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ABSTRACT

Introduction: The aims of this study were to
characterize the single-dose pharmacokinetics
(PK) of the major active metabolites of ozani-
mod, CC112273 and CC1084037, and to eval-
uate the effect of gemfibrozil (a strong inhibitor
of cytochrome P450 [CYP] 2C8), itraconazole (a
strong inhibitor of CYP3A and P-glycoprotein
[P-gp]), and rifampin (a strong inducer of
CYP3A/P-gp and moderate inducer of CYP2C8)
on the single-dose PK of ozanimod and its major
active metabolites in healthy subjects.
Methods: This was a phase 1, randomized, par-
allel-group, open-label study with two parts. In
part 1, 40 subjects were randomized to receive a
single oral dose of ozanimod 0.46 mg (group A,
n = 20) or oral doses of gemfibrozil 600 mg
twice daily for 17 days with a single oral dose of

ozanimod 0.46 mg on day 4 (group B, n = 20).
In part 2, 60 subjects were randomized to
receive a single oral dose of ozanimod 0.92 mg
(group C, n = 20), oral doses of itraconazole
200 mg once daily for 17 days with a single oral
dose of ozanimod 0.92 mg on day 4 (group D,
n = 20), or oral doses of rifampin 600 mg once
daily for 21 days with a single oral dose of
ozanimod 0.92 mg on day 8 (group E, n = 20).
Plasma PK parameters for ozanimod,
CC112273, and CC1084037 were estimated
using noncompartmental methods.
Results: Dose-proportional increases in maxi-
mum observed concentration (Cmax) and area
under the concentration–time curve (AUC)
were observed for ozanimod, CC112273, and
CC1084037. The mean terminal elimination
half-life (t1/2) for ozanimod was approximately
20–22 h while the mean t1/2 for CC112273 and
CC1084037 were approximately 10 days.
CC112273 and CC1084037 exposures were
highly correlated with or without interacting
drugs. Itraconazole increased ozanimod AUC by
approximately 13% while rifampin reduced
ozanimod AUC by approximately 24%, sug-
gesting a minor role of CYP3A and P-gp in the
overall disposition of ozanimod. Gemfibrozil
increased the AUC for CC112273 and
CC1084037 by approximately 47% and 69%,
respectively. Rifampin reduced the AUC for
CC112273 and CC1084037, primarily via
CYP2C8 induction, by approximately 60% and
55%, respectively.
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Conclusions: Ozanimod’s major active
metabolites, CC112273 and CC1084037,
exhibited similar single-dose PK properties and
their exposures were highly correlated. CYP2C8
is one of the important enzymes in the overall
disposition of CC112273 and subsequently its
direct metabolite CC1084037.
Trial Registration: Clinical trial: NCT03624959

Keywords: CYP2C8; CYP3A; Drug interaction;
Gemfibrozil; Itraconazole; Ozanimod; Pharma-
cokinetics; Rifampin

Key Summary Points

Why carry out this study?

Ozanimod is extensively metabolized to
form two major active metabolites
CC112273 and CC1084037. Multiple
biotransformation pathways are involved
in the disposition of ozanimod and its
major active metabolites, including
cytochrome P450 (CYP) 2C8 and 3A

We conducted a phase 1 study to
characterize the pharmacokinetics of the
major active metabolites of ozanimod and
to evaluate the effect of the index
inhibitors or inducers of CYP2C8 and
CYP3A

What was learned from this study?

Itraconazole, a strong CYP3A inhibitor,
modestly increased ozanimod exposure by
approximately 13%. Gemfibrozil, a strong
CYP2C8 inhibitor, increased the AUC for
CC112273 and CC1084037 by
approximately 47% and 69%,
respectively. Rifampin, reduced the AUC
for CC112273 and CC1084037, primarily
via CYP2C8 induction, by approximately
60% and 55%, respectively

CYP2C8 has an important role in the
disposition of CC112273 and
consequently its direct, interconverting
metabolite CC1084037

INTRODUCTION

Ozanimod is an orally administered sphin-
gosine 1-phosphate (S1P) receptor modulator
that binds with high affinity selectively to S1P
receptors 1 (S1P1) and 5 (S1P5). Ozanimod
blocks the capacity of lymphocytes to egress
from lymph nodes, reducing the number of
lymphocytes in peripheral blood [1]. Ozanimod
is approved in the USA for the treatment of
adults with relapsing forms of multiple sclerosis
(MS) and in Europe for the treatment of adults
with relapsing–remitting MS. The mechanism
by which ozanimod exerts therapeutic effects in
MS is unknown but may involve the reduction
of lymphocyte migration into the central ner-
vous system. Ozanimod also is in clinical
development for the treatment of moderate to
severe ulcerative colitis and Crohn’s disease
[2, 3].

Ozanimod is extensively metabolized to
form a number of circulating active metabolites,
including two major and interconverting active
metabolites, CC112273 and CC1084037, which
both display similar activity and selectivity for
S1P1 and S1P5 [4]. Ozanimod is metabolized via
multiple biotransformation pathways, includ-
ing aldehyde dehydrogenase (ADH) and alcohol
dehydrogenase (ALDH), cytochrome P450
(CYP) isoforms 1A1 and 3A, and gut microflora.
Ozanimod is also a weak substrate for P-glyco-
protein (P-gp). CC112273 is metabolized by
CYP2C8 to form RP101509 or reduced to form
CC1084037 via carbonyl reductase (CBR).
CC1084037 is metabolized by aldo–keto reduc-
tases (AKR) 1C1/1C2 and/or 3b- and 11b-hy-
droxysteroid dehydrogenase (HSD) to form
CC112273. The interconversion between
CC112273 and CC1084037 favors CC112273.
Both CC112273 and CC1084037 are not sub-
strates of drug transporters.

Ozanimod hydrochloride 0.5 mg and 1 mg
(equivalent to ozanimod 0.46 mg and 0.92 mg,
respectively) once daily (QD) were evaluated in
phase 2 and 3 clinical studies in patients with
MS [5, 6]. The pharmacokinetics (PK) of ozani-
mod was previously characterized in healthy
subjects [1]; however, the PK characteristics of
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the major active metabolites CC112273 and
CC1084037 have not been described.

It is important to understand the impact of
concomitant medications on the elimination
pathways of ozanimod and its major active
metabolites to guide dosing recommendations.
Clinical modulators of CBR, AKR, or HSD
enzyme have not been identified. However,
concomitant medications can inhibit or induce
CYP3A and/or CYP2C8 activities. Regulatory
guidance recommends using itraconazole and
gemfibrozil as strong inhibitors of CYP3A and
CYP2C8, respectively, and rifampin as a strong
inducer of CYP3A and moderate inducer of
CYP2C8 [7, 8]. No strong index inducer of
CYP2C8 has been identified.

This study was conducted to characterize the
single-dose PK properties of the major active
metabolites of ozanimod and to evaluate the
effect of steady-state gemfibrozil, itraconazole,
and rifampin on the single-dose PK of ozanimod
and its major active metabolites in healthy
adult subjects.

METHODS

Ethics

The study protocol and informed consent were
reviewed and approved by an institutional
review board (IntegReview, Austin, TX, USA).
All subjects provided written informed consent
before study entry. The study was conducted in
accordance with the ethical principles of Good
Clinical Practice and the Declaration of
Helsinki.

Study Population

Healthy female or male subjects aged 18–-
55 years, with a body weight of at least 50 kg
and body mass index of 18.0–30.0 kg/m2 were
included in the study. Subjects were excluded if
they had seated systolic blood pressure outside
90 to 140 mmHg; seated diastolic blood pres-
sure 50–90 mmHg; pulse rate outside

55–90 bpm; a positive drug/alcohol test; a his-
tory of alcoholism, drug abuse, or addiction
within 24 months; or a history of any abnor-
mality or illness that, in the opinion of the
investigator, may affect absorption, distribu-
tion, metabolism, or elimination of the study
drugs or would limit the subject’s ability to
complete the study. Other exclusion criteria
included use of any systemic over-the-counter
medication (excluding acetaminophen up to
1 g/day), dietary or herbal supplements within
7 days (28 days for St. John’s wort) prior to the
first dose of study drug, and any systemic pre-
scription medication (excluding hormonal
contraceptives) within 28 days or five times the
elimination half-life, whichever is longer, prior
to the first dose of study drug and during the
study.

Study Design

This was a phase 1, randomized, parallel-group,
open-label study with two parts (Fig. 1). Sex was
used as a stratifying factor within each study
part. In part 1, 40 subjects were randomized
into one of the two treatment groups A or B (20
subjects per group). Subjects in group A (refer-
ence) received a single oral dose of ozanimod
0.46 mg on day 1. Subjects in group B (test)
received oral doses of gemfibrozil 600 mg twice
daily on days 1 through 17, with a single oral
dose of ozanimod 0.46 mg co-administered
with gemfibrozil on day 4. In part 2, 60 subjects
were randomized into one of the three treat-
ment groups C, D, or E (20 subjects per group).
Subjects in group C (reference) received a single
oral dose of ozanimod 0.92 mg on day 1. Sub-
jects in group D (test) received oral doses of
itraconazole 200 mg QD on days 1 through 17,
with a single oral dose of ozanimod 0.92 mg co-
administered with oral doses of itraconazole on
day 4. Subjects in group E (test) received oral
doses of rifampin 600 mg QD on days 1 through
21, with a single oral dose of ozanimod 0.92 mg
co-administered with oral doses of rifampin on
day 8. While food has no effect on ozanimod
exposure [9], to standardize conditions between
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treatment groups, ozanimod (with and without
the CYP modulators) was administered follow-
ing an overnight fast of at least 10 h before
dosing. Subjects remained fasted for 4 h after
ozanimod dosing. Gemfibrozil was adminis-
tered 30 min before morning and evening
meals, except when co-administered with
ozanimod (day 4), when both medications were
administered following an overnight fast. Itra-
conazole was administered with food, except for
when co-administered with ozanimod (day 4),
when both medications were administered fol-
lowing an overnight fast. Rifampin was admin-
istered on an empty stomach (either 1 h before
or 2 h after a meal), except for when co-ad-
ministered with ozanimod (day 8), when both
medications were administered following an
overnight fast.

Subjects were screened 28 days prior to the
first dose. Eligible subjects were domiciled in
the clinical research unit (CRU) from day -1
until after the last PK sample collection. Fol-
lowing discharge from the CRU, follow-up
safety phone calls were conducted at approxi-
mately 28 and 75 days after the last dose of
ozanimod.

PK Blood Sampling Schedule
and Bioanalysis

PK blood samples were collected predose (0 h)
and at 1, 2, 3, 4, 6, 8, 10, 12, 16, 24, 36, 48, 72,
96, 120, 144, 168, 192, 216, 240, 264, 288, 312,
and 336 h after ozanimod dosing. At each time
point, approximately 8 mL of blood was
collected.

Plasma concentrations of ozanimod and its
major active metabolites (CC112273 and
CC1084037) were determined by using the
validated liquid chromatography–tandem mass
spectrometry methods by ICON (Whitesboro,
NY). To measure plasma concentrations, ozani-
mod and its major active metabolites were
extracted from 400-lL aliquots of human K2
EDTA plasma by support-liquid extraction and
then analyzed using reversed-phase high-per-
formance liquid chromatography with electro-
spray MS/MS detection. The calibrations were
accomplished by weighted linear regressions (1/
x2) of the ratio of the peak area of the analyte to
that of the added deuterated internal standards
and plotting against the corresponding nominal
concentrations of ozanimod and its metabo-
lites, respectively. The methods were validated

Fig. 1 Study design

4384 Adv Ther (2020) 37:4381–4395



T
ab
le
1

D
em

og
ra
ph
ic
s
an
d
ba
se
lin

e
ch
ar
ac
te
ri
st
ic
s

P
ar
am

et
er

P
ar
t
1

P
ar
t
2

G
ro
up

A
(n

=
20
)

G
ro
up

B
(n

=
20
)

T
ot
al

(n
=
40
)

G
ro
up

C
(n

=
20
)

G
ro
up

D
(n

=
20
)

G
ro
up

E
(n

=
20
)

T
ot
al

(n
=
60
)

O
ve
ra
ll

(n
=
10
0)

A
ge

(y
ea
rs
)

M
ea
n
(S
D
)

36
.3

(1
0.
43
)

31
.4

(9
.4
7)

33
.8

(1
0.
14
)

35
.0

(1
1.
37
)

33
.7

(7
.5
6)

36
.5

(8
.4
4)

35
.0

(9
.1
8)

34
.5

(9
.5
5)

M
in
,m

ax
21
,5

5
18
,5

1
18
,5

5
19
,5

2
18
,4

6
23
,5

4
18
,5

4
18
,5

5

Se
x
(n

[%
])

M
al
e

13
(6
5.
0)

12
(6
0.
0)

25
(6
2.
5)

10
(5
0.
0)

11
(5
5.
0)

11
(5
5.
0)

32
(5
3.
3)

57
(5
7.
0)

Fe
m
al
e

7
(3
5.
0)

8
(4
0.
0)

15
(3
7.
5)

10
(5
0.
0)

9
(4
5.
0)

9
(4
5.
0)

28
(4
6.
7)

43
(4
3.
0)

W
ei
gh
t
(k
g)

M
ea
n
(S
D
)

77
.1
9
(1
2.
41
3)

75
.4
1
(9
.2
59
)

76
.3
0
(1
0.
84
6)

74
.5
7
(1
2.
41
8)

81
.1
6
(1
4.
19
3)

74
.0
2
(1
1.
90
7)

76
.5
8
(1
3.
07
2)

76
.4
7
(1
2.
17
4)

M
in
,m

ax
53
.0
,9

4.
3

60
.1
,1

01
.8

53
.0
,1

01
.8

51
.8
,9

1.
3

55
.8
,1

11
.9

56
.3
,9

2.
6

51
.8
,1

11
.9

51
.8
,1

11
.9

H
ei
gh
t
(c
m
)

M
ea
n
(S
D
)

17
1.
84

(9
.3
73
)

17
0.
09

(7
.6
87
)

17
0.
97

(8
.5
07
)

16
8.
24

(9
.8
19
)

17
3.
81

(1
2.
63
0)

16
8.
55

(1
0.
21
8)

17
0.
20

(1
1.
07
6)

17
0.
50

(1
0.
08
7)

M
in
,m

ax
15
0.
1,

19
0.
1

15
2.
6,

18
4.
6

15
0.
1,

19
0.
1

15
0.
2,

18
4.
2

15
6.
4,

19
5.
6

14
9.
4,

18
2.
1

14
9.
4,

19
5.
6

14
9.
4,

19
5.
6

B
M
I
(k
g/
m

2 )

M
ea
n
(S
D
)

25
.9
8
(2
.3
98
)

26
.0
5
(2
.4
11
)

26
.0
1
(2
.3
74
)

26
.2
2
(2
.8
02
)

26
.8
2
(3
.1
24
)

25
.9
2
(2
.3
30
)

26
.3
2
(2
.7
50
)

26
.1
9
(2
.5
98
)

M
in
,m

ax
21
.1
,2

9.
2

21
.6
,3

0.
0

21
.1
,3

0.
0

20
.3
,2

9.
8

19
.1
,2

9.
4

22
.1
,3

0.
0

19
.1
,3

0.
0

19
.1
,3

0.
0

G
ro
up

A
(r
ef
er
en
ce
):
a
si
ng
le
do
se

of
oz
an
im

od
0.
46

m
g
on

da
y
1.

G
ro
up

B
(t
es
t)
:
ge
m
fib
ro
zi
l
60
0
m
g
B
ID

on
da
ys

1
th
ro
ug
h
17
.
O
n
da
y
4,

a
si
ng
le
do
se

of
oz
an
im

od
0.
46

m
g
w
as

co
-a
dm

in
is
te
re
d
w
it
h
th
e
m
or
ni
ng

do
se
of

ge
m
fib
ro
zi
l.
G
ro
up

C
(r
ef
er
en
ce
):
a
si
ng
le
do
se
of

oz
an
im

od
0.
92

m
g
on

da
y
1.
G
ro
up

D
(t
es
t)
:

it
ra
co
na
zo
le
20
0
m
g
Q
D

on
da
ys

1
th
ro
ug
h
17
.O

n
da
y
4,
a
si
ng
le
do
se

of
oz
an
im

od
0.
92

m
g
w
as

co
-a
dm

in
is
te
re
d
w
it
h
it
ra
co
na
zo
le
.G

ro
up

E
:
ri
fa
m
pi
n
60
0
m
g

Q
D

on
da
ys
1
th
ro
ug
h
21
.O

n
da
y
8,

a
si
ng
le
do
se

of
oz
an
im

od
0.
92

m
g
w
as

co
-a
dm

in
is
te
re
d
w
it
h
ri
fa
m
pi
n

B
ID

tw
ic
e
da
ily
,B

M
I
bo
dy

m
as
s
in
de
x,
M
ax

m
ax
im

um
,M

in
m
in
im

um
,n

nu
m
be
r
of

no
nm

is
si
ng

ob
se
rv
at
io
ns
,N

nu
m
be
r
of

su
bj
ec
ts
,Q

D
on
ce

da
ily
,S
D

st
an
da
rd

de
vi
at
io
n

Adv Ther (2020) 37:4381–4395 4385



over the concentration ranges of 4–2000 pg/mL
for both ozanimod and CC1084037, and 25 to
10,000 pg/mL for CC112273. The inter-assay
precision values (%CV) for ozanimod,
CC112273, and CC1084037 were 9.8% or less.
The accuracy (%bias) values for ozanimod and
its metabolites were within - 0.8% to 4.2%.

PK and Safety Assessments

Pharmacokinetic parameters were calculated
using noncompartmental analysis (PhoenixTM

WinNonlin�, version 8.0.0.3176) and actual
sample collection time. The following plasma
PK parameters were estimated for ozanimod,
CC112273, and CC1084037: maximum
observed plasma concentration (Cmax), time to
reach Cmax (Tmax), area under the concentra-
tion–time curve (AUC) from time 0 to last
quantifiable concentration (AUClast), AUC from
time 0 to infinity (AUC?), and terminal elimi-
nation half-life (t1/2). In addition, apparent oral
clearance and apparent volume of distribution
associated with the terminal phase were esti-
mated for ozanimod. Plasma concentration
values below the limits of quantitation (BLQ)
were replaced with zero for the mean plasma
concentration–time profiles. For PK parameter

calculation, BLQ values prior to Cmax were
replaced with zero and BLQ values after Cmax

were treated as missing.
Physical examinations, 12-lead electrocar-

diograms (ECGs), vital sign measurements, and
clinical laboratory tests were performed, and
adverse events (AEs) and concomitant medica-
tions were monitored throughout the study to
assess safety.

Statistical Evaluation

The sample size estimation was conducted
using a precision approach as no formal
hypothesis testing was planned. The precision
estimates of AUClast and Cmax were calculated
using the historical variability estimate of 0.33
based on log transformed data for the analyte
CC112273, the largest of the estimated vari-
abilities of parent and metabolites. The sample
size of 16 subjects for each of the treatment
groups was expected to produce a two-sided
90% confidence interval (CI) with a distance
from the difference in means to the limits that
is equal to 0.198 when the estimated standard
deviation is 0.33 in the natural log scale.
Assuming a ratio of 1, this would back-trans-
form to an approximate CI of 0.81 to 1.22.
Assuming up to a 20% dropout, 20 subjects were
enrolled in each group to ensure 16 evaluable
subjects in each group.

For each of the comparisons, an analysis of
variance (ANOVA) model with fixed effects for
treatment group and sex were used to analyze
the natural log transformed AUClast and Cmax. A
point estimate and 90% CIs were provided for
the geometric least squares mean ratio upon
back-transformation. Model assumptions were
evaluated through residual as a function of
predicted plots, residual quantile plots, and
residual normality plots.

The incidence, severity, and relationship of
AEs and clinically significant changes from
baseline in clinical laboratory tests, vital signs,
and ECGs were summarized by treatment group
using descriptive statistics. All statistical tabu-
lations and analyses were performed using SAS,
version 9.3 (SAS Institute, Cary, NC).

A

B

Fig. 2 Mean (SD) plasma concentration–time profiles for
ozanimod, CC112273, and CC1084037 following oral
administration of a single dose of ozanimod 0.46 mg (a) or
0.92 mg (b)
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RESULTS

Subject Disposition and Baseline
Characteristics

One hundred subjects were enrolled and
96 subjects (96.0%) completed the study. Four
subjects (4.0%) did not complete the study as a
result of AEs (one subject in group B and one
subject in group E), subject’s decision (one
subject in group C because of a family emer-
gency), and investigator’s decision (one subject
in group D with a behavioral problem). Fifty-
seven percent of subjects were male and 43%
were female. The mean (standard deviation, SD)
age and body mass index were 34.5 (9.55) years
and 26.19 (2.598) kg/m2, respectively. The
demographic and baseline characteristics are
presented in Table 1. Overall, demographics

and baseline characteristics were generally sim-
ilar across the treatment groups.

Single-Dose PK of Ozanimod and Major
Active Metabolites

The mean (SD) plasma concentration–time
profiles for ozanimod and its major active
metabolites following a single oral dose of
ozanimod 0.46 mg or 0.92 mg are shown in
Fig. 2. Plasma concentrations of ozanimod,
CC112273, and CC1084037 appeared to decline
monoexponentially after the absorption or for-
mation phase. Plasma PK parameters for ozani-
mod and its major active metabolites are
summarized in Table 2. Following single dose
oral administration, ozanimod absorption was
slow, with a median Tmax of 8 h. Median Tmax

for CC112273 and CC1084037 were

Fig. 3 Relationship of CC112273 and CC1084037
exposures when ozanimod was administered alone or in
combination with CYP modulators. AUClast AUC from
time 0 to last quantifiable concentration, Cmax maximum

observed plasma concentration, R2 coefficient of determi-
nation, x CC112273 Cmax or AUClast, y CC1084037 Cmax

or AUClast. P value is for test of slope = 0
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approximately 10 and 16 h, respectively. Dose-
proportional increases in Cmax and AUC were
observed for ozanimod, CC112273, and
CC1084037. The metabolite/parent (M/P)
AUClast ratio for CC112273 and CC1084037
were approximately 11 and 2, respectively. The
mean t1/2 for ozanimod was approximately
20–22 h while the mean t1/2 for CC112273 and
CC1084037 were approximately 10 days.

Scatter plots with linear regression lines to
illustrate the relationship of exposure (Cmax and
AUClast) between the two major interconverting
metabolites CC112273 and CC1084037 are
presented in Fig. 3. CC112273 and CC1084037
exposures were highly correlated with or with-
out extrinsic factors (i.e., interacting drugs). The
coefficients of determination for Cmax and
AUClast were approximately 0.959–0.969 and
0.968–0.982, respectively.

Effect of Gemfibrozil, Itraconazole,
and Rifampin on Single-Dose PK
of Ozanimod and Major Active
Metabolites

The mean (SD) plasma concentration–time
profiles for ozanimod, CC112273, and
CC1084037 following a single oral dose of
ozanimod alone or in combination with CYP
modulators are shown in Figs. 4, 5, and 6. The
statistical analysis to assess the effect of gemfi-
brozil on the PK of ozanimod and its metabo-
lites is presented in Table 3. Gemfibrozil, a
strong inhibitor of CYP2C8, had no effect on
ozanimod as shown by the 90% CI for the ratio
of geometric least squares means for ozanimod
Cmax and AUC? within the default equivalence
limits of 0.80–1.25. Gemfibrozil, however,
increased Cmax and AUClast of the major active

A

B

Fig. 4 Mean (SD) plasma concentration–time profiles for
ozanimod following oral administration of a single dose of
ozanimod alone (a) and in combination with steady-state
gemfibrozil, itraconazole, or rifampin (b)

A

B

Fig. 5 Mean (SD) plasma concentration–time profiles for
CC112273 following oral administration of a single dose
of ozanimod alone (a) and in combination with steady-
state gemfibrozil, itraconazole, or rifampin (b)
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metabolites by approximately 27–35% and
47–68%, respectively. Itraconazole, a strong
inhibitor of CYP3A, had no effect on ozanimod
Cmax (90% CI within the limits of 0.80–1.25)
and increased ozanimod AUC? by approxi-
mately 13%. Itraconazole reduced Cmax of the
major active metabolites by approximately 22%
while it had no apparent effect on the AUClast of
the major active metabolites. Rifampin, a strong
inducer of CYP3A and a moderate inducer of
CYP2C8, reduced ozanimod Cmax and AUC? by
approximately 21–24%. While rifampin mod-
estly reduced Cmax of the major active metabo-
lites by approximately 13–15%, it reduced
AUClast of the major active metabolites by
approximately 55–60%.

Safety

No serious AEs were reported. Two subjects were
discontinued from the study as a result of AEs
suspected by the investigator not to be related
to ozanimod treatment: one subject in group B
(gemfibrozil ? ozanimod) for synovitis and one
subject in group E (rifampin ? ozanimod) for
urticaria and pruritus. Overall, 32 subjects
(32.0%) had at least one treatment-emergent
AE. When ozanimod was administered alone,
three subjects (15%) and six subjects (30%) who
received ozanimod 0.46 mg and 0.92 mg,
respectively, experienced treatment-emergent
AEs. When ozanimod was co-administered with
gemfibrozil, itraconazole, or rifampin, five sub-
jects (25%), two subjects (10%), and eight sub-
jects (40%), respectively, experienced
treatment-emergent AEs. All AEs were mild or
moderate in severity. The commonly reported
treatment-emergent AEs are shown in Table 4
which included constipation (ozanimod alone,
ozanimod ? gemfibrozil, and ozanimod ? itra-
conazole), headache (gemfibrozil alone, gemfi-
brozil ? ozanimod, and rifampin alone), and
chromaturia (rifampin alone, rifampin ? ozan-
imod). There were no clinically significant
changes from baseline for vital signs and clini-
cal laboratory results and no abnormal physical
examination findings. One subject in group C
(ozanimod 0.92 mg) had an asymptomatic sec-
ond-degree atrioventricular (AV) block (Mobitz
type 1) approximately 6 h after dosing. A repeat
ECG conducted approximately 90 min later did
not show any clinically significant findings. The
event resolved without additional intervention
or therapy.

DISCUSSION

This study was conducted to characterize the
single-dose PK of the major active metabolites
of ozanimod and to evaluate the effect of index
inhibitors or inducers of CYP2C8 and/or CYP3A
on the PK of ozanimod and its major active
metabolites. Two single oral doses of ozanimod
0.46 mg and 0.92 mg were studied since the
phase 2 and 3 studies evaluated two ozanimod
maintenance dosing regimens of 0.46 mg and

A

B

Fig. 6 Mean (SD) plasma concentration–time profiles for
CC1084037 following oral administration of a single dose
of ozanimod alone (a) and in combination with steady-
state gemfibrozil, itraconazole, or rifampin (b)
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0.92 mg QD. A two-way crossover design for
drug interaction evaluation is preferred over
parallel-study designs. However, as a result of
the long t1/2 of the major active metabolites
(approx. 10 days), a crossover study design is
not feasible and therefore a parallel-group
design was used. In this study, the index CYP
modulators were administered multiple doses
prior to ozanimod co-administration (i.e., lead-
in dosing phase) to ensure the maximum inhi-
bition or induction effect on CYP enzymes
[10–13] and continued during the 14-day PK
sample collections to maintain CYP enzyme
inhibition or induction effect. Dosing of rifam-
pin, itraconazole, and gemfibrozil for up to
3 weeks in duration was chosen to minimize the
potential safety risks associated with longer
exposure in healthy volunteers. PK sample col-
lections up to 14 days postdose allowed reliable
determination of the terminal elimination
phase of ozanimod and its metabolites. If PK
samples were to be collected for 3–5 times the t1/
2 of the major active metabolites (i.e., approx.
30–50 days of PK sampling), dosing of rifampin,
itraconazole, and gemfibrozil would be 33–-
58 days (including the lead-in dosing phase),
which is not practical and may not be safe for
healthy volunteers.

The single-dose PK properties of ozanimod in
this study are consistent with a recent study [1].
Ozanimod exhibited dose-proportional increase
in exposure, high volume of distribution,
moderate apparent oral clearance, and a mean
t1/2 of 20–22 h. Similar to the parent ozanimod,
exposure for the major active metabolites,
CC112273 and CC1084037, increased dose
proportionally following ozanimod single oral
doses of 0.46–0.92 mg. Since CC1084037 is a
direct and interconverting metabolite of
CC112273, and CC1084037 is not subject to
other elimination pathways, CC112273 and
CC1084037 exposures (Cmax and AUC) were
highly correlated with or without extrinsic fac-
tors (i.e., interacting drugs). The mean t1/2 for
CC112273 and CC1084037 were also similar at
approximately 10 days. Following a single oral
dose, the M/P ratios for CC112273 and
CC1084037 were approximately 11 and 2,
respectively. However, with multiple dosing the
M/P ratios for CC112273 and CC108437 are

expected to be substantially higher because of
the anticipated accumulation based on their
long t1/2.

In vitro data showed that ozanimod is
metabolized by multiple biotransformation
pathways including ALDH and ADH, CYPs 1A1
and 3A, and gut microflora. Ozanimod is also a
weak substrate for P-gp. In this study, itracona-
zole, a strong inhibitor of CYP3A and P-gp,
increased ozanimod AUC? by approximately
13% and rifampin, a strong inducer of CYP3A
and P-gp, reduced ozanimod AUC? by approx-
imately 24%. These modest changes are not
clinically meaningful and indicated a minor
role of CYP3A and P-gp in the overall disposi-
tion of ozanimod.

In vitro data showed that CYP2C8 and
oxido-reductases are involved in the metabo-
lism of the major active metabolite CC112273.
The active metabolite CC1084037 is formed
directly from CC112273, and the interconver-
sion between these two active metabolites is
mediated by CBR, AKR 1C1/1C2, and/or 3b- and
11b-HSD. In this study, gemfibrozil, a strong
inhibitor of CYP2C8, increased the AUClast for
CC112273 and CC1084037 by approximately
47% and 69%, respectively. Rifampin, a strong
inducer of CYP3A and a moderate inducer of
CYP2C8, reduced the AUClast for CC112273 and
CC1084037 by approximately 60% and 55%,
respectively. The effect of rifampin on
CC112273 and CC1084037 is primarily caused
by induction of CYP2C8 since CYP3A is not
directly involved in the formation or elimina-
tion of these two active metabolites and itra-
conazole, a strong CYP3A4 inhibitor, had no
clinically meaningful effect on the PK of
CC112273 and CC1084037. It should be noted
that there is no strong inducer of CYP2C8 for
drug interaction studies. Results from this study
support that CYP2C8 is one of the important
enzymes in the overall disposition of CC112273
and subsequently its direct metabolite
CC1084037.

A single oral dose of ozanimod (0.46 mg or
0.92 mg) alone or in combination with multiple
doses of gemfibrozil, itraconazole, or rifampin
in healthy subjects was generally well tolerated.
All AEs were mild to moderate in severity.
Chromaturia, reported in three subjects in
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group E (rifampin ? ozanimod), is a well-docu-
mented and benign side effect of rifampin
[14, 15]. S1P receptor modulators may cause a
transient decrease in heart rate (HR) and AV
conduction delays upon initiation of dosing
[16]. However, these effects may attenuate over
time, secondary to S1P receptor desensitization,
internalization, and degradation on atrial
myocytes [17]. An up-titration schedule of
ozanimod 0.23 mg QD for 4 days followed by
doses of 0.46 mg QD for 3 days prior to the
maintenance dose of 0.92 mg attenuates the
first-dose HR and AV conduction effects in
patients wtih MS [18]. One subject in this study
who received a single dose of ozanimod 0.92 mg
(without dose titration) had an asymptomatic
episode of second-degree AV block (Mobitz
type 1) approximately 6 h after dosing.

CONCLUSIONS

Results from this study showed that ozanimod’s
major active metabolites CC112273 and
CC1084037 exhibited similar t1/2 and their
exposures were highly correlated. Results also
indicated that CYP3A and P-gp have a minor
contribution to the overall disposition of ozan-
imod, while CYP2C8 has an important role in
the disposition of CC112273 and consequently
its direct, interconverting metabolite CC1084037.
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