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Generic Name: Lixisenatide 

Proprietary Name:   Adlyxin (Sanofi-
Aventis)

Approval Rating:  1S

Therapeutic Class:   Antidiabetic agents, 
Glucagonlike peptide 
1 receptor agonists

Similar Drugs:   Albiglutide, Dula-
glutide, Exenatide, 
Liraglutide

Sound- or Look-Alike Names: Exenatide, Lixivaptan

INDICATIONS
Lixisenatide, a glucagonlike peptide 1 (GLP-1) 

receptor agonist, is approved for use as an adjunct to 
diet and exercise to improve glycemic control in adults 
with type 2 diabetes mellitus.1,2 Lixisenatide has been 
studied as monotherapy and in combination with other 
antidiabetic medications or with basal insulin.1,3-12

The other US Food and Drug Administration 
(FDA)–approved GLP-1 receptor agonists (albiglutide, 
dulaglutide, exenatide immediate-release  injection, 
exenatide extended-release injection, and liraglutide) 

are also indicated as adjunctive therapies to diet and 
exercise to improve glycemic control in adults with 
type 2 diabetes mellitus. Each agent has been stud-
ied for use as monotherapy and in combination with 
other antidiabetic medications; however, the current 
labeling for each advises that these agents are not 
recommended as first-line therapy for patients inad-
equately controlled on diet and exercise.13-17

Similar to other GLP-1 receptor agonists, lix-
isenatide has not been studied in patients with chronic 
pancreatitis or a history of unexplained pancreatitis, 
is not a substitute for insulin, has not been studied 
and is not recommended in concurrent use with 
short-acting insulin, and has not been studied and is 
not recommended in patients with gastroparesis.1,13-17

CLINICAL PHARMACOLOGY
Lixisenatide is a synthetic GLP-1 receptor ago-

nist.18,19 Similar to other GLP-1 receptor agonists, 
lixisenatide improves glycemic control through its 
effects on glucose-dependent insulin secretion, gluca-
gon secretion, gastric emptying, and food intake.18-27

PHARMACOKINETICS
Peak plasma concentrations (Cmax) of lixisenatide 

occur 1.25 to 3.5 hours after subcutaneous injec-
tion.1,21 The rate of absorption did not change when 
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mary monographs on agents that are useful for agendas and pharmacy/nursing in-services. A 
 comprehensive target drug utilization evaluation/medication use evaluation (DUE/MUE) is also 
provided each month. With a subscription, the monographs are are available online to subscribers. 
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Formulary, Hospital Pharmacy publishes selected reviews in this column. For more information 
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administered subcutaneously in the abdomen, thigh, 
or arm.1 Cmax was dose dependent: With once-daily 
subcutaneous administration, Cmax was 37.3 pg/mL 
after lixisenatide 5 mcg, 82.7 pg/mL after lixisenatide 
10 mcg, and 187.2 pg/mL after lixisenatide 20 mcg; 
with twice-daily subcutaneous administration, Cmax 
was 50.9 pg/mL after lixisenatide 5 mcg, 108.6 pg/
mL after lixisenatide 10 mcg, and 234.4 pg/mL after 
lixisenatide 20 mcg.21

The apparent volume of distribution of lixisenatide 
after subcutaneous administration is 100 L. Lixisena-
tide is thought to be eliminated by glomerular filtration 
and proteolytic degradation, with a mean half-life of 
about 3 hours and mean apparent clearance of about 
35 L/h. Age, body weight, gender, and race had no 
apparent effect on pharmacokinetic parameters.1

Significant changes in renal function may influ-
ence the elimination of lixisenatide. Patients with 
mild to moderate renal impairment had similar area 
under the curve (AUC) and Cmax as those with nor-
mal renal function, but patients with severe renal 
impairment (creatinine clearance [CrCl] < 30 mL/min 
but not requiring dialysis) had increased drug expo-
sure.1,21 No pharmacokinetic studies were conducted 
in patients with acute or chronic hepatic impairment.1

Elderly patients (65 years or older) had no change 
in Cmax or time to maximal concentration (Tmax) fol-
lowing a 20 mcg subcutaneous injection compared 
with younger healthy subjects (24-44 years of age). 
However, mean exposure to lixisenatide was increased 
by 30%, and terminal half-life was increased approx-
imately 1.6 times.28

Table 1 compares the pharmacokinetic param-
eters of FDA-approved GLP-1 receptor agonists.1,13-17

COMPARATIVE EFFICACY
The phase 3 studies sponsored by Sanofi 

(the GetGoal program) evaluated lixisenatide as 
 monotherapy and in combination with various oral 

antidiabetic agents or in combination with basal 
insulin. Patients enrolled in these studies had type 2 
diabetes that had been inadequately controlled with 
diet and exercise and/or metformin therapy. Their 
baseline glycated hemoglobin (HbA1c) was at least 
7% and less than 10%.3,5,6-9,21,29,30

Indication: Type 2 Diabetes Mellitus—Monotherapy
Guidelines
Guideline: Standards of medical care in  diabetes—2016

Reference: American Diabetes Association, 201631

Comments: Metformin, unless contraindicated 
at the time of diagnosis, is recommended as 
first-line therapy in patients with type 2 diabe-
tes mellitus. In patients with metformin intoler-
ance or contraindications, initial therapy should 
be selected from one of the following classes: 
sulfonylureas, thiazolidinediones, dipeptidyl 
peptidase-4 (DPP-4) inhibitors, sodium glu-
cose cotransporter 2 (SGLT2) inhibitors, GLP-1 
receptor agonists, or basal insulin. Selection of 
an agent should be based on patient- and dis-
ease-specific factors.

Guideline: Consensus statement by the American 
Association of Clinical Endocrinologists and Ameri-
can College of Endocrinology on the comprehensive 
type 2 diabetes management algorithm – 2016 execu-
tive summary

Reference: Garber, 201632

Comments: According to the consensus state-
ment, monotherapy is preferred in patients with 
recent-onset type 2 diabetes mellitus or HbA1c 
less than 7.5%. Metformin is recommended as 
first-line monotherapy, unless contraindicated. 
Acceptable alternative initial therapies in a sug-
gested hierarchy of use include GLP-1 receptor 
agonists, SGLT2 inhibitors, DPP-4 inhibitors, or 
thiazolidinediones. Alpha-glucosidase inhibitors, 
sulfonylureas, and glinides may be appropriate as 

Table 1. Pharmacokinetic parameters of GLP-1 receptor agonists1,13-17

Albiglutide Dulaglutide Exenatide immediate 
release

Exenatide extended 
release

Liraglutide Lixisenatide

Tmax 3 to 5 days 24 to 72 hours 2.1 hours 2 weeks and 6 to 7 
weeksa

8 to 12 hours 1 to 3.5 hours

Vd 11 L 19.2 L 28.3 L 28.3 L 13 L 100 L

Half-life 5 days 5 days 2.4 hours ~2 weeksb 13 hours 3 hours

Note: Vd = volume of distribution.
aMultiple peaks representing release of surface-bound exenatide, hydration, and erosion of the microspheres.
bElimination rate from controlled-release dosage form.
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monotherapy for select patients. Selection of an 
agent should take into consideration patient- and 
medication-specific factors.

Studies
Drug: Lixisenatide vs Placebo
Reference: Fonseca VA, et al, 2012 (GetGoal-Mono 
trial)5

Study Design: Randomized, double-blind, multi-
center, international, noninferiority study
Study Funding: Sanofi
Patients: 361 adults with type 2 diabetes not cur-
rently receiving glucose-lowering therapy and 
with HbA1C of 7% to 10%. Exclusion criteria 
were treatment with a glucose-lowering agent in 
the previous 3 months; fasting plasma glucose 
(FPG) greater than 250 mg/dL at screening; amy-
lase and/or lipase greater than 3 times the upper 
limit of normal (ULN); history of gastrointestinal 
(GI) disease with prolonged nausea and vomiting 
during the previous 6 months, chronic pancreatitis 
and/or stomach/gastric surgery; history of myo-
cardial infarction, stroke, or heart failure requir-
ing hospitalization in the previous 6 months; or 
hepatic disease, end-stage renal disease (ESRD), 
and/or dialysis at screening. Of the 795 patients 
screened, 361 were randomized to lixisenatide 
2-step treatment (n = 120), lixisenatide 1-step 
treatment (n = 119), or placebo (n = 122). Mean 
patient age was about 54 years, median duration 
of diabetes was about 1.4 years, and mean base-
line HbA1c was about 8%.
Intervention: Lixisenatide or placebo was admin-
istered subcutaneously once daily for 12 weeks 
using a dose-increase regimen. The lixisenatide 
2-step group received 10 mcg for 1 week, 15 mcg 
for 1 week, and then 20 mcg for the remaining 
10 weeks. The lixisenatide 1-step group received 
10 mcg for 2 weeks and then 20 mcg for the 
remaining 10 weeks. The 2 placebo groups (2-step 
[n = 61] and 1-step [n = 61]) followed the same 
schedule as the lixisenatide groups, but the results 
from the 2 groups were combined for analysis.
Results
Primary Endpoint(s)
•  Least squares (LS) mean change in HbA1c from 

baseline to week 12 was −0.73% with 2-step 
lixisenatide, −0.85% with 1-step lixisenatide, 
and −0.19% with placebo. The LS mean dif-
ference from placebo was −0.54% with 2-step 
lixisenatide (p < .001) and −0.66% with 1-step 
lixisenatide (p < .001).

Secondary Endpoint(s)
•  HbA1c less than 7% was achieved in 52% of 

patients in the 2-step lixisenatide group (p < .01  
vs placebo) and in 47% of patients in the 1-step 
lixisenatide group (p < .01 vs placebo), com-
pared with 27% of patients in the placebo group. 
HbA1c 6.5% or less was achieved in 32% of 
patients in the 2-step lixisenatide group (p < .01  
vs placebo) and in 25% of patients in the 
1-step lixisenatide group (p < .01 vs placebo), 
compared with 13% of patients in the placebo 
group.

•  Body weight decreased by about 2 kg in all 
groups, with no significant differences between 
lixisenatide and placebo.

Comments: Randomization of subjects and drug 
allocation were performed using an interactive 
voice-response system. Lixisenatide as mono-
therapy administered once daily provided sig-
nificant improvement in glycemic control with 
a pronounced postprandial effect. Lixisenatide 
was well tolerated, with no relevant difference 
in safety and tolerability between the 1-step and 
2-step dose increase regimens, which supports 
a role for once-daily lixisenatide monotherapy 
using a 1-step dose increase regimen.
Limitations: This study did not include a study 
arm with another GLP-1 receptor agonist to 
determine whether differences exist among drugs 
in the same class.

Indication: Type 2 Diabetes Mellitus—Add-On Therapy 
With Metformin
Guidelines
Guideline: Standards of medical care in  diabetes—2016

Reference: American Diabetes Association, 201631

Comments: If metformin at maximal tolerated 
doses does not achieve or maintain the target 
HbA1c after 3 months, a sulfonylurea, thiazolidin-
edione, DPP-4 inhibitor, SGLT2 inhibitor, GLP-1 
receptor agonist, or basal insulin should be added. 
A dual combination may also be considered as ini-
tial therapy when HbA1c is 9% or greater. Consid-
erations when selecting therapy for an individual 
patient should include efficacy, cost, potential 
adverse effects, weight, comorbidities, hypoglyce-
mia risk, and patient preferences.

Guideline: Consensus statement by the American 
Association of Clinical Endocrinologists and Ameri-
can College of Endocrinology on the comprehensive 
type 2 diabetes management algorithm – 2016 execu-
tive summary
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Reference: Garber, 201632

Comments: If glycemic targets are not achieved 
within 3 months with metformin or an alternative 
first-line agent, another agent should be added in 
the following suggested hierarchy of use: GLP-1 
receptor agonist, SGLT2 inhibitor, DPP-4 inhibi-
tor, thiazolidinedione, basal insulin, colesevelam, 
bromocriptine, alpha-glucosidase inhibitor, or 
sulfonylurea/glinide. Initial dual combination 
therapy is recommended for patients presenting 
with HbA1c greater than 7.5%.

Studies
Drug: Lixisenatide vs Placebo

Reference: Bolli GB, et al, 2014 (GetGoal-F1 
trial)3

Study Design: Randomized, double-blind, multi-
center study
Study Funding: Sanofi
Patients: 482 adults with type 2 diabetes inad-
equately controlled with metformin. Patients 
were receiving at least 1.5 g/day of metformin 
as monotherapy and had HbA1C of 7% to 10%. 
Main exclusion criteria were use of injectable or 
oral glucose-lowering agents (other than metfor-
min) within 3 months prior to screening; FPG 
greater than 250 mg/dL at screening; or history 
of unexplained pancreatitis, chronic pancreati-
tis,  pancreatectomy, stomach/gastric surgery, or 
inflammatory bowel disease. Of 884 patients 
screened, 484 were randomized, with 482 
included for analysis (lixisenatide 2-step, n = 161; 
lixisenatide 1-step, n = 161; placebo, n = 160). 
Mean baseline characteristics were as follows: 
patient age was 56.1 years, duration of disease 
was 6 years, HbA1c was 8%, and body mass index 
(BMI) was 32.5 kg/m2.
Intervention: Lixisenatide or placebo was admin-
istered subcutaneously once daily for 24 weeks 
using a dose-increase regimen. The lixisenatide 
2-step group received 10 mcg for 1 week, then 
15 mcg for 1 week, and then 20 mcg for the 
remaining 22 weeks; the lixisenatide 1-step group 
received 10 mcg for 2 weeks and then 20 mcg for 
the remaining 22 weeks. The 2 placebo groups 
(2-step [n  =  80] and 1-step [n = 82]) followed 
the same schedule as the lixisenatide groups, but 
results from the 2 groups were combined for anal-
ysis. Established metformin doses were continued. 
Patients were stratified according to HbA1C values 
and BMI.

Results
Primary Endpoint(s)
•  LS mean improvement in HbA1c from baseline 

to week 24 was −0.8% with lixisenatide 2-step, 
−0.9% with lixisenatide 1-step, and −0.4% with 
placebo. The LS mean difference from placebo 
was −0.5% (95% CI, −0.7% to −0.3%; p < 
.001) with lixisenatide 1-step and −0.4% (95% 
CI, −0.6% to −0.2%; p < .001) with lixisenatide 
2-step.

Secondary Endpoint(s)
•  HbA1c less than 7% was achieved in 42.1% of 

patients with lixisenatide 2-step (p < .001 vs 
placebo) and 47.4% of patients with lixisena-
tide 1-step (p < .001 vs placebo), compared with 
24.1% of patients with placebo. HbA1c 6.5% or 
less was achieved in 20.4% of patients with lix-
isenatide 2-step (p < .001 vs placebo) and 25.6% 
of patients with lixisenatide 1-step (p < .001 vs 
placebo), compared with 7.6% of patients with 
placebo.

•  Improvements in FPG and body weight were 
observed in both the 1- and 2-step lixisenatide 
groups compared with placebo.

Comments: Rescue therapy was required by 3.1% 
of the lixisenatide 2-step group, 1.3% of the lix-
isenatide 1-step group, and 4.4% of the combined 
placebo group. Both dosing schedules of lix-
isenatide produced better glycemic control than 
placebo. The 24-week study was followed by a 
52-week variable, double-blind extension period, 
during which efficacy was maintained. In general, 
the 2 lixisenatide regimens were similar in efficacy 
and tolerability, which supports the 1-step dos-
age increase recommended in the lixisenatide pre-
scribing information.
Limitations: This study did not include a study 
arm with another GLP-1 receptor agonist to 
determine if differences exist among drugs in the 
same class.

Drug: Lixisenatide vs Exenatide
Reference: Rosenstock J, et al, 2013 (GetGoal-X 
trial)9

Study Design: Randomized, open-label, parallel-
group, multicenter, noninferiority study
Study Funding: Sanofi
Patients: 634 adults with type 2 diabetes inade-
quately controlled with metformin. Patients were 
receiving a metformin dose of at least 1.5 g/day 
and had HbA1C 7% to 10%. Exclusion criteria 
were use of oral or injectable glucose-lowering 
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agents other than metformin within 3 months 
prior to screening; FPG greater than 250 mg/dL 
at screening; history of unexplained pancreatitis, 
chronic pancreatitis, pancreatectomy, stomach/
gastric surgery, or inflammatory bowel disease; 
history of metabolic acidosis, including diabetic 
ketoacidosis, within 1 year before screening; his-
tory of myocardial infarction, stroke, or heart 
failure requiring hospitalization in the previ-
ous 6 months; and clinically relevant history of 
GI disease with prolonged nausea and vomiting 
during the previous 6 months. Of 1,243 patients 
screened, 639 were randomized, with 634 patients 
included for analysis (lixisenatide, n = 318; exena-
tide, n = 316). Mean baseline characteristics were 
as follows: patient age was 57.4 years, duration of 
diabetes was 6.8 years, HbA1c was 8%, and BMI 
was 33.6 kg/m2; 92.7% of patients were White.
Intervention: Patients were randomized (1:1) to 
the lixisenatide 2-step group or exenatide 1-step 
group, with lixisenatide administered subcutane-
ously once daily and exenatide administered sub-
cutaneously twice daily for 24 weeks. Lixisenatide 
was given 1 hour before the morning meal, and 
exenatide was given before the morning and eve-
ning meals. Both drugs were started at lower doses 
and increased in a stepwise manner to the target 
dose: The lixisenatide group received 10 mcg once 
daily for 1 week, then 15 mcg once daily for 1 
week, and then 20 mcg once daily for the remain-
ing 22 weeks; and the exenatide group received 
5 mcg twice daily for 4 weeks and then 10 mcg 
twice daily for the remaining 20 weeks.
Results
Primary Endpoint(s)
•  LS mean change in HbA1c from baseline to week 

24 was −0.79% with lixisenatide once daily 
and −0.96% with exenatide twice daily. The LS 
mean change difference between groups was 
0.17% (95% CI, 0.033% to 0.297%); there-
fore, noninferiority (upper CI margin of 0.4%) 
was demonstrated.

Secondary Endpoint(s)
•  No differences were found in the impact on 

FPG (LS mean change difference between the 2 
groups was 0.23 mmol/L [95% CI, −0.052 to 
0.522]) or in the proportion of patients achiev-
ing HbA1c less than 7% (48.5% with lixisena-
tide and 49.8% with exenatide).

•  Body weight was decreased by −2.96 kg with 
lixisenatide and by −3.98 kg with exenatide. 

The LS mean change difference in body weight 
between the 2 groups was 1.02 kg (95% CI, 
0.456 to 1.58). Weight loss of 5% or greater 
from baseline to week 24 occurred in 25.1% 
of patients treated with lixisenatide and 31.4% 
treated with exenatide.

Endpoint(s)
•  Nausea occurred more frequently with exena-

tide (35.1% vs 24.5%; p < .05), whereas there 
was no difference in the incidence of diarrhea 
or vomiting.

•  Symptomatic hypoglycemia occurred less fre-
quently with lixisenatide (2.5% vs 7.9%; p < .05).

Comments: This trial was designed as a nonin-
feriority trial based on the change in HbA1c at 
week 24. Noninferiority was achieved if the upper 
limits of the 2-sided 95% CI of the difference in 
adjusted mean change in HbA1c from baseline to 
week 24 was less than or equal to 0.4%. Central-
ized randomization and treatment allocation were 
performed using an interactive voice-response sys-
tem. Both GLP-1 receptor agonists were relatively 
well tolerated; the most common adverse reac-
tions, which were GI in nature, tended to occur 
more frequently at the start of therapy and sub-
sequently subsided. Both drugs were effective in 
lowering FPG levels and HbA1c, with the differ-
ence in response meeting noninferiority criteria. 
Incidence of study discontinuation was 12.9% in 
the lixisenatide group and 14.2% in the exenatide 
group, with adverse reactions accounting for the 
majority of discontinuations. The study was con-
ducted at 122 centers in 18 countries.
Limitations: The impact of the different dosing 
schedules on adherence was not reported.

Drug: Lixisenatide vs Liraglutide
Reference: Novo Nordisk, 2016 (LIRA-LIXI 
trial)33,34

Study Design: Phase 4 randomized, open-label, 
multicenter study
Study Funding: Novo Nordisk
Patients: 404 adults with type 2 diabetes inad-
equately controlled with metformin. Patients had 
received metformin at a maximum tolerated dose 
(1,000 to 3,000 mg/day) for 90 days prior to screen-
ing, and had HbA1c of 7.5% to 10.5% and BMI 
of at least 20 kg/m2. Female patients of childbear-
ing potential not using adequate contraception or 
who were pregnant, breastfeeding, or intending to 
become pregnant were excluded. Additional exclu-
sion criteria were previous treatment with a GLP-1 
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receptor agonist, treatment with glucose-lowering 
agents other than metformin within 90  days of 
screening, history of chronic pancreatitis or idio-
pathic acute pancreatitis, screening calcitonin 
value of 50 ng/L or greater, personal or family his-
tory of medullary thyroid carcinoma or multiple 
endocrine neoplasia syndrome type 2, impaired 
liver function (ALT at least 2.5 times the ULN), 
impaired renal function (estimated glomerular fil-
tration rate <60 mL/min/1.73 m2), or any chronic 
disorder or severe disease that in the opinion of 
the investigator might jeopardize patient safety or 
compliance with the protocol. Of the 619 patients 
screened, 404 were randomized to treatment with 
lixisenatide (n = 202) or liraglutide (n = 202). Mean 
baseline characteristics were as follows: patient age 
was 56.2 years, duration of diabetes was 6.3 years, 
HbA1c was 8.4%, and body weight was 101.24 kg; 
60% of patients were male.
Intervention: Patients were randomly assigned 
(1:1) to treatment with lixisenatide or liraglutide 
subcutaneously once daily for 26 weeks. Liraglu-
tide was started at 0.6 mg/day and increased at 
weekly intervals of 0.6 mg/day to a maintenance 
dose of 1.8 mg. Lixisenatide was started at 10 
mcg and increased to 20 mcg on day 15. Lixisena-
tide was given within 1 hour prior to the morning 
or evening meal, and liraglutide could be given at 
any time of day, without regard to meals. Patient 
metformin regimens were continued unchanged.
Results
Primary Endpoint(s)
•  Estimated change in HbA1c from baseline to week 

26 was −1.2% with lixisenatide and −1.8% with 
liraglutide (estimated difference, 0.6%; 95% CI, 
−0.8% to −0.4%; p < .001).

Secondary Endpoint(s)
•  Change in FPG was −1.7 mmol/L with lixisena-

tide and −2.9 mmol/L with liraglutide (esti-
mated difference, −1.2 mmol/L; 95% CI, −1.5 
to −0.8; p < .001).

•  HbA1c less than 7% was achieved in 45.5% of 
patients treated with lixisenatide and in 74.2% 
with liraglutide (p < .001). HbA1c 6.5% or 
less was achieved in 26.2% of patients treated 
with lixisenatide and in 54.6% with liraglutide 
(p < .001).

•  Change in body weight from baseline to week 
26 was −3.7 kg with lixisenatide and −4.3 kg 
with liraglutide (estimated difference, −0.6; 
95% CI, −1.6 to 0.4; p = .2347).

•  Incidence of adverse reactions was similar for 
the 2 treatments, with nausea occurring in 
21.8% of patients in both groups and diarrhea 
occurring in 12.4% of liraglutide patients and 
9.9% of lixisenatide patients.

Comments: Randomization was performed using 
an interactive voice-/web-response system. This 
head-to-head comparison, funded and conducted 
by the manufacturer of liraglutide (Novo Nord-
isk), did not enroll patients from the United States. 
Patients were from the Czech Republic, Finland, 
France, Germany, Hungary, Italy, Latvia, Lithuania, 
and the United Kingdom. About 84% of patients 
(340 of 404) completed the study: 88.1% of lira-
glutide patients and 80.2% of lixisenatide patients.
Limitations: Potential limitations of this trial 
included the relatively short 6-month duration, 
open-label design. In addition, a double-dummy 
design was not achievable, opening the study to 
bias due to lack of patient and physician blinding. 
The effect of liraglutide 1.2 mg versus lixisenatide 
was not evaluated in this trial.

Drug: Lixisenatide vs Sitagliptin
Reference: Van Gaal L, et al, 201411

Study Design: Randomized, double-blind, double-
dummy, multicenter study
Study Funding: Sanofi
Patients: 319 obese (BMI 30 kg/m2 or greater) 
adults younger than 50 years with type 2 diabetes 
inadequately controlled with metformin. Patients 
had to have been diagnosed at least 1 year before 
screening, be receiving a stable dose of metformin 
(at least 1.5 g/day) for at least 3 months prior to 
screening, and have HbA1C 7% to 10%. Exclu-
sion criteria were FPG greater than 250 mg/dL 
at screening; history of unexplained pancreatitis, 
chronic pancreatitis, pancreatectomy, stomach/
gastric surgery, or inflammatory bowel disease; 
history of metabolic acidosis, including diabetic 
ketoacidosis within 1 year prior to screening; his-
tory of myocardial infarction, stroke, or heart 
failure requiring hospitalization within 6 months 
prior to screening; and amylase and/or lipase 
values more than 3 times the normal laboratory 
range. Of 620 patients screened, 319 were ran-
domized to treatment with lixisenatide (n = 158) 
or sitagliptin (n =161). Mean baseline character-
istics were as follows: patient age was 43 years, 
duration of diabetes was 4.4 years, HbA1c was 
8.1%, and BMI was 36.8 kg/m2; 80% of patients 
were White, and the lixisenatide group had a 
lower proportion of males (34.8% vs 45.3%).
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Intervention: Patients were randomized to lix-
isenatide 20 mcg subcutaneously once daily ini-
tiated in a 2-step regimen or sitagliptin 100 mg 
orally once daily for 24 weeks. Each group also 
received a placebo dose of oral or subcutaneous 
study medication to maintain the double-blind. 
Patients continued to receive metformin at a sta-
ble dose.
Results
Primary Endpoint(s)
•  A composite endpoint of the proportion of 

patients achieving HbA1c of less than 7% and 
body weight loss of at least 5% from baseline 
at week 24 was achieved by 12% of patients in 
the lixisenatide group and by 7.5% of the sita-
gliptin group; weighted average of proportion 
difference was 4.6% (95% CI, −1.8% to 11%; 
p = .1696).

Secondary Endpoint(s)
•  HbA1c less than 7% at week 24 was achieved in 

40.7% of patients in the lixisenatide group and 
in 40% of the sitagliptin group; weighted aver-
age of proportion difference was 0.8% (95% 
CI, −9.7% to 11.3%; p = .884).

•  LS mean change in HbA1c from baseline was 
−0.7% for both groups.

•  Reduction in body weight from baseline to 
week 24 was −2.5 kg with lixisenatide and −1.2 
kg with sitagliptin; mean difference was −1.3 kg 
(95% CI, −2.1 to −0.6; p < .001).

Comments: This study compared an injectable 
GLP-1 receptor agonist (lixisenatide) and an oral 
DPP-4 inhibitor (sitagliptin) using a double-blind, 
double-dummy design. Patients were censored if 
a rescue medication had to be added to the drug 
regimen, and missing values were replaced using 
last observation carried forward values. Study 
withdrawal occurred in 10.1% of the lixisenatide 
group and 6.8% of the sitagliptin group.
Limitations: The study population was younger 
than in other studies. Whether a difference in 
response exists between the 2 drugs in older 
patients remains to be determined.

Indication: Type 2 Diabetes Mellitus—Add-On Therapy 
With Other Hypoglycemic Drugs
Guidelines
Guideline: Standards of medical care in diabetes—2016

Reference: American Diabetes Association, 201631

Comments: If metformin at maximal tolerated 
doses does not achieve or maintain the target HbA1c 
after 3 months, a sulfonylurea,  thiazolidinedione, 

DPP-4 inhibitor, SGLT2 inhibitor, GLP-1 recep-
tor agonist, or basal insulin should be added. A 
dual combination may also be considered as ini-
tial therapy when HbA1c is 9% or greater. If target 
HbA1c levels are not achieved after 3 months of 
dual therapy, an additional agent should be added. 
If adequate control is not achieved after 3 months 
of triple therapy, patients receiving oral regimens 
should be switched to injectables, patients receiv-
ing a GLP-1 receptor agonist should have basal 
insulin added, and patients receiving optimally 
titrated basal insulin should have a GLP-1 recep-
tor agonist or mealtime insulin added. Consider-
ations when selecting therapy for an individual 
patient should include efficacy, cost, potential 
adverse effects, weight, comorbidities, hypoglyce-
mia risk, and patient preferences.

Guideline: Consensus statement by the American 
Association of Clinical Endocrinologists and Ameri-
can College of Endocrinology on the comprehensive 
type 2 diabetes management algorithm – 2016 execu-
tive summary

Reference: Garber, 201632

Comments: If glycemic targets are not achieved 
within 3 months with metformin or an alternative 
first-line agent, another agent should be added in 
the following suggested hierarchy of use: GLP-1 
receptor agonist, SGLT2 inhibitor, DPP-4 inhibi-
tor, thiazolidinedione, basal insulin, colesevelam, 
bromocriptine, alpha-glucosidase inhibitor, or 
sulfonylurea/glinide. If glycemic targets are not 
achieved within 3 months on dual therapy, a third 
agent should be added in the following suggested 
hierarchy of usage: GLP-1 receptor agonist, SGLT2 
inhibitor, thiazolidinedione, basal insulin, DPP-4 
inhibitor, colesevelam, bromocriptine, alpha-glu-
cosidase inhibitor, or sulfonylurea/glinide. Insulin 
therapy is recommended for patients with HbA1c 
greater than 9% with symptoms and for those not 
at glycemic goal after 3 months on triple therapy.

Studies
Drug: Lixisenatide vs Placebo

Reference: Riddle MC, et al, 2013 (GetGoal-L trial)7

Study Design: Randomized, double-blind, multi-
center study
Study Funding: Sanofi
Patients: 496 adults with type 2 diabetes insuffi-
ciently controlled with basal insulin with or with-
out metformin therapy. Patients were eligible if 
they had received a basal insulin regimen for at 
least 3 months and been receiving a stable dose 
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for at least 2 months before screening, and if they 
had HbA1C 7% to 10%. Patients receiving metfor-
min were required to be on a stable dose (at least 
1.5 g/day) for at least 3 months prior to screening. 
Exclusion criteria were FPG greater than 250 mg/
dL; BMI 20 kg/m2 or less; weight change greater 
than 5 kg over the 3 months before screening; his-
tory of unexplained pancreatitis, ESRD, or allergic 
reaction to any GLP-1RA; or pregnancy. Of 879 
patients screened, 496 were randomized, with 495 
receiving treatment with lixisenatide (n = 328) or 
placebo (n = 167). Mean baseline characteristics 
were as follows: patient age was 57 years, dura-
tion of diabetes was 12.5 years, duration of basal 
insulin use was 3.1 years, and HbA1C was 8.4%; 
78% of patients were White.
Intervention: Patients were randomized (2:1) to 
receive lixisenatide or placebo subcutaneously 
once daily before the morning meal for 24 weeks 
in addition to basal insulin with or without met-
formin therapy. Lixisenatide was administered as 
a 2-step dose-increase regimen at 10 mcg/day for 
1 week, then 15 mcg/day for 1 week, and then 
20 mcg/day for the remaining 22 weeks. Prior to 
starting study drug, the daily dose of basal insulin 
was reduced by 20% to decrease the risk of hypo-
glycemia; thereafter, it could be increased.
Results
Primary Endpoint(s)
•  LS mean change in HbA1c from baseline at week 

24 was −0.7% with lixisenatide and −0.4% 
with placebo. The LS mean difference from pla-
cebo was −0.4% (95% CI, −0.6% to −0.2%; p 
< .001).

Secondary Endpoint(s)
•  HbA1c less than 7% at week 24 was achieved in 

28.3% of patients treated with lixisenatide and 
in 2% with placebo (p < .001). HbA1c of 6.5% 
or less at week 24 was achieved in 14.5% of 
patients treated with lixisenatide and in 3.8% 
with placebo (p < .001).

•  Body weight decreased from baseline to week 
24 by 1.8 kg with lixisenatide and by 0.5 kg 
with placebo. The LS mean difference from pla-
cebo was −1.3 kg (p < .001).

•  No difference was observed between treat-
ments in FPG, but 7-point self-measurement 
of plasma-referenced glucose showed reduc-
tions throughout the day with lixisenatide, and 
postprandial glucose concentrations were lower 
with lixisenatide.

Comments: Treatment was allocated using an 
interactive voice-response system. Rescue therapy 
with rapid-acting insulin or with an increase in 
basal insulin of more than 20% occurred in 6% 
of lixisenatide patients and in 7% of placebo 
patients. GetGoal-L-Asia was a similar study, 
but it used basal insulin with or without sulfo-
nylurea therapy instead of metformin and only 
included patients from Japan, the Republic of 
Korea, Taiwan, and the Philippines.10 Similar to 
the GetGoal-L trial, these patients had improved 
glycemic control compared to the placebo group.
Limitations: This study did not include a study 
arm with another GLP-1 receptor agonist to 
determine whether differences exist among drugs 
in the same class.

Reference: Riddle MC, et al, 2013 (GetGoal-Duo 
1 trial)8

Study Design: Randomized, double-blind, multi-
center study
Study Funding: Sanofi
Patients: 446 adults with type 2 diabetes inade-
quately controlled on metformin alone or with a 
sulfonylurea, glinide, or thiazolidinedione. Patients 
were eligible if they had been diagnosed at least  
1 year prior to screening, were receiving metfor-
min at a stable dose (at least 1.5 g/day) as mono-
therapy or as part of combination therapy for at 
least 3 months, had HbA1c 7% to 10%, and had 
BMI greater than 20 kg/m2. Exclusion criteria were 
use of oral or injectable antihyperglycemic agents 
other than metformin, sulfonylureas, glinides, 
and thiazolidinediones within 3 months; use of 
weight-loss drugs if not at a stable dose for at least 
3 months; history of hypoglycemia unawareness, 
GI disease associated with prolonged nausea, and 
vomiting; and hypersensitivity to insulin glargine 
or allergic reaction to any GLP-1 receptor agonists. 
Of 1,470 patients screened, 825 patients com-
pleted the run-in phase; of these 825 patients, 446 
met requirements for randomization to treatment 
with lixisenatide (n = 223) or placebo (n = 223). 
Mean baseline characteristics were as follows: 
patient age was 56 years, duration of diabetes was 
9.2 years, and BMI was 31.8 kg/m2.
Intervention: Sulfonylurea or glinide use was dis-
continued at the beginning of the study. Previous 
thiazolidinedione (12%) and metformin (100%) 
therapy was continued unchanged throughout the 
study. Insulin glargine was initiated and titrated 
during the 12-week run-in phase to achieve FPB 
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of 80 to 100 mg/dL in all patients. Patients with 
an HbA1c of 7% to 9% after the insulin glargine 
run-in phase were randomized (1:1) to receive 
lixisenatide or placebo subcutaneously once daily 
for 24 weeks. The lixisenatide dose was titrated 
in 2 steps at 10 mcg/day for 1 week, then 15 mcg/
day for 1 week, and then 20 mcg/day as a mainte-
nance dosage for the remaining 22 weeks.
Results
Primary Endpoint(s)
•  Mean HbA1c decreased from 8.6% to 7.6% 

during the insulin glargine run-in phase. The LS 
mean change from baseline (7.6%) was −0.7% 
with lixisenatide and −0.4% with placebo. The 
LS mean difference from placebo was −0.3% 
(95% CI, −0.5% to −0.2%; p < .001).

Secondary Endpoint(s)
•  HbA1c less than 7% was achieved in 56% of 

patients treated with lixisenatide and in 39% 
with placebo (p = .001). HbA1c 6.5% or less 
was achieved in 32% of patients treated with 
lixisenatide and in 16% with placebo (p < .001).

•  The 2-hour postbreakfast plasma glucose 
LS mean was decreased from baseline by 
3.1 mmol/L with lixisenatide and increased by 
0.1 mmol/L with placebo. The LS mean differ-
ence from placebo was −3.2 mmol/L (95% CI, 
−4 to −2.4; p < .001).

•  FPG was increased from baseline by 0.3 mmol/L 
with lixisenatide and by 0.5 mmol/L with pla-
cebo. The LS mean difference from placebo was 
−0.1 mmol/L (95% CI, −0.5 to 0.2; p = .5142).

Comments: Randomization was performed using 
a centralized interactive voice-response system. 
Meaningful changes in HbA1c and glucose control 
were seen with the addition of lixisenatide to met-
formin and basal insulin glargine. The impact of 
postmeal insulin administration was not assessed. 
The proportion of patients with treatment-emer-
gent adverse events (primarily GI events) was 
higher with lixisenatide than placebo (79.8% vs 
68.2%); serious adverse events were reported in 
7.6% of patients in the lixisenatide group com-
pared with 4.5% in the placebo group.
Limitations: Although the run-in period could 
be considered short, 3 months is enough time for 
a meaningful change in HbA1c. Approximately 
40% of patients randomized to lixisenatide did 
not attain the HbA1c goal of 7% or lower, and 
what further measures might improve their suc-
cess remains unknown. This study did not include 
a study arm with another GLP-1 receptor agonist 

to determine if differences exist among drugs in 
the same class.

Reference: Pinget M, et al, 2013 (GetGoal-P trial)6

Study Design: Randomized, double-blind, multi-
center study
Study Funding: Sanofi
Patients: 484 adults with type 2 diabetes inad-
equately controlled with at least 30 mg/day of 
pioglitazone with or without metformin (1.5 g/
day) for at least 3 months, with an HbA1c of 7% 
to 10%. Exclusion criteria were use of oral or 
injectable glucose-lowering agents other than pio-
glitazone and metformin within 3 months prior to 
screening; FPG greater than 250 mg/dL at screen-
ing; history of unexplained pancreatitis, chronic 
pancreatitis, pancreatectomy, stomach/gastric sur-
gery, or inflammatory bowel disease; ESRD and/
or dialysis, or creatinine greater than 1.4 mg/dL in 
women or greater than 1.5 mg/dL in men; history 
of allergic reaction to any GLP-1 receptor agonist; 
and clinically relevant history of GI disease with 
prolonged nausea and vomiting during the previ-
ous 6 months. Of 906 patients screened, 484 were 
eligible for randomization to treatment with lix-
isenatide (n = 323) or placebo (n = 161). Mean 
baseline characteristics were as follows: patient age 
was 55.8 years, duration of diabetes was 8.1 years, 
HbA1c was 8.1%, and BMI was 33.9 kg/m2.
Intervention: Patients were randomized (2:1) to 
receive lixisenatide or placebo subcutaneously once 
daily for 24 weeks. Lixisenatide was administered 
in a 2-step dose-increase regimen at 10 mcg/day 
for 1 week, then 15 mcg/day for 1 week, and then 
20 mcg/day for the remaining 22 weeks. Previous 
pioglitazone and/or metformin therapy was contin-
ued unchanged throughout the study. Randomiza-
tion was stratified by HbA1c and metformin use.
Results
Primary Endpoint(s)
•  LS mean change in HbA1c from baseline to week 

24 was −0.9% with lixisenatide and −0.34% 
with placebo. The LS mean difference from pla-
cebo was −0.56% (95% CI, −0.73% to −0.39%; 
p < .001).

Secondary Endpoint(s)
•  HbA1c less than 7% was achieved in 52.3% of 

patients treated with lixisenatide and in 26.4% 
with placebo (p < .001). HbA1c 6.5% or less was 
achieved in 28.9% of patients treated with lix-
isenatide and in 10.1% with placebo (p < .001).

•  FPG was decreased from baseline by 1.1 mmol/L 
with lixisenatide and by 0.3 mmol/L with  placebo. 
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The LS mean difference from placebo was  
−0.84 mmol/L (95% CI, −1.21 to −0.47; p < .001).

•  Body weight decreased by 0.2 kg with lixisena-
tide and increased by 0.2 kg with placebo. The 
LS mean difference from placebo was –0.41 
kg (95% CI, −1.03 to 0.2; p = .1864). Patients 
using metformin at baseline had an LS mean 
difference in body weight of −0.54 kg (95% 
CI, −1.23 to 0.14) and those not using metfor-
min had a difference of 0.13 kg (95% CI, −1.27 
to 1.53).

Comments: This was a multicenter, international 
study; approximately half of the study patients 
were from North America. Fewer patients 
required rescue therapy at week 24 with lixisena-
tide (3.8% vs 11.3%). The nausea associated with 
lixisenatide was more frequent during the first 
week of therapy or the week following an increase 
in dose. The incidence of injection-site reactions 
was similar in both groups. The beneficial effects 
of lixisenatide were maintained during the vari-
able extension phase (52 weeks or more). At week 
76, HbA1c was reduced from baseline by 1.1 in 
the lixisenatide group and by 0.6 in the placebo 
group, and mean HbA1c was 6.9% in the lixisena-
tide group and 7.3% in the placebo group. Main-
tenance of HbA1c less than 7% occurred in 58.5% 
of patients in the lixisenatide group and in 38% 
in the placebo group, and HbA1c of 6.5% or less 
was achieved by 35.6% and 21.1%, respectively. 
The mean change in body weight from baseline to 
week 76 was 0.88 kg in the lixisenatide group and 
0.86 kg in the placebo group.

Reference: Rosenstock J, et al, 2014 (GetGoal-S 
trial)30

Study Design: Randomized, double-blind, multi-
center study
Study Funding: Sanofi
Patients: 859 adults with type 2 diabetes inad-
equately controlled with sulfonylurea therapy 
with or without metformin, and with HbA1C 7% 
to 10%. Exclusion criteria were use of oral or 
injectable glucose-lowering agents other than a 
sulfonylurea or metformin within 3 months prior 
to screening; FPG greater than 250 mg/dL; his-
tory of unexplained pancreatitis, chronic pancre-
atitis, pancreatectomy, stomach/gastric surgery, 
or inflammatory bowel disease; history of GI dis-
ease with prolonged nausea and vomiting in the 6 
months prior to study initiation, metabolic acido-
sis (including diabetic  ketoacidosis) within 1 year 

prior to screening, or myocardial infarction, 
stroke, or heart failure requiring  hospitalization 
within the previous 6 months; uncontrolled/
inadequately controlled hypertension at the time 
of screening, with a resting systolic blood pres-
sure greater than 180 mm Hg or diastolic blood 
pressure greater than 95 mm Hg; amylase and/or 
lipase greater than 3 times or AST, ALT, or alka-
line phosphatase greater than 2 times the ULN; 
and ESRD (defined as serum creatinine clear-
ance <15 mL/min) and/or dialysis. In the case of 
treatment with metformin, patients with renal 
impairment (defined as creatinine >1.4 mg/dL in 
women and >1.5 mg/dL in men) were excluded. 
Of 1,438 patients screened, 850 were random-
ized to treatment with lixisenatide (n = 573)  
or placebo (n = 286). Monotherapy with a sul-
fonylurea was used by 16% of patients at base-
line, and combination therapy with sulfonylurea 
and metformin was used by 84% of patients. 
Mean baseline characteristics were as follows: 
patient age was 57.4 years, duration of diabetes 
was 9.5  years, HbA1c was 8.3%, and BMI was 
30.3 kg/m2; 52.2% of patients were White and 
44.8% were Asian.
Intervention: Patients were randomized (2:1) to 
receive treatment with lixisenatide or placebo sub-
cutaneously once daily within 1 hour before the 
morning meal for 24 weeks. Using a 2-step dose-
increase regimen, lixisenatide was administered as 
10 mcg/day for 1 week, then 15 mcg/day for 1 
week, and then 20 mcg/day for the remaining 22 
weeks. Previous sulfonylurea and metformin regi-
mens were continued unchanged. Randomization 
was stratified by HbA1c and metformin use.
Results
Primary Endpoint(s)
•  HbA1c decreased from baseline to week 24 by 

0.85% with lixisenatide and by 0.1% with pla-
cebo (p < .001); LS mean difference between the 
2 groups was −0.74% (95% CI, −0.867% to 
−0.621%; p < .001).

Secondary Endpoint(s)
•  HbA1c less than 7% was achieved in 36.4% of 

patients treated with lixisenatide and in 13.5% 
with placebo (p < .001). HbA1c 6.5% or less was 
achieved in 19.3% of patients treated with lix-
isenatide and in 4.7% with placebo (p < .001).

•  FPG decreased more with lixisenatide; LS mean 
difference was −0.6 mmol/L (95% CI, −0.9 to 
−0.3; p < .001).
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•  Body weight decreased by 1.76 kg with lixisena-
tide and by 0.93 kg with placebo; LS mean dif-
ference was −0.84 kg (95% CI, −1.25 to −0.42; 
p < .001). Weight loss of 5% or greater from 
baseline to week 24 was achieved in 14.4% of 
patients treated with lixisenatide and in 7.2% 
with placebo.

Comments: Rescue medication was required 
by 4% of patients in the lixisenatide group and 
by 12.6% of in the placebo group during the 
24-week treatment period. These patients were 
censored for efficacy assessment at the time res-
cue medication was started. The 24-week study 
was completed by 87% of the lixisenatide group 
and 89% of the placebo group. The discontinua-
tion rate due to adverse reactions was 8.4% with 
lixisenatide and 3.8% with placebo. The major-
ity of adverse reactions were mild or moderate 
cases of nausea and vomiting that subsided over 
the first 4 weeks. A similar study conducted in 
Asian patients with type 2 diabetes inadequately 
controlled on metformin with or without a sul-
fonylurea (GetGoal-M-Asia) found that lixisena-
tide improved glycemic control in this patient 
population and was well tolerated throughout the 
24-week study.12

Limitations: GetGoal-S did not include a study 
arm with another GLP-1 receptor agonist to 
determine whether differences exist among drugs 
in the same class.

CONTRAINDICATIONS, WARNINGS, AND 
PRECAUTIONS

The contraindications, warnings, and precautions 
for lixisenatide are similar to those included in the 
product labeling of albiglutide, dulaglutide, exena-
tide immediate-release injection, exenatide extended-
release injection, and liraglutide (Table 2).1,13-17

Some GLP-1 receptor agonists (ie, albiglutide, 
dulaglutide, exenatide, liraglutide) are contraindi-
cated in patients with a personal or family history of 
medullary thyroid carcinoma or in patients with mul-
tiple endocrine neoplasia syndrome type 2.13-17 Boxed 
warnings regarding the risk of thyroid C-cell tumors 
are required for some GLP-1 receptor agonists (ie, 
albiglutide, dulaglutide, exenatide, liraglutide).13-17

Contraindications
Lixisenatide is contraindicated in patients with 

known hypersensitivity to lixisenatide or to any com-
ponent of the product (ie, glycerol, sodium acetate tri-
hydrate, methionine, metacresol, water for injection).1

Warnings and Precautions
Anaphylaxis and serious hypersensitivity reac-

tions (eg, angioedema) have been reported. The risk 
of cross-sensitivity between GLP-1 receptor agonists 
is unknown.1

Acute pancreatitis has been reported, includ-
ing cases of fatal and nonfatal hemorrhagic or nec-
rotizing pancreatitis. This risk may be increased in 
patients with a history of cholelithiasis or alcohol 
abuse. Patients should be monitored for signs and 
symptoms of pancreatitis; if pancreatitis is suspected, 
the drug should be discontinued and appropriate 
management started. If pancreatitis is confirmed, lix-
isenatide should not be restarted.1

Concomitant use with a sulfonylurea or basal 
insulin is associated with an increased frequency of 
hypoglycemia. Reduction in the dose of sulfonylurea 
or basal insulin may be necessary.1

Acute kidney injury and worsening chronic 
renal failure have been reported with GLP-1 recep-
tor agonists. Monitor renal function in patients with 
preexisting renal impairment or in patients reporting 
severe GI reactions. Lixisenatide is not recommended 
for patients with ESRD.1

Development of antibodies to lixisenatide may 
occur during treatment. Allergic reactions and injec-
tion-site reactions may occur in patients who develop 
these antibodies. Patients experiencing worsening gly-
cemic control or failure to achieve targeted glycemic 
control, allergic reactions, or significant injection-site 
reactions may require treatment with an alternative 
antidiabetic therapy.1

The impact of lixisenatide on the reduction of 
risk of developing negative macrovascular outcomes 
is unknown.1

The safety and effectiveness of lixisenatide in 
patients with gastroparesis is unknown. Gastropare-
sis was an exclusion criterion in clinical trials. Because 
lixisenatide may slow gastric emptying, its use in 
patients with gastroparesis is not recommended.1

Information regarding the safety of lixisenatide 
during pregnancy is not sufficient to determine the 
risk of major birth defects and miscarriage. Lix-
isenatide should be used during pregnancy only if 
the potential benefit justifies the potential risk to 
the fetus.1

No information is available regarding the safety 
of lixisenatide during breastfeeding. In a study in 
rats, lixisenatide and its metabolites were excreted in 
small amounts.1

The safety and effectiveness of lixisenatide have 
not been established in patients younger than 18 years.1
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Table 2. Contraindications, warnings, and precautions of GLP-1 receptor agonists1,13-17

Albiglutide Dulaglutide Exenatide 
 immediate release

Exenatide 
 extended release

Liraglutide Lixisenatide

Contraindications

Medullary thyroid 
carcinoma

X X X X

Multiple endocrine 
neoplasia 
syndrome type 2

X X X X

Hypersensitivity X X X X X X

Boxed warnings

Risk of thyroid 
C-cell tumors

X X X X

Warnings and precautions

Thyroid C-cell 
tumors

X X X X

Pancreatitis X X X X X X

Hypoglycemia 
with insulin 
secretagogues

X X X X X X

Renal impairment X X X X X X

Macrovascular 
risk reduction

X X X X X X

Gastroparesis or 
severe GI disease

X X X X X

Hypersensitivity X X X X X X

Injection-site 
reactions

X X

Special populations

Renal impairment Use caution Use caution Avoid in severe 
impairment or 
ESRD
Use caution 
in renal 
transplantation 
and when 
increasing dose 
in moderate renal 
impairment

Avoid in severe 
impairment or 
ESRD
Use caution 
in renal 
transplantation 
and moderate 
renal 
impairment

Use caution Use caution
Not 
recommended 
in ESRD

Hepatic 
impairment

Not studied Not studied Not studied Not studied Use caution Not studied

Elderly patients No unique 
precautions

No unique 
precautions

Assess renal 
function

Assess renal 
function

No unique 
precautions

No unique 
precautions

Pediatric patients Not 
recommended

Not 
recommended

Not established Not 
recommended

Not 
recommended

Not 
recommended

Note: ESRD = end-stage renal disease; GI = gastrointestinal.
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ADVERSE REACTIONS
In clinical trials, the most common adverse reac-

tions associated with lixisenatide therapy included 
nausea (25%), vomiting (10%), headache (9%), diar-
rhea (8%), and dizziness (7%).1

Infrequent adverse reactions included allergic 
reactions (eg, pruritus, urticaria) and injection-site 
reactions.1

The incidence of hypoglycemia is influenced by 
concurrent use with other antidiabetic agents; in 
clinical studies, the incidence of hypoglycemia during 
monotherapy with lixisenatide was the same as with 
placebo (2%). The incidence of hypoglycemia with 
lixisenatide when administered with metformin or 
pioglitazone with or without metformin was 1% with 
placebo and 3% with lixisenatide. In patients treated 
with lixisenatide and a sulfonylurea with or with-
out metformin, the incidence of hypoglycemia was 
approximately 15%. In those treated with lixisena-
tide and basal insulin with or without metformin, the 
incidence of hypoglycemia was 28%. In those treated 
with lixisenatide, basal insulin, and a sulfonylurea, 
the incidence of hypoglycemia was 47%.1

In clinical trials, there were 21 cases of pancre-
atitis with lixisenatide and 14 cases in comparator-
treated patients (incidence rate of 21 vs 17 per 10,000 
patient-years).1 In one clinical study, administration 
of lixisenatide to patients with type 2 diabetes and 
a history of acute coronary syndrome (eg, myocar-
dial infarction, hospitalization for unstable angina) 
within the past 6  months did not alter the rate of 
major cardiovascular events (eg, rate of hospitaliza-
tion for heart failure, rate of death) or other serious 
adverse events compared to placebo.35 This study met 
noninferiority criteria for lixisenatide but did not 
meet superiority criteria.

In a dose-ranging study that enrolled 542 patients, 
anti-lixisenatide antibody–positive frequency ranged 
from 43.1% in patients receiving 10 mcg once daily 
to 71.2% in patients receiving 20 mcg twice daily.29 
In another study that enrolled 361 patients and used 
a stepwise dosing increase to the target dosage of 
20  mcg/day, 56% of those treated using the 2-step 
dosing schedule and 60% treated with the 1-step dos-
ing schedule developed anti-lixisenatide antibodies.5 
The presence of antibodies in these 2 studies did not 
appear to affect the safety or efficacy of lixisenatide.5,29

DRUG INTERACTIONS
Any changes in warfarin pharmacokinetics with 

concurrent lixisenatide therapy are believed to be 
clinically insignificant.36

Absorption of some orally administered drugs 
may be delayed, especially if taken within 4 hours 
of lixisenatide administration, due to the impact of 
lixisenatide on gastric emptying time and GI motil-
ity. However, absorption of acetaminophen and oral 
contraceptives taken 1 hour before administration of 
lixisenatide were unaffected.1

RECOMMENDED MONITORING
As in all patients with type 2 diabetes, blood glu-

cose and periodic HbA1c monitoring is advised.

DOSING
Lixisenatide should be started at 10 mcg sub-

cutaneously once daily for 14 days. The injection 
should be given in the abdomen, thigh, or upper arm 
1 hour before the first meal of the day, and the injec-
tion site should be rotated with each dose.1 The dose 
should be increased to 20 mcg once daily starting on 
day 15.1 Recommended dosages for the GLP-1 recep-
tor agonists are compared in Table 3.1,13-17

The prescribing information states that lixisenatide 
should be given 1 hour before the first meal of the day; 
however, subcutaneous administration of lixisenatide 
20 mcg within 1 hour before the main meal of the day 
was shown to be noninferior to lixisenatide 20 mcg 
before the morning meal in patients insufficiently con-
trolled with metformin therapy.1,37 In another study that 
evaluated morning versus evening before-meal dosing in 
patients insufficiently controlled with metformin ther-
apy, both times of day were associated with improve-
ment in glycemic control and were well tolerated.38

No dosage adjustments are needed for patients 
with mild to moderate renal impairment; however, 
monitoring for hypoglycemia and increased frequency 
of nausea and vomiting in these patients is recom-
mended. Experience in patients with severe renal 
impairment or ESRD is limited. Lixisenatide should be 
used with caution in patients with severe renal impair-
ment and is not recommended in patients with ESRD.1

PRODUCT AVAILABILITY
Lixisenatide was approved by the FDA on July 

27, 2016.2 It is available in a prefilled pen for sub-
cutaneous administration. The starter pen contains 
50 mcg/mL of lixisenatide in 3 mL solution and deliv-
ers 14 doses of 10 mcg/dose. The maintenance pen 
contains 100 mcg/mL of lixisenatide in 3 mL solution 
and delivers 14 doses of 20 mcg/dose. Both pens are 
intended for single-patient use.1 Table 4 compares the 
availability, storage, and handling of GLP-1 receptor 
agonists.1,13-17
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Table 3. Recommended dosages of GLP-1 receptor agonists1,13-17

Albiglutide Dulaglutide Exenatide 
 immediate release

Exenatide 
 extended release

Liraglutide Lixisenatide

Route Subcutaneous Subcutaneous Subcutaneous Subcutaneous Subcutaneous Subcutaneous

Injection 
sites

Abdomen, 
thigh, or upper 
arm

Abdomen, 
thigh, or upper 
arm

Abdomen, thigh, 
or upper arm

Abdomen, thigh, 
or upper arm

Abdomen, 
thigh, or upper 
arm

Abdomen, thigh, 
or upper arm

Initial dosage 30 mg once 
weekly

0.75 mg once 
weekly

5 mcg twice daily 2 mg once 
weekly

0.6 mg once 
daily

10 mcg once daily

Usual dosage 30 to 50 mg 
once weekly

0.75 to 1.5 mg 
once weekly

5 to 10 mcg 
twice daily

2 mg once 
weekly

1.2 to 1.8 mg 
once daily

20 mcg once daily

Time of day Any time, 
independent of 
meals

Any time, 
independent of 
meals

Within 1 hour 
before the 2 
main meals of 
the day

Any time, 
independent of 
meals

Any time, 
independent of 
meals

Within 1 hour 
before the first 
meal of the day

Table 4. Product availability, storage, and handling of GLP-1 receptor agonists1,13-17

Albiglutide Dulaglutide Exenatide im-
mediate release

Exenatide ex-
tended release

Liraglutide Lixisenatide

Dosage 
form

Single-dose 
pens: 30 mg 
and 50 mg

Single-dose pen 
and single-dose 
prefilled syringe: 
0.75 mg per 
0.5 mL and  
1.5 mg per 
0.5 mL solution

Prefilled 
multidose pens: 
5 mcg/dose and 
10 mcg/ dose 
(containing 
60 doses)

Single-dose pen: 
2 mg
Single-dose vial: 
2 mg

Multidose pen 
delivering 0.6 
mg, 1.2 mg, and 
1.8 mg doses (6 
mg/mL, 3 mL 
pens)

Multidose pen 
delivering 10 mcg 
and 20 mcg doses 
(14 doses per pen)

How 
supplied

Cartons of 
4, containing 
4 pens and 
four 29-gauge 
needles

Cartons of 4 Package 
containing 
1 pen

Cartons 
containing 
4 pens
Cartons of 
4 single dose 
trays, each 
containing 
1 diluent syringe, 
1 vial connector, 
and 2 needles

Cartons of 2 or 
3 pens

Starter pack 
containing one 
10 mcg/dose pen and 
one 20 mcg/dose 
pen;
Maintenance pack 
containing two 
20 mcg/dose pens

Storage Store in 
refrigerator; 
may store 
at room 
temperature 
for up to 
4 weeks

Store in 
refrigerator; 
may store 
at room 
temperature for 
up to 14 days

Store in 
refrigerator 
prior to first 
use, then 
store at room 
temperature for 
30 days

Store in 
refrigerator; 
may be stored 
at room 
temperature for 
up to 4 weeks

Store in 
refrigerator 
prior to first 
use; may be 
stored at room 
temperature for 
up to 30 days

Store in refrigerator 
prior to first use; 
may be stored at 
room temperature 
(below 30°C [86°F]) 
and protected from 
light for up to 
14 days

Handling Requires 
mixing; attach 
supplied 
needle

Ready to use Attach needle 
(not supplied 
with pen)

Requires mixing; 
attach supplied 
needle

Attach needle 
(not supplied 
with pen)

Ready to use
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Unused pens should be stored in the refrigerator 
at 2°C to 8°C (36°F to 46°F) in the original packag-
ing to protect them from light. After the first use, a 
pen can be stored below 30°C (86°F) and protected 
from light. Pens should not be frozen. Pens should be 
discarded 14 days after first use.1

DRUG SAFETY/RISK EVALUATION AND MITIGATION 
STRATEGY (REMS)

No REMS is required for lixisenatide.2

CONCLUSION
Lixisenatide, approved as an adjunct to diet and 

exercise to improve glycemic control in adults with 
type 2 diabetes mellitus, offers an alternative to other 
GLP-1 receptor agonists, especially in patients with 
inadequate response to monotherapy with sulfonyl-
ureas or metformin, or to a combination of the 2. 
Lixisenatide once daily demonstrated noninferiority 
to exenatide twice daily, was less effective than lira-
glutide once daily, and had a similar therapeutic effect 
to sitagliptin, a DPP-4 inhibitor. Differences in dosing 
schedules, cardiovascular outcome studies, and cost 
will influence lixisenatide’s place in therapy. The lack 
of cardiovascular adverse effects with lixisenatide is 
similar to that observed with other GLP-1 receptor 
agonists; however, studies addressing the role of lix-
isenatide in decreasing the risk of heart attack, stroke, 
and cardiovascular death in high-risk type 2 diabetes 
patients would be beneficial.
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