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Abstract: Many patients with type 2 diabetes mellitus do not achieve target glycosylated 

hemoglobin A
1c

 levels despite optimally titrated basal insulin and satisfactory fasting plasma 

glucose levels. Current evidence suggests that HbA
1c

 levels are dictated by both basal glu-

cose and postprandial glucose levels. This has led to a consensus that postprandial glucose 

excursions contribute to poor glycemic control in these patients. Lixisenatide is a once-daily, 

prandial glucagon-like peptide 1 (GLP-1) receptor agonist with a four-fold affinity for the 

GLP-1 receptor compared with native GLP-1. Importantly, lixisenatide causes a significant 

delay in gastric emptying time, an important determinant of the once-daily dosing regimen. 

An exendin-4 mimetic with six lysine residues removed at the C-terminal, lixisenatide has 

pronounced postprandial glucose-lowering effects, making it a novel incretin agent for use 

in combination with optimally titrated basal insulin. Lixisenatide exerts profound effects on 

postprandial glucose through established mechanisms of glucose-dependent insulin secretion 

and glucagon suppression in combination with delayed gastric emptying. This review discusses 

the likely place that lixisenatide will occupy in clinical practice, given its profound effects on 

postprandial glucose and potential to reduce glycemic variability.

Keywords: lixisenatide, add-on therapy, insulin, GLP-1 receptor agonist, postprandial glucose, 

pharmacodynamics

Incretin therapies
The pathogenesis of type 2 diabetes mellitus (T2DM) is often associated with a dys-

regulation of the incretin system, resulting in a reduction of the “incretin effect”.1,2 

The incretin effect can be described as an amplification of insulin biosynthesis and 

secretion due to the action of two key hormones, glucagon-like peptide 1 (GLP-1) and 

glucose-dependent insulinotropic polypeptide (GIP).2 In normal circumstances, GLP-1 

and GIP are released from the gastrointestinal tract in response to oral food intake, 

stimulating the release of insulin from pancreatic beta-cells.3 In T2DM, release of the 

incretin hormones in response to oral food intake is reduced, resulting in decreased 

insulin synthesis and secretion.3 Arguably, GLP-1 mediates most of the incretin effect 

and hence current therapies have focused on GLP-1 rather than GIP.4

Currently, two distinct pharmacologic strategies exist to target the incretin sys-

tem in T2DM. The first involves creating GLP-1 mimetics that are agonists at the 

GLP-1  receptor, and exert direct, pharmacologic, intrinsic biological activity. The 

second involves inhibiting the endogenous dipeptidyl peptidase-4 (DPP-4) enzyme. 

DPP-4 mediates the breakdown of GLP-1 and GIP, hence its inhibition results in 

increased GLP-1 and GIP levels.5–7 The incretin therapies are established as effective 
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second-line or third-line agents in the treatment of T2DM, 

and generally demonstrate an acceptable safety and toler-

ability profile.8,9

GLP-1 receptor agonists  
in clinical practice
The GLP-1 receptor agonists available are liraglutide, 

exenatide twice daily, and exenatide once weekly, with lix-

isenatide having also recently received regulatory approval 

by the European Medicines Agency in Europe.10 In addition, 

numerous DPP-4 inhibitors are available, including sitaglip-

tin, linagliptin, saxagliptin, vildagliptin (in Europe), and 

alogliptin.5,11–13 The current National Institute for Health 

and Clinical Excellence guidelines state that GLP-1 recep-

tor agonists should be used as a third-line treatment option 

in patients with suboptimal glycemic control, ie, glycosy-

lated hemoglobin A
1c

 (HbA
1c

) .58 mmol/mol (7.5%) and 

body mass index .35 kg/m2, or in patients with body mass 

index ,35 kg/m2 where weight reduction is considered 

beneficial.14

Certain GLP-1 receptor agonists such as exenatide twice 

daily are currently approved as add-on therapy to exogenous 

insulin. It is worth mentioning that the efficacy of stand-alone 

exenatide twice daily in terms of prandial glucose control 

has also been proven; however, combination therapy with 

insulin has several benefits.15 These include improved gly-

cemic control, reduced body weight, reduced insulin dose 

requirement, and possible improvements in symptomatic 

hypoglycemia.16–18

Current GLP-1 agonists used  
in combination with basal insulin
Exenatide twice daily is currently licensed as add-on therapy 

to basal insulin in the US and Europe, whilst exenatide 

once weekly is not.19,20 Liraglutide was licensed by the US 

Food and Drug Administration for use in combination with 

any basal insulin on April 12, 2013,21 although this is not 

considered a prandial incretin agent.22 One of the major 

glycemic objectives of combination basal insulin/GLP-1 

agonist therapy is the potential complementary glycemic 

effects with respect to both fasting and postprandial glu-

cose (PPG). Such a concept is supported by observations 

suggesting that targeting fasting plasma glucose increases 

the contribution of PPG to overall glycemia. In addition, 

although the incretin therapies in general have a good safety 

and tolerability profile, compliance is still an issue because 

adverse events of nausea and vomiting are still apparent. 

This brings into question the utility of GLP-1 receptor 

agonists with a more preferential prandial glucose-lowering 

effect for use in combination with exogenous basal insulin. 

This review focuses on the potential role of lixisenatide in 

this context, particularly based on reported tolerability and 

prandial glucose-lowering effects.23,24

What is lixisenatide?
Lixisenatide is a selective, potent, once-daily GLP-1 recep-

tor agonist developed by Sanofi in partnership with Zealand 

Pharma,25 and is administered subcutaneously.  Lixisenatide 

was approved on February 1, 2013 by the European Medi-

cines Agency, and will be included in the update to the 

National Institute for Health and Clinical Excellence type 2 

diabetes clinical guideline, expected to be published in the 

second quarter of 2014.26,27 Similar to exenatide, it is based 

on the structure of exendin-4 and shares approximately 50% 

homology. Lixisenatide consists of a 44-amino acid peptide 

modified at the C-terminal with the removal of a proline 

residue and addition of six lysine residues. Lixisenatide is 

more resistant to proteolysis than native GLP-1, and has a 

short half-life of 1.5–4.5 hours. However, lixisenatide can 

be administered once daily, making it more convenient than 

exenatide twice daily due to a four-fold higher affinity for the 

GLP-1 receptor compared with native GLP-1, resulting in a 

strong delaying effect on gastric emptying.25,28,29 In the US, 

exenatide once weekly is currently licensed; however, this 

has limited the postprandial benefit.30 As of yet, lixisenatide 

appears to carry a low risk for hypoglycemia, like other incre-

tin therapies, and has the following positive actions: reduces 

HbA
1c

; reduces fasting plasma glucose; markedly reduces 

PPG; promotes weight loss; and reduces the requirement for 

exogenous insulin (Table 1). Lixisenatide may significantly 

reduce PPG via mechanisms of increased insulin secretion 

and suppression of glucagon. However, a clinical study 

involving administration of lixisenatide 20 µg each morning 

has also established the significant effect of lixisenatide on 

blood glucose throughout the day, that is at least in part due 

to delayed gastric emptying.31

The GetGoal program has established that lixisenatide 

therapy initiated in a one-step dose is equally as effective and 

more convenient than a two-step dose increase.32 Therefore, 

lixisenatide is licensed to be administered initially at a dose 

of 10 µg once daily for 14 days and then increased to 20 µg 

once daily (one-step). The key novel difference between 

lixisenatide and the other GLP-1 receptor agonists is argu-

ably the former’s pronounced effect on PPG.25 Therefore, 

an explanation of how PPG contributes to overall glycemic 

control is important in order to comprehend the place lixisen-
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atide may have in clinical practice. Barnett has previously 

discussed the evidence for use of lixisenatide back in 2011,25 

so the focus of this paper is on the position lixisenatide may 

occupy in clinical practice, namely in addition to optimally 

titrated basal insulin.

Postprandial glucose
Recent best evidence suggests that loss of PPG control may 

be the first step in development of T2DM.33,34 This is fol-

lowed by loss of adequate glycemic control in prebreakfast 

and postbreakfast periods.34 The contribution of PPG to 

hyperglycemia has been found to be particularly relevant 

at low but still suboptimal HbA
1c

 levels. Therefore, target-

ing fasting plasma glucose alone may not be sufficient to 

achieve target HbA
1c

 levels, particularly when current oral 

antidiabetic agents have been demonstrated to increase the 

contribution of PPG to overall glycemia from approximately 

20%–24% to 59%–69%.35 Novel agents that target PPG have 

the potential to provide an answer to this challenge and may 

also have an independent beneficial effect on microvascular 

and macrovascular diabetic outcomes. While the evidence 

relating to the impact of PPG excursions on hard diabetic 

endpoints is slowly gathering, it remains lacking.24,36 This is 

mainly due to the fact that studies on PPG have rarely been 

interventional and rather have been pathophysiologic reports, 

cohort studies, epidemiologic, trials, or meta-analyses.37 

On the other hand, there is significant evidence to suggest 

that surrogate markers of glycemic control, such as HbA
1c

, 

are determined by both basal glucose levels and PPG.33,38,39 

Monnier et al conducted a study in 140 noninsulin-using 

diabetics in 2007. The results showed that for individuals 

with HbA
1c

 levels .48 mmol/mol (6.5%), PPG excursions 

contributed about 1% to this HbA
1c

 figure, and in individu-

als with HbA
1c

 levels ,48 mmol/mol (6.5%), PPG excursions 

were found to contribute about 0.7%.33 Uncontrolled HbA
1c

 

is a significant risk factor for diabetic complications, so the 

impact that PPG may have on diabetic complications should 

be strongly considered.33

Mechanism of PPG reduction  
by lixisenatide
In nondiabetic individuals, PPG is tightly regulated by three 

principal mechanisms, ie, an increase in insulin secretion 

from beta-cells, suppression of glucagon secretion by 

alpha-cells, and a slowing in the rate of gastric emptying. 

 Lixisenatide impacts on all three of these critical factors, 

which may explain the profound effects exerted on PPG 

(Table 2). The insulinotropic and glucagonostatic effects 

of lixisenatide are common to all GLP-1 receptor agonists, 

which share the same mechanism. This is thought to occur 

by activation of GLP-1 receptor-mediated cAMP  signaling, 

as demonstrated by Sloop et al in rodent and human islet 

cells.40 A recent study by Lorenz et al investigated the rela-

tionship between the effect lixisenatide exerts on gastric 

emptying and its effects on PPG. Theirs was a 28-day, ran-

domized, double-blind, placebo-controlled, parallel-group 

study in patients with T2DM currently taking up to two oral 

antidiabetic agents. Lixisenatide was administered subcu-

taneously once daily using an ascending dose-escalation 

strategy beginning at 5 µg and increasing by 2.5 µg every 

4 days until a final dose of 20 µg was achieved between 

days 25 and 28.31

PPG was assessed by 24-hour blood glucose monitor-

ing and gastric emptying by a 
13

C-octanoic acid breath test 

Table 1 Advantages and disadvantages of lixisenatide therapy

Advantages Disadvantages

Once-daily dosing Although noninferiority to exenatide 
has been established in GetGoal-X, 
there is a trend towards higher 
decreases in HbA1c and FPG with 
exenatide

Prandial GLP-1 receptor  
agonist (with pronounced  
PPG-lowering effect)

Lowers surrogate markers of HbA1c, 
FPG, and PPG; however, no hard 
endpoint data are as yet  
available

Promising evidence for  
better safety and tolerability  
profile than current GLP-1  
receptor agonists

Insufficient current evidence to 
definitively confirm superior safety 
and tolerability profile compared 
with current GLP-1 receptor agonists

ideal add-on therapy to  
optimally titrated basal insulin  
for better HbA1c control

Like all GLP-1 receptor agonists, 
risk of medullary thyroid carcinoma 
may be present, although there is no 
current evidence

Potential to reduce glycemic  
variability

Abbreviations: FPG, fasting plasma glucose; PPG, postprandial glucose; HbA1c, 
glycosylated hemoglobin; GLP-1, glucagon-like peptide 1.

Table 2 Overview of the established mechanisms by which 
lixisenatide reduces postprandial glucose in preclinical and clinical 
studies

Lixisenatide mechanism Preclinical  
studies

Clinical 
studies

Stimulates insulin secretion  
Suppresses glucagon secretion  
increases insulin biosynthesis 
Stimulates beta-cell proliferation 
Prevents islet cell depletion 

Preserves β-cell function 
Delays gastric emptying  31
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at day 28. The results demonstrated that, on day 28, the area 

under the concentration-time curve for PPG was significantly 

reduced after breakfast, lunch, and dinner, as compared with 

placebo (P=0.0001, P=0.0004, and P=0.0082, respectively). 

In accordance with this, the mean gastric emptying half-life 

was significantly increased in the lixisenatide cohort as 

compared with placebo (P=0.0031). Lorenz et al concluded 

that a significant proportion of the effect of lixisenatide on 

PPG is therefore mediated by a delay in gastric emptying. 

It is of note that there are parallels between the end results 

of delayed gastric emptying and increased insulin secre-

tion that result in decreased PPG levels with lixisenatide 

and beta-glucans (soluble dietary fiber). There is evidence 

to suggest that beta-glucans attenuate PPG excursions and 

reduce the risk of T2DM and cardiovascular disease.41,42 

However, although they share some characteristics resulting 

in decreased PPG, the effect of beta-glucans seems to be 

largely related to their level of viscosity, whereas lixisenatide 

exerts intrinsic pharmacologic activity at GLP-1 receptors. 

The introduction of lixisenatide into routine clinical practice 

in Europe may highlight whether there is a beneficial effect 

of combining increased intake of beta-glucans with lixisen-

atide therapy.42

Lixisenatide versus liraglutide:  
pharmacodynamic comparison
Liraglutide is the only other licensed GLP-1 receptor agonist, 

and is administered once daily, so provides a good com-

parator to assess the PPG-lowering effects of lixisenatide. 

Kapitza et al conducted a 4-week, randomized, multicenter, 

open-label study comparing the efficacy and safety of lix-

isenatide with that of the currently licensed GLP-1 agonist, 

liraglutide, in 148 patients (baseline HbA
1c

 48–75 mmol/mol 

[6.5%–9.0%]) with T2DM inadequately controlled on 

metformin $1.5 g/day. Patients were randomized to receive a 

daily subcutaneous 10 µg dose of lixisenatide for weeks 1–2 

and 20 µg for weeks 3–4, or 0.6 mg liraglutide in week 1, 

1.2 mg in week 2, and 1.8 mg in weeks 3–4 as add-on therapy 

to metformin. The primary outcome was change in PPG 

levels from baseline at week 4.34

PPG and maximum PPG excursion were significantly 

reduced in the lixisenatide cohort as compared with the lira-

glutide cohort (P,0.0001), with more patients in the lixisen-

atide cohort achieving a 2-hour PPG ,140 mg/dL. The 

significantly greater improvements in PPG with lixisenatide 

as compared with liraglutide resulted in more patients achiev-

ing the required 2-hour PPG target (,7.8 mmol/L) at day 28 

following the breakfast test (69% versus 29%, respectively). 

Overall plasma glucose levels decreased in both cohorts. 

Glucagon levels were also signif icantly lower in the 

 lixisenatide cohort (P=0.032), and there was a significant 

reduction in postprandial insulin and C-peptide levels (both 

P-values,0.0001). There was no significant difference in 

proinsulin reduction. HbA
1c

 was reduced in both cohorts, 

ie, 55 (7.2%) to 52 mmol/mol (6.9%) with lixisenatide and 

57 (7.4%) to 52 mmol/mol (6.9%) with liraglutide. Body 

weight also decreased in both cohorts, although to a greater 

extent in the liraglutide cohort than in the lixisenatide cohort 

(−2.4 kg versus −1.6 kg, respectively).

The incidence of adverse events was lower in the 

 lixisenatide cohort, with 45 (58.4%) patients experiencing 

adverse events compared with 52 (73.2%) in the liraglutide 

cohort. This was principally due to a reduction in the adverse 

events of decreased appetite, nervous system disorders, 

and gastrointestinal disorders. However, the incidences of 

nausea and vomiting were largely similar. There were no 

reports of serious adverse events in the study. There were 

four cases of treatment discontinuation relating to adverse 

events, ie, two (2.6%) in the lixisenatide cohort resulting 

from drug hypersensitivity and an injection site rash, and 

two (2.8%) in the liraglutide cohort resulting from adverse 

gastrointestinal events. No cases of symptomatic hypogly-

cemia were reported.

Analysis of PPG-lowering effects  
of lixisenatide
After 28 days of treatment, lixisenatide demonstrated a 

greater reduction in PPG after the breakfast test than lira-

glutide. Previous evidence suggests that GLP-1 receptor 

agonists exert their glucose-lowering action via a combination 

of insulinotropic and glucagonostatic effects together with a 

slowing of gastric emptying time.43 Delayed gastric emptying 

is a particularly important mechanism in the postprandial 

period, where decreased appearance of glucose in the sys-

temic circulation results in decreased PPG excursions.44,45 In 

this study, insulin secretion was decreased to a greater extent 

with lixisenatide than with liraglutide. Concordant with the 

results reported by Lorenz et al,31 in the context of markedly 

decreased PPG, the decrease in insulin is consistent with a 

slowing of gastric emptying.34

Upon dose initiation on day 28, lixisenatide appeared 

to almost completely blunt the postprandial rise in plasma 

glucose, while a more modest decrease was seen with lira-

glutide. This effect was maintained throughout the day, as 

demonstrated in the 24-hour plasma glucose profile con-

ducted on day 28. However, it was most apparent following 
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the first meal of the day. Postprandial hyperglycemia fol-

lowing the first meal of the day is common in individuals 

with low but still suboptimal HbA
1c

 levels of approximately 

62 mmol/mol (7.0%–8.0%).33 These results therefore indicate 

that such individuals may benefit from a prandial incretin 

agent such as lixisenatide. As discussed later, this may also 

help to reduce glycemic variability,  leading to better cardio-

vascular outcomes.46

Overall, 28 days of treatment with lixisenatide prebreak-

fast resulted in a significantly greater reduction in PPG as 

compared with liraglutide following a breakfast test. Adverse 

events were also decreased with lixisenatide, notably gastro-

intestinal events, that are a significant reason for noncom-

pliance with GLP-1 receptor agonists. Postprandial insulin, 

C-peptide, and glucagon were also significantly decreased 

with lixisenatide, consistent with previous studies indicating 

that slowing of gastric emptying is a key mechanism.

Clinical studies
The GetGoal Phase III clinical trial program comprises 

clinical studies designed to assess the efficacy and safety 

of lixisenatide as monotherapy and combination therapy.25 

Over 5,000 patients were recruited in a worldwide program 

involving 50 countries and 900 sites (Table 3). This section 

focuses on the GetGoal studies assessing lixisenatide as 

add-on therapy to basal insulin and the rationale behind 

this intuitive combination, because this potentially is the 

most anticipated future direction of lixisenatide in clini-

cal practice.

Lixisenatide as add-on therapy  
to oral antidiabetic agents
Although not the focus of this review, the combination of 

lixisenatide and oral antidiabetic agents is a primary license 

indication for lixisenatide, so a brief overview of the two most 

pertinent studies is provided to give additional insight into 

the efficacy and safety of lixisenatide (Table 3). GetGoal-S 

and GetGoal-P assessed the efficacy of lixisenatide in com-

bination with a sulfonylurea and pioglitazone, respectively. 

The primary outcome in both studies was change in HbA
1c

 

from baseline at 24 weeks.

Analysis of efficacy and safety  
as add-on therapy
Both GetGoal-S47 and GetGoal-P48 demonstrated that, in 

combination with a sulfonylurea or pioglitazone, lixisenatide 

significantly reduced HbA
1c

, fasting plasma glucose, and 

body weight compared with placebo (all P-values ,0.0001, 

Table 3). Significantly more patients were able to achieve 

a target HbA
1c

 of ,53 mmol/mol (7.0%) in both studies 

(P,0.0001). PPG was only assessed in GetGoal-S, and was 

profoundly decreased with lixisenatide as compared with 

placebo, consistent with preclinical studies (P,0.0001). 

Both these studies demonstrate the benefit of lixisenatide 

as add-on therapy to oral antidiabetic agents in terms of 

efficacy. The profound decrease in PPG offers the prospect 

of reducing glycemic excursions significantly. Currently, one 

of the pitfalls of GLP-1 receptor agonist therapy is compli-

ance, due to adverse events. GetGoal-S and GetGoal-P also 

demonstrated that lixisenatide has a favorable adverse event 

profile in combination with a sulfonylurea or pioglitazone, 

with a low risk of hypoglycemia.

Head-to-head study: GetGoal-X
An overview of GetGoal-X is provided to follow, indicating 

noninferiority of lixisenatide in terms of HbA
1c

 when com-

pared with exenatide as add-on therapy to metformin with a 

predefined margin of 0.4%.

GetGoal-X was a 24-week, randomized, open-label 

study49 comparing the efficacy and safety of lixisenatide 

with that of exenatide as add-on therapy to metformin in 

patients with inadequately controlled T2DM. The patients, 

of mean age 57.4 years, were randomized to receive 20 µg 

of lixisenatide once daily or 10 µg of exenatide twice daily, 

which was reached using a stepwise increase. The primary 

outcome of this noninferiority study was change in HbA
1c

 

from baseline at 24 weeks, with a predefined margin of 

0.4%.49 Exenatide twice daily provides a good comparator 

for lixisenatide because they are both based on the structure 

of exendin-4 and are intermittent-release agents.

Efficacy: head-to-head versus  
exenatide ± metformin
Lixisenatide was noninferior to exenatide in reducing HbA

1c
 

levels at a predefined margin of 0.4%, with mean decreases 

of −15 mmol/mol (−0.8%) and −13 mmol/mol (1.0%) for the 

lixisenatide and exenatide cohorts, respectively. The number 

of patients reaching a target HbA
1c

 of ,53 mmol/mol (7.0%) 

was similar, with 143 (48.5%) in the lixisenatide cohort and 

148 (49.8%) in the exenatide cohort producing a nonsignificant 

P-value. Fasting plasma glucose was improved to a similar 

extent, with decreases of −1.22 mmol/L and −1.45 mmol/L for 

the lixisenatide and exenatide cohorts, respectively. There was 

a significant decrease in body weight in both cohorts, but to a 

larger extent on exenatide, with mean changes from baseline 

of −2.96 and −3.98 for lixisenatide and exenatide, respectively.
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Safety and tolerability: head-to-head  
versus exenatide ± metformin
In total, 69.5% of patients in the lixisenatide cohort experi-

enced an adverse event compared with 72.2% in the exenatide 

cohort, with treatment discontinuation necessary in 12.9% and 

14.2% of patients in the lixisenatide and exenatide cohorts, 

respectively; the majority of these were due to adverse gas-

trointestinal events, with rates of 10.4% and 13.0% in the 

lixisenatide and exenatide cohorts, respectively (Table 4). 

The incidence of serious adverse events was similar, with 

nine (2.8%) for lixisenatide and seven (2.2%) for exenatide. 

Nausea was experienced by 24.5% and 35.1% (P,0.05) and 

vomiting by 10.1% and 13.3% (not statistically significant) of 

patients in the lixisenatide and exenatide cohorts, respectively. 

A significantly larger proportion of patients in the exenatide 

cohort experienced symptomatic hypoglycemia, ie, 25 (7.9%) 

versus eight (2.5%) in the lixisenatide cohort (P,0.05), but 

there were no reported cases of severe hypoglycemia.

Analysis of efficacy and safety
In conclusion, GetGoal-X demonstrated lixisenatide to be 

noninferior to exenatide in terms of HbA
1c

 reduction, with 

weight loss in both cohorts and similar reductions in HbA
1c

 and 

fasting plasma glucose. There was, however, a trend towards 

a greater decrease in fasting plasma glucose with exenatide, 

which is to be expected given that lixisenatide is a prandial 

GLP-1 receptor agonist. PPG was not assessed, so a comparison 

is not possible, but a future 28-day study with a breakfast test 

may provide useful data. Notably, the study participants were 

required to have HbA
1c

 levels of 53–86 mmol/mol (7%–10%) at 

baseline; this could have important implications for assessment 

of a prandial GLP-1 receptor agonist, because patients with 

HbA
1c

 levels approaching 86 mmol/mol (10%) are less likely to 

benefit, given that the contribution of PPG to overall glycemia 

will be decreased in these individuals. In terms of safety and 

tolerability, adverse event rates were similar in both groups; 

 however, overall, adverse gastrointestinal events were decreased 

in the lixisenatide cohort. In addition, the exenatide cohort 

experienced a higher incidence of symptomatic hypoglycemia. 

Gastrointestinal side effects are a significant reason for non-

compliance with GLP-1 receptor agonists. There are currently 

not enough long-term data to determine whether the adverse 

event profile of lixisenatide is superior to that of exenatide, 

but the current evidence is promising. Overall, GetGoal-X has 

demonstrated that lixisenatide is noninferior to exenatide in 

terms of efficacy, and may have a better adverse event profile; 

however, with no PPG in the study data, conclusions relating 

to the prandial nature of lixisenatide are limited.

Table 3 GetGoal Phase III clinical trial program: efficacy studies of lixisenatide either as monotherapy or combination therapy with 
various antidiabetic agents

Study Study type Intervention HbA1c (%) FPG (mmol/L) PPG (mmol/L)

GetGoal-Mono71 
(n=361)

Efficacy in monotherapy Lixisenatide1-step 
Lixisenatide2-step

−0.7*** 
−0.5***

−1.1*** 
−0.9**

−3.7*** 
−3.1***

GetGoal-F132 
(n=482)

Efficacy combined with metformin  
(1-step versus 2-step dose  
increase)

Lixisenatide1-step 
Lixisenatide2-step

−0.5** 
−0.4***

−0.53** 
−0.56***

N/A 
N/A

GetGoal-M72 
(n=680)

Efficacy combined with metformin  
(morning versus evening dose)

Morning 
lixisenatide2-step 
evening 
lixisenatide2-step

 
−0.9*** 
 
−0.8***

 
−1.19** 
 
−0.81**

 
−4.5* 
 
NS

GetGoal-S47 
(n=855)

Efficacy combined with a sulfonylurea ±  
metformin

Lixisenatide2-step −0.9*** −0.99*** −6.19***

GetGoal-P48 
(n=484)

Efficacy combined with pioglitazone ±  
metformin

Lixisenatide2-step −0.9*** −1.16*** N/A

GetGoal-L Asia52 
(n=311)

Efficacy with basal insulin ± sulfonylurea Lixisenatide2-step −0.8*** −0.4** −7.96***

GetGoal-L51 
(n=496)

Efficacy with basal insulin ± metformin Lixisenatide2-step −0.7** NS −5.54***

GetGoal-Duo 150 
(n=898)

Efficacy in combination with optimally  
titrated basal insulin ± OAD

Lixisenatide2-step −0.7*** +0.34 (NS) −3.09***

GetGoal-X49 
(n=634)

Head-to-head versus exenatide ±  
metformin (noninferiority)

Lixisenatide2-step −0.8 −1.22 (NS) N/A

Notes: All values are mean differences from baseline, significance level as compared with placebo. 1-Step, 1-Step dose increase of 10→20 µg; 2-Step, 2-Step dose increase 
of 10→15→20 µg. *P,0.05; **P,0.005; ***P,0.0005. Noninferiority achieved at predefined margin of 0.4%.
Abbreviations: HbA1c, hemoglobin A1c; OAD, oral antidiabetic drug; FPG, fasting plasma glucose; PPG, postprandial glucose; NS, nonsignificant; NI, noninferior; N/A, not 
available.
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Lixisenatide as add-on therapy  
to basal insulin
Three studies in the GetGoal program assessed the effi-

cacy and safety of lixisenatide as add-on therapy to basal 

 insulin, ie, GetGoal-Duo1, GetGoal-L, and GetGoal-L-Asia. 

The combination of lixisenatide and basal insulin is intuitive 

because both provide independent but complementary actions 

on PPG and fasting plasma glucose, respectively. As such, 

these studies are particularly relevant to the license indication 

for lixisenatide. The primary outcome of all three studies was 

change in HbA
1c

 from baseline at 24 weeks.

GetGoal-Duo1 was a 24-week randomized, double-

blind, multicenter study assessing the efficacy and safety 

of lixisenatide in T2DM patients with HbA
1c

 $53 (7.0%) 

and #75 mmol/mol (9.0%) as add-on therapy to optimally 

titrated insulin glargine and metformin ± thiazolidinediones. 

During a run-in period of 12 weeks, all patients received 

weekly dose titration of insulin glargine to achieve a fasting 

plasma glucose target of 4.4–5.6 mmol/L. On achieving this 

target at 12 weeks, the patients were randomized to receive 

20 µg of lixisenatide once daily or a volume-matched placebo 

with continuation of insulin glargine titration.50

GetGoal-L was a 24-week, randomized, double-blind, 

multicenter study assessing the safety and efficacy of lix-

isenatide compared with placebo as add-on therapy to basal 

insulin ± metformin in a predominantly Caucasian, modified 

intention-to-treat population of 493 patients (mean HbA
1c

 at 

baseline 68 mmol/mol [8.4%]). The patients were random-

ized 2:1 to receive 20 µg of lixisenatide or a volume-matched 

placebo in a two-step dose increase.51

GetGoal-L-Asia was a 24-week study assessing the effi-

cacy and safety of a once-daily 20 µg dose of lixisenatide, 

against placebo, as add-on therapy to basal insulin with or 

without a sulfonylurea in 311 Asian patients with T2DM. The 

patients had a mean age of 58.4 years and received 10 µg of 

lixisenatide or a volume-matched placebo in the first week, 

15 µg in the second week, and a 20 µg maintenance dose for 

the remaining weeks of the study.52

Efficacy
GetGoal-Duo1: add-on therapy  
to optimally titrated basal insulin ± oral 
antidiabetic agents
HbA

1c
 decreased to a signif icantly greater extent in 

the lixisenatide cohort compared with placebo (−0.7% 

versus −0.4%, respectively, mean difference −0.3%, P,0.0001, 

 Figure 1). A markedly greater proportion of patients achieved 

HbA
1c

 ,53 mmol/mol (7.0%), ie, 56% compared with 39% 

receiving placebo (P=0.0001) and HbA
1c

 ,48 mmol/mol 

(6.5%), ie, 32% compared with 16% for placebo (P,0.0001). 

Two-hour PPG values were significantly improved in the 

lixisenatide cohort, with a mean difference of −3.16 mmol/L 

compared with placebo (P,0.0001). Average seven-point self-

monitoring of blood glucose decreased by −0.47 mmol/L for 

lixisenatide and by −0.08 mmol/L for placebo (mean difference 

−0.39 mmol/L, P=0.0071). There was no significant difference 

in improvement of fasting plasma glucose, with a mean change 

of +0.34 mmol/L for lixisenatide and +0.46 mmol/L for pla-

cebo (mean difference −0.12 mmol/L, P=0.5142). Lixisenatide 

also had a favorable effect on body weight, with a mean differ-

ence of −0.89 kg compared with placebo (P=0.0012).

GetGoal-L: add-on therapy to basal  
insulin ± metformin
HbA

1c
 was significantly improved in the lixisenatide cohort 

compared with the placebo cohort over 24 weeks, with a mean 

difference of −0.36% (P,0.001) and more patients achieving 

HbA
1c

 ,53 mmol/mol (7.0%), ie, 28% of the lixisenatide 

cohort versus 12% receiving placebo (P,0.0001, Figure 2). 

Two-hour PPG after a standardized breakfast test was signifi-

cantly improved in the lixisenatide cohort as compared with 

placebo, with a mean difference of −3.81 mmol/L (P,0.0001), 

but there was no significant difference in the effect on fasting 

plasma glucose between the two cohorts. At 24 weeks, the basal 

insulin dose requirement was decreased more in the lixisenatide 

cohort than in the placebo cohort (−5.6 versus −1.9 U/day, 

respectively, P=0.012). Body weight was also decreased to a 

greater extent in the lixisenatide cohort, with a mean difference 

of −1.28 kg (−1.8 versus −0.5 kg, respectively, P,0.0001).

GetGoal-L-Asia: add-on therapy  
to basal insulin ± sulfonylureas
Lixisenatide significantly reduced HbA

1c
 as compared with pla-

cebo, with a mean difference of −0.89% (P,0.0001, Figure 3). 

The proportion of patients achieving HbA
1c

 ,53 (7%) and 

,48 mmol/mol (6.5%) was significantly higher in the lix-

isenatide cohort (35.6% versus 5.2% for ,53 mmol/mol 

[7%] and 17.8 versus 1.3% for ,48 mmol/mol [6.5%], both 

P-values ,0.0001). Two-hour PPG and two-hour PPG excur-

sions were significantly decreased in the lixisenatide cohort 

at week 24 compared with the placebo cohort (−7.96 mmol/L 

versus −0.14 mmol/L for 2-hour PPG and −7.09 mmol/L 

versus +0.14 mmol/L for 2-hour PPG excursions, respec-

tively, P,0.0001). There were significant improvements 

in the lixisenatide cohort for fasting plasma glucose, with 
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average changes of −0.42±0.31 mmol/L for lixisenatide 

versus +0.25±0.30 mmol/L for placebo (P=0.0187) and of 

seven-point self-monitored blood glucose (1.91±0.27 mmol/L 

for lixisenatide versus −0.56±0.27 mmol/L for placebo). The 

dose requirement for basal exogenous insulin was signifi-

cantly lower on lixisenatide (1.39±0.46 U) than on placebo 

(−0.11±0.44 U) at week 24 (P=0.0019). No statistically 

significant difference in body weight change was observed 

between the two cohorts, but this was generally decreased 

in the lixisenatide cohort (−0.38 kg versus +0.06 kg, 95% 

confidence interval −0.925, 0.061; P=0.0857).

Analysis of efficacy as add-on  
therapy to basal insulin
All three studies demonstrated a significant decrease in both 

HbA
1c

 levels and insulin dose requirement with lixisenatide 

compared with placebo as add-on therapy to basal insulin. This 

allowed significantly more patients in all studies to achieve 

their respective HbA
1c

 targets. As expected, 2-hour PPG was 

significantly decreased in all studies, whilst fasting plasma 

glucose was only decreased in GetGoal-L-Asia. Given the 

significant HbA
1c

 decreases in all studies, this is consistent with 

evidence showing that when fasting plasma glucose targets 

are achieved, the contribution of PPG to overall glycemia is 

increased. This is especially relevant in patients treated with 

basal insulin, who have often achieved target fasting plasma 

glucose levels and required a complementary prandial glucose 

targeting strategy to achieve HbA
1c

 targets. Fasting plasma 

glucose may have been impacted more in GetGoal-L-Asia 

because, in Asian populations, T2DM is characterized by a 

more profound deficit in insulin secretion rather than insulin 

sensitivity.53–55 In GetGoal-L and GetGoal-Duo1, body weight 

was significantly reduced with lixisenatide compared with 

placebo; this was not the case in GetGoal-L-Asia, but there 

was a trend towards a decrease in the latter study.

The traditional approach to minimizing the impact of 

postprandial hyperglycemia has been to initiate rapid-acting 

insulin at mealtimes. However, this entails additional self-

measured plasma glucose tests to achieve the correct dosing, 

probable multiple injections, and a risk of hypoglycemia. 

Additionally, the use of adjunct mealtime insulin comes with 

the caveat of weight gain. Based on the GetGoal studies, 

lixisenatide appears to exert similar effects on HbA
1c

 with a 

single injection, having the net effect of weight loss rather 

than weight gain, and no need for additional self-measured 

plasma glucose tests.50,56 Overall, these studies demonstrate 

that lixisenatide improves glycemic control and reduces the 

insulin dose requirement by targeting PPG excursions. There 

is also evidence to suggest that lixisenatide may be beneficial 

in reducing body weight as add-on therapy to basal insulin.

Safety and tolerability
GetGoal-Duo1: add-on therapy to 
optimally titrated basal insulin ± oral 
antidiabetic agents
Eighty percent of patients in the lixisenatide cohort expe-

rienced adverse events compared with 68% of those in the 

placebo cohort, with an increased incidence of nausea (27.4% 

versus 9.4%) and vomiting (4.9% versus 1.3%), respectively 

(Table 5). Discontinuation of treatment was also more com-

mon in the lixisenatide cohort than in the placebo cohort 

(8.5% versus 3.6%, respectively). Symptomatic hypoglyce-

mia occurred in a higher proportion of patients on lixisenatide 

(22.4%) than in those on placebo (13.5%).

GetGoal-L: add-on therapy  
to basal insulin ± metformin
Adverse events occurred in 73.5% versus 68.3% of the 

lixisenatide and placebo cohorts, respectively, and serious 

adverse events in 3.7% versus 4.2%. Treatment was 
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Figure 1 (A) Mean reduction in HbA1c from baseline at 24 weeks achieved by lixisenatide as compared with placebo in the GetGoal-Duo 1 study50 (P,0.0001). (B) Mean 
reduction in PPG from baseline at 24 weeks achieved by lixisenatide as compared with placebo in the GetGoal-Duo 1 study. (C) Mean reduction in body weight from baseline 
at 24 weeks achieved by lixisenatide as compared with placebo in the GetGoal-Duo 1 study.50

Abbreviations: HbA1c, glycosylated hemoglobin; PPG, postprandial glucose.
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discontinued in 7.6% of patients in the lixisenatide cohort 

compared with 4.8% in the placebo cohort, with the majority 

of these discontinuations resulting from adverse gastroin-

testinal events. Nausea was experienced by 86 (26.2%) and 

14 (8.4%) patients in the lixisenatide and placebo cohorts, 

respectively, and vomiting by 27 (8.2%) and one (0.6%). 

Symptomatic hypoglycemia was reported in 91 (27.7%) 

and 36 (21.6%) of those receiving lixisenatide and placebo, 

respectively, with no significant difference between these 

proportions. There were four (1.2%) cases of severe hypo-

glycemia in the lixisenatide cohort, with no cases in the 

placebo cohort.

GetGoal-L-Asia: add-on therapy  
to basal insulin ± sulfonylurea
The incidence of adverse events was higher in the lixisen-

atide cohort, with most being mild to moderate gastro-

intestinal events that did not require treatment or related 

to  hypoglycemia. Treatment discontinuation occurred in 

14 (9.1%) patients receiving lixisenatide compared with five 

(3.2%) on placebo, mainly as a result of adverse gastrointes-

tinal events, especially nausea and vomiting, occurring in six 

(3.9%) and four (2.6%), respectively. There were no treatment 

discontinuations in the placebo cohort resulting from these 

adverse events. Treatment had to be discontinued in two 

patients (1.3%) in the lixisenatide cohort due to cerebrovas-

cular infarction in the form of nonfatal ischemic stroke. There 

were similar numbers of serious adverse events between the 

two cohorts, ie, ten (6.5%) and nine (5.7%) for lixisenatide 

and placebo, respectively. One fatality was reported, being 

a suicide in the placebo cohort. Hypoglycemia was the most 

common adverse event in the lixisenatide cohort, with 66 

(42.9%) patients experiencing symptomatic hypoglycemia 

compared with 37 (23.6%) in the placebo cohort, but no 

case in either cohort was severe. Analyses of the groups of 

patients not receiving a sulfonylurea demonstrated a similar 

incidence of hypoglycemia between the lixisenatide and 

placebo cohorts (32.6% versus 28.3%, respectively). There 

were no reported cases of pancreatitis, but there were two 

cases of raised lipase levels, one in the lixisenatide cohort 

and one in the placebo cohort. There were no adverse thyroid 

events or changes in calcitonin levels. Two patients in each 

cohort reported nonserious injection site reactions, but these 

did not warrant discontinuation of treatment. There was one 
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Figure 3 (A) Mean reduction in HbA1c from baseline at 24 weeks achieved by lixisenatide as compared with placebo in the GetGoal-L-Asia study52 (P,0.0001). (B) Mean 
reduction in PPG from baseline at 24 weeks achieved by lixisenatide as compared with placebo in the GetGoal-L-Asia study.52

Abbreviations: HbA1c, glycosylated hemoglobin; PPG, postprandial glucose.
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Figure 2 (A) Mean reduction in HbA1c from baseline at 24 weeks achieved by lixisenatide as compared with placebo in the GetGoal-L study51 (P,0.0001). (B) Mean reduction 
in PPG from baseline at 24 weeks achieved by lixisenatide as compared with placebo in the GetGoal-L study. (C) Mean reduction in body weight from baseline at 24 weeks 
achieved by lixisenatide as compared with placebo in the GetGoal-L study.51

Abbreviations: HbA1c, glycosylated hemoglobin; PPG, postprandial glucose.
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allergic reaction assessed to be related to the study medica-

tion in the form of urticaria and six other possible allergic 

reactions (five in the lixisenatide cohort versus two in the 

placebo cohort).

Analysis of safety and tolerability
Overall, lixisenatide was well tolerated as add-on therapy to 

basal insulin in all three studies, making this agent a novel 

therapeutic option. Although the incidence of adverse events 

was higher in the lixisenatide cohort, this is to be expected 

with additional combination therapies. Importantly, the 

numbers of serious adverse events were similar between the 

lixisenatide and placebo cohorts. Adverse gastrointestinal 

events, such as mild and transient nausea and vomiting in 

particular, were the most common, as with the other incretin 

therapies. GetGoal-L and GetGoal-Duo1 demonstrated a 

largely similar profile of adverse events; however, GetGoal-

L-Asia differed slightly with a higher incidence of transient 

nausea and vomiting. This is counterbalanced by the fact that 

hypoglycemic events were not increased with lixisenatide in 

the absence of a concomitant sulfonylurea. These observa-

tions are in keeping with the evidence that incretin therapies 

are more effective in Asian populations due to the fact that 

their T2DM is characterized by a more profound insulin 

deficit rather than decreased insulin sensitivity.53–55

GetGoal: pooled analysis of efficacy  
and safety of lixisenatide in the 
elderly and very elderly
A significant proportion of patients with T2DM are elderly 

(.65 years) or very elderly (.75 years). It is therefore of the 

utmost importance that lixisenatide has an appropriate safety, 

tolerability, and efficacy profile in this age group. A pooled 

analysis of six studies from the GetGoal program assessed 

the efficacy of lixisenatide in this patient group through mean 

differences in HbA
1c

 from baseline.57 Safety and tolerability 

were also assessed by treatment-related adverse events. 

The results demonstrated that lixisenatide had comparable 

efficacy regardless of age, with mean reductions in HbA
1c

 

from baseline of 0.95% and −1.02% for patients $65 years 

and $75 years, respectively. The safety profile of lixisenatide 

across all age groups was largely similar in terms of hypogly-

cemia and adverse gastrointestinal events. Overall, the results 

of this pooled analysis demonstrate that lixisenatide was well 

tolerated in all age groups, with similar efficacy and perhaps 

most importantly, no increase in the incidence of symptomatic 

hypoglycemia in the elderly and very elderly.

Medullary thyroid cancer
There is currently uncertainty regarding the small correla-

tion between GLP-1 receptor agonists and medullary thyroid 

 carcinoma. Chronic GLP-1 administration in rodents has 

been linked to increased serum calcitonin levels and C-cell 

tumor formation.58–61 This link has yet to be established in 

humans and may be a genotype-specific reaction in rodents. 

There is also no current evidence from the GetGoal studies 

Table 4 Adverse events experienced by patients during the 
GetGoal-X study49 designed to assess the efficacy, safety, and 
tolerability of lixisenatide as compared with exenatide (unpublished 
data provided by Sanofi December 2012)

Adverse events (n) Lixisenatide  
20 μg once daily 
n=318

Exenatide  
10 μg twice daily 
n=316

Total 69.5% (221) 72.2% (228)
Serious 2.8% (9) 2.2% (7)
Leading to death 0.3% (1) 0.3% (1)
Leading to discontinuation 10.4% (33) 13% (41)
Gastrointestinal (All) 43.1% (137) 50.6% (160)
Nausea 24.5% (78) 35.1% (111)
vomiting 10.1% (32) 13.3% (42)
Diarrhea 10.4% (33) 13.3% (42)
Patients with hypoglycemia 2.5% (8) 7.9% (25)
Hypoglycemic events 2.5% (8) 15.2% (48)
Severe hypoglycemia 0% 0%

Table 5 Summary of adverse events experienced by patients in GetGoal-L,51 GetGoal-L-Asia,52 and GetGoal-Duo1 (unpublished data 
provided by Sanofi December 2012)

Adverse events (n) GetGoal-L GetGoal-L-Asia GetGoal-Duo1

Lixisenatide 
n=328

Placebo 
n=167

Lixisenatide 
n=154

Placebo 
n=157

Lixisenatide 
n=223

Placebo 
n=223

Total 73.5% (241) 68.3% (114) 89% (137) 70.1% (110) 79.8% (178) 68.2% (152)
Serious 3.7% (12) 4.2% (7) 6.5% (10) 5.7% (9) 7.6% (17) 4.5% (10)
Leading to death 0.3% 0 0 0.6% (1) 0 0.9% (2)
Leading to discontinuation 7.6% 4.8% (8) 9.1% (14) 3.2% (5) 8.5% (19) 3.6% (8)
Gastrointestinal 40.2% 20.4% (34) 61% (94) 14.6% (23) 39.9% (89) 16.1% (36)
Diarrhea 7.3% 5.4% (9) 6.5% (10) 2.5% (4) 6.7% (15) 3.1% (7)
Nausea 26.2% 8.4% (14) 39.6% (61) 4.5% (7) 27.4% (61) 4.9% (11)
vomiting 8.2% 0.6% (1) 18.2% (28) 1.9% (3) 9.4% (21) 1.3% (3)
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indicating a link between lixisenatide and medullary thyroid 

carcinoma. GetGoal-L-Asia included parameters monitoring 

calcitonin levels and revealed no abnormalities. However, all 

currently available GLP-1 receptor agonists carry a black box 

warning regarding the risk of C-cell and medullary thyroid 

carcinoma, so should not be prescribed in individuals with a 

personal or family history of medullary thyroid carcinoma nor 

in individuals with multiple endocrine neoplasia syndrome 

type 2.19,20,22 As of yet, no link has been established in clinical 

studies between lixisenatide and the incidence of C-cell or 

medullary thyroid carcinoma. Further clinical studies using 

calcitonin levels as a parameter will provide more information 

on any risks associated with lixisenatide. As with all novel 

drug approvals, closely monitored post-marketing surveillance 

is essential and paramount to safe use in clinical practice.

Future directions: lixisenatide
Reducing glycemic variability
The incretin therapies in general carry a low risk of hypo-

glycemia due to their mechanism of action which stimulates 

only glucose-dependent insulin release and limits alpha cell 

postprandial glucagon secretion.62,63 Lixisenatide has this 

attribute and also appears to reduce PPG without decreas-

ing fasting plasma glucose to a greater extent than current 

GLP-1 receptor agonists. We hypothesize that this may reduce 

glycemic variability by helping to limit significant upwards 

or downwards glucose excursions.

Glycemic variability refers to acute upwards and down-

wards glucose changes and is a component of dysglycemia.64 

Fasting plasma glucose is only a value measured at a specific 

point in time and does not give an indication of acute glu-

cose swings. Similarly, although HbA
1c

 is a good marker of 

longer-term glycemia, patients with similar HbA
1c

 levels can 

have very different glycemic excursions. Glycemic variability 

may have a key role in the development of atherosclerosis, as 

well as being a risk factor for cardiovascular complications 

in patients with T2DM,46,65,66 this is due to the fact that acute 

glucose excursions increase oxidative stress.64 Currently, 

there are no results from studies relating to the association 

between lixisenatide and major cardiovascular endpoints; 

however, ELIXA (Evaluation of cardiovascular outcomes in 

patients with T2DM after acute coronary syndrome during 

treatment with lixisenatide) may provide valuable data.67

eLiXA study
ELIXA is an event-driven, multicenter study assessing the 

effect of lixisenatide on cardiovascular outcomes.67 Patients 

with T2DM were recruited following an acute coronary 

syndrome. The primary outcome of the study was time 

to the first cardiovascular event, including cardiovascular 

death, nonfatal myocardial infarction, nonfatal stroke, or 

hospitalization for unstable angina. The study will stop when 

844 events have occurred, and the expected completion date 

is presently September 2014. A recent study by Su et al found 

that following an acute myocardial infarction, glycemic vari-

ability was a better predictor of major adverse cardiovascular 

events at one year than HbA
1c

.64 Positive results in the ELIXA 

study may therefore contribute to a body of evidence sug-

gesting that an all-encompassing glucose lowering strategy 

may be just as effective, if not more effective, than targeting 

fasting plasma glucose alone. It is worth mentioning that, on 

September 12, 2013, Sanofi decided to delay the approval 

process for lixisenatide in the US until full data from the 

ELIXA study are available. Sanofi is expected to resubmit 

the application in 2015.68

Conclusion: place in practice
The primary license indication of lixisenatide is in com-

bination with oral antidiabetic agents or basal insulin, 

with the latter being particularly relevant given the large 

number of patients in the UK currently using basal insulin. 

The evidence suggests that 35%–63.5% of patients do not 

achieve target HbA
1c

 levels despite using basal insulin,69 

with median HbA
1c

 levels of 62 (7.8%) to 69 mmol/mol 

(8.5%) at 24 months.70 Although a variety of factors may 

account for this, including suboptimal insulin dose titration 

or high baseline levels of HbA
1c

 at insulin initiation, the 

impact of PPG appears to be a key factor.35 This is especially 

relevant in patients who are already achieving optimum 

fasting plasma glucose levels and are still unable to achieve 

HbA
1c

 targets. Lixisenatide is the first once-daily prandial 

GLP-1 agonist to become available, and is also the most 

studied in combination with basal insulin. Although there 

are not enough long-term data to definitively state whether 

the adverse events profile of lixisenatide is superior to that 

of other GLP-1 agonists, the current evidence is promis-

ing. In addition to this, targeting PPG excursions without 

dramatically impacting fasting plasma glucose levels may 

help to limit glycemic variability, leading to better cardio-

vascular outcomes. This is especially relevant in patients 

initiated on basal insulin, given that they are particularly 

prone to glucose swings. In conclusion, the current evidence 

suggests that lixisenatide may be a useful complementary 

add-on to basal insulin, offering patients minimal additional 

side effects whilst optimizing PPG and potentially reducing 

glycemic variability.
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