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Abstract

Introduction: This randomized, double-blind, placebo-controlled, single and multiple ascending-dose study evaluated the
pharmacodynamic effects and safety/tolerability of canagliflozin, a sodium glucose co-transporter 2 inhibitor, in patients
with type 2 diabetes.

Methods: Patients (N=116) discontinued their antihyperglycemic medications 2 weeks before randomization. Patients
received canagliflozin 30, 100, 200, or 400 mg once daily or 300 mg twice daily, or placebo at 2 study centers in the United
States and Germany, or canagliflozin 30 mg once daily or placebo at 1 study center in Korea, while maintaining an isocaloric
diet for 2 weeks. On Days -1, 1, and 16, urinary glucose excretion (UGE), plasma glucose (PG), fasting PG (FPG), and insulin
were measured. The renal threshold for glucose (RTg) was calculated from UGE, PG, and estimated glomerular filtration rate.
Safety was evaluated based on adverse event (AE) reports, vital signs, electrocardiograms, clinical laboratory tests, and
physical examinations.

Results: Canagliflozin increased UGE dose-dependently (~80-120 g/day with canagliflozin =100 mg), with increases
maintained over the 14-day dosing period with each dose. Canagliflozin dose-dependently decreased RTg, with maximal
reductions to ~4-5 mM (72-90 mg/dL). Canagliflozin also reduced FPG and 24-hour mean PG; glucose reductions were
seen on Day 1 and maintained over 2 weeks. Plasma insulin reductions with canagliflozin were consistent with observed PG
reductions. Canagliflozin also reduced body weight. AEs were transient, mild to moderate in intensity, and balanced across
groups; 1 canagliflozin-treated female reported an episode of vaginal candidiasis. Canagliflozin did not cause hypoglycemia,
consistent with the RTg values remaining above the hypoglycemia threshold. At Day 16, there were no clinically meaningful
changes in urine volume, urine electrolyte excretion, renal function, or routine laboratory test values.

Conclusions: Canagliflozin increased UGE and decreased RTg, leading to reductions in PG, insulin, and body weight, and
was generally well tolerated in patients with type 2 diabetes.
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Introduction tubule [1]. The majority of renal glucose reabsorption is mediated
) ) ) o by the sodium glucose co-transporter 2 (SGLT?2), which is a high-
The kidney plays an important role in glucose homeostasis, in capacity, low-affinity glucose co-transporter expressed in the Sl

large part through reabsorption of filtered glucose at the proximal segment of the proximal tubule [2,3]. SGLTI1, a low-capacity,
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high-affinity glucose co-transporter expressed in the S2 and S3
segments of the proximal tubule, is also involved in renal glucose
reabsorption, but to a lesser extent than SGLT2 [2,3]. The
SGLT1 and SGLT?2 transporters are able to reabsorb virtually all
filtered glucose until the filtered load exceeds the capacity of the
transporters; the plasma glucose (PG) concentration at which this
occurs is designated as the renal threshold for glucose (RT¢)
[2,4,5]. Reducing renal glucose reabsorption via SGLT2 inhibi-
tion is a new approach to treating patients with type 2 diabetes [6].

Canagliflozin is an SGLT2 inhibitor approved in the United
States, the European Union, and other countries for the treatment
of adults with type 2 diabetes mellitus [7-16]. Canagliflozin lowers
PG by lowering RT and reducing renal glucose reabsorption,
leading to increased urinary glucose excretion (UGE) [17-19].
The increased UGE with SGLT2 inhibition is associated with a
mild osmotic diuresis and a loss of calories leading to body weight
reduction.

In Phase 3 studies, canagliflozin 100 and 300 mg improved
glycemic control and reduced body weight, and were generally
well tolerated in patients with type 2 diabetes on a variety of
background antihyperglycemic therapies [7,8,10-12,15,16]. The
purpose of the current study was to evaluate the pharmacody-
namic effects and safety/tolerability of single and multiple
ascending oral doses of canagliflozin in patients with type 2
diabetes mellitus. The effects of a range of doses of canagliflozin on
UGE, RTg, PG, insulin, and body weight were assessed.

Methods

Patients and Study Design

This randomized, double-blind, placebo-controlled, single and
multiple ascending-dose, Phase 1 study was conducted at 3 study
centers in the United States, Germany, and South Korea
(Clinical Trials.gov, NCTO00963768; available at: http://www.
clinicaltrials.gov/ct2/show/NCT00963768) from June 4, 2007
to December 27, 2007. The current study was registered after
enrollment of patients had begun because the registration of Phase
1 trials was not required at the time the study began. The authors
confirm that ongoing and related trials for this drug are registered,
with the exception of some pilot studies. The protocol for this trial
and supporting CONSORT checklist are available as supporting
information; see Protocol S1 and Checklist S1. The study consisted
of a washout period (approximately 2 weeks to discontinue from
their previous antihyperglycemic agents [AHAs]), and a single-day
treatment followed by a washout day and then 14 consecutive days
of treatment.

Pharmacodynamics of Canagliflozin in Diabetes

Eligible patients were men and postmenopausal or surgically
sterile women aged 25 to 65 years with a body mass index (BMI) of
20 to 40 kg/m? and a diagnosis of type 2 diabetes mellitus for =12
months before screening. Patients were on a stable regimen of oral
AHA (excluding exenatide and thiazolidinediones) as monother-
apy (German study center) or as monotherapy or dual therapy (US
and Korean study centers) for =3 months prior to screening.
Patients at the US and Korean study centers had A1C of 7.0% to
10.0% at screening and fasting plasma glucose (FPG) levels
between 7.8 and 15.0 mM (140-270 mg/dL) on Day —2. Patients
at the German study center had A1C of 7.0% to 8.5% at screening
and FPG levels between 7.8 and 13.3 mM (140-240 mg/dL) on
Day —2.

Exclusion criteria included a history of type 1, brittle diabetes or
secondary forms of diabetes; repeated severe hypoglycemia
episodes; diabetic complications including retinopathy, nephrop-
athy, neuropathy, gastroparesis, or ketoacidosis; a history of, or
currently active, clinically significant illness (eg, cardiovascular,
hematologic, respiratory, hepatic, or gastrointestinal disease;
endocrine or metabolic disorders; neurologic or psychiatric
disease; or malignant neoplasms). For the German study center,
patients with estimated glomerular filtration rate (eGFR) <
70 mL/min/1.73 m? based on the Modification of Diet in Renal
Disease equation [20] or macroalbuminuria >0.2 g/L were
excluded; there were no eGFR exclusion criteria for the study
centers in the United States or Korea.

Ethics statement

This study was conducted in accordance with the ethical
principles that have their origin in the Declaration of Helsinki and
are consistent with Good Clinical Practice and applicable
regulatory requirements. Approval was obtained from institutional
review boards and independent ethics committees for participating
centers (ie, Arztekammer Nordrhein Ethik-Kommission, Diissel-
dorf, Germany; COAST IRB, LLC, Lake Forest, CA, USA;
Institutional Review Board of Severance Hospital, Seoul, South
Korea). All patients provided informed, written consent prior to
participation.

Randomization and Study Treatments

Following an initial screening, eligible patients discontinued
their previous AHAs for 16 consecutive days prior to receiving the
first dose of study medication on Day 1. At an outpatient visit on
approximately Day —17, patients were counseled by a registered
dietician to follow a standard diet in accordance with the

116 patients
randomized
]
| ]
19 received 4 received 16 received 15 received 16 received 16 received 16 received 14 received
PBO QD PBO QD CANA 30 mg QD CANA 30 mg QD CANA 100 mg QD CANA 200 mg QD CANA 400 mg QD CANA 300 mg BID
(Korean) (Korean)
—I 0 discontinued | [ 1 discontinued —I 0 discontinued | —1 1 discontinued —| 0 discontinued | — 2 discontinued | [—{ 1 discontinued —I 0 discontinued |
1AE 1 patient 1AE 1AE
choice 1 other reason
| 19 completed | | 3 completed | | 16 completed | | 14 completed | | 16 completed | | 14 completed | | 15 completed | | 14 completed |
| 19 analyzed* | | 4 analyzed* | | 16 analyzed* | | 15 analyzed* | | 16 analyzed* | | 16 analyzed* | | 16 analyzed* | | 14 analyzed* |

Figure 1. Study flow diagram. PBO, placebo; QD, once daily; CANA, canagliflozin; BID, twice daily. *Safety analysis set.

doi:10.1371/journal.pone.0105638.g001
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Figure 2. Change from baseline in 24-hour UGE. UGE, urinary glucose excretion; PBO, placebo; CANA, canagliflozin; QD, once daily; BID, twice

daily.
doi:10.1371/journal.pone.0105638.g002

recommendation of the American Diabetes Association (ADA);
blood glucose levels were monitored daily during the washout
period. Patients who met enrollment criteria were assigned to
cohorts according to randomization numbers assigned by the
sponsor and randomized (4:1 within each cohort) to receive
canagliflozin as liquid suspension (1 of 5 doses in an ascending,
sequential order) or placebo. The unblinded pharmacist prepared
the study drug for oral administration via an amber oral syringe
covered with aluminum foil to maintain blinding.

Patients were admitted to the clinical research unit on Day —3
and were domiciled there through Day 20 (4 days after the final
drug dose). Following an overnight fast, patients were given
placebo in a single-blind fashion QD on Day —2 and Day —1, and
underwent baseline safety and pharmacodynamic assessments on
Day —1 (pretreatment baseline). Patients received double-blind
treatment with canagliflozin (30, 100, 200, or 400 mg QD, or
300 mg twice daily [BID] in the United States and Germany and
30 mg QD in Korea) or placebo (at all 3 study centers) on Day 1
and on Days 3 to 16. The first dose was given between 8:00 and
9:00 AM with 240 mL of water. Within 10 minutes of dosing,
patients received a standardized breakfast; standardized lunch and
dinner were provided 4.5 and 10.5 hours postdose, respectively.
The evening dose (for canagliflozin 300 mg BID) or matched
placebo was administered between 6:00 and 7:00 PM. Standard
meals in accordance with ADA recommendations consisted of
50% to 60% of calorie intake from carbohydrates, 15% to 20%
from protein, and 25% to 35% from fat. Standardized total daily
calories were based on estimated daily energy expenditure during
the inpatient period in the clinical research unit (mean daily intake
was approximately 2,300 kcal) and were adjusted based on BMI.
For each patient, the 3 meals served on Days —1, 1, and 16 were
of identical composition.

Patients were discharged from the study center on Day 20 and
returned for safety assessments on the mornings of Days 21 and 22
and during a follow-up visit 7 to 10 days after the outpatient visit
on Day 22.

PLOS ONE | www.plosone.org

Clinical Evaluations

Sample Collection and Bioanalyses. Blood samples for
pharmacodynamic assessments (PG and insulin) were collected on
Days —1, 1, and 16 at —0.5, —0.25, 0, 0.5, 1, 1.25, 1.5, 2, 2.5, 3,
4.5 (prior to lunch), 5, 5.5, 6, 6.5, 7, 8, 9, 10.5 (prior to dinner), 11,
12, 12.5, 13, 14, 16, 19, 22, and 24 hours. Morning FPG was
obtained on Day 2 and within 30 minutes prior to dosing on Days
3 to 15 and prior to breakfast on Days 17 to 20.

Urine samples for the assessment of UGE were collected at
intervals of 0 to 2, 2 to 4.5,4.5to 7, 7 to 10.5, 10.5 to 13, and 13 to
24 hours on Days —1, 1, and 16. On all other days, urine was
collected over the interval of 0 to 24 hours.

Plasma glucose and insulin and urine glucose analyses were
performed by MLM Medizinische Laboratorien, Marienhof,
Germany. Plasma and urine glucose were analyzed by the
hexokinase/glucose-6-phosphate dehydrogenase method using
Gluco-quant Glucose/HK (Roche Diagnostics GmbH, Mann-
heim, Germany). Plasma insulin was analyzed by the electro-
chemiluminescence immunoassay (ECLIA) method (Roche Diag-
nostics Ltd., Rotkreuz, Switzerland).

As a result of inappropriate bioanalytical data manipulation by
a single chemist, the pharmacokinetics data for canagliflozin from
the current study were not considered reliable and are not
included in this manuscript. Pharmacokinetics data with canagli-
flozin in patients with T2DM have been reported previously [21].

Pharmacodynamic Assessments

On Days 1 and 16, changes from baseline (Day —1) were
determined for FPG and 24-hour mean PG. Changes from
baseline in 24-hour cumulative UGE were assessed on Days 1, 2,
8,12, 16, 17, 18, and 19.

RTg on Days —1, 1, and 16 was calculated from measured PG,
UGLE, and eGFR as previously described [17-19,22]. RTg was
calculated over each of the time intervals where UGE was
collected; the 24-hour mean RTg and mean RTq over the 0- to
13-hour and 13- to 24-hour intervals were calculated from the
values obtained over each of the subintervals. Because patients not
treated with canagliflozin often had only minimal amounts of

August 2014 | Volume 9 | Issue 8 | 105638
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Figure 3. Relationship between baseline 24-hour mean RT; and 24-hour mean PG. (A) Distribution of 24-hour mean RTg values at baseline
and (B) correlation between RTg and 24-hour mean PG prior to canagliflozin treatment. RTg, renal threshold for glucose; PG, plasma glucose.

doi:10.1371/journal.pone.0105638.g003

UGE during some of the individual collection intervals, RT¢
values at the baseline visit and for placebo-treated patients were
calculated using the full 24-hour urine collections and glucose
profiles.

Safety Assessments
Safety was assessed from the time patients provided informed
consent until the completion of the last study-related procedure at

=4~ Day time (0-13 h)

RTs (mM)

the final follow-up visit. Evaluations were based on the type,
incidence, and severity of treatment-emergent adverse events
(TEAESs) reported throughout the study, and on changes in vital
sign measurements (ie, blood pressure and pulse rate), physical
examinations, 12-lead electrocardiograms (ECGs), and clinical
laboratory test results (ie, hematology, clinical chemistry, and
urinalysis). With the exception of TEAEs, which patients reported

=¥= Qvernight (13-24 h)

T T
0 30 100 200

T 1
400 600t

Daily dose (mg)

Figure 4. Change in RTg by total daily dose of canagliflozin (Day 16). * RTg, renal threshold for glucose; BID, twice daily. *Data are from

Western patients only. TCanagliflozin 300 mg BID.
doi:10.1371/journal.pone.0105638.g004
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voluntarily, standardized safety evaluations were conducted at
designated times during the study.
a
?n @ ?2 o ™ Statistical Analyses
= g ha g H b For sample size determination, it was estimated that 20 patients
SIf|= T =7 at each dose level (16 receiving canagliflozin and 4 receiving
placebo) would be sufficient to detect a 15% reduction in mean 24-
hour PG with 80% power, assuming a 1-sided ¢-test (o= 0.035) and
a a coeflicient of variation of 18%. Pharmacodynamic analyses were
g I performed in all patients who received =1 dose of study drug and
< |E |9 9 o 9 had =1 pharmacodynamic assessment. A mixed effect analysis of
m . . .
g S |2 o A $ variance (ANOVA) model including dose and days of measure-
D - ments as independent variables was used to analyze 24-hour mean
PG and 24-hour UGE. The estimated least-squares (LS) means
and 95% confidence intervals (Cls) for pair-wise comparisons of
8 - - each canagliflozin dose to placebo were determined. All random-
< |2 § % %‘I ;i ized patients were included for analyses in the safety population.
z © N
SIgIZ787
A - Results
Patient Disposition and Baseline Characteristics
o) A total of 116 patients were randomized to receive canagliflozin
g o ™ H:r. (n=93) or placebo (n=23). The flow of patients in the trial is
i ElD &9 d g provided in Figure 1. Baseline demographic and metabolic
S § ; o ; Yl 8 characteristics were generally comparable across cohorts (Ta-
3 ble 1), with the exception of lower baseline body weight, BMI,
° and eGFR among patients in the Korean cohort.
=) 2
< g, Tle e Pharmacodynamic Effects
Z E § &y e % Urinary Glucose Excretion and RTg. Canagliflozin treat-
UlmlZ2 |2 9 27 2 ment produced dose-dependent increases in UGE on both Day 1
E and Day 16, compared with small decreases seen with placebo
o (Table 2). Increases in UGE from baseline were approximately
8 - N o O § 60 g/day in patients treated with the 30 mg dose and ranged from
<|2 TR o approximately 80 to 120 g/day in patients treated with doses =
Zlc|e 2 = = 100 mg. The increase in UGE seen in the Korean patients who
M O K e received canagliflozin 30 mg was approximately 30 g/day, which
g was smaller than the increase observed in the Western patients
Tl e s treated with the 30 mg dose. The effect of canagliflozin on 24-
o g S hour UGE observed on Day 1 was sustained over 2 weeks of
ol A B g treatment (Figure 2). UGE returned toward baseline after the last
het dose of canagliflozin.
3 § bt % a The baseline values of 24-hour mean RTg observed in this
Q i = 4 e | 2 study in patients with type 2 diabetes mellitus ranged from 9.8 to
e = 1 = 0] T 18.7 mM (177 to 336 mg/dL), with a mean (standard deviation) of
< 13.7 (1.7) mM (246 [30] mg/dL), and appeared to be log normally
g distributed (Figure 3A). The baseline RT values were generally
= higher in patients with higher baseline 24-hour mean PG levels
" 3 (Figure 3B). Trcatment with canagliflozin lowered RT¢ in a
5 =} dose-dependent manner (Table 2), with a maximal reduction of
B g mean RTg to approximately 4 to 5 mM (~72-90 mg/dL;
£ < Figure 4). For canagliflozin doses of =200 mg, near-maximal
g © % pul suppression of RTg was sustained throughout the 24-hour dosing
S % g 5 period. The 100 mg dose of canagliflozin provided near-maximal
v ‘g [} § reduction in RTg for the first 13 hours after dosing, with a modest
a © % 2l e g waning of the effect in the overnight period (mean RTg. 5
.GEJ > = L Q . _ ‘é" o4 h = 6.4 mM [124.5 mg/dL]) for the 100 mg dose on Day 16.
> S '> 3 t Rscsg8 The 30 mg dose of canagliflozin provided submaximal reductions
S % - Jr:‘ % % E g in RTg during both the daytime and overnight periods
v = L g § > g 2258 (Figure 4). Note that even though UGE was lower in the Korean
4] L a g E £ o l°>; s g [N patients compared with the Western patients treated with the
% a L&D E 3| 2s38Ss 30 mg dose, a modestly greater suppression in mean RT¢q was
= g < g < g g ﬁ\( g ks observed in the Korean patients compared with the Western

patients (Table 2).
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PG and Insulin. Canagliflozin treatment was associated with
dose-dependent reductions in fasting and 24-hour mean PG.
Canagliflozin doses =100 mg QD lowered fasting and postpran-
dial PG levels and provided significantly greater reductions from
baseline to Day 16 in mean fasting and 24-hour mean PG
compared with placebo (Table 3). A representative 24-hour PG
profile is shown in Figure 5A for canagliflozin 100 mg; similar
results were seen with higher canagliflozin doses. Mean PG
concentrations were reduced after the first dose of canagliflozin on
Day 1, and the reductions in mean PG persisted over the entire 2-
week treatment period following multiple dosing. Plasma insulin
concentrations were also reduced with canagliflozin treatment
(representative insulin profile for canagliflozin 100 mg shown in
Figure 5B), consistent with the reduced PG concentrations.

Body Weight. A progressive, dose-dependent reduction in
body weight from baseline (Day —1) to Day 16 was observed over
the 2 weeks of treatment with canagliflozin (Figure 6). Mean
body weight reductions were about 1 to 1.5 kg greater with
canagliflozin doses =100 mg than with placebo after 2 weeks of
treatment. Change in body weight with canagliflozin 30 mg was
comparable to that observed with placebo.

PLOS ONE | www.plosone.org

Safety and Tolerability

Treatment with canagliflozin was generally well tolerated;
among Western patients, 17 of 19 (89%) patients in the placebo
group and 63 of 78 (81%) patients treated with canagliflozin
reported TEAEs. Among Korean patients, 4 of 4 (100%) patients
in the placebo group and 12 of 15 (80%) patients in the
canagliflozin 30 mg group reported TEAEs. The majority of
TEAEs were mild to moderate in intensity and were considered by
the investigators to be not related, doubtfully related, or possibly
related to study drug. There was no apparent correlation between
the canagliflozin dose and the type, severity, duration, or incidence
of TEAEs reported. There were no deaths reported. No serious
TEAEs were reported in the Western cohort; 2 serious TEAEs
were reported in the Korean cohort (1 AE of gallstone without
cholecystitis in the placebo group, which led to study discontin-
uation, and 1 AE of diarrhea reported 9 days after the last study
drug dose in the canagliflozin 30 mg group). Two patients in the
Western cohort discontinued from the study due to TEAEs; a
patient in the canagliflozin 200 mg group discontinued due to
transient ventricular arrhythmia considered by the investigator to
be doubtfully related to study drug, and a patient in the
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canagliflozin 400 mg group discontinued due to persistent
hyperglycemia.

The most frequently reported TEAEs were ECG electrode
application site irritation and skin-related AEs (eg, erythema,
lichenification, pruritus, psoriasis, and skin irritation). The skin-
related TEAEs were not dose-related and generally resolved from
within a few hours to a few days. There was 1 TEAE of vaginal
candidiasis reported by a female patient in the canagliflozin 30 mg
group of the Western cohort; this AE responded to butoconazole
treatment and resolved in approximately 1 week. No hypoglyce-
mia was reported during the study treatment period.

At baseline (Day —1), mean 24-hour urine volume was, on
average, approximately 3 to 4 L in all treatment groups in the
Western cohort; mean 24-hour urine volume was slightly lower
among Korean patients (~2.7-3 L). Transient increases in 24-
hour urine volume occurred with canagliflozin doses =200 mg on
Day 1, ranging from approximately 200 to 700 mL; these
increases declined toward baseline levels over the 2-week dosing
period (Figure 7). Mean systolic blood pressure in the Western
cohort decreased by 5 to 11 mmHg from baseline after 2 weeks of
treatment with canagliflozin, compared with a 3 mmHg decrease
in the placebo group (Table 4). In the Korean cohort, mean
systolic blood pressure decreased by 2.5 mmHg with canagliflozin
30 mg compared with an increase of 1.0 mmHg with placebo.
There were no observed increases in pulse rate and no incidences
of orthostatic hypotension across cohorts. There were no clinically
meaningful changes in mean 24-hour urinary albumin excretion,
24-hour creatinine clearance, or 24-hour urinary excretion of
electrolytes (sodium, chloride, potassium, calcium, magnesium, or
phosphate; Table 4). At Day 16, canagliflozin doses =100 mg
were associated with a 20% mean reduction from baseline in
serum uric acid. Overall, there was no apparent relationship
between the frequency of any laboratory abnormality and the dose
of canagliflozin in the study.

PLOS ONE | www.plosone.org

Discussion

In this study of patients with type 2 diabetes mellitus,
canagliflozin doses from 30 to 400 mg QD increased UGE and
lowered RTg, FPG, and 24-hour mean PG levels. Increases in 24-
hour total UGE were dose-dependent following single-dose
administration of canagliflozin and were maintained after multiple
dosing over the 14-day treatment period, with mean increases of
approximately 80 to 120 g/day with canagliflozin doses =100 mg.
An apparent saturation of the 24-hour UGE response was
observed with canagliflozin doses >200 mg/day. Changes in 24-
hour mean RT from baseline following single- and multiple-dose
administration were also dose-dependent, with maximal reduction
to approximately 4 to 5 mM (72-90 mg/dL), suggesting a low risk
for treatment-induced hypoglycemia in patients treated with
canagliflozin. Canagliflozin acted rapidly to decrease RTg and
increase UGE, with similar effects observed on Day 1 and Day 16.
The daily UGE was ~50% lower with canagliflozin 30 mg in the
Korean cohort versus the Western cohort. This difference appears
to be explained by the lower GFR and plasma glucose
concentrations (and hence, lower filtered glucose load) in the
Korean patients compared with the Western patients rather than
being due to reduced pharmacodynamic activity of canagliflozin in
the Korean patients. This is supported by noting that the mean
RTg values, which provide a measure of renal glucose
reabsorptive capacity that accounts for differences in GFR and
plasma glucose concentrations, were suppressed by 6.5 mM in the
Korean patients, which is numerically greater than the 5.8 mM
suppression observed in the Western patients treated with
canagliflozin 30 mg. Statistically and clinically significant dose-
dependent reductions from baseline in 24-hour mean PG were
observed with canagliflozin doses =100 mg compared with
placebo. PG concentrations were also rapidly reduced with
canagliflozin treatment, with reductions in PG observed within
hours of treatment on Day 1 and further reductions in PG
observed on Day 16 compared with Day 1. Plasma insulin
concentrations were also reduced after canagliflozin treatment.
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doi:10.1371/journal.pone.0105638.g007

In patients with type 2 diabetes mellitus, mean baseline 24-hour
RTg was 13.6 mM (248 mg/dL), which is higher than the
commonly cited range of 10 to 11 mM (180-200 mg/dL) for
nondiabetic individuals [23,24]. The high baseline values of RTg
in patients in this study are similar to those reported in previous
studies in patients with type 2 diabetes [17,21] and are consistent
with reports of increased renal glucose reabsorption in patients
with diabetes relative to nondiabetic individuals [25-27]. In-
creased expression of glucose transporters in the renal proximal
tubules has been reported in human studies and animal models of
diabetes [28-30], and this may contribute to the increase in RT¢
associated with diabetes. An increase in the renal glucose
resorptive capacity in patients with diabetes may contribute to
sustained hyperglycemia in these patients [31].

In the current study, canagliflozin doses =100 mg were
associated with body weight reductions that were about 1 to
1.5 kg greater than those observed with placebo. Both decreases in
fluid volume and caloric loss via UGE are likely to contribute to
the weight loss observed with canagliflozin over this time period.
In longer-term Phase 3 studies of canagliflozin, progressive weight
loss was observed through approximately 26 weeks, followed by a
plateau with stable body weight reduction of approximately 2% to
4% [7,8,10-13,15]. Canagliflozin treatment over the 2-week
treatment period was also associated with reductions in blood
pressure. The blood pressure-lowering observed with canagliflozin
in this study is consistent with findings from Phase 3 studies of
longer duration [7,8,10-13,15,16] and may be related, at least in
part, to an osmotic diuresis associated with canagliflozin.

Canagliflozin was generally well tolerated, with no clinically
notable imbalances among treatments in the incidence or type of
AEs reported or clinically relevant adverse changes in laboratory
or ECG safety parameters. One female patient treated with
canagliflozin reported a TEAE of vaginal candidiasis that resolved
with standard topical therapy. This is consistent with findings from
the canagliflozin Phase 3 development program showing an
increase in incidence of genital mycotic infections with canagli-
flozin relative to placebo [32]. No hypoglycemia episodes were
reported in this study, consistent with the observation that the
maximum mean reduction in 24-hour RTg with canagliflozin
treatment was to approximately 5 mM (90 mg/dL), which is
above the typical threshold for hypoglycemia (3.9 mM [70 mg/

PLOS ONE | www.plosone.org

1

dL]). There were no persistent changes from baseline in daily 24-
hour total urine volumes and urinary excretion of measured
electrolytes over the 2 weeks of treatment, despite significantly
elevated 24-hour UGE. Clinically significant adverse effects on
measures of renal function (ie, urinary albumin excretion and
creatinine clearance) were not observed.

A limitation of this study is that pharmacokinetic data for
canagliflozin are not available for presentation in conjunction with
the pharmacodynamic and safety assessments.

In summary, results of this study showed that treatment with
canagliflozin at doses =100 mg QD for 2 weeks was associated
with increased UGE and a decreased RTg. Treatment with
canagliflozin =100 mg QD resulted in clinically meaningful and
statistically significant reductions from baseline in mean FPG and
24-hour mean PG in patients with type 2 diabetes. These findings
likely account for the improvements in glycemic control and
reductions in body weight observed with canagliflozin treatment in
longer-term Phase 3 clinical studies [7,8,10-13,15,16].
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