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Aims: This phase 2, double-blind, randomized, placebo-controlled trial (ClinicalTrials.gov

NCT02702011) with 4 sites in Japan investigated the pharmacodynamics (PD), pharmacokinet-

ics (PK) and safety profile of empagliflozin in Japanese participants with type 1 diabetes mellitus

(T1DM) as adjunctive therapy to insulin.

Materials and methods: Participants using multiple daily injections of insulin for ≥12 months,

with HbA1c of 7.5%-10.0%, entered a 2-week, open-label, placebo run-in period, followed by a

4-week, double-blind period during which participants were randomized 1:1:1:1 to receive

empagliflozin 2.5 mg (n = 13), empagliflozin 10 mg (n = 12), empagliflozin 25 mg (n = 12) or pla-

cebo (n = 11). The primary objective was to assess the effect of empagliflozin vs placebo on uri-

nary glucose excretion (UGE) after 7 days of treatment.

Results: PD: Empagliflozin resulted in a dose-dependent significant increase in 24-hour UGE

compared with placebo (UGE placebo-corrected mean [95% confidence interval] change from

baseline: 2.5 mg, 65.10 [43.29, 86.90] g/24 h; 10 mg, 81.19 [58.80, 103.58] g/24 h; 25 mg,

98.11 [75.91, 120.31] g/24 h). After 4 weeks of treatment, UGE increase was associated with

improved glycaemic control, reduced body weight and decreased insulin needs. Empagliflozin

treatment also resulted in dose-dependent increases in serum ketone bodies and free fatty

acids. PK: Plasma empagliflozin levels increased in a dose-dependent manner and peaked at

1.5 hours. In this short study, empagliflozin was well tolerated, with no increase in rate of hypo-

glycaemia and no diabetic ketoacidosis events reported.

Conclusions: Based on this short-duration phase 2 study, the PK/PD profile of empagliflozin in

Japanese participants with T1DM is comparable to that of non-Japanese participants.
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1 | INTRODUCTION

Life-long exogenous insulin replacement is the mainstay of therapy

for patients with type 1 diabetes mellitus (T1DM); however, it still has

several shortcomings. New adjunct treatment options for T1DM*Contributed equally as senior authors
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should enable patients to attain glycaemic targets (glycated haemoglo-

bin [HbA1c] ≤ 7.0%),1,2 to decrease the risk of hypoglycaemia,3 to

prevent weight gain4 and to reduce glucose variability.5

Several antihyperglycaemic agents (ie, pramlintide, metformin and

liraglutide) with low risk of hypoglycaemia and weight gain in partici-

pants with type 2 diabetes mellitus (T2DM) improve glycaemic control

and/or decrease insulin dose and body weight as adjuncts to insulin

therapy in participants with T1DM.4,6–10 However, these medications

have limitations in T1DM, such as increased risk of undesirable effects

(ie, nausea, vomiting, anorexia and hypoglycemia),6 absence of sus-

tained effect on glycaemic control,8,9 and increased rates of symptom-

atic hypoglycaemia, hyperglycaemic episodes with ketosis and

diabetic ketoacidosis (DKA) when compared with placebo.10

Therefore, an adjunct to insulin treatment with a more favourable

benefit/risk profile would be highly desirable in patients with T1DM.

Selective sodium-glucose co-transporter 2 (SGLT2) inhibitors

have a unique insulin-independent mode of action; these agents

decrease renal glucose reabsorption, which leads to urinary glucose

excretion (UGE), and, consequently, decreased blood glucose levels. In

participants with T2DM, SGLT2 inhibitors improve glycaemic control,

along with a decrease in weight and blood pressure, without increas-

ing the risk of hypoglycaemia.4 Sotagliflozin, canagliflozin and dapagli-

flozin as adjunct to insulin therapy in T1DM resulted in a higher

proportion of study participants achieving glycaemic target compared

with placebo, and reduced glycaemic variability, rate of hypoglycae-

mia, body weight and insulin dose.11–14 Moreover, adjunct therapy

with SGLT2 inhibitors may offer benefits for T1DM management in

paediatric populations in the future after the benefits and risks in

adults are clearly established.15 Indeed, based on the mode of action

of SGLT2 inhibitors, it is important to adequately characterize poten-

tial risks associated with these agents in terms of ketoacidosis in

T1DM, particularly as suboptimal insulin usage may contribute to this

acute T1DM complication. Given that the benefit/risk profiles of

these agents are currently under investigation, no combination ther-

apy with SGLT2 inhibitor is approved for use in T1DM.

Empagliflozin is a highly selective SGLT2 inhibitor that improves

glycaemic control in T2DM; empagliflozin was also shown in the

EMPA-REG OUTCOME trial to reduce the risk of cardiovascular death

by 38% and to reduce incident or worsening nephropathy by 39% in

participants with T2DM with established cardiovascular disease.16–19

In the phase 2 EASE-1 trial in participants with T1DM, empagliflozin

as adjunct to insulin improved glycaemic control, decreased glucose

variability, body weight and insulin dose, and increased time spent in

the glucose target range, without increasing the rate of hypoglycaemia

or DKA compared with placebo.20,21 However, given that EASE-1 was

a small, short-duration study of Caucasian participants, larger studies,

as well as studies in participants with different demographics (eg,

Asian participants whose body mass index [BMI], body composition

and diet are different), are required to investigate the potential thera-

peutic benefits of empagliflozin in patients with T1DM.

In this 4-week, double-blind, randomized, placebo-controlled trial,

we aimed to assess the pharmacodynamics (PD) (effect of empagliflo-

zin on UGE compared with placebo) of once-daily empagliflozin 2.5,

10 and 25 mg as adjunct therapy to insulin treatment in Japanese

participants with T1DM. Additionally, we aimed to evaluate

pharmacokinetic (PK) parameters, HbA1c, fasting plasma glucose

(FPG), body weight, glucose exposure and variability assessed by con-

tinuous glucose monitoring (CGM), ketogenesis markers, insulin doses,

carbohydrate intake, blood pressure, and overall empagliflozin safety

and tolerability in these participants. We hypothesized that empagli-

flozin would exhibit PD, PK, and short-term efficacy and safety pro-

files in Japanese participants with T1DM consistent with those of

non-Japanese participants as previously reported.20,21

2 | MATERIALS AND METHODS

2.1 | Study details

This was a phase 2, double-blind, randomized, placebo-controlled,

parallel-group trial of 3 doses of empagliflozin taken once daily for

4 weeks as adjunct to insulin therapy in Japanese participants with

T1DM (ClinicalTrials.gov [NCT02702011]). The trial was conducted at

4 study sites in Japan (March 21 to October 3, 2016). The protocol

was approved by the institutional review board at each site and was

conducted in compliance with the Japanese Ethical Guideline for Clini-

cal Studies and the Declaration of Helsinki. All participants provided

written informed consent prior to participation in the trial.

2.2 | Study population

Eligible participants included male and female adults (≥20 to

≤65 years), with T1DM who were treated for ≥12 months with multi-

ple daily injections of insulin prior to study initiation (≥1 basal and ≥3

bolus injections, with total daily insulin dose needs of ≥0.3 to ≤1.5 U/

kg), and with HbA1c of ≥7.5% to ≤10.0% (National Glycohaemoglobin

Standardization Programme % units; mmol/mol = [10.93 × %] – 23.5),

with a fasting C-peptide value of <0.6 ng/mL, with BMI of ≥18.5 to

≤35.0 kg/m2, and with an estimated glomerular filtration rate (eGFR)

of ≥60 to ≤150 mL/min/1.73 m2, who could manage blood glucose

monitoring, carbohydrate counting and insulin dose adjustment.

Participants were excluded if they had a history of T2DM, matu-

rity onset diabetes of the young, pancreatic surgery or chronic pancre-

atitis; acute coronary syndrome, stroke, transient ischemic attack or

indication of liver disease; severe hypoglycaemia, treatment with any

antihyperglycaemic drug except insulin, anti-obesity drugs or other

treatment leading to unstable body weight within 3 months before

screening; DKA within 3 months prior to screening or occurring

between screening and randomization.

2.3 | Study design

2.3.1 | Open-label run-in period

Participants who met inclusion criteria after screening entered a

2-week, open-label, placebo run-in period designed to stabilize insulin

therapy before randomization and to assess therapy adherence by

mimicking the dosing regimen in the double-blind treatment period

(Figure S1).
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2.3.2 | Double-blind treatment period

Participants who met inclusion criteria after the run-in period were

randomized 1:1:1:1 to receive empagliflozin 2.5, 10 or 25 mg, or

placebo (Boehringer Ingelheim Pharma GmbH & Co. KG, Ingelheim,

Germany) for 4 weeks. Randomization followed a permuted block

design and was used by a pseudo-random number generator and

supplied seed number. All study drugs were taken orally once daily in

the morning. Participants, investigators and study personnel remained

blinded to the randomized treatment assignments until database lock.

Randomization codes were provided to bioanalysts to exclude

placebo-treated participants from PK analyses. At randomization and

upon initiation of trial drug administration, participants with screen-

ing HbA1c of ≥7.5% and <8% received a 10% reduction in total daily

insulin dose, whereas participants with screening HbA1c of ≥8%

received an adjusted insulin dose based on their needs as assessed

by frequent self-monitoring of blood glucose and close follow-up to

avoid hypoglycaemia and hyperglycaemia. Initial and subsequent

insulin dosing adjustments (both basal and bolus insulin) were at the

investigators' discretion. Strategies were set for the prevention of

DKA events; these included reminders to participants concerning the

signs and symptoms of DKA, instructions to perform self-measure-

ment of blood ketone if symptoms occurred, and instructions not to

reduce the insulin dose below investigator recommendations

(Appendix S1). Investigators were also made aware of the potential

risk of euglycaemic DKA.

2.4 | Exploratory outcome measures

2.4.1 | Pharmacodynamics

The primary endpoint was change from baseline in 24-hour UGE on

Day 7 of treatment. All urine voided during 24 hours was collected at

baseline and on Days 1, 7 and 28.

2.4.2 | Pharmacokinetics

Blood and urine samples were taken for PK on Days 1 and 28. Empa-

gliflozin concentrations in plasma and urine samples were determined

by a validated liquid chromatography-tandem mass spectrometry

assay (Bioanalytical Systems, Inc., West Lafayette, Indiana). Steady

state attainment was explored using trough concentrations on Days

2, 7, 14, 21, 27, 28 and 29. Half-life at steady state (t1/2,ss), area under

the concentration-time curve (AUC) and maximal measured concen-

tration of empagliflozin in plasma (Cmax) were calculated.

2.4.3 | Efficacy

Blood samples, measured at a central laboratory, were taken for

HbA1c on Days 1 and 28, and for FPG on Days −1, 1, 2, 7, 8, 14, 21,

28 and 29. Body weight was measured on Day 28. Glucose exposure,

defined as mean daily AUC (MDAUC) of glucose, and glucose variabil-

ity, defined as interquartile range (IQR) of glucose and percentage

of time spent in glucose ranges ≤70 mg/dL, >70 to ≤180 mg/dL

(target range) and >180 mg/dL, were determined by CGM

(iPro2-Professional Continuous Glucose Monitoring Device, Medtro-

nic, Tolochenaz, Switzerland) from Days −6 to 28. Blood samples were

taken for β-hydroxybutyrate (BHB), acetoacetic acid, total ketone

bodies and free fatty acids (FFA) on Days −1, 1, 7 and 8 (measured by

SRL Inc., Shinjuku-ku, Tokyo, Japan) and changes from baseline in

AUC from 0 to 24 hours (AUC0-24h) on Day 7 were calculated. BHB

levels on Day 28 were measured as part of laboratory safety parame-

ters. Changes from baseline in systolic blood pressure (SBP), diastolic

blood pressure (DBP) and eGFR on Days 7 and 28 were determined.

Weekly recorded total, basal and bolus insulin doses and average car-

bohydrate intake over 4 weeks were identified. Participants recorded

their insulin dose, carbohydrate intake, blood glucose and blood

ketones in a diary throughout the treatment and follow-up periods.

Participants were provided with material for self-monitoring blood

glucose and self-monitoring blood ketone (FreeStyle Precision Neo,

Abbott, Tokyo, Japan) from initiation of the run-in period until the end

of follow-up.

2.4.4 | Safety

The type and frequency of adverse events (AEs), coded using the

Medical Dictionary for Regulatory Activities, version 19.1, of seri-

ous AEs (SAEs), of AEs of special interest (AESIs), of hypoglycaemic

AEs and of clinical laboratory parameters were assessed during

4 weeks of treatment. Hypoglycaemic AEs were based on blood

glucose (scheduled blood glucose test and/or CGM). AESIs included

genital infection, urinary tract infection, sepsis, asymptomatic bacte-

riuria, bone fracture, malignancies and volume depletion. Severe

hypoglycaemia and DKA events were adjudicated by independent

external committees. Blood and urine samples were taken for labo-

ratory safety parameters on Days 1, 7 and 28, and were measured

centrally.

2.5 | Statistical analysis

A total of 48 participants (12 in each group) was generally consid-

ered sufficient for the evaluation of PD, PK, exploratory efficacy,

safety and tolerability of multiple doses. This sample size would

result in an overall power of >99% to test the primary endpoint

(change from baseline in 24-hour UGE on Day 7) in the empagliflo-

zin 10 and 25 mg groups compared with placebo, assuming a type I

error of 5% (2-sided) and differences in mean UGE of 106.4 and

104.8 g/24 h between empagliflozin 10 mg and empagliflozin

25 mg, respectively, and placebo, with standard deviation of

27.3 g/24 h.20 An analysis of covariance (ANCOVA) model was used

to compare the primary endpoint between empagliflozin groups and

placebo.

The primary analysis included all randomized participants who

were treated with ≥1 dose of study drug and for whom there was

24-h UGE at baseline and on Day 1 or Day 7 (full analysis set [FAS])

with last observation carried forward imputation. PK analysis included

participants who were treated with ≥1 dose of study drug (treated

set) and with ≥1 PK observation and no relevant protocol violations.

Missing and undetectable concentration data were ignored and were

not replaced. Descriptive statistics of concentrations at specific time-

points were calculated only when ≥2/3 of the individuals had concen-

trations within the validated range. PK parameters were calculated

using Phoenix WinNonlin (version 6.3, Princeton, New Jersey), apply-

ing a non-compartmental method. An ANCOVA model with treatment
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as a fixed effect and baseline as a linear covariate was fitted to the

efficacy endpoints on Days 1, 7 and 28, and was used to determine

the treatment effect of different doses of empagliflozin compared

with placebo. Safety was analysed in the treated set and is presented

using descriptive statistics. Statistical analyses were performed using

SAS version 9.4 (SAS Institute, Cary, North Carolina).

3 | RESULTS

3.1 | Participant disposition

Among 71 enrolled participants, 48 were randomized and treated with

≥1 dose of placebo (n = 11), empagliflozin 2.5 mg (n = 13), empagliflo-

zin 10 mg (n = 12) or empagliflozin 25 mg (n = 12) (Figure S2). The

most frequent reason for discontinuation before randomization was

failure to meet HbA1c inclusion criterion (15 participants). A total of

47 participants (97.9%) completed the 4-week trial.

3.2 | Demographic and baseline clinical
characteristics

Baseline characteristics were similar across treatment groups, with the

exception of a higher percentage of male participants, lower baseline

mean HbA1c and longer time since T1DM diagnosis in the

empagliflozin 25 mg group and a higher UGE in the empagliflozin

10 mg group (Table 1).

3.3 | Pharmacodynamics

Concerning urinary glucose excretion, all empagliflozin doses signifi-

cantly increased 24-hour UGE compared with placebo in a dose-

dependent manner (Figure 1A). The placebo-corrected adjusted mean

(95% confidence interval [CI]) change from baseline in UGE on Day

7 was greatest in the empagliflozin 25 mg group (2.5 mg: 65.10

[43.29, 86.90] g/24 h, 10 mg: 81.19 [58.80, 103.58] g/24 h, 25 mg:

98.11 [75.91, 120.31] g/24 h).

3.4 | Pharmacokinetics

Empagliflozin was rapidly absorbed after single and multiple oral

doses, reaching peak levels approximately 1.5 hours after dosing

(Figure S3). Thereafter, plasma concentrations showed a decline, with

a rapid distribution phase and a slower elimination phase. Steady state

was reached within 7 days (data not shown). Mean elimination t1/2ss

ranged from 12.0 to 19.3 hours. Empagliflozin exposure (AUC and

Cmax) increased proportionally with dose, after a single dose and at

steady state (data not shown).

TABLE 1 Participant demographics and baseline characteristics

Variables Placebo (n = 11)
Empa
2.5 mg (n = 13)

Empa
10 mg (n = 12)

Empa
25 mg (n = 12)

Male 5 (45.5) 5 (38.5) 4 (33.3) 8 (66.7)

Age, years 43.9 (11.7) 44.2 (12.6) 44.5 (11.8) 46.6 (10.8)

Time since diagnosis of T1DM

Mean years 14.8 (10.0) 16.8 (11.2) 14.3 (8.4) 20.8 (13.5)

>1 to 5 years 1 (9.1) 1 (7.7) 0 0

>5 to 10 years 3 (27.3) 3 (3.1) 4 (33.3) 2 (16.7)

>10 years 7 (63.6) 9 (69.2) 8 (66.7) 10 (83.3)

Weight, kg 63.6 (7.7) 63.3 (10.5) 59.9 (10.6) 60.5 (10.2)

Body mass index, kg/m2 23.7 (2.6) 24.4 (3.93) 22.68 (3.27) 22.6 (2.7)

HbA1c, %a 8.23 (0.47) 8.02 (0.36) 8.12 (0.37) 7.89 (0.91)

FPG, mg/dLb 194.0 (55.8) 189.1 (72.4) 187.8 (110.9) 147.8 (79.2)

MDG, mg/dLb 187.8 (23.4) 209.8 (56.4) 209.3 (52.9) 196.0 (54.7)

eGFR, mL/min/1.73 m2 c 95.1 (16.5) 88.0 (15.9) 87.0 (12.9) 88.8 (14.1)

UGE, g/24 h 15.2 (13.3) 16.9 (18.1) 21.1 (18.3) 14.9 (14.5)

SBP, mm Hg 116.5 (18.0) 114.1 (16.9) 110.1 (17.5) 115.8 (18.2)

DBP, mm Hg 72.6 (9.7) 71.9 (11.8) 71.1 (14) 69.8 (13.6)

Daily insulin dose, U/kg

Basal 0.30 (0.17) 0.30 (0.10) 0.31 (0.09) 0.27 (0.09)

Bolus 0.40 (0.20) 0.43 (0.12) 0.42 (0.22) 0.39 (0.13)

Total 0.71 (0.22) 0.73 (0.17) 0.73 (0.23) 0.66 (0.15)

Abbreviations: DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; Empa, empagliflozin; FPG, fasting plasma glucose; HbA1c, glycated
haemoglobin; MDG, mean daily glucose; SBP, systolic blood pressure; T1DM, type 1 diabetes mellitus; UGE, urinary glucose excretion. Data are presented
as n (%) or mean (standard deviation) in participants who received ≥1 dose of study drug.

a Conversion factor: mmol/mol = (10.93 × %) – 23.5.
b Conversion factor: mmol/L = mg/dL/18.
c eGFR (mL/min/1.73 m2) = 194 × [serum creatinine (mg/dL)]−1.094 × [age]−0.287 × [0.739 if participant was female].30
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3.5 | Efficacy

3.5.1 | HbA1c

All doses of empagliflozin reduced HbA1c on Day 28 (adjusted mean

difference vs placebo: 2.5 mg, −0.20%; 10 mg, −0.35%; 25 mg,

−0.20%) (Figure 1B).

3.5.2 | Fasting plasma glucose

Empagliflozin treatment led to dose-dependent reductions from base-

line in FPG on Day 28 (adjusted mean difference vs placebo: 2.5 mg,

−14.27 mg/dL; 10 mg, −43.63 mg/dL; 25 mg, −59.57 mg/dL)

(Figure 1C).

3.5.3 | Insulin requirement and carbohydrate intake

All empagliflozin doses significantly decreased weekly mean

recorded insulin dose compared with placebo at Week 4 (adjusted

mean difference [reduction from baseline]: 2.5 mg, −0.08 U/kg

[−20.5%]; 10 mg, −0.10 U/kg [−23.3%]; 25 mg, −0.09 U/kg

[−24.2%]) (Figure 1D and Figure S4A). The reduction was equally

attributable to greater decreases in both basal and bolus insulin

doses in the empagliflozin groups compared with placebo

(Figure S4B–S4E). Empagliflozin treatment was associated with

increased carbohydrate intake compared with placebo over 4 weeks

of treatment, with the exception of the empagliflozin 10 mg group
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at Week 2 when carbohydrate intake returned to baseline level

(Figure S5).

3.5.4 | Body weight

Empagliflozin treatment significantly decreased body weight com-

pared with placebo on Day 28 in a dose-dependent manner (adjusted

mean difference: 2.5 mg, −1.37 kg; 10 mg, −1.47 kg; 25 mg, −1.70 kg)

(Figure 1E).

3.5.5 | Blood pressure

Small reductions from baseline in SBP and DBP were reported in the

empagliflozin 10 mg group on Days 7 and 28 (Table S1).

3.5.6 | Continuous glucose monitoring

Within Week 4, empagliflozin 2.5 and 25 mg significantly decreased

the mean change from baseline in MDAUC compared with placebo

(adjusted mean difference: 2.5 mg, −558 mg/dL*h; 10 mg, −338 mg/

dL*h; 25 mg, −514 mg/dL*h) (Figure 2A). Empagliflozin 2.5 and

25 mg significantly reduced the IQR of glucose compared with pla-

cebo (adjusted mean difference: 2.5 mg, −23.08 mg/dL; 10 mg,

−13.08 mg/dL; 25 mg, −22.09 mg/dL) (Figure 2B). The empagliflozin

groups generally had a greater increase from baseline in percentage of

time spent in the target glucose range (>70 and ≤180 mg/dL)

(adjusted mean difference vs placebo: 11.1%-16.7% or 2.7–4 h/d) and

a decrease in time spent in the hyperglycaemic range (>180 mg/dL)

compared with placebo (Figure 2C and D).

3.5.7 | Safety and tolerability

All three empagliflozin doses were generally well tolerated. All partici-

pants reported at least 1 AE and at least 1 AE of hypoglycaemia, with

the exception of one participant in the empagliflozin 2.5 mg group

(Table 2). Most AEs were considered drug related, and most drug-

related AEs were hypoglycaemia. No deaths, serious AEs, severe AEs

or AEs leading to discontinuation of trial drug were reported in any

group. One participant in the placebo group experienced hepatic

injury, which was not considered drug related. Two participants (1 in

the empagliflozin 2.5 mg group and 1 in the empagliflozin 25 mg

group) experienced a genital infection (both vulvovaginal candidiasis

of mild intensity, with recovery after treatment with 1 antimicrobial

for 5 days). There were no other AESIs in any group.

3.5.8 | Ketogenesis markers

Changes from baseline in AUC0-24 h of BHB, acetoacetic acid, total

ketone bodies and FFA were numerically greater at Day 7 in all empa-

gliflozin groups compared with placebo and were dose dependent

(Figure 3A and B and Figure S6A-S6C). Dose-dependent increases in

mean BHB were observed also at Day 28 (Figure 3B).

3.5.9 | DKA

No events meeting the criteria for DKA were reported by investiga-

tors or adjudicated by the committee.

3.5.10 | Hypoglycaemia

All but one participant experienced hypoglycaemia. There were no

reports of hypoglycaemia requiring assistance in any group during the

4-week treatment period (Table 2). Rates of symptomatic hypoglycae-

mia with plasma glucose ≥54 mg/dL and ≤70 mg/dL and with plasma

glucose <54 mg/dL were generally similar among all groups. The rate

of asymptomatic hypoglycaemia was numerically higher in the empa-

gliflozin 25 mg group than in other groups.

3.5.11 | Renal function

No investigator reported decreased renal function in any participant

during the randomized treatment period (Table 2).

3.5.12 | Laboratory safety parameters

Overall, no significant changes from baseline in laboratory safety

parameters were observed in the empagliflozin groups on Day

28 (Table S2).

4 | DISCUSSION

This is the first randomized placebo-controlled trial investigating the

PK, PD, efficacy, safety, and tolerability of empagliflozin, as adjunct

therapy to insulin in Japanese participants with T1DM. In this trial,

empagliflozin increased UGE, improved glycaemic control and reduced

body weight and total daily insulin dose without increasing the rate of

hypoglycaemia. The PK of empagliflozin in Japanese participants with

T1DM was similar to its PK in Japanese participants with T2DM.22 In

addition, this is the first report of empagliflozin treatment in Japanese

participants with T1DM that showed dose-dependent increases in

markers of ketogenesis, which were below clinically significant ranges.

Similar to the results of a previous trial in non-Japanese partici-

pants with T1DM,20 empagliflozin significantly increased 24-hour

UGE during 4 weeks of treatment in Japanese participants. In this

study, the increase in UGE was accompanied by decreases in FPG and

HbA1c, although the dose effect was less apparent than that for UGE,

especially for HbA1c; this is probably explained by the short duration

of treatment. By Day 28, the adjusted effect of empagliflozin 2.5 mg

on UGE in Japanese participants with T1DM was similar to that of

empagliflozin 10 mg in Japanese participants with T2DM (91.0 g/24 h

vs 80.9 g/24 h).22 Based on CGM assessment in this study, empagli-

flozin decreased glucose exposure and variability, increased time

spent with glucose in the target range, and decreased time spent in

the hyperglycaemic range; however, again, there was no clear dose

effect. Empagliflozin also significantly decreased body weight and

insulin dose and increased carbohydrate intake. Because participants

adjusted their insulin dose according to their blood glucose levels, the

decreased blood glucose as the result of empagliflozin treatment

resulted in a decline in dosage amount of insulin. Reductions in basal

and bolus insulin doses contributed equally to the reduced total dose,

consistent with the DEPICT-1 study in participants with T1DM receiv-

ing dapagliflozin as adjunct to insulin.14 In contrast, in non-Japanese

participants with T1DM receiving empagliflozin as adjunct to insulin,

the reduced total dose was driven primarily by reduced bolus

insulin.20

SHIMADA ET AL. 2195



0

300

600

900

A
dj

us
te

d
m

ea
n

(S
E

)
ch

an
ge

fr
om

b
as

el
in

e
in

M
D

A
U

C
o

fg
lu

co
se

(m
g/

dL
*h

)

4093.79

(A)

3912.30 3888.20 4030.94

613.90

55.94

276.32

99.52

–30

–20

–10

0

10

20

A
dj

us
te

d
m

ea
n

(S
E

)
ch

an
ge

fr
om

b
as

el
in

e
in

IQ
R

o
f

g
lu

co
se

(m
g/

dL
)

Difference (mg/dL) vs placebo
(95% CI)
P value

–23.08
(–44.15, –2.00)

P = .0326

–22.09
(–43.48, –0.70)

P = .0433

97.39 84.24 90.07 81.01Baseline mean

Baseline mean

9.35

–13.72

–3.73

–12.74

–13.08
(–33.75, 7.59)

P = .2085

(B)
g/dL*h) vs placebo

(95% CI)
P value

–557.95

(–1003.93, –111.98)
P = .0154

–337.58

(–792.58, 117.43)
P = .1419

Difference (m –514.37

(–966.57, –62.18)
P = .0267

0

50

100

150

200

250

300

350

400

00:00 04:00 08:00 12:00 16:00 20:00 00:00A
m

b
u

la
to

ry
 g

lu
co

se
 p

ro
fi

le
 (

m
g

/d
L

)

Time (hour)

Placebo (n = 11) Empa 2.5 mg (n = 12) 

Median P25/P75

0

50

100

150

200

250

300

350

400

00:00 04:00 08:00 12:00 16:00 20:00 00:00A
m

b
u

la
to

ry
 g

lu
co

se
 p

ro
fi

le
 (

m
g

/d
L

)
Time (hour)

0

50

100

150

200

250

300

350

400

00:00 04:00 08:00 12:00 16:00 20:00 00:00A
m

b
u

la
to

ry
 g

lu
co

se
 p

ro
fi

le
 (

m
g

/d
L

)

Time (hour)

Empa 10 mg (n = 12) Empa 25 mg (n = 12) 

0

50

100

150

200

250

300

350

400

00:00 04:00 08:00 12:00 16:00 20:00 00:00A
m

b
u

la
to

ry
 g

lu
co

se
 p

ro
fi

le
 (

m
g

/d
L

)

Time (hour)

P10/P90 Target range

Median P25/P75 P10/P90 Target range Median P25/P75 P10/P90 Target range

Median P25/P75 P10/P90 Target range

(C)

(D)

47.0 45.4

7.6

52.0 38.3

9.7

53.5 38.1

8.4

51.2 39.9

8.9

40.0 55.9

4.2

58.3 38.6

3.1

53.0 42.3

4.6

58.0 38.2

3.8

Placebo
(n = 11)

Empa 2.5 mg
(n = 13)

Empa 10 mg
(n = 12)

Empa 25 mg
(n = 12)

Baseline

Week 4

> 180 mg/dL > 70 to ≤ 180 mg/dL ≤ 70 mg/dL

Placebo (n = 11) Empa 10 mg (n = 12) Empa 25 mg (n = 12)Empa 2.5 mg (n = 13)

FIGURE 2 Change in glucose exposure, glucose variability and time spent with glucose in target range. A, adjusted mean (�SE) change from

baseline in MDAUC of glucose within Week 4. B, Adjusted mean (�SE) change from baseline in the IQR of glucose within Week 4. C, Ambulatory
glucose profiles (mg/dL) within Week 4. D, Percentage of time with glucose ≤70 mg/dL, >70 to ≤180 mg/dL, and >180 mg/dL at baseline and at
Week 4. Abbreviations: P10, 10th percentile; P25, 25th percentile; P75, 75th percentile; P90, 90th percentile

2196 SHIMADA ET AL.



In previously reported T1DM studies, SGLT2 inhibition was asso-

ciated with an increase in rates of DKA compared with placebo (sota-

gliflozin: 21 [3.0%] vs 4 [0.6%] participants; canagliflozin: 100 mg,

5 [4.3%], and 300 mg, 7 [6.0%] vs placebo: 0 participants).11,12 DKA

events (certain/potential) were reported with dapagliflozin (5 mg,

4 [1%]/16 [6%] and 10 mg, 5 [2%]/19 [6%] participants), which repre-

sented an increased risk of DKA compared with placebo (3 [1%]/6

[2%] participants) after 24 weeks of treatment.14

No DKA events were reported in the current study. Empagliflozin

increased levels of serum ketone bodies in Japanese participants with

T1DM in this study, as was previously observed in non-Japanese23

and Japanese24 participants with T2DM receiving empagliflozin. Mean

serum BHB levels after 4 weeks of empagliflozin treatment were gen-

erally <0.5 mmol/L, with the highest individual BHB level at approxi-

mately 0.8 mmol/L, below the levels of total ketone bodies seen with

physiological ketosis, such as prolonged fasting or exercise

(1-2 mmol/L),25 and well below levels seen in DKA (>3 mmol/L).26

Importantly, special attention was paid to prevention of DKA during

the study, including adoption of measures such as avoiding marked

reduction in insulin dose.

TABLE 2 Summary of adverse events and rates of hypoglycaemic episodes during the 4-week, double-blind treatment period

Adverse event
Placebo
(n = 11)

Empa
2.5 mg
(n = 13)

Empa
10 mg
(n = 12)

Empa
25 mg
(n = 12)

≥1 AE 100 (11) 92.3 (12) 100 (12) 100 (12)

≥1 Severe AE 0 (0) 0 (0) 0 (0) 0 (0)

≥1 Drug-related AE 81.8 (9) 84.6 (11) 100 (12) 91.7 (11)

≥1 AE leading to discontinuation 0 (0) 0 (0) 0 (0) 0 (0)

≥1 Serious AE 0 (0) 0 (0) 0 (0) 0 (0)

Death 0 (0) 0 (0) 0 (0) 0 (0)

Events consistent with UTI 0 (0) 0 (0) 0 (0) 0 (0)

Events consistent with genital infection 0 (0) 7.7 (1) 0 (0) 8.3 (1)

Events consistent with volume depletion 0 (0) 0 (0) 0 (0) 0 (0)

Hepatic injury 9.1 (1) 0 (0) 0 (0) 0 (0)

Decreased renal function 0 (0) 0 (0) 0 (0) 0 (0)

Ketoacidosis 0 (0) 0 (0) 0 (0) 0 (0)

Hypoglycaemia 100 (11) 92.3 (12) 100 (12) 100 (12)

Protocol-defined hypoglycaemia criteria, total number of
episodes (number of episodes per 30 days per participant)

Asymptomatic hypoglycaemia with PG ≤70 mg/dL 54 (5.1) 62 (5.1) 78 (6.7) 140 (12.1)

Symptomatic hypoglycaemia with PG ≥54 and ≤70 mg/dL 37 (3.5) 22 (1.8) 45 (3.9) 12 (1.0)

Symptomatic hypoglycaemia with PG <54 mg/dL 24 (2.3) 18 (1.5) 31 (2.7) 21 (1.8)

Hypoglycaemia requiring assistance 0 (0) 0 (0) 0 (0) 0 (0)

Abbreviations: AE, adverse event; Empa, empagliflozin; PG, plasma glucose; UTI, urinary tract infection. Data are presented as % (n) of participants who
received ≥1 dose of study drug, unless otherwise indicated.
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Our findings from this short-term trial indicate that empagliflozin

is generally well tolerated in Japanese participants with T1DM, similar

to participants from other countries.20,27 Consistent with empagliflo-

zin's insulin-independent mechanism of action, the risk of hypoglycae-

mia was not increased. No decreased renal function and no events

consistent with volume depletion were reported. We observed two

cases of genital infection, consistent with genitourinary infection rates

observed previously in Caucasian participants with T1DM20 and con-

sistent with the established association of these infections with

SGLT2 inhibitor usage in participants with T2DM.28

This study has several strengths. First, it is a double-blind, ran-

domized, placebo-controlled trial evaluating the PD/PK effects of

three dose levels of empagliflozin. Second, we used the same

empagliflozin doses used in previous trials in non-Japanese

participants,20,21,27 allowing us to compare the PD, PK, efficacy and

safety of empagliflozin among populations. Third, by using CGM, we

were able to examine glucose exposure and variability, as well as time

spent in the target glucose range in a blinded, unbiased fashion. This

study does, however, have some limitations, including the small num-

ber of participants and its short duration, thus preventing conclusions

concerning the long-term safety and efficacy of empagliflozin in Japa-

nese participants with T1DM, which will need to be evaluated as part

of phase 3 trials. Further, blood glucose readings by CGM are less

accurate in the hypoglycaemic range, and measurements taken from

interstitial fluid do not necessarily match the actual glucose concen-

trations in capillary blood.29

In conclusion, in this short-term efficacy and safety study, admin-

istration of empagliflozin for 4 weeks in Japanese participants with

T1DM, as adjunct to insulin therapy, increased UGE, improved glycae-

mic control and reduced total daily insulin needs and body weight. All

three doses of empagliflozin were well tolerated, without increased

risk of hypoglycaemia or DKA events. In Japanese participants with

T1DM, the PK of empagliflozin was similar to that previously reported

for participants with T2DM. The safety and efficacy of empagliflozin

as adjunct to insulin therapy in T1DM will be further clarified when

data from two large, international, phase 3 trials in non-Japanese par-

ticipants with T1DM (EASE-2, NCT02414958 and EASE-3,

NCT02580591) are available.
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