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ABSTRACT

Introduction: With longer duration and pro-
gression of type 2 diabetes (T2D), b-cell function
deteriorates and insulin therapy often becomes
necessary. Glucagon-like peptide-1 receptor
agonists such as lixisenatide that do not rely
only on b-cell function and glucagon suppres-
sion primarily, but also lower glucose by other
(insulin-independent) mechanisms such as
delayed gastric emptying, may be appropriate
adjuvant therapy to basal insulin in patients
with longstanding T2D.
Methods: We assessed the efficacy and safety of
insulin glargine (iGlar) versus iGlarLixi, a fixed-

ratio combination of iGlar and lixisenatide,
stratified by quartiles (Q) of T2D duration
(B 7.305 [Q1],[7.305 to B 10.75 [Q2],[10.75
to B 15.67 [Q3], and[ 15.67 years [Q4]) in the
LixiLan-L trial (N = 736).
Results: Across all quartiles, the reduction in
glycated haemoglobin was greater with iGlar-
Lixi versus iGlar, and the difference was most
pronounced in patients with the longest dura-
tion (Q4; least squares mean difference [stan-
dard error] - 0.62 [0.13], P\ 0.0001).
Additionally, hypoglycaemia rates were signifi-
cantly lower with iGlarLixi versus iGlar in
patients in Q4 (3.3 vs. 6.9 events/patient-year,
P\ 0.0001).
Conclusion: iGlarLixi lowered glycated hae-
moglobin more versus iGlar regardless of T2D
duration, with benefit retained even among
patients with the longest T2D duration.
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Key Summary Points

Why carry out this study?

Patients with type 2 diabetes (T2D) face
deteriorating b-cell function with longer
duration of their disease.

This leads to decreased insulin production
and often necessitates additional therapy.

This post hoc study was conducted to
assess the efficacy and safety of iGlarLixi, a
fixed-ratio combination of insulin
glargine (iGlar) and lixisenatide, across
patients with different durations of T2D in
the LixiLan-L study.

What was learned from the study?

At the end of the study (week 30), glycated
haemoglobin (HbA1c) reduction was
significantly greater with iGlarLixi
compared with iGlar, and proportions
achieving the composite endpoint
(HbA1c\7% [\53 mmol/mol] with no
weight gain at week 30 and no clinically
important hypoglycaemia over 30 weeks)
were significantly higher in the iGlarLixi
arm across all T2D duration quartiles.

In this post hoc analysis, fixed-ratio
combination therapy with iGlarLixi
benefitted patients regardless of T2D
duration, including patients with
longstanding T2D who can be challenging
to treat because of progressive loss of b-cell
function.

INTRODUCTION

Type 2 diabetes (T2D) is characterized by
hyperglycaemia, which is related to defects in
both insulin action (resistance, in most patients
[1]) and insulin secretion (b-cell dysfunction in
all patients) [2]. By the time T2D is clinically
manifest, b-cell function is diminished by
40–65% and continues to decline progressively

with longer duration of disease [3]. Therapies
relying on endogenous insulin and b-cell func-
tion may become less effective [3]. Thus, due to
the progressive nature of the disease, many
patients with longer duration of T2D will
eventually require exogenous insulin therapy.

The short-acting glucagon-like peptide-1
receptor agonist (GLP-1 RA) lixisenatide does
not depend on endogenous insulin and b-cell
function only [4], as in addition to suppression
of glucagon secretion it also has substantial
effects on retardation of gastric emptying and,
as a result, blunting of postprandial glucose
excursions [5]. Therapy with both exogenous
basal insulin and a GLP-1 RA such as lixisen-
atide may use complementary modes of action
to enhance efficacy in longstanding diabetes.
Moreover, this combination minimizes the
potential for weight gain seen with insulin use,
without increased risk for hypoglycaemia.
iGlarLixi, a once-daily titratable fixed-ratio
combination of basal insulin glargine 100 U/ml
(iGlar) and lixisenatide, combines the ability of
insulin to address basal requirements during
fasting periods with the glucose homeostatic
effects of GLP-1 agonism, including prolonged
absorption leading to reduced postprandial
glucose excursions [4, 6].

The phase 3 LixiLan-L trial (N = 736) evalu-
ated the use of iGlarLixi in patients whose T2D
was inadequately controlled by basal insulin
with or without up to two oral antihypergly-
caemic drugs (OADs). In this population,
iGlarLixi showed greater reductions in glycated
haemoglobin (HbA1c) from baseline compared
with iGlar, while documented symptomatic
hypoglycaemia (B 70 mg/dl) was comparable
between groups [7]. Post hoc analyses of Lix-
iLan-L trial data provide an opportunity to
better understand areas of clinical relevance
including whether the benefit of iGlarLixi
compared with basal insulin is affected by
patient characteristics. The current post hoc
analysis of the LixiLan-L trial was conducted to
assess the effects of iGlarLixi versus iGlar
100 U/ml stratified by reported duration of T2D,
with the hypothesis that iGlarLixi, compared
with iGlar, would demonstrate a benefit in
efficacy and safety for patients regardless of
duration of T2D.
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METHODS

Study Design and Participants

LixiLan-L (NCT02058160; Fig. S1) was an open-
label, randomized, multinational, phase 3 clin-
ical trial [7]. Briefly, eligible patients ([1-year
history of T2D treated with basal insulin
for[ 6 months before screening with or with-
out up to 2 OADs) entered a 6-week run-in
period. During this period any OAD other than
metformin was discontinued (approximately
90% of patients were taking metformin in both
groups), patients previously receiving another
basal insulin were switched to iGlar, and the
dose of iGlar was optimized for all patients. At
the end of the run-in period, patients with
HbA1c 7–10% (53–86 mmol/mol), fasting self-
measured plasma glucose B 140 mg/dl
(B 7.8 mmol/l) and daily iGlar dose of 20–50 U
were randomized 1:1 to receive iGlarLixi or
iGlar, with or without metformin, for 30 weeks.

The trial was conducted in accordance with
the Declaration of Helsinki, the International
Conference on Harmonisation guidelines for
good clinical practice and all applicable laws
and regulations. The protocol was reviewed and
approved by independent ethics committees
and institutional review boards. All patients
gave their informed consent prior to their
inclusion in the study.

Post Hoc Analysis and Endpoints

This post hoc analysis was conducted to evalu-
ate treatment effects in subgroups of patients
stratified by quartiles of T2D dura-
tion: B 7.305 years (quartile [Q]1),[7.305
to B 10.75 years (Q2),[10.75 to B 15.67 years
(Q3) and[15.67 years (Q4). In these quartiles,
the effects of iGlarLixi versus iGlar were com-
pared for the following: the primary endpoint
of change in HbA1c at 30 weeks, change in
insulin dose, change in weight and rate of
hypoglycaemia. Hypoglycaemia was defined as
symptomatic hypoglycaemia and included
documented (accompanied by a measured
plasma glucose concentration of B 70 mg/dl
[B 3.9 mmol/l]), probable (successfully treated

with oral carbohydrate without testing plasma
glucose levels) and severe (requiring assistance
to administer carbohydrate, glucagon or other
resuscitative actions). Proportions with the
composite endpoint of achieving HbA1c\ 7%
(\53 mmol/mol) with no weight gain at week
30 and no hypoglycaemia events during the
30-week treatment period were also compared.
An additional analysis evaluated rates of clini-
cally important hypoglycaemia events (docu-
mented with a plasma glucose concentration
of\ 54 mg/dl [\3.0 mmol/l], which is the glu-
cose value corresponding to the International
Hypoglycaemia Study Group’s ‘Level 2’) [8], and
this threshold was also used in further analysis
of the composite endpoint. Further safety
information included a summary of gastroin-
testinal adverse events.

Statistical Methods

Data were analysed in SAS� version 9.4 (SAS,
Marlow, UK). Least squares mean differences
between treatments by subgroups of patients
stratified by T2D duration in change from
baseline in HbA1c, insulin dose and body
weight were each compared with an analysis
of covariance model with treatment arms,
randomization strata of HbA1c (\8.0%
[\ 64 mmol/mol], C 8.0% [C 64 mmol/mol]) at
screening, randomization strata of metformin
use at screening (yes, no) and country as fixed
effects and baseline values of dependent vari-
ables as a covariate. Missing data were handled
using last observation carried forward. A test of
interaction for treatment effect across disease
duration categories for the primary endpoint of
change in HbA1c at 30 weeks was performed
with randomization strata of HbA1c (\8.0%
[\64 mmol/mol] and C 8.0% [C 64mmol/mol]),
randomization strata of metformin use, coun-
try and baseline HbA1c also included in the
model. The relationship between the duration
of insulin use and change of insulin dose
(baseline to week 30) was evaluated by Pearson
correlation.

Differences between treatments by duration
quartile in symptomatic hypoglycaemia events
per patient-year were compared with Poisson
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regression adjusted for log-transformed patient-
year. Differences between treatments by dura-
tion quartile in the proportion of patients with
the composite endpoint were evaluated using a
Cochran-Mantel-Haenszel test.

For a sensitivity analysis, patients were also
grouped by baseline insulin dose (which may
also relate inversely to b-cell dysfunction,
among other factors [3]) to evaluate the com-
bined relevance of disease duration and insulin
dose to treatment effect on the primary end-
point of change in HbA1c at 30 weeks, using a
similar model as described for the primary
analysis above. Gastrointestinal adverse events
were summarized descriptively.

RESULTS

Patient Characteristics

Age increased across the quartiles of T2D dura-
tion in both treatment arms; the difference in
mean age between patients in Q4 and those in
Q1 was about 8 years (Table S1). However,
within each quartile, there were no meaningful
differences between the iGlarLixi and iGlar
treatment arms in age or other baseline char-
acteristics (Table S1).

Endpoints

At the end of the study (week 30), HbA1c
reduction was significantly (P\0.01) greater
with iGlarLixi compared with iGlar across all
T2D duration quartiles and was most pro-
nounced in patients with the longest duration
of T2D (least squares mean ± standard error
treatment difference in Q4: - 0.62 ± 0.13,
P\ 0.0001; Fig. 1), among whom was seen the
least decrease for iGlar. Although there were
numerical differences in treatment effects
among quartiles, no significant interaction was
seen between treatment and duration of T2D
(i.e., there was no significant difference in
treatment effect across disease duration quar-
tiles [P = 0.1452]) for the primary endpoint of
change in HbA1c at 30 weeks.

Despite similar insulin doses at baseline
across duration quartiles, the change in basal

insulin dose fell with increasing quartiles of
T2D duration: from 11.9 U for iGlarLixi and
14.4 U for iGlar in Q1 to 8.8 U and 8.9 U,
respectively, in Q4 (Fig. S2), indicating that
longer T2D duration was associated with less
insulin uptitration. In addition, there was an
inverse correlation between patient-reported
duration of insulin use (a mean of 3.12 and
3.31 years in the iGlarLixi and iGlar group,
respectively) and increase in insulin dose at the
end of the study in both treatment arms (Pear-
son correlation coefficients of - 0.16 for iGlar-
Lixi [P = 0.0027] and - 0.18 for iGlar
[P = 0.0007]). Overall, mean weight increased
with iGlar and decreased with iGlarLixi across
all T2D duration quartiles, although the differ-
ence was less pronounced in those in Q4 (P =
not significant; P\0.01 in other quartiles)
(Fig. S3).

Hypoglycaemia rates were significantly lower
in the iGlarLixi versus iGlar arm in Q2 and Q4,
with a larger difference in Q4 (Fig. 2). However,
no significant differences were observed
between treatment arms in Q1 and Q3. In
examination of the rates of clinically important
hypoglycaemia, significant differences between
arms were only observed in Q1 (0.87 events per
patient-year with iGlarLixi vs. 0.26 with iGlar,
P\ 0.0001) (Table S2). As previously reported
[7], severe symptomatic hypoglycaemic events
were rare (five events in the overall iGlarLixi
group vs. 1 in the iGlar group), with most being
likely related to contributing circumstances
(e.g., excessive exercise and/or diminished oral
intake).

Across all duration quartiles, iGlarLixi was
associated with higher proportions of patients
achieving the composite endpoint (HbA1c
\7% [\53 mmol/mol] with no weight gain at
week 30 and no hypoglycaemia [with threshold
of B 70 mg/dl (B 3.9 mmol/l)] up to week 30)
than was iGlar. The differences between treat-
ment arms were significant in Q2 (22.1% vs.
9%, respectively, P = 0.0167) and Q4 (18.9% vs.
7.7%, respectively, P = 0.0264). Similarly, when
the threshold of\ 54 mg/dl (\3.0 mmol/l) for
hypoglycaemia was used, the proportion of
patients achieving composite endpoints was
higher with iGlarLixi versus iGlar, and the
between-treatment difference was significant
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(P B 0.0170) in all four quartiles. Using this
threshold, the proportions of patients achieving
the composite endpoint for iGlarLixi and iGlar,
respectively, were 29.2% versus 14.9% in Q1,
30.8% versus 12.8% in Q2, 28.9% versus 9.9%
in Q3 and 31.1% versus 12.1% in Q4 (Fig. S4).

In sensitivity analyses, patients with both
the longest reported disease duration
(C 15.67 years [Q4]) and highest baseline insu-
lin dose (C 42 U [Q4 for insulin dose quartiles])
showed the greatest difference between treat-
ment arms in HbA1c reduction (Fig. S5).

Rates of gastrointestinal adverse events in
the iGlarLixi and iGlar arms, respectively, were
10.1% versus 9.6% in Q1, 19.4% versus 7.7% in
Q2, 22.9% versus 5.9% in Q3 and 15.6% versus
8.8% in Q4 (Table S2). Overall, four patients in
the iGlarLixi arm discontinued due to gas-
trointestinal adverse events (all nausea), versus
zero in the iGlar arm.

DISCUSSION

In the LixiLan-L trial, iGlarLixi provided a
superior reduction of HbA1c compared with
iGlar. This post hoc analysis confirmed this was
true regardless of T2D duration. Moreover,
across all quartiles of T2D duration, signifi-
cantly higher proportions of patients in the
iGlarLixi arm achieved the composite endpoint
of HbA1c\ 7% (\53 mmol/mol) with no
weight gain at week 30 and no clinically
important hypoglycaemia over 30 weeks.

Some differences across quartiles of T2D
duration were seen in this analysis; while the
baseline insulin dose was similar across quar-
tiles, at the end of the study, those with a longer
duration of diabetes required less uptitration of
iGlar or iGlarLixi doses, with the lowest increase
in dose among patients with the longest dura-
tion of disease. While the reason for this inverse

Fig. 1 Change from baseline in HbA1c by T2D duration.
P\ 0.01 for iGlarLixi versus iGlar in all quartiles. Based
on the analysis of covariance model with treatment arms,
randomization strata of HbA1c (\ 8.0%
[\ 64 mmol/mol], C 8.0% [C 64 mmol/mol]) at screen-
ing, randomization strata of metformin use at screening
(yes/no) and country as fixed effects, and baseline HbA1c
as a covariate. N values indicate patients with data available

at baseline. Week 30 and change from baseline to week 30
values are based on last observation carried forward. Bold
text indicates the quartile with the greatest numerical
difference between treatment arms. HbA1c glycated
haemoglobin, iGlar insulin glargine 100 U/ml, iGlarLixi
fixed-ratio combination of insulin glargine 100 U/ml and
lixisenatide, LS least squares, Q quartile, SD standard
deviation, SE standard error, T2D type 2 diabetes
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association is not clear, we speculate that this
may be related to the older age of participants
with increasing quartiles of T2D duration and
less aggressive titration of both iGlarLixi and
iGlar in older participants. Another possible
explanation for this observation could be that
patients with longer T2D duration also had
longer duration of insulin use and thus needed
less of an increase in their insulin dose.

Interestingly, despite less increase in insulin
dose in older patients with T2D duration of
C 15.67 years (Q4), hypoglycaemia event rates
were higher for this long-duration quartile in
the iGlar treatment arm (but not in the iGlar-
Lixi arm; Fig. 2). Older age and longer duration
of diabetes have been associated with an
increased risk of hypoglycaemia and adverse
events related to hypoglycaemia [9], possibly
due to a reduced counter-regulatory hormone
response to hypoglycaemia with increasing age
and duration of diabetes [9–11]. Event rates of
clinically important hypoglycaemia (\54 mg/dl

[\ 3.0 mmol/l]), which were not examined in
the primary analysis, were low overall; rates
were higher in the iGlarLixi arm compared with
iGlar in patients with duration of dia-
betes\7.305 years (Q1) (Table S2) but similar
between treatment arms in all other duration
quartiles (Q2, Q3 and Q4).

T2D is a progressive disease; b-cell function
deteriorates over time, and in disease duration
[ 10 years the cellular changes appear to be
irreversible [12]. The benefits of other GLP-1
RAs in combination with insulin have been
observed in patients with long duration of T2D.
In a post hoc analysis of DUAL I (insulin-naı̈ve
patients) and DUAL II (patients on basal insu-
lin), IDegLira (the combination of insulin
degludec and liraglutide) showed superior
reduction of HbA1c compared with basal insu-
lin alone across baseline HbA1c categories and
after adjustment for diabetes duration and pre-
vious insulin dose [13].

Fig. 2 Hypoglycaemia events per patient-year by T2D
duration. P = NS for iGlarLixi versus iGlar in Q1 and Q3.
Hypoglycaemia was recorded on the electronic case
report form and included severe, documented or
probable. Documented symptomatic hypoglycaemia was
accompanied by a measured plasma glucose

concentration B 70 mg/dl (B 3.9 mmol/l). P value is
calculated by Poisson regression adjusted for log-trans-
formed patient-year. iGlar insulin glargine 100 U/ml,
iGlarLixi fixed-ratio combination of insulin glargine
100 U/ml and lixisenatide, NS not significant, Q quartile,
T2D type 2 diabetes
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Therapies with extrapancreatic mechanisms
of glucose lowering may play a role in long-
standing diabetes in which pancreatic b-cell
function is reduced. A main effect of short-act-
ing GLP-1 RAs, for example, is retardation of
gastric motility. As a consequence, short-acting
GLP-1 RAs exert a greater postprandial effect
than long-acting GLP-1 RAs [5] and may pro-
vide a mechanism of glucose lowering inde-
pendent of b-cell function that might be
relevant to patients with longstanding diabetes.
A previous post hoc analysis found results con-
sistent with the current study, in that the effects
of lixisenatide were consistent across patients
with varying levels of b-cell function [14].

Among the strengths of this analysis are a
population in which a quarter of patients had
a[ 15-year history of T2D and the balanced
baseline characteristics across subgroups. Addi-
tionally, results of the sensitivity analysis by
both disease duration and insulin dose were
consistent with those of the primary analysis.

These findings should be regarded as
hypothesis generating, as they are limited by
the post hoc nature of this research. This study
was not prespecified nor designed or powered to
test for differences in these subgroups, and the
size of the sample in each subgroup was rela-
tively small. It is important to note that the
LixiLan-L trial used an open-label design, which
carries the risk of bias. Finally, the statistical
tests employed in this post hoc study did not
include adjustment for multiple comparisons.
Despite these limitations, this post hoc analysis
of LixiLan-L trial data provided an opportunity
to investigate the clinically important question
of whether the benefit of iGlarLixi compared
with basal insulin was affected in degree by
duration of T2D at baseline.

CONCLUSION

In this post hoc analysis, further exploration of
data from the LixiLan-L trial revealed that the
improved change in HbA1c and weight associ-
ated with iGlarLixi versus iGlar in that trial
occurred across subgroups of disease duration.
The benefit with iGlarLixi versus iGlar in both
comparative glycaemic efficacy and

hypoglycaemia (plasma glucose concentration
of B 70 mg/dl [B 3.9 mmol/l]) rates was seen
even among patients with the longest T2D
duration (e.g.,[15.67 years). Fixed-ratio com-
bination therapy with iGlarLixi benefitted
patients regardless of T2D duration, including
patients with longstanding T2D who can be
challenging to treat because of progressive loss
of b-cell function.
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