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Applicant Proposed 
Indication(s)/Population(s) 

Treatment of relapsing forms of multiple sclerosis, 
to include clinically isolated syndrome, relapsing-
remitting d isease, and active secondary 
progressive disease, in adults 

Applicant Proposed Dosing 
Regimen(s) 

Initiate Ponvory treatmen t w ith a 14 day titration; 
start with one 2 mg tablet orally once daily, and 
p rogress with the titration schedule to a 
maintenance dose of 20 mg orally once daily. 

Recommendation on 
Regulatory Action 

Approval 
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Indication(s)/Population(s) 

As proposed 

Recommended Dosing 
Regimen(s) (if applicable) 

As proposed 
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Summary Review 

1. Benefit-Risk Assessment 
Benefit-Risk Assessment Framework 

Benefit-Risk Integrated Assessment 

Ponvory (ponesimod) is a sphingosine-1-phosphate (S1P) receptor modulator that binds selectively to S1P1 receptors and is proposed by the 
applicant as a treatment for relapsing forms of multiple sclerosis (MS). There are three S1P modulators approved for the treatment of relapsing 
forms of MS. Gilenya (fingolimod) binds to S1P receptors nonspecifically. Mayzent (siponimod) and Zeposia (ozanimod) are selective for the 
S1P1 and S1P5 receptor subtypes. All three S1P modulators approved to treat relapsing forms of MS reduce the frequency or likelihood of 
patients with MS experiencing a relapse; fingolimod and siponimod have a significant effect on the prevention of MS-associated disability. 

Relapsing forms of MS, which include clinically isolated syndrome, relapsing-remitting disease, and active secondary progressive disease 
(secondary progressive MS with relapses), are phenotypes of the chronic and potentially disabling central nervous system disease of apparent 
autoimmune etiology termed “multiple sclerosis.” In the relapsing forms of MS, patients experience episodes of focal neurological deficits and 
disseminated lesions of demyelination within the brain. Symptoms of relapsing forms of MS commonly include recurrent paroxysms of 
diminished sensory or motor function that can be disabling and usually resolve within one month. Over time, many, but not all, patients with 
relapsing forms of MS experience some degree of persistent disability that may gradually worsen over years. There are nineteen unique 
therapies approved for the treatment of relapsing forms of MS, and all share a basic common feature of modifying the immune response. 
Ponesimod will be the fourth approved therapy in the class of S1P modulator therapies. The other approved S1P modulators (fingolimod, 
siponimod, and ozanimod) approved for the treatment of relapsing forms of MS have been shown to be effective in significantly reducing the 
frequency of patients’ relapses. All S1P modulators with established efficacy in reducing relapses bind to the S1P1 receptor, which is the 
predominant S1P receptor expressed on lymphocytes and cardiac cells; ponesimod would represent the only treatment in this class that does 
not bind at any other S1P receptor subtypes. The precise mechanism of action by which S1P modulators exert their therapeutic effects in 
patients with MS is unknown. 

The applicant presents the results from an adequate and well-controlled clinical trial (Study AC-058B301) as the basis of support for the 
effectiveness of ponesimod for the treatment of relapsing forms of MS. Study AC-058B301 was a prospective, multicenter, 1133-patient, double-
blind, active-controlled, randomized, double-blind, superiority study to evaluate the effectiveness, safety, and tolerability of ponesimod 20 mg 
daily compared to Aubagio (teriflunomide) 14 mg daily in patients with relapsing forms of MS. The primary efficacy endpoint of Study AC
058B301 was the annualized relapse rate (ARR), defined as the number of confirmed relapses that occurred per patient-year. Secondary 
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Summary Review 
endpoints included the change in the Fatigue Severity Impact Scale-Relapsing Multiple Sclerosis (FSIQ-RMS) score assessment, magnetic 
resonance imaging outcome measure of combined unique active lesions (CUAL) (comprising new or enlarging T2 lesions and number of 
gadolinium-enhancing T1 lesions), and confirmed disability accumulation at 3 and 6 months. 

In Study AC-058B301, treatment with ponesimod resulted in a statistically significant (p<0.0003) reduction in ARR compared to treatment with 
teriflunomide. Compared with teriflunomide, the relative reduction in ARR with ponesimod was 30.5%. There was a statistically significant, but 
not interpretable as clinically meaningful, relative decrease of approximately 3.5 points compared to teriflunomide treatment in a patient 
reported fatigue instrument, the FSIQ-RMS score, for patients treated with ponesimod at Week 108 of the trial. Several factors, including 
inadequate anchoring, missing data, and uncertainty regarding teriflunomide’s treatment effect on fatigue, rendered the FSIQ-RMS finding 
uninterpretable. The numbers of T1 gadolinium-enhancing and new or enlarging T2 lesions in the ponesimod treatment group were reduced by 
56% (p<0.0001) relative to teriflunomide. An analysis of disability progression at 3-months did not show a statistically significant treatment 
difference between the ponesimod and teriflunomide treatment groups indicating that ponesimod was not superior to an active comparator 
which has an established treatment effect on disability outcomes. The reliance on a single trial as the basis for an approval is justified because 
this single Phase 3 trial was a large, multicenter, international trial with a highly-statistically significant finding consistent across trial sites and 
subgroups on a clinically meaningful endpoint, a reduction in the likelihood of experiencing a disabling relapse. 

The safety profile of ponesimod is consistent with that of the other approved S1P modulators. As is the case with all S1P modulators, 
ponesimod reduces heart rate and can cause atrioventricular conduction delays; because of the potential for inducing serious arrhythmias, 
ponesimod should be titrated to its maintenance dose. However, given the relatively mild reduction in heart rate and the lack of serious adverse 
events associated with first dose administration that were observed in clinical studies, first dose monitoring in a medical setting is not required 
for most patients initiating ponesimod treatment. Based on clinical trial findings in patients with MS, patients treated with ponesimod are at 
risk for infections, macular edema, increased serum liver transaminases, hypertension, cutaneous malignancies, and respiratory effects 
consistent with a restrictive airway disease. Progressive multifocal leukoencephalopathy, posterior reversible encephalopathy syndrome, and 
severe exacerbations in disability after discontinuation are assumed risks associated with all S1P modulator therapies and will be included as 
labeled risks, even though these adverse events were not observed in ponesimod’ s clinical trials likely due to inadequate long-term exposure. 

The overall benefit-risk profile of ponesimod appears similar to that of the other three S1P modulator therapies approved for the treatment of 
relapsing forms of MS, and supports approval for the treatment of relapsing forms of MS. The first dose of ponesimod appears to be safe to 
administer to most patients outside of a monitored medical setting. The safety profile of ponesimod otherwise conforms to the established 
safety issues identified with the other approved S1P modulators, such as increased risk of lymphopenia, infections, liver transaminase increases, 
restrictive airway symptoms, hypertension, and cutaneous malignancies. Based on findings suggesting that strong PXR agonists may reduce 
ponesimod exposure, a post-marketing commitment for a drug-drug interaction study is necessary to clarify whether co-administration of 
ponesimod with strong PXR agonists reduces circulating serum levels to an extent that may reduce efficacy. Enhanced pharmacovigilance will 
be requested to evaluate for serious or fatal infections, malignancies, thromboembolic events, and for symptoms consistent with abuse potential. 
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Benefit-Risk Dimensions 

Dimension Evidence and Uncertainties Conclusions and Reasons 

.......... 
Ct1=1ili

• Relapsing forms of MS, which include clinically isolated 
syndrome, relapsing-remitting disease, and active secondary 

progressive disease (SPMS with relapses), are phenotypes of the 
chronic and potentially disabling central nervous system disease 
multiple sclerosis, a disease of apparent autoimmune etiology 

which in its relapsing form is characterized by episodes of 
worsening focal neurological deficits and disseminated lesions 
representing demyelination. 

• The usual age of onset of relapsing forms of MS is 20 to 50 years . 

Symptoms commonly include recurrent paroxysms of 
diminished sensory or motor function that can be d isabling and 
usually resolve within one month. Over time, many, but not all, 

patients w ith relapsing forms of MS experience some degree of 
persistent disability that may gradually worsen over years. Some 
patients may have a relatively benign manifestation with few 

discrete relapse events; others may become severely disabled 
after only a few years. There are no reliable biomarkers or 
p redictors of outcome. 

Relapsing forms of MS are serious and 
disabling. 

The defining symptom of relapsing fom1s 
of MS are paroxysms of focal neurological 
deficits termed "relapses", which can be 

temporarily disabling, and reduce quality 
of life . 

Cm II 

• There are nineteen unique therapies approved to treat relapsing 
forms of MS. All of these therapies reduce patient relapse rates, 

and many include disability progression outcomes in their 
labeling. All, except glatiran1er acetate, mitoxantrone, and 

All therapies approved for the treatment of 
relapsing fom1s of MS reduce the 

frequency of relapses, and some of these 
therapies also reduce progression of Tl ll•==d: 

a..p A ozanimod, include in approved labeling at least one trial that 

showed a statistically significant treatment effect for a disability 
p rogression outcome. 

disability . 
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Dimension Evidence and Uncertainties Conclusions and Reasons 

• Sphingosine-I -phosphate (SIP) modulators reduce peripheral 
serum lymphocyte counts by p reventing lymphocyte egress 

from lymph nodes, a process that is mediated by SIPI receptors 
and is presumed to be related to the therapy's mechanism of 
action. In 20IO, Gilenya (fingolimod) was the first SIP receptor 

modulator approved for the treatment of relapsing forms of MS. 
In 20I 9, Mayzent (siponimod) became the second SIP receptor 

modulator approved for the treatment of relapsing forms of MS. 
Fingolimod is a nonselective modulator of SI P receptors. 
Siponimod and ozanimod are selective for SIP receptor subtypes 
I and 5. Ponesimod is selective for just SIPI receptors. 

Although SIPI receptor subtype binding 

appears to mediate lymphocyte 
sequestr ation, some of the most significant 

cardiac and vascular effects of fingolimod 
are attributed to binding at other SIP 
receptor subtypes. However, ponesimod 

appears to have a similar cardiac safety 
profile to the other SIP modulators and a 

titration to a maintenance dose appears to 
reduce adverse events associated w ith the 

initiating dose seen with other therapies. 

• Ji; 

• Based on the resu lts of Study AC-058B30I, the absolute 
reduction in relapse rate for the ponesimod 20 mg treatment 

group was I O.I % (29.3% for ponesimod vs. 39.4% for 
teriflunomide), and the relative reduction in risk was 30.5% 

(hazard ratio=0.695, p=0.0003), over a I08-week trial duration. 

• The overall mean reduction in relapses estimated for patients 

with relapsing forms of MS treated with ponesimod 20 mg based 
on these trials would be 0.088 fewer relapses per year . Based on 
this mean treatment effect size, one wou ld need to treat I 2 

patients per year with ponesimod rather than teriflunomide to 
p revent one relapse. 

• Patients treated with ponesimod did not experience a significant 
treatment effect on 3-month or 6-month confirmed disability 
progression when compared to teriflunomide. 

An adequate and well-controlled trial in 
patients with relapsing forms of MS 

demonstrated approximately 30% relative 
reduction in MS relapses for the 20 mg 
daily dose of ponesimod as compared to 

patients treated with teriflunomide I 4 mg 
daily, another approved treatment for 

relapsing fom1s of MS. 

Ponesimod was not superior to an active 

comparator in preventing confirmed 
disability progression. 
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S R .ummary eview 

Dimension Evidence and Uncertainties Conclusions and Reasons 

............. •=d: 

• Ponesimod, a selective SlPl receptor modulator, has a safety 

profile largely similar to other approved SlP modulator 
therapies. 

• The most common adverse events in patien ts with MS 
randomized to ponesimod in the active-controlled Phase 3 trial 

(AC-058B301) were ALT increased (19.5%), nasopharyn gitis 
(19.3%), headache (11.5%), upper respiratory infection (10.6%), 

and hypertension (8.0% ). 

• In Study AC-058B301, severe adverse events associated with 

treatment occurred in 8.7% of patients treated with ponesimod, 

as compared to 8.1 % of patients treated with teriflunomide. 

Three deaths occurred in the ponesimod development program.• 
A 52-year-old man with MS who had a history of hypertension, 
dyslipidemia, and an axillary artery thrombosis who started 

tobacco use in Study AC-058B201 experienced chest pain and 
symptoms consistent with myocardial infarction and died on 

study day 1987. A 41-year-old woman with cirrhosis, esophageal 
varices, stomach perforation, abdominal abscess, and diabetes 
mellitus who was taking ponesimod 10 mg in Study AC-058-112 

(the hepatic impairmen t study) died on study day 5 due to 
staphylococcus aureus sepsis in the setting of hepatic failure, 
hepatic encephalopathy, severe anemia, and hyperbilirubinemia. 

A 33-year-old man with a history plaque psoriasis who was 
randomized to ponesimod 40 mg in Study AC-058A201, who 
had discontinued ponesimod on study day 31, was found dead 

Ponesimod can cause infections, macular 

edema, bradycardia, atrioventricular 
conduction delays, liver injury, 

hypertension, posterior reversible 
encephalopathy syndrome, and respiratory 
effects. Progressive multifocal 

leukoencephalopathy and severe 
exacerbation in disability after 

discontinuation, and are assumed risks 
associated with this class of therapies, even 
if they were not observed in trials with 
ponesimod. These significant concerns 

warrant inclusion in labeling. 

Most adverse events associated with 

ponesimod were treatable, not medically 
serious, or reversible upon 
discontinuation. 

The patient deaths in the ponesimod 
development program do not suggest a 
clear association with treatment (a death 55 

days after last use, and a heart attack in a 
tobacco user with cardiovascular disease), 

or do not suggest a new significant safety 

risk (known risks of infection and hepatic 
injury in a patient with longstanding 
hepatic disease). Ponesimod will not be 

a 
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Dimension Evidence and Uncertainties Conclusions and Reasons 

on study day 86 (55 days after drug discontinuation) due to what 

was deemed "acute cardiac and pulmonary insufficiency." 

• In the controlled trial in patients with relapsing forms of MS, 
8.7% of patients discon tinued ponesimod for an adverse event, 
most often dyspnea (1.1%), versus a 6.0% discontinuation rate 
for teriflunomide treatmen t. 

• The frequency of reported adverse events was similar in 
ponesimod-treated patients with MS (88.8%) and in 
teriflunomide-treated patients (88.2%) in an active-controlled, 
blinded Phase 3 trial. 

• Given the risk of bradycardia and atrioventricular (AV) block 

with initiating other SIP receptor modulators, ponesimod is 
initiated with a 14-day dose escalation. Second- or third-degree 
AV blocks were not reported in an active-controlled Phase 3 trial, 

and th e incidence of bradycardia was 5.8% (versus 1.6% with 
teriflunomide) after the first dose of study treatment. The 

bradycardia noted in t rials with ponesimod was not clinically 
significant and did not lead to any serious events; there is not an 
obvious need for first-dose cardiac monitoring in patients 

without pre-existing cardiac disease. 

• Ponesimod is associated with lymphopenia and an increased risk 

of infection, potentially more so in individuals exposed to 
p revious immunosuppressants. 

recommended for use in moderate and 

severe h epatic impairmen t. 

Patients should have an electrocardiogram, 
complete blood count, ophthalmic 
examination, and liver function tests prior 

to initiation of ponesimod. 

Ponesimod is initiated as a 14-day titration 
to reduce the risk of bradyarrhythmia. 
Patients with histories of significant 
bradyarrhythmia or cardiac disease should 

consult a cardiologist before initiation of 
ponesimod. Ponesimod is contraindicated 

in patients with significant heart disease. 

There will be requested pharmacovigilance 

for malignancies, life-threatening 
infections, fatal infections, and events 

associated with an increased risk of abuse. 

A Risk Evaluation and Management 

Strategy is not necessary to ensure that the 
benefits of ponesimod outweigh the safety 
risks . 

Reference ID 4764774 

7 



S R .ummary eview 

Dimension Evidence and Uncertainties Conclusions and Reasons 

• Early trial data suggested potentially increased risk of euphoria 

suggestive of a potentially increased risk for abuse poten tial. 

• Labeling can sufficiently mit igate the identified safety risks. 
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Summary Review 

2. Background 
This application contains data in support of the safety and effectiveness of 
ponesimod, a sphingosine-1-phosphate (S1P) receptor modulator selective for the 
S1P1 receptor subtype, administered daily as an oral tablet, proposed by the applicant 
for the treatment of relapsing forms of multiple sclerosis. Ponesimod is a new 
molecular entity (NME) that has not been approved for any indication. 

Relapsing forms of MS, which include clinically isolated syndrome, relapsing-
remitting disease, and secondary progressive multiple sclerosis with relapses (active 
secondary progressive disease), are related phenotypes of a chronic and potentially 
disabling central nervous system disease of apparent autoimmune etiology 
characterized by episodes of worsening focal neurological deficits and disseminated 
lesions of demyelination. Patients diagnosed with relapsing forms of MS are typically 
White women between 20 to 50 years of age. Symptoms commonly include recurrent 
paroxysms of diminished sensory or motor function that can be disabling and usually 
resolve within one month. As disease duration increases, many, but not all, patients 
with relapsing disease experience some degree of persistent disability that may 
gradually worsen over years as a result of incomplete recovery of the disability that 
resulted from MS relapses. In some patients, disability may accrue progressively with 
clear independence from acutely disabling relapse events, a process termed secondary 
progressive disease. 

There is no widely accepted biomarker to assess disease status in patients with 
relapsing forms of MS. The diagnosis of relapsing forms of MS relies on clinical 
criteria, and the ongoing evaluation of patients with multiple sclerosis is reliant on 
clinical investigation. To support an indication for the treatment of relapsing forms of 
multiple sclerosis, clinical trials should demonstrate that a therapy is associated with 
a significant, clinically meaningful decrease in the frequency of MS-associated 
relapses, typically measured as an annual relapse rate (ARR). Some therapies 
approved for the treatment of relapsing forms of multiple sclerosis, including other 
S1P modulators, have also demonstrated an additional significant reduction of the 
accrual of disability over three-month or six-month observational periods. 

Gilenya (fingolimod), a nonselective modulator of S1P receptors, was the first S1P 
receptor modulator approved by the FDA in 2010. A second S1P modulator, selective 
for S1P receptor subtypes 1 and 5, Mayzent (siponimod), was approved in 2019. 
Zeposia (ozanimod), which is also selective for S1P receptor subtypes 1 and 5, was 
approved in 2020. All three S1P modulators are approved to treat relapsing forms of 
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Summary Review 

MS in adults; fingolimod is approved to treat relapsing forms of MS in both children 
and adults. Ponesimod is selective for the S1P1 receptor, and is proposed by the 
applicant as a treatment for adults with relapsing forms of MS. 

Administration of S1P modulators causes initial agonism at the bound S1P receptor, 
which ultimately leads to internalization of S1P receptors and loss of surface 
expression of targeted S1P receptors. Serum lymphocyte counts decline after 
administration of S1P modulators acting at S1P subtype 1 (S1P1) receptors because 
lymphocyte egress from lymph nodes, a process that is mediated by S1P1 receptors, is 
reduced. Loss of surface S1P1 receptors consequentially also yields an increased 
number of lymphocytes remaining in the lymph nodes. This sequestration of 
lymphocytes in lymph tissues and reduction in circulating serum lymphocytes are 
presumed to be related to the beneficial clinical treatment effects of S1P modulators 
with binding at S1P1, including ponesimod. 

The applicant presents results from an adequate and well-controlled Phase 3 clinical 
trial (Study AC-058B301) as the primary basis of support for the effectiveness of 
ponesimod for the treatment of relapsing forms of multiple sclerosis. This efficacy 
study was an international, randomized, double-blind, double-dummy, active-
controlled, parallel-group, superiority study to evaluate the effectiveness, safety, and 
tolerability of ponesimod 20 mg daily compared to Aubagio (teriflunomide) 14 mg 
daily in patients with relapsing forms of MS. The study duration was 108 weeks of 
double-blind observation. The primary efficacy outcome measure was the annualized 
relapse rate (ARR) and key secondary endpoints included a patient-reported outcome 
measuring fatigue, a combined measure of magnetic resonance imaging (MRI) lesions 
(comprising new or enlarging T2 lesions and number of gadolinium-enhancing T1 
lesions), and the time to disability progression confirmed at 3 and 6 months. 

Regulatory History 

A pre-IND meeting was held on April 24, 2008, with the topics addressed relating to 
the adequacy of the nonclinical data to support an IND submission for ponesimod, 
the proposed safety monitoring for proposed Phase 1 and 2 trials, and basic design 
features of a proposed Phase 2 trial in patients with relapsing forms of MS. The 
applicant submitted the IND on December 5, 2008, with an initial study proposal for a

(b) 
(4)  mg open-label single-dose trial in Japanese and White healthy volunteers. 

The applicant met with the Agency for an End-of-Phase 2 meeting on December 6, 
2011. Topics discussed at this meeting included the dose of ponesimod being chosen 
for Phase 3 trials, the proposed titration, trial endpoints, and the overall Phase 3 trial 
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Summary Review 

design for (b) (4)AC-058B301 (b) (4) in patients with relapsing forms 
of MS. The applicant indicated that development would proceed with only the 20 mg 
maintenance dose, but the Agency recommended considering development of the 10 
mg dose because of data suggesting the 10 mg dose may be effective but with reduced 
risk of toxicities identified in other S1P modulators. 

Type C Written Response Only (WRO) meeting responses were sent to the applicant 
on October 3, 2014. A major topic in these responses was the acceptability of the 
Fatigue Symptoms and Impacts Questionnaire – Relapsing Multiple Sclerosis (FSIQ
RMS) as a proposed key secondary endpoint in the ongoing Phase 3 trial. The 
Division indicated willingness to consider this endpoint but further explained that the 
applicant needed to “document support for a prespecified responder definition for 
the interpretation of clinically meaningful change on the FSIQ-RMS.” 

The applicant submitted (b) (4)

Type C WRO meeting responses were sent to the applicant on May 21, 2018. The topic 
of the meeting was the acceptability of the statistical analysis plan for Study AC
058B301. Of note, Study AC-058B301 was not conducted under an agreed SPA. The 
Division agreed with the proposed multiplicity testing strategy. 

Type C WRO meeting responses were again sent to the applicant on February 1, 2019. 
The applicant provided the topline data from the primary and key secondary 
endpoints’ analyses from Study AC-058B301. The Division did not agree that the 
applicant’s limited presentation of the FSIQ-RMS findings were consistent with a 
clinically meaningful change, and requested additional exploration of the findings in 
the forthcoming new drug application (NDA). 

The applicant submitted NDA 213498 on March 18, 2020. NDA 213498 was filed on 
May 17, 2020. 
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Summary Review 

3. Product Quality 
The technical lead on the Office of Product Quality (OPQ) review was Dr. Martha 
Heimann. Dr. Heimann’s review lists the entire OPQ team involved with the review 
of this application. OPQ recommends approval of this application. 

The OPQ review notes that ponesimod is an immediate release drug product 
provided in dosage strengths of 2, 3, 4, 5, 6, 7, 8, 9, 10, and 20 mg. The ten dosage 
strengths being proposed are necessary to provide the range of dosages provided in 
the two-week starter pack necessary to titrate to the 20 mg maintenance dose. 

The OPQ team found no significant issues with the manufacturing processes for the 
drug product and substance. The applicant’s approach to impurity control was 
deemed acceptable. The drug product and drug substance manufacturing, packaging, 
and testing facilities are approvable based on the firm’s inspection history and 
manufacturing experience. There are also no major good manufacturing process 
issues raised based upon the review of the submitted batches. 

The OPQ review agrees that the drug product can be stored at room temperature and 
that the applicant’s proposed 36-month shelf life for the tablets in the starter pack and 
the 20 mg tablets in appropriate prescription bottles are acceptable. 

All inspected manufacturing facilities and suppliers were deemed acceptable. 

4. Nonclinical Pharmacology/Toxicology 
The nonclinical reviewer for this application was Dr. Richard Siarey. Dr. Lois Freed 
provided a supervisory review. Dr. Siarey recommends approval, and Dr. Freed 
concurs. The principal conclusions of Dr. Siarey’s and Dr. Freed’s reviews are as 
follows: 

•	 In cardiovascular safety pharmacology studies, a single oral dose of 
ponesimod decreased heart rate, blood pressure, and caused first-, second-, 
and third-degree atrioventricular block in guinea pigs. However, repeated 
doses resulted in a reduction of the cardiovascular effects observed after the 
initial dose. Ponesimod did not exert an effect on heart rate or 
electrocardiogram parameters at any dose in Beagle dogs. Dr. Freed noted that 
potential differences in sensitivity between dog and human exist and are not 
fully understood. However, in multiple species, ponesimod effected 
vasoconstriction of different arteries and increased blood pressure. The 
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bradycardic and vasoconstrictor effects of ponesimod were consistent with 
effects observed in multiple species with other S1P modulators. 

•	 Effects of ponesimod on respiratory function included increased enhanced 
pause (bronchoconstriction), reduced tidal volume, and altered peak 
expiratory flow up to 15 days of oral ponesimod in rats. There were finding 
suggesting there was adaption in the lung, at least up to 14 days. Dr. Freed 
noted that these lung findings were associated with plasma exposures lower 
than that expected in humans. These nonclinical findings are similar in quality 
to other S1P modulators and correlate with the observation of a higher 
frequency of pulmonary adverse events such as dyspnea in clinical studies of 
ponesimod, as well as respiratory effects consistent with mild restrictive 
airway disease-like changes noted on pulmonary testing associated with all 
other S1P modulators. 

•	 In rat and dog repeat-dose toxicology studies of oral ponesimod, deaths and 
early sacrifice were observed at the highest exposed doses. White blood cells 
and lymphocyte numbers in serum were reduced in all species at most doses, 
and the lymphoid tissues were target organs in all species both of which are 
expected given ponesimod’s activity at S1P1 and consequential effects on 
lymphoid sequestration. 

•	 T-cell-dependent antibody response assays suggest that there is relatively non
specific immune suppression during the dosing of ponesimod that recovers 
when dosing is stopped. 

•	 In genetic toxicology studies, ponesimod was negative in the in vitro reverse 
mutation assay in bacterial cell (Ames) and mammalian cell clastogenicity 
assays, and in in vivo clastogenicity assays (micronucleus) in mouse and rat. In 
the 2-year rat carcinogenicity study, there were no drug-related increases in 
neoplasms in male or female rats. The mouse study was positive for 
hemangiomas and hemangiosarcomas, with an increase in incidences at all 
doses in male mice and in high-dose female mice. 

•	 In the reproductive and development studies with oral ponesimod, fertility 
was not affected in female or male animals, but teratogenicity and fetal 
lethality was observed in both rats and rabbits. Malformations in rats included 
fused ascending aorta trunk, muscular ventricular septal defect, membranous 
ventricular septal defects, syndactyly, ectrodactyly, malrotated hindlimbs, and 
eye microphthalmia and rabbits had morphological changes in the 
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cardiovascular and limb systems. Similar cardiac malformations were observed 
with all other S1P modulators and are expected because of an interaction 
between S1P1 modulation and the high level of S1P1 receptor expression in 
developing cardiac tissue. The applicant proposed a Warning and Precaution 

 was not included in the approved labeling; the existing label will 
advise use of effective contraception and describe the serious potential risks of 
pregnancy exposure. The pregnancies reported in clinical trials of ponesimod 
did not reveal a pattern of congenital malformations. 

Therefore, a Warning and Precaution for

(b) (4)

(b) (4)

•	 Metabolite M13 was identified as a major circulating metabolite in humans. 
Adequate systemic exposure to M13 was demonstrated in mouse and rat. 

•	 The review of the carcinogenicity studies in rodents provided by the Division 
of Biometrics concluded there was increased mortality in mid- and high-dosed 
groups in female rats and male mice exposed to ponesimod. The review 
concluded that ponesimod exposure caused statistically significant increases in 
the incidence of vascular tumors (hemangioma, hemangiosarcoma, and the 
combination of hemangiosarcoma and hemangioma) in male and female mice. 

5. Clinical Pharmacology 
An integrated Office of Clinical Pharmacology (OCP) Review was written by Drs. 
Dawei Li, Manuela Grimstein, and Vishnu Sharma. The team leaders were Drs. 
Yuching Yang, Atul Bhattaram, and Angela Men. The final signatory for the OCP 
review was Dr. Mehul Mehta. OCP recommends approval. 

Table 1, adapted from the OCP review, summarizes the conclusions of the OCP team 
with respect to the pharmacologic and clinical pharmacokinetic properties of 
ponesimod. 
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Table 1 G ener al Pharn1aco1ogv and Ph armaco ehc aractensh cs 

Pharmacology 

Mechanism of action Ponesimod binds with high affinity to the SlPl receptor 

located on lymphocytes. Ponesimod blocks the capacity of 

lymphocytes to egress from lymph nodes, reducing the 

number of lymphocytes in peripheral blood. 

Active moieties Ponesimod is the active moiety circulating in plasma, and 

accounted for 66% of total radioactivity in a mass balance 

study 

QT prolongation An exposure-response analysis indicates that at the 

therapeutic dose of 20 mg, n o clinically relevant effect on 

QTc interval is expected, with the upper bound of the 2-sided 

test 90% CI being 5.9 millisecon ds. 

General Information 

Drug exposure at steady-

state followin g the 

therapeu tic dosing 

regimen 

In patients with relapsing forms of MS receiving ponesimod 

20 mg daily, the mean trough concentrations were 126 nglmL 

and 125 ng/mL at Week 12 and Week 108, respectively, in the 

pivotal trial (Study AC-058B301) 

Dose-proportionality The systemic exposures increased approximately 

proportionally with an increase in dose from 1 mg to 75 mg 

Accumulation A mean accumulation ratio of 2.0 to 2.6 was observed at 

steady-state 

Variability The ph armacokinetic profile of ponesimod is characterized 

by the intersubject variability of approximately 25% across 

studies 

Absorption 

Bioavailab ili ty (oral) 84% 

Tmax (oral) The Tmax of ponesimod is 2 to 4 hours post-dose 
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Food effect (high-fat) 

Geometric mean ratio 

(90% confidence interval 

[CI]) 

AUCini Cmax 

1.2 [1.1-1.3] 1.1 [1 .0-1.3] 

Distribution 

Volume of distribution The estimated steady state volume of distribution of 

ponesimod is 160 L 

Plasma protein bin ding > 99% (mainly binding to albumin and alpha-1-acid 

glycoprotein) 

Elimination 

Mean terminal 

elimination half-life 

The half-life (tVi) of ponesimod is approximately 33 hours 

Met abolism 

Primary metab olic 

pathw ay(s) 

Ponesimod is extensively metabolized. Two inactive 

circulating metabolites, M12 and M13, have been identified 

in human plasma. M13 is approximately 20% and M12 6% of 

total drug related exposure. In vitro studies indicate that 

metabolism of ponesimod to M13 occurs primarily through a 

combination of non-Cytochrome P450 (CYP450) enzymatic 

activities. Multiple CYP450 (CYP2J2, CYP3A4, CYP3A5, 

CYP4F3A, and CYP4F12) and non-CYP450 enzymes catalyze 

the oxidation of ponesimod to M12. Ponesimod also 

undergoes direct glucuronidation (mainly UGT1A1 and 

UGT2B7. 

Inhibitor/inducer Ponesimod and M13 are unlikely to inhibit any evaluated 

CYPs or UGTs (1A2, 2B6, 2C8, 2C9, 2C19, 2D6, or 3A4 and 

UGT2B7 or UGT1A1) or induce CYP1A2, CYP2B6, CYP2C9, 

or CYP3A4 at clinically relevant doses. 

Transporter systems Ponesimod is not identified as substrate of P-gp, BCRP, 

OATP1B1 or OATP1B3; ponesimod and M13 are unlikely to 
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inhibit major efflux and uptake transporters at clinically 
relevant doses. 

Excretion 

Primary excretion 
pathways (% dose) ± SD 

Following a single oral administration of 14C ponesimod, 
57% to 80% of the dose was recovered in feces (16% as 
unchanged ponesimod), and 10% to 18% in urine (no 
unchanged ponesimod). 

The OCP review agrees that the dose escalation over two weeks proposed by the 
applicant mitigates most of the heart rate changes associated with the full treatment 
dose (20 mg). 

Study AC-058-112 examined the effect of hepatic impairment on ponesimod. 
Ponesimod AUC0-∞ (geometric mean) in the mild, moderate, and severe hepatic 
impairment groups was 1.3-fold (1.0, 1.8), 2.0-fold (1.5, 2.7), and 3.1-fold (2.2, 4.3) 
greater, respectively, compared to healthy subjects. The elimination half-life 
(geometric mean) was 1.5-fold (90% CI: 1.2, 1.8), 1.8-fold (1.3, 2.5), and 2.6-fold (2.0, 
3.3) greater, in the mild, moderate, and severe liver impairment groups, respectively, 
as compared to healthy subjects. Based on the PK results of this study, the OCP 
review concluded that no dose adjustment of ponesimod is needed for patients with 
mild hepatic impairment. The OCP review concluded was not feasible to have a dose 
adjustment for moderate and severe hepatic impairment due to the fixed titration of 
ponesimod to the 20 mg dose and a lack of data supporting efficacy at doses less than 
20 mg. Therefore, the OCP review concludes that ponesimod is not recommended in 
patients with moderate and severe hepatic impairment. 

Study AC-058-113 examined the effect of renal impairment on ponesimod. The OCP 
review agreed with the applicant’s conclusions that renal impairment did not 
significantly affect ponesimod’s PK characteristics and that a dose adjustment in renal 
impaired patients is not necessary. 

Study AC-058-101 was a food effect study. While the study demonstrated that Tmax 

was slightly delayed (approximately 2.5 hours) in the presence of high-fat food, the 
changes in Cmax and AUC were not considered clinically relevant, and the OCP review 
of the study’s findings concluded that ponesimod may be administered without 
regard to food intake. 
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In considering the in vitro studies done to identify potential drug-drug interactions, 
the OCP reviewers did not completely agree with the applicant’s assertion that the 

. The OCP team requested additional 
assessments via an Information Request regarding whether a therapy capable of 

(b) (4)

inducing multiple metabolic enzymes such as rifampin could impact PK 
characteristics of ponesimod. The applicant provided an analysis of literature 
findings, in vitro data, and clinical findings, that, in the view of the OCP reviewers, 
showed a potential impact of strong, moderate, and weak PXR agonists on the AUC 
of ponesimod. Based on the current available data, OCP review stated that the 
findings were not sufficient to exclude the potential impact of strong PXR agonists 
(e.g., rifampin, phenytoin, carbamazepine) on the PK and efficacy of ponesimod. The 
OCP team concluded a post-marketing commitment (PMC) was needed to clarify if 
strong PXR agonists could reduce circulating ponesimod levels in serum to an extent 
that might impact efficacy. 

The OCP team’s recommendations are reflected in the final negotiated labeling. 

6. Clinical Microbiology 
Not applicable. 

7. Clinical/Statistical- Efficacy 
Dr. David E. Jones was the clinical reviewer for this application. Dr. Susan Pretko 
provided a Clinical Outcome Assessment (COA) consultative review; Dr. Elektra 
Papadopoulos was the COA Associate Director. Dr. Xiang Ling was the biometrics 
reviewer, Dr. Kun Jin was the biometrics team leader, and Dr. James Hung was the 
Biometrics Division Director. Dr. Jones finds that the application provides substantial 
evidence of efficacy for ponesimod in the treatment of patients with relapsing forms 
of MS. Drs. Ling and Jin agree that the application provides statistically significant 
evidence of efficacy from a single Phase 3 trial for the 20 mg dose of ponesimod in the 
prevention of clinical relapses. The clinical and biometrics reviewers agree there is no 
statistically significant evidence to establish the superiority of ponesimod when 
compared to teriflunomide in preventing disability progression. 

The applicant submitted data from an adequate and well-controlled efficacy Phase 3 
study, Study AC-058B301. Findings from a placebo-controlled, smaller dose-finding 
Phase 2, Study AC-058B201, are also provided. 
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Study AC-058B301 
Study AC-058B301 was a Phase 3, multicenter, 1133-patient, double-blind, active-
controlled, randomized, double-blind, superiority study to evaluate the effectiveness, 
safety, and tolerability of ponesimod 20 mg daily compared to Aubagio 
(teriflunomide) 14 mg daily in patients with relapsing forms of MS. 

Enrollment criteria stipulated enrollment of patients who met the 2010 McDonald 
diagnostic criteria for MS with a relapsing course from the onset of their disease with 
at least one documented relapse within the 12 months, or two or more relapses within 
the previous 24 months prior to enrollment, plus evidence of at least 1 gadolinium-
enhancing lesion on brain magnetic resonance imaging within the 6 months prior to 
randomization. 

Blinding measures included blinding of the clinical raters who conducted key 
assessments of patients to patient treatment status. Relapses were protocol-defined 
and confirmed by the applicant using the protocol criteria; there was not an 
independent body that adjudicated in-trial relapses. The trial duration was fixed at 
108 weeks. The study utilized a 14-day titration to maximum treatment dose which is 
the titration scheme proposed for the marketed product. 

The primary efficacy endpoint of this study was annualized relapse rate (ARR), which 
was defined as the number of confirmed relapses per patient-year. Key secondary 
endpoints were analyzed in an alpha-sharing hierarchy which included the change in 
MS fatigue as measured by the Fatigue Severity Impact Scale – Relapsing Multiple 
Sclerosis (FSIQ-RMS), an MRI outcome measure, combined unique active lesions 
(CUAL) which is comprised of new or enlarging T2 lesions and number of 
gadolinium-enhancing T1 lesions, and the confirmed disability accumulation (CDA) 
at 3-months and 6-months. The hierarchical analysis is depicted in the following 
figure: 
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Figure 1: Overall Testing Strategy Study, Study AC-058B301 

Results 
There were 1133 patients randomized into Study AC-058B301 as follows: 567 treated 
with ponesimod 20 mg daily, and 566 treated with teriflunomide 14 mg daily. 
Patients were enrolled at 171 sites in 28 countries worldwide. The majority (51%) of 
the enrolled patients came from the United Kingdom and countries in the European 
Union. Approximately 5% of the patients in this study were from the United States. 

The intent-to-treat population for the primary efficacy analysis was defined as all 
randomized patients. There were two patients randomized to ponesimod who were 
not treated because of being screened as eligible for enrollment in error; these two 
patients were included in the efficacy analysis but not the safety analysis. The rate of 
completion of treatment in randomized assignment was 86.4% for the ponesimod 
treatment group versus 87.5% for teriflunomide treatment group, respectively. The 
most common reason for trial discontinuation in ponesimod treatment was an 
adverse event (in 39% or 37/94 patients who withdrew), and in teriflunomide 
treatment was “other/consent withdrawal” (in 32% or 30/93 patients who withdrew). 

Demographic and baseline disease-related characteristics of the randomized patients 
were relatively well-matched between the two treatment arms. As is expected for a 
clinical trial in patients with relapsing forms of MS, the majority of the patients were 
women (65.0%), less than forty years old (65.1 %), and almost all were White (97.5%). 
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The b iometrics review tean1 confirmed the results for the primary efficacy outcome as 

provided by the applicant: 

AC-058B301 P . a lys1s o Tabl e 2 Stud.y nmary An 1 . f AnnuarizedRe1apse Rate 

Ponesimod Teriflunomide 
20mg 14mg 

N=567 N=566 

Mean Estimate of ARR 0.202 0.290 

95% Confidence Interval (0.173 I 0.235) (0.254 I 0.331) 

Rate Ratio 0.695 

95% Confidence Interval (0.570 I 0.848) 
p-value 0.0003 

Source: Table 5, Biometrics Review 

In the biometrics review, Dr . Ling states that the prespecified primary statistical 
analysis was to compare the ARRs in ponesimod treatment to teriflunomide 
treatmen t using a regression model for confirmed relapses up to end of study, with 

treatmen t as a factor and th e binary stratification variables (EDSS ~.5 versus EDSS 
>3.5; disease modifying treatment [DMT] within last 2 years prior to randomization) 
and the number of relapses in th e year prior to study entry included in the model. 

The model also included an offset variable defined as the log of time on study (in 
years) from randomization up to end of study. Dr. Ling replicated the findings from 
the analysis provided by the applicant that treatment with ponesimod resulted in a 

statistically significant reduction in ARR compared to treatment with teriflunomide. 
The biometrics review confirms that the relative reduction in ARR was 30.5% 

(p<0.0003) for ponesimod treatmen t relative to teriflunomide treatment. 

Dr. Ling confirmed the findings of th e applicant's p re-specified sensitivity analyses 

which included analyses of th e impacts of missing data, treatment interruptions 
(including switching to alternative treatments), th e addition of unconfirmed relapses 
to the ARR calculation, and the use of an alternate time point as the end of the study. 

Dr. Ling confirmed the robustness of the results in the sensitivity analyses. Finally, 
Dr. Ling conducted an exploratory analysis of the proportion of patients who had 

relapsed by Week 108. The Kaplan-Meier estimates of the proportion of patients 
relapsed by Week 108 was 30% in the ponesimod group, compared with 40% in the 
teriflunomide group. The hazard ratio was 0.76 (95% confidence interval: 0.62, 0.93), 

corresponding to a reduction of 24% (nominal p=0.0029) in the relative proportional 
risk of experiencing a relapse following treatmen t with ponesimod, compared with 

teriflunomide, at 108 weeks of treatmen t. Thus, the various analyses of th e primary 
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efficacy finding all confirm that th e ARR reduction associated with ponesimod 

treatmen t observed in this Phase 3 trial is durably robust and reflects a significant 
efficacy difference between ponesimod and teriflunomide. 

There were four key secondary efficacy outcomes to be assessed in a fallback-type 
procedure that would allow preservation of alpha if a secondary endpoint in the 
sequence was successful in rejecting the null hypothesis. The four secondary 

endpoints tested were as follows: change from baseline in FSIQ-RMS Weekly 
Symptoms Score to Week 108, the cumulative number of combined unique active 

lesions (CUAL), and the confirmed disability progressions at 12-weeks and at 24
weeks. 

Change from Baseline in FSIQ-RMS Weekly Symptoms Score (Fatigue) to Week 108 

The FSIQ-RMS score, a patient-reported outcome measu re that is designed to 

measure patient fatigue, was analyzed using a mixed-effects model for repeated 
measures which includes baseline and the two stratification factors as covariates, 

treatmen t, visit, treatment by visit interaction, and baseline by visit interaction . 

Higher scores on the FSIQ-RMS reportedly represented worsening patient-reported 
fatigue. 

The following table summarizes the change from baseline to week 108 for the FSIQ
RMS score: 

Table 3: Study AC-058B301: Summary of Change from Baseline in FSIQ-RMS 
S> t Score (F f ) t0 Wympoms a 1gue eek 108 

Ponesimod Teriflunomide 
20mg 14mg 
N=567 N=566 

Number of Patients With Measures 449 458 
at Baseline an d Week 108 I 

Mean Score Change from Baselin e -0.01 +3.56 

Treatm en t Effect (Score Differen ce) -3.57 

95% Confidence Interval (-5.83, -1.32) 

l'-value I 0.0019 

Source: Table 7, Biometrics Review 

Dr. Ling confirmed the main treatment effect finding as well as the results of all of the 
applicant's sensitivity analyses, which were consistent with the statistically significant 

result of the primary analysis. The biometrics reviewer conducted a tipping point 
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analysis that showed that, assuming a worsening of 1.5 for patients with missing data 
in the ponesimod group would result in a p-value of 0.0227, with this +1.5 point score 
change representing the lowest worsening that could be tolerated by the data while 
still achieving statistical significance with an α=0.05/3 as per the fallback testing 
strategy. 

While the statistical finding in the FSIQ-RMS score change is significant, the tipping 
point analysis suggested the change was relatively fragile and that just a 1.5-point 
change provided by the missing data could have made the observed treatment effect 
not significant. Importantly, the biometrics review also noted that there was a 
substantial amount of missing data for this key secondary outcome measure. FSIQ 
symptoms scores at Week 108 were available for only 70.0% and 66.6% of patients in 
the ponesimod and teriflunomide groups, respectively, and, because of missing 
baseline assessments, a change from baseline to Week 108 was available for only 
60.7% and 58.0%, respectively. The clinical reviewer expressed concern about not just 
the fact that data were missing for approximately 40% of patients, but also 
hypothesized that patients with worsening or refractory fatigue were very likely to be 
overrepresented in the missing data because these patients would have the greatest 
likelihood of being unable to comply with the necessary response rate to have their 
fatigue scores included in the analysis. In response to Information Requests and 
discussion of this concern at the Late-Cycle meeting, the applicant attempted to 
simulate the missing scores based on the available findings. The applicant was unable 
to provide a persuasive argument that the missing data would not have changed the 
outcome finding. The sponsor suggested an arbitrary categorization of patients based 
on the fact that their responses demonstrated that the most fatigued patients who had 
data available at both baseline and Week 108 were similar at baseline to patients with 
data available only at baseline, but this categorization assumes the same categories 
applied to patients with data at both time points were applicable to patients with 
missing data at Week 108, which is not a justifiable assumption. Thus, there remained 
a significant concern that, had these missing data been available, the score difference 
between treatment groups may have been smaller and might not have been 
statistically significant. 

In addition to the statistical considerations related to the data, the clinical and the 
consultative review provided by the COA team raised questions about whether the 
change in the FSIQ-RMS score observed in the trial was clinically meaningful. The 
following are a summary of some of the major points raised in these reviews. 

•	 A change of 3.5 points in the FSIQ-RMS, a patient-reported outcome 
assessment instrument which contains 7 symptoms each rated with a 10 point 
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scale, means that the observed treatment effect represents a mean change of 
approximately 4% in the raw score, which is a very small absolute change and 
below the typical threshold of a 20% change often considered for a clinical 
outcome measure to be considered to be potentially meaningful. 

•	 More broadly, the COA review concluded that while the FSIQ-RMS had 
content validity, the applicant had not provided sufficient evidence to support 
an interpretation of clinically meaningful within-patient changes in the FSIQ
RMS scores. There had been extensive discussion of the FSIQ-RMS with the 
applicant during the instrument’s development as part of the ponesimod 
development program, and the Agency had made specific requests regarding 
the support for a within-patient interpretation of clinical meaningfulness using 
the FSIQ-RMS. Specifically, the Agency requested the basis for the choice of a 
specific anchoring score (the PGI-S), but the applicant failed to provide the 
requested information regarding the clinical meaningfulness of the PGI-S, and 
elected to use the PGI-S as an anchor in the pivotal Phase 3 trial. After review, 
the COA review team concluded that the PGI-S was not an appropriate choice 
to anchor the FSIQ-RMS, and thus the PGI-S should not have been used to 
establish the clinical meaningfulness of the FSIQ-RMS. 

•	 There was a major interpretation issue created by the comparison to an active 
comparator, teriflunomide. There have been no studies of teriflunomide using 
the FSIQ-RMS instrument to allow for a conclusion regarding how 
teriflunomide might influence performance on the FSIQ-RMS. The applicant 
provided a summary of all the available findings regarding teriflunomide’s 
known effects on fatigue in patients with MS, but the findings do not 
convincingly demonstrate what, if any, treatment effect teriflunomide has on 
fatigue, and the fatigue outcomes measured in these studies were not the FSIQ
RMS. The effect of teriflunomide on fatigue as measured by the FSIQ-RMS is 
not known, and therefore any relative finding to teriflunomide treatment 
requires conjecture given the uncertainty regarding teriflunomide’s treatment 
effect. Ultimately, the uncertain effect of teriflunomide on the FSIQ-RMS does 
not allow for any conclusion (b) (4)

In summary, the finding of a 3-point score change associated with ponesimod 
treatment is a relatively small, albeit statistically significant, change that does not 
represent a clinically meaningful outcome. Fatigue is a significant symptom reported 
by patients with MS and represents an unmet treatment need. As a symptom and a 
concept, fatigue is difficult to define, and so it is especially critical that the instrument 
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used to evaluate fatigue needs to be rigorously established as capable of providing a 

meaningful comparable outcome assessment of fatigue in patients with MS. Any 
claim of a treatment effect on fatigue should be based upon a clear and interpretable 
finding of a clinically meaningful improvement in fatigue. On review, the FSIQ-RMS 

instrument was not sufficiently justified as an instrument capable of measuring a 
within-patient change in fatigue. Furthermore, the findings from this instrun1en t 
could not be interpreted because of issues with missing data, inappropriate 

anchoring, and the fact that they were obtained in a trial with an active comparator 
with an unknown effect on fatigue. For these and other reasons enun1erated in the 

biometrics, clinical, and COA reviews, the FSIQ-RMS finding is not suitable 1:1 

The Cumulative Number of Combined Unique A ctive Lesions (CUAL) 


The CUAL outcome included new gadolinium-enhancing Tl lesions and new or 


enlarging T2 lesions. 


The following table summarizes the change from baseline to week 108 for the CUAL: 

Table 4: Study AC-058B301: Summary of Cumulative Number of Combined Unique 
Active Lesions (CUAL) 

Ponesimod Teriflunomide 
20mg 14mg 
N=567 N=566 

Number of Patients in Analysis 539 536 
-

Mean estimate (Lesions rer year) 1.405 3.164 

95% Confidence Interval (1.215 I 1.624) (2.757 I 3.631) 
Treatment effect (rate ratio) 0.444 

95% Confidence Interval (0.364 I 0.542) 
p-value <0.0001 

Source: Table 8, Biometrics Review 

The biometrics review confirmed the applican t' s finding that ponesimod reduced the 
number of CUALs on brain MRis from baseline to Week 108 by 56%, compared with 

teriflunomide (p <0.0001). The mean CUALs per year estimated using a negative 
binomial regression model were 1.4 for ponesimod group compared to 3.2 for 
teriflunomide. 

As indicated in the tab les below, the biometrics reviewer provided a separated 

exploratory analysis of each type of lesion in the CUAL associated with MS because 
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labeling for therapies approved to treat MS reports findings related to MRI lesions 
separately and not as a combined finding like the CUAL in the applicant' s statistical 
analysis. 

Table 5: Stud~C-058B301: New and Enlarging T2 Lesions in CUAL Endpoint 
- - -

Ponesimod Teriflunomide 
20mg 14mg 
N=567 N=566 

Number of Patients in Analysis 539 536 

Mean number of new or enlarging 1.397 3.156 
T2 lesions l'er year 
95% Confidence Interval (1.209 I 1.615) (2.750 I 3.622) 
Treatment effect (rate ratio) 0.443 

- L J 
95% Confidence Interval (0.362 I 0.541) 
p-value <0.0001 

Source: Table 9, Biometrics Review 

Table 6: Study AC-058B301: New Gadolinium-enhancing Tl Lesions in CUAL 
E d . tn Lpom 

Ponesimod Teriflunomide 
20mg 14mg 
N=567 N=566 

Number of Patients in Analysis 540 538 
Mean number of new or enlarging 0.178 0.429 
T2 lesions per year 

95% Confidence Interval (0.141 , 0.224) (0.351 , 0.525) 
Treatment effect (rate ratio) 0.415 

95% Confidence Interval (0.307 I 0.561) 
<0.0001 ~lue -

Source: Table 9, Biometrics Review 

This component analysis showed separate robustly significant effects (both nominal 
p<0.0001) on Tl gadolinium-enhancing and new/enlarging T2 lesions. These findings 
are consistent with MRI findings associated with other approved SlP modulators, 
which have demonstrated efficacy in reducing the appearance of new MRI evident 
lesions. These separate findings will be described in the labeling of ponesimod. 

12-week and 24-week Confirmed Disability A ccumulation 
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The primary analysis of 12-week confirmed disability accumulation (CDA) did not 
achieve statistical significance. Ponesimod reduced the relative risk of 12-week CDA 
by 17% relative to teriflunomide (p=0.294). Consequently, 24-week CDA was not 
formally tested by the applicant. Results of the sensitivity and supplementary 
analyses were consistent with the primary analysis and did not reveal a significant 
treatment effect. The biometrics review conducted an exploratory analysis of 24-week 
CDA and noted the relative reduction of the risk of 24-week CDA was 16% compared 
to teriflunomide (nominal p=0.372). 

Study AC-058B201 
Study AC-058B201 was a Phase 2b, prospective, multicenter, multinational, 
randomized, double-blind, placebo-controlled, 4-arm, parallel-group, dose-finding 
study, that was intended to demonstrate the efficacy of at least 1 of 3 ponesimod daily 
doses (10, 20, and 40 mg), as compared to placebo, in patients with relapsing forms of 
MS. 

The enrollment criteria were designed to enroll patients with relapsing forms of MS 
and were identical to the subsequent Phase 3 trial, Study AC-058B301. Patients with 
progressive forms of MS were ineligible to enroll in this trial. 

Study AC-058B201 randomized patients 1:1:1:1 into three treatment arms as follows: 
ponesimod 10 mg, ponesimod 20 mg, ponesimod 40 mg, or placebo. The trial 
duration was 24 weeks, and patients who completed the trial were eligible to enroll in 
a long-term extension trial. 

The primary efficacy endpoint of Study AC-058B201 was the cumulative number of 
new T1 gadolinium-enhancing lesions per patient comparing MRI evaluations at 
Week 12 to Week 24. The secondary objectives of this study were to evaluate the 
effects of ponesimod on the ARR within 24 weeks of study drug initiation, and to 
evaluate the safety of ponesimod using several safety endpoints. 

There were 464 patients randomized into Study AC-058B201 as follows: 119 were 
treated with ponesimod 40 mg, 116 were treated with ponesimod 20 mg, 108 were 
treated with ponesimod 10 mg, and 121 received placebo treatment. Patients enrolled 
at 115 sites worldwide. Approximately 20% of the enrolled patients were from the 
United States. 

The intent-to-treat population for the primary efficacy analysis was defined as all 
randomized patients who were randomized to treatment. The overall rate of 
completion of treatment in randomized assignment was 85%. The most common 
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reasons for discontinuation in all of the ponesimod treatment arms were adverse 
events (See Section 8 of this review for discussion of discontinuations due to adverse 
events in this trial). 

Demographic and baseline disease-related characteristics of the randomized patients 
were well-matched between the three treatment arms. As is typical for clinical trials in 
patients with relapsing forms of MS, the majority of the patients were women (67.5%), 

under 40 years old (66.8%), and virtually all were White (96.4%). 

The primary endpoint and secondary endpoints were evaluated using a negative 
binomial regression model. The applicant's findings in this study were confirmed by 
the biometrics reviewer. 

The following table summarizes the key findings with the primary endpoint, the 

cun1ulative number of Tl gadolinium-enhancing lesions from week 12 to week 24. 

Table 7: Study AC-058B201: Cumulative Number of New Tl Gadolinium-enhancing 
lesions (MRI) from Week 12 to Week 24 

Ponesimod Ponesimod Ponesimod Placebo 
40mg 20mg l Omg 

N=119 N=114 N=l08 N=l21 

Number of New Gadolinium 12 20 15 28 
Enhancing Tl Lesions 

Mean Number of New Lesions 1.4 1.1 3.5 6.2 

Treatment effect (rate ratio) 0.226 0.170 0.566 

95% Confidence Interval (0.133, (0.100, (0.337, 
0.384) 0.289) 0.952) 

l'-value <0.0001 <0.0001 0.0318 

Source: Table 11, Study Report, Study AC-058B201 

As indicated in Table 7, the 20 mg dose of ponesimod had a statistically significant 

treatment effect (p<0.0001) on the appearance of new Tl gadoliniun1 enhancing 
lesions over 12 weeks of observation. There is also suggestion that there is a dose 

dependency to the treatment effect of ponesimod on such lesions because the 10 mg 
dose treatment effect was not as impressive as the results for the 20 mg and 40 mg 
doses. 
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The key secondary outcome measure of Study 058B201 was an analysis of the ARR 
following 24 weeks of ponesimod treatmen t. The following table summarizes the 
ARR findings. 

Table 8: Study AC-058B201: Annualized Relapse Rates (ARR) Using Confirmed 
Re1apses up to Week24 

Ponesimod Ponesimod Ponesimod Placebo 
40mg 20mg IO mg 
N=119 N=114 N=108 N=121 

Number of Relapses 12 20 15 28 

ARR 0.252 0.417 0.332 0.525 
95% Confidence Interval (0.141, (0.266, (0.198, (0.358, 

0.446) 0.653) - 0.557) 0.770)
-
Treatmen t effect (rate 0.478 0.793 0.632 
ratio) -
95% Confidence Interval (0.240, (0.440, (0.332, 

0.954) 1.432) 1.202) 
p-value 0.0363 0.4420 0.1619 

Source: Table 13, Study Report, Study AC-058B201 

While only the 40 mg dose of ponesimod reached nominal statistical significance on 
ARR, this Phase 2b trial was not adequately powered to provide a definitive 
assessment of ARR, which typically requires more than a 24 week observation period. 
However, the findings do show a trend in reducing ARR for the 10 mg and 20 mg 
doses relative to placebo, and the 40 mg ponesimod dose demonstrated a nominally 
statistically significant (nominal p=0.036) effect in reducing ARR relative to placebo. 
The time to first relapse also showed a similar trend effect as the ARR with only the 
40 mg ponesimod dose yielding a nominally significant outcome and sensitivity 
analyses on ARR showed similar findings to the primary analysis. The applicant' s 
decision to not investigate the 40 mg dose of ponesimod in subsequent trials was 
based upon an increased rate of adverse events at this dose, particularly cardiac
related events known to be a dose-limiting factor with SIP modulators. 

The findings from Study AC-058B201 were consistent with a dose-dependent effect of 
ponesimod on reduction of new gadolinium-enhancing MRI lesions in the brain and a 
trend effect on reduction of ARR. This Phase 2b study was not designed to 
demonstrate an effect on relapse outcomes. The findings in this trial are informative 
and supportive of the strong treatment effect of ponesimod that was demonstrated in 
Study AC-058B301. These findings were made in the only other trial of ponesimod to 
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enroll patients with relapsing forms of MS and are included in this review for 
completeness, but it should be noted that the findings in Study AC-058B301, the 
pivotal Phase 3 trial, are sufficiently robust to be considered as the sole basis for 
evidence of substantial evidence of efficacy without these supportive findings. 

Efficacy Conclusions 
Approval of ponesimod for relapsing forms of MS will be based on the results from a 
single adequate and well-controlled trial, Study AC-058B301. As explained in the 
Agency’s 2019 Guidance for Industry “Demonstrating Substantial Evidence of 
Effectiveness for Human Drug and Biological Products,” there are situations in which 
it can be acceptable to rely on a single trial’s findings for evidence of effectiveness. In 
general, reliance on a single trial is adequate to support a claim of effectiveness is 
limited to situations in which a trial has “demonstrated a clinically meaningful effect 
on mortality, irreversible morbidity, or prevention of a disease with potentially 
serious outcome…” which appears to align with the situation in this application. 
Given the robust finding in Study AC-058B301 that patients with MS who were 
treated with ponesimod 20 mg experienced a significant and meaningful decrease in 
MS-associated relapses, which can be permanently disabling or rarely fatal, the 
principles described in the Agency’s Guidance are applicable here. 

Furthermore, Study AC-058B301 has many of the characteristics of a single adequate 
and well-controlled trial that make it adequate to support an effectiveness claim: 

•	 Study AC-058B301 was a large multicenter, multinational study that enrolled 
1133 patients, which is a trial population larger than some previous databases 
that served as bases for approval of effective treatments for MS. For example, 
the approval of Avonex (interferon beta-1a) for the treatment of relapsing 
forms of MS relied on findings from two studies, which enrolled 684 patients 
in total. 

•	 The results of Study AC-058B301 were consistent across important 
demographic and disease-specific subgroups. Treatment effects for the subset 
of patients enrolled in the United States were consistent with those of the study 
as a whole. A number of sensitivity analyses confirmed by the biometrics 
reviewer support the robustness of the primary outcome findings. 

•	 The study included multiple endpoints involving different facets of the 
disease. As highlighted in the Guidance, the approval of interferon beta-1b 
(Betaseron) for the treatment of relapsing forms of MS was based on a single 
multicenter study, at least partly because there were both a decreased rate of 
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relapses and a decrease in MRI-related disease activity – two entirely different, 
but logically disease-related, endpoints. 

•	 The primary outcome analysis of Study AC-058B301, the relative reduction in 
ARR, yielded a persuasive p-value of 0.0003. 

The disability assessment outcome findings from Study AC-058B301 do not support a

 results from Study AC

(b) (4)

058B301 to serve as a single adequate and well-controlled trial that establishes the 
effectiveness of ponesimod for the treatment of relapsing forms of MS. 
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8. Safety 

Dr. David E. Jones reviewed this application as the p rimary safety reviewer. 

The following table summarizes the extent of exposure to ponesimod in the 

applicant's development program: 

Tabl 9 P onesimodS ft P 1 f Du rafion of Exposu ree : a ety opu a ion: 

Ponesimod PonesimodI 
Exposure 10-40 mg 10-40 mg 

All Indications MS Indication 

N=2205 N=1438 

;::: 1 dose 
 2205 (100%) 1438 (100%) 

> 6 months 
 1259 (57.1%) 1161 (80.7%) 

> 12 months 1027 (46.6%) 1027 (71.4%) 
~ -

> 24months 785 (35.6%) 785 (54.6%) 


> 36 months 
 526 (23.9%) 526 (36.6%) 

> 48 months 273 (12.4%) 273 (19.0%) 

> 60 months 
 253 (11.5%) 253 (17.6%) 


> 72 months 1-J41 (10.9%) 
 241 (16.8%L 
> 84 months 232 (10.5%) 232 (16.1%) 


> 96 months 
 206 (9.3%) 206 (14.3%) 
>108 months 41 (1.9%) 41 (2.9%) 

Source: Adapted from Table 35, Clinical Safety Review 

The safety database provided by the applicant is adequate because it contains more 
than one thousand patients exposed to any dose of ponesimod for more than 12 
months. These data exceed the International Council on Harmonization 

recommendations for chronically-administered medications (i.e., 100 patients exposed 

for one year) by an order of magnitude with respect to patient numbers, and several 
hundred patients have been followed over 8 years of observation, which provides 
confidence that the observed safety database provides adequate san1pling to identify 

adverse events associated with long-term use of ponesimod. Most of the patients in 
the database were treated with 20 mg in the MS development progran1 and are White 
women less than 45 years old, which is to be expected for a study of relapsing fom1s 

of MS because of this autoimmune disease's typical and well-described 
demographics. 
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The subsequent discussion of the safety database will focus on safety findings in two 
clinical trials that enrolled patients with the proposed indication, relapsing forms of 
MS, which are the Phase 3 trial, Study AC-058B301, and the Phase 2b trial, Study AC
058B201, except as noted otherwise. 

Deaths 
A total of three deaths (0.1%, 3/2205 exposed to at least one dose) occurred in the 
clinical development program for ponesimod. One of these deaths occurred in a 
patient with relapsing forms of MS who was on treatment with ponesimod. This 
patient, a 52-year-old man who had a pre-existing history of elevated cholesterol, 
hypertension, and an axillary thrombosis, began smoking tobacco during his 
participation in Study AC-058B201; on study day 1987, he experienced acute onset of 
chest pains and died. An autopsy was not performed. The clinical reviewer agreed 
with the applicant’s adjudication board that the sudden death of this patient was 
cardiovascular in origin and appeared entirely consistent with myocardial infarction 
in a patient with several significant risk factors for a fatal cardiovascular event and 
was unlikely to be related to ponesimod. A 41-year-old woman with cirrhosis, 
esophageal varices, stomach perforation, abdominal abscess, and diabetes mellitus 
who was taking ponesimod 10 mg in Study AC-058-112 (the hepatic impairment 
study) died on study day 5 with cause of death being staphylococcus aureus sepsis. 
The patient was noted at time of death to also have worsening hepatic failure, hepatic 
encephalopathy, severe anemia, and hyperbilirubinemia. Dr. Jones concluded that the 
patient’s infection was confounded by end-stage liver disease, and that while 
ponesimod can cause liver injury and increased risk of infection, a role for ponesimod 
in her death was unclear given her pre-existing significant medical problems and that 
her exposure to ponesimod consisted of at most five doses. Finally, a 33-year-old man 
in Study AC-058A201 (a placebo-controlled trial of ponesimod in the treatment of 
plaque psoriasis) who had discontinued ponesimod on study day 31 was found dead 
in his bath fifty-five days after discontinuing study treatment (on study day 86) due to 
“acute cardiac and pulmonary insufficiency.” Dr. Jones concluded it was difficult to 
associate this patient’s death with ponesimod given the length of time since his last 
dose and the lack of details about his cause of death. There were no deaths reported 
in the 120-day safety update. There is no clear pattern to the three deaths reported in 
the ponesimod development program that suggests a new or concerned safety signal 
not already identified with S1P modulators or ponesimod, specifically. 

Serious Adverse Events 
In the safety data pool from Study AC-058B301, 49 patients (8.7%) in the ponesimod 
treatment arm reported at least one serious adverse event (SAE), as compared to 46 
patients (8.1%) of patients in the teriflunomide treatment arm. In the long-term pool 
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safety database, 9.1% of patients exposed to ponesimod reported experiencing a SAE. 
The most common reported SAEs in association with ponesimod treatment in Study 
AC-058B301 were abdominal pain (n=3), appendicitis (n=3), lumbar radiculopathy 
(n=3), and induced abortion (n=2); all other SAEs reported in this trial were single 
events.  

In Study AC-058B201, a placebo-controlled trial conducted in patients with relapsing 
forms of MS, all doses of ponesimod (10, 20, and 40 mg) were associated with 
increased reporting of SAEs (11.1%, 5.3%, and 13.4% respectively) relative to placebo 
(3.3%). The most commonly reported SAEs in this trial were macular edema (n=2) and 
2nd degree AV block (n=2). All other SAEs in this trial were reported as single 
occurrences. 

There is no evidence from clinical trials in patients with MS of a serious safety signal 
not otherwise established for this class of therapy. Infections (i.e., appendicitis), 
macular edema, and 2nd degree AV block are labeled as warnings for other S1P 
modulator treatments, and these warnings will be included in the ponesimod label, 
too. The other reported SAEs are not sufficiently remarkable as solitary events or 
were not plausibly linked to ponesimod exposure to merit labeling consideration. The 
abdominal pain reports were associated with appendicitis, and thus do not represent 
a separate, unique safety issue. Lumbar radiculopathy is a common medical 
complaint in the general population and in patients with MS; lumbar radiculopathy 
was also reported in a patient treated with teriflunomide in the same trial. The 
induced abortions are not adverse outcomes directly attributable to treatment-related 
toxicity, but represent medical decisions made by patients in response to pregnancy 
exposures and possible fetal toxicity. The potential for fetal toxicity will be described 
in the appropriate sections in ponesimod’s labeling, with recommendations for use 
effective contraception to prevent pregnancy exposure as is recommended in labeling 
for the other three S1P modulators. The nonclinical gestational toxicity studies do not 
provide findings that increase the concern for in utero ponesimod exposure to a 
greater extent than with other approved S1P modulators. The reported pregnancies in 
the ponesimod program did not include any reports of congenital malformations. The 
available data do not justify (b) (4)

Interruptions and Discontinuations 
During the controlled portion of Study AC-058B301, 2.8% of patients had a treatment 
interruption in the ponesimod treatment group, as compared to 1.6% of 
teriflunomide-treated patients. The most common adverse events leading to 
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treatmen t interruption in ponesimod-treated patients were dyspnea (n=3, or 0.5%) 
and decreased lymphocytes (n=2, or 0.3%). 

In Study AC-058B201, the treatment interruption rates were 7.3%, 1.0%, and 6.9%, for 
the 10 mg, 20 mg, and 40 mg doses of ponesimod, respectively, as compared to a 2.8% 
rate for placebo. The most comn1on events leading to interruptions were adverse 
events (e.g., bradycardia, increased liver transaminases) and missed doses of 
medication. Tw o differences in this trial explain the greater rates of treatmen t 
interruption in this study for the 10 mg (7.3%) and 40 mg (6.9%) doses than the 20 mg 
dose (2.8%) in Study AC-058B301. First, the up-titration procedure was more rapid 
than the scheme in Study AC-058B301. Second, the interruption/discontinuation rules 
were more stringent in Study AC-058B201. 

In Study AC-058B301, there were 49 patients (8.7%) who were being treated with 
ponesimod and at least one adverse event that led to discontinuation, as compared to 
34 patients (6.0%) who discontinued teriflunomide due to an adverse event. The most 
comn1on adverse events that occurred in more than a single patien t leading to 
treatmen t discontinuations in this trial are listed in Table 10. 

Table 10: All Treatment-Emergent Adverse Events Leading to Study Treatment 
D. f f Repor e Greater Th 1 E vent m S d AC-058B3011scon mua 10n t d as an . tu .y 

I Pon esimod Teriflunomide 
Adverse Event 20mg 14 mg 

N=565 N=566 
Dyspnea 7 (1.2%) 0 

ALT increased 5 (0.9%) 6 (1.0%)_ 
Macular edem a 5 (0.9%) 0 
AST increased 3 (0.5%) 5 (0.9%) 

Pregn ancy 3 (0.5%) 3 (0.5%) 

H epatic enzym e increased 3 (0.5%) 2 (0.4%) 

Pregn ancy of J'arln er 2 (0.4%) 1 (0.2%) 

Hyrertension 2 (0.4%) 0 - · 
Lym phocyte count decreased 2 (0.4%) 0 

Nausea 2 (0.4%) 0 
Source: Adapted from Table 40, Clinical Safety Review 

Dyspnea, increased liver transan1inases, macular edema, hypertension, and 
lymphopenia are established risks of approved SlP modulators, are labeled as 
warnings on approved labeling for other SlP modulators, and will be included as 
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warnings in ponesimod's labeling as well. Dr. Jones noted that the nausea reported by 
patients who discontinued was associated with transaminase elevations and as such 
was a redundant symptom associated with a known adverse event risk. Pregnancy is 
an appropriate reason for discontinuing treatmen t for both study treatments. The 
other single events reported in the trial did not conform to a discernable pattern 
suggesting an unrecognized adverse event that may lead to discontinuation of 
ponesimod in broader use. 

In Study AC-058B201, adverse events leading to premature discontinuation of study 
treatmen t were reported at higher rates in the ponesimod 10 mg (11.1%), 20 mg 
(5.3%), and 40 mg (13.4%) treatment groups as compared to the placebo treatment 
group (3.3%). As previously noted, the discontinuation rules for this trial were more 
restrictive than the Phase 3 trial; hence, there are higher rates of discontinuation for 
some doses of ponesimod. The most common adverse events leading to 
discontinuation of ponesimod in the 20 mg dose arm in this trial were increased liver 
transaminases, 2nd degree AV block, bradycardia, and macular edema, which are all 
labeled risks for other SlP modulators, and w ill be so for ponesimod. 

Treatment-Emergent Adverse Events 
The following table summarizes the most common treatment-emergent adverse 
events (TEAEs) that occurred in patients enrolled in Study AC-058B301: 

Table 11: Treatmen t-Emergent Adverse Events Reported in At Least 5% of Patients 
T t d Wl d.111 Stud AC-058B301rea e .th Pones1mo lY 

Ponesimod TeriflunomideI 
Adverse Event 20 mg 14 m g 

n=565 n =566 
ALT increased 110 (19.5%) 53 (9.4%) 

Nasol'h a!}"ngi tis 109 (19.3%) 95 (16.8%) 

Upper respiratory tract infection 60 (10.6%) 59 (10.4%) 

J:!yJ'erlension 45 (8.0%) 44(7.8%)_ 
AST increased 36 (6.4%) 20 (3.5%) 
Urin~ tract infection 32 (5.7%) 29 (5.1%) 

Dysl'nea 30 (5.3%) 7 (1.2%) 

Dizziness 28 (5.0%) 15 (2.7%) 

Source: Adapted from Table 48, Clinical Safety Review 

The most common TEAEs reported Study AC-058B301 confirm the presence of many 
TEAEs known to be associated with all other approved SlP modulators (increased 
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liver transarninases, infections, hypertension, and dyspnea) at approximately similar 
frequencies as reported in other development progran1s for Sl P modulators. 
Dizziness is a commonly reported adverse event in trials of MS and has also been 
noted in association with other SlP modulators at a higher frequency than active and 
placebo controls. 

The most common TEAEs that occurred in Study AC-058B201 are summarized in the 
following table: 

Table 12: Treatment-Emergent Adverse Events Reported in At Least 5% of Patients in 
AnY P d T reatment D . Stu ly AC 058B201L onesm10 ose m d 

I 
Ponesimod Ponesimod Ponesimod Placebo 

lOmg 20mg 40mg 
Adverse Event (n=108) (n=114) (n=119) (n=121) 

Headache 24 (22.2%) 21 (18.4%) 21 (17.6%) 20 (16.5%) 

Naso_eharyngitis 22 (20.4%) --1.li (12.3%) --1.li (11.8%) ~ (19.0%) 
Dyspnea 5 (4.6%) 10 (8.8%) 20 (16.8%) 5 (4.1 %) 
Fatigue 8 (7.4%) 9 (7.9%) 9 (7.6%) 7 (5.8%.L 
Dizziness 8 (7.4%) 7(6.1%) 14 (11.8%) 3 (2.5%) 
ALT increased 7 (6.5%) 7(6.1%) 7 (5.9%) 1 (0.8%) 

Back pain 2 (1.9%) 6 (5.3%) 7 (5.9%) 6 (5.0%) 

Sinusitis 5 (4.6%) 5 (4.4%) 6 (5.0%) 5 (4.1 %) 

Bronchitis 4 (3.7%) 5 (4.4%) 6 (5.0%) 3 (2.5%) 

Gastroenteritis 6 (5.6%) 4 (4.4%) 2 (1.7%) 4 (3.3%) 
Peripheral edema 2 (1.9%) 3 (2.6%) 14 (11.8%) 2 (1.9%) 

Migraine 1 (0.9%) 3 (2.6%) 6 (5.0%) 0 
Cough 1 (0.9%) 3 (2.6%) 8 (6.7%) 3 (2.5%) 

Source: Adapted from Table 51, Clinical Safety Review 

The TEAEs reported in this Phase 2 trial comprise a nearly identical list of TEAEs 
occurring at similar frequencies as reported in the Phase 3 trial. The additional TEAEs 
appearing on this listing (cough, bronchitis) represent symptoms of broader labeled 
concerns for increased risks of respiratory effects and infections and do not change 
the assessment of ponesimod as remarkably sim ilar w ith respect to overall safety in 
comparison to other approved SlP modulators. 

Adverse Events of Special Interest and Special Safety Concerns 
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Given more than a decade of postmarketing experience with the first approved S1P 
modulator, and the large safety databases from many controlled trials supporting 
three approved S1P modulators in patients with relapsing forms of MS, there are 
several known, established TEAEs for S1P modulators with serious, rarely fatal, 
outcomes that merit particular scrutiny and are discussed as follows: 

Infections and Lymphopenia 
Ponesimod causes a marked reduction in serum total white blood cell count after the 
initial dose. Ponesimod 20 mg daily treatment is associated with a mean reduction in 
serum lymphocytes of approximately 59%, and lymphopenia is reported in 
approximately 9% of patients in the longest term safety pool available. This mean 
reduction in lymphocytes is larger than that reported with fingolimod (~35%), 
siponimod (~30%) or ozanimod (~45%), and may be the result of ponesimod binding 
only at S1P1, the receptor which mediates lymphocyte egress from lymph tissues, 
whereas the other approved S1P modulators bind to other receptors which may dilute 
the S1P1-related effect. Despite this greater mean change reduction in circulating 
lymphocytes, the rate of lymphopenia reported with ponesimod (9%) is similar to the 
rates of ~10% reported for other S1P modulators. 

The S1P modulators’ ability to reduce serum white count is strongly presumed to be 
the reason for an increased risk of infections in patients taking these therapies. 
Therefore, increased risk of infections was a primary concern with review of the 
ponesimod trial data. In Study AC-058B301, the combined frequency of all infections 
in the ponesimod treatment arm population was 54.2%, which was 2.1% higher than 
the rate of all infections with active comparator teriflunomide, an immune 
suppressant approved to treat relapsing forms of MS, which itself can cause 
lymphopenia and has a labeled warning for increased infection risk. Infections rated 
as “serious” or “severe” were reported at a higher rate in patients treated with 
ponesimod (1.6%) as compared to patients treated with teriflunomide (0.9%). Dr. 
Jones reviewed infections separately, and noted that infection types were largely 
balanced between the ponesimod and teriflunomide treatment arms, which is not 
surprising given that these two therapies suppress immune function albeit via 
presumably very different mechanisms. 

Of particular note, despite being reported at higher rates in association with other S1P 
modulators, herpetic infections as a group were noted at the same frequency (4.8%) in 
both the ponesimod and teriflunomide treatment arms. There is evidence of a 
selective and more serious risk of herpetic infections associated with ponesimod 
treatment. The rate of varicella zoster (a serious and potentially fatal herpetic 
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manifestation) was not equivalent between the two treatments (1.6% in ponesimod 
treatment vs. 0.5% in teriflunomide), and the only herpes-related SAE occurred in a 
ponesimod-treated patient. 

Because ponesimod is associated with serum lymphocyte reduction and increased 
risk of infections, including serious/severe infection, labeling will recommend 
obtaining a complete blood count at baseline and periodic monitoring of the complete 
blood count for lymphopenia. The increased risk of infections will be described in the 
Warnings and Precautions section of the prescribing information. There will be 
specific labeling language noting an increased risk for herpetic infection, including 
herpetic recrudescence as varicella zoster, because of evidence suggesting that 
ponesimod is associated with more serious herpetic infections and because herpetic 
infections are considered a risk shared across treatment with all S1P modulators. The 
team likewise recommends varicella immunization prior to initiation of ponesimod in 
the absence of verification of adequate varicella immunity because of a presumed 
vulnerability to varicella infection as evidenced by higher rates of primary infection in 
other SD1P development programs and higher rates of varicella zoster observed in 
the ponesimod program. 

Liver Injury 
Ponesimod is metabolized extensively by several enzyme systems within the liver. 
Ponesimod use is associated with increased serum levels of liver transaminases, a 
safety finding in common with all other approved S1P modulators. In Study AC
058B301, adverse events related to increased liver transaminases were among the 
most common TEAEs in the trial (22.7% for ponesimod vs. 12.2% for teriflunomide 
treatment), serious adverse events (less than 1%) and adverse events leading to 
treatment discontinuation (2.3% vs. 1.9% for ponesimod and teriflunomide, 
respectively). Teriflunomide, the active comparator in Study AC-058B301, has a boxed 
warning for hepatotoxicity, and so it is notable that ponesimod appears to have a 
similar hepatotoxicity signal in this trial. However, there were no cases in the 
ponesimod development program meeting Hy’s law criteria, and the only reported 
case with potential liver failure associated with ponesimod treatment occurred in the 
setting of fatal sepsis in a patient with pre-existing significant liver disease 
participating in the hepatic impairment trial. The safety review concludes that the risk 
of liver injury should be described in the Warnings and Precautions section of 
labeling, and that a baseline evaluation of liver transaminases should be obtained in 
all patients before initiation of ponesimod. The clinical pharmacology review 
concludes that ponesimod should not be used in patients with moderate and severe 
liver failure. Additionally, according to the clinical pharmacology review, the 
applicant could not provide adequate findings that ponesimod metabolism would not 
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be increased as a victim of a drug-drug interaction with strong PXR agonists. Thus, a 
PMC will be requested to investigate whether strong PXR agonists may reduce serum 
ponesimod concentrations to an extent that might impact efficacy (see Postmarketing 
Recommendations). 

Bradyarrhythmia and Atrioventricular Conduction Delays 
S1P receptors are expressed abundantly in cardiac tissue. Initiation of S1P modulators 
can cause bradycardia, bradyarrhythmia, and cardiac conduction block. These 
adverse events are potentially life-threatening, and fingolimod, the first approved 
non-selective S1P modulator, must be initiated with first-dose monitoring in a 
medical setting, including pre-and post-dose electrocardiograms. During the 
development of ponesimod, when it became evident that the expected treatment 
doses of ponesimod caused significant bradycardia when it was administered, the 
applicant instituted two titration regimens to the maintenance dose, one regimen 
initiated with half the treatment dose (10 mg), and the other regimen utilized a more 
gradual increase over 14-days. These titrations were designed to mitigate the negative 
chronotropic effects and atrioventricular conduction block that were consequences of 
S1P1 binding. The applicant proposes a 14-day gradual up titration for use in the 
marketed product. On review, the 14-day titration was successful at reducing the risk 
of serious cardiac arrhythmias and bradyarrhythmia in patients with no prior history 
of significant cardiac disease or who did not have existing 2nd degree atrioventricular 
block. The maximum bradycardic effect associated with ponesimod treatment occurs 
on the first day of administration, two hours post dose, with the average heart rate 
reduction of 8.7 beats per minute. With the 14-day titration, on the first day of 
treatment, 0.7% of patients experienced an adverse event of bradycardia (or related 
adverse event), and 0.5% experienced first degree AV block. Events that occurred on 
the first day of treatment in the 14-day titration were asymptomatic (i.e., only noted 
on electrocardiograms), transient, or did not require medical treatment. No patients 
experienced a SAE on the first day of treatment and no patients discontinued 
treatment because of a first dose-related adverse event. First dose monitoring in a 
medical setting was implemented for other S1P therapies in which the risk of serious 
adverse events or symptomatic events requiring treatment occurred with first dose 
administration. The use of titration regimens such as with ponesimod has been 
successful with other S1P modulators in allowing for safe initiation without a need for 
first dose monitoring. There does not appear to be a justified need for first dose 
monitoring for most patients who are eligible to take ponesimod. There is a necessary 
caveat that patients in Study AC-058B301 who safely used ponesimod were screened 
for significant pre-existing heart disease and had baseline electrocardiograms to 
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determine whether significant bradycardia or AV block was present pre-treatment. 
Labeling will stipulate a need for baseline electrocardiogram assessment and will 
explain the cardiac conditions that are not recommended or require consultation with 
an expert before administration of ponesimod. A Warning and Precaution in labeling 
explaining the potential for new onset bradyarrhythmia and AV block (which were 
still observed even with a 14-day titration) is still warranted. 

Macular Edema 
Macular edema is an anticipated outcome in association with S1P receptor 
modulation and was reported as an adverse event in approximately 1.1% of patients 
exposed to ponesimod, whereas no cases were reported in the comparator treatment 
arms of the Phase 2b or 3 trials. Because of the confirmation of this risk of a serious 
adverse event being associated with ponesimod treatment, a Warning and Precaution 
to advise patients of a need for emergent evaluation of any visual symptom while 
taking ponesimod is justified. 

Increased Blood Pressure 
Ponesimod was associated with a mean increase of approximately 2.9 mmHg systolic 
and 2.8 mmHg diastolic blood pressure at Week 108 of treatment, relative to baseline 
blood pressure readings. These mean blood pressure increases are similar to those 
noted in clinical trials with other S1P receptor modulators that have Warnings and 
Precautions statements for “Increased Blood Pressure” and so a similar comment is 
warranted here. In the controlled trials in this application, hypertension and related 
treatment-emergent adverse events were reported in approximately 8.0% of patients 
treated with ponesimod, versus approximately 7.8% of patients treated with 
teriflunomide (which itself has a warning regarding increased blood pressure.) The 
safety review concludes that hypertension should be described in the Warning and 
Precautions section of labeling, with a recommendation to monitor blood pressure in 
patients administered ponesimod as it is with other S1P modulators that exhibit 
similar effects on blood pressure.  

Respiratory Effects 
Prior experience with S1P receptor modulator therapies demonstrates that patients 
exposed to ponesimod might experience symptoms consistent with restrictive airway 
disease and persistent changes in forced-expiratory volume over one second (FEV1) 
and diffusion lung capacity for carbon monoxide (DLCO). As with other S1P 
modulators, dyspnea and symptoms consistent with a restrictive airway disease were 
noted at higher rates in association with ponesimod treatment. The effects on FEV1 
and DLCO observed in patients treated with ponesimod were approximate in 
magnitude and frequency to those observed with other S1P modulators. A Warning 
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and Precaution regarding the pulmonary effects of ponesimod therefore is justified on 
the same grounds, as was the case for all other approved S1P therapies. There are 
ongoing evaluations of pulmonary effects of fingolimod and siponimod to provide 
further clarity regarding how durable the respiratory effects of S1P modulators are, 
and these studies’ findings may inform labeling in the future. 

Cutaneous Malignancies 
The labeling for two approved S1P modulators, fingolimod and siponimod, have 
labeled Warnings and Precautions regarding risk of skin malignancies. The 
association of S1P modulators and increased risk of skin malignancies was identified 
in the postmarketing of these two S1P modulators, and this risk is reflected in current 
labeling. Thus, this signal was only evident with longitudinal chronic use, but 
appears to be a class risk. The clinical review noted that cutaneous malignancy rates 
were roughly equivalent between the ponesimod and teriflunomide treatment 
groups, but this finding is confounded because many of the identified skin lesions 
were pre-existing and noted because of screening mandated by the signal in other S1P 
modulators and because the malignancy signal identified with other S1P modulators 
required longer durations of therapy than clinical trials could provide to be 
appreciated. Because of this adverse event emerging for the therapies with the longest 
durations in use, there is reason to believe that, in time, the signal will emerge for all 
S1P therapies including ponesimod, hence the justification for a warning in the 
approved labeling. The loss of immune surveillance because of lymphocyte 
sequestration may be the broad mechanism behind this increased risk, and there is a 
concern that this malignancy risk may not be limited to just cutaneous malignancies, 
which has prompted enhanced pharmacovigilance for all malignancies in prior S1P 
approvals. 

Safety Conclusions 

Ponesimod is associated with adverse reactions, some serious, but the risks of most 
treatment-emergent events can be reduced through minimally invasive screening and 
can generally be mitigated by discontinuation of therapy. The identified risks are 
largely consistent with what is known regarding the safety profile of other S1P 
modulators, although first-dose monitoring for bradycardia will not be needed for 
ponesimod, as discussed previously in this review. With established efficacy for the 
treatment of relapsing forms of multiple sclerosis, the safety profile of ponesimod 
supports approval. The Warnings and Precautions section of the prescribing 
information will provide detailed descriptions and monitoring recommendations 
related to the risk of infections, cardiac effects, risk of macular edema, risk of hepatic 
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injury, reduced expiratory volume, cutaneous malignancies, and elevated blood 
pressure. There will be requested pharmacovigilance with expedited reporting for 
events of particular interest identified in the ponesimod development program that 
are shared with other S1P modulators including serious or fatal infections, 
thromboembolic events, and malignancies. On review, there were cases of euphoria 
related to bradycardia in a Phase 1 trial of ponesimod. Based on these concerns, 
requested pharmacovigilance will also include cases of euphoria and adverse events 
suggestive of abuse potential for ponesimod. 

9. Advisory Committee Meeting 
This application was not referred to an Advisory Committee for review because this 
drug is not the first in its class, the safety profile is similar to that of the three other 
drugs in this class approved for this indication, the clinical trial designs were 
acceptable, the efficacy findings were clear, and the safety profile was acceptable in 
light of the serious nature of the disease being treated. Labeling will make prescribers 
fully aware of the risks associated with ponesimod treatment, allowing them to 
inform patients and decide whether to use the drug. 

10. Pediatrics 
No clinical pediatric data are provided. An initial Pediatric Study Plan to study 
ponesimod in patients ages 10-17 years with relapsing forms of multiple sclerosis that 
was proposed by the applicant, as required by the Pediatric Research Equity Act 
(PREA), was deemed acceptable. The PMR for a pediatric study is described in 
Section 9.  

11. Other Relevant Regulatory Issues 
Office of Scientific Investigations review 

The Office of Scientific Investigations (OSI) reviewer for this application was Dr. Cara 
Alfaro and the OSI team leader was Dr. Phillip Kronstein. The OSI consult had 
identified two clinical investigators for potential good clinical practice (GCP) 
inspections, Drs. Evica Dincic (at Site 2601, located in Serbia) and Ivan Staikov (at Site 
2707, located in Bulgaria). However, due to the global COVID-19 pandemic, OSI 
currently is unable to conduct on-site inspections in foreign sites, and the need for 
these planned inspections was revisited by OSI and the clinical review team when it 
became clear that international travel would be impractical during the application 
review clock. Given the robust, consistent efficacy outcome findings across all sites in 
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Study AC-058B301, and given the fact that removal of the findings from these two 
inspection sites’ from the efficacy database would not markedly impact the overall 
significance of the primary outcome measure finding, the review team elected to 
proceed with an assessment of the application without inspections. While OSI 
concluded that they could not determine if Study AC-058B301 was conducted 
appropriately or if the data were reliable under GCP principles, the OSI conclusion 
was solely based on an inability to conduct inspections safely. The clinical and 
statistical review team did not identify significant concerns with the study conduct or 
with the reliability of the findings from Study AC-058B301. 

Controlled Substance Staff review 

The Controlled Substance Staff (CSS) reviewers for this application was Drs Shalini 
Bansil, and the CSS Director was Dr. Dominic Chiapperino. The CSS review team 
noted that there were reports of euphoric mood in the Phase 1 trials of ponesimod, 
which suggested a potential for ponesimod to be abused. The applicant’s summary 
and the CSS review of the euphoria findings cite a loose correlation with nadirs of 
bradycardia. The CSS review noted that ponesimod is similar to other S1P modulators 
that are not controlled substances, and that ponesimod will not be a controlled 
substance because of the a priori low suspected potential for abuse and dependency. 
However, the CSS review team did request enhanced pharmacovigilance for euphoria 
and similar reports to evaluate whether ponesimod is associated with any potential 
for abuse that may require further investigation. 

12. Labeling 
See the final negotiated product label. Labeling negotiations with the applicant have 
been completed and the applicant has accepted all recommended changes. 

13. Postmarketing Recommendations 
Risk Evaluation and Management Strategies (REMS) 

A REMS is not necessary for ponesimod. 

Postmarketing Requirements (PMRs) and Commitments (PMCs) 

The following are postmarketing requirements: 
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•	 Conduct a two-part study of Ponvory (ponesimod) in pediatric patients with 
relapsing forms of multiple sclerosis (RMS) at least 10 years and less than 18 
years of age. Part A is an open-label study of the safety,  tolerability, 
pharmacokinetics (PK), and pharmacodynamics (PD) of Ponvory (ponesimod) 
in pediatric patients. Part A will include two cohorts, one with body weights 
less than 40 kg, and the other with body weights 40 kg or more. The objective 
of Part A is to determine titration and maintenance doses of Ponvory 
(ponesimod) that will result in PK and PD effects that are comparable to those 
of the 14-day titration administered to adult patients. Part B is a randomized, 
blinded, non-inferiority trial with an appropriate active comparator. 

Final Protocol Submission: 03/2022 

Study Completion: 11/2027 

Final Report Submission: 08/2028 


•	 Prospective pregnancy exposure registry cohort analyses in the United States 
that compare the maternal, fetal, and infant outcomes of women with multiple 
sclerosis exposed to Ponvory (ponesimod) during pregnancy with two 
unexposed control populations: one consisting of women with multiple 
sclerosis who have not been exposed to Ponvory (ponesimod) before or during 
pregnancy and the other consisting of women without multiple sclerosis. The 
registry will identify and record pregnancy complications, major and minor 
congenital malformations, spontaneous abortions, stillbirths, elective 
terminations, preterm births, small-for-gestational-age births, and any other 
adverse outcomes, including postnatal growth and development. Outcomes 
will be assessed throughout pregnancy. Infant outcomes, including effects on 
postnatal growth and development, will be assessed through at least the first 
year of life. 

Draft Protocol Submission:	 03/2022 
Final Protocol Submission:	 12/2022 
Annual Interim Report Submissions:	 12/2023 


12/2024 

12/2025 

12/2026 

12/2027 

12/2028 

12/2029 

12/2030 

12/2031 
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12/2032 
Study Completion:	 12/2033 
Final Report Submission:	 12/2034 

•	 A pregnancy outcomes study using a different study design than provided for 
in PMR 4024-2 (for example, a retrospective cohort study using claims or 
electronic medical record data with outcome validation or a case-control study) 
to assess major congenital malformations, spontaneous abortions, stillbirths, 
preterm births, and small-for-gestational-age births in women exposed to 
Ponvory (ponesimod) during pregnancy compared to an unexposed control 
population. 

Draft Protocol Submission:	 03/2022 
Final Protocol Submission:	 12/2022 
Annual Interim Report Submissions:	 12/2023 

12/2024 
12/2025 
12/2026 
12/2027 
12/2028 
12/2029 
12/2030 
12/2031 
12/2032 

Study Completion: 12/2033 
Final Report Submission: 12/2034 

The following is a postmarketing commitment: 

•	 Conduct a drug-drug Interaction trial to evaluate the impact of strong PXR 
agonists on the pharmacokinetics of Ponvory (ponesimod). 

Draft Protocol Submission: 09/2021 
Final Protocol Submission: 03/2022 
Trial Completion: 03/2023 
Final Report Submission: 03/2024 
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14. Recommended Comments to the Applicant 
The approval letter will instruct the applicant to conduct requested 
pharmacovigilance for the safety concerns identified in the safety review, including 
expedited reporting of malignancies, thromboembolic events, serious or fatal 
infections, and events consistent with euphoric mood that may be indicative of abuse 
potential. 
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	2. Background 
	2. Background 
	This application contains data in support of the safety and effectiveness of ponesimod, a sphingosine-1-phosphate (S1P) receptor modulator selective for the S1P1 receptor subtype, administered daily as an oral tablet, proposed by the applicant for the treatment of relapsing forms of multiple sclerosis. Ponesimod is a new molecular entity (NME) that has not been approved for any indication. 
	Relapsing forms of MS, which include clinically isolated syndrome, relapsing-remitting disease, and secondary progressive multiple sclerosis with relapses (active secondary progressive disease), are related phenotypes of a chronic and potentially disabling central nervous system disease of apparent autoimmune etiology characterized by episodes of worsening focal neurological deficits and disseminated lesions of demyelination. Patients diagnosed with relapsing forms of MS are typically White women between 20
	There is no widely accepted biomarker to assess disease status in patients with relapsing forms of MS. The diagnosis of relapsing forms of MS relies on clinical criteria, and the ongoing evaluation of patients with multiple sclerosis is reliant on clinical investigation. To support an indication for the treatment of relapsing forms of multiple sclerosis, clinical trials should demonstrate that a therapy is associated with a significant, clinically meaningful decrease in the frequency of MS-associated relaps
	Gilenya (fingolimod), a nonselective modulator of S1P receptors, was the first S1P receptor modulator approved by the FDA in 2010. A second S1P modulator, selective for S1P receptor subtypes 1 and 5, Mayzent (siponimod), was approved in 2019. Zeposia (ozanimod), which is also selective for S1P receptor subtypes 1 and 5, was approved in 2020. All three S1P modulators are approved to treat relapsing forms of 
	Gilenya (fingolimod), a nonselective modulator of S1P receptors, was the first S1P receptor modulator approved by the FDA in 2010. A second S1P modulator, selective for S1P receptor subtypes 1 and 5, Mayzent (siponimod), was approved in 2019. Zeposia (ozanimod), which is also selective for S1P receptor subtypes 1 and 5, was approved in 2020. All three S1P modulators are approved to treat relapsing forms of 
	MS in adults; fingolimod is approved to treat relapsing forms of MS in both children and adults. Ponesimod is selective for the S1P1 receptor, and is proposed by the applicant as a treatment for adults with relapsing forms of MS. 

	Administration of S1P modulators causes initial agonism at the bound S1P receptor, which ultimately leads to internalization of S1P receptors and loss of surface expression of targeted S1P receptors. Serum lymphocyte counts decline after administration of S1P modulators acting at S1P subtype 1 (S1P1) receptors because lymphocyte egress from lymph nodes, a process that is mediated by S1P1 receptors, is reduced. Loss of surface S1P1 receptors consequentially also yields an increased number of lymphocytes rema
	The applicant presents results from an adequate and well-controlled Phase 3 clinical trial (Study AC-058B301) as the primary basis of support for the effectiveness of ponesimod for the treatment of relapsing forms of multiple sclerosis. This efficacy study was an international, randomized, double-blind, double-dummy, active-controlled, parallel-group, superiority study to evaluate the effectiveness, safety, and tolerability of ponesimod 20 mg daily compared to Aubagio (teriflunomide) 14 mg daily in patients
	Regulatory History 
	Regulatory History 

	A pre-IND meeting was held on April 24, 2008, with the topics addressed relating to the adequacy of the nonclinical data to support an IND submission for ponesimod, the proposed safety monitoring for proposed Phase 1 and 2 trials, and basic design features of a proposed Phase 2 trial in patients with relapsing forms of MS. The applicant submitted the IND on December 5, 2008, with an initial study proposal for a
	 mg open-label single-dose trial in Japanese and White healthy volunteers. 
	Figure

	The applicant met with the Agency for an End-of-Phase 2 meeting on December 6, 2011. Topics discussed at this meeting included the dose of ponesimod being chosen for Phase 3 trials, the proposed titration, trial endpoints, and the overall Phase 3 trial 
	The applicant met with the Agency for an End-of-Phase 2 meeting on December 6, 2011. Topics discussed at this meeting included the dose of ponesimod being chosen for Phase 3 trials, the proposed titration, trial endpoints, and the overall Phase 3 trial 
	design for AC-058B301 
	Figure


	in patients with relapsing forms 
	Figure

	of MS. The applicant indicated that development would proceed with only the 20 mg maintenance dose, but the Agency recommended considering development of the 10 mg dose because of data suggesting the 10 mg dose may be effective but with reduced risk of toxicities identified in other S1P modulators. 
	Type C Written Response Only (WRO) meeting responses were sent to the applicant on October 3, 2014. A major topic in these responses was the acceptability of the Fatigue Symptoms and Impacts Questionnaire – Relapsing Multiple Sclerosis (FSIQRMS) as a proposed key secondary endpoint in the ongoing Phase 3 trial. The Division indicated willingness to consider this endpoint but further explained that the applicant needed to “document support for a prespecified responder definition for the interpretation of cl
	The applicant submitted 
	Type C WRO meeting responses were sent to the applicant on May 21, 2018. The topic of the meeting was the acceptability of the statistical analysis plan for Study AC058B301. Of note, Study AC-058B301 was not conducted under an agreed SPA. The Division agreed with the proposed multiplicity testing strategy. 
	Type C WRO meeting responses were again sent to the applicant on February 1, 2019. The applicant provided the topline data from the primary and key secondary endpoints’ analyses from Study AC-058B301. The Division did not agree that the applicant’s limited presentation of the FSIQ-RMS findings were consistent with a clinically meaningful change, and requested additional exploration of the findings in the forthcoming new drug application (NDA). 
	The applicant submitted NDA 213498 on March 18, 2020. NDA 213498 was filed on May 17, 2020. 

	3. Product Quality 
	3. Product Quality 
	The technical lead on the Office of Product Quality (OPQ) review was Dr. Martha Heimann. Dr. Heimann’s review lists the entire OPQ team involved with the review of this application. OPQ recommends approval of this application. 
	The OPQ review notes that ponesimod is an immediate release drug product provided in dosage strengths of 2, 3, 4, 5, 6, 7, 8, 9, 10, and 20 mg. The ten dosage strengths being proposed are necessary to provide the range of dosages provided in the two-week starter pack necessary to titrate to the 20 mg maintenance dose. 
	The OPQ team found no significant issues with the manufacturing processes for the drug product and substance. The applicant’s approach to impurity control was deemed acceptable. The drug product and drug substance manufacturing, packaging, and testing facilities are approvable based on the firm’s inspection history and manufacturing experience. There are also no major good manufacturing process issues raised based upon the review of the submitted batches. 
	The OPQ review agrees that the drug product can be stored at room temperature and that the applicant’s proposed 36-month shelf life for the tablets in the starter pack and the 20 mg tablets in appropriate prescription bottles are acceptable. 
	All inspected manufacturing facilities and suppliers were deemed acceptable. 

	4. Nonclinical Pharmacology/Toxicology 
	4. Nonclinical Pharmacology/Toxicology 
	The nonclinical reviewer for this application was Dr. Richard Siarey. Dr. Lois Freed provided a supervisory review. Dr. Siarey recommends approval, and Dr. Freed concurs. The principal conclusions of Dr. Siarey’s and Dr. Freed’s reviews are as follows: 
	•. 
	•. 
	•. 
	•. 
	In cardiovascular safety pharmacology studies, a single oral dose of ponesimod decreased heart rate, blood pressure, and caused first-, second-, and third-degree atrioventricular block in guinea pigs. However, repeated doses resulted in a reduction of the cardiovascular effects observed after the initial dose. Ponesimod did not exert an effect on heart rate or electrocardiogram parameters at any dose in Beagle dogs. Dr. Freed noted that potential differences in sensitivity between dog and human exist and ar

	bradycardic and vasoconstrictor effects of ponesimod were consistent with effects observed in multiple species with other S1P modulators. 

	•. 
	•. 
	Effects of ponesimod on respiratory function included increased enhanced pause (bronchoconstriction), reduced tidal volume, and altered peak expiratory flow up to 15 days of oral ponesimod in rats. There were finding suggesting there was adaption in the lung, at least up to 14 days. Dr. Freed noted that these lung findings were associated with plasma exposures lower than that expected in humans. These nonclinical findings are similar in quality to other S1P modulators and correlate with the observation of a

	•. 
	•. 
	In rat and dog repeat-dose toxicology studies of oral ponesimod, deaths and early sacrifice were observed at the highest exposed doses. White blood cells and lymphocyte numbers in serum were reduced in all species at most doses, and the lymphoid tissues were target organs in all species both of which are expected given ponesimod’s activity at S1P1 and consequential effects on lymphoid sequestration. 

	•. 
	•. 
	T-cell-dependent antibody response assays suggest that there is relatively nonspecific immune suppression during the dosing of ponesimod that recovers when dosing is stopped. 

	•. 
	•. 
	In genetic toxicology studies, ponesimod was negative in the in vitro reverse mutation assay in bacterial cell (Ames) and mammalian cell clastogenicity assays, and in in vivo clastogenicity assays (micronucleus) in mouse and rat. In the 2-year rat carcinogenicity study, there were no drug-related increases in neoplasms in male or female rats. The mouse study was positive for hemangiomas and hemangiosarcomas, with an increase in incidences at all doses in male mice and in high-dose female mice. 

	•. 
	•. 
	In the reproductive and development studies with oral ponesimod, fertility was not affected in female or male animals, but teratogenicity and fetal lethality was observed in both rats and rabbits. Malformations in rats included fused ascending aorta trunk, muscular ventricular septal defect, membranous ventricular septal defects, syndactyly, ectrodactyly, malrotated hindlimbs, and eye microphthalmia and rabbits had morphological changes in the 


	cardiovascular and limb systems. Similar cardiac malformations were observed with all other S1P modulators and are expected because of an interaction between S1P1 modulation and the high level of S1P1 receptor expression in developing cardiac tissue. The applicant proposed a Warning and Precaution 
	 was not included in the approved labeling; the existing label will advise use of effective contraception and describe the serious potential risks of pregnancy exposure. The pregnancies reported in clinical trials of ponesimod did not reveal a pattern of congenital malformations. 
	Therefore, a Warning and Precaution for
	•. 
	•. 
	•. 
	Metabolite M13 was identified as a major circulating metabolite in humans. Adequate systemic exposure to M13 was demonstrated in mouse and rat. 

	•. 
	•. 
	The review of the carcinogenicity studies in rodents provided by the Division of Biometrics concluded there was increased mortality in mid-and high-dosed groups in female rats and male mice exposed to ponesimod. The review concluded that ponesimod exposure caused statistically significant increases in the incidence of vascular tumors (hemangioma, hemangiosarcoma, and the combination of hemangiosarcoma and hemangioma) in male and female mice. 



	5. Clinical Pharmacology 
	5. Clinical Pharmacology 
	An integrated Office of Clinical Pharmacology (OCP) Review was written by Drs. Dawei Li, Manuela Grimstein, and Vishnu Sharma. The team leaders were Drs. Yuching Yang, Atul Bhattaram, and Angela Men. The final signatory for the OCP review was Dr. Mehul Mehta. OCP recommends approval. 
	Table 1, adapted from the OCP review, summarizes the conclusions of the OCP team with respect to the pharmacologic and clinical pharmacokinetic properties of ponesimod. 
	Table 1 G ener al Pharn1aco1ogv and Ph armaco ehc aractenshcs 
	Pharmacology 
	Pharmacology 
	Pharmacology 

	Mechanism of action 
	Mechanism of action 
	Ponesimod binds with high affinity to the SlPl receptor located on lymphocytes. Ponesimod blocks the capacity of lymphocytes to egress from lymph nodes, reducing the number of lymphocytes in peripheral blood. 

	Active moieties 
	Active moieties 
	Ponesimod is the active moiety circulating in plasma, and accounted for 66% of total radioactivity in a mass balance study 

	QT prolongation 
	QT prolongation 
	An exposure-response analysis indicates that at the therapeutic dose of 20 mg, no clinically relevant effect on QTc interval is expected, with the upper bound of the 2-sided test 90% CI being 5.9 milliseconds. 

	General Information 
	General Information 

	Drug exposure at steady-state following the therapeutic dosing regimen 
	Drug exposure at steady-state following the therapeutic dosing regimen 
	In patients with relapsing forms of MS receiving ponesimod 20 mg daily, the mean trough concentrations were 126 nglmL and 125 ng/mL at Week 12 and Week 108, respectively, in the pivotal trial (Study AC-058B301) 

	Dose-proportionality 
	Dose-proportionality 
	The systemic exposures increased approximately proportionally with an increase in dose from 1 mg to 75 mg 

	Accumulation 
	Accumulation 
	A mean accumulation ratio of 2.0 to 2.6 was observed at steady-state 

	Variability 
	Variability 
	The pharmacokinetic profile of ponesimod is characterized by the intersubject variability of approximately 25% across studies 

	Absorption 
	Absorption 

	Bioavailability (oral) 
	Bioavailability (oral) 
	84% 

	Tmax (oral) 
	Tmax (oral) 
	The Tmax of ponesimod is 2 to 4 hours post-dose 


	Food effect (high-fat) Geometric mean ratio (90% confidence interval [CI]) 
	Food effect (high-fat) Geometric mean ratio (90% confidence interval [CI]) 
	Food effect (high-fat) Geometric mean ratio (90% confidence interval [CI]) 
	AUCini 
	Cmax 

	1.2 [1.1-1.3] 
	1.2 [1.1-1.3] 
	1.1 [1.0-1.3] 

	Distribution 
	Distribution 

	Volume of distribution 
	Volume of distribution 
	The estimated steady state volume of distribution of ponesimod is 160 L 

	Plasma protein binding 
	Plasma protein binding 
	> 99% (mainly binding to albumin and alpha-1-acid glycoprotein) 

	Elimination 
	Elimination 

	Mean terminal elimination half-life 
	Mean terminal elimination half-life 
	The half-life (tVi) of ponesimod is approximately 33 hours 

	Metabolism 
	Metabolism 

	Primary metabolic pathway(s) 
	Primary metabolic pathway(s) 
	Ponesimod is extensively metabolized. Two inactive circulating metabolites, M12 and M13, have been identified in human plasma. M13 is approximately 20% and M12 6% of total drug related exposure. In vitro studies indicate that metabolism of ponesimod to M13 occurs primarily through a combination of non-Cytochrome P450 (CYP450) enzymatic activities. Multiple CYP450 (CYP2J2, CYP3A4, CYP3A5, CYP4F3A, and CYP4F12) and non-CYP450 enzymes catalyze the oxidation of ponesimod to M12. Ponesimod also undergoes direct 

	Inhibitor/inducer 
	Inhibitor/inducer 
	Ponesimod and M13 are unlikely to inhibit any evaluated CYPs or UGTs (1A2, 2B6, 2C8, 2C9, 2C19, 2D6, or 3A4 and UGT2B7 or UGT1A1) or induce CYP1A2, CYP2B6, CYP2C9, or CYP3A4 at clinically relevant doses. 

	Transporter systems 
	Transporter systems 
	Ponesimod is not identified as substrate of P-gp, BCRP, OATP1B1 or OATP1B3; ponesimod and M13 are unlikely to 


	Table
	TR
	inhibit major efflux and uptake transporters at clinically relevant doses. 

	Excretion 
	Excretion 

	Primary excretion pathways (% dose) ± SD 
	Primary excretion pathways (% dose) ± SD 
	Following a single oral administration of 14C ponesimod, 57% to 80% of the dose was recovered in feces (16% as unchanged ponesimod), and 10% to 18% in urine (no unchanged ponesimod). 


	The OCP review agrees that the dose escalation over two weeks proposed by the applicant mitigates most of the heart rate changes associated with the full treatment dose (20 mg). 
	Study AC-058-112 examined the effect of hepatic impairment on ponesimod. Ponesimod AUC0-∞ (geometric mean) in the mild, moderate, and severe hepatic impairment groups was 1.3-fold (1.0, 1.8), 2.0-fold (1.5, 2.7), and 3.1-fold (2.2, 4.3) greater, respectively, compared to healthy subjects. The elimination half-life (geometric mean) was 1.5-fold (90% CI: 1.2, 1.8), 1.8-fold (1.3, 2.5), and 2.6-fold (2.0, 3.3) greater, in the mild, moderate, and severe liver impairment groups, respectively, as compared to heal
	Study AC-058-113 examined the effect of renal impairment on ponesimod. The OCP review agreed with the applicant’s conclusions that renal impairment did not significantly affect ponesimod’s PK characteristics and that a dose adjustment in renal impaired patients is not necessary. 
	max was slightly delayed (approximately 2.5 hours) in the presence of high-fat food, the max and AUC were not considered clinically relevant, and the OCP review of the study’s findings concluded that ponesimod may be administered without regard to food intake. 
	Study AC-058-101 was a food effect study. While the study demonstrated that T
	changes in C

	In considering the in vitro studies done to identify potential drug-drug interactions, the OCP reviewers did not completely agree with the applicant’s assertion that the 
	. The OCP team requested additional assessments via an Information Request regarding whether a therapy capable of 
	inducing multiple metabolic enzymes such as rifampin could impact PK characteristics of ponesimod. The applicant provided an analysis of literature findings, in vitro data, and clinical findings, that, in the view of the OCP reviewers, showed a potential impact of strong, moderate, and weak PXR agonists on the AUC of ponesimod. Based on the current available data, OCP review stated that the findings were not sufficient to exclude the potential impact of strong PXR agonists (e.g., rifampin, phenytoin, carbam
	The OCP team’s recommendations are reflected in the final negotiated labeling. 

	6. Clinical Microbiology 
	6. Clinical Microbiology 
	Not applicable. 

	7. Clinical/Statistical-Efficacy 
	7. Clinical/Statistical-Efficacy 
	Dr. David E. Jones was the clinical reviewer for this application. Dr. Susan Pretko provided a Clinical Outcome Assessment (COA) consultative review; Dr. Elektra Papadopoulos was the COA Associate Director. Dr. Xiang Ling was the biometrics reviewer, Dr. Kun Jin was the biometrics team leader, and Dr. James Hung was the Biometrics Division Director. Dr. Jones finds that the application provides substantial evidence of efficacy for ponesimod in the treatment of patients with relapsing forms of MS. Drs. Ling 
	The applicant submitted data from an adequate and well-controlled efficacy Phase 3 study, Study AC-058B301. Findings from a placebo-controlled, smaller dose-finding Phase 2, Study AC-058B201, are also provided. 
	Study AC-058B301 was a Phase 3, multicenter, 1133-patient, double-blind, active-controlled, randomized, double-blind, superiority study to evaluate the effectiveness, safety, and tolerability of ponesimod 20 mg daily compared to Aubagio (teriflunomide) 14 mg daily in patients with relapsing forms of MS. 
	Study AC-058B301 

	Enrollment criteria stipulated enrollment of patients who met the 2010 McDonald diagnostic criteria for MS with a relapsing course from the onset of their disease with at least one documented relapse within the 12 months, or two or more relapses within the previous 24 months prior to enrollment, plus evidence of at least 1 gadolinium-enhancing lesion on brain magnetic resonance imaging within the 6 months prior to randomization. 
	Blinding measures included blinding of the clinical raters who conducted key assessments of patients to patient treatment status. Relapses were protocol-defined and confirmed by the applicant using the protocol criteria; there was not an independent body that adjudicated in-trial relapses. The trial duration was fixed at 108 weeks. The study utilized a 14-day titration to maximum treatment dose which is the titration scheme proposed for the marketed product. 
	The primary efficacy endpoint of this study was annualized relapse rate (ARR), which was defined as the number of confirmed relapses per patient-year. Key secondary endpoints were analyzed in an alpha-sharing hierarchy which included the change in MS fatigue as measured by the Fatigue Severity Impact Scale – Relapsing Multiple Sclerosis (FSIQ-RMS), an MRI outcome measure, combined unique active lesions (CUAL) which is comprised of new or enlarging T2 lesions and number of gadolinium-enhancing T1 lesions, an
	Figure 1: Overall Testing Strategy Study, Study AC-058B301 
	Figure
	Results 
	There were 1133 patients randomized into Study AC-058B301 as follows: 567 treated with ponesimod 20 mg daily, and 566 treated with teriflunomide 14 mg daily. Patients were enrolled at 171 sites in 28 countries worldwide. The majority (51%) of the enrolled patients came from the United Kingdom and countries in the European Union. Approximately 5% of the patients in this study were from the United States. 
	The intent-to-treat population for the primary efficacy analysis was defined as all randomized patients. There were two patients randomized to ponesimod who were not treated because of being screened as eligible for enrollment in error; these two patients were included in the efficacy analysis but not the safety analysis. The rate of completion of treatment in randomized assignment was 86.4% for the ponesimod treatment group versus 87.5% for teriflunomide treatment group, respectively. The most common reaso
	Demographic and baseline disease-related characteristics of the randomized patients were relatively well-matched between the two treatment arms. As is expected for a clinical trial in patients with relapsing forms of MS, the majority of the patients were women (65.0%), less than forty years old (65.1 %), and almost all were White (97.5%). 
	Summary Review The biometrics review tean1 confirmed the results for the primary efficacy outcome as provided by the applicant: AC-058B301 P . a lys1s o 
	Tabl e 2 Stud.y nmary An 1 . f AnnuarizedRe1apse Rate 
	Table
	TR
	Ponesimod 
	Teriflunomide 

	TR
	20mg 
	14mg 

	TR
	N=567 
	N=566 


	Mean Estimate of ARR 0.202 0.290 
	95% Confidence Interval 
	95% Confidence Interval 
	(0.173 I 0.235) 
	(0.254 I 0.331) 
	Rate Ratio 0.695 

	95% Confidence Interval 
	95% Confidence Interval 
	(0.570 I 0.848) 
	p-value 0.0003 
	Source: Table 5, Biometrics Review 
	In the biometrics review, Dr. Ling states that the prespecified primary statistical 
	analysis was to compare the ARRs in ponesimod treatment to teriflunomide 
	treatment using a regression model for confirmed relapses up to end of study, with 
	treatment as a factor and the binary stratification variables (EDSS ~.5 versus EDSS 
	>3.5; disease modifying treatment [DMT] within last 2 years prior to randomization) 
	and the number of relapses in the year prior to study entry included in the model. 
	The model also included an offset variable defined as the log of time on study (in 
	years) from randomization up to end of study. Dr. Ling replicated the findings from 
	the analysis provided by the applicant that treatment with ponesimod resulted in a 
	statistically significant reduction in ARR compared to treatment with teriflunomide. 
	The biometrics review confirms that the relative reduction in ARR was 30.5% 
	(p<0.0003) for ponesimod treatment relative to teriflunomide treatment. 
	Dr. Ling confirmed the findings of the applicant's pre-specified sensitivity analyses which included analyses of the impacts of missing data, treatment interruptions (including switching to alternative treatments), the addition of unconfirmed relapses to the ARR calculation, and the use of an alternate time point as the end of the study. Dr. Ling confirmed the robustness of the results in the sensitivity analyses. Finally, Dr. Ling conducted an exploratory analysis of the proportion of patients who had rela
	Reference ID 4764774 
	efficacy finding all confirm that the ARR reduction associated with ponesimod treatment observed in this Phase 3 trial is durably robust and reflects a significant efficacy difference between ponesimod and teriflunomide. 
	There were four key secondary efficacy outcomes to be assessed in a fallback-type procedure that would allow preservation of alpha if a secondary endpoint in the sequence was successful in rejecting the null hypothesis. The four secondary endpoints tested were as follows: change from baseline in FSIQ-RMS Weekly Symptoms Score to Week 108, the cumulative number of combined unique active lesions (CUAL), and the confirmed disability progressions at 12-weeks and at 24weeks. 
	Change from Baseline in FSIQ-RMS Weekly Symptoms Score (Fatigue) to Week 108 The FSIQ-RMS score, a patient-reported outcome measure that is designed to measure patient fatigue, was analyzed using a mixed-effects model for repeated measures which includes baseline and the two stratification factors as covariates, treatment, visit, treatment by visit interaction, and baseline by visit interaction. Higher scores on the FSIQ-RMS reportedly represented worsening patient-reported fatigue. 
	The following table summarizes the change from baseline to week 108 for the FSIQRMS score: 
	Table 3: Study AC-058B301: Summary of Change from Baseline in FSIQ-RMS S>t Score (F f ) t0 W
	ympoms a 1gue eek 108 
	Ponesimod 
	Ponesimod 
	Ponesimod 
	Teriflunomide 

	20mg 
	20mg 
	14mg 

	N=567 
	N=567 
	N=566 


	Number of Patients With Measures 
	Number of Patients With Measures 
	Number of Patients With Measures 
	449 
	458 

	at Baseline and Week 108 
	at Baseline and Week 108 
	I 

	Mean Score Change from Baseline 
	Mean Score Change from Baseline 
	-0.01 
	+3.56 

	Treatm ent Effect (Score Difference) 
	Treatm ent Effect (Score Difference) 
	-3.57 


	95% Confidence Interval 
	(-5.83, -1.32) 
	l'-value I 0.0019 
	Source: Table 7, Biometrics Review 
	Dr. Ling confirmed the main treatment effect finding as well as the results of all of the applicant's sensitivity analyses, which were consistent with the statistically significant result of the primary analysis. The biometrics reviewer conducted a tipping point 
	Reference ID 4764774 
	analysis that showed that, assuming a worsening of 1.5 for patients with missing data in the ponesimod group would result in a p-value of 0.0227, with this +1.5 point score change representing the lowest worsening that could be tolerated by the data while still achieving statistical significance with an α=0.05/3 as per the fallback testing strategy. 
	While the statistical finding in the FSIQ-RMS score change is significant, the tipping point analysis suggested the change was relatively fragile and that just a 1.5-point change provided by the missing data could have made the observed treatment effect not significant. Importantly, the biometrics review also noted that there was a substantial amount of missing data for this key secondary outcome measure. FSIQ symptoms scores at Week 108 were available for only 70.0% and 66.6% of patients in the ponesimod a
	In addition to the statistical considerations related to the data, the clinical and the consultative review provided by the COA team raised questions about whether the change in the FSIQ-RMS score observed in the trial was clinically meaningful. The following are a summary of some of the major points raised in these reviews. 
	•. 
	•. 
	•. 
	•. 
	A change of 3.5 points in the FSIQ-RMS, a patient-reported outcome assessment instrument which contains 7 symptoms each rated with a 10 point 

	scale, means that the observed treatment effect represents a mean change of approximately 4% in the raw score, which is a very small absolute change and below the typical threshold of a 20% change often considered for a clinical outcome measure to be considered to be potentially meaningful. 

	•. 
	•. 
	More broadly, the COA review concluded that while the FSIQ-RMS had content validity, the applicant had not provided sufficient evidence to support an interpretation of clinically meaningful within-patient changes in the FSIQRMS scores. There had been extensive discussion of the FSIQ-RMS with the applicant during the instrument’s development as part of the ponesimod development program, and the Agency had made specific requests regarding the support for a within-patient interpretation of clinical meaningful

	•. 
	•. 
	There was a major interpretation issue created by the comparison to an active comparator, teriflunomide. There have been no studies of teriflunomide using the FSIQ-RMS instrument to allow for a conclusion regarding how teriflunomide might influence performance on the FSIQ-RMS. The applicant provided a summary of all the available findings regarding teriflunomide’s known effects on fatigue in patients with MS, but the findings do not convincingly demonstrate what, if any, treatment effect teriflunomide has o


	not allow for any conclusion 
	In summary, the finding of a 3-point score change associated with ponesimod treatment is a relatively small, albeit statistically significant, change that does not represent a clinically meaningful outcome. Fatigue is a significant symptom reported by patients with MS and represents an unmet treatment need. As a symptom and a concept, fatigue is difficult to define, and so it is especially critical that the instrument 
	used to evaluate fatigue needs to be rigorously established as capable of providing a meaningful comparable outcome assessment of fatigue in patients with MS. Any claim of a treatment effect on fatigue should be based upon a clear and interpretable finding of a clinically meaningful improvement in fatigue. On review, the FSIQ-RMS instrument was not sufficiently justified as an instrument capable of measuring a within-patient change in fatigue. Furthermore, the findings from this instrun1ent could not be int
	The Cumulative Number of Combined Unique Active Lesions (CUAL) .The CUAL outcome included new gadolinium-enhancing Tl lesions and new or .enlarging T2 lesions. .
	The following table summarizes the change from baseline to week 108 for the CUAL: 
	Table 4: Study AC-058B301: Summary of Cumulative Number of Combined Unique Active Lesions (CUAL) 
	Ponesimod 
	Ponesimod 
	Ponesimod 
	Teriflunomide 

	20mg 
	20mg 
	14mg 

	N=567 
	N=567 
	N=566 

	Number of Patients in Analysis 
	Number of Patients in Analysis 
	539 
	536 
	-

	Mean estimate (Lesions rer year) 
	Mean estimate (Lesions rer year) 
	1.405 
	3.164 

	95% Confidence Interval 
	95% Confidence Interval 
	(1.215 I 1.624) 
	(2.757 I 3.631) 

	Treatment effect (rate ratio) 
	Treatment effect (rate ratio) 
	0.444 

	95% Confidence Interval 
	95% Confidence Interval 
	(0.364 I 0.542) 

	p-value 
	p-value 
	<0.0001 


	Source: Table 8, Biometrics Review 
	The biometrics review confirmed the applicant's finding that ponesimod reduced the number of CUALs on brain MRis from baseline to Week 108 by 56%, compared with teriflunomide (p <0.0001). The mean CUALs per year estimated using a negative binomial regression model were 1.4 for ponesimod group compared to 3.2 for teriflunomide. 
	As indicated in the tables below, the biometrics reviewer provided a separated exploratory analysis of each type of lesion in the CUAL associated with MS because 
	As indicated in the tables below, the biometrics reviewer provided a separated exploratory analysis of each type of lesion in the CUAL associated with MS because 
	labeling for therapies approved to treat MS reports findings related to MRI lesions separately and not as a combined finding like the CUAL in the applicant's statistical analysis. 

	Table 5: Stud~C-058B301: New and Enlarging T2 Lesions in CUAL Endpoint 
	-
	-
	-
	-
	-

	TR
	Ponesimod 
	Teriflunomide 

	TR
	20mg 
	14mg 

	TR
	N=567 
	N=566 

	Number of Patients in Analysis 
	Number of Patients in Analysis 
	539 
	536 

	Mean number of new or enlarging 
	Mean number of new or enlarging 
	1.397 
	3.156 

	T2 lesions l'er year 
	T2 lesions l'er year 


	I 1.615) (2.750 I 3.622) 
	95% Confidence Interval (1.209 

	Treatment effect (rate ratio) 0.443 
	-L J 
	I 0.541) 
	95% Confidence Interval (0.362 

	p-value 
	<0.0001 
	Source: Table 9, Biometrics Review 
	Table 6: Study AC-058B301: New Gadolinium-enhancing Tl Lesions in CUAL E d . t
	n Lpom 
	Ponesimod 
	Ponesimod 
	Ponesimod 
	Teriflunomide 

	20mg 
	20mg 
	14mg 

	N=567 
	N=567 
	N=566 

	Number of Patients in Analysis 
	Number of Patients in Analysis 
	540 
	538 

	Mean number of new or enlarging 
	Mean number of new or enlarging 
	0.178 
	0.429 

	T2 lesions per year 
	T2 lesions per year 

	95% Confidence Interval 
	95% Confidence Interval 
	(0.141 , 0.224) 
	(0.351 , 0.525) 


	Treatment effect (rate ratio) 
	0.415 
	I 0.561) 
	95% Confidence Interval (0.307 

	<0.0001 
	~lue 
	-
	Source: Table 9, Biometrics Review 
	This component analysis showed separate robustly significant effects (both nominal 
	p<0.0001) on Tl gadolinium-enhancing and new/enlarging T2 lesions. These findings 
	are consistent with MRI findings associated with other approved SlP modulators, 
	which have demonstrated efficacy in reducing the appearance of new MRI evident 
	lesions. These separate findings will be described in the labeling of ponesimod. 
	12-week and 24-week Confirmed Disability Accumulation 
	The primary analysis of 12-week confirmed disability accumulation (CDA) did not achieve statistical significance. Ponesimod reduced the relative risk of 12-week CDA by 17% relative to teriflunomide (p=0.294). Consequently, 24-week CDA was not formally tested by the applicant. Results of the sensitivity and supplementary analyses were consistent with the primary analysis and did not reveal a significant treatment effect. The biometrics review conducted an exploratory analysis of 24-week CDA and noted the rel
	Study AC-058B201 was a Phase 2b, prospective, multicenter, multinational, randomized, double-blind, placebo-controlled, 4-arm, parallel-group, dose-finding study, that was intended to demonstrate the efficacy of at least 1 of 3 ponesimod daily doses (10, 20, and 40 mg), as compared to placebo, in patients with relapsing forms of MS. 
	Study AC-058B201 

	The enrollment criteria were designed to enroll patients with relapsing forms of MS and were identical to the subsequent Phase 3 trial, Study AC-058B301. Patients with progressive forms of MS were ineligible to enroll in this trial. 
	Study AC-058B201 randomized patients 1:1:1:1 into three treatment arms as follows: ponesimod 10 mg, ponesimod 20 mg, ponesimod 40 mg, or placebo. The trial duration was 24 weeks, and patients who completed the trial were eligible to enroll in a long-term extension trial. 
	The primary efficacy endpoint of Study AC-058B201 was the cumulative number of new T1 gadolinium-enhancing lesions per patient comparing MRI evaluations at Week 12 to Week 24. The secondary objectives of this study were to evaluate the effects of ponesimod on the ARR within 24 weeks of study drug initiation, and to evaluate the safety of ponesimod using several safety endpoints. 
	There were 464 patients randomized into Study AC-058B201 as follows: 119 were treated with ponesimod 40 mg, 116 were treated with ponesimod 20 mg, 108 were treated with ponesimod 10 mg, and 121 received placebo treatment. Patients enrolled at 115 sites worldwide. Approximately 20% of the enrolled patients were from the United States. 
	The intent-to-treat population for the primary efficacy analysis was defined as all randomized patients who were randomized to treatment. The overall rate of completion of treatment in randomized assignment was 85%. The most common 
	reasons for discontinuation in all of the ponesimod treatment arms were adverse events (See Section 8 of this review for discussion of discontinuations due to adverse events in this trial). 
	Demographic and baseline disease-related characteristics of the randomized patients were well-matched between the three treatment arms. As is typical for clinical trials in patients with relapsing forms of MS, the majority of the patients were women (67.5%), under 40 years old (66.8%), and virtually all were White (96.4%). 
	The primary endpoint and secondary endpoints were evaluated using a negative binomial regression model. The applicant's findings in this study were confirmed by the biometrics reviewer. 
	The following table summarizes the key findings with the primary endpoint, the cun1ulative number of Tl gadolinium-enhancing lesions from week 12 to week 24. 
	Table 7: Study AC-058B201: Cumulative Number of New Tl Gadolinium-enhancing lesions (MRI) from Week 12 to Week 24 
	Ponesimod 
	Ponesimod 
	Ponesimod 
	Ponesimod 
	Ponesimod 
	Placebo 

	40mg 
	40mg 
	20mg 
	l Omg 

	N=119 
	N=119 
	N=114 
	N=l08 
	N=l21 

	Number of New Gadolinium 
	Number of New Gadolinium 
	12 
	20 
	15 
	28 

	Enhancing Tl Lesions 
	Enhancing Tl Lesions 

	Mean Number of New Lesions 
	Mean Number of New Lesions 
	1.4 
	1.1 
	3.5 
	6.2 

	Treatment effect (rate ratio) 
	Treatment effect (rate ratio) 
	0.226 
	0.170 
	0.566 

	95% Confidence Interval 
	95% Confidence Interval 
	(0.133, 
	(0.100, 
	(0.337, 

	TR
	0.384) 
	0.289) 
	0.952) 

	l'-value 
	l'-value 
	<0.0001 
	<0.0001 
	0.0318 


	Source: Table 11, Study Report, Study AC-058B201 
	As indicated in Table 7, the 20 mg dose of ponesimod had a statistically significant treatment effect (p<0.0001) on the appearance of new Tl gadoliniun1 enhancing lesions over 12 weeks of observation. There is also suggestion that there is a dose dependency to the treatment effect of ponesimod on such lesions because the 10 mg dose treatment effect was not as impressive as the results for the 20 mg and 40 mg doses. 
	The key secondary outcome measure of Study 058B201 was an analysis of the ARR following 24 weeks of ponesimod treatment. The following table summarizes the ARR findings. 
	Table 8: Study AC-058B201: Annualized Relapse Rates (ARR) Using Confirmed Re1apses up to Week24 
	Ponesimod 
	Ponesimod 
	Ponesimod 
	Ponesimod 
	Ponesimod 
	Placebo 

	40mg 
	40mg 
	20mg 
	IO mg 

	N=119 
	N=119 
	N=114 
	N=108 
	N=121 

	Number of Relapses 
	Number of Relapses 
	12 
	20 
	15 
	28 

	ARR 
	ARR 
	0.252 
	0.417 
	0.332 
	0.525 

	95% Confidence Interval 
	95% Confidence Interval 
	(0.141, 
	(0.266, 
	(0.198, 
	(0.358, 

	TR
	0.446) 
	0.653) -
	0.557) 
	0.770)

	-
	-

	Treatment effect (rate 
	Treatment effect (rate 
	0.478 
	0.793 
	0.632 

	ratio) 
	ratio) 

	TR
	-

	95% Confidence Interval 
	95% Confidence Interval 
	(0.240, 
	(0.440, 
	(0.332, 

	TR
	0.954) 
	1.432) 
	1.202) 

	p-value 
	p-value 
	0.0363 
	0.4420 
	0.1619 


	Source: Table 13, Study Report, Study AC-058B201 
	While only the 40 mg dose of ponesimod reached nominal statistical significance on ARR, this Phase 2b trial was not adequately powered to provide a definitive assessment of ARR, which typically requires more than a 24 week observation period. However, the findings do show a trend in reducing ARR for the 10 mg and 20 mg doses relative to placebo, and the 40 mg ponesimod dose demonstrated a nominally statistically significant (nominal p=0.036) effect in reducing ARR relative to placebo. The time to first rela
	The findings from Study AC-058B201 were consistent with a dose-dependent effect of ponesimod on reduction of new gadolinium-enhancing MRI lesions in the brain and a trend effect on reduction of ARR. This Phase 2b study was not designed to demonstrate an effect on relapse outcomes. The findings in this trial are informative and supportive of the strong treatment effect of ponesimod that was demonstrated in Study AC-058B301. These findings were made in the only other trial of ponesimod to 
	enroll patients with relapsing forms of MS and are included in this review for completeness, but it should be noted that the findings in Study AC-058B301, the pivotal Phase 3 trial, are sufficiently robust to be considered as the sole basis for evidence of substantial evidence of efficacy without these supportive findings. 
	Approval of ponesimod for relapsing forms of MS will be based on the results from a single adequate and well-controlled trial, Study AC-058B301. As explained in the Agency’s 2019 Guidance for Industry “Demonstrating Substantial Evidence of Effectiveness for Human Drug and Biological Products,” there are situations in which it can be acceptable to rely on a single trial’s findings for evidence of effectiveness. In general, reliance on a single trial is adequate to support a claim of effectiveness is limited 
	Efficacy Conclusions 

	Furthermore, Study AC-058B301 has many of the characteristics of a single adequate and well-controlled trial that make it adequate to support an effectiveness claim: 
	•. 
	•. 
	•. 
	Study AC-058B301 was a large multicenter, multinational study that enrolled 1133 patients, which is a trial population larger than some previous databases that served as bases for approval of effective treatments for MS. For example, the approval of Avonex (interferon beta-1a) for the treatment of relapsing forms of MS relied on findings from two studies, which enrolled 684 patients in total. 

	•. 
	•. 
	The results of Study AC-058B301 were consistent across important demographic and disease-specific subgroups. Treatment effects for the subset of patients enrolled in the United States were consistent with those of the study as a whole. A number of sensitivity analyses confirmed by the biometrics reviewer support the robustness of the primary outcome findings. 

	•. 
	•. 
	•. 
	The study included multiple endpoints involving different facets of the disease. As highlighted in the Guidance, the approval of interferon beta-1b (Betaseron) for the treatment of relapsing forms of MS was based on a single multicenter study, at least partly because there were both a decreased rate of 

	relapses and a decrease in MRI-related disease activity – two entirely different, but logically disease-related, endpoints. 

	•. 
	•. 
	The primary outcome analysis of Study AC-058B301, the relative reduction in ARR, yielded a persuasive p-value of 0.0003. 


	The disability assessment outcome findings from Study AC-058B301 do not support a
	 results from Study AC
	058B301 to serve as a single adequate and well-controlled trial that establishes the effectiveness of ponesimod for the treatment of relapsing forms of MS. 

	8. Safety 
	8. Safety 
	Dr. David E. Jones reviewed this application as the primary safety reviewer. 
	The following table summarizes the extent of exposure to ponesimod in the applicant's development program: of Exposure
	Tabl 9 P onesimodS ft P 1 f Durafion 

	e : a ety opu a ion: 
	Ponesimod 
	Ponesimod
	I 
	Exposure 
	Exposure 
	10-40 mg 

	10-40 mg All Indications 
	MS Indication N=2205 
	N=1438 .;::: 1 dose .
	2205 (100%) 1438 (100%) .> 6 months .
	Figure

	1259 (57.1%) 
	1161 (80.7%) > 12 months 1027 (46.6%) 1027 (71.4%) 
	~ 
	-
	> 24months 
	785 (35.6%) 
	785 (54.6%) .> 36 months .
	Figure
	526 (23.9%) 526 (36.6%) > 48 months 
	273 (12.4%) 
	273 (19.0%) .> 60 months .
	Figure
	253 (11.5%) 253 (17.6%) .> 72 months 1-J41 (10.9%) .
	Figure

	241 (16.8%L > 84 months 
	232 (10.5%) 232 (16.1%) .> 96 months .
	Figure

	206 (9.3%) 
	206 (14.3%) >108 months 41 (1.9%) 41 (2.9%) 
	Source: Adapted from Table 35, Clinical Safety Review 
	The safety database provided by the applicant is adequate because it contains more than one thousand patients exposed to any dose of ponesimod for more than 12 months. These data exceed the International Council on Harmonization recommendations for chronically-administered medications (i.e., 100 patients exposed for one year) by an order of magnitude with respect to patient numbers, and several hundred patients have been followed over 8 years of observation, which provides confidence that the observed safet
	The subsequent discussion of the safety database will focus on safety findings in two clinical trials that enrolled patients with the proposed indication, relapsing forms of MS, which are the Phase 3 trial, Study AC-058B301, and the Phase 2b trial, Study AC058B201, except as noted otherwise. 
	Deaths 
	A total of three deaths (0.1%, 3/2205 exposed to at least one dose) occurred in the clinical development program for ponesimod. One of these deaths occurred in a patient with relapsing forms of MS who was on treatment with ponesimod. This patient, a 52-year-old man who had a pre-existing history of elevated cholesterol, hypertension, and an axillary thrombosis, began smoking tobacco during his participation in Study AC-058B201; on study day 1987, he experienced acute onset of chest pains and died. An autops
	Serious Adverse Events 
	In the safety data pool from Study AC-058B301, 49 patients (8.7%) in the ponesimod treatment arm reported at least one serious adverse event (SAE), as compared to 46 patients (8.1%) of patients in the teriflunomide treatment arm. In the long-term pool 
	In the safety data pool from Study AC-058B301, 49 patients (8.7%) in the ponesimod treatment arm reported at least one serious adverse event (SAE), as compared to 46 patients (8.1%) of patients in the teriflunomide treatment arm. In the long-term pool 
	safety database, 9.1% of patients exposed to ponesimod reported experiencing a SAE. The most common reported SAEs in association with ponesimod treatment in Study AC-058B301 were abdominal pain (n=3), appendicitis (n=3), lumbar radiculopathy (n=3), and induced abortion (n=2); all other SAEs reported in this trial were single events.  

	In Study AC-058B201, a placebo-controlled trial conducted in patients with relapsing forms of MS, all doses of ponesimod (10, 20, and 40 mg) were associated with increased reporting of SAEs (11.1%, 5.3%, and 13.4% respectively) relative to placebo (3.3%). The most commonly reported SAEs in this trial were macular edema (n=2) and 2degree AV block (n=2). All other SAEs in this trial were reported as single occurrences. 
	nd 

	There is no evidence from clinical trials in patients with MS of a serious safety signal not otherwise established for this class of therapy. Infections (i.e., appendicitis), macular edema, and 2degree AV block are labeled as warnings for other S1P modulator treatments, and these warnings will be included in the ponesimod label, too. The other reported SAEs are not sufficiently remarkable as solitary events or were not plausibly linked to ponesimod exposure to merit labeling consideration. The abdominal pai
	nd 

	available data do not justify 
	Interruptions and Discontinuations 
	During the controlled portion of Study AC-058B301, 2.8% of patients had a treatment interruption in the ponesimod treatment group, as compared to 1.6% of teriflunomide-treated patients. The most common adverse events leading to 
	treatment interruption in ponesimod-treated patients were dyspnea (n=3, or 0.5%) and decreased lymphocytes (n=2, or 0.3%). 
	In Study AC-058B201, the treatment interruption rates were 7.3%, 1.0%, and 6.9%, for the 10 mg, 20 mg, and 40 mg doses of ponesimod, respectively, as compared to a 2.8% rate for placebo. The most comn1on events leading to interruptions were adverse events (e.g., bradycardia, increased liver transaminases) and missed doses of medication. Two differences in this trial explain the greater rates of treatment interruption in this study for the 10 mg (7.3%) and 40 mg (6.9%) doses than the 20 mg dose (2.8%) in Stu
	In Study AC-058B301, there were 49 patients (8.7%) who were being treated with ponesimod and at least one adverse event that led to discontinuation, as compared to 34 patients (6.0%) who discontinued teriflunomide due to an adverse event. The most comn1on adverse events that occurred in more than a single patient leading to treatment discontinuations in this trial are listed in Table 10. 
	Table 10: All Treatment-Emergent Adverse Events Leading to Study Treatment 
	D. f f Repor e Greater Th 1 E vent m S d AC-058B301
	D. f f Repor e Greater Th 1 E vent m S d AC-058B301
	1scon mua 10n t d as an . tu .y 

	I 
	I 
	I 
	Ponesimod 
	Teriflunomide 

	Adverse Event 
	Adverse Event 
	20mg 
	14 mg 

	TR
	N=565 
	N=566 

	Dyspnea 
	Dyspnea 
	7 (1.2%) 
	0 

	ALT increased 
	ALT increased 
	5 (0.9%) 
	6 (1.0%)_ 

	Macular edema 
	Macular edema 
	5 (0.9%) 
	0 

	AST increased 
	AST increased 
	3 (0.5%) 
	5 (0.9%) 

	Pregnancy 
	Pregnancy 
	3 (0.5%) 
	3 (0.5%) 

	Hepatic enzyme increased 
	Hepatic enzyme increased 
	3 (0.5%) 
	2 (0.4%) 

	Pregnancy of J'arlner 
	Pregnancy of J'arlner 
	2 (0.4%) 
	1 (0.2%) 

	Hyrertension 
	Hyrertension 
	2 (0.4%) 
	0 

	-
	-
	· 

	TR
	Lymphocyte count decreased 
	2 (0.4%) 
	0 

	TR
	Nausea 
	2 (0.4%) 
	0 


	Source: Adapted from Table 40, Clinical Safety Review 
	Dyspnea, increased liver transan1inases, macular edema, hypertension, and lymphopenia are established risks of approved SlP modulators, are labeled as warnings on approved labeling for other SlP modulators, and will be included as 
	Reference ID 4764774 
	warnings in ponesimod's labeling as well. Dr. Jones noted that the nausea reported by patients who discontinued was associated with transaminase elevations and as such was a redundant symptom associated with a known adverse event risk. Pregnancy is an appropriate reason for discontinuing treatment for both study treatments. The other single events reported in the trial did not conform to a discernable pattern suggesting an unrecognized adverse event that may lead to discontinuation of ponesimod in broader u
	In Study AC-058B201, adverse events leading to premature discontinuation of study treatment were reported at higher rates in the ponesimod 10 mg (11.1%), 20 mg (5.3%), and 40 mg (13.4%) treatment groups as compared to the placebo treatment group (3.3%). As previously noted, the discontinuation rules for this trial were more restrictive than the Phase 3 trial; hence, there are higher rates of discontinuation for some doses of ponesimod. The most common adverse events leading to discontinuation of ponesimod i
	Treatment-Emergent Adverse Events The following table summarizes the most common treatment-emergent adverse events (TEAEs) that occurred in patients enrolled in Study AC-058B301: 
	Table 11: Treatment-Emergent Adverse Events Reported in At Least 5% of Patients T t d Wl d.111 Stud AC-058B301
	rea e .th Pones1mo lY 
	Ponesimod 
	Teriflunomide
	I 
	Adverse Event 
	20 mg 
	14 mg 
	n=565 
	n=566 
	ALT increased 
	ALT increased 
	ALT increased 
	110 (19.5%) 
	53 (9.4%) 

	Nasol'ha!}"ngitis 
	Nasol'ha!}"ngitis 
	109 (19.3%) 
	95 (16.8%) 

	Upper respiratory tract infection 
	Upper respiratory tract infection 
	60 (10.6%) 
	59 (10.4%) 

	J:!yJ'erlension 
	J:!yJ'erlension 
	45 (8.0%) 
	44(7.8%)_ 

	AST increased 
	AST increased 
	36 (6.4%) 
	20 (3.5%) 

	Urin~tract infection 
	Urin~tract infection 
	32 (5.7%) 
	29 (5.1%) 

	Dysl'nea 
	Dysl'nea 
	30 (5.3%) 
	7 (1.2%) 


	Dizziness 
	28 (5.0%) 
	15 (2.7%) 
	Source: Adapted from Table 48, Clinical Safety Review 
	The most common TEAEs reported Study AC-058B301 confirm the presence of many TEAEs known to be associated with all other approved SlP modulators (increased 
	Reference ID 4764774 
	liver transarninases, infections, hypertension, and dyspnea) at approximately similar frequencies as reported in other development progran1s for Sl P modulators. Dizziness is a commonly reported adverse event in trials of MS and has also been noted in association with other SlP modulators at a higher frequency than active and placebo controls. 
	The most common TEAEs that occurred in Study AC-058B201 are summarized in the following table: 
	Table 12: Treatment-Emergent Adverse Events Reported in At Least 5% of Patients in AnY P d T reatment D . Stu ly AC 058B201
	Lonesm10 ose m d 
	I Ponesimod Ponesimod Ponesimod Placebo lOmg 20mg 40mg Adverse Event (n=108) (n=114) (n=119) (n=121) Headache 24 (22.2%) 21 (18.4%) 21 (17.6%) 20 (16.5%) Naso_eharyngitis 22 (20.4%) --1.li (12.3%) --1.li (11.8%) ~(19.0%) Dyspnea 5 (4.6%) 10 (8.8%) 20 (16.8%) 5 (4.1 %) Fatigue 8 (7.4%) 9 (7.9%) 9 (7.6%) 7 (5.8%.L Dizziness 8 (7.4%) 7(6.1%) 14 (11.8%) 3 (2.5%) ALT increased 7 (6.5%) 7(6.1%) 7 (5.9%) 1 (0.8%) Back pain 2 (1.9%) 6 (5.3%) 7 (5.9%) 6 (5.0%) Sinusitis 5 (4.6%) 5 (4.4%) 6 (5.0%) 5 (4.1 %) Bronchiti
	Source: Adapted from Table 51, Clinical Safety Review 
	The TEAEs reported in this Phase 2 trial comprise a nearly identical list of TEAEs occurring at similar frequencies as reported in the Phase 3 trial. The additional TEAEs appearing on this listing (cough, bronchitis) represent symptoms of broader labeled concerns for increased risks of respiratory effects and infections and do not change the assessment of ponesimod as remarkably similar with respect to overall safety in comparison to other approved SlP modulators. 
	Adverse Events of Special Interest and Special Safety Concerns 
	Given more than a decade of postmarketing experience with the first approved S1P modulator, and the large safety databases from many controlled trials supporting three approved S1P modulators in patients with relapsing forms of MS, there are several known, established TEAEs for S1P modulators with serious, rarely fatal, outcomes that merit particular scrutiny and are discussed as follows: 
	Infections and Lymphopenia 
	Ponesimod causes a marked reduction in serum total white blood cell count after the initial dose. Ponesimod 20 mg daily treatment is associated with a mean reduction in serum lymphocytes of approximately 59%, and lymphopenia is reported in approximately 9% of patients in the longest term safety pool available. This mean reduction in lymphocytes is larger than that reported with fingolimod (~35%), siponimod (~30%) or ozanimod (~45%), and may be the result of ponesimod binding only at S1P1, the receptor which
	The S1P modulators’ ability to reduce serum white count is strongly presumed to be the reason for an increased risk of infections in patients taking these therapies. Therefore, increased risk of infections was a primary concern with review of the ponesimod trial data. In Study AC-058B301, the combined frequency of all infections in the ponesimod treatment arm population was 54.2%, which was 2.1% higher than the rate of all infections with active comparator teriflunomide, an immune suppressant approved to tr
	Of particular note, despite being reported at higher rates in association with other S1P modulators, herpetic infections as a group were noted at the same frequency (4.8%) in both the ponesimod and teriflunomide treatment arms. There is evidence of a selective and more serious risk of herpetic infections associated with ponesimod treatment. The rate of varicella zoster (a serious and potentially fatal herpetic 
	Of particular note, despite being reported at higher rates in association with other S1P modulators, herpetic infections as a group were noted at the same frequency (4.8%) in both the ponesimod and teriflunomide treatment arms. There is evidence of a selective and more serious risk of herpetic infections associated with ponesimod treatment. The rate of varicella zoster (a serious and potentially fatal herpetic 
	manifestation) was not equivalent between the two treatments (1.6% in ponesimod treatment vs. 0.5% in teriflunomide), and the only herpes-related SAE occurred in a ponesimod-treated patient. 

	Because ponesimod is associated with serum lymphocyte reduction and increased risk of infections, including serious/severe infection, labeling will recommend obtaining a complete blood count at baseline and periodic monitoring of the complete blood count for lymphopenia. The increased risk of infections will be described in the Warnings and Precautions section of the prescribing information. There will be specific labeling language noting an increased risk for herpetic infection, including herpetic recrudes
	Liver Injury 
	Ponesimod is metabolized extensively by several enzyme systems within the liver. Ponesimod use is associated with increased serum levels of liver transaminases, a safety finding in common with all other approved S1P modulators. In Study AC058B301, adverse events related to increased liver transaminases were among the most common TEAEs in the trial (22.7% for ponesimod vs. 12.2% for teriflunomide treatment), serious adverse events (less than 1%) and adverse events leading to treatment discontinuation (2.3% 
	Ponesimod is metabolized extensively by several enzyme systems within the liver. Ponesimod use is associated with increased serum levels of liver transaminases, a safety finding in common with all other approved S1P modulators. In Study AC058B301, adverse events related to increased liver transaminases were among the most common TEAEs in the trial (22.7% for ponesimod vs. 12.2% for teriflunomide treatment), serious adverse events (less than 1%) and adverse events leading to treatment discontinuation (2.3% 
	be increased as a victim of a drug-drug interaction with strong PXR agonists. Thus, a PMC will be requested to investigate whether strong PXR agonists may reduce serum ponesimod concentrations to an extent that might impact efficacy (see Postmarketing Recommendations). 

	Bradyarrhythmia and Atrioventricular Conduction Delays 
	S1P receptors are expressed abundantly in cardiac tissue. Initiation of S1P modulators can cause bradycardia, bradyarrhythmia, and cardiac conduction block. These adverse events are potentially life-threatening, and fingolimod, the first approved non-selective S1P modulator, must be initiated with first-dose monitoring in a medical setting, including pre-and post-dose electrocardiograms. During the development of ponesimod, when it became evident that the expected treatment doses of ponesimod caused signifi
	S1P receptors are expressed abundantly in cardiac tissue. Initiation of S1P modulators can cause bradycardia, bradyarrhythmia, and cardiac conduction block. These adverse events are potentially life-threatening, and fingolimod, the first approved non-selective S1P modulator, must be initiated with first-dose monitoring in a medical setting, including pre-and post-dose electrocardiograms. During the development of ponesimod, when it became evident that the expected treatment doses of ponesimod caused signifi
	nd 

	determine whether significant bradycardia or AV block was present pre-treatment. Labeling will stipulate a need for baseline electrocardiogram assessment and will explain the cardiac conditions that are not recommended or require consultation with an expert before administration of ponesimod. A Warning and Precaution in labeling explaining the potential for new onset bradyarrhythmia and AV block (which were still observed even with a 14-day titration) is still warranted. 

	Macular Edema 
	Macular edema is an anticipated outcome in association with S1P receptor modulation and was reported as an adverse event in approximately 1.1% of patients exposed to ponesimod, whereas no cases were reported in the comparator treatment arms of the Phase 2b or 3 trials. Because of the confirmation of this risk of a serious adverse event being associated with ponesimod treatment, a Warning and Precaution to advise patients of a need for emergent evaluation of any visual symptom while taking ponesimod is justi
	Increased Blood Pressure 
	Ponesimod was associated with a mean increase of approximately 2.9 mmHg systolic and 2.8 mmHg diastolic blood pressure at Week 108 of treatment, relative to baseline blood pressure readings. These mean blood pressure increases are similar to those noted in clinical trials with other S1P receptor modulators that have Warnings and Precautions statements for “Increased Blood Pressure” and so a similar comment is warranted here. In the controlled trials in this application, hypertension and related treatment-em
	Respiratory Effects 
	Prior experience with S1P receptor modulator therapies demonstrates that patients exposed to ponesimod might experience symptoms consistent with restrictive airway disease and persistent changes in forced-expiratory volume over one second (FEV1) and diffusion lung capacity for carbon monoxide (DLCO). As with other S1P modulators, dyspnea and symptoms consistent with a restrictive airway disease were noted at higher rates in association with ponesimod treatment. The effects on FEV1 and DLCO observed in patie
	Prior experience with S1P receptor modulator therapies demonstrates that patients exposed to ponesimod might experience symptoms consistent with restrictive airway disease and persistent changes in forced-expiratory volume over one second (FEV1) and diffusion lung capacity for carbon monoxide (DLCO). As with other S1P modulators, dyspnea and symptoms consistent with a restrictive airway disease were noted at higher rates in association with ponesimod treatment. The effects on FEV1 and DLCO observed in patie
	and Precaution regarding the pulmonary effects of ponesimod therefore is justified on the same grounds, as was the case for all other approved S1P therapies. There are ongoing evaluations of pulmonary effects of fingolimod and siponimod to provide further clarity regarding how durable the respiratory effects of S1P modulators are, and these studies’ findings may inform labeling in the future. 

	Cutaneous Malignancies 
	The labeling for two approved S1P modulators, fingolimod and siponimod, have labeled Warnings and Precautions regarding risk of skin malignancies. The association of S1P modulators and increased risk of skin malignancies was identified in the postmarketing of these two S1P modulators, and this risk is reflected in current labeling. Thus, this signal was only evident with longitudinal chronic use, but appears to be a class risk. The clinical review noted that cutaneous malignancy rates were roughly equivalen
	Safety Conclusions 
	Safety Conclusions 

	Ponesimod is associated with adverse reactions, some serious, but the risks of most treatment-emergent events can be reduced through minimally invasive screening and can generally be mitigated by discontinuation of therapy. The identified risks are largely consistent with what is known regarding the safety profile of other S1P modulators, although first-dose monitoring for bradycardia will not be needed for ponesimod, as discussed previously in this review. With established efficacy for the treatment of rel
	Ponesimod is associated with adverse reactions, some serious, but the risks of most treatment-emergent events can be reduced through minimally invasive screening and can generally be mitigated by discontinuation of therapy. The identified risks are largely consistent with what is known regarding the safety profile of other S1P modulators, although first-dose monitoring for bradycardia will not be needed for ponesimod, as discussed previously in this review. With established efficacy for the treatment of rel
	injury, reduced expiratory volume, cutaneous malignancies, and elevated blood pressure. There will be requested pharmacovigilance with expedited reporting for events of particular interest identified in the ponesimod development program that are shared with other S1P modulators including serious or fatal infections, thromboembolic events, and malignancies. On review, there were cases of euphoria related to bradycardia in a Phase 1 trial of ponesimod. Based on these concerns, requested pharmacovigilance will



	9. Advisory Committee Meeting 
	9. Advisory Committee Meeting 
	This application was not referred to an Advisory Committee for review because this drug is not the first in its class, the safety profile is similar to that of the three other drugs in this class approved for this indication, the clinical trial designs were acceptable, the efficacy findings were clear, and the safety profile was acceptable in light of the serious nature of the disease being treated. Labeling will make prescribers fully aware of the risks associated with ponesimod treatment, allowing them to
	10. Pediatrics 
	No clinical pediatric data are provided. An initial Pediatric Study Plan to study ponesimod in patients ages 10-17 years with relapsing forms of multiple sclerosis that was proposed by the applicant, as required by the Pediatric Research Equity Act (PREA), was deemed acceptable. The PMR for a pediatric study is described in Section 9.  
	11. Other Relevant Regulatory Issues 
	11. Other Relevant Regulatory Issues 
	Office of Scientific Investigations review 
	Office of Scientific Investigations review 
	The Office of Scientific Investigations (OSI) reviewer for this application was Dr. Cara Alfaro and the OSI team leader was Dr. Phillip Kronstein. The OSI consult had identified two clinical investigators for potential good clinical practice (GCP) inspections, Drs. Evica Dincic (at Site 2601, located in Serbia) and Ivan Staikov (at Site 2707, located in Bulgaria). However, due to the global COVID-19 pandemic, OSI currently is unable to conduct on-site inspections in foreign sites, and the need for these pla
	The Office of Scientific Investigations (OSI) reviewer for this application was Dr. Cara Alfaro and the OSI team leader was Dr. Phillip Kronstein. The OSI consult had identified two clinical investigators for potential good clinical practice (GCP) inspections, Drs. Evica Dincic (at Site 2601, located in Serbia) and Ivan Staikov (at Site 2707, located in Bulgaria). However, due to the global COVID-19 pandemic, OSI currently is unable to conduct on-site inspections in foreign sites, and the need for these pla
	Study AC-058B301, and given the fact that removal of the findings from these two inspection sites’ from the efficacy database would not markedly impact the overall significance of the primary outcome measure finding, the review team elected to proceed with an assessment of the application without inspections. While OSI concluded that they could not determine if Study AC-058B301 was conducted appropriately or if the data were reliable under GCP principles, the OSI conclusion was solely based on an inability 


	Controlled Substance Staff review 
	Controlled Substance Staff review 
	The Controlled Substance Staff (CSS) reviewers for this application was Drs Shalini Bansil, and the CSS Director was Dr. Dominic Chiapperino. The CSS review team noted that there were reports of euphoric mood in the Phase 1 trials of ponesimod, which suggested a potential for ponesimod to be abused. The applicant’s summary and the CSS review of the euphoria findings cite a loose correlation with nadirs of bradycardia. The CSS review noted that ponesimod is similar to other S1P modulators that are not contro


	12. Labeling 
	12. Labeling 
	See the final negotiated product label. Labeling negotiations with the applicant have been completed and the applicant has accepted all recommended changes. 

	13. Postmarketing Recommendations 
	13. Postmarketing Recommendations 
	Risk Evaluation and Management Strategies (REMS) 
	Risk Evaluation and Management Strategies (REMS) 

	A REMS is not necessary for ponesimod. 
	Postmarketing Requirements (PMRs) and Commitments (PMCs) 
	Postmarketing Requirements (PMRs) and Commitments (PMCs) 

	The following are : 
	postmarketing requirements

	•. 
	•. 
	•. 
	•. 
	Conduct a two-part study of Ponvory (ponesimod) in pediatric patients with relapsing forms of multiple sclerosis (RMS) at least 10 years and less than 18 years of age. Part A is an open-label study of the safety,  tolerability, pharmacokinetics (PK), and pharmacodynamics (PD) of Ponvory (ponesimod) in pediatric patients. Part A will include two cohorts, one with body weights less than 40 kg, and the other with body weights 40 kg or more. The objective of Part A is to determine titration and maintenance dose

	Final Protocol Submission: 03/2022 .Study Completion: 11/2027 .Final Report Submission: 08/2028 .

	•. 
	•. 
	Prospective pregnancy exposure registry cohort analyses in the United States that compare the maternal, fetal, and infant outcomes of women with multiple sclerosis exposed to Ponvory (ponesimod) during pregnancy with two unexposed control populations: one consisting of women with multiple sclerosis who have not been exposed to Ponvory (ponesimod) before or during pregnancy and the other consisting of women without multiple sclerosis. The registry will identify and record pregnancy complications, major and m


	Draft Protocol Submission:. 03/2022 
	Final Protocol Submission:. 12/2022 
	Annual Interim Report Submissions:. 12/2023 .12/2024 .12/2025 .12/2026 .12/2027 .12/2028 .12/2029 .12/2030 .12/2031 .
	12/2032 
	Study Completion:. 12/2033 
	Final Report Submission:. 12/2034 
	•. A pregnancy outcomes study using a different study design than provided for in PMR 4024-2 (for example, a retrospective cohort study using claims or electronic medical record data with outcome validation or a case-control study) to assess major congenital malformations, spontaneous abortions, stillbirths, preterm births, and small-for-gestational-age births in women exposed to Ponvory (ponesimod) during pregnancy compared to an unexposed control population. 
	Draft Protocol Submission:. 03/2022 
	Final Protocol Submission:. 12/2022 
	Annual Interim Report Submissions:. 12/2023 12/2024 12/2025 12/2026 12/2027 12/2028 12/2029 12/2030 12/2031 12/2032 
	Study Completion: 12/2033 Final Report Submission: 12/2034 
	The following is a : 
	postmarketing commitment

	•. Conduct a drug-drug Interaction trial to evaluate the impact of strong PXR agonists on the pharmacokinetics of Ponvory (ponesimod). 
	Draft Protocol Submission: 09/2021 Final Protocol Submission: 03/2022 Trial Completion: 03/2023 Final Report Submission: 03/2024 

	14. Recommended Comments to the Applicant 
	14. Recommended Comments to the Applicant 
	The approval letter will instruct the applicant to conduct requested pharmacovigilance for the safety concerns identified in the safety review, including expedited reporting of malignancies, thromboembolic events, serious or fatal infections, and events consistent with euphoric mood that may be indicative of abuse potential. 
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