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Abstract

Background: This study compared the efficacy and safety of lixisenatide with pla-
cebo as add-on therapy to basal insulin (BI) in adults aged >70 years with type
2 diabetes (T2D), with or without moderate renal insufficiency.

Methods: This post hoc analysis evaluated data from non-frail patients with T2D
inadequately controlled on BI with or without oral antidiabetic drugs (n = 108),
randomized to once-daily lixisenatide 20 pg or placebo for 24 weeks (GetGoal-O
Study). The primary endpoint was the change in HbAlc from baseline to Week 24.
Secondary endpoints included changes from baseline in fasting plasma glucose,
2-hour postprandial plasma glucose (PPG), average seven-point self-monitored
plasma glucose (SMPG), area under the curve for SMPG, daily BI dose, body
weight, proportion of patients achieving HbAle > 0.5%, and composite endpoints.
Safety outcomes included the incidence of documented symptomatic hypoglycemia
(plasma glucose <60 mg/dL) and gastrointestinal treatment-emergent adverse
events (TEAEs). Outcomes were also analyzed by the occurrence of moderate renal

insufficiency.
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Results: Compared with placebo, lixisenatide-treated patients had significantly
greater reductions in HbAlc, 2-hour PPG, average seven-point SMPG, and body
weight. Documented symptomatic hypoglycemia was approximately two-fold
higher in patients treated with placebo than lixisenatide (12.7% vs 5.7%). GI
TEAEs occurred more frequently in the lixisenatide- than placebo-treated group
(34% vs 9.1%). Moderate renal insufficiency (estimated glomerular filtration rate
between >30 and <60 mL/min/1.73 m?) did not negatively affect lixisenatide effi-
cacy or safety. A greater proportion of patients treated with lixisenatide than pla-
cebo achieved composite endpoints.

Conclusions: Add-on therapy with lixisenatide in non-frail patients aged
>70 years with T2D uncontrolled with BI is effective, safe, and well tolerated and

should be considered in this population.
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1 | INTRODUCTION

Throughout the world, the prevalence of type 2 diabetes
(T2D) is high among the older population.' Despite this, older
adults with T2D are often excluded from clinical trials. As a
consequence, guidelines for pharmacological management of
these patients are generally based on data extrapolated from
studies in the general population.* However, diabetes in this
population is often metabolically distinct from that of younger
people.* Furthermore, choice of antihyperglycemia therapy
may be reduced in older people due to decline in renal func-
tion and changes to hepatic drug metabolism.” The Interna-
tional Diabetes Federation' and the American Diabetes
Association (ADA)® have both developed standards of care
specifically for older people with T2D, recommending indi-
vidualized treatment regimens with less stringent treatment
goals compared with those for younger people with T2D. The
recently published ADA/European Association for the Study
of Diabetes (EASD) consensus statement does not discuss
older adults specifically; however, it does recognize the
importance of a patient-centered approach of glycemic man-
agement in T2D, taking the individual's circumstances into
account when formulating a treatment strategy.’

Basal insulin therapy can be effective in improving glycemic
control in patients with T2D uncontrolled on oral antidiabetic
drugs (OADs).® However, a US clinical practice survey showed
that on average only 38% of people with T2D achieve an
HbAlc level < 7.0% with basal insulin alone during the first
year of treatment.’ In adults of any age with T2D, ADA
standard-of-care guidelines recommend combination therapy if
basal insulin alone has been titrated to achieve acceptable
fasting plasma glucose (FPG) levels or if the dose is
>0.5 units’kg/d, yet is insufficient to control HbAlc.® The

lixisenatide, older adults, type 2 diabetes

recently published ADA/EASD consensus statement recom-
mends glucagon-like peptide-1 (GLP-1) receptor agonists
(RAs) as the first injectable before initiating basal insulin specif-
ically, with the exception of patients with symptoms of hyper-
glycemia, evidence of autoimmune p-cell destruction, or
HbAlc >11%.” In patients on dual or triple therapy unable to
achieve goals, the position statement recommends initiation
with a combination of an GLP-1 RA and basal insulin if
HbAlc is 2% over goals.” In patients uncontrolled on basal
insulin, therapeutic intensification of basal insulin with either a
GLP-1 RA, transition to an fixed-ratio combination injectable
(eg, basal insulin + GLP-1 RA), or the addition of a rapid-
acting insulin is recommended.’

Despite these recommendations, clinical inertia, defined as
the failure to intensify treatment when required, is common in
clinical practice in patients with T2D.'!” In a UK study of
patients treated with basal insulin who were clinically eligible
for treatment intensification, only 31% had their treatment
intensified, with a median time to intensification of
3.7 years."' Delay in treatment intensification in patients with
uncontrolled T2D has been shown to have a number of clini-
cal consequences, including a significantly increased risk of
myocardial infarction, heart failure, stroke, and a composite
endpoint of cardiovascular events,'® as well as a higher inci-
dence of (and significantly shorter median time to) progres-
sion of diabetic retinopathy.'® This progression of diabetes-
related complications with lack of treatment intensification in
the overall T2D population is also seen in older adults.?*>

Many older adults require multiple medications; how-
ever, it has been reported that approximately 50% of older
adults take at least one unneeded medication, with poten-
tially harmful consequences.”® Therefore, it is important to
ensure that older adults are only prescribed medications they
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need. Due to pathophysiological differences, blood glucose
management for older people with T2D will most likely vary
from that in younger patients and should be individualized
to avoid prescribing unneeded medications. Notably, in
older adults, the relative contribution of postprandial plasma
glucose (PPG) to overall HbAlc appears to be higher than
that of FPG.>*

Lixisenatide (Adlyxin; Sanofi US, Bridgewater, New
Jersey) is a once-daily GLP-1 RA that enhances glucose-
dependent insulin secretion and slows gastric emptying,
resulting in a reduction in postprandial glucose exposure
and a reduction in postprandial glucagon.?>” The efficacy
and safety of once-daily lixisenatide (10 pg for 2 weeks,
then 20 pg) in the treatment of T2D have been demon-
strated in the global GetGoal Phase 3 clinical trials pro-
gram, which included more than 5000 patients using a
variety of background medications of OADs and/or
basal insulin.?®?° In the Phase 3 GetGoal-O trial, which
specifically recruited patients aged >70 years, among
350 randomized patients lixisenatide added to existing
antihyperglycemia therapy was superior to placebo in
reducing HbAlc and in targeting postprandial hyperglyce-
mia, and had a favorable tolerability profile.®

In this article we discuss the efficacy and safety outcomes
of lixisenatide as add-on therapy to basal insulin in a subset
of 108 patients aged >70 years who were uncontrolled on
basal insulin with or without OADs in the GetGoal-O trial.?

2 | METHODS

2.1 | Study design and participants

This was a post hoc analysis of the GetGoal-O trial
(Clinicaltrials.gov ID NCT01798706), details of which have
been published previously.®> GetGoal-O was a randomized,
double blind, placebo-controlled, two-arm, parallel-group, mul-
tinational, multicenter clinical trial in patients aged >70 years.
Post hoc data analyzed for this subgroup analysis were from a
subgroup of non-frail participants with T2D (age > 70 years),
uncontrolled on their current therapy (basal insulin with or
without OADs). Patients were randomized to receive additional
once-daily lixisenatide 20 pg (after 2 weeks at 10 pg) or
matching placebo (sterile aqueous solution) for 24 weeks. The
efficacy and safety of once-daily lixisenatide (20 pg) were
compared with placebo in these patients. The efficacy of
lixisenatide was also compared with placebo in patients with
and without moderate renal insufficiency (estimated glomerular
filtration rate [eGFR] >30 to <60 and >60 mL/min/1.73 m°,
respectively). Patients with severe renal insufficiency (eGFR
<30 mL/min/1.73 m?) were excluded from the trial.

For details on ethics compliance and patients' informed
consent, see the previously published study results.”
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2.2 | Statistical analysis

For continuous data, such as change from baseline in
HbAlc, an analysis of covariance (ANCOVA) model was
used with treatment groups (lixisenatide, placebo), randomi-
zation strata of HbAlc (<8.0%, >8.0%), and eGFR (>30 to
<60, >60 mL/min/1.73 m2) at screening, as well as country
as fixed effects, with baseline value as a covariate. Patients
with both baseline and at least one post-baseline measure-
ment were included (modified intention-to-treat population).
Last-observation-carried-forward was used to handle miss-
ing data. Categorical analyses, such as the proportion of
patients achieving HbAlc reduction >0.5% without body
weight gain, were performed using a Cochran-Mantel-
Haenszel method stratified on the randomization strata of
HbAlc (<8.0%, >8.0%) and eGFR (=30 to <60,
>60 mL/min/1.73 m?) at screening. Patients with missing
data at Week 24 were treated as non-responders.

2.3 | Endpoints

The primary endpoint was the absolute change in HbAlc
from baseline to Week 24 for lixisenatide vs placebo. Sec-
ondary endpoints included the change from baseline to
Week 24 for lixisenatide vs placebo for FPG, 2-hour PPG
after a standardized breakfast meal, average seven-point
self-monitored plasma glucose (SMPG), area under the
curve (AUC) for SMPG, eGFR, daily dose of basal
insulin/body weight, and body weight change. The propor-
tion of patients achieving an HbAlc reduction >0.5% was
also analyzed. Safety outcomes included the incidence of
documented symptomatic hypoglycemia (plasma glucose
<60 mg/dL) and gastrointestinal (GI) treatment-emergent
adverse events (TEAEs). Composite endpoints included the
proportion of patients achieving HbAlc reduction >0.5%
with no documented symptomatic hypoglycemia, the pro-
portion of patients achieving HbAlc reduction >0.5% with-
out body weight gain, and the proportion of patients
achieving HbAlc reduction >0.5% with no documented
symptomatic hypoglycemia or body weight gain.

3 | RESULTS

3.1 | Patient demographics and baseline
characteristics

In all, 108 patients met the inclusion criteria for this sub-
group analysis, of whom 53 were in the lixisenatide group
and 55 were in the placebo group. Baseline demographics
and characteristics were generally similar in both treatment
groups (Table 1) and to those in the overall study popula-
tion.> One difference of note was that, compared with the
lixisenatide group, the placebo group had a slightly higher
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TABLE 1 Patient demographics and baseline characteristics

Characteristic
Age (y)
Age group
<75y
>75y
Sex
Male
Female
Race
Caucasian
African American
Asian
Other
Ethnicity
Hispanic
Non-Hispanic
Body weight (kg)
BMI (kg/m?)
BMI category
< 30 kg/m?
> 30 kg/m*
Duration of diabetes (y)
Background therapy
Metformin
Sulfonylurea
Meglitinide
Pioglitazone
Basal insulin®

Insulin glargine

Insulin human injection, isophane

Insulin detemir

Insulin lispro protamine suspension

Insulin degludec
Isophane insulin

Biphasic insulin

Duration of BI treatment (y)

Daily dose of BI (units)

Daily dose of BI/body weight (units/kg)

HbAlc (%)
FPG
mM
mg/dL
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Basal insulin subgroup

Overall study population

Placebo (n = 55)
73 (70-87)

34 (61.8)
21 (38.2)

24 (43.6)
31 (56.4)

38 (69.1)
0 (0.0)

6 (10.9)
11 (20.0)

13 (23.6)
42 (76.4)
82.1+18.8
31.0 + 4.6

24 (43.6)
31 (56.4)
167 +7.5

43 (78.2)
1(1.8)

0 (0.0)

0 (0.0)

54 (98.2)
29 (52.7)
17 (30.9)

6 (10.9)

0 (0.0)
1(1.8)

0 (0.0)
1(1.8)
3.8+3.4
38.7 £22.8
0.48 + 0.31
82 +0.7

84+25
150.9 + 44.6

Lixisenatide (n = 53)

73 (70-85)

36 (67.9)
17 (32.1)

31 (58.5)
22 (41.5)

37 (69.8)
1(1.9)
3(5.7)
12 (22.6)

17 32.1)
36 (67.9)
79.2 + 12.8
294 +34

34 (64.2)
19 (35.8)
16.8 +7.3

40 (75.5)

0 (0.0)

0 (0.0)

0 (0.0)

53 (100.0)
27 (50.9)
22 (41.5)
3(5.7)
2(3.8)

0 (0.0)
1(1.9)

0 (0.0)
43+50
37.7+219
0.47 +0.23
82 +0.8

85+238
153.0 £ 50.3

Placebo (n = 174)

73 (70-88)

105 (60.3)
69 (39.7)

90 (51.7)
84 (48.3)

122 (70.1)
0 (0.0)

11 (6.3)
41 (23.6)

48 (27.6)
126 (72.4)
80.1 + 16.8
301 + 4.5

96 (55.2)
78 (44.8)
14.6 7.9

150 (87.2)
59 (34.3)
2(1.2)
423)

55 (32.0)
29 (16.9)
17 (9.9)
7(4.1)

0 (0.0)

1 (0.6)

0 (0.0)

1 (0.6)
3.8+3.4
38.5 +22.6
0.48 + 0.30
8.1+07

89+23
160.2 + 40.8

Lixisenatide (n = 176)
73 (70-87)

114 (64.8)
62 (35.2)

92 (52.3)
84 (47.7)

128 (72.7)
3(1.7)
5(2.8)

40 (22.7)

51 (29.0)
125 (71.0)
80.8 + 14.5
29.9 +3.7

102 (58.0)
74 (42.0)
136 £73

152 (86.4)
70 (39.8)
1(0.6)
1(0.6)

54 (30.7)
28 (15.9)
22 (12.5)
3(1.7)
2(1.1)

0 (0.0)
1(0.6)

0 (0.0)
43+49
37.6 +21.7
0.47 +0.23
8.0+0.7

8.8+24
159.1 £42.9
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TABLE 1 (Continued)
Basal insulin subgroup Overall study population
Characteristic Placebo (n = 55) Lixisenatide (n = 53) Placebo (n = 174) Lixisenatide (n = 176)
2-h PPG
mM 155+43 154+42 149 +3.7 152 +38
mg/dL 279.4 +76.8 276.8 +75.1 268.0 + 66.5 273.5 + 68.1
Average seven-point SMPG
mM 104 +2.5 104 +2.4 10.0 +2.0 9.8+2.0
mg/dL 187.0 + 44.4 186.7 + 43.6 179.5 +35.6 176.3 + 36.4

AUC of SMPG® 2605.8 + 589.1
eGFR categories at baseline
>30 to <60 mL/min/1.73 m>

>60 mL/min/1.73 m>

22 (40.0)
33 (60.0)

Note: Data are given as the median (range), mean + SD, or as n (%).

2653.8 + 608.1

24 (45.3)
29 (54.7)

2475.7 +£463.9 2471.1 + 500.8

47 (27.0)
127 (73.0)

50 (28.4)
126 (71.6)

Abbreviations: AUC, area under the curve; BI, basal insulin; BMI, body mass index; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; PPG,

postprandial glucose; SMPG, self-monitored plasma glucose.

One patient whose randomization strata for BI use was “No” was not included in the BI subgroup analysis.

PCalculated based on US units (mg/dL) using a nominal time point.

body mass index (BMI) at baseline, and a greater proportion
of patients had a BMI >30 kg/m* (Table 1). In addition, the
mean duration of diabetes was higher in both the placebo
(16.7 years) and lixisenatide (16.8 years) subgroups than in
the total GetGoal-O study population (14.6 and 13.6 years,
respectively).” Patients included in the basal insulin sub-
group also had a higher incidence of renal impairment com-
pared with the total study population (45.3% and 40.0% in
the lixisenatide and placebo groups, respectively, compared
with 28.4% and 27.0% in the same groups for the overall
study population).’

3.2 | Lixisenatide dose

The median (range) doses of lixisenatide at baseline and
Week 24 were 10.0 pg (8.6-10.8 pg) and 20.0 pg
(10.0-20.0 pg), respectively. This is in line with the rec-
ommended dosing for lixisenatide of 10 pg once daily for
2 weeks, then 20 pg once daily.°

3.3 | Efficacy outcomes

Lixisenatide was significantly better than placebo for achieve-
ment of the primary endpoint; at Week 24, lixisenatide therapy
resulted in a significantly greater reduction in HbAlc com-
pared with placebo: least squares (LS) mean difference
(—0.68%, standard error [SE] 0.167%; P = 0.0001; Figure 1A).
This was very similar in magnitude to the difference observed
for the entire GetGoal-O study population (LS mean dif-
ference — 0.64%; P < 0.0001).3 Patients randomized to

lixisenatide also had significantly greater reductions in the sec-
ondary endpoints for 2-hour PPG (P < 0.0001), average
seven-point SMPG (P = 0.0290), and body weight
(P = 0.0108), with a trend toward significance for AUC
SMPG at Week 24 compared with placebo (Figure 1). The
efficacy findings from this subset analysis mirror the results
from the GetGoal-O study as a whole, where significant reduc-
tions were also observed with lixisenatide vs placebo in 2-hour
PPG (P < 0.0001), average seven-point SMPG (P < 0.0001),
and body weight (P < 0.0001).>

3.4 | Safety outcomes

The incidence of documented symptomatic hypoglycemia
(plasma glucose <60 mg/dL) was low in both treatment
groups, but numerically higher in the placebo than
lixisenatide group: seven patients (12.7%) vs three patients
(5.7%), respectively. These corresponded to 0.38 and 0.29
events/patient-year for the two groups, respectively
(Table 2). This finding contrasted with the overall GetGoal-
O study population, where hypoglycemia was more fre-
quently observed in the lixisenatide group.® No instances of
severe symptomatic hypoglycemia were recorded in either
treatment group. As observed in the overall study popula-
tion, within this subset, GI TEAEs occurred more frequently
in the lixisenatide than placebo group (34.0% [18/53] vs
9.1% [5/55], respectively; Table 2), with the most commonly
reported being nausea and diarrhea (Table 2). The rates of
nausea and vomiting reported in the lixisenatide group were
in line with those for the overall study population (26.1%),
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FIGURE 1 Changes from baseline to Week 24 in A, HbAlc, B,
2-hour postprandial glucose (PPG), C, mean seven-point self-
monitored plasma glucose (SMPG), D, body weight, E, fasting plasma
glucose (FPG), F, the area under the curve (AUC) of SMPG, G,
estimated glomerular filtration rate (¢€GFR), and H, daily dose of basal
insulin (BI) in the lixisenatide-treated (n = 53) and placebo (n = 55)
groups. Data analysis of changes in variables from baseline to Week
24 was based on the modified intention-to-treat population. In the
analysis of covariance (ANCOVA) model, treatment groups
(lixisenatide, placebo), randomization strata of HbAlc (<8.0%, >8.0%)
and eGFR (>30 to <60 vs >60 mL/min/1.73 m2) at screening, and
country were included as fixed effects, with the baseline value as a
covariate. Patients with both baseline and at least one post-baseline
measurement were included in the analysis. LS, least squares

but fewer patients in the placebo group reported these
TEAEs compared with the overall study population (1.8% vs
7.5%).> The occurrence of GI TEAEs was reported in a
median time to first GI event of 19 days (95% confidence
interval [CI] 14.0-34.0 days) in the lixisenatide group and
86 days (95% CI 6.0-172.0 days) in the placebo group. The
majority of first GI TEAEs occurred and were resolved

TABLE 2 Documented symptomatic hypoglycemia (plasma
glucose <60 mg/dL) and treatment-emergent adverse events

Lixisenatide
Characteristic Placebo (n = 55) (n =53)
Total patient years of 23.9 24.0
exposure®
No. patients with events 7(12.7) 3(5.7)
(%)
No. events per patient 0.38 0.29
year”
GI adverse events
No. patients with any 5@.1) 18 (34.0)
GI TEAE®
Diarrhea 4 (7.3) 50.4)
Nausea 1(1.8) 14 (26.4)
Vomiting 0 (0.0) 2 (3.8)
Patients discontinuing 0 (0.0) 2(3.8)

treatment due to TEAE

Median (95% CI) time to
first GI event? (d)

86.0 (6.0-172.0) 19.0 (14.0-34.0)

Lixisenatide vs placebo

HR (95% CI)° 4.77 (1.349-16.835)
P-value 0.0153
First TEAE GI events 2 (40.0) 16 (88.9)
occurred within
8 weeks of treatment
start®
First TEAE GI events 2 (40.0) 12 (66.7)

resolved within
8 weeks of treatment
start®

Note: Unless indicated otherwise, data are given as n (%). Documented
symptomatic hypoglycemia refers to symptomatic hypoglycemia recorded on the
dedicated electronic case report form and meeting protocol definition for severe,
or documented, or probable symptomatic hypoglycemia. Data analysis for this
subpopulation was based on the safety population.

Abbreviations: CI, confidence interval; HR, hazard ratio; GI, gastrointestinal;
TEAE, treatment-emergent adverse event.

“Patient years of exposure, calculated as the time from the first to the last
injection of investigational medicinal product plus 3 days.

"Calculated as the number of events divided by total patient years of exposure.
“Number of patients with at least one reported TEAE.

dEstimated by Kaplan-Meier method. The P-value for lixisenatide vs placebo
was 0.0082.

“The HR was estimated using a Cox regression model with treatment as the only
factor.

within the first 8 weeks of treatment: 88.9% (16/18) in the
lixisenatide group and 40.0% (2/5) in the placebo group. All
GI TEAEs were either mild or moderate in intensity in both
treatment groups. There were no instances of treatment dis-
continuation due to GI TEAEs in the placebo group and only
two instances in the lixisenatide group, both of which were
due to nausea (Table 2).
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3.5 | Composite endpoints

A significantly greater proportion of patients treated with
lixisenatide than placebo achieved the composite endpoints
of HbAlc reduction >0.5% without documented symptom-
atic hypoglycemia, HbAlc reduction >0.5% without body
weight gain, and HbAlc reduction >0.5% without body
weight gain or symptomatic hypoglycemia (Figure 2A).
Compared with the overall study population (Figure 2B),
the differences between the lixisenatide and placebo groups
were similar for the composite endpoint of >0.5% reduc-
tion in HbAlc without body weight gain (34.5% difference
between the lixisenatide and placebo groups vs 30.6% in
this subgroup). However, a smaller difference between the
groups was seen for the proportion of patients achieving
a >0.5% reduction in HbAlc without documented symp-
tomatic hypoglycemia (27.0%) in the basal insulin sub-
group compared with the total study population (35.8%),
and hence in the combined endpoint of >0.5% reduction in
HbAlc without either body weight gain or hypoglycemia
(24.9% between-group difference in this subgroup vs
31.0% in the total population).

Similarly, a significantly greater proportion of patients in
this subgroup treated with lixisenatide compared with placebo
achieved the composite endpoints of HbAlc <7.0% without
body weight gain (Figure 2C). Although more lixisenatide-
treated patients than placebo-treated patients achieved the
composite endpoint of HbAlc <7.0% without documented
symptomatic hypoglycemia (17.0% vs 7.3%; P = 0.1244) and
HbAlc <7.0% without body weight gain or symptomatic
hypoglycemia (8.3% vs 0%; P = 0.0682), the differences did
not reach statistical significance in these subgroups. The dif-
ference between the lixisenatide and placebo groups in the
proportion of patients achieving HbAlc <7.0% for all three
composite endpoints was lower than that seen for the overall
study population, where statistical significance was reached
for all these endpoints (P < 0.0001; Figure 2D).

3.6 | Efficacy in patients with moderate renal
insufficiency

Lixisenatide showed similar efficacy in patients with an
eGFR of >60 mL/min/1.73 m* (patients classified as having

Placebo m Lixisenatide

(A) 27.0(10.8, 43.2)° 30.6 (15.0, 46.2)° 24.9 (9.6, 40.3)%
P=0.0020 P=0.0004 P=0.0026
| — | — | —
451 41.5

40

HbA1c reduction >0.5% HbA1c reduction >0.5%

2 without documented without body weight gain weight gain and no
5 symptomatic hypoglycemia symptomatic hypoglycemia
©
o
o
o (C) 9.7 (-2.5,21.9) 10.4 (1.8, 19.1)? 8.3(0.5, 16.2)°
57 P=0.1244 P=0.0373 P=0.0682
40 - 1 | — 1
354
304
254
204 17.0
15
10.4
104 73 8.3
5 0.0 - 0.0 l
0
HbAlc < 7.0% HbAlc < 7.0% HbA1lc < 7.0% without weight

gain and no symptomatic
hypoglycemia

without documented without body weight gain

symptomatic hypoglycemia

415
3558
354
30
254
20
14.5

151 10.9 10.9
10 4

54

0 T T

HbA1c reduction >0.5% without

(B) 35.8 (26.7, 45.0) 34.5 (25.4, 43.6)° 31.0(22.0, 39.9)

P<0.0001 P<0.0001 P<0.0001

| — 1 | —
704
- 57.6

50.3
50 46.2
40 4
304
21.5
20 15.7 15.1
104
0
HbA1c reduction >0.5% HbA1c reduction >0.5% HbA1c reduction >0.5% without

weight gain and no
symptomatic hypoglycemia

without documented
symptomatic hypoglycemia

without body weight gain

(D) 20.3(12.2, 28.5) 19.7 (11.8, 27.6) 17.4 (9.7, 25.1)°
437 P<0.0001 P<0.0001 P<0.0001
40 - 1 | — |
33.7
35 30.8
304 27.9
25
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13.4

154 11.0 10.5
10

5 o

0

HbAlc < 7.0% HbAlc < 7.0% HbA1lc < 7.0% without weight

gain and no symptomatic
hypoglycemia

without documented without body weight gain
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FIGURE 2 Composite endpoints of patients achieving HbA1lc reductions >0.5% for the A, basal insulin subgroup or B, overall study

population and patients achieving HbAlc <7.0% without documented symptomatic hypoglycemia, without body weight gain, and without

documented symptomatic hypoglycemia or body weight gain for the C, basal insulin subgroup and D, overall study population. *Proportion

difference (95% confidence interval) between treatment groups calculated using Cochran-Mantel-Haenszel model
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normal renal function to mild renal insufficiency) and
patients with an eGFR between >30 and <60 mL/min/
1.73 m* (patients with moderate renal insufficiency) and
tended to be more effective than placebo in both renal sub-
groups (Table 3). In both groups at Week
24, lixisenatide therapy resulted in a significantly greater
reduction in HbAlc compared with placebo (P = 0.0219 and
P = 0.0150, respectively; Table 3). Similarly, in both renal
groups at Week 24, patients treated with lixisenatide showed

renal

a trend for greater reductions in 2-hour PPG, average seven-
point SMPG, AUC of SMPG, daily dose of basal insulin, and
body weight compared with placebo; however, the difference
was only significant for 2-hour PPG (P = 0.0004) and body
weight (P = 0.0126) in patients without moderate renal insuf-
ficiency (Table 3). The nominal P-values were reported

TABLE 3

without multiplicity adjustment. Due to the small sample size
in these subgroups and multiple testing the results should be
interpreted with caution.

4 | DISCUSSION

The present study demonstrates the efficacy and safety of
the GLP-1 RA lixisenatide in participants with T2D aged
>70 years who are uncontrolled on basal insulin with or
without OADs. In line with the findings from analysis of the
overall study population, which included patients on a vari-
ety of background treatment regimens, patients treated with
lixisenatide achieved significantly greater HbAlc, PPG,
body weight, and SMPG reductions than those in the pla-
cebo arm. Furthermore, a significantly greater proportion of

Efficacy in patients with moderate renal insufficiency (estimated glomerular filtration rate [eGFR] >30 to <60 mL/min/1.73 m?)

and with mild renal insufficiency to normal renal function (eGFR >60 mL/min/1.73 m?)

eGFR >30 to <60 mL/min/1.73 m> ¢GFR >60 mL/min/1.73 m”
LS mean
Change from Lixisenatide difference Placebo Lixisenatide LS mean
baseline to Week 24 Placebo (n =19) (n = 17) + SE P-value® (n = 36) (n = 36) difference + SE P-value®
HbAlc (%) 0.15 + 0.64 —0.65+0.95 -0.68 +0.278 0.0219 0.17 £0.80 —0.50 + 1.11 —0.55 +£0.219 0.0150
2-h PPG (mM) —1.31 +£3.35 —-4.09 + 6.01 —-3.23 +£2.253 0.1702 —0.63 +5.63 —6.51 + 6.12 —4.28 + 1.125 0.0004
Average seven-point  —0.35 + 2.17 -2.34 +3.51 —0.16 £ 0.851 0.8553 —0.25 +2.28 —1.17 +2.20 —0.87 £ 0.554 0.1253
SMPG (mM)
Body weight (kg) 0.52 +2.72 —-2.00 +4.82 0.16 £ 1.549 09190 —0.05+1.93 —1.31 + 1.90 —1.20 +£ 0465 0.0126
FPG (mM) 0.11 + 1.22 -0.26 +4.77 128 £1.013 0.2220 —0.30 +2.92 0.46 +4.71 0.92 + 0.890 0.3057
AUC of SMPG* —79.06 + 584.65 —519.45 + 18.36 + 0.9534 —124.87 + —350.58 + 587.17 —188.55 + 0.2018
854.73 306.844 625.27 144.767
eGFR 1.46 +7.10 046 +7.97 —1.68 +3.311 0.6201 0.63 + 8.28 4.89 + 13.63 3.74 +2.920 0.2063
(mL/min/1.73 m?)
Daily dose of BI 0.46 + 8.75 —392 + 11.61 —4.57 +4.018 0.2671 —1.19 +5.48 —1.86 + 4.52 —0.24 + 1.140 0.8348
(units)
Daily dose of B/BW  0.01 + 0.10 —0.04 +£0.14 —0.06 + 0.049 0.2391 —0.02 + 0.06 —0.02 + 0.05 0.00 + 0.013 0.7300

(units/kg)
HbAlc < 7.0% with

No documented
symptomatic
hypoglycemia

No BW gain and no 0
documented
symptomatic
hypoglycemia

No BW gain 0

2(10.5) 4(23.5)

3 (17.6) -

4(23.5) -

Note: Unless indicated otherwise, data are given as the mean + SD or as n (%).

2 (5.6) 5(13.9) -
0 13.2) .
0 1(3.2) .

Abbreviations: AUC, area under the curve; BI, basal insulin; BW, body weight; FPG, fasting plasma glucose; LS, least squares; PPG, postprandial glucose; SMPG, self-

monitored plasma glucose.
?All P-values are reported as nominal P-values without multiplicity adjustment.
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patients treated with lixisenatide achieved a reduction in
HbAlc >0.5% with no documented symptomatic hypoglyce-
mia, no body weight gain, or both compared with placebo.

Decline in renal function is related to age. Similarly,
changes to hepatic drug metabolism may reduce choice
regarding antihyperglycemia therapies and increase the risk
of hypoglycemia in older people with diabetes.’ Lixisenatide
is eliminated through glomerular filtration, tubular
reabsorption, and subsequent metabolic catabolism, and can
lead to small increases in exposure with declining renal
function.*® Although only limited data are available, previ-
ous clinical evidence suggests that lixisenatide is safe to use
in patients with mild (eGFR >60 mL/min/1.73 mz) or mod-
erate (¢GFR >30 to <60 mL/min/1.73 m?) renal impairment;
a meta-analysis of nine lixisenatide trials also showed that
clinical outcomes did not differ between the mild or moder-
ate renal impairment categories, and efficacy outcomes were
not significantly affected by mild or moderate renal impair-
ment.>' Therefore, we also performed an analysis in which
patients were stratified according to whether they had mod-
erate renal insufficiency (eGFR 30-59 mL/min/1.73 m?,
chronic kidney disease [CKD] Stage 3A and B) or had an
eGFR >60 mL/min/1.73 m? (patients with mild renal insuf-
ficiency to normal renal function, CKD Stages 2 and
1, respectively). Lixisenatide provided similar efficacy in
both stratification arms and remained more effective than
placebo. In addition to efficacy outcomes, more patients
treated with lixisenatide achieved composite endpoints of
HbAlc <7.0% with no documented hypoglycemia, HbAlc
<7.0% with no body weight gain, and HbAlc <7.0% with
no body weight gain or documented hypoglycemia, regard-
less of renal insufficiency. Indeed, a higher proportion of
lixisenatide-treated patients achieved these endpoints in the
moderate renal insufficiency group than in the composite
mild renal insufficiency and normal renal kidney function
group; however, sample sizes were low, making significant
conclusions difficult. Therefore, the present analysis sup-
ports previous research and suggests that lixisenatide
remains both efficacious and safe in people with moderate
renal insufficiency. There are few data available regarding
the use of lixisenatide in patients with severe renal impair-
ment (eGFR <30 mL/min/1.73 m2); it is recommended that
these patients should be closely monitored for GI adverse
reactions and changes in renal function. Lixisenatide is not
recommended for patients with end-stage renal disease
(eGFR <15 mL/min/1.73 mz) due to a lack of therapeutic
experience in this population.*”

How well medication is tolerated is an important issue,
especially in older adults. In the present analysis, nausea and
diarrhea were identified as the most common GI TEAEs
associated with lixisenatide treatment. Most reported GI
TEAEs were transient, mild to moderate in intensity, and

WILEY_*®

occurred and were resolved within 8 weeks of initiating
treatment. Older adults, especially those with T2D, often
must take multiple medications. In the present study, in addi-
tion to basal insulin (plus lixisenatide or placebo), most
patients were taking OADs, and many were also taking vari-
ous non—diabetes-related medications. No differences in tol-
erability and safety were observed for patients on basal
insulin compared with the study population as a whole.

In clinical trials, the complementary action of GLP-1
RAs and basal insulin has demonstrated improvements in
glycemic control while potentially reducing hypoglycemia
risk and weight gain.>** Although many of the studies were
performed in younger populations, the findings of the pre-
sent study also identified a reduction in HbAlc, body
weight, and hypoglycemia risk with add-on lixisenatide.
Similar to previous studies, the use of lixisenatide was asso-
ciated with increased GI TEAEs. Despite these adverse
events, there appears to be the possibility of a class effect of
GLP-1 RAs in reducing adverse cardiovascular events and
mortality. > Consequently, this class of drugs is now gen-
erally recommended as the first-line injectable medication
for treatment of T2D, with some (eg, liraglutide and
semaglutide) specifically recommended for patients with
existing cardiovascular disease.’

In addition to individual GLP-1 RAs, fixed-ratio combi-
nation products can also be an efficient and safe option for
some patients. Lixisenatide is a component of iGlarLixi, a
once-daily titratable fixed-ratio combination of insulin
glargine and lixisenatide.”>*® The use of iGlarLixi could
help reduce the burden of polypharmacy in these patients,
and possibly improve compliance, due to a simpler therapeu-
tic regimen. In addition, a recent study using indirect pro-
pensity score-matched exploratory comparisons suggests
that the use of iGlarLixi may be more effective (significantly
greater reductions in HbAlc with associated body weight
loss) with better GI tolerability (due to the more gradual
titration of lixisenatide) than a sequential approach to treat-
ment.*” Across the studies included in the propensity score-
matched manuscript, treatment with iGlarLixi, compared
with insulin glargine and lixisenatide administered sepa-
rately, resulted in lower incidences of nausea (9.2%-10.0%
vs 20.7%-27.0%) and vomiting (1.1%-3.3% vs 8.7%-10.3%).
Similarly, in a post hoc analysis of the LixiLan-L and
LixiLan-O randomized clinical trials, iGlarLixi was associ-
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ated with lower rates of GI TEAEs (nausea, vomiting, and/or
diarrhea) in the first 8 weeks of treatment than lixisenatide
alone. Overall, 9.6%-11.7% of patients reported GI TEAEs
with iGlarLixi across the two trials, compared with 27.5% of
patients taking lixisenatide alone in the LixiLan-O trial.*®

In conclusion, the present post hoc analysis suggests that
add-on therapy with lixisenatide in non-frail patients aged
>70 years with T2D uncontrolled with basal insulin is safe
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and well tolerated and should be considered in this patient
population. This combination was shown to be a safe and
effective treatment option for patients with mild to moderate
renal insufficiency, despite the expected slightly higher
exposure rates without the required dose adjustments;
regardless of this fact, monitoring is always advised in this
patient population. In addition, the fixed-ratio combination
of insulin glargine U100 and lixisenatide (iGlarLixi) in a sin-
gle pen is a simpler method of administration of these agents
worthy of consideration in older adults.
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