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EXECUTIVE SUMMARY 

This review by the Division of Risk Management (DRM) evaluates whether a risk evaluation and 
mitigation strategy (REMS) for the new molecular entity Evrysdi (risdiplam) is necessary to ensure the 
benefits outweigh its risks.  Genentech, Inc. submitted a New Drug Application (NDA) 213535 for 
risdiplam with the proposed indication for treatment of spinal muscular atrophy (SMA).  The clinical 
reviewer concluded that risdiplam was effective in helping pediatric and adult patients with SMA 
achieve motor function improvement.  SMA is classified as type 1 through 4 depending upon the age of 
onset and disease course. Infantile spinal muscular atrophy (SMA-1), is the most common (approximately 
60% of patients) and severe type. It typically presents in the neonatal period and progresses rapidly; 
however, decreased quality of life and loss of life are significant for patients with all types of SMA. 

 The risks associated with the use of risdiplam include retinal toxicity, embryo-fetal toxicity and effects 
on male fertility.  The applicant did not submit a proposed REMS or risk management plan with this 
application.  The Division of Risk Management (DRM) and the Division of Neurology 1 (DN1) agree that a 
REMS is not necessary to ensure that the benefits of risdiplam outweigh its risk for the proposed 
indication for treatment of spinal muscular atrophy.  

   

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) Evrysdi (risdiplam) is necessary to ensure 
the benefits outweigh its risks.  Genentech, Inc. submitted a New Drug Application (NDA) 213535 for 
risdiplam with the proposed indication for treatment of spinal muscular atrophy. This application is 
under review in the Division of Neurology Products 1 (DN1).   The applicant did not submit a proposed 
REMS or risk management plan with this application.   

2 Background 
2.1 PRODUCT INFORMATION 
Evrysdi (risdiplam), a new molecular entitya, is a survival of motor neuron 2 (SMN2) pre-messenger 
ribonucleic acid (mRNA) splicing modifier proposed for the treatment of spinal muscular atrophy, an 
autosomal recessive disease that involves the survival motor neuron gene.  Risdiplam is supplied as a 
0.75 mg/ml solution and administered orally once daily per the following dosing schedule: 

Age Recommended Daily Dose 
2 months to < 2 years of age 0.20 mg/kg 

≥ 2 years of age (< 20 kg) 0.25 mg/kg 
≥ 2 years of age (≥ 20 kg) 5 mg 

 

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

Reference ID: 4639736

(b) (4)



4 

 

The drug will likely be administered in both the outpatient and inpatient setting and will be a chronic 
medication.  Risdiplam was granted orphan product designation on January 4, 2017 and fast track 
designation on April 5, 2017.  Risdiplam is not currently approved in any other jurisdiction.  

2.2 REGULATORY HISTORY 
The following is a summary of the regulatory history for NDA 231535 relevant to this review:   

 01/04/2017:  Orphan product designation granted for the treatment of spinal muscular atrophy 

 04/05/2017: Fast track designation granted 

 05/30/2019: Priority review designation and Rolling submission granted 

 09/24/2019: NDA 213535 submission for the treatment of spinal muscular atrophy received 

 01/30/2020: A Mid-Cycle meeting was held between the Agency and the Applicant via 
teleconference. The Agency informed the Applicant that no major safety concerns had been 
identified, but the review was still ongoing.   

 04/02/2020: A Post Mid-cycle meeting was held between the Agency and the Applicant via 
teleconference. The Agency informed the Applicant that there is currently no need for a REMS. 

 

3 Therapeutic Context and Treatment Options 

3.1 DESCRIPTION OF THE MEDICAL CONDITION 
Spinal muscular atrophy (SMA) is an autosomal recessive disease caused by deletions or mutations in 
the survival motor neuron 1 (SMN1) gene. The most common mutation is a deletion of exon 7. 
Humans have a paralogousb SMN2 gene that differs from SMN1 by 11 nucleotides, including a single 
nucleotide difference that causes skipping of exon 7. The skipping of exon 7 results in low levels of 
SMN2 protein, which are insufficient on a functional level. Modulation of splicing of the SMN2 pre-
mRNA to include exon 7 intends to increase the production of a functional compensatory SMN 
protein.1 

The incidence of SMA ranges from 4 – 10 per 100,000 live births, and the U.S. prevalence is estimated 
to be around 25,000 patients.c 

SMA is characterized by degeneration of the anterior horn cells in the spinal cord and motor nuclei in 
the lower brainstem, resulting in muscular atrophy and weakness. Patients with SMA have symmetric 
proximal muscle weakness that is greater in the lower than upper limbs.2 The disease is also 
associated with a restrictive, progressive respiratory insufficiency that leads to respiratory failure. 
                                                           
b Paralogous genes originate by duplication wherein one copy of the gene receives a mutation that gives rise to a 
new gene with a new function, though that function is often related to the role of the ancestral gene. 

c Section 505-1 (a) of the FD&C Act: FDAAA factor (A): The estimated size of the population likely to use the drug 
involved. 
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SMA is classified as type 1 through 4 depending upon the age of onset and disease course. SMA type 
1, also known as infantile spinal muscular atrophy, is the most common (approximately 60% of 
patients) and severe type of SMA. It typically presents in the neonatal period and progresses rapidly.  
Infants with SMA-1 have a severe symmetric flaccid paralysis, are unable to sit unsupported, and 
usually die within the first two years of life from respiratory failure and infection.d   SMA-2 
(intermediate form) and SMA-3 (mild form) have a later onset and a less severe course. SMA-2 
presents between 3 and 15 months of age; patients can sit but cannot walk independently, and death 
from respiratory complications typically occurs after two years of age. SMA-3 is less severe and 
typically presents with signs of weakness at or after one year of age and progresses to a chronic 
course; patients are able to walk but with difficulty. Adult onset of SMA (type 4) usually presents in 
the second or third decade of life and is the mildest variant.3 

3.2 DESCRIPTION OF CURRENT TREATMENT OPTIONS 
The two FDA-approved therapies for spinal muscular atrophy are Spinraza ® (nusinersen) and 
Zolgensma® (onasemnogene abeparvovec), both approved in 2016.   Nusinersen, an antisense 
oligonucleotide administered intrathecally, is approved to treat children, including newborns, and adults 
with SMA.  Risks associated with nusinersen include post-lumbar puncture events and potential 
neurologic toxicity.4  Onasemnogene abeparvovec (Zolgensma), a one-dose recombinant AAV9-based 
gene therapy, is approved for gene replacement therapy in children aged 2 years or younger with SMA 
type 1 who have biallelic mutation in the survival motor neuron 1 (SMN1) gene.  Onasemnogene 
abeparvovec has risks of thrombocytopenia and elevated troponin-I levels as well as elevated 
aminotransferases.  Due to risks of acute serious liver injury, thrombocytopenia, and elevated troponin-I 
levels, onasemnogene abeparvovec requires a regimen of systemic glucocorticoids and close monitoring 
of liver function and cardiac parameters for three months after administration.5  Additional treatment 
for SMA is supportive and directed at providing nutrition and respiratory assistance as needed and 
treating or preventing complications.  Physical therapy may be helpful. 

While there are existing treatment options for SMA, there remains an unmet medical need for SMA 
patients not able to receive, tolerate or appropriately benefit from the currently approved therapies. 

4 Benefit Assessment 
The efficacy and safety of risdiplam for the treatment of SMA in patients with infantile-onset and later 
onset was evaluated in 2 pivotal clinical trials, Study 1 (NCT02913482; BP39056; FIREFISH) and Study 2 
(NCT02908685; BP39055; SUNFISH) with additional safety data gathered from Study 3 (NCT 03032172; 

BP39054; JEWELFISH) .  

Study 1/FIREFISH is an ongoing phase 2/3, multicenter, open-label, single-arm 2-part study to investigate 
efficacy, safety, pharmacokinetics and pharmacodynamics in patients between 1 and 7 months of age, 

                                                           
d 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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diagnosed with Type 1 SMA.  In Part 1 of the study (n=21), patients were enrolled in two dose cohorts: 
low dose 0.08mg/kg (N= 4) and high dose adjustment to 0.2mg/kg (N = 17).  The primary objective in 
Part 1 was to evaluate the safety, tolerability, pharmacokinetics, and pharmacodynamics of risdiplam 
and to select the appropriate dose for Part 2.  The primary objective for Part 2 (n=41) was to assess the 
efficacy of risdiplam measured as the proportion of infants sitting without support (defined as sitting 
without support for 5 seconds) after 12 months of treatment per the gross motor scale of the Bayley 
Scales of Infant and Toddler Development – Third Edition (BSID-III).   

As noted by the clinical reviewer, the NDA submission only included efficacy data from Part 1 (n=21) of 
the FIREFISH study.  The efficacy analysis originally intended for Part 2 of the FIREFISH study was applied 
to the 21 patients in Part 1.   

 
Table 1:  Efficacy of Risdiplam in Infantile-Onset SMA Patients (*adapted from PI for Evrysdi) 
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In the FIREFISH study, 41% (7/17) of patients in the higher dose cohort were able to sit independently 
for ≥ 5 seconds (*BSID-III, Item 22) and 94% (16/17) of these patients were alive at month 12 resulting in 
a clinically meaningful deviation from the natural decline of untreated infantile-onset SMA.   Forty- one 
percent of the higher dose Cohort 2 patients achieving sitting without support, the clinical reviewer 
concluded this indicates a clinically significant improvement compared to the normal course of the 
disease where Type 1 SMA patients never achieve sitting without support. Further, the secondary 
endpoints show trends of improvement in the risdiplam-treated SMA type 1 infants compared to the 
normal course of the disease, however, the results are difficult to interpret without a placebo control 
group or adequate historical control.  The possibility of bias is a consideration, as study was an open 
label design. 

 
Study 2/SUNFISH is an ongoing pivotal phase 2/3, randomized (2:1; risdiplam: placebo), multicenter, 
placebo-controlled, double-blind study to investigate the safety, tolerability, PK and PD, and dose 
selection for patients aged 2-25 with SMA Type 2 and 3.  Patients in Part 1 (n = 51) were separated into 
two groups.  The active group (n = 35) was assigned to risdiplam while the placebo group (n=16) 
completed a minimum 12-week placebo-controlled treatment period and then were switched to active 
treatment.  Patients in Part 2 (n=180) were assigned either 5 mg once daily for body weights (BW) ≥ 
20kg or 0.25mg/kg for BW < 20kg over a 24-month treatment period (n=120) or placebo (n=60).  
Patients randomized to placebo were switched to active treatment in a blinded manner after 12 months 
of treatment.  Patients in the risdiplam arm maintained risdiplam treatment for the 24-month treatment 
period.   In Part 1, the primary objective was to evaluate safety, tolerability, PK and PD, and dose 
selection for Part 2.  In Part 2, the primary objective was to assess the efficacy and safety of risdiplam 
over 24 months and to evaluate the efficacy of risdiplam compared to placebo for motor function as 
assessed by change from baseline in total score of motor function measure 32e (MFM32) at 12 months.   
 
The primary efficacy endpoint for part 2 of the SUNFISH study was the change from baseline in the 
MFM32 at month 12.  There was a statistically significant difference (p=0.016) between the risdiplam 
group and the placebo group, with a mean increase in the score of 1.4 points in the risdiplam group and 
a mean decrease of -0.2 points in the placebo group on the 100-point MFM32 scale.  The observed 
improvement of motor function as evidenced by the mean increase in MFM32 score in the risdiplam-
treated group is not consistent with the natural history of SMA and supports the efficacy of risdiplam.  
The clinical reviewer concluded that the results of the secondary efficacy endpoints and other endpoints 
across all studies lend support to the positive efficacy results of the primary endpoint (change from 
baseline in the MFM32 total score at Month 12) of the placebo-controlled Study 2 Part 2. 

5 Risk Assessment & Safe-Use Conditions 
The safety database for risdiplam is comprised of the two pivotal studies, Study 1, Study 2, and a 
supportive open-label study, Study 3f for a total of 229 patients with infantile onset or later onset SMA 

                                                           
e The MFM32 is an ordinal scale constructed for use in patients with neuromuscular disorders. 

f Study 3/JEWELFISH, an ongoing multicenter, supportive open-label study in patients with infantile-onset and 
later-onset SMA who have previously participated in clinical trials other than risdiplam trials and/or received 
currently approved therapies for SMA.  At the time of submission, N = 12 with the goal of enrolling up to 180 
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exposed to risdiplam.   The most commonly reported adverse events (AEs) > 10% for infantile-onset 
SMA were upper respiratory tract infection (32%), pyrexia (21%), headache (20%), and diarrhea (17%).  
The most commonly reported AEs > 5% for later-onset SMA were fever, diarrhea, and rash10 

An imbalance of serious adverse events (SAEs) were identified between risdiplam and placebo during 
this review.  These include pneumonia (8% versus 2%), bacteremia (2% versus 0%), and influenza (2% 
versus 0%).  This imbalance is difficult to interpret because of the small numbers of subjects affected 
and the common occurrence of respiratory infections in SMA patients with disease-related weakening of 
respiratory muscles.11  The clinical reviewer concluded that the increased infection rates does not 
suggest a clinically significant difference between the risdiplam and placebo groups. 

Deaths 

Six deaths occurred in the FIREFISH study.  All deaths were patients with Type 1 SMA who died of 
respiratory complications.  It has been noted by the Applicant that death from complications of 
respiratory failure is commonly observed in infantile onset (Type 1) SMA.  The clinical reviewer agrees 
that it is unlikely that these deaths were caused by the investigational drug. 

5.1 ADVERSE EVENT OF SPECIAL INTEREST 

5.1.1 Retinal Toxicity 
In nonclinical toxicology studies, the Applicant noted that retinal toxicity was observed in monkeys and 
could manifest as photoreceptor degeneration and microcystic macular degeneration.12,g  Due to 
findings of retinal degeneration in the 15-day Expedited Non-Clinical Safety Report dated May 5, 2015, 
IND 128972 was placed on clinical hold until the Applicant developed an acceptable plan to monitor for 
retinal safety.  The Division of Transplant and Ophthalmology (DTOP) was consulted for the risdiplam 
IND and for this NDA for a review of ophthalmology assessments.  Per the ophthalmology reviewer, no 
signs of retinopathy were found in the newly submitted data and ocular monitoring did not reveal any 
significant pattern of abnormal findings. The ophthalmology reviewer does not have any objection to 
the approval of this product.13  Based on the ophthalmology consult, the clinical reviewer concludes that 
the vision related AEs and patient narratives from the 3 studies do not suggest a pattern of retinal 
toxicity. 

5.1.2 Embryo-fetal Toxicity 
The Applicant observed embryo-fetal toxicity and teratogenicity in the reproductive toxicology studies in 
animals treated with risdiplam.  Based on these findings, risdiplam may cause fetal harm.  Pregnancy 
prevention measures through contraception have been in place for the clinical trials and no pregnancies 

                                                                                                                                                                                           
patients.  The JEWELFISH study had a small population of only twelve subjects, yielded correspondingly limited 
safety information, and therefore formed only a small part of the safety review. 

g Section 505-1 (a) of the FD&C Act: FDAAA factor (E): The seriousness of any known or potential adverse events 
that may be related to the drug and the background incidence of such events in the population likely to use the 
drug. 
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have been reported to date.   
   

5.1.3 Potential Effects on Male Fertility
During the nonclinical studies, the applicant observed testicular germ cell degeneration in animals 
suggesting the potential for reproductive toxicity in males.  The effect on germ cells is expected to be 
reversible after one cycle of spermatogenesis with normal fertility returning within 4 months after 
discontinuation of risdiplam.   

   

6 Risk Management Activities Proposed by the Applicant 
Risdiplam is likely to be prescribed by pediatric neurologists, primary care providers and other members 
of multidisciplinary clinical teams that manage SMA patients.  Respiratory failure is commonly observed 
in infantile onset (Type 1) SMA; therefore, prescribers are likely to be familiar with the respiratory 
complications that may occur due to risdiplam.   Also, prescribers will be familiar with the serious 
adverse events of embryo-fetal toxicity and male infertility and should be able to adequately counsel 
patients on these risks and proper steps to take to prevent embryo-fetal exposure. Risdiplam will be 
used in both the outpatient and inpatient setting.      

7 Risk Management Activities Proposed by the Applicant 
The Applicant did not propose any risk management activities for risdiplam beyond labeling and routine 
pharmacovigilance.  

8 Discussion of Need for a REMS 
The clinical reviewer recommends approval of risdiplam based on the efficacy and safety information 
currently available.   

SMA is a rare, serious, life-threatening genetic disease and is classified as type 1 through 4 depending 
upon the age of onset and disease course. Type , is the most common (approximately 60% of 
patients) and severe type of SMA that is usually lethal in infants and is the leading genetic cause of 
infant mortality.  Decreased quality of life and loss of life are significant for patients with all types of 
SMA and the average medical expenditures to treat SMA patients ranges from $100,000 to $200,000 
annually.  There are currently two FDA approved treatments for SMA.  Risdiplam offers an additional 
option for the treatment of SMA with a different mechanism of action.    

The SUNFISH study supports benefit of risdiplam for the treatment of children and adults with Types 2 
and 3 SMA as evidenced by statistically significant (p=0.016) clinical benefit and motor function 
improvement.  Additional evidence of efficacy in infants with Type 1 SMA is provided by the FIREFISH 
study, which showed nominal improvements in multiple clinical functional measures including motor 
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function and developmental milestones as well as survival and ventilation-free survival.   

Risdiplam is associated with risk of embryo-fetal toxicity and potential effects on male fertility.   
 

  Further, likely prescribers should be able to counsel patients on how to 
mitigate these risks.  

Although the risk of retinal toxicity was found in monkeys during the nonclinical studies, 
ophthalmological monitoring and adverse events analysis of the risdiplam clinical studies found no 
evidence of retinal injury in humans.   

An imbalance of rates of pneumonia, bacteremia, and influenza were noted in the clinical studies; 
however, these risks did not rise to inclusion in the Warnings and Precaution section because they are 
consistent with the natural history of SMA.   

Overall, the clinical reviewer concludes that the safety profile of risdiplam is acceptable. Therefore, based 
on the data available, and the prescribing community’s likely familiarity with the risks associated with 
risdiplam, which do not pose unique REMS considerations compared with the risks associated with other 
therapies, this reviewer has concluded that REMS is not necessary to ensure the benefits out weight the 
risks of risdiplam. 

9 Conclusion & Recommendations 
Based on the clinical review, the benefit-risk profile is favorable therefore, a REMS is not necessary for 
risdiplam 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.   
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