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ABSTRACT

Introduction: Canagliflozin is a sodium glucose
co-transporter 2 inhibitor approved worldwide
for the treatment of patients with type 2
diabetes (T2DM). The
study pharmacokinetics,
pharmacodynamics, and safety of canagliflozin

mellitus present

evaluated

in Japanese patients with T2DM.
Methods: Canagliflozin, at doses of 25, 100,
200, or 400 mg, was administered as a single

Electronic supplementary material The online
version of this article (doi:10.1007/s12325-015-0234-0)
contains supplementary material, which is available to
authorized users.

H. lijima (&)

Medical Affairs Department, Mitsubishi Tanabe
Pharma Corporation, Tokyo, Japan

e-mail: lijima.Hiroaki@mm.mt-pharma.co.jp

T. Kifuji

Development Division, Clinical Pharmacology
Department, Mitsubishi Tanabe Pharma
Corporation, Tokyo, Japan

N. Maruyama

Development Division, Clinical Research
Department II, Mitsubishi Tanabe Pharma
Corporation, Tokyo, Japan

N. Inagaki

Department of Diabetes, Endocrinology and
Nutrition, Kyoto University Graduate School of
Medicine, Kyoto, Japan

dose and, after a washout of 1 day, in repeated
doses for 14 consecutive days to 61 subjects in a
randomized, double-blind, placebo-controlled
study. Plasma concentrations of canagliflozin
and urinary glucose excretion (UGE) were
measured, and renal threshold for glucose
excretion (RTg) was calculated. Safety was
evaluated on the basis of adverse event (AE)
reports, blood and urine laboratory parameters,
and vital signs.
Results: Plasma canagliflozin maximum
under  the
(AUC)
increased in a dose-dependent manner with
the time to maximum concentration (ty.x) of
1.0h and elimination half-life (t;,2) of
10.22-13.26 h on Day 1. No significant

changes in t,,x and t;,, were observed after

concentration and area

concentration-time curve values

multiple-dose administration. The linearity
factors, as calculated from the ratios of
AUCg_24n on Day 16 to AUCy_., on Day 1,
were close to 1 in all canagliflozin groups.
UGEg_24n
(80-110 g/day with canagliflozin >100 mg) and
decreased RTg from the first day of treatment;
these effects were sustained during the entire

Canagliflozin increased

period of multiple administration. No
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significant AEs were noted. Urine volume was
slightly increased on Day 1, but subsequent
changes after repeated doses for 14 days were
small. Urinary sodium tended to be higher in
the early treatment
particular change was observed in serum

osmolality and hematocrit.

period, whereas no

Conclusion: Canagliflozin  increased
decreased RTg,
throughout the entire period of multiple
administrations in Japanese patients with

T2DM.

UGE,

and was well tolerated

Funding: Mitsubishi Tanabe Pharma
Corporation.

Trial registration:
ClinicalTrials.gov#NCT00707954.

Keywords: Canagliflozin; Dehydration;
Japanese patients; Pharmacodynamics;
Pharmacokinetics; Sodium glucose

co-transporter 2 inhibitor; Type 2 diabetes
mellitus; Urine volume

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is caused by
insufficient insulin action due to increased
insulin resistance and/or impaired insulin
secretion. In addition to these mechanisms,
the role of kidney function in glycemic control
has been noted. In the kidney, approximately
90% of filtered glucose is reabsorbed by the
sodium glucose co-transporter (SGLT) 2 in the
S1 segment of proximal tubules, and the
residual glucose is reabsorbed by SGLT1 in the
S2 and S3 segments [1]. These transporters
reabsorb filtered glucose almost completely
until the filtered load exceeds the transport
capacity; the plasma glucose (PG) concentration
at which this occurs is designated the renal
threshold for glucose (RTg). In patients with

T2DM, RTg is higher than that in nondiabetic
individuals [1, 2].

The pharmacological inhibition of SGLT2
lowers RTg through the suppression of glucose
reabsorption in the proximal tubules and exerts
antihyperglycemic effects by inducing urinary
glucose excretion (UGE). Thus, SGLT2 inhibitors
reduce PG levels in an insulin-independent
manner and also promote weight reduction by
excreting the ingested calories in the form of
some SGLT2
inhibitors have shown antihypertensive effects
because of their diuretic action [5, 6]. In addition
to blood glucose control, the management of
body weight and blood pressure is critical for the

glucose [3, 4]. Furthermore,

prevention of diabetic complications [7, 8].
Therefore, SGLT2 inhibitors may offer a novel
option for the treatment of T2DM. On the other
hand, increased hematocrit level and transient
dehydration after the administration of SGLT2
inhibitors have been reported [6, 9, 10], whereas
the changes in parameters related to body fluid
volume after drug administration have not been
investigated in detail in Japanese patients with
T2DM.

Canagliflozin is an SGLT2 inhibitor available
for the treatment of T2DM in many countries,
including Japan [11-18]. In the United States, a
clinical study was conducted on the tolerability
and dose-dependent pharmacokinetics and
pharmacodynamics of canagliflozin at doses of
50-300 mg in healthy subjects or patients with
T2DM [19, 20]. We previously reported the
pharmacodynamic profiles of canagliflozin in
Japanese patients with T2DM and moderate
renal impairment in an open-label, cross-over
study [14]. In the present study, we evaluated
the pharmacokinetics, pharmacodynamics, and
safety—including parameters related to body
fluid volume—of canagliflozin in Japanese
patients with T2DM.
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METHODS
Patients
Eligible  patients included men  and

postmenopausal or surgically sterilized women
aged 25-65 years diagnosed with T2DM at least
3 months before screening. Inclusion criteria
were as follows: glycosylated hemoglobin
[HbAlc (National Glycohemoglobin
Standardization Program, NGSP)] 6.9-10.5%;
body mass index (BMI) of 18.5-39.9 kg/m? at
the screening visit; fasting PG (FPG) of
140-270 mg/dL; systolic blood pressure of
95-160 mmHg; diastolic blood pressure of
50-100 mmHg with a pulse rate of >50 bpm;
and no antidiabetic medication within 2 weeks
prior to administration of canagliflozin.
Patients were required to have undergone diet
and exercise therapy, with no change in their
for >3 months before the study.

Exclusion criteria were as follows: history of

regimen,

type 1 diabetes mellitus (DM) or secondary DM;
the use of thiazolidinediones, insulin, thiazide

diuretics, B-blockers, systemic  steroids,
nonsteroidal anti-inflammatory drugs, or
anticoagulants  within 3 months  before

consent; a history of, or current, serious
diabetic complications requiring treatment;
hypoglycemic
disorders that may
gastrointestinal  bleeding; skin
requiring pharmacotherapy or a history of

repeated  severe episodes;

concurrent cause

symptoms

photosensitivity; serum creatinine level above
the upper limit specified in the study center; a
history of, or concurrent, diseases affecting
renal function; eating disorders; a history of
drug and/or food allergies; a history of surgeries
that could affect gastrointestinal drug
absorption; the consumption of grapefruit or
cranberry (fruits or juices) within 1 week or food
containing St John’s Wort within 2 weeks

before the first dose of the study drug; medical
history or sign of heart disease; alcohol or drug
abuse and/or smoking; positive for hepatitis B
antigen, syphilis, hepatitis C antibody, or
antibody;
collection or donation of >400 mL of blood
within 12 weeks or >200 mL of blood within

4 weeks before study entry; or participated in

human immunodeficiency virus

another clinical trial and received an
investigational drug.

The study was conducted in accordance
with ethical principles that have their origin
Helsinki, the
Pharmaceutical Affairs Law of Japan, Good
Clinical Practice, and the approved study
protocol.
institutional review boards and independent

ethics committees for all participating centers.

in the Declaration of

Approval was obtained from

All patients provided written informed consent
prior to participation.

Study Design, Treatments and Blinding

The study design is shown in Fig. 1a. This
randomized, double-blind, placebo-controlled,
multiple-dose, phase 1 study was conducted at
four study centers in Japan. This study consisted
of a washout period of 12 or more days to allow
patients to discontinue from their previous
agents, a single-day
treatment of canagliflozin followed by a
washout day, and 14 consecutive days of

antihyperglycemic

treatment. Patients who met inclusion criteria
were randomized using a block allocation
method into one of five groups to receive
canagliflozin (1 of 4 doses) or placebo.
Following an overnight fast, patients were
given a placebo in a single-blind fashion QD
and  underwent

baseline  safety and

pharmacodynamic assessments on Day O

(pretreatment baseline) and received

double-blind treatment with canagliflozin (25,
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Fig. 1 Study design (a) and participant flow (b)

100, 200, or 400 mg QD) or placebo on Day 1
and Days 3-16. The first dose was administered
between 8:00 and 9:00 a.m. Within 10 min of
dosing, patients received a standardized
breakfast; thereafter, standardized lunch and
provided 4.5 10.5h

respectively. were

dinner and
post-dosing,
admitted to the clinical research unit on Day
2, discharged on Day 7, and visited the unit on
Days 9 and 13. Patients were admitted again on
Day 14, discharged on Day 19, and returned for

safety assessments later.

were
Patients

Sampling and Analysis

Pharmacokinetic parameters were assessed
using venous blood samples at different time
points: 0 (before drug administration), 0.5, 1,

1.5, 2, 3, 4, 6, 8, and 12 h after administration

on Days 1 and 16; O h on Days 3, 5, 7, 9, 13, and
15; and before breakfast on Days 2, 17, 18, and
19. Pharmacodynamic parameters were assessed
using venous blood samples at the following
time points: 0, 0.5, 1.5, 2.5, 4.5, 6, §, 10.5, 11,
12, 13, and 14 h after administration on Days 1
and 16; O h on Days 3, 5, 7, 9, 13, and 15; and
before breakfast on Days 2,17 and 18. Urine
samples for the assessment of UGE were
collected at intervals as specified: 0-2, 2-4.5,
4.5-7, 7-10.5, 10.5-13, and 13-24 h on Days 0,
1, and 16. On Days 2, 3, 4, 5, 6, 15, 17, and 18,
urine was collected over a period of 0-24 h.

Pharmacokinetic Assessments
After solid-phase extraction with Oasis® HLB

(Waters Milford, MA, USA),
plasma urinary

Corporation,

and canagliflozin
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concentrations  were  determined  using
high-performance liquid
chromatography/tandem mass spectrometry

(API 4000™, SCIEX, Framingham, MA, USA),
with '3Ce-canagliflozin as an internal standard.
The wvalidated quantification range was
1-2000 ng/mL. All validation results satisfied
the predefined acceptance criteria.

Pharmacodynamic Assessments

HbAlc, urinary glucose, PG, and serum insulin
concentrations were assessed for
pharmacodynamics evaluation. On Days 2 and
17, changes from baseline (Day 1) were
determined for FPG and fasting serum insulin.
On Days 1 and 16, changes from baseline (Day
0) were determined for 24-h mean PG (MPGQG)
and 24-h mean serum insulin.

Changes from baseline in UGE were assessed
onDaysO0, 1, 2, 3, 4,5, 6,15, 16, 17, and 18. The
RTg on Days O, 1, and 16 was calculated post
hoc from the measured PG, UGE, and estimated
glomerular filtration rate as previously
described [18, 21, 22]. HbAlc values were
measured with the Japan Diabetic Society
(JDS) method during the study. As JDS issued a
recommendation to use HbAlc (NGSP) instead
of HbAlc (JDS) after study completion [23],
HbAlc (JDS) values were converted to HbAlc
(NGSP) in the present report.

Safety Assessments

Adverse events (AEs) were classified according
to the system organ class and preferred terms of
the Medical Dictionary for Regulatory Activity
(MeDRA/J 11.1). In
volume-related assessed  with

version addition,
safety was

changes in blood and wurinary laboratory

parameters and vital signs, including blood
pressure, pulse rate, and body temperature.

Statistical Analysis

For sample size determination, the number of
subjects was set at 15 (12 receiving canagliflozin
and 3 receiving placebo) for each step to evaluate
pharmacokinetics, pharmacodynamics, and
safety of canagliflozin administered as single
and 14-day multiple doses. As reference,
assuming that the percentage change in
MPGg_4n, Oon Day 16 relative to the day of
placebo administration is comparable to that
obtained in the clinical studies conducted in
other countries, the probability of detecting a
difference between the highest dose (400 mg)
treatment and placebo was 99%, whereas the
probability of detecting a difference between the
200-mg treatment and placebo was 96%
(two-sided test with a significance level of 5%).
Safety analyses were performed in all patients
who received >1 dose of the study drug.
Pharmacokinetic and pharmacodynamic
analyses were conducted in the subsets of
subjects in the safety analysis set who were
pharmacokinetic and
pharmacodynamic assessments, respectively.

evaluable for the

For the pharmacokinetic analysis, WinNonlin
ver.5.2, Pharsight, Mountain View, CA, USA) was
used; for all other analysis, SAS® ver. 9.1.3 (SAS
Institute Inc., Cary, NC, USA) was used.

RESULTS

Patient Disposition and Baseline
Characteristics

A total of 61 patients (50 men and 11 women)

were randomized to receive canagliflozin
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Table 1 Patient disposition and baseline characteristics

Placebo (z = 10)  Canagliflozin Total (N = 61)
25 mg 100 mg 200 mg 400 mg
(n = 12) (n = 12) (n = 14) (n = 13)
Gender, 7 (%)
Male 8 (80) 8 (66.7) 12 (100) (92.9) 9 (69.2) 50 (82.0)
Female 2 (20) 4 (33.3) 0 (0) 1(7.1) 4 (30.8) 11 (18.0)
Mean (SD)
Age, years 57.6 (6.3) 490 (10.6) 521 (7.6) 56.2 (8.6) 56.5 (8.2) 543 (8.8)
Weight, kg 69.73 (14.08) 7424 (11.04) 7344 (11.07) 63.67 (13.62) 73.88 (10.18) 70.84 (12.38)
BMIL, kg/m® 2575 (3.37) 2641 (2.39) 2525 (240) 2320 (403) 2744 (3.13) 2556 (3.39)
FPG, mg/dL 1849 (35.8) 1722 (192) 1625 (204) 1634 (143) 1709 (272)  170.1 (24.3)
HbAlc, % 8.91 (1.16) 9.11 (0.85) 828 (0.85) 851 (0.82) 858 (0.75)  8.66 (0.90)

FPG: 1 mg/dL = 0.0555 mmol/L

BMT body mass index, FPG fasting plasma glucose, SD standard deviation

(n = 51) orplacebo (n = 10) in the study (Fig. 1b).
The mean =+ standard deviation (SD) of age, body
weight, BMI, FPG, and HbA1c of these 61 patients
were 54.3 £ 8.8 years, 70.84 + 12.38 kg,
25.56 &+ 3.39 kg/m?, 170.1 + 24.3 mg/dL, and
8.66% =+ 0.90%, (Table 1). No
remarkable differences were observed in these

respectively

parameters across subgroups. Twelve patients
had received pharmacotherapy for T2DM prior
to participation. Sixty subjects completed the
study, except one in the placebo group. Fifty-one
patients (42 men and 9 women) were assigned to
the canagliflozin groups and were subjected to
pharmacokinetic analysis. The mean £+ SD of
age, body weight, and BMI of these 51 patients
were 53.6 +£9.1years, 71.06 +£12.17 kg, and
25.52 + 3.43 kg/m?, respectively.

Pharmacokinetics
Canagliflozin was administered to patients at

25, 100, 200, or 400 mg in a single dose (Day 1),
followed by a 1-day washout (Day 2) and

repeated doses for 14 days (Days 3-16, Fig. 1a).

Figure 2 shows the plasma canagliflozin
concentration-time profile on Days 1 and 16
(the day of last administration). The plasma
concentrations of canagliflozin  rapidly
administration and
declined in a biphasic manner. On Days 1 and
16, tmax Was 1.0 and 1.0-1.3 h, respectively, and
elimination half-life (t;,,) was 10.22-13.26 h
and 11.81-16.16 h, respectively (Table 2). No
marked differences were observed in t,.x and
t1,2 values between Days 1 and 16. The C,,,x and
AUCo 24n
manner on both Days 1 and 16. The mean
accumulation ratios (ARs) obtained by dividing
the AUCg_24n, Oon Day 16 by the AUCy 54, On
Day 1 were in the range 1.19-1.42. A trend
toward increased ratios was observed with dose
increase. The linearity factors obtained by
dividing the AUCgp.4n, on Day 16 by the
AUCy_,, on Day 1 were approximately 1 at any
dose of canagliflozin (25, 100, 200, and

400 mg). The ratios of trough

increased after oral

increased in a dose-dependent

mean
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Fig. 2 Plasma concentration—time profiles after canagliflozin treatment on Days 1 and 16. Data are presented as the

mean =+ standard deviation
concentrations at each dose to the
concentration just before drug administration
on Day 16 were in the range 0.93-1.00 on Day 7
(4 days after the repeated
administration). Thereafter, the ratios became
nearly constant irrespective of the dose,
suggesting that the plasma concentration of

initiation of

canagliflozin reaches steady state by Day 7. The
means of the 24-h urinary excretion rate of
unchanged canagliflozin at each dose on Days 1
and 16 were approximately 0.4% and 0.5-0.6%,
respectively (Table 2).

Pharmacodynamic Effects

The mean UGE(_»4, values were approximately
14-24 g on Day 0 and markedly increased after
the administration of canagliflozin at 25, 100,
200, or 400mg compared with baseline,
whereas no increase was observed in UGEq_»4n
after placebo administration. The mean change
from baseline in UGE 541, values on Day 1 was
approximately 60 g/day in the 25-mg group and

ranged from 80 to 110 g/day with no great
difference in the 100-400-mg groups (Fig. 3a).
Similar increases from baseline in UGEqg o4n
were observed on Day 16, indicating that the
increase in UGE because of canagliflozin is
sustained during repeated-dose administration.
The increase in UGE was detected during 24-48
and 48-72 h after the last administration of
canagliflozin at >100 mg. There was no increase
in UGEq_»4n during placebo administration.
The mean baseline RTgo_24 values on Day O
ranged from 210 to 250mg/dL in the
canagliflozin and placebo groups, which were
higher than those in healthy adults (~200 mg/
dL) [1].
administration of canagliflozin on both Days 1
and 16 (Fig.3b). The RTg-lowering effects of
canagliflozin did not
repeated-dose
difference was

The RTgo_psn decreased after the

diminish after

administration. No marked
observed in groups that
received canagliflozin >100 mg. Changes from
baseline in MPGg 545, on Days 1 and 16, and

those in FPG on Days 2 and 17 were greater in
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Table 2 Pharmacokinetic parameters

Parameters, mean (SD) Canagliflozin
25mg (n=12)  100mg (z=12)  200mg (» = 14) 400 mg (» = 13)
Day 1
Conax (ng/mL) 248 (55) 1126 (228) 2304 (539) 5028 (1733)
AUC, 4, (ng-h/mL) 1295 (240) 5468 (899) 11,991 (3042) 21,836 (4983)
fax (h)? 1.0 [1.0-2.0] 1.0 [1.0-1.5] 1.0 [1.0-1.5] 1.0 [1.0-3.0]
t1)> (h) 10.70 (1.76) 10.22 (1.89) 13.26 (4.96) 12.15 (2.34)

Urinary excretion rate (%)b
Day 16

Crnax (ng/mL)

AUCy 54, (ng-h/mL)

tmax (h)*

ti72 (h)

Urinary excretion rate (%)°

AR

0.387 (0.070)

263 (91)
1556 (387)
1.0 [1.0-3.0]
14.21 (7.46)
0.599 (0.183)
1.19 (0.12)

0.384 (0.084)

1136 (330)

6635 (1367)

1.0 [1.0-1.5]
11.81 (3.22)

0.641 (0.204)

1.21 (0.12)

0.424 (0.107)

2688 (805)
16,716 (5464)
1.3 [1.0-1.5]
16.16 (5.87)°
0.614 (0.195)
1.38 (0.17)

0.385 (0.097)

5236 (1123)
30,766 (7916)
1.0 [1.0-1.5]
15.76 (5.56)%
0.495 (0.153)
1.42 (0.29)

AR accumulation ratio, AUC,_,4, area under the concentration—time curve from time zero to 24 h, C,,,, maximum

concentration, SD standard deviation, #;/, elimination half-life, #,,,. time to maximum concentration

* Median [Min—-Max]
® 0-24h

“n=13
du=12
(@™

| .
\
/

A
.

A UGE (g)
3

012 3 456

Day

15 16 17 18

-

(b) 300 -
2501
Placebo A 2007T
25 mg %‘
100 mg >
200 mg £ 150
400 mg ®
E 100{ ? l
° + ® Day 1
50+ ® Day 16
04— T T T 1
025 100 200 300 400
Dose (mg)

Fig. 3 Effect of canagliflozin on changes in 24-h UGE (a) and 24-h mean RTg (b). Data are mean = standard deviation.
UGE urinary glucose excretion, RT renal threshold for glucose

canagliflozin-treated groups compared with the
placebo group. Fasting serum insulin tended to
groups

decrease in

that

received

canagliflozin >100 mg.
concentration of

The
insulin also

24-h mean

tended to

decrease in canagliflozin-treated groups (see
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Table S1
Material).

in the Electronic Supplementary

Safety

Of the AEs observed in a double-blind manner,
those reported in >2 cases were as follows:
occult blood positive [canagliflozin groups: 14
cases in 12 (23.5%) of 51 patients; placebo
group: 4 cases in 3 (30.0%) of 10 patients],
diarrhea [canagliflozin groups: 6 cases in 5
(9.8%) of 51 patients; placebo group: 4 cases
(20.0%) of
[canagliflozin groups: 4 cases in 4 (7.8%) of 51
patients; placebo group: 1 case in 1 (10.0%) of
10 patients], wurine ketone body present
[canagliflozin groups: 3 cases in 3 (5.9%) of 51
patients; placebo group: O case (0.0%) of 10
patients], dizziness

in 2 10 patients], anemia

[canagliflozin groups: 2

cases in 2 (3.9%) of 51 patients; placebo
group: 0 case (0.0%) of 10 patients], toothache
[canagliflozin groups: 2 cases in 2 (3.9%) of 51
patients; placebo group: 1 case in 1 (10.0%) of
10 patients], and nasopharyngitis [canagliflozin
groups: 1 case in 1 (2.0%) of 51 patients;
placebo group: 3 cases in 3 (30.0%) of 10
patients]. AEs related to skin disorders were
not observed in this study.

At baseline, the mean 24-h urine volume was
approximately 2.6-3.3L in all groups (see
Fig. S1 in the Electronic Supplementary
Material). Changes in urine volume and water
intake from the baseline are shown in Fig. 4a, b,
respectively. In canagliflozin groups, the 24-h
urine volume slightly increased on Day 1, but
during the 14-day
administration period were

subsequent changes
repeated-dose

small. Water intake increased or decreased but

(a) 1000

~ 500

E

= - \ A Y.\ —+ Placebo
£ o ~5° ) 25mg
3

S 41\ = 100 mg
o 500k sd — SHETANY ¥ 200 mg
g { J M TT -o- 400 mg
5 \

< -1000 “

1500
012 3 456 15 16 17 18
Day

(c)

- 100

o

w

E

§ 50

s -+ Placebo

E 25mg

A o [. -= 100 mg
S -¥- 200 mg
] - 400 mg

n

-50

g

£

T

2> 100

< -100

0123 456

Day

15 16 17 18

(b) 1500

g 000 [

g 500 R il ( 3 [ -+ Placebo
3 25mg
: 0 “4% % = 100 mg
X - ——— i T

s \ T S 200 mg
£ =00 ! 1 -~ 400 mg
;T Nl

= 000 §

< -1000

-1500

012 3 456

Day

15 16 17 18

Fig. 4 Effects of canagliflozin on the changes from baseline in urinary volume (a), water intake (b), and urinary sodium

excretion (c). Data are mean = standard deviation
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Fig. 5 Change from baseline on Day 1 in urine volume (a),

mean = standard deviation

did not markedly change during this period
(Fig. 4b). No remarkable changes were observed
in the wurinary excretion of electrolytes,
chloride, calcium,
magnesium, and inorganic phosphorus, but

including potassium,
not sodium, in canagliflozin-treated groups
compared with the (see
Table S2 in the Electronic Supplementary
Material). increase of
sodium was observed on Day 1, although this
increase reversed within a week (Fig. 4c). The
change in hourly urine volume over time from

placebo group

A transient nominal

baseline on Day 1 is shown in Fig. 5a. The
hourly urine volume was slightly increased in
canagliflozin-treated groups compared with the
placebo group up to 10.5-13 h, whereas no
difference was seen at the 13-24-h time period.
The in hourly wurinary sodium
excretion from baseline on Day 1 showed

changes

Time (h) of collection

sodium excretion (b), and urine osmolality (c). Data are

similar time profiles as those for hourly urine
(Fig. Sb). The
osmolality over time from baseline on Day 1
showed a trend toward an increase in the
canagliflozin-treated  groups,

volume change in wurine

whereas no
change in osmolality was observed in the
placebo group (Fig. 5¢). The increase in urine
osmolality was sustained up to Day 16 in
canagliflozin-treated groups consistent with
the persistent increase in UGE (data not
shown). On the other hand, serum osmolality
was maintained constant during the treatment
period (Fig. 6a). The
hematocrit level was similar between the
canagliflozin and placebo groups at baseline
and remained unchanged during the study
period (Fig. 6b). Mean systolic and diastolic
blood pressures tended to decrease in groups
that received canagliflozin >100 mg (see Fig. S2

in all study groups
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Fig. 6 Effects of canagliflozin on serum osmolality (a) and
hematocrit (b). Data are mean = standard deviation

in the Electronic Supplementary Material). No
increases were observed in the pulse rate and
the incidence of orthostatic hypotension (data
not shown).

DISCUSSION

The Cpax and AUC values of plasma
canagliflozin concentrations increased in a
dose-dependent manner on Days 1 and 16. No
marked changes were observed in t.x and t,»
after multiple doses of canagliflozin. The mean
ARs and linearity factors were close to 1 in all
canagliflozin groups, and the trough plasma
concentration of canagliflozin reached steady
state by Day 7 for all doses. These results suggest
that there is no accumulation of canagliflozin in
plasma. No significant changes in
clearance were observed after multiple doses at

renal

all dose levels. These pharmacokinetic profiles

of canagliflozin in Japanese patients were
those reported in
non-Japanese patients [19, 20].

similar to previously

Renal glucose reabsorption was rapidly
inhibited, and RTg was
canagliflozin administration on Days 1 and 16.

decreased after

A near-maximal RTg-lowering effect was
100-mg

RTg-lowering effects of canagliflozin were not

induced in the group. The
diminished by repeated administration. UGE
was markedly increased in all
canagliflozin-treated groups. The change in
UGEg 24n from baseline was smallest in the
25-mg group, and ranged from 80 to 110 g/day
with no great difference in the 100-400-mg
Collectively, it is noted that

canagliflozin exerts near-maximal efficacy at a

groups.

dose of 100 mg in Japanese patients with T2DM.
The increase in UGE was sustained during
repeated-dose administration. The decrease in
both MPGg 4y and FPG after single and
repeated doses was greater in the canagliflozin
groups than in the placebo group. These
pharmacodynamic profiles of canagliflozin in
Japanese patients were also similar to those in
studies with non-Japanese patients [3, 20, 22,
24].

In the study,
canagliflozin was well tolerated in patients
with T2DM, with a low incidence of AEs.
Urinary ketones were observed in 3 patients in

current short-term

canagliflozin-treated groups; 2 cases at a dose of
200 mg and 1 case at a dose of 400 mg. All cases
were mild and rapidly returned to a negative
signs and symptoms of
ketoacidosis. It is recommended that patients
taking SGLT2 inhibitors should be assessed for
ketoacidosis when they present with signs and

level without

symptoms of metabolic acidosis to prevent
delayed diagnosis and management [25, 26].
We then assessed any influences on urine
volume, urine electrolytes, hematocrit, and
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serum osmolality in patients with T2DM. In
canagliflozin-treated groups, although an
increasing trend was observed in the 24-h
urine volume on Day 1, this increase soon
declined toward baseline levels despite the
sustained UGE increase, which is similar to
previously reported findings [22]. On Day 1,
hourly urine volume was slightly increased in
the canagliflozin-treated groups compared with
the placebo group up to 10.5-13 h, whereas no
increase was observed thereafter. Interestingly,
this time-course profile of urine volume on Day
1 was similar to that of urinary sodium
suggesting the development of
during the early stages of
canagliflozin treatment. There is a discrepancy
between the time-course of urinary sodium
increase and urinary glucose excretion. The

excretion,
natriuresis

diuretic effects of a natriuretic
antihypertensive agent, such as chlorothiazide,
persist only for about 1week because of a
compensatory mechanism
[27]. Therefore, a
mechanism
diuresis may be induced in the later stages.

Further investigations remain to be addressed.

against diuresis

similar compensatory

against  canagliflozin-induced

Volume-related parameters, including mean
hematocrit values and serum osmolality, were
not markedly changed in the present study
although some SGLT2 inhibitors have been
reported to increase hematocrit values and
transiently decrease body fluid volumes [5, 9,
10].

A limitation of this study was that the
short
studies  of

treatment
compared  with
canagliflozin and the comparatively small

period was  relatively

previous

sample size of female subjects (11 females vs
50 males). Studies with longer treatment
periods and more female cases are required to
address the effect of canagliflozin on body fluid
volume.

CONCLUSIONS

In Japanese patients with T2DM in the present

study, the pharmacokinetic profiles of
canagliflozin were similar to those in
non-Japanese patients. The maximal
pharmacodynamic effect was exerted at

canagliflozin doses >100 mg, and it was well
tolerated in this population.
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