
 



 

29 5 31  

 

 

 

 

 

 

 

12 mg 

 

 

28 12 7  

1 5 mL 12.63 mg 12 mg

 

1  

 

 
 C234H323N61Na17O128P17S17 

  7500.89 

   

   all-P-ambo-2’-O-(2- )-5- -P- -(3’ 5’)-2’-O-(2-

)-5- -P- -(3’ 5’)-2’-O-(2- )-P-

-(3’ 5’)-2’-O-(2- )-5- -P- -(3’ 5’)-2’-O-(2-

)-5- -P- -(3’ 5’)-2’-O-(2- )-5-
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-P- -(3’ 5’)-2’-O-(2- )-5- -P- -(3’

5’)-2’-O-(2- )-5- -P- -(3’ 5’)-2’-O-(2-

)-P- -(3’ 5’)-2’-O-(2- )-5- -P-

-(3’ 5’)-2’-O-(2- )-P- -(3’ 5’)-2’-O-(2-

)-P- -(3’ 5’)-2’-O-(2- )-5- -P- -

(3’ 5’)-2’-O-(2- )-P- -(3’ 5’)-2’-O-(2- )-

5- -P- -(3’ 5’)-2’-O-(2- )-5- -P-

-(3’ 5’)-2’-O-(2- )-P- -(3’ 5’)-2’-O-(2-

)   

     Heptadeca sodium salt of all-P-ambo-2’-O-(2-methoxyethyl)-5-methyl-P-thiouridylyl-(3’

5’)-2’-O-(2-methoxyethyl)-5-methyl-P-thiocytidylyl-(3’ 5’)-2’-O-(2-methoxyethyl)-P-thi

oadenylyl-(3’ 5’)-2’-O-(2-methoxyethyl)-5-methyl-P-thiocytidylyl-(3’ 5’)-2’-O-(2-metho

xyethyl)-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’-O-(2-methoxyethyl)-5-met

hyl-P-thiocytidylyl-(3’ 5’)-2’-O-(2-methoxyethyl)-P-thioadenylyl-(3’ 5’)-2’-O-(2-methox

yethyl)-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-me

thoxyethyl)-P-thioguanylyl-(3’ 5’)-2’-O-(2-methoxyethyl)guanosine 

28 392 28 11 24

1124 6  

 

 

 

 

 

  

 1 2

4 9 4

1 3  
 

   
0-90  9.6 mg 4 mL 

91-180  10.3 mg 4.3 mL 
181-365  10.8 mg 4.5 mL 
366-730  11.3 mg 4.7 mL 
731  12 mg 5 mL 

 

 1.  
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2. 

 



 1

1

29 4 28  

 

 12 mg 

  

   

 28 12 7  

 1 5 mL 12.63 mg

12 mg  

  

 2 24

1 12 mg 5 mL 2 24

 
 

  
mg  mL  

 * 

0-3  9.6 mg 4 mL 
0

14
28

63  

4  
3-6  10.3 mg 4.3 mL 
6-12  10.8 mg 4.5 mL 
12-24  11.3 mg 4.7 mL 
> 24  12 mg 5 mL 

*  
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8.  ............................... 69 
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2’-MOE 2’-O-(2-methoxyethyl) 2’-O- 2-  
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ALT Alanine Aminotransferase  
ApoB Apolipoprotein B B 
ASO Antisense Oligonucleotide  
AST Aspartate Aminotransferase 
AUC Area Under Concentration-time Curve -  
BCRP Breast Cancer Resistance Protein  
BLAST Basic Local Alignment Search Tool  

Basonuclin 2  
BSEP Bile Salt Export Pump  
BUN Blood Urea Nitrogen  
CHOP INTEND Children’s Hospital of Philadelphia Infant 

Test of Neuromuscular Disorders  
CL Clearance  
CLcsf   
CLp   
CMAP Compound Muscle Action Potential  
Cmax Maximum Concentration  
CRP C-reactive Protein C  
CSF Cerebrospinal Fluid  
CTD Common Technical Document  
DMT 4,4’-dimethoxytrityl 4,4’-   
DNA Deoxyribonucleic Acid  

 Dynein Cytoplasmic 1 Heavy Chain 1  
EC50 Effective Concentration, 50%  50%  

 EF-hand Calcium Binding Domain 6  
ELISA Enzyme-linked Immunosorbent 

Assay 
 

FDA Food and Drug Administration  
Folliculogenesis Specific BHLH 
Transcription Factor 

 

 Forkhead Box P1  
GCCR Glucocorticoid Receptor  
GLP Good Laboratory Practice 

 
hERG Human Ether-a-go-go Related Gene  
HINE Hammersmith Infant Neurological 

Examination 
Hammersmith  

HLGT High Level Group Term  
HLT High-Level Term  
hnRNP Heterogeneous Nuclear Ribonucleoprotein  
HPLC High Performance Liquid Chromatography  
Hyb-ECL Hybridaization Electrochemiluminescence  
Hyb-ELISA Hybridaization Enzyme-

linked Immunosorbant Assay  

* 新薬承認情報提供時に置き換えた

a不純物*

b不純物*
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ICD-10 International 

Statistical Classification of Diseases and 
Related Health Problems 10th revision 

10  

ICH International Council for Harmonisation of 
Technical Requirements for 
Pharmaceuticals for Human Use 

 

ICH Q1E
 

 
15 6 3

0603004  
 Immunoglobulin Mu Binding Protein 2  

ITT Intention-to-Treat  
LC-MS Liquid Chromatography Mass 

Spectrometry 
/  

LC-MS/MS Liquid Chromatography-tandem Mass 
Spectrometry  

 MDS1 and EVI1 complex locus  
MedDRA Medical Dictionary for Regulatory 

Activities 
ICH  

mRNA Messenger Ribonucleic Acid RNA 
 Macrophage Scavenger Receptor 1  

  
 

 
 

  
 

  
 

  
 

  
 

  
 

  
 

  
 

  
 

NMR Nuclear Magnetic Resonance Spectrum  
NZW New Zealand White  

 

 

 

 

 

 
 

 

* 新薬承認情報提供時に置き換えた

c*

d*

e-1*

e-2*

e-3*

e-4*

e-5*

e-6*

e-7*

e-8*

f不純物*

g不純物*

h不純物* 
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OAT Organic Anion Transporter  
OATP Organic Anion Transporting Polypeptide  
OCT Organic Cation Transporter  
PD Pharmacodynamics  
P-gp P-glycoprotein P-  
PPK Population Pharmacokinetics  
PT Preferred Term  
PTEN Phosphatase And Tensin Homolog  
Qcsf  

 
Qp  

 
QTc Corrected QT QT 
QTcF Fridericia-corrected QT Fridericia QT 
RNA Ribonucleic Acid  

 Retinitis Pigmentosa GTPase 
Regulator Interacting Protein 1 Like 

 

 Remodeling and Spacing Factor 1  
RT-PCR Reverse Transcription Polymerase Chain 

Reaction 
 

SD Sprague-Dawley  
SMA Spinal Muscular Atrophy  
SMN Survival Motor Neuron  

Survival Motor Neuron 1  
Survival Motor Neuron 2  

SMQ Standerdized MedDRA Query MedDRA  
SOC System Organ Class  

 Signal Transducer And Activator of 
Transcription 4 

 

t1/2 Elimination Half-life  
tmax Time to Reach Maximum Concentration  

 Thyrotropin Releasing Hormone Degrading 
Enzyme 

 

 Unc-51 Like Kinase 2  
Vcsfc  

 
Vcsfp  

 
Vpc  

 
Vpp  

 
 

 
  

 

* 新薬承認情報提供時に置き換えた

i不純物*

j*
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  12 mg 
   

* 新薬承認情報提供時に置き換えた

k不純物*

l不純物*

m不純物*
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1.

SMA SMN1 SMN

SMA 0 20 30

5

Lancet Neurol 2012; 11: 443-52 J Child Neurol 2007; 22: 1027-49

SMA 58% Eur J Hum Genet 2004; 12: 1015-23

6 24

1.3% Pediatrics 2013; 131: e1509-14

J Child Neurol 2007; 22: 1027-49 SMA

SMA

Arch Neurol 1995; 52: 518-23 SMA 29 13% Eur 

J Hum Genet 2004; 12: 1015-23 0

SMA SMA

10 0.5 1.0  2007; 83: E52-7 26

894 http://www.nanbyou.or.jp/entry/1356  

ISIS Pharmaceuticals, Inc. Ionis Pharmaceuticals, Inc. 2’-MOE

18 ASO SMN

SMN2 mRNA SMN

20

2016 12 2017 3  

ISIS Pharmaceuticals, Inc. Ionis Pharmaceuticals, Inc. 2014 8

SMA SMA

28 11 24 28 392

SMA 2014 11 20

 

 

2.  

2.1

2.1.1

pH

2’

18

217  

NMR 1H- 13C- 31P-NMR

X  
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2.1.2

 

 

 

 
2.1.3

LC-MS

LC-MS

LC-MS  

2.1.4

1  
 

1  
      

 /3  -20°C - 
/  24  

 

20 5 24 60

 

 

2.2

2.2.1

2.53 mg/mL 2.4 mg/mL 1 5 mL

 

2.2.2

 

2.2.3
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LC-MS pH

LC-MS  

2.2.4

2  
 

2  
      

 
A/ /3

5°C -  
/  
/  

24  
B/ /3 3 a) 

 
A/ /3

25°C 60% RH
6  

B/ /3 3 a) 
a) 6 2  
 

ICH Q1E

2 8 30

60  

 

2.R

2.R.1

 

3

7500.89

)

r

 
 

3  
  

 

 
  

  
  
 

 
 

 
  

 

* 新薬承認情報提供時に置き換えた
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4

1000

 
 

4  
 #1 #2 #3 #4 

  

 
 

 
 

 
  

 
 

   
   

  
 

    
   

 
    

 
 

 

 
  

 
 

 
 

  

2.R.2 n*    o* 

4

3.R.2.1

SMN2

 

 

2.R.1

 

   n*           o*       

 

+*

* 新薬承認情報提供時に置き換えた

+* +* +*

+* +* +* +*

+* +* +*+*
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4

 

 

4

SMA

 

 

 

 

 

 

 

 

 

 

2.R.3

* 新薬承認情報提供時に置き換えた
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Nucleic Acids Res 2014; 42: 13456-68

 

5

 
 

5  
 1 2

   

 
   

 
 

 
 

 
 

 

 

 

 

 

2.R.4

 

 

B 6

2 2.2.4  

 

3.

3.1.1 SMN
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0.3 100 nmol/L GM03813 1) RNA SMN2 RNA

RT-PCR 7 SMN2 EC50: 

1.9 nmol/L CTD 4.2.1.1-5  

100 nmol/L GM03813 1)

Western Blot SMN 1.9 SMN

CTD 4.3-35: Am J Hum Genet 2008; 82: 834-48  

50 nmol/L GM03813 1)

4’-6- -2- SMN

SMN CTD 4.2.1.1-

2  

SMN2 7 RNA HeLa

SMN2 7 RNA pull-down

hnRNP A1 A2 B12) Western Blot HeLa 30 nmol/L

HeLa hnRNP A1 A2

B1 SMN2 7 RNA CTD 4.2.1.1-

3  

3.1.2 SMA 3)

SMN2 3) C/C 3) 0 350 g

7 EC50 SMN2

1.6 5.7 g/g C/C 1.2 3.7 g/g CTD 4.2.1.1-

4  

SMN2 3) 0 350 g SMN

SMN CTD 4.2.1.1-4  

7 SMA 3) 0 4 μg
4) 5)

16 26 CTD 4.3-61: Sci Transl Med 2011; 3: 72ra18  

Hung 2 SMN2 copy 3) 1 20 μg 7

7 SMN2 7 6) 13

14% 83 86% SMN

10 16 CTD 4.3-33: 

Nature 2011; 478: 123-6  

 

3.2

3.2.1 CTD 4.3-32: Genes Dev 2010; 24: 1574-9  
                                                        
1) SMA  
2) SMN2 7 CTD 4.3-35: Am J Hum Genet 2008; 82: 834-48  
3) SMN2 SMA SMN2 : Smn SMN2

C/C : Smn 1 6 SMN2 7 8 SMN2
7 SMA : Smn SMN2 7 SMN2

Hung 2 SMN2 copy : Smn 2 SMN2  
4) 60  
5) 1 cm2  
6) 7 SMN2 7 SMN2 7 SMN2  
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SMN2 3) 15 20 μg

: 3

: 9  

3.2.2 SMN2 in silico
BLAST Proc Natl Acad Sci USA 1989; 86: 441-5

Bowtie Genome Biol 2009; 10: R25 7) BLAST 16

15 zinc finger matrin-type 

4 neuron navigator 2 8) Bowtie 3 3
8) CTD 4.2.1.1-7  

3.3

6  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

                                                        
7) BLAST: Genome Reference Consortium Human Build 37 patch release 5 (GRCh37.p5) Bowtie: Genome Reference Consortium Human 

Build 38 patch release 4 (GRCh38.p4)  
8 ) BLAST Bowtie : LOC643542 Bowtie

: LOC102724356 LOC105373684 LOC105371082 
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6

     
  CTD 

 
 

2 3 /  
 

1 3 7 mg  7 mg : 
 

4.2.3.1-1

9 10

7 9 /   

0.3 1
3 mg/ 15

a) 

 3 mg/ : 
 

4.2.3.2-1

9 11

5 7 /  
c) Irwin

 

0.3 1.0
4.0 mg/ 13

b) 

 4.0 mg/ : 
 

4.2.3.2-2

 

SD 8 /
 

0.02 0.06
0.2 mg/ 25

 

  4.2.1.3-1

2 3 /  
 1 3 7 mg   4.2.3.1-1

9 10

2 4 /  

 0.3 1
3 mg/ 15

a) 

  4.2.3.2-1

9 11

5 7 /  
 

0.3 1.0
4.0 mg/ 13

b) 

  4.2.3.2-2

 

SD 8 /
 

1
 

0.02 0.06
0.2 mg/ 25

 

  4.2.1.3-1

2 3 /  
 1 3 7 mg   4.2.3.1-1

9 10

2 4 /  

 0.3 1
3 mg/ 15

a) 

  4.2.3.2-1

/
 

2 3 /   
1 3 7 mg   4.2.3.1-1

9 10

2 4 /  
pH

0.3 1
3 mg/ 15

a) 

  4.2.3.2-1

5 7 /  
pH

 

0.3 1.0
4.0 mg/ 13

b) 

  4.2.3.2-2

a) 0.3 1 mg/ 5 1 1 1 8 15 22 29 2 1 43 57
71 85 99 3 mg/ 1 1 15  

b) 5 1 1 1 8 15 22 29 6 1 71 113 155 197 239 281
323 365  

c)  

 

3.R

3.R.1

SMA  

SMA

 

SMA 5q SMN1

SMN CTD 4.3-43: Cell 

1995; 80: 155-65 CTD 4.3-63: Am J Med Genet Part A 2004; 130A: 307-10  

Human Protein Atlas http://www.proteinatlas.org/ SMN

SMN SMN SMN
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Semin Cell Dev Biol 

2014; 32: 22-9 SMN RNA

SMN SMA

 

4 5% 5q SMA

Am J Hum Genet 1999; 64: 1340-56 SMN1 IGHMBP2

DYNC1H1 Pediatr Clin North Am 

2015; 62: 743-66  

 

SMN1 SMN SMN2 SMN2

7 6

SMN1 7

SMN1 SMN

7 SMN1

SMN CTD 4.3-12: 

Genes Dev 2010; 24: 438-42 SMN2 SMA

CTD 5.4-27: Am J Hum Genet 2002; 70: 358-68 SMA SMN2

SMN  

SMN2 mRNA 7 ASO 7

SMN CTD 4.3-34: PLoS Biol 2007; 

5: e73 CTD 4.3-71: Nucleic Acids Res 2007; 35: 371-89

7 7 10 27

ASO CTD 4.3-35  

in vitro SMA 7 SMN2

SMN 3.1.1 3.1.2 SMA

SMN SMA

 

CTD 4.2.1.1-1

CTD 5.3.5.2-1: CS3A 7 6) 28 70%9)

SMA SMN2 0 4 CTD 5.4-23

SMA SMN SMN1

SMN 2.8 4 x70%

3 SMN1 Mol Genet Genomic Med 

2015; 3: 248-57 SMN

 

 

                                                        
9) CS3A 3  
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SMA SMN2

SMN

SMN

SMN2

 

 

3.R.2

3.R.2.1

ASO SMN2

 

SMN2  

SMN2

 

SMN

3.R.1 3.R.2.2

APK02

SMN

4.R.1 SMN SMN

3.R.1

 

7.R.4.1 21 23  

7.R.4.1 7.R.4.6

 

SMN2

 

 

15

CTD 4.2.1.1-7
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Bowtie Genome Biol 2009; 10: R25 10)

110
11)

12

7  
 

7  
 

  
FIGLA  
STAT4  
FOXP1  

MECOM 
 

MSR1  
BNC2  
RSF1 B  
TRDHE  
FREM2  
RPGRIP1L  
ULK2  
EFCAB6  
Pubmed gene https://www.ncbi.nlm.nih.gov/gene/ Online Mendelian Inheritance in Men https://www.omim.org/ Mouse 
Genome Informatics http://www.informatics.jax.org/  
 

FOXP1 MECOM BNC2 RSF1 RPGRIP1L

FOXP1: MECOM: 

BNC2: RSF1: FREM2: RPGRIP1L: 

4.2.3

 

7.R.4.1 21

23

7 7

 
 

 

SMN2

 

in silico

in vitro

                                                        
10) version hg38 Gencde v21

2  
11) Pubmed gene https://www.ncbi.nlm.nih.gov/gene/ Online Mendelian Inheritance in Men https://www.omim.org/

4  
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in silico

2

SMA

12

 

7

 

 

3.R.2.2  

 

3.R.2.2

3.R.2.1

 

SMN2

3.R.2.1

 

CTD 4.2.3.1-1 CTD 4.2.3.2-1 CTD 4.2.3.2-2 53

CTD 4.2.3.2-2 12) : 7 : 6

1 CTD 4.2.3.2-2

5.R.1

4

CSF 13) 20 12 mg

                                                        
12) 3 1

 
13) CTD 4.2.3.1-1 3 mg 4

CSF 23 ng/mL 8 t1/2 102 14
CTD 4.2.3.2-1 1 mg/ 4 CSF 5 ng/mL

106 t1/2 102 53 CTD 4.2.3.2-2
1 mg/ 84 CSF 4.6 ng/mL 4 mg/
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CSF 14) 0.34 1.69  

in vitro 2’-MOE ASO15) hERG

CTD 4.3-39: J Pharmacol Toxicol Methods 2014; 69: 49-60 hERG

in vivo

Cmax AUC0-24h
16) 20 12 mg

17) 1.4 2.8 1.2 2.3

Cmax

AUC0-24h
16) 20 12 mg 17) 1.4

2.8 1.2 2.3  

/

/

Cmax AUC0-24h
16) 20 12 mg

17) 1.4 2.8 1.2 2.3  

 

 

QT/QTc

6.R.3 in vitro

6.2

SMN

QT in vitro

QT/QTc

 

5.R.1

1 / 7.R.4.1 7.R.4.3

 

                                                        
14) SMA CTD 5.3.5.2-1: CS3A 2 757 126

CSF 13.6 ng/mL  
15) ISIS 116847: PTEN ASO ISIS 141923: scramble ASO ISIS 345198: GCCR ASO ISIS 353512: CRP

ASO ISIS 379804: ApoB ASO ISIS 420476: GCCR ASO ISIS 487660: 1-antitrypsine
ASO 

16) CTD 4.2.3.1-1 7 mg Cmax 2.61 g/mL
AUC0-24h 14.6 g·h/mL 14 CTD 4.2.3.2-1 3 mg/

Cmax 1.97 g/mL AUC0-24h 12.0 g·h/mL 53
CTD 4.2.3.2-2 4 mg/ Cmax

3.74 g/mL AUC0-24h 22.8 g·h/mL  
17) CTD 5.3.5.1-1: CS3B 0 3 12 mg / 20

Cmax 1.36 g/mL AUC0-24h 10.0 g·h/mL  
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4. 非臨床薬物動態試験に関する資料及び機構における審査の概略 

本薬の非臨床薬物動態試験として、マウス、ウサギ及びサルにおける吸収、分布、代謝及び排泄に関

する試験成績が提出された。 

サルの CSF 及び血漿中の本薬濃度は Hyb-ELISA（定量下限: 1.5 ng/mL）又は Hyb-ECL（定量下限: 

0.05 ng/mL）、組織中の本薬濃度は Hyb-ELISA（定量下限: 15.0 µg/g）18)を用いて測定された。マウス及

びウサギの組織中の本薬濃度は HPLC（定量下限: 10.0 µg/g）を用いて測定された。本薬代謝物/分解物19)

濃度は、CSF 及び血漿中では LC-MS/MS（定量下限: 25.0 ng/mL）、腎皮質及びその他の組織中20)では LC-

MS（定量下限: 10.0 µg/g）を用いて測定された。血漿中抗ヌシネルセン抗体濃度は ELISA（定量下限: 

60 ng/mL）を用いて測定された。 

なお、特に記載のない限り、本薬の用量はヌシネルセンとしての量、濃度はヌシネルセンナトリウム

としての濃度で示している。また、薬物動態パラメータのうち tmax は中央値で、その他は平均値±標準

偏差で示している。 

4.1 吸収 

4.1.1 単回投与試験（CTD 4.2.3.1-1） 

雌雄サル（雌雄各 3～8 例/群）に本薬 1、3 又は 7 mg を単回髄腔内投与したとき、投与 7 日目におけ

る CSF 中本薬濃度（雄/雌、以下同様）はそれぞれ 9.9±3.5/10.5±6.9、56.6±49.6/35.2±44.7 及び 79.9±

3.1/48.3±45.1 ng/mL、3 mg 群における CSF 中本薬濃度の Cmaxは 410±77/893±50921) μg/mL、AUC0-24hは

1303±253/2205±105821) μg·h/mL、CL は 2.21±0.53/1.63±0.97 mL/h であった。また、血漿中本薬の薬物

動態パラメータは表 8 のとおりであり、雌雄で一貫した差異は認められなかった。 
 

表 8 サルに本薬を単回髄腔内投与したときの血漿中本薬の薬物動態パラメータ 

用量 
Cmax (μg/mL) tmax (h)a) AUC0-24h (μg·h/mL) 

雄 雌 雄 雌 雄 雌 
1 mg 0.16 ± 0.03 (3) 0.28 ± 0.18 (3) 6 (3) 4 (3) 1.92 ± 0.49 (3) 2.14 ± 0.37 (3) 
3 mg 0.44 ± 0.17 (8) 0.48 ± 0.29 (5)b) 4 (8) 4 (5) b) 4.76 ± 1.49 (8) 4.10 ± 2.42 (5) b) 
7 mg 1.21 ± 0.48 (3) 4.02 ± 1.77 (3) 4 (3) 2 (3) 12.0 ± 3.85 (3) 17.1 ± 3.46 (3) 
平均値±標準偏差（評価例数） 
a) 中央値（評価例数） 
b) CSF から血漿への本薬の急速な移行に伴い、他の個体と比較して異常な CSF 及び血漿中本薬

濃度推移を示した 2 例の個体の Cmax（2.95 及び 2.96 μg/mL）、tmax（1 及び 1 h）並びに AUC0-

24h（5.80 及び 6.30 μg·h/mL）は解析から除外された。 
 

4.1.2 反復投与試験 

雄性サル（髄腔内投与 17 例、静脈内投与 3 例）に本薬 1 mg/回を 1 週間に 1 回の頻度で計 4 回反復髄

腔内又は静脈内投与したとき、髄腔内投与群及び静脈内投与群における最終投与時の血漿中本薬の Cmax

はそれぞれ 0.154±0.114 及び 0.367±0.044 μg/mL（17 及び 3 例）、AUC0-24hはそれぞれ 1.53±0.44 及び

                                                        
18) サルの血漿、CSF 又は組織（肝臓、脳、脊髄）に代謝物（3’末端又は 5’末端が欠落した   o*    30.0 ng/mL（血漿及び CSF）又は

400 ng/g（組織）を添加し、Hyb-ELISA による本薬濃度測定法を用いて代謝物の濃度を測定したとき、代謝物では本薬と類似した反応

（本薬換算で 65.0～97.7%）が得られたことから、当該試験法は十分な特異性を有していないことが示唆された。なお、LC-MS/MS に

より本剤投与後（CTD 4.2.3.2-1）の CSF、血漿及び組織中の代謝物濃度を測定したとき、主な代謝物は 3’末端が欠落した      o*     で
あり、全オリゴヌクレオチドに対する 3’末端が欠落した     o*    の 相対含有率は CSF 中で 0%、血漿中で最大 4.1%、組織中で最大

21.6%であったことから（4.3 参照）、少なくとも CSF 中及び血漿中本薬濃度における代謝物の影響は大きくないものと申請者は考察

している。 
19) 3’末端からヌクレオチドが欠落した      o*      、     p*      、      q*      、      r*      及び      s*     、5’末端からヌクレオチドが欠落した         
 　o*  、 　p*　  、　q*　 及び 　r* 

20) 脳、脊髄及び肝臓における各代謝物の相対含有量は、本薬のピーク面積を含めたクロマトグラムの総ピーク面積に対する割合とし

て求めた。 
21) CSF から血漿への本薬の急速な移行に伴い、他の個体と比較して異常な CSF 及び血漿中本薬濃度推移を示した 2 例の個体の Cmax

（321 及び 455 μg/mL）及び AUC0-24h（213 及び 231 μg·h/mL）は解析から除外された。 
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0.72 0.07 g·h/mL 17 3 CSF 8

22 0.116 0.146 0.134 0.088 g/mL 15

1 CSF

4 1 CSF 118.8 30.4

0.03 0.02 g/mL t1/2 100.2 57.4 4 91.4/109 2 CTD 

4.2.2.2-1  

9 10 : 7 9 / : 6 8 / 0.3 1 3 mg/ 14
22) 99 Cmax /

0.09 0.03/0.14 0.08 0.51 0.20/0.60 0.03 1.55 0.30/1.57 0.25 g/mL AUC0-24h 0.85

0.14/1.20 0.48 3.45 0.97/3.56 0.41 9.92 2.46/12.1 1.70 g·h/mL t1/2 0.3 1 mg/

3 mg/ 34.5 22.4 4 CSF

9 CTD 4.2.3.2-1  
 

9 CSF  

  
CSF ng/mL  

  
    

0.3 mg/  
36  3.95 ± 3.43 (3) 5.49 ± 3.49 (3) 6.82 ± 10.4 (3) 2.97, 28.7 (2) 
106  16.0 ± 5.44 (3) 15.1 ± 8.51 (3) 11.2, 12.2 (2) 7.81, 29.7 (2) 

1 mg/  
36  57.4 ± 52.8 (3) 41.7 ± 46.3 (3) 0, 68.2(2) 16.1 ± 8.76 (3) 
106  28.5 ± 10.6 (3) 15.9 ± 7.93 (3) 6.74, 20.6 (2) 5.21 (1) 

3 mg/  
36  82.5 ± 54.4 (3) 12.1, 72.4 (2) 57.8 ± 7.88 (3) 55.4 (1) 
106  108 ± 29.5 (3) 161 ± 107 (4) 25.4, 47.2 (2) 161 (1) 

2  
 

9 11 5 7 / 0.3 1 4 mg/ 53
23) 10 1 Cmax

AUC CSF /

8 21.1 22.6/7.0 2.9 11.5 4.7/15.3 8.1 11.3 6.9/25.5 10.5 ng/mL

372 14.5 15.1/9.5 3.0 17.4 4.6/29.1 22.8 42.0 20.2/61.5 49.6 ng/mL

t1/2 0.3 1 mg/ 4 mg/ 52.9/55.8 2

6.3% 3/48 ; 1 mg/ 1 4 mg/ 2

CTD 4.2.3.2-2  
 

10  

  
 

Cmax ( g/mL) tmax (h)a) AUC0-168h ( g·h/mL) 
      

0.3 mg 
1  0.15 ± 0.02 (5) 0.09 ± 0.02 (5) 2 (5) 4 (5) 1.24 ± 0.24 (5) 1.00 ± 0.10 (5) 

365  0.11 ± 0.07 (5) 0.06 ± 0.02 (5) 1 (5) 2 (5) 0.78 ± 0.39 (5) 0.65 ± 0.06 (5) 

1 mg 
1  0.59 ± 0.21 (5) 0.55 ± 0.22 (5) 2 (5) 2 (5) 4.61 ± 1.18 (5) 4.49 ± 1.02 (5) 

365  0.49 ± 0.34 (5) 0.42 ± 0.17 (5) 4 (5) 2 (5) 5.06 ± 5.68 (5) 2.82 ± 0.43 (5) 

4 mg 
1  4.97 ± 1.47 (7) 2.51 ± 0.86 (7) 2 (7) 4 (7) 30.1 ± 9.23 (7) 20.9 ± 4.92 (7) 

365  1.61 ± 0.38 (7) 1.42 ± 0.68 (7) 2 (7) 2 (7) 12.1 ± 2.86 (7) 11.3 ± 2.54 (7) 
 

a)  
 

4.2  

4.2.1  
                                                        
22) 0.3 1 mg/ 5 1 1 1 8 15 22 29 2 1 43 57

71 85 99 3 mg/ 1 1 15  
23) 5 1 1 1 8 15 22 29 6 1 71 113 155 197 239 281

323 365  
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7 mg

8 CTD 4.2.3.1-1  

1 mg/ 1 1 4

29

CTD 4.2.2.2-1  

9 10 3 mg/ 14 22)

106

CTD 4.2.3.2-1  

9 11 0.3 1 4 mg/ 53 23)

372 554 11

CTD 4.2.3.2-2  
 

11 372 554  

 
372 10  554 4  

 0.3 mg/  1 mg/  4 mg/  4 mg/  
 4.3 ± 1.4 20.8 ± 16.0 39.6 ± 19.7 34.5 ± 23.2 -a) 

 4.2 ± 1.9 16.6 ± 6.0 71.3 ± 29.3 43.8 ± 4.4 - a) 
 10.1 ± 2.8 28.9 ± 10.3 88.9 ± 18.0 46.0 ± 7.8 191b) 
 4.1 ± 3.1 8.8 ± 4.0 34.2 ± 15.5 16.6 ± 4.3 174 b) 
 6.7 ± 2.8 15.9 ± 5.1 35.1 ± 11.0 18.4 ± 6.1 195 b) 
 14.0 ± 9.3 23.0 ± 10.6 59.8 ± 11.7 20.3 ± 5.6 117 b) 
 21.4 ± 9.3 53.5 ± 33.6 99.0 ± 71.5 39.7 ± 10.8 138 b) 

 23.7 ± 17.6 42.8 ± 19.0 239 ± 176 6.2 ± 3.5 34.5 b) 
 0.9 ± 0.4 2.8 ± 1.6 21.9 ± 9.2 0.1 ± 0.1 23.4 b) 

 
a)  
b) 2 372 554  
 

4.2.2  

0.1 5 μg/mL

96.0 96.6% 97.0 99.4% CTD 5.3.2.1-

1 CTD 5.3.2.1-3  

CSF 5 150 μg/mL

CSF 0 3.0% CTD 5.3.2.1-2 CTD 5.3.2.1-3  

4.2.3

3 10 25 mg/kg/ 4 15

18

3 10 mg/kg 25 mg/kg

2.3% CTD 4.2.3.5.1-1  

6 6 12.6 25 mg/kg/ 6 18

20 28

8.2% CTD 4.2.3.5.2-

2  

 

4.3 CTD 5.3.1.4-8  

9 10 3 mg/ 1 1 14 22) CTD 4.2.3.2-

1 LC-MS/MS CSF 36 1 36 99
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CSF

3’ 1 36 99 24): 0

4.1%  

9 10 3 mg/ 1 1 14 22) CTD 4.2.3.2-

1 106 LC-MS

3’
24) 10.1 21.6% 9 11 4 mg 53
23) CTD 4.2.3.2-2 372 LC-MS

3’
24) 12.3 15.6%  

4.4

4.4.1

2’-MOE ASO

3’ 5’

Drug Metab Dispos 2003; 31: 1419-28 Expert 

Opin Drug Metab Toxicol 2009; 5: 381-91

 

4.4.2 CTD 4.2.3.5.3-1

5 20 60 mg/kg/ 1.4 5.7 17.1 mg/kg/ 6

16 18 1 1 13

0.0220 0.0227%  

 

4.R

4.R.1

 

CTD 5.3.5.1-1: CS3B

7.R.3.1

APK02  

2’-MOE ASO

2’-MOE ASO
25) 2’-MOE ASO

 

2’-MOE ASO

Adv Drug Deliv Rev 2015; 87: 46-51

 

4.2.1

                                                        
24) 3’ %  
25) Drug Metab Dispos 2003; 31: 1419-28 Drug Metab Dispos 2007; 35: 460-8 Adv Drug Deliv Rev 2015; 87: 46-51 J Pharm Sci 2004; 93: 48-

59 
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189 11

 

 

CTD 4.2.3.2-1 CTD 4.2.3.2-2

5.R.1  

7.R.4.3 7.R.4.4

7.R.4.6  

13 CTD 4.2.3.2-3

CTD 5.3.5.1-1: CS3B 26)

7.3% 3/41 3.8% 3/80

0% 0/41

2.5% 2/80

7.R.4.5 CS3B 27)  

CS3B
28) 29)  

2’-MOE

ASO

 

 

 

CS3B

2’-MOE ASO

 

                                                        
26) MedDRA SOC HLGT HLT

 
27) MedDRA HLT  
28) MedDRA HLGT HLT  
29) MedDRA HLGT HLT  
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7.R.4.4 7.R.4.3 7.R.4.5

5.R.1

 

 

5.

GLP

 

 

5.1

5.1.1 CTD 4.2.3.1-1

2 3 / 0 30) 1 3 7 mg

7 mg 1

7 mg/

: 1.9 mg/kg : 2.4 mg/kg  

5.1.2

13

CTD 4.2.3.2-3  

 

5.2

13 14 53

0.3 mg/

20 12 mg CSF 0.1031)

1.1 32)  

5.2.1

5.2.1.1 13 CTD 4.2.3.2-3

                                                        
30) 150mM Na 3.0 mM K 1.4mM Ca 0.8mM Mg 1.0mM P 155mM Cl  
31) CTD 5.3.5.2-1: CS3A 2 757 126 CSF

13.6 ng/mL 53 CTD 4.2.3.2-2 0.3 mg/
84 CSF 1.4 ng/mL 4 mg/   

32) 72 mg 53 CTD 
4.2.3.2-2 0.3 mg/ 3.9 mg 20 78 mg  
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4 CD-1 10 / 0 33) 1 10 50 mg/ 13
34) 10 mg/

50 mg/

2’-MOE ASO 35) 50 mg/  

5.2.2

5.2.2.1 14 CTD 4.2.3.2-1

9 10 : 7 9 / : 6 8 / 0 30) 0.3 1

3 mg/ 14 22)

3 mg/ 12

1 mg/

 

5.2.2.2 53 CTD 4.2.3.2-2

9 11 5 7 / 0 30) 0.3 1 4 mg/

53 23)

4 mg /

1 mg/ 4 mg/ 1 mg/

26
12)

0.3 mg/  

 

5.3

in vitro CTD 4.2.3.3.1-1

CTD 4.2.3.3.1-2 in vivo

CTD 4.2.3.3.2-1

 

 

5.4

SMA

22 2

19 0219 4

20 11 27 1127001

5.R.3  

 

5.5

                                                        
33)  
34) 4 1 1 4 11 18 25 2 1 39 53 67 81 95  
35) Antisense Drug Technology: Toxicologic Properties of 2’-Methyoxyethyl Chimeric Antisense Inhibitors in Animal and Man. CRC Press; 2008. 

p.327-62 
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5.5.1 CTD 4.2.3.5.1-1

CD-1 25 / 0 33) 3 10 25 mg/kg/ 4

15

25 mg/kg/

2’-MOE

ASO 35)

25 mg/kg/ 87.5 mg/kg/  

5.5.2 CTD 4.2.3.5.2-2

NZW 17 18 / 0 33) 6 12.6 25 mg/kg/ 6

18

25 mg/kg/ 87.5 mg/kg/

 

5.5.3 CTD 4.2.3.5.3-1

CD-1 10 / 0 33) 5 20 60 mg/kg/ 6 16

1.4 5.7 17.1 mg/kg/ 18 1

F1

/

F1 60 mg/kg/ 17.1 mg/kg/  

 

5.6

 

 

5.7

5.7.1 CTD 4.2.3.7.6-1
36) 4.1 6.7%

CD-1 6 / 0 33) 5 25 mg/kg 1 13 14

 

5.7.2 CTD 4.2.3.7.7-1  

                                                        
36) 
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3 / 5 mg/ 1 5 6

 

5.7.3

53 CTD 4.2.3.2-2

T

 

5.7.4

290 700 nm

37)

 

5.R

5.R.1

CTD 4.2.3.2-1 CTD 4.2.3.2-2

 

 

2’-MOE ASO
38)

2’-MOE ASO

CTD 4.2.3.7.7-1

2’-MOE ASO

38)  

14 53  

53 CTD 4.2.3.2-2
12) : 7 : 6

1

26

 
                                                        
37) MedDRA HLT  
38) Nucleic Acid Ther 2016; 26: 199-209 
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39) CTD 

5.3.5.1-1: CS3B 31.7% 13/41 25.0% 20/80

0% 0/41 2.5% 2/80 0% 0/41 2.5% 2/80

2.4% 1/41 2.5% 2/80 2.4% 1/41 2.5% 2/80

4.9% 2/41 2.5% 2/80

7.3% 3/41 3.8% 3/80

2 SMA
40) 62.5% 35/56

35.7% 20/56 33.9% 19/56 3.6% 2/56

 

 

 

 

12) 1/7

2’-MOE ASO
38)

 

53

0.3 mg/ 1.1 5.2

 

 

5.R.2

 

 

2’-MOE ASO

2’-MOE ASO
35)

                                                        
39) MedDRA SOC  
40) CTD 5.3.4.2-1: CS1 CTD 5.3.4.2-2: CS2 CTD 5.3.5.2-3: CS10  
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2’-MOE ASO 4.R.1

2’-MOE ASO

35) 2’-MOE ASO

13 CTD 4.2.3.2-3 2’-MOE ASO

 

2’-MOE ASO
41)

53 CTD 4.2.3.2-2

 

CTD 5.3.5.1-1: CS3B CTD 5.3.5.4-

3: CS11 CS3B 12

 
 

12 CS3B CS11  
 1 180  181 360  361 540  541 720  
CS3B  S   S   S   S   

 41 80 26 62 16 40 10 21 
 39 (95.1) 73 (91.3) 20 (76.9) 56 (90.3) 12 (75.0) 29 (72.5) 7 (70.0) 14 (66.7) 

 33 (80.5) 52 (65.0) 12 (46.2) 28 (45.2) 7 (43.8) 16 (40.0) 2 (20.0) 5 (23.8) 
 27 (65.9) 40 (50.0) 12 (46.2) 20 (32.3) 5 (31.3) 11 (27.5) 2 (20.0) 2 (9.5) 

MedDRA SOC  
 27 (65.9) 58 (72.5) 16 (61.5) 44 (71.0) 10 (62.5) 22 (55.0) 4 (40.0) 7 (33.3) 

 34 (82.9) 52 (65.0) 12 (46.2) 27 (43.5) 5 (31.3) 13 (32.5) 2 (20.0) 3 (14.3) 
 21 (51.2) 45 (56.3) 9 (34.6) 19 (30.6) 2 (12.5) 7 (17.5) 1 (10.0) 3 (14.3) 

 
 

27 (65.9) 34 (42.5) 7 (26.9) 23 (37.1) 4 (25.0) 12 (30.0) 3 (30.0) 2 (9.5) 

 11 (26.8) 16 (20.0) 3 (11.5) 12 (19.4) 7 (43.8) 2 (5.0) 1 (10.0) 1 (4.8) 
 11 (26.8) 15 (18.8) 3 (11.5) 9 (14.5) 3 (18.8) 5 (12.5) 1 (10.0) 1 (4.8) 
 9 (22.0) 15 (18.8) 4 (15.4) 3 (4.8) 1 (6.3) 1 (2.5) 0 0 

 9 (22.0) 11 (13.8) 2 (7.7) 2 (3.2) 4 (25.0) 3 (7.5) 1 (10.0) 1 (4.8) 
 8 (19.5) 10 (12.5) 4 (15.4) 6 (9.7) 1 (6.3) 2 (5.0) 0 1 (4.8) 

 4 (9.8) 8 (10.0) 1 (3.8) 1 (1.6) 0 0 0 0 
 2 (4.9) 7 (8.8) 1 (3.8) 1 (1.6) 0 1 (2.5) 0 1 (4.8) 

 2 (4.9) 6 (7.5) 3 (11.5) 4 (6.5) 3 (18.8) 3 (7.5) 1 (10.0) 1 (4.8) 
 3 (7.3) 3 (3.8) 2 (7.7) 3 (4.8) 1 (6.3) 3 (7.5) 0 1 (4.8) 

 2 (4.9) 3 (3.8) 1 (3.8) 1 (1.6) 0 0 0 0 
 0 3 (3.8) 0 0 0 0 0 0 

 0 2 (2.5) 1 (3.8) 0 1 (6.3) 0 0 0 
 0 2 (2.5) 0 3 (4.8) 1 (6.3) 0 0 0 

% S :  

                                                        
41) Drug Metab Dispos; 2003; 31: 1419-28 Drug Metab Dispos; 2007; 35: 460-8 
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ASO ASO

2’-MOE ASO

SMA

 

 

5.R.3

6.2

 

13 CD-1

2

 

2’-MOE ASO
41)

 

SMN2 SMA SMN

SMA

SMN

SMN2

3.R.2

 

 

In silico FOXP1

3.R.2.1
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2’-MOE ASO Mipomersen sodium

42)

43)  

 

 

2’-MOE ASO

1

SMA

CD-1 2

 

 

6.

6.1

 

CSF Hyb-ELISA : 1.0 ng/mL Hyb-ECL

: 0.05 ng/mL Hyb-ELISA : 0.06 g/g
44) CSF / 19) LC-MS/MS : 

10.0 25.0 5.0 ng/mL CSF SMN ELISA

: 0.12 pg/mL ELISA : 50 ng/mL

 

 

6.2

                                                        
42) https://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/EndocrinologicandMetabolicDrugsAdvisoryCommitte 

e/UCM323927.pdf 
43) Antisense Drug Technology: Toxicologic Properties of 2’-Methyoxyethyl Chimeric Antisense Inhibitors in Animal and Man. CRC Press; 2008. 

p.305-26 Circ Res 2013; 112: 1479-90 
44) CSF 30.0 ng/mL Hyb-ELISA 0.15 7.5 ng/mL Hyb-ECL 5 100%

3’ 5’ Hyb-ELISA Hyb-ECL
15.3 241%

CSF LC-MS/MS CSF
5.8% 6.2.2  
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SMA 45) SMA

CTD 5.3.5.1-1: CS3B SMA CTD 

5.3.5.2-1: CS3A SMN CTD 5.3.5.2-

2: 232SM201 in vitro 46)

tmax

 

6.2.1

0.1 5 μg/mL

94.1 96.1% CTD 5.3.2.1-1: IS04 CTD 5.3.2.1-

3: IS06  

CSF 5 150 μg/mL

CSF 5 g/mL 15.1 24.9% 150 g/mL 0% CTD 

5.3.2.1-2: IS05 CTD 5.3.2.1-3: IS06  

1.0 100 μg/mL CYP1A2 CYP2B6 CYP3A4

CTD 5.3.2.2-2: IS13  

CYP1A2 CYP2B6 CYP2C9 CYP2C19 CYP2D6 CYP2E1 CYP3A4 47)

CYP 0.1 100 g/mL

CTD 5.3.2.2-3: IS14  

BCRP P-gp OAT1 OAT3 OCT1 OCT2 OATP1B1 OATP1B3 BSEP 100 M

CTD 5.3.2.2-1: IS12  

6.2.2 SMA

6.2.2.1 CTD 5.3.5.2-1: CS3A 20

SMA 36 210 20 1: 4

2: 16 1 6 mg / 2 12 mg /

20 1 15 85

12 mg / 126 9 253 379 505 631 757 883 1009 1135 1261

1 Cmax 1 2 396

311 829 625 ng/mL AUC0-24h 2818 1463 7040 3964 ng·h/mL CSF

13  
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                        
45) CTD 5.3.4.2-1: CS1 CTD 5.3.4.2-2: CS2 CTD 5.3.5.2-3: CS10 CTD 5.3.5.2-4: CS12  
46) CTD 5.3.2.1-1: IS04 CTD 5.3.2.1-2: IS05 CTD 5.3.2.1-3: IS06 CTD 5.3.2.2-1: IS12 CTD 

5.3.2.2-2: IS13 CTD 5.3.2.2-3: IS14  
47) CYP1A2: Phenacetin CYP2B6: Bupropion CYP2C9: CYP2C19: S- mephenytoin CYP2D6: 

CYP2E1: CYP3A4:  
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13 SMA CSF  

 
1 2 
 (ng/mL)  (ng/mL) 

15  4 1.68 ± 0.87 16 3.57 ± 3.51 
85  4 1.11 ± 1.28 13 3.84 ± 2.99 a) 
253  4 1.24 ± 0.53 13 4.93 ± 3.99 
379  2 1.87, 3.07 13 9.29 ± 9.19 
505  2 2.92, 6.57 11 5.91 ± 4.26 
631  2 4.28, 10.63 5 10.3 ± 4.04 
757  2 3.90, 8.69 4 13.6 ± 10.2 
883  2 5.19, 17.50 -b) -b) 

2  
a) CSF 1 980.6 ng/mL

 
b)  
 

253 CSF SMN 1 2

27.8 4.47 114 273%  

5.0% 1/20

CSF

CHOP INTEND CMAP  

3 48)

7 SMN2 49) 14

7 SMN2

 
 

14  
7 SMN2  

 
g/g  7 SMN2

a) 
1303 2302 2311 1303 2302 2311 

 12  79  36  12  79  36  

 
 26.6 19.5 31.8 2.6 2.2 2.9 
 23.7 15.9 14.2 2.5 2.2 3.2 
 15.5 11.9 23.3 2.3 1.8 2.2 

 
 

 1.5 2.6 14.7 1.9 1.8 2.8 
 2.1 3.6 3.5 1.6 1.6 2.0 
 8.7 5.8 10.5 2.4 1.9 3.4 

 4.2 4.4 2.8 1.3 1.1 0.5 
 2.8 2.1 7.3 2.7 1.8 2.9 

 1.3 0.2 4.0 1.6 1.0 2.2 
 13.8 3.7 8.1 1.0 1.9 1.9 
 12.9 1.3 2.4 -b) - b) - b) 
 36.5 18.4 25.1 - b) - b) - b) 

a) SMA 4 7 SMN2
 

b)  
 

6.2.2.2 CTD 5.3.5.1-1: CS3B 20  

                                                        
48) 1303 6 mg / 20 1 15 85 12 mg / 251 253

12 2302 12 mg / 1 15 85
79 2311 12 mg / 1 15 85

36  
49) SMA 4 7 SMN2
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SMA 30 262 52 242

121 12 mg / 20 1 15 29 64

12 mg / 20 119 2 183 302

1 Cmax 1103 854 ng/mL AUC0-24h 10075 4833 ng·h/mL

CSF 15 CSF

 
 

15 SMA CSF  

 
 CSF  

  (ng/mL)  (ng/mL) 
15  - a) -a) 68 3.96 ± 2.33 c) 
29  67 2.34 ± 0.96 69 5.58 ± 3.49 
64  55 2.33 ± 0.94 b) 56 6.68 ± 4.42 c) 
183  34 1.62 ± 3.14 b) 36 6.72 ± 2.72 
302  20 0.84 ± 0.33 19 11.2 ± 6.92 c) 

 
a)  
b) 64 : 1 262.5 ng/mL

183 : 1 236.7 ng/mL  
c) CSF 15 : 2 26.3

179.1 ng/mL 64 : 2 55.0 62.1 ng/mL 302 : 1 49.1 ng/mL
 

 

1.25% 1/80

CSF

CHOP INTEND CMAP  

6.2.2.3 CTD 5.3.4.2-1: CS1

SMA 2 14 28 1 3 6 9 mg

16 8

CSF 1.06 0.54 2.18 1.38 3.70 1.23 3.91 0.82 ng/mL

9 mg CSF  
 

16 SMA  
  Cmax (ng/mL) tmax (h)a) AUC0-20h (ng·h/mL)b) 

1 mg 6 8.74 ± 6.31 2.05 90.9 ± 55.0c) 
3 mg 6 42.7 ± 38.0 5.04 413 ± 116 c) 
6 mg 6 49.4 ± 19.6 4.05 605 ± 234 c) 
9 mg 10 118 ± 70.8 4.08 1022 ± 492 d) 

 
a)  
b) 6 8 12 1  
c) 5 d) 8  
 

CSF SMN 50) 61.5 121.5 38.2 39.0 115.8

58.0 160.9 215.7%  

6 9 mg

 

6.2.2.4 CTD 5.3.4.2-2: CS2

SMA 2 15 34 51) 3 6

12 mg/ 1 29 85 9 mg/ 1 85

                                                        
50) 1 mg : 292 426 3 mg : 296 427 6 mg : 

337 459 9 mg : 289 399  
51) 34 6 3 mg/ 3 6 mg/ 3 CS1 CTD 5.3.4.2-1 1 mg  
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CSF 17

CS1 6 ; 1 mg CS1 8

CSF CSF t1/2 135 42.8

12 mg/ 1 85 24

0.008 0.5%  
 

17 SMA CSF  

   
 

 CSF  
Cmax (ng/mL) tmax (h)b) AUC0-6h (ng·h/mL) (ng/mL) 

3 mg/  
1  8 51.5 ± 72.7 5.09 181 ± 225 0.065 ± 0.117c,d) 
85  8 32.5 ± 32.3 6.08 110 ± 107 2.12 ± 0.573 

6 mg/  
1  8 79.8 ± 57.2 5.93 306 ± 259 0.056 ± 0.104 
85  8 52.8 ± 33.5 6.04 179 ± 135 3.76 ± 2.05 

9 mg/  
1  9 141 ± 52.8 3.92 601 ± 249 -a) 
85  9 127 ± 37.7 4.12 524 ± 185 1.50 ± 0.447 

12 mg/  
1  9 208 ± 110 4.05 823 ± 442 - 
85  8 132 ± 85.6 5.92 555 ± 398 3.36 ± 1.04c,e) 

 
a)  
b)  
c) CSF 3 mg/ /1 : 1 27.9 ng/mL 12 mg/

/85 : 1 983 ng/mL  
d) 6 e) 8  
 

LC-MS/MS 85 CSF CSF

3’ : 5.8%

LC-MS/MS 12 mg/ 85 24

3’

50.3 25.0%  

85 CSF SMN 23.2 60.4

14.7 47.6 114.7 115.1 22.9 50.1%  

 

6.2.2.5 CTD 5.3.5.2-3: CS10  

CS1 CTD 5.3.4.2-1 3 6 9 mg SMA 2 11

18 ; 6 mg 4 9 mg 14 6 9 mg

Cmax 73.6 26.9 89.0 58.3 ng/mL tmax 6.03

5.39 t1/2 79.9, 93.252) 63.1 7.97 AUC0-6h 275 158

361 266 ng·h/mL CS1 8 29 CSF

CSF CSF t1/2 3 6 9 mg

135 14.8 163 26.5 177 41.3  

 

6.2.2.6 CTD 5.3.5.2-4: CS12

CS2 CTD 5.3.4.2-2 3 6 9 12 mg/ SMA CS10

CTD 5.3.5.2-3 6 9 mg/ SMA 3 17

47 12 mg/ 1 169 351 533

1 Cmax 189 138 ng/mL tmax 4.13 AUC0-6h 694

                                                        
52) 2  

*新薬承認情報提供時に置き換えた
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473 ng·h/mL 169 CSF 3.10 1.43 ng/mL53)

 

4.3% 2/47 1

CSF

 

6.2.2.7 CTD 5.3.5.2-2: 232SM201 20

SMN 54) 8 42 17

12 mg / 20 1 15 29 64 119

6 183 302 421 540 659 778 1

4 448.6 352.3 ng/mL 13 CSF 18

 
 

18 12 mg / CSF  

 
 CSF  

  (ng/mL)  (ng/mL) 
15  -a) -a) 13 20.2 ± 17.1 
29  -a) -a) 11 32.4 ± 26.0 
64  11 1.5 ± 0.4 11 34.7 ± 32.7 
183  9 0.8 ± 0.26 9 19.7±18.1 
302  1 0.8 -a) -a) 

 
a)  

 

6.2.3 PPK CTD 5.3.3.5-1: IS11 CTD 5.3.3.5-2: CPP-17-001-BIIB058
55) CSF : 75 1255 CSF : 73

297 PPK 56) CSF

2- 2- 4-

CLp CLcsf Vpc Vcsfc

Vpc Vcsfc CLp

57)  

 

6.R

6.R.1

 

CSF CSF

3’ 5’

CSF

Cerebrospinal Fluid Res 2008; 5: 10 Cereb Cortex 2001; 11: 335-42 CSF-

2’-MOE ASO 3’ 5’

                                                        
53) CSF 2 1258 6930 ng/mL  
54) SMN1 5q SMA SMN2 2 3  
55) CTD 5.3.4.2-1: CS1 CTD 5.3.4.2-2: CS2 CTD 5.3.5.2-3: CS10 CTD 5.3.5.2-4: CS12 CTD 5.3.5.2-1: CS3A  
56) NONMEM Version 7.3  
57) CLcsf = 0.105 L/h Qp = 0.451 L/h Qcsf = 0.068 L/h Vpp = 382 L Vcsfp = 295 L CLp Vpc 20 kg : CLp = 3.19 

/20 1.17 L/h Vpc = 49.1 /20 1.14 L 20 kg : CLp = 3.19 L/h Vpc = 49.1 L Vcsfc 10 kg
: Vcsfc = 0.245 /10 L 10 kg : Vcsfc = 0.245 L 
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CTD 5.3.5.1-1: CS3B

2 CSF

1 Cmax 2068 2123 ng/mL AUC0-24h 15809 19630 ng·h/mL

29 CSF 2.662 5.261 ng/mL

1 Cmax 1103

854 ng/mL AUC0-24h 10075 4833 ng·h/mL 29 CSF 5.58

3.49 ng/mL Cmax AUC0-24h

Cmax AUC0-24h

 

 

 

 

 

6.R.2

2’-MOE ASO Drug Metab Dispos 

2003; 31: 1419-28 Expert Opin Drug Metab Toxicol 2009; 5: 381-91

 

2’-MOE ASO

90 80%

2’-MOE ASO

24 20% 2’-MOE ASO

15% 3% Drug Metab Dispos. 2003; 31:1419-28  

SMA 58) 59)

2’-MOE ASO

 

 

 

 

 

6.R.3 QT/QTc

QT/QTc  

                                                        
58) CTD 5.3.5.2-1: CS3A CTD 5.3.5.1-1: CS3B CTD 5.3.4.2-1: CS1 CTD 5.3.4.2-2:  ISIS 396443-CS2 CTD 5.3.5.2-3: 

CS10 CTD 5.3.5.2-4: CS12 CTD 5.3.5.2-2: 232SM201  
59) MedDRA SOC HLGT  
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QT/QTc

 

2’-MOE ASO hERG

3.R.2.2  

2’-MOE ASO 200 mg/ 1 16

Thorough QT QT Eur J Clin Pharmacol 2016; 

72: 267-75 Thorough QT

Thorough QT  

CTD 5.3.5.1-1: CS3B

QTcF 2 5.3 45.9 -3.3 44.0 ms 29 6.0

37.7 -4.8 41.1 ms QTcF 19

QTcF 500 ms QTcF

60 ms

QT/QTc

SMA 45) 1 3 6 9 12 mg

QTcF 500 ms QTcF

60 ms 0% 0/6 0% 0/14 0% 0/18 4.0% 1/25

2.1% 1/48

 
 

19 QTcF  
  12 mg a) 

 41 80 

 
QTcF  (ms)

> 450 13 (31.7) 20 (25.0) 
> 480 2 (4.9) 8 (10.0) 
> 500 0 5 (6.3) 

 
QTcF  (ms) 

> 30 10 (24.4) 14 (17.5) 
> 60 3 (7.3) 5 (6.3) 

%  
a) 20  
 

QT/QTc 60) CS3B

12.2% 5/41 10.0% 8/80 7.3% 3/41

6.3% 5/80

 

 

 

QT/QTc

CS3B QT

QTcF 500 ms QTcF

                                                        
60) MedDRA SMQ QT PT
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60 ms 4 QT/QTc

QT/QTc

QT/QTc

 

 

7.

SMA CTD 5.3.5.1-

1: CS3B 45) CTD 5.3.5.2-1: CS3A SMN

CTD 5.3.5.2-2: 232SM201 45)

CS3B SMA

CTD 5.3.5.4-2: 232SM202

CS3A CS3B  

7.1 CTD 5.3.5.2-1: CS3A 2013 5 20

21 7 210 SMA 61) 20

1: 4 2: 16

6.2  

1 15 85 253 379 505 631 757

883 1009 1135 1261

1 6 mg / 2 12 mg

/ 20 1 2 12 mg / 20

 
 

20 CS3A
 0-90  91-182 a) 183-365 b) 366-730  >730  

 
mg  

6 mg /  4.8 5.2 5.4 5.6 6.0 
12 mg /  9.6 10.3 10.8 11.3 12.0 

a) CS3B 91-180  
b) CS3B 181-365  

 

20

1 15 85 92 19

1: 4 2: 15 5 4 1

 

HINE 2 62) 8
63) 1 25.0% 1/4 2

80.0% 12/15  

                                                        
61)  

21 6 180 SMA  
SMN1 5q  

62) 2 24 1
2 3 37 2

8
3 5  

63) 
1 2 1
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20 4 2

1 1 2

21  
 

21  
1 * 2

2 

* * *

*

RS
13

*  
 

1

25.0% 1/4 2 37.5% 6/16 1

2

1  

14 4

3 2

1  

3 3

QTc 450 ms

30 ms 3 60 ms

1  

SMA 6 12 mg / 20

 

7.2 CTD 5.3.5.1-1: CS3B 2014 8 20

7 210 SMA 64) 111 65) : 

37 : 74

14 66) 6.2
67)  

12 mg / 20 1 15 29 64

183 302

CTD 5.3.5.4-3: CS11  
                                                        
64)  

6 180 SMA  
SMN1 5q  

SMN2 2  
65)  
66) 

 
67) 80 Day 183

Day 394
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122 41 81 1

121 41 80 ITT

183

78 27 51 26 13 13

12 12 1 1  
68) 183 302 394

HINE 2 7 69) 70) 22

p<0.000171) Fisher

 

22 HINE  

  
 %  

 
95% a) p b) 

 27 0 
41.2 [18.2, 61.2] <0.0001 

 51 41.2 (21) 
 

a)  
b) Fisher : 0.032  
 

92.7% 38/41 90.0% 72/80

13 7 2

1 12 4 2

1

2 1

23  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                        
68) 

HINE 2 7 69) 70) 7.R.3.1  
69) HINE 2 8

7  
70) 

1 2 1
2  

71) Lan-DeMets 0.032
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23  

 

2 2 RS

RS
RS

* * *

* * *
*

* * * *
* * *

1 27  

 

a)3 2 2
* RS

*
* * *

*

RS

* *
* *

RS * * *
RS

*
 

* * * * 1 54  
*  
a) 3 1  
 

36.6%

15/41 37.5% 30/80 6 5 1

3 1 3  

QTcF 500 ms 0 5

60 msec QTcF 3 5  

SMA

 

 

7.R

7.R.1

 

SMA 2007 Expert Consensus72)

. ; 2012 SMA

                                                        
72) J Child Neurol 2007; 22: 1027-49 
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Expert Consensus

SMA

SMA

 

SMN2 mRNA SMN2

SMN CTD 

5.3.5.1-1: CS3B SMA

 

 

SMA

7.R.2 CTD 5.3.5.1-1: CS3B

7.R.2.1

CTD 5.3.5.1-1: CS3B

 

 

CS3B

3’ 5’

CYP

 

SMA Genet Test Mol Biomarkers 2012; 16: 123-9

SMA SMA CTD 5.4-123: Brain 

Dev 2011; 33: 321-31 SMA

 

SMA 2007 Expert Consensus72)

 

7% 25% Pediatr 

Pulmonol 2012; 47: 606-11

29.5 100% 16.7%

J Neurol 

2014; 261: 152-63

 

CS3B HINE
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CS3B

 

7.R.2.2

CS3B

3 1 2

1  

CS3B CS3B

SMART Spinal Muscular Atrophy Research & Treatment SMA

8 12

SMA

8  

SMA SMA

SMA

400

 

1

2

20  

7.R.2.3

CS3B

 

CS3B / / /

 

HINE 2 7 69) 70)

24
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24 HINE  

  %
 

95% a) 

b) 
18 0 

40.0 [10.6, 64.6] 
 30 40.0 (12) 

c) 
7 0 

42.1 [-1.6, 76.4] 
 19 42.1 (8) 

d) 
1 0 

 
 0 0 

e) 
1 0 

 
 2 50.0 (1) 

 
a)  
b)  
c)  
d)  
e)  
 

CS3B 1
70) 2 1

: 0% 0/27 : 41%

21/51

 

20 20

25

2

1 1
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25 CS3B  
      

S   S  S  S   S  
 22 38 17 30 1 3 1 9 1 2 

 22 (100) 35 (92.1) 14 (82.4) 26 (86.7) 1 (100) 3 (100) 1 (100) 8 (88.9) 1 (100) 2 (100) 
 19 (86.4) 29 (76.3) 13 (76.5) 22 (73.3) 0 2 (66.7) 1 (100) 3 (33.3) 0 2 (100) 

 
 12 (54.5) 20 (52.6) 9 (52.9) 16 (53.3) 1 (100) 1 (33.3) 0 2 (22.2) 1 (100) 0 

 5 (22.7) 17 (44.7) 4 (23.5) 1 (3.3) 0 0 0 2 (22.2) 0 0 
 5 (22.7) 16 (42.1) 4 (23.5) 6 (20.0) 0 0 0 2 (22.2) 0 0 

 10 (45.5) 11 (28.9) 4 (23.5) 8 (26.7) 0 0 0 0 0 0 
 7 (31.8) 11 (28.9) 1 (5.9) 0 0 0 0 0 0 0 

 8 (36.4) 10 (26.3) 0 0 0 0 0 0 0 0 
 7 (31.8) 10 (26.3) 6 (35.3) 7 (23.3) 0 0 1 (100) 0 0 0 
 7 (31.8) 9 (23.7) 1 (5.9) 0 0 0 0 0 0 0 

 8 (36.4) 8 (21.1) 1 (5.9) 7 (23.3) 0 0 0 0 0 0 
 6 (27.3) 8 (21.1) 0 0 0 0 0 0 0 0 
 4 (18.2) 8 (21.1) 2 (11.8) 7 (23.3) 0 0 0 2 (22.2) 0 0 
 2 (9.1) 8 (21.1) 1 (5.9) 1 (3.3) 0 0 0 2 (22.2) 0 0 
 6 (27.3) 7 (18.4) 2 (11.8) 4 (13.3) 0 1 (33.3) 0 0 0 1 (50.0) 
 3 (13.6) 7 (18.4) 1 (5.9) 0 0 1 (33.3) 0 0 0 1 (50.0) 

 7 (31.8) 6 (15.8) 2 (11.8) 1 (3.3) 0 1 (33.3) 0 0 0 0 
 6 (27.3) 6 (15.8) 1 (5.9) 2 (6.7) 0 0 0 0 0 0 

 4 (18.2) 6 (15.8) 2 (11.8) 1 (3.3) 0 0 0 0 0 0 
 4 (18.2) 6 (15.8) 0 6 (20.0) 0 2 (66.7) 0 0 0 2 (100) 

 3 (13.6) 6 (15.8) 3 (17.6) 3 (10.0) 0 0 0 0 1 (100) 0 
 2 (9.1) 6 (15.8) 0 0 0 0 0 0 0 0 

 4 (18.2) 5 (13.2) 1 (5.9) 3 (10.0) 0 0 0 0 0 0 
 2 (9.1) 5 (13.2) 0 1 (3.3) 0 0 0 0 0 0 

 1 (4.5) 5 (13.2) 0 1 (3.3) 0 0 0 0 0 0 
 7 (31.8) 4 (10.5) 1 (5.9) 2 (6.7) 0 0 0 0 0 0 
 4 (18.2) 4 (10.5) 1 (5.9) 2 (6.7) 0 0 0 0 0 0 

 2 (9.1) 4 (10.5) 1 (5.9) 2 (6.7) 0 0 0 2 (22.2) 0 0 
 1 (4.5) 4 (10.5) 0 0 0 0 0 0 0 0 

 1 (4.5) 4 (10.5) 2 (11.8) 2 (6.7) 0 0 0 0 0 0 
 1 (4.5) 4 (10.5) 0 1 (3.3) 0 0 0 0 0 0 

 5 (22.7) 2 (5.3) 1 (5.9) 2 (6.7) 0 1 (33.3) 0 2 (22.2) 0 0 
 2 (9.1) 2 (5.3) 0 5 (16.7) 0 0 0 0 0 0 

 1 (4.5) 1 (2.6) 1 (5.9) 6 (20.0) 0 0 0 0 0 0 
 1 (4.5) 1 (2.6) 1 (5.9) 4 (13.3) 0 0 0 0 0 0 

 0 1 (2.6) 0 4 (13.3) 0 0 0 0 0 0 
 0 0 1 (5.9) 3 (10.0) 0 0 0 0 0 0 

% S :  
 

CS3B

 

 

 

SMA

CS3B
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CS3B

CS3B

 

 

7.R.3

7.R.3.1  

CTD 5.3.5.1-1: CS3B

 

CS3B SMA

Clin Genet 2009; 76: 168-78

7.R.2.1

1 16 21

 

SMA 1

 

SMA 14

Neurology 2014; 83: 810-7 European Neuromuscular 

Centre Workshop 2 4 Neuromuscul Disord 2005; 15: 802-

16 21 1

1 16 Neurology 2007; 69: 1931-6 Neurology 2014; 83: 

810-7  

SMA CTD 5.3.5.2-1: CS3A

20

HINE 2 7 69) 70)

 

CS3B HINE 2 7

 

 

HINE 2 24
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62) 2

12 18 J Pediatr 1999; 135: 153-6  

SMA

HINE 2

Neuronuscle Disord 2016; 26: 754-9

 

SMA
73)

2

 

 

CS3B HINE 2 7

SMA

J Child Neurol 2007; 22: 1027-49 HINE 2

7.R.3.2 SMA

CS3B

 

 

7.R.3.2

 

CS3B 16 1

9 2 70)

2 1 70)

9/16 CHOP INTEND

 

CS3B

20 1 19

3/19

 

SMA

 

                                                        
73) 0 1 2 3

4 5  
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CS3B

26 1

 
 

26 ITT  

  
 

 
 

 %  

 
 

95%CI a) 

13  

% a) 

b) 

 41 20 (48.8) 25.4 [13.6, ] 65.1 
0.712 

 80 27 (33.8)  [30.6, ] 48.7 
a) Kaplan-Meier  
b) Cox  
 

 
1 Kaplan-Meier ITT  

Control: ISIS 396443:  

 

SMA

SMA

SMA

 

 

7.R.3.3

 

CS3B HINE 2 7 69)

70)

27
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27 CS3B HINE 2 7  
 

  
  

 
 

 
95% a)

 
 

 
95% a)

 
 

 0 (0/11) 25.0 
[-11.4, 57.6] 

35.3 (6/17) 5.3 
[-23.6, 33.0]  25.0 (6/24) 40.5 (15/37) 

 
 0 (0/16) 55.6 

[26.5, 78.0] 
58.3 (14/24) -30.4 

[-52.9, -5.5]  55.6 (15/27) 27.9 (12/43) 

 

166
 0 (0/10) 48.3 

[12.0, 76.6] 
47.1 (8/17) -24.3 

[-50.5, 3.7]  48.3 (14/29) 22.7 (10/44) 

166  
 0 (0/17) 31.8 

[0.4, 59.2] 
50.0 (12/24) -2.8 

[-28.7, 23.4]  31.8 (7/22) 47.2 (17/36) 

 
8  

 0 (0/16) 36.4 
[7.4, 61.9] 

54.2 (13/24) -18.3 
[-41.4, 6.1]  36.4 (12/33) 35.8 (19/53) 

8  
 0 (0/11) 50.0 

[12.6, 77.9] 
41.2 (7/17) -11.6 

[-40.6, 18.7]  50.0 (9/18) 29.6 (8/27) 

 
13.1  

 0 (0/14) 53.9 
[22.5, 78.2] 

47.6 (10/21) -33.0 
[-56.9, -7.6]  53.8 (14/26) 14.6 (6/41) 

13.1  
 0 (0/13) 28.0 

[-6.2, 57.5] 
50.0 (10/20) 3.9 

[-22.9, 30.5]  28.0 (7/25) 53.8 (21/39) 
HINE 

2
 

 

1  
 0 (0/18) 37.5 

[8.7, 62.4] 
53.8 (14/26) -18.6 

[-41.2, 5.1]  37.5 (12/32) 35.3 (18/51) 

1  
 0 (0/9) 47.4 

[9.7, 78.8] 
40.0 (6/15) -9.0 

[-39.8, 21.0]  47.4 (9/19) 31.0 (9/29) 

 
 

 
 0 (0/6) 32.0 

[-11.8, 71.3] 
55.6 (5/9) 5.2 

[-32.7, 42.6]  32.0 (8/25) 60.7 (17/28) 

 
 0 (0/21) 50.0 

[22.3, 71.4] 
46.9 (15/32) -27.6 

[-47.8, -5.6]  50.0 (13/26) 19.2 (10/52) 

 

 
 0 (0/10) 34.4 

[-1.4, 66.3] 
58.3 (7/12) -7.1 

[-38.3, 25.2]  34.4 (11/32) 51.2 (21/41) 

 
 0 (0/17) 52.6 

[21.3, 76.1] 
44.8 (13/29) -29.4 

[-50.6, -5.3]  52.6 (10/19) 15.4 (6/39) 
% /  

a)  
 

 

CS3A 2

66.7% 6/9 85.7% 6/7 CS3B

SMA Am J 

Med Genet 1994; 51 70-6 J Child Neurol 2012; 27: 471-7

3

Science 2008; 320: 524-7

 

SMA
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CS3B

 

 

7.R.4

7.R.4.1

CTD 5.3.5.2-1: CS3A CTD 5.3.5.1.1: CS3B

 

CS3A CS3B 28

 
 

28 CS3A CS3B  

 
CS3A  CS3B  

1 2  
 4 16 41 80 

 4 (100) 16 (100) 38 (92.7) 72 (90.0) 
 1 (25.0) 3 (18.8) 13 (31.7) 12 (15.0) 

 3 (75.0) 13 (81.3) 33 (80.5) 56 (70.0) 
 2 (50.0) 7 (43.8) 27 (65.9) 44 (55.0) 

 0 3 (18.8) 12 (29.3) 12 (15.0) 
%  

 

CS3A CS3B 29

SMA

CS3B 1 15 29

64

1 15 29 64
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29 CS3A CS3B  

 
CS3A  CS3B  

1 2  
 4 16 41 80 

 
 1 (25.0) 5 (31.3) 10 (24.4) 19 (23.8) 
 0 5 (31.3) 14 (34.1) 17 (21.3) 

 0 4 (25.0) 4 (9.8) 14 (17.5) 
 1 (25.0) 3 (18.8) 7 (17.1) 11 (13.8) 

 0 2 (12.5) 2 (4.9) 11 (13.8) 
 0 2 (12.5) 4 (9.8) 6 (7.5) 

 0 4 (25.0) 2 (4.9) 6 (7.5) 
 0 1 (6.3) 3 (7.3) 5 (6.3) 

 0 2 (12.5) 1 (2.4) 5 (6.3) 
 0 0 2 (4.9) 4 (5.0) 

 0 3 (18.8) 1 (2.4) 4 (5.0) 
 0 2 (12.5) 1 (2.4) 4 (5.0) 

 0 1 (6.3) 0 4 (5.0) 
 1 (25.0) 0 0 4 (5.0) 

 0 1 (6.3) 6 (14.6) 3 (3.8) 
 0 0 4 (9.8) 3 (3.8) 

RS  0 1 (6.3) 3 (7.3) 3 (3.8) 
 0 1 (6.3) 1 (2.4) 3 (3.8) 

 0 2 (12.5) 2 (4.9) 2 (2.5) 
 0 2 (12.5) 0 0 

%  
 

 

 

2’-MOE ASO
35)

7.R.4  

7.R.4.2

2’-MOE ASO

 

CS3A CS3B 74)

30

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                        
74) MedDRA PT  
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30 CS3A CS3B  

 
CS3A  CS3B  

1 2  
 4 16 41 80 

 1 (75.0) 6 (37.5) 9 (22.0) 15 (18.8) 
 2 (50.0) 6 (37.5) 8 (19.5) 12 (15.0) 

 1 (25.0) 1 (6.3) 0 2 (2.5) 
 0 0 0 1 (1.3) 
 0 0 0 1 (1.3) 

 0 0 0 1 (1.3) 
 0 0 1 (2.4) 0 

 0 0 0 1 (1.3) 
 0 1 (6.3) 0 0 

 1 (25.0) 0 0 0 
 0 0 1 (2.4) 0 

%  
 

2 SMA 40)

35.7% 20/56 33.9% 19/56 17.9% 10/56

CS3A CS3B

 

 

 

7.R.4.3

 

CS3A CS3B BUN

C

/ CS3A 1 0% 0/4 2 12.5% 2/16

CS3B 12.2% 5/41 21.3% 17/80

 

CS3A CS3B 59) 31

CS3B

 
 

31 CS3A CS3B  

 
CS3A  CS3B  

1 2  
 4 16 41 80 

 0 0 1 (2.4) 5 (6.3) 
 0 0 0 3 (3.8) 

 0 0 0 1 (1.3) 
 0 0 0 1 (1.3) 

 0 0 1 (2.4) 0 
%  
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2’-MOE ASO

Toxicol Pathol 2015; 43: 78-89 Mol Ther 2016; 24: 1771-82

 

 

 

CS3B /

2’-MOE ASO 35)

 

7.R.4.4

 

ALT CS3A 1

25.0% 1/4 2 6.3% 1/16 CS3B 9.8% 4/41

7.5% 6/80 AST CS3A 1 0% 0/4

2 12.5% 2/16 CS3B 2.4% 1/41 3.8%

3/80  

CS3A CS3B 75) 32

 

32  

 
CS3A  CS3B  

1 2  
 4 16 41 80 

 0 0 1 (2.4) 3 (3.8) 
ALT  0 0 0 1 (1.3) 
AST  0 0 0 1 (1.3) 

 0 0 0 1 (1.3) 
 0 0 0 1 (1.3) 

 0 0 1 (2.4) 0 
%  

 

2’-MOE ASO Mipomersen sodium ALT AST

Eur Heart J 2012; 33: 1142-9 Mipomersen sodium

B-100

 

 

 

                                                        
75) MedDRA SMQ  
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2’-MOE ASO 35) 2’-MOE ASO

 

7.R.4.5

 

CS3A CS3B

33

 
 

33 CS3A CS3B  

 
CS3A  CS3B  

1 2  
 4 16 41 80 
 4 (100.0) 13 (81.3) 20 (48.8) 33 (41.3) 
 0 2 (12.5) 0 5 (6.3) 

%  
 

CS3A CS3B 76) 34

CS3A 1

 
 

34  

 
CS3A  CS3B  

1 2  
 4 16 41 80 

 1 (25.0) 5 (31.3) 6 (14.6) 5 (6.3) 
 0 1 (6.3) 0 2 (2.5) 
 0 0 0 2 (2.5) 

 0 1 (6.3) 0 1 (1.3) 
 0 0 0 1 (1.3) 

 0 0 0 1 (1.3) 
 0 1 (6.3) 2 (4.9) 0 

 0 1 (6.3) 0 0 
 0 1 (6.3) 0 0 

 0 0 1 (2.4) 0 
 1 (25.0) 0 0 0 

 0 0 1 (2.4) 0 
 0 0 1 (2.4) 0 

 0 0 1 (2.4) 0 
 0 0 1 (2.4) 0 

 0 0 1 (2.4) 0 
%  

 

                                                        
76) MedDRA SMQ  
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CS3B

7.R.4.6

 

CS3A CS3B 77) 35

 
 

35 CS3A CS3B

 
CS3A  CS3B  

1 2  
 4 16 41 80 

 4 (100) 15 (93.8) 25 (61.0) 48 (60.0) 
 

 1 (25.0) 8 (50.0) 9 (22.0) 24 (30.0) 
 2 (50.0) 6 (37.5) 8 (19.5) 12 (15.0) 
 2 (50.0) 2 (12.5) 3 (7.3) 11 (13.8) 

 0 6 (37.5) 6 (14.6) 9 (11.3) 
 0 0 8 (19.5) 9 (11.3) 

 1 (25.0) 4 (25.0) 7 (17.1) 8 (10.0) 
 0 2 (12.5) 2 (4.9) 3 (3.8) 

 1 (25.0) 1 (6.3) 1 (2.4) 3 (3.8) 
 1 (25.0) 2 (12.5) 0 1 (1.3) 

 0 2 (12.5) 0 0 
 1 (25.0) 1 (6.3) 0 0 

 1 (25.0) 0 0 0 
 1 (25.0) 0 0 0 

 1 (25.0) 0 0 0 
%  

7.R.4.7

 

CS3A CS3B 78)

3.1 89.9% 37.1% 0.6 97.8% 14.2%

CS3B

                                                        
77) MedDRA SOC  
78) WHO Child Growth Standards. World Health Organization; 2006. http://www.who.int/childgrowth/en/ 
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36

CS3A

379 56.10 25.84 20 55.37 21.59 15

60.11 31.05 20 34.52 38.67 15

39.98 28.20 20 24.61 23.80 15 CS3B

 
 

36 CS3B  

66.3 ± 29.0 (27) 54.0 ± 27.6 (51) 45.8 ± 33.4 (27) 47.3 ± 34.0 (51) 24.3 ± 28.2 (27) 25.3 ± 25.5 (51)
29 63.0 ± 27.8 (23) 51.6 ± 28.3 (48) 52.2 ± 36.5 (23) 48.3 ± 32.8 (48) 27.3 ± 26.7 (24) 25.3 ± 28.8 (49)
64 62.9 ± 27.2 (21) 52.6 ± 26.9 (45) 50.1 ± 34.6 (21) 51.5 ± 33.5 (45) 27.4 ± 24.1 (21) 28.2 ± 30.6 (45)

183 65.6 ± 31.5 (18) 53.5 ± 28.9 (40) 63.5 ± 32.1 (18) 42.3 ± 36.5 (40) 35.9 ± 28.5 (18) 31.9 ± 33.6 (40)
302 72.1 ± 23.1 (12) 53.1 ± 31.0 (24) 66.1 ± 36.9 (12) 33.6 ± 33.6 (24) 48.9 ± 36.9 (12) 36.8 ± 31.6 (25)
394 77.7 ± 27.1 (7) 58.3 ± 21.9 (16) 81.9 ± 22.4 (7) 31.4 ± 35.6 (16) 60.8 ± 33.2 (7) 28.5 ± 30.3 (16)

 

12.2% 5/41 8.8% 7/80

SMA

30% 3%

Neuromuscul Disord 2012; 22: 966-73 CS3B

183

 

 

 

CS3B 16.3% 13/80 31.7% 13/41

CS3A CS3B

 

7.R.5

 

 

CTD 5.3.5.1-1: CS3B
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1.25% 1/80 CTD 5.3.5.2-1: CS3A 5.0% 1/20

CTD 5.3.5.2-4: CS12 4.3% 2/47

CS3B 1

 

CSF

 

CS3A CS3B 2

HINE CHOP INTEND

 

CS3A CS3B

 

DNA FDA 2’-

MOE ASO Mipomersen sodium DNA 2’-MOE

ASO

DNA  

 

 

DNA

 

7.R.6

7.R.6.1

CTD 5.3.5.1-1: CS3B 7 210

SMA 64)

 

 

SMA 79)

4 37

SMA0 80)  
 

                                                        
79) 1 2 3 4 CK

 
80) Pediatr Clin North Am 2015; 62: 743-66 Nat Rev Neurol 2015; 11: 351-9 Neuromuscul Disord 2015; 25: 593-602 Semin Spine Surg 2012; 

24:164-8 Eur J Hum Genet 2004; 12: 1015-23 Neuromuscul Disord 2015; 25: 979-89 



 60

37 SMA  

    SMN2
 

SMA

0  1   1 - 

 

A 2 1~2   1 2 

58% B  
3   

 
2  

 
2 3 

C  
3 6  

  
6 18

2 ; 25
70%  

 
3 

29% 

 

A  
18 36

  3 4 13% 
B 

 
 

3 10
18

 35   4  - 
 

CS3B SMA

6 180 SMN2 2

7.2

SMA  

SMA CS4
45)

SMN1

SMA SMA

 

7.R.6.2

SMA CS3B SMA

CS4 38 7.R.7.1

CS4

SMA

38
   

CS3B   12 mg / 1 15 29 64 4 1
CS4   12 mg / 1 29 85 6 1

CS3B SMA

 

SMA  

SMA 8  

SMA 8
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SMA 8

CS3B 7 210 SMA

8 SMA

 

CS3B

 

6

SMA 6

 

ICD-10 CS3B

 

4 1 CS3B

 

 

 

 

CS3B

 

6 12 SMA

SMA 7.R.8

7.R.7

CS3B

SMA

7.R.3.2

 

 

7.R.6.3 SMA

 

SMN1 SMA

SMN2 1
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SMA 4 5% Am J Hum Genet 

1999; 64: 1340-56

SMN2

SMN2 0 SMA BMC 

Musculoskelet Disord 2015; 16: 11

 

SMA 20

SMA 81.5% 88/108 SMA

SMA

SMA

 

1

SMA

2 4

SMA

 

 

 

SMA 4 5%

SMN1 SMA SMN2

1

20 80% SMA

SMA SMN2

1

 

7.R.6.4 SMN2 2

CS3B SMN2 2 SMA

SMN2 1 3 37 SMN2 2

 

SMN2 1

SMN

SMN2 3 SMN2 2
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SMN

3.R.1 SMN2 2

 

 

 

SMN

SMN

3.R.1 SMA

SMN2 2

1

3

SMN2

 

 

7.R.7

7.R.7.1

CTD 5.3.5.1-1: CS3B

CS3B  

 

SMN2 3) CTD 4.2.1.1-4 1

10 g/g  

14 CTD 4.2.3.2-1 2-

SMA 2

CTD 5.3.4.2-2: CS2 CSF
81)  

2 12 mg/ 3 1 29 85

6

5 g/g  

CS3B SMA

12 mg/ 4 1 15 29 64

4

 

CSF Cereb Cortex 2001; 11:335-42

2 12 mg/ CSF 150 mL CSF

20

 

                                                        
81) CSF 15 mL Radiology 1985; 157: 373-7 2 CSF 150 mL Cereb Cortex 2001; 11: 335-42

10  
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CS3B 12 mg / 20 1

15 29 64 4  

7.R.7.2

CS3B

 

CS3B 12 mg / 20 CTD 5.3.5.2-1: 

CS3A 3

10 g/g

5 g/g 14  

CS3B 1 0 3 3 6 6 12

CSF 39

CS3A

253 6 12 12 24 379

0.53 0.14 0.56 0.24 ng/mL CSF 7.90 5.54 9.90

10.67 ng/mL CS3B

 
 

39 CS3B CSF  

 
 CSF  

 
  

Cmax 
(ng/mL) 

tmax 
(h)a)

AUC0-24h 
(ng·h/mL) 

 
 

 
 

 
(ng/mL) 

0 3  1 6 1357 ± 957 2.0 11052 ± 6324b) 15  5 5.51 ± 2.69 
3 6  1 41 1003 ± 653 2.0 9849 ± 4985c) 15  40 4.08 ± 2.29 
6 12  1 29 1192 ± 1071 2.0 10204 ± 4519 15  23 3.42 ± 2.24 

 
a) b) 5 c) 38  
 

CS3B 1 0 3 3 6 6 12

HINE 2 7 69) 70)

0% 0/2 54% 15/28 29% 6/21 0 3

3

0 3 50% 1/2

CHOP INTEND 4

CS3B 0 3 3 6

6 12 40

 
 

40 CS3B  

 
0 3  3 6  6 12  
     

 2 6 14 43 25 31 
 2 (100) 5 (83.3) 12 (85.7) 39 (90.7) 24 (96.0) 28 (90.3) 

 1 (50.0) 1 (16.7) 4 (28.6) 4 (9.3) 8 (32.0) 7 (22.6) 
 2 (100) 3 (50.0) 10 (71.4) 31 (72.1) 21 (84.0) 22 (71.0) 
 2 (100) 2 (33.3) 10 (71.4) 25 (58.1) 15 (60.0) 17 (54.8) 

 1 (50.0) 1 (16.7) 4 (28.6) 4 (9.3) 7 (28.0) 7 (22.6) 
 

7.R.7.3 CS3B



 65

CS3B 52 242

CS3B

 

CS3B  

6 12 mg

20 CSF Cmax AUC0-
82) 41

 
 

41 12 mg 20 CSF  
 0 3  3 6  6 12 12 24 2 6  6 12  12 18  

Cmax( g/mL) 95.3 (134) 72.5 (148) 60.9 (163) 48.6 (158) 60.1 (163) 56.0 (195) 58.1 (164) 
AUC0- ( g·h/mL) 90.4 (49.2) 94.3 (41.2) 94.0 (45.9) 94.5 (39.0) 105.0 (48.5) 96.3 (45.9) 101.0 (37.9)

 
 

Cmax AUC 6 39 2

17

 

CS3B  

SMN CTD 5.3.5.2-2: 232SM201

1 19 /19 15

CSF 27.6 21.3 13.9 10.4 ng/mL 4

250 156 573 391 ng/mL CS3B  

SMA CSF

CS3B

232SM201

 

 

 

 

 

 

 

 

 

 

 

                                                        
82) PPK CTD 5.3.3.5-2: CPP-17-001-BIIB058 12 mg 20

100 CSF Cmax AUC0-  
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2 24

1 12 mg 5 mL 2 24

 
 

  
mg  

 
mL  

 *

0-3  9.6 mg 4 mL 
0

14
28

63  

4  
3-6  10.3 mg 4.3 mL 
6-12  10.8 mg 4.5 mL 
12-24  11.3 mg 4.7 mL 
> 24  12 mg 5 mL 

*  
 

7.R.7.4  

12 mg 20 12 mg

CSF Cmax AUC0-
83) 2 3 12 mg

Cmax AUC0-

8 42 232SM201

: 17 15 CSF CS3A CS3B 5 6

6.2.2.2 6.2.3

 

  
2 12 mg 12 mg 20  

CSF Cmax  

  
3 12 mg 12 mg 20  

CSF AUC0-  

                                                        
83) 100 12 mg 12 mg 20 PPK CTD 

5.3.3.5-2: CPP-17-001-BIIB058 CSF Cmax AUC0-  
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1 12 mg 5 mL

0 14 28 63 4

 

 

12 mg  

12 mg/

 

12 mg/ Cmax AUC0-

25% CSF 12 mg/

 

Cmax AUC0-

 

 

 

CS3B PD

CS3B

CS3A

CS3B

20

8 42 232SM201

CSF 52 242 CS3B

5 6.2.2.2 6.2.3

SMA

CS3B
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CS3B

 

Nucleic Acid Ther 

2016; 26: 199-209

 

 

 

7.R.8

 

CTD 5.3.5.1-1: CS3B

2

3/4

5.0 mL CSF  

 

 

 

 

 

 

 

CS3B 79/80

1 4
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CSF CSF

CSF

Handb Clin Neurol 2016; 135: 193-208 CSF

 

 

 

CS3B

CSF

 

 

7.R.9

QT/QTc

SMN2

2

 

SMA

8

 

 

 

 

8.

8.1  
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8.2 GCP  

CTD 5.3.5.1-1 GCP

9. 1

SMA

SMA
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2

 

29 5 31  

 

 12 mg 

  

  

 28 12 7  

 

1. 

20 12 25 20 8

 

 

1  

 

 

1.1

1.1.1

1 7.R.6

6

 

6

1 7.R.6.2

 
6

1 7.R.8
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1.1.2

Survival Motor Neuron 1 SMN1 Survival Motor Neuron 

2 SMN2 1

1 7.R.6.3

 

 

2 1

2 3  

CTD 5.3.5.1-1: CS3B

1  

 

 

 

 

SMN1 SMN2 1

 

 

1.2  

CTD 5.3.5.1-1: CS3B 20

1 7.R.7

1 7.R.7.4

CS3B
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1 2 4 9

4 1 3  
 

   
0-90  9.6 mg 4 mL 

91-180  10.3 mg 4.3 mL 
181-365  10.8 mg 4.5 mL 
366-730  11.3 mg 4.7 mL 
731  12 mg 5 mL 

 

1.3

1 7

11)

7

CTD 5.3.5.1-1: CS3B 84)

 
85) 86) 87) 88) 89)

90) 91) 92) B 93) 94) 95)

CTD 5.3.5.4-3: CS11 CS3B

1.2% 1/81

 
96) 73.2% 30/41

73.8% 59/80 22.0% 9/41 25.0% 20/80

14.6% 6/41 21.3% 17/80 9.8% 4/41 17.5% 14/80

22.0% 9/41 12.5% 10/80 19.5% 8/41 12.5%

10/80
                                                        
84) CTD 5.3.5.1-1: CS3B

1
1 7.R.4.3 1 7.R.4.5

1 5.R.1  
85) MedDRA PT  
86) MedDRA PT  
87) MedDRA PT  
88) MedDRA SMQ SMQ  
89) MedDRA HLT  
90) MedDRA PT  
91) MedDRA PT  
92) MedDRA HLT  
93) MedDRA PT  

B B B B B B B B
B B B B B e B
B e B B e B DNA B DNA

B DNA B B B B DNA B DNA B
B B B e B B B
B B e B e  

94) MedDRA PT  
95) MedDRA HLGT PT  
96) MedDRA SOC  
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97) 7.3% 3/41

0% 0/80  
98) 2.4% 1/41 2.5%

2/80 2.4% 1/41 0% 0/80

0% 0/41 1.3% 1/80 0% 0/41 1.3% 1/80

 
99) 0% 0/41 2.6% 2/80

2

 
100) 7.3% 3/41 1.3% 1/80

3 1

 
101) 24.4% 10/41

16.3% 13/80 4.9% 2/41 6.3% 5/80

4.9% 2/41 3.4% 3/80 0% 0/41

3.4% 3/80 7.3% 3/41 0% 0/80

 
102) 12.2% 5/41

13.8% 11/80 4.9% 2/40 5.0% 4/80

4.9% 2/40 3.8% 3/80 2.4% 1/41 2.5% 2/80

 

 

12 11)

 

1 3.R.2.1

 

                                                        
97) MedDRA HLGT  
98) MedDRA SOC  
99) MedDRA PT  
100) MedDRA PT  
101) MedDRA SOC  
102) MedDRA SOC  
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Western Blot  

Western Blot  

SMN

 

 

1.4  

1.4.1

1

7.R.8

 

 

 

1.4.2  

 

79/80 1 4

1 7.R.8

6.3% 5/80

1  

 

 

 

CSF
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1.5

1

APK02

1 4.2.1 2’-O-(2-methoxyethyl) 2’-MOE

ASO 25) 1 4.R.1

 

CTD 5.3.5.1-1: CS3B 103)

19.5% 8/41 11.3% 9/80

 

 

 

 

 

1.6

QT/QTc

1 5.R.1 6.R.3 7.R.4.3 7.R.4.4

7.R.4.5

 

 

 

1.7

1 7.R.9

42

43

 

 

 

 

 

 

 

 

 

 
 

                                                        
103) MedDRA HLT NEC
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42  
 

   
  

 
 

 
 

2
 

QT  
SMN2 3

 
 

 

 
SMN2

 

 
 

 
 

SMN2 2  
 

 
 

43  
  

 
 

 

 

APK02  
2

 

 

 

 

 

44

 
 

44  
  
  
  
 8  

  

 

SMN2
 

1  
 

HINE 2  
 

 

 

 

1.8

1 B

6  

B A



 78

2 8 30  

 

 

 

2. 1
    

14 
 

6 
 

 
9 10 7 9 /

 
9 10 6 9 /

/  
9 10 2 4 /

/  
9 10 6 9 /

32 44) 15.3 241%  -2.23 241%  
40 19 1

6 mg / 2 12 mg /
20  

1 15 85
1 6 mg /

2 12 mg / 20  
44 27   
60 37   

 

3. 

10

 

 

  

 1 2

4 9 4

1 3  

 
 

   
0-90  9.6 mg 4 mL 

91-180  10.3 mg 4.3 mL 
181-365  10.8 mg 4.5 mL 
366-730  11.3 mg 4.7 mL 
731  12 mg 5 mL 

 

 1.  

2. 
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