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Aims: To compare the pharmacodynamic effects of the highest approved doses of the sodium glucose co-transporter 2 (SGLT2) inhibitors canagliflozin
and dapagliflozin on urinary glucose excretion (UGE), renal threshold for glucose excretion (RTg) and postprandial plasma glucose (PPG) excursion in
healthy participants in a randomized, double-blind, two-period crossover study.

Methods: In each treatment period, participants (n = 54) received canagliflozin 300 mg or dapagliflozin 10 mg for 4 days (20 min before breakfast). A
mixed-meal tolerance test (600 kcal; 75 g glucose) was performed at baseline and on day 4 of each treatment period to assess changes in incremental
PPG (PPGAAUC,_, ,). We measured 24-h UGE and plasma glucose on day 4 to determine 24-h mean RTj.

Results: Canagliflozin 300 mg and dapagliflozin 10 mg had similar effects on UGE and RTg for 4 h after dosing, but canagliflozin was associated with
higher UGE and greater RT; reductions for the remainder of the day. Mean 24-h UGE was ~25% higher with canagliflozin than with dapagliflozin
(51.4 vs. 40.8g), and 24-h mean RT; was ~0.4 mmol/l (7 mg/dl) lower with canagliflozin than with dapaglifiozin (3.79 vs. 4.17 mmol/l; p < 0.0001).
Dapagliflozin had no effect on PPG excursion; canagliflozin delayed and reduced PPG excursion (between-treatment difference in PPGAAUC,_, , from
baseline expressed as a percentage of baseline mean, —10.2%; p = 0.0122). Canagliflozin and dapagliflozin were generally well tolerated.

Conclusions: In healthy participants, canagliflozin 300 mg provided greater 24-h UGE, a lower RTg and smaller PPG excursions than dapagliflozin 10 mg.
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Introduction

Canagliflozin and dapagliflozin are the first two sodium glu-
cose co-transporter 2 (SGLT2) inhibitors to be approved in the
USA and Europe for use as an adjunct to diet and exercise
to improve glycaemic control in adults with type 2 diabetes
mellitus (T2DM) [1,2]. These drugs decrease plasma glucose
(PG) levels by lowering the renal threshold for glucose excre-
tion (RT;) and reducing renal glucose reabsorption, thereby
increasing urinary glucose excretion (UGE) [3-7]. In addition
to reducing hyperglycaemia, the increase in UGE observed with
SGLT2 inhibition is associated with a mild osmotic diuresis and
loss of calories leading to weight loss [1].

It has been estimated that the highest approved therapeutic
dose of dapagliflozin (10 mg) increases 24-h UGE in healthy
individuals to ~70% of the maximum UGE observed at higher
dapagliflozin doses of 20-100 mg [8]. By contrast, 24-h UGE
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values reported in studies of canagliflozin in healthy partici-
pants indicate that canagliflozin provides near-maximal effects
on UGE at doses >200mg [4]; however, the lack of direct
comparison limits the ability to make definitive conclusions
about the possible pharmacodynamic (PD) differences between
canagliflozin and dapagliflozin.

In addition to inhibition of renal SGLT2 leading to increased
UGE, the 300-mg dose of canagliflozin has been shown to
lower postprandial plasma glucose (PPG) and insulin concen-
trations by delaying intestinal glucose absorption [9]. This effect
is thought to be attributable to transient inhibition of intesti-
nal sodium glucose co-transporter 1 (SGLT1), which occurs
shortly after the drug is administered and when intralumi-
nal gut drug concentrations are predicted to be high. The
delayed rise in PPG and insulin seen with canagliflozin doses
of 300mg or higher was not observed with doses <200 mg
[4]. Although no data have been published describing the
effects of dapagliflozin on intestinal glucose absorption, it
has been hypothesized that dapagliflozin 10 mg would have
no effect on intestinal SGLT1 because of the greater selec-
tivity of dapagliflozin for SGLT2 compared with SGLT1 (the
SGLT2:SGLT1 half-maximal inhibitory concentration [ICg]
ratio is ~1400 for dapagliflozin [10] compared with ~160 for
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canagliflozin [11]), and the lower doses of dapagliflozin used
compared with canagliflozin.

The aim of the present study was to directly compare the
PD effects of canagliflozin and dapagliflozin at their highest
approved therapeutic doses (300 and 10 mg, respectively). Key
PD measures included 24-h mean RT, which is mediated pri-
marily by renal SGLT2 inhibition, and PPG excursion, which is
mediated by both renal SGLT2 and intestinal SGLT1 inhibition.

Materials and Methods
Study Population

Eligible participants included men and women aged
18-55years, who were deemed healthy based on medical
history, vital signs, physical examination, 12-lead electrocar-
diogram (ECG), and clinical laboratory tests performed during
screening. Participants were required to have a body mass
index of 20-27 kg/m?, body weight >50 kg, systolic blood pres-
sure between 90 and 140 mmHg, and diastolic blood pressure
<90 mmHg based on an average of three readings at screen-
ing. Women were required to be postmenopausal, surgically
sterile or practising a highly effective method of birth control.
Individuals were excluded if they had a history of current or
clinically significant medical illness including, but not limited
to, cardiac arrhythmias or other cardiac disease, haemato-
logical disease, coagulation disorders, lipid abnormalities,
significant pulmonary disease, diabetes mellitus, hepatic or
renal insufficiency, thyroid disease, neurological or psychiatric
disease, infection, malignancy (except squamous and basal
cell carcinomas of the skin or carcinoma in situ of the cervix),
or any other illness that the investigator felt should exclude
the subject or that could interfere with interpretation of study
results. Use of any prescription or non-prescription medication
was prohibited within 21 days before randomization, with the
exceptions of acetaminophen, hormonal contraceptives and
hormone replacement therapy.

The 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. The study protocol and amendments

were approved by an independent ethics committee at the
participating centre. All patients provided informed, written
consent before participation. The study was registered with
ClinicalTrials.gov under the number NCT01877889.

Study Design

This was a randomized, double-blind, two-stage group sequen-
tial, two-period crossover study. Each participant underwent
a screening phase (up to 3 weeks), a baseline phase (11 days,
including a 2-day domiciled period), a double-blind treatment
phase (4 days, including two 3-day domiciled periods, with a
12-14-day washout period between study drug doses in periods
1 and 2), and a follow-up phase (7-10 days after the last dose
of study drug; Figure 1). On the day —12 visit before random-
ization, participants were counselled to adhere to a specified
at-home diet recommended by a dietician to provide a normal,
weight-maintaining, balanced diet. Participants were admitted
to the clinical research centre on the morning of day —11, at
which time eligibility, safety and dietary compliance evalua-
tions were completed. Eligible participants remained domiciled
and received standardized meals until completion of a
mixed-meal tolerance test (MMTT) on the morning of day —10.

Just before this baseline MMTT, participants were ran-
domized (1:1) to one of two treatment sequences, AB or BA.
Treatment A was dapagliflozin 10 mg, and treatment B was
canagliflozin 300 mg. Canagliflozin 300 mg and dapagliflozin
10 mg tablets were identically over-encapsulated to ensure
treatment blinding. Canagliflozin tablets used in the present
study were manufactured and provided by the sponsor (Janssen
Pharmaceuticals, Titusville, NJ, USA; batch number 33977.8).
Commercially available dapagliflozin 10 mg tablets (Forxiga®;
Bristol-Myers Squibb/AstraZeneca EEIG, Middlesex, UK)
were used in the study (batch numbers 13D23/G073 and
13J03/G073).

For the MMTT, participants had an intravenous catheter
placed at least 1h before the start of the test at time 0. At
time 0, participants began ingesting a standard meal containing
~600 calories (~55% carbohydrate, 30% fat and 15% protein);
the liquid component of the meal contained 75 g of glucose.
Blood samples for PG measurement were drawn at —15, —10
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Period 1 Period 2
(DAPA 10 mg) >< (DAPA 10 mg)
Period 1 Period 2
(CANA 300 mg) (CANA 300 mg) |
12-14 day
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Randomization MMTT & MMTT &
',MNPT 24-r1 RT, 24-h RT,
Stud — Stud —r
d;Jugy [In-house | dﬁ,gy ' In-house |
L [ ot
| | | | | | | | |
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Figure 1. Study design. DAPA, dapagliflozin; CANA, canagliflozin; MMTT, mixed-meal tolerance test; RT, renal threshold for glucose excretion.
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and —5 min before the MMTT and at 0.25, 0.5, 1, 1.5, 2, 3 and The resulting pharmacokinetics (PK) and RT; data for each
4 h after receiving the standard meal. subject and drug were plotted and fit to an E_,, model [14]:
On day 1 of each treatment period, participants returned to Drug
the study centre after an overnight fast to receive the first dose RT¢ (mmol/l) = 10 mmol/l - (10 = RT¢ ) - m——
Drug + ECs

of double-blind study drug, and were instructed to return the
next day after an overnight fast. On day 2, participants received  where Drug is the mean ICsy-normalized unbound concentra-
the study drug at the study centre and were instructed to adhere  tion over the time interval where RT; was calculated, RT i,
to the dietician-specified, at-home diet until they returned the  represents the minimum RT value and ECs, is the half-
next morning after an overnight fast. On the morning of day = maximal effective concentration (expressed relative to the in
3, participants were admitted to the study centre and were  vitro IC,). The untreated value of 10 mmol/l used in the
domiciled until completing all study procedures. On day 3,  equation was based on commonly reported values of RT; in
participants were assessed for dietary compliance and received  healthy subjects [15,16]. When fitting the data for each drug
the study drug ~20 min before a standard breakfast. Later in  separately, the parameter values were not significantly differ-
the day, participants received a standard lunch and dinner,  ent between canagliflozin and dapagliflozin and therefore, the
and began fasting at ~19:00 hours. On the morning of day 4,  best-fit values of RT ,;, and ECs, were obtained using the
participants received the study drug ~20 min before starting  combined data from both drugs. Analyses were performed
an MMTT (time = 0; identical to the baseline MMTT). Urine  using non-linear regression in MATLAB version 7.10 (using the
sample collection for the measurement of urinary glucose and  nlinfit command).

creatinine was started at time 0 at intervals of 0-2, 2-4, 4-10,

10-14 and 14-24h. Blood samples for measurement of PG Pharmacodynamics. Blood and urine glucose concentrations
were collected at —15, —10 and —5 min before the MMTT at  for PD analyses were measured using the hexokinase assay
t=0, and at 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 4.5, 5, 6,7, 8, 10, 10.5,  (Roche, Indianapolis, IN, USA) and were performed at MLM
11, 12, 13, 14 and 24h. Participants were discharged on the Medical Labs GmbH in Germany.

morning of day 5. Participants in period 1 were instructed to The primary PD endpoint was the between-treatment dif-
return after a 12-14-day washout period to undergo the same ference in 24-h mean RTg; for canagliflozin 300 mg compared
procedures for period 2, and participants in period 2 were ~ With dapagliflozin 10mg. RT; was chosen as the primary

instructed to return for a follow-up visit 7-10 days after the last ~ Mmeasure of SGLT2 inhibition because the rate of UGE is
dose of study medication. dependent on both drug concentration and the filtered glucose

load (which could be different between treatments if PG is
differentially affected), whereas potential differences in PG
would be accounted for when calculating the RT values.
Pharmacokinetics. Venous blood samples (~2ml) were col-  p0 key secondary PD endpoint was the between-treatment
lected at predose and at 0.25, 1, 2, 4, 8, 12 and 24h rel-  gifference in incremental PPG area under the curve (AUCQ) at
ative to the start of the MMTT (study drug was adminis-  _,1, (PPGAAUC, , ) expressed as a percentage of the base-
tered 20min before the start of the MMTT) for the mea-  }j5e mean. Other secondary endpoints included 24-h UGE,
surement of plasma canagliflozin and dapagliflozin concentra-  (GE intervals, RT, intervals, and maximum incremental PPG
tions using a validated liquid chromatography-tandem mass | jyes. RT,, defined as the PG level at which renal glucose
spectrometry method. Plasma canagliflozin and dapagliflozin transporters begin to be saturated and above which glucose is
concentration-time data using actual sampling times were ey reted in the urine, was calculated as described previously
used to calculate the maximum observed plasma concentra- [3,4,9]. Briefly, the calculation was based on the assumption
tion (Cpyy), time to reach Cpy(tiy), and area under the 3¢ UGE can be approximated by a threshold process using
plasma concentration-time curve during a dosing interval measured UGE, PG and 24-h creatinine clearance (used to
(AUC, ) via aTr:Ion—compartmental model analysis using val-  ogtimate glomerular filtration rate). Post-dose RT; values were
idated Phoenix™WinNonlin® software (Pharsight Corp., Cer- calculated for each scheduled urine collection interval, and the
tara, L.P, St. Louis, MO, USA). daily (24-h) mean RT; was calculated as the weighted aver-
age of values obtained over each of these intervals. Based on
individual PG concentration-time data using actual sampling
time, PPGAAUC, ,;, was determined using the trapezoid
rule to calculate the incremental positive area above the mean
pre-MMTT PG concentration over the 0-2-h interval with
validated Phoenix WinNonlin software. The amount of UGE
over each urine collection interval was calculated by multi-
plying the measured urinary volume by the urinary glucose
concentration. Cumulative daily (0-24 h) UGE was calculated
as the sum of the UGE over the intervals from 0-2, 2-4, 4-10,
10-14 and 14-24 h.

Endpoints and Assessments

Pharmacokinetics/Pharmacodynamics. The exposure-response
relationship for the effects of canagliflozin and dapagliflozin on
RT; was assessed using the estimated unbound plasma drug
concentrations (estimated to be 9% for dapagliflozin [7] and 1%
for canagliflozin [12]). To facilitate comparisons, the unbound
drug concentrations were normalized by the in vitro ICy, values
for each drug (1.1 nmol/l for dapagliflozin [13] and 4.4 nmol/l
for canagliflozin [11]). Over each of the time intervals where
RT; was calculated, the mean unbound drug concentrations
were calculated using the following equation:

IC;-normalized unbound concentration = )
Safety. Safety was evaluated by examining the incidence and

free fraction X (AUC plasma drug/time) /ICs type of adverse events (AEs), changes in vital signs (blood
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pressure and pulse rate), ECGs and clinical laboratory tests
(haematology, serum chemistry and urine analysis).

Statistical Analyses

All analyses were performed using the PD analysis set, as pre-
defined in the statistical analysis plan, which consisted of all
participants who had PD data available for both treatment
periods.

Sample Size Determination. Sample size estimates were per-
formed based on the primary PD endpoint (24-h mean RT)
and the key secondary endpoint of change from baseline in
PPGAAUC,_,,. For calculations based on the primary end-
point, a mean difference of 0.56 mmol/l (10 mg/dl) was used
based on observations from previous studies in healthy partic-
ipants showing mean treatment differences in 24-h mean RT
between canagliflozin 300 and 100 mg from 0.50 to 0.72 mmol/l
(9-13 mg/dl) [4], and on the assumption that dapagliflozin
would have an effect on RT; similar to that of canagliflozin
100 mg based on published UGE data [4,8]. Assuming an intra-
subject standard deviation (s.d.) of 0.33 mmol/l (6 mg/dl) for
24-h mean RT and a one-sided level of significance of 2.5%,
a sample size of 10 participants was estimated to be sufficient
to detect a between-treatment difference of 0.56 mmol/l in
24-h mean RT; between canagliflozin 300 mg and dapagliflozin
10 mg with 80% power.

Sample size calculations based on the change from base-
line in PPGAAUC,_,; were performed using data from a
canagliflozin phase I study in patients with T2DM [17] and a
canagliflozin pilot study in six healthy participants. Based on
these data and the assumption that dapagliflozin 10 mg would
not affect gut glucose absorption, a between-treatment differ-
ence in PPGAAUC, ,; of 0.56 mmol-h/l (~12% of baseline)
and an intrasubject s.d. of 1.0 mmol-h/l for PPGAAUC,_, , were
chosen. Using a one-sided level of significance of 2.5%, a sam-
ple size of 54 participants was estimated to be sufficient to
detect a between-treatment difference in PPGAAUC_,, of
0.56 mmol-h/l with 80% power. It was decided to use the larger
sample size estimate (N = 54) for this study to ensure there was
an adequate sample size for between-treatment comparisons for
both the primary and key secondary endpoints.

A two-stage, group sequential design was applied in the
present study to ensure sufficiently powered hypothesis testing
and to potentially reduce the number of participants in the
trial. It was planned that 34 participants would be enrolled in
stage 1, and an additional 20 participants would be enrolled in
stage 2.

At the end of stage 1, the 24-h RT; and PPGAAUC,_,,, data
were evaluated, and a decision was to be made to either ter-
minate the study or proceed to stage 2 based on an unblinded
analysis by independent statisticians that used predefined stop-
ping rules.

Pharmacodynamic Analyses. The primary and key secondary
PD endpoints were analysed using mixed-effects modelling.
The mixed-effects models were fitted with one of the PD end-
points as the dependent variable; sequence, period and treat-
ment as fixed effects; and subject as a random effect. Based on
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the estimated least square (LS) means for treatments and intra-
subject s.d. from the model, the difference in means between
treatments B and A, and corresponding confidence intervals
(ClIs) were calculated. For PPGAAUC,_,;, the difference in
means and limits of the CIs were expressed as a percentage of
baseline means by dividing by the arithmetic mean at baseline
and multiplying by 100.

The null hypothesis was that the mean PD values (RTg
and PPGAAUC, _,,) of canagliflozin 300 mg and dapagliflozin
10 mg would be equal. The alternative hypothesis was that
treatment with canagliflozin 300 mg would result in lower mean
RT; and PPG excursion than treatment with dapagliflozin
10 mg. Because of the two-stage group sequential design used,
the overall a level of 2.5% was split such that the « level of the
first stage was 1.5%. The cutoff point for stopping for success
(rejection of null hypothesis) at the first stage was determined
by the a level in the first stage (1.5%), giving a cutoff value of
—2.17 for the test statistic, which was defined as the observed
mean difference divided by the standard error of measurement.
The null hypothesis would be rejected and the study would be
stopped for success if the value of the test statistic from the first
stage was less than —2.17.

If the study were to proceed to the second/final stage, the
cutoff point for rejecting the null hypothesis, based on the
analysis of pooled data from both stages, was established to
achieve an overall one-sided a level of 2.5% and was determined
to be —2.14. That is, the null hypothesis would be rejected if the
value of the tests statistic based on all 54 subjects was less than
—2.14; otherwise, the null hypothesis would be accepted.

For the final study analysis, a 98% confidence level was
used for constructing Cls for the combined data from stage
1 and stage 2. The p value for testing the null hypothesis
(i.e. that the means for treatment B and A are equal) ver-
sus the alternative hypothesis (that the mean for treatment
B was less than for treatment A) was reported. No formal
hypothesis testing was specified for the secondary end-
points of UGE and maximum incremental PPG increase
(APG,,,,); these results were summarized using descriptive
statistics.

Results
Study Population

The results from stage 1 did not achieve the prespecified stop-
ping criteria, so the study continued into stage 2 and enrolled
20 additional subjects. Results based on data pooled from both
stages are reported in the present paper.

A total of 54 study participants completed both treatment
periods. Twenty-seven participants were randomized to treat-
ment sequence AB, and 27 were randomized to BA. Demo-
graphic and baseline characteristics were generally similar
between groups (Table 1).

Pharmacokinetics

The mean (s.d.) concentration-time profiles of canagliflozin
300 mg and dapagliflozin 10 mg are shown in Figure 2. For
canagliflozin 300mg, the mean (s.d.) C,,, was 6.14
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Table 1. Demographic and baseline characteristics.

AB(n=27) BA (n=27) Total (N=54)
Gender, n (%)

Male 24 (88.9) 23 (85.2) 47 (87.0)

Female 3(11.1) 4(14.8) 7 (13.0)

Age, years 35.1(8.4) 37.0 (7.9) 36.1(8.1)
Race, n (%)

White 27 (100.0) 27 (100.0) 54 (100.0)
Body weight, kg 80.1(82)  77.7(88)  78.9(85)
Body mass index, kg/m2 24.6 (1.5) 24.4(1.7) 24.5 (1.6)
eGFR, ml/min/1.73 m? 98.9 (15.9) 94.8 (13.4) 96.8 (14.7)

Data are mean (standard deviation) unless otherwise indicated.
A, dapagliflozin 10 mg; B, canagliflozin 300 mg; eGFR, estimated glomeru-
lar filtration rate.

(1.83) pmol/l, mean (s.d.) AUC_ ; was 53.9 (15.6) pmol-h/l and
median (range) t,,,, was 1.33 (1.33-4.33) h. For dapagliflozin
10 mg, the mean (s.d.) C_,, was 0.452 (0.170) pmol/l, mean
(s.d.) AUC,, was 1.44 (0.707) pmol-h/l and median (range)
tax Was 0.58 (0.58-4.33) h. The PK values observed in the
present study were similar to those observed at steady state
in previous multiple-dose studies of canagliflozin [12] and
dapagliflozin [7].

Pharmacodynamics

The effects of multiple doses of canagliflozin 300 mg and
dapagliflozin 10 mg on UGE and RT; are shown in Figure 3A
and 3B, respectively. For the first 4 h after dosing, canagliflozin
300 mg and dapagliflozin 10 mg had similar effects on UGE and
RT; however, for the remainder of the 24-h interval, treatment
with canagliflozin 300 mg was associated with a larger increase
in UGE and a greater reduction in RT than treatment with
dapagliflozin 10 mg. As shown in Table 2, on day 4, mean (s.d.)
24-h UGE was ~25% higher with canagliflozin compared with

As.

=@ Canagliflozin 300 mg (n = 54)

Plasma Canagliflozin (pmol/l)

16 20 24

0 4 8 12

Time, hours
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dapagliflozin [51.4 (13.0) vs. 40.8 (10.4) g]. The LS mean for
24-h mean RT; on day 4 was 3.79 mmol/l with canagliflozin
300 mg and 4.17 mmol/l with dapagliflozin 10 mg (LS mean
difference, —0.39 mmol/l; two-sided p < 0.0001); therefore, the
null hypothesis was rejected (Table 3).

As shown in Figure 3C, treatment with canagliflozin
300 mg delayed and reduced the PPG excursion during the
MMTT compared with dapagliflozin 10 mg. The PPG excur-
sion observed with dapagliflozin 10 mg was similar to the
excursion observed at baseline (pretreatment). Compared
with dapagliflozin 10mg, canagliflozin 300mg lowered
PPGAAUC,_,;, by ~10%; the mean (s.d.) PPGAAUC,_,
was 3.66 (1.42) mmol-h/l with canagliflozin 300 mg and 4.08
(1.74) mmol-h/l with dapagliflozin 10 mg (LS mean difference
=-0.42 mmol-h/l (-7.58 mg-h/dl); two-sided p=0.0122),
thereby, resulting in rejection of the key secondary end-
point null hypothesis (Table 3). Additionally, APG,,, during
the MMTT was decreased by ~18% with canagliflozin 300 mg
compared with dapagliflozin 10 mg [mean (s.d.) APG,,,, = 3.42
(0.90) mmol/l with canagliflozin 300 mg versus 4.16 (1.24)
mmol/l with dapagliflozin 10 mg].

Pharmacokinetics/Pharmacodynamics

The PK/PD relationship for the effects of canagliflozin and
dapagliflozin on RT; is shown in Figure 4. Note that although
the total plasma canagliflozin concentrations were considerably
higher than the corresponding dapagliflozin concentrations
(Figure 2), the ICy;-normalized unbound plasma concen-
trations of the two drugs were fairly similar, with the most
notable difference being lower normalized concentrations
of dapagliflozin during the overnight period compared
with canagliflozin (Figure 4; median normalized drug con-
centrations in the overnight period were ~85% higher for
canagliflozin than dapagliflozin). When using the normalized

oo

0.7 1

== Dapagliflozin 10 mg (n = 54)

0.6 1
0.5 {
0.4 1

0.3 1

0.2 4

Plasma Dapagliflozin (umol/l)
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0.0 v
0 4 8 12 16 20 24
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Figure 2. Plasma concentration-time profiles after four consecutive days of once-daily administration of (A) canagliflozin 300 mg and (B) dapagliflozin

10 mg. Data shown are mean + standard deviation.
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Figure 3. Effects of 4 days of treatment with canagliflozin 300 mg versus dapagliflozin 10 mg on (A) UGE, (B) RT and (C) PPG. PPG, postprandial glucose;
RTg, renal threshold for glucose excretion; UGE, urinary glucose excretion. Data shown are mean + standard error.

drug concentrations, the PK/PD relationship appears virtually
identical for both drugs and the greater effect of canagliflozin
on RT; during the later portions of the day appears to be
explained by the higher plasma drug concentrations main-
tained by canagliflozin compared with dapagliflozin. The
model fit (using data from both drugs combined) yielded
values (95% CI) for RT ;,0f 3.20 mmol/I (3.08-3.32 mmol/l)
and EC;;, of 0.33 (0.28-0.39; because of the normalization used
for plasma drug concentrations, the EC;, value was calculated
as a multiple of the in vitro ICs values).

There was no clear relationship observed between plasma
canagliflozin concentrations and the reductions in PPG seen
with canagliflozin 300 mg (data not shown), consistent with
the hypothesis that the postprandial effects are attributable
to locally high intraluminal drug concentrations inhibiting
intestinal SGLT1 rather than to high systemic plasma drug con-
centrations.

Safety and Tolerability

Canagliflozin 300 mg and dapagliflozin 10 mg were generally
well tolerated. No serious AEs, discontinuations as a result of
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Table 2. Arithmetic mean (standard deviation) urinary glucose excre-
tion intervals after once-daily administration of dapagliflozin 10 mg or
canagliflozin 300 mg for 4 days.

Canagliflozin

Dapagliflozin 300 mg Difference

10mg (N=54) (N=54) (95% CI)
0-2 7.35(2.13) 7.27 (2.81) —
2-4 4.49 (1.56) 5.56 (1.78) —
4-10 14.96 (4.34) 16.33 (4.96) —
10-14 8.56 (2.86) 10.93 (3.50) —
14-24 5.45 (3.54) 11.28 (5.00) —
0-24 40.81 (10.45) 51.37 (13.04) 10.56 (6.06; 15.07)

CI, confidence interval; UGE, urinary glucose excretion.

AEs, or deaths were reported during the study. All AEs were
assessed by the investigators to be mild or moderate in inten-
sity. The incidences of treatment-emergent AEs were generally
similar with canagliflozin and dapagliflozin (Table 4). There
were no clinically meaningful changes in haematology or urine
analysis results during the study. During both the canagliflozin
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Table 3. Comparison of pharmacodynamic parameters between canagliflozin and dapagliflozin.

Dapagliflozin Canagliflozin Difference Difference (98% CI)

10 mg 300 mg (98% CI) (canagliflozin expressed as % of Two-sided
(N =54) (N =54) — dapagliflozin) baseline mean p value

LS mean 24-h mean RT 5, mmol/l

Day 4 4.17 3.79 —0.39 (—0.50; —0.28) NA <0.0001
LS mean PPGAAUC,_,1,, mmol-h/l

Baseline 4.12 4.12 — — —

Day 4 4.08 3.66 —0.42 (—0.81; —0.03) —10.22 (—19.66; —0.78) 0.0122

CI, confidence interval; LS, least squares; NA, not assessed; PPGAAUC,,_, 1,, incremental postprandial plasma glucose area under the curve; RT, renal
threshold for glucose excretion.

91 Table 4. Summary of adverse events reported during both treatment
O Canagliflozin, daytime periods,
4 Dapagliflozin, daytime
®  Canagliflozin, overnight
4 Dapagliflozin, overnight
Model fit
- Dapagliflozin  Canagliflozin Total
= 10mg (N=54) 300 mg (N =54)
2 n (%) n (%)
EU Any adverse event 16 (29.6) 18 (33.3) 27 (50.0)
E Headache 6 (11.1) 6(11.1) 11 (20.4)
37 Nasopharyngitis 5(9.3) 0 5(9.3)
Flatulence 2(3.7) 2(3.7) 4(7.4)
Rhinitis 1(1.9) 3(5.6) 4(7.4)
Pollakiuria 1(1.9) 2(3.7) 3(5.6)
0 Nausea 1(1.9) 1(1.9) 2(3.7)
01 1[ 1]0 160 Postural dizziness 1(1.9) 1(1.9) 2(3.7)
IC so-normalized Unbound Drug Concentration Dyspepsia 0 1(1.9) 1(1.9)
Fatigue 0 1(1.9) 1(1.9)
Glomerular filtration
Figure 4. PK/PD relationship for the effect of canagliflozin and rate decreased 0 1(1.9) 1(1.9)
dapagliflozin on RTg. ICs, half-maximal inhibitory concentration; PD, Malaise 0 1(1.9) 1(1.9)
pharmacodynamic; PK, pharmacokinetic; RT g, renal threshold for glucose Oropharyngeal pain 0 1(1.9) 1(1.9)
excretion. Each symbol represents an individual subject during each time Pharyngitis 0 1(1.9) 1(1.9)
interval over which RT was calculated. Open symbols represented values Toeibhadie 0 1(1.9) 1(1.9)
obtained during the first 14h after dosing (which occurred during the Upper abdominal
daytime) and the filled symbols represent values obtained over 14-24h pain 0 1(1.9) 1(1.9)

after dosing (the overnight period). The ICsy-normalized unbound drug
concentrations were calculated as described in Materials and Methods. The
solid line and shaded region represent the model fit and 95% confidence

interval. dapagliflozin is ~1400:1 [10]. Previous studies have not eval-

uated whether the difference in SGLT2 versus SGLT1 selec-
tivity results in differences in PD properties or efficacy. The
present study is the first to directly compare the PD proper-
ties of canagliflozin and dapagliflozin at their highest approved
therapeutic doses in healthy subjects. This study evaluated both
24-h mean RT (mediated primarily by renal SGLT2 inhibi-
tion) and PPG excursion (mediated by both renal SGLT2 and
intestinal SGLT1 inhibition).

The PK/PD relationship for the effects of canagliflozin and
. . dapagliflozin on RT suggested that both drugs act similarly to
Discussion inhibit renal SGLT2. After adjusting for differences in plasma
Canagliflozin and dapagliflozin are the first SGLT2 inhibitors  protein binding and in vitro potency, the exposure-response
to be approved in the USA and Europe as adjunct therapy to  relationship for the effect on RTy appeared virtually identi-
diet and exercise to improve glycaemic control in adults with  cal for both drugs, and the greater reduction in 24-h mean
T2DM [1,2]. While canagliflozin and dapagliflozin are potent ~ RT; observed with canagliflozin 300 mg (and the associated
inhibitors of SGLT2, both drugs also inhibit SGLT1 in vitro,  greater increase in UGE) compared with dapagliflozin 10 mg
albeit less potently. Canagliflozin has an ICy, ratio of 160:1 = was explained by plasma drug PK differences. The in vivo
for SGLT1:SGLT2 [11], whereas the corresponding ratio for ~ ECs, value for RT;-lowering was estimated to be ~1/3 of the

and dapagliflozin treatment periods, small transient increases
from baseline were observed in total bilirubin levels and small
transient decreases from baseline were observed in creatine
kinase levels; these changes returned to baseline values at the
follow-up visit. There were no clinically meaningful abnormal
blood pressure or pulse rate measurements observed during
the study. None of the ECG findings during the study were
considered to be clinically significant.
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reported in vitro ICy, values for SGLT2 inhibition, similar to
observations made in a previous study with canagliflozin in
patients with T2DM [12]; however, it should be noted that there
are some limitations associated with estimating EC;, from the
present study because the doses used provided plasma drug
concentrations that were always well above the ECs, value,
and many of the data points were in the plateau region of the
exposure-response relationship.

The results of the present study showed that, after 4 days of
treatment, canagliflozin 300 mg was associated with a greater
reduction in RT and a greater increase in UGE compared with
dapagliflozin 10 mg. The between-treatment difference in 24-h
mean RT; of ~0.4 mmol/l (7 mg/dl) translated into roughly
25% greater UGE with canagliflozin 300 mg compared with
dapagliflozin 10 mg. Both treatments had similar effects on RT 5
and UGE during the first 4 h after administration, when plasma
exposure to both drugs was highest; however, over the remain-
ing 20 h of the day, canagliflozin 300 mg suppressed RT and
increased UGE more than dapagliflozin 10 mg. The more sus-
tained suppression of RT observed with canagliflozin versus
dapagliflozin was consistent with differences in the PK profiles
of these drugs (i.e. the decline in plasma concentration from
the peak value was more rapid with dapagliflozin than with
canagliflozin; Figure 2).

Canagliflozin 300 mg also lowered PPG excursions to
a greater extent than dapagliflozin 10mg. The between-
treatment difference in percent reduction from baseline
in PPGAAUC,_,,, was ~10%, and the rate of rise in PPG
concentration was slower with canagliflozin compared with
dapagliflozin (Figure 3C). Since both treatments provided
similar UGE over the 0-2-h and 0-4-h intervals, the delay
and greater reductions in PPG observed with canagliflozin
300 mg were probably attributable to local, transient inhibition
of intestinal SGLT1, which slows the rate of intestinal glucose
absorption. This hypothesis is consistent with results of a
previously conducted dual-tracer study, in which canagliflozin
300 mg transiently delayed intestinal glucose absorption in
healthy participants [9]; this effect is believed to be to the
result of high intraluminal gut concentrations of canagliflozin
during periods of drug absorption. The absence of an effect of
dapagliflozin 10 mg on PPG excursions in the present study is
consistent with the expected lack of intestinal SGLT'1 inhibition
with dapagliflozin 10 mg as dapagliflozin is considerably more
selective for SGLT2 than SGLT1 (1400-fold selectivity) com-
pared with canagliflozin (160-fold selectivity). In addition, the
concentrations of dapagliflozin in the intestinal lumen during
drug absorption are likely to be lower than the corresponding
canagliflozin concentrations because of the lower dose of
dapagliflozin administered compared with canagliflozin (10 vs.
300 mg).

The greater reductions in RT; and greater increases in
UGE observed in the present study with canagliflozin 300 mg
compared with dapagliflozin 10 mg are quantitatively similar
to differences that have been observed between canagliflozin
doses >200mg and canagliflozin 100 mg in previous stud-
ies in healthy participants [4]. In addition, the reductions
in PPG observed with canagliflozin 300 mg have not been
observed with canagliflozin doses <200 mg previously [4], and
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were not observed with dapagliflozin 10 mg in the present
study. Together, these data suggest that the PD effects of
canagliflozin 100 mg on RT, UGE and PPG are quantitatively
similar to the effects of dapagliflozin 10 mg. Although no direct
comparisons between canagliflozin 100 mg and dapagliflozin
10 mg were made in this study in healthy participants, and no
direct comparisons of clinical efficacy between canagliflozin
and dapagliflozin in patients with T2DM have been reported,
the available data suggest that the PD differences observed
between canagliflozin 300 mg and dapagliflozin 10 mg might
translate into differences in HbAlc lowering in patients with
T2DM that are similar to the differences observed between
canagliflozin 300 mg and canagliflozin 100 mg. In phase III
studies, canagliflozin 300 mg lowered HbAlc by ~0.1-0.3%
more than canagliflozin 100 mg [12,18-27].

To minimize between-subject variability in parameters such
as glomerular filtration rate and baseline FPG and PPG con-
centrations, which are known to affect the PD properties of
SGLT?2 inhibitors, it was decided to perform the present study
in healthy normal participants, rather than in patients with
T2DM. While using this healthy population could be viewed
as a study limitation, it enabled more precise estimates of
between-treatment differences in PD effects. The PK char-
acteristics of both canagliflozin and dapagliflozin are similar
in healthy participants and in patients with T2DM [7,12,14],
therefore, similar PK profiles would be expected in the sub-
jects with T2DM. Furthermore, the dose-response relationship
for the effect of each drug in increasing UGE is similar in
healthy subjects and subjects with T2DM [4,7,28], with the only
notable differences between study populations being higher and
more variable UGE in patients with T2DM compared with
healthy participants (because of the higher and more variable
filtered glucose load). In addition, the magnitude of the PPG
reductions observed in the present study in healthy participants
treated with canagliflozin 300 mg (~10% reduction from base-
line) compared with dapagliflozin 10 mg were similar to the
incremental reductions in PPG with canagliflozin 300 mg that
were attributable to a non-renal mechanism in a previous study
in patients with T2DM (~12% reduction in PPG excursion with
canagliflozin 300 mg dosed before a meal compared with other
dosing regimens providing similar UGE [17]). Although the
observed reduction in incremental PPG was somewhat mod-
est with canagliflozin 300 mg, this additional non-renal com-
ponent of its mechanism of action is expected to contribute to
the overall improvements in glycaemic control observed with
canagliflozin 300 mg. In summary, while the use of healthy par-
ticipants rather than patients with T2DM may be considered a
limitation of the study, the similarity of the PK and PD proper-
ties of each drug in these two study populations suggests that
this is not a major limitation.

Treatment with canagliflozin and dapagliflozin at their high-
est approved therapeutic doses (300 and 10 mg, respectively)
for 4 days was generally well tolerated in healthy participants.
The incidence of AEs observed in the present study was gen-
erally similar with canagliflozin and dapagliflozin. There was
no hypoglycaemia observed in this study, which is consistent
with the maximum RTg lowering (RTg ;) of ~3.3 mmol/l
with canagliflozin or dapagliflozin treatment estimated using
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an E . model shown in Figure 4. Consistent with a mild  analysis. J. P. provided statistical input on the two-stage group
osmotic diuresis induced by increased UGE, pollakiuria was  sequential study design and interpretation of the data. L. P.-M.
reported in two participants (3.7%) treated with canagliflozin =~ was involved in designing and conducting the study (includ-
and in one participant (1.9%) treated with dapagliflozin. Asso-  ing data collection). All authors participated in writing the
ciated with a small volume contraction attributable to mild  manuscript and approved the final version of the manuscript.

osmotic diuresis with canagliflozin [29] and dapagliflozin [30],
postural dizziness was observed in one participant during each
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