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Diabetes mellituscurrentlyaffectsan
estimated 180million peopleworld-

wide, a figure that is anticipated to dou-
ble by the year 2030" The Centers for
Disease Control and Prevention (CDC)
estimates the incidence of diabetesto be
nearly24 million in the US alone,'There
currently existseveral therapeutic classes
availablefor the treatment of type 2 dia-
betes mellitus, yet many patientsare un-
able to meet therapeutic goals, despite
the use of combination therapy withoral
agents.' Due to this disparity, new thera-
peutic targets focusing on the key patho-
physiologicdefects seen in diabetes are
currently being developed for the man-
agementof diabetes. The incretin mimet-
ics and the dipeptidyl-peptidase 4 (DPP-
4) inhibitors,for example, are relatively
new categories of medications adding to
the armamentarium of drugs available
for the treatment of type 2 diabetes.

This article reviews publicationsand
scientific abstracts regarding the incretin
mimetic liraglutide. Liraglutide is a long-
acting,synthetic analogof humangluca-
gon-like peptide-I (GLP-I). Endogenous
GLP-I and itsanalogs improve glycemic
control via various mechanisms,which
include stimulation of glucose-depen-
dent insulin secretion, suppression of in-
appropriate hepatic glucagon secretion,
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OBJECTIVe : To review the pharmacology, pharmacokinetics, efficacy, and safety
of Iiraglutide, a glucagon·like peptide 1 (GLP·1)analog for the treatment 01 type 2
diabetesmellitus.

DATA SOURCES: A MEDLINE search(1966-May 20(9) was conducted lor English-
language articles usingthe termsglucagon-like peptide 1, incretin mmetic, NN2211 ,
and liraglutide. Abstracts presented at the American Diabetes Association and
EuropeanAssociation for the Studyof Diabetesannual meetings in 2006, 2007,
and 2008were also searched for relevant data.

STUDY SELECTION AND DATA EXTRACTION: Articles pertinentto the pharmacology,

pharmacokinetics, efficacy, and safetyof liraglutide were reviewed.

DATA SYNTHESIS: Liraglutide is a GLP·1 analog with pharmacokinetic properties
suitable for once-daily administration. Clinical trialdata from large, controlled studies
demonstrate the effectiveness of liraglu1ide in termsof hemoglobin ~c (A1C) reduc-
tion, reductions in body weight, and the drug's low risk for hypoglycemicevents
when used as monotherapy. Dataalso support benefits of liraglutidetherapy on j}-
cell responsiveness to glucose,with animal and in vitro data indicating potential
benefits in I!-cellmass and neogenesiswith liraglutidetreatment. Uraglutidehas
been studied as monotherapy and in combination with menormm, glimepiride,
and rosiglitazone for the treatment of type 2 diabetes. Additionally, comparative
data with insulin glargineand exenatide therapyare available from Phase3 trials
providing practitioners valuable clinical data on which to base clinical decision
making. Overall, Iiraglutide is well tolerated with dose-dependent nausea,
vomiting, and diarrhea being the most commonly reported adverse events in
clinical trials.

CONCLUSIONS: Once-daily administration may provide a therapeutic advantage
lor Iiraglutideover twice-daily exenatide, with similar improvements in A1C and
body weight observed when liraglutide was compared with exenatide. The
glucose-dependent mechanism of insulin release with GLp·1 agonist therapy
holds potential clinical significance in the management of postprandial hyper-
glycemicexcursions, wilh minimalriskof hypoglycemia.
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Figure 1. Metabolic actions of glucagon-like peptide 1.28

delayed gastric emptying, and reductions in food intake.
Novo Nordisk filed a New Drug Application (NDA) with
the Food and Drug Administration (FDA) in May 2008, as
well as a marketing authorization application to the Euro-
pean Medicines Agency (EMEA) for approval in Europe.'
Action on the NDA is anticipated as early as calendar year
2009. An NDA was also submitted in July of 2008 for the
approval of Iiraglutide in Japan.

Data Sources and Selection

A MEDLINE search (I 966-May 2(09) was conducted
for English-language articles using the terms glucagon-like
peptide 1, incretin mimetic, NN22 11, and Iiraglutide. Ab-
stracts presented at the American Diabetes Association and
European Association for the Study of Diabetes annual
meetings in 2006,2007, and 2008 were also searched for
relevant data. Articles pertinent to the pharmacology, phar-
macokinetics, efficacy, and safety of Iiraglutide were re-
viewed.

Pharmacology

Diabetologists and researchers alike have been interest-
ed in the role of the gastrointestinal system in insulin secre-
tion, dating back to the 1960s.s A role for an intestinal me-
diator of insulin secretion was initially suggested based on
the observation that oral intake of glucose resulted in a bet-
ter insulin response when compared with intravenous glu-
cose adrninistration.te This observation, later
coined the "incretin effect," is due to the stim-
ulation of insulin release by the oral intake of
nutrients. This effect results in insulin secre-
tion above and beyond the insulin release in-
duced by increased blood glucose concentra-
tions alone. Of note, the incretin effect has
been shown to be greatly impaired in patients
with type 2 diabetes, which may contribute to
the inability of patients to adjust their insulin
secretion to meet physiological needs.' The in-
cretin effect has since been identified as being
responsible for up to 60% of the insulin re-
sponse to a given glucose load,"

The incretin effect is mainly facilitated by 2
insulinotropic gut hormones known as gluca-
gon-like peptide 1 (GLP-l) and glucose-de-

pendent insulinotropic polypeptide (GIP). GLP-
1 is a 30 amino acid peptide released from L-
cells of the intestine in response to a meal,"
and GIP is released by duodenal cells of the
proximal small bowel." Circulating GLP-l

and GIP are observable within minutes follow-
ing food ingestion, suggesting that both en-
docrine and neuronal signals playa role in the

release of these incretin hormones." Patients with type 2
diabetes exhibit a decreased response to GIP when com-

pared with healthy individuals, thus making GIP a poor
therapeutic target in this population.Pe' In contrast, GLP-l
secretion is deficient in patients with type 2 dlabctes.r-"
and GLP-I infusion has been shown to lower glucose lev-
els experimentally via enhanced glucose-dependent insulin
secretion in subjects with type 2 diabetes, thus making

GLP-l a viable therapeutic target for the treatment of type
2 diabetes.PP Further study with GLP-l in subjects with
type 2 diabetes has demonstrated beneficial effects of
GLP-I on glucose-dependent decreases in glucagon secre-
tion,19.20 increased satiety and decreased food intake," and
a slowing of gastric emptying.i-" Of particular interest,

beneficial effects of GLP-l on ~-cell proliferation and neo-
genesis in animal models and in vitro studies with human
pancreatic islets have been describedzt" Figure 1 provides
a graphical representation of the interplay between the
metabolic effects attributable to GLP-l.Z8

Despite the therapeutic promise of GLP-I in the man-

agement of patients with type 2 diabetes, endogenous GLP-l
is rapidly degraded by the enzyme dipeptidyl peptidase-4

"(DPP-4), resulting in a GLP-l half-life of approximately'
1-2 minutes.P-" The development of DPP-4-resistant

GLP-l analogs and DPP-4 inhibitors has circumvented the
impracticality of using GLP-l therapeutically, due to its
short half-life. Liraglutide is one agent in the incretin
mimetic drug class that is an acylated GLP-I analog suit-
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able for once-daily administration." The structure of li-
raglutide is based on structural modifications to human
GLP-l that include replacementof lysine with arginineat
position 34 and the attachment of a C16 acyl chain to ly-
sine at position 26 (Figure2).31 In vitrostudies indicate that
liraglutide retains affinity for GLP-I receptors despite
these structural modifications." The addition of the CI6
acyl chainallowsfor noncovalent binding to albumin,both
hinderingDPP-4 access to the moleculeand contributing
to a prolonged half-life and duration of action,"

Pharmacokinetics

Liraglutide is an isotonic solutionadministered via sub-
cutaneous injection. Upon administration, Iiraglutide
demonstrates a relatively slow rate of absorption, with an
observed time to maximum concentration of 9-14 hours."
The half-life of Iiraglutide is 12.6± 1.1 hours, with an ac-
cumulation index of 1.4-1.5 following daily administra-
tion for 7 days.The absolute bioavailability upon subcuta-
neous injection is approximately 55%. Liraglutide has
demonstrated sustained glucose-lowering activity at 24-
hourspostadministration at steady-state concentration, thus
allowing for once-dailyadministration.v

The protracted actionof Iiraglutide appearsto stem from
the binding of Iiraglutideto serum albumin, the aggrega-
tion of liraglutide into micellar-like aggregates at the injec-
tion site, and reduced susceptibility of liraglutide to the
DPP-4 enzyme.":" Liraglutide has an elimination half-life
of 11-15 hours.28,32In assessments of the effectsof liraglu-
tide on human liver microsomes, the drug demonstrated
little to no inhibition of cytochrome P450 enzymes, thus
indicating that cytochrome P450-mediated drug interac-
tions are unlikely with Iiraglutide.28,32 Liraglutide is likely
degraded slowlyintosmallpeptides, aminoacids,and fatty
acid fragments that are eliminatedby the liver and kidney
or recycled into new endogenousproteinsand lipids," No
intact Iiraglutide and only low concentrations of its
metabolites have beendetected in feces or urine," Accord-

7

ingly, pharmacokinetic studies in subjects with renal or
hepatic impairment suggestthat no dosageadjustments are
required based on renal or hepatic function.v-" Lastly,no
effects of age or sex on the pharmacokinetic profile of li-
raglutide have been identified,"

Clinical Studies

Liraglutide, currently approved for use in Europe and
under review for approval in the US and Japan, has been
studied in over 20 clinical trials evaluating its effective-
ness, tolerability, safety, and pharmacokinetic profile in
both healthy subjects and patients with type 2 diabetes.
Table I providesa summary of findings from select clini-
cal trials,30,32,37,38,40-SS excluding studies involved in the Li-
raglutide Effects and Actionin Diabetes (LEAD)program,
whichare discussed in detail below.

LEAD STUDIES

The LEAD program is composedof 6 randomized, con-
trolled, double-blind, Phase 3 clinical studies in partici-
pants with type 2 diabetes inadequately controlled with
lifestyle and dietaryinterventions or oral antidiabetic thera-
pies.Table2 provides a summary of efficacydata gathered
during the LEAD program/"?' To date, data from all 6
LEAD studies have been published in peer-reviewedsci-
entificjournalsor presented at scientific meetings. The fol-
lowing discussion presents currently known data from
each of thesestudies.

LEAD-I was a randomized, double-dummy trial in pa-
tients with type 2 diabetes comparing the addition of Ii-
raglutide to glimepiride therapy with glimepiride mono-
therapy or the addition of rosiglitazone to glimepiride."
Participants had a mean baselinehemoglobin Ale (AIC) of
8.4% and a mean age of 56.1 years.AIC was significantly
reduced with liraglutide, as well as with rosiglitazone.
Glimepiride monotherapy resulted in an Ale increase of
0.23% (p < 0.0001).Twenty-two percentof subjectstreat-

C·16 Fatty Acid (acyl) Chain

Figure 2. Structure of Iiraglutide.
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Table1. Select Liraglutide Clinical Trials

Reference Pts . (N) Purpose Outcome Measures Results

Irie (2008)40 24. type 2 assessment of safety, AEs. PKlPD, PPG, mean well tolerated. up to 25/1glkg ; dose-
diabetes, tolerability, PKlPD plasma glucose dependent increases in PKlPD and
Japanese decreases In PPG/mean plasma glucoso;

no GI AEs or hypoglycemia

Selno 226, type 2 assessment of efficacy, A1C, FPG, plasma glucose , improvements In A1C, FPG, PPG, post-
(2008)" diabetes . safety plasma insulin, plasma prand ial insulin secretion ; no changes In

Japanese glucagon , C-pept lde BW; no development of Iiraglutide
antibodies

Vllsboll 39. type 2 assess effects on II-cell FSIGT improvemen ts in first- and second-phase
(2008)42 diabetes funct ion insulin secretion

Horowitz 81, type 2 evaluation of GI AEs GSRS tendency toward Increased GI AE report ing
(2008)Q diabetes with Iiraglutide treatment

Vilsboll 165. type 2 impact on glycemia. BW. A1C. FPG, insulin, BW, AEs improvements in A1C; dose-dependent
(2007)44 diabetes and hypoglycemia risk decrease in BW; no hypoglycemic

episodes

Flint 24, type 2 impact of hepatlc PK no dosage adjustments required with
(2007):17 diabetes impairment on PK impaired hepatic function

Jacobsen 30. type 2 impact of renal impairment PK no dosage adjustments required with
(2007)38 diabetes onPK impaired renal function

Marl 13, type 2 assess effects on fl-cell plasma glucose , serum Insulin, ~ -ce ll function Improved due to Improved
(2OO7)u diabetes funct ion under normal C-peptide glucose levels

living condit ions

Vilsboll 165, type 2 assess effects on BP and BP, lipids, adlponectin, leptin, decreased BP. TG. PAI-l . BNP; further study
(2006)44 diabetes biomarkers of CV risk hsCRP. interleukin-B, TNF-u , needed

PAI- l , BNP

Nauck 144, type 2 assessment of efficacy, FSG. A1C, BW, AEs Improvements In A1C, FSG; lower BW vs
(2006)47 diabetes AEs glimep lride group ; transient nausea and no

conf irmed episodes of hypoglycemia

Damholl 32, heallhy assess effects of age and PK no effect of age or sex on PK
(2006)44 sex on PK

Felnglos 210, type 2 assess effects on glycemia FPG, A1C, BW no A1C Improvements with IIraglutlde 0.045-
(2005)·1 diabetes andBW 0.75 mg; Improved BW

Degn 13, type 2 assess effects on glycemia plasma glucose, serum FFAs, Improved 24-h glycemi a; improved (I- and
(2004)30 diabetes and (I- and fl-cell function serum insulin. plasma II-cell function; reduced endogenous

glucagon glucose release

Harder 33, type 2 assess effects on glycemic A1C, FSG, BW, DEXA; improved glycemia; no weight change
(2004)10 diabetes control , BW, body calorimetry detected; no Influence on 24-h energy

composition. 24-h energy expend iture detected
expend iture

Madsbad 193, type 2 efficacy and safety A1C, FSG, C-peptide. improvements in A1C, FSG, BW; mild and
(2004)51 diabetes glucagon, insulin, BW, AEs transient AEs

Chang 10, type 2 assess effects on II-cell ISRs, plasma Insulin, plasma restoration of fl-cell responsiveness to
(2003)62 diabetes function C-peptide physiological hyperglycemia

Agerso 8, healthy assess effects on glucose plasma glucose. plasma insulin dose proport ional effect on II-cell insulin
(2oo3)U and insulin homeostasis secretion

Juhl l1 ,type2 assess effects on glycem ia plasma glucose , serum Insulin, Improved fasting and postprand ial glycemia;
(2002)54 diabetes G-pepllde , plasma glucagon , Increased Insulin secret ion; delayed gastric

3-0MG emptying; suppressed prandial glucagon
secret ion

Elbrond 72. healthy safety. tolerability, PK AEs, PK Increased incidence of headache. dizziness,
(2002)55 nausea/Vomiting; PK profile consistent with

once-daily dosing

Agerso 30, healthy PKlPD , safety, tolerability PKlPD,AEs PK profile cons istent with once-dally dos ing;
(2OO2)u increased Incidence of dizziness andGI AEs

3-0 MG =3-ortho-methyl-glucose : A1C =hemog lob in AI. : AE =adverse event; BNP =brain natriuretic peptide; BP =blood pressure; BW =body
weight ; CV =cardiovascular ; DEXA =dual-energy X-ray absorptiometry; FFA =free fatty acid; FPG =fasting plasma glucose ; FSG =fasting serum
glucose ; FSIGT =insulin-modified frequently sampled Intravenous glucose tolerance test; GI =gastrointestinal; GSRS =Gasl rointestinal System Rat-
Ing Scale ; hsCRP =high sensitivity C-reactive protein; ISR =insulin secrel ion rate; PAI-l =plasminogen activato r inhibitor-1: PKlPD =pharmacokl-
neticJpharmacod ynamic : PPG =postprandial glucoso ; TG =triglycerides; TNF-u =tumor necrosis Iactor-u ,
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ed with liraglutide 1.2 mg plus glimepiride reached an
AIC less than 65%, with 21% reaching an AIC less than
65% with Iiraglutide 1.8 mg plus glimepiride. In contrast,
4% of those on glimepiride monotherapy and 10% of sub-
jects treated with rosiglitazone plus glimepiride reached an
AIC under 65% (p < 0 .0003).

LEAD -2 was a 26-week study with liraglutide in com-
bination with metformin in a randomized, double-blind
study including participants with type 2 diabetes and a
mean baseline AIC of 8.4%.51 Significant AIC reductions
were observed with all doses of Iiraglutide in combination
with metfonnin. Those receiving metformin monotherapy
experienced an AIC increase ofO.I%, with a decrease of
1.0% seen in those receiving glimepiride plus metformin
(p < 0.05% vs Iiraglutide plus metformin vs placebo plus
metformin). The percentage of patients reaching an AIC
less than 6.5% was 11.3% in the liraglutide 0.6 mg plus
metformin group, 19.8% in the liraglutide 1.2 mg plus
metformin group, and 24.6% in the liraglutide 1.8 mg plus
metformin group, compared with 4.2% of those treated
with placebo plus metformin and 22.2% of those treated
with glimepiride plus metformin. Weight loss was achieved
in all participantsreceiving liraglutide,compared with a 1.0-
kg weight gain observed in participants receiving glimepi-
ride. .

The LEAD -3 study enrolled patients with type 2 dia-
betes and a mean baseline AlC of 8.2%.58 This Phase 3 ,
double-blind, parallel-treatment study involved the head-
to-head comparison of monotherapy with liraglutide or
glimepiride. Any previous oral antidiabetic drugs (up to
half the maximal dose) were discontinued at randomiza-
tion prior to study drug initiation. At 52 weeks, significant
Al C reductions from baseline were seen with Iiraglutide
compared with glimepiride. Twenty-seven percent of pa-
tients on Iiraglutide 1.8 mg and 16% of patients on
glimepiride attained an AIC less than 6.5%. Fasting and
postprandial glucose levels were reduced in a dose-depen-
dent manner with liraglutide treatment. Weight loss with Ii-
raglutide was achieved within the first 16 weeks of the
study and was sustained for the duration of the trial. In
contrast, participants receiving glimepiride gained weight.
A 4-year LEAD -3 extension study is currently underway.

LEAD -4 was a placebo-controlled trial evaluating pa-
tients with type 2 diabetes and a mean baseIine A IC of
8.3%.59 LEAD -4 assessed the effect of adding liraglutide
to metformin plus rosiglitazone in patients not adequately
controlled on metformin or rosiglitazone alone. Liraglutide
addition resulted in a significant AIC reduction for both Ii-

. raglutide doses compared with placebo (p = 0 .0001). An
AIC less than 6.5% was achieved in 35% and 37% ofpa-

Tab le 2. Summary of tho LEAD Program

Troatm ont
Treat men t A1C Chang e BWChang e

Study Pta., N Background Intervenllon Period (wk) (%) (kg)

LEAD·l (Marre 1041 glimopiride 2-4 mgI lirnglutide 0.6 mglday 26 -0.6" +0.7"
2008)$1 day liraglutide 1.2 mglday - l .oau +0.311

liraglulide 1.S mglday - 1.13u -o.a-
rosiglilazone 4 mg/day -0.44" +2.1
placobo +0.23 -0.1

LEAD-2 (Nauck 1091 metlormln 1 9 twice liraglutlde 0.6 mglday 26 -0."- -1 .Sb

20(9)17 daily llraglutlde 1.2 mglday -l .OU -2.fi"oC
liraglullde 1.S mglday -1 .0U' -2.S....
gllmeplride 4 mglday - 1.0" +1.0
placebo +0.1 -1 .5

LEAD·3 (Garber 746 dieUexercise. 50% liraglutide 1.2 mglday 52 -0.84" - 2.11>
2OO8)N maximum dose 01 liraglutide I .S mglday - 1.1411 - 2.51>

OAD rnonotherapy glimepiride 8 mg/day -0.51 +1.1

LEAD-4 (Zinman 533 metlormln 1 9 twice Ilraglullde 1.2 mglday 26 -1 .48- -1.<1
2008)· daily, rosig lilaZone lir glutido 1.S mglday - 1.48- -2.0'

Smglday pi cebo -0.54 +0.6

LEAD-5 (Russell- 581 mellormin 1 9 twice liraglulide 1.S mglday 26 - 1.33u - 1.Su
Jone s 2008)10 daily. glimepiride insulin glargine - 1.09 +1.6

2-4 mglday placebo -0.24 -0.4

LEAO-6 (Blonde 464 metlormln. SU IIraglulide 1.S mglday 26 - 1.12'» -3.2
2008)" exenalide 10 I1g IWce dally -0.79 - 2.9

Ale .. hemog lobin Ale: BW .. body welghl : LEAD .. L1raglutide Ellects and Action in Diabetes: OAD .. oral antidiabetic drug : SU .. sulfonylurea.
ap s; 0.0001 versus placebo . -lip< 0.0001 versus compara tor.
eNoninlorior to active comparator.
dp ,,0.01 versus placebo .

"p .. 0.0014 versus comparator,
'p < 0.05 versus placebo.
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tients receivingIiraglutide 1.2and 1.8mg, respectively. Li-
raglutide 1.2and 1.8mg treatmentresultedin reductions in
fasting plasmaglucose (decreasedby 40 and 43 mg/dL, re-
spectively) and postprandial glucose levels (decreased by
49 and 47 mg/dL, respectively). Patientsreceivingplacebo
experienced an increase in body weight compared with
weight loss for both doses of liraglutide (p < 0.05 vs place-
bo arm for both doses).

LEAD -5 evaluated patients with type 2 diabetes and a
mean baseline AIC of 8.2%.60 This study compared li-
raglutide with insulin glargine as add-on therapy to met-
formin and glimepiride. Participants received liraglutide,
liraglutide placebo, or insulin glargine in addition to met-
formin and glimepiridc. The dose of insulin glargine was
individually titrated according to a patient-driven algo-
rithm, with an averagedose of 24 units per day achievedat
the end of the trial in the insulin glargine arm. A IC was
decreased with the addition of Iiraglutide, placebo, and in-
sulin glargine (p < 0.05 for liraglutide vs placebo and in-
sulin glargine). An AIC less than 6.5% was achieved in
37.1% of patients treated with Iiraglutide, 10.9%of those
treated with placebo, and 23.6% of patients in the insulin
glarginegroup.

LEAD -6 included patients inadequately treated with
metformin and/or a sulfonylurea with a mean baseline
AIC of 8.2%.61 This trial aimed to compare Iiraglutide
with exenatide as add-on therapy. A significant AIC re-
duction occurred with Iiraglutide. A target AIC less than
65% was achievedin 35% of those treatedwith liraglutide
versus 21% for patients receiving exenatide (p < 0.00(1).
Changes in body weight were similar in both groups, with
no significant differences in weight change between the
treatment groups.Table3 provides a comparisonof liraglu-
tideandexenatide basedon dataobtained inLEAD_6.61

EFFECTS ON BODYWEIGHT

Overall, Iiraglutide has demonstrated favorable effects
on body weight in Phase 3 clinical trials (Table2). In 5 of

the 6 LEAD studies(excludingLEAD-I), Iiraglutide treat-
ment resulted in statistically significant reductions in body
weight over 26 weeks of therapy (weight decreased by
1.0-3.2 kg depending on study and dose used)57,59.61 and
5.2 weeks of therapy (weight decreased by 2.1-25 kg de-
pending on dose used) versus the comparators ." In the
LEAD -I study, addition of Iiraglutide to background
glimepiride did not demonstratedecreases in body weight
compared with placebo (weight loss ranging from -0.2 to
+0.7 kg dependingon dose used),"

EFFECTS ONjl-CELLFUNCTlON

Beneficial effects of liraglutide on ~-cell function have
been observed in animal models. In one study,Zucker dia-
betic fatty rats were injectedsubcutaneously with either Ii-
raglutide 150Jlglkg or vehicle twice daily for 6 weeks, at
which time j3-ceU masswassignificantly improved in liraglu-
tide-treated animals whencompared withcontrols."Another
study in diabetic (db/db)micedemonstrated improvements
in bloodglucoselevels and improved j3-ce1l massand prolif-
eration with Iiraglutide treatment for 2 weeks when com-
pared with vehiclecontrols." An in vitrostudy utilizing hu-
man islets isolatedfrom organ donorsdemonstrated inhibi-
tion of ~ -cell death by regulationof apoptosis-related gene
expression whencultured withllraglutide,"

In additionto animal and in vitrostudies,clinicalstudies
with Iiraglutide have demonstrated beneficial effects on
restoring j3-cell sensitivity to glucose. Chang et al.S2 uti-
lized a graded glucose protocol to assess the effects of a
single Iiraglutide dose of75 Jlglkg on insulinsecretion. In-
sulin secretionincreasedwith elevation in blood glucose in
all groups; however, liraglutide treatment resulted in a
more pronounced insulin response, which was similar to
that observed in healthy control subjects. Additionalclini-
cal studies have shown sustained ~-cell sensitivity to glu-
cose over 12 weeks of therapy" and improvements in glu-
cose-induced insulin secretion, j3-cell sensitivity,and sup-
pression of 24-hour glucagon secretion following I week
of continuous therapywith liraglutide."

theannals.com

EFFECTS ONTHECARDIOVASCULAR SYSTEM
Table3. Comparison of Uraglutide and Exenatide'l.a

L1raglullde Exonallde
Parametor Dall y TwlcoDally

Effects on glycemic parameters
A1C ( 0) - 1.12b -{).79

FPG reduction (mgldL) 29b 11

achievement 01Al C <7% (%) 54c 43

Chango In body wolght (kg) -3.2 - 2.9

Al e =homoglobin A lc: FPG =lasllng plasma glucose.
"26-wook data.
bp < 0.0001 versus exonatdo .
cp =0.0015 versus exonatdo .

Statisticallysignificantdecreases in systolic blood pres-
sure, ranging from 2 to 7.9 mm Hg, have been observed in
participants receiving liraglutide in clinical trials.41,57,58 The
mechanism resulting in the observed reduction in systolic
blood pressure is unknown, but appears to be unrelated to
concomitant weight loss." While the significance of the
finding is unknown, small increases in pulse rates (2-3
beats/min) have been witnessed with Iiraglutide treat-
ment,$7·59

Both in vitroand in vivo data suggest that Iiraglutide ex-
erts effectson markersof endothelialcell dysfunction.One
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study performed in a human vascular endothelial cell line
demonstrated inhibition of tumor necrosis factor-a- or
glucose-mediated induction of plasminogen activator in-
hibitor type-l (PAl-I) and vascular adhesion molecule ex-
pression/" Additionally, data stemming from clinical data
show significant decreases in PAl-l and B-type natriuretic
peptide (BNP) in patients with type 2 diabetes." While
these biomarkers are associated with cardiovascular risk,
large prospective trials are needed to assess whether these
observed outcomes translate to clinical benefit.

Clinical Trial Limitations

Overall, liraglutide has been studied in numerous clini-
cal trials, with the LEAD program providing high-quality
efficacy and safety data to support clinical decision mak-
ing. At the present, however, LEAD -2 and LEAD -3 find-
ings have been published in peer-reviewed clinical jour-
nals, with findings from the remaining LEAD studies
available only in abstract format, thus, limiting the ability
of authors, peer reviewers, and clinicians to fully assess all
study parameters and outcomes. Participants enrolled with-
in the 6 Phase 3 LEAD studies ranged in age from 18 to 80
years (mean age ranging from 53 to 58 y) with an average
baseline AIC of 82-8.4%. While the inclusion criteria for
the LEAD program allowed for a wide range of ages and
AlC values at baseline, participants enrolled within these
studies were relatively healthy. It is unknown how elderly
frail patients with multiple comorbidities and concomitant
medication or patients with more modest or more pro-
nounced AIC values will respond to liraglutide therapy in
terms of both therapeutic benefit and tolerability. Addition-
al study is also warranted regarding the effects and clinical
importance, if any, of liraglutide on reductions in systolic
blood pressure and other cardiac-related parameters.

.Adverse Events

GASTROINTESTINAL

The most frequent adverse events associated with GLP-
1 agonist therapy involve the gastrointestinal (GI) system,
with nausea, vomiting, and diarrhea being the most com-
monly reported events. GI adverse effects are dose-depen-
dent, with GI tolerability improved by gradual stepwise
dose escalation. GI events in Phase 3 clinical trials were
generally transient, with low attrition rates attributed to
these effects. The transient nature of GI events was
demonstrated in LEAD-2, with less than 10% ofpartici-
pants reporting symptoms of nausea on a weekly basis be-
yond the initial 4 weeks of therapy!' Additionally, in
LEAD - 4, the incidence of nausea in the liraglutide arm
was similar to that observed with placebo by week 16 of
the study," Overall, the incidence of diarrhea with liraglu-
tide was 15-18% compared with less than 10% reported in

comparator groupS.57.s8 In LEAD-2, the incidence of vorn-
iting with liraglutide was 10% versus 4% in the glimepi-
ride arm," Withdrawal of participants due to GI events (in-
cluding nausea, vomiting, and diarrhea) with liraglutide
was 5% and 2-4% in LEAD-2 and LEAD-3, respective-
ly.57.s8

A substudy was performed by Horowitz et al." to quan-
tify the duration and intensity of Gl-related adverse events
during 14 weeks of therapy with liraglutide. Duration and
intensity of GI-related events was determined by self-re-
port with a validated tool known as the Gastrointestinal
System Rating Scale. Findings indicated an increased
overall incidence of Gl-related symptoms with liraglutide
treatment, with symptoms more prominent during the first
2 weeks of therapy that tended to improve over time. Rat-
ings of indigestion and constipation were significantly
greater for participants receiving liraglutide 1.25 mg/day
compared with placebo, with a dose-related effect of li-
raglutide on the incidence of reflux symptoms during ther-
apy. No significant differences between liraglutide and
placebo were identified in terms of rate or severity of diar-
rhea or abdominal pain.

HYPOGLYCEMIC EVENTS

The overall risk of hypoglycemia with incretin mimetic
therapy is low due to the glucose-dependent mechanism of
insulin release induced by these agents. Experimentally,
GLP-l has demonstrated a small risk of hypoglycemia in
both the fasting and fed state.22,23,68 Consistent with these
findings, monotherapy with liraglutide in LEAD -3 result-
ed in no major hypoglycemic events, with the incidence of
minor hypoglycemic events being less than 0.5 events per
patient year for liraglutide versus 2.0 events per patient
year with glimepiride.s-" Likewise, hypoglycemic events
were rarely observed in early clinical trials with liraglu-
tide.44,47,49,51 Given the inhibitory effects of liraglutide on
glucagon secretion, there exists a theoretical concern re-
garding a potential blunting of the counterregulatory re-
sponses to hypoglycemia. Data suggest, however, that the
counterregulatory response to hypoglycemia is not im-
paired with liraglutide treatment. Liraglutide-induced sup-
pression of glucagon secretion is glucose-dependent, with
no impairment of hypoglycemia-induced glucagon secre-
tion observed experimentally,"

When examining rates of hypoglycemia during the
LEAD program, lower rates of hypoglycemia occurred
with liraglutide when compared with subjects treated with
glimepiride and exenatide.S7.s8 ,61 As is the case with exe-
natide, liraglutide use in combination' with sulfonylurea
therapy appears to place patients at an increased risk ofhy-
poglycemia when compared with use ofeither agent alone.
In LEAD -1, one participant receiving liraglutide and
glimepiride combination therapy experienced a major hy-
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poglycemic event," Likewise, in LEAD-5,2.2%of partic-
ipants in the liraglutide arm experienced a major hypo-
glycemic event compared with no events in either the
placebo or insulin glargine arrn/"

ANTIBODY FORMATION

The incidenceof anti-liraglutide antibodyformation is
reported to be lowand has not been correlated with lossof
drug activity or efficacy," Liraglutide antibodies were
identified in 9.3-12.7% of liraglutide-treated subjects in
LEAD-I ,56 with9.8% of participants in LEAD-5 demon-
stratingantibody formation after 26 weeksof therapy." It
is theorizedthat the tendency towardanti-liraglutide anti-
bodyformation is lowdue to the highdegree of homology
between liraglutide andhuman GLP-I.6S

PANCREATITIS

Concerns regarding safety with the incretin mimetics
arose in 2007 when the FDA issued a warning regarding
pancreatitis in patients receiving exenatide, thus requiring
information about the risk of pancreatitis in the exenatide
product label within the US.69 A total of 89 cases of pan-
creatitis in patients receiving exenatide were reported to
the FDA as of September 2007, with 6 cases of hemor-
rhagicor necrotizing pancreatitis and 6 cases of death re-
ported in August2008.'0 Giventhe concern of pancreatitis
with incretin mimetic therapy, pancreatitis has been moni-
tored in clinical trials with liraglutide. In the LEAD-2
study, I subject in the liraglutide 1.2-mg/day group and 1
subject in the glimepiride group withdrew from the study
due to acute pancreatitis. Both subjectswere hospitalized
and fully recovered," In the LEAD-3 study,2 of the 498
participants receiving liraglutide experienced pancreatitis,
1 each in the 1.2- and 1.8-mg/day groups, respectively.
Both participants experienceda full recovery, with 1dis-
continuing the study," No cases of pancreatitis were re-
ported during the LEAD-4 study," Given postmarketing
experience withexenatide in termsof pancreatitis, diligent
surveillance willbe important in assessing the incidence of
this adverse eventwhenliraglutide is usedwithin a hetero-
geneous population.

Drug Interactions

Limited drug interaction dataexist for liraglutide. Upon
examination of the effects of liraglutide on human liver
microsomes, little to no inhibition of cytochrome P450en-
zymes was noted,thus indicating that the risk for interac-
tions associated with these enzymes is 10w.Z8 While in-
cretin mimetics are associated with minimal risk of hypo-
glycemia when used as monotherapy, combination therapy
withexenatide and sulfonylurea agents hasbeenassociated

with an increased risk of hypoglycemia." Data from the
LEAD-5 studydemonstrate an increased incidence of both
minorand majorhypoglycemic episodes when liraglutide
is added to metformin and glimepiride when compared
with the addition of placebo/Ill It is likely prudent to moni-
tor for signs and symptoms of hypoglycemia when using
liraglutidein combination with other medications for the
treatment of diabetes. Additionally, due to the effects of li-
raglutide on gastricemptying,its use may reduce the rate
or extentof absorption of orally administered medications.
Similar to exenatide, caution should be usedwhenusing li-
raglutide in combination withoral drugsthat require rapid
absorption and a minimum threshold concentration for ef-
ficacy, such as withcertainantibiotics and oral contracep-
tives,"

Therapeutic Considerations

The pharmacokinetic profileof liraglutide is amenable
to once-daily dosing, thus creating a potentialadvantage
whencompared withexenatide, whichrequires twice-dai-
ly subcutaneous administration. Ease of useand maintain-
ing drug regimen simplicity are importantconsiderations
clinically, particularly in patients receiving multiple medi-
cationsfor the treatment of type2 diabetes and associated
comorbidities. Patients oftenpresent with resistance to the
initiation of an injectable agent;however, the potential for
weightloss with the GLP-l agonists is oftena motivation
for patients to consider therapy. Dose-dependentnausea,
vomiting,and diarrheaoften limit the utilityof exenatide
in practice, particularly whenthe dosageis titrated upward
too quickly. The low attrition rates seen with liraglutide
treatment in the LEADprogram are encouraging, yet clini-
cal trialparticipants are oftenvery motivated and adherent
to therapy. Clinical experience withliraglutide over timein
the ambulatory setting will determine the impactof GI ad-
verse events on acceptanceof therapyand long-term ad-
herence.Additional data are likewisenecessary to assess
the impact of liraglutide therapy on cardiovascular markers
such as PAI-l and BNP.While early data indicatethat li-
raglutide maydecrease thesemarkers, the clinical implica-
tions, either positive or detrimental,of these findingsare
unknown.

Per the recent consensus algorithm released by the
American Diabetes Association and the European Associ-
ation for the Studyof Diabetes,GLP-l analogsare listed
for consideration as tier 2 drugs, or "less well-validated
therapy,"for the treatmentof type 2 diabetes." The con-
sensusguideline recommends consideration of GLP-l ag-
onist therapy in selected clinical situations. Of course,
GLP-l agonisttherapy is not indicated for all patients and
shouldbe used withcaution in those witha history of sig-
nificant GI disease, such as gastroparesis, due to a possible
exacerbation of suchconditions withincretin mimetic ther-
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apy.One situation in which GLP-1 agonist therapycould
be considered is in instances where hypoglycemia is
particularly undesirable, such as an elderly patient living
alone without theaidof a caregiver. Additionally, GLP-1 ag-
onist therapy could be considered if weightloss is a major
consideration and the patient's A1C level is close to target
(<8.0%).71 Because postprandial hyperglycemia affects AlC
to a greaterdegreethan fasting hyperglycemia the closera
patient is toAIC goal,GLP-1 agonists provide a viable treat-
mentoption to targetpostprandial glycemic excursions due
to theirglucose-dependent effects on insulin secretion.

Dosage andAdministration

Liraglutide is an isotonic solution administered via sub-
cutaneous injection," In clinicalstudies,fixeddoses of Ii-
raglutide ranging from0.045to 2 mg oncedailyhavebeen
used.47,73 DuringPhase3 trials withinthe LEADprogram,
doses of liraglutide used included 0.6, 1.2,and 1.8mg/day
(Table 1). Based on efficacy and tolerability findings in
LEAD-2, investigators recommend a stepwise dose titra-
tion from0.6 mg/day up to 1.2mg/dayand then up to 1.8
mg/daybasedon clinical response and tolerability." The
EMA recently granted approval for the useof liraglutide at
a starting dose of 0.6 mg/day with a dose titration to 1.2
mg/day afterat least 1 weekof therapy, if tolerated. A sec-
ond titrationto 1.8mg/day 1 week thereafterin some pa-
tients is recommended if neededfor optimalglucosecon-
trol.Actual dosing recommendations for the US andJapan
are pending the approval of liraglutide in thesecountries.

Summary

Clinical trialdata from large,controlled studiesdemon-
strate the effectiveness of Iiraglutide in terms of A1C re-
duction,beneficial effectson body weight,and a low risk
for hypoglycemic events when used as monotherapy.
Overall, Iiraglutide is well tolerated, with dose-dependent
nausea,vomiting, and diarrheabeing the most commonly
reported adverse events in clinical trials. On April2, 2009,
the FDA revieweddata relatedto the approval of Iiraglu-
tide. Evidence that indicated that thyroidtumorsoccurred
in earlystudies of liraglutide in murine andrat models was
presented.The manufacturerbelieves that this finding is
not of concern in humans and hasexpressed determination
to proceed with seeking approval of Iiraglutide. Clinical
trial data in humans indicate that Iiraglutidemay have a
role in the treatment of patients with type 2 diabetes as
monotherapy early in the disease process as well as in
combination with metformin, glimepiride,and rosiglita-
zone in patients inadequately controlled on oral antidiabet-
ic drugs. Comparativedata with exenatide indicatea po-
tential therapeutic advantage for Iiraglutide in terms of
ease of use (once-daily administration), with similar im-

provements in AIC and body weight whencompared with
exenatide. Whether these modestclinical advantages over
exenatide are clinically significant in practice is unknown.
Whilepromising dataexistregarding theeffects of liraglu-
tide on 13-cell mass and neogenesis, the clinical implica-
tions of thesefindings remain to be substantiated.
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Liraglutida: Un Mimetico de Incretina de Uso Diario para eI
Tratamiento de Diabetes Mellitus Tipo2

JJ Neumiller y RK Campbell

Ann Pharmacother 2009;43:1433-44.

EXTRAcro

ODJETIvo: Revisar la farmacologfa,farmacocinetica, eficacia,y seguridad
de liraglutida, un analogo del peptide similara glucag6n(GLP-I) para usa
en el tratamiento de pacientes con diabetes mellitus tipo 2.

nJt:NTES IJE IJATOS: Se lIev6 a cabo una busqueda en la literaturaen el
idioma Ingles a travesdel sistema MEDLINE (1966-mayo 2009)
utilizando los terminos peptide I similara glucag6n,rnimetico de incretina,
NN2211, y liraglutida.Los resumenes de trabajos presentados en las
reuniones anuales de 2006, 2007, Y2008 de la Asociaci6n Americana de
Diabetes y la Asociaci6n Europea para el Estudio de Diabetes tarnbien
se revisaron para obtener infonnaci6n relevante.

SEI.ECCI6N DE FSTUIJIOS Y EXTRACCI6N DE INFORMACI6N: Los artfculosen
el idioma inglesrelacionados con la farmacologfa, farmacocinetica,
eficacia, y seguridad de Iiraglutidafueron estudiados.

SINTESlS DE I.OS DATOS: Liraglutida es un analogo de GlP-I cuyas
propiedades farmacocineticas permiten que se adminislre una vez al dfa,
Los datos obtenidos de los estudios grandes y controlados demuestran
que Iiraglutidaes un medicamento efectivo en terminos de reducci6n de
AleYpeso,Yque tieneun riesgohajode eventoshipoglueemicos cuandose
usa como monoterapia. La infonnaci6n disponible tambien apoya al
beneficio de Iiraglutidaen la respuesta de las celulas,a glucosa. Los
datos de estudios in vitro y en animales sugieren efectos beneficiosos en
la masa de celulas, y en el proceso de neogenesis. Liraglutida se ha
estudiado en monoterapia y en combinaci6n con metformin, glimepirida
y rosiglitazonaparael tratamiento de diabetes tipo 2. Ademas, en los
estudios de fase 3, seestacomparando con insulina glargina y exenatida.
Los datos disponibles de estos estudios puedenayudar aIproveedor de
salud a tomar mejores decisiones clfnicas,

CONCWSION!lS: Laadministraci6n una vez al dfade liraglutida puede
proveeruna ventajaterapeutica sobreel usade exenatida2 veces aIdia, ya
que cuando secomparan ambos medicamentos, liraglutideresulta en
mejoras similares en los parametros de AleYpeso.EI mecanismo de
estimular la secreci6n de insulinadependiente de glucosa que tienen los
agonistas de GLP-l provee una altemativa clfnicasignifieativa parael
manejode los aumentospostprandiales de glucosa,sin aumentarel riesgo
de hipoglucemia. Liraglutida es un medicamento que se tolera bien y los
efectos adversos mas comunes infonnados en los estudios son nausea-
dependiente de la dosis, v6mitos, y diarrea.

Traducido porMirzaMartfnez

Liraglutide: Un Analogue de l'Incretine s' Administrant une Fois par
Jour Pour Ie Traitement du Diabetesucre de Type2

JJ Neumiller erRK Campbell

AllnPharmacother 2009;43: 1433-44.

REsUME

OBjt:cnF: Revoir la pharmacologie,la pharmacocinetique.I'efficacite et
l'innocuitedu Iiraglutide, un anaIoguedu peptide ~ effetglucagon I (GLP-
I) pour Ie traitement du diabete sucre de type 2.

PROVt;NANCE DES DONNtES: Une recherche de la banque de donnees infor-
rnatisees MEDLINE a ereeffectuee(1966-mai 2009)afind'identifier les
publications pertinentes de langueanglaise.Lesmots cles utilisesincluaient:
peptide 11 effetglucagon I, analoguede I'incretine,NN22II, et liraglutide.
Les resumes des communications presentees aux reunions annuclles des
annees 2006,2007, et 2008 de I'Association Americaine du Diabete et
de I'Association Europeenne pour l'Etude du Diabete furent aussi revus
afin d'identifier les communications qui auraient pu eire pertinentes.

SELt:cTION DES DONNEES: Seules les publications de langue anglaisc sur la
pharmacologie,la pharmacocinetique.I'efficacite, et l'Innocuite du
Iiraglutideont etc retenues.
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REsUME: Le Iiraglutide est un analoguedu GLP-I avecdes proprietes
pharmacocinetiques permettant uneadministration quotidienne. L'effet
clinique du liraglutide a eteetudiede facon extensive aucoursde plusieurs
etudescliniques portantsur plusde 4000 patients souffrant de diabete
sucrede type2. Dansces etudes, Ie Iiraglutide etait administre soit en
monotherapie, soiten combinaison avec la metformine, Ieglimepiridc
ou Ie rosigliatozone et compareadifferentes monotherapies ou combi-
naisons. Toutes cesetudes dernontrent qu'unc rnonotherapie de liraglutide
estefficace pourreduire I'HbA(.,)et la masse corporclle touten presentant
unefaible incidence d'evenements hypoglycemiques, Deplus,lesdonnees
animales et les donneesin vitrodemontrentque Ie Iiraglutide a un effet
benefique surla reponse descellules , auglucose, sur lamassedecellules,
et sur leurneogenese. Leseffets secondaires Iesplusfrequemment
rapportes touchentIesystemedigestif(nausees, vornissements,
diarrhees) et sontreliesafadose administree,

CONCLUSIONS: Plusieurs etudesont ete effectuees avec Ie Iiraglutide, pro-
curantainsi aux praticiens une bonnebased'informationsur laquelle
fonder leursdecisions. L'administration quotidienne de Iiraglutide produit
desameliorations de I'HbA(.,)et de lamassecorporclle similaircs aune
administration 2 foispar jour d'exenatide,La secretion d'insuline induite
parIeglucose, ciblee parlesagonistes GLP-I, pourrait etrc particulierement
importante danslagestion desepisodes hyperglycemiques postprandiaux
avecun risque minime d'hypoglycemie, Engeneral, IeIiraglutide est bien
tolere, Des nausees, des vomissements et de ladiarrhee (reliesa la dose)
sont les effetssecondaires les plus communernent rapportes dans les
etudescliniques.

Traduit par Suzanne Laplante
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