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Abstract

Aim: To report prespecified and post hoc analyses of the SoliMix dataset exploring
the impact of baseline participant characteristics on the original SoliMix study out-
comes, to enable informed treatment choices for people with different biomedical
characteristics.

Methods: SoliMix (EudraCT 2017-003370-13) compared once-daily iGlarLixi (a fixed-
ratio combination of insulin glargine 100 U/mL and the glucagon-like peptide-1
receptor agonist lixisenatide) with twice-daily BIAsp 30 (30% insulin aspart and
70% insulin aspart protamine). In this analysis, the original primary outcomes of
noninferiority of iGlarLixi versus BlAsp 30 in terms of glycated haemoglobin
(HbA1c) change and superiority in terms of body weight change, together with
change in basal insulin dose and hypoglycaemia outcomes, were investigated by
baseline age, duration of diabetes, insulin dose, HbAlc level, body mass index
(BMI), and renal function.

Results: No evidence of difference in comparative treatment effect was detected
across baseline age, duration of diabetes, insulin dose, HbAlc level, BMI and renal
function subgroups for any endpoint (all heterogeneity P > 0.05), except American
Diabetes Association Level 2 hypoglycaemia event rate when stratified by insulin
dose (P = 0.011), which may be a chance difference given multiple testing and the
small numbers of Level 2 events.

Conclusions: Treatment effects of iGlarLixi were consistent irrespective of baseline
HbA1lc, insulin dose, BMI, age, duration of diabetes and renal function, supporting
the use of iGlarLixi as an efficacious and well-tolerated treatment option in people

with type 2 diabetes with a wide range of biomedical characteristics.

This article has an accompanied Plain Language Summary in the Supporting Information Data S1.
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1 | INTRODUCTION of hypoglycaemia in people with higher BMI,

People with type 2 diabetes (T2D) exhibit diverse clinical characteris-
tics, which in turn can influence therapy outcomes including glucose
control, body weight change, and experience of hypoglycaemia.l™®
Both clinical and demographic factors have been identified as poten-
tial predictors of response to therapy, including age at diagnosis, dura-
tion of diabetes, baseline insulin dose, baseline glycated haemoglobin
(HbA1c), body mass index (BMI), lipid levels, renal function, sex, geo-
graphical region, and ethnicity.>” Particular concerns with regard to
response to glucagon-like peptide-1 receptor agonists (GLP-1RAs)
have been duration of diabetes, glucose control and insulin dose, all of
which, when greater, might suggest less islet 3-cell reserve or reduced
function.’®1! Furthermore, there is evidence to suggest a lower risk

1213 56 any advantage of

GLP-1RAs over insulin might then be ameliorated.

Recent management guidelines recommend that clinical charac-
teristics and therapeutic priorities be used to inform choice of diabe-
tes medications and targets.'*'> Subgroup analyses of randomized
controlled trials may inform improved decision-making by elucidating
differences in efficacy, tolerability and safety among different groups
of people with T2D based on data collected at baseline and routinely
available to prescribers.2¢”

Clinical outcomes with iGlarLixi, a fixed-ratio combination of insu-
lin glargine 100 U/mL and the GLP-1RA lixisenatide, in various treat-
ment scenarios are well described.’®2° The SoliMix trial was a
randomized head-to-head study comparing the efficacy, tolerability
and safety of iGlarLixi with premixed insulin (biphasic insulin aspart
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FIGURE 1 Difference in change in primary endpoints from baseline to Week 26 by baseline characteristics' subgroups (intention-to-treat

population). (A) Change in glycated haemoglobin (HbA1c; mmol/mol and %). (B) Change in body weight (kg). Least squares (LS) mean difference
values are for iGlarLixi versus BlAsp 30. Numerical data for the confidence intervals (Cls) are given in Tables S2 and S3. BlAsp, biphasic insulin
aspart; BMI, body mass index; eGFR, estimated glomerular filtration rate; FRC, fixed-ratio combination; iGlarLixi, FRC of insulin glargine 100 U/mL

and the glucagon-like peptide-1 receptor agonist, lixisenatide
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30 [BlAsp 30]; 30% insulin aspart and 70% insulin aspart protamine)
in adults with suboptimally controlled T2D on basal insulin plus oral
glucose-lowering drugs (OGLDs).2%?2 Analysis of the SoliMix trial
demonstrated that iGlarLixi was associated with greater HbA1c reduc-
tion, body weight benefit, and lower incidence and event rate of
hypoglycaemia compared with BlAsp 30.2* Here, we explore the Soli-
Mix data in subgroups stratified by baseline age, duration of diabetes,
insulin dose, HbA1c, BMI, and renal function (estimated glomerular fil-
tration rate [eGFR]), with the aim of identifying contributing factors to
the outcomes studied, which could then be used to inform treatment

decisions with regard to choice of medication.?!

2 | MATERIALS AND METHODS

2.1 | Study design

Detailed methods for the open-label SoliMix trial and the dose adjust-
ment algorithms for iGlarLixi and BlAsp 30 have been previously
described.?%?2 In brief, adults with suboptimally controlled T2D
(HbA1c 58-86 mmol/mol [7.5%-10.0%]) diagnosed at least 1 year
prior to screening, who were receiving basal insulin and one to two
OGLDs, were included. Doses of basal insulin and OGLDs had to have

been stable (+20% for insulin) for 3 months, and OGLDs could include
metformin with or without a sodium-glucose cotransporter-2 inhibi-
tor. Following a 2-week screening period, eligible participants were
randomized 1:1 to switch from their prior basal insulins to either iGlar-
Lixi once daily or BlAsp 30 twice daily for 26 weeks. Background
treatment with OGLDs was to be continued throughout the study.

The SoliMix study is
Drug Regulating Authorities Clinical Trials Database (EudraCT
2017-003370-13) and was conducted in accordance with all usual
ethical standards.?!

registered in the European Union

2.2 | Subgroup analyses and endpoints

The primary objectives were, as in the base study, noninferiority of
iGlarLixi versus BIAsp 30 in HbAlc change or superiority in body
weight change from baseline to Week 26. In the present analysis,
participants were split into subgroups according to age (<65
and 265 years), duration of diabetes (<10 and =10 years), basal
insulin dose (<30 and =30 U/d), baseline HbA1lc (58-64, 264-75,
and >75-86 mmol/mol [7.5%-8.0%, >8.0%-9.0% >9.0%-
10.0%]), BMI (<25.0, 25.0 to <30.0, 30.0 to <35.0, and 235.0 kg/m?)
and renal function (eGFR 290, 60 to <90, and <60 mL/min/1.73 m?).

and
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FIGURE 3 Legend on next page.
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The cut-offs for duration of T2D, insulin dose and BMI were prespe-
cified in the original study protocol. The cut-offs for the HbAlc and
eGFR subgroups were chosen prior to any subgroup analysis to be
clinically meaningful and provide enough participants per subgroup.
Age subgroups were predefined as <50, 50 to <65, 65 to <75, and
>75 years, but combined in two main subgroups (<65 and 265 years)
for the purpose of this analysis, aligning with the cut-offs used in
the American Diabetes Association (ADA) guidelines for the man-
agement of diabetes in older people.?®

As in the main analysis, the primary endpoints were change in
HbA1c and body weight change from baseline to Week 26. Secondary
endpoints included confirmed hypoglycaemia (according to ADA Level
2: <3.0 mmol/L [<54 mg/dL] and Level 1: 3.0 to <3.9 mmol/L [54 to
<70 mg/dL] criteria), change in insulin dose, and reaching a composite
endpoint of HbA1c <53 mmol/mol (<7.0%) with no weight gain and
no hypoglycaemia. Severe hypoglycaemia was recorded only three
times in the SoliMix study,?! and thus could not be assessed by sub-
group analysis.

2.3 | Statistical analysis

Efficacy analyses were based on the intention-to-treat (ITT) popula-
tion, defined as all randomized participants. The safety population
was defined as participants who received at least one dose or part of
a dose of the study medication.

Primary analyses of between-treatment differences in
HbA1c and body weight changes were protocol-defined as part of
the original study for T2D duration, basal insulin dose, and
BMI subgroups. All other assessments were planned after finaliza-
tion of the main study protocol but used original study data
and outcomes. The HbAlc noninferiority margin was set to
(0.3%).

post hoc, with a cut-off of P < 0.05 for statistical significance,

3 mmol/mol Heterogeneity testing was conducted
with no adjustment for multiple testing. The primary endpoints
were assessed using a multiple imputation strategy and an
(ANCOVA) ANCOVA

models included fixed categorical effects of randomization strata,

analysis of covariance model. The
treatment group, subgroup, subgroup-by-treatment group interac-
tion, country, as well as fixed continuous variables of baseline
values.

Odds ratios for categorical key secondary endpoints were ana-
lysed using a logistic regression model adjusting for fixed categorical

effects of randomization strata, treatment group, subgroup, and

subgroup-by-treatment group interaction, as well as fixed continu-
ous covariates of baseline values. Hypoglycaemia event rates were
estimated using a negative binomial regression model with a log-link
function and the log of the time period in which a hypoglycaemia
episode was considered treatment-emergent as offset. The P values
of the heterogeneity test were generated using a subgroup-by-
treatment interaction test.

3 | RESULTS

3.1 | Baseline characteristics

In total, 887 participants were randomized, 443 to iGlarLixi and
444 to BlAsp 30; baseline characteristics did not differ between the
two treatment groups.?>?2 Baseline characteristics were also broadly
similar across each of the subgroups (except where determined by the
discriminant metric), but age and duration of diabetes did appear to
trend upwards with reduced renal function in the eGFR subgroups
(Table S1).

3.2 | Blood glucose control and body weight

No differences in treatment effect were detected among the baseline
subgroups for changes in the primary outcomes of HbAlc or body
weight, with all heterogeneity P values > 0.05 (Figure 1 and Tables S2
and S3). Despite reduced power, both primary objectives were met in
all 16 subgroups: iGlarLixi was noninferior to BIAsp 30 in HbAlc
reductions and superior in body weight change in all subgroups.

Subgroups had no detectable effect on the difference in insulin
dose increment seen in SoliMix with iGlarLixi versus BIAsp 30 (all het-
erogeneity P values > 0.05; Figure 2, Table S4).

The incidence of ADA Level 2 hypoglycaemia with iGlarLixi versus
BlAsp 30 was not detectably affected by baseline subgroup (all hetero-
geneity P values > 0.05). This was also true for event rates except for
baseline insulin dose subgroups (<30 vs. 230 U/d) where the heteroge-
neity P value was 0.011 (Figure 3, Table S5). However, both the inci-
dence and event rates of ADA Level 1 hypoglycaemia seen with
iGlarLixi versus BlAsp 30 in the main analysis were unaffected by any
baseline subgroup (all heterogeneity P values > 0.05; Table Sé).

Similarly, the achievement of HbA1c <53 mmol/mol [7.0%] and
the composite targets (HbA1c <53 mmol/mol [<7.0%] with no weight
gain and HbA1c <53 mmol/mol [<7.0%] with no weight gain and no

FIGURE 3

Incidence and event rates of hypoglycaemia comparing iGlarLixi with BIAsp-30 over the 26-week treatment period

(safety population). (A, C) American Diabetes Association (ADA) Level 2 hypoglycaemia (all confirmed <3.0 mmol/L [<54 mg/dL]). (B, D)
ADA Level 1 hypoglycaemia (all confirmed <3.9 to 23.0 mmol/L [<70 to 254 mg/dL]). Top panels: incidence (odds ratio for iGlarLixi versus
BlAsp 30); bottom panels: event rates (rate ratio for iGlarLixi versus BIAsp 30). Numerical data are given in Tables S5 and Sé. BlAsp,
biphasic insulin aspart; BMI, body mass index; Cl, confidence interval; eGFR, estimated glomerular filtration rate; FRC, fixed-ratio
combination; iGlarLixi, FRC of insulin glargine 100 U/mL and the glucagon-like peptide-1 receptor agonist, lixisenatide; OR, odds ratio; RR,

rate ratio
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hypoglycaemia) seen with iGlarLixi versus BlAsp 30 were consistent
across all baseline subgroups (Table S7), having been greater for iGlar-

Lixi than BlAsp 30 in the main study analysis.

4 | DISCUSSION

The present subgroup analysis of SoliMix data suggests that individ-
uals with different baseline characteristics of age, diabetes duration,
daily insulin dose, HbA1c, BMI, and renal function were indistinguish-
able in terms of benefit from iGlarLixi compared to BlIAsp 30 in regard
to HbA1c, body weight change, and incidence of hypoglycaemia. This
is inclusive of participants with characteristics typical of more chal-
lenging management profiles such as a higher baseline HbA1lc
(>75 mmol/mol [>9.0 %]; however, >86 mmol/mol [>10.0 %] was an
exclusion criterion), longer duration of T2D (210 years), higher base-
line insulin dose requirement (230 U/d), and obesity (>30.0 to <35.0
and 235.0 kg/m?).8¢ Thus, the conclusion of the main SoliMix study
that switching to iGlarLixi rather than BlAsp 30 is likely to be benefi-
cial for people with suboptimally controlled T2D on basal insulin and
OGLDs?! is corroborated by this analysis in people with broadly dif-
ferent biomedical characteristics. Accordingly, a broad T2D population
on basal insulin may benefit from the reduced disease burden and
treatment simplification that once-daily GLP-1RA fixed-ratio combina-
tion therapy offers, as is the case with iGlarLixi and |DeglLira.

Assessments for event rates of ADA Level 2 hypoglycaemia
according to insulin dose subgroups (<30 vs. 230 U/d) gave a hetero-
geneity P value of 0.011 (Figure 3), but no such effect was evident
either for incidence of hypoglycaemia or for Level 1 event rate or inci-
dence. Furthermore, this is a single “significant” P value (unadjusted
for multiple testing) out of 42 performed comparisons and is likely to
represent a chance difference, given the relatively small numbers of
Level 2 events. Therefore, there is insufficient evidence to conclude
whether a real difference exists in Level 2 event rates between insulin
dose subgroups, although this remains a possibility. A similar statistical
argument pertains to the P value of 0.052 for heterogeneity of body
weight change by diabetes duration (Figure 1).

The consistency of benefit with iGlarLixi across subgroups mirrors
that observed in the LixiLan-L study, also performed in participants
inadequately controlled on prior basal insulin with up to two OGLDs,
with the comparator insulin glargine 100 U/mL.2* Thus, in LixiLan-L,
glycaemic control improved with iGlarLixi and weight gain was miti-
gated, while changes in hypoglycaemia were negligible irrespective of
baseline HbAlc, T2D duration or BMI.?* Similar findings were
reported in the LixiLan-O study in insulin-naive participants (iGlarLixi
vs. insulin glargine 100 U/mL) across subgroups, except for the possi-
bility of higher incidence of hypoglycaemia in the HbAlc 264 mmol/
mol (28.0%) versus <64 mmol/mol subgroup, attributed to differences
in dosing.2> Benefits of IDegLira have also been preserved across sub-
groups in the DUAL VII study with similar HbAlc reductions, less
severe or plasma glucose-confirmed hypoglycaemia, lower end-of-trial
total daily insulin dose, together with weight loss relative to meal-time

plus basal insulin therapy.?®

The main limitations of the present analysis are, firstly, the explor-
atory nature of the assessments except for the between-treatment
differences in HbAlc and body weight changes in the basal insulin
dose and BMI subgroups. However, the data used were entirely those
of the original database, and the endpoints were those specified for
the main study analysis. Secondly, many subgroups had small numbers
of participants which reduced statistical power for within-subgroup
confidence intervals, which are consequently often wide, but also for
heterogeneity comparisons. Correction for multiple testing was not
done in order to preserve power for detection of differences, but is
only important for interpretation of the single statistically significant
finding (P < 0.05), as discussed above.

Accordingly, these data suggest that age, diabetes duration, daily
basal insulin dose, HbAlc, BMI and renal function did not significantly
impact treatment outcomes in the SoliMix trial, and are not necessary
to identify people with T2D who may respond to treatment with
iGlarLixi in clinical scenarios where the alternative is an analogue pre-
mixed insulin. The improved glycaemic control and body weight man-
agement, with no increased risk of hypoglycaemic events, were
observed in all baseline characteristics subgroups. These findings,
taken together with results from other studies, validate iGlarLixi as an
effective and well-tolerated treatment option for a wide range of peo-
ple with suboptimally controlled T2D requiring treatment advance-
ment beyond basal insulin.
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