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Type 2 diabetes mellitus (T2DM) is a progressive disease associated with significant morbidity and mortality. Even though progress
have been accomplished in the management of type 2 diabetes, current treatment preferences for patients with this disease still fall
short to address disease progression. With the present therapy, glycaemic control remains suboptimal and are often associated with
weight gain and hypoglycaemia. Glucagon like peptide-1 (GLP-1) is an incretin hormone secreted from the small intestine that lowers
fasting and postprandial glucose through multiple mechanisms including glucose-dependent insulin secretion, reduction of glucagon
secretion, delaying gastric emptying and increased satiety. Liraglutide, a human glucagon-like peptide 1 (GLP-1) analogue is a
treatment for T2DM that is administered as a once-daily subcutaneous injection. The efficacy and tolerability of liraglutide at doses of
0.6, 1.2, and 1.8 mg for T2DM, in combination with, and compared with, other T2DM treatments were investigated in the Liraglutide
Effect and Action in Diabetes (LEAD) Phase IlI clinical trial program. In the LEAD trial, treatment with liraglutide was associated with
substantial improvements in glycaemic control and low risk of hypoglycaemia. In addition liraglutide significantly improved [-cell
function, reduced systolic blood pressure (BP) and induced weight loss. Overall, liraglutide was well tolerated. Recent data on safety
and efficacy of liraglutide from real-life clinical practice settings also reiterate the better therapeutic profile of this molecule. Based on
results from the LEAD programme, and real-life clinical experience, liraglutide has been demonstrated as an effective therapeutic
intervention even at the early stage of diabetes regardless of with what, it has been used.

Key words: Diabetes, GLP-1 analog, liraglutide

complications. Recent advances in diabetes research have

INTRODUCTION

Current treatment strategies in type 2 diabetes mellitus
(T2DM) address twin issues of insulin resistance and
relative deficiency. Despite the proliferation of newer novel
treatment options, majority of people with T2DM do not
achieve the glycemic goals and are at risk for serious diabetic
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revealed the important role of incretin hormones in
maintaining glucose control. These findings create a unique
platform for newer therapeutic options that improve
pancreatic islet function, including insulin secretion by the
B-cells and glucagon secretion by the a-cells. Studies have
shown that incretin pathways play a role in the progression
of T2DM.I"? The significant reduction in the incretin
effect seen in patients with T2DM has been attributed to
several factors, including impaired secretion of glucagon-
like peptide-1 (GLP-1), accelerated metabolism of GLP-1
and glucose-dependent insulinotropic polypeptide (GIP),
and defective responsiveness to both the hormones.!"
Many patients with T2DM also have accelerated gastric
emptying that may contribute to deterioration of their
glycemic control."!
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THe CoNcerT oF GLP-1

The term ‘incretin’ was used to denote these glucose-
lowering, intestinal-derived factors as outlined in La Barre!¥
in 1932. With the development of radioimmunoassay, this
communication between the intestine and the endocrine
pancreas was confirmed, when it was demonstrated that
glucose ingestion is associated with a much greater increase
in plasma insulin levels when compared to the insulin
release after intravenous glucose administration.>* This
phenomenon has been dubbed the ‘incretin effect’ and is
estimated to account for approximately 50-70% of the total
insulin secreted following oral glucose administration. Thus,
incretins are hormones secreted from the gastrointestinal
tract into circulation in response to nutrient ingestion and
enhance glucose-stimulated insulin secretion.

GLP-1 contributes to the maintenance of circulating
glucose levels also through its actions in the gastrointestinal
tract, by inhibiting gastric emptying!” and small bowel
motility in a fed, but not fasting state.”! The former effect
is especially beneficial after an ingestion of a meal when
there is a spike in glucose concentrations in circulation,
and provides the pancreatic B-cell with a certain lag period
during which it can adapt its secretory response with a
proper release of insulin. Biological action fo GLP-1 is
provided in Table 1.

GLP-1 is a physiological mediator of satiety and regulates
energy absorption and disposal.”! In the central nervous
system GLP-1 has been shown to suppress food
intake.""" GLP-1 is an insulinotropic hormone. Itis a potent

Table 1: Biological actions of GLP-1 in relation to the
pathophysiology of type 2 diabetes mellitus.
Organ/tissue or function GLP-1 activity
Pancreas Preserved activity

Insulin Secretion Increases
Glucagon secretion Decreases
B-cell apoptosis Decreases
B-cell mass Increases due to replication
Food intake Decreases
Body weight Decreases
Gastric emptying Decreases
Triglycerides (Post-prandial) Decreases
Free fatty acids (Post-prandial) Decreases
Insulin resistance Decreases
Insulin sensitivity Increases
Insulin biosynthesis Increases
Glucose uptake and storage in Increases
peripheral tissue

Hepatic glucose output Decreases
Cardioprotection Increases
Cardiac function Improves
Neuroprotection Increases
Appetite Decreases

stimulator of insulin release in pancreas!'"'" and has the
ability to render pancreatic B-cells glucose-competent!" and
has been used in the therapy of T2DM.!") The bioactivities
of GLP-1 are limited in duration by proteolytic inactivation
involving the cleavage at the N-terminal penultimate alanine
by dipeptidyl peptidase 4 (DPP-4)."! Bioactive GLP-1 has
a very short half-life in plasma due to the rapid degradation
by DPP-4,'"l a problem that has been solved by employing
protease-resistant analogs.

In addition to its physiological effects on B-cells, GLP-1
has cytokine activity, although it is not classified as such due
its small size. GLP-1 enhances cell differentiation, plays a
role in tissue regeneration, and mediates cytoprotection.!!
GLP-1 directly regulates signaling pathways coupled to cell
proliferation and apoptosis.*”

GLP-1 stimulates proliferation of pancreatic 3-cells
and thus contributes to islet regeneration. B-cell mass
regeneration is significantly impaired in knock-out mice
lacking expression of the GLP-1 receptor.”!! The effects
of GLP-1 on B-cells are mediated by transactivation of
the epithelial growth factor (EGF) receptor and its ligand,
betacellulin.” GLP-1 also promotes cell differentiation of
immature islet progenitors toward a more differentiated

B-cell phenotype.*!

GLP-1 has been shown to promote islet cell growth and
inhibit apoptosis 7z vivo in Zucker Diabetic rats, in which the
onset of diabetes occurs when the proliferative potential
and the rate of B-cell apoptosis no longer compensate for
increased insulin demands.?*

Regardless of the beneficial actions of GLP-1 on glucose
control, their use as anti-diabetic agents was unfeasible due
to their short half-life as result of their rapid inactivation
by DPP-4. The half-life of GLP-1 is approximately 2
min following intravenous administration. Accordingly,
two approaches have been carried out to surmount this
drawback. The first consists of the development of GLP-
1 analogs, also called incretin mimetics that bind to the
GLP-1 receptors with the same affinity as GLP-1 but resist
the degradation by DPP-4. The second is to design drugs
that inhibit the action of DPP-4, called incretin enhancers.
The latter agents prolong the effects of native GLP-1 and

increase their serum levels approximately two-fold.*!

STRUCTURE AND PHARMACOLOGICAL
AcTIONS OF LIRAGLUTIDE

The drug substance, liraglutide, is a long acting analog of
the naturally occurring human GLP-1(7-37) with 97%
homology and a lipophilic substituent for prolongation
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of half life |Figure 1]. Unlike GLP-1, liraglutide has
a pharmacokinetic and pharmacodynamic profile in
human suitable for once daily administration. Following
subcutaneous administration, the protracted action profile
is based on three mechanisms: self-association, which
results in slow absorption, binding to albumin and stability
toward the DPP-4 enzyme both resulting in a prolonged
plasma half-life. The analog is produced as the polypeptide
precursor by -DNA technology with Saccharonyces cerevisiae
strain YES2085 as the production strain. The peptide
is acylated with a fatty acid chain during down-stream
processing. Liraglutide is a GLP-1 analog in which lysine
at position 34 has been replaced with arginine, and palmitic
acid has been attached via glutamoyl spacer to lysine at
position 26. No animal-derived raw materials or excipients
are used in the production of liraglutide. The drug product
is a solution for subcutaneous injection containing 6.0 mg/
ml of the drug substance presented in a pre-filled, multi-
dose pen-injector.

Liraglutide is a long-acting GLP-1 analog, designed to
bind to albumin as the main molecular mechanism of
protraction. I vitro, this was shown in the receptor cAMP
as well as binding assay where addition of albumin shifted
the dose-response and/or binding curve to the right.
The apparent reduced potency of liraglutide underlines
that only the free fraction of liraglutide is responsible
for its pharmacological effect 7z vitro as well as in vivo.
Furthermore, liraglutide in a pharmaceutical solution
forms a micell-like heptamer which may contribute to the
slow absorption from the subcutis. Liraglutide is a potent,
selective and efficacious agonist on the human as well as
mouse, rat, rabbit, pig and Cynomolgus monkey GLP-1
receptor. Liraglutide has been shown to exert a number
of actions iz vitro that are known to be specific GLP-1
effects. Liraglutide has also been shown stimulate insulin

H-His-Ala~Glu-Gly~Thr-Phe-Thr-Ser-Asp-Val-Ser
/Hhrem-on
0 | N 6
Phe-Glu-Lys-Ala-Ala-GIn-Gly-Glu-Leu-Tyr-Ser

le-Ala~Trp-Leu-Val-Arg-Gly-Arg-Gly-OH

Primary structure Tertiary structure

Figure 1: Structure of liraglutide

secretion from isolated 3-cell islets in a glucose-dependent
manner 7z vitro. Liraglutide-attenuated B-cell apoptosis
vitro under adverse conditions with high concentrations of
free fatty acids and proinflammatory cytokines. Moreover, a
proliferative effect on primary rat B-cells was demonstrated
for liraglutide 77 vitro whereas no consistent effect was
observed under hyperglycemic conditions 7 vivo.*

LiRAGLUTIDE EFFECT AND ACTION IN
DIABETES STUDIES

The liraglutide effectand action in diabetes (LEAD) program
was composed of six randomized, controlled, Phase 3
clinical studies in participants with T2DM inadequately
controlled with lifestyle and dietary interventions or oral
antidiabetic drugs (OADs) [Table 2]. The implementation
of liraglutide therapy throughout the continuum of care is
shown in Figure 2. A total of 4,456 subjects were included,
recruited at more than 600 sites across 40 countries, of
which 2,739 patients were treated with liraglutide. LEAD
trial was designed to investigate the efficacy and safety
of patients treated with liraglutide across the continuum
of care of T2DM versus placebo. In the LEAD trials,
liraglutide was also compared to some commonly used
antidiabetic therapies. In addition to the registration studies
(LEAD-1 to LEAD-5),”?" a head-to-head trial against
exenatide (LEAD-6)P? was also completed. The LEAD
program established that liraglutide, used as monotherapy
or in combination with one or two OADs, provides
substantial reductions in HbAlc. Liraglutide reduced
HbAlc levels to a significantly greater extent than its
active comparators, except in LEAD-2, where HbAlc
reductions with liraglutide were comparable to glimepiride
plus metformin (—1.0%) in the overall study population.!

Grycemic CONTROL

Across the LEAD trials, reductions in HbAlc of up to
1.6% were achieved with the higher doses of liraglutide (1.2
and 1.8 mg) relative to baseline [Figure 3].*" Reductions
in HbAlc primarily occurred within 8-12 weeks when
liraglutide 1.2 and 1.8 mg were added to metformin
(LEAD-2),® glimepiride (LEAD-1)*" and metformin plus
rosiglitazone (LEAD-4).P These reductions were sustained
throughout each study period and were significantly greater
compared with placebo [Figure 3]. A higher percentage
of subjects in the liraglutide-treated groups reached
American Diabetes Association (ADA) target HbAlc <
7.0% in all of the LEAD studies compared with active
comparators [Figure 4].%? The greatest reduction in
HbAlc (—=1.60%) was experienced in the LEAD-3 trial
(liraglutide monotherapy) by the subgroup of patients
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Table 2: Efficacy data of liraglutide as observed in liraglutide effect and action in diabetes studies

Treatment arm N Mean HbA1c Reaching Reaching IDF Mean FPG Mean weight Mean SBP
(randomized) Change from ADA target target <6.5 Change from change from Change from
baseline <7.0% (%) Baseline baseline baseline
(%) (%) (mmol/L) (Kg) (mmHg)
LEAD-3: Liraglutide as
monotherapy vs. glimepiride
Liraglutide 1.2 mg 251 -0.8 43 28 -0.84 -2.05 -2.12
Liraglutide 1.8 mg 247 -1.1 51 38 1.42 2.45 3.64
Glimepiride 8 mg 248 -0.5 28 16 0.29 1.12 0.69
Liraglutide 1.8 mg 87 -1.6 62 49 -2.33 -1.61 -4.73
Previously drug-naive
LEAD-2: Liraglutide added on to
metformin vs. glimepiride
Liraglutide 1.2 mg 241 -1.0 35 20 -1.64 -2.6 -2.8
Liraglutide 1.8 mg 242 -1.0 42 24 1.69 -2.8 2.3
Glimepiride 4 mg 244 -1.0 36 22 1.31 1.0 0.4
Placebo 122 0.1 11 4 0.40 -1.5 -1.8
Liraglutide 1.8 mg 83 -1.30 66 39 -1.36 -2.1 -1.18
Previously drug-naive
LEAD-1: Liraglutide added on to
glimepiride vs. rosiglitazone
Liraglutide 1.2 mg 228 -1 34 21 -1.57 0.3 -2.6
Liraglutide 1.8 mg 234 -1.1 42 21 1.59 -0.2 2.8
Rosiglitazone 4 mg 232 -0.4 21 9.5 0.88 2.1 0.9
Placebo 114 0.2 8 4 1.01 -0.1 2.3
Liraglutide 1.8 mg on previous 63 -1.38 56 32.2 -0.71 -0.11 -3.49
OAD monotherapy
LEAD-4: Liraglutide added on
to metformin + rosiglitazone vs.
placebo
Liraglutide 1.2 mg 178 -1.5 58 37 -2.20 -1.0 -6.7
Liraglutide 1.8 mg 178 -1.5 54 36 -2.40 -2.0 -5.6
Placebo 177 -0.5 28 14 -0.43 0.6 -141
LEAD-5: Liraglutide added on
to metformin + glimepiride vs.
insulin glargine
Liraglutide 1.8 mg 232 -1.3 53 37 -1.55 -1.81 -4.0
Insulin glargine 234 -1.1 46 24 -1.79 1.62 0.5
Placebo 115 -0.2 16 11 0.53 -0.42 -1.4
LEAD-6: Liraglutide added on to
metformin and/or glimepiride vs.
exenatide
Liraglutide 1.8 mg 233 -141 54 35 -1.61 -3.24 -2.51
Exenatide 10 p.g BID 231 -0.8 43 21 -0.60 -2.87 -2.0
LEAD 3 LEAD 2 LEAD 1 LEAD 4 LEAD 5 LEAD 6
Monotherapy Metformin su Met+TZD Met+SU MetiSu
Liraglutide vs. SU inati i Combinati inati inati
(both in monotherapy) 0
LEAD-3 Add a third oral
Liraglutide vs. SU -0.4
(both plus MET) a §
LEAD-2 Liraglutide vs. 506
Liraglutide vs. TZD placebo E -0.8
(both plus SU) oral agent (both plus MET+TZD) ﬁ
LEAD-1 LEAD-4 e 17
2 Liraglutide vs. E-I-Z 1
Start an oral agent glargine S 4
(both plus MET+SU)

Liraglutide vs. exenatide
(both plus MET, SU or MET/SU combined)
LEAD-6

Garber et al. Lancet 2009: Zinman et al. Diabetes Care 2009: Russell-Jones et al. Diabetologia 2009

Marre et al. Diabetic Medicine 2009; Nauck et al. Diabetes Care 2009;

[} '|.1|r'a89|Jtide 1.2 mg E Liraglutide 1.8 mgn G\imepirideg Ros‘\glibaxoneracebo. GlarginefE] Exenatide

Significant *vs. comparator; *Change in HbA;. from baseline for overall population (LEAD-4,-5)
add-on to diet and exercise failure (LEAD-3); or add-on to previous OAD monotherapy (LEAD-
1).

Figure 2: Liraglutide implementation throughout the continuum of care

Figure 3: Change in HbA1c from baseline (LEAD-1-6) for overall population
(LEAD-4-6), add-on to diet and exercise (LEAD-3) and add-on to previous
OAD monotherapy (LEAD-1-2)
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Figure 4: Percentage of subjects reaching ADA target HbA1c <7.0% in
the LEAD-1-6 trials

previously on diet and exercise: the true initial monotherapy
population.” In the head-to-head study of liraglutide
1.8 mg once daily versus exenatide 10 pg twice daily (as
add-on to metformin and/or SU therapy), mean HbAlc
reduction was significantly greater with liraglutide treatment
than with exenatide (-1.12% vs. -0.79%, P<0.0001), and
corresponded to more patients achieving HbAlc <7.0%
(54% vs. 43%, respectively; odds ratio 2.02; 95% confidence
interval [CI] 1.31 to 3.11; P=0.0015).% Both the drugs
resulted in comparable weight loss, with 3.2 kg with
liraglutide and 2.9 kg with exenatide. In general, both drugs
were well accepted. In the liraglutide group there was less
nausea and hypoglycemia caused by low blood sugar was

less frequent, than with exenatide.’™”

Liraglutide also provided substantial reductions in fasting
plasma glucose (FPG) across the continuum of care. FPG
reductions of up to —43.2 mg/dl were reported with
liraglutide across the LEAD-1-6 studies. Liraglutide was
also shown to be effective at reducing postprandial glucose
(PPG); consistent reductions were observed in peak PPG
(across all three meals) in the LEAD-1-5 studies).” " In the
LEAD-6 study, there was a numerically greater reduction
in mean PPG after lunch with liraglutide compared with
exenatide (2.74 vs. 2.35; not significant). However, exenatide
is given twice daily, before morning and evening meals, thus
PPG was reduced more with exenatide versus liraglutide
during these peak times.

[B=CELL FUNCTION

Improvements in homoeostasis model assessment of
B-cell function (HOMA-B) and proinsulin: insulin ratio
has been well-established using liraglutide. HOMA-B
increased significantly with liraglutide (1.2 and 1.8 mg)

in combination with glimepiride when compared to
glimepiride plus rosiglitazone. An improvement of 62-
71% in HOMA-B were reported from baseline values of
40-47% with all liraglutide treatment groups in combination
with metformin. For instance, when liraglutide was added
to metformin, HOMA-B increased to the same extent
as with glimepiride (68%) and significantly greater than
that with placebo which demonstrated no change from
baseline.”” Improvement was also observed in B -cell
function when liraglutide was combined with two OADs.
HOMA-B increased by 27.2% from a baseline of 34.4%
with liraglutide 1.8 mg in combination with rosiglitazone
plus metformin. This increment in HOMA-B assessment
was significantly greater (P<0.0001) than the 5.8% increase
from baseline of 39.5% observed with placebo added to
rosiglitazone plus metformin. HOMA-B also significantly
increased by 32.86 absolute percentage points with
liraglutide 1.8 mg in combination with glimepiride plus
metformin from baseline values of 54.3% in comparison
with a slight reduction (-1.14%) with the addition of
placebo to glimepiride plus metformin (P< 0.0001).P4
A reduction in pro-insulin:insulin ratio is a marker for
improved B-cell function; in the LEAD-1 study, reductions
in the pro-insulin:insulin ratio with liraglutide 1.2 mg
(=0.11) and 1.8 mg (—0.10) were significantly greater
compared with rosiglitazone (—0.05) and placebo (—0.01;
P<0.05 for all comparisons)."

Body weight

Liraglutide has consistently offered a significant weight
advantage compared with trial comparators. In LEAD-
1 study, unlike rosiglitazone, weight did not increase
substantially with liraglutide and the differences
between rosiglitazone and liraglutide were statistically
significant (—2.3 to —1.4 kg; P<0.0001), although there
were no significant differences compared with placebo.
A significant and continuous weight reduction with
liraglutide monotherapy (at 1.8 and 1.2 mg) was reported
in comparison with glimepiride (P<0.0001 for both).
In liraglutide monotherapy weight loss occurred mostly
in the initial 16 weeks; however, it was subsequently
continued throughout the 52 weeks of the study. Weight
loss with liraglutide has a tendency to be dose dependent
both in monotherapy and in combination regimens. For
instance, liraglutide 0.6, 1.2 and 1.8 mg administered in
combination with metformin for a 26-week duration
resulted in weight reductions of -1.8, -2.6 and -2.8 kg
respectively. This reduction was significantly different
to the weight gain that occurred when metformin was
combined with glimepiride (1.0 kg, P<0.0001). The 1.2
and 1.8 mg doses of liraglutide when combined with
metformin and rosiglitazone, resulted in weight reductions
of -1.02 and -2.02 kg, respectively, and it was significantly
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different from the 0.6 kg weight gain observed with the
addition of placebo to metformin and rosiglitazone
(P<0.0001 for both comparisons vs. placebo). Besides, in
LEAD 5 trial weight loss with liraglutide was greater than
that with placebo (difference 1.4 kg, P<0.0001) or insulin
glargine (difference 3.4 kg, P<0.0001).

LEAD 2 trial subgroup of 160 patients with T2DM
demonstrated that the greater part of weight loss reported
was fat tissue and it was mostly due to visceral adipose tissue
loss as demonstrated by dual energy X-ray absorptiometry
and computed tomography.*’)

Systolic blood pressure

Liraglutide provides clinically significant reductions in
systolic blood pressure (SBP), as demonstrated across
all of the LEAD trials, with reductions up to 6.7 mmHg
seen for liraglutide with metformin+TZD, whereas
metformin+TZD was associated with a reduction in SBP
from baseline of 1.1 mm Hg.P" Significant reductions in
SBP were observed as eatly as 2 weeks after initiation of
liraglutide treatment and could be observed before any
significant weight loss occurred.

Potential benefits on cardiovascular function

Liraglutide has demonstrated preliminary beneficial effects
on the cardiovascular function.’**! Beyond the effects
on weight loss, blood pressure reduction and lipid profile
improvement, liraglutide has a direct natriuretic effect!™
and a causes endothelial vasodilatation.”” Supplementary
data show that liraglutide reduces several markers of
cardiovascular risk, such as C-reactive protein, type 2
natriuretic peptide, and PAI-1.”* These findings underline
the potential role of liraglutide in individuals with heart
failure or coronary artery disease, also suggested by animal
and clinical studies. In particular, continuous infusion
of liraglutide is associated with an improvement in left
ventricular function in patients with acute myocardial
infarction and severe systolic dysfunction? and in patients
with congestive heart failure.”” The protective effect of
liraglutide on ischemic and reperfusion injury, mediated by
inhibition of apoptosis, has been documented in animal
models showing that these compounds may reduce infarct
size and improve outcomes after experimental myocardial
infarction.P>*!

Safety and tolerability

Since liraglutide acts in a glucose-dependent manne
the risk of hypoglycemia is low [Table 3]. It ranged from
3 to 12%, in monotherapy or combination therapy trials

(l40.41]

and was mild to moderate, with no major episodes.”* ! In
studies where liraglutide was combined with a sulfonylurea,
which is known to increase the risk of hypoglycemia, the

incidence ranged from 5 to 27%. Six liraglutide-treated
patients expetienced major episodes in these trials.*!l
As noted above, the only head-to-head comparison of
liraglutide and found a significantly lower rate of minor
hypoglycemia with liraglutide in comparison to exenatide.”
Gastrointestinal advetse events were the most common side
effects with liraglutide, but were transient in nature. Nausea,
which occurred in 5 to 40% of liraglutide-treated patients,
subsided within the first 4 weeks of use.””'l In LEAD-6
study where the head-to-head comparison of liraglutide
and exenatide was done, the incidence rate of nausea
was initially similar, but less persistent in the liraglutide
group.’? By week 6, less than 10% of patients in the
liraglutide group experienced nausea. The exenatide group
reached this level at 22 weeks.

Primary, data from studies in rodents suggested that
liraglutide was associated with an increased risk of thyroid
C-cell focalhyperplasia and C-cell tumors.*” These findings
were not seen in non-human primates like Cynomolgus
monkey. Rat thyroid contains more C-cells and also
expresses more GLP receptor, hence they are more prone,
primates have less and human have even lesser hence
risk is minimal.*? Other long acting GLP-1 analogs too
have shown similar finding in 7 vitro experiments but no
incidence in human has been reported after so many patient

years of use.[*!

Serum calcitoninlevels, below 10 pg/ml are considered to
be evidence of the absence of medullary thyroid cancer,
whereas levels above 100 pg per milliliter are highly
predictive of medullary thyroid cancer.”” In the controlled
clinical trials with liraglutide, increases in calcitonin levels
occurred in a slightly higher percentage of the patients
treated with liraglutide than in control patients; although the
increases represented shifts from below to slightly above
the assay’s detection limit (0.7 ng/L), calcitonin levels were
still within normal ranges. Furthermore, data from a long-
term study did not reveal any notable difference in mean
calcitonin levels between liraglutide and control groups
over 2 years of follow-up.*!

Few cases (<0.2%) of acute pancreatitis have been reported
during long-term clinical trials with liraglutide. A causal
relationship between liraglutide and pancreatitis can neither
be established nor excluded.”

EXPERIENCE FROM REAL LiFE PRACTICE

Recent data published on safety and efficacy of liraglutide
from real-life clinical practice setting proved the significant
reduction in mean HbAlc, FPG and PPG at the end
of 12 weeks treatment with liraglutide.*”! There was
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Table 3: Safety and tolerability data of liraglutide as demonstrated in liraglutide effect and action in diabetes trials

Treatment arm N Nausea Hypos-Major Hypos-Minor Antibodies SAE/
(randomized) (% of subjects) (Events per (Events per (%) Withdrawals/
subject year) subject year) withdrawals AE
(% of subjects)

LEAD-3: Liraglutide as

monotherapy vs. glimepiride
Liraglutide 1.2 mg 251 27.5 0 0.30 7.1 6.4/35.5/10.0
Liraglutide 1.8 mg 247 29.3 0 0.25 5.4 3.3/30.0/7.3
Glimepiride 8 mg 248 8.5 0 1.96 N/A 5.2/38.7/6.0
Liraglutide 1.8 mg 87 29.9 0 0.43 9.1 3/25/4.6
Previously drug-naive

LEAD-2: Liraglutide added on to

metformin vs. glimepiride
Liraglutide 1.2 mg 241 16.2 0 0.03 4.0 5.8/18.3/9.5
Liraglutide 1.8 mg 242 18.6 0 0.09 0 3.7/21.0/12.0
Glimepiride 4 mg 244 3.3 0 1.23 N/A 4.1/14.0/3.3
Placebo 122 4.1 0 0.13 N/A 3.3/39.3/1.6
Liraglutide 1.8 mg 83 20.5 0 0.17 0 3/17/ 14.5
Previously drug-naive

LEAD-1: Liraglutide added on to

glimepiride vs. rosiglitazone
Liraglutide 1.2 mg 228 10.5 0 0.51 9-13 3.5/14/4.8
Liraglutide 1.8 mg 234 6.8 0.009 0.47 4.7/9/3.8
Rosiglitazone 4 mg 232 2.6 0 0.12 N/A 2.6/16.4/3
Placebo 114 1.8 0 0.17 N/A 2.6/27.2/5.3
Liraglutide 1.8 mg on previous 63 9.5 0 0.27 10.5 3.0/6/6.3
OAD monotherapy

LEAD-4: Liraglutide added on

to metformin+rosiglitazone vs.

placebo
Liraglutide 1.2 mg 178 29 0 0.4 4.1 4.5/14/7.9
Liraglutide 1.8 mg 178 40 0 0.6 6.7 3.9/25.3/15.2
Placebo 177 8.6 0 0.2 N/A 6.9/31.6/4

LEAD-5: Liraglutide added on to

metformin+glimepiride vs. insulin

glargine
Liraglutide 1.8 mg 232 13.9 0.059 1.2 9.8 4/10.8/4.7
Insulin glargine 234 1.3 1.3 N/A N/A 7/6.4/2.1
Placebo 115 3.5 1.0 N/A N/A 7/16.5/0.9

LEAD-6: Liraglutide added on to

metformin and/or glimepiride

versus exenatide
Liraglutide 1.8 mg 233 25.5 0 1.93 TBA 5.1/14/9.8
Exenatide 10 p.g BID 231 28 0.02 2.60 TBA 2.6/19.4/13.4

significant reductions in body weight and with liraglutide
at the end of week 12. Liraglutide also reduced systolic
blood pressure and diastolic BP significantly. Significant
reductions in serum creatinine and urine albumin levels
were observed. Significant improvement was also observed
in lipid profile of the patients.*”! According to Ghosal,*!
initiation of liraglutide in patients failing on OADs plus
insulin combination effectively improved all glycemic and
lipid parameters. In addition there was more than 50%
reduction in average daily dose of insulin and close to one
third of the patients were completely weaned off insulin.
There were reductions in SBP and diastolic BP, total body
weight, BMI, waist circumference, serum creatinine and
urine albumin while improvement in HDL level

PosiTioN OF LIRAGLUTIDE
MANAGEMENT OoF T2DM

IN THE

The LEAD program has demonstrated that liraglutide
is effective and well tolerated as a starting therapy
(monotherapy) or as an add-on therapy for subjects at
a later stage of disease progression. Although the trial
data suggest a broad application, experience of liraglutide
in clinical practice is limited. The best possible stage of
treatment intervention is still speculative. Given a potential
effect, if as yet unsubstantiated, on $-cell preservation, it
seems possible that earlier use will extend the endogenous
insulin function of patients, and perhaps slow progression
of the disease. ADA/EASD consensus algorithm also
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considers liraglutide and other GLP-1 receptor agonists,
for eatly in the coutse of T2DM after metformin.[*”!

CONCLUSIONS

The incretin mimetics and enhancers are novel therapeutic
agents for the treatment of T2DM. Liraglutide, the first
human once a day GLP-1 analog, improves glycemia with
minimal risk of hypoglycemia and enhances 3-cell function.
In addition, it lowers body weight and has favorable
cardiovascular benefits. Liraglutide has the potential to
provide long term control of hyperglycemia and improve
the cardiometabolic profile of T2DM patients.

ACKNOWLEDGEMENT

Authors acknowledge the writing and editorial assistance of
Dr. B.S. Mohan, in manuscript preparation. The authors have
indicated that there are no other conflicts of interest regarding
the content of this article.

REFERENCES

1. Nauck MA, Stéckmann F, Ebert R, Creutzfeldt W. Reduced incretin
effect in type 2 (non-insulin-dependent) diabetes. Diabetologia
1986;29:46-52.

2. Drucker DJ, Nauck MA. The incretin system: Glucagon-like peptide-1
receptor agonists and dipeptidyl peptidase-4 inhibitors in type 2
diabetes. Lancet 2006;368:1696-705.

3. Phillips WT, Schwartz JG, McMahan CA. Rapid gastric emptying
of an oral glucose solution in type 2 diabetic patients. J Nucl Med
1992;33:1496-500.

4. La Barre J. Sur les possibilites d'un traitement du diabete par
I'incretine. Bull Acad R Med Belg 1932;12:620-34.

5. Mclntryre N, Holdsworth CD, Turner DA. New interpretation of oral
glucose tolerance. Lancet 1964;2:20-1.

6. Mclntyre N, Holdsworth CD, Turner DS. Intestinal factors in the
control of insulin secretion. J Clin Endocrinol Metab 1965;25:
1317-24.

7.  Wettergren A, Schjoldager B, Mortensen PE, Myhre J, Christiansen
d, Holst JJ. Truncated GLP-1 (proglucagon 78-107-amide) inhibits
gastric and pancreatic functions in man. Dig Dis Sci 1993;38:665-73.

8. Tolessa T, Gutniak M, Holst JJ, Efendic S, Hellstrém PM. Inhibitory
effect of glucagon-like peptide-1 on small bowel motility. Fasting but
not fed motility inhibited via nitric oxide independently of insulin and
somatostatin. J Clin Investig 1998;102:764-74.

9. Drucker DJ. Glucagon-like peptides: Regulators of cell proliferation,
differentiation, and apoptosis. Mole Endocrinol 2003;17:161-71.

10. Turton MD, O’Shea D, Gunn I, Beak SA, Edwards CM, Meeran K,
et al. A role for glucagon-like peptide-1 in the central regulation of
feeding. Nature 1996;379:69-72.

11. Mojsov S, Weir GC, Habener JE Insulinotropin: glucagon-like
peptide (7-37) co-encoded in the glucagon gene is a potent
stimulator of insulin release in the perfused rat pancreas. J Clin
Invest. 1987;79:616-9.

12. Wang Z, Wang RM, Owji AA, Smith DM, Ghatei MA, Bloom SR.
Glucagon-like peptide-1 is a physiological incretin in rat. J Clin
Investig 1995;95:417-21.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Suzuki A, Nakauchi H, Taniguchi H. Glucagon-like peptide 1 (1-37)
converts intestinal epithelial cells into insulin-producing cells. Proc
Natl Acad Sci USA 2003;100:5034-9.

Knauf C, Cani PD, Perrin C, Iglesias MA, Maury JF, Bernard E, et al
Brain glucagon-like peptide-1 increases insulin secretion and muscle
insulin resistance to favor hepatic glycogen storage. J Clin Investig
2005;115:3554-63.

Holz GG, Kiihtreiber WM, Habener JE Pancreatic beta-cells
are rendered glucose-competent by the insulinotropic hormone
glucagon-like peptide-1 (7-37). Nature 1993;361:362-5.

Holst JJ. Therapy of type 2 diabetes mellitus based on the actions of
glucagon-like peptide-1. Diabetes Metab Res Rev 2002;18:430-41.
Dhanvantari S, Seidah NG, Brubaker PL. Role of prohormone
convertases in the tissue-specific processing of proglucagon. Mol
Endocrinol 1996;10:342-55.

Deacon CF, Nauck MA, Toft-Nielsen M, Pridal L, Willms B, Holst JJ.
Both subcutaneously and intravenously administered glucagon-like
peptide I are rapidly degraded from the NH2-terminus in type II
diabetic patients and in healthy subjects. Diabetes 1995;44:1126-31.
Pauly RP, Rosche F, Wermann M, McIntosh CH, Pederson RA,
Demuth HU. Investigation of glucose-dependent insulinotropic
polypeptide-(1-42) and glucagon-like peptide-1-(7-36) degradation
in vitro by dipeptidyl peptidase IV using matrix-assisted laser
desorption/ionization time of flight mass spectrometry: a novel kinetic
approach. J Biol Chem 1996;271:23222-9.

Brubaker PL, Drucker DJ. Minireview: Glucagon-like peptides
regulate cell proliferation and apoptosis in the pancreas, gut, and
central nervous system. Endocrinology 2004;145:2653-9.

De Leon DD, Deng S, Madani R, Ahima RS, Drucker DJ, Stoffers
DA. Role of endogenous glucagon-like peptide-1 in islet regeneration
after partial pancreatectomy. Diabetes 2003;52:365-71.

Buteau J, Foisy S, Joly E, Prentki M. Glucagon-like peptide 1 induces
pancreatic beta-cell proliferation via transactivation of the epidermal
growth factor receptor. Diabetes 2003;52:124-32.

Bulotta A, Hui H, Anastasi E, Bertolotto C, Boros LG, Di Mario U,
et al. Cultured pancreatic ductal cells undergo cell cycle re-distribution
and beta-cell-like differentiation in response to glucagon-like
peptide-1. J Mol Endocrinol 2002;29:347-60.

Farilla L,Hui H, Bertolotto C, Kang E, Bulotta A, Di Mario U,
et al. Glucagon-like peptide-1 promotes islet cell growth and inhibits
apoptosis in Zucker diabetic rats. Endocrinology 2002;143:4397-408.
Drucker DJ. The biology of incretin hormones. Cell Metab
2006;3:153-65.

Victoza [Summary of Product Characteristics] Novo Nordisk A/S
2009.

Marre M, Shaw J, Brandle M, Bebakar WM, Kamaruddin NA, Strand
dJ, 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 2009;26:268-78.

Nauck M, Frid A, Hermansen K, Shah NS, Tankova T, Mitha IH,
et al. Efficacy and safety comparison of liraglutide, glimepiride, and
placebo, all in combination with metformin, in type 2 diabetes: the
LEAD (Liraglutide Effect and Action in Diabetes)-2 study. Diabetes
Care. 2009;32:84-90.

Garber A, Henry R, Ratner R, Garcia-Hernandez PA, Rodriguez-Pattzi
H, Olvera-Alvarez |, et al. Liraglutide versus glimepiride monotherapy
for type 2 diabetes (LEAD-3 Mono): a randomised, 52-week, phase
IlI, double-blind, parallel-treatment trial. Lancet 2009;373:473-81.
Zinman B, Gerich J, Buse JB, Lewin A, Schwartz S, Raskin P, et al.
Efficacy and safety of the human glucagon-like peptide-1 analog

Indian Journal of Endocrinology and Metabolism / Jan-Mar 2011 / Vol 15 | Issue 1



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Dharmalingam, et al.: Liraglutide therapy for type 2 diabetes mellitus

liraglutide in combination with metformin and thiazolidinedione in
patients with type 2 diabetes (LEAD-4 Met+TZD). Diabetes Care
2009;32:1224-30.

Russell-dJones D, Vaag A, Schmitz O, Sethi BK, Lalic N, Antic S,
et al. Liraglutide versus insulin glargine in combination with
metformin and sulfonylurea therapy in type 2 diabetes: A randomized
controlled trial (LEAD-5 met+SU). Diabetologia 2009;52:2046-55.
Buse JB, Rosenstock J, Sesti G, Schmidt WE, Montanya E, Brett
JH, et al. A study of two glucagonlike peptide-1 receptor agonists
for the treatment of type 2 diabetes: liraglutide once daily compared
with exenatide twice daily in a randomised, 26-week, open-label trial
(LEAD-6). Lancet 2009;374:39-47.

Jendle J, Nauck MA, Matthews DR, Frid A, Hermansen K, Diiring M,
et al. Weight loss with liraglutide, a once-daily human glucagon-like
peptide-1 analogue for type 2 diabetes treatment as monotherapy
or added to metformin, is primarily as a result of a reduction in fat
tissue. Diabetes Obes Metab 2009;112:1163-72.

Bose AK, Mocanu MM, Carr RD, Brand CL, Yellon DM. Glucagon-
like peptide 1 can directly protect the heart against ischemia/
reperfusion injury. Diabetes 2005;54:146-51.

Nystréom T, Gutniak MK, Zhang Q, Zhang F, Holst JJ, Ahrén B, et al.
Effects of glucagon-like peptide-1 on endothelial function in type 2
diabetes patients with stable coronary artery disease. Am J Physiol
Endocrinol Metab 2004;287:E1209-15.

Gutzwiller JP, Tschopp S, Bock A, Zehnder CE, Huber AR,
Kreyenbuehl M, et al. Glucagon-like peptide 1 induces natriuresis in
healthy subjects and in insulin-resistant obese men. J Clin Endocrinol
Metab 2004;89:3055-61.

Nystréom T. The potential beneficial role of glucagon-like peptide-1
in endothelial dysfunction and heart failure associated with insulin
resistance. Horm Metab Res 2008;40:593-60.

Courreges JP, Vilsbgll T, Zdravkovic M, Le-Thi T, Krarup T, Schmitz O,
et al. Beneficial effects of once-daily liraglutide, a human glucagon-
like peptide-1 analogue, on cardiovascular risk biomarkers in patients
with Type 2 diabetes. Diabet Med 2008;25:1129-31.
Noyan-Ashraf MH, Momen MA, Ban K, Sadi AM, Zhou YQ), Riazi AM,
et al. GLP-1R agonist liraglutide activates cytoprotective pathways
and improves outcomes after experimental myocardial infarction in
mice. Diabetes 2009;58:975-83.

Sokos GG, Nikolaidis LA, Mankad S, Elahi D, Shannon RP.

41.

42.

43.

44,

45.

46.

47.

Glucagon-like peptide-1 infusion improves left ventricular ejection
fraction and functional status in patients with chronic heart failure.
J Card Fail 2006;12:694-9.

Nauck MA, Heimesaat MM, Behle K, Holst JJ, Nauck MS, Ritzel
R, et al. Effects of glucagon-like peptide 1 on counterregulatory
hormone responses, cognitive functions, and insulin secretion
during hyperinsulinemic, stepped hypoglycemic clamp experiments
in healthy volunteers. J Clin Endocrinol Metab 2002;87:1239-46.
Knudsen BL, Madsen LW, Andersen S, Almholt K, de Boer AS,
Drucker DJ, et al. Glucagon-like Peptide-1 receptor agonists
activate rodent thyroid C-cells causing calcitonin release and C-cell
proliferation. Endocrinology 2010;151:1473-86.

Costante G, Meringolo D, Durante C, Bianchi D, Nocera M, Tumino
S, et al. Redictive value of serum calcitonin levels for preoperative
diagnosis of medullary thyroid carcinoma in a cohort of 5817
consecutive patients with thyroid nodules. J Clin Endocrinol Metab
2007;92:450-5.

Parks M, Rosebraugh C. Weighing risks and benefits of liraglutide-
-the FDA's review of a new antidiabetic therapy. N Engl J Med
2010;362:774-7.

JyothiDev K, Shanker A, Krishnann G, Veerash B, Jyothidev S.
Effectivenes and tolerability of once daily GLP analogue-1 liraglutide
in patients with type 2 diabetes in a real life clinical practice setting.
ESICON; 2010. p. 11.

Ghosal S. Effectiveness of liraglutide in routine clinical practice:
12-weeks follow-up data from type 2 insulin naive diabetes patients
from India. ESICON; 2010. p. 11

Nathan DM, Buse JB, Davidson MB, Ferrannini E, Holman RR,
Sherwin R, et al. Medical management of hyperglycemia in type 2
diabetes: a consensus algorithm for the initiation and adjustment of
therapy: a consensus statement of the American Diabetes Association
and the European Association for the Study of Diabetes. Diabetes
Care 2009;32:193-203.

Cite this article as: Dharmalingam M, Sriram U, Baruah MP. Liraglutide: A
review of its therapeutic use as a once daily GLP-1 analog for the management
of type 2 diabetes mellitus. Indian J Endocr Metab 2011;15:9-17.

Source of Support: Nil, Conflict of Interest: No.

Indian Journal of Endocrinology and Metabolism / Jan-Mar 2011 / Vol 15 | Issue 1



