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ABSTRACT

Introduction: Insulin degludec/insulin aspart
(IDegAsp) provides effective glycaemic control
with an acceptable safety profile in Japanese
patients with diabetes in randomised clinical
trials. This post-marketing surveillance study
assessed long-term safety and clinical outcomes
with IDegAsp in a Japanese real-world setting.
Methods: Multicentre, prospective, observa-
tional, open-label, single-arm study of Japanese
patients with diabetes requiring insulin therapy,
who had switched to IDegAsp at their treating
physician’s discretion in clinical practice. One

year after initiating IDegAsp, incidence of
adverse events (AEs [primary endpoint]), serious
AEs, adverse drug reactions (ADRs), and severe
hypoglycaemia (secondary safety endpoints)
were assessed in the safety analysis set (SAS).
Secondary effectiveness endpoints were change
from baseline in glycated haemoglobin (HbA1c)
and fasting plasma glucose (FPG) in the effec-
tiveness analysis set (EAS).
Results: Overall, 1321 patients were included
(SAS, n = 1321; EAS, n = 1285); 4.2% with type 1
diabetes, 95.2% with type 2 diabetes, 0.7% with
other/unknown diabetes type. In total, 204 AEs
were reported in 132 patients (10.0% of the
SAS), at a rate [95% confidence interval (CI)] of
16.2 events/100 patient-years of exposure (PYE)
[14.0; 18.4]. By preferred term, ‘hypoglycaemia’
was the most frequent AE (45 events in 31
patients [2.3%]; rate [95% CI] 3.6 events/100
PYE [2.5; 4.6]). Serious AEs occurred in 4.2% of
patients (rate [95% CI] 5.7 events/100 PYE [4.4;
7.0]), and ADRs in 3.1% (rate [95% CI] 4.6
reactions/100 PYE [3.4; 5.8]). Six events of sev-
ere hypoglycaemia were reported in five
patients (0.4%; rate [95% CI] 0.5 events/100 PYE
[0.1; 0.9]). Change from baseline to 1 year was
- 0.51% and - 32.1 mg/dL for HbA1c and FPG,
respectively (P\0.0001 for both).
Conclusion: In Japanese patients with diabetes,
initiation of IDegAsp in real-world clinical
practice was well tolerated, with no new safety
signals, and associated with improved gly-
caemic control after 1 year.
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Key Summary Points

Why carry out this study?

Randomised controlled trials have shown
that insulin degludec/insulin aspart
(IDegAsp) is a well-tolerated and effective
therapy for diabetes in Japanese patients,
with an acceptable safety profile in line
with that observed in global populations.

However, long-term, real-world safety data
are lacking; a post-marketing surveillance
study was planned in Japan prior to the
launch of IDegAsp in 2015.

What was learned from this study?

In a real-world setting, IDegAsp was well
tolerated, with no unexpected safety or
tolerability concerns, over long-term
follow-up in this observational study of
clinical practice.

The initiation of IDegAsp in clinical
practice was associated with durable
improvements in glycaemic control.

INTRODUCTION

The prevalence of diabetes is increasing in Japan
and, in 2019, over 4.9 million people older than
65 years of age were diagnosed with type 1 dia-
betes (T1D) or type 2 diabetes (T2D) [1]. The
rising prevalence is predominantly driven by
the increasing prevalence of T2D, and is gener-
ally considered to be multifactorial, but attrib-
uted in part to lifestyle changes, increasing
prevalence of obesity, and an ageing
population.

Notably, Japanese patients with diabetes
have distinct characteristics from Caucasian

populations, specifically among those with
T2D. Japanese patients with T2D are more likely
to be diagnosed at a younger age, and at a lower
body mass index [2, 3]. Asian patients are likely
to have lower levels of insulin resistance and
greater impairment of insulin secretion relative
to patients globally [3]. In light of this, and
given the high carbohydrate content of the
typical Japanese diet, post-prandial glycaemia is
an important consideration in this group.
Consequently, the initiation and intensification
of insulin therapy are to be taken into careful
consideration for Japanese patients with dia-
betes, to achieve glycaemic targets by targeting
both fasting and post-prandial glucose.

However, there are perceived barriers to the
use of insulin in Japan, which can result in
treatment inertia [4, 5]; these may include the
complexity of regimens, in particular those with
multiple daily injections; side effects such as
hypoglycaemia or weight gain; fear of injections
by patients; and healthcare professionals’ per-
ception that adherence is poor [4]. Additionally,
the large proportion of elderly patients with
diabetes in Japan may amplify these barriers in
typical Japanese clinical practice [6]. Therapeu-
tic options with properties that might help to
overcome these barriers are therefore an
important unmet need in diabetes care.

Insulin degludec/insulin aspart (IDegAsp,
[Ryzodeg�, Novo Nordisk, Bagsværd, Denmark])
is a fixed-ratio co-formulation of insulin deglu-
dec, a basal insulin with an ultra-long duration
of action, and the rapid-acting insulin, insulin
aspart [7]. At steady state, IDegAsp offers clear
separation of the prandial and basal compo-
nents’ action, addressing both fasting and post-
prandial glycaemia with a single injection [7].
IDegAsp has been extensively investigated in
international populations in a global pro-
gramme of clinical trials, establishing the clini-
cal efficacy of IDegAsp in improving glycaemic
control in T1D and a broad spectrum of patients
with T2D, with an acceptable safety and toler-
ability profile in line with its component prod-
ucts [8–12]. IDegAsp was licensed for the
treatment of diabetes in adults, adolescents, and
children of C 2 years of age in 2013 in Europe
[13], and to improve glycaemic control in
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patients aged C 1 year old with diabetes by the
US Food and Drug Administration in 2015 [14].

The efficacy of IDegAsp in Japanese patient
populations with diabetes has been assessed
through a number of randomised controlled
trials (RCTs) [15–18]. The results of these trials
have shown that IDegAsp is associated with
significant improvements in glycated hae-
moglobin (HbA1c) in insulin-naı̈ve patients with
T2D versus insulin glargine [15], and non-infe-
rior glycaemic control in insulin-experienced
patients with T2D versus biphasic insulin
aspart 30 [16]. Furthermore, the safety findings
of these trials indicate that the use of IDegAsp in
Japanese patients has a similar safety and tol-
erability profile to that observed in the global
RCTs, with no new signals identified [15, 16].
On this basis, IDegAsp was granted approval in
Japan in 2012 for the treatment of patients with
diabetes requiring insulin, and launched in
December 2015 [19]. However, long-term safety
data in Japanese patients are still lacking, and
this post-marketing surveillance study was
planned to investigate outcomes over a longer-
term follow-up, as part of the approved drug re-
examination period in Japan.

This post-marketing surveillance study was
undertaken to assess long-term safety outcomes
over 1 year among patients with diabetes mel-
litus initiated on IDegAsp in clinical practice;
long-term clinical outcomes associated with the
use of IDegAsp were assessed as a secondary
outcome.

METHODS

This was a prospective, observational, open-la-
bel, single-arm study, conducted between July
2016 and November 2018 at 157 study sites
across Japan (Supplementary Material Fig. S1).

Inclusion and Exclusion Criteria

Patients were eligible for inclusion if they had
previously been diagnosed with diabetes and
required insulin therapy, regardless of age or
gender. The decision to initiate IDegAsp was
made by the treating physician in clinical
practice, prior to enrolment in the study.

Patients who had previously been treated with
IDegAsp were not included in the study, and
patients could be withdrawn at any time as a
result of withdrawn consent, discontinuation of
study medication, or the treating physician’s
concern about safety. A full list of inclusion,
exclusion, and withdrawal criteria can be found
in Supplementary Material Table S1.

Treatment

Patients were treated with IDegAsp according to
clinical practice at the discretion of their treat-
ing physician, and in accordance with the IDe-
gAsp package insert [20]; this included the
starting dose of IDegAsp and any subsequent
dose adjustments. Additional visits or assess-
ments were not undertaken as part of the study.
Diet and exercise therapy, and concomitant
medications, were initiated, changed, or dis-
continued at the treating physician’s discretion.
Adherence to treatment, after initiation of
IDegAsp, was defined at the physician’s discre-
tion as excellent (C 90% compliant), good
(50–90% compliant), poor (10–50% compliant),
or no compliance (B 10% compliant).

Study Populations

Two study populations for analysis were
defined: the safety analysis set (SAS) and the
effectiveness analysis set (EAS). The SAS com-
prised all patients who received C 1 dose of
IDegAsp during the study period and the EAS
comprised all patients from the SAS with C 1
post-baseline measurement of either HbA1c or
fasting plasma glucose (FPG) (both could
include patients who withdrew from the study).
Patients with other types of diabetes (not cate-
gorised as either T1D or T2D) were included in
the analyses and contributed to the ‘overall’
data, but to neither diabetes type alone.

Compliance with Ethics Guidelines

The study protocol was approved by the central
Institutional Review Board (IRB) Japan Confer-
ence of Clinical Research, or at participating
study sites. The study was conducted in
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accordance with the Declaration of Helsinki,
1964, and its later amendments, and the Phar-
maceutical and Medical Devices Agency Good
Post-Marketing Study Practice (GPSP) guidance.
All patients provided informed consent for
participation.

Endpoints

Primary and secondary safety endpoints were
assessed within the SAS; secondary effectiveness
and clinical outcome assessments were analysed
in the EAS. Pre-specified sub-analyses by dia-
betes type (T1D or T2D) and age group
(\65, C 65 to\ 75, or C 75 years old), and sub-
analyses for patients with renal impairment
were also conducted for selected endpoints.
Renal impairment was defined as mild (creatine
clearance rate [CCR] C 50 to B 80 mL/min),
moderate (CCR C 30 to\50 mL/min), or severe
(CCR\30 mL/min) at baseline.

Primary and Secondary Safety Endpoints
The primary safety endpoint was the incidence
of adverse events (AEs) occurring within 1 year
of initiating treatment. AEs were defined as any
untoward medical occurrence in a patient
administered IDegAsp, whether it was related to
IDegAsp or not.

Secondary safety endpoints included the
incidence over 1 year after the initiation of
IDegAsp of the following events in the SAS:
serious adverse events (SAEs), adverse drug
reactions (ADRs), serious ADRs (SADRs), severe
hypoglycaemic episodes, and serious allergic
reactions (systemic or localised, including
injection-site reactions). ADRs were defined as
any untoward medical occurrence in a patient
administered IDegAsp where a causal relation-
ship between IDegAsp and the occurrence was
suspected. Causality was based on the judge-
ment of the treating physician or the study
sponsor, Novo Nordisk. Hypoglycaemia was
judged at the physician’s discretion and was
based on presenting symptoms, self-measured
or laboratory-measured blood glucose levels, or
continuous glucose monitoring according to
the definition of hypoglycaemia as published in
the Treatment Guide for Diabetes by the Japan

Diabetes Society. Severe hypoglycaemia was
defined in this study as an episode requiring the
assistance of another person to actively admin-
ister carbohydrate, glucagon, or other resusci-
tative actions. SAEs and SADRs were defined as
those resulting in any of the following out-
comes: death, a life-threatening experience, in-
patient hospitalisation or prolongation of an
existing hospitalisation, a persistent or signifi-
cant disability or incapacity, a congenital
anomaly or birth defect, or when an AE may
have jeopardised the patient or required medi-
cal and/or surgical intervention to prevent one
of the outcomes listed previously, on the basis
of appropriate medical judgement.

Secondary Effectiveness and Clinical Outcome
Assessment Endpoints
The following secondary effectiveness end-
points were all assessed (measured by local lab-
oratory) after 1 year of treatment in the EAS:
change from baseline to 1 year after initiation of
IDegAsp in HbA1c and FPG; responder end-
points for HbA1c\6.0%,\ 7.0%, and \8.0%;
and composite responder endpoints for
HbA1c\6.0%,\ 7.0%, and \ 8.0%, without
severe hypoglycaemic episodes.

Statistical Analyses

The study sample size of 1000 patients com-
pleting 1 year of treatment was agreed with the
Pharmaceuticals and Medical Devices Agency
(PMDA); the aim to enrol 1250 patients was
based on an assumed drop-out rate of 20%, i.e.
250 patients who did not complete 1 year of
treatment with IDegAsp and the study. Elec-
tronic data collection was carried out in ADDIN
(INTAGE Healthcare Inc., Tokyo, Japan) and
data analysis using SAS version 9.4 (SAS Insti-
tute, Cary, NC, USA).

Safety endpoints were summarised descrip-
tively by system organ class (SOC) or preferred
term (PT), as the number of patients with at
least one event (n), the percentage of patients
with at least one event (%), the number of
events (E), and the rate per 100 person-years of
exposure (PYE, [R]), with 95% confidence
intervals (CIs). AEs and ADRs were coded using
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the most recent version of the Medical Dic-
tionary for Regulatory Activities (MedDRA)
coding and MedDRA/J version 22.0. Concomi-
tant medications were coded using the Medici-
nal Drug Name Data File.

Repeated measurements for effectiveness
endpoints (i.e. HbA1c or FPG) were summarised
descriptively at each visit using observed data
without any imputation for missing data.
Available data at each visit or time point were
used; not all participants had data available at
each visit. For patients who discontinued the
study medication or withdrew from the study,
available data from time points prior to dis-
continuation or withdrawal were used in the
effectiveness analyses. Changes from baseline in
HbA1c and FPG were analysed using a paired
t test in patients with data available at end of
study (EOS) (i.e. who had not discontinued the
study medication or withdrawn from the study
during follow-up). All results were interpreted
in a descriptive manner.

RESULTS

Patient Disposition

Overall, 1355 patients were enrolled across the
157 participating study sites; electronic case

report forms were completed for 1331 patients
(Fig. 1). Altogether, 10 patients were excluded
from the SAS (n = 1321); reasons for exclusion
are provided in Fig. 1. In total, 1285 patients
had sufficient data to be included in the EAS, of
whom, at 1 year, 973 had a recorded HbA1c

measurement and 319 had a measurement for
FPG. Over 1 year of treatment, 17.4% (n = 230)
of patients in the SAS discontinued the study.
Reasons for discontinuation included not
attending visits, changing hospital, deciding to
discontinue, symptoms improving, lack of effi-
cacy, and AEs. Of the patients in the SAS, 2.7%
(n = 36) discontinued the study because of AEs.

Baseline characteristics of patients in the SAS
are shown overall and by diabetes type in
Table 1. Overall, 95.2% of patients in the SAS
had T2D, 4.2% T1D, and 0.7% other or
unknown diabetes type (nine patients had been
diagnosed with a type of diabetes other than
T1D or T2D). Mean (standard deviation [SD])
age among the SAS was 67.5 years (12.6), dura-
tion of diabetes was 16.8 years (10.0), and HbA1c

was 8.5% (1.8); 55.6% were male. No paediatric
patients were enrolled in the study; 446 patients
(33.8% of the SAS) were aged \65 years, 446
(33.8%) were aged C 65 to\75 years, and 428
(32.4%) were aged C 75 years. In total, 502
patients had renal impairment at baseline. The
most common reason for initiating IDegAsp was

Fig. 1 Patient disposition. *Patients could select more
than one reason for discontinuing the study. CRF case
report form, EAS effectiveness analysis set, FPG fasting

plasma glucose, HbA1c glycated haemoglobin, m months,
n number of patients, SAS safety analysis set
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Table 1 Baseline characteristics

Characteristic Overall (n = 1321) T1D (n = 55) T2D (n = 1257)

Age, years 67.5 ± 12.6 64.8 ± 15.1 67.7 ± 12.5

Age

\ 65 years, n (%) 446 (33.8) 23 (41.8) 419 (33.3)

C 65 to\ 75 years, n (%) 446 (33.8) 17 (30.9) 427 (34.0)

C 75 years, n (%) 428 (32.4) 14 (25.5) 411 (32.7)

Unknown, n (%) 1 (0.1) 1 (1.8) 0 (0.0)

Gender

Male, n (%) 734 (55.6) 26 (47.3) 704 (56.0)

Female, n (%) 587 (44.4) 29 (52.7) 553 (44.0)

Duration of diabetes, years 16.8 ± 10.0 18.7 ± 11.6 16.8 ± 10.0

Weight, kg 63.9 ± 14.3 58.4 ± 12.7 64.2 ± 14.3

BMI, kg/m2 24.8 ± 4.7 23.3 ± 4.6 24.9 ± 4.7

HbA1c, % 8.5 ± 1.8 8.6 ± 1.7 8.5 ± 1.8

Prior insulin treatment

Insulin-naı̈ve, n (%) 22 (40.0) 713 (56.7)

Insulin-experienced, n (%) 33 (60.0) 544 (43.3)

Unknown, n (%) 0 (0.0) 0 (0.0)

Total prior insulin dose, units/day

Mean ± SD 9.0 ± 14.0 16.6 ± 19.7 8.6 ± 13.4

Median 0.0 10.0 0.0

IDegAsp dose (at IDegAsp initiation), units/day

Mean ± SD 17.1 ± 11.0 19.7 ± 11.3 17.0 ± 10.8

Median 14.0 18.0 14.0

Total insulin dose (at IDegAsp initiation), units/day

Mean ± SD 19.6 ± 13.8 29.0 ± 20.3 19.2 ± 13.2

Median 16.0 25.0 16.0

Diabetic retinopathy 397 (30.1) 12 (21.8) 383 (30.5)

Diabetic nephropathy 426 (32.2) 18 (32.7) 406 (32.3)

Diabetic neuropathy 342 (25.9) 12 (21.8) 328 (26.1)

Safety analysis set. Data are mean ± SD unless otherwise specified. Nine patients could not be categorised into T1D or
T2D
BMI body mass index, HbA1c glycated haemoglobin, T1D type 1 diabetes, T2D type 2 diabetes
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Table 2 AEs by SOC over 1 year of treatment with IDegAsp, overall by diabetes type

AEs by SOC Overall N = 1321 T1D N = 55 T2D N = 1257

n E % R 95% CI n E % R 95% CI n E % R 95% CI

All AEs 132 204 10.0 16.2 14.0;

18.4

8 11 14.5 20.9 8.5;

33.2

121 188 9.6 15.7 13.4;

17.9

Infections and infestations 21 23 1.6 1.8 1.1;

2.6

1 1 1.8 1.9 0.0;

5.6

19 21 1.5 1.7 1.0;

2.5

Neoplasms benign,

malignant, and unspecified*

13 13 1.0 1.0 0.5;

1.6

1 1 1.8 1.9 0.0;

5.6

11 11 0.9 0.9 0.4;

1.5

Blood and lymphatic system

disorders

1 1 0.1 0.1 0.0;

0.2

0 0 0 0 – 1 1 0.1 0.1 0.0;

0.2

Immune system disorders 1 1 0.1 0.1 0.0;

0.2

0 0 0 0 – 1 1 0.1 0.1 0.0;

0.2

Endocrine disorders 2 2 0.2 0.2 0.0;

0.4

0 0 0 0 – 2 2 0.2 0.2 0.0;

0.4

Metabolism and nutrition

disorders

42 60 3.2 4.8 3.6;

6.0

3 6 5.5 11.4 2.3;

20.5

38 53 3.0 4.4 3.2;

5.6

Psychiatric disorders 2 2 0.2 0.2 0.0;

0.4

0 0 0 0 – 2 2 0.2 0.2 0.0;

0.4

Nervous system disorders 11 11 0.8 0.9 0.4;

1.4

0 0 0 0 – 11 11 0.9 0.9 0.4;

1.5

Eye disorders 2 2 0.2 0.2 0.0;

0.4

0 0 0 0 – 2 2 0.2 0.2 0.0;

0.4

Cardiac disorders 12 12 0.9 1.0 0.4;

1.5

1 1 1.8 1.9 0.0;

5.6

11 11 0.9 0.9 0.4;

1.5

Vascular disorders 15 15 1.1 1.2 0.6;

1.8

0 0 0 0 – 15 15 1.2 1.2 0.6;

1.9

Respiratory, thoracic, and

mediastinal disorders

8 9 0.6 0.7 0.2;

1.2

0 0 0 0 – 7 8 0.6 0.7 0.2;

1.1

Gastrointestinal disorders 9 10 0.7 0.8 0.3;

1.3

0 0 0 0 – 9 10 0.7 0.8 0.3;

1.3

Hepatobiliary disorders 3 3 0.2 0.2 0.0;

0.5

0 0 0 0 – 2 2 0.2 0.2 0.0;

0.4

Skin and subcutaneous tissue

disorders

3 3 0.2 0.2 0.0;

0.5

0 0 0 0 – 3 3 0.2 0.2 0.0;

0.5
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‘to improve glycaemic control’ in both patients
with T1D and T2D (65.5% and 87.7% of the
SAS, respectively). Diabetes-related complica-
tions were recorded at baseline but only repor-
ted as an AE if new onset or if symptoms became
exacerbated; at baseline 665 patients (50.3%) in
the SAS reported microangiopathy.

IDegAsp Dosing and Adherence

At baseline, more patients were administered
IDegAsp once daily (n = 762) compared with
twice daily (n = 549). At 1 year, 560 patients
were taking IDegAsp once daily, compared with
492 taking IDegAsp twice daily. Most patients
reported excellent adherence (78.5% of the SAS
[defined as C 90% compliance]) or good adher-
ence (19.3% [defined as 50–90% compliance])
to their IDegAsp regimen during the first month
from baseline; at 7–12 months, this was 68.0%

and 28.2%, respectively. The mean (SD) daily
total insulin dose at baseline was 9.0 U
(14.0 [units] U); by 1 year after initiating IDe-
gAsp, the mean (SD) change from baseline in
total daily insulin dose was 11.3 U (14.2 U).

Primary Outcome

In total, 204 AEs were reported in 132 patients,
representing 10.0% of patients in the SAS. AEs
occurred at a rate (95% CI) of 16.2 events per
100 PYE [14.0; 18.4] (Table 2). The most fre-
quently reported AEs by SOC were ‘metabolism
and nutrition disorders’, ‘infections and infes-
tations’, and ‘vascular disorders’. By PT, ‘hypo-
glycaemia’ was the most frequently reported AE,
with 45 events occurring in 31 patients (2.3% of
the SAS), a rate (95% CI) of 3.6 events per
100 PYE (2.5; 4.6). ‘Hypertension’ and ‘pneu-
monia’ were the next most common AEs, with

Table 2 continued

AEs by SOC Overall N = 1321 T1D N = 55 T2D N = 1257

n E % R 95% CI n E % R 95% CI n E % R 95% CI

Musculoskeletal and

connective tissue disorders

5 5 0.4 0.4 0.0;

0.7

1 1 1.8 1.9 0.0;

5.6

4 4 0.3 0.3 0.0;

0.7

Renal and urinary disorders 2 2 0.2 0.2 0.0;

0.4

0 0 0 0 – 2 2 0.2 0.2 0.0;

0.4

Reproductive system and

breast disorders

1 1 0.1 0.1 0.0;

0.2

0 0 0 0 – 1 1 0.1 0.1 0.0;

0.2

General disorders and

administration-site

conditions

7 7 0.5 0.6 0.1;

1.0

1 1 1.8 1.9 0.0;

5.6

6 6 0.5 0.5 0.1;

0.9

Investigations 9 9 0.7 0.7 0.2;

1.2

0 0 0 0 – 9 9 0.7 0.7 0.3;

1.2

Injury, poisoning, and

procedural complications

11 13 0.8 1.0 0.5;

1.6

0 0 0 0 – 11 13 0.9 1.1 0.5;

1.7

Safety analysis set

*Including cysts and polyps

% proportion of patients with at least one event, AE adverse event, CI confidence interval, E number of events, N number of patients,

n number of patients with at least one reaction, B number of patients, R rate of events per 100 person-years of exposure, SOC system

organ class, T1D type 1 diabetes, T2D type 2 diabetes
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Table 3 SAEs by SOC over 1 year of treatment with IDegAsp, overall and by diabetes type

SAEs by SOC Overall N = 1321 T1D N = 55 T2D N = 1257

n E % R 95% CI n E % R 95% CI n E % R 95% CI

All SAEs 56 72 4.2 5.7 4.4;

7.0

3 3 5.5 5.7 0.0;

12.1

50 64 4.0 5.3 4.0;

6.6

Infections and infestations 9 9 0.7 0.7 0.2;

1.2

0 0 0 0 – 8 8 0.6 0.7 0.2;

1.1

Neoplasms benign,
malignant,
and unspecified*

13 13 1.0 1.0 0.5;

1.6

1 1 1.8 1.9 0.0;

5.6

11 11 0.9 0.9 0.4;

1.5

Metabolism and nutrition
disorders

7 8 0.5 0.6 0.2;

1.1

1 1 1.8 1.9 0.0;

5.6

5 6 0.4 0.5 0.1;

0.9

Nervous system disorders 3 3 0.2 0.2 0.0;

0.5

0 0 0 0 – 3 3 0.2 0.2 0.0;

0.5

Eye disorders 2 2 0.2 0.2 0.0;

0.4

0 0 0 0 – 2 2 0.2 0.2 0.0;

0.4

Cardiac disorders 10 10 0.8 0.8 0.3;

1.3

1 1 1.8 1.9 0.0;

5.6

9 9 0.7 0.7 0.3;

1.2

Vascular disorders 2 2 0.2 0.2 0.0;

0.4

0 0 0 0 – 2 2 0.2 0.2 0.0;

0.4

Respiratory, thoracic,
and mediastinal disorders

4 4 0.3 0.3 0.0;

0.6

0 0 0 0 – 3 3 0.2 0.2 0.0;

0.5

Gastrointestinal disorders 3 4 0.2 0.3 0.0;

0.6

0 0 0 0 – 3 4 0.2 0.3 0.0;

0.7

Hepatobiliary disorders 3 3 0.2 0.2 0.0;

0.5

0 0 0 0 – 2 2 0.2 0.2 0.0;

0.4

Musculoskeletal and
connective
tissue disorders

1 1 0.1 0.1 0.0;

0.2

0 0 0 0 – 1 1 0.1 0.1 0.0;

0.2

Renal and urinary disorders 1 1 0.1 0.1 0.0;

0.2

0 0 0 0 – 1 1 0.1 0.1 0.0;

0.2

General disorders and
administration-site
conditions

3 3 0.2 0.2 0.0;

0.5

0 0 0 0 – 3 3 0.2 0.2 0.0;

0.5

Investigations 1 1 0.1 0.1 0.0;

0.2

0 0 0 0 – 1 1 0.1 0.1 0.0;

0.2

Injury, poisoning, and
procedural complications

7 8 0.5 0.6 0.2;

1.1

0 0 0 0 – 7 8 0.6 0.7 0.2;

1.1

Safety analysis set
*Including cysts and polyps
% proportion of patients with at least one event, CI confidence interval, E number of events, N number of patients, n number of patients with at least
one reaction, R the rate per 100 person-years of exposure, SAE serious adverse event, SAS safety analysis set, SOC system organ class, T1D type 1
diabetes, T2D type 2 diabetes
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11 events occurring in 11 patients (0.8%, rate
[95% CI] 0.9 [0.4; 1.4]), and six events in six
patients (0.5% of the SAS, rate [95% CI] 0.5 [0.1;
0.9]), respectively. Of the 204 AEs reported, 58
had a determined causality to IDegAsp.

Patients with T1D reported a numerically
higher rate of AEs (rate [95% CI], 20.9 per
100 PYE [8.5; 33.2]) compared with patients
with T2D (rate [95% CI], 15.7 per 100 PYE [13.4;
17.9]); however, the overall incidences of AEs
were low, with events occurring in 14.5% and
9.6% of these subgroups, respectively (Table 2).
The most commonly reported AEs by SOC and
PT in both groups were consistent with the
overall study population.

Patients aged C 75 years experienced the
highest rate (95% CI) of AEs, at 24.8 events per

100 PYE (19.9; 29.7), compared with 11.3 (8.1;
14.5) and 13.2 (9.7; 16.6) events per 100 PYE in
the C 65 to \75 years, and \ 65 years groups,
respectively (Supplementary Material Table S2).
The most frequently reported AEs by SOC and
PT were broadly consistent across age groups.

Secondary Safety Outcomes

SAEs
Overall, 72 SAEs were reported in 56 patients
(4.2% of the SAS), at a rate (95% CI) of 5.7
events per 100 PYE (4.4; 7.0) (Table 3). ‘Neo-
plasms benign, malignant, and unspecified (in-
cluding cysts and polyps)’ were the most
frequently reported SAEs by SOC. The next most

Table 4 ADRs by SOC over 1 year of treatment with IDegAsp, overall and by diabetes type

ADRs by SOC Overall N = 1321 T1D N = 55 T2D N = 1257

n E % R 95% CI n E % R 95% CI n E % R 95% CI

All ADRs 41 58 3.1 4.6 3.4;

5.8

3 6 5.5 11.4 2.3;

20.5

37 51 2.9 4.2 3.1;

5.4

Infections and infestations 1 1 0.1 0.1 0.0;

0.2

0 0 0 0 – 1 1 0.1 0.1 0.0;

0.2

Metabolism and nutrition

disorders

35 51 2.6 4.0 2.9;

5.2

3 6 5.5 11.4 2.3;

20.5

31 44 2.5 3.7 2.6;

4.7

Eye disorders 1 1 0.1 0.1 0.0;

0.2

0 0 0 0 – 1 1 0.1 0.1 0.0;

0.2

Cardiac disorders 1 1 0.1 0.1 0.0;

0.2

0 0 0 0 – 1 1 0.1 0.1 0.0;

0.2

Vascular disorders 1 1 0.1 0.1 0.0;

0.2

0 0 0 0 – 1 1 0.1 0.1 0.0;

0.2

General disorders and

administration-site

conditions

2 2 0.2 0.2 0.0;

0.4

0 0 0 0 – 2 2 0.2 0.2 0.0;

0.4

Investigations 1 1 0.1 0.1 0.0;

0.2

0 0 0 0 – 1 1 0.1 0.1 0.0;

0.2

Safety analysis set
% proportion of patients with at least one reaction, ADR adverse drug reaction, CI confidence interval, E number of
reactions, N number of patients, n number of patients with at least one reaction, R rate of reactions per 100 person-years of
exposure, SAS safety analysis set, SOC system organ class, T1D type 1 diabetes, T2D type 2 diabetes
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commonly observed SAEs by SOC were ‘cardiac
disorders’ and ‘infections and infestations’. The
most commonly reported SAE by PT was
‘pneumonia’, with five SAEs in five patients
(0.4% of the SAS), at a rate (95% CI) of 0.4 per
100 PYE (0.0; 0.7). Three SAEs occurred in a
total of three patients (0.2% of the SAS) for both
‘pancreatic carcinoma’ and ‘acute myocardial
infarction’, respectively, both at a rate (95% CI)
of 0.2 (0.0; 0.5). Two patients experienced
‘inadequate diabetes mellitus control’, and two
patients died (0.2% of the SAS, rate [95% CI] 0.2
[0.0; 0.4] for both). Rates (95% CI) of SAEs were
5.7 (0.0; 12.1) and 5.3 (4.0; 6.6) events per
100 PYE in patients with T1D and T2D, respec-
tively; ‘neoplasms’, ‘cardiac disorders’, and
‘metabolic and nutritional disorders’ were
reported with equal frequency in patients with
T1D, while ‘neoplasms’ were most frequently
reported in patients with T2D.

ADRs
Overall, 58 ADRs were reported in 41 patients
(3.1% of the SAS), occurring at a rate (95% CI) of
4.6 reactions per 100 PYE (3.4; 5.8) (Table 4).
The most commonly reported ADRs by SOC
were ‘metabolism and nutrition disorders’, fol-
lowed by ‘general disorders and administration-
site conditions’. The rate of ADRs (95% CI) was
higher in patients with T1D (11.4 reactions per
100 PYE [2.3; 20.5]) than T2D (4.2 reactions per
100 PYE [3.1; 5.4]), driven in part by a higher
rate of hypoglycaemia (7.6 versus 3.4 reactions
per 100 PYE, respectively). The incidence of
ADRs was highest in patients aged C 75 years
(3.7% of this subgroup) versus those aged C 65
to\75 years (2.9%) or\ 65 years (2.7%); rates
(95% CI) of ADRs were also higher, at 7.8 (5.0;
10.5), 3.2 (1.5; 4.9), and 3.1 (1.4; 4.7) reactions
per 100 PYE, respectively (Supplementary
Material Table S3). ‘Hypoglycaemia’ was the
most common ADR by PT, with 45 reactions
reported in 31 patients (2.3% of the SAS), at a
rate (95% CI) of 3.6 reactions per 100 PYE (2.5;

Table 5 SADRs by SOC over 1 year of treatment with IDegAsp, overall and by diabetes type

SADRs by SOC Overall N = 1321 T1D N = 55 T2D N = 1257

n E % R 95% CI n E % R 95% CI n E % R 95% CI

All SADRs 9 10 0.7 0.8 0.3;

1.3

1 1 1.8 1.9 0.0;

5.6

7 8 0.6 0.7 0.2;

1.1

Metabolism and nutrition

disorders

5 5 0.4 0.4 0.0;

0.7

1 1 1.8 1.9 0.0;

5.6

3 3 0.2 0.2 0.0;

0.5

Eye disorders 1 1 0.1 0.1 0.0;

0.2

0 0 0 0 – 1 1 0.1 0.1 0.0;

0.2

Cardiac disorders 1 1 0.1 0.1 0.0;

0.2

0 0 0 0 – 1 1 0.1 0.1 0.0;

0.2

General disorders and

administration-site conditions

2 2 0.2 0.2 0.0;

0.4

0 0 0 0 – 2 2 0.2 0.2 0.0;

0.4

Investigations 1 1 0.1 0.1 0.0;

0.2

0 0 0 0 – 1 1 0.1 0.1 0.0;

0.2

Safety analysis set
% proportion of patients with at least one reaction, CI confidence interval, E number of reactions, N number of patients,
n number of patients with at least one reaction, R rate of reactions per 100 person-years of exposure, SADR serious adverse
drug reaction, SOC system organ class, T1D type 1 diabetes, T2D type 2 diabetes
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4.6), and this was consistent across age groups
and diabetes types. Among 502 patients with
renal impairment, 24 ADRs occurred in 20
patients (4.0% of this subgroup), and these were
broadly consistent by SOC with the overall
study population.

SADRs
As shown in Table 5, over 1 year of treatment,
10 SADRs were reported in nine patients (0.7%
of the SAS), with an overall rate (95% CI) of 0.8
per 100 PYE (0.3; 1.3). The most frequently
reported SADRs by SOC were ‘metabolism and
nutrition disorders’; this was followed by ‘gen-
eral disorders and administration-site

Fig. 2 a Change from baseline in HbA1c, overall and by
diabetes type, 1 year after initiation of IDegAsp; b Mean
HbA1c (%) by diabetes type over 1 year of treatment.
Effectiveness analysis set. Data are observed means
(± SEM in a). Data were included for patients with an

available HbA1c measurement at a given time point;
missing data were not imputed. HbA1c glycated haemoglo-
bin, n number of patients with an HbA1c measurement at
time point, T1D type 1 diabetes, T2D type 2 diabetes,
SEM standard error of the mean
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conditions’. ‘Hypoglycaemia’, ‘inadequate dia-
betes mellitus control’, and ‘death’ were the
most common SADRs by PT, and each occurred
in two patients (0.2% of the SAS), respectively.
The numerical rate (95% CI) of SADRs was
higher in patients with T1D (1.9 per 100 PYE
[0.0; 5.6]) versus T2D (0.7 per 100 PYE [0.2;
1.1]), but this was based on one reaction in one
patient in the former group, compared with
eight reactions in seven patients in the latter
group.

Hypoglycaemia
Hypoglycaemic episodes in the SAS occurred
with 46 events in 32 patients (2.4% of the SAS),
at a rate (95% CI) of 3.7 per 100 PYE (2.6; 4.7)
(Supplementary Material Table S4). Rates
(95% CI) of hypoglycaemia were higher in
patients with T1D (7.6 per 100 PYE [0.2; 15.0])
versus T2D (3.5 per 100 PYE [2.4; 4.6]), and in
patients C 75 years old (6.5 per 100 PYE [4.0;
9.0]) compared with younger patients. Severe
hypoglycaemic episodes were uncommon, with
six events occurring in five patients (0.4% of the
SAS), all with T2D (Supplementary Material
Table S4). The overall rate was 0.5 per 100 PYE
[0.1; 0.9]); severe episodes were most common
in patients aged C 75 years, with a rate (95% CI)
of 1.3 events per 100 PYE (0.2; 2.3) (Supple-
mentary Material Table S4). Two nocturnal
hypoglycaemic events were reported in two
patients with T2D. One event occurred in a
patient aged \ 65 years and one in a patient
aged C 75 years.

Serious Allergic Reactions
No serious allergic reactions were reported
within the study.

AEs of Special Interest
There were 20 reported patient deaths overall,
as an outcome of 22 AEs, three of which (0.2%
of the SAS) were not judged to be ‘unlikely’ to
be related to the study product. In total, 13
patients reported neoplasm AEs; all were judged
‘unlikely’ to be related to the study product.
Oedema AEs occurred in four patients, all of
which were judged ‘unlikely’ to be related to the
study product. No patients were pregnant at

baseline, or reported a pregnancy during the
study.

Secondary Effectiveness Outcomes

Change from Baseline in HbA1c

Of the patients in the EAS (n = 1285), 973
remained in the study after 1 year and had
measurements of HbA1c available at baseline
and at 1 year. Treatment initiation with IDe-
gAsp was associated with a significant change
from baseline in HbA1c after 1 year of - 0.51%
(n = 973, P\ 0.0001). Mean HbA1c over 1 year
is shown in Fig. 2a. A trend towards reduction
in HbA1c was also seen at 3 months (- 0.50%,
n = 1084 [significance not tested]), as was a
statistically significant reduction at 6 months
(- 0.50%, n = 1073, P\0.0001).

The reductions in HbA1c were significant for
patients with T2D (- 0.52%, P\0.0001), but
not for patients with T1D (- 0.27%, P = 0.1105)
at 1 year (Fig. 2b). This was consistent across
patients aged\ 65 years and C 65 to\75 years,
with reductions of - 0.57% and - 0.56%,
respectively; slightly smaller reductions were
seen in patients aged C 75 years (- 0.39%
[P\0.0001 for all age groups]).

Among patients with renal impairment,
changes in HbA1c were slightly greater at
6 months and 1 year (- 0.57% [n = 412] and
- 0.58% [n = 379], respectively) compared with
patients without renal impairment (- 0.46%
[n = 638] and - 0.48% [n = 572], respectively);
changes were significant at 6 months and 1 year
in both groups (P\0.0001 for all).

HbA1c at baseline was 8.48% (n = 236) and
8.42% (n = 1240) for patients receiving met-
formin[750 mg/day and for all patients in the
EAS, respectively. The change from baseline in
HbA1c at 1 year in patients receiving met-
formin[750 mg/day at least once during the
study period was - 0.49% (n = 199, [no statis-
tical analysis]). This was similar to the change
from baseline in HbA1c after 1 year of - 0.51%
(n = 973, P\0.0001) for all patients. No other
analysis was performed for the effect of con-
comitant drugs on HbA1c.
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Change from Baseline in FPG
There were significant changes from baseline in
FPG at 6 months (n = 415) and 1 year (n = 319)
in the EAS (- 28.1 mg/dL and - 32.1 mg/dL,
respectively, P\0.0001 for both [Supplemen-
tary Material Fig. S2]). This was also observed
among patients with T2D [n = 304] (- 31.9 mg/
dL at 1 year, P\ 0.0001); there was a numerical
trend towards reduced FPG in patients with T1D
[n = 14], but this was not significant
(- 36.7 mg/dL at 1 year, P[0.05 [Supplemen-
tary Material Fig. S2]). Patients in all age groups
experienced significant reductions in
FPG: - 41.0 mg/dL for those aged \65 years
(n = 102), - 27.5 mg/dL for those aged C 65 to
\75 years (n = 115), and - 28.6 mg/dL for
those aged C 75 years (n = 102 [P\0.001 for all
age groups]).

Among patients with renal impairment,
changes in FPG were - 27.2 mg/dL [n = 142]
and - 29.3 mg/dL [n = 114] at 6 months and
1 year, compared with - 29.2 mg/dL [n = 269]
and - 33.9 mg/dL [n = 204], respectively, for
patients without impairment. The change from
baseline was significant at 6 months and 1 year
for patients with and without renal impairment
(P\0.05 for all comparisons).

Responder Endpoints for HbA1c Targets

In total, among the EAS, 22.7% (n = 225) of
patients at 1 year achieved the Japan Diabetes
Society (JDS) target HbA1c of \7% to prevent
complications (Supplementary Material Fig. S3)
[21]. Overall, 1.3% (n = 13) of the EAS achieved
the JDS target of HbA1c\ 6% for normal gly-
caemia, and 65.9% (n = 654) achieved the JDS
HbA1c target of\ 8% for people among whom
treatment intensification is considered difficult
(Supplementary Material Fig. S3) [21]. More
patients with T2D than with T1D achieved the
JDS HbA1c\7% target (23.1% versus 12.5% of
the EAS, respectively [Supplementary Material
Fig. S3]).

Composite Endpoints for HbA1c < 6%, < 7%,
and 8%, Respectively, and Without Severe
Hypoglycaemia
Among patients in the EAS, 22.6% achieved
HbA1c\7% without a severe hypoglycaemic
episode at 1 year; a greater proportion of
patients also achieved HbA1c\ 6% or \8% at
1 year compared with baseline (Supplementary
Material Fig. S3). This occurred more frequently
in patients with T2D versus those with T1D.

DISCUSSION

This was a prospective, observational, open-la-
bel, multicentre, post-marketing surveillance
study of patients with diabetes requiring insulin
in Japan, who were initiated on IDegAsp at their
treating physician’s discretion in clinical prac-
tice. Over 1 year of IDegAsp treatment, rates of
AEs and SAEs were low, as were rates of ADRs
and SADRs. Rates of study drug discontinuation
due to AEs after 1 year were also low—taking
place in 2.7% of the SAS—indicating that IDe-
gAsp was generally well tolerated.

RCTs of IDegAsp have previously been con-
ducted in international and Japanese popula-
tions, which have assessed safety and
tolerability in T1D and across the clinical con-
tinuum of T2D [8–12]. However, while RCTs
offer many benefits for collecting high-quality
evidence and reducing bias, supporting real-
world data are key to confirming the generalis-
ability of findings to realistic clinical practice
settings. Additionally, given potential differ-
ences in local practice, and in disease charac-
teristics of local populations, studies conducted
in Japanese patients are also an important reg-
ulatory requirement of the PMDA, to confirm
the results of global studies.

In this study, the most commonly identified
AE by PT was hypoglycaemia, and by SOC was
‘metabolism, and nutrition disorders’. ‘Neo-
plasms’ were the most frequently occurring SAE
by SOC, with ‘pneumonia’ the most common
by PT. There were no new safety signals identi-
fied in Japanese patients compared with the
global RCTs, and the AE profile for IDegAsp was
also consistent with the known safety profiles of
its individual components. Rates of neoplasms
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were low and in line with previous clinical trials
with IDegAsp.

IDegAsp has also previously been examined
in two Japanese RCTs of patients with T2D who
were insulin-naı̈ve (once-daily dosing) and
insulin-experienced (twice-daily dosing)
[15, 16]. The incidence of AEs over 26 weeks in
these trials was 69.5% and 71.0%, respectively,
compared with 10.0% over 1 year in this study
[15, 16]. This was considerably higher than the
rates of AEs reported in this study; this is likely
to be due to the significant differences in
detection and reporting of AEs between RCTs,
wherein they are likely to be systematically
collected, and in clinical practice, where there
may be considerable reporting bias. The inci-
dence of SAEs in the RCTs was 8.2% and 3.4%,
respectively, compared with 4.2% in this study.
The smaller disparity between the results of this
analysis and previous trials may reflect that
SAEs are more likely than AEs to be reported by
patients in clinical practice.

Similarly, the rates of reported hypogly-
caemia were generally low within this study,
with few reported incidences of severe episodes
in particular. The disparity in hypoglycaemia
rates between RCTs (e.g. [15–17]) and this study
may be due to similar reasons as those men-
tioned above for AEs. Although hypoglycaemia
may be more likely in a treat-to-target trial
versus a real-world study, it should also be
considered that patients may under-recognise
and under-report hypoglycaemia, and that
reporting bias may be an important factor in
differences in reported rates. Equally, the wide
CI for the hypoglycaemia rate estimates likely
reflects the relatively small number of episodes
occurring that could be included in the analysis.

Overall, the safety profiles of IDegAsp in
patients with T1D and T2D were generally
consistent, albeit with a slightly higher rate of
AEs and hypoglycaemic episodes among
patients with T1D. However, relatively few
patients with T1D were identified for inclusion
in the study compared with T2D, meaning that
these data for T1D may be less robust, and this
may be reflected in the large CI for the rate of
AEs after initiating IDegAsp in patients with
T1D. It is also notable that the rates of both AEs
and severe hypoglycaemia were slightly higher

among older patients compared with younger
patients. This is notable given the large elderly
population in Japan; however, in light of the
relatively small number of events and large
uncertainties, these results should be inter-
preted with caution.

To our knowledge, this is the first study to
prospectively investigate glycaemic control
with IDegAsp in Japanese patients with diabetes
over 1 year (52 weeks) in routine practice. In
comparison, a previous study assessed gly-
caemic control with IDegAsp in Japanese
patients with T2D over a 1-year period; how-
ever, that study was retrospectively designed
[22]. Furthermore, a shorter (26-week),
prospective study of IDegAsp in Japanese
patients with T2D has been completed [23].
Initiating IDegAsp was associated with signifi-
cant reductions in HbA1c and FPG at 6 months,
which were durable at 1 year. The most
notable reductions in HbA1c were observed in
younger people, and those with T2D. Overall,
over a fifth of patients who had an HbA1c

measurement available at EOS achieved an
HbA1c\7% at 1 year, and in particular without
experiencing severe hypoglycaemia. This may
be an important clinical consideration, given
that hypoglycaemia can be a barrier to insulin
intensification, particularly in elderly patients.
The proportion of patients achieving HbA1c

targets was greater among patients with T2D
than T1D, which is in keeping with outcomes in
previous trials.

The significant improvements in glycaemic
control observed in this study are consistent
with previous findings [15, 16]. However, the
magnitude of HbA1c reductions was smaller in
this study compared with previous RCTs in
patients with T2D from Japan (1.4% for both)
[15, 16], which is likely explained by the dif-
ferences in the study populations, given the
considerably more permissive and broad eligi-
bility criteria here, and the prior therapies used
by the RCT cohorts, and in the trial design. The
RCTs used a treat-to-target trial design, with a
pre-specified titration algorithm, compared
with the non-interventional study design pre-
sented here. Antidiabetic medications were also
more likely to have been prescribed prior to this
study compared with the RCTs, and therefore it
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is not unexpected for the new therapy to have
exerted less effect here.

This study was designed to reflect clinical
practice, with a real-world study setting and
assessments and other diabetes management as
per the treating physician. The long-term fol-
low-up allowed for extended monitoring for
new safety signals. Additionally, the use of
permissive and broad inclusion criteria enhan-
ces the generalisability of the findings to the
general population of patients with diabetes
seen in clinical practice in Japan. Furthermore,
the study employed a prospective design to
optimise data collection that reflected routine
clinical practice and reduced bias, and the large
number of study sites and patients enrolled may
contribute to a robust dataset within the limi-
tations of an observational study.

The key limitation of the study is the open-
label, single-arm, observational design. As with
any open-label study, the absence of blinding to
treatment introduces the risk of reporting bias.
Equally, given that the study was non-inter-
ventional and did not use a comparator arm, it
is not possible to assess whether switching to
IDegAsp was responsible for the study out-
comes. However, these elements of the study
design were necessary to allow for the collection
of a sufficiently large real-world dataset to
evaluate long-term safety in clinical practice. In
the absence of head-to-head study data,
researchers might consider a network meta-
analysis in an attempt to quantify the effec-
tiveness of IDegAsp versus comparators in real-
world settings using the available data.

This study also did not use any form of
imputation for effectiveness endpoints, and
patients with missing data at a given time point
were not included within the analysis. This may
have led to selection bias; however, while a
relatively small number of patients had suffi-
cient FPG data at EOS, a large proportion of the
SAS had sufficient data to be included in the EAS
at EOS for change in HbA1c.

CONCLUSION

The findings of this post-marketing surveillance
study of patients with diabetes in Japan support

a long-term safety profile for IDegAsp in line
with its component products, and previous
results in global populations. No new safety or
tolerability signals were identified, and initiat-
ing IDegAsp in clinical practice was associated
with durable glycaemic benefits. These results
support the findings of previous RCTs and sug-
gest that IDegAsp may be a well-tolerated
treatment option for Japanese patients with
diabetes who require insulin therapy.
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