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Nearly 366 million people worldwide
(26 million in the US) have diabetes

and this number is expected to increase.1-3

In US adults, type 2 diabetes mellitus
(T2DM) accounts for more than 90% of
all diabetes diagnoses.2,3 Because people
with diabetes are living longer and ethnic
minority groups at high risk for diabetes
are increasing in population, the Centers
for Disease Control and Prevention esti-
mates that as many as 1 in 3 US adults
will have diabetes by 2050.3 This is a stag-
gering statistic, especially considering the
progressive nature of the disease and the
need for effective, synergistic therapies to
manage hyperglycemia.

Despite positive outcomes associated
with reductions in hemoglobin A1c (A1C),
optimal glycemic control often remains an
elusive target for patients. Even if patients
are able to achieve the American Diabetes
Association (ADA) target A1C of less
than 7%, they often do not maintain this
level of glycemic control. Patients who
have reached this A1C goal lose control at
a rate of 5-10% per year.4,5 With the in-
creasing prevalence of T2DM, coupled
with the difficulty in achieving goal A1C
values, there is a need for more treatment
options for this disease. 

Research has led to the development
of a new promising class of medications
for the treatment of T2DM that reduces the reabsorption of
glucose through the inhibition of renal sodium-glucose co-
transporter (SGLT2). Dapagliflozin, an SGLT2 inhibitor, is
the first new agent in this class currently undergoing re-

view by the Food and Drug Administration (FDA). An ad-
visory committee to the FDA discussed the dapagliflozin
new drug application on July 19, 2011, and on January 19,
2012, the FDA issued a complete response letter to the
manufacturers of the drug requesting additional clinical trial
data to better describe the risk-benefit profile of da-
pagliflozin. If approved, dapagliflozin will add a first-in-
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class oral agent to the current armamentarium of antihy-
perglycemic agents. 

Data Sources and Selection

A MEDLINE (1995-November 2011) and ClinicalTrials.
gov search was conducted using the terms dapagliflozin,
sodium-glucose cotransporter 2 inhibitor, and SGLT2 in-
hibitor. All English-language publications of studies, includ-
ing abstracts, evaluating dapagliflozin use in humans were in-
cluded in this review. Reference citations from publications
identified were reviewed for additional sources of informa-
tion. 

Pharmacology

MECHANISM OF ACTION 

Healthy adult kidneys filter plasma glucose at a rate of
approximately 100 mg/min (144 g/24 h) and more than 99%
of this renally filtered plasma glucose is reabsorbed, causing
less than 1% to be excreted in the urine.6,7 Sodium-glucose
cotransporters (SGLTs) are responsible for mediating glucose
reabsorption in the kidneys, as well as in the gut and heart.8,9

There are 7 SGLTs within the gene family SLC5A2; the most
well-known of these are SGLT1 and SGLT2. SGLT2, the
drug target for dapagliflozin, is expressed predominantly in
the kidney on the epithelial cells lining the S1 segment of the
proximal convoluted tubule and is responsible for approxi-
mately 90% of renal glucose reabsorption.8,9 Humans with
SGLT2 gene mutations present with sustained glucosuria,
confirming the role of SGLT2 in renal glucose reabsorption.10

SGLT1 is responsible for the remaining 10% of renal glucose
reabsorption, which occurs downstream of SGLT2 on the S3
segment of the proximal tubule. 

Dapagliflozin is a competitive, reversible, highly selec-
tive inhibitor of SGLT2; inhibition of SGLT2 inhibits the
reabsorption of glucose into the bloodstream and promotes
glucosuria. The amount of filtered glucose is determined
by each patient’s underlying glycemic control and renal
function; patients with higher levels of circulating blood
glucose will experience a larger glucosuria effect from da-
pagliflozin. One of the important aspects of dapagliflozin’s
mechanism of action is that it works independently of in-
sulin secretion and sensitivity. Dapagliflozin does not re-
quire patients to have functional pancreatic β cells to exert
its effect, which means it could be used in patients with di-
minished β cell function. Dapagliflozin works synergisti-
cally in combination with other oral agents, with little to no
additive risk of hypoglycemia. 

PHARMACOKINETICS

Dapagliflozin has been studied in 651 patients through the
completion of Phase 1 and 2 studies. These studies deter-

mined that the drug’s pharmacokinetics are not altered on the
basis of age, presence of T2DM, weight/body mass index,
sex, race, genetic polymorphisms (specifically related to uri-
dine diphosphate glucuronosyl transferase [UGT]1A9), mild
to moderate hepatic impairment (Child-Pugh class A or B),
or mild renal impairment (creatinine clearance [CrCl] >50 to
<80 mL/min).11,12 One study conducted in patients with mod-
erate renal impairment (estimated glomerular filtration rate
30-59 mL/min/1.73 m2) who received dapagliflozin 5 mg
daily or 10 mg daily failed to reach its primary end point of
change in A1C (–0.1% at the end of 24 weeks), demonstrat-
ing reduced efficacy in this population.11 Dapagliflozin is
78% bioavailable and rapidly absorbed, reaching maximum
plasma concentrations within 30-120 minutes.11,13,14 Da-
pagliflozin is primarily metabolized by UGT1A9 to an inac-
tive metabolite: dapagliflozin 3-O-glucuronide. Dapagliflozin
is highly protein-bound and less than 2% of the parent com-
pound is excreted in the urine. Similarly, less than 70% of the
metabolites are renally excreted. At a dose of 10 mg, the half-
life is approximately 12-13 hours, making dapagliflozin suit-
able for once-daily dosing.13

PHARMACODYNAMICS

Glucosuria is the main pharmacodynamic parameter in-
fluenced by dapagliflozin. Dose-dependent urinary glucose
excretion has been observed in healthy individuals as well
as patients with T2DM.13,14 In single and multiple ascend-
ing-dose (SAD and MAD) studies of healthy volunteers,
dapagliflozin produced dose-dependent, sustained gluco-
suria. Doses of 20-100 mg resulted in urinary glucose ex-
cretion of approximately 60 g/day.14 To put this in perspec-
tive, patients with familial renal glucosuria as a result of a
mutation in the SGLT2 gene SLC5A2 can excrete up to
125 g/day. Patients with this degree of renal glucosuria typ-
ically do not experience clinically relevant adverse effects,
so it would be expected that neither would patients with
more moderate glucosuria (eg, 60 g/day) caused by the
therapeutic effects of dapagliflozin.14

Dapagliflozin-treated patients with T2DM also experi-
enced increased glucosuria.13 In a study by Kasichayanula et
al., patients with T2DM experienced a dose-dependent in-
crease in glucosuria; single doses of 2.5-20 mg resulted in
urinary glucose excretion of 37.9-76.7 g (compared to 9.4 g
for placebo) over the subsequent 24-hour time period.13

When patients with T2DM were observed 4 hours postdose
in the MAD study, their urinary glucose clearance ranged
from 22.8 ± 5.3 to 37.0 ± 8.0 mL/min for the same dosing
range at day 14 (compared to 0.3 ± 0.8 mL/min for place-
bo).13 Because patients with T2DM have higher plasma glu-
cose levels than do healthy individuals, their kidneys filter a
larger glucose load and therefore experience an increased
amount of glucosuria. It is also evident from these data that
glucose excretion occurs in a dose-dependent manner; the
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higher the dose of dapagliflozin, the larger the amount of glu-
cosuria.

Clinical Trials

PHASE 1 

Phase 1 clinical trials have been conducted in healthy sub-
jects14,15 as well as Japanese patients with T2DM13 to evaluate
the safety and efficacy of dapagliflozin. Adults (aged 18-45
years) with a body mass index of 18-32 kg/m2 have been
studied in SAD and MAD formats across a variety of doses
(Table 1).13-15 Individuals with evidence of organ dysfunction,
history of significant allergic drug reactions, elevated urinary
calcium and/or creatinine levels, abnormal vital signs, acute
or chronic illness, or any other clinical abnormality, and
women who were of child-bearing age, pregnant, or lactating
were excluded from these studies.13-15

Komoroski et al. conducted an SAD and MAD study in
healthy subjects to evaluate the safety, efficacy, tolerability,
pharmacokinetics, and pharmacodynamics of dapagliflozin
in this population.14 Participants in the SAD study were
given a single dose of 2.5, 5, 10, 20, 50, 100, 250, or 500
mg of dapagliflozin; those in the MAD study received dos-
es of 2.5, 10, 20, 50, or 100 mg of dapagliflozin daily for
14 days. Dapagliflozin was well tolerated in both studies
and the incidence of adverse effects was similar to those of
placebo (SAD, 10 [21%]; MAD, 11 [37%]; and placebo, 9
[35%]). There were 2 cases of mild, asymptomatic hypo-
glycemia in the SAD group compared to 1 case in the
placebo group. There were no clinically significant labora-
tory or serum chemistry abnormalities noted, and no sub-

jects died or discontinued participation in the studies as a
result of adverse events. 

Kasichayanula et al. performed a dual clinical trial in
which 32 healthy subjects participated in an SAD study with
dapagliflozin doses ranging from 2.5 to 50 mg versus place-
bo and 36 patients with T2DM participated in an MAD study
with doses ranging from 2.5 to 20 mg versus placebo, admin-
istered daily over 2 weeks.13 The drug was well tolerated at
all doses in both groups and showed quick oral absorption
(time to maximum concentration 0.5-1.3 hours) and dose-re-
lated increases in glucosuria (from 7.45 to 32.2 g/24 hours for
the SAD group vs from 41.6 to 73 g/24 hours for the MAD
group on day 14). Rates of urinary glucose excretion in the
placebo groups were 0.03 g/24 hours in the SAD and 6.8
g/24 hours in the MAD at day 14. 

PHASE 2 

There have been 3 Phase 2 clinical trials of dapagliflozin
published to date (Table 2).16-18 Demographics from these
trials included nearly equal proportions of male and female
patients with T2DM and an age range of 43-67 years. The
studies ranged from 2 to 12 weeks. 

Komoroski et al. studied 47 patients with T2DM given da-
pagliflozin 5, 25, or 100 mg/day or placebo for 2 weeks.16

There were 18 subjects who had been receiving stable doses
of metformin for at least 4 weeks prior to the start of the
study who were allowed to continue this therapy during the
trial (6 in the 5-mg group, 5 in the 25-mg group, and 7 in
the 100-mg group). No other antihyperglycemic therapies
were permitted. Adverse effects were uncommon, but
those that did occur were most often gastrointestinal and
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Table 1. Phase 1 Studies of Dapagliflozin

Pts.,
Reference N Dosing Dapagliflozin Outcomes 

Kasichayanula 24 Dapagliflozin 50 mg, pioglitazone 45 mg, or both No significant interaction
(2011)15,a 18 Dapagliflozin 20 mg, metformin 1000 mg, or both No significant interaction

18 Dapagliflozin 20 mg, glimepiride 4 mg, or both, followed by sitagliptin 100 mg or No significant interaction
sitagliptin plus dapagliflozin 20 mg

Kasichayanula 32 Dapagliflozin 2.5, 10, 20, 50 mg or placebo; single ascending dose Median tmax 1.0-1.3 hours
(2011)13,b Mean t1/2 8.1-12.2 hours

36 Dapagliflozin 2.5, 10, 20 mg or placebo; multiple ascending dose Median tmax 0.5-1.0 hoursc

Komoroski 64 Dapagliflozin 2.5, 5, 10, 20, 50, 100, 250, 500 mg or placebo; Median tmax 1.5 hoursd

(2009)14,a single ascending dose Mean t1/2 17.33 hoursd

Glucose excretion 72 g/daye

40 Dapagliflozin 2.5, 5, 10, 20, 50, 100 mg or placebo; multiple ascending dose Mean t1/2 11.2-16.6 hours
Glucose excretion 17.7-62 g/dayf

Glucose excretion 20.4-55.4 g/dayc

t1/2 = half-life; tmax = time to maximum concentration.
aHealthy subjects.
bHealthy subjects and patients with type 2 diabetes.
cDay 14. 
dFor patients given 250-mg dose. 
eFor patients given 20- to 50-mg dose.
fDay 1. 



occurred more frequently in patients taking concurrent
metformin therapy. The investigators observed dose-depen-
dent reductions in fasting plasma glucose (FPG) at day 14 for
all dapagliflozin groups (–18.8, –28.8, and –38.7 mg/dL in
the 5-, 25-, and 100-mg groups, respectively). There was no
substantial reduction in FPG in the placebo group. By day 14,
the same 3 drug groups had inhibited urinary glucose excre-
tion by 20%, 41%, and 44%, respectively.

List et al. performed a study that randomized 389 pa-
tients to receive 1 of 5 doses of dapagliflozin (2.5, 5, 10, 20,
or 50 mg/day), extended-release (XR) metformin (750
mg/day for 2 weeks, followed by forced titration to 1500
mg/day), or placebo for 12 weeks.17 Baseline percent A1C
values for the 7 groups ranged from 7.6 ± 0.8 to 8.0 ± 0.9.
At week 12, all dapagliflozin dosing groups experienced
significant changes in A1C values from baseline compared
to placebo (–0.55% to –0.9% vs –0.18%, p < 0.05 for all
doses of dapagliflozin). The metformin XR group had a
change in A1C of –0.73%. There were also statistically
significant dose-dependent reductions in FPG in the 5- to
50-mg dapagliflozin dosing groups (–16 to –31 mg/dL)
compared to placebo (–6 mg/dL) by week 12 (p ≤ 0.005).
Other analyses included proportions of patients reaching
an A1C less than 7%, which was significant only for the
50-mg dapagliflozin group versus placebo (p < 0.01). In-
terestingly, 32% of patients in the placebo group achieved
an A1C less than 7% by 12 weeks. Weight reduction oc-
curred in all groups (–2.5% to –3.4% dapagliflozin, –1.2%
placebo, and –1.7% metformin). The most frequently ob-
served treatment-related adverse effects in this study were
urinary tract infections and genital infections. These infec-
tions occurred at rates of 5-12% and 2-7% for da-
pagliflozin-treated patients, 6% and 0% for placebo-treated
patients, and 9% and 2% for metformin-treated patients,
respectively.

The study by Wilding et al. was also 12 weeks in dura-
tion; 71 patients were randomized in a 1:1:1 fashion to re-

ceive placebo, dapagliflozin 10 mg, or dapagliflozin 20 mg
daily.18 Baseline percent A1C values for these patients ranged
from 8.4 ± 0.9 to 8.5 ± 0.9. Patients in all 3 groups were al-
lowed to continue their oral antihyperglycemic regimen and
50% of their daily insulin dose. After the 50% dose reduc-
tion, insulin doses could be titrated if patients met prespeci-
fied FPG criteria at certain study intervals. If patients contin-
ued to lack glycemic control despite insulin titrations or if
their insulin dosage was titrated above their baseline dose,
they were discontinued from the study. The primary outcome
was a 0.5% or greater decrease from baseline A1C; this was
achieved in 65.2% of patients in the dapagliflozin groups (10
mg, A1C –0.61%, 95% CI –0.9 to –0.4 and 20 mg, A1C
–0.69%, CI –0.9 to –0.4) compared to 15.8% of patients re-
ceiving placebo (A1C 0.09%, CI –0.2 to 0.4).18 Both FPG
and postprandial glucose (PPG) were also reduced in the 20-
mg dapagliflozin group (FPG –9.6 mg/dL and PPG – 41.9
mg/dL) whereas only PPG was reduced in the 10-mg group
(PPG –34.3 mg/dL). In the placebo group, both FPG and
PPG had increased from baseline at the end of 12 weeks.
Similar to the List et al. study,17 this study18 observed in-
creased incidences of urinary tract and genital infections in
the dapagliflozin groups (4.2% and 20.8%, respectively).

In Phase 2 clinical trials, dapagliflozin was revealed as a
safe agent at a variety of doses, but the treatment duration in
these studies was too short to draw any conclusions about
long-term safety. Similarly, dapagliflozin demonstrated that it
can reduce A1C, FPG, PPG, and weight, but trials of longer
duration are necessary to confirm long-term efficacy.

PHASE 3

Monotherapy

Phase 3 trials for dapagliflozin include 1 published
monotherapy trial (Table 3),19 5 unpublished but complete
trials,20 and 3 trials are active and have finished subject re-
cruitment.20 Ferrannini et al. evaluated the efficacy and
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Table 2. Phase 2 Studies of Dapagliflozin

Pts., Dapagliflozin
Reference N Dosing Outcomes

Wilding (2009)18 71 Dapagliflozin 10, 20 mg with 50% of daily insulin dose and OAD vs placebo A1C ↓ 0.7-0.78%
FPG ↑ 2.4 to ↓ 9.6 mg/dL
Weight ↓ 4.3-4.5 kg

List (2009)17 389 Dapagliflozin 2.5, 5, 10, 20, 50 mg vs placebo vs metformin extended-release A1C ↓ 0.55-0.9%a

FPG ↓ 16-31 mg/dLa

PPG AUC ↓ 7100-10,100 mg/min/dLa

Weight ↓ 1.3-2 kga

Komoroski (2009)16 47 Dapagliflozin 5, 25, 100 mg vs placebo FPG ↓ 19-39 mg/dLa

OGTT AUC ↓ 12-23%a

Glucose clearance 37-81 g/day

A1C = hemoglobin A1c; AUC = area under the curve; FPG = fasting plasma glucose; OAD = oral antihyperglycemic drug; OGTT = oral glucose toler-
ance test; PPG = postprandial glucose.
aStatistically significant vs placebo (p < 0.05).



safety of dapagliflozin in 474 treatment-naïve patients with
T2DM.19 The trial included parallel groups: group 1 con-
sisted of 485 patients with A1C 7.0% or higher and 10.0%
or lower and group 2 consisted of 73 patients with A1C
10.0% or higher and 12.0% or lower. Patients in the main
cohort in group 1 received dapagliflozin 2.5, 5, or 10 mg
each morning or placebo and patients in the exploratory
cohort in group 1 received an evening dose of 2.5, 5, or 10
mg (no placebo). Patients in group 2 received either 5 or
10 mg of dapagliflozin daily; no placebo arm was includ-
ed. All patients were allowed to receive open-label met-
formin as a rescue medication if their FPG was higher than
270 mg/dL at week 4, higher than 240 mg/dL at week 8, or
higher than 200 mg/dL during weeks 12 through 24. If pa-
tients received a maximum dose (2000 mg) of metformin,
yet had an A1C of more than 8% for 12 weeks, they were
discontinued from this study. The article did not note how
many–if any–patients were discontinued.

All patients who received dapagliflozin had reduced
A1C values. The main cohort in group 1 had an A1C
change between –0.58% and –0.89% (–0.23% with place-
bo, p ≤ 0.005) and a similar A1C reduction was seen in the
exploratory evening dose cohort. Patients in group 2 expe-
rienced a larger A1C reduction, with changes from base-
line to week 24 ranging from –1.90 ± 0.79% to –1.98 ±

0.90% in the 5- and 10-mg cohorts (0.16 ± 2.5% with
placebo, no p value reported). This pattern of higher base-
line A1C values resulting in larger A1C reductions with
drug therapy was noted to be similar to that observed with
other oral antihyperglycemic therapies.19

Dapagliflozin treatment did not result in any clinically
meaningful alterations in serum electrolytes. There were
neither major episodes of hypoglycemia nor drug discon-
tinuations due to hypoglycemia. There were increased inci-
dences and reports of urinary tract and genital infections in
the dapagliflozin-treated patients (4.6-15.4% and 2.6-
17.9%, respectively) compared to placebo (4.0% and
1.3%, respectively).19

Combination Therapy

Similar to the monotherapy trials, there are very few
published Phase 3 combination therapy trials evaluating
dapagliflozin (Table 3). Three published Phase 3 combina-
tion therapy trials evaluated dapagliflozin safety and efficacy
in patients with T2DM concurrently receiving metformin21,22

or glimepiride.23 Several studies are completed yet unpub-
lished, and several more still are either currently active and/or
recruiting subjects.11 The completed but unpublished studies
evaluated the efficacy and safety of using dapagliflozin in
combination with insulin and pioglitazone.11
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Table 3. Phase 3 Studies of Dapagliflozin

Pts., Dapagliflozin
Reference N Dosing Outcomes 

Ferrannini (2010)19 474 Dapagliflozin 2.5, 5, 10 mg vs placebo each morning A1C ↓ 0.58-0.89%a

FPG ↓ 15.2-28.8 mg/dLa

Weight ↓ 2.8-3.3 kg

Dapagliflozin 2.5, 5, 10 mg vs placebo each evening A1C ↓ 0.79-0.83%
FPG ↓ 25.6-29.6 mg/dL
Weight ↓ 3.1-3.8 kg

Dapagliflozin 5, 10 mg (high A1C cohort) A1C ↓ 2.66-2.88%
FPG ↓ 77.1-84.3 mg/dL
Weight ↓ 1.9-2.1 kg

Nauck (2011)21 801 Dapagliflozin 2.5, 5, or 10 mg plus metformin A1C ↓ 0.52%
Weight ↓ 3.22 kg

Glipizide 5, 10, or 20 mg plus metformin A1C ↓ 0.52%
Weight ↑ 1.44 kg

Bailey (2010)22 546 Dapagliflozin 2.5, 5, or 10 mg plus metformin A1C ↓ 0.67-0.84%
FPG ↓ 17.8-23.4 mg/dL
Weight ↓ 2.2-3.0 kg

Placebo plus metformin A1C ↓ 0.30%
FPG ↓ 5.9 mg/dL
Weight ↓ 0.9 kg

Strojeck (2011)23 597 Dapagliflozin 2.5, 5, 10 mg plus glimepiride A1C ↓ 0.58-0.82%
FPG ↓ 16.8-28.5 mg/dL
Weight ↓ 1.18-2.26 kg

Placebo plus glimepiride A1C ↓ 0.13%
FPG ↓ 2.0 mg/dL
Weight ↓ 0.72 kg

A1C = hemoglobin A1c; FPG = fasting plasma glucose.
aStatistically significant for dapagliflozin 5 and 10 mg vs placebo (p < 0.001).



A study by Nauck et al. evaluated 801 patients who had
inadequate glycemic control despite receiving metformin
monotherapy (average baseline A1C = 7.7%).21 These pa-
tients were randomized to receive either dapagliflozin or glip-
izide as adjunctive therapy with their metformin regimen. Pa-
tients entered an 18-week titration period with initial regi-
mens of either dapagliflozin 2.5 mg/day or glipizide 5
mg/day, titrated up to maximum doses of 10 mg/day or 20
mg/day, respectively. After this initial titration period, patients
were maintained on their medication doses with no further
upward titration allowed. However, downward titration was
permitted in the event of hypoglycemia.

After 52 weeks, 77.9% of the originally randomized pa-
tients completed the study. Nearly 87% of those in the da-
pagliflozin arm had received the maximum 10-mg daily
dose and 72.5% in the glipizide arm had received the max-
imum 20-mg daily dose. The primary end point of adjust-
ed mean change in A1C from baseline was –0.52% (95%
CI –0.60 to –0.44) for both dapagliflozin and glipizide,
which met the predetermined noninferiority criteria. Sec-
ondary end points of weight loss were statistically signifi-
cant by week 52 in the dapagliflozin group (–3.22 kg),
while patients in the glipizide group gained weight (1.44
kg, p < 0.0001). Patients in the glipizide group were 10
times more likely to discontinue therapy because of hypo-
glycemia and had higher rates of discontinuation due to in-
adequate glycemic control compared to patients receiving
dapagliflozin. The authors concluded that add-on therapy
of dapagliflozin to metformin resulted in similar A1C re-
ductions as add-on glipizide therapy, but with the benefits
of fewer hypoglycemic events and less weight gain.21

Similar to the Nauck et al. study, Bailey et al. evaluated
the efficacy of adding 3 different doses of dapagliflozin to
546 patients with inadequate glycemic control on at least
1500 mg per day of metformin.22 Patients currently receiv-
ing metformin were randomized in a 1:1:1:1 fashion to re-
ceive 2.5, 5, or 10 mg/day of dapagliflozin or placebo as
add-on therapy. Baseline percent A1C ranged from 7.92 ±
0.82 to 8.17 ± 0.96 across the 4 groups. After 24 weeks, all
patients had experienced a reduction in A1C, but the differ-
ence in the dapagliflozin-treated patients compared to
those receiving placebo was statistically significant. The
mean change from baseline was –0.30% for placebo,
–0.67% for dapagliflozin 2.5 mg, –0.70% for da-
pagliflozin 5 mg, and –0.84% for dapagliflozin 10 mg (all
p < 0.0001 compared to placebo). There were also larger
decreases in FPG in the dapagliflozin groups (–17.8 to
–23.4 mg/dL) compared to placebo (–5.9 mg/dL), all p ≤
0.0019 compared to placebo. There were similar rates of
mild hypoglycemia (not defined) in all groups and no ma-
jor hypoglycemic events (symptomatic episode requiring
third-party assistance with blood glucose less than 54
mg/dL and prompt recovery after glucose or glucagon ad-
ministration). Rates of urinary tract infection were also

similar between the dapagliflozin (6% to 11%) and placebo
(11%) groups, but rates of genital infections were higher in
the dapagliflozin-treated patients (8-13%) compared to
placebo (5%). Overall, the authors of this study concluded
that dapagliflozin provided additional A1C lowering when
added to the therapy in patients concurrently receiving at
least 1500 mg of metformin daily. In general, dapagliflozin
was well tolerated, with a low incidence of adverse effects.

The third published Phase 3 trial of combination thera-
py, by Strojek et al., evaluated 597 patients with inadequate
glycemic control despite sulfonylurea monotherapy.23 Pa-
tients were randomly assigned to receive 1 of 3 dapagliflozin
doses (2.5, 5, or 10 mg/day) or placebo added to open-label
glimepiride 4 mg/day for 24 weeks. Baseline percent A1C
ranged from 8.07 ± 0.79 to 8.15 ± 0.74. Like the 2 previously
described Phase 3 studies, the primary end point was mean
change in A1C from baseline. Mean change in A1C was sta-
tistically significant for all doses of dapagliflozin compared to
placebo and occurred in a dose-dependent manner (–0.13%
placebo, –0.58% dapagliflozin 2.5 mg, –0.63% dapagliflozin
5 mg, and –0.82% dapagliflozin 10 mg; all p < 0.0001 com-
pared to placebo). Secondary end points revealed that 5 and
10 mg/day of dapagliflozin reduced total body weight from
baseline and allowed more patients to achieve an A1C value
less than 7% at week 24 compared to those who received
placebo. Dapagliflozin was again well tolerated. More da-
pagliflozin-treated patients experienced hypoglycemia com-
pared to those who received placebo (6.9-7.9% vs 4.8%), but
none discontinued therapy for this reason. Rates of urinary
tract infection were similar between groups (3.9-6.9% da-
pagliflozin vs 6.2% placebo), but there was a larger propor-
tion of patients treated with dapagliflozin who experienced a
genital infection (3.9%-6.6%) compared to patients who re-
ceived placebo (0.7%). The authors concluded that da-
pagliflozin was a safe and effective add-on therapy for pa-
tients concurrently treated with glimepiride.23

Dosage and Administration

New drug applications have been filed for oral, once-
daily doses of dapagliflozin 5- and 10-mg tablets. Doses
can be administered any time of day, without regard to
meals. Doses ranging from 2.5 to 20 mg have been studied
in published Phase 3 clinical trials evaluating the efficacy
of dapagliflozin. 

Special Populations 

To date, published reports of dapagliflozin use are limited
to healthy adults with T2DM. There is one completed study
in patients with moderate renal impairment (GFR >30 to <60
mL/min/1.73 m2), but results of this study are not yet pub-
lished.11 Dapagliflozin has not been studied in pregnant or
lactating women. However, based on dilatation of the renal
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pelvis that occurred in animal studies, the use of dapagliflozin
is not recommended in women during the second and third
trimesters of pregnancy.11 It is unknown whether da-
pagliflozin and/or its metabolites are excreted in human milk.
Because a risk to newborns/infants has not been ruled out,
dapagliflozin should not be used by breastfeeding women.11

Further investigation may identify other relevant precautions. 

Adverse Effects 

The safety of dapagliflozin has been evaluated in
monotherapy and combination therapy Phase 3 trials.19,21-23 In
the largest dapagliflozin trial, the most common adverse ef-
fects were nasopharyngitis (glipizide 20 mg, 15.0%; dap-
agliflozin 10 mg, 10.6%); hypertension (glipizide 20 mg,
8.6%; dapagliflozin 10 mg, 7.4%); influenza (glipizide 20
mg, 7.4%; dapagliflozin 10 mg, 7.4%); urinary tract infection
(glipizide 20 mg, 4.2%; dapagliflozin 10 mg, 7.4%); upper
respiratory tract infection (glipizide 20 mg, 7.6%; dap-
agliflozin 10 mg, 5.9%); headache (glipizide 20 mg, 4.2%;
dapagliflozin 10 mg, 5.2%).22 Adverse effects of dap-
agliflozin have occurred in similar rates as placebo or com-
parative therapy (eg, glipizide). To date, all Phase 3 trials
have had a very small percentage of serious adverse effects
occur in both the placebo and dapagliflozin treatment arms
with no deaths reported. A more complete list of adverse
effects occurring in the Phase 3 trials relative to dose of
dapagliflozin can be found in Table 4.

All 4 Phase 3 trials (1 monotherapy, 3 combination ther-
apy) have evaluated the incidence of signs and symptoms

suggestive of genital and/or urinary tract infections.19,21-23

These conditions have received special focus due to the
mechanism of action of dapagliflozin; increased glucosuria
may provide a growth medium for bacteria and fungi. The
percentage of patients with signs and symptoms of a geni-
tal infection ranged from 6.2% to 10.6% in patients receiv-
ing dapagliflozin, with the higher percentage occurring
with the 10-mg dose of dapagliflozin, compared to only a
2.5% incidence in the placebo arm.19,21-23 Urinary tract in-
fection signs and symptoms ranged from 4.2% to 8.8% in
the dapagliflozin-treated patients (2.5, 5, 10, and 20 mg)
compared to 6.4% in the placebo or glipizide-treated pa-
tients. Overall, there was no significant difference in the in-
cidence of diagnosed urinary tract infections between da-
pagliflozin and placebo.

Similar to the genital and urinary tract infections, renal
adverse effects have been of particular focus because of the
action of dapagliflozin within the kidney. Because of the
drug’s osmotic diuretic properties, studies focused on
hemodynamic parameters of blood pressure and volume
depletion. There were mild decreases in blood pressure
noted (without hypotension) and mild volume depletion,
particularly in patients treated concurrently with loop di-
uretics, that did not affect the overall safety profile.
Longer-term data are needed to determine potential long-
term renal adverse effects, but in studies to date there was
neither an increased risk of renal impairment nor progres-
sion of diabetic nephropathy with dapagliflozin use.11

During Phase 2b and 3 trials a small potential risk of de-
veloping bladder and breast cancer in dapagliflozin-treated
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Table 4. Incidence of Adverse Events in Phase 3 Clinical Trials19,21-23

Dapagliflozin
Glipizide

Adverse Event 2.5 mg 5 mg 10 mg Placebo 20 mg

Pts., n 356 346 762 358 408

Back pain 8/291 6/282 36/692 4/283 20/408

Upper RTI 10/291 10/282 34/692 14/283 31/408

Bronchitis 2/154 3/154 24/557 1/146 14/408

Nasopharyngitis 19/202 7/201 53/611 15/212 61/408

Headache 9/202 13/201 34/611 10/212 17/408

Influenza 13/137 13/137 38/541 10/137 30/408

UTI 8/291 11/282 43/692 12/283 17/408

Hypertension 17/291 6/282 37/692 12/283 35/408

Arthralgia 6/154 0/154 12/557 4/146 21/408

Diarrhea 11/356 8/336 30/762 13/358 26/408

Hypoglycemia 15/356 15/336 33/762 13/358 162/408

Renal impairment/failure 2/219 2/209 24/627 4/221 14/408

Hypotension/dehydration 1/356 2/336 8/762 2/358 3/408

Events suggestive of UTI 15/356 28/336 67/762 23/358 26/408

Events suggestive of GI 22/356 32/336 81/762 9/358 11/408

GI = genital infection; RTI = respiratory tract infection; UTI = urinary tract infection.



patients was detected. Through pooling of Phase 2b and 3
studies submitted to the FDA there have been 4354 patient-
years of exposure to at least 1 dose of dapagliflozin 2.5 mg or
higher and 1899 patient-years of exposure to placebo/com-
parator. Based on the last evaluation of data there were a total
of 7 (0.2%) cases of bladder cancer in dapagliflozin-treated
patients versus none in the control groups.11 Three additional
cases have been reported via Investigational New Drug Safe-
ty reports (2 dapagliflozin and 1 placebo).11 It has been hy-
pothesized, based on the mechanism of action of da-
pagliflozin and related genitourinary adverse effects due to
glucosuria in dapagliflozin-treated patients, that these effects
may contribute to a possible detection bias. In all Phase 2b
and 3 trials combined there have been 9 of 4287 (0.2%) pa-
tients in the dapagliflozin group and none of 1941 patients in
the control group with breast cancer.11 The FDA issued a
complete response letter to the manufacturers of the drug on
January 19, 2012, requesting additional clinical trial data to
better describe the risk-benefit profile of dapagliflozin.

Drug Interactions 

Dapagliflozin is predominately metabolized by
UGT1A9 and therefore should not have any significant
drug interactions related to the cytochrome P450 system
or P-glycoprotein substrates.24 A recent pharmacokinetic
analysis evaluated whether there were any interactions be-
tween dapagliflozin and commonly used antihyper-
glycemic agents. This analysis evaluated the potential for
drug interactions with pioglitazone, metformin, glimepi-
ride, and sitagliptin.15 Based on the results of the analyses
there was no indication of any concern or need for dose
adjustment when coadministering dapagliflozin with any
of the above-listed medications. Studies are needed to
evaluate whether interactions with any other antihyper-
glycemic agents exist. 

Place in Therapy 

There have been no efficacy trials comparing dap-
agliflozin to any of the other SLGT2 inhibitors in develop-
ment. Dapagliflozin has been shown to be an effective oral
antihyperglycemic agent as monotherapy and combination
therapy when added to metformin or glimepiride in patients
with T2DM. Dapagliflozin’s place in the management of dia-
betes should be as a second- or third-line agent on top of tra-
ditional first-line therapy (eg, metformin) or in place of first-
line therapy in patients with contraindications to traditional
agents based on its ability to lower A1C. 

Summary 

Dapagliflozin is a novel oral antihyperglycemic agent that
has demonstrated promise both as monotherapy and as syner-
gistic combination therapy in Phase 3 clinical trials. The main

adverse effect observed in dapagliflozin-treated patients is an
increased incidence of genitourinary infections. On January
19, 2012, the FDA issued a complete response letter to the
manufacturers of the drug requesting additional clinical trial
data to better describe the risk-benefit profile of dapagliflozin.
AstraZeneca and Bristol-Myers Squibb remain committed to
the development of this drug. If approved, dapagliflozin has
the potential to be the next new oral agent in the current dia-
betes drug armamentarium.
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EXTRACTO

Dapagliflozina para el Tratamiento de la Diabetes Tipo 2

SL Anderson y JC Marrs

Ann Pharmacother 2012;46:590-8.

OBJETIVO: Repasar la literatura y describir la farmacología,
farmacocinética y propiedades farmacodinámica, seguridad clínica e
eficacia de dapagliflozina, una nueva droga que está siendo evaluada por
la FDA para el tratamiento de la diabetes tipo 2.

FUENTES DE INFORMACION: Se realizó una búsqueda en MEDLINE y
ClinicalTrials.gov (de 1995 a noviembre de 2011) usando los términos
“dapagliflozin”, “sodium-glucose cotranstporter 2 inhibitor”, y “SGLT2
inhibitor”. También se repasó la lista de referencias citadas en las
publicaciones identificadas. 

SELECCIÓN DE ESTUDIOS Y EXTRACCIÓN DE DATOS: Se incluyó en este
repaso todos los reportes e extractos escritos en idioma inglés que
evaluaron el uso de dapagliflozina en humanos.

SÍNTESIS DE DATOS: Dapagliflozina es el primer agente en una clase de
inhibidores del co-transporte de sodio-glucosa 2 que representa una
nueva opción terapéutica oral en el tratamiento de la diabetes tipo 2. Su
mecanismo de acción es independiente de insulina y la sensibilidad a
insulina. Datos preliminares sugieren que dapagliflozina disminuye la
hemoglobina A1c, las concentraciones plasmáticas de glucosa en ayuna y
de glucosa post-prandiales, mientras que esta promueve la pérdida de
peso. En los estudios de fase 1, 2, y 3 dapagliflozina exhibió un perfil de
seguridad y tolerabilidad similar a placebo. 

CONCLUSIONES: Dapagliflozina es un nuevo agente antidiabético oral que
está en estudios clínicos de fase 3 y ha demostrado promesa como
monoterapia y en combinación sinérgica con otros agentes actualmente
disponibles. El 19 de enero de 2012, el FDA publicó una letra completa
de la respuesta a AstraZeneca y Bristol-Myers Squibb con respecto al
nuevo uso de la droga para el dapagliflozin. El FDA está pidiendo
clínico adicional dato-de estudios en curso y nuevos clínicos potenciales
ensayo-a mejor describen el ot del perfil de la riesgo-ventaja la droga.
Ambos fabricantes siguen confiados al desarrollo del dapagliflozin, y
hay actualmente 8 ensayos de la fase 3 en curso. Dapagliflozina tiene el
potencial para ser el próximo agente oral nueva en el arsenal actual de
medicamentos para la diabetes.

Traducido por Carlos C da Camara

RÉSUMÉ

La Dapagliflozine dans le Traitement du Diabète de Type 2

SL Anderson et JC Marrs

Ann Pharmacother 2012;46:590-8.

OBJECTIF: La dapagliflozine est le premier agent d’une nouvelle classe
d’hypoglycémiant oral et il est présentement sous examen pour obtenir
un avis de commercialisation de l’agence américaine de réglementation.
Le but de cet article est de décrire la pharmacologie, les propriétés
pharmacocinétiques et pharmacodynamiques, les données d’efficacité et
d’innocuité de la dapagliflozine. 

SOURCES D’INFORMATION: Une recherche de littérature a été effectuée
dans la banque de données MEDLINE (de 1995 à novembre 2011) et
sur le site web ClinicalTrials.gov en utilisant les mots-clés suivants:
dapagliflozine, inhibiteur du co-transporteur sodium-glucose de type 2,
inhibiteur SGLT2. Les bibliographies des articles identifiés ont aussi été
revues afin d’obtenir des références additionnelles.  

SÉLECTION DE L’INFORMATION ET EXTRACTION DES DONNÉES: Tous les
articles et les abrégés publiés en langue anglaise ont été retenus et
évalués pour cet article de revue. 

RÉSULTATS: La dapagliflozine est le premier inhibiteur oral du co-
transporteur sodium-glucose de type 2. Son mécanisme d’action est
indépendant de l’insuline et des récepteurs de l’insuline. Les données
préliminaires suggèrent que la dapagliflozine diminue l’hémoglobine
glycosylée, les glycémies à jeûn, et les glycémies post-prandiales, et
permet une perte de poids. Durant les essais cliniques, le profil
d’innocuité de la dapagliflozine a été similaire à celui du groupe
placebo. 

CONCLUSIONS: La dapagliflozine est un nouvel agent oral prometteur,
utilisé seul ou en association avec les hypoglycémiants oraux
commercialement disponibles sur le marché américain. Plusieurs essais
cliniques sont présentement en cours. Le 19 janvier 2012, la FDA a
fourni une lettre complète de réponse à AstraZeneca et Bristol-Myers
Squibb concernant la nouvelle demande de drogue de dapagliflozin. La
FDA demande clinique additionnel donnée-des études continues et
nouveaux cliniques potentiels épreuve-à meilleur décrivent l’ot de profil
de risque-avantage la drogue. Les 2 fabricants restent commis au
développement du dapagliflozin, et il y a actuellement 8 épreuves de la
phase 3 en cours. La dapagliflozine pourra offrir une nouvelle voie
thérapeutique dans le traitement du diabète de type 2. 

Traduit par Sylvie Robert


