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Abstract

Diabetes mellitus continues to be a major health issue worldwide. Despite all of the treatment op-
tions available on the market, many patients with diabetes fail to reach their treatment goals.
Novel agents such as the Sodium-Glucose Cotransporter 2 (SGLT2) inhibitors show promise in ef-
fectively lowering blood glucose. Objective: To review the scientific literature for efficacy informa-
tion regarding the use of approved SGLT2 inhibitors (canagliflozin, dapagliflozin and empagliflo-
zin) in the treatment of Type 2 Diabetes Mellitus (T2DM). Methods: A MEDLINE (1950-August
2014) literature review was performed. All of the literature published as an original clinical trial
was included in this review. Other pertinent articles published related to the original clinical trial
were also included. Meta-analysis type studies were not selected for this review. Conclusions: With
an increasing prevalence and incidence of type 2 diabetes mellitus worldwide, there is an appar-
ent need for effective therapeutic strategies to combat this chronic and progressive disease. SGLT2
inhibitors offer this potential. Recently approved agents (canagliflozin, dapagliflozin and empag-
liflozin) have shown significant promise as mono- and add-on therapy to current glucose-lowering
regimens that may not otherwise be providing sufficient glycemic control in T2DM patients.
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1. Introduction

Diabetes mellitus continues to be a major health issue worldwide, affecting nearly 26 million adults in the Unit-
ed States. Controlling blood glucose levels is essential in managing symptoms and preventing complications as-
sociated with the disease. In 2011, close to 85% of US adults with diabetes reported taking antihyperglycemic
medication [1].

Despite all the treatment options available on the market, many patients with diabetes fail to reach their
treatment goals. Most of these medications depend on the presence or action of insulin to exert their therapeutic
effect. This can provide little benefit to patients whose disease progression has led to deterioration in pancreatic
beta cell function. Additionally, these agents are associated with concerning side effects, including the risk of
inducing hypoglycemia [2]-[4].

A new class of agents has emerged with glycemic control via alternate means, specifically by inhibiting the
reabsorption of glucose and increasing its excretion from the kidneys. This novel approach of the Sodium-Glu-
cose Cotransporter 2 (SGLT2) inhibitors shows promise in effectively lowering blood glucose in a noninsulin-
dependent way. Sodium-Glucose Cotransporter 2 inhibitors exert their effect by enhancing renal glycosuria. The
extent to which they induce glycosuria is dependent on the plasma glucose concentration. As a result, blood
glucose levels cannot be lowered below physiological levels and hence, the risk of hypoglycemia is not con-
cerning [5]. This mechanism of action allows use as monotherapy or in combination with current antidiabetes
medications, including insulin therapy [2]-[4]. Sodium-Glucose Cotransporter 2 inhibitors have also been shown
to promote weight loss at the same time, either independently or in combination with other antidiabetic agents.
However they have a risk of potentially increasing the likelihood of genitourinary tract infections [6].

The United States Food and Drug Administration (FDA) recently approved three SGLT2 inhibitors, canaglif-
lozin in 2013, dapagliflozin and empagliflozin in 2014. This article discusses the SGLT2 inhibitors as new ap-
proaches to managing type 2 diabetes mellitus (T2DM), focusing on the evidence available regarding the effi-
cacy and safety of this emerging class of antidiabetic agents. Canagliflozin, dapagliflozin, and empagliflozin
were selected for this review since they are the only agents currently approved by the FDA.

2. Data Sources

Figure 1 illustrates the literature search and selection process details used in the identification of clinical trials
for this review. A literature review was performed in MEDLINE (1950-August 2014) using the keywords di-
abetes mellitus type 2 AND canagliflozin OR dapagliflozin OR empagliflozin. The references identified from
the literature review were then evaluated. All of the literature retrieved from MEDLINE that was published as
an original clinical trial was included in this review. Other pertinent articles published related to the original
clinical trials were also considered. Meta-analysis type studies were not selected for this review. References in-
cluded in this review were limited to studies conducted in humans and written in the English language.

MEDLINE (1950-August 2014) literature review was performed using
the search terms: canagliflozin, dapagliflozin, OR empagliflozin AND
Type 2 Diabetes Mellitus

All of the literature published as an original clinical trial in english and
with human subjects was included in this review.

Other pertinent articles published related to the original clinical trial
were also included.

Meta-analysis type studies were not selected for this review.

Figure 1. Literature search and clinical trial selection details.
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3.SGLT2 Product Review Summaries
3.1. Canagliflozin

Canagliflozin, (1S)-1,5-anhydro-1-[3-[[5-(4-fluorophenyl)-2-thienyl]methyl]-4-methylphenyl]-D-glucitol hemi-
hydrate, the first SGLT2 inhibitor approved in the United States, has an oral bioavailability of 65%, which re-
mains the same with or without food. However, it is recommended to be taken before the first meal of the day
due to its mechanism of reducing postprandial glucose excursions. Peak plasma concentrations are reached
within one to two hours post-dose with a terminal half-life of 10.6 hours and 13.1 hours for the respective 100
mg and 300 mg doses. Canagliflozin exhibits extensive protein binding (99%), mainly to albumin, which does
not affect plasma concentrations. It is metabolized primarily through O-glucuronidation and marginally through
CYP3A4 (7%), and is excreted through fecal and renal routes. Though renal impairment may lead to a change in
maximum plasma concentration (Cs) and area under the curve (AUC), these changes are not clinically relevant.
However, since canagliflozin works by reducing glucose reabsorption in the kidney, pharmacodynamic response
to the drug declines as the severity of renal impairment increases. Therefore, it is contraindicated in severe renal
impairment, end stage renal disease, or patients on dialysis. According to Child-Pugh class grading, mild and
moderate hepatic impairment do not warrant dose adjustments with canagliflozin [4].

The efficacy of canagliflozin was studied in ten trials ranging from 12 to 52 weeks and at doses of 50 mg, 100
mg, 200 mg, and 300 mg (Table 1) [7]-[16]. The greatest difference in hemoglobin A1C (HbA1C) (%) reduc-
tion compared to placebo was —1.16% with canagliflozin 300 mg after 26 weeks [13]. Eight out of ten studies
reported that HbA1C (%) reductions were statistically significant [7] [8] [10] [11] [13]-[16]. All ten trials found
that a greater percentage of patients reached the HbAL1C (%) goal of <7.0% with canagliflozin treatment than
with other treatments [7]-[16]. The majority of these studies also reported a statistically significant difference [7]
[8] [11] [13] [14] [16].

Reductions in 2-hour postprandial glucose (2-h PPG) [10]-[14] and fasting plasma glucose (FPG) [7]-[16]
were also greater in canagliflozin groups, with mean decreases in FPG ranging from —38.3 mg/dL [10] to —11.7
mg/dL [15] in two different canagliflozin 300 mg groups. Since other oral antidiabetic agents are often asso-
ciated with weight gain, studies also assessed the change in body weight with canagliflozin. Most studies showed a
statistically significant difference with lowering body weight in the canagliflozin groups compared to other
treatment groups [7]-[14] [16]. Some evidence shows a slight, yet significant reduction in systolic blood pres-
sure by canagliflozin compared to placebo (reduction of range of —8.1 to —3.5 mmHg) [8] [10] [13] [16] and si-
tagliptin (reduction range of —5.9 to —2.9 mmHg) [11] [12].

The overall incidence of adverse events was similar between canagliflozin and control group treatment, how-
ever more patients withdrew related to canagliflozin adverse events. Since the SGLT2 inhibitors work by in-
creasing the amount of glucose in the urine, there is a risk of urinary and genital tract infections unique to this
class. Adverse events such as pollakiuria, polyuria, and volume-related effects, including postural dizziness and
orthostatic hypotension, were more common in canagliflozin groups [7]-[16].

As expected, based on the mechanism of action of SGLT2 inhibitors, the majority of studies reported low in-
cidences of hypoglycemia in canagliflozin groups which were similar to sitagliptin [11] [12] [16] and placebo [7]
[8] [10] [13] [16] groups. Canagliflozin was reported to have higher rates of hypoglycemia compared to placebo
when combined with other hypoglycemia-associated medications such as insulin [15] or a sulfonylurea [14] [15].
Hypoglycemia occurred significantly less in canagliflozin groups (5% - 6%) compared to the glimepiride treat-
ment group (34%) [9].

3.2. Dapagliflozin

Dapagliflozin, D-glucitol, 1,5-anhydro-1-C-[4-chloro-3-[(4-ethoxyphenyl)methyl]phenyl]-, (1S)-, compounded
with (2S)-1,2-propanediol, hydrate (1:1:1) [2], was rejected by the FDA in January 2012 due to concerns about
the cancer risk seen in studies [17]. However, after reviewing more data on its safety profile, dapagliflozin was
approved by the FDA in early 2014. The pharmacokinetic and pharmacodynamic properties of dapagliflozin are
similar to canagliflozin. Dapagliflozin can be administered without regard to food. The oral bioavailability of
dapagliflozin 10 mg is 78%. Maximum plasma concentration is usually reached within two hours in a fasting
state and administration with a high-fat meal decreases the C.x by up to 50% without altering the AUC, but is
not clinically significant. The terminal half-life is approximately 12.9 hours following a dose of 10 mg. Dapag-



L. R. Volino et al.

Table 1. Canagliflozin trials.

Author (Year)  Study Design  Subjects Methods Results
HbA1LC (%) at 12 Weeks
Baseline LS Mean  Difference

Mean £ SD Change vs. PBO
PBO

(N = 65) 7.75+0.83 -0.22 -
CANA 50 mg P i
(N = 64) 8.00 £ 0.99 0.79
CANA 100 mg PR
(N = 64) 7.83+0.96 0.76 -
CANA 200 mg N " )
(N = 65) 7.61+0.80 0.70
CANA 300 mg _ N )
QD (N = 64) 7.69+1.02 0.92
(Stable dose of MET >3~ CANA300Mg -5 (149 —0.95 -
months) BID (N = 64)
. SITA 100 mg 7.64 +0.95 -0.74" -
Pre-treatment Screening |
Period: 3 - 4 weeks p <0.001 vs. PBO
. FPG (mg/dL) at 12 Weeks
Double-Blind Treatment
Period: 12 weeks Baseline LS Mean  Difference
Mean + SD Change vs. PBO
Group A: PBO
placebo daily (N = 65) 164 +38 3.6 -
Group B: CANA50mg ~ CANAS0 mg 170 + 45 _16.2" ;
) daily (N=64)
Randomized CANA 100
-bli m *
Rosenstock DoF:JIbIett)JImd 45;;;52'5.M Group C: CANA 100 mg (N < 64) 9 168 + 42 -25.2 -
(2012) acebo- — (236M; daily
controlled 215F) CANA 200 mg .
Parallel-group N =65 160+ 37 —21.0 -
Group D: CANA 200 mg ( )
daily CANA 300 mg *
QD (N = 64) 159+ 44 —-25.2 -
Group E: CANA 300 mg CANA 300 mg
once dail _23 4" _
y BID (N = 64) 157 + 34 234
Group F: CANA300mg  SITA 100 mg 158 + 42 -126 -
twice daily .
p <0.001 vs. PBO
Group G: SITA 100 mg Body Weight (kg) at 12 Weeks
daily L300
Baseline P €N Difference
Post-treatment Period: 2 Mean + SD ercent vs. PBO
weeks Change
PBO
(N = 65) 85.9+19.5 -1.1 -
CANA 50 mg oo i
(N = 64) 87.6+16.3 2.3
CANA 100 mg P )
(N = 64) 87.7+155 2.6
CANA 200 mg - i
(N = 65) 87.7+17.0 2.7
CANA 300 mg o )
QD (N = 64) 87.3+159 3.4
CANA 300 mg g i
BID (N = 64) 86.0+19.7 34
SITA 100 mg 87.2+18.0 -0.6 -

"p <0.001 vs. PBO
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Continued
HbA1C (%) at 26 Weeks
Baseline As}I:Ztr?d Difference
Mean + SD ch vs. PBO
ange
PBO
(N = 237) 78+0.8 —-0.03 -
CANA 100 mg . P
(N = 241) 78+0.8 0.6 0.57
CANA 300 mg .
77+08 -0.73 -0.70
Single-blind, Placebo (N =236)
Run-in Period: 2 weeks *p < 0.001 vs. PBO
Double-blind Core FPG (mg/dL) at 26 Weeks
Treatment Period: 26 weeks ;
Baseline Aﬁljlgzt:d Difference
Group A: Mean + SD Change vs. PBO
placebo daily before first
Randomized ~ 714 T2DM meal of day PBO 156.8 + 38.9 74 .
Bode Double-blind with (N =237)
(2013) Placebo- (396M;  Group B: CANA100mg  CANA 100 mg .
controlled 318F) daily before first meal of (N = 241) 1604387  -181 —255
day
CANASOOMG 15354366 203 2T
Group C: CANA 300 mg (N =236)
daily before first meal of *p < 0.001 vs. PBO
da;
Y Body Weight (kg) at 26 Weeks
Double-blind Extension Adjusted
Period: 78 weeks Baseline Mean ~ Mean Difference
+SD Percent vs. PBO
Change
PBO
(N = 237) 91.1+175 0.1 -
CANA 100 mg B oot
(N = 241) 88.4+15.6 2.4 2.3
CANA 300 mg N B
(N = 236) 88.8+17.1 3.1 3.0
“p <0.001 vs. PBO
0,
Single-Blind Run-in Period: HLE e We?ks
2 weeks Baseline  LSMean Diferencevs.
GLIM
Mean+SD Ch +SE
Study Phase: 52 weeks ean ange (95% CI)
GLIM
All groups on stable daily (N = 482) 78+08 -0.81+0.04 -
metformin dose for at least CANA 100 001
10 weeks plus mg _ —0.
(N = 483) 78+038 0.82 +0.04 (-0.11, 0.09)
Randomized Group A:GLIM 1-6mgor caNA 300 m ~0.12
Cefalu Double-blind  5o0,  1-8mgdaily (basedon  (y=sgs) | 7808 ~093£004 (o,n 0
(2013) Active- (756M maximum approved dose in
controlled Non- 694F)’ country of investigational FPG (mg/dL) at 52 Weeks
inferiorit site i
Y ) Baseline LS Mean DIEIEIEE V.
GLIM
Group B: CANA 100 mg Mean+£SD  Change (95% Cl)
daily
NGE%IZ 165.8 + 37.8 -18.4 -
Group C: CANA 300 mg (N =482)
daily CANA 100 mg -5.9
(N = 483) 165.8 +37.8 24.3 (-108,-1.8)
Double-blind Extension
i CANA 300 mg -9.2
Period: 52 week -
eriod: 52 weeks (N=4g5) 1640£360 27.4 (1256, —5.4)
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Continued
Body Weight (kg) at 52 Weeks
; LS Mean  Difference vs.
Baseline
Mean + SD Percentage GLIM
Change + SE (95% ClI)
(NG:%IZ) 86.5+19.8 1.0+£02 -
CA(m a%%)mg 86.9+201 —42+02 (75_75'3 .7
CA(NQ i%%)mg 86.6+195 -47%02 (_6_25'35 n
“p <0.0001 vs. GLIM
HbA1C (%) at 12 Weeks
Baseline Adjusted  Difference vs.
Mean £ SD Mean Change PBO
PBO
(N=75) 7.99+0.77 0.11 -
CANA 50 mg P i
(N =82) 8.13+0.78 0.61
CANA 100 A antt i
mg (N = 74) 8.05 +0.86 0.80
CANA 200 _ *t )
mg (N = 76) 8.11+0.88 0.79
CANA 300 A aart i
mg (N = 75) 8.17+0.81 0.88
Washout Period: 8 weeks +, . 9 01 vs. PBO
Single-blind Run-in Period: p=RULVs
4 weeks 'p < 0.05 vs. CANA 50 mg
Double-Blind FPG (mg/dL) at 12 Weeks
Treatment Period: 12 weeks Baseline Adjusted  Difference vs.
Mean £ SD Mean Change PBO
GrOup A: PBO
placebo daily (N=75) 170.7+31.9 -3 -
Randomized . CANA 50 mg -
Inagaki Double-blind 382 TZD,M Group B: CANA 50 (N=82) 161.4 £ 34.6 —24.7 °
(260M; mg daily
(2013) Placebo-
controlled ~ 122F) CANALO0 4104321  -331 -
Group C: CANA 100 mg (N = 74) R '
mg daily CANA 200 *t
mg (N = 76) 165.9+31.4 -36.1 -

Group D: CANA 200

; CANA 300 N it )
mg daily mg (N = 75) 169.1 £ 34.2 38.3
Group E: CANA 300  "p <0.01vs. PBO
mg daily "5 < 0.01 vs. CANA 50 mg
Follow-up Visit: 2 weeks Body Weight (kg) at 12 Weeks
Baseline Adjusted  Difference vs.
Mean £ SD Mean Change PBO
PBO
(N = 75) 72.56 + 15.36 -0.78 -
CANA 50 mg 1 oot i
(N = 82) 65.77 £ 13.56 1.98
CANA 100 N
mg (N = 74) 68.61 + 14.86 —2.51 -
CANA 200 .
mg (N = 76) 68.97 £ 14.50 -2.39 -
CANA 300 .
mg (N = 75) 71.30 +12.19 -3.19 -

“p <0.01vs. PBO
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Continued
HbALC (%) at 26 Weeks
Baseline LS Mean lefeF[eBrg:e vs.
Mean £ SD  Change + SE (95% Cl)
(NP:BJ%S) 8.0%0.9 —0.17 £ 0.06 -
SITA 100 mg N -0.66"
(N = 366) 79+09 0.82 +0.04 (-0.80, ~0.52)
CANA 100 -0.62"
mg (N = 368) 79409  -0.79+0.04 (-0.76. ~0.48)
CANA 300 -0.77"
mg (N = 367) 7909 -094+0.04 (-091, ~0.64)
“p <0.001 vs. PBO
MET and SU Dose "Statistical comparison vs. PBO not performed (not
Titration/Stabilization/ ~ pre-specified)
Washout Period: up to 10 FPG dL) at 26 Week
weeks (if applicable) (mgfdL) at 26 Weeks
Single-blind, Placebo Baseline LS Mean DlﬁeFEeBn(ge ®
Run-in Period: 2 weeks Mean:+SD  Change + SE (95% ClI)
PBO
Double-blind, (N=1g3) 1640%378 18:18 -
Placebo- and SITA 100 -
Active-controlled mg _ —23.
Treatment Period I: 26 (N =366) 1694414 ~198x18 (—28.8,-16.2)
weeks CANA 100 -30.6"
_ mg (N = 368) 1676+414 -270x138 (-36.0, -23.4)
Randomized Group A: placebo daily CANA 300 396"
. Double-blind 1730+450 -378+18 , .~
Cla-gr\sz!iIIZZ Parallel-group Group B: SITA100mg Mg (N =367) (-46.8,-34.2)
Placebo- and daily *n < 0.001 vs. PBO
(2013) Active- P
controlled Group C: CANA 100 mg "Statistical comparison vs. PBO not performed (not
daily pre-specified)
G D: CANA 300 Body Weight (kg) at 26 Weeks
roup D: m
P dail ’ . LS Mean  Difference vs.
y Baseline P
Mean + SD ercent PBO
Double-blind, Change + SE (95% ClI)
Active-controlled PBO
Treatment Period I1: 26 (N = 183) 86.6+224 -12+03 -
weeks (Groups B-D
remained the same. Group  SITA 100 mg B 0.0
A (placebo) switchedto ~ (N=366) o1/ £216  “12£02 46006
SITA 100 mg daily) CANA 100 iy
_ 88.8 +22.2 -3.7%0.2 '
Follow-up Period: 4 weeks mg (N = 368) (-3.1,-19)
CANA 300 -2.9"
mg (N = 367) 854+209 —-42x02 (-35,-2.3)

“p <0.001 vs. PBO

"Statistical comparison vs. PBO not performed (not
pre-specified)

HbALC (%) at 52 Weeks
Difference vs.

Baseline
Mean + SD
SITA 100 mg
(N=366)  79%09
CANA 100
mg(N=368) °*09

LS Mean
SITA
Change + SE (95% Cl)
-0.73 £ 0.05 -
0.00
-0.73+0.05 (£0.12,0.12)
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Continued
CANA 300 -0.15
mg (N = 367) 7909 -0.88+0.05 (-0.27,-0.03)
FPG (mg/dL) at 52 Weeks
Baseline LS Mean lefgr?;e vs.
Mean + SD Change £ SE (95% Cl)
S'&Azlggs';“g 1676+414 -180+18 -
CANA 100 -9.0"
mg (N =368) 1694t4L4 27018 1,040
CANA 300 -18.0"
mg (N = 367) 173.0+45.0 -36.0+1.8 (-21.6, -12.6)
“p <0.001 vs. SITA
Body Weight (kg) at 52 Weeks
Baseline LS Mean  Difference vs.
Percent SITA
Mean£SD  change+SE  (95% CI)
SNl 877216 13202 :
CANA 100 -2.4"
mg (N=365) 888%222 -38x02 5074
CANA 300 -2.9"
mg (N=360) G54%209  —42:02 4,7, 4
“p<0.001 vs. SITA
HbA1C (%) at 52 Weeks
Baseline LS Mean DUTETEITE 15
Mean + SD Change S
- (95% CI)
SNigg Blx0s 066 :
MET and SU Adjustment
i ; CANA 300 -0.37
Period (if applicable): up to 8.1+0.9 -1.03
( o UpTo (N = 377) (-0.50, —0.25)
('(;‘gs':ds 'tf;% If;”pi-r\ifgzgk FPG (mg/dL) at 52 Weeks
Baseline LS Mean  Difference vs.
Single-blind, Placebo Mean Change SITA
Rendomized o oo UM POOBZWERKS giratoomg e iine sg ]
Schernthaner Double-blind . . (N =2378) e '
: (422M; Double-blind
(2013) Active- 333F T iod: 52 K
lled ) reatment Period: 52 weeks  cANA 300 .
contro mg (N = 377) 169.4 +42.4 -29.9 -24.1

Group A: SITA 100 mg
daily

Group B: CANA 300 mg
daily

Follow-up Period: 4 weeks

“p<0.001 vs. SITA
Body Weight (kg) at 52 Weeks

. LS Mean  Difference vs.
B:/slgg;rr:e Percent SITA
Change (95% ClI)
SITA
(N = 378) 89.1+23.2 0.3 -
CANA 300
mg (N = 377) 87.4+£232 2.5 2.8

“p <0.001 vs. SITA
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Continued
HbALC (%) at 26 Weeks
Baseline LI;S Mean lefeF[eBrg:e Vs.
Mean + SD ercent
Change (95% Cl)
PBO
(N = 192) 8.0+£1.0 0.14 -
CANA 100 -0.91"
mg(N=195) ©o1*10 07T 11 07
AHA Washout/Dietand ~ CANA 300 B -1.16"
Exercise Period: 8 weeks mg (N =197) 80£10 1.03 (-1.3,-1.0)
Single-blind Placebo P < 0-00% vs- PBO
Run-in period: 2 weeks FPG (mg/dL) at 26 Weeks
Double-blind, Baseline  LSMean  Differencevs
Placebo-controlled Mean + SD Change (95% Cl)
Randomized Treatment Period: 26 weeks
PBO
Stenlof ~ Double-blind o 20 _ h 167.6+37.8 9 -
(258M; Group A: (N=192)
(2013) Placebo- — “3o6F) placebo daily -
controlled CANA 100 173.0 + 43.2 97 —-36.0
mg (N = 195) R (-41.4,-28.8)
Group B: R
CANA 100 mg daily CANA 300 _ —43.2
mg (N = 197) 173.0£43.2 34.2 (-50.5, -36.0)
GroupC:  "p< 0,001 vs. PBO
CANA 300 mg daily
Body Weight (kg) at 26 Weeks
Double-blind . LS Mean  Difference vs.
Extension Period: 26 weeks Baseline Percent PBO
Mean£SD  cpange  (95% Cl)
PBO
(N=192) B876%195 -06 -
CANA 100 -2.2"
mg (N = 195) 85.8+21.4 -2.8 (-2.9.-16)
CANA 300 -33
mg(N=197) 869%205 =38 45 06
“p <0.001 vs. PBO
HbA1C (%) at 26 Weeks
MET and SU Maximum .
Effective Dose Pretreatment Baseline LS Mean lefeFEeBrg:e VB
Period: up to 12 weeks Mean + SD Change 95% Cl
(dose titration up to 4 (95% CI)
weeks; stable dose for 8 PBO _
weeks) (N=156) 8109 0.13 ;
Single-blind, Placebo ~ “ARNAL g7 409 085 o0 e
Run-in Period: 2 weeks 9 (N =157) (-0.90, -0.52)
CANA 300 -0.92"
Randomized Double-blind Treatment  mg (N = 156) 8109 ~1.06 (-1.11,-0.73)
Wilding Double-blind 469 T2D Period: 26 weeks .
(239M; ’ p <0.001 vs. PBO
(2013) Placebo- 230F)
controlled Group A: placebo daily FPG (mg/dL) at 26 Weeks
before first meal Difference vs
Baseline LS Mean PBO ’
Group B: CANA 100 mg Mean + SD Change (95% Cl)
daily before first meal 0
PBO
Group C: CANA300mg ~ (N=156) 1094396 36 -
daily before first meal Coq %
ngA(HA: 11%3) 1730414 18 (—3o.§1f12.6)
Double-blind Extension n
Period: 26 weeks CANA 300 B -34.2
mg (N = 156) 167.6 +37.8 30.6 (-43.2, -25.2)
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Continued
“p <0.001 vs. PBO
Body Weight (kg) at 26 Weeks
Baseline LS Mean  Difference vs.
Mean + SD Percent PBO
- Change (95% ClI)
PBO
(N = 156) 91.2+22.6 -0.7 -
CANA 100 -1.4"
mg (N = 157) 93.8+22.6 -2.1 (-2.1,-07)
CANA 300 -2.0"
mg (N = 156) 93.5+22.0 2.6 (-27,-13)
“p <0.001 vs. PBO
HbALC (%) at 52 Weeks
Baseline LS Mean lefeFEeBrg:e vs.
Mean + SD Change (95% Cl)
PBO
(N = 156) 81+09 0.01 -
CANA 100 mg N -0.75
(N =157) 81+09 0.74 (-0.95, —0.55)
CANA 300 mg N -0.97
(N=156) 103 0.9 (117,-0.77)
FPG (mg/dL) at 52 Weeks
Baseline LS Mean DIHEIEIEE VS,
Mean + SD Change PE
- (95% Cl)
PBO
(N = 156) 169.4 + 39.6 10.8 -
CANA 100 mg B —28.8
(N = 157) 1730414 19.8 (-37.8, -19.8)
CANA 300 mg B -37.8
(N = 156) 167.6 +37.8 27 (-46.8, -28.8)
Body Weight (kg) at 52 Weeks
Baseline LS Mean  Difference vs.
Mean + SD Percent PBO
- Change (95% ClI)
PBO
(N = 156) 91.2+22.6 -0.9 -
CANA 100 mg _ -13
(N = 157) 93.8+22.6 2.2 (-2.1,-05)
CANA 300 mg » -2.2
(N = 156) 935+22.0 3.2 (-3.0, -1.4)
AHA Dose Titration Period HbALC (%) at 26 Weeks
if required): up to 4 weeks i
(ifreq )- up Baseline LS Mean Dlﬁeggrge vs.
269 T2DM AHA Dose Stable Period (if Mean+SD  Change (95% CI)
with required): 8 weeks PBO
Randomized chronic (N = 90) 8.0+0.9 -0.03 -
Yale Double-blind Kidne Single-blind, Placebo - .
(2013) Placebo- diseas)é Run-in Period: 2 weeks ~ CANA100mg o, g 033 —0.30
controlled (163M: (N =90) e ' (-0.5,-0.1)
’ Double-blind Core CANA 300 mg —0.40™
106F) Treatment Period: 26 weeks (N =89) 80+08 —0.44 (-0.6,-0.2)
Group A: “p < 0.05 vs. PBO
placebo daily **p <0.001 vs. PBO
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Continued
FPG (mg/dL) at 26 Weeks
Baseline LS Mean lefeF[eBrg:e vs.
Mean + SD Change (95% Cl)
PBO
(N = 90) 160.4 +43.2 0.5 -
CANA 100 mg B -15.4
(N = 90) 169.4 + 46.3 14.9 (-28.5,-2.3)
CANA 300 mg 3 -12.2"
_ (N = 89) 158.6 + 58.0 11.7 (254, 1.0)
Group B: CANA 100 mg
daily “p=NS for CANA vs. PBO
Fepari ai . .
Group C: CANA 300 mg Stat'lstl'cql comparison vs. PBO not performed owing to
daily multiplicity control
Body Weight (kg) at 26 Weeks
Double-blind Extension .
Period: 26 weeks Baseline LPSe :\(/:I:r?tn Dlﬁegeérge vs.
Mean£SD  Crange  (95% Cl)
PBO
(N = 90) 92.8+17.4 0.3 -
CANA 100 mg B -16'
(N = 90) 90.5+18.4 1.2 (-23.-08)
CANA 300 mg _ -1.8'
(N = 89) 90.2+18.1 15 (-2.6,-1.0)
"Statistical comparison for CANA vs. PBO not performed
(not prespecified)
HbA1C (%) at 26 Weeks
Baseline LS Mean Difference vs.
Mean + SD Ch PB
Single-blind, Placebo ean ange ©
Run-in Period: 2 weeks PBO/SITA _ )
(N = 115) 8.0+10 0.26
Double-blind
' CANA 100 mi «
Placebo-Controlled Core (N = 113) 9 80x009 -0.89 —0.62
Treatment CANA 300
Period: 26 weeks mg _ _076"
(N = 114) 79+0.9 1.03 0.76
IG"’S’P Ofil "p<0.001 vs. PBO
placebo daily
FPG (mg/dL) at 26 Weeks
) Group B: CANA 100 mg Baseline LS Mean  Difference vs.
Randomized daily Mean Change PBO
Forst Double-blind 342 T2DM
Active- 126F) daily (N =115)
controlled CANA 100 m .
Double-blind (N = 113) 9 169.4 + 39.6 —26.8 -29.4
Active-control Extension CANA 300
Period: 26 weeks mg _ 357
(N = 114) 164.0+41.4 33.2 35.7
Group A: “p <0.001 vs. PBO

SITA 100 mg daily
Body Weight (kg) at 26 Weeks

Group B: CANA 100 mg . LS Mean )
daily Baseline P t Difference vs.
Mean+SD oo PBO
Change
Group C: CANA 300 mg PRO/SITA
dail - -
y (N = 115) 93.8+224 01
CANA 100 mg » oo
(N = 113) 94.2+222 2.8 2.7
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Continued

CANA 300 mg
(N=114) ~ 944£259

"p < 0.001 vs. PBO

-3.8 -3.7

HbA1C (%) at 52 Weeks
LS Mean LS Mean

Baseline
Change Change
Mean£SD o5 Cr)  (95% CI)
PBO/SITA
(N =115) 8.0£10 - -
CANA 100 mg -0.92
(N=113)  80%09 (1050790 -
CANA 300 mg -1.03
(N = 114) 79%09 117 -0.89)
FPG (mg/dL) at 52 Weeks
Baseline L(:thlegin Difference
Mean (95% Cl) vs. PBO
PBO/SITA
(N = 115) 164.0 + 39.6 - -
CANA 100 mg —26.7
(N=113) 1094%396 4 519
CANA 300 mg -31.5
(N=114)  1640%4L4 075 o5 )
Body Weight (kg) at 52 Weeks
LS Mean
Baseline Percent Difference
Mean Change vs. PBO
(95% CI)
PBO/SITA
(N=115  938%224 - -
CANA 100 mg —2.7
(N=113)  242%222 (36719 -
CANA 300 mg -3.7
(N=114)  44ED9 46 90 -

95% CI = 95% confidence interval; AHA = antihyperglycemic agent; AM = morning; CANA = canagliflozin; F = Female; FPG = Fasting Plasma
Glucose; GLIM = glimepiride; HbA1C = hemoglobin A1C; LS = least squares; M = Male; MET = metformin; NS = not significant; PBO = placebo;
SD = standard deviation; SE = standard error; SITA = sitagliptin; SU = sulfonylurea; T2DM = Type 2 Diabetes Mellitus Patients

liflozin is 91% protein bound, which is unchanged in patients with renal or hepatic impairment. It is metabolized
primarily by UGT1A9 with minor CYP-activity and is eliminated mainly through the kidneys. At steady state,
T2DM patients with mild, moderate, or severe renal impairment (determined by estimated glomerular filtration
rate (eGFR)) experience 45% to 3-fold higher systemic exposure of the drug without a corresponding higher
24-hour urinary glucose excretion. The steady state 24-hour urinary glucose excretion is 42% - 90% lower in
these patients [2].

Dapagliflozin is not recommended in patients with moderate renal impairment as improvement in glycemic
control was not seen in this population. Additionally, dapagliflozin is not expected to be effective in patients
with severe renal impairment or end stage renal disease (ESRD). Dapagliflozin is contraindicated in these popu-
lations along with patients on dialysis. According to Child-Pugh class grading, mild, moderate, and severe he-
patic impairment do not warrant dose adjustments with dapagliflozin, but the risk-benefit for use in patients with
severe impairment should be individually assessed as the safety and efficacy have not been specifically studied
in this population [2].

Overall, 11 studies assessing the use of dapagliflozin in T2DM were identified (Table 2) [18]-[28]. The ma-
jority of trials evaluated the effectiveness of dapagliflozin as add-on therapy to standard treatments [18] [20] [22]
[24]-[28]. The time period for the 11 studies ranged from 12 to 102 weeks, and investigators used dapagliflozin
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doses of 1 - 20 mg [18]-[28]. Dapagliflozin consistently showed statistically significant decreases in mean
HbA1C (%) compared to control groups [18]-[23] [25] [26] [28]. The largest difference in HbA1C (%) reduc-
tion between dapagliflozin and placebo groups was —0.84% after 24 weeks of treatment with dapagliflozin 5 mg
[19]. No difference in the adjusted mean change in HbAL1C (%) from baseline between the dapagliflozin and
glipizide groups was observed in a 52-week study, which concluded that dapagliflozin was statistically noninfe-
rior to glipizide [24]. A few trials found a statistically significant difference in patients achieving an HbA1C of
<7% at the end of the study period in the dapagliflozin treatment groups compared to placebo [18]-[20] [22] [26].

The majority of studies found a statistically significant decrease with mean FPG in dapagliflozin treatment
groups compared to control groups [18]-[23] [25] [26] [28]. Three of the four studies that assessed 2-h PPG after
an oral glucose tolerance test (OGTT) found statistically significant decreases in dapagliflozin groups compared
to control groups [19] [25] [26]. Although [27] did not report statistical significance, 2-h PPG was found to be
lower in the dapagliflozin groups. All studies found a greater decrease in body weight after treatment with da-
pagliflozin compared to the control [18]-[28].

The most common adverse events were diarrhea, headache, nasopharyngitis, upper respiratory tract infection,
urinary tract infection, influenza, back pain, hypertension, cough, and arthralgia [18]-[28]. Nine trials docu-
mented >55% of subjects experiencing at least one adverse event but <10% of subjects discontinued a study due
to an adverse event [18]-[22] [24] [25] [27] [28]. Fewer adverse events overall were reported by [23] (38.9% -
53.8%) and [26] (47.3% - 51.9%). Of the reported events, approximately 25% or fewer were determined to be
drug-related in five trials [18]-[20] [22] [26]. The overall incidence of urinary and genital tract infections was
low (<15%), but more common in dapagliflozin groups compared to control groups [18]-[25] [27] [28]. In five
of the studies, the events were reported as mild or moderate and responded adequately to treatment [18]-[21]
[26]. Among four other trials, there was a total of 12 patients who withdrew from the study because of a UTI or
genital infection [24]-[26] [28].

Hypoglycemic events did not occur frequently (<10%) or severely and were similar to placebo or treatment
groups in most studies [18]-[23] [25]. The incidence of hypoglycemia was higher in treatment groups using da-
pagliflozin with hypoglycemia-associated medications such as insulin (25% - 29.2% versus 13% in placebo)
[28], insulin with insulin-sensitizers (53.6% - 60.4% versus 51.8% in placebo) [27] and sulfonylureas (6.9% -
7.9% versus 4.8% in placebo) [26]. A serious adverse event related to hypoglycemia was also reported for da-
pagliflozin 5 mg [28]. A significantly higher proportion of patients experienced hypoglycemia on glipizide
(40.8%) compared to dapagliflozin (3.5%) with six episodes of hypoglycemia leading to discontinuation in the
glipizide group [24].

Blood pressure was also monitored in trials. Some studies reported that systolic blood pressure was slightly
reduced in both dapagliflozin and control groups [18] [21] [22] [26] [28], while others reported that it was lo-
wered only in dapagliflozin treatment groups compared to control groups [19] [20] [23]-[25] [27]. Overall, most
studies found that dapagliflozin treatment was associated with only a few incidences of hypotension (<5%)
[18]-[22] [24] [28]. An incidence of syncope was reported in a patient receiving dapagliflozin 10 mg [26], while
an episode of severe hypotension was noted in a patient on dapagliflozin 5 mg [19].

3.3. Empagliflozin

Approved by the FDA in August 2014, empagliflozin, D-Glucitol,1,5-anhydro-1-C-[4-chloro-3-[[4-[[(3S)-te-
trahydro-3-furanyl]oxy]phenyllmethyl]phenyl]-, (1S), is the newest SGLT2 inhibitor to enter the market. Simi-
lar to the other available agents, empagliflozin is approved for use in T2DM patients, as an adjunct to diet and
exercise [3]. Plasma concentrations peak at approximately 1.5 hours post-oral administration [3] [29] with a re-
duction in AUC (16%) and C.x (37%) when taken after a high-fat and high-calorie meal. Although reductions
in systemic exposure were noted, the impact on clinical outcomes was not deemed significant. As a result, em-
pagliflozin may be taken with or without food. Empagliflozin has a plasma protein binding of roughly 86%.
Metabolism occurs primarily via glucuronidation with minimal metabolite exposure. The terminal half-life of
empagliflozin is 12.4 hours. Empagliflozin is primarily eliminatedrenally. Increases in AUC have occurred in
patients with renal impairment, kidney failure or ESRD. Empagliflozin is contraindicated in severe renal im-
pairment, ESRD, or dialysis [3].

The impact on plasma concentration varies based on the degree of renal and hepatic impairment. Patients with
moderate renal impairment, kidney failure, or ESRD have peak plasma concentrations comparable to patients
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Table 2. Dapagliflozin trials.

Author . .
(Year) Study Design Subjects Methods Results
HbA1C (%) at 12 Weeks
I s Aéjrj;usted (I;/Iean Difference vs
Baseline Mean + SD ange (95% \
cl) PBO (95% ClI)
0.03
PBO (N =23) 84+09 -
(-0.2, 0.4)
-0.61 -0.7
DAPA:lO mg 8440
(N=24) (-0.9,-04)  (-1.1,-0.3)
Stabilization of ~ DAPA 20 mg 8540 -0.69 -0.78
Insulin Sensitizer (N=24) ' (-0.9, —0.4) (-1.2, -0.4)
Therapy and
Insulin: >6 weeks FPG (mg/dL) at 12 Weeks
) V‘t"th '??Ul'ilz Adjusted Mean e
reatment 1or =~ i 0, :
weoks Baseline Mean + SD Changei)(%m PBO (95% Cl)
-bli 17.8
Randomized Trga(t’r‘;t;'st t,’jlérr‘lid PBO(N=23)  1659+515 -
Wilding Double-blind 71 T2DM 12 weeks ) (1.4,34.2)
controlled G A 156.0 £ 39.0
roup A: (N=24) (-136,18.3)  (-38.4,7.5)
placebo daily +
insulin -9.6 -27.4
DAPA 20 mg »
Group B: DAPA10 (N = 24) 1616£55.0 (725.6,6.3)
mg daily + insulin (-50.3, —4.6)
Group C: DAPA 20 Body Weight (kg) at 12 Week_s
mg daily + insulin Adjusted Mean Difference vs.
Baseline Mean + SD  Change (95% PBO
Cl) (95% CI)
-1.9
PBO (N =23) 101.8+16.5 -
(-2.9,-0.9)
-4.5 2.6
DAPALOMG 15344102
(N=24) (-5.5,-35)  (-4.0,-1.2)
—4.3 —2.4
DAPA20MG 14154153
(N=24) (-5.3,-33)  (-3.8,-1.0)
Single-blind, HbA1C (%) at 24 Weeks
Placebo Lead-in .
P Adjusted Mean .
Period : 2 weeks . Difference vs.
0,
Baseline Mean + SD Chan(g:ei)(%A) PBO (95% Cl)
Double-blind
Treatment Period: -0.3
24 weeks PBO (N = 137) 8.11+0.96 (044, 0.16) -
Randomized (ﬁ:l groupzon ) N ‘r
. stable MET dose -0.67"
. Double-blind DAPA 2.5 mg
Bailey 546 T2DM - 7.99+0.90 -
(2010) Parslléilegé?up (292M; 254F) Group A: placebo + (N=137) (-0.81,-0.53)
MET daily in AM —0.70"t
Controlled DAPA 5 mg 8.17 +0.96 : )
GroupB: DAPA  (N=187) (~0.85, ~0.56)
25mg+ MET —0.84™"
s DAPA 10 mg :
daily in AM _ 7.92+£0.82 -
(N=135) (-0.98, —0.70)
GrOUp C: DAPA 5 *p =0.0002
mg + MET daily in o
AM p < 0.0001
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Continued
'Significant vs. PBO at o = 0.019 applying Dunnett’s adjustment
FPG (mg/dL) at 24 Weeks
Baseline Mean + Acdrjlg;te: (l;/l;;n Difference vs.
SD 3» ®  PBO (95% ClI)
-5.9
PBO (N =137) 165.6 + 46.3 -
(-11.2,-0.7)
*t
DAPA 2.5 mg -17.8
(N = 137) 161.4 +43.1 (-23.1,-12.0) -
t
DAPA 5 mg —214
(N =137) 10925490 68 -162) )
ot
DAPA 10 mg —234
(N =135) 190038 oes, 180) _
Group D: DAPA 10 e '
mg + MET daily in *p = 0.0019
AM -
p <0.0001
Double-blind  tsjgnificant after sequential testing procedure at o=0.05
Extension Period: .
to 102 weeks (refer Body Weight (kg) at 24 Weeks
to Bailey 2013 i
Y ) Baseline Mean + Acdrjlgztges (';A;,Zn Difference vs.
SD cl) PBO
-0.9
PBO (N =137) 87.7+19.2 -
(-1.4,-0.4)
T
DAPA 2.5 mg 22
(N = 137) 849+178 (27, 18) -
N
DAPA 5 mg —30
(N = 137) 84.7+16.3 (-35,-256) -
N
DAPA 10 mg —29
(N = 135) 86.3+17.5 (33, -2.4) -
“p < 0.0001
'Significant after sequential testing procedure at «=0.05
Diet/exercise HbA1C (%) at 24 Weeks
Placebo Lead-in n Adjusted Mean .
Period: 2 weeks BaselmSeDMean * Change (95% lefeFEeBrg:e vs.
(1 week for patients Cl)
with enrollment 023
HDAIC10.1% - ppoN=75) 784087 ' -
12%) (-0.43,-0.02)
Total: 558
Randomized T2DM Double-blind DAPA 2.5 mg —0.58
.. Double-blind  (276M; 282F) Placebo Controlled (N = 65) 7.92£0.90 an -
Ferrannini - . (—0.80, —0.36)
(2010) Parallel-group Main AM  Treatment Period: R
Placebo- Cohort: 24 weeks DAPA 5 mg -0.77
controlled 274 T2DM (N = 64) 7.86+0.94 069 —055 -
(132M; 142F)  Patients with (-0.99,-0.55)
HbALC 7.0% - 10% -0.89"
DAPA 10 m
entered main AM (N = 70) 9 8.01+0.96 -
cohort groups: (-1.10,-0.67)
“p =0.0005 vs. PBO
Group A: placebo
dailyin AM  "p <0.0001 vs. PBO
FPG (mg/dL) at 24 Weeks
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Continued
Baseline Mean + PRI B Difference vs.
Change (95%
SD PBO
Cl)
—-4.1
PBO (N = 75) 159.9+42.1
(-11.8, 3.5)
—15.2
DAPA25MI 16414480 -
(N =65) (-23.5,-7.0)
-24.1"
D'S\FI’ A g’ 4';‘9 162.2 +45.0
Group B: DAPA - (-32.5,-15.6)
2.5 mg daily in AM -28.8™
DA(\IF\]A= 17%)mg 1000245 368,209 )
Group C: DAPAS (736.8,-209)
mg daily in AM  p <0.001
Group D: DAPA 10 p <0.0001 (o = 0.019 [two-sided] applyinh Dunnett adjustment)
mg daily in AM Body Weight (kg) at 24 Weeks
(Exploratory cohort Baseline Mean + LB e Difference vs.
Change (95%
assessments not SD PBO
- )
included)
22
PBO (N = 75) 88.8+19.0
(-3.3,-1.3)
-33
DAPA_2.5 mg 908 +228
(N =65) (-4.2,-2.3)
DAPA 5 mg -28
87.6+17.1
(N=164) (-3.8,-1.9)
-3.2
DAPALOMG 9451187 -
(N=70) (-4.0, -2.3)
HbA1C (%) at 52 Weeks
MET Stabilization : Adjusted Mean .
O Baseline Mean + 9 Difference vs.
Period: 8 weeks D Cha”g‘i)(% % GLIP (95% CI)
Single-blind, 052
Placebo Lead-in NG-Lzllzl 7.7+0.9 -
Period: 2 weeks (N =401) (-0.60, 0.44)
DAPA -0.52 0
Double-blind N = 400 7.7+09 3 3
Treatment Period: ( ) (F060,0.44)  (-0.11,0.11)
52 weeks (18-week FPG (mg/dL) at 52 Weeks
tltéatlonkp_ertlod V‘I"th Adjusted Mean Difference vs.
. WeeK Intervals Baseline Mean Change GLIP
Randomized and 34-week (95% Cly (95% ClIy
Double-blind maintenance
Nauck  Parallel-group 801 T2DM period) GLIP 16404414 -18.7
(2011) Active- (441M; 360F) (N =401) R (-22.0, -17.7)
controlled Group A: DAPA 293 36
Noninferiority 2.5mg, titrated to 5~ DAPA 1622 +37.8 : :
or 10 mgif FPG> (N =400) (-25.6,-19.3)  (~7.9,0.9)
6.1 mmol/L + .
metformin Body Weight (kg) at 52 Weeks
Adjusted Mean Difference vs.
Group B Baseline Mean Change GLIP
GLIP 5 mg, titrated (95% ClI) (95% ClI)
to 10 or 20 mg if 1.44
FPG>6.1mmoL  CGLIP 87.6 ' )
+ metformin (N'=401) (1.09, 1.78)
Extension Period: DAPA 88.4 322 465
156 weeks (N = 400) (-3.56, —2.87) (-5.14,-4.17)
“p < 0.0001 vs. GLIP
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Continued
HbALC (%) at 24 Weeks
Baseline Mean £  Adjusted Mean lefeF[eBrg:e vs.
SD Change (95% Cl)
PBO (N = 145) 8.15+0.74 -0.13 -
DAPA 2.5 mg -0.44°
8.11+0.75 —0.58
(N =154) (-0.61, -0.27)
-0.49"
D&Pjﬁg)\g 8.12+0.78 ~0.63 067 05
Open-label, Lead in (087, R )
Period: 8 weeks of DAPA 10 mg —0.68
i 8.07+0.79 -0.82
GLIM daily (N = 151) (~0.86, —0.51)
Qualification ~ "p < 0.0001 vs. PBO at o = 0.019 applying Dunnett’s adjustment
Period: 1 week FPG (mg/dL) at 24 Weeks
Plalggt;jcl))—lce;)lrjlltlrr:)clile d Baseline Mean +  Adjusted Mean le‘feFEeBrl():e vs.
Treatment Period: = CUETE (95% Cl)
24weeks  ppo(N=145) 17264373 -2 -
Group A: placebo  papa 2.5m -15
before first meal of (= j5gy 1723384 -168 sig 70
Randomized day + GLIM (-218,-7.9)
. Double-blind -19.3"
?;r&il)( Parallel-group (258952MT23%';AF) Group B: DAPA D(ﬁlpf‘l‘zgg 1744 +38.2 -213
Placebo- ' 2.5 mg daily before (-26.3,-12.3)
Controlled first meal of day + 265"
GLIM DAPALOMG 17514368 285
(N =151) (-33.5,-19.5)
Group C DAPA 5 *p < 0.0001 vs. PBO
mg daily before -
first meal of day + Body Weight (kg) at 24 Weeks
GLIM .
. Difference vs.
n Adjusted Mean
Group D: DAPA 10 Baseline Mean Change (QSP;%I)
mg daily before
first meal of day + PBO (N = 145) 80.94 -0.72 -
GLIM N
DAPA 2.5 mg 81,80 118 —0.46
Extension Period: (N =154) ‘ ' (~1.08, 0.15)
24 weeks x
DAPA 5 mg 81 156 —0.84
(N = 142) ' (-1.47,-0.21)
DAPA 10 mg -1547
80.56 —2.26
(N =151) (-2.17,-0.92)
“p =0.1410 vs. PBO
“p =0.0091 vs. PBO (significant after sequential testing procedure at o
=0.05)
"p < 0.0001 vs. PBO (significant after sequential testing procedure at
a=0.05)
HbA1C (%) at 24 Weeks
Qualification . Adjusted Mean  Difference vs
Randomized Period: 2 weeks BasellrgaDMean t Change PBO
Bailey o oy Z2TDM Eooc) Eooc)
(2012) group 141M: 141F) Y ' 0.02
Placebo- Placebo Lead-in PBO (N = 68) 784112 . i
controlled ;S\::agdk:s (-0.22, 0.25)
D'(A,\T A %“g 784098 -0.68 ~0.69°
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Continued

Double-blind
Treatment Period:
24 weeks

Group A: placebo
daily with morning
meal

Group B: DAPA1
mg daily with
morning meal

Group C: DAPA
2.5 mg daily with
morning meal

Group D: DAPA 5

(-0.91,-0.45) (-1.02,-0.37)
-0.72 -0.74"
DAPA 2.5 mg 8.1+ 107
(N=74) (-0.95,-0.49) (-1.07,-0.41)
-0.82 -0.84
DAPA 5 mg 7.9+1.03
(N =68) (-1.06,-0.58) (~1.17,-0.50)
“p < 0.0001 vs. PBO
FPG (mg/dL) at 24 Weeks
Baseline Mean + Adjlésr:(:rj]gl\élean lefeF:Erg:e VS.
SD (95% Cl) (95% Cl)
41
PBO (N = 68) 161.6 £57.5 -
(-4.1,12.4)
-11 -15.1"
DA,\T A %zmg 155.5 + 48.3
(N=72) (-19.1,-31)  (-26.7,-3.6)
-21.6 -25.8"
DAPA25MG 15954515
(N=74) (-29.5,-13.7) (-37.1,-14.2)
—-285 -32.6"
DAPASMG 45714416
(N =68) (-36.8,-20.2) (~44.3,-20.7)

“p =0.0103 vs. PBO
“p <0.0001 vs. PBO
Body Weight (kg) at 24 Weeks

mg daily with . .
- n Adjusted Mean Difference vs.
morning meal BaselmSeDMean + Change PRO
Safety-assessment B ED B ED
Follow-up Period: —0.96
4 k PBO (N =68 90.0+£17.98 -
weeks ( ) (174, -0.19)
-2.69 -1.73"
DAPA 1 mg 88.2 + 18.49
(N=72) (-3.44,-1.94) (-2.81,-0.65)
-2.64 -1.68"
DAPA25MG 84341818
(N=74) (-3.38,-1.90) (~2.76, —0.60)
-2.69 -1.73™
DAPASMG 5441943
(N =168) (-3.47,-1.91) (-2.83,-0.63)
“p =0.0018 vs. PBO
“p =0.0024 vs. PBO
“p =0.0022 vs. PBO
Single-blind HbALC (%) at 24 Weeks - Study |
Placebo Lead-in ) .
Period: Baseline Adjusted Mean Difference vs.
1 week Mean + SD Change Monotherapy
- (95% ClI) (95% ClI)
Two Randomized 1236 Double-blind
Henry Double-blind T2DM Treatment Period: MET + PBO 92+13 -135
(2012) Active- : 24 weeks (N=201) (-1.53,-1.18)
(573M; 663F)
controlled .
Study I: ~0.86
Group A: METXR DAPASmg+MET o, 4 2,05 (-1.11,-0.62)
+ placebo (N =194) T (-2.23,-1.88) 070"
combination with :
evening meal (-0.94, -0.45)
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Continued

DAPA 5 mg + PBO
(N =203)

MET + PBO
(N = 208)

DAPA 10 mg +
MET
(N =211)

DAPA 10 mg + PBO

(N = 219)

-1.19

9114 136 1.02)

HbALC (%) at 24 Weeks - Study 11

Adjusted Mean Difference vs.

Baseline
Change Monotherapy
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Baseline Mean Adjusted Mean Difference vs.
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(N =137) (-2.48,-0.91) (-4.21,-1.92)
DAPA 10 mg -1.74 -3.10"
86.28 + 17.53
(N =135) (—2.51,-0.96) (—4.24,-1.96)
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DAPA 5 mg .
164.49 + 2356 —23.51+3.43
(N =58)
DAPA 10 mg N
163.36 +29.74 —31.94 +3.57
(N=52)

“p < 0.0001 vs. PBO
Body Weight (kg) at 12 Weeks
Baseline Mean Adjusted Mean Difference vs.

+SD Change = SE PBO
PBO

68.88+14.94 —0.05+0.19

(n=54)
DAPA 1 mg .
68.40+11.04 -1.25%0.18

(n=59)
DAPA 2.5 mg .
66.61+14.29 -1.24+0.18

(n=56)
DAPA 5 mg «
68.92+12.43 -2.06+0.18

(n=58)
DAPA 10 mg .
70.35+17.48 -1.91+0.19

(n=52)

“p <0.0001 vs. PBO

95% CI = 95% confidence interval; AHA = antihyperglycemic agent; AM = morning; DAPA = dapagliflozin; F = Female; FPG = Fasting Plasma
Glucose; GLIM = glimepiride; GLIP = glipizide; HbA1C = hemoglobin A1C; M = Male; MET = metformin; PBO = placebo; SD = standard devia-
tion; SE = standard error; SITA = sitagliptin; SU = sulfonylurea; T2DM = Type 2 Diabetes Mellitus Patients; TZD = thiazolidinedione.

with normal renal function. On the other hand, patients with mild and severe renal impairment have approx-
imately 20% higher peak plasma concentrations. Renal function should be evaluated prior to and throughout
empagliflozin treatment. Use of empagliflozin should be avoided in patients with eGFR’s of <45 mL/min/
1.73m?. Mild to severe hepatic impairment may also result in AUC and Cp. elevations, but dose adjustments
are not warranted [3].

Two pivotal trials evaluating the efficacy of empagliflozin in T2DM patients over 12 weeks were identified
and summarized in Table 3. One study [30] assessed empagliflozin as monotherapy and another [31] as add-on
therapy to metformin. Doses ranged from 1 mg to 50 mg. Significant reductions in HbA1C, FPG, and weight
were observed in the 5 mg, 10 mg, 25 mg, and 50 mg empagliflozin groups when compared to placebo [30] [31].
Both studies reported greater proportions of empagliflozin groups reaching HbA1Cs < 7% compared to placebo
(30% - 45% of empagliflozin 5 mg and 25 mg versus 22% of placebo [30] and 35.7% - 38.0% of empagliflozin
10 mg, 25 mg, and 50 mg versus 15.5% of placebo [31]). Similar reductions were observed with sitagliptin 100
mg (33.8%) compared to placebo (15.5%) [31].

Overall, adverse events were similar among empagliflozin, placebo, and open-label agent groups. Pollakiuria,
thirst, nasopharyngitis, urinary tract infections, and genital infections were the most common adverse events re-
ported by empagliflozin subjects. Although the incidence of UTIs was comparable among study groups within
each trial, an increased number of genital infections occurred in the empagliflozin groups. Hypoglycemic epi-
sodes among treatment and placebo groups were not significantly different. Additionally, both studies reported a
trend toward a potential dose-related increase in hematocrit in the empagliflozin groups (0.6% - 2.5%) [30] [31].
Blood pressure (systolic and diastolic) changes trended toward dose-dependent decreases in the empagliflozin (5
mg, 10 mg, and 25 mg) versus placebo groups but were not statistically significant. The greatest change oc-
curred in the empagliflozin 25 mg group [31].

3.4. Other SGLT2s

Although canagliflozin, dapagliflozin, and empagliflozin are the only SGLT2 inhibitors on the US market, sev-
eral other candidates are currently in development. These include ipragliflozin, tofogliflozin, and ertugliflozin.
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Table 3. Empagliflozin trials.

Author . .
(Year) Study Design Subjects Methods Results
HbA1C (%) at 12 Weeks
. Adjusted Mean  Difference vs.
Baseline Mean Change PBO
+SD
(95% Cl) (95% Cl)
PBO 0.1
8+0 -
(N=82) (-0.09, 0.27)
EMPA 5 mg 04"
79+08 -
(N =81) (-0.61, —0.25)
EMPA 10 mg -05"
8.0+0.38 -
—81 (—0.66, —0.30)
Screening Period: upto  gppa 25 mg 06"
1 week (2 visits) 8+0.8 -
(N=82) (—0.81, -0.45)
Oral AHA Washout not
Period (if applicable): 4 MET 14009 07 -
weeks (N =80) (-0.92, -0.57)
Open-label Placebo p <0.0001 vs. PBO
Run-in Period: 2 weeks FPG (mg/dL) at 12 Weeks
- Adjusted Mean  Difference vs.
Double-blind Baseline Mean JChange PBO
Treatment Period: 12 +3D
weeks (95% ClI) (95% ClI)
. PBO 0.7
Group A: 171.2+39.6 -
Randomized placebo once daily (N=82) (-6.3,7.7)
Ferrannini  Double-blind 406 T2DM . EMPA 5 mg —23.2"
(2013) Placebo-  (211M:; 195F) CrOUP B Eg".ﬁA 5mg 1784+ 450 -
controlled once gatty (N=81) (-30.5,-16.2)
. EMPA 10 m -29.0"
Group C: EI(\j/IF_’;AlO mg g 178.4 + 46.8 i
once daily -81 (-36.0, —21.8)
Group D: EMPA 25 mg EMPA 25 mg -31.0°
once daily 111.2+252 B
(N=82) (-38.2,-24.1)
Group E: Open-label MET 176.6 4 43.2 -29.9"
MET (up to '1000 mg (N = 80) 0 E &9, (-38.0, -21.8)
twice daily or
maximum tolerated Body Weight (kg) at 12 Weeks
dose) Adjusted Mean Difference vs.
Follow-up Visit: Baseline Mean Change B
4 - 7 days after last (95% ClI) (95% Cl)
treatment PBO 0,75
82.2 -
(N =82) (-1.26, -0.23)
EMPA 5 mg -1.81
82.8 -
(N=81) (-2.32,-1.29)
EMPA 10 mg -2.33
76.8 -
—81 (-2.84,-1.82)
EMPA 25 mg —2.03
81.2 -
(N=82) (-2.54,-1.52)
MET -1.32
81.1 -
(N=280) (-1.84,-0.81)
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HbA1LC (%) at 12 Weeks
. Adjusted Mean  Difference vs.
Baseline Mean Change PBO
+SD
(95% CI) (95% CI)
PBO 0.15
8.0+0.7 -
(N=71) (-0.00, 0.30)
EMPA 1 mg —0.09
7807 -
(N=T71) (-0.24,0.07)
EMPA 5 mg -0.23"
8.0+0.7 -
-71 (-0.39, -0.08)
EMPA 10 mg -0.56"
7907 -
Screening Period: over (N=71) (-0.71,-0.41)
1 week EMPA 25 mg ~0.55™
81+0.8 -
Oral (non-metformin) (N=70) (-0.70, —0.40)
AHA Washout Period A 0™
(if applicable): 4 weeks EMPA 50 mg 79+0.7 049 -
(N=70) (-0.64, -0.33)
Placebo Run-in Period: wx
2 weeks SITA 814009 —-0.45 )
(N=71) (-0.65, —0.25)
Double-blind .
Treatment Period: 12 P =0.001 vs. PBO
weeks “p <0.0001 vs. PBO
Group A: FPG (mg/dL) at 12 Weeks
Randomized placebo once daily + Adjusted Mean  Difference vs.
Rosenstock Double-blind 495 T2DM MET Baseline Mean Change PBO
(2013) Placebo-  (250M; 245F) +SD
controlled Group B: EMPA 5 mg (95% CI) (95% Cl)
once daily + MET PBO 5
174 + 40 -
Group C: EMPA10mg  (N=71) (-2,12)
once daily + MET EMPA 1 mg )
173+40 -
Group D: EMPA 25 mg (N=T71) (-9,5)
once daily + MET EMPA 5 mg 16"
180 +43 -
Group E: Open-label -71 (-23,-9)
SITA100mg once daily -
EMPA 10 m -22
+MET O 173136 -
(N=T71) (29, —16)
Follow-up Visit: .
1 week after last EMPA 25 mg 180 + 48 —27 )
treatment (N =70) (-34, -20)
EMPA 50 mg -28"
175+ 35 -
(N=70) (—35,-21)
SITA -13"
178 + 44 -
(N=T71) (-22,-3)

“p <0.0001 vs. PBO
“p<0.01vs. PBO
Body Weight (kg) at 12 Weeks
Adjusted Mean Difference vs.

Baseline Mean Change PBO
+SD
(95% CI) (95% CI)
PBO 87.7+157 -1.2 -
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(N=71) (-1.8,-0.5)
EMPA 1 mg -16
90.6 +18.9 -
(N=71) (-2.2,-0.9)
EMPA 5 mg -23"
87.0+14.8 -
-71 (-2.9,-1.7)
EMPA 10 mg -2.7"
87.9+14.4 -
(N=71) (-3.4,-2.1)
EMPA 25 mg -2.67
90.5+16.9 -
(N =70) (-3.2,-2.0)
EMPA 50 mg -2.9™
91.6+15.8 -
(N =70) (-3.5,-2.2)
SITA -0.8
88.0 £ 15.0 -
(N=71) (-1.5,-0.2)

“p<0.01vs. PBO
“p<0.001 vs. PBO
"p <0.0001 vs. PBO

95% CI = 95% confidence interval; AHA = antihyperglycemic agent; EMPA = empagliflozin; F = Female; FPG = Fasting Plasma Glucose; HbA1C =
hemoglobin A1C; M = Male; MET = metformin; PBO = placebo; SD = standard deviation; SITA = sitagliptin; T2DM = Type 2 Diabetes Mellitus Pa-
tients.

4. Conclusion

Considering the increasing prevalence and incidence of type 2 diabetes mellitus worldwide, there is an obvious
need for effective therapeutic strategies to combat this chronic and progressive disease. The need for agents with
novel mechanisms of action is becoming more and more crucial owing to the need for individualized glycemic
targets and glucose-lowering therapies, concerning side effects of many current therapies, and the progressive
p-cell function decline associated with T2DM. SGLT?2 inhibitors offer this potential and recently approved ca-
nagliflozin, dapagliflozin, and empagliflozin have shown significant promise as mono- and add-on therapy to
current glucose-lowering regimens that may not otherwise be providing sufficient glycemic control in T2DM
patients. Short-term benefits have certainly been made clear through the variety of clinical trials performed on
these drugs, however there is still a need to establish long-term safety and efficacy. The significance of the
unique side effects of increased genital mycotic infections and associated adverse events must also be consi-
dered. Several other agents in this class are in phase 11 trials and show similar promise in their efficacy as add-
on treatments.

Acknowledgements

We acknowledge Jennifer Heo, Sarah Jaffery, and Malay Naik for editorial review.

References

[1] Centers for Disease Control and Prevention (2012) Diabetes Data & Trends. Department of Health and Human Servic-
es, Atlanta. http://apps.nccd.cdc.gov/DDTSTRS/default.aspx

[2] (2014) Farxiga (Dapagliflozin) (Prescribing Information). Bristol-Myers Squibb Company, Princeton.

[31 (2014) Jardiance (Empagliflozin) (Prescribing Information). Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield.

[4] (2013) Invokana (Canagliflozin) (Prescribing Information). Janssen Pharmaceuticals, Titusville.

[5] Hardman, T.C. and Dubrey, S.W. (2011) Development and Potential Role of Type-2 Sodium-Glucose Transporter In-
hibitors for Management of Type 2 Diabetes. Diabetes Therapy, 2, 133-145.
http://dx.doi.org/10.1007/s13300-011-0004-1

[6] Freeman, J.S. (2013) Review of Insulin-Dependent and Insulin-Independent Agents for Treating Patients with Type 2



http://apps.nccd.cdc.gov/DDTSTRS/default.aspx
http://dx.doi.org/10.1007/s13300-011-0004-1

L. R. Volino et al.

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

Diabetes Mellitus and Potential Role for Sodium-Glucose Co-Transporter 2 Inhibitors. Postgraduate Medicine, 125,
214-226. http://dx.doi.org/10.3810/pgm.2013.05.2672

Rosenstock, J., Aggarwal, N., Polidori, D., Zhao, Y., Arbit, D., Usiskin, K., et al. (2012) Dose-Ranging Effects of Ca-
nagliflozin, a Sodium-Glucose Cotransporter 2 Inhibitor, as Add-On to Metformin in Subjects with Type 2 Diabetes.
Diabetes Care, 35, 1232-1238. http://dx.doi.org/10.2337/dc11-1926

Bode, B., Stenléf, K., Sullivan, D., Fung, A. and Usiskin, K. (2013) Efficacy and Safety of Canagliflozin Treatment in
Older Subjects with Type 2 Diabetes Mellitus: A Randomized Trial. Hospital Practice, 41, 72-84.
http://dx.doi.org/10.3810/hp.2013.04.1020

Cefalu, W.T., Leiter, L.A., Yoon, K.H., Arias, P., Niskanen, L., Xie, J., et al. (2013) Efficacy and Safety of Canaglif-
lozin versus Glimepiride in Patients with Type 2 Diabetes Inadequately Controlled with Metformin (CANTATA-SU):
52 Week Results from a Randomised, Double-Blind, Phase 3 Non-Inferiority Trial. The Lancet, 382, 941-950.
http://dx.doi.org/10.1016/S0140-6736(13)60683-2

Inagaki, N., Kondo, K., Yoshinari, T., Maruyama, N., Susuta, Y. and Kuki, H. (2013) Efficacy and Safety of Canaglif-
lozin in Japanese Patients with Type 2 Diabetes: A Randomized, Double-Blind, Placebo-Controlled, 12-Week Study.
Diabetes, Obesityand Metabolism, 15, 1136-1145. http://dx.doi.org/10.1111/dom.12149

Lavalle-Gonzalez, F.J., Januszewicz, A., Davidson, J., Tong, C., Qiu, R., Canovatchel, W., et al. (2013) Efficacy and
Safety of Canagliflozin Compared with Placebo and Sitagliptin in Patients with Type 2 Diabetes on Background Met-
formin Monotherapy: A Randomised trial. Diabetologia, 56, 2582-2592. http://dx.doi.org/10.1007/s00125-013-3039-1

Schernthaner, G., Gross, J.L., Rosenstock, J., Guarisco, M., Fu, M., Yee, J., et al. (2013) Canagliflozin Compared with
Sitagliptin for Patients with Type 2 Diabetes Who Do Not Have Adequate Glycemic Control with Metformin Plus
Sulfonylurea: A 52-Week Randomized Trial. Diabetes Care, 36, 2508-2515. http://dx.doi.org/10.2337/dc12-2491

Stenldf, K., Cefalu, W.T., Kim, K.A., Alba, M., Usiskin, K., Tong, C., et al. (2013) Efficacy and Safety of Canagliflo-
zin Monotherapy in Subjects with Type 2 Diabetes Mellitus Inadequately Controlled with Diet and Exercise. Diabetes,
Obesity and Metabolism, 15, 372-382. http://dx.doi.org/10.1111/dom.12054

Wilding, J.P., Charpentier, G., Hollander, P., Gonzalez-Galvez, G., Mathieu, C., Vercruysse, F., et al. (2013) Efficacy
and Safety of Canagliflozin in Patients with Type 2 Diabetes Mellitus Inadequately Controlled with Metformin and
Sulphonylurea: A Randomised Trial. International Journal of Clinical Practice, 67, 1267-1282.
http://dx.doi.org/10.1111/ijcp.12322

Yale, J.F., Bakris, G., Cariou, B., Yue, D., David-Neto, E., Xi, L., et al. (2013) Efficacy and Safety of Canagliflozin in
Subjects with Type 2 Diabetes and Chronic Kidney Disease. Diabetes, Obesity and Metabolism, 15, 463-473.
http://dx.doi.org/10.1111/dom.12090

Forst, T., Guthrie, R., Goldenberg, R., Yee, J., Vijapurkar, U., Meininger, G., et al. (2014) Efficacy and Safety of Ca-
nagliflozin over 52 Weeks in Patients with Type 2 Diabetes on Background Metformin and Pioglitazone. Diabetes,
Obesity Metabolism, 16, 467-477. http://dx.doi.org/10.1111/dom.12273

Burki, T.K. (2012) FDA Rejects Novel Diabetes Drug over Safety Fears. The Lancet, 379, 507.
http://dx.doi.org/10.1016/S0140-6736(12)60216-5

Bailey, C.J., Gross, J.L., Pieters, A., Bastien, A. and List, J.F. (2010) Effect of Dapagliflozin in Patients with Type 2
Diabetes Who Have Inadequate Glycaemic Control with Metformin: A Randomised, Double-Blind, Placebo-Con-
trolled Trial. The Lancet, 375, 2223-2233. http://dx.doi.org/10.1016/S0140-6736(10)60407-2

Bailey, C.J., Igbal, N., T’joen, C. and List, J.F. (2012) Dapagliflozin Monotherapy in Drug-Naive Patients with Di-
abetes: A Randomized-Controlled Trial of Low-Dose Range. Diabetes, Obesity and Metabolism, 14, 951-959.
http://dx.doi.org/10.1111/j.1463-1326.2012.01659.x

Bailey, C.J., Gross, J.L., Hennicken, D., Igbal, N., Mansfield, T.A. and List, J.F. (2013) Dapagliflozin Add-On to Met-
formin in Type 2 Diabetes Inadequately Controlled with Metformin: A Randomized, Double-Blind, Placebo-Con-
trolled 102-Week Trial. BMC Medicine, 11, 43. http://dx.doi.org/10.1186/1741-7015-11-43

Ferrannini, E., Ramos, S.J., Salsali, A., Tang, W. and List, J.F. (2010) Dapagliflozin Monotherapy in Type 2 Diabetic
Patients with Inadequate Glycemic Control by Diet and Exercise: A Randomized, Double-Blind, Placebo-Controlled,
Phase 3 Trial. Diabetes Care, 33, 2217-2224. http://dx.doi.org/10.2337/dc10-0612

Henry, R.R., Murray, A.V., Marmolejo, M.H., Hennicken, D., Ptaszynska, A. and List, J.F. (2012) Dapagliflozin, Met-
formin XR, or Both: Initial Pharmacotherapy for Type 2 Diabetes, a Randomised Controlled Trial. International Jour-
nal of Clinical Practice, 66, 446-456. http://dx.doi.org/10.1111/j.1742-1241.2012.02911.x

Kaku, K., Inoue, S., Matsuoka, O., Kiyosue, A., Azuma, H., Hayashi, N., et al. (2013) Efficacy and Safety of Dapagli-
flozin as a Monotherapy for Type 2 Diabetes Mellitus in Japanese Patients with Inadequate Glycaemic Control: A
Phase Il Multicentre, Randomized, Double-Blind, Placebo-Controlled Trial. Diabetes, Obesity and Metabolism, 15,
432-440. http://dx.doi.org/10.1111/dom.12047



http://dx.doi.org/10.3810/pgm.2013.05.2672
http://dx.doi.org/10.2337/dc11-1926
http://dx.doi.org/10.3810/hp.2013.04.1020
http://dx.doi.org/10.1016/S0140-6736(13)60683-2
http://dx.doi.org/10.1111/dom.12149
http://dx.doi.org/10.1007/s00125-013-3039-1
http://dx.doi.org/10.2337/dc12-2491
http://dx.doi.org/10.1111/dom.12054
http://dx.doi.org/10.1111/ijcp.12322
http://dx.doi.org/10.1111/dom.12090
http://dx.doi.org/10.1111/dom.12273
http://dx.doi.org/10.1016/S0140-6736(12)60216-5
http://dx.doi.org/10.1016/S0140-6736(10)60407-2
http://dx.doi.org/10.1111/j.1463-1326.2012.01659.x
http://dx.doi.org/10.1186/1741-7015-11-43
http://dx.doi.org/10.2337/dc10-0612
http://dx.doi.org/10.1111/j.1742-1241.2012.02911.x
http://dx.doi.org/10.1111/dom.12047

L. R. Volino et al.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Nauck, M.A., Del Prato, S., Meier, J.J., Duran-Garcia, S., Rohwedder, K., Elze, M., et al. (2011) Dapagliflozin versus
Glipizide as Add-On Therapy in Patients with Type 2 Diabetes Who Have Inadequate Glycemic Control with Metfor-
min: A Randomized, 52-Week, Double-Blind, Active-Controlled Noninferiority Trial. Diabetes Care, 34, 2015-2022.
http://dx.doi.org/10.2337/dc11-0606

Rosenstock, J., Vico, M., Wei, L., Salsali, A. and List, J.F. (2012) Effects of Dapagliflozin, an SGLT2 Inhibitor, on
HbA,., Body Weight, and Hypoglycemia Risk in Patients with Type 2 Diabetes Inadequately Controlled on Pioglita-
zone Monotherapy. Diabetes Care, 35, 1473-1478. http://dx.doi.org/10.2337/dc11-1693

Strojek, K., Yoon, K.H., Hruba, V., Elze, M., Langkilde, A.M. and Parikh, S. (2011) Effect of Dapagliflozin in Patients
with Type 2 Diabetes Who Have Inadequate Glycaemic Control with Glimepiride: A Randomized, 24-Week, Double-
Blind, Placebo-Controlled Trial. Diabetes, Obesity and Metabolism, 13, 928-938.
http://dx.doi.org/10.1111/j.1463-1326.2011.01434.x

Wilding, J.P., Norwood, P., Tjoen, C., Bastien, A., List, J.F. and Fiedorek, F.T. (2009) A Study of Dapagliflozin in Pa-
tients with Type 2 Diabetes Receiving High Doses of Insulin Plus Insulin Sensitizers: Applicability of a Novel Insulin-
Independent Treatment. Diabetes Care, 32, 1656-1662. http://dx.doi.org/10.2337/dc09-0517

Wilding, J.P., Woo, V., Soler, N.G., Pahor, A., Sugg, J., Rohwedder, K., et al. (2012) Long-Term Efficacy of Dapagli-
flozin in Patients with Type 2 Diabetes Mellitus Receiving High Doses of Insulin: A Randomized Trial. Annals of In-
ternal Medicine, 156, 405-415. http://dx.doi.org/10.7326/0003-4819-156-6-201203200-00003

Heise, T., Seewaldt-Becker, E., Macha, S., Hantel, S., Pinnetti, S., Seman, L., et al. (2013) Safety, Tolerability, Phar-
macokinetics and Pharmacodynamics Following 4 Weeks’ Treatment with Empagliflozin Once Daily in Patients with
Type 2 Diabetes. Diabetes, Obesity and Metabolism, 15, 613-621. http://dx.doi.org/10.1111/dom.12073

Ferrannini, E., Seman, L., Seewaldt-Becker, E., Hantel, S., Pinnetti, S. and Woerle, H.J. (2013) A Phase Ilb, Rando-
mized, Placebo-Controlled Study of the SGLT2 Inhibitor Empagliflozin in Patients with Type 2 Diabetes. Diabetes,
Obesity and Metabolism, 15, 721-728. http://dx.doi.org/10.1111/dom.12081

Rosenstock, J., Seman, L.J., Jelaska, A., Hantel, S., Pinnetti, S., Hach, T., et al. (2013) Efficacy and Safety of Empagli-
flozin, a Sodium Glucose Cotransporter 2 (SGLT2) Inhibitor, as Add-On to Metformin in Type 2 Diabetes with Mild
Hyperglycaemia. Diabetes, Obesity and Metabolism, 15, 1154-1160. http://dx.doi.org/10.1111/dom.12185



http://dx.doi.org/10.2337/dc11-0606
http://dx.doi.org/10.2337/dc11-1693
http://dx.doi.org/10.1111/j.1463-1326.2011.01434.x
http://dx.doi.org/10.2337/dc09-0517
http://dx.doi.org/10.7326/0003-4819-156-6-201203200-00003
http://dx.doi.org/10.1111/dom.12073
http://dx.doi.org/10.1111/dom.12081
http://dx.doi.org/10.1111/dom.12185

www.scirp.org

Scientific
Research

Scientific Research Publishing (SCIRP) is one of the largest Open Access journal publishers. It is
currently publishing more than 200 open access, online, peer-reviewed journals covering a wide
range of academic disciplines. SCIRP serves the worldwide academic communities and

contributes to the progress and application of science with its publication.

Other selected journals from SCIRP are listed as below. Submit your manuscript to us via either

submit@scirp.org or Online Submission Portal.

American Journal of | i <
Plant Sciences ( Applied Mathematics

Special Issue on Experimental Design!

Advances in

Bioseience and Biotechnology

. & scand

Agricultural Sciences Food and Nutrition Sciences

Special Issue on Research on Rice

Journal of Computer
and Communications

Journal of
Modern Physics Natsuglaeln -

Editor-in-Chief
Kuo-Chen Chou
s arg e



http://www.scirp.org/
http://www.scirp.org/
http://papersubmission.scirp.org/paper/showAddPaper?journalID=478&utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ABB/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AM/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJPS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJAC/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/CE/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ENG/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/FNS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/Health/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCC/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCT/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JEP/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JMP/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ME/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/NS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/PSYCH/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
mailto:submit@scirp.org

	Sodium Glucose Co-Transporter 2 (SGLT2) Inhibitors in Type 2 Diabetes: A Literature Review of Approved Products
	Abstract
	Keywords
	1. Introduction
	2. Data Sources
	3. SGLT2 Product Review Summaries
	3.1. Canagliflozin
	3.2. Dapagliflozin
	3.3. Empagliflozin
	3.4. Other SGLT2s

	4. Conclusion
	Acknowledgements
	References

