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ABSTRACT
Background: With limited real-world insulin glargine 300 unit/mL (Gla-300) data available, we assessed 
the effectiveness and safety of Gla-300 in the Japanese type 2 diabetes mellitus (T2DM) population.
Research design and methods: X-STAR was a prospective, observational, 12-month post-marketing 
study of Gla-300 from 2015 to 2018. T2DM patients received Gla-300 as the first insulin (insulin-naïve) or 
after treatment with another type of insulin (insulin-experienced).
Results: We identified 1,227 insulin-naïve and 3,394 insulin-experienced patients. Insulin-naïve group 
increased the Gla-300 starting dose by 2.80 U/day during 12 months (7.49 to 10.29 U/day). Mean HbA1c 
reduced by 1.99% (9.82 to 7.83%), and 28.4% showed HbA1c < 7.0%. Insulin-experienced group had 
a baseline insulin dose of 14.86 U/day, which increased by 0.73 U/day. Mean HbA1c reduced by 0.18% 
(7.99 to 7.81%), and 24.6% showed HbA1c < 7.0%. Adverse drug reactions occurred in 3.42% (insulin- 
naïve) and 4.45% (insulin-experienced); symptomatic hypoglycemia (2.93% and 3.86%, respectively) was 
the most common in both groups.
Conclusions: Gla-300, in clinical practice, provides an effective and safe therapy as HbA1c was reduced/ 
maintained in insulin-naïve/experienced Japanese T2DM patients without new safety signal. This study 
provides insights into the current Japanese clinical practices where insulin use is delayed and con-
servative despite relatively low HbA1c achievement.
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1. Introduction

The management of type 2 diabetes mellitus (T2DM) patients 
focuses on achieving and maintaining good glycemic control 
in order to reduce the risk of developing microvascular and 
macrovascular complications [1,2]. T2DM, as a consequence of 
continued β-cell loss, is a progressive disease; therefore, esca-
lation of therapy is required to maintain good glycemic con-
trol in a majority of patients. In fact, the algorithm for therapy 
escalation has been well described in the ADA/EASD guide-
lines, which have been broadly adopted worldwide [3].

Although insulin therapy is a logical and physiologically 
appropriate intervention for T2DM patients with low β-cell 
function, its initiation is often delayed for several years. 
Patients at the time of insulin initiation often have very poorly 
controlled diabetes with HbA1c levels >9% [4–7]. Even follow-
ing the initiation of basal insulin, titration according to fasting 
plasma glucose (FPG) is insufficient, resulting in poor achieve-
ment of glycemic targets (HbA1c). Such a situation is referred 
to as ‘clinical inertia’ [8,9] and is seen in most countries world-
wide, including Japan. It is well recognized that multiple fac-
tors, including fear of hypoglycemia, weight gain, treatment 

complexity, a lack of confidence/education, patient empower-
ment, and healthcare resources, contribute to clinical inertia. 
Due to these factors, patients cannot receive the full thera-
peutic benefits of insulin therapy. It is clear that all these 
factors need to be addressed to facilitate appropriate initiation 
and titration of insulin, thereby improving the management of 
T2DM.

Insulin glargine 300 U/mL (Gla-300, Toujeo® in the United 
States and Europe [Sanofi, Paris, France]; Lantus® XR in Japan 
[Sanofi K.K., Tokyo, Japan]), a second-generation basal insulin 
analog, has been available in Japan since 2015 and is licensed 
for the treatment of both type 1 diabetes mellitus (T1DM) and 
T2DM. Gla-300 has more constant and prolonged pharmaco-
kinetic/pharmacodynamic profiles than insulin glargine 100 U/ 
mL (Gla-100), the first-generation insulin analog, and provides 
a full 24-hour cover with a more stable glycemic profile, 
allowing the achievement of glycemic targets with a lower 
hypoglycemia risk [10]. The EDITION program and randomized 
controlled trials designed to compare Gla-300 with Gla-100 in 
T1DM and T2DM patients showed that Gla-300 is equally 
effective in lowering HbA1c and is associated with a lower 
risk of hypoglycemia, especially nocturnal hypoglycemia [11– 
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13]. Retrospective studies using real-world data from health-
care databases in the USA suggest that Gla-300 administration 
to T2DM patients was more beneficial than first-generation 
basal insulin, resulting in comparable glycemic control with 
fewer incidences of hypoglycemia [14,15]. However, similar 
studies to assess the effectiveness and safety of Gla-300 in 
a real-world clinical setting in Japan have not been reported.

The X-STAR study (Lantus® XR Post-Marketing Surveillance) 
was a 12-month, prospective, observational study of Gla-300 
that assessed the effectiveness and safety of the drug in 
diabetes mellitus (DM) patients who had been newly pre-
scribed Gla-300 in a Japanese clinical practice. This analysis 
focused on T2DM patients.

2. Patients and methods

2.1. Study design

The X-STAR study was a prospective, observational, 12-month 
study conducted from December 2015 to August 2018 in 
accordance with the pharmaceutical affairs law and the min-
isterial ordinance of Good Post-Marketing Study Practice in 
Japan. Ethical committee approval and written informed con-
sent were waived for this study. DM patients to whom Gla-300 
was newly prescribed were enrolled at the participating med-
ical institutions under a contract with Sanofi K.K. (Tokyo, 
Japan) and were followed up for 12 months. The patients 
were centrally enrolled within 14 days from the day that Gla- 
300 was first administered, and their anonymized data were 
entered into an electronic data capturing system. The treating 
physicians managed the doses as they would in their routine 
practice in accordance with the Japanese package insert of 
Gla-300 [16].

2.2. Study population

Among the enrolled T2DM patients, those who had never 
received insulin prior to Gla-300 were categorized as ‘insulin- 
naïve’ and those who had been treated with other insulin 
products prior to Gla-300 were categorized as ‘insulin- 
experienced.’ In the insulin-experienced group, Gla-300 either 
replaced the other insulin product or was administered in 
combination with it.

To explore the association of antidiabetic medication prior 
to insulin initiation with the effectiveness of Gla-300, the 
insulin-naïve people were stratified according to their medica-
tion prior to Gla-300 prescription. First, patients who were 
treated with glucagon-like peptide-1 receptor agonist (GLP- 
1RA) were categorized as ‘GLP-1RA/naïve.’ Then, the remaining 
patients were further stratified by the number of oral antidia-
betic drugs (OADs) prescribed: none (0-OAD/naïve), 1 (1-OAD/ 
naïve), 2 (2-OADs/naïve), and ≥3 (≥3-OADs/naïve).

2.3. Data collection and assessments

Baseline demographics and clinical characteristics in this ana-
lysis included age, sex, duration of diabetes, body weight, 

height, complications, and details of prior medication. Data 
on Gla-300 treatment, such as the timing of injection and 
concomitant use of other antidiabetic medications (type, 
dose), were also collected. Doses of Gla-300 were monitored 
at months 1 (days 22–28), 3 (days 78–84), 6 (days 169–196), 9 
(days 253–280), and 12 (days 337–364). HbA1c levels (National 
Glycohemoglobin Standardization Program) and FPG, includ-
ing laboratory measurement or self-monitored plasma glucose 
(SMPG), and body weight were measured for the assessment 
of Gla-300 effectiveness. For the baseline, the latest data 
within 8 weeks prior to Gla-300 initiation were used. After 
Gla-300 initiation, data were collected at months 1 (± 
4 weeks), 3 (−4 to +6 weeks), 6 (± 6 weeks), 9 (± 6 weeks), 
and 12 (± 6 weeks).

Adverse drug reactions (ADRs), including abnormal varia-
tions in laboratory test parameters, were recorded during the 
observation period. Treating physicians reported ADRs when 
these events were observed. Hypoglycemia was reported 
according to the manual issued by the Ministry of Health, 
Labour and Welfare of Japan [17]. Severe hypoglycemia was 
defined as an event that required assistance of another per-
son. ADRs were classified based on the Medical Dictionary for 
Regulatory Activities/Japanese version (MedDRA/J Ver.22.0).

Adherence of the enrolled patients to Gla-300 injection 
(adherent: ≥75%; sometimes non-adherent: 50% to <75%; 
non-adherent: <50%; and unknown) and exercise and diet 
modifications (not instructed; adherent: ≥75%; sometimes 
non-adherent: 50% to <75%; non-adherent: <50%; and 
unknown) were estimated by the treating physicians.

2.4. Statistical analysis

The sample size was set at 5,000 to have 95% power to detect 
ADRs with low incidence (0.1% or more). All data were 
expressed as mean ± standard deviation (SD) for continuous 
variables, or as number and proportion of patients in each 
category for categorical data. Proportions of insulin-naïve and 
insulin-experienced people who achieved HbA1c level <7.0% 
were calculated and further summarized with and without FPG 
measurement. To calculate Gla-300 dose as U/kg/day, body 
weight at baseline was used for the dose prior to baseline and 
the latest body weight measurement was used for the dose 
after baseline. The last observation carried forward (LOCF) 
approach was used for imputing the missing value and 
described as month 12 (LOCF). For comparison of data at 
month 12 (LOCF) with those at baseline, the paired t-test 
was used. All analyses were performed using the SAS software 
release 9.4 (SAS Institute, Inc., Cary, NC, USA). The significance 
level was defined as a two-sided p-value <0.05.

3. Results

3.1. Participant sample size

A total of 5,826 people with DM from 449 institutions were 
enrolled in the X-STAR study. From these, 4,621 T2DM (1,227 
insulin-naïve and 3,394 insulin-experienced) patients were 
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analyzed to assess drug safety (Figure 1). After excluding those 
with incomplete medication records, 4,491 people (1,194 insu-
lin-naïve and 3,297 insulin-experienced) were analyzed to 
assess effectiveness.

3.2. Demographics and clinical characteristics at 
baseline

Demographic and clinical characteristics at baseline of the 
insulin-naïve and insulin-experienced T2DM patients are 
shown in Table 1. Among participants, 65.6% of insulin-naïve 
and 59.4% of insulin-experienced patients were men. The 
insulin-naïve population tended to be younger 
(62.1 ± 14.1 years vs 64.9 ± 12.5 years) and have a shorter 
duration of diabetes (11.3 ± 8.8 years vs 16.3 ± 9.4 years) than 
the insulin-experienced population. The mean (± SD) body 
mass index (BMI) was 24.8 ± 4.7 kg/m2 in the insulin-naïve 
group and 25.5 ± 4.7 kg/m2 in the insulin-experienced group. 
At least one diabetic complication was seen in 47.8% of insu-
lin-naïve patients and in 61.9% of insulin-experienced people. 
In the insulin-naïve and insulin-experienced patients, 1.1% and 

10.1% had complained of hypoglycemia during the 3 months 
prior to Gla-300 initiation, respectively.

Stratification of insulin-naïve patients by the previous ther-
apeutic regimen revealed that the duration of diabetes was 
longer and the proportion of any diabetic complications was 
higher in patients with more OADs.

3.3. Antidiabetic and concomitant medications

The antidiabetic medications of both groups are listed in Table 
2. Prior to Gla-300 initiation, 67.7% of insulin-naïve patients 
and 100.0% of insulin-experienced patients were treated with 
antidiabetic medication. The dipeptidyl peptidase-4 inhibitor 
(DPP-4i) was most commonly used (60.2% in insulin-naïve and 
44.6% in insulin-experienced), followed by sulfonylurea (SU) in 
the insulin-naïve (42.5%) and biguanide in the insulin- 
experienced (31.3%) patients. The use of OADs remained 
stable during the observation period, except for reduction in 
SU use to 28.6% in insulin-naïve people during 12 months.

Among the insulin-experienced people, 91.6% and 41.9% 
were receiving long-acting and rapid-acting insulin, 

Figure 1. Participant disposition.
CRF: case report form; T1DM: type 1 diabetes mellitus; T2DM: type 2 diabetes mellitus; OAD: oral antidiabetic drug; GLP-1RA: glucagon-like peptide-1 receptor agonist 
†Reasons for exclusion may be multiple.
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Table 2. Antidiabetic medications used prior to the X-STAR study (pre-baseline) and those concomitantly used with Gla-300 at baseline and during 12 months of 
Gla-300 administration.

Insulin-naïve 
(n = 1,227)

Insulin-experienced 
(n = 3,394)

Pre- 
baseline† Baseline

During 12-month observation 
period Pre-baseline† Baseline

During 12-month observation 
period

n (%) n (%) n (%) n (%) n (%) n (%)

Use of other antidiabetic medications
Yes 831 (67.7) 899 (73.3) 1,025 (83.5) 3, 394 (100.0) 3,162 (93.2) 3,205 (94.4)
GLP-1 receptor agonist 120 (14.4) 106 (11.8) 142 (13.9) 341 (10.0) 347 (11.0) 438 (13.7)
Insulin
Long-acting 0 0 0 3,110 (91.6) 19 (0.6) 23 (0.7)
Intermediate 0 0 0 20 (0.6) 1 (0.0) 1 (0.0)
Premix 0 1 (0.1) 5 (0.5) 150 (4.4) 21 (0.7) 23 (0.7)
Regular 0 1 (0.1) 3 (0.3) 24 (0.7) 21 (0.7) 25 (0.8)
Rapid 0 103 (11.5) 159 (15.5) 1, 422 (41.9) 1,385 (43.8) 1,429 (44.6)
Other 0 0 0 2 (0.1) 0 0
Oral antidiabetic drugs
Sulfonylurea 353 (42.5) 271 (30.1) 293 (28.6) 470 (13.8) 456 (14.4) 467 (14.6)
Biguanide 339 (40.8) 310 (34.5) 402 (39.2) 1,061 (31.3) 1,055 (33.4) 1,107 (34.5)
DPP-4 inhibitor 500 (60.2) 484 (53.8) 607 (59.2) 1,514 (44.6) 1,489 (47.1) 1,573 (49.1)
SGLT2 inhibitor 136 (16.4) 125 (13.9) 189 (18.4) 530 (15.6) 533 (16.9) 654 (20.4)
Glinide 67 (8.1) 66 (7.3) 92 (9.0) 230 (6.8) 221 (7.0) 255 (8.0)
α-glucosidase inhibitor 122 (14.7) 112 (12.5) 152 (14.8) 485 (14.3) 467 (14.8) 494 (15.4)
Thiazolidinedione 73 (8.8) 60 (6.7) 71 (6.9) 190 (5.6) 179 (5.7) 190 (5.9)
FDC 88 (10.6) 81 (9.0) 115 (11.2) 252 (7.4) 253 (8.0) 286 (8.9)

GLP-1: glucagon-like peptide-1; DPP-4: dipeptidyl peptidase-4; SGLT2: sodium-glucose cotransporter-2; FDC: fixed-dose combination 
†Pre-baseline refers to within 3 months prior to baseline 

Figure 2. Dose change of Gla-300 over 12 months.
BL: baseline; T2DM: type 2 diabetes mellitus; SD: standard deviation; LOCF: last observation carried forward; OAD: oral antidiabetic drug; GLP-1RA: glucagon-like peptide-1 receptor agonist. 

Participants included in the table are limited to those with data at the LOCF endpoint. 

Insulin-naïve people are stratified according to treatment prior to Gla-300 administration (0, 1, 2, and ≥3 OADs; and GLP-1RA irrespective of OAD administration).
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respectively. In the insulin-experienced group, 95.2% replaced 
their insulin with Gla-300 and 4.8% added Gla-300 to their 
ongoing insulin regimen. In 94.2% of these patients ‘insuffi-
cient glycemic control’ accounted for the switch from other 
insulin products to Gla-300.

3.4. Change in Gla-300 dose

As shown in Figure 2, in insulin-naïve patients, the mean (± 
SD) starting dose was 7.49 ± 4.76 U/day (0.11 ± 0.08 U/kg/day), 
which increased to 10.29 ± 6.76 U/day (0.16 ± 0.10 U/kg/day) 
at month 12 (LOCF), with a mean change of 2.80 ± 5.82 U/day 
(0.04 ± 0.09 U/kg/day) (p < 0.001). Among the subgroups, 
≥3-OADs/naïve patients started with the lowest initial dose 
(6.11 ± 3.66 U/day, 0.10 ± 0.06 U/kg/day), which increased 
the most (4.73 ± 6.97 U/day, 0.07 ± 0.10 U/kg/day, p < 0.001).

In the insulin-experienced patients, the mean basal insulin 
dose was 15.00 ± 9.67 U/day (0.22 ± 0.13 U/kg/day) prior to 
Gla-300 initiation. The starting dose at baseline was 
14.86 ± 9.61 U/day (0.22 ± 0.13 U/kg/day), which increased 

to 15.60 ± 10.01 U/day (0.24 ± 0.14 U/kg/day), with a mean 
change of 0.73 ± 3.79 U/day (0.01 ± 0.06 U/kg/day) (p < 0.001). 
The distribution of Gla-300 dose at month 12 (LOCF) is shown 
in Supplementary figure 1.

3.5. Effectiveness assessment

As shown in Figure 3(a), in insulin-naïve patients, mean (± 
SD) HbA1c levels reduced from 9.82 ± 2.19% 
(83.84 ± 23.96 mmol/mol) at baseline to 7.83 ± 1.52% 
(62.07 ± 16.58 mmol/mol) at month 12 (LOCF), with 
a mean change of −1.99 ± 2.30% (−21.77 ± 25.17 mmol/ 
mol) (p < 0.001). Insulin-experienced patients showed mark-
edly smaller reduction (7.99 ± 1.48% [63.88 ± 16.13 mmol/ 
mol] to 7.81 ± 1.30% [61.90 ± 14.18 mmol/mol]) in HbA1c 
levels, with a mean change of −0.18 ± 1.21% 
(−1.98 ± 13.22 mmol/mol) (p < 0.001). HbA1c levels <7.0% 
were achieved in 28.4% of insulin-naïve and 24.6% of insu-
lin-experienced patients (Figure 3(b)). This HbA1c target was 
achieved in a greater proportion of patients with FPG data 

Figure 3. Change of HbA1c levels (a), <7.0% HbA1c achievement (b), FPG levels (c), and body weight (d) over 12 months after Gla-300 initiation.
HbA1c: hemoglobin A1c; BL: baseline; T2DM: type 2 diabetes mellitus; SD: standard deviation; LOCF: last observation carried forward; OAD: oral antidiabetic drug; GLP-1RA: glucagon-like 
peptide-1 receptor agonist; FPG: fasting plasma glucose 

Participants included in the table are limited to those who had data at the LOCF endpoint.Insulin-naïve people are stratified according to treatment prior to Gla-300 administration (0, 1, 2, 
and ≥3 OADs; and GLP-1RA irrespective of OAD administration). 
†Mean change was calculated for participants whose baseline and endpoint data were both collected. 
‡FPG data are either laboratory- or self-measured values. ‘With FPG’ refers to people who have FPG data, and ‘without FPG’ refers to people who do not have FPG data.
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in both the insulin-naïve (30.6% with FPG vs 27.1% without 
FPG) and insulin-experienced (26.2% with FPG vs 23.8% 
without FPG) groups than in those without FPG data.

Figure 3(c) shows that the mean (± SD) FPG levels 
reduced from 229.2 ± 91.6 mg/dL (12.7 ± 5.1 mmol/L) at 
baseline to 147.2 ± 55.0 mg/dL (8.2 ± 3.1 mmol/L) at month 
12 (LOCF) in insulin-naïve patients. In insulin-experienced 
patients, it changed from 156.8 ± 69.4 mg/dL 
(8.7 ± 3.8 mmol/L) to 147.5 ± 59.7 mg/dL 
(8.2 ± 3.3 mmol/L). The mean (± SD) change in body weight 
was +0.7 ± 4.1 kg (p < 0.001) in insulin-naïve and 
−0.2 ± 3.1 kg (p = 0.003) in insulin-experienced patients 
(Figure 3(d)).

The 0-OAD/naïve patients showed the largest changes in 
mean HbA1c (−3.25 ± 2.71% [−35.48 ± 29.61 mmol/mol], 
p < 0.001), mean FPG (−109.6 ± 92.4 mg/dL 
[−6.1 ± 5.1 mmol/L], p < 0.001), and mean body weight 
(+1.3 ± 5.4 kg, p < 0.001) among all subgroups.

3.6. Safety assessment

Overall, 42 ADRs from 42 insulin-naïve patients (3.42%) and 
155 from 151 insulin-experienced patients (4.45%) were 
reported (Table 3). In both groups, hypoglycemia was the 
most common (36, 2.93% in insulin-naïve patients and 131, 
3.86% in insulin-experienced patients). Incidences of serious 
hypoglycemia were 2 (0.16%) in insulin-naïve patients and 8 
(0.24%) in insulin-experienced patients, and those of severe 
hypoglycemia were 1 (0.08%) in insulin-naïve patients and 7 
(0.21%) in insulin-experienced patients.

3.7. Adherence

Among the participants, 84.1% of insulin-naïve and 86.7% of 
insulin-experienced patients remained adherent to Gla-300 
(Table 4). Regarding life style modification, 33.2% of insulin- 
naïve and 31.3% of insulin-experienced patients were adher-
ent to instruction on exercise, and 24.8% of insulin-naïve 
and 23.9% of insulin-experienced patients did not receive 
instructions. Moreover, 39.0% of insulin-naïve and 37.6% of 
insulin-experienced patients were adherent to dietary 
instruction and 14.4% of insulin-naïve and 13.2% insulin- 
experienced patients did not receive instructions. There 
was no numerical difference between the groups.

4. Discussion

The X-STAR study investigated the effectiveness and safety of 
Gla-300 in Japanese DM patients in a real-world clinical setting. 
This analysis of insulin-naïve and insulin-experienced T2DM 
patients provides insights into the current diabetes manage-
ment strategies used prior to and after commencing second- 
generation basal insulin in Japanese clinical practice.

In insulin-naïve T2DM patients, treatment with Gla-300 was 
associated with significant reduction in HbA1C from baseline 
to month 12 (−1.99% [−21.77 mmol/mol], 9.82% [83.84 mmol/ 
mol] to 7.83% [62.07 mmol/mol]). These results are 

comparable with those from previous randomized controlled 
trials of Gla-300 [18–22]. The insulin-experienced group 
showed a statistically significant, but clinically diminutive, 
reduction in HbA1c levels (−0.18% [−1.98 mmol/mol], 7.99–-
7.81% [63.88–61.90 mmol/mol]). Additionally, changes in body 
weight were clinically insignificant, and overall, no unprece-
dented safety concerns were reported.

Overall achievement of HbA1c level <7.0% was relatively 
low at month 12 (28.4% of insulin-naïve and 24.6% of insulin- 
experienced patients). In insulin-naïve patients, the final dose 
of Gla-300 was 10.29 U at month 12 (+2.80 U from 7.49 U at 
initiation). In insulin-experienced patients, the mean change in 
dose was small (+0.73 U, from 14.86 U to 15.60 U) although 
‘insufficient glycemic control’ was the most common reason 
for the switch (94.2%). In the Japan Diabetes Clinical Data 
Management (JDDM) study [4], only 21% of patients with 
HbA1c at ≥7.0% 180 days after the initiation of basal insulin 
had their treatment intensified during the 1.5-year follow-up. 

Table 3. ADR reported during 12 months from baseline.

ADRs

Insulin- 
naïve 

(n = 1,227)

Insulin- 
experienced 
(n = 3,394)

n (%) n (%)

Number of patients with ADRs 42 (3.42) 151 (4.45)
Number of ADR events 42 - 155 -
Cardiac disorders 0 1 (0.03)
Acute myocardial infarction 0 1 (0.03)
Gastrointestinal disorders 1 (0.08) 3 (0.09)
Abdominal discomfort 1 (0.08) 0
Abdominal distension 0 1 (0.03)
Nausea 0 2 (0.06)
General disorders and injection site conditions 1 (0.08) 3 (0.09)
Injection site erythema 1 (0.08) 1 (0.03)
Injection site pruritus 0 2 (0.06)
Injection site mass 0 1 (0.03)
Investigations 0 5 (0.15)
Blood glucose abnormality 0 1 (0.03)
Blood glucose increased 0 2 (0.06)
Glycosylated hemoglobin increased 0 1 (0.03)
Liver function tests increased 0 1 (0.03)
Infectious and infestations 2 (0.16) 1 (0.03)
Pneumonia 0 1 (0.03)
Pharyngitis 1 (0.08) 0
Infectious pleural effusion 1 (0.08) 0
Metabolism and nutrition disorders 36 (2.93) 133 (3.92)
Diabetes mellitus† 0 1 (0.03)
Hyperglycemia 0 1 (0.03)
Hypoglycemia 36 (2.93) 131 (3.86)
Hepatobiliary disorders 0 1 (0.03)
Liver disorder 0 1 (0.03)
Nervous system disorders 0 2 (0.06)
Dizziness 0 1 (0.03)
Headache 0 1 (0.03)
Skin and subcutaneous tissue disorders 2 (0.16) 5 (0.15)
Eczema 1 (0.08) 0
Pruritus 0 2 (0.06)
Rash 0 2 (0.06)
Urticaria 1 (0.08) 1 (0.03)
Total hypoglycemia 36 (2.93) 131 (3.86)
Serious hypoglycemia 2 (0.16) 8 (0.24)
Severe hypoglycemia‡ 1 (0.08) 7 (0.21)

ADR: adverse drug reaction 
Individual ADRs were coded according to the MedDRA/J Ver.22.0 classified 

according to Preferred Term 
†The primary disease, i.e. diabetes mellitus was exacerbated 
‡Severe hypoglycemia was defined as an event that required assistance of 

another person 
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The discrepancy between the reason for the switch to Gla-300 
and suboptimal up-titration of Gla-300 in real clinical practice 
suggests that there are barriers to effective diabetes manage-
ment. In general, fear of hypoglycemia in both patients and 
clinicians is the most important factor that leads to insufficient 
up-titration of insulin dose even when suboptimal control is 
apparent [23]. It can be assumed that a substantial number of 
insulin-experienced patients have had hypoglycemia and have 
developed fear from the current data; >40% of them on rapid- 
acting insulin or complex regimen with multiple OADs includ-
ing SU (Table 2). In insulin-naïve patients, there is a highly 
frequent use of SU (42.5%) before initiation of Gla-300, and 
then only approximately 12% of the patients discontinued SU 
after the initiation, which may lead to difficulty in achieving 
glycemic control in patients with delayed initiation of insulin. 
In addition, there was a high proportion of elderly people with 
T2DM (49.5% in insulin-naïve and 57.3% in insulin-experienced 
patients were ≥65-year old; Table 1), indicative of the aging 
Japanese society. The Japanese Diabetes Society guideline 
recommends that HbA1c targets should be set according to 
age, medication (in particular, SU and insulin), and cognitive 
function and activities of daily living [24]. The older age profile 
of the population could have contributed to the low rate of 
insulin intensification seen in the present study and further 
sub-analysis in elderly should be considered.

Given that dose of basal insulin is adjusted according to 
FPG in the titration algorithms [25], the achievement of opti-
mal glycemic control may be related to the frequency of FPG 
measurement. Our findings in patients with or without FPG 
show the same trend (Figure 3(b)). However, any firm conclu-
sions cannot be made due to the small size of FPG samples in 
this study (332/1,194, 27.8% in insulin-naïve and 905/3,297, 
27.4% in insulin-experienced patients).

Previous reports have suggested that the initiation of insu-
lin therapy in the early stage of the disease can help to 
achieve and maintain optimal glycemic control [26,27], 

possibly due to the preservation of β-cell function [28]. 
Despite these reports, the present study suggests that early 
intervention with insulin in T2DM is not a common practice in 
Japan. Baseline HbA1c levels of insulin-naïve patients started 
on Gla-300 were high (9.82%). This figure is comparable with 
results of previous studies published from 2004 to 2013 in 
Japan, including ALOHA (9.05%) [5], ALOHA-2 (9.58%) [6], 
JDDM (9.4%) [4], and the Diabetes Attitudes Wishes and 
Needs (DAWN) Japan study (9.69%) [7]. This delay in the 
escalation of therapy, combined with barriers to appropriate 
titration, may limit the impact of insulin treatment on the 
overall glycemic control and preservation of β-cell function. 
There are, of course, various other reasons for this ‘clinical 
inertia.’ In general, healthcare professionals and patients hes-
itate to use injectable therapies. Treatment complexity, incon-
venience, weight gain, and hypoglycemia are all well- 
recognized barriers to insulin therapy [8]. Furthermore, hospi-
tals and clinics in Japan are overcrowded and understaffed, 
and the initiation of insulin requires time for patient education 
on self-injection and the use of SMPG, which may be 
a logistical barrier to treatment intensification. Safe and effec-
tive drugs such as Gla-300 can be a viable therapeutic option 
to achieve glycemic control.

The present study has certain limitations. First, the inci-
dences of ADRs, including hypoglycemia, may be underes-
timated. In post-marketing surveillance, data are collected at 
routine visits and the definition of hypoglycemia is not 
strictly specified, leading to underreporting in comparison 
with clinical trials. Second, this is an observational study and 
the lack of a control group prevents any comparative ana-
lysis. Last, because this is a post marketing surveillance 
conducted in Japan, our study results may not be 
generalizable.

5. Conclusions

In conclusion, the X-STAR study of T2DM patients showed that 
treatment with Gla-300 reduced or maintained HbA1c levels in 
insulin naïve or experienced patients, and no unprecedented 
safety concerns were reported during the study period of 
12 months. This suggests that Gla-300 is a safe and effective 
basal insulin for the management of T2DM.

The study also indicates that in Japanese clinical practice, 
there is delayed initiation of insulin with high mean HbA1c 
(>9%) at initiation and very small up-titration of basal insulin 
despite low (<30%) achievement of glycemic targets 
(HbA1c < 7.0%). Although the age profile of the Japanese 
population affects individual glycemic targets, improved com-
prehensive strategies for glycemic control in Japanese T2DM 
patients are required, and Gla-300 is a viable therapeutic 
option.

Acknowledgments

The PMS operation was supported by Shiho Yamane and Makiko Usami of 
Post-Authorization Regulatory Studies, and Yuko Honma of Trial 

Table 4. Adherence status with treatment instructions during the 12 months 
after Gla-300 initiation.

Adherence status

Insulin-naïve 
(n = 1,227)

Insulin-experienced 
(n = 3,394)

n (%) n (%)

Gla-300 administration
Adherent (≥75%) 782 (84.1) 2,664 (86.7)
Sometimes non-adherent (50% to <75%) 101 (10.9) 302 (9.8)
Non-adherent (<50%) 22 (2.4) 56 (1.8)
Unknown 25 (2.7) 50 (1.6)
Exercise
Not instructed 231 (24.8) 735 (23.9)
Adherent (≥75%) 309 (33.2) 960 (31.3)
Sometimes non-adherent (50% to <75%) 191 (20.5) 652 (21.2)
Non-adherent (<50%) 102 (11.0) 435 (14.2)
Unknown 97 (10.4) 290 (9.4)
Dietary
Not instructed 134 (14.4) 404 (13.2)
Adherent (≥75%) 363 (39.0) 1,156 (37.6)
Sometimes non-adherent (50% to <75%) 244 (26.2) 854 (27.8)
Non-adherent (<50%) 97 (10.4) 408 (13.3)
Unknown 92 (9.9) 250 (8.1)

1778 M. ODAWARA ET AL.



Operations, Sanofi K.K., Tokyo, Japan. The PMS monitoring was provided 
by EP-PharmaLine Co., Ltd., Tokyo, Japan; the Electronic Data Capture was 
provided by CMIC Co., Ltd., Tokyo, Japan; and statistical analysis and 
editorial assistance were provided by Clinical Study Support, Inc., 
Nagoya, Japan, under contract with Sanofi K.K., Tokyo, Japan. This study 
was presented in part at the poster session at the 62nd annual meeting of 
the Japan Diabetes Society on May 2019.

Funding

This work was supported by Sanofi K.K., Tokyo, Japan.

Declaration of interest
M Odawara received honoraria, subsidies, or donations from Novo Nordisk 
Pharma Ltd., Sanofi K.K., MSD K.K., Ono Pharmaceutical Co., Ltd., Novartis 
Pharma K.K., Astellas Pharma Inc., AstraZeneca K.K., Kowa Pharmaceutical 
Co. Ltd., Takeda Pharmaceutical Company, Ltd., Mitsubishi Tanabe Pharma 
Corp., Eli Lilly Japan K.K., Nippon Boehringer Ingelheim Co., Ltd., and 
Sumitomo Dainippon Pharma Co., Ltd.

M Matsuhisa received honoraria from Sanofi K.K., Takeda Pharmaceutical 
Company, Ltd., Eli Lilly Japan K.K., Mitsubishi Tanabe Pharma Corp., Astellas 
Pharma Inc., Novo Nordisk Pharma Ltd., and MSD K.K.; research funding from 
Sysmex Corp., Nissui Pharmaceutical Co., Ltd., and Tokushima Data Service 
Co. Ltd.; and subsidies or donations from Astellas Pharma Inc., Nippon 
Boehringer Ingelheim Co., Ltd., Daiichi Sankyo Co., Ltd., Mitsubishi Tanabe 
Pharma Corp., Novartis Pharma K.K., Sanofi K.K., Novo Nordisk Pharma Ltd., 
Takeda Pharmaceutical Company, Ltd., MSD K.K., and Ono Pharmaceutical 
Co., Ltd.

T Hirose received honoraria from Sanofi K.K., Eli Lilly Japan K.K., Novo 
Nordisk Pharma Ltd., Takeda Pharmaceutical Company, Ltd., MSD K.K., 
Sumitomo Dainippon Pharma Co., Ltd., Novartis Pharma K.K., Nippon 
Boehringer Ingelheim Co., Ltd., Ono Pharmaceutical Co., Ltd., 
AstraZeneca K.K., Mitsubishi Tanabe Pharma Corp., and Kowa Company, 
Ltd.; research funding from Mitsubishi Tanabe Pharma Corp. and 
AstraZeneca K.K.; and subsidies or donations from Astellas Pharma Inc., 
Novartis Pharma K.K., Eli Lilly Japan K.K., MSD K.K., Sanofi K.K., Mitsubishi 
Tanabe Pharma Corp., Daiichi Sankyo Co., Ltd., Takeda Pharmaceutical 
Company, Ltd., Taisho Pharmaceutical Co., Ltd., Nippon Boehringer 
Ingelheim Co., Ltd., Ono Pharmaceutical Co., Ltd., Novo Nordisk Pharma 
Ltd., Soiken, Inc., and Bayer Yakuhin, Ltd.

R Koshida and M Senda are employees of Sanofi K.K.
Y Tanaka serves in an advisory role to Top Corp.; and received honor-

aria from MSD K.K., Kissei Pharmaceutical Co., Ltd., Sumitomo Dainippon 
Pharma Co., Ltd., Astellas Pharma Inc., Takeda Pharmaceutical Company, 
Ltd., Arkray, Inc., and Sanofi K.K.: collaborative research funding from 
Nichirei Foods Inc.; and subsidies or donations from Sanofi K.K., Takeda 
Pharmaceutical Company, Ltd., MSD K.K., Daiichi Sankyo Co., Ltd., Novo 
Nordisk Pharma Ltd., Kissei Pharmaceutical Co., Ltd., Sumitomo Dainippon 
Pharma Co., Ltd., Sanwa Kagaku Kenkyusho Co., Ltd., Arkray, Inc., 
AstraZeneca K.K., Mitsubishi Tanabe Pharma Corp., Ono Pharmaceutical 
Co., Ltd., and Astellas Pharma Inc.

Y Terauchi received honoraria from Astellas Pharma Inc., AstraZeneca 
K.K., Daiichi Sankyo Co., Ltd., Sumitomo Dainippon Pharma Co., Ltd., Eli 
Lilly Japan K.K., Ltd., MSD K.K., Mitsubishi Tanabe Pharma Corp., Nippon 
Boehringer Ingelheim Co., Ltd., Novo Nordisk Pharma Ltd., Ono 
Pharmaceutical Co., Ltd., Sanwa Kagaku Kenkyusho Co., Ltd., Sanofi K.K., 
Taisho Toyama Pharmaceutical Co., Ltd., and Takeda Pharmaceutical 
Company, Ltd.; and research funding or grant from AstraZeneca K.K., 
Daiichi Sankyo Co., Ltd., Sumitomo Dainippon Pharma Co., Ltd., Eli Lilly 
Japan K.K., MSD K.K., Nippon Boehringer Ingelheim Co., Ltd., Novo Nordisk 
Pharma Ltd., Ono Pharmaceutical Co., Ltd., and Sanofi K.K.

The authors have no other relevant affiliations or financial involvement 
with any organization or entity with a financial interest in or financial 
conflict with the subject matter or materials discussed in the manuscript 
apart from those disclosed.

Author contributions
M Matsuhisa and Y Terauchi conceived and designed the study, interpreted 
the data, and critically revised the manuscript. M Odawara, T Hirose, and 
Y Tanaka interpreted the data and critically revised the manuscript. R Koshida 
interpreted the data, and drafted and critically revised the manuscript. 
M Senda conceived and designed the study, participated in data acquisition, 
analysis, and interpretation, and critically revised the manuscript. All authors 
approved the final version of the manuscript for publication and agreed to be 
accountable for the data presented herein.

Reviewer disclosures
Peer reviewers on this manuscript have no relevant financial relationships 
or otherwise to disclose.

ORCID
Ryusuke Koshida http://orcid.org/0000-0003-4726-7282
Masayuki Senda http://orcid.org/0000-0001-6673-1429

References

Papers of special note have been highlighted as either of interest (•) or of 
considerable interest (••) to readers.

1. Japan Diabetes Society. Treatment guide for diabetes 2016–2017. 
Chapter 3. Treatment. 2016: 13–23.

2. Stettler C, Allemann S, Jüni P, et al. Glycemic control and macro-
vascular disease in types 1 and 2 diabetes mellitus: meta-analysis of 
randomized trials. Am Heart J. 2006;152(1):27–38. .

3. Buse JB, Wexler DJ, Tsapas A, et al. 2019 update to: management of 
Hyperglycemia in Type 2 diabetes, 2018. A consensus report by the 
American diabetes association (ADA) and the European association 
for the study of diabetes (EASD). Diabetes Care. 2020;43:487–493.

4. Satoh J, Andersen M, Bekker Hansen B, et al. Clinical inertia in basal 
insulin-treated patients with type 2 diabetes - Results from 
a retrospective database study in Japan (JDDM 43). PLoS One. 2018;13: 
e0198160.

5. Ohtani T, Ito T. Insulin glargine wo mochiita BOT (Basal supported 
Oral Therapy) no anzensei yukousei no kentou (ALOHA study) — 
Lantus tokutei shiyou seiseki chosa keikoukettoukoukayaku tono 
heiyou ni kansuru chosa (2gata tounyoubyou) no kekka kara— 
[Safety and effectiveness of BOT (basal supported oral therapy) 
using insulin glargine in Japanese patients with type 2 diabetes 
—results from post-marketing surveillance of insulin glargine 
(ALOHA study)]. Shinyaku to Rinsho (Journal of New Remedies & 
Clinics). 2011;60(3):458–475. Japanese.

6. Kobayashi M, Tsukube S, Ikeda Y, et al. Safety and efficacy of 
combination therapy with insulin glargine and oral hypoglycaemic 
agents including DPP-4 inhibitors in Japanese T2DM patients: 
ALOHA 2 study, a post-marketing surveillance for Lantus®. 
J Diabetes Mellitus. 2014;4:273–289.

7. Yoshioka N, Ishii H, Tajima N, et al. Differences in physician and patient 
perceptions about insulin therapy for management of type 2 diabetes: 
the DAWN Japan study. Curr Med Res Opin. 2014;30:177–183.

8. Russell-Jones D, Pouwer F, Khunti K. Identification of barriers to 
insulin therapy and approaches to overcoming them. Diabetes 
Obes Metab. 2018;20:488–496.

9. Khunti K, Millar-Jones D. Clinical inertia to insulin initiation and 
intensification in the UK: A focused literature review. Prim Care 
Diabetes. 2017;11:3–12.

10. Becker RHA, Dahmen R, Bergmann K, et al. New insulin glargine 
300 Units · mL-1 provides a more even activity profile and pro-
longed glycemic control at steady state compared with insulin 
glargine 100 Units · mL-1. Diabetes Care. 2015;38:637–643.

EXPERT OPINION ON PHARMACOTHERAPY 1779



11. Bolli GB, Riddle MC, Bergenstal RM, et al. New insulin glargine 300 U/ml 
compared with glargine 100 U/ml in insulin-naïve people with type 2 
diabetes on oral glucose-lowering drugs: a randomized controlled trial 
(EDITION 3). Diabetes Obes Metab. 2015;17:386–394. 

•• Gla-300 pre-approval trial in people with type 2 diabetes 
mellitus

12. Terauchi Y, Koyama M, Cheng X, et al. New insulin glargine 300 U/ 
ml versus glargine 100 U/ml in Japanese people with type 2 
diabetes using basal insulin and oral antihyperglycaemic drugs: 
glucose control and hypoglycaemia in a randomized controlled 
trial (EDITION JP 2). Diabetes Obes Metab. 2016;18:366–374. 

•• Gla-300 pre-approval trial in people with type 2 diabetes mel-
litus in Japan

13. Ritzel R, Roussel R, Bolli GB, et al. Patient-level meta-analysis of the 
EDITION 1, 2 and 3 studies: glycaemic control and hypoglycaemia with 
new insulin glargine 300 U/ml versus glargine 100 U/ml in people with 
type 2 diabetes. Diabetes Obes Metab. 2015;17:859–867. 

•• Patient-level meta-analysis of Gla-300 pre-approval trials in 
people with type 2 diabetes mellitus

14. Zhou FL, Ye F, Berhanu P, et al. Real-world evidence concerning clinical 
and economic outcomes of switching to insulin glargine 300 units/mL vs 
other basal insulins in patients with type 2 diabetes using basal insulin. 
Diabetes Obes Metab. 2018;20:1293–1297.

15. Sullivan SD, Bailey TS, Roussel R, et al. Clinical outcomes in real-world 
patients with type 2 diabetes switching from first- to 
second-generation basal insulin analogues: comparative effective-
ness of insulin glargine 300 units/mL and insulin degludec in the 
DELIVER D+ cohort study. Diabetes Obes Metab. 2018;20:2148–2158.

16. LANTUS XR Inj. SoloStar. [Internet]. [cited 2020 Jan 28]. Available from: 
https://www.info.pmda.go.jp/go/pack/2492416G3020_1_02/. Japanese.

17. Ministry of Health, Labour and Welfare. Zyutoku hukusayou sayou 
shikkannbetu taiou manual teikettou [Manuals for handling disor-
ders due to adverse drug reactions: hypoglycaemia]. [Internet]. 
2011 [cited 2019 Feb 6]. Available from: http://www.info.pmda.go. 
jp/juutoku/file/jfm1104010.pdf. Japanese.

18. Rosenstock J, Cheng A, Ritzel R, et al. More similarities than 
differences testing insulin glargine 300 units/mL versus insulin 
degludec 100 Units/mL in insulin-naive type 2 diabetes: the 
randomized head-to-head BRIGHT trial. Diabetes Care. 
2018;41:2147–2154.

19. Yki-Järvinen H, Bergenstal RM, Bolli GB, et al. Glycaemic control and 
hypoglycaemia with new insulin glargine 300 U/ml versus insulin glar-
gine 100 U/ml in people with type 2 diabetes using basal insulin and oral 
antihyperglycaemic drugs: the EDITION 2 randomized 12-month trial 
including 6-month extension. Diabetes Obes Metab. 2015;17:1142–1149. 

•• Gla-300 pre-approval trial in people with type 2 diabetes 
mellitus

20. Terauchi Y, Koyama M, Cheng X, et al. Glycaemic control and 
hypoglycaemia with insulin glargine 300 U/mL compared with 
glargine 100 U/mL in Japanese adults with type 2 diabetes using 
basal insulin plus oral anti-hyperglycaemic drugs (EDITION JP 2 
randomised 12-month trial including 6-month extension). 
Diabetes Metab. 2017;43:446–452. 

•• Gla-300 pre-approval trial in people with type 2 diabetes mel-
litus in Japan

21. Bailey T, Gupta R, Preblick R et al. Glycemic goal attainment and 
hypoglycemia risk outcomes in patients with T2D initiating insulin 
glargine 300 U/mL vs 100 U/mL in real-world clinical practice. 
Poster session presented at: the 2018 Annual Meeting of the 
Academy of Managed Care Pharmacy; 2018 Apr; Boston, MA.

22. Nicholls C, Gupta R, Meron A et al. Comparable glycemic control 
and hypoglycemia outcomes in adult patients with Type 2 diabetes 
(T2D) initiating insulin glargine 300 U/mL (Gla-300) versus insulin 
degludec (IDeg) in real-world clinical practice: DELIVER naive D 
study. Poster session presented at: American Diabetes Association 
Research Symposium; 2018 Nov; Washington DC.

23. Wild D, von Maltzahn R, Brohan E, et al. A critical review of the literature 
on fear of hypoglycemia in diabetes: implications for diabetes manage-
ment and patient education. Patient Educ Couns. 2007;68:10–15.

24. Haneda M, Noda M, Origasa H, et al. Japanese clinical practice 
guideline for diabetes 2016. Diabetol Int. 2018;9:1–45.

25. Odawara M, Kadowaki T, Naito Y. Plasma glucose monitoring and 
the subsequent HbA1c control in patients with type 2 diabetes on 
a basal supported oral therapy regimen in real life: subanalysis of 
the ALOHA study: a 24-week, prospective, open-label, multicenter, 
observational study. Diabetol Int. 2015;6:66–76.

26. Kadowaki T, Ohtani T, Odawara M. Baseline predictive factors for 
glycemic control in Japanese type 2 diabetes patients treated with 
insulin glargine plus oral antidiabetic drugs: ALOHA study 
subanalysis. Diabetol Int. 2013;4:16–22.

27. Tsukube S, Kadowaki T, Odawara M. Efficacy and safety assessment 
of basal supported oral therapy (BOT) with insulin glargine in a 
real-life clinical setting, stratified by concomitant orally adminis-
tered antidiabetic agent (OAD) regimens including dipeptidyl 
peptidase-4 inhibitor (DPP-4i): subanalysis of the ALOHA2 study, 
drug-use surveillance in Japan. Diabetol Int. 2016;7:299–307.

28. Weng J, Li Y, Xu W, et al. Effect of intensive insulin therapy on β-cell 
function and glycaemic control in patients with newly diagnosed 
type 2 diabetes: a multicentre randomised parallel-group trial. 
Lancet. 2008;371:1753–1760.

1780 M. ODAWARA ET AL.

https://www.info.pmda.go.jp/go/pack/2492416G3020_1_02/
http://www.info.pmda.go.jp/juutoku/file/jfm1104010.pdf
http://www.info.pmda.go.jp/juutoku/file/jfm1104010.pdf

	Abstract
	1.  Introduction
	2.  Patients and methods
	2.1.  Study design
	2.2.  Study population
	2.3.  Data collection and assessments
	2.4.  Statistical analysis

	3.  Results
	3.1.  Participant sample size
	3.2.  Demographics and clinical characteristics at baseline
	3.3.  Antidiabetic and concomitant medications
	3.4.  Change in Gla-300 dose
	3.5.  Effectiveness assessment
	3.6.  Safety assessment
	3.7.  Adherence

	4.  Discussion
	5.  Conclusions
	Acknowledgments
	Funding
	Declaration of interest
	Author contributions
	Reviewer disclosures
	References



