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ABSTRACT

Introduction: New insulin glargine 300 U mL-1

(Gla-300) is a basal insulin that shows more

stable and prolonged pharmacokinetic and

pharmacodynamic profiles than insulin

glargine 100 U mL-1 (Gla-100). This study used

continuous glucose monitoring (CGM) to

compare 24-h glucose profiles in a Japanese

population using Gla-300 versus Gla-100.

Methods: This was an exploratory 8.4-week,

single-center, 2-sequence, 2-period, open-label

crossover study. Japanese adults with type 1

diabetes mellitus (T1DM) treated with basal–

bolus insulin, with glycated hemoglobin

(HbA1c) 6.5–10.0% and median fasting self-

monitored plasma glucose concentration

B13 mmol L-1, were randomized to Gla-300

followed by Gla-100 (subgroup 1) or vice versa

(subgroup 2), with no washout period. CGM

was performed on the last 3 days of the

screening period and each treatment period.

Primary endpoint was comparison of 24-h

glucose variability (area under the curve

[AUC]mean_24 h) on the second day of each

CGM measurement with Gla-300 versus

Gla-100. Baseline and end of treatment period

values for HbA1c, fasting plasma glucose (FPG)

and daily basal/mealtime insulin doses were

recorded. Hypoglycemia and adverse events

(AEs) were recorded.

Results: Twenty participants were randomized

(10 to subgroup 1 and 10 to subgroup 2).

Participants showed comparable glucose

variability over 24 h (AUCmean_24 h during

treatment with Gla-300 or Gla-100 (treatment

ratio 0.96; 90% confidence interval 0.79, 1.16).

HbA1c and FPG were generally stable across both

treatment periods. There was a trend towards

fewer participants experiencingC1hypoglycemia

event at any time (24 h) and at night

(00:00–05:59 h) with Gla-300 versus Gla-100.
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Treatment-emergent AEs, reported by 9/20 (45%)

and 4/20 (20%) participants during Gla-300 and

Gla-100 treatment, respectively,wereunrelated to

study medication.

Conclusions: In this cohort of Japanese people

with T1DM, no between-treatment difference

was observed in glucose variability with Gla-300

versus Gla-100, as measured by CGM. There was

a trend for less hypoglycemia with Gla-300,

particularly at night, versus Gla-100. Both

treatments were well tolerated.

Funding: Sanofi, Tokyo, Japan.

Clinical trial registration: NCT01676233, Clinical

Trials.gov.
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INTRODUCTION

There is a clinical need for basal insulin

products that provide more constant and

longer-lasting glycemic control with reduced

risk of hypoglycemia to enable more people

with diabetes to meet their glycemic targets and

improve their quality of life. Recent studies with

new insulin glargine 300 U mL-1 (Gla-300) have

shown more stable and prolonged

pharmacokinetic (PK) and pharmacodynamic

(PD) profiles compared with insulin glargine

100 U mL-1 (Gla-100) in both European [1–3]

and Japanese populations [3]. In addition, the

EDITION clinical trial program has shown lower

rates of hypoglycemia with Gla-300 compared

with Gla-100 in several different type 1 and type

2 diabetes populations [4–7], including

participants from Japan [8, 9].

A recent study using continuous glucose

monitoring (CGM) analysis in Western

participants with type 1 diabetes mellitus

(T1DM) showed that Gla-300 treatment

provided more stable glucose levels

throughout the day compared with Gla-100

[10]. Intra-subject glucose variability was lower

with Gla-300 than with Gla-100, irrespective of

morning or evening administration, which

confirms some flexibility of injection time is

possible with Gla-300 [10]. In turn, rates of

nocturnal hypoglycemia were numerically

lower with Gla-300 compared with Gla-100,

demonstrating a potential clinical benefit of the

smoother Gla-300 PK and PD profiles [10]. This

reduction in hypoglycemia risk could lead to

improved treatment success and quality of life

for people with T1DM.

In the present study, CGM was used to

compare 24-h glucose profiles at steady state

in a Japanese population with T1DM receiving

once-daily Gla-300 or Gla-100.

METHODS

This was a single-center, randomized, open-

label, 2-sequence, 2-period, 2-treatment,

multiple-dose crossover study. Japanese people

of at least 20 years of age with T1DM who were

being treated with basal–bolus insulin and had

glycated hemoglobin (HbA1c) within the range

6.5–10.0%, and a median fasting self-monitored

plasma glucose (SMPG) concentration of

B13 mmol L-1 (240 mg dL-1) in the 3 days

prior to randomization were eligible for

inclusion. People were excluded from the study

if they had received premix insulin or basal

insulin other than Gla-100, neutral protamine

Hagedorn insulin, neutral protamine insulin

lispro, or insulin detemir, or mealtime insulin

other than insulin lispro, aspart, or glulisine

during the 4 weeks immediately before

screening. Use of an insulin pump or new

glucose-lowering medications during the

12 weeks before screening was not permitted.
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All procedures followed were in accordance with

Good Clinical Practice [11], the ethical

standards of the responsible committee on

human experimentation (institutional and

national) and the Declaration of Helsinki [12].

Written informed consent was obtained from all

participants before they were included in the

study.

Participants received either Gla-300 (using a

modified TactiPen�; Haselmeier GmbH,

Zürich, Switzerland) in treatment period 1

followed by Gla-100 (using a SoloSTAR� pen;

Sanofi, Paris, France) in treatment period 2

(subgroup 1) or vice versa (subgroup 2; Fig. 1),

using a 1:1 block randomization protocol to

assign subgroups. Study insulin preparations

were self-administered subcutaneously once

daily at bedtime (preferably [3 h after

evening mealtime insulin). The starting dose

for both treatment periods was based on the

basal insulin dose in the screening period.

Owing to differences in the scaling of the two

injection devices, starting doses of Gla-300

were divisible by 1.5 U and did not exceed the

previous daily dose, while Gla-100 starting

doses were equal to the previous daily dose.

Participants previously receiving their basal

insulin dose in the morning switched to one

dose in the evening on Day -7 (start of

screening period). Basal insulin dose was

titrated to achieve fasting SMPG in the range

4.4–7.2 mmol L-1 (80–130 mg dL-1) during the

two treatment periods. The mealtime insulin

dose was to continue without adjustment

from the participant’s pre-study regimen as

much as possible, with adjustment allowed at

the discretion of the investigator or

participant if postprandial hyperglycemia (2-h

postprandial plasma glucose[8.9 mmol L-1

[[160 mg dL-1]) or an abnormality relevant

to hypoglycemia caused by mealtime insulin

was observed and it was difficult to avoid the

occurrence of abnormalities by adjusting the

basal insulin dose. No additional

antihyperglycemic medications were allowed

beyond the study basal insulin, the continued

mealtime insulin, and the previous basal

insulin utilized in the screening and follow-

up periods. The study was open-label and

CGM measurements were performed over

3 days (in hospital for the first 2 days and

then at home for the third day), on Days -3

to 1 (screening period), Days 26–29 (treatment

period 1) and Days 54–57 (treatment period 2)

using a CGM meter (CGMS� System GoldTM;

Medtronic, Northridge, California, USA).

During the in-hospital CGM periods,

participants received standardized meals and

mealtime insulin doses at 08:00 h, 12:00 h and

18:00 h, as well as the basal insulin dose at

23:00 h, to ensure consistency of patient

management.

Previous
basal–bolus
insulin 

Subgroup 1
(N=10)

Subgroup 2
(N=10) 

Day −7 Day −3

Treatment period 2

Previous
basal–bolus
insulin 

pu-wolloF1 doirep tnemtaerTgnineercS

C
G
M

Day 1 Day 29 95 yaD62 yaD Day 54 Day 57

Gla-300

Gla-100

Gla-100

Gla-300
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G
M

Previous
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insulin 

Previous
basal–bolus
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Fig. 1 Study design. CGM continuous glucose monitoring, Gla-300 insulin glargine 300 U mL-1, Gla-100 insulin glargine
100 U mL-1
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Sample size was estimated using a maximum

imprecision approach based on a within-subject

standard deviation (SDwithin) of 0.445 obtained

for the bedtime time-point blood glucose

readings of an 8-point SMPG profile in a

parallel study with Gla-100. Thus, with a total

of 20 patients, assuming a SDwithin of 0.450, the

ratio of Gla-300 versus Gla-100means for fasting

plasma glucose (FPG) at bedtime was estimated

with a maximum imprecision of 30% (i.e., the

95% confidence interval (CI) will be 0.70 and

1/0.70 times the observed ratio), with 90%

assurance. The primary efficacy endpoint was

the comparison of Gla-300 and Gla-100 with

regard to glycemic variability over 24 h (area

under the curve [AUC]mean_24 h) expressed as the

mean area below and above the individual

average plasma glucose concentration

(BGAVG_24 h) on Day 2 of CGM recording for

each treatment period, analyzed using the

Riemann sum method. In addition, mean

nocturnal glycemic variability (AUCmean_noc;

00:00–06:00 h on Day 2) and mean daytime

glycemic variability (AUCmean_daytime;

06:00–00:00 h on Day 2) for both treatments

were included as supportive secondary efficacy

endpoints and were also analyzed using the

Riemann sum method. CGM endpoints were

analyzed using the modified intent-to-treat

(mITT) population (all participants without

any important deviations related to study drug

administration, and for whom blood glucose

data parameters by CGM were available) with

results pooled by treatment. A linear mixed-

effect model with sequence, period and

treatment as fixed terms and an unstructured 2

by 2 matrix of treatment-specific variances and

covariance per participant within sequence

blocks was used to obtain the log-transformed

AUCmean_24 h ratio and 90%CIs between the two

treatments, for the glucose data from the second

day of CGM only, using SAS proc MIXED�

(Cary, NC, USA). Other efficacy measurements

included HbA1c (national glycohemoglobin

standardized program values used throughout),

laboratory-measured FPG, and daily insulin

doses at the start and end of each treatment

period (study Days 2 and 28 for treatment period

1; study Days 29 and 56 for treatment period 2),

by treatment, and were analyzed using

descriptive statistics, using the intent-to-treat

population (ITT; all participants without any

important deviations related to study drug

administration, and for whom efficacy

parameters were available).

Hypoglycemic events were recorded

according to the American Diabetes

Association definitions [13] at any time of day

(24 h) and during the night (00:00–05:59 h). All

other adverse events (AEs) that were

spontaneously reported by the participant or

observed by the investigator were recorded.

Both were analyzed (SAS ver 9.2, Cary, NC,

USA) in the safety population (all participants

who received at least one dose of study

medication) using descriptive statistics and

results were pooled by treatment.

RESULTS

Baseline Characteristics

All 20 randomized participants completed the

study and all were included in the mITT, ITT,

and safety populations. Demographics and

disease characteristics at screening are

summarized in Table 1, and were balanced

between the two subgroups with the exception

of HbA1c and laboratory-measured FPG, which

were both slightly higher in subgroup 1 (Gla-300

then Gla-100) than subgroup 2 (Gla-100 then

Gla-300). The basal to total daily insulin ratio at

the start of treatment period 1 was 0.33 for
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subgroup 1 and 0.32 for subgroup 2, indicating

a preference for mealtime insulin-based blood

glucose control (Table 2).

Efficacy

The 24-h glucose variability (AUCmean_24 h) was

slightly lower with Gla-300 versus Gla-100

(treatment ratio 0.96, 90% CI 0.79–1.16)

(Table 3). Glucose variability at night

(AUCmean_noc) was also numerically lower for

Gla-300 than for Gla-100 (treatment ratio 0.94,

90% CI 0.69–1.27). Neither difference was

statistically significant.

Glycated hemoglobin and laboratory-

measured FPG values at the start and end of

treatment periods 1 and 2 are shown in Table 2.

HbA1c was generally stable with both Gla-300

and Gla-100, with only small decreases

observed across each treatment period. A

numerical decrease in FPG was observed over

treatment period 2 with Gla-100, while

remaining generally stable across treatment

periods 1 and 2 with Gla-300 and treatment

period 1 with Gla-100.

Daily basal, mealtime and total insulin doses

are shown in Table 2. The ratio of the daily basal

insulin dose to the total daily insulin dose at

each time point is also shown. There was an

increase in basal dose with Gla-300 and Gla-100

over treatment period 1 and with Gla-300 over

treatment period 2, whereas, per protocol,

mealtime insulin doses remained steady over

both treatment periods in both groups.

Table 1 Demographic and disease characteristics at screening for participants included in the study

Randomized
population

Subgroup 1
(Gla-300/Gla-100; N5 10)

Subgroup 2
(Gla-100/Gla-300; N5 10)

All
(N5 20)

Age, years

mean (SD) 52.1 (17.3) 52.1 (15.3) 52.1 (15.9)

Sex, male

n (%) 4 (40.0) 4 (40.0) 8 (40.0)

Body weight, kg

mean (SD) 61.5 (13.2) 57.0 (8.0) 59.3 (10.9)

BMI, kg m-2

mean (SD) 24.1 (4.4) 22.6 (1.9) 23.4 (3.4)

HbA1c, mean (SD)

% 8.49 (0.87) 7.93 (0.70) 8.21 (0.82)

mmol mol-1 69.3 (9.5) 63.2 (7.7) 66.2 (9.0)

FPG, mean (SD)

mmol L-1 8.3 (3.8) 7.3 (4.1) 7.8 (3.9)

mg dL-1 150.2 (68.3) 130.6 (74.6) 140.2 (70.4)

Prior use of glargine, % 100.0 100.0 100.0

BMI body mass index, FPG fasting plasma glucose, Gla-300 insulin glargine 300 U mL-1, Gla-100 insulin glargine 100
U mL-1, HbA1c glycated hemoglobin, SD standard deviation
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Safety

The total number of confirmed or severe

hypoglycemic events and percentage of partici

-pants experiencing C1 confirmed or severe

hypoglycemic event at both B3.9 mmol L-1

(B70 mg dL-1) and\3.0 mmol L-1 (\54 mg dL-1)

thresholds were numerically lower during

treatment with Gla-300 than with Gla-100 at

any timeof day (24 h) andparticularly during the

night (00:00–05:59 h) (Table 4).

Treatment-emergent AEs (TEAEs) were

reported by 9/20 (45%) participants who

received Gla-300 and 4/20 (20%) who received

Gla-100; none were considered to be related to

the study medication (Table 5). The most

commonly reported TEAEs were

gastrointestinal disorders, infections and

infestations, nervous system disorders and

musculoskeletal and connective tissue

disorders. No TEAEs led to study

discontinuation and there were no serious AEs.

Table 2 Glycemic control parameters and insulin doses during the study

mITT population
Parameter

Subgroup 1 (N5 10) Subgroup 2 (N5 10)

Treatment period 1
Gla-300

Treatment period 2
Gla-100

Treatment period 1
Gla-100

Treatment period 2
Gla-300

HbA1c, % (mmol mol-1)

Start of treatment perioda 8.49 (69.3) 8.21 (66.2) 7.93 (63.2) 7.66 (60.2)

End of treatment periodb 8.21 (66.2) 7.96 (63.5) 7.66 (60.2) 7.53 (58.8)

Laboratory-measured FPG, mmol L-1 (mg dL-1)

Start of treatment perioda 8.34 (150.2) 8.70 (156.8) 7.25 (130.6) 7.22 (130.1)

End of treatment periodb 8.70 (156.8) 6.61 (119.0) 7.22 (130.1) 7.79 (140.3)

Mean daily basal insulin dose, U day-1 (U kg-1 day-1)

Start of treatment perioda 14.85 (0.23) 18.40 (0.29) 11.70 (0.21) 12.75 (0.23)

End of treatment periodb 18.13 (0.29) 18.10 (0.28) 13.14 (0.23) 14.53 (0.26)

Mean daily mealtime insulin dose, U day-1 (U kg-1 day-1)

Start of treatment perioda 30.60 (0.48) 29.80 (0.46) 24.90 (0.43) 25.40 (0.44)

End of treatment periodb 29.90 (0.46) 29.59 (0.45) 24.50 (0.43) 25.24 (0.44)

Mean daily total insulin dose, U day-1 (U kg-1 day-1)

Start of treatment perioda 45.45 (0.71) 48.20 (0.75) 36.60 (0.64) 38.15 (0.67)

End of treatment periodb 48.03 (0.75) 47.69 (0.74) 37.64 (0.66) 39.77 (0.70)

Ratio of daily basal to total insulin dosec

Start of treatment perioda 0.33 0.38 0.32 0.33

End of treatment periodb 0.38 0.38 0.35 0.37

FPG fasting plasma glucose, Gla-300 insulin glargine 300 U mL-1, Gla-100 insulin glargine 100 U mL-1, HbA1c glycated
hemoglobin, mITT modified intent-to-treat
Data presented as the mean from all participants; a Start of treatment period represents Day 1 in treatment period 1 and
Day 29 in treatment period 2; b End of treatment period represents Day 28 in treatment period 1 and Day 56 in treatment
period 2; c calculated from U day-1 values
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DISCUSSION

In this pilot study with fixed daytime mealtime

insulin and evening basal insulin injections and

an in-house/hospital setting for CGM recording

in a cohort of Japanese people with T1DM, 24-h

glucose variability was not statistically different

between the treatment groups, but there was a

trend for lower variability with Gla-300

compared with Gla-100. The changes in HbA1c

and FPG seen across the treatment periods were

generally small and comparable between

Table 4 Occurrence of hypoglycemic events during the on-treatment period

Hypoglycemia definition Hypoglycemia at any
time of day (24 h)

Nocturnal
hypoglycemia
(00:00–05:59 h)

Gla-300a

(N5 20)
Gla-100a

(N5 20)
Gla-300a

(N5 20)
Gla-100a

(N5 20)

Any hypoglycemia

Participants experiencing C1 event during the treatment period, n (%) 17 (85.0) 20 (100.0) 4 (20.0) 8 (40.0)

Total number of events during the treatment period 126 192 6 20

Confirmed (B3.9 mmol L-1 [B70 mg dL-1]) or severe hypoglycemiab

Participants experiencing C1 event during the treatment period, n (%) 17 (85.0) 20 (100.0) 4 (20.0) 8 (40.0)

Total number of events during the treatment period 126 189 6 20

Confirmed (\3.0 mmol L-1 [\54 mg dL-1]) or severe hypoglycemiab

Participants experiencing C1 event during the treatment period, n (%) 8 (40.0) 12 (60.0) 1 (5.0) 4 (20.0)

Total number of events during the treatment period 28 44 1 6

Gla-300 insulin glargine 300 U mL-1, Gla-100 insulin glargine 100 U mL-1

a Data pooled from subgroups 1 and 2 by treatment
b Confirmed or severe hypoglycemia includes documented symptomatic, asymptomatic and severe hypoglycemia

Table 3 Comparison of the effect of Gla-300 and Gla-100 treatment on glucose variability, measured as the absolute AUC
above and below the individual average plasma glucose value in Day 2 (of 3) of continuous glucose monitoring (CGM)

mITT population
Parameter

Screening
(N5 20)

Gla-300a

(N5 20)
Gla-100a

(N5 20)
Treatment ratio 90% CI

AUCmean_24 h (min mg dL-1) 65,679b 59,757b 60,409 0.96 0.79–1.16

AUCmean_noc (min mg dL-1) 6983b 5337 5552 0.94 0.69–1.27

AUCmean_daytime (min mg dL-1) 49,108b 45,654b 44,875 1.01 0.84–1.21

AUC area under the curve, CI confidence interval, mITT modified intent-to-treat, Gla-300 insulin glargine 300 U mL-1,
Gla-100 insulin glargine 100 U mL-1

Data presented as the mean from all participants; a Data pooled from subgroups 1 and 2 by treatment; b N = 19, one
participant had missing CGM data so was excluded from this analysis
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Gla-300 and Gla-100, although a numerical

decrease in FPG was observed with Gla-100

during treatment period 2.

In addition, the percentage of participants

experiencing C1 hypoglycemic event of any

kind and total number of hypoglycemic events

during the treatment period were lower for

Gla-300 than for Gla-100, particularly during

the night. This may be a result of more stable

glucose control during the night with Gla-300

and is aligned with the more constant PK/PD

profiles that have been described for Gla-300

compared with Gla-100 [1, 3]. Interestingly, a

recent CGM study in a Western population,

which used a basal to total insulin ratio of 0.5,

described more stable glucose levels and lower

variability between subjects, within day and

between days, regardless of morning or evening

injection time, as well as a reduction in the rate

of confirmed (\3.0 mmol L-1 [\54 mg dL-1]) or

severe hypoglycemia at any time and during the

night with Gla-300 compared with Gla-100 [10].

Overall, Gla-300 and Gla-100, administered in

the evening, were well tolerated during the

study period and no specific safety concerns

were observed.

The small, non-significant trend observed in

this pilot study gives a first insight into the

potential for lower glucose variability and lower

incidence of hypoglycemia with Gla-300

compared with Gla-100 in a Japanese

population. However, the study is limited by

the small study population, requiring a larger

study to confirm and assess the potential

significance of the observations reported here.

Other limitations include the open-label design

that was necessary because of the different doses

and injection pens that were used for the

Gla-300 and Gla-100 treatments, the lack of a

washout period, the short treatment period that

may not provide a full picture of the insulin

Table 5 Listing of treatment-emergent adverse events
observed during the study

Adverse events
Primary system organ class
Preferred term, number of
participantsa (%)

Gla-300
(N5 20)b

Gla-100
(N5 20)b

Any class 9 (45.0) 4 (20.0)

Infections and infestations 2 (10.0) 2 (10.0)

Nasopharyngitis 2 (10.0) 2 (10.0)

Nervous system disorders 2 (10.0) 0 (0.0)

Dizziness postural 1 (5.0) 0 (0.0)

Headache 1 (5.0) 0 (0.0)

Gastrointestinal disorders 3 (15.0) 0 (0.0)

Abdominal discomfort 1 (5.0) 0 (0.0)

Dental caries 1 (5.0) 0 (0.0)

Stomatitis 1 (5.0) 0 (0.0)

Vomiting 1 (5.0) 0 (0.0)

Skin and subcutaneous tissue

disorders

0 (0.0) 1 (5.0)

Pruritus 0 (0.0) 1 (5.0)

Rash 0 (0.0) 1 (5.0)

Musculoskeletal and connective

tissue disorders

2 (10.0) 0 (0.0)

Plantar fasciitis 1 (5.0) 0 (0.0)

Tenosynovitis 1 (5.0) 0 (0.0)

Reproductive system and breast

disorders

1 (5.0) 0 (0.0)

Menstruation irregular 1 (5.0) 0 (0.0)

Injury, poisoning and procedural

complications

1 (5.0) 1 (5.0)

Intentional overdose 0 (0.0) 1 (5.0)

Accidental overdose 1 (5.0) 0 (0.0)

Gla-300 insulin glargine 300 U mL-1, Gla-100 insulin
glargine 100 U mL-1

a Some participants experienced more than one adverse
event
b Data pooled from subgroups 1 and 2 by treatment
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dose titration (treatment continued over a

longer period in the main EDITION studies),

and the potential impact that hospitalizing

participants who are normally outpatients may

have on glycemic control.

CONCLUSION

This exploratory study showed no between-

treatment difference in glucose variability with

Gla-300 versus Gla-100, over 24 h and at night,

in Japanese people with T1DM. There was,

however, a numerical reduction in the

percentage of participants experiencing C1

hypoglycemic event, across the 24-h period

and particularly at night. Gla-300 was well

tolerated, with no specific safety concerns

observed. Larger studies are needed to confirm

these observations and assess whether the

findings in this study could translate into

clinical benefits for people with diabetes,

allowing them to better manage their condition.
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