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ABSTRACT

Introduction: iGlarLixi, the once-daily fixed-
ratio combination of insulin glargine 100 U/ml
and lixisenatide, robustly improves glycaemic
control in adults with type 2 diabetes irrespec-
tive of previous treatment [oral antihypergly-
caemic drugs (OADs), basal insulin or glucagon-
like peptide-1 receptor agonists (GLP-1 RAs)].
Sodium-glucose co-transporter-2 inhibitors
(SGLT2is) are a recommended treatment option

for people with type 2 diabetes with cardiovas-
cular disease, kidney disease and/or heart failure
because of their cardio- and renoprotective
benefits. Herein, we assessed the effects of con-
comitant iGlarLixi and SGLT2i therapy.
Methods: We conducted subgroup analyses
according to SGLT2i use in: (1) adults with
suboptimally controlled type 2 diabetes on GLP-1
RAs and OADs switching to iGlarLixi in the
26-week LixiLan-G randomised controlled trial
(RCT; NCT02787551) and (2) adults switching
to or adding iGlarLixi in a 6-month, retrospec-
tive real-world evidence (RWE) observational
study using data from the US Optum-Humedica
electronic medical records database. Changes in
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HbA1c and hypoglycaemia prevalence and event
rates were assessed.
Results: There were no major differences in
baseline characteristics for those who initiated
iGlarLixi while already using SGLT2i (n = 346)
and those initiating iGlarLixi without con-
comitant SGLT2i therapy (n = 1285). HbA1c

reductions from baseline to time of assessment
and hypoglycaemia prevalence and event rates
were similar for iGlarLixi users regardless of
SGLT2i therapy.
Conclusion: Evidence from an RCT and an
RWE analysis supports the efficacy/effectiveness
and safety of iGlarLixi when used concomi-
tantly with SGLT2i.
Trial Registration: NCT02787551.

PLAIN LANGUAGE SUMMARY

People with type 2 diabetes require glucose-
lowering drugs to attain and maintain blood
glucose control, with many eventually requir-
ing injectable therapies. iGlarLixi combines two
injectable therapies (basal insulin glargine and a
glucagon-like peptide-1 receptor agonist,
lixisenatide) into a single fixed-ratio daily
injection and has previously been shown to
provide robust improvements in blood glucose
control. However, previous studies have not
assessed the potential effect that simultaneous
use of sodium-glucose co-transporter-2 inhi-
bitor (SGLT2i) therapy may have on iGlarLixi
therapy. This is of interest because SGLT2is are a
widely used oral blood-glucose-lowering ther-
apy that also have a beneficial effect in people
with type 2 diabetes who have cardiovascular or
kidney disease or have risk factors for the
development or progression of these condi-
tions. Therefore, this study assessed whether
there were relevant differences in terms of blood
glucose control and safety when initiating
iGlarLixi in people treated with SGLT2i versus
initiating iGlarLixi in people not receiving
SGLT2i. Results showed that iGlarLixi provided
similarly good glucose control and safety pro-
files, regardless of whether SGLT2is were used or
not, thereby supporting the simultaneous use of
these two therapies.

Keywords: Basal insulin; GLP-1 analogue;
Glycaemic control; Hypoglycaemia; iGlarLixi;
SGLT2 inhibitor; Type 2 diabetes

Key Summary Points

Why carry out this study?

iGlarLixi is a fixed-ratio combination of
insulin glargine 100 U/ml and the
glucagon-like peptide-1 receptor agonist
(GLP-1 RA), lixisenatide, which robustly
improves glycaemic control in adults with
type 2 diabetes irrespective of previous
treatment (oral antihyperglycaemic drugs
[OADs], basal insulin, or GLP-1 RAs).

However, the effects of concomitant
iGlarLixi and sodium-glucose co-
transporter-2 inhibitor (SGLT2i) therapy,
a widely used OAD with known cardio-
and renoprotective benefits, have not
been previously assessed.

Here, we aimed to explore the effects of
concomitant SGLT2i use on the efficacy
and safety of iGlarLixi in adults with type
2 diabetes using data from two sources: a
post hoc exploratory analysis of a
randomised controlled trial (RCT)—the
LixiLan-G study—and real-world evidence
from electronic medical records (EMRs) of
individuals from the US Optum-
Humedica database.

What has been learned from the study?

The present analysis showed similar robust
glycaemic outcomes and comparably low
hypoglycaemia rates in people with
suboptimally controlled type 2 diabetes
who initiated iGlarLixi, irrespective of
concomitant SGLT2i therapy.

In conclusion, evidence from an RCT and
a real-world clinical setting support the
efficacy/effectiveness and safety of
iGlarLixi when used in combination with
SGLT2i.
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DIGITAL FEATURES

This article is published with digital features,
including an infographic, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.16913317.

INTRODUCTION

American Diabetes Association and European
Association for the Study of Diabetes guidelines
recommend that people with type 2 diabetes are
regularly assessed and their therapy intensified
if their HbA1c targets are not reached [1, 2].
First-line pharmacotherapy with metformin is
recommended, followed by intensification with
other antihyperglycaemic drugs, including
sodium-glucose co-transporter-2 inhibitors
(SGLT2is) or glucagon-like peptide-1 receptor
agonists (GLP-1 RAs), if needed [1, 2]. Moreover,
SGLT2is and/or GLP-1 RAs with proven cardio-
and renoprotective benefits are now recom-
mended over other drug classes in people with
type 2 diabetes who have established cardio-
vascular disease, kidney disease and/or heart
failure (or risk indicators for these conditions),
independent of current/target HbA1c [3]. For
those receiving SGLT2is and GLP-1 RAs who
require additional glycaemic control, intensifi-
cation with basal insulin (BI) is a recommended
option, by either adding BI separately to the
existing therapy or switching from their previ-
ous GLP-1 RA therapy to a fixed-ratio combi-
nation (FRC) of BI and GLP-1 RA [1, 2].

iGlarLixi, a once-daily injectable FRC
of insulin glargine 100 U/ml (iGlar) and the
GLP-1 RA lixisenatide (Lixi), is effective and well
tolerated in people with type 2 diabetes subop-
timally controlled by oral antihyperglycaemic
drugs (OADs) alone or combined with BI or
GLP-1 RA, as shown by the LixiLan-O, LixiLan-L
and LixiLan-G randomised controlled trials
(RCTs), respectively [4–6]. However, concomi-
tant use of iGlarLixi and SGLT2is has not been
specifically investigated.

Here, we present data on the efficacy/effec-
tiveness and safety of concomitant iGlarLixi
and SGLT2i use versus iGlarLixi use without

SGLT2i in adults with type 2 diabetes from two
sources: a post hoc exploratory analysis of the
LixiLan-G study and real-world evidence (RWE)
from electronic medical records (EMRs) of
individuals from the US Optum-Humedica
database. The Optum-Humedica database
includes EMR data for[ 30 million individuals
[7].

METHODS

Study Designs and Participants

The design and methodology of the LixiLan-G
study (NCT02787551) have been previously
described [6]. In brief, LixiLan-G was a 26-week,
randomised, open-label, active-controlled, par-
allel-group, Phase 3 study that aimed to evalu-
ate the efficacy and safety of switching to
iGlarLixi versus continuing treatment with
prior GLP-1 RA therapy. Participants were adults
with type 2 diabetes and suboptimal glycaemic
control [HbA1c: C 7 to B 9% (C 53
to B 75 mmol/mol)] on OADs (met-
formin ± pioglitazone ± SGLT2i) and the
maximum tolerated dose of a GLP-1 RA who
were randomised (1:1) to switch to iGlarLixi or
remain on their GLP-1 RA regimen with
enforced adherence to therapy actively moni-
tored throughout the study. iGlarLixi was
injected subcutaneously once daily using one of
two SoloSTAR (Sanofi, Paris, France) pen injec-
tors according to the insulin dose required: for
insulin doses of 10–40 U, a 2 U iGlar:1 lg Lixi
ratio pen (iGlarLixi doses of 10 U/5 lg up to
40 U/20 lg) was used, and for insulin doses
of 30–60 U, a 3 U iGlar:1 lg Lixi ratio pen
(iGlarLixi doses of 30 U/10 lg up to 60 U/20 lg)
was used. For people already using SGLT2is
prior to randomisation, SGLT2i use was con-
tinued at the same dose regimen as prior to
randomisation, with doses administered
according to local product labelling. The Lix-
iLan-G trial was designed and monitored in
accordance with Good Clinical Practice guide-
lines, the International Conference on Har-
monisation and the Declaration of Helsinki.
Institutional review boards or ethics commit-
tees at each study site approved the protocol
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and all participants provided informed consent.
Electronic healthcare records data are
anonymised.

Additionally, a retrospective, observational
cohort study (subsequently referred to as the
RWE study) captured EMR data from the
Optum-Humedica database for people who ini-
tiated iGlarLixi in a clinical practice setting
between 1 January 2017 and 30 September 2018
in the US. Data on the type of pen used were not
captured, but only the 3:1 ratio pen is licenced
for use in the US [8]. Apart from iGlarLixi ini-
tiation, there were no prespecified inclusion or
exclusion criteria related to diabetes medica-
tion. The index date was defined as the date of
the first iGlarLixi prescription; the baseline
period was defined as 180 days prior to and
including the index date, and the follow-up
period was defined as 180 days after the index
date. Eligible participants were C 18 years of age
with a diagnosis of type 2 diabetes, HbA1c C 7%
within 90 days prior to and 14 days after the
index date, and C 1 HbA1c result 75 to 180 days
after iGlarLixi initiation. Permission to access
and use data from the Optum-Humedica elec-
tronic medical records database was obtained.

Outcomes

The main efficacy endpoint in the post hoc
exploratory analysis of LixiLan-G was change in
HbA1c from baseline to Week 26. Other end-
points included changes in fasting plasma glu-
cose (FPG), 2-h post-prandial plasma glucose
(2-h PPG), body weight and iGlarLixi dose, from
baseline to Week 26. Safety endpoints included
the prevalence and event rates of documented
symptomatic hypoglycaemia [B 3.9 mmol/l
(B 70 mg/dl)] or severe symptomatic hypogly-
caemia (event requiring assistance of another
person to actively administer carbohydrate,
glucagon or other resuscitative actions) and
treatment-emergent adverse events (TEAEs).

In the RWE study, the effectiveness of con-
comitant iGlarLixi and SGLT2i therapy was
assessed based on HbA1c change from baseline
to Month 6. The main safety parameters asses-
sed were the prevalence and event rates of any
hypoglycaemia or hypoglycaemia requiring

inpatient admission or an emergency depart-
ment (ED) visit. Other safety parameters were
diabetic ketoacidosis (DKA), acute kidney injury
(AKI) requiring hospitalisation and urinary tract
infections (UTI), including severe complications
requiring hospitalisation or an ED visit for
pyelonephritis or urosepsis. Data extraction was
performed by a trained analyst and reviewed by
an independent analyst to validate coding rules,
order of operations and statistical methodology
at each step. Data were stored in a Medidata
Rave database and any modification in the
database was traced using an audit trail.

Data analysis and Statistics

For the LixiLan-G study, the sample size calcu-
lations were based on the primary efficacy
endpoint (change in HbA1c from baseline to
week 26), a common standard deviation [SD] of
1.1%, a 0.4% mean difference between iGlarLixi
and GLP-1 RA in change in HbA1c, an estimated
dropout rate of 20% and a t-test at a two-sided
5% significance level with at least 90% power
[6]. On that basis, 500 participants were
required to be included for the study to be
appropriately powered and LixiLan-G ran-
domised 514 participants [6]. The RWE study
was observational and descriptive. All those
who met the eligibility criteria in the database
were included in the analysis.

In the LixiLan-G subgroup analysis, a mixed-
effect model with repeated measures (MMRM)
approach was used to assess changes from
baseline to Week 26 in HbA1c, FPG and body
weight across SGLT2i user and non-user sub-
groups, while change in 2-h PPG was analysed
using an analysis of covariance (ANCOVA)
model. The MMRM model included treatment
groups, randomisation strata of HbA1c

(\8.0%, C 8.0%) at Visit 1, GLP-1 RA subtype
at screening, scheduled visit, SGLT2i use, world
region, treatment-by-visit, treatment-by-SGLT2i
use, visit-by-SGLT2i use, treatment-by-visit-by-
SGLT2i use and baseline value-by-visit interac-
tion. The ANCOVA model included treatment
groups, randomisation strata of HbA1c

(\8.0%, C 8.0%) at Visit 1, GLP-1 RA subtype
at screening, SGLT2i use, treatment-by-SGLT2i

208 Diabetes Ther (2022) 13:205–215



use, world region and baseline value of the
covariate being tested. Safety analyses were
performed using descriptive statistics.

In the RWE study, descriptive statistics were
used to describe baseline characteristics, effec-
tiveness and safety endpoints in participants
who initiated iGlarLixi with concomitant
SGLT2i therapy compared with those who ini-
tiated iGlarLixi without SGLT2i use.

RESULTS

Participant Disposition and Baseline
Characteristics

Among those randomised to iGlarLixi in the
LixiLan-G subgroup analysis, there were
26 SGLT2i users and 231 SGLT2i non-users. At
baseline, SGLT2i users tended to have a lower
body mass index and a longer duration of dia-
betes than SGLT2i non-users. Other demo-
graphic and disease characteristics were
generally similar between the two SGLT2i sub-
groups (Supplementary Table 1).

In the RWE study, 320 participants who
received iGlarLixi were SGLT2i users and 1054
participants were SGLT2i non-users. At baseline,
SGLT2i users tended to be younger and have a
lower HbA1c than SGLT2i non-users. Other
demographic and disease characteristics were
generally similar between the two SGLT2i sub-
groups (Supplementary Table 1).

HbA1c

In both the LixiLan-G and RWE analyses, HbA1c

changes were similar overall between SGLT2i
users and non-users (Fig. 1). In LixiLan-G,
mean (SD) baseline HbA1c was 7.8 (0.7)%
(61.2 [7.2] mmol/mol) and 7.8 (0.6)% (61.5 [6.9]
mmol/mol) for SGLT2i users and non-users,
respectively. The least-squares (LS) mean
(standard error [SE]) change in HbA1c from
baseline to Week 26 was - 1.15 (0.16)%
(- 12.6 [1.7] mmol/mol) in the SGLT2i users
and - 1.01 (0.05)% (- 11.0 [0.5] mmol/mol) in
the non-users.

In the RWE study, mean (SD) baseline HbA1c

was 9.2 (1.6)% (76.8 [17.2] mmol/mol) and
9.5 (1.7)% (80.4 [18.5] mmol/mol) for SGLT2i
users and non-users, respectively. Mean (SD)
change in HbA1c from baseline to Month 6
was - 0.89 (1.57)% (- 9.7 [17.2] mmol/mol) in
SGLT2i users and - 1.05 (1.85)% (- 11.5
[20.2] mmol/mol) in non-users.

Other Efficacy Endpoints–LixiLan-G Data

In the LixiLan-G subgroup analysis, the changes
in FPG and 2-h PPG from baseline to Week 26
were also similar between the SGLT2i subgroups
(Fig. 1a). A small numerical increase in mean
body weight was observed from baseline to
Week 26 in those initiating iGlarLixi, irrespec-
tive of SGLT2i use (SGLT2i users: LS mean
change [SE] 2.4 [0.6] kg; SGLT2i non-users: LS
mean change [SE] 1.9 [0.2] kg).

At Week 26, there was no difference in
mean ± SD daily iGlarLixi dose between SGLT2i
users (iGlar 42.0 ± 14.9 U; Lixi 16.1 ± 3.9 lg)
and SGLT2i non-users (iGlar 43.7 ± 15.1 U; Lixi
16.6 ± 3.8 lg).

Safety

Hypoglycaemia
In the LixiLan-G subgroup analysis, the per-
centage of participants with documented
symptomatic hypoglycaemia [plasma glu-
cose B 3.9 mmol/l (B 70 mg/dl)] was similar
between the SGLT2i subgroups (24.0% and
28.3% in SGLT2i users and non-users, respec-
tively, Table 1, part a). The corresponding
number of events per participant-year (PPY)
tended to be lower in the SGLT2i users (0.72)
than in the SGLT2i non-users (1.62). Only one
severe hypoglycaemia event was recorded,
affecting a participant in the SGLT2i non-user
subgroup.

In the RWE study, the percentage of partici-
pants with any hypoglycaemia at Month 6 was
similar in SGLT2i users (7.5%) and SGLT2i non-
users (6.7%) (Table 1, part b). The correspond-
ing event rate PPY was also similar between
SGLT2i users (0.26) and SGLT2i non-users
(0.24). The proportion of participants with

Diabetes Ther (2022) 13:205–215 209



Fig. 1 Glycaemic control results by study: a LixiLan-G
subgroup analysisa, b RWE study. aAll participants in
LixiLan-G were also receiving metformin; all data are
presented for the mITT population, defined as all
randomised participants with a baseline assessment and
at least one post-baseline assessment for any primary or
secondary efficacy variables. bBaseline data are presented as
mean ± SD. cTwo-hour PPG was measured during a
standardised meal test. BL baseline; FPG fasting plasma

glucose; iGlarLixi a fixed-ratio combination of insulin
glargine 100 U/ml and the glucagon-like peptide-1
receptor agonist, lixisenatide; LS least squares; SD standard
deviation; SE standard error; mITT modified intent to
treat; PPG post-prandial plasma glucose; RWE real-world
evidence; SGLT2i sodium-glucose co-transporter-2
inhibitor
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hypoglycaemia events associated with an inpa-
tient or ED visit were also similar between the
SGLT2i subgroups (SGLT2i users: 1.3%; SGLT2i
non-users: 1.9%), as were the corresponding
event rates PPY (SGLT2i users: 0.05; SGLT2i
non-users: 0.05).

Other Safety Endpoints
In the LixiLan-G subgroup analysis, the results
for the safety endpoints were generally similar
between the SGLT2i subgroups at Week 26. In
the SGLT2i user group, there were no TEAEs
leading to permanent treatment discontinua-
tion, while nine (3.9%) participants in the
SGLT2i non-user subgroup had such an event
(Supplementary Table 2).

In the RWE study, the proportions of par-
ticipants with DKA, AKI and UTIs at 6-month
follow-up were very low and similar between
SGLT2i users and SGLT2i non-users (Supple-
mentary Table 3).

Descriptive analyses of the RWE study
showed that the proportion of participants with
any-cause hospitalisation or ED visit appeared
to be slightly lower for the SGLT2i users than
the non-users at both baseline and 6-month
follow-up (Supplementary Table 4).

DISCUSSION

The present post hoc analysis of the LixiLan-G
RCT and the RWE assessment of US EMRs from
the Optum-Humedica database both showed
similar robust glycaemic outcomes and compa-
rably low hypoglycaemia rates in people with
suboptimally controlled type 2 diabetes who
initiated iGlarLixi, irrespective of concomitant
SGLT2i therapy. In the LixiLan-G RCT, partici-
pants in the SGLT2i users subgroup were already
on stable treatment with SGLT2i, metformin
and GLP-1 RAs and were suboptimally con-
trolled on this treatment. Switching to iGlarLixi
provided overall similar results in these partici-
pants compared with those who were subopti-
mally controlled on GLP-1 RAs and metformin
only (SGLT2i non-users). In the RWE study,
there were no eligibility criteria relating to
medication beyond initiating iGlarLixi; how-
ever, baseline demographics show that other

medication use was similar between SGLT2i
users and non-users. As such, the impact of
SGLT2i treatment in the users’ group was
already accounted for in their baseline glucose
values, providing that they had not recently
initiated SGLT2i therapy. This may explain why
the addition of iGlarLixi was not associated
with an additional effect on glycaemic control
in the SGLT2i users group versus the non-user
group. These findings are particularly relevant
given that use of SGLT2i therapy has increased
in recent years and a significant future increase
is anticipated [9, 10]. While there was a differ-
ence in mean baseline HbA1c between the RCT
and RWE studies, this was not surprising as
HbA1c values are usually higher in RWE studies
compared with RCTs.

The efficacy and safety of iGlarLixi have also
been demonstrated in Japanese populations
permitted to include SGLT2i as a concomitant
medication [11, 12]. Furthermore, the finding
that iGlarLixi is as effective and safe when used
concomitantly with SGLT2i versus without
SGLT2i is consistent with data for the other
available FRC, insulin degludec and liraglutide
(IDegLira). The efficacy and safety profile of
IDegLira shown in the DUAL IX study [13], in
which all participants used SGLT2i, was com-
parable to that observed in other DUAL studies
in participants who were not receiving SGLT2i
[14, 15].

Study limitations included the post hoc
nature of the LixiLan-G analysis and the inher-
ent issues associated with RWE data, such as
missing information (including on use of
background or concomitant medications) and
potential unknown confounders and bias. An
additional possible limitation of the study is
the small number of LixiLan-G participants
taking an SGLT2i, along with the smaller pop-
ulation of SGLT2i-users than non-users in the
Optum-Humedica database; this is likely due to
the low overall use of SGLT2i in clinical practice
during the period when the studies were con-
ducted. There was also potential under-recog-
nition of hypoglycaemia in the RWE study. The
strength of this analysis is the complementary
nature of the data provided by an RCT and RWE
study supporting both efficacy and effective-
ness. However, comparisons between these two
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studies should be cautious and considered in
the context of the different population charac-
teristics, including different degrees of meta-
bolic control at baseline (due to more restrictive
eligibility criteria in the LixiLan-G RCT) and the
higher degree of participant follow-up in the
LixiLan-G trial compared with the real-world
data as well as overall differences in the man-
agement of these populations.

CONCLUSIONS

In conclusion, results of the present analysis,
which combine evidence from an RCT and a
real-world clinical setting, showed that
iGlarLixi provided similar robust glycaemic
control and comparably low risk of hypogly-
caemia in people with type 2 diabetes regardless
of concomitant use of SGLT2i, thereby sup-
porting the combined use of iGlarLixi and
SGLT2i.
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