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appropriate dose for the subsequent pivotal Part 2. Individuals were randomized (2:1)
to risdiplam or placebo at escalating dose levels for a minimum 12-week, double-blind,
placebo-controlled period, followed by treatment for 24 months. The dose selection for
Part 2 was based on safety, tolerability, pharmacokinetic, and pharmacodynamic data.
Exploratory efficacy was also measured.

Results: There was no difference in safety findings for all assessed dose levels. A dose-
dependent increase in blood SMN protein was observed; a median twofold increase was
obtained within 4weeks of treatment initiation at the highest dose level. The increase in
SMN protein was sustained over 24 months of treatment. Exploratory efficacy showed im-
provement or stabilization in motor function. The pivotal dose selected for Part 2 was 5 mg
for patients with a body weight 220kg or 0.25 mg/kg for patients with a body weight <20kg.
Conclusions: SUNFISH Part 1 demonstrated a twofold increase in SMN protein after
treatment with risdiplam. The observed safety profile supported the initiation of the piv-

otal Part 2 study. The long-term efficacy and safety of risdiplam are being assessed with

2
ongoing treatment.
KEYWORDS
trial
INTRODUCTION

Spinal muscular atrophy (SMA) is an autosomal recessive neuromus-
cular disease caused by reduced levels of survival of motor neuron
(SMN) protein due to loss of the SMN1 gene [1, 2]. Alternative splic-
ing of SMN2 excludes exon 7 from the majority of SMN2 pre-mRNA
transcripts, resulting in low levels of functional SMN protein that are
unable to compensate for the loss of SMN1 [1, 3, 4].

5g SMA is characterized by progressive loss of motor function
and muscle weakness [2, 5, 6], and encompasses a broad spectrum of
disease classified into five subtypes (types 0-4) determined by high-
est motor milestone achieved [7]. Type 2 SMA has symptom onset
between 6 and 18 months of age; individuals achieve the ability to sit
independently and may stand with assistance, but never walk inde-
pendently [1, 8]. Type 3 SMA has symptom onset after 18 months of
age; individuals are able to stand and walk independently, although
this ability may be lost over time [1, 7].

There are three approved treatments for SMA: nusinersen
(Spinraza), an intrathecally administered SMN2 RNA-targeting an-
tisense oligonucleotide indicated for the treatment of adult and
paediatric patients with SMA [9, 10]; onasemnogene abeparvovec
(Zolgensma), an intravenously administered adenovirus-associated
vector-based gene therapy indicated for the treatment of patients
with SMA aged <2years (USA), or for patients with type 1 SMA or
who have three or fewer SMN2 copies (EU) [11, 12]; and risdiplam
(Evrysdi), an orally administered small molecule SMN2 splicing modi-
fier [13], indicated for the treatment of patients of all ages (USA) [14],
or aged 22 months with type 1, 2, or 3 SMA or one to four copies of
the SMN2 gene (EU) [15]. The safety and efficacy of risdiplam have
been demonstrated in infants with type 1 SMA [16, 17] and in indi-
viduals with types 2 and 3 SMA [18].

adverse effects, medication, movement disorders, neuromuscular diseases, randomized clinical

SUNFISH [19] is a multicentre, randomized, double-blind,
placebo-controlled, two-part, phase 2/3 study, designed to assess
safety, tolerability, pharmacokinetics (PK), pharmacodynamics (PD),
and efficacy of risdiplam in a broad population including children,
teenagers, and adults aged 2-25years with types 2 and 3 SMA. Part
1 was the dose-finding part of SUNFISH, assessing safety, tolera-
bility, and PK and PD of different dose levels to select the risdiplam
dose for Part 2. The confirmatory Part 2 investigates efficacy of ris-
diplam in individuals with type 2 and nonambulant type 3 SMA at
the selected dose.

Here, we report data obtained in the dose-finding (Part 1) study
in individuals with type 2 and ambulatory and nonambulatory type
3 SMA. The open-label extension of Part 1 is ongoing, with safety,
tolerability, and PD data of risdiplam from >2years of treatment now

available. Exploratory efficacy is also reported.

METHODS
Study oversight

The SUNFISH study was approved by an ethics committee at each
study site and was conducted in accordance with Good Clinical
Practice guidelines, the World Medical Association Declaration of
Helsinki, and regulations and procedures outlined in the study pro-
tocol. Written informed consent was provided by the patients or
by their parents/caregivers. The sponsor, F. Hoffmann-La Roche,
provided study drug, study management, medical monitoring, drug
safety management and analysis, data management, statistical anal-
ysis, and PK and PD analysis. During the Part 1, dose-finding pe-
riod, an internal monitoring committee (IMC) reviewed data on an
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ongoing basis. An external independent data monitoring committee
(iDMC) reviewed data to confirm the dose-selection decision of the
IMC. After confirmation of the pivotal dose, responsibility of moni-
toring safety data was transferred to the iDMC. All authors attest
to adherence to the protocol, accuracy of analysis, and complete re-
porting of adverse events (AEs). Further details of this trial can be
found on ClinicalTrials.gov (NCT02908685) [19].

Patients

Enrolled patients were aged 2-25years, with a genetically confirmed
diagnosis and clinical symptoms of type 2 or type 3 SMA. Patients
were excluded from study entry if they had received treatment with
an SMN2-targeting antisense oligonucleotide, SMN2 splicing modi-
fier, or gene therapy. See Supplementary Appendix S1 for all inclu-

sion/exclusion criteria.

Study design and outcomes

SUNFISH was the first clinical study of risdiplam in patients with
SMA. The objective of SUNFISH Part 1 was to assess safety, toler-
ability, PK, and PD after administration of risdiplam to determine the
pivotal dose to be used in Part 2.

Prior to the start of SUNFISH, risdiplam had only been admin-
istered as a single dose to healthy adult volunteers [20]. Therefore,
the safety and tolerability of multiple doses of risdiplam, and the
PK and PD in the target population of patients with SMA aged
2-25years had to be investigated in a careful dose-escalation design
to ensure the safety of all study participants (Figure 1). Dose-finding

was performed in a dose-escalation manner to reach the protocol-
specified target exposures based on PK data obtained from the en-
rolled patients. The first step was to reach an area under the plasma
concentration time curve (AUC) of 700ng-h/ml. Once the dose had
been identified to reach this exposure, and this exposure was shown
to be safe and well tolerated, the next step was to administer a dose
targeting an AUC of 2000ng-h/ml. SMN protein was measured in
blood. The aim was to obtain a minimum twofold increase in SMN
protein in blood versus baseline, as this increase was expected to
be efficacious based on animal data [21]. Risdiplam exposure at the
highest dose was not supposed to exceed the exposure cap of a
mean AUC of 2000ng-h/ml to maintain a safety margin versus the
findings observed in the animal toxicology studies [21].

Risdiplam was administered as a solution orally at the assigned
dose once daily. Patients were enrolled into five subsequent cohorts
in a dose-escalation design based on age (2-11 and 12-25years;
Figure 1). At each dose level, patients were randomized (2:1) to
receive either placebo or risdiplam in a double-blind manner for
at least 12weeks. Once all patients in a specific cohort had com-
pleted the 12-week double-blind treatment period, patients receiv-
ing placebo were switched to risdiplam (at the dose tested in their
cohort) at their next scheduled visit, upon IMC review of all data.
After the pivotal dosing regimen for Part 2 was chosen, all patients
in Part 1 switched to the pivotal dose and continued treatment over
24 months.

Safety assessments included AE reporting, laboratory assess-
ments, electrocardiography, anthropometric and physical exam-
inations, and vital signs. Due to effects observed on the retina in
preclinical studies in monkeys [13], ophthalmological assessments
were performed every 2 months. Blood samples were obtained for

the measurement of risdiplam concentrations in plasma (quantified by

n=7 | 0.02mg/keg 0.05 mg/kg 0.15 mg/k
n=3 Placeb
‘ EEAY 0.15 mg/kg
0 4 8 12 (n=21)
Group A n=7| 0.05mg/kg 0.15 mg/kg
(2-11 years) n=4| Placebo
0 4 8 12
=7 | 0.25 mg/kg Open:label Continuation
extension at )
=3 ‘ Placebo pivotal dose -
0 4 8 12 until Month 24
n=7 | 3 mg (once daily) 3 mg (n=10)
n=3| Placebo Once daily
Group B 0 4 8 12
(12-25 years)
n=7 | 5 mg (once daily) 5mg (n = 10)
n=3 | Placebo Once daily
0 4 8 12

Study weeks

Open-label extension

(Weeks 0-12 comprise the minimum double-blind period, followed by the open-label treatment period)

FIGURE 1 Study design. Week O indicates the recruitment start date for each cohort. The double-blind, placebo-controlled period
occurred at minimum from Week 0 to Week 12 once all patients in a specific cohort had completed this and upon internal monitoring
committee review of all data. The next cohort of patients in each age group was enrolled at a higher dose after pharmacokinetics, safety, and
tolerability were confirmed after at least 4 weeks of treatment at the first dose level.
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liquid chromatography-tandem mass spectrometry) and SMN protein
in blood (quantified by an immunoassay developed on the Elecsys plat-
form). See Supplementary Appendix S1 for the assessment schedule.
Exploratory efficacy endpoints included motor function (32-item
Motor Function Measure [MFM32], Hammersmith Functional Motor
Scale-Expanded [HFMSE], and Revised Upper Limb Module [RULM])
and respiratory function (forced vital capacity, forced expiratory vol-

ume in 1's, peak cough flow, and sniff nasal inspiratory pressure).

Statistical methods

Per protocol, it was planned to enroll at least 36 patients, with the
option to enroll up to 72 patients, to enable dose selection for Part 2.
With 12 patients receiving active drug per dose/exposure level, this
gave a 93% chance of detecting an AE in at least one patient, based
on a true underlying AE rate of 20%. All safety, SMN protein, and
efficacy results are summarized using descriptive statistics. Safety
analyses include all data collected over at least 24 months up to the
clinical cutoff date (CCOD; 15 January 2020). Safety analyses in the
12-week double-blind treatment period grouped by initial treatment
and/or initial dose level were included to enable comparison be-
tween all assessed dose levels of risdiplam (CCOD: 9 January 2019).
Safety results were summarized by the all-exposure-to-risdiplam pe-
riod (total time after each individual received risdiplam at any dose
level up to the CCOD) and by the first and second year of exposure.
Exploratory efficacy analyses were conducted when all patients had
been treated for 12 and 24 months; these results are summarized by
the all-exposure-to-risdiplam period up to the CCOD for the overall
population and by age group (2-11 and 12-25years).

MFM data were compared with an external comparator, com-
prising of patients in the NatHis-SMA (NCT02391831) [5] study and
patients in the placebo arm of the WN29836 study (NCT01302600)
[22]. NatHis-SMA is a prospective, longitudinal study of untreated
patients with types 2 and 3 SMA, aged 2-30years, a similar patient
population to that of SUNFISH [5, 6]. Study WN29836 was a ran-
domized, double-blind, placebo-controlled, phase 2 study of the dis-
continued compound olesoxime, which enrolled patients with SMA
aged 3-25years [23]. To be included in the comparator, patients from
these studies had to have MFM total scores available at baseline and
Month 12 and/or Month 24. The inverse probability of treatment
weighting approach was applied to weight patients in the external
comparator according to key prognostic factors. A mixed models re-

peated measures analysis was performed to compare MFM results.

RESULTS
Patients
Fifty-one patients were enrolled from four countries (Italy [two sites],

Germany, France, and Belgium [one site each]) in five subsequent co-
horts. All patients completed the minimum 12-week, double-blind,

placebo-controlled period and were then treated with risdiplam at the
dose assigned to their cohort. The placebo-controlled period ranged
from 19.1 to 26.9weeks, as all patients in a specific cohort were
switched to risdiplam only when the last patient enrolled in the cohort
completed 12weeks and after IMC review of all data. Three cohorts
of patients aged 2-11years (Group A) were administered the following
dose levels: 0.02, 0.05, 0.15, and 0.25mg/kg. Two cohorts of patients
aged 12-25years (Group B) received 3 and 5 mg of risdiplam (Figure 1).
Following selection of the pivotal dose for Part 2 (5 mg for patients
with a body weight 220kg, 0.25mg/kg for patients weighing <20kg),
all patients switched to the pivotal dose; 50 patients completed treat-
ment at this dose for 24 months. One patient withdrew consent for par-
ticipation and was discontinued from the study at Day 287 (Figure S1).

Patient baseline characteristics are shown in Table 1. Median
patient age at screening was 7years (range = 2-24years), with 8%
(4/51) of patients aged =18 years. Part 1 included patients with types
2 (73%) and 3 SMA (27%); the majority (90%) had three SMN2 copies.
The proportion of patients with type 2 SMA was similar across pa-
tients aged 2-11 and 12-25years. Patients displayed varied baseline
motor function (sitter [77%)], stander [18%], walker [18%]). Twelve
percent of patients had severe scoliosis (a Cobb angle of >40°), with
53% of patients having already undergone scoliosis surgery before
screening.

AEs
Placebo-controlled period

There was no numerical difference in safety findings for all assessed
dose levels (Table 2). Ninety-three AEs were reported in 25 (71%) pa-
tients treated with risdiplam, and 27 AEs were reported in 11 (69%)
patients treated with placebo. No serious AEs (SAEs) were reported
in patients treated with risdiplam at any dose level. Treatment-
related AEs (TRAEs) were reported in six (17%) patients treated with
risdiplam and three (19%) patients treated with placebo.

The most common AEs in patients treated with risdiplam oc-
curred in the system order classes "infections and infestations"
(n = 12 patients), "general disorders and administration site condi-
tions" (n = 9 patients), "gastrointestinal disorders" (n = 8 patients),
"respiratory, thoracic, and mediastinal disorders" (n = 8 patients),
and "skin and subcutaneous tissue disorders" (n = 7 patients).

All-exposure-to-risdiplam treatment period

The median duration of exposure to risdiplam was 31.9 months
(range = 9.4-38.9 months). A total of 737 AEs were reported in 49
(96%) patients during this period (Table 3). The rate of overall AEs
per 100 patient-years (100PY) continuously decreased over the 24-
month treatment period from 880.54 AEs/100PY during the O- to
6-month period to 463.05 AEs/100PY during the 18- to 24-month
period.
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TABLE 1 SUNFISH Part 1 patient baseline characteristics

Patients aged 2-11years,

Patients aged 12-25years,

Characteristic n=31 n=20 All patients, N = 51
Age at screening, years, median (range) 5.0(2-11) 14.5 (12-24) 7.0 (2-24)

Age at symptom onset, months, median (range) 13 (4-70) 16 (2-34) 14 (2-70)

Gender, female/male, n (%) 14 (45)/17 (55) 13 (65)/7 (35) 27 (53)/24 (47)

Disease duration, months, median (range)®

SMA type, n (%)

Type 2 23 (74)

Type 3 8 (26)
SMN2 copy number, n (%)

2 0

3 28 (90)

4 3(10)
Functional status, n (%)

Sitter® 31(100)

Stander® 6(19)

Walker® 6(19)
BiPAP support <16 h per day

Yes 8(26)
Scoliosis, n (%)

Yes [0 to >40° curvature] 13 (42)

Severe scoliosis [>40° curvature] 1(3)
Previous SMA surgery, n (%)¢

Yes 2(7)

Spinal fusion with segmental instrumentation 0

Baseline MFM32 total score, mean (SD)f

49.9 (21-127)

44.4(11.9) [n = 24]

167.4 (133-275) 78.1(21-275)

14 (70) 37(73)
6(30) 14 (27)
1(5) 1(2)
18 (90) 46 (90)
1(5) 4(8)

8 (40) 39(77)
3(15) 9(18)
3(15) 9(18)
4(20) 12 (24)
16 (80) 29 (57)
5(25) 6(12)
7 (35) 9(18)
3(15) 3(6)

40.9 (18.2) [n = 20] 42.9 (15.0) [n = 44]

Note: Data cutoff: 15 January 2020.

Abbreviations: BiPAP, bilevel positive airway pressure; HFMSE, Hammersmith Functional Motor Scale-Expanded; MFM, Motor Function Measure;

SMA, spinal muscular atrophy; SMN, survival of motor neuron.
*Time between symptom onset and treatment initiation.

brSitting" is defined as a score 21 on Item 9 of the MFM scale, and "could not sit" is defined as a score <1 on Item 9 of the MFM.

“"Standing" is defined as a score 21 on Item 25 of the MFM, and "could not stand" is defined as a score <1 on ltem 25 of the MFM.

d"WaIking" is defined as a score =2 on Item 20 of the HFMSE (able to take >4 steps unaided), and "could not walk" is defined as a score <2 on Item 20

of the HFMSE (able to take <4 steps unaided).

®Previous SMA surgeries include insertion of magnetically controlled growing rods, insertion of traditional growing rods, spinal fusion with segmental

instrumentation, tendon release—knee, and rod adjustment surgery.

fExcludes seven patients who performed the MFM20 assessment at baseline.

Twenty-two TRAEs were reported in 12 (24%) patients. The
most common TRAE was rash, which was reported in three patients
(6%); all incidents resolved with ongoing treatment. All other TRAEs
were reported by one patient each (See Supplementary Appendix S1
for all TRAESs). Most TRAESs resolved with ongoing treatment, except
for headache in one patient and AEs of erythema, palmar erythema,
and skin exfoliation in a second patient.

The incidence of SAEs was stable; 23 SAEs were reported
in 15 patients (29%) over 31.9 months. The number of patients
reporting SAEs was stable between the first and second year of

treatment (six patients [12%] with SAEs in both years). The most

common SAEs were pneumonia (n = 3 patients [6%]) and femur
fracture (n = 2 patients [4%]). All other SAEs were reported by
one patient each; no SAEs were reported as related to risdiplam
treatment.

The majority of AEs were mild/moderate in severity. Fourteen
grade 3-4 AEs were reported in nine (18%) patients. No grade 5
(fatal) AEs were reported. No AE led to dose modification of ris-
diplam; treatment interruptions were short term (n = 11 AEs,
mean = 2.8days, range = 1-14 days). Events all resolved and did not
recur after reinitiation of risdiplam. No individual discontinued treat-

ment or was withdrawn from the trial because of a TRAE.
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TABLE 2 AEs and SAEs that occurred during the minimum 12-week, dose-finding, placebo-controlled period

Group A patients, aged 2-11years old, n = 31

Group B patients, aged 12-25years old, n = 20

0.02mg/ 0.05mg/ 0.25mg/
Initial dose cohort kg,n=7 kg,n=7 kg,n=7 Placebo, n = 10 3mg,n=7 5mg,n=7 Placebo,n =6
Total number of AEs 17 17 21 20 24 14 7
Patients with at least one,
n (%)
AE 4(57) 5(71) 6 (86) 8(80) 4 (57) 6 (86) 3(50)
SAE 0 0 0 1(10) 0 0 0
TRAE 0 1(14) 2(29) 2(20) 2(29) 1(14) 1(17)
Related AE leading to 0 0 0 0 0 0 0
withdrawal from
treatment
Related AE leading to 0 0 0 0 0 0 0
dose modification/
interruption
Grade 3-4 AE 0 0 0 0
AE with fatal outcome 0 0 0 0

Note: The exact length of the placebo-controlled period varied for each cohort (range = 19.1-26.9 weeks). A 12-week datacut was therefore chosen
to allow comparison between the risdiplam and placebo groups. Data cutoff: 9 January 2019.
Abbreviations: AE, adverse event; SAE, serious AE; TRAE, treatment-related AE.

PK and SMN protein

The observed PK data for patients in Group A at the initially assigned
risdiplam doses of 0.02 and 0.05mg/kg were lower than expected.
Therefore, the dose was increased by the IMC to 0.15mg/kg to
reach the predefined target exposure of approximately 700 ng-h/ml.
The actual observed median exposure at 0.15mg/kg was 822ng-h/
ml. The median estimated risdiplam AUC at 5 mg and 0.25mg/kg
was 1610 and 1450 ng-h/ml, respectively.

A dose-dependent increase in blood SMN protein was ob-
served after 4weeks of treatment. In Group A, a decrease of 7%
(range = -29% to 38%) was observed in patients on placebo com-
pared with increases of 9% (range = -19% to 47%), 51% (range = -3%
to 129%), 67% (range = 20%-87%), and 96% (range = 17%-150%) in
patients treated with 0.02, 0.05, 0.15, and 0.25mg/kg of risdiplam,
respectively. In Group B, placebo patients showed a median 4%
decrease (range = -21% to 15%) compared with increases of 125%
(range = 44%-152%) for 3 mg risdiplam and 151% (range = 49%-
251%) for 5 mg. The observed twofold increase in SMN protein at
the highest dose was maintained over 24 months, whereas there was
no change over time in untreated patients in the NatHis-SMA study
(Figure 2).

Risdiplam treatment at 5 mg and 0.25mg/kg in Part 1 achieved
the desired twofold increase in SMN protein in blood. PK simulations
predicted a mean AUC of <2000ng-h/ml for the dosing regimen of
once-daily 5 mg for patients with a body weight 220kg and 0.25mg/
kg for patients with a body weight <20 kg. Therefore, this dosing
regimen was selected as the pivotal dose of risdiplam to be tested
in Part 2.

Exploratory efficacy measures

No efficacy evaluation was possible over the short 12-week double-
blind treatment period; the focus for the dose-finding period was
safety, PK, and PD data.

Patients showed improvement or stabilization in MFM32,
RULM, and HFMSE total scores at Month 24 of risdiplam treat-
ment. Greater improvements in motor function were observed in
younger patients (Table 4). Patients achieved a mean increase from
baseline of 2.7 (95% confidence interval [Cl] = 1.2-4.2) in MFM32
total score (n = 44, excludes patients who performed the 20-item
MFM [MFM20] at any time point), with an increase of 3.7 points
(95% Cl = 1.7-5.7) in patients aged 2-11years and 1.5 points (95%
Cl = -0.9 to 3.9) in patients aged 12-25years. Patients achieved a
mean increase of 2.5 points (95% Cl = 1.5-3.4) in RULM total score
(N = 51), with an increase of 2.9 points (95% Cl = 1.5-4.3) in patients
aged 2-11years and 1.7 points (95% Cl = 0.6-2.9) in patients aged
12-25years. Patients achieved an overall increase of 0.6 points (95%
Cl = -0.6 to 1.8) in HFMSE total score (N = 51), with an increase of
1.4 points (95% Cl = -0.1 to 2.9) in patients aged 2-11years and
a decrease of 0.7 points (95% Cl = 2.9-1.5) in patients aged 12-
25years (Table 4).

At Month 24, a marked improvement 23 points from baseline in
MFM32 total score was achieved in 66.7% (95% Cl = 44.7-84.4) of
patients aged 2-11years and 47.4% (95% Cl = 24.5-71.1) of patients
aged 12-25years. A marked improvement 22 points from baseline in
HFMSE total score was achieved in 45.2% (95% Cl = 27.3-64.0) of
patients aged 2-11years and 26.3% (95% Cl = 9.2-51.2) of patients
aged 12-25years. A marked improvement 22 points from baseline
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TABLE 3 AEs and SAEs that occurred
during the all-exposure-to-risdiplam
period

Risdiplam, Months Risdiplam, Months 12- All risdiplam,
0-12,N = 51° 24,N =5° N=51°
Total number of AEs 397 250 737
Patients with at least 47 (92) 34 (67) 49 (96)
one AE, n (%)
Patients with at least 6(12) 6(12) 15 (29)
one SAE, n (%)
Most frequently
reported AEs, n
(%)°
Pyrexia 15(29) 16 (31) 28 (55)
Cough 14 (28) 10 (20) 18 (35)
Vomiting 12 (24) 7 (14) 17 (33)
Upper respiratory 8 (16) 11 (22) 16 (31)
tract infection
Nasopharyngitis 9(18) 6(12) 12 (24)
Oropharyngeal pain 9 (18) 2(4) 11 (22)
Gastroenteritis 3(6) 5(10) 9 (18)
Headache 8 (16) 6(12) 9(18)
Most frequently
reported SAEs, n
(%)°
Pneumonia 1(2) (4) 3(6)
Femur fracture 2(4)
Total number of deaths 0 0
Patients with at least
one, n (%)
TRAE 10 (20) 2(4) 12 (24)
Related AE leading 0 0 0
to withdrawal
from treatment
Related AE 0 0 0
leading to dose
modification/
interruption
SAE leading to 0 0 0
withdrawal from
treatment
SAE leading to dose 1(2) 1(2) 3(6)
modification/
interruption
Treatment-related 0 0 0
SAE
Grade 3-4 AE 5(10) 3(6) 9 (18)
AE with fatal 0 0 0
outcome

Note: Data cutoff: 15 January 2020.

Abbreviations: AE, adverse event; SAE, serious AE; TRAE, treatment-related AE.

20nly includes AEs with onset date on or after the first dose of risdiplam at any dose level within
the first 12 months of the study.

PIncludes AEs with onset date from Month 12 to Month 24.

‘Includes AEs with onset date on or after the first dose of risdiplam at any dose level in the all-
exposure-to-risdiplam period.

dEvents occurred in >15% of patients in the all-exposure-to-risdiplam period.

®Events occurred in >5% of patients in the all-exposure-to-risdiplam period.
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FIGURE 2 SMN protein (change from baseline) over 24 months of risdiplam treatment at the pivotal dose. ?Data for patients who
received the pivotal dose for SUNFISH Part 2 (5 mg for patients with a body weight 220kg or 0.25 mg/kg for patients weighing <20kg). Data
cutoff: 15 January 2020. NatHis-SMA methods described in Chabanon, et al [6]. bSamples were taken prior to risdiplam dose. “Patients aged
12-25years only due to limitations on the volume of blood that could be obtained from the 2- to 11-year-old population. Samples were
taken 4 h after receiving risdiplam. Error bars represent minimum-maximum values. NatHis, natural history; SMA, spinal muscular atrophy;
SMN, survival of motor neuron.

TABLE 4 MFM32, RULM, and HFMSE change from baseline over 12 and 24 months

MFM32 RULM HFMSE
12- 12- All 2- 12- All
2-11years, 25years, All patients, 2-11years, 25years, patients, 11years, 25years, patients,
n=24 n=20 N = 44° n=31 n=20 N=51 n=231 n=20 N=51
Month 12
Mean 3.47 1.64 2.66 2.13 1.05 1.72 0.84 0.05 0.54
95% ClI 1.88-5.06 -0.01to 1.53-3.80 0.90-3.36 0.18-1.92 0.90-2.54 -0.62 to -1.61to -0.53 to
3.30 2.29 1.72 1.61
Month 24
Mean 3.69 1.54 2.74 2.94 1.74 2.48 1.39 -0.68 0.60
95% ClI 1.72-5.66 -0.87 to 1.24-4.24 1.53-4.34 0.59-2.88 1.52-3.44 -0.11to 2.87-1.50 -0.63 to
3.94 2.89 1.83

Note: Data cutoff: 15 January 2020.

Abbreviations: Cl, confidence interval; HFMSE, Hammersmith Functional Motor Scale-Expanded; MFM, Motor Function Measure; RULM, Revised

Upper Limb Module.
2Excludes patients who were assessed with the MFM20 (n = 7).

in RULM total score was achieved in 58.1% (95% Cl = 39.1-75.5) of
patients aged 2-11years and 57.9% (95% Cl = 33.5-79.8) of patients
aged 12-25vyears.

There was a least-square mean increase from baseline of 2.0
(95% Cl = 0.3-3.7) in MFM total score in the SUNFISH Part 1 pop-
ulation compared with a decrease of 2.0 (95% Cl = -3.4 to -0.3)
in the external comparator, resulting in a treatment difference of
3.99 at Month 24 (95% Cl = 2.34-5.65, p <0.0001; Figure 3). At
Month 24, a greater proportion of patients treated with risdiplam
achieved a marked improvement 23 points in MFM total score rela-
tive to the comparator (54.2% vs. 16.8%, p = 0.0015). A greater pro-
portion of patients treated with risdiplam stabilized or improved in

motor function relative to the comparator (defined as a change from
baseline in MFM32 total score 20; 81.3% vs. 44.4%, p = 0.0016;
Figure S2).

There were no clinically significant changes in respiratory func-
tion over 24 months (Table 5).

DISCUSSION

The objective of SUNFISH Part 1 was to assess the safety, tolerabil-
ity, PK, and PD of risdiplam in patients with SMA for the first time,
and to select the pivotal dose for Part 2, which was determined to
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FIGURE 3 Motor Function Measure (MFM) total score change over 24 months compared with an external comparator. *External
comparator data are comprised of data from Annoussamy et al [5], Bertini et al [23], and unpublished analyses of olesoxime phase 2

clinical trial data. "Error bars show +95% confidence interval. Weighted analysis of change from baseline is shown (mixed model repeated
measures). Patients with baseline and at least one postbaseline time point at Month 12 or Month 24 with MFM total score are included in
the analysis. MFM (derived) total score means that the MFM20 total score is used for all patients aged <éyears and the MFM32 total score
is used for all patients aged 26 years. Both scales were transformed to 0%-100%. SUNFISH data cutoff: 15 January 2020. LS, least square.

TABLE 5 Change from baseline in percentage predicted values in respiratory measures at Month 24

Respiratory measures? 2-11years,n =31

12-25years,n = 20 All patients, N = 51

FVC, mean (95% CI)
FEV1, mean (95% ClI)
PCF, mean (95% Cl)
SNIP, mean (95% Cl)

-6.42(-16.29 to 3.46)

-8.83(-18.18 to 0.51)
6.25(-6.34 to 18.84)
6.28(1.22-11.33)

0.28 (-3.22 t0 3.78)
1.17 (-2.33 t0 4.67)
0.58 (-4.44 to 5.61)
3.26 (-1.93 to 8.46)

-2.40(-6.69 to 1.89)
-2.83(-7.19 to 1.52)
3.42(-2.93t0 9.77)
5.08 (1.50-8.66)

Note: Data cutoff: 15 January 2020.

Abbreviations: Cl, confidence interval; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; PCF, peak cough flow; SNIP, sniff nasal

inspiratory pressure.
2Calculated as percentage predicted value.

be 5 mg for patients with a body weight 220kg and 0.25mg/kg for
patients with a body weight <20kg. This dosing regimen has now
been approved for use in patients with SMA [14, 15].

In Part 1, there have been no treatment-related safety findings
leading to withdrawal in any patients treated with risdiplam for up
to 31.9 months. There was no difference in safety findings for all
assessed dose levels.

Nonclinical findings in animal studies (at exposures higher than
in SUNFISH) were not observed in patients receiving risdiplam [13].
Retinal findings observed in a nonclinical toxicology study in mon-
keys [13] have not been observed in any risdiplam-treated patient
to date. Haematological nonclinical findings of risdiplam-associated
bone marrow depression were not observed in any individuals [13].
Reported skin disorders were not suggestive of epithelial effects
observed in nonclinical studies [13]. Preclinical studies in sexually
mature rats and monkeys have shown spermatogenic arrest in cer-
tain stages of spermatogenesis, without evidence of damage to sper-
matogonia [13]. Although this effect was observed in nonresponder
species used in toxicology studies for risdiplam, SMN protein defi-
ciency itself appears to impair spermatogenesis in models of SMA
[24]. Studies in rats and rabbits have shown adverse effects on foetal

development such as embryofoetal mortality in offspring [25]. The
effect of risdiplam on male fertility and foetal development was not
assessed in this study.

The natural history of types 2 and 3 SMA involves progression of
disease and continued loss of function [5, 26, 27]. In natural history
cohorts, MFM32 scores declined significantly by an average of 3.03
(SD = 3.77) over 24months [5]. RULM scores decreased by an aver-
age of 0.41 (SD = 2.93) over 12months; improvements were mainly
seen in children aged <5years [27]. HFMSE scores decreased by an
average of 0.54 (95% Cl = -1.45 to 0.36) over 24 months [26].

Although the focus of this study was on safety, PK, and PD for
dose selection, exploratory efficacy analyses demonstrated im-
provements in MFM32 and RULM total scores and stabilization in
HFMSE total scores after 24 months of treatment. Due to the lack
of a placebo group for 24 months, MFM total score was compared
with a weighted external comparator; there was a statistically sig-
nificant and clinically relevant difference of 3.99 points between
risdiplam and the comparator. Three points is considered a marked
improvement and represents gaining a new function or improve-
ment in several functions, suggesting that there was a meaningful
improvement in motor function after 24 months of treatment [28].
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Previous natural history studies have shown a decrease in HFMSE
scores over 24 months, highlighting the importance of stabilization
in motor function [26]. Patient surveys have shown that stabiliza-
tion is an important treatment goal for patients with SMA [29] and is
considered to be a positive outcome in this population. In line with
other studies that have shown an inverse correlation between dis-
ease duration and efficacy [1, 30], younger patients showed greater
improvements in all exploratory efficacy endpoints. Due to the ab-
sence of a control group, these results must be interpreted with cau-
tion. The results in SUNFISH cannot be compared with CHERISH, a
double-blind, placebo-controlled study of nusinersen, as CHERISH
had stricter inclusion/exclusion criteria that included patients aged
2-12years who were able to sit independently but never had the
ability to walk independently [1].

Limitations of this study include the small sample size and the
lack of 24-month placebo data. As the aim of Part 1 was to select the
dose of risdiplam and assess PK, PD, and safety, the study was not
designed for efficacy evaluation. The weighted external compara-
tor was therefore constructed to provide context to the exploratory
MFM results at Month 24. To minimize bias, more than one exter-
nal control group was included in the analysis, and selected control
groups were as similar as possible to the SUNFISH population.

SUNFISH Part 1 demonstrated a positive safety profile in pa-
tients with types 2 and 3 SMA, further supporting the study of ris-
diplam in this population. Treatment resulted in sustained increase
of blood SMN protein levels. Patients in Part 1 entered a 3-year
extension period for regular monitoring of safety, tolerability, and
efficacy. The long-term efficacy of risdiplam is being assessed in pa-
tients in Part 2.
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