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1. Benefit-Risk Assessment

Benefit-Risk Assessment Framework

Benefit-Risk Integrated Assessment

Spinal muscular atrophy (SMA) is a rare genetic disorder characterized by weakness and muscle atrophy due to motor neuron loss in the brainstem and 
spinal cord, and by absent or deficient full-length survival motor neuron (SMN) protein. SMA is caused by a deletion or a mutation of the survival motor 
neuron 1 (SMN1) gene, which codes for the SMN protein. A small amount of SMN protein is also produced from a similar gene, SMN2. However, most SMN2 
mRNA transcripts lack exon 7, which leads to the production of a truncated protein that is easily degraded. Risdiplam is an orally administered small 
molecule SMN2 (survival motor neuron 2) splicing modifier, designed to bind to the SMN2 pre-mRNA and promote the inclusion of exon 7 in the mRNA 
transcript, thereby leading to the production of higher levels of a functional SMN protein.

The severity of SMA is generally related to the ability of the SMN2 genes to compensate for the loss of SMN1, and the number of copies of the SMN2 gene is 
the best predictor of clinical phenotype. Humans can have between 2 and 8 copies of the SMN2 gene, with less copies resulting in a more severe clinical 
course of SMA. Historically, patients have been diagnosed as having SMA Type 0, 1, 2, 3, or 4, depending on their clinical presentation. This application also 
refers to the clinical categories of SMA as infantile-onset and later-onset, respectively. Patients with infantile-onset SMA (the majority of all cases), 
consistent with having 2 copies of the SMN2 gene, uniformly fail to reach developmental motor milestones, such as the ability to sit unassisted, and rarely 
survive beyond 24 months of age in the absence of life-sustaining interventions. Patients with 3 copies of the SMN2 gene are generally unable to walk 
without assistance, and approximately 70% are alive at 25 years of age. Patients with 4 or more copies of the SMN2 gene may have normal life expectancies 
and tend to experience a more varied clinical course ranging from mild weakness to the loss of previously attained motor milestones in adulthood (although 
some can still be more severely affected).

The applicant has provided data from two clinical studies in SMA:
• BP39056 (FIREFISH) – an open-label study in infants with Type 1 SMA 
• BP39055 (SUNFISH) – a randomized, double-blind, placebo-controlled study in patients with Type 2 and 3 SMA 

Study BP39056 was an open-label multi-center study in infants with Type 1 SMA (with 2 copies of the SMN2 gene). In the study, 33% (7/21) of all patients 
treated with risdiplam, and 41% (7/17) of patients treated in the highest dosage of risdiplam tested in the study, achieved sitting without support for 5 
seconds or more after 12 months of risdiplam treatment. In the natural history of Type 1 SMA, patients typically do not achieve the motor milestone of 
sitting unsupported. Additionally, 91% of patients (19/21) were at least 15 months of age and were alive without permanent ventilation after at least 12 
months of treatment. After a minimum of 23 months of treatment with risdiplam, 81 % (17/21) of patients were older than 28 months (median 32 months; 
range 28 to 45 months) and alive without permanent ventilation. Based on published literature, it is expected that only 25% of patients with Type 1 SMA and 
2 SMN2 copies would be alive at 14 months. The results demonstrate a clinically meaningful effect of risdiplam on motor milestones and survival beyond 
what would be expected in the natural history of Type 1 SMA patients.
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Study BP39055 was a two-part, randomized, double-blind, placebo-controlled, multi-center study in pediatric and adult patients with Type 2 and 3 SMA, age 
2 to 25 years. The controlled portion of the study (Part 2) used the Motor Function Measure 32 (MFM32) as primary outcome measure. The MFM 32 is an 
ordinal scale constructed for use in patients with neuromuscular disorders.  The scale comprises 32 items that evaluate physical function. The scores are 
summed and then transformed onto a 0-100 scale to yield a total score expressed as the percentage of the maximum possible score; the lower the total 
score, the more severe the impairment. In Study BP39055, patient treated with risdiplam had a mean 1.4-point increase on the (MFM32) after 12 months of 
treatment, while patients on placebo experienced a mean 0.2-point decrease (p=0.016). Although the absolute difference is relatively modest (1.6-point 
difference on a 100-point scale), the meaningfulness of the treatment effect is supported by a pre-specified responder analysis (key secondary endpoint) 
that shows that 38% of patients treated with risdiplam achieving a change of ≥ 3 points on the MFM32, compared to 24% on placebo (p=0.047). Additionally, 
upper limb function was measured using the revised upper limb module (RULM), a scale that consists of 20 items that test proximal and distal motor 
functions of the arm. The total score ranges from 0, if all the items cannot be performed, to 37, if all the activities are achieved fully without any 
compensatory maneuvers. In the study, patients treated with risdiplam had a mean 1.6 point improvement from baseline at Month 12, compared to no 
mean score change in the placebo group (p=0.047). In general, increases on motor function tests would not be expected in the natural history of Type 2 and 
3 SMA, and the difference observed between patients treated with risdiplam and those on placebo is clearly meaningful. 

The  overall findings of these studies support the effectiveness of risdiplam in SMA patients 2 months of age and older and appear to support the early 
initiation of treatment with risdiplam.

Overall, the safety profile of risdiplam is acceptable for the indication given the findings of efficacy established in studies BP39055 and 39056. The most 
frequent adverse events that occurred with a greater incidence with risdiplam than with placebo were: upper respiratory tract infection (32%), pyrexia 
(21%), headache (20%), diarrhea (17%), and rash (13%). In nonclinical studies, there were concerning safety signals for retinal toxicity and epithelial cell 
reactions. Extensive ophthalmological monitoring in the clinical studies did not show a clinical signal for retinal toxicity and routine pharmacovigilance is 
adequate to monitor this signal in the postmarket setting. In the clinical studies, there were a constellation of adverse reactions in the skin, oral mucosa and 
gastrointestinal tract that may suggest epithelial cell reactions similar to those observed in nonclinical studies. These reactions were not serious, and did not 
lead to discontinuation of risdiplam. These findings will be described in in the adverse event table and enhanced pharmacovigilance for skin and oral 
reactions will be requested in the postmarket setting. Given the small number of patients exposed to risdiplam, any rare toxicities may not have been well 
characterized. Other toxicities may become evident after the drug is marketed. 

Notably, risdiplam will be the first oral drug approved for the treatment of SMA. 
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Benefit-Risk Dimensions

Dimension Evidence and Uncertainties Conclusions and Reasons 

Analysis of 
Condition

• SMA is a rare genetic disorder characterized by weakness and muscle 
atrophy due to motor neuron loss in the brainstem and spinal cord, and by 
absent or deficient full-length survival motor neuron (SMN) protein.

• SMA is caused by a deletion or a mutation of the survival motor neuron 1 
(SMN1) gene, which codes for the SMN protein. A small amount of SMN 
protein is also produced from a similar gene, SMN2. However, most SMN2 
mRNA transcripts lack exon 7, which leads to the production of a truncated 
protein that is easily degraded. Humans  can have between 2-8 copies of the 
SMN2 gene, with less copies resulting in a more severe clinical course. 

• SMA Type 1, the most severe and the most common type (60% of all SMA 
patients), is usually diagnosed during the first 6 months of life. Most (90%) 
patients have 2 copies of the SMN2 gene. These patients do not attain 
developmental milestones such as the ability to sit unassisted. The disease is 
almost uniformly fatal before age 2. SMA is the most common genetic cause 
of infant mortality.

• SMA Type 2 is usually diagnosed between 6 and 24 months of age. Most 
(80%) patients have 3 copies of the SMN2 gene. The first sign is often a delay 
in achieving motor milestones, or failing to meet milestones entirely. 
Patients can typically sit up without help, but are unable to walk without 
assistance.

• SMA Type 3 is usually diagnosed between 18 and 36 months of age. Most 
(80%) patients have 4 copies of the SMN2 gene. Patients are initially able to 
walk, but lose this ability as the disease progresses.

• SMA type 4 is very rare. Initial symptoms of mild motor impairment appear 
in adulthood.

SMA is a serious disease. Although some later-
onset patients can have normal life expectancies, 
the majority have infantile-onset disease that 
almost uniformly leads to death before 24 months 
of age.

Current 
Treatment 

Options

There are two FDA-approved drugs for the treatment of SMA.  
• Nusinersen (Spinraza), an intrathecally administered SMN2-targeting 

antisense oligonucleotide, was approved for the treatment of SMA in 
pediatric and adult patients in 2016. 

• Onasemnogene abeparvovec (Zolgensma), a gene-replacement therapy that 
uses a non-replicating adeno-associated virus (AAV) capsid to deliver a 
functional copy of the SMN gene by intravenous infusion, was approved by 
the FDA in 2019 for patients with SMA <2 years of age. 

There remains an unmet need for new therapies in 
SMA as some patients are not able to receive 
therapy with nusinersen due to limitations with 
intrathecal administration and some patients are 
not eligible to receive onasemnogene abeparvovec 
due to age or presence of AAV antibodies.
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Dimension Evidence and Uncertainties Conclusions and Reasons 

Benefit

Risdiplam is an orally-administered small molecule SMN2 (survival motor 
neuron 2) splicing modifier, designed to bind to the SMN2 pre-mRNA and 
promote the inclusion of exon 7 in the mRNA transcript, thereby leading to 
the production of higher levels of a functional SMN protein.

• Part 1 of Study BP39056, an open-label, two-part, multi-center study 
in infants with Type 1 SMA with 2 copies of the SMN2 gene, 
demonstrated a clinically meaningful effect on motor milestones 
and survival beyond what would be expected in the natural history 
of patients with this genotype. Clinical efficacy data for patients in 
Part 1 of the study demonstrated that 33% (7/21) of all patients 
treated achieved sitting without support for 5 seconds or more after 
12 months of risdiplam treatment, a milestone that patients 
typically do not achieve in the natural history of the disease. 
Additionally, 91% (19/21) of patients were at least 15 months of age 
and were alive without permanent ventilation after at least 12 
months of treatment, and 81% of patients (17/21) were at least 28 
months of age and alive without permanent ventilation after at least 
23 months of treatment. Based on published literature, it is 
expected that only 25% of patients with Type 1 SMA and 2 SMN2 
copies would be alive at 14 months.  

• Part 2 of Study BP39055, a two-part, randomized, double-blind, 
placebo-controlled, multi-center study in pediatric and adult 
patients with Type 2 and 3 SMA, age 2 to 25 years, demonstrated a 
clinically meaningful and statistically significant effect on measures 
of motor function. After 12 months, there was a mean increase on 
the Motor Function Measure 32 (MFM32) score in the risdiplam-
treated group (1.4), compared to a mean decrease (-0.2) in the 
placebo group (p=0.016). This finding was supported by a 
significantly better results in risdiplam-treated in patients than in 
placebo-treated patients for two key secondary endpoints: a 3-point 
responder analysis for the MFM32, and a measure of upper limb 
function, the RULM (p=0.047 for both analyses). In general, motor 
function tests would not be expected to improve in the natural 
history of Type 2 and 3 SMA.

This application has established that risdiplam is 
effective and should be indicated for patients 2 
months of age and older with SMA.
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Dimension Evidence and Uncertainties Conclusions and Reasons 

Risk and Risk 
Management 

• The most frequently observed (10% or greater) adverse events associated 
with the use of risdiplam in the 12-month placebo-controlled study were 
upper respiratory tract infection (32%), pyrexia (21%), headache (20%), 
diarrhea (17%), and rash (13%).
• There were no withdrawals from the placebo-controlled or open-label 
studies due to adverse events.  
• There were 6 deaths (~10% of the study population) in the open-label study 
of infants with Type 1 SMA.  All deaths were caused by respiratory 
complications that are common in Type 1 SMA patients.  There were no 
deaths in the placebo-controlled study of Types 2 and 3 SMA children and 
adults.
• Nonclinical findings of retinal toxicity were not identified in the clinical 
studies.
• Nonclinical findings of epithelial cell reactions may have been observed in 
clinical studies with adverse reactions of rash, oral ulcers, and diarrhea; 
however, these events were not serious and did not lead to drug 
discontinuations.
• Pediatric patients < 2 months of age are expected to have reduced activity 
of flavin monooxygenase 3 (FMO1 and FMO3), the main enzymes responsible 
for the metabolism of risdiplam, which may  result in increased exposure to 
risdiplam at a given dose.  No pharmacokinetic data are available in patients < 
2 months of age.

The risks associated with risdiplam are acceptable 
for the proposed indication, considering the 
efficacy of risdiplam.

Because of limitations due to the small number of 
patients exposed and duration of exposure in the 
clinical trials, it is likely that adverse reactions not 
identified to date, or of a magnitude not observed 
to date, will occur in the postmarketing setting.

Because of uncertainties about the metabolism of 
risdiplam in patients less than 2 months of age with 
the potential for increased exposure levels and the 
lack of pharmacokinetic data in this age range, 
risdiplam will be indicated for SMA patients 2 
months of age and older.

Reference ID: 4653207



7

2. Background
This application under review is for risdiplam (RO7034067), an orally-administered small 
molecule SMN2 (survival motor neuron 2) splicing modifier, for the treatment of spinal 
muscular atrophy (SMA). Risdiplam is a new molecular entity (NME) containing no previously 
approved active ingredient (including any ester or salt of the active ingredient). 

SMA is a neuromuscular disorder characterized by weakness and muscle atrophy due to 
motor neuron loss in the brainstem and spinal cord, and by absent or deficient full-length 
survival motor neuron (SMN) protein. SMA is caused by a deletion or a mutation of the 
survival motor neuron 1 (SMN1) gene on chromosome 5q, which codes for the SMN protein. 
A small amount of SMN protein is also produced from a similar gene, SMN2. However, most 
SMN2 mRNA transcripts lack exon 7, which leads to the production of a truncated protein 
that is easily degraded. Risdiplam is an orally administered small molecule SMN2 (survival 
motor neuron 2) splicing modifier, designed to bind to the SMN2 pre-mRNA and promote the 
inclusion of exon 7 in the mRNA transcript, thereby leading to the production of higher levels 
of a functional SMN protein. 

Patients have been historically diagnosed as having Types 0, 1, 2, 3, or 4 SMA, depending on 
their clinical presentation. This application also refers to the clinical categories of SMA as 
infantile-onset and later-onset, respectively. Table 1 summarizes the clinical/genetic 
characteristics of the clinically diagnosed SMA subtypes, and shows the overlap of the 
number of copies of the SMN2 gene across SMA subtypes.

Table 1: Classification of SMAs from Mercuri 20121

There are two FDA-approved treatments for the treatment of SMA.  Nusinersen (Spinraza), 
an intrathecally-administered SMN2-targeting antisense oligonucleotide, was approved for 
the treatment of SMA in pediatric and adult patients in 2016. Onasemnogene abeparvovec 

1 Mercuri, Bertini, Iannoccone. Lancet Neurol 2012; 11: 443–52.
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(Zolgensma), a gene-replacement therapy that uses a non-replicating adeno-associated virus 
(AAV) capsid to deliver a functional copy of the SMN gene by intravenous infusion, was 
approved by the FDA in 2019 for patients with SMA <2 years of age.  However, there remains 
an unmet need for new therapies for SMA, as some patients are not able to receive therapy 
with nusinersen due to limitations with intrathecal administration, and some patients are not 
eligible to receive onasemnogene abeparvovec due to age or presence of AAV antibodies.

This application provides efficacy and safety data from two clinical studies:

• BP39056 (FIREFISH) – an open-label, two-part, multi-center study in infants with Type 
1 SMA 

• BP39055 (SUNFISH) – a two-part, randomized, double-blind, placebo-controlled, 
multi-center study in patients with Type 2 and 3 SMA

 

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 that was involved with the review of this 
application). 

The OPQ review states that the stability data supports the requested retest period of  
months under the long-term condition of R.H. Based on the drug product control 
strategies, release data, and stability results, the proposed drug product is adequate. The 
proposed labeling is deemed adequate with minor revisions that were agreed upon with the 
sponsor. The manufacturing process is deemed adequately controlled. All microbiological 
tests for batch release and stability testing are deemed suitable for quality control. The 
applicant claims a categorical exclusion under 21 CFR 25.31(b), and the claim was granted by 
OPQ. The quality surveillance is adequate. There were no outstanding issues identified in the 
OPQ review, and all manufacturing facilities for this product were found to be acceptable. 
OPQ recommends approval of this NDA.

4. Nonclinical Pharmacology/Toxicology
The nonclinical reviewer for this application is Dr. Ed Fisher, with Dr. Lois Freed performing a 
secondary review. 

The key findings from the nonclinical review are summarized below:

Pharmacology:
• The in vivo studies demonstrated increases in survival and reduced muscle pathology 

in the SMNΔ7 mouse (animal model because SM2 is not present in animals) postnatal 
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(PND) 3, which is generally thought to correspond to the third trimester of pregnancy 
in humans.

• Based on the results of the in vivo studies, the sponsor predicted an ~2-fold increase 
in SMN protein at the target plasma exposure (AUC) in humans of ~2000 ng*hr/mL, 
which was considered the maximum exposure limit in humans due to serious 
toxicities in animal (see below).

• STRN3, SLC25A17, FOXM1, and MADD genes were secondary splicing targets with 
risdiplam. Of these, risdiplam-induced effects on forkhead box M1 gene (FOXM1), a 
major cell cycle regulating factor essential for cell division, and MAP kinase activating 
death domain gene (MADD), involved in apoptosis, were thought to be involved to 
some extent in the toxicities in rapidly dividing tissues observed in the nonclinical 
studies.

Toxicology
• In the oral toxicity studies in adult rat and cynomolgus monkey, bone marrow (rat), 

GI, skin/eyelids (monkey), and testes toxicities were consistently observed. Retinal 
degeneration was observed in monkey.

• In the chronic (26-week) study in albino (Wistar) rat (0, 1, 3, and 7.5 
mg/kg/day), deaths occurred at the high dose, which attributed to the reduced 
bone marrow cellularity, accompanied by single cell necrosis/degeneration of 
the GI tract.

• In the chronic (39-week) study in monkey (0, 1.5, 3, and 7.5/5 mg/kg/day), 
dosing was suspended during Week 2 at the high dose because of severe 
clinical signs (shedding and peeling of skin); dosing was resumed at 5 
mg/kg/day from Week 4 on. After dosing reduction, skin findings recurred but 
were lessened. Findings on ocular assessments (electroretinograms (ERG), 
spectral domain optical coherence tomography (sdOCT), and histopathology) 
included retinal degeneration in the 7.5/5 mg/kg/day group that were not 
reversible at the end of the 22-wek recovery period. A mechanism responsible 
for the retinal toxicity was not identified but did not involve melanin binding, 
as evidenced by the lack of retinal degeneration in pigmented rat.

• Dr. Freed notes in her review that “Overall, for the toxicities observed in adult 
rat and monkey that present the greatest safety concern for humans, plasma 
AUCs at the NOAEL are similar to the sponsor’s exposure cap for humans.”

Reproductive and developmental toxicology
• The applicant conducted embryofetal development studies in rat and rabbit, a pre- 

and postnatal development study in rat, and juvenile animal toxicology studies in rat.
o Oral administration of risdiplam to rat (0, 1, 3, and 7.5 mg/kg) throughout 

organogenesis resulted in reduced fetal weights and increased visceral 
(vestigial lobe of liver) and skeletal (incomplete ossification) variations at the 
high dose, in the absence of maternal toxicity.
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o Oral administration of risdiplam to rabbit (0, 1, 4, and 12 mg/kg) throughout 
organogenesis resulted in embryofetal mortality, malformations (domed head, 
dilated lateral ventricles), and variations (absent accessory lung lobes and 
small gallbladder) at the HD, which was associated with maternal toxicity.

Juvenile animal toxicology
• Oral administration of risdiplam (0, 0.75, 1.5, 2.5 mg/day) to young rats from 

postnatal day (PND) 4 through PND 31 resulted in decreased growth (body weight, 
tibia length) that persisted after cessation of dosing. Ophthalmic changes consisting of 
vacuoles in the anterior vitreous were seen at the high dose. Decreases in absolute B 
lymphocyte counts were observed at all doses after the cessation of dosing. Delayed 
sexual maturation in males at the mid and high dose. Decreases in testis and 
epididymis weights, which correlated with dose-dependent degeneration of the 
seminiferous epithelium in the testis, occurred at all doses. Impaired female 
reproductive performance (decreased mating index, fertility index, and conception 
rate) was observed at the high dose.  A no-effect dose for adverse developmental 
effects on preweanling rats was not identified. At the low dose, plasma exposures 
(AUC) for risdiplam and metabolite M1 (RO7112063) were 680-686 and 163-173 
ng*hr/mL, respectively, on PND 31.

• Oral administration of ridiplam (0, 1, 3, or 7.5 mg/day) to young rats from PND 22 
through PND 112 produced a marked increase in micronuclei in the bone marrow and 
reproductive toxicity in males (degeneration/necrosis of the testis seminiferous 
epithelium with associated oligo/aspermia in the epididymis and abnormal sperm 
parameters) at the highest dose tested. Increases in T lymphocytes (total, helper, and 
cytotoxic) were observed at the mid and high doses. The reproductive and immune 
effects persisted after cessation of dosing. The overall NOAEL was the low dose, based 
on effects on T-cells at the higher doses, and was associated with plasma exposures 
(AUC) of 2010-1700 ng*hr/mL on PND 112.

• An additional finding in juvenile animals was nephroblastomatosis, which was 
observed in one of the 4-week studies (0, 0.75, 1.5, and 2.5 mg/kg) at the low (1 M), 
mid (1 M, 1 F), and high (2 F) doses which was considered to be a spontaneous 
finding.

Genotoxicity
• Risdiplam was negative for mutagenicity (Ames assay) but induced micronuclei in an 

in vitro (miniaturized) mouse lymphoma assay, and in three in vivo micronucleus 
assays, i.e., an in vivo micronucleus/comet assay in rat, a 4-week study in adult rat, 
and the 13-week juvenile animal study. 

Carcinogenicity
• A 26-week study in Tg.rasH2 mouse was conducted to assess the carcinogenic 

potential of risdiplam. There was no increase in tumors, or non-neoplastic microscopic 
findings, in the 26-week study when administered at doses up to 9 mg/kg/day.
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As summarized by Dr. Freed, the nonclinical studies conducted by the sponsor identified a 
number of serious toxicities associated with oral administration of risdiplam, with retinal 
toxicity being one of the most concerning because of its nature, possibly delayed onset, and 
irreversibility. Because of these toxicities, Dr. Fisher has concluded the nonclinical data do not 
support approval. However, both he and Dr. Freed note in their reviews that it is a clinical 
decision whether there is adequate clinical safety data to support the approval of risdiplam 
for SMA. As discussed below, the clinical experience with risdiplam did not identify major 
safety issues of concern, and was reassuring, but has obvious limitations related to the size of 
the premarketing safety database. Finally, Dr. Freed notes that if risdiplam is approved, the 
nonclinical studies should be described in labeling, and a 2-year carcinogenicity study should 
be conducted as a post-marketing requirement (PMR).

5. Clinical Pharmacology
An integrated Office of Clinical Pharmacology (OCP) review was written by Dr. Venkateswaran 
Chithambarampillai (the primary reviewer), Dr. Manuela Grimstein, Dr. Yuching Yang, Dr. 
Venkatesh Atul Bhattaram, and Dr. Sreedharan Sabarinath (the clinical pharmacology team 
leader).

Following are the key findings of the OCP review:

• Mechanism of action: Risdiplam is a survival of motor neuron 2 (SMN2)-directed RNA 
splicing modifier designed to treat SMA caused by mutations in chromosome 5q that 
lead to SMN protein deficiency. Using in vitro assays and studies in transgenic animal 
models of SMA, risdiplam was shown to increase exon 7 inclusion in SMN2 messenger 
ribonucleic acid (mRNA) transcripts and production of full-length SMN protein.

• Absorption: Following oral administration, time to reach Cmax (Tmax) ranges from 1 
to 4 hours. 

• Distribution: The apparent volume of distribution at steady state is 6.3 L/kg. 
Risdiplam is predominantly bound to serum albumin, without any binding to alpha-1 
acid glycoprotein, with a free fraction of 11%. 

• Elimination: The mean terminal elimination half-life of risdiplam is approximately 50 
hours.

• Metabolism: Risdiplam is primarily metabolized by flavin monooxygenase 1 and 3 
(FMO1 and FMO3), and minimally metabolized by CYP1A1, 2J2, 3A4, and 3A7. The 
major metabolite is N-hydroxy risdiplam (M1), which accounts approximately 30% of 
the parent drug exposure in plasma in patients with SMA. M1 is pharmacologically 
inactive.

o In vitro studies showed that risdiplam and its major metabolite (M1) are not 
inhibitors of major CYP enzymes (CYP1A2, 2B6, 2C8, 2C9, 2C19, 2D6, 
CYP3A4/5) or transporters (human MDR1, BCRP, OATP1B1, OATP1B3, OAT 1 
and 3) at clinically relevant concentrations. Also, risdiplam is not an inducer of 
CYP enzymes (CYP1A2, 2B6, 2C8, 2C9, 2C19, or 3A4) in vitro.
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o Risdiplam is an inhibitor of MATE1/2-K transporters in vitro. The review team 
recommends avoiding drugs that are MATE1/2-K substrates while taking 
risdiplam.

• Excretion: Following oral administration of a radiolabeled dose of 18 mg, 
approximately 53% of the dose (14% unchanged risdiplam) was excreted in the feces 
and 28% in the urine (8% unchanged risdiplam). 

• Intrinsic/Extrinsic Factors: No therapeutic individualization is required for risdiplam 
based on intrinsic or extrinsic factors.

• Food Effects: No clinically relevant food effects were seen with risdiplam 
administration in the clinical studies; however, due to the small sample size, the food 
effect assessment for risdiplam is considered exploratory.

• QT Effects: The QT-Internal Review Team (QT-IRT) (primary reviewer Girish Bende, 
lead Christine Garnett) reviewed the PK/electrocardiogram (ECG) data from the 
submitted clinical studies and found that they were at considerably lower exposures 
(Cmax) of risdiplam than those expected with therapeutic doses at the steady state. 
Therefore, the submitted data are not adequate to characterize the risk of QTc 
prolongation associated with the oral administration of risdiplam. The QT-IRT 
recommends that the sponsor characterize the effect of risdiplam on the QTc interval 
in a dedicated thorough QT (TQT) study at clinically relevant exposures. A TQT study 
will be required as a PMR. 

OCP agrees with the applicant’s proposed dosing recommendation of risdiplam, as follows: 2 
months to <2 years of age: 0.2 mg/kg; ≥ 2 years of age (< 20 kg): 0.25 mg/kg; ≥ 2 years of age 
(≥ 20 kg): 5 mg. 

There are no pediatric PK data available in patients less than 2 months of age. There is 
uncertainty about enzyme maturation, specifically the main metabolizing enzymes of 
risdiplam, FMO1 and FMO3, in this age range that limit the ability to make recommendations 
on dosing. It is expected that FMO3 would have reduced activity in patients less than 2 
months of age which may result in increased exposures in risdiplam at a given dose. In the 
absence on PK data to inform exposure levels and modeling in this age range, dosing 
recommendations cannot be made for patients less than two months of age at this time. The 
applicant has an ongoing study in presymptomatic patients from birth to 6 weeks that should 
be able to provide data to for future dosing recommendations in this age range.

The OCP review team recommends approval of the NDA.  

The OCP team recommends a hepatic impairment study be required as a PMR to assess the 
impact of hepatic impairment on risdiplam exposures, and this study is already underway. 
The QT-IRT team recommends a TQT study as a PMR.
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6. Clinical Microbiology 
Not applicable.

7. Clinical/Statistical- Efficacy
Dr. Rainer Paine was the clinical reviewer for this application. Dr. Tristan Massie was the 
biometrics reviewer, and Dr. Kun Jin was the biometrics team leader for this application.

The applicant conducted two clinical efficacy trials, which served as the basis for this 
application:

• Study BP39056– an open-label, two-part, multi-center study in infants with Type 1 
SMA aged 1-7 months at enrollment 

• Study BP39055– a two-part, randomized, double-blind, placebo-controlled, multi-
center study in patients with Type 2 and 3 SMA aged 2-25 years at enrollment

The results of these studies will be described below. A detailed analysis of the studies can be 
found in the clinical and statistical reviews by Dr. Paine and Dr. Massie.

Study BP39056 
Study BP39056 was designed as a Phase 2/3, multicenter, multinational, open-label, single-
arm, two-part study of risdiplam in subjects with Type 1 SMA. The primary objective of Part 1 
was initially to evaluate the safety, tolerability, pharmacokinetics, and pharmacodynamics of 
risdiplam, and to inform dose selection for Part 2 of the study. Part 2 was intended to 
evaluate the efficacy of risdiplam on motor development milestones. Both parts of the study 
included the same safety, efficacy, and PK assessments. 

As described in Dr. Paine’s review, after initial positive interim results in Part 1, it was 
decided, with the concurrence of the Division, that the SAP for Part 2 of BP39056 would be 
applied to Part 1, and that Part 1 would serve as the pivotal efficacy study for infantile-onset 
SMA patients. Part 2 continued enrollment and provided safety data for this submission. 
Topline efficacy results for Part 2 became available during review of this NDA submission; 
however, the primary data were not submitted or reviewed by the Agency during this review 
cycle. 

Part 1 of the study enrolled 21 patients with Type 1 SMA at the time of enrollment. Patients 
had a confirmed diagnosis of 5q-autosomal recessive SMA with two SMN2 gene copies and 
signs or symptoms attributable to Type 1 SMA.  Patients who required invasive ventilation, 
tracheostomy, awake non-invasive ventilation, or with awake hypoxemia (SaO<95%) were 
excluded from the study. Patients with prior treatment with SMN2-targeting ASOs, SMN2 
splicing modifiers, gene therapy, or cell therapies were excluded. In Part 1, patients were 
enrolled in 7 sites located in 5 countries (Belgium, France, Italy, Switzerland, and the United 
States). 
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Study Design/Dose Escalation

Figure 1 shows the design of the Study BP39056.

Figure 1: BP39056 Study Design

Part 1 of the study included two cohorts. Four patients were dosed in Cohort 1 in a staggered 
fashion, with dose-escalation between patients. In Cohort 2 (“high-dose” cohort), patients 
were dosed to achieve a target mean AUC024h,ss ≤ 2000 ng x h/mL. For all patients in Cohort 2, 
the dose was increased to 0.2 mg/kg during the conduct of Part 1 (See Figure 2).

Efficacy Endpoints
The primary efficacy endpoint for the BP39056 study was the proportion of infants who were 
sitting without support after 12 months of treatment.  The endpoint was defined as sitting 
without support for 5 seconds (as assessed in Item 22 of the Bayley Scales of Infant and 
Toddler Development – Third Edition (BSID-III) gross motor scale). As described in Dr. Paine’s 
review, the protocol specified a large number of secondary and exploratory endpoints that 
assessed motor function (Children’s Hospital of Philadelphia Infant Test of Neuromuscular 
Disorders (CHOP-INTEND) scale), motor milestones (BSID-III and Hammersmith Infant 
Neurological Examination (HINE) scale), survival and ventilator-free survival, respiratory 
endpoints, and nutrition assessments. At the pre-NDA meeting, the Division advised the 
applicant of the following regarding the inclusion of secondary endpoints in labeling: “As the 
natural history of the proposed motor functional endpoints (e.g., CHOP-INTEND, HINE) is not 
as well-characterized in the infantile-onset SMA population, subject-level natural history data 
would be needed to serve as an external comparator for the potential inclusion of a detailed 
description of the motor functional endpoints from BP39056 Part 1 in any approved label. 
Additionally, as survival is well-characterized in the infantile-onset SMA population, the 
Division is open to a description of survival outcomes from BP39056 Part 1 compared to the 
established natural history of survival in the disease.”
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Figure 2: BP39056 Cohort 2 Dose Levels 

Source: Module 2.7.2.Summary of Clinical Pharmacology 
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Statistical Analysis 
There was initia lly no forma l hypothesis testing planned for Part 1 of the study, which was 

originally intended to be exploratory. Part 2 of the study was designed to test whether the 
proportion of patients sitting without support after 12 months of treatment would meet a 
threshold of 5 out of 40 patients sitting for 5 seconds. This would allow sufficient confidence 

that any effect seen in treated patients is greater than what could be expected from the 
natural history of the disease (i.e., no Type 1 SMA patients achieve the motor milestone of 
sitting). The threshold of 5 out of 40 patients sitting for 5 seconds was agreed between the 
applicant and the Division (pre-IND meeting, 2016). As discussed in the clinical and statistical 

reviews, the applicant decided during the course of the study to use Part 1 of the study for a 

more formal assessment of efficacy. At a Type C meeting on December 18, 2018, the sponsor 
presented promising preliminary open-label cl inical data from Part 1 of BP39056 in a small 

number of infantile SMA patients. Based on the compell ing nature of those data and that the 
primary endpoint of sitting w ithout support had been pre-specified prior to the onset of the 
study and was a well-defined endpoint, the Division agreed that a threshold or ratio similar to 

the one to be used for Part 2 of the study could be applied to 12-month data from Part 1. The 
intent-to-treat (ITT) population was defined as all patients enrolled in Part 1 of the study, 

15 
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regardless of whether they received treatment or not. The ITT population is the primary 
analysis population for all efficacy analyses. 

Results
A total of 26 patients were screened for enrollment in Part 1 of the study, of whom 5 patients 
were screen failures. Of the 21 patients enrolled in Part 1, 15 were female (71.4%). The 
majority of patients were White (17/21; 81.0%) and 4 (19.0%) were Asian; none were of 
Hispanic or Latino ethnicity. Patients had a median age of 6.7 months (range: 3.3-6.9 months) 
at enrollment. At the time of the data cutoff for the NDA submission, 18 of 21 patients 
(85.7%) in Part 1 were still on study. Three patients (14.3%) died due to SMA-related 
respiratory complications; of these, two died before the Month 12 analysis, and one died 
after the Month 12 analysis (on Days 21, 236, and 387, respectively). 

Primary Endpoint
Clinical efficacy data for patients in Part 1 of the study indicate that 33% (7/21) of all patients, 
and 41% (7/17) of patients treated in the high-dose cohort (Cohort 2), achieved sitting 
without support for 5 seconds or more, as assessed by Item 22 of the BSID-III gross motor 
scale (Error! Reference source not found.), after 12 months of risdiplam treatment. The 
primary efficacy results largely exceed what would be expected from the natural history of 
the disease, and contribute to establishing the effectiveness of risdiplam for the treatment of 
SMA. The results are also supported by the longer-term data described below.

Secondary & Exploratory Endpoints
As noted above, the protocol specified many secondary and exploratory endpoints that 
assessed motor function (Children’s Hospital of Philadelphia Infant Test of Neuromuscular 
Disorders (CHOP-INTEND) scale), motor milestones (BSID-III and Hammersmith Infant 
Neurological Examination (HINE) scale), feeding assessments, muscle electrophysiology 
assessments, and number of hospitalizations. As discussed in Dr. Paine’s review, patients 
were generally able to able to achieve better outcomes than would be expected in the 
natural history of the diseaseTable 1. 

Survival and Ventilator-Free Survival
At the time of the clinical cutoff at the NDA submission, 91% (19/21) of all patients were alive 
without permanent ventilation after 12 months of treatment with risdiplam. All alive patients 
were older than 15 months of age at the time of the analysis. It is noted that one additional 
patient died of respiratory failure after the Month 12 cut-off date.

Based on the SAP, ventilator-free survival was defined as: “The date of permanent ventilation 
will be the first of the >21 days of non-invasive ventilation support or intubation required for 
the endpoint to be confirmed, or the date of tracheostomy. The pre-defined performance 
criteria for the proportion of infants who are alive without permanent ventilation at Month 
12 will be 42%, based on the results from the NeuroNEXT SMA infant biomarker study (Kolb 
et al., 2017).”
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The Kolb et. al.2 publication showed the following survival curve for patients with two SMN2 
copies.

 
A second publication by Finkel et al.3 found the following: “The median age for the combined 
endpoint (survival/ventilation support) for subjects with 2 SMN2 copies was 10.5 (IQR 8.1-
13.6) months.” Therefore, only approximately 25% of patients would be expected to survive 
without permanent ventilation beyond 13.6 months of age. The risdiplam data after 12 
months of treatment supports a survival advantage for SMA Type 1 patients, by showing 90% 
of patients alive at 15 months of age. The review team asked the applicant for additional 
long-term data from the ongoing extension study to provide additional support for this 
finding. The applicant submitted additional data to the NDA on May 22, 2020, from an 
interim analysis on the Part 1 data that was conducted on March 3, 2020. At the time of the 
latest clinical cut-off date (March 3, 2020), the sponsor reported that 81% (17/21) of patients 
were alive without permanent ventilation. The median treatment duration for all alive 
patients was 27 months (range 24 to 37 months), and the median age was 32 months (range: 
28 to 45 months). To date, four patients have died in Part 1 of Study BP39056. Three patients 
died during the treatment period and one patient died 3.5 months after treatment 
discontinuation. These deaths have been assessed as SMA-related respiratory complications 
due to disease progression. The additional survival data supports the survival benefit of 
risdiplam, as survival of risdiplam-treated patients is clearly outside of the expected natural 
history of survival for Type 1 SMA patients with two SMN2 gene copies.

Study BP39056 Part 2 Topline Results
During the NDA review, topline results of Part 2 became available and were submitted to the 
Agency on April 22, 2020. The results showed that 29% of patients were able to sit without 

2Kolb SJ, Coffey CS, Yankey JW, et al. (2017). Natural history of infantile-onset spinal muscular atrophy. Ann 
Neurol. 82:883-91. 
3 Finkel, R., McDermott, M., Kaufmann, P., & et al. (2014, Aug 26). Observational study of spinal muscular 
atrophy type I and implications for clinical trials. Neurology, 83(9), 810-817.
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support for 5 seconds, as assessed by Item 22 of the BSID-III, and 85% were alive while not 
requiring permanent ventilation (event-free survival) after 12 months of treatment with 
risdiplam. Patients alive who were event-free at Month 12 had an age range of 15 to 19 
months. Although these data were not formally submitted to the Division for review, the 
results appear to be consistent with the data from Part 1 of the study.

Study BP39055 

BP39055 was a 2-part multinational, randomized, double-blind, placebo-controlled, study of 
risdiplam in subjects with Type 2 or 3 SMA. The objective of Part 1 of the study was to 
evaluate the safety, tolerability, PK, and PD of risdiplam, and to select the dose for Part 2 of 
the study. Part 1 of the study also included assessments of motor and respiratory function, 
and an open-label extension. The objective of Part 2 of the SUNFISH study was to evaluate 
the efficacy of risdiplam (using the dose established in Part 1), compared with placebo, in 
terms of motor function in patients with Type 2 SMA and non-ambulatory Type 3 SMA.

In the initial NDA submission, the applicant initially provided efficacy data from Part 1 of 
Study BP39055 with natural history data from Type 2 and 3 SMA patients as a comparator to 
support the efficacy of risdiplam in this patient population. However, during the NDA review, 
positive topline results for the controlled Part 2 of the study became available and datasets 
from Part 2 were submitted to the NDA for review. 

Part 2 enrolled 180 non-ambulatory patients age 2 to 25 years who had genetic confirmation 
of a homozygous deletion or heterozygosity predictive of loss of function of the SMN1 gene 
and clinical symptoms attributable to Type 2 or Type 3 SMA. Patients were randomized (2:1) 
to receive either risdiplam (n=120)  (at the dose of 5 mg once daily for patients with a weight 
≥20 kg or 0.25 mg/kg for patients with a weight ≤20 kg), or placebo (n=60). Doses for Part 2 
were selected based on data from Part 1 reviewed by an Independent Data Monitoring  
Committee. Randomization was stratified by age group (2-5 years, 6-11 years, 12-17 years, 
and 18-25 years at randomization). The primary analysis was conducted once the last patient 
completed the 12-month randomized, double-blind treatment period. 

The primary efficacy endpoint for Part 2 of the BP39055 study was the change from baseline 
in the Motor Function Measure 32(MFM32) total score at Month 12. The MFM 32 is an 
ordinal scale constructed for use in patients with neuromuscular disorders.  The scale 
comprises 32 items that evaluate physical function. The scores are summed and then 
transformed onto a 0-100 scale to yield a total score expressed as the percentage of the 
maximum possible score; the lower the total score, the more severe the impairment.

The following secondary endpoints were assessed in hierarchical order:

• Proportion of patients who achieved improvement (i.e., change from baseline at 
Month 12 of ≥ 3) on the MFM32 
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• Change from baseline in the Total score of the revised upper limb module (RULM) at 
Month 12. 

• Change from baseline in Total score of Hammersmith Functional Motor Scale 
Expanded (HFMSE) at Month 12. 

• Change from baseline in Forced Vital Capacity (FVC) at Month 12.
• Change from baseline in the Total Score of the caregiver-reported SMA independence 

Scale (SMAIS) at Month 12.
• Proportion of patients rated by clinicians as “no change” or “improved” in the Clinical 

Global Impression of Change (CGI-C) Scale at Month 12.  The CGI-C is a single item 
measure of change in global health, using seven response options: “Very much 
improved”, “Much improved”, “Minimally improved”, “No change”, “Minimally 
worse”, “Much worse”, “Very much worse”.

The primary efficacy endpoint, the change from baseline in MFM32 total score at Month 12, 
was analyzed using the Mixed Model Repeated Measure (MMRM) approach. The model 
included treatment, MFM32 total score at baseline, time, treatment-by-time interaction, 
baseline-by-time interaction, and age group. 

Key secondary efficacy endpoints (change from baseline in RULM total score, HFMSE total 
score, FVC, and SMAIS) were analyzed using a similar MMRM. The proportion of patients with 
an improvement in MFM32 ≥3 points and “no change” or “improved” on the CGI-C scale 
were analyzed using logistic regression. A gatekeeping approach was applied to the primary 
and six key secondary efficacy endpoints to control for Type I error. 

Results  
A total of 180 patients were enrolled in Part 2 of Study BP39055. Of the 180 patients, 120 
patients were randomized to treatment with risdiplam, and 60 patients were randomized to 
placebo. Ninety-one patients (51%) were female. At screening, the median age of all patients 
was 9 years (range: 2-25 years); 68 patients (38%) were 12 years or older.  67% of patients 
were white/Caucasian, 1% were black/African American, and 19% were Asian.  18% of 
patients were from Poland, 12% from France, 12% from Spain, 10% from Canada, and 2% 
from the United States. A total of 117 patients (97.5%) in the risdiplam arm and 59 patients 
(98.3%) in the placebo arm completed the placebo-controlled period. 

Table 2, copied from Dr. Paine’s review, shows the results for the primary and key secondary 
endpoints.
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Table 2: Efficacy Results from the BP39055 study

Endpoint Risdiplam
(N=120)

Placebo
(N=60)

Treatment 
Comparison

MFM32 Total Score 

Baseline, n
Mean (SD)

115
45.5 (12.1)

59
47.4 (10.1)

Change from baseline at Month 12,
LS Mean (95% CI)
p-value (nominal, adjusted)

1.36 (0.61, 2.11) -0.19 (-1.22, 0.84)
Mean (95% CI)

1.55 (0.30, 2.81)
p=0.0156, p=0.0156

Proportion of patients (95% CI) who 
achieve improvement (i.e., change 
from baseline at Month 12 of ≥ 3)
p-value (nominal, adjusted)

38.3%
(28.9%, 47.6%)

23.7%
(12.0%, 35.4%)

Odds Ratio (95% CI)
2.35 (1.01, 5.44)

p=0.0469, p=0.0469

RULM Total Score 

Baseline, n
Mean (SD)

119
19.7 (7.2)

58
20.9 (6.4)

Change from baseline at Month 12,
LS Mean (95% CI)
p-value (nominal, adjusted)

1.59 (0.98, 2.20) 0.02 (-0.83, 0.88)
Mean (95% CI)

1.59 (0.53, 2.60)
p=0.0028, p=0.0469

Hammersmith Functional
Motor Scale Expanded (HFMSE):
Change from baseline at Month 12, 
Mean (SE)
p-value (nominal, adjusted)

0.95 (0.33) 0.37 (0.46)
0.58

p=0.3015; p=0.3902

Forced vital capacity (FVC):  
Change from baseline in best 
percentage predicted value at Month 
12, Mean (SE)
p-value (nominal, adjusted)

-5.16% (1.40%) -3.11% (1.94%)
-2.05%; 

p=0.3804; p=0.3902

Patient Reported and 
Parent/Caregiver reported SMA 
Independence Scale (SMAIS):
Change from baseline in the total 
score at Month 12, Lsmean (SE)
p-value (nominal, adjusted)

Caregiver 
reported: 

1.65 (0.50)

Patient reported:
  1.04 (0.65)

Caregiver reported: 
-0.91 (0.67)

Patient reported:  
-0.40 (0.86)

Caregiver reported: 
2.55; 

p=0.0022; p=0.3902
Patient reported: 

 1.45; 
p=0.1778

Clinical Global Impression of 
Change (CGI-C):  
p-value (nominal, adjusted)

47.5% 40.0%
1.38; 

p=0.3544, p=0.3902

The primary endpoint (change from baseline on the MFM32) showed a relatively small but 
statistically significant difference between risdiplam and placebo (p=0.016). The clinical 
meaningfulness of the finding on the primary endpoint is supported by the key secondary 
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endpoint of the proportion of patients who achieved improvement on the MFM32, with 
38.3% of patients treated with risdiplam achieving that improvement, compared to 23.7% on 
placebo (p=0.047). Additionally, an assessment of upper limb function, measured by mean 
score change from baseline at Month 12 on the revised upper limb module revised upper 
limb module (RULM), showed a 1.6 point improvement in the risdiplam-treated group, 
compared to no change in the placebo group (p=0.047). Changes on the HFMSE, SMAIS, or 
CGI-C numerically favored risdiplam, but were not statistically significant. Dr. Paine notes in 
his review that both groups had respiratory impairment at baseline, and respiratory tract 
infections were frequent in both groups, which could have obscured any potential treatment 
effects. 

Subgroup analyses of the MFM32 and RULM by age, copied from Dr. Paine’s review, show 
that the greatest benefit was observed in the youngest patients (see Table 3).

Table 3: Subgroup analysis by age of MFM32 and RULM

Mean Treatment Difference (95% CI)Age Group 

MFM32 RULM

2-5 years (N=55) 3.03 (0.71, 5.35) 3.34 (1.49, 5.19)

6-11 years (N=57) 1.58 (-0.58, 3.74) 1.07 (-0.81, 2.95)

12-17 years (N=46) 1.04 (-1.31, 3.39) 0.06 (-1.93, 2.04)

18-25 years (N=22) -0.65 (-4.04, 2.74) 1.74 (-1.06, 4.53)

In his exploratory analysis of the BP39055 data, Dr. Massie found a nominally significant 
country main effect (p=0.0364) on the Change from baseline in MFM32, when country was 
added to the primary model to check for consistency across countries. Therefore, he 
performed further exploratory analyses of the treatment effect of the MFM32 by country and 
by site. Exploratory analyses investigating the sensitivity of the primary analysis result to the 
exclusion of individual sites suggested that the exclusion of either of two sites in Poland 
would cause loss of significance on the primary analysis of the MFM32. It is important to take 
this observation in the context of the positive results of Study BP39056, which did not include 
any sites in Poland. 

Efficacy Discussion
Independent substantiation of effectiveness is provided by Study BP39056 and Study 
BP39055.
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Study BP39056  Part 1 supports the effectiveness of risdiplam for the treatment of infantile-
onset SMA. The study provided evidence that patients are able to achieve the motor 
milestone of sitting without support, and survive without permanent ventilation, beyond 
what would be expected in the natural history of Type 1 SMA.  Although the biometrics 
review stated that “the evidence from [BP39056], though impressive on face compared to 
the reported natural history, is not well controlled”, we do not agree with that assertion. The 
biometrics statement is predicated on the fact that this is an open-label study without a 
concurrent control. Although Study BP39056 was open-label, it is a well-controlled study. The 
known natural history of the disease, in which no Type 1 SMA patients normally achieves the 
motor milestone of sitting, and the pre-defined threshold of 5/40 patients (or equivalent 
ratio) who achieve sitting, serve as an external control for the study. Although there were 
some changes to the designation of Part 1 as the pivotal portion of the study, the Division 
and the applicant agreed on the threshold of 5 out of 40 patients (or equivalent ratio) prior to 
the start of the study (as noted in pre-IND meeting minutes from March 4, 2016). The study 
was rigorously conducted, and the study endpoints of sitting unsupported and ventilator-free 
survival were well-defined, with a low potential for bias. Importantly, the results were clearly 
outside the natural history of the disease course for Type 1 SMA. 

In general, patients in Cohort 2, who received the selected pivotal dose (at a higher
target exposure than Cohort 1) of risdiplam within the first 12 months of treatment, had
better efficacy outcomes compared with patients in Cohort 1, supporting the use of the 
higher doses selected for Cohort 2 and for the extension study. Additionally, there did not 
appear to be any disparate effects by subgroup in the BP39056 study.

Study BP39055  Part 2 supports the effectiveness of risdiplam for the treatment of Type 2 
and 3 (later-onset) SMA. The controlled Part 2 portion of the study demonstrated a mean 
increase on the Motor Function Measure 32 (MFM32) score in the risdiplam-treated group 
(1.4), compared to a mean decrease (-0.2) in the placebo group, after 12 months (p=0.016). 
The finding was supported by statistically significant findings on key secondary endpoints of 
the proportion of MFM32-responders and change from baseline on the RULM. Although not 
statistically significant, numerical trends on the HFMSE, SMAIS, or CGI-C favored risdiplam. 
The consistency in positive changes on efficacy findings support the efficacy of risdiplam in 
later-onset SMA and the clinical meaningfulness of the findings. In general, increases on 
motor function tests would not be expected in the natural history of Type 2 and 3 SMA. 

Overall, the applicant has provided positive results from two adequate and well controlled 
studies in Type 1 SMA and Type 2 and 3 SMA. The statistically significant and clinically 
meaningful results from these studies provide substantial evidence of the effectiveness of 
risdiplam for the treatment of infantile-onset and later-onset SMA, and support a broad 
indication treatment of all SMA subtypes. The proposed dosing regimen is supported by the 
findings of efficacy at the proposed doses in patients down to 2 months of age. Robust 
efficacy findings were demonstrated in the BP39056 study in the infantile-onset SMA 
population. Additionally, efficacy subgroup analyses by age in the later-onset SMA population 
in the BP39055 study show that greatest benefit was observed in youngest patients. 
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Together, these analyses provide support for early initiation of treatment with risdiplam in 
SMA patients 2 months of age and older.

Due to the Covid-19 pandemic, OSI inspections of study sites could not be conducted.  
Although the statistical review indicated that the positive BP39055 study results were 
dependent on the data from the sites in Poland, the strength of the positive results of the 
BP39056 study in Type 1 SMA patients, which were not driven by particular sites, and the 
shared pathophysiology of the disease across SMA subtypes support the efficacy of risdiplam 
in the Type 2 and 3 BP39055 population. These findings support approval without site 
inspections.

8. Safety
Dr. Rainer Paine performed the safety review for the submission.

The safety analysis was conducted using data from Study BP39056 , Parts 1 and 2, and from 
Study BP39055, Parts 1 and 2. Additional supportive safety data were provided from the 
open-label Study BP39054 in 12 patients with infantile-onset and later-onset SMA who had 
previously participated in clinical trials for SMA other than risdiplam trials and/or received 
currently approved therapies for SMA.

The controlled data from Part 2 of the BP39055 Study was used for the calculation of the 
frequency of adverse events. All datasets were reviewed for adverse events, serious adverse 
events, deaths, and laboratory value assessments. 

The 90-day safety update submitted on December 20, 2020, included additional adverse 
events from these studies and these events were included in the uncontrolled safety 
database. These data provided a secondary role in the safety analysis. 

Exposures and Adequacy of the Safety Database
A total of 229 patients with SMA have been exposed to risdiplam. The duration of exposure 
to risdiplam is provided in Table 4 below, copied from Dr. Paine’s review. Dr. Paine notes that 
56 patients received the proposed recommended dose of risdiplam for up to 16 months (0.2 
mg/kg for infants <2 years old, 0.25 mg/kg for infants and children ≥2 years and <20 kg 
bodyweight, and 5 mg for ≥20 kg bodyweight)

Table 4: Risdiplam exposure in SMA patients

Number of Patients Exposed to Risdiplam:
<=6 months >6 to <=12 

months
 >12 months >=18 months  >= 24 

months
18 107 77 45 10
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Given the seriousness the disease and overall prevalence, the exposure is adequate to 
provide a reasonable assessment of safety.

Deaths
There were no deaths in the BP39055 or BP39054 studies. There were 6 deaths in Type 1 
SMA patients in the BP39056study (3 in Part 1 and 3 in Part 2). All 6 deaths were related to 
respiratory complications of SMA and were assessed by Dr. Paine as being unlikely causally 
related to risdiplam.

Serious and Significant Adverse Events
The most frequent serious adverse events (SAEs) that occurred in 2 or more patients treated 
with risdiplam, and with an incidence greater than on placebo, were pneumonia, bacteremia, 
influenza, and pyrexia. The greatest between-groups difference was for pneumonia (7.5% 
risdiplam vs. 1.7% placebo). As Dr. Paine notes in his review, these differences are difficult to 
interpret, as SMA patients have compromised respiratory function at baseline and are prone 
to respiratory tract infections. Although the difference in pneumonia incidence is notable 
when looking at serious adverse events, the difference disappears when looking at SAES by 
system organ class categorization for “infections and infestations”, and there is no difference 
between risdiplam and placebo when looking at non-serious adverse events for 
“pneumonia”, or the high level term (HLT)  for “lower respiratory tract and lung infections”. 
Overall, there does not appear to be a clear signal for pneumonia or other infections with 
risdiplam treatment. 

Discontinuations Due to Adverse Events
There were no discontinuations due to adverse events in the BP39056, BP39055, or BP39054 
studies.

Treatment-Emergent Adverse Events (TEAEs) of All Severities
The frequency of treatment-emergent adverse events (TEAEs) of all severities were assessed 
in the controlled dataset from Part 2 of the BP39055 study. Table 5, copied from Dr. Paine’s 
review, shows the most frequent adverse events that occurred more frequently in the 
risdiplam treatment arm than on placebo in that study.

Table 5: Frequent Adverse Events in BP39055 Part 2
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The table above is based only on the preferred terms coded by the sponsor and does not 
account for redundant or related terms. Therefore, a custom FDA MedDRA-Based Adverse 
Event Diagnostics (MAED) analysis that pools related terms was conducted. Table 6 7 shows 
the pooled analyses of related adverse event terms that occurred at least 5% more frequently 
in the risdiplam treatment group than in the placebo group.

Table 6: Pooled Adverse Events in BP39055 Part 2 that occurred at least 5% more 
frequently in risdiplam than placebo

Adverse events in the BP39056 and BP39054 studies were similar to those observed in the 
BP39055 study.

Laboratory Findings
Dr. Paine reviewed all laboratory values for mean changes, shifts, and any clinically significant 
outliers. He found no clinically meaningful trends or adverse reactions in the laboratory 
assessments. As adverse effects of risdiplam on hematological parameters were observed in 
nonclinical studies, Dr. Paine did a focused assessment on hematological labs, but did not 
identify any effects of risdiplam on the hematological evaluations. There were no notable 
liver enzyme elevations or Hy’s law cases and no effects on renal parameters.

Vital Signs
There were no notable effects of risdiplam on vital signs.

ECG/QT
See the Clinical Pharmacology section for a discussion of the QT-IRT review. Dr. Paine 
reviewed the ECG data and narratives and did not identify any adverse cardiac effects of 
risdiplam.

Subgroup analyses
Dr. Paine evaluated the SAEs and TEAEs by demographic subgroups and found no differences 
in AE rates by age, sex, or race.
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Other Events of Interest

Retinal Toxicity
Retinal toxicity was a notable safety concern identified in the nonclinical studies with 
risdiplam. Due to this finding, extensive ophthalmological monitoring was required in the 
clinical studies with risdiplam. Dr. Wiley Chambers provided consultative ophthalmological 
advice throughout the risdiplam IND and NDA reviews. Dr. Chambers reviewed the 
ophthalmological assessment data submitted by the sponsor, including direct review of 
Optical Coherence Tomography (OCT) scans. Dr. Chambers concluded that “in those patients 
with ocular functional examinations, no significant pattern of abnormal findings were 
observed… Ocular monitoring of anatomic ocular structures did not reveal any significant 
pattern of abnormal findings. From an ophthalmological perspective, there is no objection to 
the approval of this drug product.”

Dr. Paine also reviewed adverse events and narratives of ocular or visual events and did not 
find any events or trends that indicated a safety signal consistent with the retinal toxicity 
observed in the nonclinical studies. 

Routine pharmacovigilance is adequate to monitor for ocular/retinal adverse events with 
risdiplam in the postmarketing setting.

Epithelial Cell Reactions
In chronic toxicology studies in rodents and monkeys, adverse effects on epithelial tissues 
(skin, larynx, eyelid, and gastrointestinal tract) were observed.  The first clinical sign in 
monkeys was mild parakeratosis at exposures more than 2.5-fold the exposure observed at 
the pivotal dose selected for patients with SMA. These findings were reversible upon 
discontinuation of dosing with risdiplam but persisted with continuous dosing and worsened 
at high doses with breakage of the skin barrier. In Part 2 of the BP39055 study, the following 
adverse reactions were observed in the skin, oral tissues, and gastrointestinal tract that may 
suggest similar effects in epithelial tissues in humans: rash (17% risdiplam vs. 2% placebo), 
cheilitis (2% risdiplam vs. 0% placebo), skin erosion (1% risdiplam vs. 0% placebo), mouth and 
aphthous ulcers (7% risdiplam vs. 0% placebo), and diarrhea (17% risdiplam vs. 10% placebo). 
None of these adverse reactions led to discontinuation of treatment with risdiplam.

The potential for epithelial cell reactions will be described in Section 6 of the prescribing 
information and enhanced pharmacovigilance will be required for skin reactions and mouth 
ulcers.

Hypersensitivity reactions
There were no clear hypersensitivity reactions observed in the clinical studies. Observed 
rashes appear to be more likely due to epithelial cell reactions than hypersensitivity 
reactions.
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Suicidal behavior/ideation
Suicidality was assessed when able, given patient age. No suicidal ideation or behavior was 
reported.

Abuse Potential
The Controlled Substances Staff has concluded that there is no signal for abuse potential with 
risdiplam.

Pediatric and Assessment of Effects on Growth
No adverse effects on growth and development were identified.

Human Factors
The Division of Medication Error Prevention and Analysis (DMEPA) reviewed a human factors 
(HF) validation study report and labels and labeling. The product is co-packaged with a 
proposed oral syringe device. The human factors (HF) validation study results identified use 
errors, close calls, and use difficulties with critical and non-critical tasks. Upon review of the 
human factors (HF) validation study results, DMEPA identified several use errors for the 
“select appropriate syringe size” task in the patient, caregiver, and healthcare provider (HCP) 
user groups. The applicant made modifications based on DMEPAs recommendations, and 
these were adequate to resolve the identified risks.

Additionally, DMEPA proposed modifications to the proposed packaging and labeling to 
minimize risk for medication errors. The applicant agreed to these modifications.

Safety Conclusions
The most frequent adverse events with an incidence greater in the risdiplam arm than on 
placebo arm were upper respiratory tract infections, pyrexia, headache, diarrhea, nausea, 
constipation, rash, and arthralgias. In nonclinical studies, there were concerning safety signals 
for retinal toxicity and epithelial cell reactions. Extensive ophthalmological monitoring in the 
clinical studies did not show a clinical signal for retinal toxicity, and routine 
pharmacovigilance is adequate to monitor this signal in the postmarket setting. In clinical 
studies, a constellation of adverse reactions in the skin, oral mucosa, and gastrointestinal 
tract suggest epithelial cell reactions similar to those observed in nonclinical studies. These 
reactions were not serious, and did not lead to discontinuation of risdiplam. These findings 
will be described in in the adverse event table, and enhanced pharmacovigilance for skin and 
oral reactions will be requested in the postmarket setting. Overall, the safety profile of 
risdiplam is acceptable for the proposed indication, considering the efficacy of risdiplam.

Reference ID: 4653207



28

9. Advisory Committee Meeting 
This application was not referred for review to an advisory committee because outside 
expertise was not necessary; there were no controversial issues that would benefit from 
advisory committee discussion.

10. Pediatrics
The studies in SMA were conducted in a pediatric population down to 2 months of age. Issues 
specific to the pediatric population are discussed within the review. Because the product has 
orphan designation for SMA, the Pediatric Research Equity Act (PREA) is not triggered.

11. Other Relevant Regulatory Issues 
• No Good Clinical Practice (GCP) issues were identified in Dr. Paine’s review.
• Dr. Paine concludes that the applicant has adequately disclosed financial 

interests/arrangements with clinical investigators. 
• The Office of Scientific Investigations (OSI) was unable to conduct inspections of 

clinical sites due to COVID-19. See discussion under Efficacy section of review.

12. Labeling 
Labeling negotiations with the sponsor have been completed and the sponsor has accepted 
all recommended changes.

13. Postmarketing Recommendations
Risk Evaluation and Management Strategies (REMS)
The Division of Risk Management (DRISK) reviewer for this application is Dr. Gentles. Dr. 
Gentles concludes that a risk evaluation and mitigation strategy (REMS) is not necessary for 
risdiplam.

Postmarketing Requirements (PMRs) and Commitments (PMCs)
The following PMRs will be imposed:

• A 2-year carcinogenicity study in rat.
• A single-arm pregnancy safety study to collect and analyze information for a minimum 

of 10 years on pregnancy complications and birth outcomes for exposed pregnancies, 
including women exposed to Evrysdi (risdiplam) during pregnancy or one month prior 
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to the start of pregnancy. The sponsor will provide a complete protocol that includes 
details regarding a plan to encourage patients and providers to report pregnancy 
exposures, measures to ensure complete data capture regarding pregnancy outcomes 
and any adverse effects in offspring, and plans for comprehensive data analysis.

• A trial to characterize the risk of QTc prolongation associated with the oral 
administration of risdiplam.

• A clinical pharmacokinetic trial to determine an appropriate dose of risdiplam to 
minimize toxicity in patients with different degrees of hepatic impairment.  The 
sponsor will design and conduct the trial in accordance with the FDA Guidance for 
Industry entitled “Pharmacokinetics in Patients with Impaired Hepatic Function: Study 
Design, Data Analysis, and Impact on Dosing and Labeling”.

14. Recommended Comments to the Applicant
The following request for enhanced pharmacovigilance will be conveyed in the approval 
letter:

We request that you perform postmarketing surveillance for oral mucosal ulceration or other 
non-herpetic oral lesions including cheilitis and for serious adverse events in the skin 
including alopecia, rash, skin erosion, and exfoliation after exposure to Evrysdi.  Include 
analyses of individual events as well as comprehensive summaries and analyses of these 
events, including incidence, quarterly as part of your required postmarketing safety reports 
[e.g., periodic safety update reports (PSURs)].  Include analyses of the events by age. In the 
analysis of each case, provide an assessment of causality, with documentation of risk factors 
and results of all assessments that support the diagnosis or the causality, along with extent of 
exposure to Evrysdi and most recent exposure to Evrysdi, concomitant therapies, treatment 
given for the event, and outcome.
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