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ABSTRACT

Introduction: Risdiplam is a survival of motor
neuron 2 (SMN2) splicing modifier for the
treatment of patients with spinal muscular
atrophy (SMA). The JEWELFISH study
(NCT03032172) was designed to assess the

safety, tolerability, pharmacokinetics (PK), and
pharmacodynamics (PD) of risdiplam in previ-
ously treated pediatric and adult patients with
types 1–3 SMA. Here, an analysis was performed
after all patients had received at least 1 year of
treatment with risdiplam.
Methods: Patients with a confirmed diagnosis
of 5q-autosomal recessive SMA between the
ages of 6 months and 60 years were eligible for
enrollment. Patients were previously enrolled in
the MOONFISH study (NCT02240355) with
splicing modifier RG7800 or treated with ole-
soxime, nusinersen, or onasemnogene abepar-
vovec. The primary objectives of the JEWELFISH
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study were to evaluate the safety and tolerabil-
ity of risdiplam and investigate the PK after
2 years of treatment.
Results: A total of 174 patients enrolled:
MOONFISH study (n = 13), olesoxime (n = 71
patients), nusinersen (n = 76), onasemnogene
abeparvovec (n = 14). Most patients (78%) had
three SMN2 copies. The median age and weight
of patients at enrollment was 14.0 years
(1–60 years) and 39.1 kg (9.2–108.9 kg), respec-
tively. About 63% of patients aged 2–60 years
had a baseline total score of less than 10 on the
Hammersmith Functional Motor Sca-
le–Expanded and 83% had scoliosis. The most
common adverse event (AE) was upper respira-
tory tract infection and pyrexia (30 patients
each; 17%). Pneumonia (four patients; 2%) was
the most frequently reported serious AE (SAE).
The rates of AEs and SAEs per 100 patient-years
were lower in the second 6-month period
compared with the first. An increase in SMN
protein was observed in blood after risdiplam
treatment and was comparable across all ages
and body weight quartiles.
Conclusions: The safety and PD of risdiplam in
patients who were previously treated were con-
sistent with those of treatment-naı̈ve patients.

Keywords: Evrysdi; Pharmacodynamics; Risdi-
plam; Safety; Spinal muscular atrophy

Key Summary Points

Why carry out this study?

Spinal muscular atrophy (SMA) is a genetic
disease that affects infants to adults with
varying degrees of disease severity.

With disease-modifying therapies
available for SMA, it is imperative to
understand the safety of these drugs when
used successively or in combination.

The aim of this interim analysis was to
determine the safety and
pharmacodynamics of risdiplam in a
heterogeneous population of patients
with SMA who had been previously
enrolled in an SMA clinical trial or treated
with a previously approved SMA
treatment.

What was learned from the study?

The JEWELFISH study population had a
similar safety profile and increase in SMN
protein levels after 12 months of
treatment with risdiplam compared with
treatment-naı̈ve patients who were treated
with risdiplam in the FIREFISH and
SUNFISH clinical trials.

No safety signals were observed in the
patient population after 12 months of
treatment with risdiplam.

There were no deaths or drug-related
safety findings that led to the withdrawal
of any patients treated with risdiplam.

INTRODUCTION

Spinal muscular atrophy (SMA) is a progressive
neuromuscular disease caused by biallelic
mutations of the survival of motor neuron 1
gene (SMN1) [1]. In humans, a second gene,
SMN2, is present but produces only low levels of
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functional SMN protein which cannot fully
compensate for the lack of SMN1 [2].

SMA is categorized into five clinical types
(0–4), which are defined according to the max-
imum motor milestone achieved and the age of
onset [2, 3]. Type 0 SMA is the most severe form
of SMA, with a prenatal or neonatal onset and is
usually fatal at birth [3]. Type 1 SMA generally
manifests within 6 months of age. Infants with
type 1 SMA are unable to sit, and the majority of
untreated infants die before 2 years of age.
Individuals with type 2 SMA typically have
symptom onset between 6 and 18 months of
age and may acquire the ability to sit or stand
with support, but never walk independently.
Individuals with type 3 SMA show symptom
onset after 18 months of age. All patients are
able to ambulate independently at some point,
but those presenting symptoms before 3 years of
age (type 3a) tend to lose ambulation earlier
than those presenting after 3 years of age
(type 3b) [4]. Type 4 SMA has an onset into
adulthood and is the mildest form of the disease
[5].

There are three disease-modifying therapies
(DMTs) available for the treatment of SMA.
Risdiplam (EVRYSDI�) is an oral small molecule
designed to selectively modify splicing of SMN2
pre-mRNA and promote the inclusion of exon 7
to increase levels of functional SMN protein.
Risdiplam has been approved in over 80 coun-
tries worldwide [5]. Nusinersen (SPINRAZA�),
an antisense oligonucleotide, is an intrathecally
administered SMN2 pre-mRNA splicing modifier
[6, 7]. Onasemnogene abeparvovec (ZOLGEN-
SMA�), a one-time intravenously administered
gene transfer therapy, is designed to deliver a
functional copy of the SMN1 gene [8, 9].

Prior to the approval of these DMTs, there
were two small molecules, olesoxime (OLEOS,
NCT02628743) and RG7800 (MOONFISH, NCT
02240355) that were investigated for the treat-
ment of SMA [10, 11]. Both treatments were dis-
continued: olesoxime showed no significant
benefits to motor function over 130 weeks [12],
and RG7800 was discontinued as a precaution
due to findings observed in long-term preclinical
animal models [13].

With multiple treatment options available,
patients may request to switch treatments or to

take them in combination for several reasons
[14]. Some patients may not respond to their
current therapy [15]. For some patients with
reduced spinal access caused by severe scoliosis
or scoliosis surgery (spinal fusion), receiving
repeated intrathecally administered therapy
may be challenging [16, 17]. Other patients may
experience unwanted side effects either from
the treatment drug or from its administration
[18].

There are limited real-world data evaluating
combination or sequential treatment with SMA
DMTs [19–22] and as a result, the safety and
efficacy of combination or sequential treatment
are not well understood. To date, there is one
report that describes the evaluation of
onasemnogene abeparvovec followed by ris-
diplam, which was well tolerated in patients
with type 1 SMA [22]. Another report from the
risdiplam expanded access program showed
patients treated with risdiplam who were either
treatment-naı̈ve or had been previously treated
with nusinersen, onasemnogene abeparvovec,
or both had a similar safety profile to those in
pivotal risdiplam clinical trials [23]. Currently,
there is one ongoing study (RESPOND;
NCT04488133) evaluating the safety and effi-
cacy of nusinersen in 60 patients following
treatment with onasemnogene abeparvovec
[24]. Herein, we describe the JEWELFISH study
(NCT03032172) and report the safety and
pharmacodynamics (PD) of risdiplam after
12 months of treatment.

METHODS

Study Design

JEWELFISH is a multicenter, exploratory, non-
comparative, open-label study of once-daily,
orally administered risdiplam in pediatric and
adult patients with SMA who have been previ-
ously treated in an SMA clinical trial or with a
previously approved SMA treatment. Eligible
patients were enrolled in the MOONFISH study
(phase 1 trial of RG7800 versus placebo in adult
and pediatric patients with SMA) or were treated
with nusinersen, onasemnogene abeparvovec,
or olesoxime.
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The primary analysis of JEWELFISH will be
performed after a 24-month period. For this
interim analysis, safety and PD were evaluated
in patients who received risdiplam for at least
12 months by the clinical cutoff date (CCOD) of
29 January 2021.

Patient Selection

Patients aged 6 months to 60 years of age at
screening were eligible to enroll in the JEWEL-
FISH study if they had a confirmed diagnosis of
5q-autosomal recessive SMA, including genetic
confirmation of a biallelic mutation (homozy-
gous deletion or heterozygosity) of the SMN1
gene predictive of loss of function, clinical his-
tory, or signs or symptoms attributable to SMA.

Patients were previously enrolled in the
MOONFISH study or had previous treatment
with any of the following: (a) nusinersen (de-
fined as having received at least four doses of
nusinersen, provided that the last dose was
received at least 90 days prior to screening);
(b) olesoxime (provided that the last dose was
received at most 18 months and at least 90 days
prior to screening); (c) onasemnogene abepar-
vovec (provided that the time of treatment was
at least 12 months prior to screening). Patients
were enrolled across 24 different centers in
Belgium, France, Germany, Italy, the Nether-
lands, Poland, Switzerland, the UK, and the
USA.

Patient- and caregiver-reported reasons for
switching from nusinersen or onasemnogene
abeparvovec to risdiplam were collected during
screening. A list of reasons has been provided in
Table S1 of the Supplementary Material.

All patients received risdiplam once daily at
the approved dosing regimen as follows:
0.2 mg/kg for infants aged 6 months to less than
2 years, 0.25 mg/kg for patients older than
2 years with a body weight less than 20 kg, and
5 mg for patients with a body weight of 20 kg or
more.

Full inclusion/exclusion criteria are listed in
the Supplementary Material. The target sample
size was set at 180 patients. The target sample
size was determined by practical considerations
and not based on statistical power calculations.

With 180 patients exposed to risdiplam, there is
a 92% chance to detect an adverse event (AE) in
at least one patient, assuming that the true
underlying AE rate is 1.4%.

Outcomes

The primary objectives of the study were to
evaluate the safety and tolerability of risdiplam
and to investigate the pharmacokinetics (PK) of
risdiplam and its metabolites. The secondary
objectives were to investigate the PK/PD rela-
tionship of risdiplam. Investigation of PD
includes the analyses of SMN mRNA splice
forms and SMN protein in blood. The primary
analysis of the JEWELFISH study was assessed
after all patients received 24 months of treat-
ment. In this interim analysis, all available
safety data and SMN protein levels at month 12
are reported. A full list of safety outcomes and
secondary and exploratory objectives can be
viewed in the Supplementary Material.

Statistical Analysis

The intent-to-treat (ITT) population was defined
as all enrolled patients, regardless of whether
they received risdiplam or not. All patients who
received at least one dose of risdiplam were
included in the safety analysis population for
this 12-month report.

Study Oversight

Approval from each site’s institutional review
board or ethics committee was provided for this
study. The clinical trial was conducted in
accordance with the principles of the Helsinki
Declaration of 1964 and its later amendments
and following Good Clinical Practice guideli-
nes, and was approved by an ethics committee
at each site. An external independent data
monitoring committee was established to
monitor patient safety. Patients were required
to be able and willing to provide written
informed consent and to comply with the study
protocol according to International Conference
on Harmonization (ICH) guidelines and local
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regulations. Alternatively, a legally authorized
representative must have been able to give
consent for the patient according to ICH
guidelines and local regulations and assent
must have been given whenever possible.
Written informed consent was provided by the
patient or the patient’s legally authorized rep-
resentative before their participation in the
study.

RESULTS

Study Population

A total of 174 patients were enrolled in the
JEWELFISH study between March 2017 and
January 2020. A total of 13 patients had previ-
ously enrolled in the MOONFISH study, 71
patients received olesoxime, 76 received nusin-
ersen, and 14 received onasemnogene abepar-
vovec. Three patients who were previously
enrolled in the MOONFISH study received pla-
cebo treatment and had not received RG7800.
Three patients included in the nusinersen
treatment group had also received olesoxime
previously. One patient received treatment with
onasemnogene abeparvovec first followed by
nusinersen and was included in the onasem-
nogene abeparvovec group. One patient with-
drew from the study at baseline prior to
receiving risdiplam as a result of inadequate
blood access; therefore, the safety of risdiplam
in this interim report was assessed in 173
patients after all patients had been treated for at
least 12 months (CCOD 29 January 2021).

Patient Characteristics

The JEWELFISH study population was broad,
heterogeneous, and had a high degree of motor
impairment at baseline (Table 1). The median
age at enrollment was 14.0 years (1–60) and the
median weight was 39.1 kg (9.2–108.9 kg).
There were slightly more patients who were
male (55%), and more than half of all patients
had type 2 SMA (62%). The majority of patients
(78%) had three SMN2 copies, with 13% of
patients having four copies, and 7% who had

1–2 copies; the remainder were pending geno-
typing and were classified as unknown at the
CCOD. Patients were categorized as non-sitters
(34%; defined as a score of 0 on item 9 of the
32-item Motor Function Measure [MFM32]),
non-ambulant sitters (57%; defined as a score
C 1 on item 9 of the MFM32 and unable to walk
unassisted for 10 m or more), or walkers (9%).
Overall, 89% of all patients were able to eat
solid food. Additionally, 84% of patients
weighed at least 20 kg at baseline with 79% of
patients receiving 5 mg of risdiplam daily from
day 1. The remaining patients enrolled before
dose selection and, therefore, received 3 mg at
the start of the study for a mean duration of
203 days (118–277 days) which was increased to
5 mg after dose confirmation from the SUNFISH
trial (NCT02908685) [25]. Approximately half
of all patients (53%) required non-invasive or
invasive pulmonary care or bilevel positive air-
way pressure. Of patients aged 2–60 years
(n = 168), 83% had scoliosis, 39% had severe
scoliosis with a greater than 40� curvature, and
63% had a baseline total score of less than 10 on
the Hammersmith Functional Motor Sca-
le–Expanded (HFMSE).

SMN Protein

SMN protein levels in blood at baseline were
comparable across groups independent of the
previously received treatment (Table 2). Base-
line median SMN protein levels in whole blood
(minimum–maximum) were 3.55 ng/mL (2.16–
8.16) in patients previously enrolled in the
MOONFISH study and 2.86 ng/mL (0.53–5.53),
3.09 ng/mL (1.01–6.91), and 3.50 ng/mL (1.43–
6.39) in patients previously treated with onas-
emnogene abeparvovec, nusinersen, or olesoxi-
me, respectively. A sustained twofold increase
from baseline was achieved for all groups after
4 weeks of risdiplam (Fig. 1a).

Median baseline levels tended to be higher in
patients with type 2 (3.30 ng/mL [0.53–6.39])
and 3 SMA (4.02 ng/mL [1.01–8.16]) compared
with patients with type 1 SMA (2.02 ng/mL
[0.76–3.45]; Fig. S1 of the Supplementary
Material). Similarly, baseline SMN protein con-
centration correlated with SMN2 copy number
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Table 1 Patient demographic and clinical characteristics at baseline

Previous treatment All patients

Olesoxime MOONFISH
studyb

Nusinersen Onasemnogene
abeparvovec

(N = 174)

(n = 71)a (n = 13)a (n = 76)c (n = 14)d

Age at screening, years, median

(range)

16.0 (11–36) 30.0 (16–58) 12.0 (1–60) 2.0 (1–5) 14.0 (1–60)

C 18 years, n (%) 31 (44) 11 (85) 21 (28) 0 63 (36)

Gender, female/male, n (%) 36/35 (51/49) 4/9 (31/69) 36/40 (47/53) 3/11 (21/79) 79/95 (45/55)

SMA type, n (%)

1 2 (3) 0 9 (12) 4 (29) 15 (9)

2 50 (70) 5 (39) 43 (57) 10 (71) 108 (62)

3 19 (27) 8 (62) 24 (32) 0 51 (29)

SMN2 copy number, n (%)

1 0 0 0 1 (7) 1 (1)

2 0 0 9 (12) 3 (21) 12 (7)

3 64 (90) 6 (46) 56 (74) 10 (71) 136 (78)

4 5 (7) 6 (46) 11 (15) 0 22 (13)

Unknowne 2 (3) 1 (8) 0 0 3 (2)

Age of onset of initial symptoms,

months, median (range)

13 (0–258) 9 (0–256) 12 (0–188) 8 (0–10) 12 (0–258)

Motor function, n (%)f

Non-sitters 29 (41) 7 (54) 21 (28)g 2 (14)g 59 (34)g

Sitters 42 (59) 3 (23) 42 (55)g 12 (86)g 99 (57)g

Walkers 0 3 (23) 13 (17) 0 16 (9)

HFMSE total score\ 10, n (%) 59 (83) 8 (62) 35 (48)h,i 3 (27)h,j 105 (63)h,k

Scoliosis, n (%)

Yes 66 (93) 9 (69) 61 (84)h,i 3 (27)h,j 139 (83)h,k

[ 40� curvature 36 (51) 3 (23) 27 (37)h,i 0 66 (39)h,k

Hip subluxation or dislocation,

n (%)

20 (28) 2 (15) 25 (34)h,i 4 (36)h,j 51 (30)h,k

Pulmonary carel, n (%)

Yes 39 (55) 1 (8) 43 (57) 10 (71) 93 (53)

Missing 0 1 (8) 0 0 1 (1)
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Table 1 continued

Previous treatment All patients

Olesoxime MOONFISH
studyb

Nusinersen Onasemnogene
abeparvovec

(N = 174)

(n = 71)a (n = 13)a (n = 76)c (n = 14)d

Feeding status, n (%)

Gastrostomy tube 2 (3) 0 7 (9) 1 (7) 10 (6)

Nasogastric food intake 0 0 1 (1) 0 1 (1)

Mixed (fluid/puree) oral intake 1 (1) 0 2 (3) 1 (7) 4 (2)

Modified oral food intake 2 (3) 0 2 (3) 0 4 (2)

Solid food 65 (93) 13 (100) 64 (84) 12 (86) 154 (89)

Median weight, all patients, kg

(range)

46.5

(17.7–85.0)

56.5

(29.5–105.0)

34.1

(9.3–108.9)

12.1

(9.2–22.1)

39.1

(9.2–108.9)

IQR 33.3–57.7 46.0–65.0 22.9–50.0 10.4–14.1 26.0–56.0

Weight-for-age percentile (B 10 years old), n (%)m

B 3rd percentile 4 (14) 3 (21) 7 (17)

[ 3rd to B 5th percentile 0 3 (21) 3 (7)

[ 5th to B 10th percentile 2 (7) 1 (7) 3 (7)

[ 10th to B 25th percentile 7 (25) 1 (7) 8 (19)

[ 25th to B 50th percentile 4 (14) 3 (21) 7 (17)

[ 50th percentile 11 (39) 3 (21) 14 (33)

BMI-for-age percentile, (B 19 years old), n (%)n

B 3rd percentile 23 (54) 3 (75) 12 (21) 2 (14) 40 (34)

[ 3rd to B 5th percentile 2 (5) 0 1 (2) 1 (7) 4 (3)

[ 5th to B 10th percentile 2 (5) 1 (25) 2 (4) 3 (21) 8 (7)

[ 10th to B 25th percentile 3 (7) 0 7 (12) 3 (21) 13 (11)

[ 25th to B 50th percentile 1 (2) 0 7 (12) 3 (21) 11 (9)

[ 50th percentile 12 (28) 0 28 (49) 2 (14) 42 (36)
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(Fig. 1b), with higher levels observed in patients
with more SMN2 copies. The observed increase
in SMN protein after risdiplam treatment was
comparable across all ages (Fig. 1c) and body
weight quartiles (Fig. 1d).

Treatment Discontinuation and Safety

In the safety population, eight patients discon-
tinued the study at the time of the CCOD

(29 January 2021). Five patients (n = 5/8) with-
drew from the study between months 0 and 12.
Of these five patients, three withdrew as a result
of patient decision, one withdrew because of
patient-reported lack of improvement, and one
patient withdrew from the study because of
irritable bowel syndrome and panic attack; both
AEs were deemed unrelated to risdiplam. Two
patients (n = 2/8) withdrew from the study after
they had received 12 months of treatment as a

Table 1 continued

Previous treatment All patients

Olesoxime MOONFISH
studyb

Nusinersen Onasemnogene
abeparvovec

(N = 174)

(n = 71)a (n = 13)a (n = 76)c (n = 14)d

BMI category, (C 20 years old), n (%)o

Underweight (\ 18.5) 12 (44) 3 (33) 6 (32) 0 21 (38)

Normal (18.5 to\ 25) 12 (44) 4 (44) 8 (42) 0 24 (44)

Overweight (25 to\ 30) 3 (11) 1 (11) 1 (5) 0 5 (9)

Obese (C 30) 0 1 (11) 4 (21) 0 5 (9)

Data cutoff 29 January 2021. Intent-to-treat patients
BiPAP bilevel positive airway pressure, BMI body mass index, HFMSE Hammersmith Functional Motor Scale–Expanded,
HINE-2 Hammersmith Infant Neurological Examination, Module 2, IQR interquartile range, MFM Motor Function
Measure, SMA spinal muscular atrophy, SMN survival of motor neuron
aNo longer in clinical development
bThree patients who were previously enrolled in the MOONFISH study (NCT02240355) received placebo treatment and
were never switched to RG7800
cThree patients in the nusinersen group had also received olesoxime (NCT01302600) previously
dOne patient in the onasemnogene abeparvovec group received treatment with onasemnogene abeparvovec first followed by
nusinersen. Ten patients were enrolled in STRONG (NCT03381729), three patients in STR1VE (NCT03306277), and
one patient in STR1VE-EU (NCT03461289) prior to enrollment in JEWELFISH
eUnknown SMN2 copy number is pending confirmation by genotyping
fNon-sitters are defined as scoring 0 on item 9 of the MFM32 while sitters are defined as scoring C 1 on item 9 of the
MFM32 but do not qualify as ambulant. Ambulant patients are defined as walkers. The MFM32 is a validated scale used to
evaluate fine and gross motor function in people with neurologic disorders, including SMA [27]
gFor patients aged\ 2 years, baseline motor milestones were evaluated by the HINE-2, a motor function measure for
infants with SMA [28]
hOnly reported for patients aged 2–60 years
iPercentages calculated out of n = 73 eligible patients
jPercentages calculated out of n = 11 eligible patients
kPercentages calculated out of n = 168 eligible patients
lIncludes the use of invasive and non-invasive pulmonary care or BiPAP
mN at baseline: nusinersen = 28, onasemnogene abeparvovec = 14, all patients = 42
nN at baseline: olesoxime = 43, MOONFISH study = 4, nusinersen = 57, onasemnogene abeparvovec = 14, all
patients = 118
oN at baseline: olesoxime = 27, MOONFISH study = 9, nusinersen = 19, all patients = 55
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result of patient decision. Lastly, one patient
(n = 1/8) chose to withdraw because of the
COVID-19 pandemic during the safety follow-
up period.

As of the CCOD, the mean duration (stan-
dard deviation) of exposure to risdiplam was

17.0 (7.1) months (0.9–47.0). Overall, 92% of
patients reported at least one AE (Table 3). The
most common AEs were upper respiratory tract
infection and pyrexia (17%; in both). Approxi-
mately 14% of patients reported a serious AE
(SAE). Pneumonia (2%) was reported as the
most observed SAE. A complete list of AEs and
SAEs can be viewed in Table S2 of the Supple-
mentary Material.

A total of six patients (MOONFISH study
[n = 1], nusinersen [n = 3], and olesoxime
[n = 2]) had at least one SAE that led to dose
modification or interruption; none were related
to risdiplam. At least one treatment-related AE
was reported in 33 patients (MOONFISH study
[n = 6], nusinersen [n = 19], and olesoxime
[n = 8]). One patient, previously treated with
olesoxime, had an SAE of supraventricular
tachycardia (in the context of hypoxia), which
was considered related to risdiplam treatment
by the investigator and resolved without chan-
ges to the study drug.

The AE rate for the first 6 months of treat-
ment was 648.0 events per 100 patient-years (PY
[95% confidence interval; CI 595.2–704.3; total
PY at risk 85.5 years]). For the 6–12-month
period, the AE rate was 270.2 events (95% CI
235.8–308.2; total PY at risk 82.2 years). The
rate of SAEs was 33.9 events per 100 PY (95% CI
22.7–48.7; total PY at risk 85.5 years) from 0 to
6 months. The rate of SAEs between 6 and
12 months was 18.3 events per 100 PY (95% CI
10.2–30.1; total PY at risk 82.2 years).

All available safety laboratory results, vital
signs, and electrocardiograms did not show any
clinically significant adverse findings compared
with baseline. There have been no clinically
significant safety findings in patients reflective
of potential risks previously identified from
non-clinical toxicology studies (effects on
epithelial tissues, retinal toxicity, or hemato-
logic effects). Ophthalmologic monitoring did
not show any evidence of retinal toxicity.
Ophthalmologic AEs were not suggestive of
risdiplam-induced effects and resolved without
change of treatment with risdiplam. No drug-
related safety findings led to the withdrawal of
any patients exposed to risdiplam and no
deaths were reported.

Table 2 Baseline median protein levels in whole blood

Category Baseline median
SMN protein
(ng/mL)

Min–max
(ng/mL)

SMA type

Type 1 2.02 0.76–3.45

Type 2 3.30 0.53–6.39

Type 3 4.02 1.01–8.16

Copy number

2 copies 1.76 1.21–3.45

3 copies 3.25 0.53–6.91

4 copies 4.69 2.16–8.16

Previous treatment

Onasemnogene

abeparvovec

2.86 0.53–5.53

MOONFISH study 3.55 2.16–8.16

Nusinersen 3.09 1.01–6.91

Olesoxime 3.50 1.43–6.39

Age quartile

B 10.4 years 3.06 0.53–5.53

[ 10.4 years–15 years 3.26 1.21–6.39

[ 15 years–22.9 years 3.56 1.01–6.68

[ 22.9 years 3.55 1.36–8.16

Weight quartile

B 26 kg 2.86 0.53–6.39

[ 26 kg–39 kg 3.14 1.01–5.98

[ 39 kg–55.3 kg 3.45 1.58–6.02

[ 55.3 kg 3.84 1.36–8.16

SMA spinal muscular atrophy, SMN survival of motor
neuron

Neurol Ther (2023) 12:543–557 551



DISCUSSION

This interim analysis of the JEWELFISH study
examined the safety of risdiplam after
12 months of treatment in patients who were
previously enrolled in a trial of an investiga-
tional SMA therapy or had received an approved
SMA DMT. Based on this study design, the
enrolled cohort was highly heterogenous as
reflected by their broad age range (1–60 years),
SMA type (types 1–3), and advanced progression
of SMA (a majority of patients were profoundly
weak as indicated by low baseline total HFMSE
scores and high rates of severe scoliosis and hip
subluxation or dislocation). Patients in JEWEL-
FISH study were also heavier (i.e., up to
108.9 kg) compared with patient populations in
other SMA clinical trials of DMTs [26, 27].

Risdiplam treatment led to a median twofold
increase in blood SMN protein levels after
4 weeks of treatment which was sustained for
at least 12 months. This is consistent with

results from the patients from the FIREFISH
(NCT02913482) [28, 29] and SUNFISH studies
who were treatment-naı̈ve. There were no dif-
ferences observed in the median-fold increase in
SMN protein across nusinersen, onasemnogene
abeparvovec, or the other treatment groups.
Baseline SMN protein levels in the onasemno-
gene abeparvovec group were slightly lower
compared with the other treatment subgroups;
this may be a reflection of the patient popula-
tion consisting of a greater proportion of
patients with lower SMN2 copy numbers and
type 1 SMA. Although median baseline levels
tended to be lower among patients with type 1
SMA, the proportional increase of SMN protein
was comparable across all patient subgroups
analyzed, including among those who were
older and heavier.

SMN protein is the direct PD marker that
confirms risdiplam’s mode of action. Risdiplam
addresses the underlying cause of the disease by
promoting the inclusion of exon 7 to generate
full-length SMN2 mRNA and subsequently

Fig. 1 Median SMN protein in blood by a previous
treatment, b SMN2 copy number, c age quartiles (years),
d weight quartiles (kg). *Three patients who were

previously enrolled in the MOONFISH study received
placebo treatment and were never switched to RG7800.
SMN survival of motor neuron
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Table 3 Adverse events observed in the JEWELFISH population

Previous treatment All patients

(N = 173)b
Olesoxime

(n = 70)

MOONFISH

studya

(n = 13)

Nusinersen

(n = 76)

Onasemnogene

abeparvovec

(n = 14)

Patients with at least one AE, n (%) 63 (90) 12 (92) 71 (93) 13 (93) 159 (92)

Total number of AEs 357 66 450 50 923

Total number of deaths 0 0 0 0 0

Total number of patients with at least one, n (%)

SAE 8 (11) 3 (23) 11 (15) 2 (14) 24 (14)

Treatment-related SAE 1 (1)c 0 0 0 1 (1)c

SAE leading to dose modification/interruption 2 (3) 1 (8) 3 (4) 0 6 (4)

AE leading to withdrawal from treatment 0 0 1 (1)d 0 1 (1)d

Treatment-related AE 8 (11) 6 (46) 19 (25) 0 33 (19)

Related AE leading to withdrawal from treatment 0 0 0 0 0

Most common AEse n (number of patients [%])

Upper respiratory tract infection 14 (20) 0 14 (18) 2 (14) 30 (17)

Pyrexia 8 (11) 1 (8) 17 (22) 4 (29) 30 (17)

Headache 12 (17) 1 (8) 15 (20) 0 28 (16)

Nausea 5 (7) 0 14 (18) 1 (7) 20 (12)

Diarrhea 4 (6) 0 14 (18) 1 (7) 19 (11)

Nasopharyngitis 6 (9) 2 (15) 7 (9) 2 (14) 17 (10)

Vomiting 6 (9) 1 (8) 5 (7) 2 (14) 14 (8)

Most common SAEsf n (number of patients [%])

Pneumonia 1 (1) 0 2 (3) 1 (7) 4 (2)

Lower respiratory tract infection 2 (3) 0 1 (1) 0 3 (2)

Upper respiratory tract infection 0 0 3 (4) 0 3 (2)

Respiratory failure 0 0 3 (4) 0 3 (2)

As follow-up duration is different between groups, the overall rate of AEs and SAEs cannot be compared. Multiple occurrences of the same AE in one

individual are counted only once except for the ‘‘Total number of AEs’’ row, for which multiple occurrences of the same AE are counted separately

AE adverse event, SAE serious AE
aThree patients who were previously enrolled in the MOONFISH study (NCT02240355) received placebo treatment and were never switched to RG7800
bOne patient withdrew from the study at baseline and therefore 173 patients received risdiplam
cAn SAE of supraventricular tachycardia was considered related to risdiplam treatment by the Investigator (in the context of hypoxia) and resolved with

ongoing treatment with risdiplam
dIrritable bowel syndrome and panic attack, which were unrelated to risdiplam, led to the withdrawal of one patient who was previously treated with

nusinersen
eAEs reported in C 14 patients
fSAEs reported in C 3 patients. Includes AEs with onset from first dose of study drug up to the clinical cutoff date (29 January 2021)
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increasing the production of functional SMN
protein from the SMN2 gene. In preclinical
studies risdiplam showed good distribution
throughout the body, including the CNS, and
the risdiplam-induced SMN protein increase in
the brain mirrored what was observed in blood
[30].

Risdiplam was well tolerated in patients
(N = 173) who were treated for 12 months. AEs
and SAEs were reflective of the underlying dis-
ease. The most frequently reported AEs (C 8%)
were upper respiratory tract infection, pyrexia,
headache, nausea, diarrhea, nasopharyngitis,
and vomiting. The most common SAE (C 2%)
was pneumonia.

A greater than 50% decline in rates of AEs per
100 PY was observed in between the first and
second 6-month periods. There was a similar
trend toward decreasing rates of overall SAEs per
100 PY in the second 6-month period. The
progressive decrease of AEs during the course of
the study suggests good safety and tolerability
of treatment and may indicate that the general
health of enrolled patients is improving. Similar
results have been observed in the FIREFISH
(type 1 SMA) and SUNFISH (types 2 and 3)
population following treatment with risdiplam.
No treatment-related safety findings have led to
withdrawal, and there were low rates of treat-
ment discontinuation in the study [25, 29].

The oral, ‘‘at-home’’ daily dosing of risdiplam
was beneficial particularly during the COVID-19
pandemic when patients were limited or
restricted from traveling to clinical sites. Taking
risdiplam at home also reduced the need to
travel to hospitals to receive treatment, which
decreased the burden on patients and caregivers
[31]. Additionally, risdiplam was a viable treat-
ment option for individuals with SMA with
advanced scoliosis who may have difficulty
receiving treatment intrathecally. Of note,
roughly a third of patients in JEWELFISH study
who were previously treated with nusinersen
reported tolerability concerns over the
intrathecal administration (Table S1 of the
Supplementary Material). Tolerability concerns
generally referred to challenges associated with
intrathecal administration in patients with
scoliosis or those who have undergone spinal

surgery and the inability to receive a lumbar
puncture.

Overall, the COVID-19 pandemic did not
significantly impact the ability to monitor and
manage patient safety during the study. For
many patients who enrolled towards the end of
the recruitment period, the 6-month visit fell
during the first peak of the pandemic and so
attendance was affected because of restriction
measures at site and national levels. On-site
visit attendance improved as demonstrated by
the high percentage of patients (91%) who
completed visits at month 12, despite travel
restrictions and challenges associated with the
pandemic. As such, the safety results of the
study and safety profile of risdiplam were not
significantly impacted and remain scientifically
valid.

LIMITATIONS

One limitation of this report is that the results
are from an interim analysis performed at
12 months of risdiplam treatment. The results
provide evidence on the safety of risdiplam for
patients who have been previously treated with
DMTs. The primary analysis at 24 months will
be reported when the data are available.
Another limitation is the high variability
observed in the measurements of SMN protein
in whole blood, which was likely introduced as
a result of slightly differing conditions in blood
collection and sample handling procedures
across clinical sites, patients, and time-points.
Furthermore, SMN protein levels are correlated
with patient age and SMN2 copy number (and
SMN2 copy number is correlated with SMA type
and disease severity). Therefore, the interpreta-
tion and comparison of SMN protein across
patient groups with different age, SMA type,
and/or SMN2 copy number should be approa-
ched with caution, in particular when compar-
ing small groups with few patients and samples.

CONCLUSIONS

The safety profile of risdiplam in patients trea-
ted for 12 months (CCOD 29 January 2021)
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reported in this interim analysis is consistent
with results reported in treatment-naı̈ve indi-
viduals in the FIREFISH [23, 24] and SUNFISH
studies [26]. There were no safety signals
observed across the whole JEWELFISH study
population, including patients previously trea-
ted with nusinersen or onasemnogene abepar-
vovec. The median twofold increases in SMN
protein levels were consistent across the differ-
ent subpopulations of JEWELFISH and were
consistent with levels reported in the FIREFISH
and SUNFISH studies. The JEWELFISH study is
ongoing, with the primary analysis to be asses-
sed after 24 months.
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