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Abstract

Ertugliflozin, a sodium-glucose cotransporter 2 inhibitor, is approved for treatment of type 2 diabetes. This randomized,
double-blind (sponsor-open) study in healthy Japanese subjects and open-label study in Western subjects assessed er-
tugliflozin pharmacokinetics and pharmacodynamics.Cohort A received 3 ascending single doses of ertugliflozin (1,5,and
25 mg; n = 6 Japanese, n = 6 Western) or placebo (n = 3 Japanese) under fasted conditions.Cohort B received multiple
once-daily doses of ertugliflozin 25 mg (n = 6 Japanese) or placebo (n = 3 Japanese) for 7 days under fed conditions.
For Japanese subjects in Cohort A, maximum plasma concentrations (Cmax) were observed 1 to 1.5 hours after dosing,
and apparent mean terminal half-life was 12.4 to 13.6 hours. The ratios of the geometric means (Japanese/Western)
for ertugliflozin 1-, 5-, and 25-mg single doses were 95.94%, 99.66%, and 90.32%, respectively, for area under the plasma
concentration–time curve and 107.59%,97.47%,and 80.04%,respectively, for Cmax.Area under the plasma concentration–
time curve and Cmax increased in a dose-proportional manner. For Cohort B, Cmax was observed 2.5 hours after dosing
(days 1 and 7), and steady state was reached by day 4. The 24-hour urinary glucose excretion was dose dependent.
Ertugliflozin was generally well tolerated. There were no meaningful differences in exposure, urinary glucose excretion,
and safety between Japanese and Western subjects.
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Sodium-glucose cotransporter 2 inhibitors lower
plasma glucose levels through reducing renal glucose
reabsorption and lowering the renal threshold for
glucose excretion, thereby increasing urinary glucose
excretion (UGE).1 Ertugliflozin is a selective inhibitor
of sodium-glucose cotransporter 22,3 that has been
evaluated in phase 3 trials for the treatment of type 2
diabetes mellitus (T2DM) in adults.4–11 Results from
these studies demonstrated that ertugliflozin provided
clinically meaningful improvements in glycemic con-
trol, as well as reductions in body weight and blood
pressure, leading to the approval of ertugliflozin at
doses of 5 and 15 mg to improve glycemic control in
adults with T2DM as an adjunct to diet and exercise.

Absorption of ertugliflozin following oral adminis-
tration is rapid; maximum plasma concentration (Cmax)
under fasted conditions is reached ∼1 hour after
dosing.12 Ertugliflozin exposure increases dose depen-
dently over 0.5 to 300 mg, and there is no clini-
callymeaningful effect on pharmacokinetics (PK)when
administered with or without food.12,13 The PK of
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ertugliflozin has been shown to be comparable across
populations with T2DM, healthy, and obese study
participants.12 Additionally, a population PK analy-
sis of ertugliflozin indicated that race does not have a
clinically relevant effect on the PK of ertugliflozin.14 A
phase 1 drug-drug interaction study demonstrated that
ertugliflozin exposure (AUC) decreased by 39% follow-
ing coadministration with rifampin.15 Further assess-
ment of the drug interaction potential of ertugliflozin
showed that concomitant administration of metformin,
sitagliptin, glimepiride, or simvastatin did not have clin-
ically meaningful effects on the PK of ertugliflozin or
the coadministered medications.16 Renal impairment
studies have predicted a ≤70% increase in ertugliflozin
exposure in patients with T2DM and mild, moderate,
or severe renal impairment relative to subjects with
normal renal function.17 Additionally, in subjects with
moderate hepatic impairment, a decrease in area un-
der the plasma concentration–time curve (AUC; 13%)
relative to subjects with normal hepatic function was
observed.18 Based on ertugliflozin PK findings, these
studies indicate that there is no meaningful difference
in PK between healthy subjects and T2DM patients12

and that ertugliflozin can be administered without re-
gard to food13 or race,14 and dose adjustment of er-
tugliflozin is not required for coadministration with
commonly prescribed drugs,15,16 or in patients with
renal impairment17 or with mild-to-moderate hepatic
impairment.18

Ertugliflozin is mainly cleared via metabolism,
with the major metabolic pathway being glucuronida-
tion (86%)3 catalyzed by the uridine diphosphate-
glucuronosyltransferase (UGT) enzymes isoforms
UGT1A9 and UGT2B7.2 Oxidative metabolism plays
a minor role in the clearance of ertugliflozin (12%),
with cytochrome P450 (CYP) 3A4 being the predom-
inant enzyme isoform, together with contributions
from CYP2C8 and CYP3A5. Urinary excretion of
unchanged drug accounts for 1.5% of the administered
dose.3 In vitro binding studies showed that ertugliflozin
is extensively bound to plasma proteins (93.6%).2

A pharmacodynamic (PD) study of single oral es-
calating doses of ertugliflozin in healthy subjects un-
der fasted conditions and multiple oral escalating doses
of ertugliflozin in otherwise healthy overweight/obese
subjects under fed conditions led to dose-dependent in-
creases in cumulative 24-hour UGE (UGE24) values.19

This phase 1 study was the first clinical study for
ertugliflozin in Japanese subjects in the global devel-
opment program. The primary objective was to inves-
tigate the safety, tolerability, PK, and PD (as measured
by UGE) of ertugliflozin in healthy Japanese subjects
following single and multiple oral doses of ertugliflozin
administered as a tablet. HealthyWestern subjects were
also included in the single-dose part of this study. Di-

rect comparison of PK and PD of ertugliflozin be-
tween Japanese and Western subjects was included to
investigate ethnic sensitivity. While the ethnic sensi-
tivity of ertugliflozin could have been explored in a
between-study comparison of PK and PD, using indi-
vidual data from different clinical studies assessing the
exposure-response relationship in Japanese and non-
Japanese subjects, the direct comparison of PK and PD
of ertugliflozin between Japanese and Western subjects
presented here reduced the influence of external factors
such as differences in study sites, conduction timing,
and assay procedures.

Materials and Methods
Study Design
This was a randomized, phase 1, double-blind
(sponsor-open), parallel-cohort, ascending single-
dose (in 1 day) and multiple-dose (with 1 dose level)
study in healthy Japanese subjects, and an open-label,
ascending single-dose study in healthy Western sub-
jects. The study consisted of 2 cohorts. In Cohort
A, healthy Japanese and Western subjects received
3 ascending single doses (1, 5, and 25 mg) of er-
tugliflozin (n = 6 Japanese subjects, n = 6 Western
subjects) or matching placebo (n = 3 Japanese sub-
jects) through 3 dosing periods. In Cohort B, Japanese
subjects received once-daily doses of ertugliflozin
25 mg (n = 6) or matching placebo (n = 3) for 7 days.
For both cohorts, subjects were screened within 28 days
of the first dose of study medication. Japanese subjects
were blinded to the study treatment and randomized
2:1 to ertugliflozin or placebo. Western subjects were
unblinded and received ertugliflozin. As this was an
exploratory study, sample size was selected to minimize
first exposure of a new drug to an ethnic population
and meet the requirement to provide adequate safety
and tolerability information at each dose level.

In Cohort A, eligible subjects were admitted to the
study center on day 0 of period 1. Subjects were re-
quired to remain in the center for at least 72 hours after
dosing and thereafter could discharge from or stay in
the center; if discharged, subjects were required to re-
turn to the unit on day 0 of each study period. Study
medication was dosed on day 1 of each period under
fasted conditions, with a washout period of at least
7 days between doses. Subjects were discharged from
the study center after PK sampling 72 hours after dos-
ing in period 3. Subjects returned to the study center 7
to 10 days after the last dose for a follow-up visit.

Cohort B was started after completion of Cohort A.
In Cohort B, subjects were admitted to the study center
on day 0 and were required to remain in the center
until the morning of day 10, for a total of 10 overnight
days. Study medication was administered within
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5 minutes after a light breakfast (≈ 650 calories; mean
(range) fat content 38% [29%-50%]). Subjects were
discharged from the center after PK sampling 72 hours
after the last dose. Subjects returned to the study center
7 to 10 days after the last dose for a follow-up visit.

The studywas conducted in compliance with the eth-
ical principles of the Declaration of Helsinki and in
compliancewith International Conference onHarmon-
isation Good Clinical Practice guidelines. The study
was conducted at the Pfizer Clinical Research Unit in
New Haven, Connecticut. The final protocol and in-
formed consent document were reviewed and approved
by IntegReview Ethical Review Board, Austin, Texas.
Investigators were required to inform the Ethical Re-
view Board of the study’s progress and occurrence of
any serious and/or unexpected adverse events (AEs).
All subjects signed an informed consent document be-
fore participating in the study.

Subjects
Detailed inclusion and exclusion criteria for Japanese
and Western subjects can be found in the Supplemen-
tal Information. Briefly, subjects were healthy men and
women of non–childbearing potential, 18 to 55 years
of age, a total body weight >50 kg (110 lb), and a body
mass index of 17.5 to 30.5 kg/m2. Asian or Polynesian
subjects were excluded from theWestern subject groups.
Japanese subjects were required to have 4 Japanese
grandparents who were born in Japan. Japanese sub-
jects were enrolled, and mean body weight and body
weight rangewas determined.Western subjects were en-
rolled later and selected to ensure themean body weight
and body weight range of the Western subjects were
similar (within ±10%) to those of Japanese subjects.

Assessments
Blood samples (3 mL) were collected to ensure at least
1.5 mL of plasma was available for PK analysis. For
each treatment period in Cohort A, blood samples were
collected at 0 hours (predose), and 0.25, 0.5, 1, 1.5, 2, 3,
4, 6, 8, 12, 24, 48, and 72 hours after dosing. In Cohort
B, blood samples were collected on day 1 at 0 hours and
0.5, 1, 2, 3, 4, 6, 8, and 12 hours after dosing; on days 2,
4, 5, and 6 at 0 hours; and on day 7 at 0 hours and 0.5,
1, 2, 3, 4, 6, 8, 12, 24, 48, and 72 hours after dosing.

Plasma samples were analyzed for ertugliflozin con-
centrations at Tandem Labs (West Trenton, New
Jersey) using a validated high-performance liquid
chromatography (HPLC)–tandem mass spectromet-
ric method. Ertugliflozin was extracted from human
plasma (100 μL) by liquid/liquid extraction using d5-
PF-04971729, an isotopically labeled ertugliflozin, as
the internal standard. The extracted sample was in-
jected into a high-performance liquid chromatography
column, Fortis C18 (Fortis Technologies, Los Ange-

les, California), 50 × 2.1 mm, 5 μm with gradient mo-
bile phase containing 0.1% formic acid in water and
methanol/acetonitrile solution (1:1, v/v). Detection was
performed by API 5000 (SCIEX, Framingham, Mas-
sachusetts) in the positive ion mode. The multiple re-
action monitoring ion transition was m/z 437→329 for
ertugliflozin and m/z 442→334 for the internal stan-
dard. The lower limit of quantitation of the assay was
0.500 ng/mL, and the calibration range was 0.500 to 250
ng/mL. Those samples with concentrations above the
upper limits of quantification were adequately diluted
into calibration range. The precision of the assay was
no more than 10.0% and 8.7% for the intraday and in-
terday variability, respectively. The intraday and inter-
day accuracy (error) was –11.3% to 6.7% and –3.1% to
2.3%.

Actual sample collection times were used for the PK
analysis. The following PK parameters were calculated
for each subject in Cohort A: Cmax, time to Cmax (tmax),
terminal half-life (t1/2), AUC from time zero to the time
of the last quantifiable concentration (AUClast), AUC
from time zero extrapolated to infinity time (AUCinf ),
and apparent clearance (CL/F). The following PK pa-
rameters were calculated for each subject in Cohort B:
Cmax; tmax; t1/2; AUC from time 0 to time tau (τ ), the
dosing interval, where tau = 24 hours (the dosing in-
terval) and ss = steady state (AUCτ ,Day1 and AUCτ ,ss);
predose concentration (Ctrough), CL/F, and observed ac-
cumulation ratio (Rac). Samples below the lower limit
of quantitation (0.500 ng/mL for ertugliflozin) were set
to 0 for analysis.

Urine samples were collected for PD analysis to
assess UGE. Water could be consumed without re-
striction beginning 1 hour after dosing. In Cohort A,
samples were collected on day 1 of each period, and
during intervals of 0 to 4, 4 to 8, 8 to 12, 12 to 24, 24 to
48, and 48 to 72 hours after dosing, with forced voids
at the beginning and end of each interval. In Cohort B,
samples were collected on day 1 and day 7, and during
intervals of 0 to 4, 4 to 8, 8 to 12, and 12 to 24 hours
after dosing, with forced voids at the beginning and end
of each interval.Urine sampleswere assayed for glucose
concentrations using a quantitative diagnostic-use-only
assay by VITROS GLU Slides and the VITROS Chem-
istry Products Calibrator Kit 1 on VITROS Chemistry
Systems (Ortho Clinical Diagnostics, Raritan, New Jer-
sey) at the College of American Pathologists/Clinical
Laboratory Improvement Amendments (CAP/CLIA)
certified Pfizer Clinical Research Unit (New Haven,
Connecticut). The assay had a dynamic range of 20 to
650 mg/dL.

Ertugliflozin safety and tolerability were assessed
by AE monitoring, clinical safety laboratory measure-
ments (hematology, chemistry, and urinalysis), physical
examination and vital signs (blood pressure and pulse
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Table 1. Demographic Characteristics in Cohort A (Single Dosing) and Cohort B (Multiple Dosing)

Cohort A Cohort B

Ertugliflozin
Japanese

Placebo
Japanese

Ertugliflozin
Western

Ertugliflozin
Japanese

Placebo
Japanese

(n = 6) (n = 3) (n = 6) (n = 6) (n = 3)

Sex, n
Male 6 3 6 4 3
Female 0 0 0 2 0

Age, y
Mean (SD) 35.7 (6.4) 35.0 (10.4) 34.7 (6.2) 42.7 (10.9) 41.0 (6.2)
Range 27-45 28-47 27-46 31-54 36-48

Race, n
White 0 0 1 0 0
Black 0 0 5 0 0
Asian 6 3 0 6 3

Weight, kg
Mean (SD) 65.0 (8.9) 64.1 (6.5) 66.3 (3.6) 68.4 (14.3) 67.9 (11.3)
Range 55.8-80.4 58.8-71.4 60.1-70.0 50.9-87.1 57.9-80.2

BMI, kg/m2

Mean (SD) 21.6 (2.5) 21.4 (2.2) 23.8 (2.3) 23.9 (2.9) 22.9 (3.8)
Range 17.7-25.5 20.0-23.9 20.4-26.2 20.9-28.3 20.5-27.3

BMI, body mass index; SD, standard deviation.

rate), and 12-lead electrocardiogram (ECG). AEs were
summarized per theMedical Dictionary for Regulatory
Activities version 13.1.

Statistical Analysis
The PK concentration analysis set was defined as all
enrolled subjects who received ≥1 dose of ertugliflozin
and in whom≥1 concentration value was reported. The
PK parameter analysis set included subjects who re-
ceived ≥1 dose of ertugliflozin and in whom ≥1 of
the PK parameters of interest was calculated. PK pa-
rameters were calculated for each subject in Cohort A
and Cohort B, as applicable, using noncompartmen-
tal analysis of concentration-time data (electronic non-
compartmental analysis version 2.2.2). PK parameters
were summarized descriptively by dose and popula-
tion (Japanese or Western) for Cohort A and by dos-
ing day for Cohort B. Natural log-transformed AUCinf ,
AUClast, and Cmax were analyzed using a mixed-effect
model with dose, population, and interaction term of
dose by population as fixed effects, subject within pop-
ulation as a random effect, and natural log-transformed
body weight as a covariate. The adjusted mean dif-
ference among populations (Japanese-Western) and
corresponding 90% confidence intervals (CIs) were
estimated for each dose level. The adjusted mean dif-
ferences and corresponding 90%CIs were exponenti-
ated to provide estimates of the ratio of adjusted

geometric means (Japanese/Western) and 90%CIs for
the ratio.

Cumulative UGE over 24 hours (UGE24) was cal-
culated for each subject and was summarized by dose
and population for Cohort A and by dosing day
for Cohort B, using descriptive statistics. In addition,
24-hour inhibition (%) of glucose reabsorption, calcu-
lated using the equation UGE24/(estimated glomerular
filtration rate [mL/min]× fasting glucose concentration
[mg • h/dL])× 0.0144, was summarized for each cohort.

Results
Subject Demographics
Fifteen subjects were allocated to Cohort A, and 9 sub-
jects were allocated to Cohort B. All 24 subjects com-
pleted the study and were included in the analysis. All
subjects in Cohort A were men (9 Japanese and 6West-
ern); there were no major differences in demographic
characteristics other than race between Japanese and
Western subjects (Table 1). All subjects in Cohort B
were Japanese (7 men and 2 women); there were no
major differences in demographic characteristics other
than sex between the placebo and ertugliflozin treat-
ment groups (Table 1).

Pharmacokinetics
In Cohort A, the mean ertugliflozin concentration-time
profiles following a single ascending oral dose of 1, 5,
and 25 mg of ertugliflozin under fasted conditions were
similar in Japanese and Western subjects (Figure 1).
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Figure 1. Mean (standard deviation) plasma ertugliflozin concentration-time profile in Cohort A in (A) linear (principal plot) with
the 0- to 12-hour interval on an expanded time scale (inset plot) and (B) semilogarithmic scales. Summary statistics were calculated
by setting concentration values below the lower limit of quantification (0.500 ng/mL) to 0.

Absorption of ertugliflozin was rapid, with me-
dian tmax of 1 to 1.5 hours after dosing in the
Japanese and Western populations and across all
dose groups (Table 2). The distributions of individ-
ual dose-normalized Cmax and AUClast overlapped

across the doses and populations, and the geomet-
ric means of these values were generally similar (Fig-
ure 2A and B). After Cmax, ertugliflozin concentrations
declined in a biphasic manner over time with a t1/2
of 12.4 to 13.6 hours in Japanese and 10.7 hours
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Table 2. Summary of Ertugliflozin PK Parameters in Healthy Japanese and Western Subjects Following Single Oral Doses in
Cohort A

1 mg 5 mg 25 mg

Parameter
a

Japanese
(n = 6)

Western
(n = 6)

Japanese
(n = 6)

Western
(n = 6)

Japanese
(n = 6)

Western
(n = 6)

AUCinf, ng • h/mL NC NC 476 (22) 481 (10) 2402 (22) 2638 (23)
486 ± 107 483 ± 46 2448 ± 537 2692 ± 613

AUClast, ng • h/mL 77.6 (25) 80.9 (11) 466 (23) 467 (10) 2364 (22) 2618 (23)
79.5 ± 19.8 81.2 ± 8.53 476 ± 108 469 ± 47.5 2412 ± 537 2673 ± 619

Cmax, ng/mL 17.9 (18) 16.6 (18) 91.6 (17) 93.9 (19) 429 (11) 536 (34)
18.1 ± 3.24 16.8 ± 2.99 92.8 ± 15.5 95.3 ± 17.8 432 ± 48.9 562 ± 188

tmax, h 1.00 1.00 1.50 1.00 1.25 1.00
(0.500-2.00) (1.00-1.00) (1.00-1.50) (1.00-1.50) (1.00-2.00) (1.00-1.50)

t1/2, h NC NC 12.4 (40) 10.7 (12) 13.6 (20) 10.7 (8)
CL/F, mL/min NC NC 175 (20) 173 (9) 174 (20) 158 (20)

178 ± 36.3 174 ± 16.2 177 ± 36.1 161 ± 32.7

AUC, area under the plasma concentration–time curve; AUCinf, AUC from time 0 extrapolated to infinite time; AUClast, AUC from time 0 to the
time of last measurable concentration; CL/F, apparent clearance; Cmax, maximum observed plasma concentration; CV, coefficient of variation; NC, not
calculated; t1/2, terminal half-life; tmax, time to Cmax.a
Values are geometric mean (geometric %CV) and arithmetic mean ± SD for all except median (range) for tmax and arithmetic mean (%CV)
for t1/2.

Table 3. Statistical Summary of Ertugliflozin Exposure Comparison Between Healthy Japanese and Western Subjects in Cohort A

Adjusted Geometric Means

Dose Parameter Japanese Western
Ratio of Adjusted

Geometric Means, % 90%CI for Ratio

1 mg Cmax, ng/mL 17.9 16.6 107.59 87.61-132.11
AUClast, ng • h/mL 77.6 80.9 95.94 78.76-116.87

5 mg Cmax, ng/mL 91.6 93.9 97.47 79.38-119.69
AUClast, ng • h/mL 466 467 99.66 81.81, 121.40
AUCinf, ng • h/mL 476 481 98.94 81.17-120.61

25 mg Cmax, ng/mL 429 536 80.04 65.18-98.28
AUClast, ng • h/mL 2365 2618 90.32 74.14-110.02
AUCinf, ng • h/mL 2402 2638 91.05 74.70-110.99

AUC, area under the plasma concentration–time curve;AUCinf, AUC from time 0 extrapolated to infinite time;AUClast, AUC from time 0 to the time
of last measurable concentration; CI, confidence interval; Cmax, maximum observed plasma concentration.
Mixed-effect model with dose, populations, and interaction term of dose by population as fixed effects, subject within population as random effect.

in Western subjects. AUClast and Cmax generally in-
creased in a dose-proportional manner in both popu-
lations (Figure 2A and B; Table 2). The ratios of the
adjusted geometric means (Japanese/Western subjects)
for ertugliflozin 1-, 5-, and 25-mg single doses were
95.94%, 99.66%, and 90.32%, respectively, for AUClast

and 107.59%, 97.47%, and 80.04%, respectively, for
Cmax (Table 3).

In Cohort B, following multiple oral doses of er-
tugliflozin in Japanese subjects under fed conditions,
median tmax was 2.5 hours after dosing on both days
1 and 7 (Table 4). After Cmax was reached, ertugliflozin

concentrations declined in a biphasic manner over time,
with t1/2 of 9.91 hours on day 7 (Figure 3); steady
state appeared to have been reached by day 4 based
on visual observation of similar median trough con-
centrations from day 4 to day 8 (data not shown). The
geometric mean Rac was 1.11 (Table 4).

Pharmacodynamics
In Cohort A, the UGE24 following single er-
tugliflozin 1-, 5-, and 25-mg doses was dose dependent
(Figure 4A). Mean UGE24 values obtained after single-
dose administration in Japanese subjects were slightly
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Figure 2. Individual, geometric, and arithmetic mean plasma
ertugliflozin dose-normalized (A) Cmax and (B) AUCinf values
by dose and population in Cohort A. Open circles and tri-
angles identify individual subject data; closed circles and trian-
gles identify geometric means.Offset crosses identify arithmetic
mean (with standard deviation). Box plots provide medians, and
25% and 75% quartiles with whiskers extended to the mini-
mum/maximum values. AUClast, AUC from time 0 to the time of
last measurable concentration;Cmax,maximum observed plasma
concentration; dn, dose-normalized.

higher than those in Western subjects; however, the in-
dividual UGE24 values in Japanese subjects overlapped
with those in Western subjects at equivalent doses.
In Cohort B, mean UGE24 following ertugliflozin
25 mg daily dosing in Japanese subjects was simi-
lar on day 7 (72.2 g) compared with day 1 (63.3 g)
(Figure 4B).

In Cohort A, the 24-hour inhibition of glucose re-
absorption following single ertugliflozin 1-, 5-, and
25-mg doses was dose dependent, with a similar ex-
tent of inhibition of glucose absorption occurring in
Western subjects comparedwith Japanese subjects (Fig-

Table 4. Summary of Ertugliflozin PK Parameters in Healthy
Japanese Subjects Following Multiple Oral Doses in Cohort B

Parameter
a

Ertugliflozin 25 mg Daily
(n = 6)

Day 1
AUCτ ,Day 1, ng•h/mL 1973 (19)

2003 ± 390
Cmax, ng/mL 365 (15)

368 ± 55.7
tmax, h 2.50 (0.500-4.00)

Day 7
AUCτ ,ss, ng•h/mL 2191 (25)

2247 ± 565
Cmax, ng/mL 368 (23)

377 ± 84.8
Ctrough, ng/mL 22.3 (45)

24.3 ± 11.0
tmax, h 2.50 (1.05-4.00)
t1/2, h 9.91 (35)
Rac 1.11 (10)

1.12 ± 0.113
CL/F, mL/min 190 (23)

194 ± 43.7

AUC,area under the plasma concentration–time curve;AUCτ ,Day 1,AUC
from time 0 to τ on day 1; AUCτ ,ss, AUC from time 0 to τ at steady-
state; CL/F, apparent clearance; Cmax, maximum observed plasma con-
centration; Ctrough, predose concentration; CV, coefficient of variation;
Rac, observed accumulation ratio; τ , dosing interval; t1/2, terminal half-life;
tmax, time to Cmax.a
Values are geometric mean (geometric %CV) and arithmetic mean ±
SD for all except median (range) for tmax and arithmetic mean (%CV)
for t1/2.

ure 5A). For Japanese subjects in Cohort A, the 24-hour
inhibition of glucose reabsorption was 19.8%, 37.8%,
and 41.8% in the 1-, 5-, and 25-mg treatment groups,
respectively. For Western subjects in Cohort A, the 24-
hour inhibition of glucose reabsorption was 21.6%,
39.8%, and 44.9% in the 1-, 5-, and 25-mg treatment
groups, respectively. In Cohort B, the 24-hour inhibi-
tion of glucose reabsorption following ertugliflozin 25-
mg daily dosing in Japanese subjects was similar on day
7 (53.4%) compared with day 1 (44.9%) (Figure 5B).

Safety
Overall, 22 AEs were reported, 15 of which were con-
sidered treatment-related (13 in Cohort A and 2 in
Cohort B; Table S1). Most AEs were mild in inten-
sity. Fatigue was the most common AE in Cohort A,
reported in 5 Western subjects (n = 2 for ertugliflozin
1 mg; n = 2 for ertugliflozin 5 mg; and n = 1 for
ertugliflozin 25 mg). In all cases, fatigue was consid-
ered treatment related. All other AEs were single oc-
currences. In Cohort B, single occurrences of diarrhea,
application site irritation, and otitis externa were re-
ported by Japanese subjects while on ertugliflozin
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Figure 3. Mean (standard deviation) plasma ertugliflozin concentration-time profile in Cohort B in (A) linear (principal plot) with
the 0- to 12-hour interval on an expanded time scale (inset plot) and (B) semilogarithmic scales. Summary statistics were calculated
by setting concentration values below the lower limit of quantification (0.500 ng/mL) to 0.

25 mg. A single occurrence of macular rash was re-
ported in 1 Japanese subject while receiving placebo.
Diarrhea and otitis externa were considered related to
treatment.

No deaths, serious or severe AEs, or dose reductions
or discontinuations due to AEs were reported. No lab-
oratory abnormalities or ECGs of clinical significance
or clinically meaningful changes from baseline in vi-
tal signs were observed. No relationship was observed

between incidence or severity of AEs, laboratory abnor-
malities, vital sign changes, or ECG changes and pop-
ulation (Japanese or Western).

Discussion
This randomized, phase 1, double-blind (sponsor-
open), parallel-cohort study and open-label study eval-
uated the PK and PD of ertugliflozin in healthy
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Figure 4. Individual and arithmetic mean UGE24 by (A) treat-
ment (ertugliflozin 1, 5, and 25 mg or placebo) and population
(healthy Japanese and Western subjects) in Cohort A and by
(B) treatment (ertugliflozin 25 mg or placebo) and dosing day
(day 1 and 7) in healthy Japanese subjects in Cohort B.Open cir-
cles and triangles identify individual subject data; closed circles
and triangles identify arithmetic means. Box plots provide medi-
ans, and 25% and 75% quartiles with whiskers extended to the
minimum/maximum values. UGE24, culmulative urinary glucose
excretion over 24 hours.

Japanese and Western subjects. Absorption of er-
tugliflozin was rapid, with median tmax of 1.00 to
1.50 hours under fasted conditions, which was de-
layed to 2.50 hours under fed conditions. Exposure of
ertugliflozin (Cmax and AUClast) increased with dose
in an approximately dose-proportional manner, and
apparent t1/2 of ertugliflozin was 9.91 to 13.6 hours
following single- and multiple-dose administration.
Following multiple-dose administration, steady-state
appears to have been reached by day 4 based on vi-
sual observation of trough concentrations from day
4 to day 8. The Rac of 1.11 is consistent with esti-
mated half-life and indicates minimal accumulation of
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Figure 5. A total of 24-hour inhibition of glucose reabsorption
by (A) treatment (ertugliflozin 1, 5, and 25 mg or placebo) and
population (healthy Japanese andWestern subjects) in Cohort A
and by (B) treatment (ertugliflozin 25 mg or placebo) and dos-
ing day (days 1 and 7) in healthy Japanese subjects in Cohort B.
Open circles and triangles identify individual subject data; closed
circles and triangles identify arithmetic means. Box plots pro-
vide medians,and 25% and 75% quartiles with whiskers extended
to the minimum/maximum values. A total of 24-hour inhibition
(%) of glucose reabsorption was calculated using the equation
UGE24/(estimated glomerular filtration rate [mL/min] × fasting
glucose concentration [mg•h/dL]) × 0.0144.

ertugliflozin. No meaningful differences were observed
in ertugliflozin exposure between Japanese andWestern
subjects across the 3 doses of ertugliflozin assessed.

The amount of glucose excreted in the urine
(UGE24) following single ertugliflozin 1-, 5-, and 25-mg
doses was dose dependent. The amount of glucose ex-
creted in the urine following ertugliflozin 25-mg once-
daily dosing on day 7 was similar compared with day
1. UGE24 for subjects in the placebo group in both
cohorts was negligible. The range of UGE24 values
and inhibition of renal glucose reabsorption generally
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overlapped between Japanese and Western subjects at
equivalent doses, suggesting no meaningful differences
in the PD between the 2 populations.

The PK and PD results in this study are consis-
tent with previous phase 1 studies of ertugliflozin con-
ducted in Western subjects.12 The results of the current
PK analysis in Japanese subjects are also similar to
those observed in a study evaluating the PK, safety, and
tolerability of ertugliflozin 5 and 15 mg in healthy Chi-
nese adults.20 Additionally, in the study of Chinese sub-
jects, the Rac was ≈ 1.3 and 1.2 for ertugliflozin 5 and
15 mg, respectively, which is similar to the Rac of 1.2
to 1.4 observed in single- and multiple-dose studies of
ertugliflozin conducted in healthy Western subjects.12

Findings from a population PK analysis of ertugliflozin
have also indicated that race does not have a clinically
relevant effect on the PK of ertugliflozin.14 The PK of
ertugliflozin was also similar in healthy subjects and
patients with T2DM,17 indicating no meaningful dif-
ferences would be expected between Japanese healthy
subjects and Japanese patients with T2DM. Further-
more, results from a longer-term phase 3 study in
Asian patients with T2DM demonstrated that er-
tugliflozin improved glycemic control and reduced body
weight and systolic blood pressure in Asian patients
with T2DM inadequately controlled on metformin
monotherapy.11 Taken together, the comparable effi-
cacy and safety across the ertugliflozin phase 3 studies
in varied populations and the PK and PD findings from
the phase 1 studies including Japanese subjects suggest
no clinically meaningful PK or PD differences, and no
dose modification of ertugliflozin is required based on
race.

As UGT1A9 and UGT2B7 are the primary en-
zymes involved in ertugliflozin glucuronidation,2 the
presence of race-specific polymorphisms in the genes
encoding these enzymes could potentially affect UGT
activity and ultimately affect the metabolism of er-
tugliflozin. However, the effects of the allelic variants
of UGT1A9 were demonstrated to be within ±10% of
the wild type in a pooled analysis of AUC values from
20 phase 1 studies suggesting these polymorphisms
are not clinically relevant.21 Furthermore, no UGT2B7
polymorphisms have been reported to have a clinically
meaningful impact on the PK of ertugliflozin.22 The
low fraction of elimination attributed to CYP3A4,
CYP3A5, and CYP2C8 makes it unlikely that any
differences would arise from polymorphism of these
enzymes. Consequently, race-specific genetic polymor-
phisms in enzymes that metabolize ertugliflozin are un-
likely to have a clinically meaningful impact on the PK,
further supporting the results of this study.

Interestingly, in this study of healthy Japanese and
Western subjects, the majority of the Western subjects
(5 of the 6 subjects) were Black. Given the lack of a

clinically relevant effect of race in a population PK
analysis of ertugliflozin and that race-specific genetic
polymorphisms in UGT1A9 and UGT2B7 are unlikely
to affect ertugliflozin PK parameters, the high pro-
portion of Black subjects in this study is unlikely to
impact the comparison of PK and PD parameters be-
tween Japanese and Western subjects.

Ertugliflozin at single doses of 1, 5, and 25 mg, as
well as 25 mg once daily for 7 days, was found to be safe
and well tolerated in this study. There were no deaths,
serious or severeAEs, andmost reportedAEsweremild
in severity, and there were no meaningful differences
between Japanese and Western subjects with respect to
safety.No specific tolerability issueswere identifiedwith
ertugliflozin dosing in healthy Japanese subjects, and
there were no treatment discontinuations due to AEs
in this study.

Conclusions
In healthy Japanese subjects, exposure of ertugliflozin
following single-dose (1, 5, and 25 mg) administration
increased in a dose-proportional manner. Absorption
was rapid, and accumulation after multiple-dose (25mg
daily) administration was minimal. Single oral doses of
ertugliflozin in healthy Japanese and healthy Western
subjects induced glycosuria; UGE24 was dose depen-
dent. Little difference was observed for UGE on day
1 and day 7 following multiple daily dosing. The PK
and PD findings from this phase 1 study of Japanese
and Western subjects suggest no clinically meaning-
ful PK or PD differences, and no dose modification
of ertugliflozin is required based on race. Ertugliflozin
was generally well tolerated after single- and multiple-
dose administration in Japanese subjects. There were no
meaningful differences in ertugliflozin exposure, UGE,
and safety between healthy Japanese and Western sub-
jects.
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