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Abstract: Incretin-based therapies have been gaining much attention recently as a new class of therapeutics for type 2 diabetes world-
wide. Among them, glucagon-like peptide-1 receptor agonist liraglutide has been rapidly increasing its global usage. Once daily injection
of liraglutide significantly ameliorates glycemic control in patients with type 2 diabetes by enhancing insulin secretion and suppressing
glucagon secretion glucose-dependently. Liraglutide delays gastric emptying and suppresses food intakes, both of which contribute to
glucose lowering and weight reduction. Efficacy and safety of liraglutide in management of type 2 diabetes have been well documented
in several key clinical trials such as series of phase 3 Liraglutide Effect and Action in Diabetes (LEAD) trials, and the liraglutide-versus-
sitagliptin trial. Recent two trials dealing with monotherapy and sulfonylurea combination therapy on Japanese patients with type 2
diabetes furthermore indicate liraglutide’s effectiveness in non-obese diabetes. In this review, we summarize results from such clinical
trials, and discuss efficacy and safety of liraglutide in management of type 2 diabetes in various countries, along with a pitfall of lira-
glutide usage in real clinical setting.
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Introduction

Management of type 2 diabetes (T2DM) includes
improvement and maintenance of glycemic con-
trol; however, conventional oral anti-diabetic drugs
(OADs) achieve only limited glycemic control
and are associated with weight gain or hypoglyce-
mia except for biguanides and alpha-glycosidase
inhibitors.!? Glycemic control is also compromised
by progressive impairment in beta cell function.’
New therapies targeting the incretin system have
potentials to improve glycemic control, preserve
beta cell function, and minimize hypoglycemia and
weight gain.*® The incretins, glucose-dependent
insulinotropic polypeptide (GIP) and glucagon-like
peptide-1 (GLP-1) are a pair of gut hormones that
are secreted from the intestine in response to meal
ingestions and stimulate insulin secretion glucose-
dependently.*® GIP and GLP-1 exert their effects
by binding to the GIP receptor (GIPR) and GLP-1
receptor (GLP-1R), respectively, both of which are
expressed on surfaces of pancreatic beta cells. Upon
binding to their ligands, these receptors activate
downstream signaling cascades, thereby resulting in
enhancement of glucose-induced insulin secretion.®®
Such glucose-dependent insulinotropic effects of
the incretins make them highly attractive candidates
for therapeutics against T2DM. Endogenous GIP
and GLP-1, however, are rapidly inactivated by the
endogenous enzyme dipeptidyl peptidase 4 (DPP-4)
with half-lives of only 5 and 2 minutes, respectively.”*
And, insulinotropic effects of GIP are blunted in
hyperglycemic conditions,’ although strong insuli-
notropic effects of GIP have been shown recovered
in patients with their glycemic conditions near-
normalized." Thus, two approaches have been suc-
cessfully taken; 1) GLP-1R agonists (eg, liraglutide
and exenatide) that binds to GLP-1R and activates
GLP-1R signaling, and 2) DPP-4 inhibitors (eg,
sitagliptin, vildagliptin and alogliptin) that inhibit
DPP-4-mediated GLP-1 degradation and enhance
insulinotropic effects of endogenous GLP—-1. Both
approaches have been shown effective in manage-
ment of T2DM." In this article, we discuss efficacy
and safety of GLP-1R agonist liraglutide in not only
obese diabetes but also non-obese diabetes often
seen in Asian countries. We also discuss a pitfall of
liraglutide treatment in real clinical settings.

Mechanisms of Action

Liraglutide is a GLP-1 agonist with 97% amino
acid sequence identity with endogenous human
GLP-1 (Fig. 1).!2® Liraglutide has one amino acid
substitution (arginine substituted for lysine) and
a C16 palmitic acid side chain attached via a glu-
tamyl spacer.'>!® Because of these modifications,
liraglutide has prolonged pharmacologic activity
compared to endogenous GLP-1.'2"* Liraglutide is
absorbed more slowly from subcutaneous tissues,
has reversible albumin binding, and resistance to
GLP-1 inactivation by DPP-4.!>!3 However, similarly
to endogenous GLP-1 (Fig. 1), liraglutide stimulate
insulin secretion and decreases glucagon secretion
in a glucose-dependent manner, thereby improving
24-hour glycemic control;'*! this is also accompanied
by a delay in gastric emptying.'®

Metabolism and Pharmacokinetic

Profile

Liraglutide binds reversibly to albumin and is par-
tially resistant to degradation by DPP-4, causing it
to be metabolized at a slower rate than endogenous
GLP-1."7 In pharmacokinetic studies in healthy
men, liraglutide absorption was slow; maximum
plasma concentrations were reached approximately
10 to 14 hours after subcutancous administration.'
The mean elimination half-life ranged from 11 to
13 hours."? The mean accumulation ratio (R, ) was in
the range of 1.4 to 1.5. Pharmacokinetic parameters
calculated after one week of treatment were similar
to those calculated on day 1.> Following single and
repeated daily doses (5-12.5 pg/kg), C_ and AUC
increased proportionately to the liraglutide dose.
Comparison of pharmacokinetic profiles in individu-
als with varying renal function revealed that renal
dysfunction has little effects on pharmacokinetics
of liraglutide.” Consistent with this pharmacoki-
netic observation, it has been reported that mild renal
impairment in patients with type 2 diabetes has little
difference on efficacy and safety of liraglutide in a
recent meta-analysis of liraglutide’s clinical trials."

Clinical Trials

The efficacy and safety of liraglutide were studied in
six randomized phase 3 Liraglutide Effect and Action
in Diabetes (LEAD) trials. The LEAD trials included
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Figure 1. Biological function of GLP-1 related to glycemic control in type 2 diabetes (A) and structure of liraglutide (B). Liraglutide has one amino acid
substitution (arginine substituted for lysine) and a C16 palmitic acid side chain attached via a glutamyl spacer. Liraglutide is absorbed more slowly from
subcutaneous tissues, has reversible albumin binding, and resistance to GLP-1 inactivation by DPP-4. Like endogenous GLP-1, liraglutide stimulates
insulin secretion in a glucose-dependent manner as well as decreases glucagon secretion and delays gastric emptying, all of which contribute to improve-

ment in glycemic control.

4456 patients recruited from more than 600 sites
in 40 countries. In these trials, efficacy and safety
of liraglutide was investigated as mono-therapy or
combination-therapies with different oral anti-diabetic
drugs (OADs) in comparison with existing diabetes
therapies (Fig. 2).*° Three other recently completed
trials compared liraglutide with sitagliptin®® and
studied its efficacy and safety in Japanese non-obese
patients with T2DM. 2%

LEAD-3: Liraglutide as Monotherapy

The LEAD-3 trial investigated the safety and effi-
cacy of two doses of liraglutide monotherapy versus
(vs.) glimepiride in patients with T2DM.* The study
patients were either drug-naive, treated with lifestyle
modifications, or had not achieved control with a
single oral drug at less than 50% of the maximum
approved dose. A total of 745 patients received
either once daily subcutaneous liraglutide 1.2 mg
(n = 251) or 1.8 mg liraglutide (n = 246) or once

daily glimepiride 8 mg (n = 248) for 52 weeks. The
primary endpoint was change in HbA  value from
baseline to 52 weeks. Mean HbA _ values decreased
from baseline by 0.51% with glimepiride, 0.84% with
liraglutide 1.2 mg (P < 0.0014 vs. glimepiride), and
by 1.14% with liraglutide 1.8 mg (P < 0.0001 vs.
glimepiride). After 52 weeks, 28% of patients treated
with liraglutide 1.2 mg and 38% treated with lira-
glutide 1.8 mg achieved the International Diabetes
Federation (IDF) HbA _ target of =6.5% vs. 16% of
glimepiride patients (P = 0.0025 liraglutide 1.2 mg;
P < 0.0001 liraglutide 1.8 mg). Patients treated with
liraglutide also had decreased fasting and postpran-
dial plasma glucose, significant weight loss, and
decreased systolic blood pressure.

Liraglutide was generally well tolerated. Patients
treated with liraglutide had higher rates of gastrointes-
tinal adverse events (liraglutide 1.8 mg 51%, 1.2 mg
49%) than those receiving glimepiride (26%), but
most of the events were transient. The most common
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Figure 2. Reduction in HbA, in Liraglutide Effect and Action in Diabetes (LEAD) Studies. Changes in HbA,  from baseline for patients studied in each trials
are shown: LEAD-3, monotherapy versus (vs). glimepiride;?* LEAD-2, metformin-combination therapy vs. glimepiride;?® LEAD-1, sulfonylurea-combination
therapy vs. rosiglitazone;?*® LEAD-4, metformin/thiazolidinedione-combination therapy vs. placebo;? LEAD-5, metformin/thiazolidinedione-combination

therapy vs. glargine.?®
Note: *Significant difference vs. comparators.

gastrointestinal adverse event was nausea (liraglutide
1.8 mg 29%, 1.2 mg 27%). Two patients treated with
liraglutide had pancreatitis. Both recovered and one
continued in the study at the 1.2 mg dose.

LEAD-1, -2, -4, and -5: Liraglutide

in Combination with OADs

The LEAD-1 and LEAD-2 trials studied the effi-
cacy and safety of liraglutide in combination with
a single OAD. LEAD-1 compared the efficacy of
liraglutide (0.6, 1.2 or 1.8 mg/day), rosiglitazone,
and placebo when combined with glimepiride in
patients with T2DM (n = 1041).> After 26 weeks,
HbA,  had decreased significantly with all doses of
liraglutide compared with placebo (P < 0.0001). The
1.2 mg and 1.8 mg doses of liraglutide produced sig-
nificantly greater decreases in HbA,  compared with
rosiglitazone (P < 0.0001). Liraglutide 0.6 mg was
non-inferior to rosiglitazone. The American Diabe-
tes Association (ADA) HbA target of <7.0% was
achieved by significantly more patients in the lira-
glutide 1.8 mg group (P < 0.0001 vs. rosiglitazone;
P < 0.0001 vs. placebo) and in the liraglutide 1.2 mg
group (P = 0.0005 vs. rosiglitazone; P < 0.0001 vs.
placebo). At week 26, all liraglutide doses were asso-
ciated with significantly greater decreases in fast-
ing plasma glucose (FPG) compared with placebo

(P < 0.0001). Liraglutide 1.2 mg and liraglutide
1.8 mg both produced a 0.7 mmol/L greater reduction
in FPG than rosiglitazone (P < 0.01). Treatment dif-
ferences for postprandial glucose (PPG) were greater
with all doses of liraglutide vs. placebo (P < 0.0001)
and greater with liraglutide 1.2 mg (P = 0.043) and
1.8 mg (P =0.0022) vs. rosiglitazone.

Mean body weight decreased from baseline
with liraglutide 1.8 mg (-0.2 kg) compared with an
increase in weight with rosiglitazone (+2.1 kg); the
differences between the drugs were statistically sig-
nificant (P < 0.0001).

The most common adverse events considered to be
possibly or probably related to liraglutide were gas-
trointestinal and nervous system disorders. The rate
of nausea was highest in patients receiving liraglutide
1.2 mg (10.5%). The occurrence of nausea decreased
after 4 weeks. One patient receiving liraglutide 0.6 mg
developed pancreatitis but completed the trial. Five
patients previously diagnosed with pancreatitis com-
pleted the trial (4 with liraglutide, 1 with glimepiride)
without reporting pancreatitis as an adverse event.
There were no significant differences in calcitonin
between the liraglutide groups and the placebo or
rosiglitazone groups. One major hypoglycemia event
was reported in a patient 9 days after starting lira-
glutide 1.8 mg in combination with glimepiride, which
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was determined by the investigator to be related to
glimepiride. Minor hypoglycemia occurred in <10%
of patients in all treatment groups.

LEAD-2 evaluated the efficacy and safety of
liraglutide in combination with metformin com-
pared with metformin monotherapy and with met-
formin plus glimepiride.”® A total of 1091 patients
were randomized to liraglutide (0.6, 1.2, or 1.8 mg/
day), glimepiride, or placebo, all in combination
with metformin. After 26 weeks, glycemic con-
trol, as measured by reduction in mean HbA , was
superior to placebo in the liraglutide 0.6 mg group
(=0.8%; 95% CI —1.0 to —0.6), liraglutide 1.2 mg
group (—1.1%; 95% CI —1.3 to —0.9), and liraglutide
1.8 mg group [—1.1% (95% CI —1.3 to —0.9)]. The
1.2 mg and 1.8 mg doses of liraglutide were non-
inferior to glimepiride with respect to HbA . At
study end, FPG decreases from baseline in all of the
liraglutide groups were significantly greater than the
increase in the placebo group (P < 0.0001) but sim-
ilar to the decrease in the glimepiride group. PPG
decreased from baseline in all treatment groups,
including placebo (P < 0.001 all liraglutide groups
vs. placebo). Weight loss was dose-dependent in the
liraglutide groups and significantly different from
the weight gain observed in the glimepiride group
(P < 0.0001). The weight loss in the liraglutide
1.2 mg and 1.8 mg groups was significantly greater
than that in the placebo group (P < 0.01). The lira-
glutide 1.2 mg and 1.8 mg groups had significant
reductions in systolic blood pressure of 2 to 3 mm
Hg compared with an increase of 0.4 mmHG in the
glimepiride group (P = 0.0128 liraglutide 1.2 mg;
P =0.0467 liraglutide 1.8 mg).

Nausea, vomiting, and diarrhea were the most
frequently reported adverse events in the liraglutide
groups, leading to the withdrawal of 36 (5%) patients
receiving liraglutide. Nausea was reported in 11%,
16%, and 19% of patients receiving liraglutide 0.6 mg,
1.2 mg, and 1.8 mg, respectively. Fewer than 10% of
these patients experienced nausea on a weekly basis
by week 4. One patient in the liraglutide 1.2 mg group
and one in the glimepiride group had acute pancreatit
is leading to withdrawal from the study. There were no
significant differences in calcitonin levels between the
groups. Minor hypoglycemia occurred in about 3% of
patients in the liraglutide and placebo groups and in
17% of patients in the glimepiride group (P < 0.001

liraglutide vs. glimepiride). No major hypoglycemic
events were reported.

The LEAD-4 and LEAD-5 trials evaluated
liraglutide in combinations with two OADs.
LEAD-4 investigated liraglutide in combination
with metformin and rosiglitazone for 26 weeks in
patients with T2DM.?” The patients (n = 533) were
randomized to once daily liraglutide 1.2 mg or 1.8 mg
or placebo, both in combination with metformin
and rosiglitazone. After 26 weeks, the mean HbA
decreased by 1.5% =+ 0.1% in both liraglutide groups
and 0.5% = 0.1% in the placebo group (liraglutide
1.2 mg vs. placebo —0.9% difference, 95% CI —1.1 to
—0.8; liraglutide 1.8 mg vs. placebo —1.1% difference,
95% CI —1.1 to —0.8). HbA | <7% was achieved by
57.5% of patients in the liraglutide 1.2 mg group and
53.7% in the liraglutide 1.8 mg group vs. 28.1% in
the placebo group (P < 0.0001 for both liraglutide
groups). FPG decreases were significantly greater in
the liraglutide 1.2 mg group (—40 mg/dL) and lira-
glutide 1.8 mg group (—44 mg/dL) compared with
the placebo group (—8 mg/dL) (P < 0.0001). Like-
wise, PPG values were significantly decreased in the
liraglutide 1.2 mg group (—47 mg/dL) and liraglutide
1.8 mg group (—49 mg/dL) vs. the placebo group
(—14 mg/dL) (P < 0.001). Mean weight loss was
significantly greater in the liraglutide 1.2 mg group
(—1.0 kg) and liraglutide 1.8 mg group (—2.0 kg) com-
pared to the placebo group, which had a mean weight
gain of 0.6 kg (P < 0.0001).

Gastrointestinal disorders were increased in the
liraglutide 1.2 mg group (45%) and the liraglutide
1.8 mg group (56%) vs. the placebo group (19%).
Nausea was reported by 29% and 40% of patients in
the 1.2 mg and 1.8 mg liraglutide groups, respectively.
Nausea generally was transient, occurring in the first
4 weeks of liraglutide treatment. There were no epi-
sodes of pancreatitis. More patients in the liraglutide
groups withdrew due to adverse events than in the
placebo group. Minor hypoglycemia occurred more
frequently in the liraglutide groups vs. the placebo
group. No major hypoglycemic events were reported.
There were no significant differences in calcitonin
between the groups.

The objective of the LEAD-5 study was to com-
pare the efficacy and safety of liraglutide vs. placebo
and insulin glargine in patients with T2DM.* A total
of 581 patients were randomized to receive once daily
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liraglutide (1.8 mg), placebo, or insulin glargine, all
in combination with metformin and glimepiride.
After 26 weeks, the HbA reduction from baseline
was 1.33% with liraglutide, 0.24% with placebo,
and 1.09% with insulin glargine. The reduction in
HbA = was significantly greater with liraglutide
than with placebo (P < 0.0001) or insulin glargine
(P = 0.0015). Significantly more patients treated
with liraglutide achieved HbA & = 6.5% and <7%
vs. placebo and insulin glargine. The mean reduction
in FPG was significantly greater with liraglutide vs.
placebo (P < 0.0001) but not vs. insulin glargine.
Likewise, the reduction in PPG from baseline was
significantly greater with liraglutide than with pla-
cebo (P < 0.0001) but not vs. insulin glargine.

The weight loss achieved with liraglutide was
significantly greater vs. that achieved with placebo
(P = 0.0001) and vs. the weight gain observed with
insulin glargine (P < 0.0001). The liraglutide group
had a significant improvement in beta cell function,
as assessed by the proinsulin to C-peptide ratio, com-
pared with the insulin glargine group (P =0.0019) and
the placebo group (P < 0.0001). The liraglutide group
had a significant reduction in systolic blood pressure
vs. insulin glargine (P = 0.0001) but not vs. placebo.

Minor hypoglycemic episodes occurred in 27.4%
of patients treated with liraglutide, 28.9% of patients
treated with insulin glargine, and 16.7% of those
treated with placebo. Major hypoglycemic events
were reported in 5 patients in the liraglutide group
(2.2%). Only one of these required medical assis-
tance, none resulted in comas or seizures, and none
were nocturnal. The most common adverse events
in the liraglutide group were mild to moderate gas-
trointestinal events, mostly nausea. Nausea was
reported in 14% of patients in the liraglutide group
but decreased after 1 to 3 weeks of treatment and sta-
bilized to 1.5% after 14 weeks. Total adverse events
were more frequent in the liraglutide group but seri-
ous adverse events occurred less frequently in the
liraglutide group (4%) than in the placebo (7%) and
insulin glargine groups (7%). There were no reports
of pancreatitis. There was a significant increase in
calcitonin levels in both the liraglutide and insulin
glargine groups vs. placebo. The estimated mean cal-
citonin level at 26 weeks was within the normal range
for patients in both groups.

LEAD-6: Liraglutide vs. Exenatide

The LEAD-6 trial compared the efficacy and safety
of liraglutide with exenatide in patients with T2DM
(Fig. 3).” Exenatide is an exendin-4-based GLP-1
receptor agonist with 53% amino acid identity, with
human GLP-1 is eliminated by glomerular filtration,
and has a half-life of 2.4 hours. The LEAD-6 compari-
son between liraglutide and exenatide was conducted
because of the structural, metabolic, and pharmacologic
differences between the two GLP-1 agonists. Patients
from 15 countries with inadequately controlled T2DM
on maximally tolerated doses of metformin, Sulfony-
lurea, or both, were randomized to receive liraglutide
1.8 mg/day (n = 233) or exenatide 10 pg twice a day
(n = 231) for 26 weeks. After randomization, patients
underwent a 2-week liraglutide dose-escalation period
or a 4-week exenatide dose-escalation period to reach
the study doses, followed by a 22- to 24-week mainte-
nance period during which dose reductions were not
permitted. Background OADs were maintained at pre-
study doses, with dose-reductions allowed if unaccept-
able hypoglycemia occurred. Patients completing the
study had the option to enroll in a 52-week liraglutide
1.8 mg extension phase. The primary efficacy endpoint
was change in HbA  from baseline to study end (26
weeks). Secondary efficacy endpoints were propor-
tion of patients reaching HbA A ADA and IDF targets
(<7.0% and <6.5%), changes in FPG, PPG, body
weight, beta cell function, glucag on, blood pressure,
and lipid profiles. Safety endpoints included adverse
events, vital signs, electrocardiogram, biochemical and
hematological measures, and patient-reported hypo-
glycemia episodes.

Baseline characteristics were well balanced
between the two treatment groups. There was a greater
decreasein HbA | values in liraglutide-treated patients
compared with exenatide-treated patients. The mean
change in HbA  from baseline to week 26 was sig-
nificantly greater in the liraglutide group (—1.12%)
than in the exenatide group (—0.79%), with an esti-
mated treatment difference of —0.33 (95% CI —0.47
to —0.18) (P < 0.0001). Significantly more patients
in the liraglutide group than in the exenatide group
achieved HbA  targets <7% (54% vs. 43%; odds
ratio [OR] 2.02; 95% CI 1.31 to 3.11; P < 0.0015)
and <6.5% (35% vs. 21%; OR 2.73; 95% CI 1.68
to 4.43; P < 0.0001). Patients in the liraglutide
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Figure 3. Comparison of liraglutide and exenatide in Liraglutide Effect and Action in Diabetes (LEAD) Study-6. Changes in HbA,  (A) and body weight (B)
and proportion of patients with nausea are plotted.? Liraglutide significantly reduced HbA, more than exenatide did, with significantly lower frequency
of nausea. Body weight changes were comparable between two groups. Reproduced from Buse et al., Lancet 2009; 374:39-47, with permission from

Elsevier, © 2009.

group had significantly greater reductions than those
in the exenatide group in FPG (-1.61 mmol/L vs.
—0.60 mmol/L; P < 0.0001) and PPG after breakfast
(P < 0.0001) and dinner (P = 0.0005) but not after
lunch. The amount of weight loss and proportion
of patients losing weight were similar in both treat-
ment groups. Patients treated with liraglutide had
significantly greater increases than those treated with
exenatide in fasting insulin (P = 0.0355) and beta-cell
function (P < 0.0001). Overall treatment satisfaction
was significantly better in the liraglutide group than
in the exenatide group (P = 0.0004).

Fewer overall adverse events were reported in
the liraglutide group (74.9%) than in the exenatide
group (78.9%). The most common adverse event in
the liraglutide group was dyspepsia (N = 3) and in the
exenatide group was nausea (n = 4). Nausea was less
persistent with liraglutide, significantly decreasing
vs. exenatide after week 4 (P < 0.0001). Patients in

the liraglutide group vs. the exenatide group reported
more serious adverse events (5.1% vs. 2.6%) and
severe adverse events (7.2% vs. 4.7%). One patient
developed chronic pancreatitis after 88 days of lira-
glutide therapy, which the investigator considered
unlikely to be related to study drug. There were no
major hypoglycemia events in patients treated with
liraglutide but two episodes occurred in patients
treated with exenatide and a sulfonylurea. Minor
hypoglycemia occurred in 26% of liraglutide patients
vs. 34% of exenatide patients. The event rates for
minor hypoglycemia with liraglutide vs. exenatide
were 1.932 vs. 2.600 events per participant per year
(»p=0.0131). There were small decreases in calcitonin
levels in both treatment groups.

Liraglutide vs. Sitagliptin
Pratley et al evaluated the efficacy and safety of lira-
glutide vs. the DPP-4 inhibitor sitagliptin, as adjunct
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Figure 4. Comparison of liraglutide and sitagliptin. Changes in HbA, (A) and body weight (B) and proportion of patients with nausea are plotted.?" Lira-
glutide significantly reduced HbA, more than sitagliptin did, with greater reduction in body weight. Although nausea is more frequent in liraglutide groups,
proportions of patients suffering from nausea become similar at the end of the trial. Reproduced from Partley et al., Lancet 2010; 375:1447-56, with per-

mission from Elsevier, © 2009.

treatments to metformin in patients with T2DM who
had inadequate control with metformin alone (Fig. 4).”!
Participants (n = 665) were randomized to subcutane-
ous liraglutide 1.2 mg (n = 225) or 1.8 mg (n = 221)
once daily or oral sitagliptin 100 mg/day (n=219) for
26 weeks. Liraglutide was started at 0.6 mg/day and
escalated to the allocated dose. Sitagliptin was started
and maintained at 100 mg/day. The primary efficacy
endpoint was change in HbA _ from baseline to end
of study. Secondary endpoints were the proportion
of patients reaching the HbA  targets of <7.0% or
<6.5%, FPG, PPG, body weight, beta cell function,
fasting lipid profile, cardiovascular risk markers,
blood pressure, heart rate, physical measures, treat-
ment satisfaction, and a composite endpoint of the
proportion of patients with HbA < 7.0%, no hypo-
glycemia, and weight change of 0 kg or less. Safety
assessments included adverse events, self-reported
hypoglycemia, and selected hematological and bio-
chemical measures.

Of the 665 randomized patients, 658 (99%)
received at least one dose of study drug and 554
(83%) completed the trial. Patients in both liraglutide
dose groups had greater HbA reductions than
patients in the sitagliptin group (P < 0.0001). Mean
decreases in HbA from baseline were —1.50% (95%
CI —1.63 to —1.37) with liraglutide 1.8 mg, —1.24%
(95% CI —1.37 to —1.11) with liraglutide 1.2 mg, and
—0.90% (95% CI —1.03 to —0.77) for sitagliptin. The
HbA  targets were achieved by significantly more
patients treated with liraglutide than with sitagliptin.
Liraglutide produced significantly greater decreases
in FPG compared with sitagliptin (P < 0.0001 for
both doses vs. sitagliptin). The mean FPG decreases
were —2.14 mmol/L (95% CI —2.43 to —1.84) with
liraglutide 1.8 mg, —1.87 mmol/L (95% CI -2.16
to —1.57) with liraglutide 1.2 mg, and —0.83 mmol/L
(95% CI —1.13 to —0.54) with sitagliptin. Weight loss
was significantly greater with liraglutide than with
sitagliptin (P < 0.0001 for both doses vs. sitaglip-
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tin). Mean weight loss was —3.38 kg (95% CI -3.91
to —2.84) with liraglutide 1.8 mg, —2.86 kg (95% CI
—3.39 to —2.32) with liraglutide 1.2 mg, and —0.96 kg
(—=1.50 to —0.42) with sitagliptin.

Significantly greater reductions in waist circumfer-
ence were observed with both doses of liraglutide vs.
sitagliptin (1.2 mg P = 0.0010; 1.8 mg P = 0.0017).
Both liraglutide doses vs. sitagliptin produced signifi-
cant improvements in beta-cell function (homeostatic
model assessment-beta) (P < 0.0001), C-peptide
concentration (P = 0.0008), and proinsulin-to-insu-
lin ratio (P = 0.0004). Diastolic blood pressure was
significantly reduced with liraglutide 1.8 mg wvs.
sitagliptin (P = 0.0210). Heart rate increased with
both liraglutide doses and decreased with sitaglip-
tin; although the differences were small, they were
significant. Liraglutide 1.8 mg was associated with a
significantly greater decrease in total cholesterol vs.
sitagliptin (P = 0.0332). The composite endpoint was
achieved by 46% of patients in the liraglutide 1.8 mg
group (OR 5.46; 95% CI 3.37 to 8.85; P < 0.0001 vs.
sitagliptin), 37% in the liraglutide 1.2 mg group (OR
3.45;95% CI2.12t0 5.61; P < 0.0001 vs. sitagliptin),
and 14% in the sitagliptin group. Patients in the lira-
glutide 1.8 mg group had significantly higher treat-
ment satisfaction than those treated with sitagliptin
(difference 1.39; 95% CI 0.13 to 2.64; P = 0.0300).

More treatment-emergent adverse events (TEAESs)
were reported with liraglutide vs. sitagliptin. The
most common adverse events were gastrointestinal
disorders and infections. Gastrointestinal disorders
occurred more frequently with liraglutide 1.8 mg
(40%) and liraglutide 1.2 mg (33%) than with sitaglip-
tin (21%). More patients in the liraglutide 1.2 mg and
1.8 groups experienced nausea compared to the sita-
gliptin group. Nausea with liraglutide was transient,
with a median duration of 13 days with liraglutide
1.2 mg and 8 days with liraglutide 1.8 mg vs. 26 days
with sitagliptin. There were similar rates of serious
(2%—-3%) and severe (3%—4%) adverse events in the
three treatment groups. There were no reports of pan-
creatitis. Changes in serum calcitonin from baseline
were similar across all treatment groups.

Liraglutide Monotherapy in Japanese

Patients with Type 2 Diabetes
This study evaluated the efficacy and safety of lira-
glutide 0.9 mg/day monotherapy compared with glib-

enclamide monotherapy in Japanese patients with
T2DM (Fig. 5).*° A total of 411 Japanese patients with
T2DM were randomized 2:1 to liraglutide 0.9 mg/day
(n = 272) or glibenclamide 2.5 mg administered
once or twice per day (n = 139) for 24 weeks. The
initial 24-week double-blind period was followed
by an ongoing 28-week open-label period to evalu-
ate the long-term safety and efficacy of liraglutide.
The primary efficacy endpoint was HbA  at 24
weeks. Secondary endpoints included FPG, 7-point
self-measured blood glucose (SMBG) profiles, PPG,
body weight, lipid profile, cardiovascular biomark-
ers, and percentage of patients achieving HbA  _ tar-
gets of <7.0% ADA or <6.5% IDF. Safety endpoints
included the incidence of adverse events, vital signs,
and clinical laboratory assessments, and self-reported
hypoglycemic episodes.

A total of 366 patients completed 24 weeks
of treatment. Baseline characteristics were well
matched between the two groups. HbA  _reductions
were significantly greater with liraglutide compared
with glibenclamide. At 24 weeks, the estimated mean
HbA, was 6.99% in the liraglutide group (change
from baseline —1.88%) and 7.50% in the gibencl-
amide group (change from baseline —1.38%), with
a treatment difference of —0.50% (95% CI —0.70 to
—0.30; P < 0.0001). The change in HbA  _ from base-
line was —1.74% with liraglutide and —1.18% with
glibenclamide. The ADA HbA target of <7.0%
was achieved by 49% of liraglutide patients vs.
30.8% of glibenclamide patients (P < 0.0001). The
IDF HbA  _ target of <6.5% was achieved by 27.8%
of liraglutide patients vs. 10.8% of glibenclamide
patients (P < 0.0001). Patients treated with lira-
glutide had significantly greater improvements vs.
glibenclamide in FPG (P < 0.0001), PPG mean area
under the curve (P < 0.0001), SMPG (P < 0.0001),
body weight (P < 0.0001), brain natriuretic peptide
(P < 0.0001), and high-sensitivity C-reactive protein
(P =0.0476).

TEAEs were reported in 73.1% of liraglutide
patients and 74.2% of glibenclamide patients. The
most common TEAESs in both groups were nasophar-
yngitis, diarrhea, constipation, and upper respiratory
infection. More gastrointestinal adverse events were
reported with liraglutide vs. glibenclamide, includ-
ing diarrhea (6.3% vs. 3.8%), constipation (5.6% vs.
3.8%), and nausea (4.5% vs. 1.5%). Serious adverse
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Figure 5. Liraglutide mono- and sulfonylurea combination therapies in Japanese patients with type 2 diabetes. Changes in HbA, are shown for liraglutide
monotherapy??*° (A) and sulfonylurea combination therapy?*2® (B). In both trials, treatment over the first 24 weeks was given in a double blind fashion,

followed by a 28-week open label treatment period.

events occurred in 4.9% of liraglutide patients and
6.1% of glibenclamide patients. The proportion
of patients who withdrew from the trial because of
adverse events was 3.7% in the liraglutide group
and 3.0% in the glibenclamide group. There were
no reports of pancreatitis in either group. No signifi-
cant change in calcitonin levels was observed in the
liraglutide group but there was a significant shift to
a lower category in the glibenclamide group. There
were no major hypoglycemic events reported in either
treatment group. The overall rate (events/patient/
year) of minor hypoglycemic events was 0.25 in the
liraglutide group compared with 1.58 in the glibencl-
amide group (P < 0.0001).

Recently, one year extension of the same study has
been reported.” At week 52, the change in HbA | _from
baseline was —1.5% with liraglutide and —1.0% with
glibenclamide with treatment difference of —0.49%
(95% CI —0.71 to —0.29). Fasting plasma glucose fell
from 202.8 and 202.1 mg/dL, respectively, to 145.3
and 156.7 mg/dL, respectively. Mean plasma glucose
and mean postprandial plasma glucose increment
were lower in the liraglutide group. Mean bodyweight
was reduced by 0.8 kg in the liraglutide group and

increased by 1.0 kg in the glibenclamide group. The
proportion of patients reporting at least one TEAE in
the liraglutide and glibenclamide groups was 91.4%
and 91.7%, respectively. Most TEAEs were mild
in severity. No major hypoglycemic episode was
observed.

Liraglutide Combination with
Sulfonylurea in Japanese Patients

with Type 2 Diabetes

This study evaluated the efficacy and safety of two
doses of liraglutide (0.6 and 0.9 mg/day) vs. placebo,
both added to a sulfonylurea, in Japanese patients
with T2DM (Fig. 5).>° A total of 264 Japanese
patients with T2DM currently treated with gliben-
clamide, glicazide, or glimepiride were included in
this double-blind, 24 week trial. The patients were
randomized to receive liraglutide 0.6 mg (n = 88),
liraglutide 0.9 mg (n = 88), or placebo (n = 88). All
patients continued on their pretrial sulfonylurea treat-
ment. The primary endpoint was HbA level at 24
weeks. Secondary endpoints included 7-point SMPG,
body weight, FPG, PPG, lipid profile, cardiovascular
biomarkers, and the percentage of patients achieving
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the HbA  targets of <7.0% or <6.5%. Safety end-
points include incidence of hypoglycemic episodes
and adverse events, vital signs, and clinical labora-
tory assessments.

Baseline characteristics were well balanced between
the treatment groups. HbA  levels were significantly
reduced and sustained with both liraglutide doses
(P<0.0001). Estimated HbA _values weresignificantly
lower with liraglutide 0.6 mg (7.14%) and 0.9 mg
(6.67%) than with placebo (8.06%) (P < 0.0001). The
percentages of patients achieving HbA  target values
of <7.0% and <6.5% were significantly greater in the
liraglutide group than in the placebo group. Significant
reductions were reported with liraglutide vs. placebo in
FPG (P < 0.0001 both doses), and mean 7-point self
monitored plasma glucose (SMPG) (P < 0.0001 both
doses). Mean body weight did not change in the two
liraglutide groups and decreased in the placebo group.

TEAEs were reported in 76.1% of patients receiving
liraglutide 0.6 mg, 78.4% receiving liraglutide 0.9 mg,
and 75% receiving placebo. The most common adverse
events were nasopharyngitis, diarrhea, and constipation.
More gastrointestinal adverse events were reported in
the liraglutide groups during the first 4 weeks than in
the placebo group but there were no major differences
across all groups. No major hypoglycemic episodes
were reported. The rate of minor hypoglycemic events
(events/patient/year) was higher in the liraglutide 0.6 mg
group (2.17) and the liraglutide 0.9 mg group (1.96)
than in the placebo group (1.01). Serious TEAEs were
reported by 3 patients in the liraglutide 0.6 mg group,
2 in the liraglutide 0.9 mg group, and 3 in the placebo
group. Plasma concentrations of calcitonin decreased
in all groups. There were no reports of pancreatitis.

Recently, one year extension of the same study has
been reported.” At week 52, HbA  in the liraglutide
0.6 mg, liraglutide 0.9 mg and placebo groups was
reduced from 9.00 to 7.91%, from 8.61 to 7.33%,
and from 8.85 to 8.79%, respectively. The mean dif-
ference of HbA _ (95% CI) in the liraglutide 0.6 and
0.9 mg groups vs. the placebo group was —0.96 (—1.25
to —0.67) and —1.33 (—1.62 to —1.04), respectively.
Mean fasting plasma glucose at week 52 was lower
in the liraglutide groups compared with the placebo
group, and mean bodyweight remained unchanged in
the liraglutide groups. Most subjects in all three treat-
ment groups reported mild adverse events. No major
hypoglycemic episode was reported.

In both monotherapy and sulfonylurea combina-
tion therapies, changes of HbA _ from baseline were
greater in Japanese T2DM patients?*?*3%3! than those
observed in LEAD-3 and -1,** despite of lower
dosages of liraglutide used in the Japanese. This could
partly explained by the fact that pathophysiology of
Japanese T2DM is characterized with impaired early
phase insulin secretion rather than insulin resistance,
and liraglutide could ameliorate defects in early phase
insulin secretion. In addition, meal-induced enhance-
ment of GLP-1 secretion has been reported negligible
in Japanese T2DM.*** Meal-induced enhancement of
GLP-1 secretion might not be responsible for patho-
genesis of Japanese T2DM because it is also observed
in healthy volunteers,* however it could explain why
liraglutide exerts glucose lowering effects at such a
low dose in Japanese.

Liraglutide in Patients with Type 2

Diabetes from China, Korea and India
This study evaluated the efficacy and safety of lira-
glutide 0.6, 1.2, and 1.8 mg/day vs. 4 mg of glimepir-
ide, both added to metformin in Asian patients with
T2DM.* A total of 929 patients with T2DM from
China, Korea and India were included in this double-
blind, 16 week trial. The patients were randomized to
receive liraglutide 0.6 mg (n =231), 1.2 mg (n = 233),
1.8 mg (n = 233), or 4 mg glimepiride (n = 231). All
patients received metformin. The primary endpoint was
HbA,_level at 16 weeks. Secondary endpoints included
7-point SMPG, body weight, FPG, systolic blood pres-
sure, and the percentage of patients achieving the
HbA  targets of <7% or <6.5%. Safety endpoints
include incidence of hypoglycemic episodes and adverse
events, vital signs, and clinical laboratory assessments.
Baseline characteristics were well balanced between
the treatment groups. HbA _levels were reduced and
sustained with all liraglutide doses. After 16 weeks of
treatment, the observed mean HbA  reduction from
baseline was 1.0% in the liraglutide 0.6 mg group,
1.3% in the liraglutide 1.2 mg group, 1.4% in the lira-
glutide 1.8 mg group, and 1.3% in the glimepiride
group. No significant difference was shown in the
percentage of subjects HbA _target values of <7.0%
and <6.5% among the liraglutide 1.2 mg group, the
liraglutide 1.8 mg group, and the 4 mg glimepiride
group (42.9, 44.6 and 43.7% for <7.0%, respectively;
26.2,30.0 and 29.4% for 6.5%, respectively).
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A rapid decrease in FPG was observed within the
first 2 weeks after randomization, and FPG remained
stable during the remaining 14 weeks of the trial
in all treatment groups. At the end of the trial, the
mean PPG values (mean of three main meals) from
7-point SMPG decreased significantly greater in the
liraglutide 1.8 mg group than the liraglutide 0.6 mg
group, the liraglutide 1.2 mg group, and the glimepir-
ide group. The estimated changes in mean PPG were
comparable among the liraglutide 0.6 mg group, the
liraglutide 1.2 mg group, and the glimepiride group.

Liraglutide groups showed 1.8-2.4 kg mean
weight reduction, while a 0.1 kg mean increase in the
glimepiride group (P < 0.0001). A dose-dependency
was observed for the reduction seen in all liraglutide
treatment groups in favor of the liraglutide 1.8 mg
group (1.8 £ 2.2, =23 + 2.4 and 24 £ 2.6 kg
for liraglutide 0.6, 1.2 and 1.8 mg, respectively). A
decrease of more than 3 mmHg in mean SBP was
observed in liraglutide groups, while a decrease
of 0.9 mmHg in mean systolic blood pressure was
observed in glimepiride group. The reduction in
mean systolic blood pressure in the liraglutide 1.2
and 1.8 mg groups was significantly higher than that
in the glimepiride.

No major hypoglycaemia was reported for lira-
glutide, while two subjects treated with glimepiride
reported major hypoglycaemia. The liraglutide groups
were associated with approximately 10-fold lower
incidence of minor hypoglycaemia than the glimepir-
ide group. Serious adverse events that resulted in with-
drawal from the study were reported in 1.7%-3.4%
of subjects in four groups (3.9% in the liraglutide
0.6 mg group, 9.4% in the liraglutide 1.2 mg group,
12.8% in the liraglutide 1.8 mg group and 1.3% in
the glimepiride group). The most frequently reported
adverse events in liraglutide groups were those from
the gastrointestinal system, such as diarrhea, nausea
and vomiting, which were transient and occurred
primarily during the first 4 weeks of treatment and
decreased markedly over time. No events of pancrea-
titis were reported in this trial.

The results of this study in patients with type 2 dia-
betes in China, Korea, and India are consistent with
efficacy and safety of liraglutide reported in previous
LEAD studies. Interestingly, HbA lowering effects of
liraglutide on Japanese type 2 diabetes?>**%*! are much

greater than those in this study. Although the study in
China, Korea and India are designed different from
that in Japan (eg, the presence or absence of metformin
combination), it is interesting, in future, to investigate
if differences in HbA  lowering effects of liraglutide
are resulted from yet-to-characterized differences in
pathophysiology of type 2 diabetes among Asians.

Safety

The liraglutide clinical trials have shown that lira-
glutide is generally well tolerated. The most common
adverse events are gastrointestinal disorders, espe-
cially nausea. Nausea was the most frequently reported
adverse event in the LEAD-3 (27%-29%),** LEAD-1
(7%—-11%),” LEAD-2 (16%—19%),° LEAD-4 (29%—
40%),”” LEAD-5 (14%),” and the trial comparing
liraglutide and sitagliptin (21%-27%).>' However,
nausea was transient, decreasing after about 4 weeks.
Most episodes of nausea were mild to moderate in
nature and were dose-dependent.?’3¢ Nausea episodes
were less frequent in the Japanese studies,””* which
may be due to the lower liraglutide doses used in
those studies.

The occurrence of major hypoglycemia with lira-
glutide was rare. There were no major episodes with
liraglutide monotherapy and only 7 when liraglutide
was used in combination therapy. Six of the episodes
were in patients treated with liraglutide plus sulfony-
lureas. One episode occurred in a patient treated with
liraglutide 1.2 mg and metformin the trial comparing
liraglutide and sitagliptin; this episode was associated
with a blood glucose level of 3.6 mmol/L and was not
associated with seizure or coma.?’ The phase 3 tri-
als demonstrate that the glycemic benefits associated
with liraglutide therapy are not accompanied by an
increased risk of hypoglycemia compared with other
therapies.?

The LEAD studies also demonstrated that liraglutide
is not associated with an increased risk of pancreatit-
is.° Only five acute and 2 chronic cases of pancreatitis
were reported during the phase 3 trials,?® for an inci-
dence rate of 2.2 cases per 1000 patients-years.* Con-
tinuous exposure to GLP-1 agonists has been shown to
cause C-cell tumors, benign adenomas and malignant
carcinomas in rodents.*® Although increased cases of
malignant C-cell carcinomas were observed in rodents
treated with liraglutide, liraglutide treatment did not
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affect their overall survival rates. In human, the inci-
dence of medullary thyroid cancer is limited, which
makes it infeasible to conduct a clinical trial to detect
an increased risk of C-cell tumors in liraglutide-treated
patients. However, serum calcitonin levels were not
found to be significantly different among liraglutide-
treated patients and controls.?® In addition, no associa-
tion of exenatide and C-cell tumors has been reported.
However, liraglutide, as well as other incretin-based
drugs, are relatively new drugs and potential associa-
tions with cancers and pancreatitis needs to be evalu-
ated by prospective randomized trials in future rather
than retrospective analyses.*”*

Efficacy
Liraglutide was associated with significant reduc-
tions in HbA  in the phase 3 LEAD trials, the trial
comparing liraglutide and sitagliptin, and the two
Japanese trials. As the primary endpoint in the LEAD
trials, HbA _reductions ranged from 0.84% to 1.50%
with liraglutide 1.2 and 1.8 mg.?® In the trial compar-
ing liraglutide and sitagliptin, HbA  was reduced by
1.24% to 1.50% in the liraglutide groups compared
with 0.90% in the sitagliptin group.’ When lira-
glutide 0.9 mg was compared with glibenclamide in
Japanese patients, HbA  was reduced from baseline
to 24 weeks by 1.88% with liraglutide vs. 1.38% with
glibenclamide.’*® When combined with sulfonylureas
in Japanese patients with type 2 diabetes, liraglutide
was associated with a 1.46% to 1.56% decrease in
HbA °! Liraglutide also reduced FPG and PPG lev-
els across the phase 3 trials.*® The improvement in
glycemic control was accompanied by weight loss
of up to a mean —3.2 kg in the LEAD-1 through -5
trials.?® In the LEAD-6 trial, where patients received
liraglutide in combination with a sulfonylurea, a
mean weight gain of 0.3 kg was reported.” Weight
loss was significantly greater with liraglutide than
with sitagliptin in the trial comparing liraglutide and
sitagliptin.?' Significantly greater reductions in waist
circumference were also observed with both doses
of liraglutide vs. sitagliptin.! Systolic blood pres-
sure was reduced in patients treated with liraglutide
in the LEAD trials, potentially leading to a reduction
in risk of cardiovascular disease.

The phase 3 trials also demonstrated an improvement
in beta cell function when combined with OADs, as

measured by the homeostasis model assessment-beta.
Increases in beta cell function ranged from 23% to 32%
after 26 weeks of treatment in these trials.?!-?7:2:30

Patient Preference

The LEAD-3, LEAD-6, and the trial comparing
liraglutide and sitagliptin assessed patient satisfac-
tion or quality of life (QOL) of the study participants.
In the LEAD-3 trial of liraglutide monotherapy,
Patient Reported Outcomes (PRO) were assessed to
determine the effect of liraglutide on QOL.** Patients
completed the 77-item questionnaire on general per-
ceived health, mental and emotional health, cogni-
tive functioning, overall QOL, weight image, weight
concern, body size and body distress, at baseline and
weeks 28 and 52. Patients in the liraglutide 1.8 mg
group had improved QOL scoring for physical and
emotional domains compared with patients in the
glimepiride group (P = 0.02).* The improvements
appeared to result from improvements in weight
image and weight concern in the liraglutide group vs.
the glimepiride group (P < 0.01).* In a pooled analy-
sis of all groups, decreases in body mass index (BMI)
were associated with improvements in weight image
and decreases in weight concern (P < 0.0001).%
Decreases in weight concern were associated with
increases in overall QOL (P < 0.0001), general per-
ceived health (P < 0.0001), and mental and emo-
tional health (P = 0.002). Decreases in HbA  were
associated with increases in general perceived health
(P =0.0002).%

Patients in the LEAD-6 trial receiving liraglutide
(n = 161) reported significantly better overall treat-
ment satisfaction than those in the exenatide group
(n = 143) (P = 0.0004).” In the trial comparing lira-
glutide and sitagliptin, treatment satisfaction was
assessed with the Diabetes Treatment Satisfaction
Questionnaire in a subgroup of 505 patients. The
results showed that patients in the liraglutide 1.8 mg
group had significantly higher treatment satisfaction
than those treated with sitagliptin (difference 1.39;
95% C10.13 to 2.64; P =0.0300).”

A study by Polster et al compared patient prefer-
ences for liraglutide and exenatide for the treatment
of T2DM.* The EQ-5D index, EQ-5D visual ana-
logue scale, a time trade-off (TTO) exercise in which
respondents compared the profiles of liraglutide and
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exenatide, a conjoint exercise in which respondents
compared a series of TTO exercises for hypotheti-
cal product profiles, and demographic measures were
used. The surveys were conducted on the internet.
The TTO exercise included four attributes of the
products: change in HbA , incidence of nausea,
incidence of hypoglycemia, and dosing frequency. A
total of 382 patients with T2DM participated in the
survey. The profile representing liraglutide was pre-
ferred by 96% of the patients over the profile repre-
senting exenatide. The mean TTO scores were 0.978
for liraglutide vs. 0.94 for exenatide, for a mean
difference of 0.038 (P < 0.05). Estimated prefer-
ence scores from the conjoint analysis showed that
the most important attribute to patients was efficacy
measured by HbA , followed by nausea, hypoglyce-
mia, and dosing schedule.

Safety in Real Life

Clinical trials described so far indicate that liraglutide
is indeed a safe and effective to manage T2DM
worldwide. Yet, incidents of severe hyperglycemia
or ketoacidosis have been reported recently in Japan
when insulin therapy is terminated and switched
to liraglutide in insulin-dependent T2DM patients.
Although it is an injection similar to insulin, lira-
glutide cannot be a replacement of insulin therapy.
Therefore, when insulin is switched to liraglutide,
beta cell function needs to be carefully evaluated
beforehand by measuring urinary C-peptide and
serum C-peptide before and after glucagon admin-
istration or meal ingestions, and patients should be
instructed to perform frequent SMPG after insulin-
to-liraglutide switch to avoid serious hyperglyce-
mia and diabetic ketoacidosis. Recent data indicate
that liraglutide is more effective when introduced in
patients with short durations and less OADs used,
whose beta cell function could be highly main-
tained.*! While clinical characteristics of patients
who respond well to liraglutide are largely unknown,
it is certain that use of liraglutide early in the disease
progression provides greater clinical benefits and
potential improvement in beta cell function.

Conclusions
Liraglutide is a relatively newer treatment option
with the potential to address unmet needs of patients

with T2DM. The phase 3 studies demonstrate that
liraglutide provides significant improvements in
glycemic control with a low risk of hypoglycemia.
Additionally, liraglutide induces weight loss and
has protective effects on beta cell function. Liraglutide
is generally well tolerated. The most common adverse
event is mild to moderate nausea, which usually is
transient. There is, to date, no direct evidence that
liraglutide is associated with an increased risk of pan-
creatitis or a significant change in calcitonin levels.
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