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HIGHLIGHTS OF PRESCRIBING INFORMATION

These highlights do not include all the information needed to use
SPINRAZA™ safely and effectively. See full prescribing information for
SPINRAZA.

SPINRAZA (nusinersen) injection, for intrathecal use
Initial U.S. Approval: 2016

INDICATIONS AND USAGE

SPINRAZA is a survival motor neuron-2 (SMN2)-directed antisense
oligonucleotide indicated for the treatment of spinal muscular atrophy (SMA)
in pediatric and adult patients (1)

DOSAGE AND ADMINISTRATION
SPINRAZA is administered intrathecally (2.1)

Dosing Information (2.1)

e The recommended dosage is 12 mg (5 mL) per administration

e  Initiate SPINRAZA treatment with 4 loading doses; the first three
loading doses should be administered at 14-day intervals; the 4™ loading
dose should be administered 30 days after the 3™ dose; a maintenance
dose should be administered once every 4 months thereafter

Important Preparation and Administration Instructions (2.2)
Allow to warm to room temperature prior to administration
Administer within 4 hours of removal from vial

Prior to administration, remove 5 mL of cerebrospinal fluid
Administer as intrathecal bolus injection over 1 to 3 minutes

Laboratory Testing and Monitoring to Assess Safety (2.3)
e At baseline and prior to each dose, obtain a platelet count, coagulation
laboratory testing, and quantitative spot urine protein testing

—— DOSAGE FORMS AND STRENGTHS
Injection: 12 mg/5 mL (2.4 mg/mL) in a single-dose vial (3)

CONTRAINDICATIONS

None.

WARNINGS AND PRECAUTIONS
e  Thrombocytopenia and Coagulation Abnormalities: Increased risk for
bleeding complications; testing required at baseline and before each dose
(5.1,2.3)
. Renal Toxicity: Quantitative spot urine protein testing required at
baseline and prior to each dose (5.2, 2.3)

ADVERSE REACTIONS
The most common adverse reactions that occurred in at least 20% of
SPINRAZA-treated patients and occurred at least 5% more frequently than in
control patients were lower respiratory infection, upper respiratory infection,
and constipation (6.1)

To report SUSPECTED ADVERSE REACTIONS, contact Biogen at 1-
800-456-2255 or FDA at 1-800-FDA-1088 or www.fda.gov/medwatch.

See 17 for PATIENT COUNSELING INFORMATION.

Revised: 12/2016
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FULL PRESCRIBING INFORMATION

1 INDICATIONS AND USAGE

SPINRAZA is indicated for the treatment of spinal muscular atrophy (SMA) in pediatric and
adult patients.

2 DOSAGE AND ADMINISTRATION
2.1 Dosing Information

SPINRAZA is administered intrathecally by, or under the direction of, healthcare professionals
experienced in performing lumbar punctures.

Recommended Dosage

The recommended dosage is 12 mg (5 mL) per administration.

Initiate SPINRAZA treatment with 4 loading doses. The first three loading doses should be
administered at 14-day intervals. The 4th loading dose should be administered 30 days after the
3rd dose. A maintenance dose should be administered once every 4 months thereafter.

Missed Dose

If a loading dose is delayed or missed, administer SPINRAZA as soon as possible, with at least
14-days between doses and continue dosing as prescribed. If a maintenance dose is delayed or
missed, administer SPINRAZA as soon as possible and continue dosing every 4 months.

2.2 Important Preparation and Administration Instructions

SPINRAZA is for intrathecal use only.

Prepare and use SPINRAZA according to the following steps using aseptic technique. Each vial
is intended for single dose only.

Preparation

e Store SPINRAZA in the carton in a refrigerator until time of use.

e Allow the SPINRAZA vial to warm to room temperature (25° C/77°F) prior to
administration. Do not use external heat sources.

e Inspect the SPINRAZA vial for particulate matter and discoloration prior to
administration. Do not administer SPINRAZA if visible particulates are observed or if
the liquid in the vial is discolored.

e Withdraw 12 mg (5 mL) of SPINRAZA from the single-dose vial into a syringe and
discard unused contents of the vial.

¢ Administer SPINRAZA within 4 hours of removal from vial.

Administration

e Consider sedation as indicated by the clinical condition of the patient.



e Consider ultrasound or other imaging techniques to guide intrathecal administration of
SPINRAZA, particularly in younger patients.

e Prior to administration, remove 5 mL of cerebrospinal fluid.

e Administer SPINRAZA as an intrathecal bolus injection over 1 to 3 minutes using a
spinal anesthesia needle [see Dosage and Administration (2.1)]. Do not administer
SPINRAZA in areas of the skin where there are signs of infection or inflammation.

2.3 Laboratory Testing and Monitoring to Assess Safety

Conduct the following laboratory tests at baseline and prior to each dose of SPINRAZA and as
clinically needed [see Warnings and Precautions (5.1, 5.2)]:

e Platelet count

e Prothrombin time; activated partial thromboplastin time

e Quantitative spot urine protein testing

3 DOSAGE FORMS AND STRENGTHS

Injection: 12 mg/5 mL (2.4 mg/mL) nusinersen as a clear and colorless solution in a single-dose
vial.

4 CONTRAINDICATIONS

None.

5 WARNINGS AND PRECAUTIONS

51 Thrombocytopenia and Coagulation Abnormalities

Coagulation abnormalities and thrombocytopenia, including acute severe thrombocytopenia,
have been observed after administration of some antisense oligonucleotides.

In a clinical study, 6 of 56 (11%) SPINRAZA-treated patients with normal or above normal
platelet levels at baseline developed a platelet level below the lower limit of normal, compared to
0 of 28 sham-procedure control patients. No patient had a platelet count less than 50,000 cells
per microliter in this study and no patient developed a sustained low platelet count despite
continued drug exposure.

Because of the risk of thrombocytopenia and coagulation abnormalities from SPINRAZA,
patients may be at increased risk of bleeding complications.

Perform a platelet count and coagulation laboratory testing at baseline and prior to each
administration of SPINRAZA and as clinically needed.



5.2 Renal Toxicity

Renal toxicity, including potentially fatal glomerulonephritis, has been observed after
administration of some antisense oligonucleotides.

SPINRAZA is present in and excreted by the kidney [see Clinical Pharmacology (12.3)]. In a
clinical study (mean treatment exposure 7 months), 17 of 51 (33%) SPINRAZA -treated patients
had elevated urine protein, compared to 5 of 25 (20%) sham-control patients. In a group of later-
onset SMA patients (mean treatment exposure 34 months), 36 of 52 (69%) had elevated urine
protein. No elevations in serum creatinine or cystatin C were observed in these studies. Conduct
quantitative spot urine protein testing (preferably using a first morning urine specimen) at
baseline and prior to each dose of SPINRAZA. For urinary protein concentration greater than 0.2
g/L, consider repeat testing and further evaluation.

6 ADVERSE REACTIONS

The following serious adverse reactions are described in detail in other sections of the labeling:
e Thrombocytopenia and Coagulation Abnormalities [see Warnings and Precautions (5.1)]

e Renal Toxicity [see Warnings and Precautions (5.2)]

6.1 Clinical Trials Experience

Because clinical trials are conducted under widely varying conditions, adverse reaction rates
observed in the clinical trials of SPINRAZA cannot be directly compared to rates in clinical
trials of other drugs and may not reflect the rates observed in practice.

The data described below reflect exposure to SPINRAZA in 173 patients (50% male, 82%
Caucasian), including 120 exposed for at least 6 months and 83 exposed for at least 1 year. The
safety of SPINRAZA was studied in infants with symptomatic SMA, approximately 1 month to
8 months of age at study entry; in a sham-controlled trial (n=80 for SPINRAZA, n=41 for
control); in open-label studies in presymptomatic and symptomatic infants (n=37), and in open-
label studies in later onset patients (n=56, 2 to 15 years of age at study entry). In the controlled
study in symptomatic infants, 41 patients were exposed for at least 6 months and 19 patients
were exposed for at least 12 months.

In the controlled study, baseline disease characteristics were largely similar in the SPINRAZA-
treated patients and sham-control patients except that SPINRAZA-treated patients at baseline
had a higher percentage compared to sham-control patients of paradoxical breathing (89% vs
66%), pneumonia or respiratory symptoms (35% vs 22%), swallowing or feeding difficulties
(51% vs 29%) and requirement for respiratory support (26% vs 15%).

In the controlled study, the most common adverse reactions that occurred in at least 20% of
SPINRAZA-treated patients and occurred at least 5% more frequently than in control patients
were lower respiratory infection, upper respiratory infection, and constipation. Serious adverse
reactions of atelectasis were more frequent in SPINRAZA-treated patients (14%) than in control
patients (5%). Because patients in the controlled study were infants, adverse reactions that are
verbally reported could not be assessed in this study.



Table 1. Adverse Reactions that Occurred in at Least 5% of SPINRAZA Patients and
Occurred at Least 5% More Frequently or At Least 2 Times as Frequently Than
in Control Patients in the Controlled Study in Infants with Symptomatic SMA

Adverse Reactions SPINRAZA 12 mg* Sham-Procedure Control
N=80 N=41
% %
Lower respiratory infection® 43 29
Upper respiratory infection’ 39 34
Constipation 30 22
Teething 14 7
Upper respiratory tract 6 2
congestion
Aspiration 5 2
Ear infection 5 2
Scoliosis 5 2

! Four loading doses followed by 12 mg (5 mL) once every 4 months

? Includes pneumonia, bronchiolitis, pneumonia viral, respiratory syncytial virus bronchiolitis, lower respiratory tract infection, pneumonia
bacterial, bronchitis, bronchitis viral, pneumonia moraxella, pneumonia parainfluenzae viral, lower respiratory tract infection viral, lung infection,
pneumonia influenza, pneumonia pseudomonal, pneumonia respiratory syncytial viral

*Includes upper respiratory tract infection, nasopharyngitis, rhinitis, pharyngitis, or tracheitis

In an open-label clinical study in infants with symptomatic SMA, severe hyponatremia was
reported in a patient treated with SPINRAZA requiring salt supplementation for 14 months.

Cases of rash were reported in patients treated with SPINRAZA. One patient, 8 months after
starting SPINRAZA treatment, developed painless red macular lesions on the forearm, leg, and
foot over an 8-week period. The lesions ulcerated and scabbed over within 4 weeks, and resolved
over several months. A second patient developed red macular skin lesions on the cheek and hand
ten months after the start of SPINRAZA treatment, which resolved over 3 months. Both cases
continued to receive SPINRAZA and had spontaneous resolution of the rash.

SPINRAZA may cause a reduction in growth as measured by height when administered to
infants, as suggested by observations from the controlled study. It is unknown whether any effect
of SPINRAZA on growth would be reversible with cessation of treatment.

The most common adverse events in the open-label studies in later onset patients were headache
(50%), back pain (41%) and post lumbar puncture syndrome (41%). Most of these events




occurred within 5 days of lumbar puncture. Other adverse events in these patients were
consistent with adverse reactions observed in the controlled study.

6.2 Immunogenicity

The immunogenic response to nusinersen was determined in 126 patients with baseline and post-
baseline plasma samples evaluated for anti-drug antibodies (ADAs). Five (4%) patients
developed treatment-emergent ADAs, of which 3 were transient and 2 were considered to be
persistent. There are insufficient data to evaluate an effect of ADAs on clinical response, adverse
events, or the pharmacokinetic profile of nusinersen.

The detection of antibody formation is highly dependent on the sensitivity and specificity of the
assay. In addition, the observed incidence of antibody (including neutralizing antibody)
positivity in an assay may be influenced by several factors including assay methodology, sample
handling, timing of sample collection, concomitant medications and underlying disease. For
these reasons, comparison of the incidence of antibodies to SPINRAZA in the studies described
below with the incidence of antibodies in other studies or to other products may be misleading.

8 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy

Risk Summary

There are no adequate data on the developmental risk associated with the use of SPINRAZA in
pregnant women. No adverse effects on embryofetal development were observed in animal
studies in which nusinersen was administered by subcutaneous injection to mice and rabbits
during pregnancy (see Data).

In the U.S. general population, the estimated background risk of major birth defects and
miscarriage in clinically recognized pregnancies is 2 to 4% and 15 to 20%, respectively. The
background risk of major birth defects and miscarriage for the indicated population is unknown.

Data

Animal Data

When nusinersen (0, 3, 10, or 25 mg/kg) was administered subcutaneously to male and female
mice every other day prior to and during mating and continuing in females throughout
organogenesis, no adverse effects on embryofetal development were observed. Subcutaneous
administration of nusinersen (0, 6, 12.6, or 25 mg/kg) to pregnant rabbits every other day
throughout organogenesis produced no evidence of embryofetal developmental toxicity.

8.2 Lactation
Risk Summary

10



There are no data on the presence of nusinersen in human milk, the effects on the breastfed
infant, or the effects of the drug on milk production. The developmental and health benefits of
breastfeeding should be considered along with the mother’s clinical need for SPINRAZA and
any potential adverse effects on the breastfed infant from SPINRAZA or from the underlying
maternal condition.

8.4 Pediatric Use

The safety and effectiveness of SPINRAZA in pediatric patients from newborn to 17 years have
been established [see Clinical Studies (14.1)].

Juvenile Animal Toxicity Data

In intrathecal toxicity studies in juvenile monkeys, administration of nusinersen (0, 0.3, 1, or 3
mg/dose for 14 weeks and 0, 0.3, 1, or 4 mg/dose for 53 weeks) resulted in brain histopathology
(neuronal vacuolation and necrosis/cellular debris in the hippocampus) at the mid and high doses
and acute, transient deficits in lower spinal reflexes at the high dose in each study. In addition,
possible neurobehavioral deficits were observed on a learning and memory test at the high dose
in the 53-week monkey study. The no-effect dose for neurohistopathology in monkeys (0.3
mg/dose) is approximately equivalent to the human dose when calculated on a yearly basis and
corrected for the species difference in CSF volume.

8.5 Geriatric Use

SMA is largely a disease of children and young adults; therefore, there is no geriatric experience
with SPINRAZA.

11 DESCRIPTION

SPINRAZA contains nusinersen, which is a modified antisense oligonucleotide, where the 2’-
hydroxy groups of the ribofuranosyl rings are replaced with 2°-O-2-methoxyethyl groups and the
phosphate linkages are replaced with phosphorothioate linkages. Nusinersen binds to a specific
sequence in the intron downstream of exon 7 of the SMN2 transcript. The structural formula is:
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SPINRAZA is supplied as a sterile, preservative-free, colorless solution for intrathecal use in a
single-dose glass vial. Each 1 mL solution contains 2.4 mg of nusinersen (equivalent to 2.53 mg
of nusinersen sodium salt). Each 1 mL also contains calcium chloride dihydrate (0.21 mg) USP,
magnesium chloride hexahydrate (0.16 mg) USP, potassium chloride (0.22 mg) USP, sodium
chloride (8.77 mg) USP, sodium phosphate dibasic anhydrous (0.10 mg) USP, sodium phosphate
monobasic dihydrate (0.05 mg) USP, and Water for Injection USP. The product may contain
hydrochloric acid or sodium hydroxide to adjust pH. The pH is ~7.2.

The molecular formula of SPINRAZA is Cy34H323N6;0128P17S17Na;7 and the molecular weight is
7501.0 daltons.
12 CLINICAL PHARMACOLOGY

12.1 Mechanism of Action

SPINRAZA is an antisense oligonucleotide (ASO) designed to treat SMA caused by mutations
in chromosome 5q that lead to SMN protein deficiency. Using in vitro assays and studies in
transgenic animal models of SMA, SPINRAZA was shown to increase exon 7 inclusion in SMN2
messenger ribonucleic acid (mMRNA) transcripts and production of full-length SMN protein.

12.2 Pharmacodynamics

Autopsy samples from patients (n=3) had higher levels of SMN2 messenger ribonucleic acid
(mRNA) containing exon 7 in the thoracic spinal cord compared to untreated SMA infants.

Cardiac Electrophysiology
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In 121 patients with spinal muscular atrophy who received either SPINRAZA or sham-control,
QTcF values >500 ms and change from baseline values >60 ms were observed in 5% of patients
receiving SPINRAZA. Compared to the sham-control, there was no increase in the incidence of
cardiac adverse reactions associated with delayed ventricular repolarization in patients treated
with SPINRAZA.

12.3 Pharmacokinetics

Absorption

Intrathecal injection of SPINRAZA into the cerebrospinal fluid (CSF) allows nusinersen to be
distributed from the CSF to the target central nervous system (CNS) tissues. Following
intrathecal administration, trough plasma concentrations of nusinersen were relatively low,
compared to the trough CSF concentration. Median plasma Ty,.x values ranged from 1.7 to 6.0
hours. Mean plasma Cp,,x and AUC values increased approximately dose-proportionally up to a
dose of 12 mg.

Distribution

Autopsy data from patients (n=3) showed that SPINRAZA administered intrathecally was
distributed within the CNS and peripheral tissues, such as skeletal muscle, liver, and kidney.

Elimination
Metabolism

Nusinersen is metabolized via exonuclease (3’- and 5”)-mediated hydrolysis and is not a
substrate for, or inhibitor or inducer of CYP450 enzymes.

Excretion

The mean terminal elimination half-life is estimated to be 135 to 177 days in CSF, and 63 to 87
days in plasma. The primary route of elimination is likely by urinary excretion for nusinersen
and its chain-shortened metabolites. At 24 hours, only 0.5% of the administered dose was
recovered in the urine.

13 NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

Carcinogenesis

Long-term studies in animals to evaluate the carcinogenic potential of nusinersen have not been
performed.

Mutagenesis

Nusinersen demonstrated no evidence of genotoxicity in in vitro (Ames and chromosomal
aberration in CHO cells) and in vivo (mouse micronucleus) assays.

Impairment of Fertility
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When nusinersen (0, 3, 10, or 25 mg/kg) was administered by subcutaneous injection to mice
every other day prior to and during mating and continuing in females throughout organogenesis,
no adverse effects on male or female fertility were observed.

14 CLINICAL STUDIES

The efficacy of SPINRAZA was demonstrated in a double-blind, sham-procedure controlled
clinical trial in symptomatic infantile-onset SMA patients and was supported by open-label
clinical trials conducted in presymptomatic and symptomatic SMA patients.

14.1 Clinical Trial in Infantile-Onset SMA

This study was a multicenter, randomized, double-blind, sham-procedure controlled study in 121
symptomatic infants < 7 months of age at the time of first dose, diagnosed with SMA (symptom
onset before 6 months of age). Patients were randomized 2:1 to receive either SPINRAZA or
sham injection.

A planned interim efficacy analysis was conducted based on patients who died, withdrew, or
completed at least 183 days of treatment. Of the 82 patients included in the interim analysis, 44%
were male and 56% were female. Age at first treatment ranged from 30 to 262 days (median
181). Eighty-seven (87%) of subjects were Caucasian, 2% were Black, and 4% were Asian.
Length of treatment ranged from 6 to 442 days (median 261 days). Baseline demographics were
balanced between the SPINRAZA and control groups with the exception of age at first treatment
(median age 175 vs. 206 days, respectively). The SPINRAZA and control groups were balanced
with respect to gestational age, birth weight, disease duration, and SMN2 copy number (2 copies
in 98% of subjects in boths groups). Median disease duration was 14 weeks. There was some
imbalance in age at symptom onset with 88% of subjects in the SPINRAZA group and 77% in
the control group experiencing symptoms within the first 12 weeks of life.

The primary endpoint assessed at the time of interim analysis was the proportion of responders:
patients with an improvement in motor milestones according to Section 2 of the Hammersmith
Infant Neurologic Exam (HINE). This endpoint evaluates seven different areas of motor
milestone development, with a maximum score between 2-4 points for each, depending on the
milestone, and a total maximum score of 26. A treatment responder was defined as any patient
with at least a 2-point increase (or maximal score of 4) in ability to kick (consistent with
improvement by at least 2 milestones), or at least a 1-point increase in the motor milestones of
head control, rolling, sitting, crawling, standing or walking (consistent with improvement by at
least 1 milestone). To be classified as a responder, patients needed to exhibit improvement in
more categories of motor milestones than worsening. Of the 82 patients who were eligible for
the interim analysis, a statistically significantly greater percentage of patients achieved a motor
milestone response in the SPINRAZA group compared to the sham-control group (see Table 2).
Figure 1 is a descriptive display of the distribution of net change from baseline in the total motor
milestone score for Section 2 of the HINE.

Although not statistically controlled for multiple comparisons at the interim analysis, the study
also assessed treatment effects on the Children’s Hospital of Philadelphia Infant Test of
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Neuromuscular Disorders (CHOP-INTEND), which is an evaluation of motor skills in patients
with infantile-onset SMA. The CHOP-INTEND results are displayed in Table 2.

Table 2.  Motor Milestone Response and CHOP-INTEND Results

Endpoint SPINRAZA-treated Sham-control
patients (n=52)" patients (n=30)"
Motor Milestone (HINE Section 2)
Achievement of a motor milestone response | 21 (40%) 0 (0%)
p<0.0001
CHOP-INTEND Improvement from Baseline®
At least 4-points | 33 (63%) | 1 (3%)
CHOP-INTEND Worsening from Baseline
At least 4-points | 2 (4%) | 12 (40%)

' Analyses included all subjects who were alive with the opportunity for at least a 6-month (Day 183) assessment and
all subjects who died or withdrew from the study at the time of the interim analysis
*Not statistically controlled for multiple comparisons at interim analysis

Figure 1. Net Change from Baseline in Total Motor Milestone Score (HINE) by Percent of
Subjects in the Interim Efficacy Set*

_ i B sinNrazA (n=52)
\_ Sham-control (n=30)

Worse 1 : Better

Percent of Subjects

Change in Total Motor Milestone Score

*For subjects who were alive and ongoing in the study, the change in total motor milestone score was calculated at
the later of Day 183, Day 302, or Day 394.

The results of the controlled trial in infantile-onset SMA patients were supported by open-label
uncontrolled trials conducted in symptomatic SMA patients who ranged in age from 30 days to
15 years at the time of first dose, and in presymptomatic patients, who ranged in age from 8 days
to 42 days at the time of first dose. The patients in these studies had or were likely to develop
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Type 1, 2, or 3 SMA. Some patients achieved milestones such as ability to sit unassisted, stand,
or walk when they would otherwise be unexpected to do so, maintained milestones at ages when
they would be expected to be lost, and survived to ages unexpected considering the number of
SMN?2 gene copies of patients enrolled in the studies.

The overall findings of the controlled trial in infantile-onset SMA and the open-label
uncontrolled trials support the effectiveness of SPINRAZA across the range of SMA patients,
and appear to support the early initiation of treatment with SPINRAZA.

16 HOW SUPPLIED/STORAGE AND HANDLING
16.1 How Supplied

SPINRAZA injection is a sterile, clear and colorless solution supplied as a 12 mg/5 mL (2.4
mg/mL) solution in a single-dose glass vial free of preservatives. The NDC is 64406-058-01.

16.2 Storage and Handling

Store in a refrigerator between 2°C to 8°C (36°F to 46°F) in the original carton to protect from
light. Do not freeze.

SPINRAZA should be protected from light and kept in the original carton until time of use.
If no refrigeration is available, SPINRAZA may be stored in its original carton, protected from
light at or below 30°C (86°F) for up to 14 days.

Prior to administration, unopened vials of SPINRAZA can be removed from and returned to the
refrigerator, if necessary. If removed from the original carton, the total combined time out of
refrigeration should not exceed 30 hours at a temperature that does not exceed 25°C (77°F).

17 PATIENT COUNSELING INFORMATION

Thrombocytopenia and Coagulation Abnormalities

Inform patients and caregivers that SPINRAZA could increase the risk of bleeding. Inform
patients and caregivers of the importance of obtaining blood laboratory testing at baseline and
prior to each dose to monitor for signs of increased potential for bleeding. Instruct patients and
caregivers to seek medical attention if unexpected bleeding occurs [see Warnings and
Precautions (5.1)].

Renal Toxicity
Inform patients and caregivers that SPINRAZA could cause renal toxicity. Inform patients and

caregivers of the importance of obtaining urine testing at baseline and prior to each dose to
monitor for signs of potential renal toxicity [See Warnings and Precautions (5.2)].
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Manufactured for:
Biogen Inc.

Cambridge, MA 02142

SPINRAZA is a trademark of Biogen.

© 2016 Biogen
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1.9 — AL FRIZER D SCE
X FNAEF R A

1 ERD—f&eI2# (JAN)

AdniE, 2015 412 r-INN, List 74 (p 29-30), WHO Drug Information 2015; Vol. 29, No. 3
(pre-publication) |[ZUNHE SNTALEWTH D Z Enb | BN —ELFR () OI4 1T r-INN List
TAWFDAFRO LB &L BRLIZINETFRLIZBD LT 5 (RiWZ,. T MU AETHD),

VR 28 4 5 H 31 HOEREMAFEMHHR TLLFO L D ITIRE S L, TR 28 4 5 H 31 BT
RS 0531 B 4 FI K@k s T,

JAN :
(AAR%L) X2t F RU L
(¥ 44) Nusinersen Sodium

b4
(HAA)
all-P-ambo-2'-0-(2- * F ¥ ¥ TF)V)-5-A F)V-P-F AT U 2 U )L-(3'55)-2'-0-2- A FF T F
JN-5-AF)-P-FH T F VY N-(3'55)-2-0-2-A KX FN)-P-F AT T =Y JL-
(3'>5")-2"-0-2- A b F L TF)L)5-A F)L-P-FH L F TV )L-(3'55)-2"-0-(2- A b F T F)L)-5- 2
FN-P-FA T YTV N-(3'55)-2-0-2- A hF T TF)N)5-AF)N-P-FAHT Y Y -
(3'>5)-2-0-2-A FF T TFN)-5-AF)N-P-FFH T U VY -(355)-2"-0-(2-* b+ F LT F)L)-5- A
FN-P-FH T F VY -(3'55)2-0-2-A b F T F))-P-F AT 7T =V )L-(3'-5)-2"-0-2- % *F
VTIN5 AT N-P-FH T Y T Y -(355)-2-0-2-A hF VT N)-P-F AT T =Y L
(3'>5)-2-0-2-A ¥ L= FNW)-P-FHT T =V )L-(3'55)-2"-0-(2- A FF T TF)V)-5-A F)L-P-F
F Y Y N-(3'55)2-0-2- A hF L ZF)N)-P-FF 7T =V -(355)-2"-0-2- A hF =T
JN5-A F I -P-FFH L F PV (3 55)2-0-2-A b F T TFN)5-AF)L-P-FF 7Y P -
(3'>5)-2-0-2-* b XL ZF))-P-F AT T = U N-(355)-2-0-2- A XL ZFINTT )
+EF MU DA
(F 4)
Heptadeca sodium salt of
all-P-ambo-2'-0O-(2-methoxyethyl)-5-methyl-P-thiouridylyl-(3'—5")-2'-O-(2-methoxyethyl)-5-methyl-
P-thiocytidylyl-(3'—5")-2'-0-(2-methoxyethyl)-P-thioadenylyl-(3'—5")-2'-O-(2-methoxyethyl)-5-
methyl-P-thiocytidylyl-(3'—5")-2'-O-(2-methoxyethyl)-5-methyl-P-thiouridylyl-(3'—5")-2"-O-
(2-methoxyethyl)-5-methyl-P-thiouridylyl-(3'—5")-2'-O-(2-methoxyethyl)-5-methyl-P-thiouridylyl-
(3'—5")-2"-0-(2-methoxyethyl)-5-methyl-P-thiocytidylyl-(3'—5")-2'-O-(2-methoxyethyl)-P-
thioadenylyl-(3'—5")-2"-O-(2-methoxyethyl)-5-methyl-P-thiouridylyl-(3'—5")-2'-O-(2-methoxyethyl)-
P-thioadenylyl-(3'—5")-2'-O-(2-methoxyethyl)-P-thioadenylyl-(3'—5')-2'-O-(2-methoxyethyl)-5-
methyl-P-thiouridylyl-(3'—5")-2'-O-(2-methoxyethyl)-P-thioguanylyl-(3'—5")-2'-O-(2-methoxyethyl)-
5-methyl-P-thiocytidylyl-(3'—5")-2'-O-(2-methoxyethyl)-5-methyl-P-thiouridylyl-(3'—5")-2'-O-
(2-methoxyethyl)-P-thioguanylyl-(3'—5")-2'-O-(2-methoxyethyl)guanosine
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HEHEE 17388
JAN (H#&f) : RegnttFU oL
JAN (# 4) - Nusinersen Sodnmm

[[2-0-(2-Meathosxyethyl)](3'-5HP-thio)(ml-mC - A-mC-mU-mU-mU-mC- A-mlU-A-A-mU-G-mC-mlU-G-G)]' ™ 1 TNz*

Ezl’“ H m e
e ng\/‘
CoasHamlaMa) 2012eF 19517

gl Pamhe2-H2-# |} % 2T FA)E-AFA-BFA 7 1 250 A-(F—5)-2-042-# } & L =Fa)b-AFA-R
FAdiFFIAAFERT-OHE- A F R FANBFETF = A

(350202 A b % Lz F )b A Fol-BFFLF 050 -3 =522 A F & = F L5 A FL-BF
227 (3 =502 M2 A b F e mFANE AF AP A 7 e

(F—5)-2-OH2- A b F LT FA)E- AL F-BFE T ) (35T HI- A b F T F LA A F - PF
L F I AAF =BT HI- A b e F A BRFETF = A3 =02 02 A b &L m F S A F AP
For 470 A3 =52 H2- A b L FBFFTF =0 -

(F—502-0H2- 2 R F = FARRFATF = D -(F—5)-2-H2- # FH Lz F)EAFA-BFFa 0
A-(F—51-2-H2- A F R FARRFE ST = 0 (350202 A B R e F NS A FA-RF T
03512 H2- # + R T F )5 A Fl-BF i ) 51 -

(F—5)-2-0(2-# b HmF)-BF X7 =1 {3 =52 M- 2 F R e F)FT

el S R S

Heptadeca sodium zalt of

all-P-ambe2'- H2-methoxyethyl-5-methyl- Prhiouridylyl-(3—5-2"- O+ 2-methoxyethyl)-5-
methyl- Prhuocyodylyl-(3—5"-2"- 0-{2-methoxyethyl)- Pthioadenylyl-(3'—5)-2- 3+(2-
methozyethyl)-5-methyl- Pthiocyridylyl-(3'—57-2- 042 methoxyethyll-5-methyl- Prhiouridylyl-
(3'—57-2"- H{2-methosyethyl)-5-methyl- Pthiouridylyl-(3'—59-2- - 2-methoxgrethyl)-5-methyl- P
thiguridylyl-(3'—5')-2- 0H2-methoxyethyl)-5-methyl- Pthiocyidylyl-(3'—50-2'- 0H(2-
methozyethyl)- Pthicadenylyl-(3—5-2'- M 2-methoxyethyl)-5-methyl- Prhiouridylyl-(3'—3')-2- 0
(2-methozyethyl)- Prhioadenylyl-(3'—57-2"- 3 (2-methoxyethyl - Prhioadenylyl-(3—57-2- 042-
methozyethyl)-5-methyl- Pthiouridylyl-(3'—57-2"- H(2-methoxyethyl)- Pthioguanylyl-(3'—320-2'- 0
(2-methozyethyl)-5-methyl- Pthiccytidylyl-(3'—57-2" 12 -methoxyethyl)-5-methyl- Prhiouridylyl-
(3'—3"-2"- (+{2-methoxyethyl)- Pthiccuanylyl-(3'—57-2- (H2-methoxzyethyllzuanosine
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1.10 753 - BEEOREREEERIOE LD
XA F R T A

1 BE - FREOEEEREEHDF LD
all-P-ambo-2'-0-2-* ~ % L TF)V)-5-A F-P-FH D Y DV L~(3'>5)-2-0-2-# FF T TF)V)-5- A F)v-P-FF
TF VY -(35)2-0-2-A bF T ZF )P F AT T = U -(35)-2-0-2- A b F L EFIL)-5- X F)L-P-FF
SF DY (3 o5N2-0-2- A hF L ZFN)5-AFP-F AT Y DY o(35)2-0-2- A hFEF )54 F
N-P-F AT Y VY -(35)2-0-2- A b F L ZFN)5-AFP-F AT Y DY N(3-5)2-0-2- A hF =T
fb2es o) | V54 FN-P-F A F DV -(3=5)-2-0-2-* FF L TFN)-P-F AT F =V L-(3—5)2-0-2- A hF L TF
N)-5- A FP-P-F AT Y DY o (3>5)2-0-2-F b F L TFN)-P-F AT T =Y L-(3>5)2-0-2- A h X LT F
4 JN)-P-F AT F =Y L-(325)2-0-2- A b F T TZF N5 A F-P-F AT Y DY L-(3—5)2-0-2- A hF =T
JN-P-FF T T =V -(3=5)2-0-2-F b F L TF)L)5- A F)L-P-F AL F Y L-(3—5)2-0-2- A FF =T
JV)-5-AFI-P-F A7 Y DY (3 —5)2-0-2- 4 b F L 2FN)-P-F AT T =Y N-(35)2-0-2- A FF T F
MTT v tET M UL
(—f4 - X B F RY L)
[[2'-0-(2-Methoxyethyl)](3'-3")(P-thio)(mU-mC-A-mC-mU-mU-mU-mC-A-mU-A-A-mU-G-mC-mU-G-G)]'"
17Na”
A NH, G 0 mC NH, mU o]
S N HiCo A H,C
L RS SN S 6 ST & S
W/O\N N W o NVTUNT UM, o N0 o N"o
"OH 07~ .CHy "OH 0L~ -CH "OH Of_~..CH; "OH O~ .CH;
whie - A | FLIRBE Rl ) ZE eI
WE, Xt E LT 1 EICSE FROARERZHEGT 5, FlEEG%, 2 8, 4 BEO9 BEIcEkE L, B
M4 WAOMRETREEZITH)ZEEL, WTFhoOBEAED 1~3 b THiENR 5352 &,
FHRERO AR Jifks BREKE
0~90 H fi 9.6 mg 4mL
Hit-H& 91~180 H fi 103 mg 43mL
181~365 H b 10.8 mg 45mL
366~730 F i 113 mg 4.7 mL
731 H i~ 12 mg 5mL
JRIHEZE D
faE
gi{;g?‘; B XU R T R Y YA
o | BA . A BT PORETE 12m
9 R " &
e A MR
A B R RS 0> EL 5t
. >7 mg/ll (> 1.9 mg/kg*)
EvEE BER gL o meRe
>7 mg/[El (>#9 2.4 mg/kg*)
G H OREIZHES VTR
PR G-
==3
itk g | 0| B 58 AL B N
EULz/k; 177 s Bh& B A AT A
1. 10, 50 mg/kg/
~UA (138 | KT B, 3 1 [a1% 4 (8], |50 mg/kg/[a] | 72 L
T DRI
03, 1 (1 [=%
= N o 5[], £ D% —a—nm R, 7Y T
. 14 AR | B . e | 1 mg/
g [VOBR BN e e a | e
1 [7])




1.10 753 - BEEOREREEERIOE LD
XA F R T A

0.3. 1.0, 4.0 mg/
- ‘l:! N E — - N % 5] 3
P =70 e |y |1 OB LEIE ST WEE = o — 1 L DL

A BN 2 ot o mmmic 1|2 M| s o n e
[al)
FIl e i 36 3R 22 9/80 =11% (RERIE L DRIREIRD THV | XUF 155V |
&lEH

(BRI AT 25 D) ([EIBR I F 56 111 AR FRER ISIS 396443-CS3B #AER)

ok Biogen Inc.

NAFTxr s Do BAatt 8 WA




BIW (EVa2—N3) RAEH—E

=
; FHAii/
AR RBERES | HN/ | B8
V% Z %
E% rAR = B | | zow | BF7
3.2.S J5U3E (ISIS 396443, Tonis Pharmaceuticals)
3.2.8.1 —f& 1 (ISIS 396443, Tonis Pharmaceuticals)
3.2.S.1.1 ZFr (ISIS 396443, Tonis Pharmaceuticals)
Tonis
3.2.8.1.1  [Nomenclature (ISIS 396443, Ionis Pharmaceuticals) — Pharmaceutica |JfE4+ — A
Is
3.2.S.1.2 ##1% (ISIS 396443, Tonis Pharmaceuticals)
Tonis
3.2.8.1.2  [Structure [ISIS 396443, Ionis Pharmaceuticals] — Pharmaceutica |JfE4+ — ST
Is
3.2.8.1.3 — %% (ISIS 396443, Tonis Pharmaceuticals)
Tonis
1 ies [ISI 443, Toni N .
32813 Genera propertles[ SIS 396443, Ionis . Pharmaceutica |t . SEAl
Pharmaceuticals] s
3.2.S.2 B (ISIS 396443, Tonis Pharmaceuticals)
3.2.8.2.1 W& 33 (ISIS 396443, Tonis Pharmaceuticals)
. Tonis
32821 Manufacture-zr(s) [ISIS 396443, Ionis . Pharmaceutica | . T4l
Pharmaceuticals] Is
3.2.8.2.2 BLE T} OV mt A -2 o—/L(ISIS 396443, Tonis Pharmaceuticals)
Description of manufacturing process and process Ionis - -
2822 ; : — | — s
3.2.8 controls [ISIS 396443, Tonis Pharmaceuticals] Pharmaceutica 7 i
3.2.8.2.3 [FAEIOEHE (ISIS 396443, Tonis Pharmaceuticals)
Tonis
1 of Mi ials [ISI 443, Toni N .
32823 Control o Y aterials [ISIS 396443, Tonis _ Pharmaceutica |4k _ SE Al
Pharmaceuticals] s
3.2.8.2.4 B TR K OVFE T B{ROE FL(ISIS 396443, Tonis Pharmaceuticals)
Tonis
Controls of critical steps and intermediates [ISIS R E -
32824 396443, lonis Pharmaceuticals] - }’Sharmaceutlca i At fif
3.2.8.2.5 7atA-N\UF —ar /7 av AZHH(ISIS 396443, Tonis Pharmaceuticals)
L . ITonis
32825 ProFess Vahdatlor.l and/or evaluation [ISIS 396443, _ Pharmaceutica |#E4h _ STl
Tonis Pharmaceuticals] s
3.2.8.2.6 BLiE TFEOBHZ OFR(SIS 396443, Tonis Pharmaceuticals)
. ITonis
32526 Maflufacturmg Pr'ocess Development [ISIS 396443, . Pharmaceutica |1 % . S
Tonis Pharmaceuticals] s
3.2.S.3 FFME(ISIS 396443, Tonis Pharmaceuticals)
3.2.8.3.1 {5 Z OMOFFED AR (ISIS 396443, Tonis Pharmaceuticals)
Tonis
Elucidation of structure and other characteristics N -
32831 |11q1S 396443, Tonis Pharmaceuticals] - fsharmaceuma 4 i
3.2.8.3.2 Rfli# (ISIS 396443, Ionis Pharmaceuticals)
Tonis
3.2.8.3.2 Impurities [ISIS 396443, Tonis Pharmaceuticals] — Pharmaceutica | {F 4+ — At
Is
3.2.S.4 JF3EDE BE(ISIS 396443, lonis Pharmaceuticals)
Tonis
3.2.84.1 Specification [ISIS 396443, lonis Pharmaceuticals) — Pharmaceutica |/fF4% — AT
Is
3.2.5.4.2 3Bk 5L (53 A J71%) (ISIS 396443, Tonis Pharmaceuticals)
. . Tonis
32842 Analytical ?rocedures [ISIS 396443, Ionis . Pharmaceutica |#E/h . STl
Pharmaceuticals] Is
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B (T 2—N3) R —E

=
. Al
TER REREES | B/ | BIREE/
v Z 5
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3.2.8.4.3 5B 71k (O30T 1) D8 — 3 (ISIS 396443, Tonis Pharmaceuticals)
Validation of Analytical Procedures [ISIS 396443 onis
325423 ) Yy ’ — — Pharmaceutica | ¥} —  |m
Ionis Pharmaceuticals] Is
3.2.5.4.4 oy HT (ISIS 396443, lonis Pharmaceuticals)
. Tonis
12844 Batch analy-ses [ISIS 396443, Tonis . . Pharmaceutica |13/ . T4l
Pharmaceuticals] Is
3.2.8.4.5 B K OGRER )7 D% 2 1 (ISIS 396443, Tonis Pharmaceuticals)
. . . . . Tonis
32845 Justlﬁcanon- of specification [ISIS 396443, Ionis . . Pharmaceutica |13+ . T4l
Pharmaceuticals] Is
3.2.S.5 FEYES, T HEY)E (ISIS 396443, lonis Pharmaceuticals)
. Tonis
3285 Ref.erence standar‘ds or materials [ISIS 396443, . . Pharmaceutica |1+ . SEAl
Tonis Pharmaceuticals] Is
3.2.S.6 Fn M OVfiAe & (ISIS 396443, lonis Pharmaceuticals)
. . Tonis
3256 Container cl.osure summary [ISIS 396443, Ionis - . Pharmaceutica |1+ - LAl
Pharmaceuticals] s
3.2.8.7 ZZREPE(ISIS 396443, Tonis Pharmaceuticals)
3.2.8.7.1 ZEMED FELD K O (ISIS 396443, lonis Pharmaceuticals)
e . Ionis
32871 Stal.)lhty summar}f and conclusions [ISIS 396443, _ _ Pharmaceutica |1/t . Til
Ionis Pharmaceuticals] s
3.2.8.7.2 AGR%E O EVERBRG I O VERR e OVFEHE (ISIS 396443, lonis Pharmaceuticals)
Ionis
Post-approval stability protocol and stability - -
3.2.872 commitment [ISIS 396443, Tonis Pharmaceuticals] })Sharmaceutlca 7 el
3.2.8.7.3 ZEMET —4 (ISIS 396443, Tonis Pharmaceuticals)
Ionis
3.2.8.7.3  [Stability Data [ISIS 396443, Ionis Pharmaceuticals] — — Pharmaceutica | {4+ —  |FHE
Is
Forced Degradation Studies [ISIS 396443, Tonis fonis
328.73.1 g' ’ — — Pharmaceutica | ¥4} — A
Pharmaceuticals] s
Photostability data [ISIS 396443, Ionis lonis
328732 Y ’ — —  |Pharmaceutica [#E5+ —  |m
Pharmaceuticals] s
3.2.P BAI (AL ZHHEE1 2mg, FER A
3.2.P.1 BRI QL7 (AL TV BT 1 2mg, A
Ionis
Description and Composition of the Drug Product I -
3.2.P [ISIS 396443, Solution for Injection] rsharmace““ca 7 ¥
3.2.P.2 BAIBAFE DR (AL ZF#7E12mg, {EH 74
Ionis
Ph ical Devel ISI 44 N I
32P2 arr‘flaceutlca' e.ve opment [ISIS 396443, . _ Pharmaceutica |1 /- _ SEA
Solution for Injection] s
3.2.P.2.1 ARGy (A TV 1 2mg  VERA])
Components of the drug product [ISIS 396443, . L
32P2.1 b e dugp [ — — —  |ms —  |pEm
Solution for Injection]
3.2.P.2.2 BRI (XL TP HEE1 2mg, FERF)
32.P2.2 [Drug Product [ISIS 396443, Solution for Injection] | ~ — — — 51 N E
3.2.P.2.3 RIE TRROBIFE DR (AL FF 1 2me, FEHA)
32P23 Maanacturing.prqcess development [ISIS 396443, . _ _ Widh _ SEAl
Solution for Injection]
3.2.P.2.4 B Oide % (AL Z Vi1 2mg., T A)
32pP24 C(')nta.iner closure system [ISIS 396443, Solution for _ _ _ Widh _ SEAl
Injection]

2/32




B (T 2—N3) R —E

. it/
TER REREES | B/ | BIREE/
v Z 5

e e w5 prionn) U5 | G ok | 550
3.2.P.2.5 AW ERIBLE D AT R (R T 12mg, FERTAD
32P25 Micro.biqogical attributes [ISIS 396443, Solution _ _ _ Widh _ SEAl

for Injection]

3.2.P.2.6 RO HIE O R4 HH L O & (AL 79§ 1 2mg, 54
3.2.P.2.6  |Compatibility [ISIS 396443, Solution for Injection] | — | — — | —  |EE4E
3.2.P.3 ik (AL YRV 1 2mg TE4TAD
3.2.P3.1 BEE (R T HEE1 2mg, TERHAD)
32P31 M'anu.facturer(s) [ISIS 396443, Solution for _ _ _ Widh _ SEAl

Injection]
3.2.P.3.2 BENLTT (AR TV REE1 2mg., )
3.2.P.3.2  |Batch formula [ISIS 396443, Solution for Injection] |  — | — — | —  |EFE
3.2.P.3.3 #LETRE L O eA-av bo—/ L (ALY 1 2mg, FEHF])

Description of manufacturing process and process : -
3:2.P.3.3 controls Patheon [ISIS 396443, Solution for At ¥l

Description of manufacturing process and process
3.2.P.3.3  |controls Vetter [ISIS 396443, Solution for — — — HEs —  |FHE

Injection]
32.P34 HE LELUCEETREOER (AL F P #iiE12me, EHHAD

Controls of critical steps and intermediates [ISIS 5 -
3-2.P.34 396443, Solution for Injection] B B B 7 ¥l
32.P3.5 TR VT —var /T AeHE (RE 7 P 1 2mg, TEHAD

Process validation and/or evaluation Patheon [ISIS e -
3.2.P.3.5 396443, Solution for Injection] i kil

Process validation and/or evaluation_Vetter [ISIS e -
3.2.P.3.5 396443, Solution for Injection] i kil
3.2.P4 IINAIOE B (R YRl 12mg, EHAD
32p4 C(')ntrf)l of Excipients [ISIS 396443, Solution for _ _ _ Widh _ SEAl

Injection]
3.2.P.5 IAIAIOE B (AL 7 FHfE 12mg, FEHTF)
3.2.P.5.1 Btk M ORBR 7 T (AE S T BTE 1 2mg, TERHA)
3.2.P.5.1 |Specifications [ISIS 396443, Solution for Injection] |  — | — — | —  |EFE
3.2.P.5.2 RER 51k (i TiR) (AE S T BETE 1 2mg, TERA)
32P52 Ar'laly.tical Procedures [ISIS 396443, Solution for _ _ _ Widh _ SEAl

Injection]
3.2.P.5.3 AR5 1E (AT 5 ik) O\ T —Lal (AR 7§61 1 2mg, {7
32P53 Valld?tlon of A'nal.ytlcal Procedures [ISIS 396443, . . . WSk . S

Solution for Injection]
3.2.P.5.4 By Myt (AE TV RETE12mg, 15
3.2.P.5.4 |Batch analyses [ISIS 396443, Solution for Injection]| ~ — | — — | —  |EE
3.2.P.5.5 A DORE (AL TV §iiE12mg, TEFH)
32P55 Chargcterizatio.n of impurities [ISIS 396443, . _ _ Widh _ SEAl

Solution for Injection]
3.2.P.5.6 &k B OFRR T IED 2 1 M (AR TV REE1 2mg., 1))
12P5.6 Justiﬁcation of. spe.ciﬁcations [ISIS 396443, . _ _ Widh _ SEAl

Solution for Injection]
3.2.P.6 FTHE R SUTERUEY B (A TP B 1 2mg, TESHI)
12P6 Referf:nce stan.dart.is or materials [ISIS 396443, . _ _ Widh _ SEAl

Solution for Injection]
3.2.P.7 s K Okt % (AL 7V 8B 2mg, 7))
32p7 Conta'iner‘ Closure System [ISIS 396443, Solution . . . Wik . S

for Injection]
3.2.P.8 ZEM (R TV B 1 2mg, )
3.2.P.8.1 ZEMED ELW K Uk (AL~ 7 F i 12mg, FEHHA)
32p8l Stabll}ty summ'ary.and conclusion [ISIS 396443, . . . WSk . S

Solution for Injection]
3.2.P.8.2 KGRI DLEVERBRE B O AERR K% OFhl (AL TV §iTE12mg, 1E571)

Post-approval stability protocol and stability : -
3:2P.8.2 commitment [ISIS 396443, Solution for Injection] A ¥l
3.2.P.8.3 ZEMET —F (AL FH B 1 2mg, [EHAD
3.2.P.8.3  |Stability data [ISIS 396443, Solution for Injection] — — — WS e i
32P8A31 Fo'rce.d Degradation [ISIS 396443, Solution for _ _ _ Widh _ SEAl

Injection]

Stability Data - Confirmatory Photostability [ISIS : -
3-2.P.8.3.2 396443, Solution for Injection] ot ¥l
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3.2.A Z DAt
3.2.A.1 BERERE K OF% (i (AL ZV8E{F 1 2mg, {FH Al
32A1 %47l — - 1 — [t | —  Tav
3.2.A.2 S NE R EN E O %2 RVE Rl (AL TV BETE 1 2me, 75
32A2 [Nl = — | — st | —  |3Ff
3.2.A3 IRIIAI (AE TV BEE 12mg, 15T 74)
32.A3.1 b A Y v A (HE) — — — EN — |
32.A32 |k w2k F (BJR) — — — EN — |
32.A33 |k~ %o wa (B — — — EH — [
3.2.R &R EREFF
32R [Bs L [ — ] — | — fsr | —  |3E
3.3 B3 30k
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» Report No. 2L ML Bl " | sED
BB p U Z Dt ﬁz
4.2 s
4.2.1 FEHEAER
4.2.1.1 20 7) % AT 2 3Bk
Isis
Pharmaceutica
Screening of SMN2 Splicing Is, Inc.
ISIS Modulatory Antisense 20 i (Present name:
42.1.1-1  |396443- Oligonucleotides Targeted to - 5 0. Ionis 24N HRNER |25
NPO1 Sites within Introns 6 & 7 of Pharmaceutica
SMN2 Is, Inc.), 2855
Gazelle Court,
Carisbad, CA
Isis
ISIS Effects of ISIS 396-443 on the Pharmaceutica
42112 |396443- production of gemini of Cajal - 20.— Is, Inc., 2855 Wadh wlEE e
NPO2 bodies (Gems) in SMA 20] Gazelle Court, -
patient fibroblasts. Carisbad, CA
92010
Isis
ISIS ISIS 396443 Mechani f 20 f)h?mac;gl;;ca
echanism o - s, Inc., N , -
42.1.13 I3\]9]3604343- Aetion I 0. Gazello Court, |T0F [HEPVEERL |25
Carisbad, CA
92010
Pharmacodynamics and Isis
ISIS ggzﬁ;ic.okﬁl.etic; of ISIS . 2 fhé;lrlmaczzustisca
in Mice Transgenic - s, Inc., N - .
4.2.1.1-4 ;91)6;‘43_ for Human SMN2 Transgenic - 20- Gazelle Court, A FEPEER |55
Mice Carisbad, CA
92010
Comparison of the Potency of Isis
IS | ling ASOS Turgetn . b T 3855
orpholino s Targeting - s, Inc., N -
#2113 3N9P65‘543 "~ |1SS-N1 in Human SMN2 L 20. Gazelle Court, Wt HRgs |85
Transgenic Mice Carisbad, CA
92010
.. . Isis
Effect of ASO Administration Pharmaceutica
ISIS on the Level of SMN Protein 201 i s, Tne.. 2855 \
42.1.1-6  [396443-  |in CSF from Human SMN2 ||} 20. Gazelle Court. [TEZH HWEE (2%
NP06 Transgenic Mice Carisbad., CA’
92010
Ionis
ISIS Determination of Potential f’hla rmz;cg;estlca
42.11-7 396443 |Off-target Binding Sites for ([ [l oM |00 [ [ B
NPO7 ISIS 396443
Carlsbad, CA
92010
4.2.1.2 BIITRF) BRI
TR
4.2.1.3 VAP RER
A Pulmonary and
Cardiovascular Safety
396443- Evaluation of ISIS 396443 e e I
42131 AS04 Administered as a Continuous - FEPYEERY (R
Intrathecal Infusion in Albino
Rats

4.2.1.4 37 HFEHE B AE IR

T ER
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4.2.2 FEpEhREAR
4221 OHTIERONY F—2 3 Ui E
Validation of a Hybridization
396443- ELISA Method for the N [~
- ; gk |z
42211 MVO01 Determination of ISIS 396443 S HEPIETRY %
in Monkey Plasma
Validation of a Hybridization
396443- ELISA Method for the § -
42212 MV02 Determination of ISIS 396443 LZG FEPIERY 5
in Monkey Tissue
Validation of a Hybridization
396443- ELISA Method for the . e
- ; gk |z
4.22.1-3 MV03 Determination of ISIS 396443 S FEPIETR %
in Monkey CSF
Validation of an ELISA
396443- Method for the Detection of § -
4.22.1-4 MV10 Anti-ISIS 396443 Antibodies LEG FEPIRERE 5
in K2EDTA Monkey Plasma
Validation of an HPLC
396443- Method for the Determination o [
4.2.2.1-5 MV1l1 of ISIS 396443 in Mouse i HNER 125
Tissue
Qualification of an HPLC
396443- Method for the Determination N [
4.2.2.1:6 MV12 of ISIS 396443 in Rabbit b HRER 125
Tissue
4.2.2.2 WU
A Multiple Dose
Pharmacokinetic Study of
396443- ISIS 396443 Administered as e
- £ 1=
4.2.2.21 APKO1 Repeated Intrathecal Lumbar - FEPNER |55

Bolus Injections in
Cynomolgus Monkeys
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4223 A

AT

4224 R

TR

4.2.2.5 HEk

TR

4.2.2.6 YRR LR GERIR)

TR

4.2.2.7 % OO I ERERER

TR

4.2.3 mlE iR

4231 Bl 5 Ve R

A Single Dose Toxicity and
Pharmacokinetic Study of
396443- ISIS 396443 Administered by
ASO01 Intrathecal Lumbar Slow
Bolus in Cynomolgus
Monkeys

423.1-1 st R R

4.2.3.2 EH 5w

A 14 Week Multiple Dose

Toxicity Study of ISIS
396443 Administered as an
396443- Intrathecal Lumbar Bolus . [
4.2.3.2-1 AS03 Injection in Juvenile st el B
Cynomolgus Monkeys with a
4 Week Interim Necropsy and
12 Week Recovery
A One Year (53 Weeks)
306443 Repeat Dose Toxicity Study
42322 AS06 in Juvenile Gynomolgus sk SN <= B A
Monkeys With a 26-Week
Recovery Phase
German
A 13-Week Subcutaneous
396443- Injection Toxicity Study of . [N -
42323 xs07 ISIS 396443 in Juvenile CD-1 W Gae Al L
Mice
4233 Bln TR
4.2.3.3.1 In VitroskB5R
42331-1 396443- Bacterial Reverse Mutation sk e e
1S02 Assay
396443- In Vitro Mammalian e [
4.2.3.3.12 1S03 Chromosome Aberration Test gy FEPEDRE - |RE A

42.3.3.2 In VivoikiR

ISIS 396443: Mammalian
306443- Micronucleus Assay in Bone

4.2.3.3.2-1 Marrow Erythrocytes -
AS10 .

Following Subcutaneous

Injection in ICR Mice

HEZAS HPNEE R

Republic of
Korea

1/32




AR (BT a—4) BTEN—E
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4.2.3.4 75 A JRVERRBR

4.2.3.4.1 EWID AR MERR

FT G

4.2.3.4.2 BHDOI P AR AR

T B

42.3.43 D oRER

AR

4235 FEHRIC I 2a Tk o

4.2.3.5.1 S BERE KR O IR £ TORBIIRTE AT B9 5 3l

s R [RE

A Combined Fertility and
Developmental Toxicity Study|
4235.0-1 [P2943 | op1s1s 396443 Administered I 20 X
AS08 . 20
by Subcutaneous Injection in
CD-1 Mice

42352 I8 - JRVRFAIZEE T 5 ik

A Dose-Range Finding
396443- Toxicity Study of ISIS
AS09P 396443 in Pregnant New 20-
Zealand White Rabbits

423.5.2-1 s+ wNER (%5

Embryo-Fetal Development
Toxicity Study of ISIS
423522 2843 1396443 Following T '
AS09 RO 20
Subcutaneous Injection in
New Zealand White Rabbits

sk R (R

4.2.3.5.3 HIZERT & O AR D 36 £ ONE BEAR DFERE I BE 37 % 5l

Pre and Postnatal
Development of ISIS 396443
396443- via Subcutaneous 20 - . , - -
4.2.3.5.3-1 ASI12 Administration Including - 20. s FEPIEERY - |RF il
Maternal Function in CD-1

Mice

4.2.3.54 FAEWRE O 2R

TABRE L

4.2.3.6 J T RIDRTE iR

LB

423.7 Z OO B ERBR

4.2.3.7.1 G PERER

AL AR L

4.2.3.7.2 G m e bR

LR L

42373 HMERBFEOEFIZHET %56k

LR L

4.2.3.7 4 {7 ABR

LR L

4.2.3.7.5 R O m R

LR L

4.2.3.7.6 ASHlil) O TR

A 13-week Repeat Dose
396443- Toxicity and Impurity
AS13 Qualification Study of
ISIS396443 in CD-1 Mice

42.3.7.6-1 anahy S R i
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4.2.3.7.7 T DL OFER
Evaluation of
Oligonucleotide-Associated
Hippocampal Vacuolation
396443- Following Intrathecal Lumbar 20) - ; [
4.2.3.7.7-1 ASI11 Bolus Administration Using - 20- 5 PR %
Several Tissue Fixation
Methods in Cynomolgus
Monkeys
4.3 Z2E 3K
Second-generation antisense |Altmann KH, .
. . Biochem
oligonucleotides: structure-  |Fabbro D, Dean Soc Trans
4.3-1 — activity relationships and the |NM, Geiger T, — — HEs+ M=
. . . . 1996;24(3):
design of improved signal- Monia BP, 630-7
transduction inhibitors. Muller M, et al. )
Finger cold-induced Arai H, Tanabe J Child
vasodilatation, sympathetic  |Y, Hachiya Y, Neurol.
skin response, and R-R Otsuka E 2005;
432 — ) S : — — = ! %
interval variation in patients |Kumada S, 2le 20(11):871- %
with progressive spinal Furushima W, 5.
muscular atrophy. et al.
Vascular perfusion Araujo Ap, J Pediatr.
4.3-3 — abnormalities in infants with |Araujo M, — — HEs 2009;1552)|&%
spinal muscular atrophy. Swoboda KJ. :292-4.
Spinal Drug
Delivery,
Tony L.
434 _ Spma-l cerebrosplna-l fluid Artru AA . . ik Yakslll (ed). s
chemistry and physiology. Elsevier
Science
B.V.8:177-
237 (1999)
Therapeutic potential of Bauman J, Oligonucleo
4.3-5 — splice-switching Jearawiriyapais — — HEs tides. 2009 | &%
oligonucleotides. arn N, Kole R. ;19(1):1-13.
RNA targeting therapeutics: Annu Rev
. Pharmacol
molecular mechanisms of Bennett CF, N .
43-6 — . : . — — sk Toxicol. (5%
antisense oligonucleotides as |Swayze EE.
a therapeutic platform 2010;50:25
peutiep : 9-93.
Nat Rev
Bl K
Cerebrospinal fluid and H;IEHZ;VH ? Neurol.
4.3-7 — plasma biomarkers in npet — — PN 2010 BE
. . Weiner M,
Alzheimer disease. 6(3):131-
Zetterberg H.
44.
J
Reaction pathways and Burrows HD, Photochem
mechanisms of Canle LM N Photobiol
4.3- — . ’ — — i P
38 photodegradation of Santaballa JA, 7 B. =
pesticides. Steenken S. 2002;67(2):
71-108.
Cellular distribution of Lab Invest.
hosphorothioate Butler M, 1997
439 — [P . Stecker K, — — HEsh 5%
oligodeoxynucleotides in ;77(4):379-
. Bennett CF.
normal rodent tissues. 88.
Determinants of exon 7 Carte.:gm L Am J Hum
splicing in the spinal Hastings ML, Genet
4.3-10 — pueing P Calarco JA, de — — 4N : HE
muscular atrophy genes, Stanchina E 2006;78(1):
SMN1 and SMN2. Krainer AR 63-77.
Clin Exp
Antisense Oligonucleotides: . Pharmacol
Chan JHP, L § .
4.3-11 — from Design to Therapeutic S 3\?0“ \;VSnn — — HEs Physiol. 5%
Application. » YORE WS- 2006;33(5-
6):533-40.
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Cron skipping i  procipal [Cho' Genes Dev.
43-12 —  SCIPPICE 'S 8 princip ’ — — S 2010:24(5): |5
contributor to spinal muscular |Dreyfuss G.
. 438-42.
atrophy severity.
Coovert DD, Le
The survival motor neuron TT, McAndrew
.. . Hum Mol
protein in spinal muscular PE, Genet
4.3-13 — atrophy Strasswimmer — — HEs ) B
1997;6(8):1
J, Crawford 205-14
TO, Mendell )
JR, et al.
Di Chiro G,
Knop RH,
MR cisternography and Girton ME, Radiology.
4.3-14 — myelography with Gd-DTPA |Dwyer AJ, — — sk 1985;157Q2)| 5%
in monkeys. Doppman JL, :373-7.
Patronas NJ, et
al.
Proc Natl
Restoration of correct splicing Dominski Z Acad Sci U
4.3-15 — in thalassemic pre-mRNA by Kole R ’ — — TN SA. BE
antisense oligonucleotides. 1993;90(18)
:8673-7.
Regul
The no-observed-adverse- Toxicol
43-16 _ effect-level (NOAEL) in drug |Dorato MA, . _ sk Pharmacol. |5
safety evaluations: Use, Engelhardt JA.
issues and definition(s) 2005:4203):
ssues e on(s). 265-74.
Biochim
Molecular mechanisms and idre;r:ls dB]l)\/: i’ss Biophys
4.3-17 — animal models of spinal J ’ — — lIZ4N Acta. 5
S, Ma L, Ma
muscular atrophy. vC 2015;1852(
) 4):685-92.
Comparative Renal I:Eicdle"i;er
4.3-18 — Toxicopathology of Antisense |Engelhardt JA. — — 724N 2016 E
Oligonucleotides. Aug:26(4):1
Quantitative analyses of
SMN1 and SMN2 based on  |Feldkotter M,
. . Am J Hum
real-time light Cycler PCR:  |Schwarzer V, Genet. 2002
4.3-19 — fast and highly reliable carrier |Wirth R, — — pgaN 70 (2)"3 ss. |2 =
testing and prediction of Wienker TF, 68 ’
severity of spinal muscular Wirth B. '
atrophy.
Feng W, Gubitz
Gemins modulate the giilzv]?)ljl L 221111;1\42(;)10 s
4.3-20 — expression and activity of the 7 — — HEs+ . o
SMN complex Dostie J, 14(12):1605
plex. Golembe TJ, 1
Dreyfuss G.
gand and ol ouface | |Fih SM. Chem, 1998
4.3-21 — gan S Ganeshprasad — — HEs : B
binding of insulin-like growth U. Baxter RC 30;273(5):2
factor-binding protein-3. ’ ) 631-8.
Actlva.tlng the synthesis of . F 9ng LG, Hum Mol
progerin, the mutant prelamin |Vickers TA, Genet. 2009
4.3-22 — A in Hutchinson-Gilford Farber EA, — — 724N '18(13;)‘246 B
progeria syndrome, with Choi C, Yun ’2 71 ’
antisense oligonucleotides. UJ,Hu Y, et al. )
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In: Crooke
ST, editor.
Antisense
Drug
Pharmacokinetic/Pharmacody Te{chl}ology:
namic Properties of Principles,
. s Geary RS, Yu Strategies
4323 —  |Phosphorothioate 2-0-2- | p7 "oy cowski | — — @ |and 5%
Methoxyethyl)-Modified . L
. . ... |A, Levin AA. Application
Antisense Oligonucleotides in s
Animals and Man. BocaRaton:
Taylor and
Francis;
2008. p.
305-26
American
Society for
Pharmacokinetics of a tumor |Geary RS, Yu Pharmacolo
necrosis factor-a RZ, Watanabe gy and
phosphorothioate 2-O-(2- T, Henry SP, N Experiment
4324 — . — — i %
3 methoxyethyl) modified Hardee GE, A al s
antisense oligonucleotide: Chappell A, et Therapeutic
comparison across species. al. 52003
31:1419—-
1428.
Gubitz AK, E’;‘S’ ggg .
4.3-25 — The SMN complex Feng W, — — HEs+ . 5%
15;296(1):5
Dreyfuss G. 1-6
Hachiya Y,
Autonomic dysfunction in Arai H, Brain Dev.
cases of spinal muscular Hayashi M, 2005 N
4.3-26 — — — =] 2
atrophy type 1 with long Kumada S, 2le 27(8):574- s
survival. Furushima W, 8.
Ohtsuka E, et
Renal uptake and tolerability Henry SP, .
R Johnson M, Toxicology.
of a 2’-O-methoxyethyl .
. . Zanardi TA, . 2012 N
4.3-27 — modified antisense — — 1248 B
oligonucleotide (1SIS 113715) [F B 15;301(1-
o ‘rgn S Auyeung D., 3):13-20.
Y- Lappin PB, et
In:
Antisense
Drug
Henry SP, Kim ;Fsechnno(}ogy
Toxicologic Properties of 2°- | T-W, Kramer- E dei:i(z)n)
O-Methoxyethyl Chimeric Stickland K N ,
a _ 4 — — 3 . %%
4.3-28 Antisense Inhibitors in Zanardi TA, S Ed: Stanley %
. . T. Crooke,
Animals and Man, Fey RA Levin
AA CRC Press,
’ New York,
New York
(2008). pp.
327-363.
Arrhythmia and cardiac Heier CR, Satta g;lthOl
4.3-29 — defects are a feature of spinal |R, Lutz C, — — 724N ) %5
muscular atrophy model mice. | DiDonato CJ 2010;19(20)
usen e ‘ ‘ :3906-18.
Hsieh-Li HM, Nat Genet.
4330 _ A mouse model for spinal Chang, JG, . . Aok 2000 5k
muscular atrophy. Jong YJ, Wu ;24(1):66-
MH, Wang NM 70.
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Motor neuron cell- Hua Y, Liu
nonautonomous rescue of YH, Sahashi, Genes Dev.

4.3-31 — spinal muscular atrophy K, Rigo F, — — HEs+ 2015;293): | &%
phenotypes in mild and severe | Bennett CF, 288-97.
transgenic mouse models. Krainer AR.

Antisense correction of SMN2 Hua Y, Sahashi
splicing in the CNS rescues K, Hung G, Genes Dev.
43-32 — n‘; cmsigs el Sha |Rigo F Passini — — TN 2010,24(15)| 5%
P MA, Bennett :1574-9.
mouse model.
CF, et al.
Peripheral SMN restoration is Eu]e;iY;SFahashl Nature.

4333 _ essential for l9ng-term rescue H:.lnggG, l:lorev . . Wik 2011 .

of a severe spinal muscular 5;478(7367)
G, Bennett CF,

atrophy mouse model. ctal :123-6.

Enhancement of SMN2 exon |Hua Y, Vickers .

7 inclusion by antisen TA, Baker BF PLoS Biol.

4.3-34 — e UIon Ay asense N - — @ |2007 Bk
oligonucleotides targeting the |Bennett CF, 5(4):e73
€xon. Krainer, AR. T
Antisense masking of an Hua Y, Vickers Am T Hum
hnRNP A1/A2 intronic TA, Okunola oot 4

4.3-35 — splicing silencer corrects HL, Bennett — — HEs . 5%

L . . 2008;82(4):
SMN2 splicing in transgenic |CF, Krainer
. 834-48.
mice. AR.
Characterlzatl9n of target ' Hung G, Xiao Nucleic
mRNA reduction through in .
itu RNA hybridization in X., Peralta R, Acid Ther.

4.3-36 — fnulti e oryan S sten?s Bhattacharjee — — HEs+ 2013 5

o T e o |G Mumays, 23(6):369-
ollowing systemic antisense = D, etal. 73,
treatment in animals.

Spinal muscular atrophy: from|lascone DM, F1000Prime

4.3-37 — tissue specificity to Henderson CE, —_ —_ 4N Rep. 2015 |&%&
therapeutic strategies. Lee JC. 5;7:04.

In Motor
Neuron
Disorder,
P.J. Strong,
and M.J.
Pathology of motor neuron N Strong, eds.

4.3-38 — Ince SW. — — i i %

disorders. nee S (Philadelphi | >
a, PA:
Butterworth
Heinemann)
, pp. 17-49
(2003).

Antisense o.llgonuclfeotldes on fe TW, Kim J Ph'armacol

neurobehavior, respiratory, KS. Seo JW. Toxicol

4.3-39 — and cardiovascular function, Par1< Sy He;n — — 4N Methods. [&#
and hERG channel current Sp ’ &4 2014;69(1):
studies ) 49-60.

Advanced
Drug
Kole R, Ram
Pre-mRNA splici ? § Deli

4.3-40 . re-m 'N splicing as a tflrget Shukla RR. o o Widh elivery P

for antisense oligonucleotides. Akhtar S Reviews, 6
1991:271-
286

Ultrafast and memory- Langmead B, Genome

efficient alignment of short | Trapnell C, Pop N Biol.

43-41 — ’ — — i z
DNA sequences to the human |M, Salzberg i 2009;10(3): | %
genome. SL. R25.
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SMNDelta7, the major
product of the centrg)meric Le TT, Pham
survival motor neuron II\‘;;_: leﬁchbegli I({}um Mol
, Zhang HL, N enet.
Coovert DD, et 845-57.
muscular atrophy and al
associates with full-length i
Lefebvre S,
Identification and Burglen L, Cell.

4343 _ characterization of a spln.al- Reboullet S, _ _ ik 1995:80(1): [z
muscular atrophy-determining |Clermont O, 155-65
gene. Burlet P, ’

Viollet L, et al.
Lefebvre S,
Correlation between severity| Ez;tl:;nz Léu Q Nat Genet

4.3-44 — and SMN protein level in > — — HEs 1997;16:  |B%&
spinal muscular atrophy. Clerm.o nt O, 265-269.

Munnich A, et

al.

Lima WF, Wu J Biol
Binding and cleavage H, Nichols JG, Chem.

4.3-45 — specificities of human Sun H, Murray — — HESH 2009;284(3 | &%
Argonaute2. HM, Crooke 8):26017-

ST 28.
A novel nuclear structure Liu Q, Dreyfuss 115321630 -

4.3-46 — containing the suw1Yal of G — — %Y 15(14):3555 S
motor neurons protein. 65
Longitudinal magnetic EurJ

4347 resoiance imagiri1 study of ﬁalkox];a L Hadh Neurosci. Bk

o T |thesus monkey brain S;lllririer,s Re - - ‘ 2006:24(11)|”
development. ) :3204-12.
Nat Rev
. . Mol Cell
O I s b o I I (O "
' ’ 2014;15(2):
108-21.
Characterization of a potent M.CKa)f R, .
. . Miraglia LJ, J Biol
and specific class of antisense Cummins L Chem

4.3-49 — oligonucleotide inhibitor of ? — — %4 : HE
human protein kinase C-alpha Owens SR, 1999:274(3)
expression. Sasmor H, :1715-22.

Dean NM.
[Poster]
AAPS
In vitro protein binding National
evaluation of two antisense McMullen GC, Meeting,

4.3-50 — oligonucleotides, ISIS 353512 |Watanabe TA, — — I November |&%&
and ISIS 329993, targeting C- |Grundy JS. 2009, Los
reactive protein (CRP). Angeles.

Poster No.
6154.
. N McMullen JR,
Ff?:::;gﬁ;g:iimwm factor Shioi T, Huang J Biol

4.3-51 — physiologica'l he'fir't growth via ”\l)“\;zr;a%/}slli?%)fﬂ — — s 55152.279(6) 5%
the phosphoinositide 3- Bisping E et 4782-93
kinase(p110alpha) pathway. al ’ '

Early functional impairment |Mentis GZ,
of sensory-motor connectivity |Blivis D, Liu Neuron.

4.3-52 — in a mouse model of spinal W, Drobac E, — — 724N 2011;69Q3): |5
muscular atrophy. Neuron. Crowder ME, 453-67.

2011 69(3):453-67. Kong L, et al.

13/32




AR (BT a—4) BTEN—E

Wi | Suay No/ mry | e | T/
» Report No. P % Bl = 3
L p Ak e [PRER E e 341 R PR M SR T Py ot 73;0)
Mollenhauer B,
o-Synuclein and tau Locascio JJ,
con}c]entrations in Schulz- Lancet
. . . Schaeffer W, . N L.
4.3-53 — cerebrospinal fluid of patients C ac ?r. — — s euro 5%
esenti ith parkinsonism: Sixel-Doring F, 2011;10(3):
zrcohr;rlt“i;z‘ ParknSomSI: e nkwalder C, 230-40.
v Schlossmacher
MG.
Monani UR,
A single nucleotide difference |Lorson CL,
.. Hum Mol
that alters splicing patterns Parsons DW, Genet. 1999

4.3-54 — distinguishes the SMA gene  |Prior TW, — — I '8(7)'i 177- |2 =
SMNI1 from the copy gene Androphy EJ, é 3 ’

SMN2. Burghes AH, et '
al.
A transgene carrying an A2G |Monani UR,
rsnﬁ;:nse muta;loln t1n the I;asto.?e M”TFE) 7 Cell Biol.

43-55 _ gene mo u'a e.s - avrilina TO, . . ik 2003:160(1)| 5%
phenotypic severity in mice  |Jablonka S, Le 41-52
with severe (type I) spinal TT, Andreassi ’ ’
muscular atrophy. C,etal.

Ogino S,
Genetic risk assessment in Leonard DG, é::litMed

4.3-56 — carrier testing for spinal Rennert H, — — %48 2002.'1 10(4) HE
muscular atrophy. Ewens WJ, 301 ’7

Wilson RB. ) '
Insulin-like growth factor-I
promotes neurogenesis and  |O'Kusky JR, J Neurosci.

4.3-58 — synaptogenesis in the Ye P, D'Ercole — — HEs+ 2000;2022)[2%
hippocampal dentate gyrus Al. :8435-42.
during postnatal development.

L. . Osborne M,
Characterization of behavioral Hum Mol
and neuromuscular junction Gomez D, Feng Genet. 2012

4.3-59 — ) JURCON 17 McEwen C, — — TN \ s

phenotypes in a novel allelic ;21(20):443
. Beltran J,

series of SMA mouse models. | . . 1-47.

Cirillo K, et al

Reduced survival of motor

neuron (SMN) protein in Park GH,

motor neuronal progenitors  |Maeno-Hikichi .

functions cell autonomousl Y, Awano T J Neuroscl.

4.3-60 — . Y ? ’ — — HEs+ 2010;30(36)[=%
to cause spinal muscular Landmesser -12005-19
atrophy in model mice LT, Monani ’ '
expressing the human UR.
centromeric (SMN2) gene.

Antisense oligonucleotides Passini MA, Bu Sei Transl
delivered to the mouse CNS |J, Richards Med

4.3-61 — ameliorate symptoms of AM, Kinnecom — — pgaN ’ HE

. . 2011;3(72):
severe spinal muscular C, Sardi SP, 721218
atrophy. Stanek LM, et )
The geﬁe frequency ot'" acute 7 Med
Werdnig-Hoffmann disease Genet. 1973

4.3-62 — (SMA type I). A total Pearn JH — — 1248 '10(3).'260 HE
population survey in North- ’5 ’
East England. )

. Prior TW, Al M
Homozygous SMN1 deletions ror m J Med
in unaffected family members Swoboda KJ, Genet Part

43-63 — coed amty Scott HD, — — e |A BE
and modification of the . .

henotvpe by SMN2 Hejmanowski 2004;130A:
pacnotype by ' AQ. 307-10.
Pharmacology of a central
nervous system delivered 2'- |Rigo F, Chun J Pharmacol
O-methoxyethyl-modified SJ, Norris DA, N Exp Ther.

4.3-64 — . — — i %
survival of motor neuron Hung G, Lee S, b 2014;350(1)] %
splicing oligonucleotide in Matson J, et al. 1 46-55.
mice and nonhuman primates.

14/32




AR (BT a—4) BTEN—E

et | Sy o @ | mess | FE
5 | ReportNo. 24 b e} [PRER E e 341 R PR M SR T Py ot 5;0)
Synthetic oligonucleotides Rigo F, Hua Y, Nat Chem
recruit ILF2/3 to RNA Chun S, . Biol.
4.3-65 - transcripts to modulate Pral‘<ash TP, - - 7 2012;8(6):5 2%
splicing. Krainer AR, 55-61.
Bennett CF.
SMN gene duplication and
the emergence of the SMN2  |Rochette CF, I;(;l (;111 Genet.
4.3-66 — gene occurred in distinct Gilbert N, — — 1248 108(3)255 BE
hominids: SMN2 is unique to |Simard LR. ! 66 ’
Homo sapiens. )
Rudnik-Scho
neborn S,
Congenital heart disease is a |Heller R, Berg éi/rlg: 2008
4.3-67 — feature of severe infantile C, Betzler C, — — 4N 45(10')'635- HE
spinal muscular atrophy. Grimm T, 3 ’
Eggermann T, '
etal.
Shababi M,
Cardiac defects contribute to |Habibi J, Yang gz::;tMOl
4.3-68 — the pathology of spinal HT, Vale SM, — — S 2010.'19(20) S
muscular atrophy models. Sewell WA, 405 9’_7 )
Lorson CL. i '
Assessment and reporting of |Shankar G,
the clinical immunogenicity |Arkin S, Cocea AAPS J.
of therapeutic proteins and L, Devanarayan : 2014
4.3-69 - peptides-harmonized V, Kirshner S, B B 5 :16(4):658- |* %
terminology and tactical Kromminga A, 73.
recommendations. etal.
Splicing of a critical exon of | .
. Singh NK, Mol Cell
human Survwal Motor Singh NN, ] Biol. 2006
4.3-70 — Ne'uron 1's regulated by a Androphy EJ, — — 794N 26(4):1333 5%
unique silencer element .
. . and Singh RN. -46.
located in the last intron.
Modulating role of RNA Nucleic
structure in alternative Singh NN, Acids Res
4.3-71 — splicing of a critical exon in  |Singh RN, — — %48 2007_35(2'). B
the spinal muscular atrophy  |Androphy EJ. 371- é 9. ’
genes.
Schweiz
Molecular genetic diagnosis :lzllegel R, A &edh h
4.3-72 — and deletion analysis in Type gmann 4, — — HEs OCRENSCAN] 4
I-1II spinal muscular atrophy. Boltshauser E, )
Moser H. 1996;126(2
1):907-14.
Pan-ethnic carrier screening |Sugarman EA,
and prenatal diagnosis for Nagan N, Zhu El;itHum
4.3-73 — spinal muscular atrophy: H, Akmaev — — HEs+ 201 2.'2 o(l): B
clinical laboratory analysis of |VR, Zhou Z, 27_32’ ’
> 72.400 specimens. Rohlfs EM, et )
Induction of endogenous Bcl- |Taylor JK, T;ii:technol
4374 _ xS through the control of Bel- |Zhang QQ, . . sk 1999 ’ B
x pre-mRNA splicing by Wyatt JR, Dean 17(11):109
antisense oligonucleotides.  |NM. ’7_100. ’
Modification of MyD88 Vickers TA,
mRNA splicing and inhibition|Zhang H, T Immunol.
4375 . of IL-1beta signaling in cell |Graham MJ, . . Widh 2006:176(6)| %%
culture and in mice with a 2'- |Lemonidis KM, 365 2’_ 61
O-methoxyethyl-modified Zhao C, Dean ’ ’
oligonucleotide. NM.

15/32




AR (BT a—4) BTEN—E

et | Sy o @ | mess | FE
5 | ReportNo. 24 b e} [PRER E e 341 R PR M SR T Py ot 5;0)
The s.urv1val of motor neurons Wan L, Battle
protein determines the DJ, Yong J Moll Cell
capacity for snRNP assembly: | - . ’ N Biol.
4.3-76 = |biochemical deficiency in  |CU0iZAK, - - 5 2005;25(13) 2%
spinal muscular atrophy. Kolb SJ, Wang :5543-51.
J, etal.
T ™ [Nate T e
4.3-77 T |targeting human ICAM-1 fgjzii - - i 2006:1602): |2
(ISIS 2302). ) 169-80.
Wheeler TM,
Targeting nuclear RNA for in ];ZEZZA’;’K Nature
4.3-78 — vivo correction of myotonic ¥ o5 — — 724N 2012;488(7 |5
dystrophy. MacLeod AR, 409):111-5.
Nakamori M,
Cheng SH, et
Quantification of mutant I\;V(: ;(;fyjl,i J Clin
43-79 _ huntmgtu? protel? n Langbehn D, _ _ Yok Invest. B
cerebrospinal fluid from 2015;125(5)
Huntington's disease patients. Robertson N, :1979-86.
Haider S
Oligonucleotide-mediated Williams JH,
survival of motor neuron Schray RC, 7 Neurosci.
43-80 _ Protem expression m‘CNS Pat‘terson CA, _ _ WSk 2009:20024)| % =
improves phenotype in a Ayitey SO, :7633’-8.
mouse model of spinal Tallent MK,
muscular atrophy. Lutz GJ
Winer L,
SOD1 in cerebral spinal fluid [Srinivasan D, JAMA
as a pharmacodynamic Chun S, e Neurol. .
4.3-81 - marker for antisense Lacomis D, _ _ b 2013;702): |© %
oligonucleotide therapy. Jaffa M, Fagan 201-7.
A, etal.
How genetic modifiers Curr Opin
influence the phenotype of Wirth B, Genet Dev
4.3-82 — spinal muscular atrophy and |Garbes L, — — 1248 2013_23(3)'. B
suggest future therapeutic Riessland M. 130- é ’
approaches. '
e o [ v s e
4.3-83 - rescue the severe growth E;lll:)riti,D - - b 2009;150(9) %
retardation of IGF-I null mice. ) :4395-403.
Development of an
ultrasensitive noncompetitive
hybridization-ligation Yu RZ, Baker Anal
enzyme-linked B, Chappell A, Biochem
4.3-84 — immunosorbent assay for the |Geary RS, — — 724N 2002:30 4 ) 5
determination of Cheung E, 1 9_2’5
phosphorothioate Levin AA. ’ ’
oligodeoxynucleotide in
plasma.
Application of novel Curr Opin
quantitative bioanalytical Drug
methods for pharmacokinetic .
4385 . and Yu RZ, Geary _ _ st Discov .
. RS, Levin AA. Devel. 2004
pharmacokinetic/pharmacody 7(2):195-
namic assessment of antisense ’2 03
oligonucleotides. )
Cross-species .
pharmacokinetic comparison Yu RZ, Kim Drug Metab
from mouse to man of a TW, Hong A, ; Dispos.
4.3-86 — . . Watanabe TA, — — st 55
second-generation antisense Gaus HJ, Geary 2007;35(3):
oligonucleotide, ISIS 301012, ’ 460-8.

targeting human

RS.

16/32




AR (BT a—4) BTEN—E

Wi | Suay No/ mry | e | T/
» Report No. & % Bl = 3
L p A4k % PRBREESHRREEST Py ot ﬁzw
Cross-species comparison of YuRZ,
in vivo PK/PD relationships Lemonidis KM, Biochem
for second-generation Graham MJ, Pharmacol
43-87 — . & , Matson JE, — — i aEs
antisense oligonucleotides 2009;77(5):
targeting apolipoprotein B- | 00K¢ RM: 910-9
AT8CUNg apotipOPIOtEN B N yibble DL, et '
100.
al.
Comprehensive observational
assessment: la. A systematic, Psychophar
quantitative procedure for . N macologia.
4.3- — . . I — — i %
3-88 assessing the behavioral and rwin § S 1968;13(3): %
physiologic state of the 222-57.
mouse.
Matsuzawa J,
Age-related Volumetric Matsui M, Cereb
Changes of Brain Gray and  |Konishi T. e Cortex.
) _ > _ _ 3 %
4.3-89 White Matter in Healthy Noguchi K, A 2001;11(4): i
Infants and Children Gur RC, 335-42.

Bilker W, et al.

17/32




B5H (U= —5) TR —E

PEAH/
5%
DA

A8k | Report No. /
&5

B/

En/
y Z DA

ZA b S

BRER A
EE iR

BB M
B

5.2 WERRER —E R

5.2.1 [Listing of All Clinical Studies|

5.3 kBl 5 M OCBEE 1T

5.3.1 AL EEA R R s

5311 XA FT XA ZE VT ¢+ (BA) RABfEE

FL B L

5.3.1.2 LEBAGER K OVEW) FrURI % (BE) ABRlE &

BE R U

5.3.1.3 In Vitro-In Vivo® B 2 kgt U 7o s 3

U ERR L

5.3.1.4 MR R OB AR S AT IE R S &

5.3.14-1

396443-
MV04

Validation of a Hybridization
ELISA Method for the
Determination of ISIS
396443 in Human Plasma

T4

FENE R

(T

5.3.14-2

396443-
MV05

Validation of a Hybridization
ELISA Method for the
Determination of ISIS
396443 in Human CSF

o

et

FE

53.1.4-3

396443-
MV06

Validation of a Hybridization
ECL Method for the
Determination of ISIS
396443 in

Human Plasma

A

KB R

FE{l

53.14-4

396443-
MV07

Validation of a Hybridization
ECL Method for the
Determination of ISIS
396443 in

Human CSF

M4

B

FEA

53.14-5

396443-
MV09

Validation of an ELISA
Method for the Detection of
Anti-ISIS 396443 Antibodies
in Human K2EDTA Plasma

5.3.1.4-6

396443-
MV08

A

FENE R

i

Evaluation of a Hybridization
ECL Method for the
Determination of ISIS
396444 in

Human Urine

20

FENEER

aFi

5.3.1.4-7

396443-1S08

Direct Identification and
Concentration Measurement
of ISIS 396443 by lon-Pair
HPLC-Electrospray/Mass
Spectrometry (IP-HPLC-
ES/MSMS) in Selected
Human CSF Samples

Isis (Hilonis)
Pharmaceutica
Is, Inc.

st

PR

5.3.1.4-8

396443-1S07

Identification and Profiling of
ISIS 396443 and its
Associated Metabolites by
Ion-Pair
HPLCElectrospray/Mass
Spectrometry (IP-HPLC-
ES/MSMS) in Selected
Available CSF, Tissue,
Plasma, and Urine Samples
from Monkeys and Humans

I >0l

Isis (Hilonis)
Pharmaceutica
Is, Inc.

st

P

5.3.14-9

Development of an Erenna”
Immunoassay for Survival
Motor Neuron 1(SMN1) in
CSF

__RL

4

FENE R

5.3.1.4-10

TS058-
001BR-IN.1

Evaluation by ELISA of Anti-
ISIS 396443/BIIB058
Antibodies in Human Plasma
Samples from Clinical Study

Il FARTHTY

2328M201

20}

to

B R

AF

18/32




HoE (BT —A5) WRAEE—E

A
Wt 8+ | Report No. / 5t w | BEEEN | mexws | Ev | ewe |20
RE il B #E5 oM | e
Hybridization ECL Analysis
TS058- of ISIS 396443 in Human 20. ‘ ‘ i
5.3.1.4-11 003BRIN.1 Plasma Samples from Biogen r to L 2N NG FEAf
" |MA Inc. Protocol No. 20)
232SM201
Hybridization ECL Analysis ) 0.
TS058- of ISIS 396443 in Human , - -
53.14-12 004BR-IN.1 |CSF Samples from Biogen |— o L i PR ¥
20
MA Inc.
532 b MG E IV 7o B BRI O sl R 5
5.3.2.1 I BEaE s B el BR i
In Vitro Evaluation of the
Extent of Plasma Protein Isis (Hilonis)
53.2.1-1  [396443-1S04 |Binding of ISIS 396443 in ‘ B 20l [Pharmaceutica |54 wEs |25
Human and Monkey Plasma Is, Inc.
by Ultrafiltration
In Vitro Evaluation of the
Extent of Protein Binding of Isis (Hilonis)
53.2.1-2  [396443-1505 [ISIS 396443 in Human and ‘ 0l [Pharmaceutica |54 HRgEE 2%
Monkey Cerebral Spinal Is, Inc.
Fluid by Ultrafiltration
In Vitro Evaluation of the
Extent of Protein Binding of
ISIS 396443 in Plasma
53.2.1-3  [396443-1506 |(Human, Monkey, and I R - st NGRS |B2E
Mouse) and in Cerebrospinal
Fluid (Human and Monkey)
by Ultrafiltration
5.3.2.2 MG L O AR IR B &
Assessment of ISIS 396443
as a substrate or inhibitor of
human BCRP, P-gp, OATI, 20 to . - N
53221 [396saIsia | D oo, F.zo‘ F Wik |k [z
OATP1B1, OATPIB3 and
BSEP mediated transport
In Vitro Assessment of
Cytochrome P450 Induction
53.22-2 121153 396443 | p tential of ISIS 396443 in r [ | . A wNEE %
Plated Cryopreserved Human
Primary Hepatocytes
In Vitro Assessment of
Cytochrome P450 Inhibition
5.3.2.2-3 215‘3%443' Potential of ISIS 396443 r [ BN | . o lEE |3E
in Cultured Cryopreserved
Human Primary Hepatocytes
5323 flLo b MEKRRE Z O R
RZL R L
533 A EDEIE (PK) B
5.3.3.1 MR (T35 1 5 PR OB A MR 5 &
BRI L
5.3.3.2 JBFITHIT HPKE ORI A AR B E &
BRI L
5.3.3.3 NIAIPE SN & Bt L 72 PKGABR R 5
AR L
5.3.3.4 SMAIME SN & Bt L 72 PKRABR R S
BRI L
5335 AE 2L —V 3 VPKR G
Population Pharmacokinetics
and Exploratory Exposure- .
5335.1 306443-1S1 1 Response Analysis of ISIS g;lms ica |14k P =
B ) 396443 (SMNRx) in Paticnts B ?:?aceu“ca e B [FFil

with Spinal Muscular
Atrophv

19/32




HoE (BT —A5) WRAEE—E

MTER
Ew

Report No. /

ZA b

EE

BRER A
3

BB M
B

B/
s+

B#Es
Z DA,

PEAH/
5%
DA

5.3.3.5-2

CPP-17-001-
BIIB058

Updated Population
Pharmacokinetic Analysis in
Patients with Spinal Muscular
Atrophy (SMA)

B R

A

5.3.4 BRI (PD) alBRas &

5.3.4.1 FEEEWEER A |2 35 1) 5 PDRRER M OSPK/PDRASR 1 77

EATA

L

5.3.4.2 BFITH T 5 PDikER } O'PK/PDA SR 77 £

5.3.4.2-1

ISIS 396443-
CS1

An Open-label, Escalating
Dose Study to Assess the
Safety,

Tolerability and Dose-range
Finding of a Single
Intrathecal Dose of

ISIS 396443 in Patients with
Spinal Muscular Atrophy

20) -
20

B R

¥

5.3.4.2-2

ISIS 396443-
CS2

An Open-label, Dose
Escalation Study to Assess
the Safety,

Tolerability and Dose-range
Finding of Multiple Doses of
ISIS 396443 Delivered
Intrathecally to Patients with
Spinal

Muscular Atrophy

20) -
20)

Qo
=
=
[¢]
=
%]

FEAE R

AT

5.3.5 A0 OV 2V EREBR R &

5.3.5.1 H3H

3D WISES

B % Moo AR S &

5.3.5.1-1

ISIS 396443-
CS3B interim

A Phase 3, Randomized,
Double-Blind, Sham-
Procedure Controlled Study
to Assess the Clinical
Efficacy and Safety of ISIS
396443 Administered
Intrathecally in Patients With
Infantile-Onset Spinal

o
ongoing,
Data cut-off:
20

a. I

an
others

FENE B

AT

5.3.5.1-2

ISIS 396443-
CS3B final

A Phase 3, Randomized,
Double-Blind, Sham-
Procedure Controlled Study
to Assess the Clinical
Efficacy and Safety of ISIS
396443 Administered
Intrathecally in Patients With
Infantile-Onset Spinal

20, -
20)

an
others

a. I

4

FENE R

i

5.3.5.2 IExE

HEGABR R 5

5.3.5.2-1

ISIS 396443-
CS3A

A Study to Assess the
Efficacy, Safety, Tolerability,
and Pharmacokinetics of
Multiple Doses of Nusinersen
(ISIS 396443) Delivered
Intrathecally to Patients with
Infantile-Onset Spinal
Muscular Atrophy

20
ongoing
Data cut-off:
20

and
others

FEP R

AFi

5.3.5.2-2

2325M201

An Open-Label Study to
Assess the Efficacy, Safety,
Tolerability, and
Pharmacokinetics of Multiple
Doses of ISIS 396443
Delivered Intrathecally to
Subjects With Genetically
Diagnosed and
Presymptomatic Spinal
Muscular Atrophy

TFTT *F

ol -
ongoing
Data cut-off:
20

and
others

FEAE B

FE i

20/32




HoE (BT —A5) WRAEE—E

MTER
Ew

Report No. /

ZA b

EE

BRER A
3

BB M
B

B/
s+

B#Es
Z DA,

PEAH/
5%
DA

5.3.5.2-3

ISIS 396443-
CS10

An Open-label Study to
Assess the Safety and
Tolerability of a Single
Intrathecal Dose of ISIS
396443 in Patients with
Spinal Muscular Atrophy
Who Previously Participated

20, -
20)

and
others

B R

A

5.3.5.2-4

ISIS 396443-
CS12

An Open-label Study to
Assess the Safety and
Tolerability of

ISIS 396443 in Patients with
Spinal Muscular Atrophy
who

Previously Participated in

2o
ongoing
Data cut-off:
20

AN

PR

FE i

5.3.5.2-5

232SM201
updated

An Open-Label Study to
Assess the Efficacy, Safety,
Tolerability, and
Pharmacokinetics of Multiple
Doses of ISIS 396443
Delivered Intrathecally to
Subjects With Genetically
Diagnosed and
Presymptomatic Spinal
Muscular Atrophy

and others

o -
ongoing
Data cut-off:
20

and
others

A

PR

FE

5.3.5.3 B ORI &

D TR L T &

5.3.5.3-1

ISIS 396443-
CS2/ISIS
396443-CS12

Tables and figures produced
for the cross-study
comparisons of efficacy in
infants with SMA and the
CS2/CS12 longitudinal
analysis

st

PR

FEAl

5.3.5.3-2

ISIS 396443-
CS2/ISIS
396443-CS12

Statistical analysis plan for
the longitudinal analysis of
Studies CS2/CS12 in later-
onset SMA

s

FENE R

5.3.5.3-3

Statistical Analysis Plan

AP

5.3.5.4 D

fh DR BRI

5.3.54-1

ISIS 396443-
CS4

A Phase 3, Randomized,
Double-Blind, Sham-
Procedure Controlled Study
to Assess the Clinical
Efficacy and Safety of ISIS
396443 Administered
Intrathecally in Patients With
Later-Onset Spinal Muscular

5.3.54-2

232SM202

ol
ongoing
Data cut-off:
20

A

FENE R

A Phase 2, Randomized,
Double-blind, Sham
procedure Controlled Study
to Assess the Safety and
Tolerability and Explore the
Efficacy of ISIS 396443
(BIIB058) Administered
Intrathecally in Subjects With
Spinal Muscular Atrophy
Who Are Not Eligible to
Participate in the Clinical
Studies ISIS 396443 CS3B or

ol
ongoing
Data cut-off:
20

A

KB R

5.3.54-3

ISIS 396443-
CS11

An Open-label Extension
Study for Patients with Spinal
Muscular Atrophy who
Previously Participated in
Investigational Studies of
ISIS 396443

-
ongoing
Data cut-off:
20

B R

21/32




HoE (BT —A5) WRAEE—E

MTER
Ew

Report No. /

ZA b

EE

BRER A
3

BB M
B

B/
s+

B#Es
Z DA,

PEAH/
5%
DA

5.3.54-4

396443-1S09

Immunogenicity Evaluation
in Monkeys Dosed in a S3-
week Toxicology Study and
in Patients Participating in
Clinical Studies ISIS 396443-
CS], ISIS 396443-CS2, ISIS
396443-CS10, ISIS 396443-
CS12, and ISIS 396443-
CS3A After Intrathecal
Administration of ISIS
396443

ol

FEPN R

AFi

5.3.54-5

ISIS 396443-
PC04-01

Analysis of SMN Protein in
CSF Samples from Children
Given a Single Dose of ISIS
396443

through

20)

T4

FENE R

i

5.3.54-6

ISIS 396443-
PC04-02

Analysis of SMN Protein in
CSF Samples from Children
Given a Single Dose of ISIS
396443

20§ through

20l

T4

FENE R

i

5.3.54-7

ISIS 396443-
PC04-03

Analysis of SMN Protein in
CSF Samples from Infants
given Multiple Doses of ISIS
396443

4

FENE R

i

5.3.54-8

ISIS 396443-
PC04-04

Analysis of SMN Protein in
CSF Samples from Children
with SMA given Multiple
Doses of ISIS 396443 (ISIS
396443-CS-1, CS-10, And
CS-12)

through

PR

¥

5.3.54-9

ISIS 396443-
PC04-05

Analysis of SMN Protein in
CSF Samples From Children
with SMA Given Multiple
Doses of ISIS 396443 (ISIS
396443-CS2 and CS12)

AP

¥

5.3.5.4-10

ISIS 396443-
PCO03

Analysis of ISIS 396443
Localization in Human
Tissues

Isis (Hilonis)
Pharmaceutica
Is, Inc.

s

FEPNEER

5.3.54-11

ISIS 396443-
PCO02

Analysis of SMN protein
localization in human tissues
treated with ISIS 396443

Isis (Fllonis)
Pharmaceutica
Is, Inc.

fLEZAs

N R

5.3.54-12

ISIS 396443-
PCO06

Quantification of SMN
Protein Localized in Human
Tissues Treated with ISIS
396443

Isis (Filonis)
Pharmaceutica
Is, Inc.

4

KB R

5.3.5.4-13

396443-1S08

Direct Identification and
Concentration Measurement
of ISIS 396443 by lon-Pair
HPLC-Electrospray/Mass
Spectrometry (IP-HPLC-
ES/MSMS) in Selected
Human CSF Samples

Isis (Hilonis)
Pharmaceutica
Is, Inc.

st

PG

5.3.54-14

396443-1S07

Identification and Profiling of
ISIS 396443 and its
Associated Metabolites by
Ion-Pair
HPLCElectrospray/Mass
Spectrometry (IP-HPLC-
ES/MSMS) in Selected
Available CSF, Tissue,
Plasma, and Urine Samples

from Monkeys and Humans

N

Isis (Eilonis)
Pharmaceutica
Is, Inc.

st
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factors and clinical features Barros MV, 16-23.

Valenca MM
Vascular Perfusion Araujo A, J Pediatr.

5.4-2 —_ Abnormalities in Infants with |Araujo M, — —_ 2N 2009;155(2):2| &%
Spinal Muscular Atrophy Swoboda KJ 92-4.
Rl R e

54-3 B variability in children with  [Kroksmark - - 2 2009:98(5):86 [ 245

. 5-72.
spinal muscular atrophy AK, et al
Spinal muscular atrophy: Arnold WD, Muscle
5.4-4 — diagnosis and management in |Kassar D, — — HiES: Nerve. 55
a new therapeutic era Kissel JT 2015;51(2):15
Spinal Drug
. . . . Delivery.
ses | o [t e e e
’ 1999.p 177-
237.
Medical considerations of f/[r: dJ;:h); Sbi]

5.4-6 — long-term survival of Bach JR — — S+ BE

Werdnig-Hoffmann disease 20072;86(5):3
49-55.
Bach IR, Am I Phys
Long-term survival in Saltstein K. Med Rehabil
5.4-7 — ) ) . ’ — — sk 2007b;86(5):3| &%
Werdnig-Hoffmann disease  |Sinquee D, et .
al 39-45 quiz
346-8, 379.
134th ENMC International
Workshop: Outcome Bertini E, Neuromuscul

5.4.8 _ Me'asures and Treatment of |Burghes A, _ _ Wit Disord. s
Spinal Muscular Atrophy, 11-|Bushby K, et 2005;15(11):8
13 February 2005, Naarden, |al 02-16.

The Netherlands.
Cerebrospl.nal ﬂuld Protem Biou D, .
concentrations in children: Benoist JF Clin Chem.

5.4-9 — age-related values in patients N -Tl’l' — — s+ 2000;46(3):39[&%
without disorders of the guyen-tu 9-403.

C,etal
central nervous system

Borkowska J,
Early infantile form of spinal |Rudnik- Folia
muscular atrophy (Werdnig- |Schoneborn N Neuropathol.

54-10 - Hoffmann disease) with S, - - i 2002;40(1):19 %
prolonged survival Hausmanowa -26.

-Petrusewicz
BrlJ
5.4-11 — CSF pathways: a review ?:(?i;eel;i/f - - st ?()e;; ?25 ;l(r;g).:Sl %
0-20.
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improving the prognosis b, Lee NC Pediatrics.
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newborn screening and early |Thurberg BL, 111625
treatment et al )
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A degron created by SMN2 enes &
exon 7 skipping is a principal [Cho S development.
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contributor to spinal muscular|Dreyfuss G
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functional status P 548-53
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.. DT, et al
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survey findings al 467-72.
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Very severe spinal muscular Neurol
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correction of phenotype ctal 9-414.
. .. . Ellenby MS, N Engl J
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Molecular characterization
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association in a pre- R . Disord. N
54-28 - symptomatic infant with Finkel RS - - i 2013;23(2):11 %
spinal muscular atrophy type 2-5.
1
Finkel RS,
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implications for clinical trials | Kaufmann P, 0-7.
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Measures and Clinical Trial |Bertini E, N Disord.
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Th.e Chlldr.e n's Hospital of Glanzman Neuromuscul
Philadelphia Infant Test of AM Disord
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development and reliability.
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Differences in SMNI1 allele gecn‘gﬁjﬁ;‘e T Med Genet.
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Toxicologic Properties of 2°- |Henry SP, ?&tlcl}gmology )
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