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To determine whether baseline characteristics had an impact on clinical outcomes in the

LixiLan-O trial (N = 1170), we compared the efficacy and safety of iGlarLixi, a titratable fixed-

ratio combination of insulin glargine 100 U (iGlar) and lixisenatide (Lixi) with iGlar or Lixi alone

in patients with uncontrolled type 2 diabetes mellitus (T2DM) on oral therapy. Subgroups

according to baseline glycated haemoglobin (HbA1c; <8% or ≥8% [<64 or ≥64 mmol/mol]),

T2DM disease duration (<7 or ≥7 years) and body mass index (BMI; <30 or ≥30 kg/m2) were

investigated. In all subpopulations, iGlarLixi was consistently statistically superior to iGlar and

Lixi alone in reducing HbA1c from baseline to week 30; higher proportions of patients achieved

HbA1c <7% (<53 mmol/mol) with iGlarLixi vs iGlar and Lixi alone. Compared with iGlar, iGlar-

Lixi resulted in a substantial decrease in 2-hour postprandial plasma glucose levels, and mitiga-

tion of weight gain, with no differences among subpopulations in incidence of symptomatic

hypoglycaemia. iGlarLixi consistently improved glycaemic control compared with iGlar and Lixi

alone, without weight gain or increase in hypoglycaemic risk compared with iGlar in the subpo-

pulations tested, regardless of baseline HbA1c, disease duration and BMI.
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1 | INTRODUCTION

Glucagon-like peptide-1 receptor agonists (GLP-1RAs) are a potential

treatment option in patients with type 2 diabetes mellitus (T2DM) who,

despite basal insulin treatment, have uncontrolled postprandial plasma

glucose (PPG) excursions. The short-acting GLP-1RA lixisenatide (Lixi;

Lyxumia [Sanofi, Paris, France]; Adlyxin [Sanofi, Bridgewater, New Jer-

sey]) has a prominent effect on substantially lowering PPG levels imme-

diately after administration, mainly via delaying gastric emptying.1

iGlarLixi is a titratable fixed-ratio combination of insulin glargine

100 U (iGlar) and Lixi. Owing to the complementary mechanism of

actions of Lixi and basal insulin, reducing PPG and fasting plasma glu-

cose (FPG), respectively, there is a clinical rationale for this combina-

tion. In phase III studies, iGlarLixi was administered via two pen

injectors, which allowed flexibility for the dose to be titrated accord-

ing to a patient's insulin requirement (up to 60 U/d) and for Lixi to be

administered up to the maximum approved dose (20 μg/d).2,3

In the LixiLan-O trial, in a population of insulin-naïve patients with

T2DM inadequately controlled with metformin � a second oral anti-

diabetic (glucose-lowering) drug (OAD), which was discontinued at the

start of the 4-week lead-in period, progressive titration of iGlarLixi

added to metformin robustly improved glycaemic control compared

with each of its components alone, mitigating weight gain, and with-

out additional risk of hypoglycaemia compared with iGlar and with

lower gastrointestinal side effects compared with Lixi alone.2

The ability to show that a treatment strategy is more or less

equally effective according to the initial characteristics of the patients

can be of benefit to clinicians and patients. Furthermore, understand-

ing the underlying factors that may influence response to new treat-

ment options such as iGlarLixi, may be of particular value.4–6 The

objective of the present exploratory subpopulation analysis was to

examine the efficacy in subpopulations of patients based on baseline

glycated haemoglobin (HbA1c), disease duration and body mass index

(BMI) in the LixiLan-O trial.

2 | METHODS

2.1 | Trial design

The full methodology of the LixiLan-O trial (NCT02058147) has been

published previously.2 Adults (age ≥18 years) with T2DM diagnosed

≥1 year before the screening visit were eligible for inclusion if they

had T2DM inadequately controlled (HbA1c ≥7.5% and ≤10% [≥58 and

≤86 mmol/mol] with metformin alone or ≥7% and ≤9% [≥53 and

≤75 mmol/mol] for patients with metformin and a second OAD) for at

least 3 months with metformin � a second OAD. Patients whose

HbA1c was ≥7% and ≤10% after a run-in period during which only

metformin was continued were randomized in a 2:2:1 ratio to receive

open-label, once-daily iGlarLixi or iGlar (both titrated to

FPG <5.6 mmol/L [<100 mg/dL] up to a maximum insulin dose of

60 U/d), or once-daily Lixi (20 μg/d) continuing with metformin, for

30 weeks. The use of 2 pens, as described previously,2 allowed doses

of iGlar between 10 and 60 U/d, while limiting the Lixi dose to a maxi-

mum of 20 μg/d.

2.2 | Subpopulation analysis

To evaluate the potential impact of well-recognized disease charac-

teristics on the LixiLan-O clinical outcomes, participants were split

into the following categories according to baseline characteristics:

HbA1c <8% or ≥8% (<64 or ≥64 mmol/mol; randomization strata of

HbA1c at visit 4/week −1 in the trial protocol; prespecified thresh-

olds in the trial population and also the approximate baseline mean

for the study population), duration of T2DM (<7 or ≥7 years; the

approximate median duration for the trial population, allowing a more

even distribution among the groups [categories determined post hoc])

and BMI (<30 or ≥30 kg/m2; prespecified thresholds in the trial pro-

tocol). The following clinical endpoints, changes from baseline to

week 30, were analysed post hoc by the above subpopulation cate-

gories: HbA1c (analysis prespecified for HbA1c and BMI categories);

FPG level; 2-hour PPG level after a standardized breakfast meal test;

and body weight. The proportion of patients who achieved HbA1c

<7% (53 mmol/mol; responders) was also analysed for each

subpopulation.

Documented symptomatic hypoglycaemia, defined as an event

with typical symptoms of hypoglycaemia that were accompanied by

measured plasma glucose concentration of ≤3.9 mmol/L (≤70 mg/dL),

was also analysed in the safety population in the on-treatment period

in these subpopulations.

2.3 | Statistical analyses

A mixed-effect model with repeated-measures or two-way analysis

of variance (ANOVA) with last observation carried forward to impute

missing data, was used to assess comparisons between treatment

groups within subpopulations for continuous data and heterogeneity

P values (ANOVA). Variation in baseline values was accounted for by

the large sample sizes and by using change from baseline. Heteroge-

neity was tested using the one degree of freedom contrast corre-

sponding to the test of treatment by subgroup interaction.

Comparisons between treatment groups within subpopulations for

categorical data were based on Cochran–Mantel–Haenszel tests.

3 | RESULTS

A total of 1170 patients were randomized; 469 to iGlarLixi, 467 to

iGlar and 234 to Lixi. Baseline demographics and characteristics were

similar across treatment groups.2 Each subgroup of patients, based

on baseline HbA1c, diabetes duration and BMI, from the iGlarLixi,

iGlar and Lixi treatment groups had similar numbers (Table S1).

3.1 | Subpopulation analyses according to baseline
HbA1c

In the analysis according to baseline HbA1c (<8% or ≥8% [<64 or

≥64 mmol/mol]), mean baseline HbA1c in the subgroups ranged from

7.5% to 8.7% (58-72 mmol/mol; Table 1). In these subpopulations,

iGlarLixi was shown to be statistically superior to both iGlar and Lixi

in reducing HbA1c from baseline to week 30, irrespective of the

baseline HbA1c (P ≤ .0001; Table 1). The proportion of patients who
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TABLE 1 Subpopulation analyses according to baseline HbA1c (<8% or ≥8% [<64 or ≥64 mmol/mol]), diabetes duration and BMI

Subpopulation analyses according to baseline HbA1c

Variable

iGlarLixi iGlar Lixi

<8% ≥8% <8% ≥8% <8% ≥8%

HbA1c, %

Baseline (n) 7.5 � 0.4 (222) 8.6 � 0.5 (245) 7.5 � 0.3 (223) 8.6 � 0.5 (241) 7.5 � 0.3 (109) 8.7 � 0.5 (124)

Week 30 6.3 � 0.7 6.7 � 0.8 6.7 � 0.7 7.0 � 0.8 7.0 � 0.9 7.6 � 0.8

Week-30 changea −1.2 � 0.7 −1.9 � 0.9b −0.8 � 0.7 −1.6 � 0.8b −0.5 � 0.9 −1.1 � 0.8b

P valuec <.0001 .0001 <.0001 <.0001

FPG, mmol/L

Baseline (n) 9.1 � 2.1 (221) 10.6 � 2.3 (245) 8.8 � 1.8 (223) 10.6 � 2.4 (242) 8.9 � 1.8 (109) 10.6 � 2.2 (123)

Week-30 changea −2.8 � 2.3 −4.0 � 2.7b −2.2 � 2.3 −4.0 � 2.9b −0.8 � 2.5 −2.0 � 2.7b

P valuec .009 .961 <.0001 <.0001

2-hour PPG, mmol/L

Baseline (n) 14.0 � 3.3 (206) 16.3 � 3.5 (224) 13.4 � 3.4 (210) 15.8 � 3.5 (220) 13.7 � 3.0 (90) 15.6 � 3.3 (106)

Week-30 changea −5.1 � 3.8 −6.9 � 4.5b −2.3 � 3.2 −4.2 � 3.6b −4.4 � 3.9 −5.1 � 4.3

P valuec <.0001 <.0001 .147 <.0001

Body weight, kg

Baseline (n) 89.7 � 17.9 (222) 89.2 � 16.5 (245) 90.3 � 16.2 (223) 89.2 � 16.5 (242) 92.0 � 17.1 (109) 89.8 � 15.5 (124)

Week-30 changea −0.7 � 3.8 0.1 � 3.5 0.5 � 4.3 1.6 � 3.8 −2.6 � 3.6 −2.1 � 3.2

P valuec <.0001 <.0001 <.0001 <.0001

Hypoglycaemiad, %

Events/patient-
year (n)

1.3 (222) 1.6 (247) 1.4 (223) 1.1 (244) 0.2 (110) 0.5 (123)

% Patients 23.0 27.9 22.4 24.6 5.5 7.3

P valuec .851 .361 <.0001 <.0001

Subpopulation analyses according to diabetes duration

iGlarLixi iGlar Lixi

<7 years ≥7 years <7 years ≥7 years <7 years ≥7 years

Diabetes duration,
years

Mean baseline (n) 4.2 � 1.6 (202) 12.4 � 4.7 (266) 4.0 � 1.7 (210) 12.4 � 4.8 (256) 4.1 � 1.8 (96) 12.2 � 6.1 (137)

HbA1c, %

Baseline (n) 8.0 � 0.8 (202) 8.1 � 0.7 (265) 8.0 � 0.7 (210) 8.1 � 0.7 (254) 8.0 � 0.8 (96) 8.2 � 0.7 (137)

Week-30 changea −1.5 � 0.9 −1.6 � 0.9 −1.2 � 0.9 −1.3 � 0.8 −0.8 � 0.8 −0.8 � 0.9

P valuec .0004 .0002 <.0001 <.0001

FPG, mmol/L

Baseline (n) 9.5 � 2.2 (201) 10.2 � 2.4 (265) 9.5 � 2.4 (210) 10.0 � 2.3 (255) 9.3 � 2.3 (95) 10.1 � 2.0 (137)

Week-30 changea −3.0 � 2.4 −3.8 � 2.7 −2.7 � 2.6 −3.5 � 2.8 −1.1 � 2.0 −1.7 � 3.0

P valuec .222 .248 <.0001 <.0001

2-hour PPG, mmol/L

Baseline (n) 14.5 � 3.4 (185) 15.7 � 3.7 (245) 14.1 � 3.5 (195) 15.0 � 3.7 (235) 13.9 � 3.4 (82) 15.3 � 3.1 (114)

Week-30 changea −5.5 � 4.0 −6.5 � 4.5 −2.9 � 3.2 −3.6 � 3.7 −3.8 � 3.9 −5.4 � 4.1

P valuec <.0001 <.0001 .001 .017

Body weight, kg

Baseline (n) 91.2 � 18.0 (202) 88.1 � 16.4 (265) 93.4 � 16.1 (210) 86.8 � 16.0 (255) 92.6 � 16.4 (96) 89.5 � 16.1 (137)

Week-30 changea −0.3 � 3.6 −0.4 � 3.7 1.0 � 4.5 1.2 � 3.7 −2.1 � 2.8 −2.4 � 3.8

P valuec .0007 <.0001 <.0001 <.0001

Hypoglycaemiad, %

Events/patient-year
(n)

1.3 (202) 1.6 (267) 0.8 (210) 1.6f (257) 0.3 (96) 0.4 (137)

% Patients 21.3 28.8 19.0 27.2 7.3 5.8

P valuec .668 .664 .001 <.0001

(Continues)
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achieved HbA1c <7% (<53 mmol/mol; responders) was significantly

higher with iGlarLixi than with iGlar and Lixi alone for both HbA1c

subgroups, with greater differences between iGlarLixi and Lixi in

those with HbA1c ≥8% (≥64 mmol/mol) at baseline (Figure 1A).

From baseline to week 30, treatment with iGlarLixi lowered FPG

to a similar extent to treatment with iGlar, while the difference vs Lixi

alone was more pronounced (P < .0001 for both subpopulations).

iGlarLixi had greater reductions than iGlar in 2-hour PPG from base-

line to week 30 for both HbA1c subgroups (P < .0001). Moreover,

iGlarLixi was more effective (P < .0001) at lowering 2-hour PPG

levels than Lixi alone in the subpopulation of patients with HbA1c

≥8% (≥64 mmol/mol). Compared with iGlar alone, iGlarLixi also

showed significant mitigation of weight gain (P < .0001; Table 1).

3.2 | Subpopulation analyses according to duration
of T2DM

When participants were divided into categories according to duration

of T2DM (<7 or ≥7 years), the mean baseline duration in the

subgroups ranged from 4.0 to 12.4 years. iGlarLixi vs both iGlar and

Lixi was shown to be consistently better in reducing HbA1c from

baseline to week 30 (P < .001; Table 1), with the percentage of

responders achieving HbA1c <7% at week 30 being significantly

higher, regardless of diabetes duration (Figure 1B).

As expected, based on the prandial mechanism of action of Lixi,

the reduction from baseline to week 30 in FPG was significantly

smaller in the Lixi group (P < .0001), but was similar for iGlarLixi vs

iGlar for both subgroups. Compared with iGlar and Lixi alone,

iGlarLixi resulted in greater reductions in 2-hour PPG at week

30 (P < .0001 and P < .05, respectively), and iGlarLixi showed signifi-

cant mitigation of weight gain at week 30 compared with iGlar alone

(P < .001; Table 1).

3.3 | Subpopulation analyses according to BMI

When divided into subgroups according to BMI (<30 or ≥30 kg/m2),

baseline BMI in the subgroups ranged from 26.9 to 34.5 kg/m2

(Table 1). iGlarLixi vs both iGlar and Lixi was shown to lead to

Subpopulation analyses according to BMI

iGlarLixi iGlar Lixi

<30 kg/m2 ≥30 kg/m2 <30 kg/m2 ≥30 kg/m2 <30 kg/m2 ≥30 kg/m2

BMI, kg/m2

Mean baseline (n) 27.1 � 2.3 (173) 34.3 � 2.9 (295) 27.1 � 2.0 (178) 34.5 � 3.0 (288) 26.9 � 2.2 (74) 34.4 � 2.9 (159)

HbA1c, %

Baseline (n) 8.1 � 0.7 (173) 8.1 � 0.7 (294) 8.1 � 0.7 (178) 8.1 � 0.7 (286) 8.1 � 0.7 (74) 8.1 � 0.7 (159)

Week-30 changea −1.6 � 0.9 −1.5 � 0.9 −1.2 � 0.9 −1.3 � 0.9 −0.7 � 0.8 −0.8 � 0.9

P valuec .0002 .0002 <.0001 <.0001

FPG, mmol/L

Baseline (n) 9.8 � 2.5 (173) 9.9 � 2.3 (293) 9.7 � 2.3 (178) 9.8 � 2.4 (287) 9.8 � 2.1 (74) 9.8 � 2.2 (158)

Week-30 changea −3.6 � 2.7 −3.3 � 2.5 −3.3 � 2.8 −3.0 � 2.8 −1.6 � 2.6 −1.3 � 2.7

P valuec .295 .154 <.0001 <.0001

2-hour PPG, mmol/L

Baseline (n) 15.4 � 3.8 (164) 15.1 � 3.5 (266) 15.0 � 3.9 (165) 14.4 � 3.4 (265) 14.9 � 3.4 (61) 14.6 � 3.3 (135)

Week-30 changea −6.3 � 4.7 −5.9 � 4.0 −3.4 � 3.9 −3.2 � 3.3 −4.7 � 4.3 −4.7 � 4.1

P valuec <.0001 <.0001 .011 .005

Body weight, kg

Baseline (n) 75.3 � 11.2 (173) 97.7 � 14.4 (294) 77.1 � 11.0 (178) 97.6 � 14.0 (287) 76.0 � 11.8 (74) 97.7 � 13.1 (159)

Week-30 changea 0.3 � 2.8 −0.6 � 4.0 2.0 � 3.4 0.6 � 4.4f −1.8 � 2.7 −2.6 � 3.6

P valuec <.0001 <.0001 <.0001 <.0001

Hypoglycaemiad, %

Events/patient-year
(n)

2.2 (174) 1.0f (295) 1.8 (179) 0.9f (288) 0.8 (75) 0.1f (158)

% Patients 31.6 22.0 29.1 20.1 12.0 3.8

P valuec .535 .617 .0001 <.0001

All data are mean � standard deviation, unless stated otherwise. Treatment comparison P values based on 2-factor ANOVA compared with iGlarLixi. Het-
erogeneity was assessed and all P values for heterogeneity were not significant, with the exception of hypoglycaemic events/patient-year by baseline
HbA1c for iGlarLixi vs iGlar (P = .004).
a Mean change at week 30.
b Between-subpopulation comparison P < .001.
c iGlarLixi vs iGlar or Lixi.
d Incidence of documented symptomatic hypoglycaemia, defined as event with typical symptoms accompanied by measured plasma glucose concentra-
tion of ≤3.9 mmol/L (≤70 mg/dL).

e Mean difference <30 kg/m2 vs ≥30 kg/m2.
f Between-subpopulation comparison P < .0001.
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consistently greater reductions in HbA1c (P < .001; Table 1) and an

increased percentage of patients who achieved HbA1c <7%

(<53 mmol/mol) at week 30, irrespective of baseline BMI (P < .01;

Figure 1C).

iGlarLixi showed similar changes in FPG compared with iGlar

alone but greater reductions compared with Lixi (P < .0001).

Although iGlarLixi was significantly superior to both iGlar and Lixi in

2-hour PPG decreases from baseline to week 30 (Table 1), the mean

difference vs iGlarLixi was bigger for iGlar than for Lixi. Compared

with iGlar alone, iGlarLixi also showed significant mitigation of weight

gain (P < .0001; Table 1).

3.4 | Hypoglycaemia

No significant differences in the incidence of documented sympto-

matic hypoglycaemia, as defined previously (percentage and event

rate), were noted between the iGlarLixi and the iGlar subgroups

(Table 1); however, a slightly higher incidence was noted with

iGlarLixi in the HbA1c ≥8% (≥64 mmol/mol) subgroup, which may be

linked to the significantly higher (P < .05) mean iGlar dose (U) in this

population compared with the HbA1c <8% (<64 mmol/mol)

(Table S2). As expected across the subpopulations analysed, there

were significantly fewer incidences of hypoglycaemia with Lixi alone

than with iGlarLixi (P ≤ .001).

4 | DISCUSSION

Understanding the relationships among different patient characteris-

tics, and their impact on treatment efficacy for T2DM may help phy-

sicians to personalize therapeutic intervention.

By examining the impact of baseline HbA1c, disease duration

and BMI on clinical outcomes, this exploratory, subpopulation analy-

sis showed that in insulin-naïve metformin-treated patients evaluated

in the LixiLan-O trial, iGlarLixi was effective across all subpopulations

tested, including those with a higher baseline HbA1c (≥8%
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[≥64 mmol/mol]), those with a longer duration of T2DM (≥7 years)

and obese patients (BMI ≥30 kg/m2). Consistently better glycaemic

control was evident in iGlarLixi- vs iGlar-treated patients, with the

iGlarLixi subpopulations achieving near-normal HbA1c levels at the

end of the trial (6.3%-6.7% [45-50 mmol/mol]). In the iGlarLixi group

compared with iGlar alone, this was accompanied by a robust

PPG-lowering effect, with mitigated weight gain and generally no

increase in hypoglycaemic risk (apart from those with baseline HbA1c

≥8% [≥64 mmol/mol] who had a modest increase in mild hypoglycae-

mic events and also had a significantly higher corresponding mean

iGlar dose at study end). Furthermore, a significantly higher propor-

tion of patients reached target HbA1c levels (<7% [<53 mmol/mol])

across all iGlarLixi subpopulations tested compared with either iGlar

or Lixi alone. Across treatment groups, reductions in HbA1c, FPG and

PPG were greater in the higher baseline HbA1c (≥8% [≥64 mmol/

mol]) subpopulation compared with the respective baseline HbA1c

<8% (<64 mmol/mol) group; however, the relative efficacy of iGlar-

Lixi vs iGlar and Lixi alone remained constant.

These data are consistent with the primary analyses from the

LixiLan-O trial, which showed that the titratable fixed-ratio combina-

tion of these two agents, iGlar and Lixi, with distinct but complemen-

tary mechanisms of action, was more effective in achieving meaningful

improvements in glycaemic control than either component alone, with

a mean HbA1c level of 6.5% (48 mmol/mol), mitigating weight gain

and without increasing the risk of hypoglycaemia.2 By categorizing the

LixiLan-O trial population according to baseline characteristics, we

were able to address the efficacy of iGlarLixi in insulin-naïve T2DM

patient groups, who can be difficult to treat. Importantly, these subpo-

pulation analyses have shown a consistent impact on the efficacy of

iGlarLixi in treating patients with T2DM who were inadequately con-

trolled with metformin � a second OAD and demonstrate that,

despite discontinuing a second oral agent other than metformin in this

trial population, a wide spectrum of patients can benefit from this titra-

table fixed-ratio combination therapy.

A strength of the present exploratory analysis is that the data

show that iGlarLixi not only consistently reduced HbA1c levels

regardless of baseline characteristics but also affected outcomes such

as body weight change, including in patients who were overweight

rather than obese and who may be vulnerable to hypoglycaemia.

These results support the rationale for combining the two compo-

nents into one formulation, as iGlar improves FPG and Lixi decreases

PPG levels and mitigates weight gain without increasing

hypoglycaemia.1,7–10

Similar results have also been obtained with IDegLira, a fixed-

ratio combination of insulin degludec and the long-acting GLP-1RA

liraglutide5,6 when analysing subgroups of patients with baseline

HbA1c and BMI, including a post hoc analysis of the DUAL I exten-

sion and DUAL II trials.11

The exploratory nature of these types of analyses, as with any

such analysis, means that the results should be interpreted with cau-

tion. Additional limitations relating to the LixiLan-O trial include its

open-label design and relatively short 30-week duration.2

The present exploratory sub-analysis supports the use of a titra-

table fixed-ratio combination of iGlar and Lixi in a single injection,

which takes advantage of their complementary mechanisms of action

and consistently improves glycaemic efficacy, with generally no

increases in hypoglycaemic risk vs iGlar, irrespective of baseline

HbA1c, disease duration or BMI, as a suitable treatment option for

patients with T2DM initiating basal insulin.
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