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1 | INTRODUCTION

With progression of type 2 diabetes (T2D) and the decline of beta-cell

function, oral antidiabetes drugs (OADs) are often not enough to
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Abstract

Globally, nearly half of patients with type 2 diabetes (T2D) do not successfully
achieve target HbA1c with basal insulin, despite meeting fasting plasma glucose
(FPG) targets. In this post hoc analysis of the LixiLan-L study, we determined whether
iGlarLixi, a fixed-ratio combination of insulin glargine Gla-100 (iGlar) and the
glucagon-like peptide-1 receptor agonist lixisenatide (Lixi), addresses the challenge of
reducing residual hyperglycaemia in patients with T2D. In LixiLan-L, a randomized,
open-label study, 1018 patients with T2D on basal insulin for 26 months + oral
antidiabetes drugs entered a 6-week run-in period, during which they were switched
to and/or optimized for a daily dose of iGlar while continuing only metformin. Fol-
lowing the run-in period, 736 patients were then randomized to receive iGlarLixi or
were continued on iGlar for 30 weeks + metformin. Residual hyperglycaemia was
defined as HbAlc 2 7.0% despite FPG of <140 mg/dL. The proportion of patients
with residual hyperglycaemia was similar in both treatment arms at screening (~42%),
and increased after the run-in period (~62%). After 30 weeks, the proportion of
patients with residual hyperglycaemia declined to 23.8% in the iGlarLixi versus 47.1%
in the iGlar arm (P <.0001). The proportion of patients achieving both HbAlc
(<7.0%) and FPG (<140 mg/dL) targets was higher in the iGlarLixi compared with the
iGlar arm (50.3% vs. 27.4%, respectively; P <.0001). iGlarLixi effectively reduces

residual hyperglycaemia in patients with T2D on basal insulin therapy.
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maintain adequate glycaemic control, and many patients eventually
require insulin therapy, usually basal insulin.® Until recently, basal
insulin was the initial conventional injectable therapy. In recent years,
the introduction of glucagon-like peptide-1 receptor agonists (GLP-1
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RAs) has made the availability of a variety of injectable therapeutic
options for use in patients with T2D possible when OADs become
inadequate. These injectable therapies include, besides basal insulins
alone, GLP-1 RA alone and a fixed-ratio combination (FRC) of basal
insulin with GLP-1 RAs. With basal insulin alone, about 24% to 54%
of patients globally do not reach HbAlc goals (<7.0% [<53 mmol/
mol]), despite achieving fasting plasma glucose (FPG) target levels
(<130/140 mg/dL [<7.2/7.8 mmol/L]).2 This condition, referred to as
‘residual hyperglycaemia’ (i.e. HbAlc = 7.0% and FPG < 140 mg/dL),
is associated with elevated postprandial glucose (PPG) excursions and
highlights the need for antihyperglycaemic agents targeting PPG.2

Postprandial hyperglycaemia plays an important role in overall
glycaemic control, and the contribution of PPG to HbAlc is more
prominent at HbA1lc < 8.5% levels.® Several studies have shown an
association between PPG or postoral glucose load and cardiovascular
(CV) risk, including coronary heart disease, stroke, peripheral arterial
disease and CV death.** It is also known that glucose metabolism is
closely linked with lipid metabolism.® Elevated PPG and increased
levels of triglyceride containing lipoproteins after meals result in post-
prandial dysmetabolism, which further increases CV morbidity and
mortality.® These findings suggest the importance of targeting PPG
for managing residual hyperglycaemia.

A position statement by the American Diabetes Association and
European Association for the Study of Diabetes recommends that if
monotherapy is unlikely to successfully attain therapeutic goals,
GLP-1 RAs can be used as add-ons to metformin, particularly in
patients with a high CV risk or when the intent is also to avoid weight
gain or hypoglycaemia.” However, not all GLP-1 RAs have the same
mechanism of action and properties. Long-acting GLP-1 RAs exert a
greater effect on FPG levels, primarily mediated through their
insulinotropic and glucagonostatic actions, while short-acting GLP-1
RAs predominately cause reduction of the PPG excursions through
delayed gastric emptying.®

iGlarLixi, an FRC of insulin glargine Gla-100 (iGlar) and a once-
daily, short-acting GLP-1 RA (lixisenatide [Lixi]), targets both FPG and
PPG and thereby helps to achieve glycaemic goals. The clinical effi-
cacy and safety of iGlarLixi have been established in the LixiLan-L
study,” which showed greater reduction in HbAlc levels at week
30 with iGlarLixi than with iGlar in patients with T2D inadequately
treated with basal insulin. In this post hoc analysis of the LixiLan-L
trial, we investigated the effect of iGlarLixi on residual hyperglycaemia
in patients with T2D.

2 | MATERIALS AND METHODS

In LixiLan-L, a randomized, open-label study (NCT02058160), 1018
patients with a 21-year history of T2D who were on basal insulin with
or without OADs for more than 6 months before screening entered a
6-week run-in period. During the run-in phase, all OADs except met-
formin were stopped, patients were switched to iGlar if they had pre-
viously been receiving another basal insulin, and the daily dose of

iGlar was titrated and/or stabilized for all. After the 6-week run-in

period, 736 patients with HbAlc of 7% to 10%, a mean fasting self-
measured plasma glucose of <140 mg/dL, and receiving a dose of
iGlar 20 to 50 units (U) daily, were randomized to receive either
iGlarLixi or continue on iGlar for 30 weeks, with or without metfor-
min. iGlarLixi was self-administered once daily within 60 minutes
before breakfast.”

According to the Aic-Derived Average Glucose (ADAG)™ study,
HbA1c < 7% would correspond to an FPG of 140 mg/dL (specifically,
patients with HbAlc 6.5%-6.99% had a mean FPG of 142 mg/dL in
the ADAG study). Thus, patients were grouped into four glycaemic
control categories based on their baseline HbAlc and FPG values:

a Patients at both HbAlc and FPG targets: HbAlc < 7.0% and
FPG < 140 mg/dL.

b Patients with
FPG = 140 mg/dL.

c Patients with residual
FPG < 140 mg/dL.

d Patients with elevated FPG of 2140 mg/dL but HbAlc at <7.0%
target.

overall hyperglycaemia: HbAlc>7.0% and

hyperglycaemia: HbAlc >7.0% and

Patients in the LixiLan-L study had an HbA1c of 7% to 10% and a
mean fasting self-measured plasma glucose at week —1 (an average of
7 days prior to randomization) of <140 mg/dL, whereas this analysis
focuses on patients with residual hyperglycaemia (HbAlc > 7% and
FPG [laboratory measured] of <140 mg/dL) at randomization
(week 0).

Statistical analysis was based on the modified intention-to-treat
(mITT) population set, which included patients with baseline and at
least one postbaseline measurement. Out of 736 randomized patients,
731 (366 from the iGlarLixi arm and 365 from the iGlar arm) were
included in the mITT population. The difference in the proportion of
patients with residual hyperglycaemia (category c) between the two
treatment arms (iGlarLixi and iGlar) was compared using the Cochran-
Mantel-Haenszel test, weighted by each of the following strata: ran-
domization strata of HbA1lc (<8.0%, 28.0%) at visit 5 (week —1, the
last week of the run-in period); and randomization strata of metformin
use at screening (Yes, No).

Changes from baseline in HbA1lc, FPG, body weight and insulin
dose were analysed using a mixed-effects model for repeated mea-
surements with treatment arms, randomization strata of HbAlc
(<8.0%, 28.0%) at visit 5 (week —1, the last week of the run-in period),
randomization strata of metformin use at screening (Yes, No), visit
(week 8, 12, 24 and 30), treatment-by-visit interaction, and country as
fixed effects, and baseline value-by-visit interaction as a covariate.
Two-hour PPG was only assessed at baseline and week 30. Therefore,
changes from baseline in 2-hour PPG were analysed by an analysis of
covariance model with treatment arms, randomization strata of
HbA1c (<8.0%, 28.0%) at screening, randomization strata of metfor-
min use at screening (Yes, No), and country as fixed effects, and base-
line value as a covariate. Difference in the proportion of patients with
symptomatic hypoglycaemia was based on a weighted average of pro-

portion difference between treatment groups (iGlarLixi and iGlar) from
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each strata (randomization strata of HbAlc [<8.0%, >8.0%] at visit
5 [week —1] and randomization strata of metformin use at screening
[Yes, No]) using Cochran-Mantel-Haenszel weightings. This post hoc
analysis reported nominal P-values without performing a multiplicity

adjustment.

3 | RESULTS

At screening, the proportion of patients with residual hyperglycaemia
was similar in the two treatment arms (41.7%, i.e. 305 of 731 mITT
patients in the LixiLan-L study). After the 6-week run-in period, at
baseline, the proportion of patients with residual hyperglycaemia was
similar in both treatment arms and increased to ~62.4% (456 of
731 mITT patients) (Figure 1A). The demographics and baseline char-
acteristics of patients with residual hyperglycaemia at baseline did not
differ between the two treatment arms (Table 1).

At week 12, the proportion of patients with residual hyper-
glycaemia was significantly lower in the iGlarLixi arm compared with
the iGlar arm (33.1% vs. 51.5%; P < .0001), and this difference was
maintained throughout the course of the study (Figure 2). At the end
of the study (week 30), the proportion of patients with residual hyper-
glycaemia declined further to 23.8% in the iGlarLixi arm versus 47.1%
in the iGlar arm (P <.0001). Correspondingly, the proportion of
patients achieving both HbA1lc and FPG targets (HbAlc < 7.0% and
FPG < 140 mg/dL) was higher in the iGlarLixi arm (50.3%) compared
with the iGlar arm (27.4%) (Figure 1B). A similarly lower proportion of

patients with residual hyperglycaemia in the iGlarLixi arm compared

(A) iGlarLixi
1.6 1.6

(B) iGlarLixi

FIGURE 1 Proportions of patients
with HbA1c/FPG categories at baseline
(A) and week 30 (B). Note that
percentages do not add up to 100%
because of missing values at week 30.
FPG, fasting plasma glucose; iGlar, insulin
glargine Gla-100; iGlarLixi, fixed-ratio
combination of insulin glargine and
lixisenatide

with the iGlar arm was also observed in a sensitivity analysis with a
more stringent criteria of residual hyperglycaemia of FPG < 126 mg/
dL and HbA1c 2 6.5% (Figure S1). The proportion of patients achiev-
ing both of the more stringent HbAlc and FPG targets
(HbAlc < 6.5% and FPG < 126 mg/dL) was similarly higher in the
iGlarLixi compared with the iGlar arm (23.8% vs. 11.0%, respectively,
at week 30; Table S1).

In the sensitivity subgroup analyses, according to duration of T2D
(210 vs. <10years), or baseline body mass index (BMI = 30
vs. <30 kg/m?), or baseline HbA1c (28.5% vs. <8.5%), the proportion
of patients with residual hyperglycaemia remained lower in the
iGlarLixi arm than in the iGlar arm (Table 2).

As by definition the subgroup of patients with residual hyper-
glycaemia were already at FPG target at baseline, there was no notice-
able decrease in FPG levels from baseline to week 30 in either of the
treatment arms. However, in both treatment arms, PPG and HbAlc
decreased, and the decrease was more pronounced in the iGlarLixi
arm versus iGlar arm (LS mean [SD] difference: PPG, —71.6 [6.3]
mg/dL, P <.0001; HbA1c, —0.6% [0.1%], P < .0001). As the timing of
iGlarLixi administration was before breakfast, the reduction of PPG
with iGlarLixi was greater after breakfast than after lunch and after
dinner (Figure S2). At the end of the study, the average daily dose of
insulin was comparable between the two arms: 45.3 and 45.8 U in the
iGlarLixi and iGlar arms, respectively. In addition, there was a 0.7 kg
weight loss in the iGlarLixi arm and a 0.9 kg weight gain in the iGlar
arm (difference: +1.5 kg) (Table 1B).

At week 30, among patients with residual hyperglycaemia at

baseline, the proportion of those with level 2 hypoglycaemia (glucose

iGlar

Il HbA1c<7.0%,
FPG <140 mg/dL

[l HbAlc 27.0%,
FPG 2140 mg/dL

iGlar HbA1c = 7.0%,
FPG < 140 mg/dL

B HbAlc at<7.0%,
FPG 2 140 mg/dL
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TABLE 1  Characteristics of patients

@ with residual hyperglycaemia
Characteristics at baseline iGlarLixi (N = 229) iGlar (N = 227) P-value (HbA1c = 7.0% and FPG < 140 mg/dL) in
Age 59.4(9.4) 60.0 (8.5) 4187 the LixiLan-L study at baseline (A) and
Race, n (%) week 30 (B)
White 205 (89.5) 203 (89.4) 9777
Black 13 (5.7 18 (7.9)
Asian 0(4.4) 5(2.2)
Other 1(0.4 1(04)
Ethnicity, n (%)
Hispanic 6 (24.5) 41(18.1) .0957
Not Hispanic 173 (75.5) 186 (81.9)
Body weight, kg 86.45 (14.05) 87.19 (14.93) .5870
BMI, kg/m? 30.99 (4.17) 30.98 (4.28) .9705
T2D duration, y 12.46 (6.72) 12.17 (6.84) .6551
Duration of baseline insulin treatment, y 3.22(3.13) 3.35(3.17) 6704
Insulin dose, U 35.26 (9.52) 35.34 (8.70) .9281
OAD use at screening, n (%)
None 6(7.0) 1(4.8) .6707
Metformin 201 (87.8) 206 (90.7)
Others 12(5.2 0(4.4)
HbA1c % 8.07 (0.65) 8.06 (0.68) .9068
FPG, mg/dL 111.77 (19.46) 111.56 (19.05) .9093
2-h PPG, mg/dL 256.80 (67.58) 265.57 (64.87) .1602
B
Changes from baseline at week 30 :gla:;i;;) zﬁla: 227) I(;ISffr: ::ce P-value
HbA1c, % 6.9 (0.9) 7.5(0.9)
Change -1.2(0.1) -0.7 (0.1) —-0.6(0.1) <.0001
FPG, mg/dL 115.1(37.8) 116.8(36.3)
Change 7.1(4.2) 9.5(4.2) -24(3.7) .5091
Body weight, kg 86.1(13.9) 88.1(15.4)
Change -0.7 (0.3) 0.9(0.3) -1.5(0.3) <.0001
2-h PPG, mg/dL 167.2 (62.0) 240.8 (69.0)
Change -874(7.3) -158(7.2) -71.6(6.3) <.0001
Insulin dose, U 453 (12.6) 45.8(12.7)
Change 8.6(1.1) 9.6(1.1) -1.0(1.0) .3052
% of patients with clinically significant 17.9 12.8 1377
hypoglycaemia (<54 mg/dL)
% of patients with nausea/vomiting 11.4 1.8 <.0001
% of patients with diarrhoea/nausea/vomiting 12.7 44 .0019
Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; iGlar, insulin glargine Gla-100;
iGlarLixi, fixed-ratio combination of insulin glargine and lixisenatide; LS, least squares; N, number of
patients analysed; n, number of patients in each category; OAD, oral antidiabetes drug; PPG, postprandial
plasma glucose; SE, standard error; T2D, type 2 diabetes; U, units.
All data are change from baseline, LS mean (SE) unless stated otherwise.
< 54 mg/dL) was low and did not differ between the two treatment 4 | DISCUSSION
arms (P = .1377). However, as expected, the proportion of patients
with gastrointestinal adverse events (AEs) was higher in the iGlarLixi At screening and following run-in, the proportion of patients with

arm versus the iGlar arm (12.7% vs. 4.4%, P = .0019, Table 1B). T2D with residual hyperglycaemia was similarly high in both treatment
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FIGURE 2 Proportion of patients
with residual hyperglycaemia

(HbAl1c = 7.0%/FPG < 140 mg/dL)
throughout the study. P = .0004 for week
8; P < .0001 for weeks 12, 24 and 30.
iGlar, insulin glargine Gla-100; iGlarLixi,
fixed-ratio combination of insulin glargine
and lixisenatide

707

Patients with residual hyperglycemia (%)

Baseline

TABLE 2
duration, BMI and HbA1c at baseline

iGlarLixi iGlar

62.6 62.2

B GlarLixi W iGlar

471

471

Week 8 Week 12 Week 24 Week 30

Proportion of patients with residual hyperglycaemia (HbA1lc = 7.0%/FPG < 140 mg/dL) at baseline and week 30 according to T2D

Baseline, n (%) Week 30, n (%)

T2D duration, y

>10 132 (66.3) 47 (23.6) 136 (63.6)
<10 97 (58.1) 40 (24.0) 91 (60.7)
BMI, kg/m?
>30 126 (57.8) 50 (22.9) 127 (60.5)
<30 103 (69.6) 37 (25.0) 100 (64.5)
HbA1c, %
28.5 64 (61.0) 34(32.4) 61(57.0)
<8.5 165 (63.2) 53(20.3) 166 (64.3)

Baseline, n (%)

Proportion difference between

0, -
WA, mlE2) treatments (95% Cl) el
112 (52.3) 29.1(20.5-37.7) <.0001
60 (40.0) 16.2 (6.4-26.0) .0015
95 (45.2) 22.1(13.6-30.5) <.0001
77 (49.7) 25.5 (15.4-35.5) <.0001
64 (59.8) 26.9 (14.3-39.6) <.0001
108 (41.9) 22.0(14.5-29.6) <.0001

Abbreviations: BMI, body mass index; Cl, confidence interval; iGlar, insulin glargine Gla-100; iGlarLixi, fixed-ratio combination of insulin glargine and

lixisenatide; n, number of patients in each category; T2D, type 2 diabetes.

arms, but declined progressively to a greater extent in the iGlarLixi
arm compared with the iGlar arm throughout the course of the study.
Our data show that iGlarLixi glycaemic targets
(HbA1c < 7.0%) by targeting both FPG (through the iGlar component)
and PPG (through the Lixi component). The results are in accordance

achieves

with previous studies, showing that the control of PPG contributes to
achieving the overall glycaemic targets.!!

In the management of T2D, healthcare providers often assess
glycaemic control by measuring the levels of FPG and HbAlc, but not
PPG.1213 However, a recurrent discordance between HbAlc and
FPG, which is not because of measurement errors (true ‘residual
hyperglycaemia’), points to the likelihood of postprandial hyper-
glycaemia as the main contributor to persistent hyperglycaemia in
these patients. Residual hyperglycaemia may thus indicate a need to
consider additional, complementary therapies that more specifically
target elevated PPG. Residual hyperglycaemia is common in patients
with T2D treated with basal insulin, as basal insulin predominantly tar-
gets FPG without a direct impact on PPG levels throughout the day.?
In some patients with T2D with postprandial hyperglycaemia, basal

14,15

insulin therapy alone fails to achieve glycaemic targets, and thera-

pies that target postprandial hyperglycaemia should thus be

considered.

The basal insulin component of iGlarLixi acts primarily on FPG by
decreasing hepatic glucose production, while the Lixi component
enhances beta-cell function and decreases glucagon secretion in a
glucose-dependent manner while delaying gastric emptying, thereby
reducing PPG excursions.*® In this analysis, iGlarLixi compared with
iGlar was able to attain the HbA1lc target and also correct residual
hyperglycaemia in those with a longer duration of T2D and elevated
baseline HbA1lc, who presumably have more severe impairment of
pancreatic beta-cell secretory function. This effect could potentially
be a result of the correction of elevated PPG by delaying gastric emp-
tying in an insulin-independent manner by the Lixi component.

An earlier post hoc, time-to-control analysis of the LixiLan-L
study?” estimated that 46% of patients receiving iGlarLixi reached
HbAlc < 7% at week 12, and 50% of patients receiving iGlarLixi
reached this target during the study in 153 days. Among the patients
receiving iGlar, only 24% achieved HbA1lc < 7% at week 12, while the
target HbA1lc was never reached by 50% of them during the study. A
parallel post hoc analysis of another study in T2D uncontrolled on
OADs (LixiLan-O)Y” showed that 60% of patients receiving iGlarLixi
versus 45% receiving iGlar reached HbAlc < 7% after 12 weeks of
treatment, with 50% of patients reaching target HbAlc in approxi-
mately half the time with iGlarLixi versus iGlar (85 vs. 166 days).
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Other therapies that specifically target PPG include oral aca-
rbose® and injectable prandial insulin. However, both of these thera-
pies require administration of multiple daily doses and this may affect
adherence and tolerability to therapy. In addition, prandial insulins are
associated with weight gain and an increased risk of hypoglycaemia,
especially when compared with GLP-1 RA in combination regimens.t?
The present study shows that the GLP-1 RA/basal insulin combination
is more effective on residual hyperglycaemia than the long-acting
basal insulin alone, with the possibility of promoting less weight gain
and without excess hypoglycaemia. Hence, GLP-1 RA/basal insulin
FRC may be a viable alternative to basal insulin in patients with T2D,
particularly those with concerns of weight gain and/or hypoglycaemia
who require treatment intensification.

In this analysis, patients treated with iGlarLixi were more probable
to experience AEs related to the gastrointestinal system compared
with iGlar. However, the frequency of these AEs was lower than that
reported with Lixi alone in a post hoc analysis, owing to gradual titra-
tion of the GLP-1 RA component and use of a low mean dose.?°

Limitations of this analysis include the open-label design of the
LixiLan-L study to address the differences in therapy administration
between the treatment arms. Because of the short duration of the study,
we could not assess the robustness of the glucose-lowering effects of the
drug for more than 30 weeks. In addition, the run-in period to optimize
basal insulin depicts a sequential approach to therapy (basal insulin
followed by combination with a GLP-1 RA), whereas it may be of interest
to understand the effects of an initial FRC approach on residual hyper-
glycaemia. Finally, patients in the LixiLan-L study were not routinely
assessed for the presence of autonomic neuropathy. Indeed, vagal neu-
ropathy may affect the ability of GLP-1 to delay gastric emptying, thus
impairing the control of postprandial hyperglycaemia®; however, the
effects of the short-acting GLP-1 RA exenatide were apparently pre-
served in patients with cardiac autonomic neuropathy.?

In conclusion, residual hyperglycaemia is commonly seen in
patients with T2D on basal insulin therapy. By targeting both FPG and
PPG, iGlarLixi provides an effective therapeutic option to address
residual hyperglycaemia in patients inadequately controlled on basal
insulin. The greater efficacy of iGlarLixi in comparison with basal insu-
lin intensification on residual hyperglycaemia is observed regardless of
baseline T2D duration, BMI and HbA1c, with less weight gain and no
excess risk of hypoglycaemia. Targeting both FPG and PPG through a
dual molecule combination approach such as iGlarLixi may help to cir-
cumvent the current barriers to treatment intensification and mini-
mize exposure to hyperglycaemia, thus preventing long-term

complications of T2D.
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