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Abstract.

Background: Pharmacokinetic/pharmacodynamic modeling indicates that the higher dose of nusinersen may be associated
with a clinically meaningful increase in efficacy above that seen with the 12-mg approved dose.

Objective: Here we describe both the design of DEVOTE (NCT04089566), a 3-part clinical study evaluating safety,
tolerability, and efficacy of higher dose of nusinersen, and results from the initial Part A.

Methods: DEVOTE Part A evaluates safety and tolerability of a higher nusinersen dose; Part B assesses efficacy in a
randomized, double-blind design; and Part C assesses safety and tolerability of participants transitioning from the 12-mg
dose to higher doses.

Results: In the completed Part A of DEVOTE, all 6 enrolled participants aged 6.1-12.6 years have completed the study. Four
participants experienced treatment-emergent adverse events (TEAEs), the majority of which were mild. Common TEAEs of
headache, pain, chills, vomiting, and paresthesia were considered related to the lumbar puncture procedure. There were no
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safety concerns regarding clinical or laboratory parameters. Nusinersen levels in the cerebrospinal fluid were within the range
of modeled predictions for higher dose of nusinersen. While Part A was not designed for assessing efficacy, most participants
showed stabilization or improvement in motor function. Parts B and C of DEVOTE are ongoing.

Conclusions: The findings from Part A of the DEVOTE study support further development of higher dose of nusinersen.

Keywords: Spinal muscular atrophy, nusinersen, safety, pharmacokinetics

INTRODUCTION

Spinal muscular atrophy (SMA), an autosomal
recessive neurodegenerative disease that affects the
lower motor neurons of the spinal cord and brain
stem, is characterized by progressive and often severe
muscle weakness and atrophy [1]. For most individ-
uals with SMA, onset occurs in infancy and early
childhood, although in milder forms, the disease can
begin in adulthood [1]. The disease is caused by
homozygous deletions or mutations in the survival
motor neuron 1 (SMNI) gene that prevent the pro-
duction of full-length functional SMN protein [2, 3].
A paralogous gene, SMN2, undergoes aberrant splic-
ing most of the time, resulting in the exclusion of
exon 7 and the production of a truncated, dysfunc-
tional protein [1, 3]. However, approximately 10%
of the SMN2 transcripts include exon 7, resulting in
the production of the full-length SMN protein, and a
higher number of SMN2 copies is associated with a
less severe phenotype [1, 2]. SMA is categorized into
4 subtypes based on the age at onset and the maximum
motor function achieved without treatment [1].

Nusinersen, approved for the treatment of SMA in
the United States, Europe, and other countries, is an
antisense oligonucleotide administered intrathecally
that alters the splicing of the SMN2 pre-messenger
RNA (mRNA), promoting the expression of full-
length SMN2 mRNA and functional SMN protein
[4-7]. The recommended nusinersen dosing regimen
includes four 12-mg loading doses (3 doses separated
by 2 weeks, followed by a fourth dose 1 month later),
followed by maintenance doses every 4 months [4,
5]. Results from clinical trials and real-world stud-
ies show clinically meaningful efficacy on motor
function and survival endpoints across a broad spec-
trum of SMA populations, from pre-symptomatic and
infantile-onset symptomatic infants to children and
adults with later-onset SMA [8—14]. Moreover, long-
term outcomes from various studies show durability
of response and continued improvements in motor
function with no reports of treatment-related seri-
ous adverse events (AEs) [8, 9, 11, 15-18]. Thus,

nusinersen has a well-established, long-term, favor-
able benefit-risk profile [11-14].

The favorable safety profile of nusinersen pro-
vides an opportunity to explore whether higher
dose can offer greater improvements in clini-
cal outcomes, which may include both motor
and bulbar function. Previous results indicated a
dose-response relationship between the levels of
nusinersen in the cerebrospinal fluid (CSF) and the
decrease in the levels of plasma phosphorylated
neurofilament heavy chain, an axonal degeneration
biomarker for SMA [19]. Furthermore, pharma-
cokinetic/pharmacodynamic (PK/PD) analysis of
nusinersen CSF levels and Children’s Hospital of
Philadelphia Infant Test of Neuromuscular Disorders
(CHOP INTEND) scores indicated that higher dose
of nusinersen may be associated with a clinically
meaningful increase in efficacy above that seen with
the 12-mg approved dose [19].

Here we present the design of the ongoing 3-part
DEVOTE study (NCT04089566) evaluating the clin-
ical efficacy and safety of higher dose of nusinersen,
as well as the final results from Part A.

MATERIALS AND METHODS

DEVOTE is an ongoing, global, 3-part, Phase 2/3
study designed to evaluate the clinical efficacy, safety,
and tolerability of higher-dose regimens of nusin-
ersen intrathecally administered to participants with
SMA. The study adheres to the ethical principles
outlined in the Declaration of Helsinki and signed
consent from the parent or guardian in the case of
young children, or the participant if indicated per
participant’s age, is mandatory. (See Supplementary
Materials for a list of investigators, site study person-
nel, and study sites.)

DEVOTE was designed so safety data from Part A
were assessed before Part B was initiated. Similarly,
initial safety data from Part B were assessed before
Part C was initiated. Participants who complete
DEVOTE may consider enrolling in the long-term
extension study ONWARD (NCT04729907), where
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all participants receive higher dose of nusinersen.
All higher-dose regimens in Parts A, B, and C are
expected to achieve similar nusinersen concentra-
tions in the CSF (Cyrougn)-

Part A

Study design

In Part A, participants aged 2-15 years with
SMA symptom onset at > 6 months and an estimated
life expectancy>2 years were eligible for inclu-
sion. Participants were naive to treatment with any
SMN2-splicing modifier, gene therapy, or cell trans-
plantation. Excluded participants were those with
severe scoliosis, severe contractures, medical neces-
sity for ventilation > 6 hours per 24-hour period, or
medical necessity for most nutrition given by gastric
feeding tube (i.e., the majority of feeds were given by
this route, as assessed by the investigator). Eligible
participants received 3 loading doses of intrathecally
administered nusinersen 28 mg (Days 1, 15, and 29)
followed by 2 maintenance doses of 28 mg (Days
149 and 269). The end-of-study follow-up visit for
all participants in Part A was Day 302.

After enrolling the first participant, 72 hours of
safety data were reviewed by the investigator and
the study sponsor after the first loading dose prior to
enrolling any additional participants, with only 1 par-
ticipant receiving the first dose on a given day. After
all 6 participants completed the Day 64 visit, safety
data were reviewed by an independent data monitor-
ing committee (IDMC) and enrollment in Part B was
initiated. (See Supplementary Materials for a list of
the IDMC members.) The first participant received
the first dose in study on March 26, 2020, and the
last participant visit in Part A took place on June 28,
2021.

Outcome measures

The primary objective of Part A was to assess
the safety and tolerability of nusinersen based on
the incidence of treatment-emergent AEs (TEAEs),
including serious AEs, and clinical and labora-
tory safety parameters. Clinical safety assessments
included electrocardiograms (ECGs), vital signs,
physical examination, and neurological examination.
Laboratory safety assessments included coagulation
parameters, hematology, blood chemistry (which also
included evaluation of liver and renal function), CSF
(cell count, total protein, and glucose), and urinalysis.

Secondary outcomes included efficacy assess-
ments of motor function and motor milestones,

including the change from baseline in the Ham-
mersmith Functional Motor Scale — Expanded
(HFMSE) [20] and Revised Upper Limb Module
(RULM) scores [21], and total number of new World
Health Organization (WHO) motor milestones [22].
Exploratory outcomes included change from baseline
in 10-Meter Walk/Run Test (10MWR) and 6-minute
walk test (6MWT) in ambulatory participants only,
and PK analyses (CSF and plasma levels of nusin-
ersen). PK simulations were conducted for virtual
subjects with weights consistent for the age range of
the DEVOTE Part A population using a previously
published model [19, 23].

Signs and symptoms of dysphagia were assessed
by changes on the Parent Assessment of Swallow-
ing Ability (PASA) scale. The PASA questionnaire
consists of 33 items across 4 domains that cover Gen-
eral Feeding, Liquid Swallowing, Solid Swallowing,
and Parental Assessment of Swallowing Concerns.
The first 3 domains are assessed through 5 response
(score) options consisting of never (4); rarely (3);
sometimes (2); often (1); and always (0), although
2 items were assessed with a simple “yes” or “no”
answer. The fourth domain assessing swallowing
concerns has 4 response (score) options consisting of
strongly disagree (3); disagree (2); agree (1); strongly
agree (0). In answering each item, the caregiver is
directed to consider the child’s swallowing function
in the previous 7 days. The PASA questionnaire was
developed by the study sponsor for use in SMA clin-
ical trials and has not yet been validated.

Although Part A assessments included efficacy
assessments, it was not designed to draw any con-
clusions on efficacy due to a limited number of
participants and relatively broad inclusion/exclusion
criteria.

Statistical analysis

Safety, PK, and efficacy data were summarized
using descriptive statistics. The baseline for all
HFMSE and RULM assessments was defined for
each item as the last non-missing assessment prior
to the first dose of treatment. In the event that any
items were missing for HFMSE, if a score for the item
was available from the previous visit, then this item’s
score was utilized. In the event that any items were
missing for RULM, if a score for the item was avail-
able from the previous visit, then this item’s score
was utilized. For items on the RULM with left/right
scores, the best of the left and right score was used
for calculation of total score. If score for only 1 side
was available, the score for this side was used.
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Part B

Part B is a randomized, double-blind, active-
controlled treatment period examining the clinical
efficacy of nusinersen administered intrathecally
at higher dose in treatment-naive children with
infantile- or later-onset SMA relative to the approved
nusinersen 12-mg dose regimen. The study popula-
tion in Part B comprises participants with infantile-
or later-onset SMA similar to prior ENDEAR and
CHERISH studies [9, 10]. Eligible participants
include children with infantile-onset SMA aged > 1
week and up to 7 months at screening, with symp-
tom onset between 1 week and 6 months and 2
SMN2 copies; and children with later-onset SMA
from 2 to < 10 years of age with symptom onset at > 6
months who could sit independently but have never
had the ability to walk independently (most likely
to develop Type II or Type III SMA). Using interac-
tive response technology, participants are randomized
in a 2:1 ratio to either higher dose of nusinersen or
the approved nusinersen 12-mg dose regimen. The
higher-dose regimen in Part B includes two 50-mg
loading doses and two 28-mg maintenance doses.
This dosing regimen is predicted to achieve simi-
lar nusinersen CSF Cyough as in Part A, with the 2
higher loading doses of 50 mg in Part B relative to Part
A predicted to achieve target concentrations faster.
To maintain blinding, sham procedures are adminis-
tered to ensure the approved dose and higher dose
of nusinersen treatment groups have the same dos-
ing visit schedule. Part B aims to enroll up to 99
participants.

The primary outcome measure for Part B is the
change from baseline to Day 183 in CHOP INTEND
total score in participants with infantile-onset SMA,
accounting for mortality using the joint-rank test. Fur-
ther details will be reported in future publication with
data.

Part C

Part C is an open-label safety and tolerability eval-
uation of participants transitioning from the approved
nusinersen dose schedule to a higher dose schedule,
who have been receiving nusinersen for > 1 year. Par-
ticipants receive a single nusinersen 50-mg loading
dose followed by two 28-mg maintenance doses 4
months apart. The primary outcome in Part C is to
assess safety and tolerability. Further details will be
reported in future publication with data.

RESULTS
Final results from Part A

The overall DEVOTE study design and nusinersen
dosing regimens used in the study are shown in Fig. 1.

Study population

Part A (now completed) enrolled 6 participants.
Baseline characteristics are shown in Table 1. The
majority (5 out of 6 [83.3%]) of participants were
male. Four participants (66.7%) were white (1 His-
panic or Latino; 3 non-Hispanic or Latino), while
the remaining 2 participants (33.3%) were Asian.
Age at screening ranged from 6.1-12.6 years, with
a median age of 9.4 years. Age at SMA symptom
onset ranged from 8.0-36.0 months (median age of
19.5 months). Age at SMA diagnosis ranged from
9.0-139.0 months (median age of 50.5 months), and
time from SMA diagnosis to first study dose ranged
from 0.3-7.4 years (median of 5.5 years). Three par-
ticipants had 3 SMN2 copies, and 3 had 4 SMN2
copies.

All participants previously achieved and main-
tained sitting without support. Five participants were
previously ambulatory (likely Type III SMA), with
2 losing ambulation prior to screening at 11 and 6
years of age. Three ambulatory participants had high
HFMSE and RULM total scores at baseline, reflect-
ing a higher level of motor function, with 2 HFMSE
scores near the maximum (scores 62, 63, and 52 out
of amaximum of 66), and RULM scores near or equal
to the maximum (scores 35, 37, 35 out of a maximum
of 37). One nonambulatory participant, the only par-
ticipant with right and left elbow contractures, had
baseline HFMSE and RULM score of 6 points and
7 points, respectively. All participants received all
5 planned study doses of nusinersen and enrolled
in the long-term extension study of higher dose of
nusinersen, ONWARD.

Safety and tolerability

The 28-mg dose regimen of nusinersen was gener-
ally safe and well tolerated. The majority of TEAEs
were mild in severity, and none were considered by
the investigators to be related to nusinersen. Four of
the 6 participants (Participants 1, 2, 3, and 5) together
experienced 23 TEAES, of which 14 were considered
related to the lumbar puncture procedure (Table 2).
Participant 3 reported 1 event of increased CSF pres-
sure prior to study treatment at Day 1. Participant 4
and Participant 6 did not report any TEAEs. Among
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A DEVOTE (NCT04089566): A 3-Part Phase 2/3 Study of Nusinersen in SMA

PART A

« Open-label

« Participants with
later-onset SMA,
aged 2-15y (n=6)

Part B was initiated upon
safety data review of all

Part A participants through
Day 64 visit

(n<99)

Primary objective:
To examine safety and tolerability
of a higher dose of nusinersen

PART B

* Randomized (2:1), double-
blind, active-controlled

+ Participants with infantile-
onset SMA (aged < 7 mo)
and participants with later-
onset SMA (aged 2 to <10 y)

Primary objective:
To examine efficacy of higher
doses of nusinersen

Open-label

Children and adult participants
with SMA treated with
approved nusinersen dose

for 2 1 year (n ~40)

After safety data review of
15 participants through

Day 29 visit, Part C
initiated and enroliment in
Part B continued

Primary objective:
To examine safety and tolerability
of higher doses of nusinersen

« Long-term extension study

¥
N ( ) —

« All participants will receive higher doses of nusinersen

DEVOTE: Nusinersen Dosing Regimens

PART A: Nusinersen 28 mg/28 mg safety group (n = 6)

Loading doses
28 mg of nusinersen x 3

Maintenance doses
28 mg of nusinersen x 2

v v |

yvy
I

D1 D15 D29

D149 D269 D302

PART B: Randomized group (n < 99)

CONTROL GROUP: Nusinersen 12 mg/12 mg

Loading doses
12 mg of nusinersen x 4
v

Maintenance doses
12 mg of nusinersen x 2

IV vy v |

I 1
D1 D15 D29 D64 D183 D279 D302
TREATMENT GROUP: Nusinersen 50 mg/28 mg

Loading doses Maintenance doses
50 mg of nusinersen x 2 28 mg of nusinersen x 2

vy v v |

I 1
D1 D15 D135 D279 D302

PART C: Nusinersen 12 mg/50 mg/28 mg titration group (n ~40)

Loading dose
50 mg of nusinersen x 1
hd v

Maintenance doses
28 mg of nusinersen x 2

I
D1 D121

D241 D302

Fig. 1. Study design. *Participants who meet the protocol criteria for contraception use will complete additional visit (Day 399 in Part B,
Day 361 in Part C). D, day. mo, months. SMA, spinal muscular atrophy. y, years.

a total of 30 lumbar puncture procedures performed
in DEVOTE Part A, 7 (23%) were associated with at
least 1 AE considered related to the procedure. The
most common TEAEs were headache and procedu-
ral pain (3 occurrences each), and upper respiratory
tract infection, vomiting, chills, paresthesia, and foot
deformity (2 occurrences each). One participant (Par-

ticipant 2, nonambulatory at baseline) had 2 serious
TEAE:s, a fall and a fracture to the femur, which were
not related to study treatment and were resolved.

No TEAEs led to treatment discontinuation or
resulted in death. Over the course of the study,
there were no clinically meaningful changes in
clinical safety measures such as ECG, vital signs, or
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Table 1
Baseline characteristics

Characteristic Participants

N=6

Male, n (%) 5(83)
Age at first screening, years, range 6.1-12.6
Age at SMA symptom onset, months, range 8-36
Age at SMA diagnosis, months, range 9-139
SMN?2 gene copies, n (%)

3 3(50)

4 3(50)
Motor milestones ever achieved, n (%)

Sitting without support 6 (100)

Standing without support 5(83)

Walking with support 5(83)

Walking without support® 5(83)
Motor milestones at screening, n (%)

Sitting without support 6 (100)

Standing without support 3 (50)

Walking with support 3 (50)

Walking without support” 3 (50)
Wheelchair use at screening, n (%) 4(67)
Baseline HFMSE score,® range 6-63
Baseline RULM score,d range 7-37

2Based on achieving walking 15 feet without support. ®Based on
walking 15 feet without support and achieving WHO milestone of
walking (5 steps). The same three participants achieved these motor
milestones at screening. “Maximum score possible on the scale:
66. {Maximum score possible on the scale: 37. HFMSE, Hammer-
smith Functional Motor Scale — Expanded. RULM, Revised Upper
Limb Module. SMA, spinal muscular atrophy. SMN2, survival
motor neuron 2.

neurological examination. There were no clinically
relevant changes to laboratory safety measures
including coagulation parameters, hematology,
blood chemistry, or urinalysis, and no clinically
relevant CSF abnormalities (as assessed through
glucose and protein levels, as well as erythrocyte
and leukocyte counts).

Pharmacokinetics

For all participants, nusinersen pre-dose CSF
concentrations increased steadily through the load-
ing dose period (i.e., up to Day 29) as expected
(Fig. 2). On Day 269 (last measurement in Part
A), the observed median pre-dose CSF concentra-
tion of 10.2 ng/mL was similar to the median value
of 13.1ng/mL predicted for this higher dose of
nusinersen regimen using a previously published
population PK model [19, 23]. The observed concen-
tration range at Day 269 (8.3—17.1 ng/mL) was within
the 95% predicted range of the population Cirough
simulated at steady state. On Day 29 (after 2 loading
doses of 28 mg), the observed median pre-dose CSF
concentration of 8.7 ng/mL in DEVOTE Part A was
also higher than the observed value of 5.4 ng/mL in

ENDEAR [19] (after two loading doses of 12 mg).

Motor function and motor milestones

Most participants in Part A showed improvement
or stabilization in motor function after treatment with
nusinersen 28 mg, as assessed by change in HFMSE
and RULM scores from baseline to Day 302 (Fig. 3A
and 3B; Supplementary Table 1). Participant 2 had
a 7-point decrease in HMFSE from baseline to end
of study, likely due to a fall and a fractured femur
occurring on Day 287, prior to the end of study visit.

Three participants who were able to walk inde-
pendently at baseline (Participants 1, 3, and 5) were
assessed with the IOMWR test. Two participants (Par-
ticipants 1 and 3) were stable in IOMWR time from
baseline to the end of study (Participant 1, -0.34 sec-
onds; Participant 3, +0.68 seconds). Participant 5,
who experienced moderate and severe AEs of foot
deformity (not resolved at last visit), had a 22-second
increase from baseline to the end of study.

All but 1 participant maintained WHO motor mile-
stones from baseline through the end of study. One
participant (Participant 2) lost the ability to crawl
on hands and knees (reported during the Day 269
study visit), with other milestones unaffected. This
loss of milestone by Participant 2 may reflect limita-
tions due to the bilateral Achilles and right hamstring
tenotomies performed on Day 214.

Dysphagia

Changes in the PASA scale suggested maintenance
of functioning with occasional signs of possible
improvement. On Section 1 to Section 3 of the PASA
scale, which covered general feeding, drinking lig-
uids, and eating solid foods, most participants had
maximum scores at baseline and Day 302 for most
items. For the remaining items, improvement or sta-
bilization was observed for those participants with
less than maximum scores. In Section 4, which cov-
ered parental swallowing concerns, baseline scores
varied across items, with most participants exhibit-
ing stable or improved scores from baseline to Day
302 (Supplementary Figure 1).

Parts B and C

Safety data for the first 15 participants in Part B
were assessed by an IDMC when they had completed
Day 29 visit to determine if further enrollment into
Part B could continue, and Part C be initiated. As of
November 21, 2022, no safety concerns were identi-
fied, and Part B and Part C are ongoing.
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Table 2

Summary of adverse events by participant

Participants AE by MedDRA PT Related to LP?* Severity Days in Study®
Participant 1 Headache Yes Mild 3-5
Vomiting Yes Mild 3-5
Tonsillitis No Mild 57-72
Gingivitis No Mild 176-181
Participant 2 Procedural pain® Yes Mild 2 and 30-32°¢
Headache® Yes Mild 30-31 and 156-157¢
Fall4 No Severe 287
Femur fractured No Severe 287-289
Participant 3 Increased CSF pressure® No Mild 1
Procedural pain Yes Mild 14-18
Procedural headache Yes Moderate 15-18
Participant 4 None reported - - -
Participant 5 Chills® Yes Mild 3 and 15-16°
Paresthesia® Yes Mild 3 and 15-16°
Vomiting Yes Mild 15-16
Decreased appetite Yes Mild 15-18
Foot deformity® No Moderate; Severe® 34- and 216"
Upper respiratory tract infection® No Mild 54-63 and 152-160°
Urticaria No Mild 233-266
Participant 6 None reported - - -

2 Assessed by the Investigator as related to the LP procedure. PIndicates start and end date of AE. When same AE occurred
twice, 2 ranges are provided. “Two separate events of AE were reported in the same participant. dReported as serious AEs.
Not related to study treatment and were resolved. ®Prior to study treatment. ' The AE of foot deformity, reported initially on
Day 34, did not resolve and was upgraded to severe on Day 216; not resolved prior to the end of study visit. All AEs were
classified using MedDRA Version 24.0. AE, adverse event. CSF, cerebrospinal fluid; LP, lumbar puncture. MedDRA PT,

Medical Dictionary for Regulatory Activities; Preferred Term.

CSF Cirough (ng/mL)

15+

-
o
1

5
1

0 15 29 50

-~ Participant 1
- Participant 2
-+ Participant 3

T
149

Study Day

T
200

-+ Participant 4
- Participant 5
—-e— Participant 6

250 269

819

Fig. 2. Nusinersen levels in the CSF in DEVOTE Part A are greater than those with the 12-mg dose, as predicted by the population PK
model. Individual level DEVOTE Part A data of nusinersen concentrations in the CSF (Cyougn) show steady increase through the loading
dose period and reaching median concentration of 8.7 ng/mL on Day 29. On Day 269, the last measurement in Part A, the observed median
pre-dose CSF Ciough was 10.2 ng/mL. The predicted CSF Cyrougn for the 12-mg dose regimen are 6.1 ng/mL on Day 29 and 5.6 ng/mL on
Day 269. CSF levels of nusinersen increased during loading. CSF, cerebrospinal fluid.

DISCUSSION

The previously described PK/PD model indicates
that the higher dose of nusinersen may be associ-
ated with a clinically meaningful increase in efficacy

above that seen with the 12-mg approved dose
of nusinersen [19]. The DEVOTE study has been

designed to assess safety, tolerability, and efficacy of
a higher dose of nusinersen. The nusinersen 28-mg
dose regimen studied in Part A was generally safe and
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A Part A, HFMSE: Spaghetti plot of individual
participant’s total scores by age at visit

70
Maximum

score (66)
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20

Total HFMSE Score
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Age at Visit (years)
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—& Participant 2
—— Participant 3

Total RULM Score
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B Part A, RULM: Spaghetti plot of individual
participant’s total scores by age at visit
40
» Maximum
35 ‘ . (Sgg’;e
30 . N
N\
I\
N S Ve
20
15;
10 P
5
e 7 8 9 0 1 12 13 14

Age at Visit (years)

—-¥- Participant 4
—— Participant 5
—e— Participant 6

Fig. 3. Individual level data for HMFSE and RULM from Day 1 to Day 302 in Part A with x-axis showing age of participants. A: HFMSE
total score. B: RULM total score. Most participants in Part A showed improvement or stabilization in motor function after treatment with
nusinersen 28 mg. *Participant 2 reported a fall and fractured femur as treatment-emergent adverse events on Day 287, prior to the end of
study visit; this participant had a 7-point decrease in HMFSE score from baseline to end of study, likely due to these adverse events. HFMSE,
Hammersmith Functional Motor Scale — Expanded. RULM, Revised Upper Limb Module.

well tolerated in the 6 participants studied. The major-
ity of the TEAEs reported in Part A were mild and
reported as related to the lumbar puncture procedure
by the investigator, and included headache, back pain,
vomiting, and chills. Headache, back pain, and vom-
iting were also commonly reported in clinical trials
of later-onset SMA, and the systematic safety review
concluded that rates and types of AEs observed with
nusinersen treatment were consistent with the lum-
bar puncture procedure or SMA itself [24]. Out of 30
lumbar puncture procedures in DEVOTE, 7 (23%)
were associated with at least 1 AE considered related
to lumbar puncture. While this is based on a small
sample size (only 6 participants in Part A), making
estimation of true percentage rate with this dos-
ing regimen less certain, the frequency is consistent
with that previously reported in later-onset partic-
ipants treated with nusinersen 12mg (21% within
168 hours) [24]. Of note, the current assessment in
DEVOTE Part A relies on investigator’s assessment
of relationship to lumbar puncture procedures while
prior trials analyzed relationship to lumbar puncture
based on specific AEs (by preferred terms) and certain
time intervals since lumbar puncture [24].

The nusinersen exposures measured in Part A were
similar to those predicted by the previously published
population PK model for higher dose of nusinersen
[19, 23] and were greater than those measured for
the 12-mg dose. On Day 269 (last measurement in
Part A), the observed median pre-dose CSF con-
centration of 10.2 ng/mL was similar to the median

value of 13.1 ng/mL predicted for this higher dose of
nusinersen regimen using population PK model. The
previously reported values for steady-state concentra-
tions of higher dose of nusinersen (12.4 ng/mL) are
predicted to be achieved after 6 maintenance doses,
or approximately 24 months after treatment initia-
tion [19], a timepoint beyond the DEVOTE study.
Importantly, the observed nusinersen CSF exposures
in DEVOTE Part A are above those noted with
the approved 12-mg dose regimen. Specifically, the
population PK model leveraging data from all tri-
als indicated that the approved 12-mg dose at Day
269 led to a median value of 5.6 ng/mL. The values
observed at Day 29 with DEVOTE Part A (median of
8.7 ng/ml) were also higher than those observed with
12 mg at the same timepoint in ENDEAR (median of
5.4ng/mL) and predicted by the model (median of
6.1 ng/mL) [19, 23]. Thus, the observed nusinersen
CSF levels are consistent with the model and sup-
port the validity of testing the higher-dose regimen in
Parts B and C of the DEVOTE study.

Part A was not designed to assess efficacy of
the 28-mg dose given the small sample size (n=06)
and broad inclusion/exclusion criteria. This included
allowing participants with scores near maximum of
HEMSE/RULM scales, making an improvement dif-
ficult to observe in these scales. Furthermore, none
of the 6 participants in Part A would have met
the inclusion criteria for CHERISH, a Phase 3 trial
in participants with later-onset SMA (e.g., can sit
independently, never walked independently, HFMSE
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score 10-54) [9]. All 6 Part A participants had a
wide range of baseline HFMSE and RULM scores.
High baseline scores on the HFMSE and RULM
scales were observed in 2 and 3 participants, respec-
tively, which likely limited the opportunity to observe
additional motor function improvements in these par-
ticipants. In addition, 1 participant had low motor
function at baseline, which may also impact observed
changes in these scales over the short period of time
in this trial. Over the course of the study, most partic-
ipants receiving a higher 28-mg dose of nusinersen
showed improvement or stabilization of motor func-
tion on HFMSE and RULM measures. Evaluation on
the 1I0MWR test was limited owing to only 3 par-
ticipants being ambulatory. The 6MWT data were
incomplete without pre-dose data, making interpre-
tation difficult. Five participants had no change in
their WHO motor milestones. One participant (Par-
ticipant 2) lost the ability to crawl on hands and knees,
likely related to tenotomy procedures. Thus, given the
limited number of participants in Part A, and their het-
erogeneous clinical presentation of SMA as shown
by the range in baseline motor function (with some
scores at the very high or low end of the spectrum),
conclusions on efficacy cannot be drawn from Part
A. Indeed, it is the objective of the ongoing blinded
Part B to assess efficacy of the higher dose. A higher
loading dose may also generate a more rapid initial
clinical response, a clinically relevant topic which
Part B can potentially address.

The final results from Part A of the DEVOTE
study (n=6) show that the 28-mg dose regimen of
nusinersen studied was generally safe and well toler-
ated. The concentrations of nusinersen in the CSF are
higher than those reported for 12-mg and consistent
with predicted values for higher dose of nusinersen
[19]. Overall, the data from Part A support contin-
ued development of higher dose of nusinersen. The
DEVOTE study in its entirety will provide valuable
information on the efficacy, pharmacokinetics, and
safety of higher dose of nusinersen in a broad popu-
lation of participants with SMA.
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