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ABSTRACT

Introduction: Pivotal trials documented gly-
cemic benefits of fixed-ratio combination of
insulin glargine 100 U/mL and lixisenatide
(iGlarLixi), with no weight gain and low hypo-
glycemia risk in type 2 diabetes (T2D). This
study aimed at assessing effectiveness and pat-
terns of use of iGlarLixi in a real-world setting.
Methods: This was a retrospective, multicenter,
study, based on electronic medical records. All
patients initiating iGlarLixi from May 2018 to
July 2020 were considered.

Results: Overall, 25 centers provided data on
675 patients initiating iGlarLixi with the fol-
lowing characteristics: age 66.4 ± 10.1 years,
54.2% men, T2D duration 15.5 ± 11.5 years,
HbA1c 8.6 ± 1.4%, body mass index (BMI)
30.8 ± 5.3 kg/m2, 45.1% already treated with
basal insulin, and 21.9% with basal bolus
(± oral hypoglycemic agents). Metformin and
sodium–glucose cotransporter-2 inhibitors were
used in 76.0% and 0.9% of patients, respec-
tively. Combinations of iGlarLixi with other
glucose-lowering drugs such as sulfonylureas or
short-acting insulin were found in 32.4% of
patients. Effectiveness of iGlarLixi (N = 184)
showed that HbA1c declined by 0.77% [95%
confidence interval (CI) -1.00, -0.54] after
6 months. In combination with metformin
and/or SGLT-2i (N = 117), HbA1c declined by
-0.92% (95% CI -1.22, -0.62) and weight
significantly decreased by 1.21 kg. iGlarLixi
dose was suboptimally titrated. Safety data
(N = 171) showed incidence rates of blood glu-
cose B 70 and\ 54 mg/mL of 0.26 and 0.05
events per person-month during 6 months,
respectively, with a risk reduction of about 75%
with respect the 6 months before iGlarLixi ini-
tiation. No severe hypoglycemia was reported.
Conclusion: In adults with T2D, effectiveness
and safety of iGlarLixi were documented in a
real-world setting; appropriateness of use and
adequate titration should be urgently improved
so that clinical practice outcomes become more
comparable to clinical trials results. Further real-
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world studies on the effect of iGlarLixi therapy
are warranted.

Keywords: Insulin glargine 100 U/mL;
Lixisenatide; Fixed-ratio combination; Type 2
diabetes; Real-world data; Effectiveness

Key Summary Points

Why carry out this study?

In pivotal trials, fixed-ratio combination
of insulin glargine 100 U/mL and
lixisenatide (iGlarLixi) improves
metabolic control, with no weight gain
and low risk of hypoglycemia in type 2
diabetes (T2D).

Data on real-world effectiveness and
patterns of use of iGlarLixi are scant.

What was learned from the study?

Effectiveness and safety of iGlarLixi
documented in pivotal trials are
confirmed in a real-world setting.

However, appropriateness of use and
adequate titration should be urgently
improved.

INTRODUCTION

In recent years, a paradigm shift in the man-
agement of type 2 diabetes (T2D) has occurred:
while the basal-bolus insulin regimen was gen-
erally considered the most effective treatment
of advanced stage of T2D, currently, in many
cases the combination of metformin, GLP-1
receptor agonists (GLP-1RA), and basal insulin is
increasingly preferred to the basal-bolus regi-
men [1].

The main effect of basal insulin consists in
reducing gluconeogenesis to achieve fasting
blood glucose (FBG) control, while GLP-1RA
mitigates the effect of blood sugar elevation at
meals (especially prandial GLP-1RA), while also

contributing to control fasting blood glucose
levels [2].

One of the most widely used basal insulin is
insulin glargine 100 U/mL (iGlar), whose effi-
cacy and safety, including cardiovascular safety,
are well established [3]. The short-acting GLP-1
RA lixisenatide (Lixi) has a robust postprandial
glucose (PPG)-lowering effect, mainly due to the
delay in gastric emptying and the reduction in
glucagon release [4]. Since iGlar and Lixi act
selectively on FBG and PPG, their once-daily
fixed-ratio combination (FRC) iGlarLixi may
offer more effective and complete glucose con-
trol than its single components owing to the
complementary effect on FBG and PPG, which
is evidenced by reduced average glycemia, gly-
cemic exposure, and glucose variability [5, 6].

iGlarLixi was investigated in patients
undergoing uncontrolled basal-oral therapy
(BOT) (LixiLan-L phase 3 trial) and proved to be
superior to iGlar in terms of glycemic control,
with additional benefits on body weight and
without increase in the risk of hypoglycemia
[7]. In another phase 3 trial (LixiLan-O study) in
patients with T2D inadequately controlled on
metformin with or without a second oral glu-
cose-lowering drug, iGlarLixi achieved greater
reductions in glycated hemoglobin (HbA1c)
from baseline than iGlar or Lixi, without
increasing hypoglycemia or weight gain risk [8].
Similarly, the LixiLan-G trial showed that
switching to iGlarLixi as compared with con-
tinuing GLP1-RA alone may improve metabolic
control [9]. Furthermore, iGlarLixi was associ-
ated with a lower risk of gastrointestinal adverse
effects over time compared with Lixi alone [10].
A recent postmarketing randomized clinical
trial (RCT) (Solimix study) showed that, in
suboptimally controlled T2D requiring treat-
ment beyond BOT, iGlarLixi, compared with
twice-daily premix BIAsp30, provided better
glycemic control (-1.3% versus -1.1%,
p\0.001) with weight benefit and less hypo-
glycemia [11, 12].

In addition to the accumulating data from
clinical trials, real-word evidence (RWE) from a
larger, more heterogeneous patient population
may help to inform the prescribing decisions of
clinicians. Being relatively new on the market,
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real-world evidence on iGlarLixi is currently
limited.

iGlarLixi was launched in Italy in May 2018
in two prefilled pens for once-daily injection
(Suliqua Sanofi, Paris, France): the 10–40 U pen
that delivers 0.50 lg of Lixi for each unit of
iGlar, up to a maximum of 40 U (peach pen)
and the 30–60 U pen that delivers 0.33 lg of
Lixi for each unit of iGlar, up to a maximum of
60 U (olive pen).

The ENSURE (EffectiveNess of SUliqua in
clinical practice: a REtrospective multinational
real-world) study was designed to evaluate the
effectiveness of the FRC in an adult real-world
T2D population in Italy. Moreover, this study
aimed at providing insights on the use of
iGlarLixi in clinical setting and describe the
clinical profile of patients selected for this
therapeutic option.

METHODS

ENSURE was a multicenter, retrospective,
cohort study based on electronic medical
records (EMRs) (Smart Digital Clinic, software
property of METEDA s.r.l., San Benedetto del
Tronto, Italy). Methods were similar to those
applied to previous multicenter, retrospective,
cohort study based on EMRs [14–16].

All patients with diagnosis of T2D,
aged C 18 years, with at least one prescription
of iGlarLixi from May 2018 to July 2020 were
eligible for the study.

A total of 25 diabetes clinics were involved
from different areas of Italy, providing a repre-
sentative picture of the national approach of
use of iGlarLixi. Data were recorded on EMRs as
part of routine clinical practice. Data relative to
the 6-month period before and after the index
date (date of the first prescription of iGlarLixi,
T0) for each patient were analyzed.

Baseline (T0) patient characteristics included:
age, gender, diabetes duration, HbA1c, FBG,
weight/body mass index (BMI), glucose-lowering
drugs, number of insulin injections, blood pres-
sure, lipid profile, estimated glomerular filtration
rate (eGFR), albuminuria, and cardiovascular
complications. Cardiovascular complicationswere
classified according to ICD-9-CM codes.

Treatment schemes and type of drugs adop-
ted before, during, and after treatment with
iGlarLixi were described, as well as the discon-
tinuation rate. Type of pen (10–40 U, peach
pen) or (30–60 U, olive pen) at first prescription
was also recorded.

The following effectiveness endpoints were
considered: changes at 6 months (T6) in HbA1c
(primary endpoint), FBG, body weight, and
iGlarLixi dose (continuous endpoints). Fur-
thermore, the proportion of patients with
HbA1c\ 7% (53 mmol/mol) and\ 8%
(64 mmol/mol) at T0 and T6 (categorical end-
points) was assessed.

The following safety endpoints were consid-
ered: severe hypoglycemia (as reported in EMRs)
during 6 months, and episodes of hypo-
glycemia B 70 or\54 mg/dL [as derived from
self-monitoring blood glucose tests (SMBG)
downloaded in EMRs] [13].

All procedures followed were in accordance
with the ethical standards of the responsible
committee on human experimentation (insti-
tutional and national) and with the Helsinki
Declaration of 1975, as revised in 2008. The
study protocol was approved by all local ethics
committees of the participating centers (Sup-
plementary Materials, ECs list). Data were col-
lected, and processed analyzed anonymously, in
compliance with the local and European code
on protection of personal data (General Data
Protection Regulation).

Furthermore, each site filled in a specific
questionnaire on the main reasons for initiating
iGlarLixi in their patients with T2D. Specifi-
cally, for each site the physician was asked to
report the three main reasons (i.e., better con-
trol, better adherence, hypoglycemia concern,
efficacy, weight gain, simplification of therapy,
less variability, easier titration, frequency of
administration, adverse events, cost, other) for
initiating iGlarLixi.

Statistical Analyses

Sample size estimation was based on the preci-
sion of the estimate of reduction in HbA1c
levels after 6 months from initiation of iGlar-
Lixi. A sample size of 200 allowed the
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estimation of a two-sided 95% confidence
interval (95% CI) with a distance from the mean
paired difference to the limits equal to 0.18
when the estimated standard deviation (SD) of
the paired differences is 1.3. As an example, a
reduction in HbA1c levels of 0.5% would pro-
duce a 95% CI of 0.32–0.68.

Statistical methods were similar to those
applied to previous multicenter, retrospective,
cohort studies based on EMRs [14–16].
Descriptive data were summarized as mean and
standard deviation (continuous, normally dis-
tributed variables), median and interquartile
range (continuous, not normally distributed
variables), or frequency and proportion (cate-
gorical variables).

Changes in HbA1c, FBG, body weight, and
iGlarLixi dose were assessed using mixed mod-
els for repeated measurements. Results were
expressed as estimated mean and estimated
mean difference from T0 with their 95% CI.
Paired t-test derived from linear mixed models
for repeated measurements was applied for
within-group comparisons.

As categorical secondary outcomes, the pro-
portions of patients with HbA1c\7.0%
(\53 mmol/mol) and\8.0% (\ 64 mmol/mol)
at T0 and T6 were evaluated. Within-group
statistical comparisons (McNemar test for
change versus baseline) were applied.

Incidence rates for hypoglycemic events
were calculated and expressed as numbers of
events per patient-month with their 95% CI.
Incidence of hypoglycemic events was com-
pared between visits using Poisson regression
model with correction for overdispersion.

Different analysis populations were
identified:

• Intention-to-treat population (ITT) included all
patients with at least one iGlarLixi prescrip-
tion. This population was used to describe
the clinical profile of patients receiving the
treatment and assess the glucose-lowering
drugs used before and in association with
iGlarLixi and after iGlarLixi discontinuation.
Since the proportion of ITT patients with an
available follow-up HbA1c value was low
[the coronavirus disease 2019 (COVID-19)
pandemic limited the access to the visits and

laboratory tests], ITT population was not
used for the evaluation of the primary
endpoint.

• Efficacy population (EP) represented the subset
of ITT patients having valid values at base-
line (T0) and after 6 months (T6) for the
primary endpoint (HbA1c). Primary effec-
tiveness analysis was performed on EP.

• Per-protocol population (PP) was composed of
the subset of EP treated according to the
summary of product characteristics (SmPC).
This population included patients not trea-
ted with short-acting insulin and off-label
oral hypoglycemic agents (OHAs) in associ-
ation with iGlarLixi, i.e., no OHA other than
metformin and sodium–glucose cotrans-
porter-2 inhibitors (SGLT2i). The PP analysis
represented a secondary effectiveness
analysis.

• Safety population (SP) was represented by all
ITT patients for the evaluation of severe
hypoglycemia (events recorded in EMRs). For
the evaluation of glycemic values B 70
and\54 mg/dL, the subsample of the SP
having at least one SMBG value available was
considered.

RESULTS

Overall, 25 diabetes clinics were involved and
675 eligible patients (ITT) were identified in
EMRs. The study flow chart is shown in Fig. 1.

The complete clinical profile of ITT patients
treated with iGlarLixi is reported in Table 1. At
the first prescription of iGlarLixi, patients
(54.2% men) had a mean age of
66.4 ± 10.1 years and diabetes duration of
15.5 ± 11.5 years. Mean baseline levels of
HbA1c and FBG were 8.6 ± 1.4% and
167.8 ± 58.9 mg/dL, respectively.

Treatment Approaches in Patients
Prescribed iGlarLixi

Patients initiating iGlarLixi were previously
treated with basal insulin ± OHAs (39.6%) or
basal ? short-acting insulin ± OHAs (21.9%);
among the latter, patients were treated mainly
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with three injections (62.1%) (Table 1). Only
6.4% and 4.4% of patients were treated respec-
tively with OHAs alone or GLP1-RA ± OHAs
before initiating iGlarLixi. Free combinations of
basal insulin ? GLP-1 RA (± OHAs) were used
in 5.5% of patients (Table 1). Classes of drugs
prescribed before, during, and after iGlarLixi
initiation are reported in Supplementary mate-
rials—table S1.

Drugs associated with iGlarLixi were not
only metformin and SGLT2i, as defined in the
SmPC. iGlarLixi in combination with one OHA
(metformin) was the most frequent treatment
scheme (54.5%) (Table 1), while an SGLT2i was
used in a small minority of patients (0.9%
overall; 0.4% in combination with metformin)
(Table 1 and Supplementary Materials—
Table S1). Alternative (off-label) combinations
were found in 32.4% of patients (Table 1)
(21.9% sulfonylureas). Furthermore, 5.8% of
patients used short-acting insulin in combina-
tion with iGlarLixi (64.1% of them maintaining
the three daily injections) (Table 1, Supple-
mentary Materials—Table S1).

Table 1 reports type of pen and doses of
iGlarLixi at first prescription. Furthermore,
among patients already treated with basal
insulin before starting iGlarLixi (67%), 84.6%
were prescribed the 10–40 U (peach) pen, and
15.4% the 30–60 U (olive) pen. In these
patients, starting doses of iGlarLixi slightly dif-
fered from doses of basal insulin used before:
17.2 ± 8.4 U of basal insulin versus
18.3 ± 6.3 U of iGlarLixi in peach pen;
26.6 ± 14.3 U of basal insulin versus
28.7 ± 11.7 U of iGlarLixi in olive pen.

Effectiveness Analysis

Patients selected for the EP (N = 184) had a
follow-up of 6.6 ± 1.7 months and were seen at
diabetes clinics 2.0 ± 0.9 times during the study
period.

EP patients (52.7% men) had a mean age of
66.1 ± 9.7 years and diabetes duration of
18.0 ± 14.3 years. Mean baseline levels of
HbA1c and FBG were 8.8 ± 1.5%
(72.7 ± 16.4 mmol/mol) and 175.3 ± 65.9 mg/

Fig. 1 Study flow-chart

Diabetes Ther



Table 1 Clinical profile of patients initiating iGlarLixi and diabetes therapeutic schemes before, during, and after iGlarLixi
initiation (intention-to-treat population)

Population ITT

Definition Patients with at least one
iGlarLixi prescription

N of group 675

Sociodemographic and clinical characteristics

Age (years) 66.4 ± 10.1

Men (%) 54.2

Diabetes duration (years) 15.5 ± 11.5

BMI (kg/m2) 30.8 ± 5.3

HbA1c (%) 8.6 ± 1.4

HbA1c (mmol/mol) 68 ± 15.3

Fasting blood glucose (mg/dL) 167.8 ± 58.9

Systolic blood pressure (mmHg) 135.8 ± 17.9

Diastolic blood pressure (mmHg) 77.4 ± 9.6

Total cholesterol (mg/dL) 171.5 ± 37.3

LDL cholesterol (mg/dL) 93.5 ± 32.3

HDL cholesterol (mg/dL) 46.9 ± 12.1

Triglycerides (mg/dL) 159.5 ± 101.9

eGFR\ 60 mL/mina 1.73 m2a (%) 20.0

Microalbuminuria (%) 15.7

Diabetes cardiovascular complicationsb (%) 6.2

Antihypertensive drugs (%) 65.8

Lipid-lowering drugs (%) 61.2

Treatment schemes utilized before iGlarLixi initiation (%)

Basal insulin (± OHA) 39.6

Basal ? short-acting insulin (± OHA) 21.9

OHAs only 6.4

GLP1-RA ? basal insulin (± OHA) 5.5

GLP1-RA ? OHA 4.4

IDegLira ? other 3.1

Not available 19.1

If treated with short-acting insulin (N = 124), number of daily injections (%)

1 12.9

2 25.0

3 62.1
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Table 1 continued

Population ITT

Treatment schemes utilized in combination with iGlarLixi (%)

1 OHA 54.5

Dual or triple oral therapy 19.6

No other concomitant treatments 12.9

Other OHA monotherapy 6.7

Short-acting insulin only 4.0

Short-acting insulin ? OHA 1.8

Metformin ? SGLT2i 0.4

SGLT2i only 0

If treated with short-acting insulin (N = 39), number of daily injections (%)

1 5.1

2 30.8

3 64.1

Concomitant glucose-lowering drugs other than metformin and/or SGLT2i (%) 32.4

Doses of iGlarLixi at the first prescription

Subjects who were prescribed peach pen (10–40 U)c (%) 84.7

Mean starting dose of iGlarLixi prescribed peach pen (U) 18.3 ± 7.2

Mean starting dose of iGlarLixi prescribed peach pen (U/kg) 0.2 ± 0.1

Subjects who were prescribed olive pen (30–60 U)c (%) 15.3

Mean starting dose of IGlarLixi prescribed olive pen (U) 23.0 ± 10.1

Mean starting dose of IGlarLixi prescribed olive pen (U/kg) 0.2 ± 0.1

Patients discontinuing iGlarLixi during 6 months (%) 18.1

Treatment schemes utilized after iGlarLixi discontinuation (%)

Basal ? short-acting insulin (± OHA) 41.8

Basal insulin (± OHA) 34.4

GLP1-RA ? basal insulin in free or fixed combination (± OHA) 19.7

GLP1-RA ? OHA only 4.1

If treated with short-acting insulin (N = 55), number of daily injections (%)

1 9.1

2 14.5

3 76.4

Data are mean and standard deviation or percentage
aEstimated glomerular filtration rate (MDRD formula)
bPresence of at least one complication among coronary reperfusion/revascularization, coronary heart disease, heart failure, myocardial
infarction, lower limb complications, stroke
c10–40 U pen: 100 units/mL ? 50 lg/mL of iGlar and Lixi (peach pen); 30–60 U pen: 100 units/mL ? 33 lg/mL of iGlar and Lixi
(olive pen)
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dL. Therefore, diabetes duration and HbA1c and
FBG levels were higher in EP as compared with
ITT population (Supplementary Materials—
Table S2).

A statistically significant reduction in HbA1c
levels from baseline to 6 months of -0.77%
(95% CI -1.00, -0.54) was obtained [from

8.82% (95% CI 8.61, 9.03) to 8.04% (95% CI
7.85, 8.23); p\0.0001] (primary endpoint)
(Fig. 2).

The proportion of patients with HbA1c\
7.0% (\53 mmol/mol) increased from 5.4% at
T0 to 16.3% at T6 (p = 0.0001), while the pro-
portion of patients with HbA1c\8.0%

Fig. 2 Changes in HbA1c estimated mean levels during follow-up by cohort (EP and PP populations)

Table 2 Categorical secondary outcomes: proportions of patients achieving HbA1c levels\ 7.0% and\ 8.0% at T0 and
T6 (EP and PP populations)

Population Outcome T0 (%) T6 (%) Absolute pre–post difference (%) p-valuea

EP HbA1c\ 7.0% 5.4 16.3 ? 10.9 0.0001

PP HbA1c\ 7.0% 7.7 19.7 ? 12.0 0.002

EP HbA1c\ 8.0% 25.5 53.8 ? 28.3 < 0.0001

PP HbA1c\ 8.0% 29.1 59.8 ? 30.7 < 0.0001

aMcNemar test. Statistically significant p-values (p\ 0.05) are in bold
EP efficacy population: subset of the intention-to-treat population (ITT) having HbA1c valid values at T0 and T6; PP per-
protocol population: subset of EP patients treated according to summary of product characteristics
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(\64 mmol/mol) increased from 25.5% at T0 to
53.8% at T6 (p\0.0001) (Table 2).

After 6 months, levels of FBG were signifi-
cantly reduced by -17.7 mg/dL (95% CI -28.3,
-7.2) [from 175.3 mg/dL (95% CI 165.6, 185.1)
to 157.6 mg/dL (95% CI 149.0, 166.2);
p = 0.001], without significant changes in body
weight [-0.48 kg (95% CI -1.11, 0.15);
p = 0.14]. The iGlarLixi dose significantly
increased by 5.14 U (95% CI 3.95, 6.33) during
6 months [from 18.73 (95% CI 17.58, 19.88) to
23.86 U (95% CI 22.41, 25.31); p\ 0.0001]
(Table 3).

Per-Protocol Analysis

Patients selected for the PP (N = 117) had a
follow-up of 6.7 ± 1.7 months and were seen at
diabetes clinics 1.9 ± 0.8 times during the study
period. Baseline characteristics of PP population
were very similar to those of EP (Supplementary
Materials—Table S2).

In PP, HbA1c levels were reduced by -0.92%
(95% CI -1.22, -0.62) (Fig. 2).

Proportions of patients achieving HbA1c
levels\ 7.0% (\ 53 mmol/mol) and\8.0%
(\64 mmol/mol) were similar in EP and PP,
with PP showing larger improvements (Table 3).

In PP, levels of FBG were significantly
reduced by -28.4 mg/dL (95% CI -41.2, -15.7)
[from 177.1 mg/dL (95% CI 163.8, 190.3) to
148.6 mg/dL (95% CI 140.7, 156.5); p\ 0.0001]
with a statistically significant body weight
decrease [-1.21 kg (95% CI -1.95, -0.47)]. The
iGlarLixi dose significantly increased by 4.40 U
(95% CI 3.18, 5.62) during 6 months [from
17.73 (95% CI 16.49, 18.97) to 22.12 U (95% CI
20.35, 23.89)] (Table 3).

Safety Analysis

A total of 171 patients had at least one SMBG
test downloaded in EMRs in the study period. SP
patients (53.2% men) had mean age of

Table 3 Changes in estimated mean levels of continuous endpoints during follow-up and within-group comparisons (T6
versus T0) (EP and PP populations)

Population Outcome Visit Estimated mean
and 95% CI

Estimated mean difference
from T0 and 95% CI

Within group
p-value*

EP FBG (mg/dL) T0 175.3 (165.6, 185.1) – –

T6 157.6 (149.0, 166.2) -17.7 (-28.3, -7.2) 0.001

Body weight (kg) T0 83.44 (80.93, 85.95) – –

T6 82.96 (80.48, 85.44) -0.48 (-1.11, 0.15) 0.14

iGlarLixi dose (IU) T0 18.73 (17.58, 19.88) – –

T6 23.86 (22.41, 25.31) 5.14 (3.95, 6.33) < 0.0001

PP FBG (mg/dL) T0 177.05 (163.83, 190.27) – –

T6 148.6 (140.7, 156.5) -28.4 (-41.2, -15.7) <0.0001

Body weight (kg) T0 83.27 (79.94, 86.60) – –

T6 82.06 (78.79, 85.33) -1.21 (-1.95, -0.47) 0.002

iGlarLixi dose (IU) T0 17.73 (16.49, 18.97) – –

T6 22.12 (20.35, 23.89) 4.40 (3.18, 5.62) <0.0001

*Paired t-test derived from linear mixed models for repeated measurements. Statistically significant p-values (p\ 0.05) are in
bold
EP efficacy population: subset of the intention-to-treat population (ITT) having HbA1c valid values at T0 and T6, PP per-
protocol population: subset of EP patients treated according to summary of product characteristics
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67.1 ± 9.2 years and diabetes duration of
15.3 ± 12.0 years. Mean baseline levels of
HbA1c and FBG were 8.4 ± 1.2% and
163.8 ± 53.5 mg/dL, respectively. Therefore,
baseline characteristics of SP were very similar
to those of ITT (Supplementary Materials—
Table S2).

Overall, 25,878 SMBG tests were available for
152 subjects in the 6 months preceding the first
prescription of iGlarLixi, and 25,033 SMBG tests
were available for 171 subjects during 6 months
of follow-up.

Incidence rates of BG B 70 and\ 54 mg/mL
are presented in Table 4. A 75% risk reduction
with respect to the 6 months before iGlarLixi
initiation was documented both for BG events
B 70 (IRR 0.25; 95% CI 0.06, 0.97) and\54
(IRR 0.23; 95% CI 0.05, 0.98) mg/mL.

No severe hypoglycemic episodes were
reported in EMRs.

Discontinuations

Patients discontinuing iGlarLixi during
6 months were 122 (18.1%) (Table 1).

After discontinuation, basal insulin was pre-
scribed to 108 (88.5%) patients according to the

following schemes: basal oral therapy in 34.4%
of cases, basal bolus (± OHAs) in 41.8%—
mainly with three daily injections (76.4% of
treated) (Table 1 and Supplementary Materi-
als—Table S1).

Overall, GLP1-RA was maintained in 29
(23.8%) patients; among them, 19.7% in free or
fixed combination with basal insulin and 4.1%
in association with OHAs only (Table 1 and
Supplementary Materials—Table S1).

Site Questionnaire

The three main reasons for initiating iGlarLixi
resulted in better control (70.8%), simplifica-
tion of therapy (66.7%), and better adherence
(50%) (Supplementary Materials—Fig. S1).

DISCUSSION

Main Findings

This real-world study documented that initiat-
ing iGlarLixi in adult patients with T2DM was
associated with an average reduction in HbA1c
of -0.7%; however, a reduction of -0.9% was
observed when the drug was used in

Table 4 Incidence rate of hypoglycemic events (BG B 70 and\ 54 mg/dL) during the 6 months before and after the
initiation of iGlarLixi (safety population)

Outcome Visits Subjects N,
SMBG

Events Person-
months

IR (95% CI) IRR (95% CI) Within-
group
p-value

BG B 70 mg/

dL

T0 152 25.878 428 403.8 1.06 (0.52, 2.15) – –

BG B 70 mg/

dL

T6 171 25.033 159 604.5 0.26 (0.08, 0.85) 0.25 (0.06, 0.97) 0.045

BG\ 54 mg/

dL

T0 152 25.878 89 403.8 0.22 (0.11, 0.46) – –

BG\ 54 mg/

dL

T6 171 25.033 30 604.5 0.05 (0.01, 0.18) 0.23 (0.05, 0.98) 0.047

p-Values derived from Poisson regression models with correction for overdispersion
IR incidence rate (number of events per person-month), IRR incidence rate ratio, 95% CI 95% confidence intervals

Diabetes Ther



combination with metformin ± SGLT2i. iGlar-
Lixi was proven to increase the proportion of
patients with HbA1c\7% (\ 53 mmol/mol)
and\ 8% (\64 mmol/mol), without weight
gain and with a significant reduction in the rate
of hypoglycemia as compared with the 6-month
period before starting iGlarLixi, with no severe
episodes observed during an average of
6 months follow-up. This was also due to a
group of patients (21.9%) treated with basal
bolus before initiation of a FRC. However, the
study also highlighted the need for improving
treatment appropriateness and the issue of the
insufficient dose escalation. In fact, 32.4% of
patients used drugs other than metformin and
SLGT2i in combination with iGlarLixi, and
iGlarLixi was only partially titrated at T6.

Comparisons with Existing Knowledge

RCTs clearly documented benefits of iGlarLixi
on metabolic control and secondary endpoints
[7–9, 12, 17–19]. Particularly, in the LixiLan-L
trial, iGlarLixi was compared with iGlar in
patients with T2D inadequately controlled on
basal insulin with or without up to two OHAs.
iGlarLixi showed greater reductions in HbA1c
from baseline (-1.1%) compared with IGlar
alone. HbA1c\7.0% (53 mmol/mol) was
achieved in 55% of patients on iGlarLixi. Mean
body weight decreased (-0.7 kg) with iGlarLixi,
while it increased with IGlar. Rates of docu-
mented symptomatic hypoglycemia (B 70 mg/
dL) were comparable between groups, whereas
mild gastrointestinal adverse effects were very
low but more frequent with iGlarLixi [8]. The
LixiLan-G trial compared switching to iGlarLixi
versus continuing prior GLP-1 RA. iGlarLixi
reduced HbA1c (-1.1% versus -0.4%) more
than continued GLP1-RA therapy, and a higher
proportion of patients on iGlarLixi achieved
HbA1c\ 7% (62% versus 26%) [10].

A post-hoc analysis from the LixiLan-L trial
showed that residual hyperglycemia, which was
defined as HbA1c C 7.0% despite fasting plasma
glucose of\ 140 mg/dL, can be better addressed
with iGlarLixi than iGlar alone. In fact, after
30 weeks, the proportion of patients with
residual hyperglycemia declined to 23.8% in the

iGlarLixi versus 47.1% in the iGlar arm
(p\ 0.0001) [19]. Furthermore, a subanalysis of
LixiLan-L documented that iGlarLixi lowered
HbA1c more than iGlar, regardless of T2D
duration, with benefit retained even among
patients with the longest T2D duration who can
be challenging to treat because of progressive
loss of b-cell function [18]. A recent post-hoc,
propensity-score-matched analysis from the
LixiLan-L trial data showed that, compared with
basal-bolus regimen, treatment with iGlarLixi
was associated with statistically significant
greater improvements in HbA1c (-1.02% versus
-0.74%; p\ 0.0001), body weight (-0.62 kg
versus ? 0.70 kg; p\0.0001) and fewer epi-
sodes of overall (0.68 versus 1.94 events per
patient-year) and nocturnal (0.13 versus 0.57
events per patient-year) hypoglycemia [19].

On the other hand, the Solimix study
showed that intensifying BOT through iGlarLixi
versus twice-daily premix insulin was associated
with better glycemic control, fewer daily injec-
tions, weight benefit, and less hypoglycemia
[11, 12].

Finally, the randomized, pragmatic, pilot
BEYOND study provided evidence that it is
possible and safe to switch from a basal-bolus
regimen to a FRC. In fact, after 6 months, a
similar HbA1c reduction (-0.6%) was obtained
in patients intensifying previous basal-bolus
therapy versus those switching to FRC (iGlarLixi
or iDegLira), with lower insulin doses (62 U
versus 27 U), fewer daily injections, and less
hypoglycemia (17.8% versus 7.8% of patients
with at least one episode) in the FRC group than
in the basal-bolus group [20].

Existing literature also showed that iGlarLixi
is effective irrespective of age, diabetes duration,
and ethnicity [18–20], and that iGlarLixi has an
enhanced gastrointestinal tolerability compared
with the single-agent GLP1-RA [18, 19, 21–24].

In general, data from RCTs document higher
HbA1c reduction and number of patients at
target compared with ENSURE data, possibly
owing to undertitration of the FRC and/or
inappropriate use of concomitant OHAs. The
BEYOND pragmatic trial instead seems to show
comparable effectiveness [20].
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Implications for Research and Clinical
Practice

Effectiveness and safety of iGlarLixi were clearly
documented in real-world T2D patients, but to
achieve results comparable to those of RCTs,
there is a need to improve treatment
appropriateness.

Similar to the real-world RESTORE program
on basal insulin [14–16], a message that can be
drawn from the results of this study is that the
achievement of metabolic targets does not
depend only on the initiation of a new drug, but
also on its appropriate use and titration. In fact,
there is an urgent need to limit association of
inadequate OHAs such as sulfonylureas or
short-acting insulin and reduce clinical inertia
by optimizing iGlarLixi dosing.

In line with the findings from the BEYOND
trial, the ENSURE study, where a subgroup of
patients was previously treated with complex
regimens such as basal bolus schemes, suggests
that a simplification of intensive insulin treat-
ment is possible and even advisable for patients
with T2D [20]. FRC can reduce hypoglycemia risk
and number of daily injections, thus improving
medication adherence and quality of life [24, 25].

Changes in time-in-range and risk of dia-
betes-related complications associated with the
use of iGlarLixi represent relevant endpoints to
be increasingly investigated in future studies
[26, 27].

Finally, from a methodological standpoint,
this study confirms the importance of the sec-
ondary use of preexisting data for clinical
research purposes. In this respect, the Italian
network of diabetes centers adopting the same
EMR system represents a unique opportunity to
conduct large, RWE studies. However, educa-
tional activities should be implemented to
increase the culture of the download and sys-
tematic revision of SMBG data in EMRs to
improve patient care and increase the robust-
ness of safety endpoints.

Strengths and Limitations

The study has strengths and limitations. This is
one of the first RWE studies available on

effectiveness and safety of iGlarLixi in T2D.
Another strength is the generalizability of the
results (large sample of patients with T2D rou-
tinely cared for by centers located in different
areas of Italy) and the efficient use of EMR data
for research purposes. Finally, in this study the
rate of hypoglycemic episodes was based on
documented events, with the caveat that only a
subset of patients had their SMBG downloaded
in EMR.

The main limitation of this retrospective
analysis was the lack of a control group; never-
theless, the study had descriptive purposes
regarding patient profile and real-world out-
comes of iGlarLixi therapy. Moreover, the low
proportion of ITT patients with a follow-up
HbA1c value (partly due to the COVID-19 pan-
demic that limited access to visits and labora-
tory tests) represented another limitation;
therefore, EP, not ITT, population was used for
the evaluation of the primary endpoint. Fur-
thermore, study populations showed some dif-
ferences in baseline characteristics in terms of
diabetes duration, metabolic control, and use of
previous and concomitant drugs that could
have had an impact on effectiveness analyses.
Another limitation was the lack of information
on SMBG tests for a large proportion of patients,
although the performed analysis is robust
owing to the large number of SMBG tests con-
sidered. Finally, no information on adverse
events or reasons for iGlarLixi discontinuation
could be derived from EMRs.

CONCLUSIONS

The study documented the effectiveness and
safety of iGlarLixi in adults with T2D mainly
pretreated with basal or basal-bolus regimens.
Intensifying or de-intensifying previous insulin
regimens by initiating iGlarLixi was associated
with significant improvements in glycemic
control, without weight gain and with a signif-
icant reduction in the rate of hypoglycemia,
with no severe episodes observed during an
average of 6 months follow-up. This simplifica-
tion strategy with FRC may work, in terms of
significant and clinically relevant reduction of
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HbA1c, in many patients with T2D who main-
tain their results for at least 6 months.

However, there is a need to improve treat-
ment appropriateness. The study highlighted
some inappropriate use of this FRC related to
the type of the combined OHAs. The insuffi-
cient dose escalation is a known and common
feature associated with the use of insulin in
Italy. This undertitration in real-life conditions
concurred to partly limit the effectiveness of the
product, especially in patients who were swit-
ched from other basal insulin to iGlarLixi. Fur-
ther research of the effect of irGlarLixi in
clinical practice compared with other intensifi-
cation approaches is warranted.
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