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1. Introduction 

This review by the Division of Risk Management (DRM) evaluates whether a risk evaluation and 
mitigation strategy (REMS) for the new molecular entity (NME) Relyvrio (sodium phenylbutyrate and 
taurursodiol) is necessary to ensure the benefits outweigh its risks.  Amylyx submitted a New Drug 
Application (NDA) 216660 for Relyvrio with the proposed indication for treatment of amyotrophic lateral 
sclerosis (ALS) in adults.  This application is under review in the Division of Neurology 1.  The applicant 
did not submit a proposed REMS or risk management plan with this application.   

 

2. Background 

2.1. Product Information 

Relyvrio, a new molecular entitya, is an endoplasmic reticulum and mitochondrial stress inhibitor, 
proposed for the treatment of amyotrophic lateral sclerosis (ALS).  It is a co-formulation of two active 
pharmaceutical ingredients (sodium phenylbutyrate and taurursodiol) that when combined demonstrate 
synergistic activity in reducing neuronal death, hypothesized by the applicant to occur through 
simultaneous inhibition of endoplasmic reticulum and mitochondrial stress.  Sodium phenylbutyrate is 
an FDA approved fatty acid used to treat urea cycle disorders.  Taurursodiol is a hydrophilic bile acid 
approved in several countries for the treatment of gallstones and liver cirrhosis.  It is not approved in the 
U.S., however its direct metabolite, ursodeoxycholic acid, is approved for the treatment of primary 
biliary cirrhosis.  Relyvrio is proposed for chronic useb and will be supplied as a 3 g sodium 
phenylbutyrate/1 g taurursodiol single-dose packet.  The packets are to be poured into eight ounces of 
room temperature water and taken orally.  For the first 21 days of treatment, it is to be taken once daily 
prior to a meal.  Maintenance dosing is twice daily, morning and evening.  Relyvrio was granted orphan 
drug designation in July 2017.  It is currently approved to treat ALS in Canada through a conditional 
approval pathway.   

2.2. Regulatory History 

The following is a summary of the regulatory history for NDA 216660 relevant to this review:   

• 04/14/2017:  IND 129563 submitted  for sodium phenylbutyrate/taurursodiol.   

• 07/2017:  Orphan Drug Designation granted for sodium phenylbutyrate/taurursodiol. 

• 10/29/2021:  NDA 216660, Relyvrio (sodium phenylbutyrate/taurursodiol) submission for 
treatment of ALS in adults received. 

 
a Section 505-1 (a) of the FD&C Act: FDAAA factor (F): Whether the drug is a new molecular entity. 

b Section 505-1 (a) of the FD&C Act: FDAAA factor (D): The expected or actual duration of treatment with the drug. 
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• 03/30/2022:  Peripheral and Central Nervous System Advisory Committee Meeting (PCNSAC) 
was convened to discuss whether the data submitted by Amylyx is adequate to establish 
effectiveness for Relyvrio in the treatment of ALS.  The AC voted 6 against and 4 in favor of 
evidence of established efficacy of Relyvrio in ALS.  A REMS proposal was not discussed.  

• 05/25/2022:  Amylyx submitted additional analyses from the Phase 2 CENTAUR study and its 
open-label extension, along with biomarker results from a Phase 2 study of Relyvrio in 
Alzheimer’s disease.   

• 06/02/2022: Major amendment acknowledgment letter sent to the applicant1; PDUFA goal date 
extended by 3 months.  

• 09/07/2022:  PCNSAC reconvened to continue discussion of NDA 216660 in the context of 
additional analyses and data submitted by the applicant on May 25, 2022.  The AC voted 7 in 
favor of and 2 against the established efficacy of Relyvrio in ALS.  A REMS proposal was not 
discussed.  

 

3. Therapeutic Context and Treatment Options 

3.1. Description of the Medical Condition 

ALS is a fatalc, incurable progressive neuromuscular disease that is characterized by progressive 
degeneration of motor neurons in the brain and spinal cord.  The motor degeneration causes muscle 
atrophy and weakness that leads to muscle stiffness, twitches, and spasms in the early stages of the 
disease.  As the disease progresses, patients experience muscle paralysis, shortness of breath, loss of 
speech and the ability to eat.  Patients with ALS will typically die from respiratory failure.  The average 
life expectancy after diagnosis is two to five years, though some patients may live up to ten years or 
longer.2  Most people who develop ALS are between the ages of 40 and 70, although the disease can 
occur at a younger age.  The specific cause of ALS is unknown, though in approximately 5-10% of cases, 
genetic history of a gene mutation exists.3  In the United States, approximately 30,000 people have ALS, 
with 5000 new cases diagnosed each year.4 

3.2. Description of Current Treatment Options 

There are two pharmacological therapies approved to treat ALS, riluzole and edaravone.  Riluzole, 
approved in 1995, is thought to reduce glutamate-induced excitotoxicity and consequent neuronal cell 
death, though the exact mechanism of action is unknown.  In clinical trials, riluzole was shown to 
prolong survival of ALS patients by approximately three months and extend the time before ventilatory 
support is needed.  Hepatic injury, neutropenia and interstitial lung disease are all associated with 
riluzole therapy.  Edaravone, approved in 2017, is a free-radical scavenger that is thought to reduce 

 
c Section 505-1 (a) of the FD&C Act: FDAAA factor (B): The seriousness of the disease or condition that is to be 
treated with the drug. 
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oxidative stress, which has been implicated in the pathogenesis of ALS.  In clinical trials, edaravone 
patients experienced a 33% smaller functional decline versus placebo.  Serious side effects include 
hypersensitivity reactions and sulfite allergic reactions.  Labeling for edaravone includes a Medication 
Guide for patients.  Though there are two approved therapies for ALS, there remains a high unmet 
medical need for new treatments as patients face rapid morbidity and fatality. 

In addition to riluzole and edaravone, non-drug treatments such as physiotherapy, occupational 
therapy, and speech therapy can help maintain patients’ quality of life, mobility, and ability to 
communicate with others for as long as possible.  Other approaches include diet changes, supplements, 
and acupuncture.   

 

4. Benefit Assessment 

The pivotal trial (CENTAUR, NCT03127514) supporting this application consisted of a Phase 2 
randomized, placebo-controlled, double-blind, parallel-group, 24-week evaluation of 137 patients with 
ALS.  For the first three weeks of treatment in the study, subjects were administered one packet of 
Relyvrio (3 g sodium phenylbutyrate /1 g taurursodiol) daily.  At week four, dosing was increased to two 
packets daily for the duration of the study.  Following completion of the 24-week placebo-controlled 
part of the study, subjects who completed the main phase on study drug were offered participation in a 
132-week open-label extension.  Concomitant use of standard of care treatments (e.g., riluzole and/or 
edaravone) were permitted, with 77% of patients taking at least one additional ALS drug.  The primary 
endpoint for the CENTAUR study was the rate (slope) of decline of the ALS functional rating scale 
(ALSFRS-R)d assessed over 24 weeks.  Results of the study showed a statistically significant change on 
the slope of the ALSFRS-R at 24 weeks (2.32-point difference at 24 weeks, p=0.034) as outlined below: 

 

 
d ALSFRS-R is a revised ordinal rating scale (ratings 0 to 4) used to determine patients’ assessment of their 
capability and independence in twelve functional activities relevant to ALS.   
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During the course of the review, DN1 expressed concerns with the statistical analysis methodology and 
stated that there were analytical and interpretative issues associated with the application.  A Peripheral 
and Central Nervous System (PCNS) Advisory Committee (AC) meeting was held on March 30, 2022 to 
discuss whether the data submitted by the Applicant is adequate to establish the effectiveness of 
Relyvrio in the treatment of ALS.  Four committee members voted “Yes” and six members voted “No”.  
Following the AC meeting, the Applicant submitted additional analyses of the survival data from the 
CENTAUR study and its OLE, along with biomarker results from a recently completed Phase 2 study of 
Relyvrio in Alzheimer’s disease.  In response to the additional clinical information, a second PCNS AC 
meeting was held on September 7, 2022 to continue the efficacy discussion.  Seven committee members 
voted “Yes” and two voted “No” regarding the established efficacy of Relyvrio.   

 

 

5. Risk Assessment & Safe-Use Conditions 

The primary safety analysis consists of data from 89 subjects who received at least one dose of Relyvrio 
during the Phase 2 study (CENTAUR); the remaining 48 subjects received placebo.  Seven deaths (5 
Relyvrio, 2 placebo) were reported in the primary safety pool.  The deaths in the Relyvrio group were 
due to respiratory failure/arrest (3), subdural hematoma and diverticular perforation.  Both of the 
placebo group deaths were attributed to respiratory failure/arrest.  The applicant stated that none of 
the subject deaths were assessed as study medication related.     

Serious adverse events (SAEs) were reported in 19 subjects in the Relyvrio trial and occurred more 
frequently in placebo (16.7%) compared to Relyvrio (12.4%).  The only SAEs that occurred in more than 
one subject were respiratory failure (2 [2.2%] in the Relyvrio group and 3 [6.3%] in the placebo group) 
and nephrolithiasis (1 each in the Relyvrio and placebo group).  The report of nephrolithiasis in the 
treatment group was the only SAE assessed by the applicant as possibly related to Relyvrio. A review of 
the subject’s medical history indicated a history of nephrolithiasis.   

The medical officer for Relyvrio stated that there are no major safety concerns with this application (V. 
Tandon, personal communication, September 28, 2022).  Based on the study results and the disease 
course for ALS, the serious adverse events in patients treated with Relyvrio do not warrant a REMS.  The 
reports of respiratory failure/arrest are expected as progressive respiratory function decline is part of 
the disease course for ALS and the most common cause of death in this patient population.  Draft 
labeling for Relyvrio includes a Warning and Precaution for patients with enterohepatic circulation, 
pancreatic and intestinal disorders as these conditions may alter the concentration of bile acids and 
affect taurursodiol levels (one of the active ingredients in Relyvrio), leading to increased risk of diarrhea 
and malabsorption.  There is also a Warning and Precaution for use in patients sensitive to high sodium 
intake, as the packet formulation has a high sodium content.   

The Division of Neurology 1 has determined that several postmarketing requirements (PMRs) are 
necessary for Relyvrio.  In addition to three drug interaction studies, the applicant will be required to 
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conduct a clinical trial to evaluate the effect of hepatic impairment with Relyvrio use and another trial to 
evaluate the effects of renal impairment.   

 

6. Expected Postmarket Use 

Relyvrio is expected to be taken by patients orally or administered via feeding tube twice daily in the 
outpatient or inpatient setting, depending on how advanced the disease has progressed.  In most cases 
Relyvrio will be prescribed by specialists, such as neurologists, and will likely be used as add-on therapy 
to currently approved ALS treatments (edaravone, riluzole).  As ALS is such a rare and rapidly 
progressing fatal disease, patients are typically managed very closely by experienced clinicians who are 
able to help them manage any adverse effects.   

 

7. Risk Management Activities Proposed by the Applicant 

The Applicant did not propose any risk management activities for Relyvrio beyond routine 
pharmacovigilance and labeling.  

 

8. Discussion of Need for a REMS 

ALS is a progressive, fatal, neurodegenerative disorder that cause muscle weakness, disability and 
eventually death.  The benefits of ALS treatment with Relyvrio were demonstrated in a Phase 2 clinical 
trial by meeting the primary endpoint of the rate (slope) of decline of the ALSFRS-R assessed over 24 
weeks.  

The safety profile for Relyvrio is favorable; there were no serious adverse events that required REMS 
consideration.  The proposed label includes a Warning and Precaution for patients with enterohepatic 
circulation, pancreatic and intestinal disorders and for patients sensitive to high sodium intake.  The DN1 
has determined that PMRs to evaluate the effects of Relyvrio use in patients with hepatic and renal 
impairment is necessary, as well as three PMRs to study potential drug interactions.  

The healthcare providers who are likely to prescribe Relyvrio should be familiar with the management of 
ALS therapies and able to work with patients to help manage any adverse effects.  Therefore, based on 
the data currently available, DRM and DN1 agree that a REMS is not necessary to ensure the benefits 
outweigh the risks of Relyvrio.   

 

9. Conclusion & Recommendations 
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Based on the information currently availablee, a REMS is not necessary for Relyvrio to ensure the 
benefits outweigh the risks.  At the time of this review, evaluation of safety information and labeling was 
ongoing.   Please notify DRM if new safety information becomes available that changes the benefit-risk 
profile; this recommendation can be reevaluated.     

   

10. Appendices 

10.1. References 
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e The clinical review was not available to DRM at the time of this REMS Determination review.   
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