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Abstract

To evaluate the potential for ethnicity-related differences in ataluren pharmacokinetics (PK) and safety, a phase 1 single-
dose study was conducted in 48 healthy (24 Japanese and 24 Caucasian subjects), nonsmoking male volunteers who
were equally divided into 3 cohorts of oral doses at 5, 10, and 20 mg/kg. Blood samples were collected until 48 hours
postdose. PK results demonstrated rapid absorption of ataluren, with peak plasma levels (Cmax) being attained between
0.875 and 2.5 hours after dosing. The mean Cmax and area under the concentration-time curve (AUC(0-last)) increased
with each increasing dose level in both Japanese and Caucasian subjects.Although the Cmax was similar across all subjects
at each dose regardless of ethnicity, Japanese subjects had a mean AUC(0-last) approximately 14% to 34% lower than that
of Caucasian subjects across the 3 dose levels. This difference was likely due to the higher variability of AUC values in
Caucasian subjects and the relatively small study population. In conclusion, similar ataluren PK profiles were observed in
healthy Japanese and Caucasian subjects following single oral administration of ataluren at all dose levels.
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Ataluren is a novel orally bioavailable small-molecule
drug for the treatment of nonsense mutation genetic
disorders. A nonsense mutation in DNA results in a
premature stop codon within the protein-coding region
of messenger RNA. This premature stop codon causes
early termination of protein translation, resulting in a
truncated, nonfunctional protein. Ataluren enables ri-
bosomal read-through of messenger RNA containing
such a premature stop codon, resulting in production
of a full-length functional protein.1–4

Duchenne muscular dystrophy (DMD) is an X-
linked genetic muscle disorder that results from amuta-
tion in the dystrophin gene.5–7 Dystrophin is a 427-kDa
structural protein present at the muscle sarcolemma.5,8

It provides stability to the muscle, is expressed in skele-
tal, respiratory, and cardiac muscle, and acts as a
shock absorber, bearing themechanical stresses that oc-
cur during muscle contraction, stabilizing muscle cell
membranes, and protecting muscles from injury.5–7,9 In
the absence of dystrophin the shear placed on the mem-
branes during contractions causes them to tear,8,10 re-
sulting in muscle damage and leading to the clinical
features of motor developmental delay, calf hypertro-
phy, joint contractures, and progressive muscle weak-
ness in affected boys.5,11 Over time, the progressive
loss of muscle function results in loss of ambulation
and ongoing impairment of respiratory and cardiac

function.12 Death typically occurs due to respiratory
complications and cardiac failure.12

Approximately 10% to 15% of boys with DMD
(�1800 to 2700 boys in the United States) have the
disease due to a nonsense mutation (nmDMD).13–15

In 2 multicenter randomized clinical studies, ataluren
showed clinical benefit by slowing disease progression
in patients with nmDMD.2,16 Ataluren is conditionally
approved by the European Medicines Agency and in
Israel and South Korea for the treatment of ambula-
tory patients aged �5 years with nmDMD.17 The drug
is currently under review at the Food and Drug Ad-
ministration in the United States for the treatment of
nmDMD.
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Ataluren is generally well tolerated when adminis-
tered as a single oral dose in healthy male and female
subjects and for chronic administration in patients of
all ages with nmDMD. Ataluren is readily absorbed
after oral administration as a suspension, with �55%
bioavailability as demonstrated in a clinical study using
14C-radiolabeled ataluren in which 55% of radioactiv-
ity was recovered in the urine. In this study ataluren was
extensively metabolized with ataluren acyl glucuronide
being the most prominent metabolite in plasma, and
unchanged ataluren and the acyl glucuronide metabo-
lite in the urine accounted for <1% and 49%, respec-
tively, of the administered dose. Peak plasma levels of
ataluren were attained after approximately 1.5 hours
of dosing. Ataluren plasma concentrations at steady
state increased proportionally with increasing dose in
healthy volunteers between 10 and 50 mg/kg, with
no accumulation after repeated dosing.18 Additionally,
gender did not appear to affect ataluren exposure.18

Ataluren plasma half-life ranges from 2 to 6 hours and
is unaffected by either dose or repeated administration,
with a majority of the absorbed dose clearing from the
body within 24 hours after dosing.18

In vitro drug metabolism studies using cytochrome
P450 isozymes, uridine 5’-diphosphoglucuronosyltra-
nsferase (UGT) enzymes, and human liver microsomes
have shown that ataluren is primarily metabolized by
UGT1A9 and not metabolized by cytochrome P450
isoenzymes. However, a clinical drug-drug interaction
study has demonstrated that coadministration of a
UGT1A9 inducer (rifampin) with ataluren had mini-
mal effect on ataluren plasma pharmacokinetics (PK).

Most studies investigating the PK, pharmacody-
namics (PD; concentration-response relationship), and
safety and efficacy of ataluren have been performed in
Caucasians.2,4 Given that nmDMD is present in all eth-
nic groups, it is important to evaluate the possible effect
of ethnic background on ataluren PK; differences in PK
and PD among various ethnic groups are critical fac-
tors for understanding intersubject variability of a ther-
apeutic agent.19–22 Ethnic differences in kinetics and
dynamics are mainly attributed to differences in wei-
ght,23 absorption (mainly active absorption),23 distri-
bution (plasma protein/tissue binding differences),24,25

hepatic metabolism,26–30 and renal elimination (mainly
active tubular secretion)27,31 of therapeutic agents
among various ethnic groups. Additionally, ethnic ex-
trinsic factors associated with environment, culture
(such as diet), climate, medical practice, socioeconomic
status, drug compliance, dosage regimen, and route of
administration may also affect the PK and PD differ-
ences observed in various ethnic populations.22,32

The primary objective of this study was to inves-
tigate the PK of ataluren in healthy Japanese and
Caucasian subjects. The entry criteria for Japanese

subjects were designed to ensure that the genetic and
physiologic (intrinsic), and cultural and environmental
(extrinsic) characteristics of the study population were
comparable to those of people living in Japan. This
phase 1 PK study was conducted at the Paraxel-Early
Phase Clinical Unit, Glendale, California.

Methods
Ethics
The study was conducted in accordance with the prin-
ciples outlined in the Declaration of Helsinki and
the International Conference on Harmonisation Good
Clinical Practice. The Institutional Review Board re-
viewed and approved the clinical study protocol, any
clinical study protocol amendments, subject informa-
tion sheets, written informed consent forms, and other
relevant documentation. Before participating in the
study, each subject was apprised of the nature and pur-
pose of the study, andwritten informed consent was ob-
tained.

Study Population
A total of 48 healthy subjects (24 Japanese and 24
Caucasian) were planned for study enrollment. Healthy
male subjects aged 18 to 55 years, with a body mass
index �18.5 kg/m2 and �33 kg/m2 were eligible for
study participation. The Caucasian subjects enrolled
in the study were subjects of European or Caucasian
Latin American descent. For Japanese subjects, the en-
try criteria were designed to ensure that the genetic and
physiologic (intrinsic) and cultural and environmental
(extrinsic) characteristics of the study population were
comparable to those of people living in Japan. To ad-
dress intrinsic factors, Japanese subjects defined as per-
sons born in Japan and having biological Japanese par-
ents and Japanese maternal and paternal grandparents
were enrolled. To address extrinsic factors, Japanese
subjects must have lived outside of Japan for <10 years
and have completed a lifestyle questionnaire to ensure
that their lifestyles, including diet, had not changed sig-
nificantly since leaving Japan.

Study Design and Drug Administration
This phase 1, open-label, single-dose parallel-group
study evaluated the potential ethnicity-related differ-
ences in ataluren PK and safety following administra-
tion of 1 of 3 dose levels of ataluren: 5, 10, or 20
mg/kg. Subjects in cohort A received a single oral dose
of 5 mg/kg ataluren, subjects in cohort B received a sin-
gle oral dose of 10 mg/kg ataluren, and subjects in co-
hort C received a single oral dose of 20 mg/kg ataluren.
Ataluren dose for each subject was adjusted according
to that subject’s body weight and designated dose level.
The rationale for selection of the 3 doses was to ensure
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that the study covered the known plasma concentration
range associated with therapeutic benefit.

The study included 24 healthy Japanese and
24 healthy Caucasian subjects (N = 48). Equal num-
bers of subjects (n = 16; 8 Japanese and 8 Caucasian)
were assigned to each of the 3 dose levels (5, 10, or 20
mg/kg).

The study drug was manufactured in accordance
with good manufacturing practices. Ataluren was pro-
vided to subjects in oral suspension form (by suspend-
ing a body weight–adjusted amount of ataluren powder
for oral suspension in approximately 30 mL of water),
followed by 2 rinses of approximately 30 mL of water.
Ataluren was orally administered to subjects following
an overnight fast of at least 10 hours predose and a fast
of 4 hours postdose, and abstinence from fluids 1 hour
before and 1 hour after dosing.

Plasma Sample Bioanalysis
Blood samples for PK analysis of ataluren concentra-
tion were collected at 1 hour predose and then at 10,
20, 30, and 45 minutes and 1, 1.5, 2, 3, 4, 6, 8, 12, 24,
36, and 48 hours postdose in K3EDTA-coated vacu-
tainer tubes and centrifuged at 4°C for extraction of
plasma. The plasma samples were stored at−70°Cuntil
analysis.

The plasma samples were analyzed using liquid
chromatography with tandem mass spectrometric
detection. The bioanalytical methods were validated,
and their performances were within the limits specified
in current regulatory guidance. Briefly, the assay in-
volved extraction of ataluren and its internal standard
(ataluren-d4) from a 0.100-mL plasma sample by a
liquid-liquid extraction procedure, followed by subject-
ing the extracts to a reverse-phase column (Synergi 4
μmPolar-RP, 50 × 2 mm; Phenomenex, Torrance, Cal-
ifornia) using a gradient system with 0.1% formic acid
in acetonitrile/water (5/95; volume/volume) and 0.1%
formic acid in acetonitrile. Ataluren was detected and
quantified by tandem mass spectrometer (MDS Sciex
API 4000 equipped with a Turbo Ionspray interface;

Sciex, Framingham, Massachusetts) in positive-ion
mode. The transition ions m/z 285 → 123 and m/z
289 → 127 were monitored for ataluren and ataluren-
d4, respectively. For the assay of ataluren, 2 sets of
calibration curves were prepared in human plasma,
with ranges of 1 to 500 ng/mL and 0.5 to 200 μg/mL.
Quality control plasma samples were prepared at
3 levels and analyzed in duplicate for each cali-
bration range. Each analytical run contained 1 set
of calibration plasma standards, control blank plasma
samples, duplicate quality control samples at each
of the 3 concentration levels and study samples. A
weighted (1/x2) least-squares linear regression was
used for quantification based on peak area ratios. The
correlation coefficient (r) for all analytical batches was
always greater than 0.9965. The precision and accuracy
of ataluren standards were within 8.57% and ±4.00%,
respectively, for 2 calibration curve ranges. The pre-
cision and accuracy of all ataluren quality control
samples were within 9.24% and ±6.40%, respectively.

PK Analysis
Noncompartmental analyses (Phoenix WinNonlin ver-
sion 6.3; Certara, Princeton, New Jersey) of plasma
concentrations and the actual sampling times were used
to estimate the following PK parameters: maximum
concentration (Cmax), time to maximum concentration
(Tmax), area under the concentration-time curve from
time 0 to the last quantifiable time point (AUC[0-last]),
area under the concentration-time curve from time 0
to infinity (AUC[0-inf]), area under the concentration-
time curve extrapolated to infinity (AUCextrap), half-life
(t½), apparent clearance (CL/F), and apparent volume
of distribution. The PK profiles were evaluated within
the same ethnic population and between the Japanese
and Caucasian populations.

Results
Ataluren Plasma Concentration-Time Profile
Comparable demographic characteristics were ob-
served across the 3 dose cohorts (Table 1) and between

Table 1. Demographic Summary for All Enrolled Subjects per Cohort

5 mg/kg 10 mg/kg 20 mg/kg

Caucasian
(N = 8)

Japanese
(N = 8)

Overall
(N = 16)

Caucasian
(N = 8)

Japanese
(N = 8)

Overall
(N = 16)

Caucasian
(N = 8)

Japanese
(N = 8)

Overall
(N = 16)

Age (y), mean (SD) 34.5 (7.2) 35.3 (8.6) 34.9 (7.7) 31.6 (10.2) 35.4 (4.9) 33.5 (8.0) 29.5 (6.9) 37.4 (8.3) 33.4 (8.4)
Height (cm), mean (SD) 178.5 (8.2) 168.8 (6.0) 173.6 (8.6) 179.5 (5.2) 173.5 (5.4) 176.5 (6.0) 177.9 (7.6) 171.8 (6.0) 174.8 (7.3)
Weight (kg), mean (SD) 77.5 (8.1) 61.2 (8.5) 69.4 (11.6) 79.7 (15.5) 66.5 (7.7) 73.1 (13.6) 76.9 (13.5) 72.4 (14.5) 74.7 (13.8)
BMI (kg/m2), mean (SD) 24.3 (1.3) 21.4 (1.7) 22.8 (2.1) 24.6 (3.8) 22.1 (2.4) 23.3 (3.3) 24.2 (2.6) 24.4 (4.0) 24.3 (3.3)
Ethnicity, n (%)
Hispanic or Latino 1 (12.5) 1 (6.3) 1 (12.5) 1 (6.3)
Not Hispanic or

Latino
7 (87.5) 8 (100.0) 15 (93.8) 6 (75.0) 8 (100.0) 14 (87.5) 7 (87.5) 8 (100.0) 15 (93.8)

Not reported 1 (12.5) 1 (6.3) 1 (12.5) 1 (6.3)
Sex, n (%)
Male 8 (100.0) 8 (100.0) 16 (100.0) 8 (100.0) 8 (100.0) 16 (100.0) 8 (100.0) 8 (100.0) 16 (100.0)

BMI indicates body mass index.
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Figure 1. Mean (±SD) ataluren concentration-time profiles, lin-
ear scale (top,5 mg/kg;center,10 mg/kg;bottom,20 mg/kg). Insets
show expanded time scale.

Japanese and Caucasian subjects. Of the 48 subjects
enrolled (24 Japanese and 24 Caucasian), all completed
the PK sample draw and were included in PK analysis.
Following administration of single escalating doses of
ataluren, observation of the plasma concentration-time
profiles revealed rapid absorption of ataluren, with
Tmax occurring between 0.875 and 2.5 hours (median
values) (Figure 1). The mean Cmax was similar for
Caucasian and Japanese subjects when each dose
cohort was considered (Table 2); for instance, in the

5 mg/kg cohort of Japanese subjects, mean Cmax of
15.88 ± 5.703 μg/mL was observed, whereas for
Caucasian subjects, a mean Cmax of 13.47 ± 4.532
μg/mL was seen. The elimination phase showed similar
patterns for all 3 dose cohorts in both groups. AUCextrap

values were not listed in Table 2 because these values
were less than 6% of AUC(0-inf) values for all cohorts.

PK in Healthy Adult Japanese Subjects
Mean Cmax and mean AUC values increased in direct
proportion with increasing dose in Japanese subjects
(Table 2). Median Tmax and mean t½ ranged from 0.9
to 1.5 hours and 3.2 to 3.4 hours, respectively. The
meanCL/F of atalurenwas independent of dose and re-
mained consistent at approximately 6491 to 6609 mL/h
across the 5, 10, and 20 mg/kg dose levels (Table 2).

PK in Healthy Adult Caucasian Subjects
Following single-dose administration of ataluren, the
mean Cmax and AUC values increased with each
increasing dose in the Caucasian group. Median Tmax

and mean t½ ranged from 1 to 2.5 hours and 3.2 to
3.4 hours, respectively. Mean CL/F values were 7719
mL/h at 5 mg/kg dose, 6459mL/h at 10mg/kg dose, and
4996 mL/h at 20 mg/kg dose, respectively (Table 2).

Of note, 2 subjects in the 20 mg/kg Caucasian co-
hort had higher AUC values compared with those of
the other subjects in the same group. In 1 of these sub-
jects, AUC(0-last) andAUC(0-inf) were 633.3 h·μg/mL and
633.4 h·μg/mL, respectively; in the other subject, the
values were 467.5 h·μg/mL and 467.6 h·μg/mL. Analy-
ses showed that, if these subjects were excluded from
the PK analysis, the mean AUC(0-last) and AUC(0-inf)

values of the remaining subjects dropped to 276.7 ±
39.9 h·μg/mL (mean ± SD, coefficient of variation =
±14%), while the mean CL/F values increased to
5877 ± 506 mL/h, which was similar to the values in
the 5 mg/kg and 10 mg/kg groups.

Comparison of PK in Healthy Adult Japanese
Subjects Versus Caucasian Subjects
The Cmax values were very similar for both ethnic pop-
ulations across the 5, 10, and 20 mg/kg dose levels.
However, the mean AUC(0-last) values were 14% to
34% lower in Japanese subjects than in Caucasian sub-
jects across the 3 dose levels. Furthermore, the vari-
ability of AUC between subjects (CV) was higher
in the Caucasian than in the Japanese population:
35.8%, 31.8%, and 36.1% for the 5, 10, and 20
mg/kg doses, respectively, in the Caucasian popula-
tion versus 31%, 15.2%, and 18.3% in the Japanese
counterparts. The Japanese and Caucasian subjects
showed similar mean half-life values of approximately
3.4 hours. The half-life was not dose dependent in
either group. The Japanese subjects had consistent
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Table 2. Summary of Ataluren Plasma Pharmacokinetic Parameters

Dose Level
Ethnicity Statistics

AUC(0-last)

(h·μg/mL)
AUC(0-inf)

(h·μg/mL) Cmax (μg/mL) Tmax
a (h) t½ (h) CL/F (mL/h)

5 mg/kg
Japanese (n = 8) Arith mean (SD) 49.3 (15.3) 49.3 (15.3) 15.9 (5.7) 0.9 3.2 (0.4) 6609 (1741)

Geo mean (CV%) 47.3 (31.0) 47.3 (31.0) 15.2 (31.8) 3.2 (12.5) 6402 (28)
Range (min-max) 29.2–80.3 29.2–80.3 11.2–28.3 0.3–1.5 2.7–3.9 3958–9496

Caucasian (n = 8) Arith mean (SD) 57.2 (16.1) 57.2 (16.1) 13.5 (4.5) 1.5 3.2 (0.5) 7719 (4118)
Geo mean (CV%) 54.7 (35.8) 54.7 (35.8) 12.7 (40.9) 3.2 (16.6) 7078 (43)
Range (min-max) 25.2–80.2 25.2–80.2 5.5–21.6 0.3–3 2.1–3.6 4690–17 530

10 mg/kg
Japanese (n = 8) Arith mean (SD) 104.5 (15.2) 104.5 (15.2) 25.2 (6.4) 1.5 3.3 (0.1) 6557 (1422)

Geo mean (CV%) 103.5 (15.2) 103.5 (15.2) 24.6 (23.4) 3.3 (2.5) 6435 (21)
Range (min-max) 77.4–129.9 77.4–129.9 18.4–38.8 0.3–3 3.2–3.5 4949–9572

Caucasian (n = 8) Arith mean (SD) 131 (38.2) 131.1 (38.2) 29.9 (7.1) 1 3.4 (0.2) 6459 (1496)
Geo mean (CV%) 125.9 (31.8) 125.9 (31.8) 29.1 (27.5) 3.4 (5.8) 6325 (22)
Range (min-max) 71.7–180.4 71.7–180.4 16.4–38.3 0.5–2 3.3–3.9 5249–9563

20 mg/kg
Japanese (n = 8) Arith mean (SD) 228.4 (42.8) 228.5 (42.8) 47.1 (12.8) 1.3 3.4 (0.2) 6491 (1760)

Geo mean (CV%) 225.1 (18.3) 225.1 (18.3) 45.7 (25.5) 3.4 (6.6) 6294 (27)
Range (min-max) 176.8–298.3 176.9–298.4 33.8–71.8 0.5–2 3.2–4.0 4296–9426

Caucasian (n = 8) Arith mean (SD) 345.1 (138.4) 345.2 (138.4) 48.8 (14.0) 2.5 3.4 (0.1) 4996 (1700)
Geo mean (CV%) 325.5 (36.1) 325.5 (36.1) 47.2 (27.7) 3.4 (3.7) 4647 (47)
Range (min-max) 224.4–633.3 224.4–633.4 35.3–71.2 1.5–3 3.2–3.6 1948–6755

Arith mean indicates arithmetic mean; AUC, area under the curve; CL/F, clearance; Cmax, maximum concentration; Geo mean, geometric mean; Tmax,
time of maximum concentration; t½, half-life.
aTmax is summarized by median and range.

CL/F among the 3 dose groups; although CL/F values
for Caucasian subjects appeared to be consistent across
the 5 mg/kg and 10 mg/kg dose groups but slightly
decreased at the 20 mg/kg dose, which likely resulted
from the high variability. The variability in AUC and
low sample size at each dose level should be taken into
consideration in evaluating the data (Table 2).

Discussion
This study investigated if background, ie, Caucasian
or Japanese, impacted the PK of ataluren. Plasma
concentration-time profiles of ataluren were char-
acterized by rapid absorption, reaching maximum
concentration between 0.9 and 2.5 hours. These data
are in line with those observed in the study conducted
by Hirawat and colleagues.18 Japanese and Caucasian
subjects showed similar mean Cmax values at each of
the 3 doses, although the mean Cmax and AUC values
increased with increasing dose. However, the mean
AUC(0-last) for Caucasians was higher than that ob-
served for Japanese subjects when ataluren was given at
the same dose. Japanese subjects had consistent CL/F
values across all dose levels, whereas for Caucasian sub-
jects, the CL/F values appeared to be consistent across
5 mg/kg and 10 mg/kg but slightly decreased at the
20 mg/kg dose. Both Japanese and Caucasian subjects
showed similar mean half-life values at approximately

3.4 hours. The half-life was not dose dependent in either
group and was similar to those previously observed.18

Slight higher exposure (14% to 34%, AUC) in Cau-
casian subjects compared with Japanese subjects was
likely due to the higher variability in Caucasian subjects
and the small sample size. The overall similarity in PK
profiles observed between the Caucasian and Japanese
subjects suggests that the absorption, metabolism, and
disposition of ataluren are not dependent on race.

The influence of body weight on the AUC did not
have a clear trend between the 2 populations. At the
5 mg/kg dose, the difference of body weight (Cau-
casian/Japanese) was approximately 27%, but the AUC
difference was less than 16% (geometric mean ratio).
However, at the 20 mg/kg dose, the difference of body
weight (Caucasian/Japanese) was 6%, but the AUC dif-
ference was approximately 34%.

The elimination of ataluren is dependent on
glucuronidation of ataluren followed by renal and/or
biliary excretion of the resulting glucuronide metabo-
lite. Ataluren is metabolized via UGT enzymes,
mainly by UGT1A9. Very few polymorphisms of
UGT1A9, which might affect ataluren metabolism,
have been identified. One UGT1A9 polymorphism
(UGT1A9*22) has been reported to be present only in
Japanese populations; however, the allele frequency of
this polymorphism is less than 0.7% in the Japanese
population33,34; therefore, polymorphisms of UGT1A9
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are not expected to influence the PK of ataluren in
Japanese subjects. Regarding the potential for any type
of polymorphism of metabolic enzymes to impact
the PK of ataluren, no subjects who were considered
significant outliers were observed within any dose or
demographic group, although the lack of genotyping in
study subjects does not eliminate the possibility of a ge-
netic polymorphism that would result in a greater extent
of acyl glucuronidation. This was particularly the case
with the Japanese subjects, in whom the intersubject
variability wasmarkedly lower than that for Caucasians
at the 10 and 20 mg/kg dose levels, as evidenced by CV
percentages for the AUC values in Japanese subjects
being smaller than those in the corresponding Cau-
casian group; CV = 14.5% and 29.1% at 10 mg/kg and
19% and 40% at 20 mg/kg in Japanese and Caucasians,
respectively.

Conclusions
Following single oral administration, ataluren was
rapidly absorbed, with median Tmax ranging between
0.9 and 2.5 hours. Cmax and AUC increased with in-
creasing dose in both the Caucasian and Japanese pop-
ulations. Likewise, the half-life of ataluren did not vary
with dose and ethnicity (�3.4 hours). However, the
AUC(0-last) and intersubject variability were lower in
Japanese subjects compared with Caucasian subjects.
Moreover, whereas in the Japanese subjects the CL/F
values remained constant across the 3 dose levels, the
values dropped for the Caucasian counterparts at the
20 mg/kg dose. Of note, the drop in these values was
due to 2 Caucasian subjects in the 20 mg/kg cohort
who had comparatively higher AUC values, which im-
pacted the CL/F values observed. Therefore, the vari-
ability and low sample size at each dose level should be
taken into consideration in evaluating the comparabil-
ity of the data. Overall, the ataluren PK profiles in these
2 populations were similar.

Conflicts of Interest

There are no conflicts of interest.

Financial Disclosure and
Acknowledgments

This study was fully funded by PTC Therapeutics, Inc. We
would like to thank the team of Dr Elizabeth Goodwin from
PTC Therapeutics, Inc, and Kinapse Ltd for their involve-
ment with the compilation of this manuscript.

References

1. Peltz SW,MorsyM,Welch EM, JacobsonA. Ataluren as
an agent for therapeutic nonsense suppression. Ann Rev
Med. 2013;64:407–425.

2. BushbyK, FinkelR,WongB, et al. Ataluren treatment of
patients with nonsense mutation dystrophinopathy.Mus-
cle Nerve. 2014;50(4):477–487.

3. Reinig AM, Mirzaei S, Berlau DJ. Advances in the
treatment of Duchenne muscular dystrophy: new
and emerging pharmacotherapies. Pharmacotherapy.
2017;37(4):492–499.

4. Finkel RS, Flanigan KM, Wong B, et al. Phase 2a study
of ataluren-mediated dystrophin production in patients
with nonsense mutation Duchenne muscular dystrophy.
PloS One. 2013;8(12):e81302.

5. Mah JK. Current and emerging treatment strategies for
Duchennemuscular dystrophy.NeuropsychiatrDis Treat.
2016;12:1795–1807.

6. Bushby K, Finkel R, Birnkrant DJ, et al. Diagnosis and
management of Duchenne muscular dystrophy, part 2:
implementation of multidisciplinary care. Lancet Neurol.
2010;9(2):177–189.

7. Bushby K, Finkel R, Birnkrant DJ, et al. Diagnosis and
management of Duchenne muscular dystrophy, part 1:
diagnosis, and pharmacological and psychosocial man-
agement. Lancet Neurol. 2010;9(1):77–93.

8. Petrof BJ, Shrager JB, StedmanHH,Kelly AM, Sweeney
HL. Dystrophin protects the sarcolemma from stresses
developed during muscle contraction.Proc Natl Acad Sci
USA. 1993;90(8):3710–3714.

9. Rae MG, O’Malley D. Cognitive dysfunction in
Duchenne muscular dystrophy: a possible role for
neuromodulatory immune molecules. J Neurophysiol.
2016;116(3):1304–1315.

10. Deconinck N, Dan B. Pathophysiology of Duchenne
muscular dystrophy: current hypotheses. Pediatr Neurol.
2007;36(1):1–7.

11. Muntoni F, Torelli S, Ferlini A. Dystrophin and mu-
tations: one gene, several proteins, multiple phenotypes.
Lancet Neurol. 2003;2(12):731–740.

12. Henricson EK, Abresch RT, Cnaan A, et al. The co-
operative international neuromuscular research group
Duchenne natural history study: glucocorticoid treat-
ment preserves clinically meaningful functional mile-
stones and reduces rate of disease progression as
measured by manual muscle testing and other commonly
used clinical trial outcome measures. Muscle Nerve.
2013;48(1):55–67.

13. McNeil DE, Davis C, Jillapalli D, Targum S, Durmow-
icz A, Cote TR. Duchenne muscular dystrophy: drug
development and regulatory considerations. Muscle
Nerve. 2010;41(6):740–745.

14. Bladen CL, Salgado D, Monges S, et al. The TREAT-
NMD DMD Global Database: analysis of more than
7,000 Duchenne muscular dystrophy mutations. Hum
Mut. 2015;36(4):395–402.

15. Aartsma-Rus A, Van Deutekom JC, Fokkema IF, Van
Ommen GJ, Den Dunnen JT. Entries in the Lei-
den Duchenne muscular dystrophy mutation database:



178 Clinical Pharmacology in Drug Development 2019, 8(2)

an overview of mutation types and paradoxical cases
that confirm the reading-frame rule. Muscle Nerve.
2006;34(2):135–144.

16. McDonald CM, Campbell C, Torricelli RE, et al.
Ataluren in patients with nonsense mutation Duchenne
muscular dystrophy (ACT DMD): a multicentre, ran-
domised, double-blind, placebo-controlled, phase 3 trial.
Lancet. 2017;390(10101):1489–1498.

17. Namgoong JH, Bertoni C. Clinical potential of ataluren
in the treatment of Duchenne muscular dystrophy.
Degener Neurol Neuromusc Dis. 2016;6:37–48.

18. Hirawat S, Welch EM, Elfring GL, et al. Safety, tol-
erability, and pharmacokinetics of PTC124, a non-
aminoglycoside nonsense mutation suppressor, following
single- and multiple-dose administration to healthy male
and female adult volunteers. J Clin Pharmacol. 2007;
47(4):430–444.

19. Yasuda SU, Zhang L, Huang SM. The role of ethnic-
ity in variability in response to drugs: focus on clinical
pharmacology studies. Clin Pharmacol Ther. 2008;84(3):
417–423.

20. Myrand SP, Sekiguchi K, Man MZ, et al. Pharma-
cokinetics/genotype associations for major cytochrome
P450 enzymes in native and first- and third-generation
Japanese populations: comparison with Korean, Chi-
nese, and Caucasian populations. Clin Pharmacol Ther.
2008;84(3):347–361.

21. Johnson JA. Influence of race or ethnicity on pharma-
cokinetics of drugs. J Pharm Sci. 1997;86(12):1328–1333.

22. Chen ML. Ethnic or racial differences revisited: im-
pact of dosage regimen and dosage form on pharma-
cokinetics and pharmacodynamics. Clin Pharmacokinet.
2006;45(10):957–964.

23. Abrams SA, O’Brien KO, Liang LK, Stuff JE. Differ-
ences in calcium absorption and kinetics between black
and white girls aged 5-16 years. J Bone Mineral Res.
1995;10(5):829–833.

24. Zhou HH, Adedoyin A, Wilkinson GR. Differences
in plasma binding of drugs between Caucasians and
Chinese subjects. Clin Pharmacol Ther. 1990;48(1):
10–17.

25. Johnson JA, Livingston TN. Differences between blacks
and whites in plasma protein binding of drugs.Eur J Clin
Pharmacol. 1997;51(6):485–488.

26. Zhou HH, Koshakji RP, Silberstein DJ, Wilkinson GR,
Wood AJ. Racial differences in drug response. Altered
sensitivity to and clearance of propranolol inmen of Chi-
nese descent as compared with American whites. N Engl
J Med. 1989;320(9):565–570.

27. Zhou HH, Sheller JR, Nu H, Wood M, Wood AJ. Eth-
nic differences in response to morphine. Clin Pharmacol
Ther. 1993;54(5):507–513.

28. Rudorfer MV, Lane EA, Chang WH, Zhang MD, Pot-
ter WZ. Desipramine pharmacokinetics in Chinese and
Caucasian volunteers. Br J Clin Pharmacol. 1984;17(4):
433–440.

29. Ahsan CH, Renwick AG, Waller DG, Challenor VF,
George CF, Amanullah M. The influence of dose and
ethnic origins on the pharmacokinetics of nifedipine.Clin
Pharmacol Ther. 1993;54(3):329–338.

30. ShimadaT,YamazakiH,MimuraM, InuiY,Guengerich
FP. Interindividual variations in human liver cytochrome
P-450 enzymes involved in the oxidation of drugs, car-
cinogens and toxic chemicals: studies with liver micro-
somes of 30 Japanese and 30 Caucasians. J Pharmacol
Exp Ther. 1994;270(1):414–423.

31. Jhee SS, Burm JP, Gill MA. Comparison of amino-
glycoside pharmacokinetics in Asian, Hispanic, and
Caucasian patients by using population pharmacoki-
neticmethods.Antimicrob Agents Chemother. 1994;38(9):
2073–2077.

32. Fukunaga S, Kusama M, Arnold FL, Ono S. Ethnic
differences in pharmacokinetics in new drug applica-
tions and approved doses in Japan. J Clin Pharmacol.
2011;51(8):1237–1240.

33. Maeda H, Hazama S, Shavkat A, et al. Differences in
UGT1A1, UGT1A7, and UGT1A9 polymorphisms be-
tween Uzbek and Japanese populations. Mol Diagnos
Ther. 2014;18(3):333–342.

34. Kobayashi M, Hazama S, Takahashi K, et al. Is there di-
versity among UGT1A1 polymorphism in Japan?World
J Gastrointest Oncol. 2012;4(7):170–175.


