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ABSTRACT

Introduction: We aimed to assess the efficacy
and safety of lixisenatide and basal insulin (BI)
according to timing of treatment initiation,
treatment compliance, and number of con-
comitant daily injections in Japanese individu-
als with type 2 diabetes (T2D).

Methods: Each substudy analyzed subgroup
data from the 3-year post-marketing surveil-
lance PRANDIAL study. Endpoints included
glycated hemoglobin (HbAlc), postprandial
glucose, treatment response (HbAlc < 7.0% at
week 24 and 156), and safety. Changes in
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HbA1c levels were analyzed using paired ¢ tests;
between-group comparisons were made using
analysis of variance (ANOVA).

Results: Of 2679 participants, 46.5% initiated
Bl before lixisenatide, 12.0% the same day, 2.7%
between 1 and 90 days, and 2.8% at 91 or more
days after lixisenatide; 36.0% did not receive BI.
Overall, 85.4% of patients were compliant with
lixisenatide treatment. The majority of patients
(52.4%) received two injections/day (one was
lixisenatide). Compared with other subgroups
taking BI and lixisenatide, the subgroup starting
them simultaneously had a mean change in
HbAlc of — 0.69% [8 mmol/mol] (vs + 0.07%
[0.8 mmol/mol] to — 0.79% [9 mmol/mol]) and
numerically higher treatment response (21.0%
vs 8.3-18.7%), but more hypoglycemia (8.1% vs
2.3-2.8%).

Conclusions: Japanese people with T2D
achieved better glycemic control by simultane-
ous as opposed to sequential initiation of
lixisenatide and BI.

Keywords: Basal insulin; Cohort study; GLP-1
analogue; Glycemic control; Type 2 diabetes
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Key Summary Points

Why carry out this study?

Japanese people with type 2 diabetes
treated with basal insulin or glucagon-like
peptide 1 receptor agonists alone have a
diminishing probability of achieving
glycemic control; however, addition of
lixisenatide to basal insulin demonstrates
significant improvements.

Reported here are the results of three
substudies of a 3-year post-marketing
surveillance study conducted in Japan,
assessing the effectiveness and safety of
lixisenatide according to the sequence of
therapy initiation, the level of treatment
compliance, and the number of daily
injections.

What was learned from the study?

Simultaneous initiation of lixisenatide and
basal insulin on the same day resulted in
significant improvements in both
glycated hemoglobin and postprandial
plasma glucose and was associated with
the highest treatment response rate
among subgroups receiving both agents.

No relationship between the number of
daily injections and glycemic control was
observed; however, treatment response
rates were higher in participants receiving
only one injection daily.

Although development of adverse drug
reactions appeared to be unrelated to
timing of insulin initiation, the long-term
relationship between drug compliance,
glycemic control, and adverse drug
reactions warrants further investigation.

INTRODUCTION

In Japanese people, type 2 diabetes (T2D) is
characterized by deterioration of pancreatic -

cell functional capacity, which leads to a pre-
dominant defect in insulin secretion with pro-
nounced postprandial plasma glucose (PPG)
excursions [1-3]. Glucagon-like peptide 1 (GLP-
1) is secreted postprandially by cells in the
intestine, leading to stimulation of insulin
release and the suppression of glucagon; how-
ever, in Japanese people, endogenous GLP-1
levels are low and meal-induced secretion of
GLP-1 is negligible, suggesting an underlying
GLP-1 deficiency [4-6], which may have a
genetic origin.

GLP-1 receptor agonists (GLP-1 RAs) improve
fasting and postprandial hyperglycemia, have a
low risk of hypoglycemia [7, 8], and may be
particularly useful in Japanese people with T2D
[5, 6, 9-11]. Recent real-world evidence from a
retrospective analysis of data from the Japan
Diabetes Clinical Data Management Study
Group (JDDM) indicates that GLP-1 RA therapy
for Japanese people with T2D is associated with
favorable clinical outcomes, such as improved
HbAlc, reductions in body weight, and
improved lipid profiles, as well as high treat-
ment persistence rates (80.5% at 6 months and
66.2% at 12 months) [12].

First-line treatment of T2D generally
involves lifestyle modifications and oral antidi-
abetic drugs (OADs) as appropriate, but regimen
intensification through addition of an
injectable agent (GLP-1 RA or basal insulin) to
OAD:s is often required in real-world practice to
achieve glycemic control [7]. If an individual
requires further glucose-lowering therapy
despite treatment with a GLP-1 RA or basal
insulin, an additional injectable agent can be
added [7, 8, 13].

A database analysis of Japanese people with
T2D recently found that the probability of
achieving glycemic control diminished over
time among those who initiated BI or GLP-1 RA
therapy after failing to achieve glycemic control
with OAD therapy [14]. Real-world evidence
from the USA indicates that early combination
therapy or simultaneous initiation of insulin
and GLP-1 RAs leads to better glycemic control
than delayed combination therapy/sequential
initiation [15-17].

Lixisenatide, a once-daily short-acting GLP-1
RA, has been evaluated as add-on therapy to
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basal insulin £ sulfonylurea as part of the
multinational phase 3 GetGoal clinical trial
program [18-21]. Compared with placebo, add-
on lixisenatide consistently improved glycemic
control, with a pronounced postprandial effect,
in the predominantly Caucasian T2D popula-
tions of the GetGoal-L and GetGoal-Duo 1 trials
[18, 19], and the overall mixed Asian popula-
tion and Japanese subpopulation of the Get-
Goal-L-Asia trial [20, 21]. Lixisenatide is a safe
and effective option for the treatment of T2D in
Japanese people in routine clinical practice
according to results of a 3-year post-marketing
surveillance (PMS) study [22].

Here, we report on three substudies of the
3-year PMS study, which assessed the efficacy
and safety of lixisenatide according to the
sequence of therapy initiation, the level of
treatment compliance, and the number of daily
injections. Patterns of adverse drug reactions
(ADRs) across subgroups were also assessed.

METHODS

Study Design and Population

Individuals with T2D who initiated treatment
with lixisenatide between March 2014 and June
2017 were prospectively registered in an obser-
vational, multicenter, open-label PMS study,
called Post-maRketing surveillANce in patients
with type 2 DIAbetes mellitus to evaluate the
long-term safety and effectiveness of Lixisen-
atide (PRANDIAL). The study was conducted in
accordance with the Japanese Ministerial Ordi-
nance on Good Post-Marketing Study Practice
(Ministry of Health, Labour and Welfare Ordi-
nance No. 171, December 20, 2004) and the
ethical guidelines for medical and health
research involving human subjects. Under the
Japanese regulations for PMS studies, require-
ment to conform with the Declaration of Hel-
sinki was not applicable for this study and there
was no requirement for review or approval by
the ethics committee of the participating med-
ical institutions nor for collection of informed
consent from study participants. All data were
collected anonymously to protect personal
information; the study sponsor had no access to

individual participant medical records. Full
details of the parent study design have been
described previously [22].

Briefly, data were collected from electronic
case report forms for 3 years after initiation of
lixisenatide treatment. The date of initiating
lixisenatide was defined as the index date, and
baseline measurements were defined as those
most recently taken within 2 months before
and leading up to the index date. Effectiveness
endpoints included changes in parameters of
glycemic control (i.e., glycated hemoglobin
[HbAlc] and PPG), and the proportion of par-
ticipants with HbAlc < 7.0% at week 24 and
156 by subgroup. ADRs were defined as adverse
events for which a causal relationship with
lixisenatide could not be ruled out by the
treating physician. Only those occurring in at
least 1% of the total analysis population
(n = 2679) are reported here; ADRs of special
interest for this report included hypoglycemia
(Medical Dictionary for Regulatory Activities
[MedDRA] preferred term [PT]), administration
site reactions (MedDRA PT), gastrointestinal
disorders (MedDRA System Organ Class [SOC]
term), and laboratory tests (MedDRA SOC
term).

Substudies

In the first substudy, a post hoc analysis, study
participants were classified on the basis of the
time interval between the start of lixisenatide
therapy (index date) and initiation of basal
insulin (see Fig. S1 in the Supplementary Mate-
rial for details): basal insulin started prior to the
start of lixisenatide, both started on the same
day, basal insulin started between 1 and 90 days
after lixisenatide, basal insulin started at least
91 days after lixisenatide, or no concomitant
basal insulin.

In the second substudy, study participants
were grouped according to compliance with
lixisenatide therapy at 6 months after starting
treatment, where compliance was defined as
using lixisenatide as directed. Assessment of
compliance was pre-specified in the study pro-
tocol and reported in a subjective manner by
physicians, such that they qualitatively
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evaluated how participants were able to comply
with the daily injection over 6 months. The
three subgroups were compliance > 75%
(“compliant”), > 50% and < 75% (“sometimes
non-compliant”), and < 50% (“not compliant”).

The third substudy, a post hoc analysis,
grouped participants on the basis of the number
of injections per day at the start of lixisenatide
therapy: lixisenatide injection once daily (OD)
only, lixisenatide OD plus one other
injectable medication OD (total of two injec-
tions daily), and lixisenatide OD plus at least
two other injections daily, which may have
included insulin preparations (i.e., long-acting,
intermediate, premixed, rapid-acting, or other).

Statistical Analysis

The effectiveness analysis set comprised all
study participants with T2D who received
lixisenatide in accordance with the approved
product label (subcutaneous injection, 10-20 pg
administered within 1 h before breakfast [23])
for whom efficacy data were available and who
had received their first dose of lixisenatide
within 15 days of registration. Safety data were
also assessed in this analysis set.

Summary statistics included mean + stan-
dard deviation (SD) for continuous measures,
and counts and proportions for categorical
measures. Paired f tests were used to test chan-
ges in HbAlc from baseline. Between-group
comparisons were made using analysis of vari-
ance (ANOVA) for the change from baseline in
HbA1lc in the compliance and injection number
analyses. All tests were conducted with a sig-
nificance level of 5%. Data were calculated
using the last observation carried forward
(LOCF) approach.

RESULTS

Study Participants

In total, 3177 participants were registered at 516
sites and electronic case report forms were avail-
able for 3083 participants (Fig. S2 in the Supple-
mentary Material). This report includes fewer

participants than were included in the overall
analysis of the PMS [22] because data extraction
for the current analysis was conducted prior to
collection of electronic case report forms from all
eligible participants. The overall effectiveness
analysis set included 2679 participants. Exclu-
sion from the effectiveness analysis set was
mainly because no data were collected after
lixisenatide was first administered (n = 348).

Within the effectiveness analysis set, 1714
(64.0%) study participants received concomi-
tant basal insulin prior to lixisenatide or at a
known starting date after lixisenatide initiation
(Fig. S2 in the Supplementary Material). In the
basal insulin timing substudy, most of these
individuals began basal insulin prior to starting
treatment with lixisenatide (n = 1245; 46.5%).
The next largest subgroup were those individu-
als who initiated lixisenatide and basal insulin
treatment on the same day (n = 322; 12.0%).
Among participants who started basal insulin
only after starting treatment with lixisenatide,
72 (2.7%) individuals began basal insulin
between 1 and 90 days after lixisenatide, and 75
(2.8%) began basal insulin at least 91 days after
lixisenatide. Concomitant basal insulin was not
used in 965 (36.0%) study participants.

In the treatment compliance substudy, most
participants were included in the compliant sub-
group (n = 2289; 85.4%); far fewer participants
were in the sometimes noncompliant (n = 305;
11.4%) and not compliant subgroups (n = 85;
3.2%) (Fig. S2 in the Supplementary Material).

In the daily injection number substudy,
most participants had two injections daily, one
of which was lixisenatide (n = 1405; 52.4%),
and the next largest subgroup were those
receiving only lixisenatide OD (n = 993; 37.0%)
(Fig. S2 in the Supplementary Material).

A summary of the baseline characteristics of
the effectiveness analysis set, overall and in
each subgroup for each of the three substudies,
is shown in Table 1. Overall, the mean (SD) age
was 58.9 (13.1) years, 38.5% were aged 65 years
or older, 54% of participants were male, and the
majority of participants were outpatients
(82.9%). The mean (SD) baseline BMI was
28.7 + 5.7 kg/m? and the mean (SD) duration of
T2D was 12.8 (8.6) years, with mean (SD) HbAlc
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of 8.7% (1.7%) [or 72 (19) mmol/mol] and
baseline PPG of 210.4 (89.4) mg/dL.

There was some variability in baseline clini-
cal parameters among the timing of basal insu-
lin therapy subgroups: the highest mean HbAlc
level (9.5% [80 mmol/mol]) occurred in the
subgroup that received basal insulin between 1
and 90days after initiating lixisenatide
(p =0.0097, across-groups ANOVA compar-
ison). In the analysis of treatment compliance
status, age (p =0.0217), HbAlc (p = 0.0013),
and PPG (p = 0.0092) were significantly differ-
ent among subgroups at baseline (Table 1). All
baseline parameters were significantly different
among daily injection number subgroups. Mean
T2D duration was the longest (16.0 years;
p < 0.0001), and BMI (29.8 kg/m?; p < 0.0001),
HbAlc (9.1% [76 mmol/mol]; p < 0.0001), and
PPG (217.6 mg/dL; p = 0.0027) the highest in
the subgroup receiving a lixisenatide OD injec-
tion plus at least two other injections daily.

The mean (SD) lixisenatide dosage was 16.1
(4.1) pg/day overall at week 156 (Table 1). In the
basal insulin timing substudy, the subgroup that
initiated basal insulin at least 91 days after starting
lixisenatide reached the highest mean lixisenatide
daily dosage (17.3 pg/day; p < 0.0001, across-
groups ANOVA comparison). Lixisenatide dosage
was also significantly different across treatment
compliance subgroups, where the subgroup with
the highest compliance rate reached the highest
dosage (mean [SD] 16.3 [4.1] pg/day) and the
lowest compliance subgroup had the lowest mean
lixisenatide dosage (14.6 [4.1] pg/day; p < 0.0001,
across-groups ANOVA comparison). Lixisenatide
dosage did not vary significantly between daily
injection number subgroups.

Change in Glycemic Parameters
in the Basal Insulin Timing Substudy

Over the 3-year observation period, the HbAlc
level decreased from baseline by a mean (SD) of
— 0.69% (2.15%) [— 8 (24) mmol/mol] in the
subgroup of participants who started lixisen-
atide and basal insulin simultaneously
(p <0.0001, LOCF) (Fig.1a). There were also
significant decreases in HbAlc from baseline in
participants that began receiving basal insulin

prior to the start of lixisenatide (mean [SD]
change — 0.43% [1.87%], — 5 [20] mmol/mol;
p <0.0001) or between 1 and 90 days after
starting lixisenatide (— 0.79% [2.28%], — 9 [295]
mmol/mol; p = 0.0076). However, there was no
significant change in HbAlc from baseline in
participants who started basal insulin at least
91 days after initiating lixisenatide therapy.
Participants who did not receive concomitant
basal insulin experienced a significant
improvement in HbAlc from baseline (mean
[SD] change — 0.40% [1.60%], — 4 [18] mmol/-
mol; p <0.0001). The changes in HbAlc at
week 156 mirrored changes that had already
been observed at week 24 (Fig. 1a). Figure 1b
illustrates the change in HbAlc from baseline
over the entire observation period in each sub-
group for the basal insulin timing substudy.

In general, PPG improved from baseline at
weeks 24 and 156, which reached statistical
significance at the latter time point (Table S1 in
the Supplementary Material), although these
results are for only a small subset of participants
who had PPG data available at both time points.
Participants who started lixisenatide and basal
insulin on the same day experienced the largest
reduction in PPG from baseline at week 156
(mean [SD] change — 62.0 [87.1] mg/dL), fol-
lowed by participants who had been receiving
basal insulin prior to starting lixisenatide
(— 52.0 [104.7] mg/dL).

Change in HbAlc in the Treatment
Compliance Substudy

Significant decreases in HbA1lc from baseline at
week 156 were observed among participants in
the compliant subgroup (mean [SD] change
—0.50% [1.84%], -5 [20] mmol/mol;
p < 0.0001), whereas there was no significant
change in HbAlc in the sometimes noncom-
pliant and not compliant subgroups (— 0.16%
[1.67%], — 2 [18] mmol/mol; p = 0.1152 and +
0.13% [1.93%], + 1 [21] mmol/mol;
p = 0.5843, respectively; Fig. 2a). A similar pat-
tern of results was observed at week 24.
Between-subgroup differences in the mean
change in HbAlc from baseline at week 156
were significant (p = 0.0004; ANOVA).
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Fig. 1 Glycated hemoglobin (HbAlc) values in partici-
pants receiving lixisenatide according to the timing of
initiation of basal insulin shown as a mean =+ standard
deviation (SD) change in HbAlc at weck 24 and
week 156, and b mean HbAlc over the 156-week

observation period. Results are for the effectiveness analysis

Change in HbAlc in the Daily Injection
Number Substudy

HbAlc was significantly decreased in each of
the subgroups based on the number of daily

population (LOCF). **p < 0.0001 vs baseline by paired
¢ test. **p < 0.01 vs baseline by paired 7 test. *p < 0.05 vs
baseline by paired # test. B//ine baseline, BI basal insulin,
Lixi lixisenatide, LOCF last observation carried forward,

Wk week

injections received at baseline. Mean (SD)
changes from baseline in HbAlc at week 156
were — 0.43% (1.70%) [— 5 (19) mmol/mol] in
the lixisenatide @~ OD  only  subgroup
(p <0.0001), — 0.50% (1.93%) [-5 (21)
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Fig. 2 Mean change + standard deviation (SD) in gly-
cated hemoglobin (HbAlc) from baseline at week 24 and
week 156 in the a treatment compliance subgroups and
b daily injection number subgroups. Results are for the
effectiveness analysis population (LOCF). For the 3

participants for whom daily injection number data were

mmol/mol] in the lixisenatide OD plus one
other injection OD subgroup (p < 0.0001),
and — 0.27% (1.71%) [— 3 (19) mmol/mol] in
the lixisenatide OD plus at least two other
injections subgroup (p = 0.0139) (Fig. 2b). These
changes mirrored those observed at week 24.
However, between-subgroup differences in the
mean change from baseline in HbAlc at
week 156 were not statistically significant
(p = 0.1732; ANOVA).

Lixisenatide Treatment Response

In the overall study population, the rate of
lixisenatide treatment response (HbAlc < 7.0%
[53 mmol/mol]) was 21.6% (LOCF analysis).
With regard to timing of basal insulin initiation
(Fig. S3 in the Supplementary Material), treat-
ment response rates were 21.0% in the subgroup
who initiated basal insulin and lixisenatide
simultaneously and 18.7% in the subgroup who
started basal insulin before lixisenatide.
Numerically lower treatment response rates

Lixi injection OD only (w24: n = 912; w156: n = 915)
Lixi OD + 1 other injection (w24: n = 1306; w156: n = 1309)
Lixi OD + >2 other injections (w24 and w156: n = 255)

missing (not shown), the mean (SD) change from baseline
in HbAlc was + 0.63% (0.62%) [+ 7 (7) mmol/mol]
(p = 0.2144 vs baseline). ***p < 0.0001 vs baseline by
paired 7test. *p < 0.01 vs baseline by paired 7 test.
*p < 0.05 vs baseline by paired 7 test. Lixi lixisenatide,
LOCEF last observation carried forward, OD once daily

were observed in participants who started basal
insulin after lixisenatide treatment, either
between 1 and 90 days after lixisenatide (14.5%)
or at least 91 days after lixisenatide (8.3%). The
treatment response rate was highest in the par-
ticipants who did not receive concomitant basal
insulin (27.0%).

In the treatment compliance substudy, the
treatment response rate was 23.2% in partici-
pants in the compliant subgroup, which was
numerically higher than in participants in the
other two subgroups (11.7% in the sometimes
not compliant subgroup and 13.9% in the not
compliant subgroup).

In the daily injection number substudy, par-
ticipants whose only treatment was lixisenatide
OD at the time of lixisenatide initiation had the
highest rate of treatment response (26.2%)
(Fig. S3 in the Supplementary Material).
Response rates were 19.8% in participants
receiving lixisenatide OD plus one other injec-
tion daily and 13.6% in those receiving lixisen-
atide OD plus at least two other daily injections.
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Safety

Overall, 18.7% of participants experienced an
ADR (Table 2). Of particular interest was hypo-
glycemia, for which events were classified as
severe (serious or requiring assistance), docu-
mented symptomatic (plasma glucose < 70 mg/
dL), or nocturnal. Events were considered seri-
ous if they were life-threatening or important
medical events, fatal ADRs, resulted in hospi-
talization or congenital defect, or required
intervention. The overall incidence of hypo-
glycemia (any severity) was 2.8%, and of serious
hypoglycemia was 0.07%. Few participants
experienced an administration site reaction
(1.0%; Table 2). The most common gastroin-
testinal-related ADR was nausea (8.1%).

Basal Insulin Timing Substudy

Across the basal insulin timing subgroups, ADRs
occurred most commonly within the first
4 weeks of observation (Fig. 3a). The proportion
of patients within each timing subgroup expe-
riencing an ADR had dropped to below
approximately 2.5% by weeks 28-32. By weeks
84-88, almost no patients experienced an ADR,
with the exception of weeks 104-108 in the
subgroup where basal insulin was started
between 1 and 90days after starting
lixisenatide.

Hypoglycemia (any severity) occurred in
8.1% of participants who started lixisenatide
and basal insulin simultaneously (Table 2). The
incidence of hypoglycemia was less than 5% in
the remaining subgroups, and the lowest inci-
dence (1.8%) was in participants who did not
receive concomitant basal insulin. There was no
consistent pattern across basal insulin timing
subgroups for the incidence of gastrointestinal-
related ADRs (Table 2). The incidence of nausea
was 9.3% in the subgroup of participants who
started basal insulin prior to lixisenatide, and
4.0-7.8% in the subgroups of participants who
started basal insulin at the same time as or after
lixisenatide. Vomiting and abdominal discom-
fort were infrequent ADRs, occurring in
1.2-1.6% and 0.9-2.7% of participants across
the subgroups, respectively. Figure 3b illustrates

the proportion of patients in each basal insulin
timing subgroup who had gastrointestinal-re-
lated ADRs across the 156-week observation
period. Most gastrointestinal-related ADRs
occurred with the first 4 weeks of observation,
with the incidence decreasing rapidly
thereafter.

Treatment Compliance Substudy

Participants in the not compliant subgroup had
a numerically higher incidence of ADRs (28.2%)
compared with the compliant subgroup (18.0%)
and sometimes not compliant (21.3%) sub-
groups (Table 2). Hypoglycemia occurred in
3.1% of participants in the compliant subgroup,
but in only 1.3% of those who were sometimes
not compliant and 1.2% of those in the not
compliant subgroup. With the exception of
abdominal discomfort, gastrointestinal-related
ADRs were reported most frequently in the not
compliant subgroup. The subgroup with the
lowest incidence of gastrointestinal-related
ADRs was the compliant subgroup.

Daily Injection Number Substudy

Participants receiving only lixisenatide OD
experienced the lowest incidence of ADRs
(16.7%); the incidence of ADRs in participants
who received lixisenatide OD plus one other
injection or lixisenatide OD plus at least two
other daily injections was 18.7-20.0% (Table 2).
Hypoglycemia episodes (any severity) occurred
in a smaller proportion of participants receiving
only lixisenatide OD than in the other injection
number subgroups (1.6% vs 3.6%). Nausea,
vomiting, and abdominal discomfort were
reported in 0.7-9.0% of participants across the
three injection number subgroups, with nausea
(6.9-9.0%) being the most frequent of these in
all three subgroups.

DISCUSSION

Three substudies of a 3-year PMS study of
lixisenatide in Japanese people with T2D
examined the efficacy and safety of lixisenatide
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according to the timing of its initiation in
relation to starting basal insulin, different levels
of treatment compliance, or the number of
daily injections the participants received. When
lixisenatide and basal insulin were started
simultaneously, both HbAlc and PPG signifi-
cantly improved from baseline, and these
improvements were among the greatest
observed across the four subgroups who
received lixisenatide and basal insulin. Simul-
taneous initiation of lixisenatide and basal
insulin was also associated with the highest rate
of treatment response (21.0%) among sub-
groups receiving both agents. Study participants
with good treatment compliance (at least 75%)
experienced significant decreases in HbAlc
from baseline that were significantly greater
than those observed in the less compliant sub-
groups. The number of daily injections received
at the time of starting lixisenatide appeared to
have no effect on glycemic control (specifically
reduction in HbAlc), but did appear to affect
treatment response rates since participants
receiving only one injection daily (lixisenatide
OD) had the highest treatment response
(26.2%) compared with those receiving two, or
three or more, daily injections (19.8% and
13.6%, respectively).

Our results on the benefits of simultaneous
(rather than sequential) initiation of lixisen-
atide plus basal insulin expand on findings from
previous real-world studies in US populations.
In a study by Peng et al., people with HbAlc
> 7.0% [> 53 mmol/mol] on OADs who initi-
ated both basal insulin and GLP-1 RA treatment
on the same day had numerically greater
reductions in HbAlc and were more likely to
achieve glycemic control (HbAlc <7.0%
[< 53 mmol/mol]) than those who initiated
basal insulin first followed by a GLP-1 RA within
90 days or more than 90 days later [15]. In a
study by Rosenstock et al., individuals with
HbAlc > 9.0% [> 75 mmol/mol] on OADs who
initiated basal insulin and GLP-1 RAs within
30 days or up to 90 days were significantly more
likely to achieve glycemic control (HbAlc <
7.0% [< 53 mmol/mol]) than those who initi-
ated the two therapies 91-360 days apart [16].
Such evidence indicates that delaying the
intensification of therapy while waiting to

determine the effectiveness of existing treat-
ments may not be the best approach [16].

A pronounced effect of lixisenatide plus
basal insulin combination therapy on PPG
improvements was observed in the current
study, particularly when initiated simultane-
ously or when basal insulin was started prior to
lixisenatide, and reflects the Japanese authors’
clinical experience. The effect on PPG is partic-
ularly important in Asia [5, 9, 11], where indi-
viduals with T2D are often prescribed short-
term intensive insulin therapy to remove glu-
cotoxicity first, followed by de-escalation of
treatment and the introduction of GLP-1 RA
therapy. Further, control of PPG is likely to be
an important goal for individuals who are
unable to achieve HbAlc targets [5, 9, 11]. A
large proportion of our patient population ini-
tiated treatment with lixisenatide after being on
basal insulin therapy, likely reflecting the clin-
icians’ attempts to address residual hyper-
glycemia, which is a well-recognized unmet
need for those receiving basal insulin [24]. Our
results indirectly support the simultaneous ini-
tiation of lixisenatide and basal insulin as an
alternative approach. By reducing hyper-
glycemia, basal insulin enhances the effects of
incretins on B-cell function [25], which aug-
ments the effect of a GLP-1 RA on PPG, while
simultaneously reducing fasting plasma glucose
[26].

As may be expected, participants with good
compliance in the first 6 months of treatment
experienced significantly better HbAlc reduc-
tions and treatment response rates than those
with poorer treatment compliance, although
these results must be interpreted with caution
because of the small number of participants in
the not compliant subgroup. While the rela-
tionship between treatment compliance and
treatment outcomes in patients with T2D is well
established [27], the importance of compliance
in the first 6 months is not well studied, and
further investigation is required to better char-
acterize the clinical outcomes in patients with
good early compliance. It is also reassuring that
the majority of study participants (85.4%) had a
compliance rate of at least 75% at 6 months
after starting lixisenatide. This is broadly similar
to the rate of treatment persistence at 6 months
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reported in a real-world Japanese study of GLP-1
RAs (approx. 80%) [12].

In our PMS substudies, the incidence of
hypoglycemia was highest in participants who
initiated basal insulin and lixisenatide simulta-
neously. The relatively higher incidence of
hypoglycemia in this subgroup (8.1% vs 1.8%
for the no concomitant basal insulin subgroup)
was not unexpected, because hypoglycemia is
more likely when lixisenatide is combined with
antidiabetic medications that directly lower
blood glucose, such as basal insulin [28, 29]. To
mitigate the risk of hypoglycemia, dose reduc-
tions of either the GLP-1 RA or basal insulin
may be considered [7]. Good treatment com-
pliance was also associated with the highest
incidence of hypoglycemia (3.1%), although
still broadly similar to that observed in the
overall population (2.8%). This may reflect the
fact many patients are willing to take their
medication as directed to achieve the optimal
benefit, even at the expense of a slight increase
in the risk of adverse events.

As the number of daily injections increased,
so did the overall ADR incidence, including the
incidence of hypoglycemia (1.6% with lixisen-
atide OD only vs 3.6% in each of the other
injection number subgroups). The additional
daily injections were likely fast-acting or pre-
mixed insulin injections, which may explain
this observation.

The most common ADRs with GLP-1 RAs,
including lixisenatide, are nausea and vomiting
[29, 30]. In the first 4 weeks of lixisenatide
treatment, broadly similar proportions in the
different basal insulin timing subgroups expe-
rienced a gastrointestinal ADR. The incidence of
vomiting was low, with no obvious pattern
related to the timing of basal insulin relative to
lixisenatide treatment. The subgroup of patients
who started basal insulin prior to starting
lixisenatide had the highest incidence of nausea
(9.3%) and those who started basal insulin at
least 91 days after lixisenatide had the lowest
(4.0%). The nausea incidence was intermediate
in the subgroups where both agents were started
simultaneously (7.8%) or participants did not
receive concomitant basal insulin (6.9%). It is
not immediately apparent why this pattern was
observed. A previous study found that iGlarLixi,

a fixed-ratio combination of insulin glargine
100 U/mL and lixisenatide, causes fewer gas-
trointestinal adverse events than lixisenatide
alone, attributable to the more gradual titration
of lixisenatide that can be achieved with this
formulation [31], which supports the tolerabil-
ity of starting these two agents on the same day.
Further prospective studies of the relationship
between the timing of treatment initiation (us-
ing narrower time intervals) and gastrointesti-
nal tolerability are required.

Current Japanese guidelines state that OADs
and/or GLP-1 RA therapy is to be given to
noninsulin-dependent individuals in whom
favorable glycemic control is not achievable
with lifestyle modifications, and that insulin
therapy is to be given to those in whom gly-
cemic control targets are not achievable with
OADs or GLP-1 RAs [7]. Our study of actual
prescribing behavior in clinical practice during
the study period seems to indicate that physi-
cians are broadly consistent with Japanese
guidelines, as we found that 36% of participants
did not receive concomitant basal insulin,
probably owing to their reasonable level of
glycemic control (baseline HbAlc of 8.4%).
Observations from a previous real-world study
in Japan support this interpretation of our
results: basal insulin was initiated in patients
with higher baseline HbAlc than those who
initiated GLP-1 RA (9.4% vs 8.8%) [14]. Of those
who did receive concomitant basal insulin
(n = 1714) in our study, 147 (8.6%) began basal
insulin after starting treatment with lixisen-
atide. The majority started treatment on the
same day as (322/1717; 18.8%) or prior to
(1245/1714; 72.6%) lixisenatide. This is likely
because we began registering subjects for this
study in September 2013, and at this time, the
only regimens that lixisenatide could be added
to were either sulfonylurea 4+ biguanide or basal
insulin =+ sulfonylurea.

Although a multivariate analysis to examine
the effects of comorbidities on glycemic out-
comes was not conducted, the proportions of
patients with some comorbidities showed sig-
nificant variations across the study subgroups.
For example, the proportion of patients with
multiple comorbidities showed statistically sig-
nificant differences in the cohort defined by the
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number of daily injections. The types of
comorbidities with significant difference
between subgroups were not always consistent
across the three substudy cohorts; however, it is
possible that some comorbidities may have
affected study outcomes. Nonetheless, a multi-
variate analysis will be required to confirm this
association.

A limitation of the current study is the wide
cohort definitions in the timing substudy (i.e.,
starting basal insulin any time prior to lixisen-
atide, 1-90 days after lixisenatide, and at least
91 days after lixisenatide). Rosenstock et al., in
the discussion of their own study of the relative
timing of initiation of basal insulin and GLP-1
RAs [16], recommended focusing on partici-
pants who initiated therapies at most 30 days
apart. Using narrow cohort brackets would
provide a clearer time point cutoff for the per-
ceived benefit of starting basal insulin close in
time to the initiation of lixisenatide. Other
limitations include the lack of an assessment of
the effect of prior OAD use on glycemic out-
comes, the fact that compliance with lixisen-
atide was assessed subjectively and only at
6 months, and that confounding factors, such
as compliance with combination therapy and
the type of insulin, were not assessed. In addi-
tion, as a result of the nature of our study design
(PMS), collection of continuous glucose moni-
toring (CGM) data was not possible. It should
also be noted that clinical use of CGM was not
reimbursed for the wider population with T2D
in Japan until April 2022. Lastly, small subgroup
sizes may have introduced bias, for example in
the subgroups in which basal insulin was initi-
ated 1-90 days or at least 91 days after lixisen-
atide (=72 and n=75  respectively).
Similarly, missing data may not have occurred
at random, so the LOCF method for imputation
may also introduce a bias, leading to potential
over- or underestimation of effectiveness [32].

CONCLUSION

Better glycemic control in Japanese people with
T2D is provided when lixisenatide and basal
insulin are initiated simultaneously rather than
sequentially, as well as by good short-term

treatment compliance to GLP-1 RA therapy. The
long-term relationship between drug compli-
ance and both glycemic control and ADRs
warrants further investigation.
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