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Abstract

Aim: To evaluate the efficacy of iGlarLixi by C-peptide levels and duration of diabetes
in an exploratory analysis of the LixiLan-G study.

Methods: LixiLan-G was a 26-week, randomized, open-label study in adults with type
diabetes (T2D) inadequately controlled while on a glucagon-like peptide-1 receptor
agonist (GLP-1 RA), with metformin, with or without pioglitazone and/or a sodium-
glucose co-transporter-2 inhibitor. This analysis investigated the efficacy of switching
to iGlarLixi by fasting baseline quartile C-peptide levels and baseline quartile of dura-
tion of T2D compared with continued GLP-1 RA use.

Results: Change in glycated hemoglobin (HbA1c) from baseline to week 26 was signifi-
cantly greater with iGlarLixi compared with continued GLP-1 RAs across all fasting
C-peptide quartiles (—1.00% to —1.06% vs. -0.23% to —0.54% range, respectively) and
irrespective of all T2D duration quartiles (—-0.94% to —1.07% vs. -0.25% to —0.50%
range). A significantly greater proportion of participants in the iGlarLixi arm achieved an
HbA1c of <7% across all C-peptide quartiles (51%-73% range) than in the GLP-1 RA
arm (19%-32% range). The greatest reductions in HbAlc in participants receiving
iGlarLixi were observed in those with the shortest duration of disease, although consis-
tently greater than reductions observed with continued GLP-1 RAs. Reductions in
HbA1c were comparable across C-peptide quartiles within the iGlarLixi arm.
Conclusions: The results of this study suggest that iGlarLixi is an effective treatment
option, irrespective of C-peptide levels or duration of diabetes, in adults with insuffi-
ciently controlled T2D receiving GLP-1 RAs.
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1 | INTRODUCTION

Decline in B-cell function is a key factor that contributes to the wors-
ening of glycaemic control and treatment failure in people with type
2 diabetes (T2D).22 By the time T2D is diagnosed, p-cell function has
already declined by 50% and this decline continues at a rate of ~ 5%
per year after diagnosis.® Thus, it is important to understand the effi-
cacy of therapies according to ranges of fasting C-peptide levels (as a
measure of B-cell function) or duration of diabetes, as conceivably
some glucose-lowering agents that primarily rely on B-cell stimulation
may become less effective over time.*

Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) have been
recommended by the American Diabetes Association as a first inject-
able treatment following the failure of oral agents.” Long-acting
GLP-1 RAs (once-daily [QD]
[QW] exenatide, dulaglutide, albiglutide and semaglutide) predomi-

liraglutide and once-weekly
nantly act on the endocrine pancreas to stimulate insulin secretion
and inhibit glucagon secretion with a prominent effect on fasting
plasma glucose (FPG), whereas short-acting GLP-1 RAs (lixisenatide
and exenatide twice-daily [BID]) predominantly act by delaying gastric
motility and reducing glucagon secretion to mainly improve postpran-
dial hyperglycaemia.("8 This delay of gastric emptying is maintained
over time with short-acting GLP-1 RAs likely due to intermittent
receptor binding, whereas following initiation of long-acting GLP-1
RAs, the gastric-slowing effect rapidly dissipates because of
tachyphylaxis.”® Such non-insulin related actions of lixisenatide may
contribute to its effectiveness, irrespective of B-cell function.”
iGlarLixi is a titratable, fixed-ratio combination of insulin glargine
100 units/mL (Gla-100) and the GLP-1 RA lixisenatide in 2 U:1 pg and
3 U:1 ug ratios, respectively. Efficacy of iGlarLixi has been shown in
the LixiLan clinical development programme in adults with inade-
quately controlled T2D on oral glucose-lowering agents (LixiLan-O),*°
basal insulin or metformin (LixiLan-L),** or GLP-1 RAs (LixiLan-G).?
This exploratory analysis of the LixiLan-G study was conducted in
adults with T2D that was insufficiently controlled with GLP-1 RAs to
investigate the efficacy and rates of symptomatic hypoglycaemia (glu-
cose of <54 mg/dL) of iGlarlLixi according to baseline fasting C-

peptide level and duration of T2D.

2 | METHODS

21 | Study design

The LixiLan-G trial (ClinicalTrials.gov, NCT02787551) has been
described elsewhere.'? Briefly, LixiLan-G was a 26-week, randomized,
open-label, active-controlled, parallel-group study in adults with T2D
for 21 year, inadequately controlled (glycated hemoglobin [HbA1c]
between 7% and 9%) while on a maximum tolerated dose of either a
QD or BID GLP-1 RA or a QW GLP-1 RA, with metformin, with or
without pioglitazone and/or a sodium-glucose co-transporter-2

(SGLT2) inhibitor. Major exclusion criteria included a body mass index
(BMI) of <20 or >40 kg/m?, a history of hypoglycaemia unawareness,
previous treatment with insulin in the year before screening, or treat-
ment with antidiabetic drugs within 3 months (excluding those previ-
ously described). Participants were randomized to continue their
current GLP-1 RA treatment at the same maximally tolerated dose, or
to switch to iGlarLixi, and were stratified by HbA1c at screening (<8%
or 28%) and by GLP-1 RA subtype at screening (QD, BID or QW for-
mulation). The GLP-1 RAs included in this study were liraglutide
1.8 mg QD or 1.2 mg QD (if the 1.8 mg dose was not tolerated),
exenatide 10 pg BID or 5 pg BID (if the 10 pg dose was not tolerated),
exenatide 2 mg QW, albiglutide 50 mg QW or 30 mg QW (if the
50 mg dose was not tolerated), and dulaglutide 1.5 mg QW or
0.75 mg QW (if the 1.5 mg dose was not tolerated). iGlarLixi was self-
administered within 1 hour before the first meal of the day at an initial
dose of 10 U daily (10 U Gla-100 and 5 pg lixisenatide), and was
titrated twice weekly during the first 8 weeks to a target FPG level of
80-100 mg/dL. From week 8 to 26 the dose was monitored once
weekly and was adjusted to maintain an FPG level of 80-100 mg/dL;
however, twice-weekly monitoring could be continued if the investi-
gator deemed this appropriate. One of two SoloSTAR (Sanofi, Paris,
France) pen injectors were used for self-administration of iGlarLixi,
according to the insulin dose required. If the participant needed a
dose of iGlarLixi between 10 and 40 U, a pen with a 2:1 ratio of insu-
lin glargine to lixisenatide was dispensed. If a dose of 41-60 U was
required by the participant, a pen with a 3:1 ratio of insulin glargine to
lixisenatide was dispensed. If glucose parameters exceeded the
threshold value defined for rescue therapy at the maximum defined
daily dose of 60 U, the fixed-ratio combination dose was maintained
at 60 U and a rescue therapy was added.

The study design is summarized in Figure S1. The study was con-
ducted with good clinical practice as set out by the International Con-
ference on Harmonization and the Declaration of Helsinki.
Institutional review boards or ethics committees at each study site
approved the protocol. Each participant provided written informed
consent.

22 | Outcomes and measurements

This exploratory analysis of the LixiLan-G trial investigated the effi-
cacy of iGlarLixi by baseline quartile of fasting C-peptide levels and
baseline quartile of T2D duration, as defined in Table 1.

The primary exploratory endpoint was the change in HbAlc level
from baseline to week 26. Secondary exploratory outcomes included
the proportion of participants achieving a target HbAlc of <7% and
the change in FPG and postprandial glucose (PPG) concentrations
from baseline to week 26 assessed by quartiles of C-peptide levels
and T2D duration. The correlation of T2D duration with baseline C-
peptide levels was evaluated, as was correlation of T2D duration with

C-peptide:glucose ratios. Additionally, the percentage of participants
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TABLE 1  Definitions of baseline fasting C-peptide concentration
and T2D diabetes duration quartiles

Fasting C-peptide quartiles (nmol/L) T2D duration quartiles (years)

Q1 >1.21 Q1 6.5

Q2 £1.21 to >0.94 Q2 >6.5to <10
Q3 <0.94 to >0.73 Q3 >10 to <14.6
Q4 <0.73 Q4 >14.6

Abbreviations: Q, quartile; T2D, type 2 diabetes.

having hypoglycaemia with glucose of <54 mg/dL was analysed by C-
peptide and duration of T2D quartile.

C-peptide levels were measured during a standardized meal test
of ~ 600 kcal, composed of 50%-55% carbohydrate, 15%-20% protein
and 25%-30% fat. Time points for assessment were at 30 minutes
before the meal, before administration of investigational drugs, and at
0, 30, 60, 90 and 120 minutes after the meal.

2.3 | Statistical analysis

The modified intention-to-treat analysis population (all randomized
participants with a baseline assessment and at least one postbaseline
assessment of any primary or secondary efficacy variable) was used
for efficacy analysis. A mixed-effect model with repeated measures
was used for the analysis of change from baseline to 26 weeks in
glycaemic parameters HbAlc, FPG and 2-hour PPG according to
baseline C-peptide quartiles and T2D duration. The model included
fixed effects of treatment arm (iGlarLixi, GLP-1 RA), randomization
strata of HbA1c at screening (<8.0%, 28.0%), randomization strata of
GLP-1 RA subtype at screening (QD/BID or QW formulation), sched-
uled visit, and treatment-by-visit interaction. Baseline of the
corresponding outcome value-by-visit interaction was included as a
covariate. All P-values for these analyses are nominal P-values without
multiplicity adjustment.

The proportion of participants reaching glycaemic target was
analysed using the Cochran-Mantel-Haenszel method weighted by
randomization strata of HbA1c (<8.0, 28.0%) and randomization strata
of GLP-1 RA subtype (QD/BID or QW formulation) at screening. The
percentage of participants having hypoglycaemia with glucose of
<54 mg/dL was analysed using the similar weighted Cochran-Man-
tel-Haenszel method. Participants were treated as non-responders if
they had no HbA1c assessments at week 26 during the 26-week on-

treatment period.

3 | RESULTS

3.1 | Characteristics of study participants

Of 514 randomized participants, 511 were treated, and 476 com-
pleted the 26-week treatment period. The modified intention-to-

treat population consisted of 505 participants (252 in the iGlarLixi
arm and 253 in the GLP-1 RA arm). At baseline, participants with
the lowest fasting C-peptide levels had a lower mean BMI, a longer
duration of GLP-1 RA treatment, and were more likely to be receiv-
ing pioglitazone than those participants with the highest fasting C-
peptide levels (Table 2). There was a significant negative correlation
of decreasing fasting C-peptide concentrations with increasing
duration of T2D (Figure 1). The negative correlation with T2D dis-
ease duration was observed for both fasting and postprandial C-
peptide levels, as well as for C-peptide:glucose ratios (Table S1). No
differences in baseline characteristics were observed between the
iGlarLixi and GLP-1 RA arms across the baseline fasting C-peptide
quartiles (Table 2).

At baseline, participants with the longest duration of T2D
(Q4) had similar characteristics to those with the lowest fasting C-
peptide levels, although those participants with the longest T2D dura-
tions were older. No differences in baseline characteristics were
observed between the iGlarLixi and GLP-1 RA arms across the T2D
duration quartiles (Table 2).

3.2 | Efficacy outcomes

3.21 | Changein HbAlc from baseline to week
26 by quartiles of C-peptide levels and duration

of T2D

When analysed by fasting C-peptide quartiles, reductions in HbA1c
from baseline to week 26 were greater in the iGlarLixi (—1.00% to
—1.06% range) versus the GLP-1 RA (-0.23% to —0.54% range) arm
across all fasting C-peptide quartiles, with the greatest differences
observed in quartiles 3 and 4, which were the quartiles with the
lower fasting C-peptide concentrations and longer diabetes dura-
tions (Figure 2A). Participants randomized to remain on GLP-1 RA
treatment who were in the higher fasting C-peptide concentration
quartiles (Q1 [>1.21 nmol/L] and Q2 [<1.21 to >0.94 nmol/L]) had
greater HbA1c reduction than those participants in the lower fasting
C-peptide concentration quartiles (Q3 [<0.94 to >0.73 nmol/L] and
Q4 [<0.73 nmol/L]). The reduction from baseline in HbAlc was com-
parable across all C-peptide quartiles within the iGlarLixi arm. Addi-
tionally, a greater proportion of participants in the iGlarLixi arm
achieved an HbA1c of <7% across all C-peptide quartiles (51%-73%
range) than in the GLP-1 RA arm (19%-32% range) (Figure 2B). In the
iGlarLixi arm, a higher proportion of participants in the middle C-
peptide quartiles (66% and 73%) achieved an HbAlc of <7% than
those in the quartiles with the highest (51%) and lowest (56%) C-
peptide concentrations. In the iGlarLixi arm, in the C-peptide quartile
with the highest concentration, Q1 (>1.21 nmol/L), participants
received a higher iGlarLixi dose than those in quartiles 2-4
(Table S2), possibly because of the higher BMI of participants within
that quartile.

When analysed by T2D duration quartile, the change in
HbAlc from baseline to week 26 was greater with iGlarLixi
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FIGURE 2 Mean HbA1c change from baseline to week 26 (A and C) and proportion of participants at target HbA1c of <7% (B and D) by
fasting C-peptide quartiles and duration of T2D quartiles, respectively. Abbreviations: GLP-1 RA, glucagon-like peptide-1 receptor agonist; LS,

least squares; SE, standard error

(—0.94% to —1.07% range) compared with continued GLP-1 RA
therapy (-0.25% to —0.50% range) across all duration of T2D
quartiles, with greater reductions from baseline in HbAlc in the
quartiles with shorter T2D duration for both the iGlarLixi and
GLP-1 RA arms (Q1-3 vs. Q4) (Figure 2C). Within the GLP-1 RA
arm, participants in Q4 (T2D duration >14.6 years) had a smaller

HbA1c reduction (Figure 2C), and a smaller proportion of partici-
pants achieved an HbAlc of <7% (Figure 2D) than those in Q1
(T2D duration <6.5 years). A greater proportion of patients in the
iGlarLixi arm achieved an HbAlc of <7% across all T2D duration
quartiles (55%-67% range) than in the GLP-1 RA arm (20%-33%
range) (Figure 2D).
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3.22 | Changein FPG and PPG from baseline to
week 26 by quartiles of C-peptide levels and duration
of T2D

In the iGlarLixi arm, the reduction from baseline in FPG and PPG was
similar across all fasting C-peptide quartiles and was greater than the
reductions for the GLP-1 RA arm (Figure 3A,B). In the GLP-1 RA arm,
the greatest reduction from baseline in FPG and PPG was observed in
the highest C-peptide concentration quartile (Q1).

In the iGlarLixi arm, the reductions from baseline in FPG and PPG
were similar across all T2D duration quartiles and were greater than
the reductions seen in the GLP-1 RA arm (Figure 3C,D). Within the
iGlarLixi arm, in the quartile with the longest diabetes duration
(Q4 [>14.6 years]), it was noted that participants received a lower
iGlarLixi dose than those in quartiles 1-3 (Table S2); those participants
with the longest diabetes duration also had a lower mean BMI
(Table 2).

3.3 | Hypoglycaemia

The rates of symptomatic hypoglycaemia (<54 mg/dL) were higher in
the iGlarLixi versus the GLP-1 RA arm across all baseline fasting
C-peptide and duration of T2D quartiles (Table S3). In the iGlarLixi
arm, hypoglycaemia rates were highest in participants in the baseline
fasting C-peptide quartile Q1 (>1.21 nmol/L) who also had the highest
iGlarLixi doses, and highest in those in the duration of T2D quartile
Q4 (>14.6 years) who also had the lowest iGlarLixi doses (Table S3).

4 | DISCUSSION

In these exploratory analyses of the LixiLan-G trial, the beneficial
effect of iGlarLixi was maintained across all categories of baseline
fasting C-peptide levels and T2D duration. However, in the GLP-1 RA
arm, the reduction in HbAlc tended to be less pronounced in
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participants with lower C-peptide levels and in those with a longer
duration of T2D. For GLP-1 RA, the quartiles with the highest C-
peptide levels and shortest duration of T2D were associated with the
greatest reduction from baseline in HbA1c and also the greatest pro-
portion of participants achieving an HbA1c of <7%. Rates of symp-
tomatic hypoglycaemia (<54 mg/dL) were higher in the iGlarLixi
versus the GLP-1 RA arm across all baseline fasting C-peptide and
duration of T2D quartiles.

Consistent with other studies,*3%°

in the current analyses, dura-
tion of T2D negatively correlated with C-peptide levels. In a 6-year
follow-up of the UK Prospective Diabetes Study, in newly diagnosed
patients with T2D, progressive B-cell dysfunction was associated with
worse outcomes for glycaemic control.r® Thus, with worsening
glycaemic control and declining B-cell function, new therapeutic
approaches that do not rely solely on the proportion of functioning
B-cells should be considered. Owing to the progression of T2D and
the associated decline in B-cell function, it is estimated that ~ 20%-
30% of patients” will eventually require insulin to achieve glycaemic
control. However, barriers to insulin initiation exist at both patient
and physician levels.'® Concomitant therapies, such as GLP-1 RAs,
which have been shown to reduce the burden of adverse side effects
of insulin therapy such as weight gain,*” and do not themselves cause
hypoglycaemia,20 may help people achieve their therapeutic goals.

The observed efficacy difference of iGlarLixi compared with con-
tinuation of a GLP-1 RA across all baseline C-peptide levels and T2D
duration categories in this analysis is likely because of the combination
of the short-acting GLP-1 RA, lixisenatide, with Gla-100. These two
agents work through multiple different complementary mechanisms,
with Gla-100 mainly providing control over nocturnal and fasting
hyperglycaemia, and lixisenatide exerting an effect on postprandial
hyperglycaemia that is mediated primarily by a deceleration in gastric
emptying, likely facilitated by non-continuous receptor engagement.
This durable glucose-lowering effect of lixisenatide, independent of the
severity of B-cell dysfunction, or duration of T2D, has been consistently
shown in the LixiLan-L (duration of T2D only), GetGoal-M and
GetGoal-S trials.”?! The persistent glucose-lowering effect irrespective
of residual B-cell function of lixisenatide is also supported by the results
of a mechanistic study performed in patients with total pancreatec-
tomy, in which significant PPG reductions through the slowing of gas-
tric emptying and reductions of postprandial glucagon responses were
shown with lixisenatide administration.?2

The preserved efficacy in terms of HbAlc, FPG and PPG lowering
with iGlarLixi highlights the potential value of therapies with B-cell
independent mechanisms of action to treat long-standing T2D. It has
been suggested that long-acting GLP-1 RAs that rely more on residual
functioning B-cells may be less effective in people with advanced
stages of T2D.”?% In a prospective study, participants with a clinical
diagnosis of T2D (n = 620) and an HbA1lc of 27.5% who initiated
GLP-1 RA therapy (liraglutide [64%], exenatide BID [27%] and
exenatide QW [9%)]), clinical markers of low B-cell function (low C-
peptide level and positive for islet autoantibodies) were associated
with a reduced response to GLP-1 RA therapy.® In an analysis of the
overall LixiLan-G study, no differences were observed in efficacy in

terms of reduction of HbA1lc, FPG and PPG according to the type of
GLP-1 RA used (40% were weekly dosing and 60% were daily
dosing).2*

Despite initial highly effective glucose-lowering responses with
most GLP-1 RAs, including weekly formulations, as T2D progresses
glucose control may become insufficient and additional intervention
with basal insulin may be needed. In the current study, iGlarLixi
showed a greater effect in reducing HbA1c over continued GLP-1 RA
use. Notably, iGlarLixi was consistently effective across all baseline
fasting C-peptide quartiles and T2D duration quartiles, suggesting the
combination to be a valuable therapeutic approach for people not
achieving target glycaemic control with GLP-1 RA treatment. This is in
line with the results of other studies that have showed that combined
therapy of basal insulin and GLP-1 RA is highly effective at minimizing
the risk of hyperglycaemia.?>~2’

The DUAL Il study, which evaluated a fixed-ratio formulation of
insulin degludec and liraglutide (IDeglira), showed a similarly robust
reduction in HbAlc as observed in the current study, in a population
of adults inadequately controlled on liraglutide QD or exenatide BID,
but the study did not include weekly GLP-1 RAs.?8 It would be inter-
esting if similar exploratory analyses were performed on the data from
DUAL Il according to T2D duration to determine whether the effi-
cacy of IDegLira would be preserved over a longer duration of T2D.

There are a number of limitations associated with the current
analysis. The exploratory nature of these analyses renders the data
hypothesis-generating, although consistent with previous findings.
The open-label nature of the study could also lead to the introduction
of bias; however, a masked study was not feasible. Another limitation
to consider is the lack of an active comparator, such as basal insulin, in
the main study.

The study also has a number of strengths. The availability of C-
peptide data has allowed for analysis of the relationship of HbA1lc
outcomes to both this marker of B-cell function and duration of T2D.
There were no differences between participant baseline characteris-
tics in this study, even after stratifying participants by T2D duration
subcategories and allowing for inclusion of adults with a diabetes
duration of more than 15 years. In addition, sensitivity analyses
showed that no differences were observed in the study results after
exclusion of participants on SGLT2 inhibitor therapy: correlations
between duration of T2D and C-peptide:glucose ratios, and duration
of T2D and C-peptide concentrations, were maintained.

In adults with T2D whose HbA1c is suboptimally controlled on a
GLP-1 RA therapy, switching to a fixed-ratio combination of basal insu-
lin and GLP-1 RA is a clinically relevant option, particularly given the
increasing number of people who receive GLP-1 RAs as their first
injectable and who may not achieve glycaemic targets. The results of
this analysis indicate that switching to iGlarLixi is an effective and sim-
ple treatment option in adults with insufficiently controlled T2D receiv-
ing GLP-1 RAs, irrespective of B-cell function or duration of T2D.
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