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ABSTRACT
Background: Dapagliflozin, a selective inhibitor of

renal sodium glucose co-transporter 2, is under devel-
opment for the treatment of type 2 diabetes mellitus.
Dapagliflozin elimination is primarily via glucuroni-
dation to an inactive metabolite, dapagliflozin 3-O-
glucuronide. Pharmacokinetic studies are recom-
mended in subjects with impaired hepatic function if
hepatic metabolism accounts for a substantial por-
tion of the absorbed drug.

Objective: The purpose of our study was to compare
the pharmacokinetics of dapagliflozin in patients with
mild, moderate, or severe hepatic impairment (HI)
with healthy subjects.

Methods: This was an open-label, parallel-group
study in male or female patients with mild, moderate,
or severe HI (6 per group according to Child-Pugh
classification) and in 6 healthy control subjects. The
control subjects were matched to the combined HI
group for age (�10 years), weight (�20%), sex, and
smoking status, with no deviations from normal in med-
ical history, physical examination, ECG, or laboratory
determinations. All participants received a single 10-mg
oral dose of dapagliflozin, and the pharmacokinetics of
dapagliflozin and dapagliflozin 3-O-glucuronide were
characterized. Dapagliflozin tolerability was also as-
sessed throughout the study.

Results: Demographic characteristics and baseline
physical measurements (weight, height, and body mass
index) were similar among the 18 patients in the HI
groups (58–126 kg; 151.2–190.0 cm, and 31.5–37.7
kg/m2, respectively) and the healthy subject group
(65.0–102.6 kg; 166.0–184.0 cm, and 23.3–34.3
kg/m2, respectively). In those with mild, moderate, or
severe HI, dapagliflozin mean Cmax values were 12%
lower and 12% and 40% higher than healthy subjects,

respectively. Mean dapagliflozin AUC0–� values were
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3%, 36%, and 67% higher compared with healthy
subjects, respectively. Dapagliflozin 3-O-glucuronide
mean Cmax values were 4% and 58% higher and 14%
lower in those with mild, moderate, or severe HI com-
pared with healthy subjects, respectively, and mean
dapagliflozin 3-O-glucuronide AUC0–� values were
6%, 100%, and 30% higher compared with healthy
subjects, respectively. These values were highly depen-
dent on the calculated creatinine clearance of each
group. All adverse events were mild or moderate, with
no imbalance in frequency between groups.

Conclusions: Compared with healthy subjects, sys-
temic exposure to dapagliflozin in subjects with HI was
correlated with the degree of HI. Single 10-mg doses of
dapagliflozin were generally well tolerated by partici-
pants in this study. Due to the higher dapagliflozin
exposures in patients with severe HI, the benefit:risk
ratio should be individually assessed because the long-
term safety profile and efficacy of dapagliflozin have
not been specifically studied in this population. (Clin
Ther. 2011;33:1798–1808) © 2011 Elsevier HS Jour-
nals, Inc. All rights reserved.

Key words: dapagliflozin, hepatic impairment, phar-
macokinetics, SGLT2 inhibitors, special populations.

INTRODUCTION
The global prevalence of diabetes is projected to rise to
438 million (or �7.8% of the entire adult population)
by 2030.1 Type 2 diabetes mellitus (T2DM) accounts
for the majority (85%–95%) of all cases2 and is a pro-
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gressive disorder characterized by hyperglycemia, a de-
crease in insulin secretion, and increased insulin resis-
tance.3,4 Over time, escalating doses of antidiabetic
agents and additional medications are required to meet
treatment goals.5 Despite the availability of several dif-
ferent classes of antidiabetic agents, only a little more
than half of patients with T2DM are achieving their
glycemic goals.6

One strategy under investigation for the manage-
ment of T2DM is the inhibition of renal glucose
reabsorption. Sodium glucose co-transporter type 2
(SGLT2) is the predominant glucose transporter in the
proximal tubule, and inhibition of SGLT2 has been
shown to improve glycemic control through an in-
crease in urinary glucose excretion.7 Dapagliflozin is a
highly selective inhibitor of the SGLT2 that is currently
under development for the treatment of T2DM.8,9 Im-
provements in glycemic parameters have been ob-
served with oral dapagliflozin treatment in patients
with T2DM when administered as monotherapy, as
well as in combination therapy, with a 10-mg dapagli-
flozin once-daily dose appearing to show the optimal
benefit:risk profile.10–12 The pharmacokinetics (PK)
and pharmacodynamics of dapagliflozin have been
evaluated in single-ascending-dose and multiple-as-
cending-dose studies in healthy subjects and patients
with T2DM.13,14 In these studies, dapagliflozin dem-
nstrated linear PK over the dose range of 2.5 to 500
g and a dose-dependent increase in urinary glucose

xcretion over 24 hours.
The liver is an important site of drug biotransfor-

ation that can also influence PK through factors such
s hepatic blood flow, plasma protein binding, and
iliary excretion. Altered PK due to changes in these
arameters, diseases, or concomitant administration of
ther drugs may affect the efficacy and safety profile of
drug such that dosage adjustment may be needed.
he US Food and Drug Administration recommends a
K study in subjects with impaired hepatic function if
epatic metabolism and/or excretion accounts for a
ubstantial portion (�20%) of the absorbed drug.15

Metabolism represents the primary pathway for the
elimination of dapagliflozin accounting for �75% of
the administered drug and is primarily via glucuroni-
dation (hepatic and extra-hepatic) by uridine diphos-
phate glucuronyl transferase (UGT1A9) to form a ma-
jor inactive metabolite, dapagliflozin 3-O-glucuronide,
which does not inhibit SGLT2 at doses of dapagliflozin

shown to reduce glycemia in patients with T2DM.16
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Less than 2% of the administered dapagliflozin dose is
recovered in the urine as unchanged drug and radiola-
beled dapagliflozin absorption, distribution, metabo-
lism, and excretion studies have shown that dapagli-
flozin 3-O-glucuronide represents the major clearance
pathway in human subjects, and it has similar systemic
exposure to parent dapagliflozin.16 Dapagliflozin 3-O-
lucuronide is primarily excreted in the urine and its
enal clearance is highly dependent upon creatinine
learance. The dapagliflozin 3-O-glucuronide metabo-
ite is �2400 times less potent with regard to SGLT2
nhibition compared with parent dapagliflozin.

Because individuals with T2DM have a higher inci-
ence of liver function test abnormalities than those
ithout T2DM, hepatic impairment (HI) is an impor-

ant consideration in this population.17,18 Elevated
markers of liver dysfunction alanine aminotransferase
(ALT) and �-glutamyl transpeptidase are present in
22.9% and 23.7% of patients with T2DM, respec-
tively.18 In cases of HI, the use of several antidiabetes
rugs is cautioned, limiting the therapeutic options
hat are available for patients with T2DM who have
I. Prescribing information for metformin states

hat it should generally be avoided in patients with
linical or laboratory evidence of hepatic disease.19

Glimepiride dosage should be conservative to avoid
hypoglycemic reactions,20 repaglinide should be
used cautiously,21 and pioglitazone should be initi-
ted with caution.22 Stringent glycemic control is
till necessary in this population of patients with
2DM, and additional effective and safe therapeutic
ptions are needed.

In the study presented here, the PK and safety profile
f dapagliflozin and dapagliflozin 3-O-glucuronide fol-
owing a single oral dose of dapagliflozin (10 mg) in
atients with varying degrees of HI were compared
ith healthy subjects. The influence of HI on the
lasma free fraction of dapagliflozin is also assessed.

PATIENTS AND METHODS
Study Population

The study group included a total of 24 participants
(16 male, 8 female) aged 31 to 64 years. Six of the
participants were healthy, 6 had mild HI, 6 had mod-
erate HI, and 6 had severe HI. The Child-Pugh grading
system23 was used to assess the severity and prognosis
of HI (A � mild HI, B � moderate HI, and C � severe
HI). HI groups comprised male and female subjects

with HI conforming to the Child-Pugh classifications
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A, B, or C documented by medical history, physical
examination, and one or more of the following tests
that were performed by the patients’ primary care phy-
sicians using standard of care and certified clinical
laboratories: liver biopsy, computed tomography,
magnetic resonance imaging, ultrasonography, radio-
nuclide liver/spleen scan, abdominal laparoscopy, or
appropriate serological markers (eg, albumin, ALT, as-
partate aminotransferase [AST], bilirubin, prothrom-
bin time, and international normalized ratio). Control
subjects were healthy male or female subjects matched
to the combined HI group for age (approximately �10
years), weight (approximately �20%), sex, and smok-
ing status. Inclusion criteria for the healthy group con-
sisted of no deviations from normal in medical his-
tory, physical examination, ECG, or laboratory
determinations.

Women of childbearing potential in all groups were
required to have had a negative pregnancy test result
approximately 24 hours before the start of study
medication.

Key exclusion criteria for all groups were any signif-
icant acute medical illness (eg, new conditions or exac-
erbation of pre-existing conditions) within the past 2
months or major surgery within 4 weeks of study drug
administration, active alcoholic hepatitis, current or
recent (within 3 months before screening) history of
significant gastrointestinal disease other than that sec-
ondary to cirrhosis, autoimmune liver disease, previ-
ous liver transplantation, abnormal renal function us-
ing serum creatinine or Cockroft-Gault formula
(serum creatinine �1.5 mg/dL or estimated creatinine
clearance �60 mL/min), history of drug allergy, or ex-
posure to study drug or related compounds.

Study Design
This study was conducted between March 28, 2008,

and October 1, 2008, by 3 clinical sites (Advanced
Clinical Research Institute, Anaheim, California, Den-
nis Riff, MD, FACG; Hospital Austral, Buenos Aires,
Argentina, Marcelo Silva, MD; Clinical Research Sp.
ZOO, Warsaw, Poland, Katarzyna Jarus-Dziedzic,
MD, PhD) and the protocol was approved by institu-
tional review boards or local ethics committees. The
study was conducted in accordance with Good Clinical
Practice Guidelines. All participants provided written
informed consent prior to the study. Participants were
recruited and enrolled in the study under the supervi-

sion of the principal investigator or his/her qualified
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designee at each study site. Participants were compen-
sated for their time and expenses associated with their
involvement in the study. This study was not registered
in a clinical trials registry because the initiation date
predates the current guidelines according to the Decla-
ration of Helsinki. This was an open-label, parallel-
group, single-dose study in patients with HI and
healthy subjects matched to the combined HI groups to
the extent possible for age (approximately �10 years),
weight (approximately �20%), sex, and smoking sta-
tus. Sample size was chosen based on US Food and
Drug Administration recommendations for PK studies
in subjects with HI.15 Six patients with HI were en-
olled into each of the 3 Child-Pugh groups (A � mild,

� moderate, or C � severe). Six healthy control
subjects, matched to the HI subjects, were enrolled af-
ter at least 6 subjects in any HI class group had com-
pleted the study. Each participant received a single
10-mg oral tablet dose of dapagliflozin and was re-
quired to fast for 6 hours prior until 4 hours post-
dosing. Participants remained at the study unit for �5
days post-dosing for collection of PK samples and
safety monitoring. Participants were also required to
fast for 8 hours before laboratory evaluations on day 1
and at study discharge.

Pharmacokinetic Assessments
PK parameters of dapagliflozin and dapagliflozin

3-O-glucuronide were derived from plasma concentra-
tion versus time data. The PK profile of dapagliflozin
and dapagliflozin 3-O-glucuronide were followed for
96 hours post-dose. Blood samples were taken at 0,
0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 16, 24, 36, 48, 72, and 96
hours after dosing. At each collection time point, one
3.0-mL blood sample was collected into a labeled po-
tassium EDTA tube. Immediately after collection, each
blood sample was gently inverted 8 to 10 times for
complete mixing with the anticoagulant and placed on
wet ice. Within 30 minutes of collection, blood samples
were centrifuged at 5 degrees for 10 minutes at
1500 � g. Within 15 minutes of centrifugation, plasma
was transferred into a screw-capped polypropylene
tube and stored at or below �20°C. Samples were
shipped on dry ice to the analytical site and were stored
at approximately �20°C until analyzed.

Dapagliflozin and dapagliflozin 3-O-glucuronide
were assayed at Atlanbio (Saint Nazaire, France) using
solid phase extraction and LC-MS/MS by a validated

method. The assay used 0.15 mL plasma.13 C6-labelled
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dapagliflozin and dapagliflozin 3-O-glucuronide were
used as internal standards. Following solid phase ex-
traction, chromatographic separation was achieved
with gradient elution on a Sunfire C18 (50 � 2.1 mm, 5
�m [Water Corp., Milford, Massachusetts]) column.
Detection was by negative heated–electrospray ioniza-
tion mass spectroscopy using a TSQ Quantum Ultra
mass spectrometer (Thermo Corp., Philadelphia, Penn-
sylvania). This assay had a lower limit of quantification
of 1.00 ng/mL and an upper limit of quantification of
500 ng/mL for both dapagliflozin and dapagliflozin
3-O-glucuronide. The between-run variability (%CV)
was �2.5 and �3.0 for dapagliflozin and dapagliflozin
3-O-glucuronide, respectively. The within-run vari-
ability (%CV) was �5.3 for dapagliflozin and �10.9
dapagliflozin 3-O-glucuronide. Individual subject PK
parameter values were derived by noncompartmental
methods,24 using a validated PK analysis program (Ki-
netica 4.4.1 within eToolbox 2.6.1 [Thermo Corp.]).
Cmax and Tmax were obtained from actual observa-
tions. The terminal log-linear phase of the concen-
tration–time curve was identified by least-squares
linear regression of at least 3 data points. The t½ of
the terminal log-linear phase was calculated as ln2/
Lz, where Lz was the absolute value of the slope of
the terminal log-linear phase. The AUC0 –t was cal-
ulated using the mixed log-linear trapezoidal algo-
ithm in Kinetica. AUC0 –� was estimated by sum-

ming AUC0 –t and the extrapolated area, computed
y the quotient of the last observable concentration
nd Lz.

The plasma free fraction of dapagliflozin was eval-
ated 1.5 hours postadministration by an equilibrium
ialysis method.

Safety Profile
Participants were closely monitored throughout the

study for adverse events (AEs). AEs were spontane-
ously reported or elicited during open-ended question-
ing, examination, or evaluation of a subject. To pre-
vent reporting bias, participants were not questioned
regarding the specific occurrence of one or more AEs.
AEs and laboratory results were reviewed by a quali-
fied physician who was an investigator or subinvesti-
gator. For each AE, the investigator or subinvestiga-
tor also assigned an intensity and relationship to
study drug based on his or her clinical judgment.
Participants were not to be discharged from the

study until the investigator had determined that AEs
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had either completely resolved or were not of clinical
significance.

Statistics
The sample size for this study was not based on

statistical power considerations. However, for each of
the Child-Pugh classes, data from 6 patients with HI
would provide 90% confidence that the estimated im-
paired:control ratio of Cmax geometric means were
within 17% of the true value and the estimated im-
paired:control ratio of AUC0–� geometric means were

ithin 21% of the true value for each class. Therefore,
total of 24 subjects were enrolled in the study: 6

articipants for each of the hepatic function groups
healthy subjects and Child-Pugh classes A, B, and C).

To assess the effects of HI on the PK of dapagliflozin
nd dapagliflozin 3-O-glucuronide, ANOVAs were
erformed on log-transformed Cmax, AUC0-t, and

AUC0–� values for each analyte. The factor in the anal-
ses was hepatic function group. Point estimates and
0% CIs for means and differences between means on
he log scale were exponentiated to express the results
s geometric means and ratios of geometric means on
he original scale. No adjustment was made for multi-
licity. Summary statistics were tabulated for each of
he PK parameters by hepatic function group for each
nalyte.

RESULTS
Demographic and Baseline Characteristics

Demographic characteristics and baseline physical
measurements were similar among the 24 participants
(aged 31–64 years) across the 4 hepatic function
groups (Table I). All treated subjects completed the
study.

Pharmacokinetics
Dapagliflozin

Mean plasma concentration profiles for dapagli-
flozin in healthy subjects and those with varying de-
grees of HI are shown in Figure 1A. In healthy subjects,
following a single oral dose of 10-mg dapagliflozin,
plasma concentrations of dapagliflozin rapidly in-
creased to a mean Cmax of 136 ng/mL, with a Tmax of 1
our. The t½ for dapagliflozin in these healthy subjects
as 12.9 hours. AUC0–� and AUC0–t were 465 ng/

h/mL and 438 ng/h/mL in healthy subjects. Mild HI
resulted in no clinically relevant differences in dapa-
gliflozin exposure (�4% higher) compared with

healthy subjects. Increasing severity of HI showed a
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progressive increase in geometric mean dapagliflozin
Cmax to 190 ng/mL (40% increase) in severely im-

aired patients, with a corresponding increase in
eometric mean dapagliflozin AUC values. AUC0 –�

values increased with decreasing hepatic function
and, compared with healthy subjects, were 36%
higher in moderately impaired patients and 67%
higher in patients with severe HI (Figure 1B).
AUC0 –t also increased with decreasing hepatic func-
tion, and compared with healthy subjects was 1%
higher in mildly impaired patients, 40% higher in
moderately impaired patients, and 74% higher in
patients with severe HI.

Median Tmax and mean t½ values were reduced in
hose with moderate to severe HI (Table II). No appar-
nt change in the mean plasma free fraction of dapa-

Table I. Demographic characteristics and baseline ph

Characteristic
Healthy
(n � 6)

Age, y
Mean (SD) 37 (7)
Range 31–49

Gender, no. (%)
Male 4 (67)
Female 2 (33)

Race, no. (%)
White 6 (100)
American Indian/Alaska native 0

Height, cm
Mean (SD) 172.5 (6.1)
Range 166.0–184.0

Weight, kg
Mean (SD) 81.8 (15.4)
Range 65.0–102.6

Body mass index
Mean (SD) 27.4 (4.6)
Range 23.3–34.3

Estimated creatinine clearance, mL/min
Mean (SD) 138.3 (30.6)
Range 91–167
liflozin bound to plasma proteins was observed in the
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I groups (mild, 8.9% free; moderate, 6.6% free; and
evere, 8.4% free) compared with the healthy subject
ontrol group (7.9% free).

Dapagliflozin 3-O-glucuronide
Mean plasma concentration profiles for dapagli-

flozin 3-O-glucuronide in patients with varying de-
grees of HI are shown in Figure 2A. Following a single
oral dosing of 10-mg dapagliflozin, dapagliflozin 3-O-
glucoronide geometric mean Cmax was 196 ng/mL at a

max of 1.25 hours post-dose in healthy subjects. Da-
agliflozin 3-O-glucuronide geometric mean AUC0–�

and AUC0–t values were 837 ng/h/mL and 803 ng/h/
L, respectively, in healthy subjects, and the t½ for

dapagliflozin 3-O-glucuronide was 16.4 hours. Pa-
tients with mild HI showed no relevant difference to

l measurements by hepatic impairment group.

Impairment Group

Total
(N � 24)

Mild
n � 6)

Moderate
(n � 6)

Severe
(n � 6)

37 (3) 54 (7) 49 (6) 44 (9)
32–40 46–64 41–56 31–64

5 (83) 3 (50) 4 (67) 16 (67)
1 (17) 3 (50) 2 (33) 8 (33)

6 (100) 6 (100) 5 (83) 23 (96)
0 0 1 (17) 1 (4)

.8 (6.6) 166.9 (11.8) 172.7 (11.2) 171.0 (9.0)

.0–181.0 151.2–183.0 161.0–190.0 151.2–190.0

.9 (16.5) 87.5 (20.7) 89.2 (16.2) 84.9 (16.5)
.0–100.8 68.0–126.0 65.3–110.0 58.0–126.0

.3 (4.6) 31.3 (5.2) 29.9 (5.1) 29.0 (4.9)

.5–31.3 25.3–37.7 22.5–37.1 21.5–37.7

.8 (56.0) 158.3 (31.6) 142.8 (42.5) 141.8 (40.3)
9–232 104–191 91–200 69–232
ysica

(

171
163

80
58

27
21

127
6

healthy subjects in dapagliflozin 3-O-glucuronide
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geometric mean Cmax or AUC0–� values (3.5% and
6.2% higher, respectively). Compared with the healthy
group, dapagliflozin 3-O-glucuronide geometric mean
Cmax was 58.2% higher in the moderate HI group and
4.3% lower in the severe HI group (Table II). Geo-
etric mean dapagliflozin 3-O-glucuronide AUC0–�

values were 100% higher in those with moderate HI
and 29.3% higher in the severe HI group compared

Figure 1. Dapagliflozin plasma concentration–time
flozin AUC0 –� (B) in subjects with varying
subjects.
with healthy subjects (Figure 2B). m
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In all HI groups, compared with the healthy group,
median Tmax values were 0.5 to 0.75 hours longer and
mean t½ values were 36% to 63% shorter for dapagli-
flozin 3-O-glucuronide. The ratio of dapagliflozin 3-O-
glucuronide to dapagliflozin (metabolite ratio [MR])
was calculated by dividing the AUC0–� of dapagliflozin
3-O-glucuronide by the AUC0–� of dapagliflozin and
orrecting for their difference in molecular mass. The

les (A) and ratio of geometric means for dapagli-
rees of hepatic impairment compared with healthy
profi
deg
ean MR was 1.32 (0.50) in the healthy group. This

1803
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ratio was slightly higher in the mild and moderate HI
groups (1.42 [0.71] and 2.02 [0.94], respectively) and
lower in the severe HI group (0.99 [0.17]) compared
with the healthy group.

Safety Profile and Tolerability
Dapagliflozin was well tolerated by all participants.

There were no deaths during the course of the study
and no discontinuations due to AEs following the ad-
ministration of dapagliflozin. The degree of HI had no
apparent effect on the incidence of AEs in this study
(Table III). Overall, 4 participants (1 healthy, 2 mod-
erate, 1 severe) experienced 5 AEs during the study,
including abdominal discomfort, back pain, dizziness,
rash, and phlebitis. All AEs resolved before study
discharge.

Thirteen subjects (healthy, n � 3; Child-Pugh A, n �
1; Child-Pugh B, n � 3; Child-Pugh C, n � 6) had 25

Table II. Summary of dapagliflozin and dapagliflozi
group

Pharmacokinetics Healthy

Dapagliflozin
Cmax, geometric mean
(%CV), ng/mL

136 (31)

Tmax, median, h (min, max) 1.00 (0.50,2.00)
AUC0–t, mean (%CV),
ng/h/mL

438 (34)

AUC0–�, geometric mean
(%CV), ng/h/mL

465 (34)

t1⁄2, mean (SD), h 12.9 (5.5)

Dapagliflozin 3-O-Glucuronide
Cmax, geometric mean
(%CV), ng/mL

196 (41)

Tmax, median, h (min, max) 1.25 (1.00,3.00)
AUC0–t, mean (%CV),
ng/h/mL

803 (38)

AUC0–�, geometric mean
(%CV), ng/h/mL

837 (38)

t1⁄2, mean (SD), h 16.4 (15.2)

*The mean (SD) t1⁄2 for dapagliflozin in the mild impairment
excluded.
laboratory marked abnormalities after receiving dapa-

1804
gliflozin. The majority of the marked abnormalities
occurred in the Child-Pugh C group (n � 18), as would
e expected with their advanced disease state. No
arked abnormalities were reported as AEs and none
ere considered to be clinically important by the inves-

igators, given the subjects’ liver disease status. No par-
icipants in the study had ALT and/or AST elevations
o 3 times the upper limit of normal or had liver func-
ion test elevations associated with elevated total
ilirubin.

There were no changes in vital sign measurements
r ECG findings in the healthy or HI groups.

DISCUSSION
This study assessed the effects of varying degrees of HI
on the exposure to dapagliflozin, as well as the safety
profile of dapagliflozin in patients with reduced liver
function compared with healthy subjects. The PK pro-

-glucuronide pharmacokinetics by hepatic function

Hepatic Function Group

Mild Moderate Severe

(28) 153 (51) 190 (40)

(0.50,3.17) 0.75 (0.50,3.00) 0.75 (0.50,4.00)
(25) 614 (40) 762 (22)

(26) 632 (40) 776 (22)

(16.3)* 8.1 (2.9) 6.1 (1.4)

(60) 310 (53) 168 (43)

(1.00,4.17) 1.75 (1.50,3.00) 2.00 (1.50,6.00)
(46) 1650 (49) 1049 (34)

(44) 1670 (49) 1082 (32)

(5.1) 9.3 (7.2) 6.0 (1.7)

is 8.5 (3.52) if the one outlier with a value of 47.6 hours is
n 3-O

120

1.25
443

480

15.0

203

2.00
853

889

10.5

group
file for dapagliflozin in healthy subjects in this study is
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consistent with results previously reported for dapagli-
flozin.13 Mild HI had no effect on overall exposure to
ither dapagliflozin or its major metabolite dapagli-
ozin 3-O-glucuronide. However, consistent with a
ossible reduction in hepatic UGT1A9 enzyme activ-

ty, higher systemic exposures to dapagliflozin were
bserved in the patients with moderate and severe HI

Figure 2. Dapagliflozin 3-O-glucuronide plasma con
for dapagliflozin 3-O-glucuronide plasma
impairment compared with healthy subject
ompared with healthy subjects. Although a body u

November 2011
eight–adjusted analysis of PK parameters was not
erformed, which is a potential limitation of this study,
he matching of healthy subjects to within a mean to
he combined HI groups’ weight (approximately
20%) and other important demographic characteris-

ics allows for a minimally confounded evaluation of
he effect of HI on dapagliflozin PK at the proposed

tion–time profiles (A) and ratio of geometric means
0–� (B) in subjects with varying degrees of hepatic
centra
AUC
s.
sual dose of 10 mg.
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Although smaller fractions of the dapagliflozin dose
would be expected to be metabolized to dapagliflozin
3-O-glucuronide with increasing severity of HI, differ-
ences in systemic exposure (both Cmax and AUC) to
dapagliflozin 3-O-glucuronide between the HI and
healthy subject groups did not correlate directly with
the severity of HI. In the moderate HI group, a near
doubling was seen in exposure to dapagliflozin 3-O-
glucuronide, whereas in the severe HI group, the over-
all exposure was closer to that observed in the healthy
group. One possible explanation for these findings is
that dapagliflozin 3-O-glucuronide is cleared mainly
via renal excretion and the estimated creatinine clear-
ance values were not balanced between the groups in
this study. Figure 3 shows the relationship between
dapagliflozin 3-O-glucuronide AUC0–� and estimated
reatinine clearance for the various groups in this
tudy. Even with the differences in parent dapagli-
ozin, a relationship between renal function and dapa-
liflozin 3-O-glucuronide is evident. The moderate HI
roup had the widest range of estimated creatinine
learance (69 mL/min–232 mL/min) of any group (Ta-
le I), but this group also had several patients clustered
t the lower end of the estimated creatinine clearance
ange in this study. These factors are likely to have
ontributed to the large variability and the relatively
igher metabolite-to-parent AUC0–� ratio in this
roup. Similar to dapagliflozin 3-O-glucuronide AUC,
he mean dapagliflozin 3-O-glucuronide Cmax was

highest in the moderate HI group (58% higher than
healthy subjects), whereas the mean dapagliflozin 3-O-
glucuronide Cmax values were similar in the healthy

Table III. Adverse events (AEs) by hepatic function g

AE
Healthy
Subjects

Abdominal discomfort 0
Back pain 0
Dizziness 0
Rash 0
Phlebitis 1 (16.7)
Total subjects with AEs 1 (16.7)
Total AEs 1
ubjects and the mild and severe HI groups. The rea-

1806
ons for these findings may also be related to the dif-
erences in renal function between the groups.

Aside from the effect of decreasing hepatic glucu-
onidation with loss of liver function, other factors
ay influence the exposure to dapagliflozin and dapa-

liflozin 3-O-glucuronide, including free fraction in
lasma. The free fraction of dapagliflozin is relatively
ow in healthy subjects (�10% free) and it was consid-
red that HI could potentially lead to a reduction in
lasma protein levels, resulting in higher free fractions
f dapagliflozin. However, the results from this study

No. (%) of Subjects with AEs

ild
irment

Moderate
Impairment

Severe
Impairment

0 1 (16.7) 0
0 1 (16.7) 0
0 0 1 (16.7)
0 1 (16.7) 0
0 0 0
0 2 (33.3) 1 (16.7)
0 3 1

Figure 3. Exposure of dapagliflozin 3-O-glucu-
ronide after single dose of dapagliflozin
versus estimated creatinine clearance in
patients with varying degrees of hepatic
impairment.
roup.

M
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indicated that decreasing liver function had no effect
on the free dapagliflozin plasma concentration.

Glucuronidation is generally considered to be less af-
fected by HI compared with oxidative metabolic path-
ways through cytochrome P450 enzymes,25,26 and total
apagliflozin exposure may, in part, be related to the dis-
ribution and expression of UGT1A9. Although the liver
s the major site of glucuronidation, a number of extra-
epatic tissues exhibit UGT1A9 activity, including the
idney.26–28 In patients with various degrees of HI, some-
hat similar differences in exposure to those observed in

his study for dapagliflozin have been observed with the
mmunosuppressant mycophenolic acid, which is also
lucuronidated by UGT1A9.29 Those authors also spec-

ulated that there may be upregulation of UGT1A9 in the
kidney as a compensatory mechanism for reduced he-
patic metabolic capacity. Extra-hepatic UGT1A9 metab-
olism, particularly in the kidney, whether upregulated or
not, may also result in relatively modest effects of HI on
dapagliflozin PK.

Dapagliflozin was well tolerated across the HI groups
with no deaths, serious AEs, or discontinuations due to
AEs. Dapagliflozin was well tolerated in previously pub-
lished clinical trials at exposure levels many times greater
than those produced in this study,13,14,30 and no evidence
or a direct effect of dapagliflozin on liver function has
een previously noted.10,11

The results of this single-dose study suggest that the PK
of a single 10-mg dose of dapagliflozin in participants
with varying degrees of HI is correlated with the degree of
HI, probably as a result of decreased metabolic capacity
with increasingly severe hepatic disease. The US Food and
Drug Administration recommends dosage adjustments in
labeling if there is a �2-fold increase in AUC with hepatic
mpairment. However, even in the most severe cases of HI
Child-Pugh C), the mean differences in exposure to da-
agliflozin were �2-fold higher compared with healthy
ubjects. In this study, dapagliflozin was well tolerated in
atients with liver disease who had various additional
nderlying diseases and who were taking a number of
ther medications.

CONCLUSIONS
Dapagliflozin was well tolerated in this population of
hepatically impaired patients. Due to higher dapagli-
flozin systemic exposures in patients with severe HI,
however, the benefit:risk ratio should be individually

assessed, because the long-term safety and efficacy of

November 2011
dapagliflozin was not specifically studied in this
population.
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