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Canagliflozin: Effects in Overweight and Obese
Subjects Without Diabetes Mellitus

Harold E. Bays', Richard Weinstein®, Gordon Law® and William Canovatchel’

Objective: To evaluate the effects of canagliflozin, a sodium glucose co-transporter 2 inhibitor, on body
weight in overweight and obese subjects (body mass index [BMI] >27 and <50 kg/m?).

Methods: This 12-week, Phase 2b, randomized, double-blind study enrolled 376 subjects without diabe-
tes mellitus who received canagliflozin 50, 100, or 300 mg or placebo once daily. The primary endpoint
was the percent change in body weight from baseline through Week 12.

Results: Canagliflozin increased urinary glucose excretion in a dose-dependent manner and produced
statistically significant reductions in body weight compared with placebo (least squares mean percent
changes from baseline of —2.2%, —2.9%, —2.7%, and —1.3% with canagliflozin 50, 100, and 300 mg and
placebo; P < 0.05 for all comparisons). Overall adverse event (AE) rates were similar across groups. Canagli-
flozin was associated with higher rates of genital mycotic infections in women, which were generally mild and
led to few study discontinuations. Osmotic diuresis-related AE rates were low and similar across groups.
Conclusions: In overweight and obese subjects without diabetes mellitus, canagliflozin significantly

reduced body weight compared with placebo and was generally well tolerated.

Obesity (2014) 22, 1042-1049. doi:10.1002/0by.20663

Introduction

Canagliflozin is a sodium glucose co-transporter 2 (SGLT2) inhibitor
shown to improve glycemic control and lower body weight in
patients with type 2 diabetes mellitus (T2DM) (1-4). Inhibition of
SGLT?2 leads to decreased renal glucose reabsorption and increased
urinary glucose excretion (UGE) (5). Lowering of the renal threshold
for glucose excretion (RTg) and increasing UGE with canagliflozin
is dose-dependent, leading to a net caloric loss in animal models, as
well as in patients with and without diabetes mellitus (1,6-9). In a
Phase 1 study of obese subjects without diabetes mellitus, canagliflo-
zin increased UGE and reduced body weight, with no meaningful
changes in plasma glucose or insulin levels and no reported hypogly-
cemia (10). This 12-week Phase 2b study evaluated the effects of
various doses of canagliflozin compared with placebo on body
weight in overweight and obese subjects without diabetes mellitus.

Methods

Subjects and study design
[This Methods section is abbreviated. Full details of the “Subjects
and study design” can be found in the Supporting Information.]

This randomized, double-blind, placebo-controlled, parallel-group, dose-
ranging, Phase 2b study was conducted at multiple sites in the United
States and Puerto Rico from March 31, 2008 to September 18, 2008
(ClinicalTrials.gov: NCT00650806). Eligible subjects included men and
women aged 18-65 years with body mass index (BMI) between >30
and <50 kg/m® at screening if generally healthy, with a lower entry
threshold of BMI >27 kg/m? in the presence of comorbidities such as
controlled hypertension (diastolic blood pressure [BP] < 100 mmHg and
systolic BP <160 mmHg while being treated with antihypertensive
drug[s]) (11) and/or treated or untreated dyslipidemia (low-density lipo-
protein cholesterol [LDL-C] > 130 mg/dL [3.36 mmol/L], high-density
lipoprotein cholesterol [HDL-C] <40 mg/dL [1.03 mmol/L] for men
and <50 mg/dL [1.29 mmol/L] for women, or triglycerides > 150 mg/
dL [1.68 mmol/L]) (12,13). The study consisted of three phases: (1) a
pretreatment phase (7-day screening period and 4-week run-in period),
(2) a 12-week double-blind treatment phase, and (3) a 14-day post-treat-
ment phase. The study protocol was approved by institutional review
boards at participating institutions. Subjects underwent the informed
consent process, as evidenced by their written informed consent prior to
participation. The study was conducted under the guidelines of Good
Clinical Practices and the Declaration of Helsinki.
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Figure 1 Study flow diagram. CANA, canagliflozin; PBO, placebo.

Study endpoints and assessments

The primary efficacy endpoint was percent change in body weight
compared to placebo from baseline through Week 12. Secondary end-
points included absolute change in body weight, percent change in
body weight, and change in BMI from baseline to Weeks 3, 6, 9, 12,
and 14 (or 14 days after the end of treatment/early withdrawal); pro-
portion of subjects who lost >5% or >10% of baseline body weight at
Week 12; and change from baseline in waist and hip circumference
and waist/hip ratio at Week 12. Exploratory evaluations performed in
all subjects included changes from baseline in: UGE/creatinine ratio
and RTg (Weeks 3, 6, and 12, obtained from overnight urine collec-
tions; RTg was calculated as previously reported (7,9)); fasting
plasma glucose (FPG), triglycerides, HDL-C, LDL-C, and LDL-C/
HDL-C ratio (Weeks 6 and 12); hemoglobin Alc (Week 12); and sys-
tolic and diastolic BP (Weeks 3, 6, 9, and 12). Subjects completed the
Impact of Weight on Quality of Life-Lite questionnaire (IWQOL-
Lite) (14,15), a 31-item, self-report, obesity-specific measure used to
quantitatively assess individuals’ perceptions of how their weight
affects their day-to-day life. Changes from baseline in the total score,
comprised of five domains (physical function, self-esteem, sexual life,
public distress, and work), were assessed at Week 12.

Body weight was measured using the same calibrated scale at each
visit at approximately the same time of the day, wearing underwear
and a gown, without shoes. Subjects were instructed to empty their
bladders before being weighed.

Safety and tolerability assessments included medical history, physi-
cal examinations, vital sign measurements, clinical laboratory tests,

12-lead electrocardiograms, and urinalysis. The analyses of safety
parameters were performed to investigate potential safety signals,
and no statistical testing was conducted. Adverse events (AEs) were
recorded throughout the study. Subjects were educated on the symp-
toms and treatment of hypoglycemia. Self-administered vaginal
swabs for Candida culture and urine samples for bacterial or Can-
dida culture were collected at baseline, Week 12, and at the time of
symptoms consistent with vulvovaginal candidiasis or urinary tract
infection (UTI).

Statistical analyses
[Details of statistical analyses can be found in the Supporting
Information.]

Results

Subject disposition and baseline characteristics

A total of 376 subjects were randomized (intent-to-treat analysis set;
Figure 1). Demographic and baseline characteristics were generally
balanced across groups (Table 1). Baseline mean body weight was
101.3 kg and mean BMI was 37.0 kg/m?, with 93% of subjects clas-
sified as obese (BMI>30 kg/m?). Mean weight loss during the
nutrition/physical activity run-in phase was 1.6 kg (62% of subjects
had run-in weight loss <2 kg). At baseline, the majority of subjects
(79%) had normal FPG (<101 mg/dL [5.6 mmol/L]) and 20% had
impaired fasting glucose (FPG > 101 mg/dL [5.6 mmol/L] and <126
mg/dL. [7.0 mmol/L]). A total of 94 (25%) subjects discontinued
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TABLE 1 Baseline demographics and clinical characteristics

PBO CANA 50 mg qd CANA 100 mg qd CANA 300 mg qd Total

Characteristic (n=289) (n=198) (n=193) (n=96) (N =376)
Women, 11 (%) 75 (84) 86 (88) 76 (82) 86 (90) 323 (86)
Age, y 451 (11.9) 44.9 (11.8) 45.8 (11.0) 43,5 (11.0) 44.8 (11.4)
Race, 1 (%)*

White 69 (78) 84 (86) 79 (85) 79 (82) 311 (83)

Black or African-American 18 (20) 14 (14) 10 (11) 13 (14) 55 (15)

Asian 1(1) 0 1(1) 0 2 (1)

Other 1(1) 0 31 4 (4) 8 (2
Weight, kg 102.2 (19.9) 98.1 (16.0) 105.0 (16.6) 100.2 (18.0) 101.3 (17.8)
BMI, kg/m? 36.6 (5.9) 36.6 (5.3) 37.9 (5.1) 36.9 (6.3 37.0 (6.3)
Run-in weight loss, kg 1.5 (2.0) 1.7 (2.0) 1.6 (2.5) 1.5 (2.0) 1.6 (2.1)
FPG status, 1 (%)

Normal® 77 (87) 78 (80) 68 (73) 73 (76) 296 (79)

Impaired® 10 (11) 19 (19) 24 (26) 23 (24) 76 (20)

Single glucose value 2 (2 1(1) 1(1) 0 4 (1)

>126 mg/dL

(7.0 mmol/L)

at baseline

Data are mean (SD) unless otherwise indicated.

BMI, body mass index; CANA, canagliflozin; FPG, fasting plasma glucose; PBO, placebo; SD, standard deviation.

“Percentages may not total 100% due to rounding.
PFPG < 101 mg/dL (5.6 mmol/L).
°FPG > 101 mg/dL (5.6 mmol/L) and <126 mg/dL (7.0 mmol/L).

prior to study completion, with higher rates with canagliflozin 100
and 300 mg compared with canagliflozin 50 mg and placebo
(Figure 1).

Efficacy

Body weight. At Week 12 compared to baseline, subjects in the
canagliflozin 50, 100, and 300 mg and placebo groups experienced
percent body weight least squares (LS) mean changes of —2.2%,
—2.9%, —2.7%, and —1.3%, respectively, with placebo-subtracted
percent values of —0.9% (P =0.031), —1.6% (P <0.001), and
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Figure 2 Percent change in body weight (LOCF). CANA, canaglifiozin; LOCF, last
observation carried forward; LS, least squares; PBO, placebo; SE, standard error.

—1.4% (P <0.001), respectively, and greater absolute weight loss
with differences in LS mean changes of —0.8 kg (P =0.045), —1.6
kg (P <0.001), and —1.3 kg (P =0.001), respectively (Figure 2 and
Table 2). All canagliflozin groups achieved decreases in body weight
at the earliest post-randomization visit, with the weight loss progres-
sively continuing through Week 12, and with weight loss greater than
placebo at all time points (Figure 2). Compared to placebo-treated
subjects at Week 12, canagliflozin 50, 100, and 300 mg produced a
greater proportion of subjects with >5% loss in body weight from
baseline (8%, 13%, 19%, and 17%, respectively; P = 0.027 for cana-
gliflozin 300 mg vs placebo). Few subjects achieved >10% loss in
body weight from baseline (3%, 2%, 1%, and 0% with canagliflozin
50, 100, and 300 mg and placebo, respectively).

BMI and anthropometric measurements. At Week 12 com-
pared to baseline, canagliflozin 50, 100, and 300 mg produced sig-
nificantly greater reductions in BMI than placebo (Table 2), with LS
mean changes relative to placebo of —0.3 kg/m* (P = 0.031), —0.6
kg/m> (P <0.001), and —0.5 kg/m*> (P <0.001), respectively. At
Week 12 compared to baseline, canagliflozin 50, 100, and 300 mg
numerically reduced waist circumference and hip circumference
compared with placebo (Table 2). None of the observed changes in
waist or hip circumference with canagliflozin were statistically dif-
ferent compared to placebo. Observed mean changes and LS mean
differences in waist/hip ratio for all canagliflozin doses were not
statistically different compared to placebo.

Urinary glucose excretion. Canagliflozin increased UGE/creati-
nine ratio in a dose-dependent manner (Figure 3), beginning at
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TABLE 2 Summary of changes in body weight, BMI, and anthropometric measurements (LOCF)

PBO CANA 50 mg CANA 100 mg CANA 300 mg

Parameter (n=89) (n=98) (n=93) (n=96)
Body weight, n 86 95 85 96

Mean (SD) change, kg —-1.12.5) -1.9 (2.9 -2.8 (2.9 —24 2.9

LS mean difference vs PBO (95% Cl) —0.8 (—1.6, —0.02° —1.6 (—2.4, —0.8? —1.3 (=21, —0.57
BMI, n 86 95 85 93

Mean (SD) change, kg/m? —0.4 (0.9 —-0.7 (1.1) —1.0 (1.0 -0.9 (1.1)

LS mean difference vs PBO (95% Cl) —0.3 (0.6, —0.03° —-0.6 (—0.9, —0.3? —0.5 (0.8, —0.2
Waist circumference, n 78 87 73 82

Mean (SD) change, cm —-1.2 (10.1) -1.4 (5.0) —2.9(10.3) —26(7.2)

LS mean difference vs PBO (95% Cl) —-03(=27,22) —0.9 (=35, 1.6 —-1.4 (=38, 1.1)
Hip circumference, n 7 86 72 81

Mean (SD) change, cm 0.1 (10.4) —2.0 (4.0) —2.1(10.6) =3.0(7.9

LS mean difference vs PBO (95% Cl) —1.6 (—3.8, 0.6) —0.7 (—3.0, 1.6) —1.8(—4.0, 0.5
Waist/hip ratio, n 77 86 72 81

Mean (SD) change, cm/cm —0.011 (0.05) 0.003 (0.04) —0.008 (0.09) —0.004 (0.05)

LS mean difference vs PBO (95% Cl)

0.011 (=0.01, 0.03)

0.001 (=0.02, 0.02) 0.002 (—0.02, 0.02)

BMI, body mass index; CANA, canagliflozin; Cl, confidence interval; LOCF, last observation carried forward; LS,

2P <0.001 vs PBO.
5P =0.031 vs PBO.
°P=0.045 vs PBO.

least squares; PBO, placebo; SD, standard deviation.

Week 3 (earliest post-randomization assessment time point) and con-
tinuing through Week 12. At Week 12 compared to baseline, cana-
gliflozin 50, 100, and 300 mg produced mean changes in UGE/cre-
atinine ratio of 11.9, 18.7, and 30.9 mg/mg, respectively, versus 0.0
mg/mg with placebo. At Week 12 compared to baseline, canagliflo-
zin 50, 100, and 300 mg produced mean overnight RTg values of
82.8, 79.7, and 67.8 mg/dL, respectively — an effect beginning at the
first post-randomization visit (Week 3) and maintained throughout
the treatment period.

Lipid and glycemic parameters. At Week 12 compared to pla-
cebo, canagliflozin produced no clinically meaningful changes from
baseline in triglycerides and HDL-C levels. From baseline to Week
12, canagliflozin 50, 100, and 300 mg and placebo were associated
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Figure 3 Change in UGE/creatinine ratio. CANA, canagliflozin; Cl, confidence inter-
val; PBO, placebo; SE, standard error; UGE, urinary glucose excretion.

with mean percent changes in LDL-C of 4.2%, 7.5%, 10.0%, and
6.4%, respectively. Canagliflozin 300 mg was associated with an
increase in LDL-C/HDL-C ratio (7.0%) versus placebo (2.8%). In
the total study population at Week 12 compared to baseline, canagli-
flozin did not produce meaningful differences in glycemic parame-
ters, such as FPG and hemoglobin Alc, relative to placebo. At base-
line in the canagliflozin 50, 100, and 300 mg and placebo groups,
respectively, 20, 22, 21, and 12 subjects had elevated FPG (>101
mg/dL [5.6 mmol/L]), compared with 21, 20, 14, and 16 subjects at
Week 12.

Blood pressure. At Week 12 compared to baseline, canagliflozin
50, 100, and 300 mg and placebo produced reductions in systolic
BP (mean changes of —2.1, —3.3, —2.0, and —1.4 mmHg, respec-
tively), with mean changes in diastolic BP of —1.4, —0.7,—0.5, and
—1.8 mmHg, respectively. Canagliflozin 50, 100, and 300 mg and
placebo were not associated with any clinically relevant changes in
pulse rate (0.9, 1.5, 0.9, and O beats/minute, respectively).

IWQOL-Lite outcomes. Mean IWQOL-Lite total scores at base-
line (range, 59.5-68.6) suggested moderate impairment of weight-
related functioning and well-being across groups. Within each group,
IWQOL-Lite total score increased from baseline to Week 12 (indi-
cating improvement). As weight loss increased, IWQOL-Lite total
scores increased (Figure 4A), as did the proportion of subjects
treated with canagliflozin versus placebo (Figure 4B).

Safety

The overall incidence of AEs was similar across treatment groups
(Table 3). The incidence of serious AEs was low across groups (two
with canagliflozin 50 mg and one with canagliflozin 300 mg; none
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Figure 4 Change in IWQOL-Lite total score (A) and number of subjects treated with
canaglifiozin vs placebo (B) by weight change category at Week 12. IWQOL-Lite
total scores were on a scale of 0 to 100 (higher scores indicating better health sta-
tus). LS mean changes were calculated using an ANCOVA model with factors for
treatment, sex, and run-in weight loss stratum, and baseline score as covariate;
LOCF was not used to impute missing data for these exploratory analyses.
ANCOVA, analysis of covariance; CANA, canagliflozin; IWQOL-Lite, Impact of
Weight on Quality of Life-Lite questionnaire; LOCF, last observation carried forward;
LS, least squares; PBO, placebo; SE, standard error.

with placebo or canagliflozin 100 mg) and none were considered
related to study drug. None of the three serious AEs occurred during
treatment with study drug; two occurred prior to the receipt of study
drug (anemia secondary to dysfunctional uterine bleeding [canagli-
flozin 50 mg] and cholecystitis requiring surgery [canagliflozin 300
mg]), and one occurred after the last dose of study drug (arthralgia
and hospitalization due to right hip pain 25 days after the last dose
of study drug [canagliflozin 50 mg]). No deaths were reported. A
total of 11 subjects (3%) discontinued treatment due to treatment-
emergent AEs (all with canagliflozin); seven of these subjects had
AEs that led to discontinuation that were possibly, probably, or very
likely related to study drug as assessed by investigators. Among the
most common AEs (>5% in any group; Table 3), incidences of vul-
vovaginal mycotic infection, nausea, and sinusitis were higher with
canagliflozin than with placebo. The majority of AEs were consid-
ered mild to moderate in severity by investigators.

The incidence of genital mycotic infections was higher in women
treated with canagliflozin compared to those who received placebo
(Table 3); most of these AEs were assessed by investigators to be
mild in intensity (none were considered serious), responded to rou-
tine topical and oral antifungal therapy, and resolved while continu-
ing canagliflozin. Two female subjects (one each with canagliflozin
50 and 100 mg) discontinued the study due to genital mycotic

infection AEs. One male subject experienced a genital mycotic
infection (posthitis) with canagliflozin 300 mg. Incidences of UTIs
were similar across groups. Low and similar rates of osmotic
diuresis-related AEs were observed across groups (<4% per group).
Incidence of AEs related to reduced intravascular volume (e.g., diz-
ziness) was similar across groups. The proportion of subjects report-
ing symptomatic hypoglycemia was low and similar across groups.
The majority of hypoglycemia episodes were considered mild in
severity by investigators and none were confirmed by blood glucose
measurements; one subject discontinued due to a mild, unconfirmed
AE of hypoglycemia (canagliflozin 300 mg).

Regarding clinical laboratory parameters, canagliflozin 50, 100, and
300 mg were associated with greater reductions in serum urate con-
centrations compared to placebo (mean changes of —67.1, —70.4,
—78.5, and —6.0 pmol/L, respectively). Compared to placebo, all
canagliflozin doses were associated with increases in hematocrit and
hemoglobin (<5%). Canagliflozin 50 and 100 mg were also associ-
ated with modest decreases in estimated glomerular filtration rate
(eGFR) compared to placebo (mean changes of —1.0, —1.8, and 0.3
mL/min/1.73 m?, respectively). Canagliflozin 300 mg was associated
with an increase from baseline in eGFR (0.8 mL/min/1.73 mz). Can-
agliflozin 100 and 300 mg were associated with increases in blood
urea nitrogen (BUN) compared to placebo and canagliflozin 50 mg
(mean changes of 0.15, 0.25, —0.03, and —0.08 mmol/L [0.4, 0.7,
—0.1, and —0.2 mg/dL], respectively). Except for an increase in col-
lagen type-1 f-carboxy-telopeptide (CTX), a marker of bone resorp-
tion (mean changes of 0.08, 0.07, and 0.11 ng/mL with canagliflozin
50, 100, and 300 mg, respectively, vs 0.04 ng/mL with placebo),
canagliflozin did not significantly differ from placebo regarding
markers of bone formation (i.e., bone specific alkaline phosphatase,
osteocalcin, propeptide amino-terminal type-1 procollagen [P1NP])
or bone resorption (i.e., tartrate resistant acid phosphatase [TRAP],
urine N-telopeptide [uNTX]).

Discussion

Canagliflozin is an SGLT2 inhibitor associated with improved gly-
cemic control and body weight reduction in patients with T2DM (1-
4). Inhibition of renal glucose reabsorption is a unique mechanism
and has the potential to produce negative caloric balance, even
among those without diabetes mellitus. The primary endpoint of this
12-week, randomized, double-blind, Phase 2b study was the percent
change in body weight compared to placebo from baseline through
Week 12, among overweight and obese subjects without diabetes
mellitus who received canagliflozin 50, 100, or 300 mg or placebo
once daily. At Week 12 compared to baseline, canagliflozin at all
doses studied produced small but statistically greater reductions
from baseline in mean percent body weight and absolute body
weight compared with placebo, with decreases in body weight
observed at the earliest post-randomization visit — an effect that was
continually progressive throughout the study. In addition, subjects
with greater weight loss showed greater improvement in total scores
for IWQOL-Lite, which was designed to measure the impact of
body weight on functioning and well-being.

Similar to the findings of weight reduction, canagliflozin also pro-
duced small but statistically significant reductions in BMI compared
to placebo, although canagliflozin did not result in changes in hip
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TABLE 3 Summary of overall safety and selected AEs
Subjects, n (%)
PBO CANA 50 mg CANA 100 mg CANA 300 mg
(n=89) (n=98) (n=93) (n =96)
Any AE 54 (61) 73 (74) 54 (58) 60( 63)
AEs leading to discontinuation 0 4 (4) 3@ 4 (4)
AEs related to study drug® 19 (21) 34 (35) 25 (27) 28 (29)
Serious AEs 0 22 0 1(1)
Most common AEs (>5% in any treatment group)
Urinary tract infection 6 (7) 10 (10) 7 (8) 8 (8)
Headache 7(8) 6 (6) 11 (12) 4 (4
Vulvovaginal mycotic infection 1(1) 8 (8) 5 () 14 (15)
Upper respiratory tract infection 5 (6) 6 (6) 6 (6) 5 (5)
Nausea 22 7(7) 6 (6) 30
Diarrhea 5 (6) 5 (5) 3@ 22
Constipation 22 5 (5) 3@ 22
Nasopharyngitis 31 6 (6) 1(1) 1(1)
Sinusitis 0 6 (6) 2 (2 1)
Selected AEs of interest
Genital mycotic infection
Men®* 0 0 0 1(1)
Women“® 34 12 (14) 10 (13) 19 (22)
Osmotic diuresis-related AEs' 22 39 3@ 4 (4
Symptomatic hypoglycemia 22 1(1) 0 22
Volume-related AEs
Dizziness 22 4 (4) 22 4 (4

AE, adverse event; CANA, canagliflozin; PBO, placebo.

2Possibly, probably, or very likely related to study drug, as assessed by investigators.
PPBO, n = 14; CANA 50 mg, n = 12; CANA 100 mg, n = 17; CANA 300 mg, n = 10.

“Including genital candidiasis.

9PBO, n = 75; CANA 50 mg, n = 86; CANA 100 mg, n = 76; GANA 300 mg, n = 86.

®Including vaginal candidiasis, vaginal infection, vaginitis bacterial, vulvovaginal mycotic infection, vaginal discharge, and vulvovaginal pruritus.
fincluding incontinence, micturition urgency, nocturia, pollakiuria, polyuria, stress urinary incontinence, and urge incontinence.

and waist circumference and waist/hip ratio that were significantly
different compared to placebo. Canagliflozin did not result in clini-
cally meaningful changes in glycemic parameters, lipids, or BP ver-
sus placebo.

The weight loss observed over 12 weeks in the current study was
relatively modest (placebo-subtracted changes for all canagliflozin
doses <2%). In a Phase 2 study of the same duration that assessed
the efficacy and safety of canagliflozin in subjects with T2DM inad-
equately controlled with metformin, canagliflozin 50, 100, and 300
mg produced weight loss of —2.3%, —2.6%, and —3.4%, respec-
tively, compared with —1.1% with placebo (1). These weight loss
findings are also supported by the results of recent Phase 3 studies
of canagliflozin in subjects with T2DM (2-4,16,17).

Canagliflozin is thought to reduce body weight due to loss of calo-
ries associated with increased UGE (4 kcal/g of glucose). All cana-
gliflozin doses increased UGE throughout the 12-week treatment
period. While 24-h UGE was not measured in this study, 24-h uri-
nary caloric loss can be estimated using overnight UGE. Using the
overnight UGE values reported here and the total daily UGE

measured in a Phase 1 study in subjects without diabetes mellitus
(mean 24-h UGE of 45 and 60 g with canagliflozin 100 and 300
mg, respectively) (7), the total caloric losses with canagliflozin 50,
100, and 300 mg over 12 weeks in subjects completing this study
were calculated to be 9,072 kcal, 15,120 kcal, and 20,160 kcal,
respectively, using an estimate of 4 kcal/g of glucose. Weight loss
estimates over a 12-week period based on these values would be
1.2, 2.0, and 2.6 kg for canagliflozin 50, 100, and 300 mg, respec-
tively, using an estimate of 7,700 kcal/kg of body weight and
assuming no changes in energy expenditure or food intake. Thus,
the reductions in body weight observed in the current trial (LS mean
reductions of 1.9, 2.8, and 2.4 kg and placebo-subtracted reductions
of 0.8, 1.6, and 1.3 kg for canagliflozin 50, 100, and 300 mg,
respectively) are generally consistent with these predictions. In addi-
tion to urinary caloric loss due to increased UGE, the mild osmotic
diuresis induced by canagliflozin may also contribute to the
observed weight loss. Of note, while not assessed in the current 12-
week study, body composition measurements based on dual-energy
X-ray absorptiometry and computed tomography assessments con-
ducted in Phase 3 studies of 26 to 52 weeks in duration have shown
that the weight loss observed with canagliflozin is mainly (~2/3)
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due to loss of fat versus lean mass, with slightly greater loss of vis-
ceral versus subcutaneous fat (17,18) in subjects with T2DM. Stud-
ies of longer duration would be necessary to assess changes in body
composition in obese and overweight subjects without diabetes
mellitus.

Across Phase 3 studies of canagliflozin in subjects with T2DM, the
300 mg dose has consistently produced larger body weight reduc-
tions than the 100 mg dose (2-4,16,17). In this study, canagliflozin
100 mg produced the greatest weight loss, while canagliflozin 300
mg produced the greatest increase in UGE. The reason for this appa-
rent discrepancy is unclear, but could be partly explained by the rel-
atively small sample size in this study.

Canagliflozin was generally well tolerated in this study, with overall
incidences of AEs similar compared with placebo. Based on the
mechanism of action of canagliflozin, this study examined a number
of selected AEs of interest, including genital mycotic infections, AEs
related to osmotic diuresis (e.g., pollakiuria [increased urine fre-
quency], polyuria [increased urine volume]) and reduced intravascu-
lar volume (e.g., dizziness), and hypoglycemia. Canagliflozin was
associated with an increased incidence of genital mycotic infections
in women, which were determined by investigators to be mild in
severity and responded to standard treatment; only two canagliflozin-
treated subjects discontinued due to these AEs. The increased occur-
rence of genital mycotic infections in women may be attributable to
increased UGE leading to increased vulvovaginal Candida growth
and vaginal candidiasis in some women (19). Compared to placebo,
canagliflozin was not associated with meaningful differences in inci-
dences of AEs related to osmotic diuresis and reduced intravascular
volume or symptomatic hypoglycemia, but was associated with small
differential changes in clinical laboratory parameters including a
reversible decrease in serum urate, a modest and reversible increase
in BUN, and a decrease in eGFR. These effects may reflect mild
hemoconcentration secondary to the mild osmotic diuresis associated
with increased UGE during canagliflozin treatment. The observed
decreases in serum urate may be mediated by glucosuria facilitating
urate efflux into the tubular lumen by the high-capacity urate trans-
porter SLC2A9 (GLUT9) (20).

A limitation of this trial was the 25% discontinuation rate, which is
similar to the discontinuation rates observed in other Phase 2b dose-
ranging pharmacotherapy trials of obese patients (21-23). Another
limitation with respect to efficacy and safety is the relatively short
duration. In this 12-week study, canagliflozin 50, 100, and 300 mg
produced approximately 2 to 3 kg of weight loss compared to base-
line, and approximately 1 to 1.5 kg of weight loss compared to pla-
cebo. However, a review of the weight loss trend suggests that a
weight loss nadir was not achieved by Week 12 with canagliflozin,
raising the possibility that a similar clinical trial conducted over a
longer period of time might have achieved greater weight reduction.
For a frame of reference regarding the degree of weight loss
achieved even within the context of this short-term clinical trial, a
meta-analysis of orlistat (a gastrointestinal lipase inhibitor approved
as a weight maintenance therapeutic) involving studies of longer
duration suggested that orlistat might be expected to produce a
placebo-subtracted weight reduction of approximately 2.4 kg over
up to 2 years (24). Placebo-subtracted weight reductions of 1.5 to
2.9 kg were seen in a 12-week trial of the weight loss agent lorca-
serin (21). Another limitation of the current study is that while cana-
gliflozin improved (reduced) the weight of patients who were

Canagliflozin in Overweight Subjects Bays er al.

overweight or obese, it is unclear as to how this weight reduction
might affect adipocyte and adipose tissue function, and thus translate
into long-term health benefits (25,26). Regarding safety, it is possi-
ble that a longer study may be associated with more reported AEs.

In conclusion, relative to placebo over a 12-week treatment period
in overweight and obese subjects without diabetes mellitus, canagli-
flozin at doses of 50, 100, and 300 mg per day was generally well
tolerated and produced statistically significant reductions in body
weight. O
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