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ABSTRACT

Introduction: The aims of this study were to
characterize the multiple-dose pharmacokinet-
ics (PK) of ozanimod’s major active metabolites
(CC112273 and CC1084037) and to evaluate
the pharmacodynamic and PK interactions with
pseudoephedrine (PSE).
Methods: In this phase 1, single-center, ran-
domized, double-blind, placebo-controlled
study, 56 healthy adult subjects were random-
ized to receive either placebo or ozanimod once
daily for 30 days (0.23 mg on days 1–4, 0.46 mg

on days 5–7, 0.92 mg on days 8–10, and 1.84 mg
on days 11–30). On day 30, a single oral dose of
PSE 60 mg was co-administered with placebo or
ozanimod. Maximum time-matched change in
systolic blood pressure (SBP) from baseline
(day 29) following PSE administration on
day 30 was calculated. Plasma PK parameters for
ozanimod, CC112273, CC1084037, and PSE
were estimated using noncompartmental
methods.
Results: Fifty-two subjects (92.9%) completed
the study. Following multiple dosing, approxi-
mately 94% of circulating total active drug
exposure was represented by ozanimod (6%),
CC112273 (73%), and CC1084037 (15%).
Exposures of CC112273 and CC1084037 were
highly correlated. Mean maximum time-mat-
ched change from baseline for SBP was not sig-
nificantly different between ozanimod ? PSE
and placebo ? PSE. Ozanimod also had no
effect on the PK of PSE. Co-administration of
ozanimod with a single dose of PSE in healthy
subjects was generally well tolerated. While
CC112273 and CC1084037 selectively inhibited
monoamine oxidase (MAO)-B in vitro, both
active metabolites do not inhibit platelet MAO-
B activity in vivo.
Conclusion: Concomitant administration of
ozanimod with PSE, a sympathomimetic agent,
did not potentiate the effects on blood pressure.
Trial Registration: NCT03644576.
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Key Summary Points

Why carry out this study?

In vitro data showed that ozanimod’s
major active metabolites, CC112273 and
CC1084037, selectively inhibited
monoamine oxidase (MAO)-B. MAO
inhibitors, when taken in combination
with sympathomimetic amines, can cause
sudden blood pressure elevations.

We conducted a phase 1 study in healthy
subjects to (1) characterize the multiple-
dose pharmacokinetic (PK) properties of
CC112273 and CC1084037, (2) evaluate
the PK and pharmacodynamic
interactions with pseudoephedrine, a
sympathomimetic agent, and (3) evaluate
the effect of CC112273 and CC1084037
on human platelet MAO-B activity.

What was learned from this study?

Following multiple dosing,
approximately 94% of circulating total
active drug exposure was represented by
ozanimod (6%), CC112273 (73%), and
CC1084037 (15%).

While CC112273 and CC1084037
selectively inhibited MAO-B in vitro, both
active metabolites did not inhibit platelet
MAO-B activity in vivo. Concomitant
administration of ozanimod with
pseudoephedrine did not result in PK or
pharmacodynamic interactions.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access the digital features on the article’s asso-
ciated Figshare page. To view digital features for

this article go to https://doi.org/10.6084/m9.
figshare.12918965.

INTRODUCTION

Ozanimod, a sphingosine 1-phosphate (S1P)
receptor modulator that binds with high affin-
ity selectively to S1P receptors 1 (S1P1) and 5
(S1P5), is approved in the United States for the
treatment of adults with relapsing forms of
multiple sclerosis (MS) and in the European
Union for the treatment of adults with relaps-
ing-remitting MS. Ozanimod blocks the capac-
ity of lymphocytes to egress from lymph nodes,
reducing the number of lymphocytes in
peripheral blood [1]. The mechanism by which
ozanimod exerts therapeutic effects in MS is
unknown but may involve the reduction of
lymphocyte migration into the central nervous
system. Ozanimod is also in clinical develop-
ment 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 with
similar activity and selectivity for S1P1 and S1P5

[4]. Following oral administration of ozanimod
single doses of 0.46 mg and 0.92 mg in 56
healthy subjects, ozanimod absorption was
slow, with a median time to reach maximum
observed concentration (Tmax) of 8 h. Median
Tmax values for CC112273 and CC1084037 were
approximately 10 and 16 h, respectively. Dose-
proportional increases in exposures were
observed for ozanimod, CC112273, and
CC1084037. Exposures of CC112273 and
CC1084037 also were highly correlated. The
mean terminal elimination half-life (t1/2) for
ozanimod was approximately 20–22 h while the
mean t1/2 values for CC112273 and CC1084037
were similar at approximately 10 days [4].

In vitro data showed that CC112273 and
CC1084037 selectively inhibited monoamine
oxidase (MAO)-B over MAO-A. The half maxi-
mal inhibitory concentration (IC50) values for
MAO-B are 5.72 nM and 58 nM for CC112273
and CC1084037, respectively (data on file). The
IC50 values for MAO-A are greater than
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10,000 nM for both major active metabolites.
Two isoenzymes of MAO (MAO-A and MAO-B)
are present in most mammalian tissues, but the
proportions of the two isoenzymes vary from
tissue to tissue [5, 6]. Moreover, some human
tissues express only one form of MAO (e.g.,
fibroblasts and placenta express only MAO-A
whereas platelets and lymphocytes express only
MAO-B) [7]. MAO catalyzes the oxidative
deamination of various monoamines, such as
histamine, 5-hydroxytryptamine, and the cate-
cholamines (e.g., dopamine, epinephrine, and
norepinephrine) to inactive derivatives [8].

Monoamine oxidase inhibition can lead to
peripheral or central neurotransmitter accumu-
lation. Monoamine oxidase inhibitors, when
taken in combination with sympathomimetic
amines, can cause sudden blood pressure (BP)
elevations that may lead to hypertensive crises
[9–11]. Pseudoephedrine (PSE), a sympath-
omimetic agent, is found in many over-the-
counter medicines to relieve nasal congestion.
The sympathomimetic actions of PSE are pri-
marily the result of norepinephrine release [12].
Inhibition of MAO may reduce the deamination
of norepinephrine, leading to pressor effect
enhancement of PSE.

This study was conducted to characterize the
multiple-dose pharmacokinetic (PK) properties
of ozanimod’s major active metabolites and to
evaluate the effect of ozanimod on the pressor
response to a single-dose administration of PSE
and on the PK of PSE in healthy adult subjects.
The study also evaluated the effect of CC112273
and CC1084037 on human platelet MAO-B
activity.

METHODS

Ethics

The study protocol and informed consent were
reviewed and approved by an institutional
review board (IntegReview, Austin, TX, USA;
closure date 22 January 2019). All subjects pro-
vided 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 (N = 56) aged
18–55 years, with a body weight of at least 50 kg
and body mass index (BMI) of 18.0–30.0 kg/m2

were included in the study. Subjects were
excluded from the study if they had a seated
systolic BP (SBP) outside 90–140 mmHg, seated
diastolic BP (DBP) 50–90 mmHg, or seated pulse
rate outside 55–90 bpm; a history of syncope
associated with hypotension or a history of
orthostatic hypotension; a positive drug/alco-
hol test; a history of alcoholism, drug abuse, or
addiction within 24 months; or a history of any
abnormality or illness that, in the opinion of
the investigator, may affect absorption, distri-
bution, metabolism, or elimination of the study
drugs or would limit the subject’s ability to
participate in and complete the study. Subjects
were prohibited from using any systemic over-
the-counter medication (excluding acet-
aminophen 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 prescription medication (ex-
cluding hormonal contraceptives) within
28 days (90 days for MAO inhibitors) 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, single-center, randomized,
double-blind, placebo-controlled study in heal-
thy adult subjects. Subjects were screened for
participation within 28 days prior to the first
dose of study drug. All eligible subjects were
admitted to the clinical research unit (CRU) on
day -2 and were domiciled in the CRU until
day 31. Eligible subjects were enrolled and ran-
domized 1:1 within either the male or female
strata to ozanimod or placebo. Subjects received
either placebo or ozanimod once daily (QD) for
30 days (0.23 mg [equivalent to ozanimod HCl
0.25 mg] QD on days 1–4, 0.46 mg [equivalent
to ozanimod HCl 0.5 mg] QD on days 5–7,
0.92 mg [equivalent to ozanimod HCl 1 mg] QD
on days 8–10, and 1.84 mg [equivalent to
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ozanimod HCl 2 mg] QD on days 11–30). On
day 30, a single oral dose of PSE 60 mg was co-
administered with placebo or ozanimod. On
days 29 and 30, study drug was administered
after an overnight fast of at least 10 h and sub-
jects remained fasted until at least 4 h after
dosing. Meals and mealtimes on days 29 and 30
were also standardized. Following discharge
from the CRU on day 31, follow-up safety
assessments were conducted at 7 ± 2 and
75 ± 10 days after the last dose.

PK Blood Sampling Schedule
and Bioanalysis

PK blood samples for ozanimod and its active
metabolites were collected at predose and 1, 2, 4,
6, 8, 10, 12, 14, 16, and 24 h postdose on days 1,
5, 8, and 28. Trough PK blood samples were col-
lected at predose on days 26, 27, and 30. PK blood
samples for PSE were collected at predose and 1, 2,
4, 6, 8, 10, 12, and 24 h postdose on day 30.

Plasma concentrations of ozanimod, major
active metabolites (CC112273 and CC1084037),
and minor active metabolites (RP101988,
RP101442, and RP112289) were determined using
the validated liquid chromatography–tandem
mass spectrometry method (ICON, Whitesboro,
NY). To measure plasma concentrations, ozani-
mod and its metabolites were extracted from a
400-lL aliquot of human K2 ethylenediaminete-
traacetic acid plasma by support–liquid extraction
and then analyzed using reversed-phase high-
performance liquid chromatography with elec-
trospray 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 to the corresponding nominal con-
centrations of PSE. The methods were validated
over the concentration ranges of 4–2000 pg/mL
for both ozanimod and CC1084037, and
25–10,000 pg/mL for CC112273. In addition, the
assays were validated for the minor metabolites
with the concentration ranges of 16–4000 pg/mL
for RP101988, 8–4000 pg/mL for RP101442, and
4–1600 pg/mL for RP112289. The interassay pre-
cision values for ozanimod, CC112273,
CC1084037, RP101988, RP101442, and RP112289

were at most 9.8%. The accuracy values for
ozanimod and its metabolites were - 6.7% to
4.2%.

Plasma concentrations of PSE were deter-
mined by using the validated high-performance
liquid chromatography–mass spectrometry
method (PRA, Lenexa, KS). To measure plasma
concentrations, a 50-lL aliquot of human
dipotassium ethylenediaminetetraacetic acid
plasma by protein precipitation was analyzed
using reversed-phase high-performance liquid
chromatography with electrospray 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 plotted
to the corresponding nominal concentrations
of ozanimod and its metabolites, respectively.
The methods were validated over the concen-
tration ranges of 0.5–500 ng/mL for PSE. The
interassay precision values (%CV) for PSE were
at most 12.3%. The accuracy (%bias) values for
PSE were within the range of - 3.3% to 2.8%.

PD Blood Sampling Schedule
and Bioanalysis

Blood samples for the measurement of MAO-B
activity in platelets were collected at screening,
predose on days 1, 5, 8, 26 to 30, and 12 h
postdose on day 1. MAO-B activity in human
platelets was measured using the OxiSelectTM

Monoamine Oxidase Assay kit (a simple and
sensitive quantitative fluorometric assay for
measuring amine oxidase activity in biological
samples) and a Biotek Synergy 2 plate reader.
Briefly, the assay employs quantitative fluoro-
metric measurement of amine oxidase activity
in biological samples. The kit is based on a
reaction between MAO-B and its substrate ben-
zylamine that generates H2O2. Benzylamine is a
substrate for MAO-B and semicarbizide-sensitive
amine oxidases. The use of MAO-B inhibitor
Pargyline distinguishes activity between these
enzymes. In the presence of horseradish perox-
idase, the fluorometric probe and H2O2 react to
produce resorufin, which in turn is quantified
by fluorescence. Activity of MAO-B is then cal-
culated and reported in units per liter. The assay
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was qualified and samples tested by Covance
Translational Biomarker Solutions. MAO-B
activity ranged from 0.016 to 0.766 units/L. Of
the 581 samples received, 577 were within the
limits of quantitation of 0.014 to 1.778 units/L.

Cardiovascular, PK, and Safety
Assessments

On days 29 and 30, SBP and DBP were measured
in triplicate after subjects were resting for at
least 10 min in a supine position at 0 (predose)
and 1, 2, 3, 4, 5, 6, 7, 8, 10, 12, and 24 h after
dosing. Each of the triplicate measurements was
separated by approximately 5 min, and all trip-
licate measurements were completed within
approximately 15 min. The 0-h triplicate mea-
surements on day 29 were collected within
approximately 15 min before dosing. The 24-h
postdose triplicate measurements on day 29
were collected within approximately 15 min
before dosing on day 30, and these measure-
ments were also used as day 30, 0-h measure-
ments. BP at each nominal time point was
calculated as a mean of the triplicate
measurements.

Pharmacokinetic parameters were calculated
using noncompartmental analysis (PhoenixTM

WinNonlin�, version 8.0.0.3176) and actual
sample collection time. The following PK
parameters were estimated for ozanimod and its
active metabolites (CC112273, CC1084037,
RP101988, RP101442, and RP112289) and PSE:
maximum observed concentration (Cmax), Tmax,
and area under the concentration–time curve
from time 0–24 h (AUC0–24). Total active
AUC0–24 for ozanimod was determined as the
sum of ozanimod and all active metabolites
AUC0–24, corrected for molecular weight.
Plasma concentration values that were below
the limits of quantitation (BLQ) were replaced
with zero for the mean plasma concentra-
tion–time profiles. For PK parameter calcula-
tion, BLQ values prior to the first quantifiable
value were replaced with zero, and BLQ values
after the first quantifiable value were treated as
missing.

Physical examinations, 12-lead electrocar-
diograms (ECGs), vital sign measurements, and

clinical laboratory tests were performed.
Adverse events (AEs) and concomitant medica-
tions were monitored throughout the study to
assess safety.

Statistical Evaluation

No formal hypothesis testing was planned.
Using a precision approach, a sample size of 25
each for ozanimod and placebo 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 6.64 when
the estimated standard deviation (SD) is
14 mmHg. Because of potential subject dropout,
up to 30 subjects were planned for each treat-
ment group to ensure 25 evaluable subjects
within each group.

The primary cardiovascular endpoint was the
maximum time-matched change in SBP from
baseline (day 29) following PSE administration
on day 30. To calculate the time-matched
changes for each subject, day 30 value was
subtracted from day 29 value at the corre-
sponding nominal time. The maximum of these
time-matched changes was computed for each
subject. A statistical analysis was performed to
compare ozanimod ? PSE with placebo ? PSE
using a linear model with treatment group and
sex as fixed effects. The least squares mean
(LSM) difference between the two treatment
groups and associated 90% CI were provided.

To estimate the effect of ozanimod on PSE
exposure, an analysis of variance was performed
for the PSE primary PK parameters (Cmax and
AUC0–24). The primary PK parameters were log-
transformed and evaluated in a mixed-effect
model with treatment group and sex as fixed
effects and subjects as a random effect. Loga-
rithmic differences in LSM of primary PK
parameters from PSE co-administered with
ozanimod (as test treatment) to PSE co-admin-
istered with placebo (as reference treatment)
were constructed. Upon back transformation,
the PSE geometric LSM ratios of ozanimod over
the placebo group and associated 90% CI were
calculated.

The relationship between CC112273 con-
centrations and change from baseline in
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platelet MAO-B activity was plotted. Similar
analysis was performed for CC1084037
concentrations.

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

RESULTS

Subject Disposition and Baseline
Characteristics

Fifty-six subjects were randomized and 52 sub-
jects (92.9%) completed the study. All subjects
in the ozanimod group completed the study.
Four subjects (7.1%) in the placebo group did
not complete the study: two subjects withdrew
from the study and two subjects were discon-
tinued from the study because of an AE. Thirty-
one (57.4%) subjects were male and 23 (42.6%)
were female. The mean (SD) age and BMI were
37.5 (11.34) years and 26.11 (2.583) kg/m2,
respectively. Overall, demographics and base-
line characteristics were generally similar
between the two treatment groups.

Multiple-Dose PK of Ozanimod and Major
Active Metabolites

The mean (SD) plasma concentration–time
profiles for ozanimod and its major active
metabolites following dosing initiation on
day 1 (0.23 mg), dose escalation on day 5
(0.46 mg), and on day 28 (1.84 mg) are shown
in Fig. 1. Following dosing initiation, the for-
mation of the active metabolites CC112273 and
CC1084037 occurred approximately 2 and 4 h
after dosing. Systemic exposure of CC112273
was the highest followed by ozanimod and
CC1084037. After 28 days of dosing, systemic
exposure of CC112273 remains the highest
followed by CC1084037 and then ozanimod.
Plasma PK parameters for ozanimod,
CC112273, and CC1084037, following dosing

initiation on day 1 (0.23 mg), dose escalation
on day 5 (0.46 mg), and after 28 days of repe-
ated dosing (1.84 mg) are summarized in
Table 1. Median Tmax was approximately 8–10 h
across dosing days for ozanimod, approximately
10–12 h across dosing days (approximately 2 h
after ozanimod) for CC112273, and was highly
variable (4–24 h) for CC1084037 because of flat
PK profiles during the 24-h dosing interval.
Upon ozanimod 0.23 mg initiation (day 1), the
AUC0–24 values of CC112273 and CC1084037
were approximately twofold and 0.2-fold that of
the parent AUC0–24, respectively. Ozanimod,
CC112273, and CC1084037 each represented
approximately 28%, 53%, and 5%, respectively,
of circulating total active drug exposure. The
metabolite/parent (M/P) ratios and percentage
of total active AUC0–24 for CC112273 and
CC1084037 continued to increase with repe-
ated dosing. On day 28, the mean M/P ratios of
the AUC0–24 for CC112273 and CC1084037
were approximately 13-fold and 2.6-fold,
respectively. Ozanimod, CC112273, and
CC1084037 each represented approximately
6%, 73%, and 15%, respectively, of circulating
total active drug exposure. Together, ozanimod,
CC112273, and CC1084037 contributed to
approximately 94% of circulating total active
drug exposure after multiple dosing. The other
minor active metabolites (RP101988, RP101442,
and RP112289) together contributed to the
remaining 6% of circulating total active drug
exposure (data not shown).

Scatter plots with linear regression lines to
illustrate the relationship of exposure (Cmax and
AUC0–24) between the two major interconvert-
ing metabolites CC112273 and CC1084037 are
shown in Fig. 2. On day 28, the coefficient of
determination (R2) for Cmax and AUC0–24 was
0.976 and 0.979, respectively. The Cmax and
AUC0–24 for CC1084037 were approximately
20% of the Cmax and AUC0–24 for CC112273.

Effect of Ozanimod on PSE-Induced
Pressor Response

Table 2 shows the maximum time-matched
change from baseline in BP and statistical
analysis of the effect of ozanimod on PSE-

Adv Ther (2020) 37:4944–4958 4949



0 2 4 6 8 10 12 14 16 18 20 22 24

0

50

100

150

200

250

Time (h)

A

B

C

Pl
as

m
a 

Co
nc

en
tr

at
io

n 
(p

m
ol

/L
)

0 2 4 6 8 10 12 14 16 18 20 22 24

0

200

400

600

800

1000

1200

Time (h)

Pl
as

m
a 

Co
nc

en
tr

at
io

n 
(p

m
ol

/L
)

0 2 4 6 8 10 12 14 16 18 20 22 24

0

5000

10,000

15,000

20,000

25,000

Time (h)

Pl
as

m
a 

Co
nc

en
tr

at
io

n 
(p

m
ol

/L
)

Ozanimod CC112273 CC1084037

Fig. 1 Mean (SD) plasma concentration–time profiles for
ozanimod, CC112273, and CC1084037 over the 24-h dosing
interval following ozanimod dosing initiation on day 1

(0.23 mg; a), dose escalation on day 5 (0.46 mg; b), and after
28 days of repeated dosing (1.84 mg, c);N = 28. SD standard
deviation

4950 Adv Ther (2020) 37:4944–4958



T
ab
le
1

Su
m
m
ar
y
st
at
is
ti
cs
of

ph
ar
m
ac
ok
in
et
ic
pa
ra
m
et
er
s
fo
r
oz
an
im

od
an
d
it
s
m
aj
or

m
et
ab
ol
it
es
fo
llo
w
in
g
do
si
ng

in
it
ia
ti
on

on
da
y
1
(0
.2
3
m
g)
,d
os
e
es
ca
la
ti
on

on
da
y
5
(0
.4
6
m
g)
,a
nd

af
te
r
28

da
ys

of
re
pe
at
ed

do
si
ng

(1
.8
4
m
g)
;
N

=
28

P
K

pa
ra
m
et
er

(u
ni
t)

O
za
ni
m
od

0.
23

m
g
(d
ay

1)
O
za
ni
m
od

0.
46

m
g
(d
ay

5)
O
za
ni
m
od

1.
84

m
g
(d
ay

28
)

O
za
ni
m
od

C
C
11
22
73

C
C
10
84
03
7

O
za
ni
m
od

C
C
11
22
73

C
C
10
84
03
7

O
za
ni
m
od

C
C
11
22
73

C
C
10
84
03
7

C
m
ax

(p
g/
m
L
)

42
.6

(1
0.
9)

72
.9

(1
7.
3)

9.
66

(3
.3
6)

11
4

(3
3.
4)

34
4

(8
9.
4)

53
.7

(1
5.
1)

63
9

(2
13
)

63
38

(1
91
3)

12
50

(3
54
)

T
m
ax

(h
)

10
.1

(6
.1
5,

14
.1
)

12
.1

(8
.0
5,

24
.0
)

24
.0

(1
0.
1,

24
.0
)

8.
19

(4
.0
7,

14
.1
)

10
.1

(6
.1
3,

24
.0
)

20
.0

(4
.0
5,

24
.0
)

8.
07

(6
.1
3,

12
.1
)

10
.1

(0
.0
0,

12
.1
)

4.
06

(0
.0
0,

24
.0
)

A
U
C
0–

24

(p
g
9

h/
m
L
)

68
4

(1
71
)

11
60

(3
04
)

11
7

(4
5.
6)

20
39

(6
44
)

67
75

(1
85
2)

10
80

(2
93
)

11
,3
70

(4
00
9)

12
5,
97
0

(4
1,
32
8)

25
,2
05

(8
28
1)

C
m
in

(p
g/
m
L
)

N
A

N
A

N
A

43
.3

(1
5.
8)

18
5

(5
3.
5)

33
.2

(9
.6
9)

33
0

(1
39
)

45
66

(1
58
1)

89
0

(3
00
)

A
U
C
0–

24

M
/P

N
A

1.
94

(0
.4
59
)

0.
19
5

(0
.0
78
9)

N
A

3.
90

(1
.1
4)

0.
62
8

(0
.2
23
)

N
A

12
.9

(3
.6
4)

2.
57

(0
.7
23
)

%
A
ct
iv
e

A
U
C
0–

24
a

28
.0

(5
.6
9)

52
.6

(9
.2
5)

5.
20

(1
.7
5)

16
.0

(3
.5
5)

58
.8

(4
.2
0)

9.
39

(1
.5
2)

6.
06

(1
.5
4)

73
.1

(3
.1
0)

14
.7

(1
.9
8)

D
at
a
ar
e
pr
es
en
te
d
as

m
ea
n
(s
ta
nd

ar
d
de
vi
at
io
n)
,e
xc
ep
t
fo
r
T
m
ax
,w

hi
ch

is
pr
es
en
te
d
as

m
ed
ia
n
(m

in
im

um
–m

ax
im

um
)

A
U
C
0–

24
ar
ea

un
de
r
th
e
co
nc
en
tr
at
io
n–

ti
m
e
cu
rv
e
fr
om

0
to

24
h
po
st
do
se
,
C
m
ax

m
ax
im

um
ob
se
rv
ed

co
nc
en
tr
at
io
n
ov
er

th
e
do
si
ng

in
te
rv
al
,
C
m
in
m
in
im

um
ob
se
rv
ed

co
nc
en
tr
at
io
n
ov
er

th
e
do
si
ng

in
te
rv
al
,M

/P
m
et
ab
ol
it
e
to

pa
re
nt

ra
ti
o,

N
A
no
t
ap
pl
ic
ab
le
,P

K
ph
ar
m
ac
ok
in
et
ic
,
T
m
ax
ti
m
e
to

C
m
ax

a
A
ct
iv
e
A
U
C
0–

24
in
cl
ud
es

oz
an
im

od
,C

C
11
22
73
,C

C
10
84
03
7,

R
P1

01
98
8,

R
P1

01
44
2,

an
d
R
P1

12
28
9

Adv Ther (2020) 37:4944–4958 4951



induced BP response. PSE co-administered with
placebo resulted in a mean maximum time-
matched change in SBP from baseline of
14.64 mmHg. PSE co-administered with ozani-
mod resulted in a mean maximum time-mat-
ched change in SBP from baseline of
15.50 mmHg. The maximum time-matched
change from baseline for DBP in the ozani-
mod ? PSE group (9.63 mmHg) was also similar
to the placebo ? PSE group (8.96 mmHg). The
LSM difference between ozanimod ? PSE and
placebo ? PSE groups was 0.86 mmHg for SBP
with a 90% CI of - 1.81, 3.53 mmHg and
0.64 mmHg for DBP with a 90% CI of - 1.23,
2.51 mmHg.

Effect of Ozanimod on PSE PK

Mean (SD) plasma concentration–time profiles
for a single dose of PSE when co-administered
with ozanimod or placebo were superimposable
(Fig. 3). Ozanimod had no effect on the expo-
sure of PSE, as demonstrated by the geometric
LSM ratios and associated 90% CIs for Cmax

(0.98, 0.92–1.04) and AUC0–24 (1.03, 0.94–1.13)
(Table 3).

Effect of Ozanimod on Platelet MAO-B
Activity

There was no relationship between the change
from baseline in platelet MAO-B activity and
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Fig. 2 Relationship of CC112273 and CC1084037 Cmax and AUC0–24 on day 28. AUC0–24 area under the
concentration–time curve from 0 to 24 h postdose, Cmax maximum observed concentration

Table 2 Effect of ozanimod on PSE-induced pressor response: maximum time-matched change from baseline

Cardiovascular
parameters
(units)

Mean (SD) LS means LS means
difference
(Test
minus
reference)

90% CI for LS
means
difference
(Test minus
reference)

Ozanimod 1 PSE
(Test)
N = 28

Placebo 1
PSE
(Reference)
N = 24

Ozanimod 1 PSE
(Test)
N = 28

Placebo 1
PSE
(Reference)
N = 24

SBP (mmHg) 15.50 (5.418) 14.64 (5.952) 15.49 14.63 0.86 - 1.81, 3.53

DBP (mmHg) 9.63 (3.683) 8.96 (4.444) 9.74 9.10 0.64 - 1.23, 2.51

CI confidence interval, DBP diastolic blood pressure, LS least square, N number of subjects, PSE pseudoephedrine, SBP
systolic blood pressure, SD standard deviation
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the range of observed plasma CC112273 con-
centrations that encompassed the mean steady
state Cmax (Cmax,ss) for CC112273 of 6980 lg/mL

for ozanimod 0.92 mg QD in patients with MS
[13] (Fig. 4a). The slope of the regression line
was close to 0 with the 95% CI including 0.
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Fig. 3 Mean (SD) PSE plasma concentration–time profiles for a single dose of PSE 60 mg when co-administered with
ozanimod or placebo. PSE pseudoephedrine

Table 3 Statistical analysis to assess the effect of ozanimod on a single-dose exposure of PSE 60 mg

PSE primary PK
endpoint (units)

Geometric LS means Ratio of geometric LS
means (test to reference)

90% CI for ratio of
geometric LS meansOzanimod 1 PSE

(test)
N = 28

Placebo 1 PSE
(reference)
N = 24

Cmax (ng/mL) 256 262 0.979 0.922, 1.040

AUC0–24 (ng 9 h/

mL)

2450 2383 1.028 0.935, 1.130

AUC0–24 area under the concentration–time curve from time 0 to 24 h postdose, CI confidence interval, Cmax maximum
observed plasma concentration, LS least square, PK pharmacokinetic, PSE pseudoephedrine
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Similarly, there was no relationship between the
change from baseline in platelet MAO-B activity
and plasma CC1084037 concentrations with
the slope of the regression line being close to 0
and the 95% CI including 0 (Fig. 4b).

Safety

No serious AEs were reported. Overall, 34 sub-
jects (63.0%) had at least one treatment-emer-
gent AE (TEAE). In the placebo group, 14

subjects (53.8%) had at least one TEAE before
PSE was co-administered and two subjects
(8.3%) after PSE was co-administered. In the
ozanimod group, 19 subjects (67.9%) had at
least one TEAE before PSE was co-administered
and four subjects (14.3%) after PSE was co-ad-
ministered. The most frequently reported TEAEs
in two or more subjects in the placebo treat-
ment group were headache, nausea, vomiting,
dizziness, constipation, and musculoskeletal
pain. The most frequently reported TEAEs
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reported in two or more subjects in the ozani-
mod treatment group were headache, nausea,
vomiting, constipation, rhinitis allergic, diar-
rhea, and anemia. The majority of all TEAEs
were mild in severity. One subject in the pla-
cebo group completed dosing up to day 15 and
was discontinued because of abnormal liver
function enzymes (alanine aminotransferase
[ALT] three times the upper limit of normal
[ULN] and gamma glutamyl transferase four
times the ULN). One subject in the placebo
group was discontinued from the study prior to
dosing on day 1 because of an AE of headache.
There were no clinically significant changes in
vital signs, and no bradycardia or ECG abnor-
malities. No notable trends for clinical labora-
tory test results were observed. For examples,
the mean (SD) ALT at baseline for placebo and
ozanimod groups were 19.8 (11.2) U/L and 16.9
(8.83) U/L, respectively, and at 7 days after the
last dose were 19.5 (10.2) U/L and 21.7 (9.53) U/
L, respectively. The mean (SD) blood urea
nitrogen values at baseline for placebo and
ozanimod groups were 4.32 (0.972) mmol/L and
4.47 (1.23) mmol/L, respectively, and at 7 days
after the last dose were 4.43 (1.38) mmol/L and
4.99 (1.66) mmol/L, respectively.

DISCUSSION

Ozanimod is approved in the United States for
the treatment of adults with relapsing forms of
MS and in the European Union for the treat-
ment of adults with relapsing-remitting MS. The
recommended maintenance dosage of of ozan-
imod is 0.92 mg orally QD. Ozanimod may
cause a transient decrease in heart rate on dos-
ing initiation. However, this negative chrono-
tropic effect may attenuate over time,
secondary to S1P1 receptor desensitization,
internalization, and degradation on atrial
myocytes [14]. 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
magnitude of heart rate reduction. To evaluate
the potential effect of ozanimod and its major
active metabolites on PSE and MAO-B activity,
the systemic exposure of CC112273 and

CC1084037 should be similar to the obtained
exposure at steady state associated with the
therapeutic dose of ozanimod 0.92 mg QD in
patients with MS. Considering the t1/2 of
approximately 10 days for both major active
metabolites, the required ozanimod dosing
would be approximately five times the mean t1/2

or 50 days, which is not reasonable for healthy
subjects. Therefore, ozanimod was titrated to
1.84 mg over 30 days (0.23 mg QD on days 1–4,
0.46 mg QD on days 5–7, 0.92 mg QD on
days 8–10, and 1.84 mg QD on days 11–30) in
this study to achieve the observed steady-state
exposure of CC112273 and CC1084037 in
patients with MS receiving the maintenance
dose of 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, ozanimod, CC112273, and
CC1084037 each represented approximately
28%, 53%, and 5%, respectively, of circulating
total active drug exposure upon initiation of
ozanimod 0.23 mg on day 1. With repeated
dosing, the percentage of total active exposure
for CC112273 and CC1084037 continued to
increase, which was anticipated because of their
long t1/2. On day 28, approximately 94% of
circulating total active drug exposure is repre-
sented by ozanimod (6%), CC112273 (73%),
and CC1084037 (15%). The mean Cmax for the
major active metabolites on day 28 observed in
this study was also similar to the mean steady-
state Cmax in the patients with MS (data on file).
Consistent with the single-dose PK results [4],
exposures of CC112273 and CC1084037 were
highly correlated following multiple dosing.

MAO inhibitors for the treatment of depres-
sion (e.g., phenelzine, tranylcypromine) or
Parkinson’s disease (e.g., safinamide, rasagiline,
selegiline) can interact with sympathomimetic
drugs, resulting in sudden BP elevations, which
may lead to hypertensive crises. MAO inhibitors
are also known to significantly inhibit platelet
MAO-B activity [15–17]. Since the major active
metabolites of ozanimod selectively inhibited
MAO-B in vitro, we conducted the clinical study
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to evaluate the effect of ozanimod treatment on
the PSE-induced pressor response. Results
showed that ozanimod multiple dosing to
achieve steady-state exposure for the major
active metabolites associated with the 0.92 mg
QD in patients with MS did not potentiate the
effect of PSE on BP. The lack of ozanimod
treatment effect on the pressor response of PSE
could be attributed to the lack of CC112273
inhibitory effect on platelet MAO-B activity.

Certain antibiotics such as linezolid and
tedizolid also inhibit MAO in vitro. While
linezolid increased the BP response to PSE,
tedizolid showed no meaningful interaction
with PSE [18, 19]. One of the potential expla-
nations for the difference in the interaction was
the relationship between free-drug concentra-
tions in plasma and the IC50 for MAO inhibi-
tion. The tedizolid estimated free Cmax was
about 4.3-fold and 6.7-fold lower than the IC50

of MAO-A and MAO-B activity, respectively,
while the linezolid free Cmax was similar to
(0.94-fold) and 21-fold higher than IC50 for
MAO-A and MAO-B, respectively [19]. On the
basis of the plasma protein binding of 99.8%
and 99.3% for CC112273 and CC1084037,
respectively (data on file), free CC112273 and
CC1084037 Cmax in this study (which are also
similar to Cmax,ss in patients with MS receiving
ozanimod maintenance dose of 0.92 mg QD)
were less than 1% and 0.001% of the IC50 for
MAO-A and MAO-B activity, respectively. These
observations are also consistent with the lack of
in vivo effect on human platelet MAO-B activ-
ity. However, the clinical relevance of the rela-
tionship between free-drug concentrations and
MAO activity needs further confirmation.

CONCLUSIONS

Following multiple dosing in healthy adults,
approximately 94% of circulating total active
drug exposure is represented by ozanimod (6%),
CC112273 (73%), and CC1084037 (15%).
Exposures of the major and interconverting
metabolites CC112273 and CC1084037 were
highly correlated. While CC112273 and
CC1084037 selectively inhibited MAO-B
in vitro, these major active metabolites did not

inhibit human platelet MAO-B activity in vivo.
Concomitant administration of ozanimod with
PSE, a sympathomimetic agent, did not poten-
tiate the effects on BP.
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