
secretion made GLP-1 an attractive therapeutic target [8–10]. As well as stimulating insulin production
in a glucose-dependent manner, administration of
GLP-1 was also found to suppress glucagon secretion in a glucose-dependent manner and slow gastric emptying. Additionally, positive effects on b-cell
function were observed both in vitro and in animal
models [5,11]. These effects are all highly desirable in
the treatment of T2D, but the 2 min half-life of GLP-1
[12] means that the peptide itself is not therapeutically
useful unless administered continuously.
The two classes of incretin-based therapies were
developed to overcome the therapeutic limitations
of GLP-1 and represent two different mechanisms
to increase activation of the GLP-1 receptor. The
DPP-4 inhibitors inactivate DPP-4, an enzyme that
plays an important role in GLP-1 degradation, and
can increase the concentration of native GLP-1 up to
physiological levels [4]. By contrast, the GLP-1 RAs are
exogenously administered peptides with resistance to
DPP-4 that activate the GLP-1 receptor. GLP-1 RAs
are administered at levels six- to ten-times that of
native GLP-1 and so can provide supraphysiological
levels of GLP-1 receptor activation [4].
Two GLP-1 RAs are currently available for use:
liraglutide and exenatide. Liraglutide is an analog of
human GLP-1, with 97% amino acid identity to the
native peptide [4]. By contrast, exenatide is derived
from exendin-4, a peptide found in the saliva of Heloderma suspectum, and has 53% amino acid identity
with human GLP-1. As peptides, both liraglutide and
exenatide are injected subcutaneously. Liraglutide has
a half-life of 11–15 h and is administered once daily,
while exenatide has a half-life of 2–4 h and must be
administered twice daily [13,14,101,102]. Both GLP-1 RAs
have been shown to provide glycemic control, as well
as weight loss, reductions in systolic blood pressure
(SBP) and improvement in measures of b-cell function [4].
Liraglutide

Liraglutide was developed from a series of GLP-1 analogs to which fatty acid moieties had been appended

60

www.future-science.com

[15]. The molecule differs from native GLP-1 only in
addition of a C-16 palmitate moiety to lysine 26 via a
glutamate spacer and substitution of lysine for arginine at position 34. Liraglutide binds plasma albumin and self-associates into heptamers, both of which
are thought to prolong the molecule’s half-life [16,17].
Animal studies have provided proof-of-principle that
liraglutide can improve glycemic control, reduce body
weight and improve cardiovascular and b-cell function [18]. A series of successful early clinical trials
subsequently determined that liraglutide can provide
improvements in glycemic control and b-cell function in humans, paving the way for development of
the Phase III trial program [19].

Liraglutide + metformin
vs SU + metformin
LEAD-2
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Add a third oral or
start insulin

Liraglutide + SU
vs TZD + SU
LEAD-1
Add another
oral agent

Liraglutide
LEAD-3
Monotherapy vs SU

Liraglutide + metformin + TZD
vs metformin + TZD
LEAD-4
Liraglutide + metformin + SU
vs insulin glargine
+ metformin + SU
LEAD-5

Start an oral agent

Liraglutide Phase III trial program: overview &
design

The Phase III trial program was designed to assess the
effects of liraglutide across the spectrum of disease
progression in T2D. Liraglutide was studied as monotherapy and as an addition to oral antidiabetic drugs
(OADs) used at different disease stages (Figure 1).
The six LEAD trials formed the core of the trial
program. The LEAD-1–5 trials compared liraglutide to OADs and insulin glargine, and the LEAD-6
study was a head-to-head comparison of liraglutide
and exenatide [20–25]. An additional trial, known as
the 1860 study, provided a direct comparison of liraglutide to the DPP-4 inhibitor sitagliptin [26]. Overall,
the Phase III trial program included more than 5000
adults, with over 3000 treated with liraglutide, and is
a comprehensive study of liraglutide across the continuum of diabetes treatment.
The trials tested liraglutide in a range of treatment
combinations. The LEAD-3 trial tested liraglutide
as monotherapy [22]. LEAD-1 and -2 tested use as
second-line therapy in combination with sulfonylurea (SU) or metformin [20,21]. LEAD-4 and -5 tested
use as third-line therapy with metformin and SU/
thiazolidinedione (TZD) [23,24]. In LEAD-6, patients
used liraglutide with metformin and/or SU, and in
the 1860 study, liraglutide was used in addition to
metformin [25,26].
A similar design was used across the trials. In each
trial, the primary efficacy end point was change in
HbA1c and secondary end points included change in
fasting plasma glucose (FPG), body weight and SBP,
as well as measures of b-cell function. Each trial had
one or more liraglutide arms, as well as placebo and/
or comparator arms [20–26]. Core study periods lasted
26 weeks, except in the case of LEAD-3, which lasted
52 weeks. Additionally, LEAD-2, -3 -6 and 1860 had
extension periods; data from the LEAD-6, -3 and 1860
extensions are discussed here; the LEAD-2 extension
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Diet/exercise

Liraglutide + metformin
vs sitagliptin + metformin
1860

Liraglutide + metformin and/or SU
vs exenatide + metformin and/or SU
LEAD-6

Figure 1. Overall design of the liraglutide Phase III trial program.
SU: Sulfonylurea; TZD: Thiazolidinedione.
Data taken from [20–26].

is yet to be fully reported [27–29].
In all studies, liraglutide was injected subcutaneously, independent of meal times. Patients and investigators were blinded with respect to liraglutide or
placebo in the LEAD-1–5 trials [20–24]. Liraglutide
was available in one concentration and, to maintain
blinding, patients receiving liraglutide placebo were
randomized to injection volumes corresponding to
the liraglutide doses tested. The LEAD-6 and 1860
trials, as well as the LEAD-3 trial extension were
open label [25,26,29]. If patients were randomized to
the active drug, they began treatment with liraglutide
0.6 mg daily for 1 eek, escalated to 1.2 mg for the next
week and then to 1.8 mg daily thereafter if they were
randomized to the 1.2- or 1.8-mg doses. All seven
trials included the 1.8-mg dose, LEAD-1–4 and 1860
also included 1.2 mg, and LEAD-1 and -2 included
0.6 mg. This review focuses only on data from the two
highest doses, as liraglutide 0.6 mg is now recommended only as a starting dose [101].
It should be noted that all liraglutide treatment
combinations and doses trialed and discussed here
may not be approved or recommended in all regions.
In particular, liraglutide is not approved as monotherapy in mainland Europe or the UK [101,103]. Local
guidelines should always be consulted before prescribing liraglutide.
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Efficacy of liraglutide
■■ Change in HbA1c

Reductions in HbA1c from baseline with liraglutide in
the core periods of the Phase III trials ranged from
0.8–1.5% (Supplementary Table 1) [20–26]. Improvements
were significantly greater with liraglutide than with
comparators (TZD, SU, placebo, insulin glargine,
exenatide and sitagliptin), except in LEAD-2, where
addition of liraglutide to metformin treatment was
comparable to addition of the SU glimepiride to
metformin (Figure 2) [20–24].
However, improvements with liraglutide (0.8
and 1.1% with 1.2 and 1.8 mg, respectively) were
significantly greater than with glimepiride (0.5%;
p = 0.0014 and p < 0.0001 for liraglutide 1.2 and
1.8 mg, respectively) when both treatments were used
as monotherapy for 52 weeks [22]. Reductions in HbA1c
with liraglutide were greater in patients who had previously been treated with only diet and exercise (1.2
and 1.6% for liraglutide 1.2 and 1.8 mg, respectively)
than in patients who had substituted liraglutide for
an OAD (0.5 and 0.7% for liraglutide 1.2 and 1.8 mg,
respectively). The advantages of liraglutide on glycemic control were still evident after 2 years in patients
who completed the LEAD-3 extension: overall HbA1c
reductions were 0.6% with glimepiride, compared
with 0.9% with liraglutide 1.2 mg (p = 0.0376) and
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Figure 2. Change in glycosylated hemoglobin from baseline in the liraglutide Phase III studies.
*p < 0.005; **p < 0.0001 versus comparator.
SU: Sulfonylurea; TZD: Thiazolidinedione.
Data taken from [20–26].

1.1% with liraglutide 1.8 mg (p = 0.0016) [29].
In Europe, liraglutide is approved as dual and
triple therapy with OADs [103], and the most pert
inent data for healthcare practitioners in this area are
from trials of liraglutide in combination with OADs.
Liraglutide was used as dual therapy in LEAD-1 and
-2, in combination with glimepiride or metformin,
respectively [20,21]. Patients treated with liraglutide
plus glimepiride in LEAD-1 had significantly greater
reductions in HbA1c (1.1% with both liraglutide 1.2
and 1.8 mg) than patients treated with rosiglitazone
and glimepiride (0.4%; p < 0.0001 for both doses) [20].
Patients in LEAD-2 who were treated with liraglutide plus metformin had similar decreases in HbA1c
to those treated with glimepiride plus metformin
(-1% in all groups) [21]. Importantly, patients taking
liraglutide had greater weight loss and less frequent
hypog lycemia than patients taking glimepiride.
Additionally, patients previously on OAD monotherapy had greater HbA1c improvements than those
who substituted liraglutide for an OAD, indicating
that liraglutide can be an effective addition when
glycemic control fails with metformin.
Liraglutide was tested as triple therapy in LEAD-4
and -5, where it was used in combination with metformin and either rosiglitazone or glimepiride
[23,24]. The greatest reductions in HbA1c in any of the
62
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LEAD trials were when liraglutide was combined
with metformin and rosiglitazone in LEAD-4 (-1.5%
with both liraglutide doses) [23]. In combination
with metformin and glimepiride in LEAD-5, liraglutide 1.8 mg was also significantly more effective
than insulin glargine (-1.3 vs -1.1%; p = 0.0015) [24].
Together, these studies indicate that liraglutide is an
effective addition to treatment when glycemic control cannot be maintained with two OADs.
In the two head-to-head trials with other incretinbased therapies, liraglutide proved to be more effective
in the reduction of HbA1c than both a DPP-4 inhibitor
(sitagliptin) and an alternative GLP-1 RA (exenatide).
Reductions in HbA1c in the 1860 trial, in which
liraglutide 1.2 and 1.8 mg were compared with sitagliptin (all in combination with metformin) were 1.2
and 1.5% with liraglutide 1.2 and 1.8 mg, respectively,
compared with 0.9% (p < 0.0001) with sitagliptin [26].
Reductions in HbA1c with liraglutide were still superior to those with sitagliptin after 52 weeks of treatment in the trial extension: reductions were 1.3 and
1.5% for liraglutide 1.2 and 1.8 mg, respectively, compared with 0.9% for sitagliptin (p < 0.0001) [28]. The
greater reductions with liraglutide are in line with the
fact that GLP-1 RAs are provided at supraphysiological levels, whereas DPP-4 inhibitors can only increase
GLP-1 to physiological concentrations.
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In LEAD-6, once-daily liraglutide 1.8 mg was
tested head-to-head with twice-daily exenatide as
second- or third-line therapy in combination with
metformin and/or glimepiride. The reduction in
HbA1c with liraglutide (1.1%) was significantly greater
than with exenatide (0.8%; p < 0.0001) in the core
trial period [25]. Patients who switched from exenatide
to liraglutide in the trial extension experienced further significant reductions (0.32%; p < 0.0001), while
patients who continued on liraglutide had relatively
stable HbA1c (reduction from 26 weeks of 0.06%) [27].
The improved efficacy of liraglutide compared with
exenatide is primarily due to its prolonged duration of
action; the maximal concentration of liraglutide is not
reached until 8–12 h after dosing, and liraglutide has
a plasma half-life of 13 h postadministration [101]. By
comparison, exenatide twice-daily achieves median
peak concentration in 2 h, with a terminal half-life
of 2.4 h [102].
The benefits of liraglutide in control of HbA1c, evident from the individual trials, are emphasized by
the results of a meta-analysis of data from across the
LEAD trials. The analysis revealed that liraglutide
was effective in reducing HbA1c regardless of baseline level, although greatest reductions were seen
in patients with poorest initial control: a reduction
of 2.5% was seen in patients whose baseline HbA1c
was >10.0% [30]. Additionally, post hoc analysis of
1860 trial data found that reductions in HbA1c were
greater with liraglutide 1.8 mg than with sitagliptin
across baseline categories – reductions ranged from
0.9% for liraglutide 1.8 mg and 0.2% for sitagliptin
in patients with baseline HbA1c ≤7.5 to 2.3 and 1.4%,
respectively, in patients with baseline HbA1c >9% [31].
Together with individual trial results, this analysis
indicates that liraglutide is effective across the disease
spectrum.
■■ Attainment of HbA1c targets

The proportion of patients who met HbA1c goals
with liraglutide was assessed across the Phase III
trials. Two internationally recognized goals were
used: the American Diabetes Association/European
Association for the Study of Diabetes (ADA/EASD)
consensus target of <7%, and the ≤6.5% target recommended by the Americ an Association of Clinical Endocrinologists/American College of Endocrinology (AACE/ACE) [2,3]. Liraglutide was significantly more effective than comparators in bringing
patients to both targets in all trials except LEAD-2,
in which liraglutide was significantly more effective
than metformin and comparable to glimepiride [20–
26]. Overall, 35–58% of liraglutide-treated patients
achieved the ADA target in the core Phase III trials
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(Figure 3 & Supplementary Table 1).

■■ FPG

In all the core trials except LEAD-5 (in which liraglutide was compared with insulin glargine), liraglutide treatment resulted in reductions in FPG that
were numerica lly greater than with comparators
(Supplementary Table 1) [20–26]. Reductions ranged from
0.84 mmol/l with liraglutide 1.2 mg as monotherapy
in LEAD-3, to 2.4 mmol/l with liraglutide 1.8 mg in
combination with metformin and rosiglitazone in
LEAD-4 [22,23]. All comparisons between liraglutide
and placebo across the trials were statistically significant. Comparisons were also significant for both
liraglutide 1.2 and 1.8 mg as monotherapy versus
glimepiride (LEAD-3), for liraglutide 1.2 and 1.8 mg
versus rosiglitazone (LEAD-1; in combination with
glimepiride), for liraglutide 1.2 and 1.8 mg versus
sitagliptin (1860; in combination with metformin)
and for liraglutide 1.8 mg versus exenatide (LEAD-6;
in combination with metformin and/or glimepiride)
[20,22,25]. The significant advantages of liraglutide
treatment over sitagliptin and glimepiride were further sustained for 1 and 2 years, respectively, in the
1860 and LEAD-3 extensions [28,29]. In the LEAD-6
extension, patients switching from liraglutide to
exenatide had further significant reductions in FPG
(0.9 mmol/l; p < 0.0001), while patients continuing
on liraglutide had relatively stable levels (reduction
of 0.2 mmol/l) [27].
■■ Body weight

Patients treated with liraglutide 1.2 and 1.8 mg experi
enced significantly greater weight loss than patients
treated with comparators in LEAD-2–5 and the 1860
study (Supplementary Table 1). Reductions ranged
from 1 kg with liraglutide 1.2 mg as triple therapy in
LEAD-4 to 3.4 kg with liraglutide 1.8 mg in combination with metformin in the 1860 study [23,26]. The
significant weight loss compared with glimepiride in
LEAD-2 indicates that there are advantages to using
liraglutide rather than SU in combination with metformin, despite the similar effects of the two combinations on glycemic control [21].
The 2‑year results of the LEAD-3 extension
demonstrate that the weight loss experienced with
liraglutide can be sustained – among patients who
completed the extension, weight loss with liraglutide
1.2 and 1.8 mg was 2.1 and 2.7 kg, compared with a
weight gain of 1.1 kg among patients treated with
glimepiride (p < 0.0001) [29].
In LEAD-1, liraglutide was used in combination
with SU, which is known to cause weight gain [2,20].
Body weight remained relatively stable with liraglutide
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Figure 3. Proportion of patients achieving <7% American Diabetes Association glycosylated hemoglobin targets in the liraglutide
Phase III studies.
*p < 0.02 versus comparator; **p < 0.001 versus comparator; ***p < 0.0001 versus comparator.
ADA: American Diabetes Association; SU: Sulfonylurea; TZD: Thiazolidinedione.
Data taken from [20–26].

(increase of 0.3 kg with liraglutide 1.2 mg, decrease of
0.2 kg with liraglutide 1.8 mg), which was significant
compared with weight gain in rosiglitazone-treated
patients (2.1 kg; p < 0.0001).
The head-to-head trials of liraglutide with incretin-based therapies are of particular interest when
assessing body weight, as the positive effects of
GLP-1 RAs and the neutral effects of DPP-4 inhibitors, are important features distinguishing incretinbased therapies from other treatments. Although
DPP-4 inhibitors are generally thought of as weightneutral [4], both liraglutide- and sitagliptin-treated
patients lost weight in the 1860 study. However, after
26 weeks, weight loss was significantly greater with
liraglutide (2.9 kg with liraglutide 1.2 mg, 3.4 kg
with liraglutide 1.8 mg) than with sitagliptin (1 kg;
p < 0.0001). This advantage of liraglutide over sitagliptin was maintained in the trial extension: after
1 year, weight loss with liraglutide 1.2 and 1.8 mg
was 2.8 and 3.7 kg, respectively, compared with
1.2 kg with sitagliptin (p < 0.0001) [28].
In the LEAD-6 trial, liraglutide and exenatide were
similarly effective in promoting weight loss: patients
treated with liraglutide lost an average of 3.2 kg while
those treated with exenatide lost 2.9 kg [25]. Notably,
patients switching from exenatide to liraglutide in the
LEAD-6 extension experienced significant further
weight loss of 0.9 kg (p < 0.0001), as did patients who
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continued on liraglutide (0.4 kg; p = 0.0089) [27].
Meta-analysis of data from all of the LEAD trials emphasized the findings on body weight from
the individual trials. Significant overall reductions
in waist circumference were seen in patients using
liraglutide (1.8 cm with 1.2 mg, 2.1 cm with 1.8 mg;
p < 0.0001), as was the case with BMI (0.44 kg/m 2
with liraglutide 1.2 mg, 0.66 kg/m2 with liraglutide
1.8 mg; p < 0.0001) [32]. Differences were greatest in
patients with high baseline values, indicating that
heavier patients are likely to experience the most
weight-related benefit from liraglutide. Importantly
though, a separate meta-analysis revealed that HbA1c
reductions in liraglutide treatment were independent
of weight loss [33].
■■ b-cell function

Preclinical and early clinical studies suggested that
liraglutide may have a positive effect on the b-cell
failure that underlies T2D [18,19]. However, in humans,
direct measurement of b-cell function is problematic, and so the Phase III trials employed the indirect measures of HOMA-B and proinsulin:insulin
ratio. Across the trials there was a trend towards
improvement in b-cell function among liraglutidetreated patients, which was supported by the results
of a meta-analysis of data from all LEAD trials [34].
The meta-analysis revealed significant increases in
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HOMA-B from baseline of 35.1 and 31.7% with liraglutide 1.2 and 1.8 mg, respectively (p < 0.0001). The
increase was significant versus rosiglitazone (9.5%)
for liraglutide 1.8 mg (p < 0.05) and versus placebo
(7.4%) for both liraglutide doses (p < 0.0001; placebo encompasses arms from all trials and, therefore, a variety of treatments). The analysis also
showed significant improvement from baseline in
proinsulin:insulin ratio with both liraglutide 1.2 and
1.8 mg of −0.08 (p < 0.0001) – the decreases were
significant versus rosiglitazone (−0.01), glimepiride
(−0.02) and placebo (0.03) for both liraglutide 1.2 and
1.8 mg (p < 0.001 for all). Improvements in b-cell
function (both HOMA-B and proinsulin:insulin
ratio) were also observed in the 1860 study with both
liraglutide 1.2 and 1.8 mg [26]. The results of these
meta-analyses are supported by the longevity of the
glycemic effects of liraglutide seen over 2 years in the
LEAD-3 trial extension [29]; such long-term control is
suggestive of maintenance of b-cell function. Taken
together, these findings suggest that it may be useful
to consider using liraglutide early in progression of
T2D when there is most b-cell function to preserve.
■■ SBP

Across the core trials, liraglutide reduced SBP from
baseline by up to 6.7 mmHg (Supplementary Table 1)
[20–26]. In all the LEAD trials, reductions with liraglutide were numerically greater than with comparators.
Reductions reached significance with liraglutide 1.2
and 1.8 mg versus glimepiride in LEAD-2, with liraglutide 1.8 mg versus glimepiride in LEAD-3, with
liraglutide 1.8 mg versus insulin glargine in LEAD-5,
and with liraglutide 1.2 and 1.8 mg versus placebo in
LEAD-4 [21–24].
These findings were confirmed by a meta-ana
lysis of data from the LEAD trials, which showed
significant decreases in SBP from baseline with liraglutide 1.8 and 1.2 mg (2.6 mmHg [p = 0.0008] and
2.5 mmHg [p = 0.003], respectively) [35]. The metaanalysis found that the full impact on SBP was evident
after only 2 weeks of treatment, before major weight
loss occurred, suggesting that the effect is independent of weight loss. The greatest reductions in SBP
were observed in patients with the highest baseline
SBP: the average reduction in patients with highest
baseline SBP of >140 mmHg was 11.4 mmHg with
liraglutide, compared with a reduction of 7.7 mmHg
with placebo. An additional analysis revealed that
the significant reductions in SBP from baseline were
independent of concomitant antihypertensive treatment [36]. However, a minor increase in heart rate
compared with baseline was observed in most of the
LEAD trials following liraglutide treatment [37].
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■■ Lipids & cardiovascular markers

Lipid levels, as well as cardiovascular risk markers,
were assessed as secondary end points across the
Phase III trials. A meta-analysis of LEAD trial results
revealed that there were significant reductions from
baseline in patients treated with liraglutide 1.8 mg
in total cholesterol (0.13 mmol/l), low-density lipoprotein-cholesterol (0.2 mmol/l), free fatty acids
(0.09 mmol/l) and triglycerides (0.2 mmol/l; p < 0.01
for all), although these decreases were not significant compared with placebo or active comparators
[38]. In addition, there were significant reductions
from baseline in the cardiovascular risk markers
brain natriuretic peptide (11.9%; p < 0.01) and highsensitivity C-reactive protein (23.1%; p < 0.0001) [38].
A separate meta-analysis determined that treatment
with liraglutide 1.8 mg significantly reduced levels of
the cardiovascular risk marker plasminogen activator inhibitor-1 over 26 weeks (7.6%; p = 0.0008) [39].
These findings suggest that liraglutide may beneficially affect cardiovascular risk in addition to SBP,
body weight and glycemic control.
■■ Efficacy of liraglutide in Asian patients with T2D

The efficacy of liraglutide in Asian patients with T2D
has been studied in three Phase III trials [40–42]. Two
of the trials were conducted in Japanese patients and
were similar in design to the LEAD-3 (1700 study;
liraglutide monotherapy vs SU monotherapy [40]) and
LEAD-1 trials (1701 study; liraglutide in combination with an SU vs SU monotherapy [41]); however,
the maximum administered dose of liraglutide in
the Japanese studies was 0.9 mg once daily. The third
study (1796 study) was conducted in an Asian population from China, South Korea and India, and had
a similar study design to LEAD-2 – liraglutide (0.6,
1.2 and 1.8 mg) versus SU, both in combination with
metformin [42].
In line with the results from the LEAD-3 trial,
liraglutide monotherapy in Japanese patients with
T2D resulted in a significantly greater reduction in
HbA1c compared with SU monotherapy (-1.9 vs -1.4%,
respectively; p < 0.0001), and improvement in body
weight (-0.92 vs +0.99 kg, respectively; p < 0.0001)
[40]. In the 1701 study, patients randomized to receive
liraglutide (either 0.6 or 0.9 mg) as an addition to
SU monotherapy had significantly greater decreases
in HbA1c compared with those who received placebo
(-1.46 and -1.56 vs -0.40%, respectively; p < 0.0001
for both doses of liraglutide vs placebo) [41]. Consistent with results from the LEAD-1 trial, the use of
liraglutide (0.6 and 0.9 mg) in combination with an
SU negated the weight benefits of liraglutide (weight
change +0.06 and -0.37 kg, respectively) although, a
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Composite end points: measurement of clinically
relevant variables

Treatment of T2D is a multifaceted challenge: in add
ition to hyperglycemia, patients are often overweight
and suffer from hypertension and dyslipidemia. To
assess the broader benefits of liraglutide treatment, the
proportions of patients in the Phase III trials meeting
two composite end points were assessed.
■■ HbA1c <7.0% with SBP <130 mmHg
& no weight gain

This first end point was designed to address variables
considered in the standards of care recommended by
the ADA [45]. A meta-analysis approach was used to
determine the proportion of patients in the LEAD-1–6
trials achieving this triad after 26 weeks of treatment
[46]. The end point was achieved by 26% of patients
taking liraglutide 1.8 mg and 22% of patients taking liraglutide 1.2 mg. The odds ratios for achieving
the composite end point were significantly improved
for patients taking liraglutide 1.8 mg than among
patients randomized to comparator treatments (Figure 4; p < 0.02 for all) [46].

■■ HbA1c <7.0% with no hypoglycemic events
& no weight gain

The proportion of patients achieving a second
composite end point was also assessed using metaanalysis of data from the LEAD trials. This end point
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was achieved by 39% of patients taking liraglutide
1.8 mg and 32% taking liraglutide 1.2 mg [47]. Again,
the odds ratios for achieving this end point were significantly improved for patients taking liraglutide
1.8 mg than comparator treatments (p < 0.005 for all;
Figure 4). This second end point was also as prespecified in the 1860 trial, where it was achieved by 46
and 37% of patients taking liraglutide 1.2 or 1.8 mg,
respectively, compared with 14% of patients taking
sitagliptin (p < 0.0001) [26].
Taken together, the findings from analyses of these
two composite end points indicate that liraglutide
can be useful in limiting the challenges commonly
associated with T2D and its treatment.

30
Patients reaching target (%)

significant reduction in weight was observed in the
placebo group receiving SU monotherapy (-1.12 kg)
[41]. The changes in HbA1c and body weight observed
at week 24 in both these Japanese studies were maintained at week 52 [43,44], also consistent with the
LEAD-1 and LEAD-3 studies.
Data from the 16-week 1796 study are also consistent with those from Caucasian patients (LEAD-2) [42].
The use of liraglutide (1.2 or 1.8 mg) or glimepiride
in combination with metformin resulted in similar improvements in HbA1c (-1.36, -1.45 and 1.39%,
respectively). However, as seen in LEAD-2, patients
taking liraglutide had greater weight loss and less frequent hypoglycemia than patients taking glimepiride.
Reported improvements in b-cell function (which
were similar with liraglutide and glimepride) and SBP
(significantly greater with liraglutide vs glimepirirde)
were also in accordance with those from LEAD-2 [42].
These data suggest that the clinical efficacy of lirag
lutide is similar in Asian and Caucasian patients with
T2D. The use of liraglutide 1.2 and 1.8 mg was well
tolerated in an Asian population, suggesting that
these doses may also be transferable to Japanese
patients [42].
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Treatment satisfaction

Health-related quality of life of patients with T2D is
lower than that of the general population [48]. Factors
including glycemic control, presence of diabetic complications and the complexity of treatment regimens
can affect quality of life [48,49]. Patient perception of
treatment and effects on quality of life are important
in determining effectiveness of any therapeutic agent,
and so in four of the liraglutide trials, LEAD-2, -3, -6
and 1860, patient satisfaction was assessed.
In LEAD-3, in which liraglutide and glimepiride
monotherapy were compared, a validated selfadministered, 77-point questionnaire was used to
assess weight perception, psychological wellbeing and
overall quality of life [50]. In line with the fact that
patients tended to gain weight with glimepiride and
lose weight with liraglutide, patients treated with liraglutide 1.8 mg were 52% less likely to feel overweight
than patients treated with glimepiride. Overall patient
assessment of weight, compared with the reference
point ‘my weight is just right’, was more favorable
with liraglutide 1.8 mg than with glimepiride (score
of 40 with liraglutide 1.8 mg vs 48.7 with glimepiride;
p < 0.002). Importantly, mental and emotional health,
as well as general perception of health, also improved
more with liraglutide 1.8 mg than with glimepiride.
In LEAD-2, -6 and the 1860 trial, patient satisfaction was assessed using the Diabetes Treatment Satisfaction Questionnaire (DTSQ) [51–53]. Clinical outcomes from the LEAD-2 trial (in which liraglutide
was compared with glimepiride, both in combination with metformin) have been fully reported from
the core 26-week trial period, but data on patientreported outcomes are available from both the core
trial and an 18‑month extension period. Results at
26 and 78 weeks indicated an improvement in overall treatment satisfaction that was comparable in
patients treated with liraglutide and glimepiride: at
26 and 78 weeks, respectively, scores were 12.5 and
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Figure 4. Patients achieving composite end points in the LEAD trials. (A) HbA1c <7%, no weight gain, systolic blood
pressure <130 mmHg. (B) HbA1c <7%, no weight gain, no hypoglycemia.
*p < 0.02 versus liraglutide 1.8 mg.
SU: Sulfonylurea; TZD: Thiazolidinedione.
Data taken from [46,47].

12.4 for liraglutide 1.2 mg, 10.9 and 10.8 for liraglutide 1.8 mg, and 11.7 and 11.6 for glimepiride.
After week 26, the trial was unblinded, and so was a
direct comparison of an injectable and an oral treatment. The fact that patients injecting liraglutide had
similar improvement in treatment satisfaction to
patients taking glimepiride is a strong indicator that
injection with liraglutide does not negatively affect
patient perceptions and acceptance of treatment.
In head-to-head trials of liraglutide with other
incretin-based therapies, liraglutide resulted in
significantly greater improvements in treatment satisfaction than the comparators [52,53]. In the LEAD-6
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trial, the change in overall treatment satisfaction
after 26 weeks was significantly greater with liraglutide (4.7) than with exenatide (1.7; p < 0.0001), with
significant improvements recorded in five of the six
individual items assessed (current treatment, convenience, flexibility, recommend and continue); the
difference in treatment satisfaction in this instance is
notable as both therapies are in the same treatment
class. In the comparison between liraglutide and
sitagliptin, there was greater improvement in treatment satisfaction score over 26 weeks with liraglutide
1.8 mg (4.4) than with sitagliptin (3.5; p = 0.03). That
liraglutide resulted in greater treatment satisfaction
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than sitagliptin again suggests that injection need not
be a barrier to treatment with liraglutide.
Overall, these findings suggest that the need for
injection with liraglutide does not impair patient
satisfaction, and that liraglutide compares favorably
in terms of patient perceptions with other available
T2D treatments.
Safety & tolerability of liraglutide

Liraglutide was found to be well tolerated across
the Phase III trial program. The incidence of hypo
glycemia, which is of particular interest with therapies that control glycemia, was found to be low
with liraglutide treatment. Of 2739 patients treated
with liraglutide in the core trials, only seven experienced episodes of major hypoglycemia (defined
as blood glucose <3.1 mmol/l and requiring thirdparty assistance). Minor hypoglycemia (blood glucose <3.1 mmol/l) also occurred infrequently with
liraglutide, especially when used without SUs. Rates
ranged from 0.03 events/subject year with liraglutide
in combination with metformin (LEAD-2) to 1.93
events/subject year in combination with metformin
and/or glimepiride (LEAD-6) [20–25].
Gastrointestinal side-effects, which have been
found to be common with GLP-1 RAs [101,102], were
among the most frequently reported adverse events
with liraglutide. In most trials, the most common
gastrointestinal effect was nausea. The proportion
of patients experiencing nausea ranged from <11.0%
with liraglutide 1.2 and 1.8 mg in LEAD-1 (in combination with glimepiride) to 40.0% with liraglutide
1.8 mg in LEAD-4 (in combination with metformin
and rosiglitazone) [20,23]. Nausea was generally more
common than with comparators, although, in most
cases, nausea was transient and decreased after the
first weeks of treatment [20–26]. In LEAD-6, when liraglutide was compared with exenatide, the incidence
of nausea tended to be less persistent with liraglutide
than with exenatide [25], which may have been a contributing factor to the greater treatment satisfaction
experienced by patients taking liraglutide.
The cardiovascular safety of liraglutide has been
reported in a pooled analysis of data from all Phase II
and III studies from the liraglutide developmental
program [54]. The incidence of major adverse cardiovascular events with liraglutide was lower than with
all comparators (ratio 0.73) and within the US FDA
cardiovascular safety limits.
T2D is the leading cause of renal impairment due
to inadequate glycemic control [55]. A meta-ana
lysis of data from the LEAD studies reported that
liraglutide treatment was safe and well tolerated in
patients with mild renal impairment; there was no
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significant difference in creatinine clearance between
liraglutide-treated patients with mild renal impairment compared with those with normal renal function [56]. Furthermore, mild renal impairment did
not affect HbA1c reductions or frequency of nausea
in liraglutide-treated patients, compared with those
with normal renal function.
There has been some discussion about the potential
for pancreatitis with GLP-1 RA treatment. Incidence
of pancreatitis was monitored across the Phase III trials; only nine cases of acute pancreatitis were reported
with liraglutide (<0.2%), compared with one case with
a comparator (1.7 vs 0.7 cases per 1000 patient-years
for liraglutide vs comparators) [101]. Calcitonin levels
were also monitored during the Phase III trials, due
to the fact that, in early preclinical trials in rats and
mice, liraglutide was found to increase the incidence
of C-cell carcinoma [57]. GLP-1 RAs were shown to
stimulate calcitonin release and, following long-term
exposure, C-cell hyperplasia in rats [57]. By contrast,
20 months of liraglutide treatment (at >60-times
human exposure levels) in cynomolgus monkeys
had no effect on plasma calcitonin levels, and C-cell
hyperplasia was not detected. No patients receiving
liraglutide in the LEAD program developed C-cell
carcinoma and an analysis of calcitonin levels among
patients exposed to liraglutide for 2 years in clinical
trials showed that average calcitonin levels remained
at the lower end of the normal range [57].
Use of liraglutide in clinical practice

The Phase III trials have demonstrated the clinical potential of liraglutide across the continuum of
T2D. Liraglutide has been shown to be effective in
providing glycemic control, in a range of treatment
combinations. As well as glycemic control, liraglutide
was found to provide a reduction in body weight and
SBP, as well as improvements in b-cell function. With
these additional benefits over traditional therapies,
liraglutide is an attractive option for the management
of T2D.
Because liraglutide has been tested in a wide range
of different treatment combinations, there is strong
evidence to support its use at different stages of disease progression. However, approved indications differ between countries and regions. In Europe and the
USA, for example, both 1.2 and 1.8 mg doses of liraglutide are approved for use, but use as monotherapy
is only indicated in the USA [103,104]. In Europe, liraglutide is approved for use as dual or triple therapy in
combination with OADs [103]. Specifically, the European Medicines Agency states that liraglutide may be
used as dual therapy in addition to metformin or SU if
glycemic control is inadequate with either treatment
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as monotherapy, and it may be used in triple therapy
with metformin and SU/TZD if glycemic control is
insufficient with dual therapy [103].
Although some local guidelines for treatment of
T2D now make specific reference to liraglutide (e.g.,
those in the UK and Denmark) [105,106], internationally recognized treatment algorithms, such as those
produced by the ADA/EASD [2] and AACE/ACE [3],
include guidance on GLP-1 RAs that is specifically
linked to exenatide as they were written before the
approval of liraglutide. As liraglutide is now approved
for use in >30 countries worldwide, it is likely that
the next editions of these treatment algorithms will
include specific guidance on liraglutide, and affirm its
place in the T2D treatment continuum.
Future perspective

The Phase III trial program demonstrated that lirag
lutide provides effective glycemic control, alongside
reductions in body weight and SBP. In addition, lirag
lutide beneficially affects measures of b-cell function,
as well as lipid levels and cardiovascular risk markers. These benefits are provided along with a low rate
of hypoglycemia and good tolerability. Liraglutide is
now approved for use across the world and it will be
of interest to observe how liraglutide performs in reallife clinical practice as audit data become available.
It will be of particular interest to observe how
liraglutide performs with long-term use, especially
when treatment is started in patients in earlier disease stages, where there is potential to preserve b-cell
function. Although it should be noted that liraglutide
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is not universally approved as a monotherapy, the
recently published results from the 2‑year extension
of the LEAD-3 trial of liraglutide as monotherapy provide an indication that liraglutide can be effective in
the long term in patients who have not progressed to
advanced stages of diabetes therapy [29]. Results from
2-year extensions of the LEAD-2 and 1860 trials are
expected soon, and will also be relevant in understanding the long-term benefits of liraglutide.
Two trials that are yet to be fully reported will be
important in determining the eventual place of liraglutide in the treatment of T2D. One trial is designed
to test the addition of insulin to treatment with liraglutide and metformin. This is a treatment avenue that
holds promise for patients in advanced stages of T2D,
and results reported so far show that the combination
can improve glycemic control [58]. Recent results indicate that exenatide can also improve glycemic control
when combined with insulin [59]. The second trial,
which is still ongoing, is the LEADER trial, which
was designed to assess cardiovascular outcomes [60].
Results will be important in confirming the cardiovascular safety of liraglutide. Given that GLP-1 itself
appears to have cardioprotective effects, and that the
LEAD trials suggest positive effects of liraglutide on
cardiovascular biomarkers, the results are awaited
with interest.
Supplementary data

Supplementary data accompanies this paper and can
be found at www.future-science.com/doi/suppl/10.4155/
CLI.11.166 y

Executive summary
Incretin-based therapies in Type 2 diabetes
■■ Chronic hyperglycemia is the characteristic feature of Type 2 diabetes (T2D), and improved glycemic control is the primary aim of
treatment.
■■ A wide range of therapies are available for management of hyperglycemia in T2D, but many treatments have the undesirable side
effects of weight gain and hypoglycemia.
■■ The recently developed glucagon-like peptide (GLP)-1 receptor agonists (RAs) can effectively manage hyperglycemia without
weight gain or hypoglycemia.
Liraglutide
■■ Liraglutide is a GLP-1 RA, with 97% amino acid identity to native GLP-1.
■■ An extensive program of Phase III clinical trials has demonstrated that liraglutide can effectively and safely manage
hyperglycemia across the continuum of care in T2D.
Efficacy of liraglutide
■■ In addition to reducing hyperglycemia, liraglutide provides the additional benefits of reduction in body weight and systolic blood
pressure, as well as improvements in measures of b-cell function.
■■ When compared directly with other incretin-based therapies – the dipeptidyl peptidase-4 inhibitor sitagliptin and the GLP-1 RA
exenatide – liraglutide performs favorably in terms of glycemic control. Weight loss is similar with liraglutide and exenatide, but
significantly greater with liraglutide than sitagliptin.
Safety & tolerability of liraglutide
■■ Liraglutide is generally well tolerated; the most common side-effects are gastrointestinal, and these are generally mild and
transient.

future science group

Clin. Invest. (2012) 2(1)

69

Review: Clinical Trial Outcomes

Bode

8

9

n  n

References

Papers of special note have been highlighted as:
of interest
of considerable interest
n

n  n

1

2

3

4

5

6

n

7

70

Stratton IM, Adler AI, Neil HA et al.
Association of glycaemia with
macrovascular and microvascular
complications of Type 2 diabetes (UKPDS
35): prospective observational study. BMJ
321, 405–412 (2000).
Nathan DM, Buse JB, Davidson MB et al.
Medical management of hyperglycemia in
Type 2 diabetes: a consensus algorithm for
the initiation and adjustment of therapy.
Diabetes Care 32, 193–203
(2009).
AACE/ACE Glycemic Control Algorithm
Consensus Panel. Statement by an American
Association of Clinical Endocrinologists/
American College of Endocrinology
Consensus Panel on Type 2 diabetes
mellitus: an algorithm for glycemic control.
Endocr. Pract. 15, 541 (2009).
Drab SR. Incretin-based therapies for Type 2
diabetes mellitus: current status and future
prospects. Pharmacotherapy 30, 609–624
(2010).
Baggio LL, Drucker DJ. Biology of incretins:
GLP-1 and GIP. Gastroenterology 132,
2131–2157 (2007).
Nauck M, Stockmann F, Ebert R et al.
Reduced incretin effect in Type 2
(noninsulin-dependent) diabetes.
Diabetologia 29, 46–52 (1986).
Reveals that the incretin effect is lost or
substantially reduced in patients with
Type 2 diabetes (T2D).
Toft-Nielsen MB, Damholt MB, Madsbad S
et al. Determinants of the impaired

protracted half-life. The compounds tested
include the peptide that went on to be
developed as liraglutide.

secretion of glucagon-like peptide-1 in
Type 2 diabetic patients. J. Clin. Endocrinol.
Metab. 86, 3717–3723 (2001).

Financial & competing interests
disclosure
BW Bode on the speaker’s bureau and medical
advisory boards for Novo Nordisk, Eli Lilly,
Sanofi-Aventis and Merck & Co., and his
practice has received research fees and grants
from Novo Nordisk, Eli Lilly, Sanofi-Aventis,
GlaxoSmithKline and Merck & Co. The author
has no other relevant affiliations or financial
involvement with any organization or entity
with a financial interest in or financial conflict
with the subject matter or materials discussed
in the manuscript apart from those disclosed.
The author is grateful to Watermeadow
Medical for writing assistance in the preparation
of this manuscript, funded by Novo Nordisk A/S.

Design, findings & implications of the liraglutide Phase III clinical trial program

10

11

Elahi D, McAloon Dyke M, Fukagawa NK
et al. The insulinotropic actions of glucosedependent insulinotropic polypeptide (GIP)
and glucagon-like peptide-1 (7–37) in
normal and diabetic subjects. Regul. Pept.
51, 63–74 (1994).
Nauck MA, Heimesaat MM, Orskov C et al.
Preserved incretin activity of glucagon-like
peptide 1 [7–36 amide] but not of synthetic
human gastric inhibitory polypeptide in
patients with Type-2 diabetes mellitus.
J. Clin. Invest. 91, 301–307 (1993).
This analysis of the effects of
administration of the incretin hormones
glucose-dependent insulinotropic
polypeptide and GLP-1 revealed that the
effects of insulinotropic polypeptide but
not GLP-1 are attenuated in patients with
T2D. This finding paved the way for the
development of incretin-based therapies
that act through the GLP-1 receptor.
Nauck MA, Kleine N, Orskov C et al.
Normalization of fasting hyperglycemia by
exogenous glucagon-like peptide 1 (7–36
amide) in Type 2 (noninsulin-dependent)
diabetic patients. Diabetologia 36, 741–744
(1993).
Holst JJ, Vilsbøll T, Deacon CF. The incretin
system and its role in Type 2 diabetes
mellitus Mol. Cell. Endocrinol. 297, 127–136
(2009).

12

Vilsbøll T, Agersø H, Krarup T, Holst JJ.
Similar elimination rates of glucagon-like
peptide-1 in obese Type 2 diabetic patients
and healthy subjects. J. Clin. Endocrinol.
Metab. 88, 220–224 (2003).

13

Elbrønd B, Jakobsen G, Larsen S.
Pharmacokinetics, pharmacodynamics,
safety and tolerability of a single-dose of
NN2211, a long-acting glucagon-like peptide
1 derivative, in healthy male subjects.
Diabetes Care 25, 1398–1404 (2002).

14

15

n

Kolterman OG, Kim DD, Shen L et al.
Pharmacokinetics, pharmacodynamics and
safety of exenatide in patients with Type 2
diabetes mellitus. Am. J. Health Syst. Pharm.
62, 173–181 (2005).
Knudsen LB, Nielsen PF, Huusfeldt PO et al.
Potent derivatives of glucagon-like peptide-1
with pharmacokinetic properties suitable for
once daily administration. J. Med. Chem. 43,
1664–1669 (2000).
Demonstrates that derivatization of GLP-1
with fatty acid moieties could result in a
similar potency to native GLP-1 and a

www.future-science.com

16

17

18

19

20

21

22

23

24

25

Bjerre Knudsen L, Moller Knudsen S,
Wilken M et al. Plasma protein binding of
NN2211, a long-acting derivative of GLP- 1,
is important for its efficacy. Diabetes
52(Suppl. 1), S321–S322 (2005).

n  n

26

Steensgaard DB, Thomsen JK, Olsen HB
et al. The molecular basis for the delayed
absorption of the once daily human GLP-1
analogue: liraglutide. Diabetes 57(Suppl. 1),
A164 (2008).
Knudsen LB. Liraglutide: the therapeutic
promise from animal models. Int. J. Clin.
Pract. 64(Suppl. 167), S4–S11 (2010).

n

Schmidt WE. Early clinical studies with
liraglutide. Int. J. Clin. Pract. 64(Suppl. 167),
S12–S20 (2010).
Marre M, Shaw J, Brändle M et al.
Liraglutide, a once-daily human GLP-1
analogue, added to a sulphonylurea over 26
weeks produces greater improvements in
glycaemic and weight control compared
with adding rosiglitazone or placebo in
subjects with Type 2 diabetes (LEAD-1
SU). Diabet. Med. 26, 268–278 (2009).

27

28

Nauck M, Frid A, Hermansen K et al.
Efficacy and safety comparison of
liraglutide, glimepiride and placebo, all in
combination with metformin, in Type 2
diabetes Diabetes Care 32, 84–90 (2009).
Garber A, Henry R, Ratner R et al.
Liraglutide versus glimepiride
monotherapy for Type 2 diabetes (LEAD-3
Mono): a randomized, 52-week, Phase III,
double-blind, parallel-treatment trial.
Lancet 373, 473–481 (2009).
Zinman B, Gerich J, Buse J et al. Efficacy
and safety of the human glucagon-like
peptide-1 analog liraglutide in
combination with metformin and
thiazolidinedione in patients with Type 2
diabetes (LEAD-4 Met+TZD). Diabetes
Care 32, 1224–1230 (2009).
Russell-Jones D, Vaag A, Schmitz B et al.
Liraglutide versus insulin glargine and
placebo in combination with metformin
and sulfonylurea therapy in Type 2
diabetes mellitus (LEAD-5 met+SU): a
randomized controlled trial. Diabetologia
52, 4026–4055 (2009).
Buse J, Rosenstock J, Sesti G et al.
Liraglutide once a day versus exenatide
twice a day for Type 2 diabetes: a 26-week
randomized, parallel-group, multinational,
open-label trial (LEAD-6). Lancet 374,
39–47 (2009).

future science group

29

n  n

30

31

The LEAD-6 trial is the only direct
comparison of the two GLP-1 receptor
agonists exenatide and liraglutide: over
26 weeks, liraglutide provided superior
glycemic control to exenatide, although
both treatments promoted similar
weight loss.

32

Zinman B, Colagiuri S, Madsbad S et al.
The human GLP-1 analog, liraglutide,
improves BMI and waist circumference in
patients with Type 2 diabetes: meta-analysis
of six Phase III trials. Diabetes 59(Suppl. 1),
1894-P (2010).

33

Pratley RE, Nauck M, Bailey T et al.
Liraglutide versus sitagliptin for patients
with Type 2 diabetes who did not have
adequate glycemic control with metformin:
a 26-week, randomized, parallel-group
open-label trial. Lancet 375, 1448–1456
(2010).

Schmidt WE, Gough S, Madsbad S et al.
Liraglutide, a human GLP-1 analogue,
lowers HbA1c independent of weight loss.
Diabetologia 52(Suppl. 1), S289 (2009).

34

A direct comparison of liraglutide with
the dipeptidyl peptidase-4 inhibitor
sitagliptin. Liraglutide provided superior
glycemic control and weight loss to
sitagliptin over 26 weeks.

Matthews DR, Vilsboll T, Courreges J-P
et al. Liraglutide improves two indicators of
beta cell function – HOMA-B and
proinsulin:insulin ratio – in a meta-analysis
of six clinical trials. Diabetologia
53(Suppl. 1), S339 (2010).

35

Buse J, Sesti G, Schmidt WE et al. Switching
to once-daily liraglutide from twice-daily
exenatide further improves glycemic
control in patients with Type 2 diabetes
using oral agents. Diabetes Care 33, 1300–
1303 (2010).

Fonseca V, Falahati A, Zychma M, Madsbad
S, Plutzky J. A meta-analysis of six clinical
trials demonstrates that the once-daily
human GLP-1 analogue liraglutide reduces
systolic blood pressure. Diabetologia
52(Suppl. 1), S299 (2009).

36

Pratley R, Nauck M, Bailey T et al. One year
of liraglutide treatment offers sustained and
more effective glycemic control and weight
reduction compared with sitagliptin, both
in combination with metformin, in patients
with Type 2 diabetes: a randomized,
parallel-group, open-label trial. Int. J. Clin.
Pract. 65, 397–407 (2011).
Garber A, Henry RR, Ratner R et al.
Liraglutide, a once-daily human glucagonlike peptide 1 analogue, provides sustained
improvements in glycemic control and
weight for 2 years as monotherapy
compared with glimepiride in patients with
Type 2 diabetes. Diabetes Obes. Metab. 13,
348–356 (2011).
The extension of the LEAD-3 trial of
liraglutide monotherapy versus
glimepiride monotherapy reported here is
the longest study of liraglutide use to date:
liraglutide was effective in maintaining
glycemic control and weight loss over
2 years.
Nauck M, Vaag A, Colagiuri S et al. HbA1c
reduction with liraglutide in patients with
Type 2 diabetes is associated with initial
HbA1c levels. Presented at: IDF World
Diabetes Congress. Montreal, Canada,
18–22 October 2009.
Davies M. Liraglutide reduces A1c to a
greater extent than sitagliptin regardless of
baseline A1c levels. Diabetes 59(Suppl. 1),
A15 (2010).

future science group

37

38

39

40

41

Fonseca V, Plutzky J, Montanya E et al.
Liraglutide, a once-daily human GLP-1
analog, lowers systolic blood pressure (SBP)
independently of concomitant
antihypertensive treatment. Diabetes
59(Suppl. 1) A79 (2010).
Davies MJ, Kela R, Khunti K. Liraglutide
– overview of the preclinical and clinical
data and its role in the treatment of Type 2
diabetes. Diabetes Obes. Metab. 13,
207–220 (2011).
Plutzky J, Garber A, Toft AD, Poulter NR.
Meta-analysis demonstrates that
liraglutide, a once-daily human GLP-1
analogue, significantly reduces lipids and
other markers of cardiovascular risk in
Type 2 diabetes. Diabetologia 52(Suppl. 1),
S299 (2009).
Plutzky J, Poulter NR, Falahati A, Toft AD,
Davidson MH. Plasminogen activator
inhibitor-1 is reduced by the once-daily
human glucagon-like peptide-1 analog
liraglutide when used in the treatment of
Type 2 diabetes. Circulation 120, S397
(2009).
Seino Y, Rasmussen MF, Nishida T et al.
Efficacy and safety of the once-daily
human GLP-1 analogue, liraglutide, versus
glibenclamide monotherapy in Japanese
patients with Type 2 diabetes. Curr. Med.
Res. Opin. 26,1013–1022 (2010).
Kaku K, Rasmussen MF, Clauson P et al.
Improved glycemic control with minimal
hypoglycemia and no weight change with
the once-daily human GLP-1 analogue
liraglutide as add-on to sulfonylurea in
Japanese patients with Type 2 diabetes.

Clin. Invest. (2012) 2(1)

Review: Clinical Trial Outcomes
Diabetes Obes. Metab. 12, 341–347 (2010).
42

Yang W, Chen L, Ji Q et al. Liraglutide
provides similar glycemic control as
glimepiride (both in combination with
metformin) and reduces body weight and
systolic blood pressure in Asian population
with Type 2 diabetes from China, South
Korea and India: a 16-week, randomized,
double-blind, active control trial. Diabetes
Obes. Metab. 13, 81–88 (2011).

43

Kaku K, Rasmussen MF, Nishida T et al.
Fifty-two-week, randomized, multicenter
trial to compare the safety and efficacy of
the novel glucagon-like peptide-1 analog
liraglutide vs glibenclamide in patients
with Type 2 diabetes. J. Diabetes Invest.
doi:10.1111/j.2040‑1124.2011.00128.x (2011)
(Epub ahead of print).

44

Seino Y, Rasmussen MF, Nishida T et al.
Glucagon-like peptide-1 analog liraglutide
in combination with sulfonylurea safely
improves blood glucose measures vs
sulfonylurea monotherapy in Japanese
patients with Type 2 diabetes: results of a
52-week, randomized, multicenter trial.
J. Diabetes Invest. 2, 280–286 (2011).

45

American Diabetes Association. Standards
of medical care in diabetes – 2008. Diabetes
Care 31(Suppl. 1), S12–S54 (2008).

46

Zinman B, Buse J, Falahati A et al.
Liraglutide more effectively achieves a
composite end point for A1c, SBP and
weight change than other diabetes
therapies. Diabetes 58(Suppl. 1), A143
(2009).

47

Gough S, Zinman B, Falahati A et al. The
proportion of patients reaching the
composite outcome of HbA1c <7%, no
hypoglycemia and no weight gain with
different Type 2 diabetes therapies in the
liraglutide effect and action in diabetes
(LEAD) programme. Diabetic Med.
27(Suppl. 1), 136 (2010).

48

Rubin RR, Peyrot M. Quality of life and
diabetes. Diabetes Metab. Res. Rev. 15,
205–218 (1999).

49

Lau C, Qureshi AK, Scott SG. Association
between glycemic control and quality of
life in diabetes mellitus. J. Postgrad. Med.
50, 189–194 (2004).

50

Bode BW, Testa MA, Magwire M et al.
Patient-reported outcomes following
treatment with the human GLP-1 analogue
liraglutide or glimepiride in monotherapy:
results from a randomized controlled trial in
patients with Type 2 diabetes. Diabetes Obes.
Metab. 12, 604–612 (2010).

51

Hermansen K, Kolotkin RL, Hammer M,
Zdravkovic M, Matthews D. Patient-

71

Review: Clinical Trial Outcomes
reported outcomes in patients with Type 2
diabetes treated with liraglutide or
glimepiride, both as add-on to metformin.
Prim. Care Diabetes 4, 113–117 (2010).
52

53

54

Schmidt WE, Christiansen JS, Hammer M
et al. Patient-reported outcomes are
superior in patients with Type 2 diabetes
treated with liraglutide as compared with
exenatide, when added to metformin,
sulphonylurea or both: results from a
randomized, open-label study. Diabet.
Med. 28, 715–723 (2011).
Davies M, Pratley R, Hammer M, Thomsen
AB, Cuddihy R. Liraglutide improves
treatment satisfaction in people with
Type 2 diabetes compared with sitagliptin,
each as an add on to metformin. Diabet.
Med. 28, 333–337 (2011).
Marso SP, Lindsey JB, Stolker JM et al.
Cardiovascular safety of liraglutide
assessed in a patient-level pooled analysis
of Phase II: 3 liraglutide clinical
development studies. Diab. Vasc. Dis.

Bode
Res. 8, 237–240 (2011).

59

55

Retnakaran R, Cull CA, Thorne KI, Adler AI,
Holman RR. Risk factors for renal
dysfunction in Type 2 diabetes: UK
prospective diabetes study 74. Diabetes 55,
1832–1839 (2006).

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. 154,
103–112 (2011).

60

56

Davidson JA, Brett J, Falahati A, Scott D. Mild
renal impairment has no effect on the efficacy
and safety of liraglutide. Endocr. Pract. 6, 1–31
(2010).

Bergenstal R, Daniels G, Mann J et al.
Liraglutide effect and action in diabetes:
evaluation of cardiovascular outcomes
results (LEADER™) trial: rationale and study
deisgn. Diabetes 60(Suppl. 1), A612 (2011).

57

Bjerre Knudsen L, Madsen LW, Andersen S
et al. Glucagon-like peptide-1 receptor
agonists activate rodent thyroid C-cells
causing calcitonin release and C-cell
proliferation. Endocrinology 151, 1473–1486
(2010).

58

Rosenstock J, Devries JH, Seufert J et al. A
new Type 2 diabetes treatment paradigm:
sequential addition of liraglutide to
metformin and then basal insulin detemir.
Diabetes 60(Suppl. 1), A76 (2011).

■■ Websites
101 Novo Nordisk Ltd: summary of product

characteristics: Victoza 6 mg/ml solution for
injection in pre-filled pen.
www.medicines.org.uk/EMC/
medicine/21986/SPC/Victoza+6+mg+ml+so
lution+for+injection+in+pre-filled+pen

102 Eli Lilly and Company Ltd: summary of

product characteristics: Byetta 5 µg solution
for injection, prefilled pen; Byetta 10 µg
solution for injection, prefilled pen.
www.medicines.org.uk/EMC/
medicine/19257/SPC/Byetta+5+micrograms
+solution+for+injection%2c+prefilled+pen.+
+Byetta+10+micrograms+solution+for+inje
ction%2c+prefilled+pen

103 European Medicines Agency: Victoza:

EPAR – summary for the public.
www.ema.europa.eu/ema/index.
jsp?curl=pages/medicines/human/
medicines/001026/human_med_001137.
jsp&murl=menus/medicines/medicines.
jsp&mid=WC0b01ac058001d125

104 Novo Nordisk. Victoza US prescribing

information.
www.accessdata.fda.gov/drugsatfda_docs/
label/2010/022341lbl.pdf

105 National Institute for Health and Clinical

Excellence: liraglutide for the treatment of
Type 2 diabetes mellitus (TA203).
www.nice.org.uk/guidance/TA203

106 Dansk Endokrinologisk Selskab, Dansk

Selskab for Almen Medicin, Institut for
Rationel Farmakoterapi: Guidelines for
Type 2-diabetes.
www.dsam.dk/files/11/diabetesbehandling.
pdf

72

www.future-science.com

future science group

