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Purpose: Combination therapy with insulin-independent sodium-glucose cotransporter 2 inhi-
bitors and thiazolidinedione drugs, such as lobeglitazone, has been reported to elicit potential
additive efficacy in glycemic control in type 2 diabetes mellitus. This study was conducted to
evaluate the pharmacokinetic (PK) drug—drug interactions between empagliflozin and lobegli-
tazone in healthy subjects.

Subjects and Methods: A randomized, open-label, multiple-dose study was conducted in 30
healthy subjects using a three-treatment, six-sequence, three-way crossover design. Subjects
received one of the following treatments once daily for 5 days in each period: 25 mg empagliflozin,
0.5 mg lobeglitazone sulfate, or a combination. Serial blood sampling before every dose and up to
24 h after the last dose was performed during each treatment period. The PK parameters were
estimated using noncompartmental methods with the plasma empaglifiozin and lobeglitazone
concentrations. The absence of a PK interaction was construed as the 90% confidence interval
(90% CI) of maximum concentration at steady state (C.x ss) and area under the concentration-time
curve over the dosing interval (AUCy,,) for combination therapy-to-monotherapy ratios within the
limits of 0.80-1.25.

Results: The steady-state plasma empaglifiozin and lobeglitazone concentration-time profiles
of combination therapy and monotherapy were comparable in the 25 subjects who completed the
study. Coadministration of empagliflozin with lobeglitazone did not affect empaglifiozin PK
(with 90% CIs of 0.956—1.150 and 0.945-1.133 for Cy,ax ss and AUCy,,, respectively). Likewise,
empagliflozin did not affect lobeglitazone Cj,x ss 0r AUC4y, (With 90% CIs of 0.869-0.995 and
0.851-1.018, respectively). All treatment groups tolerated mild adverse events well.
Conclusion: The lack of PK interactions between lobeglitazone and empagliflozin in
combination therapy, along with their good tolerability, indicates that the two drugs can be
coadministered without dose adjustment.

Trial Registration Number: NCT02854748, Registered on August 7, 2016.

Keywords: clinical trial, antidiabetic drug, pharmacokinetic interaction, thiazolidinedione,
type 2 diabetes

Introduction
A global increase in the prevalence of diabetes mellitus has been heightened by
a growing number of metabolic risk factors such as obesity.' > As obesity and
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metabolic syndromes are related to various complications,
such as cardiovascular risk, the use of an integrative
patient-centered treatment algorithm is crucial in the man-
agement of diabetes.*® The most recent Standards of
Medical Care in Diabetes (2020) recommends metformin
and comprehensive lifestyle modification as the first-line
therapy for type II diabetes mellitus (T2DM).> However,
more than 40% of newly diagnosed T2DM patients are
nonresponders to metformin monotherapy; hence, the use
of dual and triple oral glucose-lowering therapies is sug-
gested when the hemoglobin A1C (HbA1C) level remains
above the individualized target after 3 months of
treatment.>*’

Due to each of the hypoglycemic agents having
strengths such as efficacy, cardiovascular benefit, minimal
hypoglycemia risk, and body weight reduction, choosing
the most appropriate combination of pharmacotherapy
ultimately leads to successful glycemic control.* The
sodium-glucose cotransporter 2 (SGLT-2) inhibitor class
of drugs is known for its potential benefit in cardiorenal
protection and weight loss.'®'? Empagliflozin, a selective
SGLT-2 inhibitor, exerts its blood glucose level-lowering
effect by inducing glucosuria.'® After rapid absorption
following oral administration, empagliflozin is primarily
metabolized via Phase II conjugation reactions and is
excreted in the urine and feces.'

The thiazolidinedione (TZD) class of drugs is reported
to be associated with a positive effect on reducing macro-
vascular risks.'””> As a novel peroxisome proliferator-
activated receptor-y agonist with a TZD moiety, lobeglita-
zone elicits its antihyperglycemic effect by directly
improving the survival and function of pancreatic beta
cells.'®!'” Lobeglitazone is rapidly absorbed into the sys-
temic circulation and is then cleared in a monoexponential
manner with a negligible amount excreted in the urine.'®'"?
SGLT-2 inhibitors and TZDs not only have different
mechanisms of action in regulating blood glucose levels
but also have a relatively low risk of hypoglycemia, and
their synergistic effect on attenuation of the early phase of
diabetic nephropathy progression further supports combi-
nation therapy as one of the preferred treatment options in
the management of T2DM.?® Therefore, a thorough eva-
luation of drug—drug interactions for expected concomitant
drug candidates is crucial even without an index perpetra-
tor or substrate drug.”’

Among the SGLT-2 inhibitors and TZDs approved by
the Korea Ministry of Food and Drug Safety, empaglifio-
zin and lobeglitazone have yet to be evaluated for

pharmacokinetic interactions. In this study, we performed
a concomitant-use clinical investigation of potential phar-
macokinetic drug—drug interactions between empagliflozin
and lobeglitazone in healthy subjects.

Subjects and Methods
The Investigational Drug, Ethics Approval,

and Consent to Participate

In order to maximize the probability of identifying a drug—
drug interaction, the maximum dose in the shortest dosing
interval for empagliflozin and lobeglitazone sulfate, 25 mg
and 0.5 mg, respectively, were coadministered or adminis-
tered separately for 5 days for the assessment of pharma-
cokinetic interaction and tolerability in healthy male
subjects who were eligible for study participation per the
inclusion and exclusion criteria of the study.'” Healthy
candidates were defined based on clinical assessments
such as physical examination performed at the time of
screening and clinical laboratory test results. All subjects
provided informed consent before participation in any
procedure.

The study protocol, including the informed consent
form, was approved by the Dong-A University Hospital
Institutional Review Board and conducted at the Clinical
Trials Center, Dong-A University Hospital, Busan, Korea
(ClinicalTrials.gov registry no.: NCT02854748). The
study was conducted under the principles stipulated in
the Declaration of Helsinki as amended in October 2013
(Fortaleza, Brazil) and the International Council on

Harmonization Good Clinical Practice Guideline.?*?>

Study Design

Thirty eligible subjects between the ages of 19 and 45
years (inclusive) were randomized for participation in an
open-label, multiple-dose, 3-period, 6-sequence crossover
study (Figure 1). Five subjects were allocated
per sequence, with at least 7 days of washout in between
the periods. The investigational drugs were orally admi-
nistered with 150 mL of water as once-daily doses for 5
days under fasting conditions. All subjects visited the
clinical trial center for the first 3 days of dosing in each
period, and they were restricted from consuming any food
for at least 8 h to maintain an empty stomach before each
dosing. On the fourth day of dosing for each period, the
subjects were admitted to the clinical trial center in the
evening and remained fasted for at least 10 h until the

next day for the last dosing and pharmacokinetic blood
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Figure | Study design. E: empagliflozin 25 mg once daily for 5 days, L: lobeglitazone sulfate 0.5 mg once daily for 5 days. Subjects were randomly assigned to one of the
indicated crossover treatment sequences (Sequences A - E) on the day before the investigational drug administration (—| day), and each period was separated by at least 7

days of washout.

sampling. All concomitant medications or foods contain-
ing caffeine, grapefruit, or alcohol and smoking were
prohibited throughout the entire study duration.

For the pharmacokinetic profiling of lobeglitazone and
empagliflozin, blood samples (4—6 mL) were serially col-
lected in tubes containing ethylenediaminetetraacetic acid
(EDTA) before dosing and at 0.33, 0.67, 1, 1.5, 2, 2.5, 3, 4,
6, 8, 10, 12, and 24 h after the fifth dosing in each period.
The samples were centrifuged at 2000 x g for 10 minutes
at 4°C. The plasma was separated and aliquoted to be
stored below —70°C until the time of concentration

analysis.

Determination of Empagliflozin Plasma

Concentration

Plasma concentrations of empagliflozin were assayed with
a validated method using a Waters ACQUITY ultra-
performance liquid chromatography (UPLC) system from
Waters (Milford, MA, USA) equipped with a Waters
ACQUITY UPLC®BEH C18 column (1.7 pm, 2.1x50 mm)
and Waters Micromass Xevo' ™ TQ-S mass spectrometer.
The positive ion electrospray method in multiple reaction
monitoring (MRM) mode was implemented for quantifica-
tion. MRM transitions of m/z = 468.15 — 71.15 and 426.15
— 167.10 were monitored for empagliflozin and dapagliflo-
zin (internal standard, ISTD), respectively.

An empagliflozin stock solution of 500 pg/mL was
prepared with 10.3 mg empagliflozin in 20% methanol.
Where necessary, the samples were diluted with blank
human plasma to bring the concentration within the
range of calibration. The calibration standards were then
prepared by spiking blank plasma samples with known
concentrations of empagliflozin ranging from 5.00 to
1000 ng/mL. The calibration curve of empagliflozin was
linear within these ranges with a correlation coefficient (%)
value of 0.9990. The accuracy of the quality control sam-
the
expressed as the percentage deviation of the mean from

ples during sample analysis of empagliflozin,
the theoretical concentration (%DMT), for within-run and
between-run accuracy ranges were —10.6-1.1% and —2.-
1-3.7%, respectively. The relative standard deviations (%
RSD) of the within-run and between-run precision ranges

were 1.1-4.8% and 3.4-5.6%, respectively.

Determination of Lobeglitazone Plasma

Concentration

A separate validated method from empaglifiozin to assess the
lobeglitazone plasma concentration was implemented using
a Waters ACQUITY UPLC system from Waters (Milford,
MA, USA) equipped with a Waters ACQUITY UPLC*BEH
C18 column (1.7 um, 2.1x50 mm) and a Waters Micromass
Quattro Premier™ XE mass spectrometer. For lobeglitazone
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and lobeglitazone-d; (ISTD), the monitored MRM transi-
tions were m/z = 481.40 — 258.40 and 484.40 — 261.40,
respectively.

Lobeglitazone sulfate (12.4 mg) was dissolved in 70%
methanol to prepare a stock solution of 100 pg/mL. The
calibration standards were then prepared by spiking blank
plasma samples with known amounts of lobeglitazone
ranging from 1.00 to 250 ng/mL. The calibration curve
with lobeglitazone ranging from 1.00 to 250 ng/mL in
human plasma was linear with an r* value of 0.9984. The
accuracy (%DMT) of lobeglitazone quality control sam-
ples was —7.0-9.0% for within-run accuracy and —4.5-
—1.3% for between-run accuracy. The %RSD values
were 1.7-6.6% for within-run precision and 2.4-9.1% for
between-run precision.

Pharmacokinetic Drug Interaction

Evaluation

To evaluate the pharmacokinetic (PK) parameters of
empagliflozin and lobeglitazone, the plasma concentra-
tions of each analyte with time after dose were analyzed.
The parameters subjected to PK evaluation were as fol-
lows: the peak concentration (Cpaxss) and the time to
reach peak concentration after the fifth dose (Tpaxss), the
area under the concentration-time curve from the time of
the fifth dosing to the dosing interval (AUC,,,), the term-
inal half-life after the fifth dose (t;,) and the trough
concentration before each dose (Cirougn). The AUC,, was
calculated using the linear up/log down method. The
actual observed concentrations and times were used to
estimate the Cpax ss and Tiax ss 0f empagliflozin and lobe-
glitazone. t;, s Was calculated as In(2)/A,, where A, stands
for the elimination rate constant calculated using linear
regression of the log-linear portion of the plasma concen-
tration-time curve.

The PK parameters were estimated using Phoenix®
WinNonlin® (version 6.4, Certara USA Inc., NJ, USA).
For evaluation of the drug interaction between empagli-
flozin and lobeglitazone, a mixed effect model was applied
to the exponentiated geometric mean differences and the
corresponding 90% confidence intervals (CIs) of Caxss
and AUC,. If the 90% CIs of these parameters were
within the range of 0.80-1.25, it was concluded that
there was an absence of a PK interaction between empa-
gliflozin and lobeglitazone.”**> All statistical analyses
were performed using SPSS® Statistics (version 22.0,
IBM, Armonk, NY, USA).

Tolerability Assessment

Tolerability assessments, including vital signs (systolic
and diastolic blood pressures and pulse rate), physical
examinations, and adverse events, were conducted from
the administration of the investigational drug until the end
of the clinical study. Information on adverse events was
collected via nonleading open questioning and individual
interviews of each subject. Where required, concomitant
medications were provided for the treatment of adverse
events, and further administration of the investigational
drugs was discontinued.

Results

Subjects

Thirty-one subjects were randomized and included in the
demographic characteristics as the full analysis set. One
subject withdrew consent before the investigational drug
administration; the remaining 30 participants who received
the investigational drug at least once were subjected to
tolerability assessment. Among these subjects, a total of 25
subjects completed the study and were included in the PK
evaluation (Figure 2).

The mean =+ standard deviation of age, height, weight,
and BMI were 26.5 + 4.8 years, 176.0 £ 6.1 cm, 73.1 +
9.2 kg, and 23.6 + 2.7 kg/m?, respectively, for the 31 study
participants. There were no statistical differences across
the sequence groups in terms of demographic distribution
with P-values for age, height, weight and BMI of 0.2116,
0.6774, 0.4282 and 0.4616, respectively.

Effects of Lobeglitazone on the
Pharmacokinetic Properties of
Empagliflozin

The mean plasma empagliflozin concentration-time curves
after multiple oral administrations with and without lobe-
glitazone were almost superimposable in healthy subjects
(Figure 3A). The T,,x ¢ ranges remained constant regard-
less of the presence of lobeglitazone (0.67—4.00 h) along
with similar t,, s of approximately 8 h (Figure 3A and
Table 1).

After the fifth oral dose of empagliflozin alone and in
combination with lobeglitazone, the systemic exposure to
empagliflozin reached a steady state, with the calculated
P-values for the Cyougn 0n Day 5 and Day 4 being 0.723
and 0.602, respectively. The point estimates and the 90%
CI of the In-transformed empagliflozin Ci,x s and AUCyy,
between empaglifiozin alone and in combination with
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lobeglitazone fell entirely within the bioequivalence cri-
teria of 0.80 and 1.25 (Table 1, Figure 4A and B). This
indicates that multiple administrations of lobeglitazone
have no effect on the pharmacokinetics of empagliflozin
in healthy subjects.

Effects of Empagliflozin on Lobeglitazone

Pharmacokinetic Properties
Similar to those of empaglifiozin, the mean plasma lobegli-
tazone concentration-time curves after multiple oral admin-
istrations alone and in combination with empagliflozin were
similar in healthy subjects, as presented in Figure 3B. The
Tmax.ss reached before 2.5 h in both treatment groups, with
a typ5 Of approximately 7 h (Figure 3B and Table 1).
Lobeglitazone reached steady state before the fifth oral
dose alone and in combination with empagliflozin, with the
calculated P-values for the Cyrouen 0n Day 4 and Day 3 being

0.293 and 0.453, respectively. The point estimates of the geo-
metric mean ratios and the 90% CI of lobeglitazone Cyax ss and
AUC,, for coadministration of lobeglitazone and empagliflo-
zin compared with lobeglitazone alone were also within the
criteria of 0.80 to 1.25 (Figure 4C and D); hence, multiple
administrations of empagliflozin did not affect the pharmaco-
kinetics of lobeglitazone in healthy subjects (Table 1).

Tolerability

Among the thirty subjects who received the investigational
drug at least once during the study, three adverse events
observed in three subjects were considered to be possibly
related to the investigational drug administration: nausea,
skin exfoliation, and contact dermatitis (Table 2). The
subject with contact dermatitis who received lobeglitazone
discontinued the study due to the concomitant therapy
required for the treatment of the adverse event.
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Figure 3 Mean plasma concentration versus time curves after multiple oral doses for 5 days in healthy subjects (N=25) on linear scales; (A) empagliflozin 25 mg once daily
and (B) lobeglitazone 0.5 mg once daily. Inset shows the semi-log scale plots.

All adverse events were transient and mild in intensity, Djscussion
with no clinically significant findings in other tolerability ~ As a concomitant-use study to assess the pharmacokinetic
parameters, such as the laboratory test results, vital signs,  drug-drug interaction between the two major classes of
and physical examination after multiple administrations of  oral T2DM medications, a multiple-dose crossover design
empaglifiozin and lobeglitazone in healthy subjects. was implemented in this study. The 24-hour blood
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Table |1 Pharmacokinetic Parameters of Empagliflozin and Lobeglitazone After Multiple Oral Administrations in Healthy Subjects

Parameters Administered Alone (N=25) | Coadministered (N=25) | Geometric Mean Ratio | 90% Confidence Interval
Empagliflozin

Crnaxss (ng/mL) 589.24 (180.23) 609.40 (148.83) 1.049 0.956, 1.150
AUC, (hng/mL) 3956.89 (753.93) 4097.87 (746.66) 1.035 0.945, 1.133
Tiaxss (h) 2.00 [0.67—4.00] 2.00 [0.67—4.00] - -
tizss (h) 8.44 (1.17) 8.03 (0.94) - -
%AUC exirap (%) 12.53 (3.60) 11.30 (2.45) - -
Lobeglitazone

Crnaxss (ng/mL) 50.36 (7.70) 47.26 (7.17) 0.930 0.869, 0.995
AUC,,, (hng/mL) 332.80 (80.77) 311.70 (79.21) 0.931 0.851, 1.018
Trmaxss (M) 0.67 [0.67—-1.50] 1.00 [0.67-2.50] - -
tizss (h) 7.06 (1.38) 6.59 (1.20) - -
%BAUC eycrap (%) 9.67 (3.76) 8.38 (3.44) - -

Note: Data are given as the mean (standard deviation) except for Tpaxss Which is expressed as the median [minimum - maximum].
Abbreviations: C,, s the peak plasma concentration at steady state; AUC,,,, area under the concentration-time curve over the dosing interval; Tpaxss, time to reach
Cinaxss at steady state; ti, the elimination half-life at steady state; %AUCa area under the concentration-time curve extrapolated from the last sampling time to

infinity as a percentage of total AUC.

sampling schedule was sufficient to estimate the exposures
of the investigational drugs, with the mean percentage of
AUC extrapolated from the last sampling point to infinity
for all treatment groups ranging from 8.38% to 12.53%
(Table 1). Furthermore, at least 7 days of washout between
the periods allowed both empaglifiozin and lobeglitazone
to be excreted to the lowest level of quantification at
predose sampling in the second period. Some of the sub-
jects were overweight in accordance with the BMI cate-
gories of over 25 kg/m? (inclusive), however, there was no
statistically significant discrepancies in pharmacokinetic
parameters between the overweight and normal weight
groups, for both empaglifiozin and lobeglitazone (data
not shown).
Lobeglitazone, a peroxisome proliferator-activated
receptor-y agonist, stimulates lipogenic activities in adipo-
cytes, thus improving insulin suppression of lipolysis and
insulin sensitivity.>* >’ Due to its highly protein-bound
properties after oral administration, lobeglitazone is
mainly metabolized by cytochrome P450 enzymes such
as CYP1A2, 2C9 and 2C19, and only a minimal amount
is excreted unchanged in the urine.'®*® However, as
a sodium-glucose cotransporter-2 inhibitor, the primary
route of empagliflozin metabolism in humans is glucuro-
nidation by UGT1A3, 1A8, 1A9 and 2B7 isozymes, and
empaglifiozin is eliminated in feces and urine as an
unchanged parent drug in  similar  portions."*
Empagliflozin exerts its hypoglycemic effect by reducing
renal tubular glucose reabsorption, promoting urinary glu-
excretion without 24-h  urine

cose impacting the

volume.*'*? As expected by the nonoverlapping metabolic
pathways, the probability of pharmacokinetic drug inter-
action after coadministration of empagliflozin and lobegli-
tazone is low, hence there were no relevant interactions
(Table 1 and Figure 3). The empagliflozin and lobeglita-
zone AUCy,, and Cp,x s Were consistent with those pre-
viously reported, regardless of the presence of one
another.'®*73% The investigational drug-related adverse
events were all within the ranges of known adverse events,
and neither the frequency nor the severity were altered
when the two investigational drugs were exposed to their
highest extent at steady state (Table 2).

This finding is of considerable importance to the real-
life clinical setting, as up to 50% of T2DM patients on
standard first-line metformin therapy are nonresponders
who require alternative or additional hypoglycemic agents
with other mechanisms of action.” Combinations of oral
hypoglycemic agents as initial therapy are also advanta-
geous in bringing out synergistic effects on glycemic tar-
get achievement and even B-cell preservation when used
class of

concomitantly with the thiazolidinedione

drugs 338

This study has potential limitations. Firstly, the
current findings are difficult to extrapolate to other
drugs sharing the same DDI properties as per the pur-
pose of a concomitant-use study with a non-index drug.
However, relevant concomitant medications such as
add-on drug therapies or treatments for common co-
morbidities in the clinical practice setting are subjected

for evaluation of any changes in the drug’s exposure.?’
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Figure 4 Pharmacokinetic parameters C,.xss (A and C) and AUC,,, (B and D) after multiple oral doses for 5 days in healthy subjects; (A and B) empagliflozin 25 mg once
daily and (C and D) lobeglitazone 0.5 mg once daily. The three horizontal lines represent the median (middle), the first quartile (bottom), and the third quartile (top).

Secondly,

including only healthy young men, the representative-
ness of the study results is limited. Although this study
reports the findings from healthy male subjects instead
of the indicated group of T2DM patients, neither

1
Lobeglitazone

as with all exploratory clinical studies

1
Lobeglitazone
+Empagliflozin

Table 2 Summary of Investigational Drug-Related Adverse Events

1
Lobeglitazone

practice.

1
Lobeglitazone
+Empagliflozin

lobeglitazone nor empaglifiozin showed clinically rele-
vant differences in the pharmacokinetic characteristics
by sex.'”*® Nonetheless, cautious interpretation of the
results and thorough monitoring are compulsory in

Adverse Events Empagliflozin Lobeglitazone Empagliflozin + Lobeglitazone
(N=28) (N=26) (N=28)
System of Class Preferred Term
Gastrointestinal system disorders | Nausea I (I [3.57])
Skin and appendage disorders Contact dermatitis I (1 [3.85])
Skin exfoliation I (1 [3.85])
Total 0 (0 [0.00]) 2 (2 [7.69]) I (1 [3.57])

Note: Values are given as the number of events (number of subjects [% of subjects]).
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Conclusions

The combination of lobeglitazone and empaglifiozin did
not induce any PK interaction at steady state with good
tolerability, predicting no need for dose adjustment when
using the two drugs to treat hyperglycemia in T2DM
patients.

Abbreviations

AUC, area under the plasma concentration-time curve;
AUC,,,, area under the plasma concentration-time curve
during a dosage interval; Cpx s, Mmaximum steady-state
plasma concentration during a dosage interval; Cgyough,
trough plasma concentration measured at the end of
a dosing interval at steady state taken directly before
next administration; %DMT, percentage deviation of the
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