
RESEARCH ARTICLE OPEN ACCESS

Long-term Treatment With Ponesimod in
Relapsing-Remitting Multiple Sclerosis
Results From Randomized Phase 2b Core and Extension Studies

Mark S. Freedman, MD, Carlo Pozzilli, MD, Eva Kubala Havrdova, MD, Alexandre Lemle, PharmD, MSc,

Michel Burcklen, PhD, Anna Larbalestier, MSc, Brian Hennessy, MSc, Tatiana Sidorenko, MD, PhD,

Andrea Vaclavkova, MD, and Tomas Olsson, MD, on behalf of the Ponesimod Phase II Study Group

Neurology® 2022;99:e762-e774. doi:10.1212/WNL.0000000000200606

Correspondence

Dr. Freedman

mfreedman@toh.ca

Abstract
Objective
To evaluate the dose-response relationship of 10, 20, and 40 mg ponesimod and long-term
efficacy and safety of ponesimod 20 mg using an analysis of combined data from the phase 2
Core and Extension studies in patients with relapsing-remitting multiple sclerosis (RRMS).

Methods
In the Core study, 464 patients were randomized (1:1:1:1): placebo (n = 121), 10 mg (n = 108),
20 mg (n = 116), or 40 mg ponesimod (n = 119) once daily for 24 weeks. Patients who completed
the Core study transitioned into the Extension study, which had treatment period 1 (TP1; up to 96
weeks) and TP2 and TP3 (up to 432 weeks). The 40 mg dose was discontinued due to low
tolerability at the end of TP1, and the 10 mg dose was subsequently discontinued due to lower
benefit-risk profile vs 20 mg at the end of TP2. All patients received 10 or 20 mg during TP2,
followed by 20 mg in TP3. Annualized relapse rate (ARR), 6-month confirmed disability accu-
mulation (CDA), time to first confirmed relapse, MRI outcomes, and safety were evaluated.

Results
A total of 435 patients received ≥1 dose of ponesimod (first randomized dose: 10 mg = 139,
20 mg = 145, and 40 mg = 151) at any time during the Core and/or the Extension study. As of
March 31, 2019, 214 patients were still on ponesimod treatment. The median (range) of
ponesimod exposure was 7.95 (0–9.36) years. Ponesimod 20 mg, from Core up to the end of
TP3, was associated with sustained low clinical activity (ARR for confirmed relapses: 0.154; at
week 432, Kaplan-Meier estimate for confirmed relapse was 43.9%, and 6-month CDA was
20.4%) andMRI disease activity, and over 64% of patients remained free of a confirmed relapse.
Most common adverse events were nasopharyngitis (30%), headache (24%), and upper re-
spiratory tract infection (21%).

Conclusion
The effects on multiple sclerosis disease control were maintained with ponesimod 20 mg for
approximately 8 years with no new safety concerns identified.

Classification of Evidence
This study provides Class IV evidence that in individuals with RRMS, long-term treatment with
ponesimod 20 mg was associated with a sustained low annualized confirmed relapse rate (0.154
at week 432), with 64% of patients remaining relapse-free.

MORE ONLINE

Class of Evidence
Criteria for rating
therapeutic and diagnostic
studies

NPub.org/coe

From the Multiple Sclerosis Research Unit, Department of Medicine, The University of Ottawa; The Ottawa Hospital Research Institute, Ontario, Canada (M.S.F.); Department of
Human Neuroscience, Sapienza University of Rome, Italy (C.P.); Department of Neurology, First Medical Faculty, Charles University, Prague, Czech Republic (E.K.H.); Actelion
Pharmaceuticals Ltd, Part of the Janssen Pharmaceutical Companies of Johnson & Johnson, Allschwil, Switzerland (A. Lemle, M.B., A. Larbalestier, B.H., T.S., A.V.); and Karolinska
Institute (T.O.), Stockholm, Sweden.

Go to Neurology.org/N for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the article.

Coinvestigators are listed at links.lww.com/WNL/C109

The Article Processing Charge was funded by the authors.

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License 4.0 (CC BY-NC-ND), which permits downloading
and sharing the work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the journal.

e762 Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology.

http://dx.doi.org/10.1212/WNL.0000000000200606
mailto:mfreedman@toh.ca
http://NPub.org/coe
https://n.neurology.org/lookup/doi/10.1212/WNL.0000000000200606
http://links.lww.com/WNL/C109
http://creativecommons.org/licenses/by-nc-nd/4.0/


Trial Registration Information
EudraCT Number 2008-006786-92 (Core study) and EudraCT Number 2009-011470-15 (Extension study).

Multiple sclerosis (MS) is a chronic, progressive, immune-
mediated disease characterized by demyelination and re-
current inflammation in the CNS leading to substantial
disability.1,2 Relapsing-remitting MS (RRMS) is the most
common phenotype accounting for about 85% of all cases at
the onset of disease.3,4 There are more than a dozen approved
disease-modifying therapies with different mechanisms of
actions, efficacy, safety, and tolerability profiles. In a chronic
disease like MS, investigating the long-term outcomes is es-
sential to inform treatment decisions.

Ponesimod is an orally active, selective S1P1 modulator that in-
duces rapid, dose-dependent, and reversible reduction in the
circulating lymphocyte count by preventing the lymphocyte
egress from lymphoid organs.5 In a 24-week multicenter, double-
blind, dose-finding, phase 2b Core study, ponesimod at 10, 20,
and 40 mg once daily vs placebo showed a significant and dose-
dependent reduction in inflammatoryMRI activity and beneficial
effect on clinical outcomes in patients with RRMS.6 A long-term
ongoing Extension study is being conducted in patients who
transitioned from the Core study. This report presents the results
that led to the dose selection during the course of the study and
long-term (approximately 8 years) interim efficacy and safety
results of the continuous ponesimod 20 mg group based on the
analysis of combined data from theCore and Extension studies in
patients with RRMS. The data presented here cover the entire
ponesimod treatment period of the Core and Extension studies,
including a total of 435 patients who received at least 1 dose of
ponesimod; the placebo period in the Core study was excluded.

Primary Research Question
To evaluate the dose-response relationship of 10, 20, and
40 mg ponesimod and long-term efficacy and safety of
ponesimod 20mg using an analysis of combined data from the
phase 2 Core and Extension studies in patients with RRMS.

Methods
Patients
Inclusion and exclusion criteria for the Core study have been
described previously.6 Patients who completed 24 weeks of

treatment in the Core study were eligible to enter the pro-
spective, multicenter, randomized, multiple-dose, parallel-
group Extension study. Details of eligibility criteria are
summarized in eAppendix 1, links.lww.com/WNL/C110.

Study Design
In the Core study, 464 patients were randomized (1:1:1:1),
between October 2009 and November 2010, to 10, 20, 40 mg
ponesimod, or placebo once daily for 24 weeks.6 Patients who
completed the Core study transitioned into the Extension
study between May 2010 and July 2011. The Extension study
consisted of 3 treatment periods (TPs). During TP1, patients
randomized to ponesimod during the Core study continued
with the same dose, whereas patients who had received pla-
cebo during Core study were rerandomized (1:1:1) to receive
10, 20, or 40 mg ponesimod for up to 96 weeks. The 2-step
uptitration scheme that was applied in the Core study was also
followed during the initiation of treatment in the extension
study. All patients were initiated on a 10 mg dose of ponesi-
mod for the first 7 days of treatment. Patients in the 20 mg
arm received the 20 mg dose from day 8 onward. Patients in
the 40 mg arm received the 20 mg dose from days 8 to 14 and
the 40 mg dose from day 15 onward. Mock uptitrations were
performed to maintain the blind. Following a preliminary
analysis of combined core and extension data in 2011, the
sponsor decided to discontinue the ponesimod 40 mg dose
due to poor tolerability at the end of TP1. At entry to TP2,
patients who were on 40 mg during TP1 were rerandomized
(1:1) to 10 or 20 mg, and patients who were on 10 or 20 mg
continued with the same dose. Following a benefit-risk as-
sessment of the 10 and 20 mg groups in 2016 and a corre-
sponding recommendation from the Independent Data
Monitoring Committee, it was decided to discontinue the
10 mg dose due to a lower benefit-risk profile vs 20 mg and
switch all patients to 20 mg in TP3. The overall duration of
TP2 and TP3 was up to 432 weeks. Following the final
analysis of the Core study, the sponsor was unblinded to the
Core treatment assignment and consequently TP1 assign-
ment for patients who had received ponesimod in the Core
study. Subsequently, the sponsor was unblinded to the TP1
assignment for the remaining ex-placebo patients and to the

Glossary
ALT = alanine aminotransferase; ARR = annualized relapse rate; CDA = confirmed disability accumulation; CUALs =
combined unique active lesions; DBP = diastolic blood pressure; EDSS = Expanded Disability Status Scale; EOT = end of
treatment; FEV1 = forced expiratory volume in 1 second; FS = functional system; FVC = forced vital capacity;MS = multiple
sclerosis; PAS = Ponesimod Analysis Set;RRMS = relapsing-remitting multiple sclerosis; SBP = systolic blood pressure; SOC =
system organ class; TEAE = treatment-emergent adverse event; TP = treatment period; URTI = upper respiratory tract
infection.
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TP2 assignment for the ex–40 mg patients. The investigators
and patients remained blinded to Core/TP1/TP2 treatment
assignments. During TP3, blinding rules were not applicable as
only the 20 mg dose was administered. Follow-up was per-
formed at 7 and 30 days after the end of treatment (EOT) visit
(for patients who discontinued during TP1 or who completed
TP1 but chose not to enter TP2) or at 8, 30, and 90 days after the
EOT visit (for patients who discontinued during TP2 or TP3 or
who completed TP2 and chose not to enter TP3) (Figure 1).
The study provides Class II evidence regarding the long-term
efficacy, safety, and tolerability of ponesimod 10, 20, and 40 mg.

Standard Protocol Approvals, Registrations,
and Patient Consents
This study was conducted as per the International Conference
on Harmonization, Guidelines for Good Clinical Practice, and
the Declaration of Helsinki. The study protocol and all
amendments were approved by the Independent Ethics
Committee and/or Institutional Review Board at each par-
ticipating study center. All patients provided written informed
consent before entering the Core (EudraCT Number: 2008-
006786-92) and Extension (EudraCT Number: 2009-011470-
15) studies and at times of substantial protocol amendments.

Data Availability
The data sharing policy of the study sponsor, Janssen Phar-
maceutical Companies of Johnson & Johnson, is available at

janssen.com/clinical-trials/transparency. As noted on this
site, requests for access to the study data can be submitted
through Yale Open Data Access (YODA).

Study Outcomes

Efficacy
The primary efficacy exploratory end points were annualized
(confirmed) relapse rate (ARR), time to first confirmed relapse,
and time to 6-month confirmed disability accumulation (CDA).
Relapse was defined as the occurrence of an acute episode of one
or more new symptoms or a worsening of existing symptoms of
MS, not associated with fever or infection, and lasting for at least
24 hours after a stable period of at least 30 days.

A confirmed relapse was a relapse accompanied by an increase
from the previous clinically stable assessment (i.e., performed
≥30 days after the onset of any previous relapse) of ≥0.5 point
in the Expanded Disability Status Scale (EDSS) score or 1
point in the score for ≥1 of the functional system (FS) scores
(excluding the bowel and bladder and mental functional
system). The confirmatory EDSS score assessment must have
been performed ≤7 days of onset of a new symptom or
worsening of an existing symptom of MS.

Time to 6-month CDA was based on a sustained increase
from baseline in the EDSS scores over a continuous 6-month

Figure 1 Study Design and Analysis Strategy

aPatients who discontinued/completed during Core or TP1 had an EOT visit and follow-up visits at 7 and 30 days after the last study drug intake. bPatients who
discontinued/completed during TP2 or TP3 had an EOT visit and follow-up visits at 8, 30, and 90 days after the last study drug intake. The placebo period was
excluded from the analysis. Patients were grouped according to their first randomized ponesimod dose (10/20/40 mg). n is the number of patients
randomized in each period. EOT = end of treatment; PBO = placebo; PON = ponesimod; TP = treatment period.
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period.Disability accumulation was defined as an increase of≥1
point in the EDSS score (if the baseline EDSS score was
1.0–5.0), an increase of ≥1.5 points (if the baseline EDSS score
was 0), or an increase of≥0.5 points (if the baseline EDSS score
was ≥5.5). Other exploratory (MRI-related) end points in-
cluded cumulative number of T1 gadolinium-enhancing (T1
Gd+) lesions, cumulative number of new/enlarging T2 lesions,
and the cumulative number of combined unique active lesions
(CUALs) and percentage change from baseline in brain vol-
ume over time. Clinical and MRI assessment schedules are
described in eAppendix 1, links.lww.com/WNL/C110.

Safety
Safety outcomes included treatment-emergent adverse events
(TEAEs), clinical laboratory tests (hematology, serum chem-
istry, urinalysis, and pregnancy tests), 12-lead ECGs, systolic
and diastolic blood pressure (SBP and DBP), and pulmonary
function tests (PFTs: forced expiratory volume in 1 second
[FEV1], forced vital capacity [FVC], FEV1/FVC, and percent
predicted FEV1 and FVC). Adverse events of special interest
(AESI) included effects on heart rate and rhythm (including
hypotension), hypertension, hepatobiliary disorders/liver en-
zyme abnormality, pulmonary function, macular edema, seri-
ous or severe infections, herpetic infections, skin malignancies,
nonskin malignancies, and seizures. Safety assessment schedule
is described in eAppendix 1, links.lww.com/WNL/C110.

Statistical Methods
Analyses were performed by the first randomized ponesimod
dose in 3 periods (regardless of subsequent reassignment):
(1) cumulative data from Core through Extension TP1 were
analyzed for ponesimod 10, 20, and 40 mg; (2) cumulative
data from Core through Extension TP2 were analyzed for the
benefit-risk of ponesimod 10 and 20 mg; and (3) cumulative
data up to the end of TP3 (entire ponesimod treatment pe-
riod) were analyzed for the evaluation of long-term efficacy
and safety of ponesimod 20 mg. The placebo period from the
Core study was excluded from all analyses (Figure 1). The
cutoff date for the analyses was March 31, 2019.

Baseline for the analysis was defined as the last assessment before
the first dose of ponesimod. All data for all patients who received
at least 1 dose of ponesimod at any time were included (Pone-
simod Analysis Set [PAS]). Details of efficacy and safety analyses
are described in eAppendix 1, links.lww.com/WNL/C110. An
exploratory analysis was conducted to assess the ARR (confirmed
relapse) in patients who discontinued prematurely or completed
the treatment vs those with treatment ongoing in each respective
analysis period. The study protocol and statistical analysis plan are
available for further reference in eSAP 1 and eSAP 2.

Results
Patients
In total, 435 patients received ≥1 dose of ponesimod (first
randomized dose: 10 mg, n = 139, 20 mg, n = 145, and 40 mg,

n = 151) at any time during the Core and/or the Extension
study and were included in the PAS.

Demographics and baseline disease characteristics are shown
in Table 1. Overall, baseline disease characteristics including
both clinical and MRI findings were generally well balanced
across treatment groups. As of March 31, 2019 (approxi-
mately 8 years of treatment), 214 patients in the PAS (49.2%)
were still on ponesimod treatment and 186 (42.8%) had
prematurely discontinued treatment, 2 (0.5%) had treatment
interruption due to a planned pregnancy, and 33 (7.6%) had
completed treatment as per protocol in one of the treatment
periods of the Core or Extension studies (Figure 2). A higher
rate of premature treatment discontinuation was observed in
the 40 mg group (47.7%; n = 72) than in the 20 mg (39.3%; n
= 57) and 10 mg (41.0%; n = 57) groups (Figure 3A). The
most common reasons of premature treatment discontinua-
tion were tolerability reasons/adverse events (AEs) (34.4%;
64/186) and patient decision (29.0%; 54/186).

Analysis of Ponesimod 10, 20, and 40 mg:
Combined Core/Extension TP1 Period

Efficacy
The median (range) exposure from Core to the end of Ex-
tension TP1 in 10, 20, and 40 mg was 2.0 (0–2.57), 2.1
(0–2.76), and 1.9 (0–2.59) years, respectively. A consistent
dose-dependent reduction in disease activity was observed in
the clinical parameters (ARR for confirmed relapse, time to
first confirmed relapse, and 6-month CDA) with higher doses
(40 and 20 mg ponesimod) than with the 10 mg dose
(Table 2). Up to the end of TP1, confirmed relapses were
reported in 29.5%, 26.2%, and 20.5% of patients in the 10, 20,
and 40 mg groups, respectively.

A dose-dependent reduction in the mean number of T1 Gd+
lesions per patient per MRI time point was observed. As for
new or enlarging T2 lesions and CUALs, an increased benefit
with the 20 mg vs the 10 mg dose was observed, but no
additional benefit was observed with 40 vs 20 mg. The mean
number of new or enlarging T2 lesions per patient per year
was 1.85, 0.68, and 1.68 in the 10, 20, and 40 mg dose groups,
respectively (Table 2); the 40 mg group had an increase vs
20 mg due to extreme outliers.

Safety
The most frequently reported TEAEs (≥10% of patients) in
the 10, 20, or 40 mg dose groups were nasopharyngitis,
headache, upper respiratory tract infection (URTI), alanine
aminotransferase (ALT) increased, influenza, dyspnea, dizzi-
ness, cough, and peripheral edema (eTable 1, links.lww.com/
WNL/C110). No deaths occurred up to TP1.

The proportion of patients with a TEAE leading to treatment
discontinuation was higher in the 40mg group (17.9%; n = 27)
vs 10 mg and 20 mg groups (12.2%; n = 17 and 8.3%; n = 12,
respectively), with the most frequent TEAEs (by system organ
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class [SOC]) in the 40 mg group being respiratory, thoracic,
and mediastinal disorders (6.0%; n = 9) and investigations
(5.3%; n = 8). Dose-related patterns were observed in transient
liver effects and pulmonary effects. Reporting of AEs of in-
fection was balanced across dose groups up to TP1 (59.7%; n =
83, 56.6%; n = 82, and 60.3%; n = 91 in the 10, 20, and 40 mg
dose groups, respectively); however, a dose-related trend was
observed in the reporting of serious and/or severe infections
(AESI infection; 0%, 1.4%; n = 2, and 6.0%; n = 9, respectively).
Ponesimod treatment was associated with transient first-dose
effects on heart rate, conduction, and blood pressure following
the first ponesimod dose (10 mg); however, the effects ob-
served on repeated administration of ponesimod and following

uptitration to 20 and 40mg on days 8 and 15 were smaller than
on day 1.

Benefit-Risk Analysis of Ponesimod 10 and
20 mg: Combined Core/Extension
TP1/TP2 Period

Efficacy
The median (range) exposure from Core to the end of Ex-
tension TP2 in 10 and 20 mg was 6.9 (0–8.12) and 6.7
(0–8.07) years, respectively. Ponesimod 20mg was associated
with a consistent reduction of disease activity across all ana-
lyzed clinical and MRI end points vs 10 mg. The mean esti-
mated number of T1 Gd+ lesions per patient per scan was

Table 1 Demographic and Baseline Characteristics (Ponesimod Analysis Set)

Characteristic
Ponesimod, 10 mg,
n = 139

Ponesimod, 20 mg,
n = 145

Ponesimod, 40 mg,
n = 151 Total, N = 435

Age (y), mean (SD) 36.5 (8.8) 36.0 (8.4) 36.4 (8.7) 36.3 (8.6)

BMI (kg/m2), mean (SD) 25.8 (4.96) 25.6 (5.03) 25.4 (5.32) 25.6 (5.10)

Female, n (%) 93 (66.9) 99 (68.3) 103 (68.2) 295 (67.8)

White race, n (%) 134 (96.4) 142 (97.9) 143 (94.7) 419 (96.3)

EDSS score, median (range) 2.0 (0.0–5.5) 2.0 (0.0–5.5) 2.0 (0.0–6.0) 2.0 (0.0–6.0)

Time since first symptoms, y

Mean (SD) 6.46 (6.16) 7.48 (5.99) 8.44 (6.97) 7.49 (6.44)

Median (range) 4.31 (0.31–30.31) 6.09 (0.45–31.29) 6.74 (0.49–35.87) 5.65 (0.31–35.87)

Time since most recent documented relapse, mo

Mean (SD) 6.62 (4.99) 6.91 (5.54) 7.49 (4.74) 7.02 (5.10)

Median (range) 5.39 (0.20–43.14) 5.90 (0.10–50.92) 6.32 (0.33–22.14) 5.85 (0.10–50.92)

No. of documented relapses in last 1 y before screening in the Core study

Mean (SD) 1.33 (0.66) 1.26 (0.64) 1.33 (0.75) 1.31 (0.69)

Documented relapses within past 24 mo, n (%)

0 5 (3.6) 2 (1.4) 1 (0.7) 8 (1.8)

1 61 (43.9) 60 (41.4) 62 (41.1) 183 (42.1)

≥2 73 (52.5) 83 (57.2) 88 (58.3) 244 (56.1)

No. of T1 Gd+ lesions

Mean (SD) 2.34 (5.47) 2.62 (7.06) 1.75 (3.47) 2.23 (5.51)

Median (range) 0.5 (0–53) 0.0 (0–59) 0.0 (0–24) 0.0 (0–59)

Presence of Gd+ T1 lesions at ponesimod baseline, n (%) 69 (49.6) 59 (40.7) 68 (45.0) 196 (45.1)

T2 lesion volume (mm3)

Mean (SD) 6,758.23 (8,190.98) 7,380.35 (9,306.92) 5,630.30 (7,114.71) 6,581.27 (8,258.81)

Median (range) 3,676.70
(0–42,804.5)

3,563.70
(0–51,943.4)

3,050.10
(60.1–43,153.6)

3,453.50
(0–51,943.4)

Abbreviations: BMI = body mass index; EDSS = Expanded Disability Status Scale; T1 Gd+ = T1 weighted gadolinium enhanced.
The placebo period was excluded from the analysis. Patients are summarized under their first randomized dose of ponesimod; patients initially randomized
to ponesimod 40 mg were rerandomized to 10 or 20 mg in TP2; all patients received ponesimod 20 mg in TP3.
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reduced by 51% and that of new or enlarging T2 lesions per
patient was reduced by 61% in the 20 mg group vs the 10 mg
group. In addition, the ARR was reduced by 30%, and the risk
of 6-month CDA was estimated to be 46% lower in the 20 mg
vs the 10 mg group (Table 2).

Safety
No new safety signals emerged during the combined Core/
Extension TP2 (Table 3). Most common TEAEs (≥10% of
patients) in the 10 or 20 mg groups were nasopharyngitis,
headache, URTI, urinary tract infection, fatigue, bronchitis, back
pain, influenza, ALT increased, dizziness, cough, dyspnea, rhi-
nitis, or peripheral edema (eTable 2, links.lww.com/WNL/
C110). The most commonly reported serious TEAEs (by SOC
and preferred term) in the 10 vs 20 mg groups were neoplasms
(2.2% [n = 3; one each of basal cell carcinoma, breast cancer, and
adenocarcinoma of the cervix] vs 2.8% [n = 4; one each of
invasive ductal breast carcinoma, breast cancer, benign hydati-
diform mole, and uterine leiomyoma]) and nervous system
disorders (2.9% [n = 4; one each of seizure, epilepsy, somno-
lence, and tension headache] vs 1.4% [n = 2; one each of cervical
radiculopathy and TIA]), respectively. One death in the 20 mg
group was reported during the study; a 52-year-old man with

multiple cardiovascular risk factors (hypertension, dyslipidemia,
and smoking), history of peripheral vascular disease (axillary
artery thrombosis), and vascular surgery died suddenly of un-
known causes approximately 6 years after the first dose of
ponesimod. The investigator considered the death to be un-
related to study treatment. The proportion of patients with a
TEAE leading to treatment discontinuation was higher in the
10 mg (19 [13.7%]) vs the 20mg group (15 [10.3%]); the most
commonly reported (by SOC) were cardiac disorders (4.3% vs
2.1%), investigations (2.2% vs 2.8%), and nervous system dis-
orders (3.6% vs 0.7%), respectively. A lower proportion of pa-
tients in the 10 mg vs 20 mg group had ALT elevations ≥3×
ULN (6.5% [9/139] vs 9.1% [13/143]) and a >20% decrease in
FEV1 (26.1% [36/138] vs 44.8% [64/143]), respectively.

Long-term Efficacy and Safety of Ponesimod 20
mg: Combined Core/Extension TP1/TP2/
TP3 Period

Efficacy
The cumulative exposure to ponesimod from Core up to the
end of TP3 (cutoff: March 31, 2019) across all doses was
2,372.5 patient-years. In the 20 mg group, the cumulative

Figure 2 Patient Disposition

aOne patient in the 10 mg dose group was recorded as discontinued from the Core study but continued to receive ponesimod 10 mg in the extension study.
bOne patient did not transition to TP3 at the time of the cutoff for this interim analysis ofMarch 31, 2019, due to interruption for a planned pregnancy between
TP2 and TP3. cOne patient interrupted treatment for a planned pregnancy in TP3. TP = treatment period.
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exposure was 1,230.8 patient-years, and the median (range)
exposure was 8.0 (0–9.4) years. Ponesimod 20 mg over long-
term treatment of approximately 8 years showed sustained
low levels of MS disease activity across all analyzed clinical
(ARR, time to first confirmed relapse, and 6-month CDA)
and MRI end points (Table 2 and Figure 3, B and C). The
ARR for confirmed relapses showed a decrease between years
1 and 2 in the 20 mg group, at which point the ARR stabilized
(Figure 4). The ARR for confirmed relapses up to the end of
TP3 in the 20 mg group was 0.15, wherein the ARR for

patients who discontinued prematurely or completed the
treatment early was 0.28 and in patients with treatment on-
going was 0.10 (eTable 3, links.lww.com/WNL/C110). The
percentage of patients in the 20 mg group who had experi-
enced a 6-month CDA by the end of TP3 was 15.2%.

To the end of TP3, 30.0% of patients in the 20 mg group had
no CUALs. A gradual mean decrease from the ponesimod
baseline value in brain volume was observed in the 20 mg
group up to the end of TP3. At week 408, the mean (SD)

Figure 3 Time to Premature Treatment Discontinuation (A), Time to First Confirmed Relapse (B), and Time to First 6-Month
Confirmed Disability Accumulation (C) Up to the End of TP3 (Ponesimod Analysis Set)

The placebo period was excluded from the analysis. Patients are summarized under their first randomized dose of ponesimod; patients initially randomized
to ponesimod 40 mg were rerandomized to 10 or 20 mg in TP2; all patients received ponesimod 20 mg in TP3. TP = treatment period.
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Table 2 Summary of Clinical Outcomes (Ponesimod Analysis Set)

End point analysis period

Ponesimod

10 mg (N = 139) 20 mg (N = 145) 40 mg (N = 151) 20 vs 10 mga 40 vs 10 mg 40 vs 20 mg

ARR (confirmed relapses) Mean RR (95% CI) [p value]

Up to the end of TP1b 0.25 0.21 0.19 0.84 (0.53–1.33) [0.460] 0.74 (0.46–1.20) [0.222] 0.88 (0.54–1.44) [0.616]

Up to the end of TP2c 0.23 0.16 0.16 0.70 (0.45–1.09) [0.114] — —

Up to the end of TP3d 0.22 0.15 0.16 — — —

Time to first confirmed relapse Patients with event (%) HR (95% CI) [p value]

Up to the end of TP1b 41 (29.5) 38 (26.2) 31 (20.5) 0.93 (0.60–1.45) [0.757] 0.72 (0.45–1.15) [0.173] 0.77 (0.48–1.25) [0.279]

Up to the end of TP2c 62 (44.6) 51 (35.2) 48 (31.8) 0.82 (0.57–1.19) [0.312] — —

Up to the end of TP3d 63 (45.3) 52 (35.9) 52 (34.4) — — —

KM estimate (%) at wk 432 (95% CI) 54.1 (45.2–63.5) 43.9 (35.3–53.7) 49.4 (39.7–60.1) — — —

No. of Gd+ T1 lesions Mean/MRI time point RR (95% CI) [p value]

Up to the end of TP1b 0.86 0.45 0.41 0.52 (0.30–0.92) [0.024] 0.48 (0.28–0.83) [0.009] 0.91 (0.52–1.61) [0.756]

Up to the end of TP2c 0.92 0.45 0.48 0.49 (0.29–0.83) [0.008] — —

Up to the end of TP3d 0.85 0.45 0.46 — — —

No. of new or enlarging T2 lesions (not enhancing on T1) Mean/year RR (95% CI) [p value]

Up to the end of TP1b 1.85 0.68 1.68 0.37 (0.23–0.59) [<0.001] 0.91 (0.58–1.44) [0.684] 2.46 (1.52–3.97) [<0.001]

Up to the end of TP2c 1.91 0.74 1.83 0.39 (0.25–0.60) [<0.001] — —

Up to the end of TP3d 1.80 0.72 1.75 — — —

Time to first 6-mo CDA Patients with event (%) HR (95% CI) [p value]

Up to the end of TP1b 14 (10.1) 8 (5.5) 6 (4.0) 0.56 (0.23–1.33) [0.180] 0.44 (0.17–1.15) [0.084] 0.80 (0.28–2.29) [0.669]

Up to the end of TP2c 36 (25.9) 21 (14.5) 22 (14.6) 0.54 (0.31–0.92) [0.022] — —

Up to the end of TP3d 37 (26.6) 22 (15.2) 25 (16.6) — — —

KM estimate (%) at wk 432 (95% CI) 35.8 (27.3–46.0) 20.4 (13.7–29.7) 28.4 (20.0–39.4) — — —

Abbreviations: ARR = annualized relapse rate; CDA = confirmed disability accumulation; EoS = end of the study; HR = hazard ratio; RR = rate ratio; TP = treatment period.
a Effect size estimates are only provided between doses where there was no dose switching during the period.
b From ponesimod baseline to the end of extension treatment period 1 or EoS.
c From ponesimod baseline to the end of extension treatment period 2 or EoS.
d From ponesimod baseline to extension treatment period 3 (up to the data cutoff date or EoS).
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percent change from the ponesimod baseline value in brain
volume was −2.4% (2.56) in the 20 mg dose group (eTable 4
and eFigure 1, links.lww.com/WNL/C110).

Safety
Overall, TEAEs were consistent with those observed from the
Core study through TP1 and TP2 (Table 3). Most TEAEs
were of mild or moderate severity. The most frequently
reported TEAEs (≥10% of patients in the total ponesimod
group) were nasopharyngitis, headache, URTI, bronchitis,
back pain, urinary tract infection, ALT increased, fatigue, in-
fluenza, cough, dizziness, and dyspnea (eTable 5, links.lww.
com/WNL/C110). Serious TEAEs were observed in 18.6%
(n = 27) of patients in the 20 mg and in 17.7% (n = 77) of the
total ponesimod group. No serious TEAE was reported at an
incidence of >1% of the total ponesimod group. A total of 16
(11.0%) patients in the 20 mg and 70 (16.1%) in the total
ponesimod groups experienced ≥1 TEAE that led to treat-
ment discontinuation, with the most common being dyspnea
(7 patients), followed by ALT increased (5 patients).

The most commonly reported AESI are summarized in eTa-
ble 6, links.lww.com/WNL/C110. The majority of pulmonary
AEs were nonserious and resolved with or without discontinu-
ation of treatment. Liver enzyme abnormalities included ALT

≥3× ULN (15/143 [10.5%] patients in the 20 mg and 45/
432 [10.4%] in the total ponesimod groups). One patient
in the 20 mg group had an ALT and aspartate transaminase
≥3× ULN and total bilirubin ≥2× ULN concomitantly with
a serious TEAE of chronic hepatitis C infection (PCR
confirmed), leading to treatment discontinuation. The
overall exposure-adjusted incidence rates of infection
AESI in the 20 mg and total ponesimod groups were 0.6
and 1.1 per 100 patient-years, respectively. Two patients
(0.5%) in the total ponesimod group experienced an in-
fection AESI leading to treatment discontinuation. One
TEAE (genital herpes simplex, 0.7%) in the 20 mg group
led to treatment discontinuation. No opportunistic infec-
tions were reported. The AESI category of macular edema
was reported in 4 (2.8%) patients in the 20 mg and in 8
(1.8%) in the total ponesimod groups; of the 8 cases, only
2 were confirmed by the Ophthalmology Safety Board.

Nonskin malignancies were reported in 8 (1.8%) patients
in the total ponesimod group: invasive ductal breast car-
cinoma (n = 3), breast cancer (n = 2), B-cell lymphoma,
adenocarcinoma of the cervix (n = 1), and esophageal ad-
enocarcinoma (n = 1; the patient had Barrett esophagus).
Skin malignancies were reported in 6 (1.4%) patients in the
total ponesimod group: basal cell carcinoma (n = 5),

Table 3 Summary of Safety Outcomes (Ponesimod Analysis Set)

Parameter analysis period n (%)

Ponesimod

Total N = 43510 mg (N = 139) 20 mg (N = 145) 40 mg (N = 151)

Up to the end of TP1a

Patients with ≥1 TEAE 125 (89.9) 126 (86.9) 140 (92.7) —

Patients with ≥1 serious TEAE 14 (10.1) 15 (10.3) 7 (4.6) —

Patients with ≥1 TEAE leading to treatment discontinuation 17 (12.2) 12 (8.3) 27 (17.9) —

Death 0 0 0 —

Up to the end of TP2b

Patients with ≥1 TEAE 132 (95.0) 132 (91.0) 146 (96.7) —

Patients with ≥1 serious TEAE 23 (16.5) 23 (15.9) 20 (13.2) —

Patients with ≥1 TEAE leading to treatment discontinuation 19 (13.7) 15 (10.3) 34 (22.5) —

Death 0 1 (0.7)d 0 —

Up to the end of TP3c

Patients with ≥1 TEAE 132 (95.0) 132 (91.0) 148 (98.0) 412 (94.7)

Patients with ≥1 serious TEAE 27 (19.4) 27 (18.6) 23 (15.2) 77 (17.7)

Patients with ≥1 TEAE leading to treatment discontinuation 20 (14.4) 16 (11.0) 34 (22.5) 70 (16.1)

Death 0 1 (0.7)d 0 1 (0.2)

Abbreviations: TEAE = treatment-emergent adverse event; TP = treatment period.
a From ponesimod baseline to the end of extension treatment period 1 or end of the study (EoS).
b From ponesimod baseline to the end of extension treatment period 2 or EoS.
c From ponesimod baseline to extension treatment period 3 (up to the data cutoff date or EoS).
d A 52-year-old man with multiple cardiovascular risk factors experienced major cardiac adverse event (sudden cardiac death), approximately 6 years after
the first dose of ponesimod.
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keratoacanthoma (n = 1), and neoplasm skin (n = 1).
Hypertension AESI was observed in 15 (10.3%) patients in
the 20 mg and 50 (11.5%) patients in the total ponesimod
group (eTable 6, links.lww.com/WNL/C110). None of the
hypertension AEs events were severe, serious, or led to
discontinuation of study treatment.

After an initial dose-related decrease, the lymphocyte count
remained stable over time, suggesting the absence of pro-
gressive decline in the lymphocyte count and late-onset
lymphopenia. The lymphocyte count returned to near-
baseline values at follow-up day 7 and day 30 (eFigure 2 and
eTable 7, links.lww.com/WNL/C110). A lymphocyte
count <0.2 × 109/L was reported in 13 (9.1%) patients in
the 20 mg and 36 (8.3%) in the total ponesimod group.
Following a small on-treatment absolute mean increases
from baseline in SBP and DBP, mean values for all treat-
ment groups mostly returned to near-baseline levels at
follow-up visit day 30 (eFigure 3 and eTables 8 and 9, links.
lww.com/WNL/C110). After a dose-dependent decrease
in mean %predicted FEV1 and FVC during ponesimod
treatment, a partial recovery was observed in all groups at
follow-up day 7, and values remained relatively stable
through the last follow-up visit (eFigure 4 and eTables 10
and 11, links.lww.com/WNL/C110).

Classification of Evidence
This study provides Class IV evidence that in individuals with
RRMS, long-term treatment with ponesimod 20 mg was as-
sociated with a sustained low annualized confirmed relapse
rate (0.154 at week 432), with 64% of patients remaining
relapse-free.

Discussion
To support the study objectives and to support the decisions
made during the study regarding the selection of the optimal
ponesimod doses, analyses were performed in 3 different
periods from the Core study through Extension TP1, TP2,
and TP3, respectively. Based on the findings of the analysis up
to TP1, a dose-response trend was observed for most of the
efficacy end points, suggesting an increased benefit with the
20 and 40 mg doses vs the 10 mg dose. However, the pone-
simod 40 mg dose was associated with reduced tolerability
compared with the lower doses. The overall benefit/risk
profile of the 20 mg dose was favorable compared with 40 mg,
which supported the decision to stop the development of the
40 mg dose and rerandomize patients receiving the 40 mg
dose to 10 mg or 20 mg at the entry of TP2.

The analysis up to the end of TP2 suggested that the ponesimod
20mg group had lower disease activity comparedwith the 10mg
group, with clinically important and consistent reduction of
disease activity across all relevant clinical and MRI parameters.
Ponesimod 10 and 20 mg groups, however, continued to show a
similar and favorable safety and tolerability profile. The benefit/
risk analysis supported the decision to discontinue the 10 mg
dose and switch all patients to the 20 mg dose.

The results observed during the entire ponesimod treatment
period for the clinical andMRI parameters suggest that the effects
on the MS disease control were maintained with ponesimod
20 mg over long-term treatment of approximately 8 years. The
ARR and number ofT1Gd+ lesions, newor enlargingT2 lesions,
and CUALs remained consistently low throughout the study.

Figure 4 ARR by Year for Confirmed Relapses Up to the End of TP3 (Ponesimod Analysis Set)

The placebo period was excluded from the analysis. Patients are summarized under their first randomized dose of ponesimod; patients initially randomized
to ponesimod 40 mg were rerandomized to 10 or 20 mg in TP2; all patients received ponesimod 20 mg in TP3. ARR = annualized relapse rate (confirmed
relapses per year); TP = treatment period.
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The ARR in the ponesimod 20 mg group declined between
years 1 and 2 and remained low in subsequent years. Patients
treated over the long term in the ponesimod 20 mg group
experienced a confirmed relapse, on an average, every 6.5
years. The treatment effects of ponesimod were generally
comparable to those of other S1P receptor modulators such as
fingolimod and siponimod.7,8

Considering the long-term duration of the study, the treat-
ment effect in patients who discontinued or completed
treatment vs patients with ongoing treatment was evaluated.
The on-study disease activity among patients who dis-
continued the study tended to be higher than in those who did
not discontinue. Based on a small number of confirmed re-
lapses observed during the posttreatment follow-up period of
up to 90 days in patients who stopped ponesimod treatment,
there was no evidence of rebound disease activity. An analysis
of posttreatment disease activity in patients who discontinued
ponesimod will be the subject of a separate publication.

Evidence suggests that brain atrophy occurs in the early stages
of MS and at a faster rate in patients with MS than in healthy
participants. A decrease in brain volume of 0.5%–1.0% per year
for patients with MS compared with 0.1%–0.3% per year in
healthy individuals has been estimated, which seems to corre-
late with measures of disability.9-11 After approximately 8 years
of treatment (i.e., at week 408), brain volume loss (BVL) was
2.4% in the ponesimod 20 mg group (i.e., an average of 0.3%
per year), suggesting that with long-term treatment, the annual
rate of BVL was in line with upper estimates in healthy indi-
viduals. Furthermore, the disability accumulation with ponesi-
mod treatment was also low over time. Over a period of
approximately 8 years of treatment (at week 432), only 20% of
patients in the 20 mg group had experienced 6-month CDA.

Long-term treatment with ponesimod 20 mg showed an ac-
ceptable safety and tolerability profile with no new or unexpected
safety concerns in patients with RRMS. The overall pattern of
TEAEs, serious TEAEs, or AESI with long-term ponesimod
treatment was comparable to that reported in the Core study.6

Treatment with ponesimod was associated with a low discon-
tinuation rate due to tolerability reasons or AEs (15%), suggesting
favorable long-term safety and tolerability. The discontinuation
rate of ponesimod was comparable to that of fingolimod and
siponimod in respective phase 2 extension studies.7,8 The most
common TEAEs observed with ponesimod treatment were
nasopharyngitis, headache, and URTI. One case of sudden car-
diac death (assessed as unrelated to study treatment by the in-
vestigator) was reported approximately 6 years after the first dose
of ponesimod. For any treatment that affects the immune system,
long-term observation for serious infections and malignancies is
necessary; the incidence of malignancies was comparable to that
of the general population, and no opportunistic infection was
observed with ponesimod treatment of approximately 8 years.

Consistent with the pharmacodynamic effects of ponesimod,
the lymphocyte count was reduced early during treatment,

and the effect was stable over time and rapidly reversible
(within 7–30 days) following discontinuation of treatment,
although the sample size was relatively small at follow-up.
Similarly, increases in SBP and DBP observed during pone-
simod treatment were reversible following treatment dis-
continuation. The PFT parameters, FEV1 and FVC, had
declined after ponesimod treatment, and a partial recovery in
PFT parameters was observed in all groups after discontinu-
ation of treatment. In line with the findings of the Core study
and with other S1P receptor modulators,7,8 treatment with
ponesimod was associated with transient first-dose effects on
heart rate, conduction, and BP following the first ponesimod
dose (10 mg). These effects diminished on repeated admin-
istration and following uptitration to 20 and 40 mg on days 8
and 15, respectively, with no dose-related trends observed,
showing desensitization. To further mitigate the first-dose
effects, a gradual uptitration regimen, starting with ponesimod
2 mg, was implemented in phase 3 studies.

One of the potential limitations of the study was the necessary
unblinding of the sponsor to treatment assignment in TP1 for
patients receiving ponesimod in the Core study at the time of the
Core study final analysis and subsequently to the TP1 assignment
for the remaining ex-placebo patients and theTP2 assignment for
the ex–40 mg patients. However, blinding of the patient and
investigators to all treatment assignments was maintained. Also,
as the analysis of the MRI scans performed by a blinded central
reading facility showed results consistent with the clinical pa-
rameters (ARR and CDA), the risk of bias is considered minimal
and without consequence for the validity and integrity of the trial
results. The results of the long-term analyses may be influenced
by selection bias, as patients who responded to and tolerated the
treatment are more likely to remain in the study long term.
Furthermore, the timing of EDSS score assessments was not
consistent throughout the period and varied from 12 to 48weeks.
Lack of placebo or active control group must also be considered.

In conclusion, ponesimod 20 mg appeared to be the optimal
dose based on the favorable benefit/risk maintained over long-
term treatment. The results observed in clinical and MRI pa-
rameters suggest that the effects on MS disease control were
maintainedwith ponesimod 20mg over long-term treatment of
approximately 8 years. No new safety concerns were identified
with treatment with ponesimod 20 mg during the combined
study periods. With sustained benefits on disease activity and
favorable safety profile over a long-term period, ponesimod
20 mg was evaluated in patients with relapsing multiple scle-
rosis in phase 3 studies.12 Based on the positive long-term
efficacy and safety and data from a phase 3 study, showing the
superiority of ponesimod over teriflunomide 14 mg, ponesi-
mod was approved by the US Food and Drug Administration
for the treatment of adults with relapsing multiple sclerosis.
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