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Abstract

Aims To assess the pharmacokinetic and pharmacodynamic profile of a single dose of empagliflozin in young people

with Type 2 diabetes to identify the appropriate doses for further paediatric development.

Methods We conducted a single-dose, open-label, randomized, parallel-group study with empagliflozin 5 mg, 10 mg

and 25 mg in young people with Type 2 diabetes aged 10–17 years.

Results Of 39 participants screened, 27 were randomized and completed the study; their mean (� SD) age was

14.1�2.0 years and body weight was 96.7�23.5 kg. Compared with similar studies in adults with Type 2 diabetes, the

maximum observed plasma concentrations were slightly lower with the 10-mg and 25-mg doses, and the area under the

plasma concentration–time curve was slightly lower with the 10-mg but slightly higher with the 25-mg dose. The

adjusted mean increases in urinary glucose excretion were 53 g/24 h (95% CI 32,74), 73 g/24 h (95% CI 52,94) and

87 g/24 h (95% CI 68,107), and the adjusted mean decreases in fasting plasma glucose were 0.9 mmol/l (95% CI –1.6,–
0.1), 0.9 mmol/l (95% CI –1.7,–0.2) and 1.1 mmol/l (95% CI –1.8,–0.5) for the 5- 10- and 25-mg doses, respectively.

There were no serious adverse events and one investigator-reported drug-related event (dehydration).

Conclusions After a single oral dose of empagliflozin, adults and young people with Type 2 diabetes had similar

exposure–response relationships after adjusting for significant covariates. These data support testing 10-mg and/or 25-

mg doses of empagliflozin in an upcoming paediatric phase III Type 2 diabetes trial. (ClinicalTrials.gov registration no.:

NCT02121483).

Diabet. Med. 35, 1096–1104 (2018)

Introduction

Recent data confirm the increased occurrence of Type 2

diabetes in young people, with incidence rates increasing by

almost 5% annually since the beginning of the 21st century

[1]. Despite the burgeoning numbers of young people with

Type 2 diabetes, metformin and insulin remain the only

approved pharmacological therapies, while the armamentar-

ium of therapies for adults with Type 2 diabetes is expansive.

Furthermore, the TODAY study showed the rapid decline of

glycaemic control in people with youth-onset, short-duration

Type 2 diabetes, as well as the importance of dual pharma-

cotherapy to prevent glycaemic deterioration [2].

One of the newest classes of Type 2 diabetes agents,

sodium-glucose co-transporter-2 (SGLT2) inhibitors, of

which empagliflozin is an example, offers the potential to

improve glycaemic management of Type 2 diabetes in young

people. In placebo-controlled phase III trials in adults with

Type 2 diabetes, treatment with empagliflozin (10 or 25 mg)

as monotherapy or add-on therapy improved glycaemic

control and led to reductions in weight and blood pressure

[3–9]. In the EMPA-REG OUTCOME trial, empagliflozin,

given in addition to standard of care, reduced the risk of

cardiovascular and renal events; it reduced cardiovascular
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mortality by 38% and incident or worsening nephropathy by

39% in people with Type 2 diabetes who had established

cardiovascular disease [10,11].

Even prior to the approval of new drugs for use in adults,

pharmaceutical companies are required to submit paediatric

study plans to both the US Food and Drug Administration

and the European Medicines Agency. Such study plans often

consist of a stand-alone pharmacokinetic and pharmaco-

dynamic study, the results of which inform the choice of drug

dose(s) to be used in the subsequent phase III pivotal trial on

efficacy and safety of the experimental drug vs placebo. In

the present paper, we report the results of a single-dose

pharmacokinetic and pharmacodynamic study of empagli-

flozin in young people with Type 2 diabetes.

Patients and Methods

Trial design

This was a single-dose, phase I, open-label, randomized,

parallel-group study, with three treatment arms of different

empagliflozin doses (5, 10 and 25 mg), that was conducted at

11 sites in five countries (France, Israel, Mexico, USA and

South Africa) between September 2014 and February 2016.

Young people aged 10–17 years with Type 2 diabetes and

HbA1c concentrations ≤ 91 mmol/mol (10.5%), who were

treated with diet and exercise and/or metformin with or

without insulin therapy, were eligible for participation. To be

enrolled in the study, the young people also had to have

negative islet cell antigen autoantibodies, negative glutamic

acid decarboxylase autoantibodies, and fasting serum C-

peptide levels ≥0.28 nmol/l.

Exclusion criteria included uncontrolled hyperglycaemia

with repeatedly elevated glucose levels (>13.3 mmol/l) after

an overnight fast at screening, history of acute metabolic

decompensation, such as diabetic ketoacidosis, within 3

months of screening and impaired renal function, defined as

estimated GFR (eGFR) <90 ml/min/1.73 m2 (according to the

Schwartz formula).

The protocol was approved by independent ethics

committees or institutional review boards of all participating

centres. The study was carried out according to the princi-

ples of the Declaration of Helsinki and the International

Conference on Harmonization Guideline for Good Clinical

Practice. Prior to participation, written informed consent

was obtained from the parents/guardians of all participants,

and the young people themselves provided assent.

The computer-generated randomization sequence was

produced by the study sponsor, and was concealed using a

central interactive voice and web response system. Eligible

participants were randomly allocated to one of the three

treatment groups (empagliflozin 5, 10 and 25 mg). Random-

ization was stratified by sex (at least 33% and no more than

67% of the participants being female) and by age (at least six

participants aged < 15 years). During the treatment period,

each of the participants received a single dose of one of the

three possible dose treatments in the morning prior to

breakfast, and blood and urine samples were obtained for the

following 48 h. An end-of-trial examination was performed

in all participants 1 week after the end of the study (Fig. S1).

Endpoints and assessment

The pharmacokinetic endpoints were: area under the plasma

concentration–time curve from time 0 extrapolated to

infinity, area under the plasma concentration–time curve

from time 0 to the time of the last quantifiable concentration,

maximum observed plasma concentration, time from dosing

until maximum observed concentration is reached, and

terminal plasma half-life. In addition to these pharmacoki-

netic endpoints, area under the plasma concentration–time

curve from time 0 to 24 h was calculated for comparison

with a similar endpoint measured in adults in a previous trial

[13]. Pharmacodynamic endpoints were: change from base-

line in urinary glucose excretion over 24 h after study drug

intake, change from baseline in fasting plasma glucose at 24

h after study drug intake and change from baseline in mean

daily glucose over 24 h after study drug intake. Safety

endpoints included the incidence and intensity of adverse

events, including hypoglycaemia, clinically relevant new or

worsening findings in electrocardiogram, and changes from

baseline in vital signs, clinical laboratory values, kidney

function tests and hydration status.

For the purpose of pharmacokinetic and pharmaco-

dynamic measurements, blood samples were drawn at

0.5 h before and 0.5, 1, 1.5, 2, 4, 8, 12, 24, 34 and 48 h

after empagliflozin administration. All urine voided was

collected during time intervals –24 to 0 h (pre-treatment and

served as ‘urinary glucose excretion at baseline’) and 0–5, 5–

12, 12–24 and 24–48 h after study drug administration.

What’s new?

• Metformin and insulin remain the only drugs approved

for the treatment of young people with Type 2 diabetes,

highlighting the need to perform and complete studies

with newer glucose-lowering drugs in the paediatric

population.

• In this paper we report the results of the pharmaco-

kinetics and pharmacodynamics of the sodium-glucose

co-transporter-2 inhibitor empagliflozin in young peo-

ple with Type 2 diabetes, an important first step in

identifying the doses of empagliflozin to be used in a

future pivotal trial.

• The results indicate that the 10-mg and/or 25-mg doses

of empagliflozin may be further investigated in an

upcoming paediatric phase III study.
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Empagliflozin concentrations in plasma and urine were

determined using a validated high-performance liquid chro-

matography tandem mass spectrometry assay. The analyses

were performed at BASi (Bioanalytical Systems Incorpora-

tion), West Lafayette, IN, USA.

Exposure–response analyses

In order to compare the relationship between pharmaco-

kinetics and urinary glucose excretion in the paediatric

participants with that in adults, an exposure–response

model was developed based on data from three clinical

trials [12–14] in adults with Type 2 diabetes to describe the

change from baseline in 24-h urinary glucose excretion.

Population model development followed three steps: (1)

identification of a structural model and a stochastic model

to describe the central tendency; (2) residual variability and

variability within the population; and (3) analysis of

prespecified covariates together with numerical, graphical

and simulation-based model evaluation. The best model

accounted for covariates such as a measure of glycaemic

control, eGFR, demographics (age, weight, sex, race) and

presence of metformin as background therapy. Based on the

model, the exposure–response profile for a typical adult

with Type 2 diabetes was simulated using fixed-effect

parameter estimates and their associated uncertainty

(n=1000 simulated profiles). The simulated profile (median

and 95% CI) of the typical adult patient was graphically

compared with the geometric mean (95% CI) of the

observed urinary glucose excretion change from baseline

for each dose group in our paediatric population. Following

the same model development steps, the data from this trial

were evaluated together with the adult data to allow a direct

comparison of the exposure–response in both populations to

support dose selection for paediatric phase III trial devel-

opment. Population pharmacokinetic and pharmacody-

namic analyses for repeated-measures endpoints were

conducted via nonlinear mixed-effects modelling with a

qualified installation of the nonlinear mixed-effects mod-

elling (NONMEM) software, version 7, level 2.0 (ICON

Development Solutions, Hanover, MD, USA). All simula-

tions were performed with R version 2.14.2 or higher.

Statistical analysis

The 27 participants who were randomized into the study

provided a sample size that was considered sufficient to

achieve the required precision (ratio of the upper to lower

limit of the 95% CI of twofold or less) for the pharmaco-

kinetic variables with 90% probability. All endpoints were

analysed using descriptive statistics. Safety and pharmaco-

dynamic analyses were carried out in the treated set (i.e. all

participants who received one dose of trial medication), and

pharmacokinetic analyses were carried out in the pharma-

cokinetic set (i.e. all treated participants who provided at

least one pharmacokinetic value for statistical assessment).

Results from analyses of study endpoints are presented

descriptively as arithmetic mean and SD or arithmetic

coefficient of variation. Dose proportionality of empagli-

flozin was explored using a regression model on the double-

log scale. A 95% CI for the slope was computed. For the

changes from baseline in urinary glucose excretion, adjusted

means per treatment group were calculated based on an

analysis of covariance, including ‘treatment’ as a fixed effect

and ‘urinary glucose excretion at baseline’ and ‘fasting

plasma glucose at baseline’ as continuous covariates. For the

changes from baseline in mean daily glucose and fasting

plasma glucose, adjusted means per treatment group were

calculated based on an analysis of covariance, including

‘treatment’ as a fixed effect and ‘mean daily glucose at

baseline’ or ‘fasting plasma glucose at baseline’, respectively,

as a continuous covariate.

Results

Study sample, demographics and baseline characteristics

Of the 39 young people screened, 27 were randomized (nine

participants to the 5-mg dose group, eight participants to the

10-mg dose group, and 10 participants to the 25-mg dose

group). All randomized participants received study medica-

tion and completed the trial.

As shown in Table 1, the demographic and clinical

characteristics of the three treatment groups were generally

similar; however, compared with the other two groups,

weight and BMI were higher in the 10-mg dose group, and

baseline fasting plasma glucose and urinary glucose excre-

tion were lowest in the 25-mg dose group. The 10-mg dose

group included three American Indian/Alaska Native partic-

ipants (37.5%) and only one white participant (12.5%),

while both the 5-mg dose group and the 25-mg dose group

contained no American Indian/Alaska Native and five

(55.6%) and six (60.0%) white participants, respectively.

Pharmacokinetic outcomes

After single-dose administration, empagliflozin was rapidly

absorbed in the participants of all three dose groups.

Maximum peak plasma concentrations were reached after

~1.5 h (Table 2). Empagliflozin plasma concentrations

increased with increasing dose (Fig. 1a,b) but not in a

dose-proportional manner. The mean values of the pharma-

cokinetic characteristics of empagliflozin are shown in

Table 2. Terminal plasma half-life values were in the range

of 7.03 h to 8.09 h for all empagliflozin doses. One

participant in the empagliflozin 5 mg group had two

abnormally high empagliflozin plasma concentrations at 8

h and 48 h post dose (approximately eightfold and 32-fold

above the respective values of the others in this dose group),

while the remainder of the plasma concentrations of this
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participant were within the expected range (Fig. S2).

Although these two values were physiologically implausible,

they were included in the final analysis because no error

relating to the study conduct or the bioanalytical method

was found. A sensitivity analysis excluding these two values

was performed in addition to the final analyses. Overall, the

difference in the results of the main analysis and sensitivity

analysis in empagliflozin plasma exposure amounted to

< 20%. The mean terminal half-life was not different

between the two analyses; however, the median observed time

from dosing until maximum concentration was 1.50 h in the

main analysis and 1.05 h in the sensitivity analysis (Table S1)

In Table 3, the pharmacokinetic characteristics of 10 mg

and 25 mg empagliflozin in the present paediatric population

with Type 2 diabetes were compared with the results from a

previous trial [13] in adults with Type 2 diabetes after first-

dose administration of 10 mg and 25mg empagliflozin (adults

did not receive 5 mg dose). Pharmacokinetic exposure was

generally similar in the paediatric population and the adults

with Type 2 diabetes, with a slightly lower exposure (with

respect to area under the plasma concentration–time curve

and maximum observed plasma concentration) in the paedi-

atric population in the 10-mg dose group compared with the

adult population. For the 25-mg dose group, the maximum

observed plasma concentration was slightly lower and the

area under the plasma concentration–time curve was slightly

higher in the young people compared with the adults. For the

10-mg and 25-mg doses, the median time to reach maximum

observed plasma concentration and the mean terminal plasma

half-life were similar in the adult and paediatric sample

populations (Table 3). The fraction of the dose eliminated in

the urine as well as the renal clearance of empagliflozin was

higher in the paediatric vs the adult population (Table 3).

Pharmacodynamic outcomes

The mean baseline urinary glucose excretion was similar for

the 5-mg and 10-mg dose groups but considerably lower for

Table 1 Demographic data and baseline characteristics of participants

5 mg empagliflozin 10 mg empagliflozin 25 mg empagliflozin Total

Number of participants, n (%) 9 (100) 8 (100) 10 (100) 27 (100)
Sex, n (%)

Male 3 (33.3) 3 (37.5) 3 (30.0) 9 (33.3)
Female 6 (66.7) 5 (62.5) 7 (70.0) 18 (66.7)

Race, n (%)
American Indian/Alaska Native 0 3 (37.5) 0 3 (11.1)
Asian 1 (11.1) 0 0 1 (3.7)
Black/African American 3 (33.3) 4 (50.0) 4 (40.0) 11 (40.7)
Hawaiian/Pacific Isle 0 0 0 0
White 5 (55.6) 1 (12.5) 6 (60.0) 12 (44.4)

Mean (SD) age, years 13.7 (2.0) 14.5 (1.9) 14.2 (2.1) 14.1 (2.0)
Mean (SD) weight, kg 90.0 (19.0) 111.0 (21.3) 91.1 (25.7) 96.7 (23.5)
Mean (SD) BMI, kg/m2 33.9 (5.8) 39.6 (6.2) 33.7 (7.0) 35.5 (6.7)
Mean (SD) BMI SDS 2.9 (0.7) 3.4 (0.5) 2.8 (0.9) 3.0 (0.8)
Smoking status, n (%)

Never smoked 9 (100) 8 (100) 9 (90.0) 26 (96.3)
Ex-smoker 0 0 0 0
Currently smokes 0 0 1 (10.0) 1 (3.7)

Follow diet/exercise recommendation, n (%)
No 2 (22.2) 1 (12.5) 1 (10.0) 4 (14.8)
Yes 7 (77.8) 7 (87.5) 9 (90.0) 23 (85.2)

Background therapy, n (%)
None 1 (11.1) 3 (37.5) 2 (20.0) 6 (22.2)
Metformin alone 5 (55.6) 3 (37.5) 6 (60.0) 14 (51.9)
Insulin alone 0 0 0 0
Metformin and insulin 3 (33.3) 2 (25.0) 2 (20.0) 7 (25.9)

Mean (SD) eGFR, ml/min/1.73m2 178.3 (17.4) 162.3 (38.8) 157.3 (15.2) 165.8 (25.8)
Mean (SD) urinary glucose excretion, g/24 h 16.2 (30.3)* 12.3 (25.4) 0.08 (0.05) 8.8 (22.1)
Mean (SD) HbA1c, mmol/mol 57 57 45 53
Mean (SD) HbA1c, % 7.4 (1.4) 7.4 (1.1) 6.3 (1.0) 7.0 (1.2)
Mean (SD) FPG, mmol/mol 8.5 (4.2) 8.6 (3.1) 6.4 (1.4) 7.7 (3.1)
Tanner scale score, n (%)

1 0 0 0 0
2 0 1 (12.5) 0 1 (3.7)
3 1 (11.1) 1 (12.5) 1 (10.0) 3 (11.1)
4 2 (22.2) 4 (50.0) 1 (10.0) 7 (25.9)
5 6 (66.7) 2 (25.0) 8 (80.0) 16 (59.3)

SDS, standard deviation score; eGFR, estimated GFR; FPG, fasting plasma glucose.
*Mean baseline urinary glucose excretion in the 5-mg dose group was based on the data of only eight participants, as the pre-dose urine
collection of one participant was incomplete.
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the 25-mg dose group. Similarly, the mean baseline fasting

plasma glucose level was similar for the 5-mg and 10-mg

dose groups but somewhat lower for the 25-mg dose group

(Table 1).

A dose-dependent increase in urinary glucose excretion

was observed on day 1, with mean changes from baseline

(adjusted for baseline urinary glucose excretion and baseline

fasting plasma glucose) of 53.1 g/24 h (95% CI 31.8,74.4) in

the 5-mg dose group, 73.0 g/24 h (95% CI 51.9,94.1) in the

10-mg dose group, and 87.4 g/24 h (95% CI 67.9,107.0) in

the 25-mg dose group (Fig. 2). Administration of a single

dose of empagliflozin led to a mean decrease in fasting

plasma glucose (adjusted for baseline fasting plasma glucose)

of 0.9 mmol/l (95% CI –1.6 –0.1) in the 5-mg dose group,

0.9 mmol/l (95% CI –1.7,–0.2) in the 10-mg dose group, and

1.1 mmol/l (95% CI –1.8,–0.5) in the 25-mg dose group at

24 h post dose (Fig. 3).

The mean baseline daily glucose concentration differed

among the three dose groups, with mean values of 7.6 mmol/l

in the 5-mg dose group, 8.4 mmol/l in the 10-mg dose group,

and 6.3 mmol/l in the 25-mg group. For all three dose

groups, mean daily glucose was lower in the 24-h period

after single-dose empagliflozin administration compared

with the baseline value.

The micturition frequency was higher in the majority of

participants (87.5% in the 5-mg dose group, 83.3% in

the 10-mg dose group, and 80.0% in the 25-mg dose group)

in the 24-h period after single-dose empagliflozin administra-

tion than at baseline (in the 24 h before trial drug intake).

Similarly, the mean micturition volume increased in the 24-h

period after single-dose empagliflozin administration (Fig. S3).

Nearly all participants had a high baseline eGFR (based on

the Schwartz formula) corresponding to the hyperfiltration

range (Table 1). A small decrease in mean eGFR was seen in

all dose groups 24 h after single-dose empagliflozin admin-

istration [mean (SD) –14.8 (7.6), –7.9 (12.8) and –9.7 (11.0)

ml/min/1.73 m2 with empagliflozin 5 mg, 10 mg and 25 mg,

respectively).

Exposure–response analysis (data from adults) and

comparison with observed data from young people

The comparison of the simulated exposure–response profile

of a typical adult (male, 58 years of age) with observed

changes in 24-h urinary glucose excretion for the respective

dose groups suggests a similar exposure–response relation-

ship in the adult and paediatric cohorts when adjusting for

differences in mean daily glucose (10.3 mmol/l in adults vs

6.9 mmol/l in young people) during simulations (Fig. 1c).

This was confirmed by the joint analysis of data in adults and

young people which showed that the exposure–response was

similar in the two populations when accounting for differ-

ences in covariate distributions (baseline mean daily glucose,

female sex, Asian race, body weight).

Safety

Out of 27 treated participants, seven (25.9%) reported at

least one adverse event during the on-treatment phase of the

trial, including four of the nine participants (44.4%) in the

5-mg dose group, one of eight participants (12.5%) in

the 10-mg dose group, and two of 10 participants (20.0%) in

the 25-mg dose group (Table S2). All adverse events were of

mild or moderate intensity. There was one adverse event of

‘dehydration’ of mild intensity in one participant in the

empagliflozin 10-mg group during the on-treatment phase of

the trial, which was judged to be related to the trial

medication. One case of hypoglycaemia was reported

(plasma glucose value of 3.8 mmol/l at 32 h after the

empagliflozin administration). This hypoglycaemic event was

not considered as an adverse event. Protocol-specified

adverse events of special interest (hepatic injury, decreased

renal function and diabetic ketoacidosis) were not reported.

No clinically relevant findings regarding safety, laboratory

measurements, electrocardiogram recordings, physical exam-

inations or vital sign measurements were reported as adverse

events. For systolic and diastolic blood pressure, no clinically

Table 2 Arithmetic mean values of pharmacokinetic characteristics of empagliflozin in plasma

Characteristic

5 mg empagliflozin
(N=9)

10 mg empagliflozin
(N=8)

25 mg empagliflozin
(N=10)

Mean %CV Mean %CV Mean %CV

AUC0-∞, nmol h/l 1270 51.9 1450 17.2 5250 27.6
AUC0-tz, nmol h/l 1240 54.2 1420 16.9 5150 27.6
AUC0-24, nmol h/l 1110 42.7 1310 18.9 4720 27.4
Cmax, nmol/l 175 54.2 211 59.1 692 57.3
tmax*, h 1.50 0.95–7.92 1.25 0.97–4.17 1.78 0.50–4.00
t1/2, h 7.03 18.9 7.61 27.0 8.09 26.8

AUC0-∞, area under the plasma concentration–time curve from time 0 extrapolated to infinity; AUC0-tz, area under the plasma concentration
–time curve from time 0 to the time of the last quantifiable concentration; AUC0–24, area under the plasma concentration-time curve from
time 0 to 24 h post dose; Cmax, maximum observed plasma concentration; CV, arithmetic coefficient of variation; tmax, time from dosing until
maximum observed concentration is reached in plasma; t1/2, terminal half-life in plasma.
*For tmax, the median and range are given (instead of mean and %CV).
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meaningful changes were observed after single-dose admin-

istration of empagliflozin (data not shown).

Discussion

There is an unmet need for pharmacological agents to

manage hyperglycaemia in young people with Type 2

diabetes. The present study provides initial results regarding

the dose response of the SGLT2 inhibitor empagliflozin, an

approved drug with established efficacy and safety for

management of Type 2 diabetes in adults which has also

been shown to reduce the risk of cardiovascular death in

adults with Type 2 diabetes who have established cardiovas-

cular disease [10,11,15]. Study plans for approval of new

(a) (b)

(c)

FIGURE 1 Arithmetic mean concentration–time profiles of empagliflozin in plasma, (a) linear scale and (b) log scale, and (c) simulated exposure–
response profile. (a and b) The mean empagliflozin plasma concentration for the 5-mg dose group at 48 h post dose was not calculated as only three

individual values were available at this time point. As predefined, descriptive statistics of concentrations at specific time points were calculated only if

at least two-thirds of the participants had concentrations within the validated concentration range. (c) Pink line: median of simulations, pink shaded

area: 95% CI of simulated median. Small circles: change from baseline in 24-h urinary glucose excretion for an adult participant at the median 24-h

area under the concentration–time curve in the respective dose group of the simulations [typical adult person: 58-year-old male with Type 2 diabetes;

baseline mean daily glucose: 6.9 mmol/l (adjusted to typical value for paediatric patient)]. Large circles: geometric mean (gMean) change from base-

line in 24-h urinary glucose excretion for paediatric participant at the gMean 24-h area under the curve in the respective dose group. Error bars: 95%

CI of the gMeans in each dose group in paediatric participants, calculated as gMean � 1.969SE.
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drugs in children and adolescents often include a dose-finding

study with the primary aim of ensuring that paediatric doses

that have been extrapolated from approved drug doses in

adults do not result in inappropriate drug exposures in the

paediatric population. Thus, the most important finding of

the present study was that the pharmacokinetic characteris-

tics of the 10- and 25-mg doses of empagliflozin approved for

use in adults were generally similar to those in young people

with Type 2 diabetes. Indeed, the area under the plasma

concentration–time curve and other pharmacokinetic values

indicated only modest differences in drug exposure in the

paediatric population compared with the adult population.

The slightly lower exposure of participants in the 10-mg dose

group compared with adults is likely to be attributable to the

higher body weight observed in the young people in this

group than in adults with Type 2 diabetes in previous

pharmacokinetic and pharmacodynamic studies. Neverthe-

less, the mean body weight of 111 kg in the 10-mg treatment

group is typical of the weight often observed in adolescents

with Type 2 diabetes [16].

As seen in adults, the pharmacodynamic actions of

empagliflozin showed dose-dependent increases in urinary

glucose excretion and corresponding decreases in fasting

plasma glucose and mean daily glucose levels. Indeed,

findings for the 10-mg and 25-mg drug doses were similar

in young people and adults. This was confirmed in a model-

based exposure–response analysis that included data from

paediatric and adult participants. Interestingly, the pharmaco-

kinetics of other new drugs for treatment of young people

with Type 2 diabetes have also shown similar or mildly

reduced drug exposures compared with values in adults with

Type 2 diabetes [17–19]. In addition to demonstrating the

rapid and potent inhibition of renal SGLT2 activity in the

young people, the drug was well tolerated.

The fraction of the dose eliminated in the urine as well as

the renal clearance of empagliflozin was higher in the

paediatric vs adult population. This might be explained by

a higher baseline eGFR in the paediatric population with

Table 3 Comparison of pharmacokinetic characteristics of empagliflozin in the paediatric population in this trial and adults [13] with Type 2
diabetes after single-dose empagliflozin administration

Population
Empagliflozin
dose, mg

AUC0-∞,

nmol h/l
AUC0-24,
nmol h/l Cmax, nmol/l tmax*, h t1/2, h fe0-24, %

CLR,0-24,
ml/min

Paediatric (n=8) 10 1450 (17.2) 1310 (18.9) 211 (59.1) 1.25 (0.97-4.17) 7.61 (27.0) 18.4 (24.2) 52.2 (23.8)
Adults [13] (n =16) 10 1740 (16.4) 1550 (16.2) 309 (45.2) 1.50 (1.00-2.50) 8.76 (13.0) 12.5 (24.0) 30.1 (25.1)
Paediatric (n =10) 25 5250 (27.6) 4720 (27.4) 692 (57.3) 1.78 (0.50-4.00) 8.09 (26.8) 19.4 (15.4) 40.0 (26.9)
Adults [13] (n =16) 25 4340 (23.1) 3930 (22.9) 722 (20.0) 1.50 (0.75-2.00) 8.24 (14.9) 13.3 (24.5) 32.4 (28.1)

AUC0-∞, area under the plasma concentration-time curve from time 0 extrapolated to infinity; AUC0-24, area under the plasma
concentration-time curve from time 0 to 24 h post dose; CLR,0-24, renal clearance of the analyte from time 0 to 24 h post dose; Cmax,
maximum observed plasma concentration; CV, arithmetic coefficient of variation; Fe0-24, fraction of analyte eliminated in urine from time 0
to 24 h post dose; tmax, time from dosing until maximum observed concentration is reached in plasma; t1/2, terminal half-life in plasma. For
AUC0-∞, AUC0-24, Cmax, and t1/2, the arithmetic mean and %CV are given.
*For tmax, the median and range are given (instead of mean and %CV).

FIGURE 2 Mean changes from baseline in urinary glucose excretion

(including 95% CIs) on day 1 (adjusted for baseline urinary glucose

excretion and fasting plasma glucose).

FIGURE 3 Mean changes from baseline in fasting plasma glucose

(including 95% confidence intervals) after 24 h (adjusted for baseline

fasting plasma glucose). Analysis includes only patients with both a

baseline and on-treatment fasting plasma glucose value.
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Type 2 diabetes compared with the adults; however, as

mentioned above, the main pharmacokinetic and pharmyco-

dynamic characteristics of the 10- and 25-mg doses of

empagliflozin were generally similar to those in young people

with Type 2 diabetes. Hence, a higher eGFR in young people

with Type 2 diabetes would not be expected to result in

altered drug effects.

The present study has a number of limitations, including

the single-dose approach and the relatively small sample sizes

of the three treatment groups, where one or two outliers can

confound comparisons among the three dose groups. Larger,

randomized controlled studies over 24–52 weeks of treat-

ment will be required to establish the long-term efficacy and

safety of treatment with empagliflozin in children and

adolescents with Type 2 diabetes.

In summary, after a single oral dose of empagliflozin,

adults and young people with Type 2 diabetes had similar

exposure–response relationships (after accounting for signif-

icant covariates), along with an acceptable short-term safety

profile. The dose-dependent increases in urinary glucose

excretion, along with decreases in fasting plasma glucose,

suggest that SGLT2 inhibition with empagliflozin may

become an important treatment tool to improve glycaemic

control and possibly assist with weight management in the

growing population of young people with Type 2 diabetes.

This study supports the suggestion that 10-mg and/or 25-mg

daily doses of empagliflozin should be considered for a

pivotal phase III paediatric study.
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Additional Supporting Information may be found in the

online version of this article:

Figure S1. Trial design.

Figure S2. Arithmetic mean concentration-time profiles of

empagliflozin in plasma (a, linear scale, sensitivity analysis

for 5 mg dose excluding 2 physiologically implausible values;

b, linear scale, individual empagliflozin concentrations of

affected patient).

Figure S3. Mean changes from baseline in micturition

volume (including 95% confidence intervals) on Day 1 and

Day 2 (adjusted for baseline micturition volume).

Table S1. Arithmetic mean values of pharmacokinetic para-

meters of empagliflozin 5mg in plasma: Comparison of the

results of the main analysis and sensitivity analysis.

Table S2. Adverse events: overall summary.
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