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Lixisenatide: A New Glucagon-Like Peptide-1 Agonist
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During 2010, 8.3% of the United States populations were living
with diabetes [1]. Over 80% of those diagnosed with diabetes are
classified as being overweight [2]. Excessive weight increases the extent
of insulin resistance, thus, in overweight individuals; weight loss should
be a priority therapeutic target in the management of diabetes [3].

Currently available agents that are considered weight neutral or
have the propensity to induce weight loss include biguanides, alpha-
glucosidase inhibitors, Dipeptidyl-Peptidase IV (DPPIV) inhibitors,
glucagon-like peptide 1 (GLP-1) receptor agonists, amylin analogs,
and sodium-glucose cotransporter-2 inhibitors. Among these agents,
metformin, GLP-1 agonists, amylin analogs, and SGLT-2 inhibitors
are the most potent at inducing weight loss with metformin, exenatide,
liraglutide, exenatide once weekly, pramlintide, and canagliflozin
reducing body weight by 1.9 kg, 3.1 kg, 2.4 kg, 2.0 kg, 2.7 kg, and 3.4 kg,
respectively [4-12].

Substantial development of GLP-1 agonists have revolved around
extending the duration of action via peptide modifications through
N-terminal amino acid substitutions, incorporation of microspheres
to prolong drug release, and covalent and non-covalent binding to
proteins and large molecules [13]. Currently, albiglutide, lixisenatide,
and dulaglutide are among the GLP-1 agonists farthest along the
pipeline in phase 3 trials, with lixisenatide leading in published phase
3 clinical trial data.

Lixisenatide, similar to exenatide, is a GLP-1 agonist based on
exendin-4, which was isolated from the salivary glands of the Gila
monster [13,14]. It carries seven amino acid substitutions at its
N-terminal to protect against degradation by DPPIV prolonging
its half-life to 3-4 hours. Although the relatively short half-life of
lixisenatide calls for multiple daily dosing, the 0.6% difference in
hemoglobin A1C reduction between once daily and twice daily dosing
suggests it may be administered once daily [13].

Currently, the use of lixisenatide has been evaluated in multiple
phase 3 clinical trials [15-23]. The earliest trial, Get Goal-Mono, was
a 12-week, randomized, double-blind, placebo-controlled study
evaluating lixisenatide as monotherapy in a one- (10 ug daily for 2
weeks and then 20 pg daily) and two-step (10 ng daily for 1 week, 15
pg daily for 1 week, and then 20 ng daily) dose titration with matching
placebo. A total of 361 type 2 diabetic patients who were treatment
naive were enrolled in the trial and the results indicate study patients
significantly reduced their hemoglobin AI1C by 0.66% and 0.54%
compared to placebo in the one- and two-step groups, respectively. In
addition, patients experienced a 2 kg weight loss regardless of treatment
and Gastrointestinal (GI) side effects were the most common adverse
events occurring in 32% of the treatment group. Rates of hypoglycemia
were low in both treatment and placebo groups (1.7% versus 1.6%)
[15].

In a similar trial evaluating 484 patients already on metformin in
a 24-week analysis (Get Goal-F1), the data revealed nearly identical
results as Get Goal-Mono with a 0.5% and 0.4% statistically significant
reduction in hemoglobin A1C when compared to placebo. In this trial
with patients already on metformin, weight reductions were limited to
1.0 and 1.1kg compared to placebo in the one- and two-step titration
groups, respectively. The most common side effects were GI related

(nausea and vomiting) and occurred in 41.6% in the one-step titration
group and 47.2% in the two-step titration group. Similar to the Get
Goal-Mono trial, rates of hypoglycemia were low at 2.2% and 0.6% in
the treatment and placebo groups, respectively [16].

Its head to head trial against exenatide (Get Goal-X) in 639 patients
with type 2 diabetes on metformin was conducted in a 24-week,
randomized, open-labeled design. The results revealed a non-inferior
hemoglobin A1C reduction of 0.79% and 0.96% for lixisenatide and
exenatide, respectively. The weight loss associated with exenatide was
3.98 kg compared to 2.96 kg for lixisenatide and GI side effects were
also the most common adverse events in this trial with slightly more
nausea in the exenatide group (35.1%) compared to the lixisenatide
group (24.5%).Symptomatic hypoglycemia occurred in significantly
less patients in the lixisenatide group (2.5% versus 7.9%) [17].

Two 24-week, randomized, double-blind, placebo-controlled trials
evaluated the hemoglobin A1C lowering effect of lixisenatide with a
background consisting of a sulfonylurea (Get Goal-S) or pioglitazone
(Get Goal-P), both of which allowed metformin to be part of the study
regimen [18,19]. The Get Goal-S trial randomized 859 patients to
lixisenatide or placebo in a 2:1 ratio, which resulted in a statistically
significant hemoglobin A1C reduction in the lixisenatide group
(0.85% versus 0.1%, p<0.0001).There was a statistically significant
weight reduction of 1.76 kg in favor of lixisenatide, which is expected
with GLP-1 agonists; however, patients in the placebo group who
were on a sulfonylurea also lost weight at a rate of 0.93 kg over 24
weeks. The most common adverse events for lixisenatide and placebo
included nausea (25.3% versus 7.0%) and vomiting (8.7% versus
3.5%). Symptomatic hypoglycemia occurred in 15.5% and 12.3% of
participants in the lixisenatide and placebo groups, respectively [18].
Rates of hypoglycemia were not statistically significant [18] and the
greater rates documented in this trial may be due to the background
therapy consisting of a sulfonylurea. The Get Goal-P trial was almost
half the size of Get Goal-S with 484 patients randomized to lixisenatide
or placebo in a 2:1 ratio. Their findings revealed a statistically significant
hemoglobin A1C reduction of 0.9% in the lixisenatide group compared
to 0.34% in the placebo group, which were similar to the data presented
in the Get Goal-S trial. In contrast to the Get Goal-S study, participants
in the treatment group lost only 0.2 kg over 24 weeks and participants
in the placebo group gained 0.2 kg. The authors suggested pioglitazone
was likely responsible for the less robust weight loss in the treatment
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group. Consistent with the trials summarized above, GI side effects
remain a large contributor of adverse events with 36.5% versus 28.6% in
the lixisenatide and placebo groups, respectively. Rates of symptomatic
hypoglycemia were limited, compared to the Get Goal-S trial, at 3.4%
in the lixisenatide group and 1.2% in the placebo group.

A total of three randomized, double-blind, placebo-controlled
trials, Get Goal-L [20], Get Goal-L-Asia [21], and Get Goal-Duo-1 [22],
studied the use of lixisenatide in the setting of background basal insulin
therapy with or without oral agents over the course of 24 weeks [20-
22]. The Get Goal-L study randomized 496 participants in a 2:1 ratio
to lixisenatide or placebo with or without the addition of metformin to
the background of basal insulin therapy. Hemoglobin A1C reductions
were greater in the lixisenatide group compared to placebo (0.7%
versus 0.4%, p=0.0002).A statistically significant weight reduction of
1.8kg in the treatment group compared to the 0.5kg in the placebo
group was observed and the most common adverse reactions reported
with lixisenatide include nausea and vomiting. Rates of symptomatic
hypoglycemic episodes in this trial reached 26.5% with lixisenatide and
21.0% with placebo [20]. In the Get Goal-L-Asia trial, 311 participants
recruited from four countries in Asia were randomized to lixisenatide
or placebo in a 1:1 ratio. All participants were on a background therapy
of basal insulin with or without a sulfonyl urea.

The findings revealed a significant hemoglobin A1C reduction of
0.77% in the lixisenatide group compared to a 0.11% hemoglobin A1C
elevation in the placebo group (p<0.0001). A small weight reduction
of 0.38 kg and a negligible weight gain of 0.06 kg were observed in the
lixisenatide and placebo group, respectively; however, when compared
between treatment groups, no statistically significant difference was
detected. The most common adverse events for lixisenatide were GI
in nature and consisted mainly of nausea and vomiting. Symptomatic
hypoglycemia topped all the other Get Goal trials at 42.9% for
lixisenatide and 23.6% for placebo. According to the authors, the
incidence of hypoglycemia was greater when participants were on
lixisenatide, insulin, and a sulfonylurea compared tolixisenatide and
insulin alone, which approached rates similar to the placebo group
[21].The Get Goal-Duo-1 trial evaluated 446 participants randomized
to lixisenatide or placebo with a background therapy of insulin
glargine and metformin with or without a sulfonylurea, glinide, or
thiazolidinedione. A statistically significant difference in hemoglobin
A1C was observed in the lixisenatide group compared to placebo
(0.7% versus 0.4%, p<0.0001).Increases in weight were documented
in both the lixisenatide and placebo groups (0.3 kg versus 1.2kg),
however the difference remained statistically significant (P= 0.0012).
The adverse events were dominated by GI side effects and symptomatic
hypoglycemia occurred in 20.2% of the lixisenatide group and 11.7% of
the placebo group [22].

Get Goal-M was a 24-week, double-blind and placebo-controlled
trial that randomized 680 patients on metformin to either morning
or evening injections of lixisenatide with matching placebo in a
3:1ratio (lixisenatide: placebo).The findings revealed a nearly identical
hemoglobin A1C reduction of 0.9% for the morning injection compared
to a 0.8% reduction for the evening injection. Weight reductions also
remained identical with a 2kg reduction in both active treatment
groups. Nausea and vomiting were the most frequent side effects in
the lixisenatide arm. More symptomatic hypoglycemic events were
observed in the evening injection group (5.1%) when compared to the
morning injection group (2.4%) and hypoglycemia generally occurred
within hours of dose administration. Although the evening lixisenatide
injections displayed a numerically greater number of hypoglycemic
episodes, the absolute rates of hypoglycemia were low [23].

It is clear that lixisenatide has been extensively studied in multiple
phase-3 clinical trials simulating patients with diabetes regimens that
we treat in our clinical practices. In addition, Sanofi has initiated their
ongoing cardiovascular study named ELIXA and has already collected
early interim results [24]. Unfortunately, as of September 2013, Sanofi
has withdrawn its New Drug Application for lixisenatide with concerns
that public disclosure of their interim cardiovascular data could
jeopardize the integrity of the ELIXA trial. Sanofi plans on resubmitting
their application to the U.S. Food and Drug Administration after the
disclosure of the full results following the completion of the ELIXA
study [25].

References

1. (2011) National diabetes fact sheet: national estimates and general information
on diabetes and prediabetes in the United States. Centers for Disease Control
and Prevention. Department of Health and Human Services, Atlanta, GA, USA.

2. (2011) Age-adjusted percentage of adults aged 18 years or older with diagnosed
diabetes who were overweight, United States, 1994-2010. Centers for Disease
Control and Prevention. Department of Health and Human Services, Atlanta,
GA, USA.

3. American Diabetes Association (2013) Standards of medical care in
diabetes--2013. Diabetes Care 36 Suppl 1: S11-66.

4. Diabetes Prevention Program Research Group (2012) Long-term safety,
tolerability, and weight loss associated with metformin in the Diabetes
Prevention Program Outcomes Study. Diabetes Care 35: 731-737.

5. Wolever TM, Chiasson JL, Josse RG, Hunt JA, Palmason C, et al. (1997) Small
weight loss on long-term acarbose therapy with no change in dietary pattern or
nutrient intake of individuals with non-insulin-dependent diabetes. Int J Obes
Relat Metab Disord 21: 756-763.

6. Aschner P, Katzeff HL, Guo H, Sunga S, Williams-Herman D, et al. (2010)
Efficacy and safety of monotherapy of sitagliptin compared with metformin in
patients with type 2 diabetes. Diabetes Obes Metab 12: 252-261.

7. Rosenstock J, Sankoh S, List JF (2008) Glucose-lowering activity of the
dipeptidyl peptidase-4 inhibitor saxagliptin in drug-naive patients with type 2
diabetes. Diabetes Obes Metab 10: 376-386.

8. Moretto TJ, Milton DR, Ridge TD, Macconell LA, Okerson T, et al. (2008)
Efficacy and tolerability of exenatide monotherapy over 24 weeks in antidiabetic
drug-naive patients with type 2 diabetes: a randomized, double-blind, placebo-
controlled, parallel-group study. Clin Ther 30: 1448-1460.

9. Garber A, Henry R, Ratner R, Garcia-Hernandez PA, Rodriguez-Pattzi H, et al.
(2009) Liraglutide versus glimepiride monotherapy for type 2 diabetes (LEAD-3
Mono): a randomised, 52-week, phase I, double-blind, parallel-treatment trial.
Lancet 373: 473-481.

10. Russell-Jones D, Cuddihy RM, Hanefeld M, Kumar A, Gonzélez JG, et al.
(2012) Efficacy and safety of exenatide once weekly versus metformin,
pioglitazone, and sitagliptin used as monotherapy in drug-naive patients with
type 2 diabetes (DURATION-4): a 26-week double-blind study. Diabetes Care
35: 252-258.

11. Aronne L, Fujioka K, Aroda V, Chen K, Halseth A, et al. (2007) Progressive
reduction in body weight after treatment with the amylin analog pramlintide in
obese subjects: a phase 2, randomized, placebo-controlled, dose-escalation
study. J Clin Endocrinol Metab 92: 2977-2983.

12. Stenlof K, Cefalu WT, Kim KA, Alba M, Usiskin K, et al. (2013) Efficacy and
safety of canagliflozin monotherapy in subjects with type 2 diabetes mellitus
inadequately controlled with diet and exercise. Diabetes Obes Metab 15: 372-
382.

13. Meier JJ (2012) GLP-1 receptor agonists for individualized treatment of type 2
diabetes mellitus. Nat Rev Endocrinol 8: 728-742.

14. Pinget M, Goldenberg R, Niemoeller E, Muehlen-Bartmer |, Guo H, et al. (2013)
Efficacy and safety of lixisenatide once daily versus placebo in type 2 diabetes
insufficiently controlled on pioglitazone (GetGoal-P). Diabetes Obes Metab 15:
1000-1007.

15. Fonseca VA, Alvarado-Ruiz R, Raccah D, Boka G, Miossec P, et al. (2012)
Efficacy and safety of the once-daily GLP-1 receptor agonist lixisenatide in
monotherapy: a randomized, double-blind, placebo-controlled trial in patients
with type 2 diabetes (GetGoal-Mono). Diabetes Care 35: 1225-1231.

J Develop Drugs
ISSN: 2329-6631 JDD an open access journal

Volume 3 + Issue 1+ 1000e134


http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2011.pdf
http://www.cdc.gov/diabetes/statistics/comp/fig7_overweight.htm
http://www.ncbi.nlm.nih.gov/pubmed/23264422
http://www.ncbi.nlm.nih.gov/pubmed/22442396
http://www.ncbi.nlm.nih.gov/pubmed/9376887
http://www.ncbi.nlm.nih.gov/pubmed/20070351
http://www.ncbi.nlm.nih.gov/pubmed/18355324
http://www.ncbi.nlm.nih.gov/pubmed/18803987
http://www.ncbi.nlm.nih.gov/pubmed/18819705
http://www.ncbi.nlm.nih.gov/pubmed/22210563
http://www.ncbi.nlm.nih.gov/pubmed/17504894
http://www.ncbi.nlm.nih.gov/pubmed/23279307
http://www.ncbi.nlm.nih.gov/pubmed/22945360
http://www.ncbi.nlm.nih.gov/pubmed/23627775
http://www.ncbi.nlm.nih.gov/pubmed/22432104

Citation: Ho CW (2014) Lixisenatide: A New Glucagon-Like Peptide-1 Agonist. J Develop Drugs 3: e134. doi:10.4172/2329-6631.1000e134

Page 3 of 3

16. Bolli GB, Munteanu M, Dotsenko S, Niemoeller E, Boka G, et al. (2013) Efficacy
and safety of lixisenatide once daily vs. placebo in people with Type 2 diabetes
insufficiently controlled on metformin (GetGoal-F1). Diabet Med.

17. Rosenstock J, Raccah D, Koranyi L, Maffei L, Boka G, et al. (2013) Efficacy and
safety of lixisenatide once daily versus exenatide twice daily in type 2 diabetes
inadequately controlled on metformin: a 24-week, randomized, open-label,
active-controlled study (GetGoal-X). Diabetes Care 36: 2945-2951.

18. Ratner R, Hanefeld M, Shamanna P (2011) Efficacy and safety of lixisenatide
once daily versus placebo in patients with T2DM insufficiently controlled on
sulfonylurea + metformin (GetGoal-S) Diabetologia 54: A785.

19. Pinget M, Goldenberg R, Niemoeller E, Muehlen-Bartmer |, Guo H, et al. (2013)
Efficacy and safety of lixisenatide once daily versus placebo in type 2 diabetes
insufficiently controlled on pioglitazone (GetGoal-P). Diabetes Obes Metab 15:
1000-1007.

20.Riddle MC, Aronson R, Home P, Marre M, Niemoeller E, et al. (2013)
Adding once-daily lixisenatide for type 2 diabetes inadequately controlled
by established basal insulin: a 24-week, randomized, placebo-controlled
comparison (GetGoal-L). Diabetes Care 36: 2489-2496.

21.

22.

23.

24,

25

Seino Y, Min KW, Niemoeller E, Takami A; EFC10887 GETGOAL-L Asia Study
Investigators (2012) Randomized, double-blind, placebo-controlled trial of the
once-daily GLP-1 receptor agonist lixisenatide in Asian patients with type 2
diabetes insufficiently controlled on basal insulin with or without a sulfonylurea
(GetGoal-L-Asia). Diabetes Obes Metab 14: 910-917.

Riddle MC, Forst T, Aronson R, Sauque-Reyna L, Souhami E, et al. (2013)
Adding once-daily lixisenatide for type 2 diabetes inadequately controlled with
newly initiated and continuously titrated basal insulin glargine: a 24-week,
randomized, placebo-controlled study (GetGoal-Duo 1). Diabetes Care 36:
2497-2503.

Ahrén B, Leguizamo Dimas A, Miossec P, Saubadu S, Aronson R (2013)
Efficacy and safety of lixisenatide once-daily morning or evening injections in
type 2 diabetes inadequately controlled on metformin (GetGoal-M). Diabetes
Care 36: 2543-2550.

(2013) Evaluation of Cardiovascular Outcomes in Patients With Type 2
Diabetes After Acute Coronary Syndrome During Treatment With AVE0010
(Lixisenatide) (ELIXA). U.S. National Institutes of Health.

. (2013) Sanofi Provides Update on Lixisenatide New Drug Application in United

States.

J Develop Drugs
ISSN: 2329-6631 JDD an open access journal

Volume 3 + Issue 1+ 1000e134


http://www.ncbi.nlm.nih.gov/pubmed/24117597
http://www.ncbi.nlm.nih.gov/pubmed/23698396
http://www.ncbi.nlm.nih.gov/pubmed/23627775
http://www.ncbi.nlm.nih.gov/pubmed/23628617
http://www.ncbi.nlm.nih.gov/pubmed/22564709
http://www.ncbi.nlm.nih.gov/pubmed/23564915
http://www.ncbi.nlm.nih.gov/pubmed/23536584
http://clinicaltrials.gov/show/NCT01147250
http://en.sanofi.com/Images/33756_20130912_lixisenatide_en.pdf

	Title

	Corresponding author
	References

