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OBJECTIVE

To evaluate the efficacy and safety of lixisenatide versus placebo on glycemic
control in older patients with type 2 diabetes uncontrolled on their current anti-
diabetic treatment.

RESEARCH DESIGN AND METHODS

In this phase III, double-blind, randomized, placebo-controlled, two-arm,
parallel-group, multicenter trial, patients aged ‡70 years were randomized
to receive once-daily lixisenatide 20 mg or placebo before breakfast concom-
itantly with their existing antidiabetic therapy (including insulin) for
24 weeks. Patients at risk for malnutrition or with moderate to severe cog-
nitive impairment were excluded. The primary end point was absolute
change in HbA1c from baseline to week 24. Secondary end points included
change from baseline to week 24 in 2-h postprandial plasma glucose (PPG)
and body weight.

RESULTS

A total of 350 patients were randomized. HbA1c decreased substantially with
lixisenatide (20.57% [6.2 mmol/mol]) compared with placebo (+0.06%
[0.7 mmol/mol]) from baseline to week 24 (P < 0.0001). Mean reduction in 2-h
PPGwas significantly greater with lixisenatide (25.12mmol/L) than with placebo
(20.07 mmol/L; P < 0.0001). A greater decrease in body weight was observed
with lixisenatide (21.47 kg) versus placebo (20.16 kg; P < 0.0001). The safety
profile of lixisenatide in this older population, including rates of nausea and
vomiting, was consistent with that observed in other lixisenatide studies. Hypo-
glycemia was reported in 17.6% of patients with lixisenatide versus 10.3% with
placebo.

CONCLUSIONS

In nonfrail older patients uncontrolled on their current antidiabetic treatment,
lixisenatide was superior to placebo in HbA1c reduction and in targeting post-
prandial hyperglycemia, with no unexpected safety findings.
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Type 2 diabetes is a common condition in
elderly people, with the highest preva-
lence in those aged between 70 and
79 years (1). Older patients with diabetes
frequently have well-established compli-
cations of the disease and, as such, diabe-
tes is a major contributing factor to
mortality in this population (2,3).
Differences in the control of blood glu-

cose exist between older and younger pa-
tients. In older patients, postprandial
plasma glucose (PPG) appears to be af-
fected more than fasting plasma glucose
(FPG) (4,5), although this may be more a
function of diabetes duration than age it-
self. Therefore, agents that preferentially
lower PPG may be effective in achieving
glycemic goals in this older population.
Hypoglycemia is a frequent adverse

event (AE) of diabetes treatment and
is common in older patients with type 2
diabetes (2,6), who are particularly prone
to hypoglycemia owing to an impaired
glucose counterregulation response to
hypoglycemic conditions compared with
younger patients (7). Hypoglycemia is a
major treatment-limiting factor in older
patients, and the risk of developing
more severe symptoms associated with
hypoglycemia increases with aging. In
addition, the use of insulin and some sul-
fonylureas in older patients has been
linked to an increased risk of hypoglyce-
mia (8–10).
Few studies specifically in older adults

with type 2 diabetes exist, limiting the
applicability of the evidence to older,
complex patients (11–16). In recogni-
tion of the particular pathophysiologic
features of older patients with diabetes,
the International Diabetes Federation
(IDF) and the American Diabetes Associ-
ation (ADA) developed guidelines spe-
cifically for the older population. The
IDF 2013 global guideline for managing
older patients with type 2 diabetes and
the ADA, in alignment with American
Geriatric Society guidelines (2004), rec-
ommend that functionally independent
older patients who are active, have good
cognitive function, and have a signifi-
cant life expectancy should be treated
with the standard goals used for youn-
ger adult patients with diabetes. For
dependent patients with advanced dia-
betic complications, life-limiting comor-
bid illness, or substantial cognitive or
functional impairment, less-intensive
glycemic target goals are recommended
because these patients are more likely

to experience serious adverse effects
from hypoglycemia (3,17).

Agents that can preferentially lower
PPG without increasing the risk of hypo-
glycemia may be particularly useful in
the treatment of geriatric patients with
diabetes. The feature that most distin-
guishes short-acting glucagon-like pep-
tide 1 receptor agonists (GLP-1RAs)
from other oral antidiabetic drug
(OAD) treatments is the ability to target
and decrease PPG with a low risk of hy-
poglycemia, making this class of com-
pound an attractive treatment option
for achieving glycemic control in this
patient group.

Lixisenatide (Lyxumia [European Union
trade name]; Adlyxin [U.S. trade name]; Sa-
nofi, Paris, France) is a selective GLP-1RA
approved in .60 countries worldwide for
use with oral glucose-lowering agents
and/or basal insulin for the treatment
of adults with type 2 diabetes when the
use of these agents with diet and exer-
cise has provided inadequate glycemic
control (18,19). Lixisenatide enhances
glycemic control, with a pronounced ef-
fect on PPG that is partly due to a delay
in gastric emptying (20).

In two separate meta-analyses of five
randomized controlled trials from the
GetGoal phase III clinical trial program,
lixisenatide plus OADs showed im-
proved glycemic control in older pa-
tients inadequately controlled with
OADs compared with placebo plus
OADs and was effective and well toler-
ated in older ($65 years) and very old
($75 years) patients with type 2 diabe-
tes (21,22).

The GetGoal-O trial investigated the
efficacy and safety of lixisenatide in
nonfrail patients aged $70 years with
type 2 diabetes and with characteristics
typical of the geriatric population en-
countered in clinical practice, including
long-standing diabetes, use of a combi-
nation of antidiabetic therapies (basal
insulin or sulfonylurea), renal impair-
ment, polypharmacy, hypoglycemia
symptoms typical in older patients, and
hypoglycemia unawareness. Although
this study excluded patients with mod-
erate to severe cognitive impairment
and those at risk for malnutrition, it is
the first to our knowledge of a GLP-1RA
that specifically focuses on older pa-
tients who may have had comorbidities
and were inadequately controlled on
their current antidiabetic treatment.

RESEARCH DESIGN AND METHODS

Trial Design
GetGoal-O was a phase III, double-blind,
randomized, placebo-controlled, two-
arm, parallel-group, multinational, mul-
ticenter study. The trial was double
blinded with regard to active and pla-
cebo treatments.

Patients were stratified at randomiza-
tionbyHbA1c (,8%,$8% [,64mmol/mol,
$64 mmol/mol]), basal insulin use (yes,
no), and estimated glomerular filtration
rate (eGFR) ($60 mL/min/1.73 m2, $30
to ,60 mL/min/1.73 m2). The trial com-
prised a screening period of up to
7 weeks, which included a screening
phase of up to 3 weeks followed by a
4-week run-in phase. During the run-in
phase, patients underwent training for
self-monitoring of blood glucose, AE re-
porting, and hypoglycemia awareness
and management of typical symptoms
in older patients (i.e., nonspecific neuro-
logic signs, including psychiatric or visual
disorder, confusion, difficulty speaking,
sensient sensory or motor defect). Pa-
tients were also required to report con-
comitant treatments daily. During the last
week of the run-in phase, patients per-
formed daily placebo self-injections as
training. After the screening period, eligi-
ble patients entered a 24-week treatment
phase (Supplementary Fig. 1). A 3-day
safety follow-up period followed perma-
nent study treatment discontinuation.

The protocol, protocol amendments,
consent form, and written patient infor-
mation were reviewed and approved by
local independent ethics committees
and/or institutional review boards
before study initiation. The trial was
conducted in accordance with the rec-
ommendations of the Declaration of
Helsinki and Good Clinical Practice. All
patients provided written consent be-
fore study participation.

Trial Population
Key inclusion criteria included diagnosis of
type 2 diabetes inadequately controlled
with a current antidiabetic treatment reg-
imen, age$70 years at the time of signing
the informed consent, at least 3 months
on the current antidiabetic treatment reg-
imen, and the ability to be compliant and
to complete study procedures, including
self-injection. Permitted antidiabetic ther-
apies were metformin, sulfonylurea
(except glibenclamide .10 mg and
gliclazide .160 mg), meglitinide (except
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repaglinide .6 mg), pioglitazone, and
basal insulin. Patients taking basal insulin
in combination with a sulfonylurea or
meglitinide were not included.
Key exclusion criteria included

HbA1c #7% (#53 mmol/mol) and.10%
(.86 mmol/mol); however, because the
threshold of 7% (53 mmol/mol) may not
be appropriate for all older patients (23),
inclusion was also based on the investiga-
tor’s assessment of the individual patient,
FPG.13.9 mmol/L at screening, basal in-
sulin therapy combined with either a sul-
fonylurea or meglitinide, severe renal
impairment (eGFR ,30 mL/min/1.73 m2)
at visit 6 (week21), amylase and/or lipase
.3 times the upper limit of normal at visit
6 (week 21), and a history of severe hy-
poglycemia associated with unawareness
of symptoms or leading to unconscious-
ness, coma, or seizure#6 months before
screening. Patients at risk for malnutri-
tion as defined by a score of ,12 on
the Mini-Nutritional Assessment-Short
Form (MNA-SF) (24) or with moderate to
severe cognitive impairment as defined
by a score of,24 on theMiniMental State
Examination (25) were excluded also.

Randomization
After the run-in placebo phase, patients
whose HbA1c was.7% (.53 mmol/mol)
and#10% (#86 mmol/mol) at week21
and who were able to self-manage (ac-
cording to study procedure) were eligible
for the 24-week, double-blind random-
ized treatment period. Eligible patients
were randomized (1:1) to receive lixisena-
tide or placebo once daily (in the morn-
ing). An interactive voice/Web response
system generated patient randomization.

Interventions
Lixisenatide or placebo was self-
administered oncedaily by subcutaneous
injection 30–60 min before breakfast. Lixi-
senatide treatment was initiated at the
starting dose of 10 mg once daily for
2 weeks and then increased to the main-
tenance dose of 20 mg, which was contin-
ued until the end of the treatment period.
If the target maintenance dose was not
tolerated, the lixisenatide dose could be
reduced to 10 mg during the first 8 weeks
of treatment. Thereafter, themaintenance
dosewas kept stable. Inpatientswhowere
receiving basal insulin at the start of the
study and whose HbA1c was 7.0–8.0%
(53–64 mmol/mol) inclusive, the basal
insulin dose was reduced by 20% when

lixisenatide was initiated to avoid hypogly-
cemia. Between study weeks 4 and 12, the
insulin dose was titrated according to self-
monitored plasma glucose (SMPG) values,
and thedosewaspermitted tobe increased
to the baseline value in the absence of hy-
poglycemia. Patients with HbA1c between
7.0% (53 mmol/mol) and 8.5% (69 mmol/
mol) who were receiving a sulfonylurea at
baselinewere required to reduce the sulfo-
nylurea dose by 25% for thefirst 4weeks of
lixisenatide therapy. Similarly, the sulfonyl-
urea dose could be titrated back to the
baseline dose by week 12, provided that
no hypoglycemia occurred. Patients whose
HbA1c was greater than the upper limits of
the ranges described above did not have a
mandated dose reduction of insulin or sul-
fonylurea at the time of lixisenatide initia-
tion, but doses couldbe reduced in the case
of two or more symptomatic or one severe
symptomatic hypoglycemic episode.

The study included a standardized
400-mL liquid meal test, which was ad-
ministered as breakfast during week21
and again during week 24. The standard-
ized meal was administered while pa-
tients had been in a fasting state for at
least 8 h, and the lixisenatide injection
was given 30 min before the meal. The
liquid meal was composed of 53.8% car-
bohydrate, 16.7% protein, and 29.5% fat
and contained 600 kcal energy.

A requirement for rescue therapy was
defined as a period of 3 consecutive days
during which a patient’s fasting blood glu-
cose value exceeded predefined thresh-
olds: 270 mg/dL (15.0 mmol/L) from
study week 0 to week 8, 240 mg/dL (13.3
mmol/L) from week 8 to week 12, and
200 mg/dL (11.1 mmol/L) or HbA1c .9%
from week 12 to week 24.

Study End Points
The primary end point was the absolute
change in HbA1c from baseline to week
24. Secondary efficacy end points were
changes from baseline to week 24 in 2-h
PPG and plasma glucose excursions during
the standardized liquid breakfast meal
test, 7-point SMPG profile, body weight,
FPG, and total daily basal insulin dose for
patients receiving basal insulin. Another
secondary end point was the percentage
of patients requiring rescue therapy during
the 24-week, double-blind treatment pe-
riod. A composite end point included the
percentage of patients achieving a.0.5%
(.5.5 mmol/mol) reduction in HbA1c lev-
els at week 24 without documented

symptomatic hypoglycemia (,3.3 mmol/L).
Other exploratory end points were nutri-
tional and frailty status (MNA-SF), per-
centage of patients with an MNA-SF
score of ,12 at week 23, and quality-
of-life assessment (Short Form 12-Item
survey, 1-week recall) (26).

Safety end points were incidence of
AEs (in particular, hypoglycemia and gas-
trointestinal side effects), other AEs and
serious AEs, clinical laboratory parame-
ters, and vital signs. Any hypoglycemic
event, as reported by the investigator, in-
cluded symptomatic (with specific symp-
toms for older patients) or asymptomatic
(plasma glucose #3.9 mmol/L without
symptoms) hypoglycemia. Symptomatic
hypoglycemia as defined per protocol
was an event with clinical symptoms con-
sidered to result from a hypoglycemic ep-
isode with an accompanying plasma
glucose concentration ,3.3 mmol/L or
associated with prompt recovery after
oral glucose or carbohydrate that con-
tained glucose, intravenous glucose, or
glucagon administration if no plasma glu-
cose measurement was available. Docu-
mented symptomatic hypoglycemia was
defined as an event during which typical
symptoms of hypoglycemia were accom-
panied by a measured plasma glucose
concentration of,3.3 mmol/L.

Statistical Analyses
The sample size calculations were based
on the primary end point. A sample size
of 340 randomized patients (170 per
group) was to provide at least 90% power
to detect a difference of 0.4% in the
change in HbA1c from baseline to week
24 between lixisenatide and placebo,
assuming a common SD of 1.1% with a
two-sided test at the 5% significance level.

Absolute change in HbA1c from
baseline to week 24 was analyzed by
ANCOVA, with treatment (lixisenatide,
placebo), HbA1c (,8%, $8% [,64 mmol/
mol,$64mmol/mol]) at visit 6 (week21),
basal insulin use at screening (yes, no),
eGFR ($60 mL/min/1.73 m2, $30
to ,60 mL/min/1.73 m2) at visit 6
(week21), and country as fixed effects
and baselineHbA1c as a covariate. Compar-
isons of lixisenatide and placebo groups for
all continuous secondary efficacy variables
atweek24were also analyzed byANCOVA.
Missing data were imputed by last obser-
vation carried forward (LOCF). All categor-
ical efficacy parameters were analyzed
by using the Cochran-Mantel-Haenszel
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method stratified by the randomization
stratamentioned above. AEswere summa-
rized with descriptive statistics. Secondary
efficacyendpointswere subject tomultiple
comparisons. To control for type I error, a
step-down testing procedure was applied
(testing order: 2-h PPG, 7-point SMPG,
body weight, FPG, and percentage of pa-
tients requiring rescue therapy).
Efficacy analyses were performed for

the modified intention-to-treat popula-
tion, which was defined as all randomized
patients who received at least one dose of
studydrug and had both a baseline assess-
ment andat least onepostbaseline assess-
ment of any primary or secondary efficacy
variables irrespective of compliance with
the study protocol and procedures. Effi-
cacy assessments were obtained during
the on-treatment period (before medica-
tionwas taken in the event of rescue ther-
apy), unless otherwise specified. The
effect size was calculated by comparing
mean changes from baseline to end of
treatment between treatment groups by
using theCohen classification for interpre-
tation of change (27).

RESULTS

Overall, 350 patients were randomized in
73centers in13countries.A totalof176pa-
tients in the lixisenatide group and 174 pa-
tients in the placebo group were exposed
to the treatment and included in the safety
analyses. Twenty-one patients from each
group discontinued treatment. In both
groups, the main reason for treatment dis-
continuationwas anAE (15 and10patients
in the lixisenatide and placebo groups,
respectively) (Supplementary Fig. 2).
Baseline characteristicswere similar across
treatment groups, including duration of di-
abetes, age at onset of diabetes, HbA1c,
and BMI (Table 1). Overall, 37% of the
patients were aged $75 years (11%
were .80 years), and 28% had moder-
ate renal impairment. A high propor-
tion (93.1%) of patients had a history of
cardiovascular/cerebrovascular disorders,
although this was mainly driven by high
rates of hypertension and dyslipidemia.
In terms of background antidiabetic treat-
ments, approximately one-third of pa-
tients were treated with basal insulin
with or without OADs; one-third with a
combination of OADs, including sulfonyl-
ureas; andone-thirdwith a combination of
OADs, excluding sulfonylureas (Table 1). At
the end of the on-treatment period,
35 (20%) patients were receiving a

maintenance dose of 10 mg lixisenatide,
and 141 (80%) were receiving the target
dose of 20 mg.

Primary Efficacy End Point
In the lixisenatide group, mean HbA1c
decreased steadily from baseline over
the 24-week treatment period, although
it remained stable in the placebo group
(Fig. 1A). At week 24, mean HbA1c levels
were 7.36% (57 mmol/mol) and 8.01%
(64 mmol/mol) for the lixisenatide and
placebo groups, respectively. Superior-
ity of lixisenatide compared with pla-
cebo was demonstrated for HbA1c

change from baseline to week 24 (least
squares mean [LSM] difference 0.64%;
P , 0.0001) (Table 2). The effect of lix-
isenatide on HbA1c reduction was con-
sistent regardless of patient age, renal
function, and background antidiabetic
therapy (Supplementary Fig. 3).

Secondary Efficacy and Exploratory
End Points
The decrease from baseline to week 24 in
2-h PPG was significantly greater for lixise-
natide than for placebo (LSM difference
25.05 mmol/L; P , 0.0001) (Table 2).
The LSM difference in glucose excur-
sion for lixisenatide versus placebo
was 24.46 mmol/L (95% CI 25.231,
23.688 mmol/L). The daily average of
the 7-point SMPG decreased significantly
more from baseline to week 24 in the
lixisenatide group than in the placebo
group (P , 0.0001) (Fig. 1B). At week
24, the maximum difference between
lixisenatide and placebo in the 7-point
SMPGwas seen after breakfast, and a sus-
tained effect was observed before lunch,
after lunch, and up to dinner time.

The decrease in body weight in the lix-
isenatide group was significantly greater
than that in the placebo group (LSM
difference21.32 kg; P, 0.0001) (Table 2)
but had no impact on nutritional status. A
slight decrease in MNA-SF screening
score was seen in both groups (20.61
and20.44 in the lixisenatide and placebo
groups, respectively) (Table 2). The LSM
difference between the two groups
was 20.17 (95% CI 20.422, 0.088). Pa-
tients with an MNA-SF (6 items) screening
score of ,12 at week 23 were evaluated
further to confirm the risk of malnutrition
by completing the full MNA questionnaire
(18 items) for additional informationon fac-
tors that could affect nutritional status (28).
The total score for the full questionnaire

was 24.13 in the lixisenatide group (16 pa-
tients) and 24.45 in the placebo group
(10 patients). In this population, greater
weight loss in the lixisenatide group was
reported in responses to specific ques-
tions on the MNA. On the other hand,
responses to other questions demon-
strated lower psychologic stress or acute
disease with lixisenatide than with pla-
cebo. Therefore, although the overall
MNA scores were largely unchanged,
some changes to individual elements bal-
anced one another and thus were not
revealed in the total scores.

A subgroup analysis was performed to
examine the change from baseline in
body weight for both treatment groups
and in subgroups determined by baseline
BMI (,27 kg/m2 [n = 48] and$27 kg/m2

[n = 125]). The LSM (SE) difference in
weight change from baseline to week
24 between lixisenatide- and placebo-
treated patients was –1.26 (0.56) in pa-
tients with a BMI ,27 kg/m2 and –1.30
(0.32) in patients with a BMI$27 kg/m2.
This finding demonstrates the relatively
low variability in weight loss according to
baseline BMI and the absence of exces-
sive weight change in either subgroup.

FPG in both groups decreased slightly
from baseline, but no significant differ-
ence was observed between the two
groups (Table 2). The percentage of pa-
tients requiring rescue therapy during
the 24-week treatment period was lower
in the lixisenatide group (5 [2.9%] pa-
tients) than in the placebo group (18
[10.4%]patients), with a proportiondiffer-
ence of27.8% for lixisenatide versus pla-
cebo (95% CI 213.12%, 22.41%) (Table
2). The basal insulin requirement fell in
both groups from baseline to week 24;
the reduction in dose was 1.67 units
greater with lixisenatide than with pla-
cebo (95% CI –4.282, 1.049 units). The
number of patients with a decrease in
HbA1c .0.5% (5.5 mmol/mol) and no
documented symptomatic hypoglycemia
at the end of the study was close to three
times higher in the lixisenatide group than
in the placebo group (Table 2).

The Short Form 12-Item quality-of-life
questionnaire showed a higher increase
in physical health composite score from
baseline to week 23 in the lixisenatide
group than in the placebo group (2.12
and 0.39, respectively), with an LSM dif-
ference of 1.73 (95% CI 0.011, 3.456),
which corresponds to an effect size of
0.21 (Cohen classification), indicating a
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small but clinically meaningful difference
between groups (27). The change inmen-
tal health composite score from baseline
to week 23 was 0.05 in the lixisenatide
group and 20.28 in the placebo group,
with an LSM difference of 0.33 (95% CI
21.573, 2.229) between groups.

Hypoglycemia
Hypoglycemia (symptomatic or asymp-
tomatic) was reported more frequently in
the lixisenatide versus placebo group (31
[17.6%] vs. 18 [10.3%] patients, respec-
tively) (Supplementary Table 1). The inci-
dence of symptomatic hypoglycemia as
defined per protocol was slightly higher
in the lixisenatide group (13 [7.4%] pa-
tients) than in the placebo group (10
[5.7%] patients) (Supplementary Table 1).
This difference may be due to patients re-
ceiving the combination of lixisenatide
plus sulfonylurea. In patients receiving a
sulfonylurea as background therapy,

symptomatic hypoglycemia was reported
in 7 (11.9%) patients in the lixisenatide
group versus 2 (3.9%) patients in the pla-
cebo group. In those receiving basal insulin
asbackground therapy, symptomatic hypo-
glycemia occurred in 3 (5.6%) patients in
the lixisenatide group versus 7 (12.7%)
patients in the placebo group. In patients
receiving metformin with OADs (other
than a sulfonylurea) as background ther-
apy, one patient in each group reported
symptomatic hypoglycemia (1.9% in the
lixisenatide group vs. 1.8% in the placebo
group) (Table 3). The incidence of hypo-
glycemia on the basis of the current ADA
definition (,70 mg/dL [,3.9 mmol/L]) is
shown in Supplementary Table 2. One se-
vere hypoglycemia event per protocol
definition was reported in one patient
in the lixisenatide group. This 72-year-
old female who was treated concomi-
tantly with lixisenatide, metformin, and
glimepiride experienced an episode of

hypoglycemic unconsciousness after skip-
ping a meal. Lixisenatide was temporarily
discontinued, and the patient recovered
from the event without sequelae.

Other AEs
Safety and tolerability data are presented
in Supplementary Table 1 and were con-
sistent with the established safety profile
of lixisenatide. Similar proportions of pa-
tients in the lixisenatide and placebo
groups reported treatment-emergent
AEs. Nausea and vomiting were reported
more frequently in patients in the lixise-
natide group than in the placebo group
(46 [26.1%] and 13 [7.5%] patients, re-
spectively). Discontinuation as a result
of nausea and vomiting was reported in
8 (4.5%) patients and 1 (0.6%) patient,
respectively, in the lixisenatide group
and none in the placebo group. All events
were mild to moderate in severity, occur-
ring generallywithin thefirst 4–5weeksof

Table 1—Baseline demographics and disease characteristics of the randomized population

Characteristic Placebo (n = 174) Lixisenatide (n = 176) All (N = 350)

Age (years) 74.4 (3.8) 74.0 (4.0) 74.2 (3.9)

Age $75 years, n (%) 69 (39.7) 62 (35.2) 131 (37.4)

Male, n (%) 90 (51.7) 92 (52.3) 182 (52.0)

White, n (%) 122 (70.1) 128 (72.7) 250 (71.4)

BMI (kg/m2) 30.1 (4.5) 29.9 (3.7) 30.0 (4.1)

Body weight (kg) 80.1 (16.8) 80.8 (14.5) 80.5 (15.7)

eGFR, n (%)
$30 to ,60 mL/min/1.73 m2 47 (27.0) 50 (28.4) 97 (27.7)
$60 mL/min/1.73 m2 127 (73.0) 126 (71.6) 253 (72.3)

FPG (mmol/L) 8.9 (2.3) 8.8 (2.4) 8.9 (2.3)

HbA1c at week 21 (%) 8.1 (0.7) 8.1 (0.7) 8.1 (0.7)

HbA1c at week 21 (mmol/mol) 65 (1.1) 65 (1.1) 65 (1.1)

Duration of diabetes (years) 14.6 (7.9) 13.6 (7.3) 14.1 (7.6)

Age at onset of type 2 diabetes (years) 59.7 (8.4) 60.4 (8.2) 60.1 (8.3)

Diabetic sensory or motor neuropathy, n (%) 51 (29.3) 58 (33.0) 109 (31.1)

Diabetic retinopathy, n (%) 21 (12.1) 28 (15.9) 49 (14.0)

History of cardiovascular/cerebrovascular disorder, n (%) 162 (93.1) 164 (93.2) 326 (93.1)
Hypertension 142 (81.6) 146 (83.0) 288 (82.3)
Dyslipidemia 116 (66.7) 122 (69.3) 238 (68.0)

Background therapy by regimen, n (%)
Basal insulin 6 OADs 55 (31.6) 54 (30.7) 109 (31.1)
Met 6 OADs (except SU) 57 (32.8) 52 (29.5) 109 (31.1)
SU + Met 6 OADs 51 (29.3) 59 (33.5) 110 (31.4)
SU 6 OADs (except Met) 8 (4.6) 11 (6.3) 19 (5.4)
OADs (except Met and SU) 1 (0.6) 0 1 (0.3)
No OAD* 2 (1.1) 0 2 (0.6)

Concomitant nondiabetic medications, n (%)
Renin-angiotensin system agents 128 (73.6) 130 (73.9) 258 (73.7)
Analgesics 112 (64.4) 114 (64.8) 226 (64.6)
Lipid-modifying agents 108 (62.1) 110 (62.5) 218 (62.3)
Topical products for joint and muscular pain 104 (59.8) 98 (55.7) 202 (57.7)
Antithrombotic agents 103 (59.2) 94 (53.4) 197 (56.3)

Data are mean (SD) unless otherwise indicated. Met, metformin; SU, sulfonylurea. *Protocol deviation.
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treatment (Supplementary Fig. 4). No se-
vere vomiting, nausea, or dehydration
were observed in the study (Table 3).
Four patients in the placebo group and
one in the lixisenatide group experienced
falls. No deaths were reported in the
lixisenatide group; one death (aortic
aneurysm) was reported in the placebo

group. The cause of death in this patient
was septic shock, respiratory failure, and
renal failure as a result of surgical compli-
cations, and the investigator considered
the event unrelated to the study treat-
ment. One case of acute pancreatitis
was reported in the placebo group. No
confirmed isolated increase in lipase

and/or amylase was reported in any pa-
tient during the on-treatment period.

CONCLUSIONS

To our knowledge, this study is the first
to evaluate the efficacy and safety/
tolerability of a GLP-1RA in older pa-
tients with diabetes and significant comor-
bidities. Lixisenatide showed superior
efficacy versus placebo in older nonfrail pa-
tients ($70 years) with type 2 diabetes in-
adequately controlled with their current
antidiabetic treatments. A significantly
greater reduction in HbA1c was observed
at week 24 with lixisenatide than with pla-
cebo, which was mainly driven by a strong
postprandial effect, which was maximal af-
ter breakfast and persisted up to dinner.
Overall, a low risk of hypoglycemia and no
unexpected safety concernswere revealed.

Lixisenatide demonstrated clinical effi-
cacy with a favorable tolerability profile
both asmonotherapy and in combination
with OADs and/or basal insulin in the
phase III GetGoal clinical trial program
(29–34). The relative contribution of
PPG is higher than FPG in older patients;
thus, agents such as lixisenatide that pref-
erentially lower postprandial hypoglyce-
mia may be more effective in achieving
glycemic goals without increasing the risk
of hypoglycemia in these patients (3). In
the current study, the reduction in 2-h
PPG was greater than that seen in the
2-h postbreakfast SMPG curve. The rea-
son for this finding may be that PPG was
measured during the standardized liquid
breakfast test, whereas SMPG was the
average of values taken after patients’
regular breakfast meals; the difference
in apparent change may reflect differ-
ences in the composition of the standard-
ized and regular breakfasts. PPG is
recognized as a better predictor of cardio-
vascular disease and all-cause mortality
than FPG (5,35,36) and was demon-
strated in a post hoc analysis of the
HEART2D (Hyperglycemia and Its Effect
After Acute Myocardial Infarction on Car-
diovascular Outcomes in Patients With
Type 2 Diabetes Mellitus) trial, which
showed lower cardiovascular risk in older
patients, targeting postprandial versus
fasting/premeal glycemia (37).

GLP-1RAs have been reported to in-
duce weight loss (38), which often is ad-
vantageous in mitigating the weight-gain
effect of insulin therapy. Thus, the weight
benefits of this class of compounds make
it suitable for diabetes treatment. In this

Figure 1—A: Mean change in HbA1c from baseline to week 24. B: Mean 7-point SMPG at baseline
and week 24.
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study, approximately half of the patients
were obese (BMI .30 kg/m2), and a
greater decrease in body weight was ob-
served in the lixisenatide group than in the
placebogroupafter24weeksof treatment,
with a slight improvement in physical func-
tion as perceived by patients. It should be
noted, however, that weight loss can be

detrimental in the frail, underweight older
patient, so a careful, individualized ap-
proach to treatment of these patients
should be taken. In this trial, which ex-
cluded frail and malnourished patients, no
impact on nutritional status was observed
in the study population, and the subgroup
analysis of weight change revealed no

excessive weight loss in patients with
lower-than-average baseline BMI.

Symptomatic hypoglycemia was ob-
served in a higher proportion of patients
in the lixisenatide versus placebo group
possibly because of a higher incidence of
hypoglycemia in patients receiving lixise-
natide plus a sulfonylurea. These results

Table 2—Response to treatment at week 24 (modified intention-to-treat population)

Efficacy end point Placebo (n = 173) Lixisenatide (n = 175)

HbA1c (%/mmol/mol)
Baseline 8.05/64 (0.70) 8.03/64 (0.72)
Week 24 8.01/64 (0.96) 7.36/57 (1.00)
LSM (SE) change from baseline to week 24, LOCF 0.06 (0.072) 20.57 (0.075)
LSM (SE) difference vs. placebo d 20.64 (0.088)
95% CI d 20.810, 20.464
P value d ,0.0001

2-h PPG (mmol/L)
Baseline 14.85 (3.73) 15.00 (3.70)
Week 24 14.72 (3.83) 9.74 (4.46)
LSM (SE) change from baseline to week 24, LOCF 20.07 (0.393) 25.12 (0.392)
LSM (SE) difference vs. placebo d 25.05 (0.464)
95% CI d 25.960, 24.132
P value d ,0.0001

FPG (mmol/L)
Baseline 8.85 (2.28) 8.83 (2.40)
Week 24 8.70 (2.09) 8.35 (2.81)
LSM (SE) change from baseline to week 24, LOCF 0.01 (0.218) 20.30 (0.224)
LSM (SE) difference vs. placebo d 20.31 (0.262)
95% CI d 20.828, 0.204
P value d 0.2347

Body weight (kg)
Baseline 80.24 (16.67) 80.76 (14.48)
Week 24 79.99 (16.90) 79.13 (14.51)
LSM (SE) change from baseline to week 24, LOCF 20.16 (0.228) 21.47 (0.241)
LSM (SE) difference vs. placebo d 21.32 (0.278)
95% CI d 21.862, 20.769
P value d ,0.0001

Patients requiring rescue therapy during the 24-week
treatment period, n (%)

18 (10.4) 5 (2.9)

Difference vs. placebo (%) d 27.8
95% CI d 213.12, 22.41
P value d d*

Basal insulin daily dose (units)
n 55 54
Baseline 38.53 (22.64) 37.64 (21.65)
Week 24 37.93 (23.52) 35.17 (21.44)
LSM (SE) change from baseline to week 24, LOCF 21.30 (1.076) 22.97 (1.145)
LSM (SE) difference vs. placebo d 21.67 (1.368)
95% CI d 24.382, 1.049
P value d d

Patients with HbA1c reduction .0.5% (5.5 mmol/mol) and
no symptomatic hypoglycemia, n (%)

37 (21.5) 99 (57.6)

Response rate difference vs. placebo (%) d 35.8
95% CI d 26.71, 44.97

MNA-SF score
Baseline 13.44 (0.89) 13.68 (0.63)
Week 23, LOCF 13.24 (1.05) 13.12 (1.19)
LSM (SE) difference vs. placebo d 20.17 (0.130)
95% CI d 20.422, 0.088

Data are mean (SD) unless otherwise indicated. *A hierarchical testing procedure was performed to test the secondary efficacy variables in the
following prioritized order: 2-h PPG, 7-point SMPG, body weight, FPG, and percentage of patients requiring rescue therapy. Testing stopped when
an end point was found not to be statistically significant.
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are in line with the overall phase III data in
younger patients. A reduction of the dose
of sulfonylurea may be considered to re-
duce the risk of hypoglycemia (18,19).
Consistent with the known safety profile
of lixisenatide and the GLP-1RA class, gas-
trointestinal AEs, especially mild to mod-
erate nausea and vomiting, were reported
more frequently with lixisenatide than
with placebo. Although these AEs were
mild to moderate, they can be harmful
to frail older patients (3), a population ex-
cluded from the current study. The rate of
discontinuation for nausea and vomiting
in the lixisenatide group was consistent
with the rate in the overall population in-
cluded in the phase III program, and 88%
of patients completed the 24-week treat-
ment period. The percentage of patients
with serious treatment-emergent AEs was
low and similar between the two treat-
ment groups. Another important safety
consideration for older patients is the
numberof falls,which is a commonclinical
problem in this population that causes
substantial mortality and morbidity (39).
In the current study, fewer patients in the
lixisenatide group experienced falls than
in the placebo group despite higher rates
of hypoglycemia and nausea.
Patient age and characteristics make

these results highly relevant to clinical
practice, providing valuable evidence for
the treatment of older, complex patients
with type 2 diabetes. Another strength of
this study was the use of a frailty assess-
ment, which often is overlooked but has
been identifiedby the IDF as an important
factor when selecting the appropriate
treatment for older patients with diabe-
tes. In addition, the screening period

makes the trial design unique, allowing
for further stabilization of the patient on
thebackground therapy and evaluationof
background therapy compliance as well as
for injection training, self-monitoring of
glucose, and reporting of AEs. The oppor-
tunity also presented itself to educate pa-
tients to recognize, report, and manage
potential hypoglycemia.

This trial had some limitations. Numer-
ous subtypes of the older population were
excluded from this study, including those
who were frail and those with cognitive
impairments. Patients may also have
underreported hypoglycemia. Although
7-point SMPG values were measured,
somehypoglycemiamayhavebeenmissed
owing to inaccurate self-reporting. In fu-
ture studies, continuous 24-h glucosemon-
itoring may eliminate the uncertainty that
can result fromself-reporting. Aswithmost
studies of glucose-lowering drugs, this trial
was short (24 weeks); therefore, it did not
evaluate long-term clinical outcomes.

In conclusion, lixisenatide showed su-
periority over placebo in HbA1c reduction
and PPG control in patients with diabetes
aged $70 years who were inadequately
controlled with other antihyperglycemic
therapy. No unexpected safety findings
are reported. Therefore, lixisenatide can
be considered a valuable option for treat-
ing older, nonfrail patients with type 2 di-
abetes with uncontrolled glycemia on
their current antidiabetic treatment.
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Table 3—Symptomatic hypoglycemia by background therapy during the on-treatment period (safety population)

Basal insulin + OADs Met + OADs (except SU) SU + Met + other OADs

Placebo
(n = 55)

Lixi
(n = 54)

Placebo
(n = 57)

Lixi
(n = 52)

Placebo
(n = 51)

Lixi
(n = 59)

Symptomatic hypoglycemia
Patients with events 7 (12.7) 3 (5.6) 1 (1.8) 1 (1.9) 2 (3.9) 7 (11.9)
Patients with events per 100 patient-years* 29.3 12.2 3.7 4.5 8.8 26.7
Events 9 7 1 1 2 18
Events per 100 patient-years† 37.7 28.6 3.7 4.5 8.8 68.7

Documented symptomatic hypoglycemia ,3.3 mmol/L‡
Patients with events 7 (12.7) 3 (5.6) 1 (1.8) 1 (1.9) 2 (3.9) 6 (10.2)
Patients with events per 100 patient-years* 29.3 12.2 3.7 4.5 8.8 22.9
Events 9 7 1 1 2 15
Events per 100 patient-years† 37.7 28.6 3.7 4.5 8.8 57.2

Data are n or n (%). Lixi, lixisenatide; Met, metformin; SU, sulfonylurea. *Calculated as number of patients with events3 100/total exposure + 3 days
inpatient-years.†Calculated as number of events3 100/total exposure + 3 days in patient-years. ‡Three patients receiving lixisenatide and SU +Met +
other OADs had no blood glucose reported.
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Meneilly GS. Glibenclamide vs gliclazide in
type 2 diabetes of the elderly. Diabet Med
1994;11:974–980
11. Barnett AH, Huisman H, Jones R, von
Eynatten M, Patel S, Woerle HJ. Linagliptin for
patients aged 70 years or older with type 2 di-
abetes inadequately controlled with common
antidiabetes treatments: a randomised, double-
blind, placebo-controlled trial. Lancet 2013;382:
1413–1423
12. Cruz-Jentoft AJ, Carpena-Ruiz M, Montero-
Errasquı́n B, Sánchez-Castellano C, Sánchez-
Garcı́a E. Exclusion of older adults from ongoing
clinical trials about type 2 diabetes mellitus.
J Am Geriatr Soc 2013;61:734–738
13. Leiter LA, Teoh H, Braunwald E, et al.;
SAVOR-TIMI 53 Steering Committee and Investi-
gators. Efficacy and safety of saxagliptin in older
participants in the SAVOR-TIMI 53 trial. Diabetes
Care 2015;38:1145–1153
14. Rosenstock J, Wilson C, Fleck P. Alogliptin
versus glipizide monotherapy in elderly type 2
diabetes mellitus patients with mild hypergly-
caemia: a prospective, double-blind, random-
ized, 1-year study. Diabetes Obes Metab 2013;
15:906–914

15. Round EM, Engel SS, Golm GT, Davies MJ,
Kaufman KD, Goldstein BJ. Safety of sitagliptin in
elderly patients with type 2 diabetes: a pooled
analysis of 25 clinical studies. Drugs Aging 2014;
31:203–214
16. Schernthaner G, Durán-Garcia S, Hanefeld
M, et al. Efficacy and tolerability of saxagliptin
compared with glimepiride in elderly patients
with type 2 diabetes: a randomized, controlled
study (GENERATION). Diabetes Obes Metab
2015;17:630–638
17. American Diabetes Association. Standards
of Medical Care in Diabetesd2016. Diabetes
Care 2016;39(Suppl. 1):S1–S112
18. Sanofi. Lyxumia (lixisenatide) summary of
product characteristics. Available from http://
www.ema.europa.eu/docs/en_GB/document_
library/EPAR_-_Product_Information/human/
002445/WC500140401.pdf. Accessed 11 March
2016
19. Sanofi. Adlyxin [package insert]. Available
from http://products.sanofi.us/Adlyxin/Adlyxin
.pdf. Accessed 19 August 2016
20. Kaptiza C, Forst T, Coester HV, Poitiers F,
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