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Despite the continued development of new pharmacologic agents, and the use
of several existing drug therapies, almost two thirds of patients with type 2
diabetes mellitus do not reach the American Diabetes Association—targeted
hemoglobin A;. level of less than 7.0%. Therefore, maintaining adequate
metabolic control remains a primary concern for many clinicians and patients.
It is now well recognized that in addition to defective secretion and action of
insulin, other hormones also potentially play a role in the development and
progression of type 2 diabetes. Glucagon-like peptide-1 (GLP-1) is a
gastrointestinal hormone from the incretin family, which stimulates insulin
secretion and plays an important role in regulating the enteroinsular axis.
Incretin-based therapies are the newest class of glucose-lowering drugs for the
treatment of type 2 diabetes and may help address some of the unmet needs in
this therapeutic area. Liraglutide is a once-daily GLP-1 analog that has been
recently approved by the European Union regulatory agency and is in late-
stage review by the United States Food and Drug Administration for the
treatment of type 2 diabetes. The pharmacokinetic and pharmacodynamic
properties of liraglutide and mechanisms behind its protracted action, which
in turn enables enhanced glycemic control, are reviewed.
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Diabetes mellitus is a major global health
problem that affected an estimated 246 million
individuals worldwide in 2007 and is projected
to reach 380 million by 2025.! In the United
States, 23.6 million adults (~8% of the
population) have been diagnosed with diabetes,
of which 90-95% were found to have type 2
diabetes.*

Progressive decline of B-cell function, together
with an increase in the demand for insulin as
tissues become insulin resistant, contributes to
the pathophysiology of hyperglycemia in type 2
diabetes.* During the time of diagnosis of type 2
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diabetes, patients may have already lost almost
50% of B-cell function, and as the disease
progresses, further deterioration of B-cell
function is observed; in such instances,
monotherapy with one oral agent is insufficient.”
The United Kingdom Prospective Diabetes Study
(UKPDS) demonstrated that after 3 years of
monotherapy, approximately 50% of the patients
were able to maintain hemoglobin A, (A1C)
levels below 7.0%, and after 9 years of
monotherapy, only 25% maintained the same
level of glycemic control.® Typically, in type 2
diabetes, the patient progresses from dietary
modifications and exercise to monotherapy and
then to combination therapy. During this process
there are bound to be periods of inadequate
glycemic control, which can contribute to micro-
and macrovascular complications in the long
term. Thus, newer drug therapies are needed to
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help address unmet medical needs in this
therapeutic area.

Glucagon-like peptide-1 (GLP-1) is a
30—amino acid polypeptide hormone secreted by
the L-cells of the gastrointestinal tract, in
response to a nutrient stimulus, which helps
maintain glucose homeostasis through actions on
a and B cells of the pancreas.” Effects of GLP-1
include glucose-mediated insulin secretion,
lowering of plasma glucagon level, delayed
gastric emptying, reduction of appetite and food
intake, and direct stimulation of growth and
proliferation of B cells.*'* In addition to its
stimulation of insulin secretion in a glucose-
dependent manner, the blood glucose—lowering
effect of GLP-1 has been well demonstrated." '°
However, the major obstacle to using native GLP-
1 is its short half-life due to both degradation by
the enzyme dipeptidyl peptidase-4 (DPP-4) and
rapid renal elimination.'” This enzyme cleaves
the penultimate alanine residue in GLP-1 to
generate GLP-1 (9-36 amide)."®

The half-life of intact GLP-1 in vivo is less than
2 minutes.'” After subcutaneous administration,
the plasma half-life was found to be about 1 hour
in pigs and humans,*® *' and 3 hours in dogs.”
Due to its short half-life, studies have shown that
the insulin-secreting effects of GLP-1 are best
observed with continuous infusion for a long
duration.” ** Considering that GLP-1 is rapidly
degraded by DPP-4, incretin-based therapies
resistant to degradation by DPP-4, such as GLP-1
mimetics and analogs and DPP-4 inhibitors are
now emerging as new therapies in treating type 2
diabetes.”

Structure of Liraglutide

Liraglutide is a long-acting human GLP-1
analog that has been recently approved by the
European regulatory agency and is in late-stage
review by the U.S. Food and Drug Administration
for the treatment of type 2 diabetes. Liraglutide
(y-L-glutamoyl[N-a-hexadecanoyl]-Lys,26Arg34-
GLP-1[7-37]) is a synthetic (recombinant)
acylated GLP-1 analog that has 97% homology to
native GLP-1 and has agonist activity at GLP-1
receptors®! (Figure 1?°). The prolonged effects of
liraglutide are achieved by the addition of a fatty
acid side chain and a single amino acid substitu-
tion of Lys 34 to Arg, which leads to self-associa-
tion of the molecule and prolongs its absorption
from a subcutaneous depot formulation.*” %

Addition of a C16 fatty acid side chain
(palmitate) at position 26 using a y-glutamic acid

spacer facilitates noncovalent binding to
albumin, causing the modified GLP-1 molecule
to escape glomerular filtration. Together with
self-association, the decreased renal clearance of
the peptide results in an enhanced half-life of
approximately 13 hours after subcutaneous
injection, compared with the very short half-life
of native GLP-1.”"* Instead of intact liraglutide,
low levels of metabolites are detected in the urine
and feces, suggesting slow degradation into small
peptides, amino acids, and fatty acid fragments
eliminated through the liver or the kidney.*

Pharmacokinetic Studies

Several studies have shown that liraglutide’s
pharmacokinetic profile makes it suitable for
once-daily administration and also helps enable
continuous glycemic control for 24 hours. In 72
healthy men who received eight consecutive dose
levels of subcutaneous liraglutide (1.25-20.0-
ng/kg single doses), the 48-hour plasma
concentration—time profiles demonstrated slow
absorption, with a time to maximum plasma
concentration (Tp,y) of 9-12 hours after dosing
and plasma elimination half-life of 11-15 hours.’!
In addition, a low volume of distribution of 0.07
L/kg and mean elimination half-life of 8.1 hours
were observed.

In a similar study, 30 healthy men received five
consecutive dose levels of liraglutide (1.25-12.5
pg/kg).*” Eighty-four—hour pharmacokinetic
profiles revealed that liraglutide was slowly
absorbed, with a Tyax of approximately 10-14
hours after dosing and half-life of 11-13 hours.
The pharmacokinetic profile of liraglutide, with a
mean = SD elimination half-life of 12.6 £ 1.1
hours, is consistent with the previously reported
single-dose study" in healthy subjects.

C16 fatty acid (palmitate)
e &)

Figure 1. Structure of liraglutide, a glucagon-like peptide-1
analog.”® The addition of a fatty acid side chain with a v-
glutamic acid spacer (shaded) and a single amino acid
substitution of Lys 34 to Arg (shaded) prolongs the effects
of the drug.
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In a dose-finding study in 24 healthy Japanese
men who received three consecutive dose levels
of liraglutide (15-25 ng/kg), the daily
pharmacokinetic profiles after receiving the last
dose showed dose-dependent increases in area
under the concentration-time curve from 0-24
hours (AUCy_»4), maximum concentration
(Cmax), and minimum concentration (Cpn).>?
However, elimination rate constant, volume of
distribution, and clearance were not affected by
dose. The median T, in the 15-, 20- and 25-
ng/kg groups was 7.0, 8.0, and 7.0 hours,
respectively.

Age and sex pharmacokinetic equivalence of
subcutaneous liraglutide 1 mg once/day demon-
strated that when adjusted for body weight,
equivalence was declared for AUC(_, between
young and elderly subjects, and no significant
effect of sex was observed.’> Liraglutide was
shown to be slowly absorbed, with a Ty, of
11-13 hours and half-life of 12-14 hours.

In patients with type 2 diabetes, pharmacokinetic
properties of subcutaneous liraglutide 6 ng/kg
once/day were evaluated using 24-hour plasma
profiles. The mean half-life observed at steady
state was 17.9 hours, whereas mean = SD T«
was 10.1 = 3 hours.” In another study in
patients with type 2 diabetes, pharmacokinetic
properties of liraglutide, administered as a single,
subcutaneous dose of 10 pg/kg, were evaluated
by 11-point profiles for up to 63 hours after
dosing.’” Liraglutide was detected 60 minutes
after injection, with a mean + SD half-life of 10 +
4 hours and T of 12 + 2 hours.

After injection of a single, subcutaneous dose
of liraglutide 0.75 mg, comparison using 72-hour
blood sampling between subjects with normal
renal function and those with severe renal
impairment did not show equivalence.’® A
regression analysis failed to show a significant
effect of decreasing creatinine clearance on the
AUC of liraglutide. A meta-analysis of six phase
IIT Liraglutide Effect and Action in Diabetes
(LEAD) studies was performed to assess the
efficacy and safety of liraglutide in patients with
mild renal impairment.’” Compared with the
general study population, no change in serum
creatinine concentration was observed in patients
with mild renal impairment who were adminis-
tered liraglutide 1.8 or 1.2 mg. As discussed
earlier, the structural modifications of liraglutide
result in the drug not being excreted in urine,
and its pharmacokinetic properties remain
unchanged in patients with varying degrees of
renal impairment. In contrast, exenatide is

predominantly eliminated by glomerular
filtration, and thus it is not recommended in
patients with severe renal impairment or end-
stage renal disease.

To evaluate the effect of hepatic impairment on
the pharmacokinetic properties of liraglutide, six
patients with normal hepatic function and 18
patients with mild, moderate, or severe hepatic
impairment received a single dose of subcu-
taneous liraglutide 0.75 mg.’® Pharmacokinetic
profiles assessed 72 hours after dosing revealed
hepatic impairment:normal AUC ratios of 0.77,
0.87, and 0.56 for mild, moderate and severe
impairment, respectively. Liraglutide exposure
appeared to decrease with an increasing degree of
hepatic impairment, with no significant
differences in the safety parameters between the
two groups. It was concluded that patients with
type 2 diabetes and renal insufficiency or hepatic
impairment do not require liraglutide dosage
adjustments.

The effect of injection site (abdomen, upper
arm, and thigh) on the pharmacokinetic profile
of liraglutide was investigated. It was found that
based on the AUC, abdomen and thigh were
equivalent.’* However, lower bioavailabilty was
observed in the thigh compared with the
abdomen. Although T, and half-life were
similar among injection sites, Cpax Was lower in
the thigh than in the abdomen. Based on these
data, the differences in bioavailability were not
considered clinically relevant, and the three
injection sites can be used interchangeably.

In the LEAD-6 trial, a direct comparison
between liraglutide 1.8 mg once/day and
exenatide 10 pg twice/day demonstrated that
steady-state levels of liraglutide were maintained
for 24 hours after administration, with a mean
Cmax and Cpn of 17.0 and 6.7 nmol/L, respec-
tively, and a mean AUC of 282.1 nmolehour/ml.*
In contrast, exenatide concentrations rapidly
peaked and subsequently declined to a nadir
10-12 hours after each injection, with variations
observed between morning and afternoon
(morning Cpay 138.2 pmol/L, Cyin 27.4 pmol/L,
and AUC 707.9 pmolehr/ml; afternoon Cyax
155.1 pmol/L, Cpin 35.3 pmol/L, and AUC
1125.8 pmolehr/ml). The stable liraglutide
concentration is most probably due to
protraction by albumin binding, with only 1-2%
being free at any time. Minimal variations in the
mean concentrations can affect the sustained
glucose-lowering effect over a 24-hour period.

Drug Interactions
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Liraglutide delays gastric emptying and could
affect the absorption pattern of concomitant
drugs. The effect of subcutaneous liraglutide 1.8
mg on the pharmacokinetic properties of
atorvastatin 40 mg, griseofulvin 500 mg,
lisinopril 20 mg, and digoxin 1 mg was evaluated
in healthy subjects.** The AUCs of griseofulvin
and atorvastatin were equivalent among
liraglutide-treated and placebo-treated subjects.
However, the AUCs of lisinopril and digoxin
(AUCy_72) were decreased by 15% and 16%,
respectively. The Cp,y for atorvastatin, lisinopril,
and digoxin was decreased by 38%, 27%, and
31%, respectively, and the C,x for griseofulvin
was increased by 37%. The Ty, for atorvastatin,
lisinopril, and digoxin was delayed by 1.25, 2.0,
and 1.12 hours, respectively, confirming a
liraglutide-induced shift in absorption kinetics.
In a similar study assessing the effect on the
pharmacokinetic exposure of acetaminophen
after administration of liraglutide 1.8 mg, a lower
acetaminophen Cp,x and delay in Ty, by 15
minutes was observed in the liraglutide group
compared with placebo.*

In postmenopausal healthy women, the effect
of liraglutide 1.8 mg/day on the pharmacokinetics
of a low-dose oral contraceptive (ethinylestradiol-
levonorgestrel) was investigated.” The Cy,x of
ethinylestradiol and levonorgestrel was 12% and
13%, respectively, lower with liraglutide than
with placebo, and both compounds reached Cpax
approximately 1.5 hours later with liraglutide
than with placebo. Due to the lack of clinically
relevant changes in the overall exposure of
ethinylestradiol and levonorgestrel, it is
anticipated that their contraceptive effect would
remain unaffected when administered with
liraglutide.

The effect of liraglutide on the pharmacokinetic
properties of other commonly used drugs needs
to be further investigated.

Pharmacodynamics
Fasting Plasma Glucose Level

The effect of a single, subcutaneous dose of
liraglutide 10 pg/kg on fasting and prandial
concentrations of glucose and glucagon, insulin
secretion rate, gastric emptying, and baseline and
glucose-induced insulin release was assessed in
patients with type 2 diabetes.” Liraglutide
significantly reduced fasting plasma glucose
levels compared with placebo (mean + SD 124.3
+ 18.0 vs 145.9 + 18.0 mg/dl). In another study,
subcutaneous liraglutide 0.6 mg once/day

improved glycemic control, and this effect was
significant after the first week and persisted
throughout the duration of the study (8 wks).*
The difference observed in fasting serum glucose
level between liraglutide and placebo after 8
weeks was —39.1 mg/dl (95% CI -63.1 to —-15.0
mg/dl, p=0.002). Similar effects of liraglutide on
fasting plasma glucose level have been observed
in other clinical studies.* *

Several studies have demonstrated that liraglutide
reduces fasting plasma glucose levels in combination
with glimepiride, metformin, or both glimepiride
and metformin.*” Fasting plasma glucose levels
decreased within 2 weeks of randomization in
the liraglutide and glimepiride groups: mean +
SD 164.0 + 45.0, 153.2 + 46.8, 153.2 + 43.2, and
160.4 + 45.0 mg/dl in the liraglutide 0.6-mg, 1.2-
mg, and 1.8-mg groups, and the glimepiride
group, respectively. The decrease in fasting
plasma glucose level from baseline for all
liraglutide groups (-19.8, —28.8, and —30.6 mg/dl
for 0.6-, 1.2- and 1.8-mg liraglutide groups,
respectively) was significantly greater than the
placebo group (-7.2 mg/dl), but similar to the
decrease observed in the glimiperide group
(-23.4 mg/dD).

Results from the LEAD-6 study demonstrated
that liraglutide 1.8 mg once/day reduced mean
fasting plasma glucose levels more than exenatide
10 pg twice/day in patients with inadequately
controlled type 2 diabetes (-29.0 vs —10.8
mg/dl).*

Postprandial Glucose and Hemoglobin A, Levels

Liraglutide significantly lowers postprandial
glucose levels in healthy subjects.®** In patients
with type 2 diabetes, treatment with liraglutide
0.6 mg once/day showed a significant decrease in
A1C levels compared with placebo (-0.80%, 95%
CI -1.50% to —0.09%, p=0.028).** The AUC for
serum glucose was significantly suppressed in the
liraglutide group compared with placebo after 3
days. Similarly, a significant reduction by
approximately 20% in 24-hour glucose AUC and
postprandial glucose level after liraglutide
injection was observed in another study in
patients with type 2 diabetes.’

In a 14-week study investigating the efficacy
of liraglutide monotherapy, the A1C level was
dose-dependently reduced from baseline
(~8.3%) compared with an increase of 0.29% for
placebo, with 46% of patients reaching the A1C
goal of less than 7% compared with 5% for
placebo.** The LEAD-6 study was the first
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comparison of liraglutide versus exenatide in
subjects who had not achieved adequate
glycemic control despite treatment with
metformin and/or sulfonylureas.” Significantly
more subjects achieved A1C levels of less than
7% with liraglutide than with exenatide (54% vs
43%). In keeping with these data, 35% of
liraglutide-treated patients achieved A1C levels of
6.5% or lower compared with 21% for exenatide.
Postprandial glucose level was reduced more
with exenatide than with liraglutide after
breakfast and dinner, but not after lunch or at
bedtime.

It was demonstrated in the LEAD-2 study that
mean postprandial glucose levels from self-
monitored 7-point plasma glucose measurements
decreased from baseline in response to liraglutide
0.6-1.8 mg once/day.*” The decreases in the 1.2-
and 1.8-mg liraglutide groups were comparable
to those in the glimepriride group (-41.4 and
—46.9 mg/dl for liraglutide 1.2 mg and 1.8 mg,
respectively, and —45.1 mg/dl for glimepiride).
Within 12 weeks of the study, mean A1C levels
for the overall population decreased from
baseline in all liraglutide groups and in the
glimepiride group, whereas a slight increase was
observed in the placebo group. Liraglutide-
treated subjects had superior glycemic control
compared with those in the placebo group (0.6
mg —0.8% [95% CI -1.0% to —0.6%]; 1.2 mg
-1.1% [-1.3% to —0.9%]; and 1.8 mg -1.1%
[<1.3% to =0.9%]). Treatment differences in A1C
levels between liraglutide and glimepiride
demonstrated that liraglutide doses of 1.2 and 1.8
mg were noninferior to treatment with glimepiride
(liraglutide 1.2 mg vs glimepiride 0.0% [95% CI
-0.2% to 0.2%] and liraglutide 1.8 mg vs
glimepiride 0.0% [95% CI -0.2% to 0.2%]).

In Japanese patients with type 2 diabetes,
liraglutide dose-dependently reduced A1C levels
by 0.79-1.85% relative to placebo by week 14,
with 75% and 57% of patients reaching A1C
target levels of less than 7% and 6.5%,
respectively.* The LEAD-3 trial demonstrated
that A1C levels decreased from baseline by 0.84%
with liraglutide 1.2 mg, 1.14% with liraglutide
1.8 mg, and 0.51% with glimepiride.”® The
percentage decreases in AIC in the liraglutide
treatment groups were significantly greater than
those in the glimepiride group. Postprandial
glucose concentrations from self-monitored 8-
point plasma glucose profiles decreased in all
three treatment groups.

Taken together, data from several clinical
studies demonstrate that through its effects on

both fasting and postprandial glucose levels,
liraglutide improves and maintains glycemic
control.

B-Cell Function in Type 2 Diabetes

In type 2 diabetes, loss of B-cell function may
be mediated by high concentrations of free fatty
acids such as palmitate and oleate, which have
been shown to induce B-cell apoptosis in
vitro.’'”? Glucagon-like peptide-1 has direct
effects on pancreatic B-cells, inducing glucose-
dependent insulin secretion, insulin biosynthesis,
and GLUT-2 (the B-cell glucose transporter) and
glucokinase expression, in addition to enhancing
B-cell proliferation and differentiation.”* >
Although its effects on B-cell mass have not yet
been clearly demonstrated in clinical studies, the
beneficial effects of liraglutide on islet cells have
been routinely seen. It has also been demonstrated
that insulin secretory capacity, as measured by
homeostasis model assessment (HOMA) was
increased by approximately 50% after liraglutide
treatment, whereas insulin sensitivity remained
unchanged.®

A single dose of liraglutide significantly increased
insulin and C-peptide levels and substantially
improved the overall insulin secretory response,
thus restoring B-cell sensitivity to glucose in
adults with type 2 diabetes.’® The effects of
liraglutide in enhancing the insulin secretory
response became evident after 40-60 minutes of
glucose infusion when plasma glucose levels
reached 108-126 mg/dl. The glucose dependency
of the effect of liraglutide on insulin secretion has
been well demonstrated in normal patients and
in patients with type 2 diabetes.””>® A lack of
effect of liraglutide on insulin secretion in
euglycemic conditions indicates that this drug
might not lead to inappropriate insulin secretion,
in turn limiting the risk of hypoglycemia.

Treatment with liraglutide for 1 week improved
glucose-induced insulin secretion and {-cell
function (HOMA-B, insulin secretion during a
hyperglycemic clamp, maximal insulin secretion
after arginine infusion, and proinsulin:insulin
ratio), and had significant effects on a-cell
function.’® After 7 days of daily liraglutide
subcutaneous injections, short-term B-cell
function significantly improved under conditions
of normal living with an upward shift and steeper
B-cell dose-response curve, which was associated
with improvements in glucose levels.”
Liraglutide has been associated with improved -
cell function, which was similar to that observed
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with glimepiride*” > ©°
rosiglitazone® or exenatide.*

Animal studies have indicated that liraglutide
can increase (3-cell mass and inhibit apoptosis in a
dose-dependent manner.” > In rodents, GLP-1
analogs have been shown to induce increased [3-
cell mass both in vitro and in vivo.®*® Using
primary neonatal rat islet cells, liraglutide was
demonstrated to be a potent inhibitor of both
cytokine-, free fatty acid—, and streptozotocin-
mediated apoptosis in B cells.®? B-Cell
replication was found to be increased,*® and
similar effects in cultured human islet cells were
recently reported.” These effects of liraglutide
may facilitate preservation of B-cell mass in
patients with type 2 diabetes.

and superior to

Weight Loss

In some studies, weight loss with liraglutide
has been inconsistent. In earlier studies, no clear
dose response was observed between liraglutide
and weight loss.***°7 With higher doses (up to
1.9 mg/day), weight reductions have generally
been seen consistently. However in the LEAD-1
study, the weight change was not significantly
different from placebo.®® Nausea, a common
gastrointestinal adverse event, may contribute to
the weight loss observed with GLP-1 analogs.

In the LEAD-3 study, participants in the
liraglutide 1.2- and 1.8-mg groups lost weight, in
contrast to subjects taking glimepiride, who
gained weight.”>° Weight loss in the first 16
weeks was sustained throughout the 52-week
study. To determine if nausea played a role in
weight loss, participants were analyzed by the
number of days that nausea was present (> 7 or <
7 days). No significant differences were
observed for any treatment group (-3.24 kg,
-3.39 kg, and -1.43 kg, respectively, for
liraglutide 1.2 mg, liraglutide 1.8 mg, and
glimepiride 8.0 mg in the > 7-day group, and
-1.85 kg, —2.26 kg, and 1.22 kg, respectively,
in the < 7-day group). These data argue against
nausea and vomiting being the mechanism
behind the weight loss observed with liraglutide
treatment.

Another possible cause of weight loss is
decreased food intake. Studies using visual
analog scales have demonstrated that liraglutide
reduced the feelings of hunger and food intake,
while increasing the feeling of fullness, together
leading to a lower energy intake by up to 18%
during an ad libitum meal.®® To support the
hypothesis that a decrease in food intake could

possibly underlie the liraglutide-mediated effect
on weight loss, several animal studies have
documented the effect of liragutide on food
intake. The effect of food intake and body
weight of twice-daily subcutaneous liraglutide for
10 days was examined.® Acute intravenous
administration of high doses of GLP-1 (100 and
500 pg/animal) decreased food intake at 30 and
60 minutes after dosing. Peripheral adminis-
tration of liraglutide significantly inhibited
nighttime food intake in rats.”® In addition,
liraglutide conferred lasting and reversible
anorexia with accompanying weight loss and
reduction of body adiposity in rats. In summary,
it appears that the mechanism underlying
decreased food intake most likely consists of a
combination of inhibition of gastric emptying, in
turn leading to a sensation of fullness, and the
binding of liralgutide to GLP-1 receptors in the
area postrema of the brain stem.

Gastric Emptying

A single dose of liraglutide significantly
delayed gastric emptying.> Gastric emptying in
healthy volunteers was significantly delayed as
measured by the AUC of 3-O-methylglucose
during the prandial period. The 3-O-methyl-
glucose peak was 15 minutes retarded after a
single injection of liraglutide. However, in
patients with type 2 diabetes, liraglutide failed to
have an effect on gastric emptying as assessed by
acetaminophen levels following ingestion.?*
Subsequently it has been shown that liraglutide,
at doses up to 1.8 mg/day, is associated with a
minor delay in gastric emptying, particularly over
the first hour.®® Liraglutide acts on GLP-1
receptors in the brain to delay the absorption of
food by decreasing gastric emptying and acid
secretion.?®

Energy Expenditure

An assessment of body composition showed
that liraglutide was associated with a small trend
toward a reduction in total fat mass and an increase
in lean body mass.* However, liraglutide did not
affect 24-hour resting energy expenditure, at least
in doses up to 0.6 mg/day. On the contrary, at
doses up to 1.8 mg/day, there was only a
nonsignificant trend for higher resting energy
expenditure.®®

Effects on Glucagon Level

Reports on the effect of liraglutide on glucagon
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levels have been controversial. In healthy
volunteers, after a single dose of liraglutide,
postprandial glucagon levels were significantly
suppressed.’”> When given as monotherapy,
liraglutide significantly lowered fasting glucagon
concentration, specifically in the 1.9-mg
liraglutide group compared with placebo.*
Patients with type 2 diabetes treated with
liraglutide had comparable fasting glucagon
levels to those of patients receiving placebo, but
had a significantly reduced glucagon level
response to meal-related hyperglycemia and after
an arginine stimulation test.’* In contrast,
another study showed no significant difference in
glucagon levels between those receiving
liraglutide and placebo.”® Similarly, glucagon
levels in patients with diabetes treated with
liraglutide or placebo were only marginally
different.”® Another study also failed to show a
significant difference in glucagon levels in
patients receiving liraglutide or placebo.”

Cardiovascular Effects

Modest increases in pulse rate (~2-3
beats/min) have been observed throughout the
LEAD studies.*>% %71 Of interest, there have
been several consistent reports that systolic blood
pressure was significantly decreased. One study
found reductions with all liraglutide doses, up to
7.9 mm Hg compared with placebo after 14
weeks of treatment.” In the LEAD-2 and LEAD-
3 studies, systolic blood pressure changes favored
liraglutide over glimepiride, characterized by
reductions from baseline of 2—4 mm Hg with
liraglutide.*”->*% The 1.2- and 1.8-mg liraglutide
groups had significant reductions in systolic
blood pressure of 2-3 mm Hg compared with an
increase of 0.4 mm Hg in the glimepiride group.
Reductions in systolic blood pressure were also
noted as early as 2 weeks after randomization in
the other LEAD studies.”” The mechanisms
associated with the increased pulse rate and
decreased systolic blood pressure noted in the
LEAD studies are not known. Changes in
diastolic pressure have not been reported in any
clinical studies so far.

Cardioprotective effects of GLP-1 have been
observed in animal studies. In a rat ischemia-
reperfusion model, GLP-1 added before ischemia
demonstrated a significant reduction in
myocardial infarction.” Clinically, it is
speculated that reductions in systolic blood
pressure could be associated with weight loss. To
support the cardioprotective effect, it has been

demonstrated that the weight loss induced by
liraglutide is due to a loss of visceral fat (and not
lean tissue), which is a known cardiovascular
risk factor.” However, reductions in blood
pressure are also observed with DPP-4 inhibitors,
which are weight neutral.”™ ’® Additional data
from ongoing clinical trials may help elucidate
the mechanisms underlying liraglutide-induced
changes in pulse and blood pressure. Patients
with type 2 diabetes and hypertension may
receive additional vascular benefits by using a
new drug therapy that improves glycemic control
and also lowers systolic blood pressure.

Conclusion

Currently, there exists an unmet medical need
in the diabetes therapeutic area to enable
maintenance of long-term glycemic control.
Liraglutide is a new treatment for patients with
type 2 diabetes that addresses pathologic aspects
of the disease that are not addressed by
traditional therapeutic regimens. The
pharmacokinetic profile of liraglutide is dose
linear, is predictable, demonstrates minimal
variability, and supports once-daily dosing.
Clinical studies have clearly demonstrated that
liraglutide, with its enhanced plasma half-life,
provides 24-hour coverage to improve glycemic
control through effects on both fasting and
postprandial glucose levels. Furthermore, in
preclinical and clinical studies, liraglutide has
been consistently shown to improve B-cell
function, leading to increased insulin sensitivity.
In addition to improving glycemic control,
desirable effects of liraglutide include weight loss
and a decrease in systolic blood pressure, which
may encourage patients and clinicians to use this
drug, especially for patients with type 2 diabetes
and hypertension. The effects of liraglutide on
long-term microvascular and macrovascular
complications, however, often resulting from
inadequate glycemic control, are yet to be
determined.
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