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ABSTRACT

Introduction: This real-world study investi-
gated glycaemic control and quality of life
(QoL) in insulin-experienced Japanese patients
with type 2 diabetes (T2D) who switched to
insulin degludec/insulin aspart (IDegAsp).
Methods: This was a prospective, non-inter-
ventional, open-label, single-arm study. Eligible
patients were adults (aged C 20 years) with
T2D, previously treated with insulin glargine
100 or 300 units/mL (glargine U100/U300) with
or without prandial insulin, who switched to
IDegAsp as part of routine practice. Change
from baseline to end of study (EOS; 26 weeks
after initiation or IDegAsp discontinuation) in

the following endpoints was assessed by adjus-
ted mixed models for repeated measures: gly-
cated haemoglobin (HbA1c; primary endpoint),
fasting plasma glucose (FPG), insulin dose and
total Diabetes Therapy-Related Quality of Life
(DTR-QoL) score. Non-severe hypoglycaemia
was assessed in the 4-week period prior to ini-
tiating IDegAsp and in the 4-week period before
EOS or discontinuation using negative binomial
regression.
Results: The full analysis set included 236
patients from 29 centres in Japan with mean
(± SD) age 63.2 years (± 12.3), HbA1c 7.7%
(± 1.0) and diabetes duration 14.9 (± 9.3) years.
After 26 weeks with IDegAsp, HbA1c (estimated
change - 0.1% [- 0.2; 0.0]95% confidence interval (CI),
p = 0.3036) and FPG (- 7.5 mg/dL
[- 23.5; 8.5]95% CI, p = 0.3477) were maintained;
there were significant reductions in basal
and total insulin dose: estimated change
of - 3.4 units/day [- 3.8; - 3.0]95% CI and
- 1.0 units/day [- 1.9; - 0.1]95% CI, respectively
(both p\0.05). Non-severe hypoglycaemia rates
were similar in the periods before and after initi-
ating IDegAsp, while there was a significant
improvement in total DTR-QoL score after
26 weeks with IDegAsp (p = 0.0012).
Conclusion: These real-world data suggest that
switching to IDegAsp from glargine U100 or
U300 was well tolerated in a Japanese popula-
tion with T2D, with no new safety or tolerabil-
ity signals, and associated with maintenance of
glycaemic control and improved QoL.
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Key Summary Points

Why carry out this study?

Clinical inertia—the failure to establish
appropriate targets and escalate treatment
to achieve treatment goals—is prevalent
in clinical practice, particularly when
considering the initiation of insulin in
patients with type 2 diabetes (T2D).

Randomised controlled trials (RCTs) of
insulin degludec/insulin aspart (IDegAsp),
a co-formulation of basal and prandial
insulin delivered by a pre-filled injection
pen either once or twice daily, have
demonstrated efficacy and safety in
insulin-naı̈ve and insulin-experienced
Japanese patients with T2D.

However, there are currently no RCTs
evaluating the switch to IDegAsp from
insulin glargine in Japanese patients with
T2D, and real-world data are lacking.

The present real-world, prospective, non-
interventional, single-arm study
investigated glycaemic control and
quality of life (QoL) in patients who
switched to IDegAsp from insulin glargine
100 or 300 units/mL, with or without
prandial insulin and as part of routine
clinical practice, in a Japanese population
with T2D.

What was learned from the study?

Switching to IDegAsp for 26 weeks was
associated with maintenance of glycaemic
control, a lower daily total and basal
insulin dose requirement, a similar
incidence of non-severe hypoglycaemia
and improvements in QoL in comparison
with baseline prior to the switch.

These real-world data are in alignment
with the findings of previous RCTs—that
initiating IDegAsp in insulin-experienced
Japanese patients with T2D is well
tolerated and associated with the
maintenance of glycaemic control—and
may provide insights on switching from
insulin glargine to IDegAsp.

INTRODUCTION

In 2019, the overall prevalence of diabetes in
Japan was 7.9%, with 7.4 million Japanese
adults living with the disease [1]; this is pre-
dicted to rise to 9.7 million (9.8% prevalence)
by 2030, mostly due to population ageing [2].
Current Japan Diabetes Society (JDS) clinical
guidelines recommend an oral blood glucose
(BG)-lowering medication and/or a glucagon-
like peptide-1 receptor agonist (GLP-1 RA) in
patients with type 2 diabetes (T2D) who have
not achieved individualised treatment targets
within 2–3 months of lifestyle changes [3].
Guidelines recommend increasing the dose of
or adding further oral BG-lowering medications,
or adding a GLP-1 RA/insulin to the therapeutic
regimen of patients who do not achieve their
glycaemic goals with their current intervention
[3]. Intensive insulin therapy is recommended
in patients who still do not achieve their gly-
caemic goals with the previous interventions
[3].

Japanese patients with T2D are characterised
by reduced insulin secretion compared with
Caucasians [4, 5], while a traditionally carbo-
hydrate-rich diet [6] emphasises the need to
effectively target prandial hyperglycaemia. Due
to these pathophysiologic characteristics asso-
ciated with Japanese patients, and the progres-
sive nature of T2D, initiation and
intensification of insulin therapy is often
required [7]. Clinical inertia—the failure to
establish appropriate targets and escalate treat-
ment to achieve treatment goals—is prevalent
in clinical practice, particularly when consider-
ing the initiation of insulin in patients with
T2D [8]. The reasons for clinical inertia in
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insulin initiation are multifactorial and include
preconceptions regarding the increased burden
of multiple injections and BG monitoring, as
well as the complexity of multi-medication
regimens. However, inertia is responsible for
substantial preventable diabetes-related com-
plications and associated healthcare costs [8].

Insulin degludec/insulin aspart (IDegAsp) is
a soluble co-formulation of insulin degludec
consisting of a basal insulin analogue with an
ultra-long duration of action and insulin aspart,
a rapid-acting prandial insulin analogue, in a
single injection [9]. The individual components
of IDegAsp maintain their distinct pharma-
cokinetic and pharmacodynamic properties in
IDegAsp, thereby avoiding the ‘shoulder effect’
associated with pre-mixed insulins. This effect
may increase the risk of hypoglycaemia as the
long-acting basal component can protract the
action of the rapid-acting prandial component
[10]. IDegAsp is delivered subcutaneously via a
pre-filled insulin pen, thus eliminating the need
for re-suspension [9]. It is administered once or
twice daily [9], with the potential to reduce the
daily number of insulin injections when com-
pared with basal–bolus insulin regimens [10].

Treat-to-target randomised controlled trials
(RCTs) of IDegAsp have demonstrated similar
efficacy to various insulin comparators in global
patient populations across the clinical contin-
uum of T2D, including in insulin-experienced
patients [11–14]. Similar efficacy with a good
safety and tolerability profile has been demon-
strated in RCTs in Japan of both once-daily
IDegAsp versus insulin glargine (glargine) in
insulin-naı̈ve patients and twice-daily IDegAsp
versus biphasic insulin aspart 30 (BIAsp 30) in
insulin-experienced patients [15–17]. However,
there are currently no RCTs evaluating the
switch from insulin glargine to IDegAsp in
Japanese patients with T2D.

Earlier studies noted improvements with
IDegAsp versus comparators in terms of gly-
caemic control endpoints in Japanese patients
with T2D [15–17]. In 2015, these results sup-
ported the launch of IDegAsp in Japan for
patients with T2D requiring insulin therapy.
While RCTs are considered the ‘gold standard’
in research, the rigorous design and strict eligi-
bility criteria of most RCTs mean that their

results may not be generalisable to general
patient populations [18]. RCT data can be
complemented by real-world studies, which
provide a bridge from the results of RCTs to
daily clinical practice [18].

The present real-world study was undertaken
to investigate glycaemic control and quality of
life (QoL) in Japanese patients with T2D who
switched to IDegAsp from insulin glargine
100 units/mL (glargine U100) or 300 units/mL
(glargine U300), with or without prandial insu-
lin and as part of routine clinical practice.

METHODS

Study Design

This was a prospective, non-interventional,
open-label, single-arm study which took place
between November 2018 and October 2019 at
29 centres across Japan. The study design is
presented in Electronic Supplementary Material
(ESM) Fig. S1. The study was conducted in
accordance with the Declaration of Helsinki,
the Guidelines for Good Pharmacoepidemiol-
ogy Practice and the Guideline on Good Phar-
macovigilance Practices (Module VI) [19–21].
Additionally, the Ethical Guidelines for Medical
and Health Research Involving Human Subjects
[22] were followed, as required in Japan. The
study protocol was approved by the appropriate
independent ethics committees/institutional
review boards at each site. A full list of the
research ethics boards/institutional review
boards, with their reference numbers, is pro-
vided in ESM Table S1. All patients provided
written informed consent prior to participation.

Study Population

Eligible patients were adults aged C 20 years
who had been diagnosed with T2D for
C 26 weeks prior to signing an informed con-
sent form; who had been treated with a glargine
product (either U100 or U300, including
biosimilar) for C 26 weeks prior to switching to
IDegAsp, as part of routine clinical practice; and
who had an available glycated haemoglobin
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(HbA1c) measurement B 12 weeks prior to this
therapeutic switch. Patients treated with
glargine U300 prior to switching must have
received glargine U300 for C 12 weeks prior to
the switch to IDegAsp and, as such, could have
been treated with glargine U100 for the initial
14 weeks of the minimum 26 weeks of treat-
ment with a glargine product. Patients who had
previously received treatment with, or with
known hypersensitivity to, IDegAsp were
excluded from the study. Pregnant patients
were also excluded. A full list of the inclusion,
exclusion and withdrawal criteria is presented
in ESM Table S2. To ensure the inclusion of
patients previously treated with glargine U300,
the proportion of patients switching from
glargine U100 was capped at 80%.

Patients were switched to IDegAsp at the
discretion of the treating physician, as part of
routine clinical practice, and in accordance
with local guidelines in Japan. The decision to
initiate treatment with IDegAsp was made
before, and independently from, the decision to
include the patient in the study. IDegAsp was
administered via a pre-filled insulin pen at the
starting dose selected by the treating physician.
All subsequent IDegAsp dose adjustments and
the initiation, dose adjustment or discontinua-
tion of other BG-lowering medications (includ-
ing other insulins) were made at the treating
physician’s discretion. The analytical datasets
and observation periods are described in ESM
Method 1.

Study Endpoints

The primary endpoint was change in HbA1c (as
measured by a local laboratory) from baseline to
end of study (EOS) or IDegAsp discontinuation.
Secondary endpoints included change from
baseline to EOS in the following endpoints:
daily total, basal, and prandial insulin dose;
fasting plasma glucose (FPG; as measured by a
local laboratory); and Diabetes Therapy-Related
QoL (DTR-QoL) score. The DTR-QoL question-
naire assesses the influence of diabetes treat-
ment on health-related QoL. It consists of 29
items from the following domains: ‘burden on
social activities and daily activities’ (13 items);

‘anxiety and dissatisfaction with treatment’
(eight items); ‘hypoglycaemia’ (four items); and
‘satisfaction with treatment’ (four items). The
total DTR-QoL score ranges from 0 to 100, with
100 representing the highest health-related
QoL. Two questions related to willingness to
continue IDegAsp treatment (yes/no) and pref-
erence for IDegAsp over the previous treatment
(yes/no) were posed to all patients at EOS or at
IDegAsp discontinuation (including patients
who had withdrawn from study).

Additional endpoints included self-reported
patient recollection of overall (i.e. at any time)
or nocturnal hypoglycaemia in the periods
before and after initiating IDegAsp. Non-severe
hypoglycaemia was defined as an event with
symptoms and/or a self-monitored blood glu-
cose value B 70 mg/dL, while severe hypogly-
caemia was defined as an event requiring
assistance from another person to actively
administer carbohydrate or glucagon, or take
another corrective action [23]. Nocturnal
hypoglycaemic events were categorised based
on the patient’s answer to the question, ‘how
many of these occurred between midnight and
early morning?’. Data for adverse events (AEs)
were also collected.

Baseline was defined as the visit at which
IDegAsp was initiated (week 0). For assessment
of the HbA1c, FPG and insulin dose endpoints,
baseline was defined as the period B 12 weeks
prior to the treatment initiation visit (week 0),
with the most recent measurement selected
when multiple measurements were available.
EOS was defined as the first visit within the
period between week 24 and week 34 (termed
week 26). If multiple measurements were avail-
able for an endpoint within this period, the
most recent measurement relative to the EOS
visit was selected. Data were collected via an
electronic clinical record form completed by the
treating physician using available data from
patients’ medical records and paper-based
patient-reported outcomes.

Statistical Analyses

Assuming an estimated mean ± standard devi-
ation (SD) change in HbA1c of 0.3% ± 1.3 and a
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study completion rate of 85%, the enrolment of
236 patients in the study was planned to detect
this difference at 90% power. Patient charac-
teristics, DTR-QoL domain scores and AEs were
summarised descriptively. Primary analyses
were conducted for the full analysis set (FAS)
and the on-treatment observation period via
crude and adjusted mixed models for repeated
measures (MMRMs) for the change from base-
line to EOS for the following endpoints: HbA1c
(primary endpoint); FPG; and daily total, basal
and prandial insulin dose. For the primary
endpoint, the crude and adjusted MMRMs had
an unstructured covariance matrix, time and
time squared as fixed effects and patient and
patient 9 time as random coefficients. The
crude MMRM included baseline HbA1c and
time of baseline HbA1c measurement as
covariates. The adjusted MMRM included base-
line HbA1c, time, age, sex, diabetes duration,
body mass index (BMI), baseline prandial insu-
lin, baseline GLP-1 RA and study site as
covariates.

Secondary analyses of the primary endpoint
included: (1) an intention-to-treat analysis that
considered the FAS and the in-study observa-
tion period (via crude and adjusted MMRMs,
similar to the primary analysis), and (2) crude
and adjusted analyses of covariance (ANCOVAs)
that considered the complete-on-treatment
analysis set. The crude ANCOVA included
baseline HbA1c and time of baseline HbA1c
measurement as covariates. The adjusted
ANCOVA included the following covariates:
baseline HbA1c, age, sex, diabetes duration,
BMI, baseline glargine (U100/U300), baseline
prandial insulin and baseline GLP-1 RA.

Primary analyses via crude and adjusted
MMRMs were repeated for the secondary end-
points (change from baseline in FPG and total,
basal and prandial insulin dose). The MMRM
structure was similar to those used for the pri-
mary endpoint but with baseline HbA1c sub-
stituted with the baseline value of the relevant
endpoint and inclusion of an additional
covariate of baseline sulphonylurea/glinide.
Secondary analyses were performed for the
change from baseline in daily total, basal, and
prandial insulin dose via crude and adjusted
ANCOVAs that considered the FAS and the on-

treatment observation period. The ANCOVA
structure was similar to those used for the pri-
mary endpoint but substituted baseline HbA1c
with the relevant baseline insulin dose. Due to
the small number of patients receiving prandial
insulin, the planned analyses of this endpoint
could not be performed, and these data were
summarised descriptively. The change from
baseline in total DTR-QoL score was analysed
using a crude MMRM with time (visit) as fixed
coefficient and a random intercept to accom-
modate variability in scores at baseline.

The incidence of hypoglycaemia (overall
non-severe, nocturnal non-severe, overall severe
and nocturnal severe) was analysed in the FAS
for the on-treatment observation period using
negative binomial regression models with the
log-transformed follow-up time as offset. Mod-
els compared the incidence within the 4 weeks
prior to initiating IDegAsp with that within the
4 weeks prior to EOS or discontinuation for
non-severe hypoglycaemic events, and within
the 26 weeks prior to initiating IDegAsp with
that within the 26 weeks prior to EOS or dis-
continuation for severe hypoglycaemic events.
Secondary analyses were performed for the
complete-on-treatment analysis set using nega-
tive binomial regression models. Due to a low
incidence of severe hypoglycaemia, planned
statistical analyses could not be performed for
the overall and nocturnal severe hypoglycaemia
endpoints, which were summarised
descriptively.

The following post hoc analyses were con-
ducted: the primary analysis of the primary
endpoint was repeated for the FAS stratified by
age (\65 years and C 65 years); the secondary
analysis of the primary endpoint was repeated
for the complete-on-treatment analysis set
stratified by baseline HbA1c (\7.0%; C 7.0
to\8.0%; C 8.0%); and a crude ANCOVA
analysed the change from baseline in total DTR-
QoL score in the complete-on-treatment analy-
sis set stratified by baseline HbA1c (\7.0%; 7.0
to\8.0%; C 8.0%).

Missing data were not imputed, and p\0.05
was considered to be statistically significant.
The results of the primary analyses of endpoints
are presented throughout the results, with the
adjusted analysis reported preferentially when
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both crude and adjusted primary analyses were
performed. The results of additional analyses
are reported in the ESM and referred to in the
main text.

RESULTS

Study Population

Overall, 246 patients across 29 centres in Japan
were enrolled, of whom 236 were eligible and
included in the FAS. Ten patients did not meet
study inclusion/exclusion criteria and had been
enrolled in error; they were withdrawn from the
study (ESM Fig. S2). In total, 229 patients
(97.0% of the FAS) completed the study, while
19 patients (0.1%) discontinued IDegAsp during
the study. The baseline characteristics of the
study population are presented in Table 1. At
baseline, patients had mean ± SD age of
63.2 ± 12.3 years, HbA1c of 7.7 ± 1.0%, BMI of
25.8 ± 4.7 kg/m2 and diabetes duration of
14.9 ± 9.3 years. Biguanides and dipeptidyl
peptidase-4 inhibitors were the most utilised
non-insulin BG-lowering medications, used by
94 (54.3%) and 81 (46.8%) patients, respec-
tively. Prior to switching to IDegAsp, most
patients (n = 143; 60.6%) were treated with
glargine U100 at a mean ± SD dose of
15.2 ± 10.3 units, while the majority
(n = 225; 95.3%) of patients switched to receive
IDegAsp administered once daily.

Glycaemic Control

Observed mean ± SD HbA1c was 7.6 ± 1.0%
after 26 weeks of treatment with IDegAsp and
7.7 ± 1.0% at baseline (estimated change
- 0.1% [- 0.2; 0.0]95% confidence interval (CI),
p = 0.3036) (Fig. 1). Results of the crude and
secondary analyses were consistent with the
main result: HbA1c was similar at baseline and
after 26 weeks’ treatment with IDegAsp
(p C 0.05 for all) (ESM Table S3). Similarly, FPG
was maintained over 26 weeks of treatment
with IDegAsp (EOS 148.7 mg/dL; baseline
140.4 mg/dL; estimated change - 7.5 mg/dL
[23.5; 8.5]95% CI, p = 0.3477) (Fig. 2; ESMTable S4).

In post hoc analyses of the change in HbA1c
from baseline to 26 weeks after IDegAsp initia-
tion, there was a significant improvement in
glycaemic control in patients aged C 65 years
(estimated change - 0.2% [- 0.3; - 0.1]95% CI,
p = 0.0304) that was not observed in those
aged\65 years (ESM Table S5). There was vari-
ation among patients stratified by baseline
HbA1c, with a significant increase in HbA1c
after 26 weeks of treatment with IDegAsp in
those with baseline levels \ 7.0% (estimated
change 0.2% [0.1; 0.3]95% CI, p = 0.0020), no
significant difference in those with baseline
HbA1c C 7.0 to \ 8.0% and a significant
reduction in HbA1c in those with baseline levels
C 8.0% (estimated change - 0.3%
[- 0.5; - 0.1]95% CI, p = 0.0051) (ESM Table S5).

Insulin Dosing

There were significant reductions in daily insu-
lin dose for both the basal and total (basal and
prandial) components after 26 weeks of treat-
ment with IDegAsp (Fig. 3). Observed mean ±

SD basal insulin dose was 15.2 ± 9.6 units/day
at baseline, decreasing to 11.9 ± 7.0 units/day
at EOS (estimated change - 3.4 units/day
[- 3.8; - 3.0]95% CI, p \ 0.0001). For total
insulin dose, the observed mean ± SD dose was
18.9 ± 14.4 units/day at baseline, decreasing to
18.0 ± 11.7 units/day after 26 weeks of treat-
ment with IDegAsp (estimated
change - 1.0 units/day [- 1.9; - 0.1]95% CI,
p = 0.0273). Results of the crude analyses were
consistent with the main result for basal insu-
lin, but the differences between baseline and
EOS were not significant in the crude analysis of
the total insulin dose (ESM Table S6). Results of
the secondary analyses were consistent with the
main results.

At baseline, 49 patients received prandial
insulin at an observed mean ± SD dose of 18.2
± 11.6 units/day (Fig. 3). During the study, 30
patients (61.2% of the 49 patients) discontinued
prandial insulin. For the 19 patients receiving
prandial insulin at EOS, the observed mean ±

SD prandial insulin dose decreased from
20.1 ± 12.3 units/day at baseline to
15.7 ± 11.9 units/day after 26 weeks; however,
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Table 1 Baseline characteristics of patients enrolled in the study

Baseline characteristic Full analysis set (N = 236)

Age, years 63.2 ± 12.3 [n = 236]

Male, n (%) 136 (57.6) [n = 236]

Duration of type 2 diabetes, years 14.9 ± 9.3 [n = 228]

BMI, kg/m2 25.8 ± 4.7 [n = 224]

HbA1c, % 7.7 ± 1.0 [n = 236]

FPG, mg/dL 148.7 ± 46.9 [n = 105]

Baseline use of non-insulin diabetes medication, n (%) [n = 173]

Biguanide 94 (54.3)

Sulphonylurea 26 (15.0)

Sulphonamide 0 (0.0)

Alpha-glucosidase inhibitor 30 (17.3)

Thiazolidinedione 16 (9.2)

Dipeptidyl peptidase-4 inhibitor 81 (46.8)

Sodium-glucose cotransporter-2 inhibitor 55 (31.8)

Glucagon-like peptide-1 receptor agonist 18 (10.4)

Other (excluding insulins) 30 (17.3)

Baseline glargine administered, n (%) [n = 236]

Glargine U100 143 (60.6)

Glargine U300 93 (39.4)

Baseline glargine dose, units/day

Glargine U100 15.2 ± 10.3 [n = 143]

Glargine U300 15.1 ± 8.5 [n = 93]

Prandial insulin dose, units/day 18.2 ± 11.6 [n = 49]

Frequency of prandial insulin administration, n (%) [n = 49]

Once daily 16 (6.8)

Twice daily 18 (7.6)

Three times daily 15 (6.4)

Reason for switching to IDegAsp, n (%) [n = 236]

To improve glycaemic control 214 (90.7)

Unacceptable hypoglycaemia 2 (0.8)

Patient wants to try an alternative diabetes medication 1 (0.4)

Patient wants to try an alternative pen device 1 (0.4)
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Table 1 continued

Baseline characteristic Full analysis set (N = 236)

Patient requires a high insulin dose and multiple daily injections 6 (2.5)

High day-to-day blood glucose variability 4 (1.7)

Eating habits that fit the pharmacokinetic profile of IDegAsp 30 (12.7)

Other 10 (4.2)

Data are presented as the mean ± standard deviation (SD) unless otherwise specified
BMI Body mass index, FPG fasting plasma glucose, glargine U100 insulin glargine 100 units/mL, glargine U300 insulin
glargine 300 units/mL, HbA1c glycated haemoglobin, IDegAsp insulin degludec/insulin aspart, N total number of patients,
n number of patients with observation

Fig. 1 Change in mean HbA1c from baseline to 26 weeks
after insulin degludec/insulin aspart (IDegAsp) initiation.
Full analysis set, on-treatment observation period. Data are
observed means (± standard deviation [SD]). Estimated
mean change (from baseline to end of study) was derived
by an adjusted mixed model for repeated measurements
(MMRM) with an unstructured covariance matrix, time
and time squared as fixed effects, and patient and patient

9 time as random coefficients. The model included
baseline HbA1c, time, age, sex, diabetes duration, body
mass index (BMI), baseline prandial insulin, baseline
glucagon-like peptide-1 receptor agonist (GLP-1 RA) and
study site as covariates. CI Confidence interval, HbA1c
glycated haemoglobin, n number of patients contributing
data to time point
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due to the small patient number, the signifi-
cance could not be tested.

DTR-QoL Scores

The total DTR-QoL score improved from an
observed mean ± SD of 67.3 ± 16.3 at baseline
to 70.6 ± 16.1 at EOS (estimated change 3.4
[1.3; 5.4]95% CI, p = 0.0012). There were
numerical improvements in median score for all
domains between baseline and 26 weeks after
initiating IDegAsp, with only one exception—
hypoglycaemia—where the score stayed the
same (Fig. 4). The ‘anxiety and dissatisfaction
with treatment’ score increased from an
observed median of 56.3 at baseline to 62.5 at
EOS; the ‘social and daily activities’ score
improved from 75.6 to 82.1; and the

‘satisfaction with treatment’ score improved
from 50.0 to 54.2; in contrast, the ‘hypogly-
caemia’ score did not change (83.3 at baseline
and EOS). In analyses stratified by baseline
HbA1c, there were significant improvements in
total DTR-QoL score after switching to IDegAsp
in patients with baseline HbA1c C 7.0 to\8.0%
or C 8.0% (p\ 0.05 for both), but no significant
difference in those with baseline HbA1c\7.0%
(ESM Table S7).

Treatment Preference

Overall, 186 patients (78.8%) reported that they
were willing to continue treatment with
IDegAsp at EOS, and 175 (74.2%) preferred
IDegAsp to their previous treatment (ESM
Fig. S3).

Fig. 2 Change in mean FPG from baseline to 26 weeks
after IDegAsp initiation. Full analysis set, on-treatment
observation period. Analysed by a crude and an adjusted
MMRM with an unstructured covariance matrix, time and
time squared as fixed effects, and patient and patient 9

time as random coefficients. The model included baseline
FPG, time, age, sex, diabetes duration, BMI, baseline
prandial insulin, baseline GLP-1 RA, baseline sulphony-
lurea/glinides and study site as covariates. FPG Fasting
plasma glucose; see Fig. 1 caption for other abbreviations
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Hypoglycaemia

The observed incidence rate of both overall and
nocturnal non-severe hypoglycaemia decreased
between the 4-week period prior to initiating
IDegAsp and the 4-week period before EOS
(Table 2). Prior to initiating IDegAsp, the rate of
overall non-severe hypoglycaemia was
3.86 events per patient-year, compared with
2.44 events per patient-year after initiating
IDegAsp (estimated rate ratio 0.63 [0.29;
1.38]95% CI, p = 0.2496). Similarly, there were
1.02 and 0.31 events per patient-year of noc-
turnal non-severe hypoglycaemia in the periods
before and after initiating IDegAsp, respectively

(estimated rate ratio 0.31 [0.07; 1.37]95% CI,
p = 0.1212). However, the numerical trends
toward lower rates of non-severe hypoglycaemia
after switching to IDegAsp were not statistically
significant. There was a single event of severe
hypoglycaemia within either of the 26-week
periods before and after initiating IDegAsp that
took place in one patient before initiating IDe-
gAsp; the low incidence precluded statistical
comparisons of severe hypoglycaemia (Table 2).
The secondary analyses of non-severe hypogly-
caemia rates were consistent with the primary
analyses (ESM Table S8).

Fig. 3 Change in mean insulin dose from baseline to
26 weeks after IDegAsp initiation. Full analysis set, on-
treatment observation period. Data are observed means
(± SD). Estimated mean change (from baseline to end of
study) was derived using adjusted MMRMs with an
unstructured covariance matrix, time and time squared as
fixed effects, and patient and patient 9 time as random

coefficients. The models included baseline insulin dose,
time, age, sex, diabetes duration, BMI, baseline prandial
insulin, baseline GLP-1 RA, baseline sulphonylurea/glin-
ides and study site as covariates. Superscript ‘a’ indicates
that insufficient data were available for statistical analysis.
N/A Not applicable; see Fig. 1 caption for other
abbreviations
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Adverse Events

Overall, 330 AEs were reported in 112 patients
(47.5%) (Table 3). Of the 330 AEs, 316 were
non-serious and 311 were judged to be mild in
severity. A total of 14 serious AEs (SAEs) were
reported in 13 patients, of which nine were
deemed to be of mild or moderate severity and
five deemed to be severe. All SAEs were deter-
mined unlikely to be related to IDegAsp with a
single exception: one SAE—‘hypoglycaemia’—
was possibly related to IDegAsp. By system
organ class, the most frequently occurring AEs
were metabolism and nutritional disorders
(21.6% of patients), infections and infestations
(17.4%) and gastrointestinal disorders (5.9%).
Within these system organ classes, the most
frequently occurring AEs were reported for the
following preferred terms: hypoglycaemia
(19.9% of patients), nasopharyngitis (10.2%)

and influenza (2.1%). There were no pregnan-
cies or deaths reported during the study.

DISCUSSION

In the present real-world, prospective, non-in-
terventional study, Japanese patients with T2D
were switched to IDegAsp from glargine U100
or U300, with or without prandial insulin, and
as part of routine clinical practice. In this
patient population, switching to IDegAsp for
26 weeks was associated with maintenance of
glycaemic control, a lower daily total and basal
insulin dose requirement, a similar incidence of
non-severe hypoglycaemia and improvements
in QoL in comparison with baseline prior to the
switch.

Glycaemic control was similar at baseline
and EOS, although there were numerical trends
toward reductions in HbA1c (- 0.1%; p = non-

Fig. 4 Median Diabetes Therapy-Related Quality of Life (DTR-QoL) scores at baseline and 26 weeks after IDegAsp
initiation. Data are observed median scores. n Number of patients contributing data to time point
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significant) and FPG (- 7.5 mg/dL; p = non-
significant). While the differences in glycaemic
control after switching from glargine U100 or
U300 to IDegAsp were not statistically signifi-
cant in this real-world setting, there were sta-
tistically significant FPG improvements with
IDegAsp versus BIAsp 30 in two treat-to-target
RCTs of insulin-experienced patients with T2D
from Japan [16, 17]. Moreover, once-daily IDe-
gAsp was superior to once-daily glargine U100
with respect to the change from baseline to
26 weeks in HbA1c (estimated treatment differ-
ence - 0.28% [- 0.46; - 0.10]95% CI, p\ 0.01)
in a treat-to-target RCT of insulin-naı̈ve Japa-
nese patients with T2D [15]. There are key dif-
ferences between RCTs and real-world studies,
with clincal trials characterised by a tendency
toward strict eligibility criteria, close monitor-
ing, treat-to-target designs, and a fixed-treat-
ment regimen [18]. Of note, the patient
populations enrolled in the RCTs of IDegAsp in
Japan had higher baseline HbA1c levels
(8.3–8.4%) compared with the real-world cohort
in the present study (7.7%).

Elderly patients have been highlighted as an
important subgroup to consider and research by
the JDS, and the development of therapies that
provide glycaemic control without increasing
hypoglycaemia is of particular importance in
this patient population [24]. In the present
study, post hoc analyses indicated that switch-
ing to IDegAsp was associated with a significant
improvement in HbA1c in patients
aged C 65 years, which was not observed in
those aged\65 years, with no episodes of sev-
ere hypoglycaemia in patients of any age. Post-
prandial hyperglycaemia makes a greater
contribution to total hyperglycaemia in people
aged C 65 years than in those aged\65 years
[25]. Given that most patients in this study were
not receiving prandial insulin, targeting post-
prandial glucose in addition to FPG after the
switch to IDegAsp may have a greater impact on
glycaemic control in the elderly compared with
younger people. However, as this study was not
powered for subgroup analyses, the results of
the post hoc analysis should be interpreted with
caution.

Table 2 Hypoglycaemia within the periods prior to, and after, initiating IDegAsp

Hypoglycaemiaa Events prior to
initiating
IDegAsp

Events after
initiating
IDegAsp

Estimated rate ratio [95% CI] p value

n R n R

Overall non-severe hypoglycaemia 27 3.86 21 2.44 0.63 [0.29; 1.38] 0.2496

Nocturnal non-severe hypoglycaemia 9 1.02 3 0.31 0.31 [0.07; 1.37] 0.1212

Overall severe hypoglycaemia 1 N/Aa 0 N/Aa N/Aa N/Aa

Nocturnal severe hypoglycaemia 0 N/Aa 0 N/Aa N/Aa N/Aa

Self-reported hypoglycaemic events in the full analysis set and on-treatment observation period. Estimated rate ratios were
based on negative binomial regression models, with log-transformed follow-up time as offset, and compared the incidence of
non-severe hypoglycaemia within the 4-week period prior to initiating IDegAsp and the 4-week period prior to end of study
or discontinuation. Severe hypoglycaemia was reported for the 26-week period prior to initiating IDegAsp and the 26-week
period prior to end of study or discontinuation. Non-severe hypoglycaemia was defined as an event with symptoms and/or a
self-monitored blood glucose value B 70 mg/dL. Severe hypoglycaemia was defined as an event requiring assistance from
another person to actively administer carbohydrate, glucagon, or take another corrective action. Nocturnal events were
categorised based on the patient’s answer to the question, ‘how many of these occurred between midnight and early
morning’
CI confidence interval, n number of patients with an event, N/A not applicable, R events per patient-year
a Insufficient data for statistical analysis
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Over 26 weeks, switching to IDegAsp from
glargine U100 or U300 was associated with sig-
nificant reductions in the daily total and basal
insulin dose; furthermore, numerically fewer

patients required prandial insulin injections at
EOS compared with baseline, with a numerical
trend toward a lower daily prandial insulin dose
after initiating IDegAsp. As most patients were
not receiving prandial insulin at baseline, the
basal insulin dose reduction at EOS is likely to
reflect the additional contribution of the pran-
dial component of IDegAsp. The reduction in
total insulin dose, trend towards lower prandial
insulin dose and reduction in the number of
prandial insulin injections, albeit in a small
number of patients in this study, may have
implications in clinical practice, such as fewer
AEs and lower healthcare costs. Additionally,
the fewer injections when compared with
basal–bolus insulin regimens may help to
address some of the barriers to insulin intensi-
fication and reduce clinical inertia.

In a small, prospective, observational study
published in 2018, there was a significant QoL
improvement in patients with T2D from Japan
who had switched from twice-daily pre-mixed
insulin therapy requiring resuspension
(BIAsp 30 or biphasic human insulin) to twice-
daily IDegAsp [26]. In the present study,
switching from glargine with or without pran-
dial insulin to once-daily IDegAsp (95.3% swit-
ched to once-daily dosing) was associated with a
significant improvement in total DTR-QoL
score, which appeared to be numerically con-
sistent across most domains. In the post hoc
analyses, improvements in total DTR-QoL score
were observed in patients with baseline HbA1c
C 7.0 to\ 8.0% or C 8.0% (p\ 0.05 for both),
but there was no significant difference in those
with baseline HbA1c\7.0%. These results align
somewhat with those of the post hoc analysis of
the primary endpoint—the change in HbA1c
from baseline to EOS—where improvements in
glycaemic control were observed in patients
with baseline HbA1c C 8.0% but there was no
difference in those with baseline HbA1c C 7.0
to\8.0%, and a significant increase in HbA1c
in those with baseline levels\7.0%. Taken
together, these post hoc findings suggest that
patients with HbA1c C 8.0% at baseline derived
the greatest benefits from the treatment switch
from glargine U100 or U300 to IDegAsp in
terms of improved glycaemic control and QoL.
Improvements in QoL with IDegAsp may be an

Table 3 Safety outcomes over 26 weeks after initiating
IDegAsp

Adverse event n % E

Any 112 47.5 330

Severity

Mild 101 42.8 311

Moderate 12 5.1 13

Severe 6 2.5 6

Seriousness

Non-serious 104 44.1 316

Serious 13 5.5 14

Relatedness to IDegAsp

Probable 29 12.3 106

Possible 25 10.6 80

Unlikely 83 35.2 144

Outcome

Recovered/resolved 96 40.7 286

Recovering/resolving 9 3.8 10

Recovered/resolved with sequelae 0 0 0

Not recovered/not resolved 28 11.9 33

Fatal 0 0 0

Unknown 1 0.4 1

Observed in C 5% of patients, by SOC and PT

Metabolism and nutrition disorders 51 21.6 195

Hypoglycaemia 47 19.9 190

Infections and infestations 41 17.4 51

Nasopharyngitis 24 10.2 27

Gastrointestinal disorders 14 5.9 19

Observed events in the full analysis set
% Proportion of patients with an event, E number of
events, n number of patients with an event, PT preferred
term, SOC system organ class
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important driver of the reported preference for
IDegAsp compared with glargine by most
patients, as well as for patients’ stated willing-
ness to continue IDegAsp treatment after the
study.

During the study, there were trends toward a
reduction in overall and nocturnal non-severe
hypoglycaemia, which did not reach statistical
significance for either endpoint. In general,
treat-to-target RCTs have found similar rates of
overall and nocturnal confirmed hypogly-
caemia with IDegAsp versus insulin compara-
tors in both insulin-experienced and insulin-
naı̈ve Japanese patients [15–17]. However, the
rate of nocturnal confirmed hypoglycaemia was
found to be significantly lower with twice-daily
IDegAsp versus twice-daily BIAsp 30 in insulin-
experienced Japanese patients with T2D in a
subgroup analysis of a pan-Asian RCT [17].

In the present study, the incidence of severe
hypoglycaemia could not be statistically asses-
sed, as there were too few events. However, this
low incidence of severe hypoglycaemia may be
a positive indication for the use of IDegAsp in
Japanese patients with T2D. Fear of hypogly-
caemia is a barrier to insulin initiation and
intensification [27], particularly among elderly
patients with diabetes who tend to be suscepti-
ble to severe hypoglycaemia and who are
increasing in numbers in Japan [24]. In our
study, switching to IDegAsp was generally well
tolerated, with only 19 patients discontinuing
treatment over the study period. Additionally,
the reported AEs were consistent with the
known safety profile of IDegAsp in Japanese
patients with T2D [15, 16], and no new safety or
tolerability signals emerged. Of the SAEs repor-
ted, only one was determined to be possibly
related to IDegAsp treatment.

Our findings provide important insights into
the use of IDegAsp in a real-world setting in
Japan and have the potential to be generalised
across the broad Japanese population due to the
real-world, multicentre design of the study. Few
study inclusion and exclusion criteria were uti-
lised to better reflect the general adult Japanese
population with T2D. Compared with a previ-
ous real-world study in Japanese patients [26],
this study enrolled a larger cohort and there
were high rates of study completion, indicating

a robust dataset. However, there are some key
limitations that should be considered when
interpreting the results of this study. First,
although data were collected prospectively, due
to the open-label, non-interventional study
design, there is the potential for reporting bias
and confounding. Secondly, as this was a single-
arm study with no comparator group, the con-
tribution of a placebo effect cannot be ruled
out, and any other additional influences that
resulted in changes in endpoints from baseline
could not be investigated.

CONCLUSION

This was a real-world, prospective, non-inter-
ventional study of Japanese patients with T2D
who switched to IDegAsp from glargine U100 or
U300, with or without prandial insulin, as part
of routine clinical practice. Our findings suggest
that, in this patient population, switching to
IDegAsp for 26 weeks is associated with main-
tenance of glycaemic control, a lower total and
basal insulin dose requirement, a similar inci-
dence of non-severe hypoglycaemia and
improvements in QoL, in comparison with
baseline prior to the switch. Post hoc analyses
indicated that switching to IDegAsp was asso-
ciated with improved glycaemic control in
patients aged C 65 years and in those with
baseline HbA1c C 8.0%.
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