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30 2 8

240 mg 240 mg

MSD

29 7 28

1 240 mg

1 12 mL 240 mg

1

C29H28F4N4O4

572.55

(4S)-2-{8- -2-[4-(3- ) -1- ]-3-[2- -5-(

) ]-3,4- -4- }

(4S)-2-{8-Fluoro-2-[4-(3-methoxyphenyl)piperazin-1-yl]-3-[2-methoxy-5-(trifluoromethyl)phenyl]- 

3,4-dihydroquinazolin-4-yl}acetic acid 

28 374 28 2 25

0225 1
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480 mg 1 1
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480 mg 1 1 60

240 mg 1 1 60
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1.

β CMV CMV

CMV 80 90%

1 ; 2014. p. 126-61

2010; 46: 1273-9 2008; 97: 485-93 CMV

allo-HSCT CMV CMV

allo-HSCT CMV CMV

allo-HSCT CMV

1 ; 2014. p. 126-61

allo-HSCT CMV

allo-HSCT CMV

CMV CMV

CMV CMV

1 Lancet 

Haematol 2016; 3: e119-27 CMV

allo-HSCT CMV

CMV UL56

DNA

AiCuris GmbH & Co. KG Bayer 

Healthcare AG Merck Sharp & Dohme Corp., a subsidiary of Merck & Co., Inc.

allo-HSCT 001

allo-HSCT 240 mg

240 mg

2017 11

2.

2.1

2.1.1

pH

1
1H- 13C-NMR X

2.1.2
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2.1.3

HPLC HPLC

HPLC

2.1.4

1

1

3 25 60%RH 24
3 40 75%RH 6

15

6 3 0603004

2.2 240 mg

2.2.1

1 240 mg

2.2.2
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2.2.3

HPLC HPLC

HPLC HPLC

2.2.4

2

2

3 30 75%RH
PTP

24
3 40 75%RH 6

15 6 3

0603004 PTP 36

2.3 240 mg

2.3.1

1 240 mg

-β- HP-β-CD

2.3.2
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2.3.3

HPLC pH HPLC

HPLC

2.3.4

3

3

3 25 60%RH 24
3 40 75%RH 6

15 6 3

0603004

36

2.R

2.R.1

240 mg

21 6 23

HP-

β-CD 1

2.R.1.1

HP-β-CD HP-β-CD

HP-β-CD

HP-β-CD

HP-β-CD 2

IPEC IPEC Excipient Stability Program 

Guide 2010 http://ipec-europe.org/UPLOADS/100311_IPECStabilityGuide-Final.pdf 2017 12

HP-β-CD
                                                       
1

HP-β-CD
HP-β-CD

2 HP-β-CD HP-β-CD
HP-β-CD
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HP-β-CD

HP-β-CD

HP-β-CD

2.R.1.2

HP-β-CD 1% HP-

β-CD

18 8 10 1%

HP-β-CD 100 mg/kg

Food Chem Toxicol 2005; 43: 1451-9

50 mg/kg Reprod Toxicol 

2015; 56: 87-96 400 mg/kg ALT AST

Food Chem Toxicol 2005; 43: 1451-9

240 mg
1 240 mg HP-β-CD

HP-β-CD

HP-β-CD 1 72 mg/kg

HP-β-CD

3.

CMV CMV

3.1

3.1.1 in vitro
3.1.1.1 CMV

3.1.1.1.1 CMV CTD 4.2.1.1.33

NHDF CMV AD169 UL97 M460I CMV AD169 4

GCV 50%

EC50 CMV AD169 EC50

0.0051 0.0039 μmol/L GCV 2.4 12 μmol/L

                                                       
3 Antimicrob Agents Chemother 2010; 54: 1290-7
4 UL97 GCV 500 mg 10
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3.1.1.1.2 CTD 4.2.1.1.2  

GFP CMV AD169

GFP

50% EC50 CC50

4  
 

4  

  EC50 μmol/L  CC50 μmol/L  
Selectivity index 

CC50/EC50  
HS27  

 
 0.0056 107 19,107 

GCV 0.3190 >333 >1,044 

NHDF   0.0035 91 25,899 
GCV 1.9127 >333 >174 

HELF  
 

 0.0035 63 17,877 
GCV 2.3922 >333 >139 

NHLF  
 

 0.0050 64 12,903 
GCV 2.0650 >333 >161 

MRC-5  
 

 0.0045 127 28,015 
GCV 1.6490 >333 >202 

 
 

3.1.1.1.3 CTD 4.2.1.1.2  

NHDF GFP CMV AD169

GFP 50%

EC50 5  
 

5  

MOI EC50 μmol/L  
 GCV 

0.003 0.0013 0.9902 
0.01 0.0015 0.6843 
0.03 0.0029 1.7379 
0.1 0.0034 2.2063 
0.3 0.0036 6.5093 
1 0.0042 5.2580 

MOI Multiplicity of infection  
 

3.1.1.1.4 CTD 4.2.1.1.33  

NHDF GFP CMV AD169 0 144 EC50 10

50 nmol/L GCV 20 μmol/L BAY38-4766 11 μmol/L 7

GFP

GCV 33
* BAY38-4766 57

CMV 1

 

 

3.1.1.1.5 CTD 4.2.1.1.7  

NHDF GFP CMV AD169 2 2 GCV

GFP 50%

EC50 EC50

0.0029 0.0025 μmol/L GCV 2.5 2.0 μmol/L

 

*  
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3.1.1.1.6 CTD 4.2.1.1.2

NHDF GFP CMV AD169

GFP 50%

EC50 6  

6
EC50 μmol/L

GCV

A

0% 0.0025 3.19
5% 0.0035 3.07
10% 0.0047 3.75
20% 0.0056 5.73
40% 0.0107 8.74

100% 0.0224 17.6

B
0.0035 3.66

α1- 1 mg/mL 0.0208 1.14
45 mg/mL 0.0021 2.62

3.1.1.2 CMV CTD 4.2.1.1.6 CTD 4.2.1.1.55

NHDF CMV 74

GCV 50%

EC50 Merlin EC50 0.0031

μmol/L EC50 0.2 2.0 27 UL56
6

gB 7 gB 1 29 gB 2 27 gB 3 11 gB 4 3

EC50 0.0023 0.0022 0.0022 0.0029 μmol/L

1995 2014 50 EC50 0.00014 0.0057

μmol/L

MRC-5 CMV GCV

50% EC50 50%

CC50 7

                                                       
5 Antiviral Res 2016; 132: 204-9
6 R43K T189M L373I A425V I426T S435A M442T S445N N446 NSS449-451 T452I S454N G460V A464T

G467A V471A V476A E485G V490E E497G D586N S749N V778A S782F V793A P800L P803A
7 CMV J Med Viol 2015; 87: 

1737-48
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7 CMV

CMV EC50 μmol/L CC50 μmol/L
Selectivity index

CC50/EC50

14-4B 0.00888

>0.1

>11.3
Coffman 0.0135 >7.41
E. Mann 0.00771 >13.0
C9207 0.00221 >45.2
C9208 0.0180 >5.56

GCV

14-4B 8.06

>100

>12.4
Coffman 7.36 >13.6
E. Mann 11.5 >8.70
C9207 4.25 >23.5
C9208 12.1 >8.26

3.1.1.3 CTD 4.2.1.1.48

1 2 CMV

CMV 6 EC50

CMV 4.5 μmol/L 10 μmol/L 9

EC50 2 A

10 μmol/L 1 11 μmol/L B

30 μmol/L C 32 μmol/L 10

3.1.2

3.1.2.1 CMV DNA CTD 4.2.1.1.111

NHDF CMV AD169 EC50 10 50 nmol/L GCV 20 μmol/L

CMV DNA PCR 24

GCV CMV DNA CMV DNA

HFF

CMV GCV

GCV CMV

3.1.2.2 CMV DNA CTD 4.2.1.1.111

HELF CMV AD169 CMV UL56

CMV AD169-rAIC246-1 3.1.3.1

DNA KpnI DNA CMV DNA
12 CMV AD169 CMV DNA EC50 0.05 50

0.2 200 nmol/L 4 kB DNA

                                                       
8 Antimicrob Agents Chemother 2012; 56: 1135-7
9 2 CMV CMV

6 DNA 1
50% EC50

10 2 B DNA 1 A
C RNA 50%

EC50
11 J Viol 2011; 85: 10884-93
12 DNA KpnI 4 8.4 kB
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CMV DNA

CMV DNA

3.1.2.3 CTD 4.2.1.1.111

HFF CMV AD169
13

A DNA C DNA

B DNA

3.1.2.4 CMV CTD 4.2.1.1.111

NHDF CMV AD169 EC50 10 50 nmol/L GCV 20 μmol/L

GCV

3.1.2.5 CTD 4.2.1.1.33

CMV 14 NHDF CMV AD169

CMV EC50 10 50 nmol/L GCV 20 

μmol/L GCV

CMV 48 72 106

/mL GCV

3.1.3

3.1.3.1 CTD 4.2.1.1.915 4.2.1.1.1116 4.3 1617

NHDF CMV AD169 18 CMV AD169

GCV 19 UL56 UL89 UL104 UL51

DNA

50% EC50 8 UL89

                                                       
13 CMV A DNA B DNA

C DNA DNA B
DNA C A C DNA

Intervirology 1996; 39: 389-400
14 in vitro penciclovir

Antimicrob Agents Chemother 1987; 31: 1238-42
15 Antimicrob Agents Chemother 2014; 58: 610-13
16 J Infect Dis 2016; 213: 23-30
17 Antimicrob Agents Chemother 2015; 59: 6588-93
18 CMV AD169 NHDF EC50 10 CMV

19 CMV BAY38-4766
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A345S

8

CMV
EC50 μmol/L a

bGCV UL56 UL89 UL104 UL51
AD169 0.0046 3.6

rAIC246-1 1.23 1.2 268 L241P
rAIC246-2 0.37 4.0 81 R369S A345S
rAIC246-3 27.23 3.0 5,870 C325Y
rAIC246-4 0.13 4.2 28 V231L
rAIC246-5 0.11 5.0 23 R369M
rAIC246-6 0.08 2.9 17 R369M
rAIC246-7 0.92 2.2 200 L241P
rAIC246-8 25.01 2.2 5,413 C325Y
rAIC246-9 0.06 1.7 13 R369G
rAIC246-10 0.09 1.4 19 V236M A345S

a b EC50 EC50

UL56 V231L V236M L241P C325Y R369M

R369G R369S GFP CMV AD169 NHDF

GFP 50%

EC50

EC50 EC50 0.0030 μmol/L 5 8,796

020 7.1 CMV CMV

UL56 L134V/Q228H V236M D414N

S227I R410G 20 GFP CMV AD169 NHDF

GFP 50%

EC50 EC50

EC50 0.0029 μmol/L V236M 46 0.2 0.9

HFF CMV T4138

UL56

9

                                                       
20 020 CMV CMV DNA

12 27 UL56



 

 
12 

240mg 240mg_MSD _  

9  
 EC50 μmol/L a  b  

* 0.0057  
L51M 0.0043 0.8 
V231A 0.012 2.1 
V236L 0.080 14 
V236M + L257I + M329T 18 >3,000 
V236L + L257I 1.5 260 
E237D 0.058 10 
E237D + T244K + F261L 0.59 104 
T244K 0.019 3.3 
T244K + F261L 0.047 8.2 
L257I 0.028 4.9 
F261L 0.016 2.8 
F261C 0.025 4.4 
Y321C 0.026 4.6 
C325F 21 >3,000 
C325R 20 >3,000 
M329T 0.025 4.4 
a b EC50 EC50 
 

3.1.3.2 CMV UL56 UL89 CTD 4.2.1.1.10  

DNA CMV UL56 UL89

CMV Merlin UL56 44

UL56 3.1.3.1 UL89

18  

 

3.2  

3.2.1 CTD 4.2.1.2.1  
21 CC50 27 >30 μmol/L 22 MRC-

5 CC50 >0.1 mmol/L 3.1.1.2

CC50 63 127 μmol/L 3.1.1.1.2  

 

3.2.2 CTD 4.2.1.2.2  

63 10 μmol/L

 

 

3.2.3 CTD 4.2.1.2.3  

30 μmol/L in vitro 23 1.5 Hz

 

30 mg/kg
23 90 1.4

                                                        
21  T

 
22  50% CC50

 
23  GLP  

*  
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ALT

3.3 CTD 4.2.1.3.2 4.2.1.3.4 4.2.1.3.11 CTD 4.2.1.3.1 4.2.1.3.3

10

10

1 6 0 5 15 45 mg/kg
1 45 mg/kg 1 5

2

1 7 8 0 5 15 45 mg/kg
5 mg/kg

3 4 a hERG 0 1 10 100 μmol/L in vitro IC50 68 μmol/L
38,900 ng/mL

5
hERG 8.9 29 86 μmol/L in vitro IC50 67 μmol/L

38,400 ng/mL

1 5 a 0 1 3 10 mg/kg

1 3 0 5 15 45 mg/kg

1 10 0 5 15 45 mg/kg

1 5 0 5 15 45 mg/kg

4 10-7 10-6 g/mL in vitro

1 6 0 5 15 45 mg/kg

a GLP

45 mg/kg 1/6

HSCT Cmax 12

10 250 mg/kg/ 100 mg/kg/

5.2.7 5.2.5

in vitro HSCT

480 mg Cmax 280 ng/mL 24 137 hERG

                                                       
24 001 PPK HSCT

Cmax 480 mg 4.5 μmol/L 480 mg 38 μmol/L 240 mg
6.8 μmol/L 240 mg 20 μmol/L 480 mg

Cmax 38 μmol/L 21,570 ng/mL 98.7% 4.2.2 Cmax
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HSCT Cmax 1.5 45 mg/kg

250 mg/kg 5.2.7

5.2.3 5.2.4

3.4

3.4.1 CMV CTD 4.2.1.1.825

NHDF GFP CMV AD169 CMV GCV Cidofovir
26

3.4.2 HIV CTD 4.2.1.1.825

NHDF GFP CMV AD169 MT-4 HIV-1 LAI 3.0 μmol/L

HIV 27 28

CMV HIV HIV-1

3.R

3.R.1

CMV

in vitro CMV 3.1.1 19

20 EC50

3.1.1.2

CMV gB Arch 

Virol 2008; 153: 667-74 J Med Virol 2015; 87: 1441-5 gB 1 gB 3

gB 2 gB 4 001 7.2

                                                       
25 Antimicrob Agents Chemother 2015; 59: 3140-8
26 2 Prichard Shipman Bliss Antiviral Res 1990; 14: 181-205

mmol/L 2% 50 50 50 50
Chou Talalay Loewe Adv Enzyme Regul 1984; 22: 27-55 CI

combination index 0.8 0.8 1.2
1.2

27

28 EC50 EC50 2 5
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CMV CMV gB

gB 2

3.1.1.2 gB

AIDS Res Hum Retroviruses 1998; 14: 533-

6 gB gB CMV

3.1.1.2 CMV

CMV UL56 UL89

UL56 3.1.3 2017 7

CMV

CMV

gB gB

CMV

3.R.2

CMV CMV DNA DNA

DNA DNA DNA CMV DNA

UL56 UL89 UL104 UL51

Virus Res 2009; 143: 222-34

CMV DNA UL56 DNA

3.1.2 3.1.3 GCV CMV DNA

3.1.2.1 3.1.2.4 GCV

3.1.1.1.4

CMV GCV DNA

CMV DNA 500 mg

10 24 mg/mL 10 GCV

CMV

GCV UL97 CMV AD169

CMV 3.1.1.1
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in vitro CMV DNA UL56 V231A/L

V236L/M E237D L241P T244K L257I F261L/C Y321C C325F/R/Y M329T R369G/M/S

3.1.3.1

020 CMV CMV

UL56 6 L134V Q228H V236M D414N S227I

R410G V236M 3.1.3.1

001 CMV CMV

CMV DNA UL56 V236M C325W 1

C325W in vitro C325

C325Y/F/R

CMV DNA UL56 V231A/L V236L/M E237D

L241P T244K L257I F261L/C Y321C C325F/R/Y M329T R369G/M/S

V236M C325

C325W CMV CMV

CMV DNA CMV

4.

PK

0.1 21 ng/mL

PK

4.1

4.1.1 CTD 4.2.2.2.1 4.2.2.2.2

3 mg/kg 1 mg/kg
14C PK 11

54.8% 14.3%
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11 PK

mg/kg
Cmax

ng/mL
tmax

h
AUCinf

ng h/mL
CL

L/h/kg
Vss

L/kg
t1/2

h
1 3/ 201 0.50 254 3.12
3 3/ 652 0.50 1,072 2.42

10 3/ 2,958 0.75 8,521 1.28
0.3 3/ 282 139 2.15 3.01
1 3/ 851 523 1.91 1.99 1.84
1 3 19.1 ± 2.15 1.82 ± 1.74 138 ± 1.38 10.5 ± 1.21

10 3 510 ± 2.87 3.11 ± 1.58 2,886 ± 1.88 10.7 ± 1.16
0.1 3 263 ± 1 17 96.4 ± 1 10 1.04 ± 1.10 1.30 ± 1.83 4.91 ± 1.50
1 3 4,432 ± 1 12 1,380 ± 1.23 0.725 ± 1.23 1.59 ± 3.15 11.2 ± 2.82

± Vss

4.1.2 CTD 4.2.3.2.1 4.2.3.2.5 4.2.3.2.8 4.2.3.2.11 4.2.3.2.14

PK 12

13

AUC

2

1 13

12 PK

mg/kg/
Cmax μg/mL tmax h AUC0-24 μg h/mL

40 3/ 1 32.3 18.2 1.00 1.00 295 105
3/ 13 21.0 11.0 1.00 1.00 72.3 61.2

100 3/ 1 62.8 36.2 4.00 1.00 415 384
3/ 13 32.1 37.9 1.00 1.00 182 368

250 3/ 1 134 76.1 4.00 6.00 1,275 585
3/ 13 57.4 56.2 6.00 4.00 349 366

17 3/ 1 4.09 4.11 1.00 1.00 15.5 20.2
3/ 26 4.71 6.92 1.00 2.00 25.6 25.3

50 3/ 1 16.3 18.3 2.00 4.00 90.4 126
3/ 26 17.6 27.7 4.00 4.00 130 276

150 3/ 1 39.6 39.4 4.00 8.00 399 484
3/ 26 44.6 62.0 4.00 4.00 568 747

30 4 1 4.89 ± 4.82 3.38 ± 2.14 2.00 ± 1.15 2.00 ± 1.15 15.8 ± 18.4 11.9 ± 7.10
4 13 1.24 ± 0.86 1.57 ± 1.02 0.63 ± 0.25 1.50 ± 1.00 4.68 ± 1.50 6.63 ± 1.44

100 4 1 52.9 ± 6.53 54.8 ± 17.1 3.75 ± 1.50 3.00 ± 0.00 431 ± 74.7 355 ± 121
4 13 10.1 ± 9.79 16.8 ± 5.77 2.50 ± 1.00 2.50 ± 1.00 41.4 ± 29.7 74.3 ± 21.4

300/250a 6 1 123 ± 55.2 78.6 ± 41.4 7.17 ± 2.99 5.50 ± 4.04 1,859 ± 979 1,011 ± 888
6 5 13 35.6 ± 16.3 26.8 ± 13.9 4.50 ± 3.67 5.40 ± 3.91 195 ± 64.4 166 ± 80.1

±
a 300 mg/kg 11 250 mg/kg
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13 PK

mg/kg/
C0 μg/mL AUC0-24 μg h/mL

10 3/ 1 7.47 8.00 11.3 15.6
3/ 28 14.1 23.4 22.5 28.7

30 3/ 1 34.2 45.0 97.3 148
3/ 28 43.0 74.2 117 150

100 3/ 1 120 142 661 876
2 3/ 28 272 165 646 719

10 3 1 36.4 ± 2.34 41.4 ± 4.47 15.7 ± 4.47 18.8 ± 2.26
3 28 39.0 ± 7.95 35.1 ± 6.33 14.4 ± 3.53 15.9 ± 1.88

30 3 1 105 ± 31.9 125 ± 21.7 102 ± 19.6 170 ± 67.3
3 28 124 ± 23.9 155 ± 13.7 89.0 ± 11.7 109 ± 19.2

100 5 1 277 ± 62.4 323 ± 96.1 978 ± 205 1,017 ± 235
5 28 224 ± 54.6 275 ± 25.1 435 ± 52.8 401 ± 77.2

±

4.1.3 in vitro CTD 4.2.2.3.1 4.2.2.3.2

Caco-2

Papp A B 10 μmol/L 1.39 10-6 cm/s Lucifer Yellow

0.673 10-6 cm/s Caco-2 0.2 10 μmol/L

Papp A B 6.32 10.7 10-6 cm/s

4.2

4.2.1 CTD 4.2.2.3.3

2 6 2 14C

3 mg/kg 29

168

8 Bq/mL

1 14C 3 mg/kg 24

4.2.2 CTD 4.2.2.3.5 4.2.2.3.7 5.3.3.3.1 5.3.3.3.2

0.2 50 μg/mL

97.3% 98.3 99.0%

pH pH 7.2 7.8

0.57 5.7 μg/mL

97.4 94.8%

eGFR 30 59 mL/min/1.73m2 30 mL/min/1.73m2

                                                       
29 2 4 8 24 72 168 5 2

2 24
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120 mg QD 8 99.0 98.8%

99.1% Child-Pugh B C

30 60 mg QD 8 98.9

98.6% 99.1 99.0%

40 g/L α1- 0.7 g/L

94.8 78.1%

0.1 10 μg/mL 0.64

0.49 0.61 0.56

4.2.3 CTD 4.2.2.3.4

18 5 14C 3 mg/kg
30 1 8

4 1 24

8 24

0.010 μg eq./g

4.3

4.3.1

4.3.2 4.3.3 1

                                                       
30
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CYP2C8/3A 3A 2C9

44.6% 81.9 85.7% 27.7% CYP1A2 2C19 2D6

2E1 32 CYP CYP3A4

3A5 CYP2D6 2J2

UGT UGT1A1 1A3 1A4 1A6 1A7 1A8 1A9 1A10 2B4 2B7 2B15

2B17 14C 9.9 99.2 μmol/L

M7 UGT1A1 1A3

4.3.3 in vivo CTD 4.2.2.4.3 5.3.3.1.7

5 14C 3 mg/kg

15

M7

15 in vivo
a b

15.7% 8.3%
M1 21.7% 7.7%
M7 21.3% 35.5%

33.4% 26.1%
1.4% 4.8%

M1 0.6% 4.3%
0.2% 6.2%

14.7% 11.4%
M1 23.7% 19.7%

53.8% 59.8%
0.10%

M1 0.01%
0.08%

a 24 8 b 48

3 / 14C 1 mg/kg 3 mg/kg

24 M5

M5 AUC AUC 25%

8 80 mg BID 4 5 80 mg
14C 12 kBq 48 96.6%

3 M5

24 96 70.5%

M7 6.0% 4 4%

4.4

4.4.1 CTD 4.2.2.2.2 4.2.2.5.1 5.3.3.1.7

4 5 14C 3 mg/kg

168

93.8% 92.9% 0.8% 92.4% 91.4%

0.6% 24

                                                       
32 CYP1A2 Furafylline CYP2C8 Quercetin CYP2C9 Sulfaphenazole

CYP2D6 CYP2E1 4-Methylpyrazole CYP2C19 Benzylphenobarbital CYP3A Azamulin
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95.9% 92.1% 2.24% 0.2% 98.5% 77.6% 15.3%

0.1%

3 14C 1 mg/kg 168

92.0% 86.9% 4.1%

8 80 mg BID 4 5 80 mg
14C 12 kBq 336 94.7% 93.3% 1.4%

4.4.2 CTD 4.2.2.5.3

10 3 / 10 mg/kg

2 4 8 12 671 364 31.4 3.9 ng/mL

4.5

4.5.1 CTD 4.2.2.6.2 4.2.2.6.4 4.2.2.6.6 4.2.2.6.19

CYP CYP1A2 2A6 2B6 2C8 2C9 2C19 2D6 2E1 3A4/5 33 UGT UGT1A1

1A4 1A6 1A9 2B7 34 CYP2B6

2C8 UGT1A1 IC50 54 0.34 14 μmol/L in vitro
CYP2B6 Ki 38 μmol/L 2C8 Ki 0.22 μmol/L UGT1A1 Ki 16 μmol/L

CYP UGT IC50 100 μmol/L

CYP CYP3A

50% KI 35 μmol/L kinact

0.0437 min-1 CYP

HSCT 35

CYP2C8 CYP3A UGT1A1 CYP3A

UGT1A1

CYP CYP1A2 2B6 3A4 36 mRNA 0.1 20 μmol/L

CYP3A4 mRNA

CYP2B6 mRNA

CYP1A2

                                                       
33 CYP1A2 CYP2A6 Coumarin CYP2B6

CYP2C8 Amodiaquine CYP2C9 CYP2C19 (S)-Mephenytoin CYP2D6 CYP2E1
Chlorzoxazone CYP3A4/5

34 UGT1A1 17β- UGT1A4 Trifluoperazine UGT1A6 1-
Naphthol UGT1A9 UGT2B7

35 001 PPK HSCT
Cmax 480 mg 4.5 μmol/L 480 mg 38 μmol/L 240 mg

6.8 μmol/L 240 mg 20 μmol/L
36 CYP1A2 CYP2B6 Bupropion CYP3A4
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CYP3A64 mRNA

0.1 30 μmol/L CYP3A64 mRNA

in vitro CYP3A4 CYP2B6 X

PXR CAR PXR CAR

CYP3A4 2B6 2C9 2C19

Drug Metab Pharmacokinet 2008; 23: 45-53 Adv Drug Deliv Rev 2010; 62: 1238-49 Cancer 

Chemother Pharmacol 2010; 66: 765-71 PXR CAR CYP3A4

CYP2B6 2C9 2C19

4.5.2 CTD 4.2.2.6.1 4.2.2.6.3 4.2.2.6.13 4.2.2.6.14 4.2.2.6.18

OATP1B1 1B3 2B1 OCT1 OAT1 CHO

OATP1B1

1B3 14C 0.5 5 μmol/L

OATP2B1 OCT1 OAT1

OATP1B1 14C 0.5 μmol/L

OATP1B1 -3- Cerivastatin 0.14 100 μmol/L

73 70% IC50 2.8 7.7 μmol/L OATP1B3
14C 0.15 μmol/L OATP1B3 Fluo-3 0.10

100 μmol/L 0.10 300 μmol/L 86 100%

IC50 32 11 μmol/L

P-gp MRP2 BCRP BSEP Sf9

BSEP

ATP 14C 10 100 μmol/L ATP

1.2 1.4 P-gp MRP2 BCRP

ATP

BCRP MDCK BCRP

BCRP 1 μmol/L efflux 2.0 BCRP

Ko143 efflux 0.75

P-gp LLC-PK1 P-gp

P-gp 14C 0.1 1 μmol/L efflux

21.3 13.9

OATP1B1 1B3 P-gp BCRP BSEP

4.5.3 CTD 4.2.2.6.1 4.2.2.6.13 4.2.2.6.14

P-gp MRP2 BCRP BSEP Sf9

0.14 100 μmol/L P-gp N-

- MRP2 -17-β-D- BCRP
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BSEP IC50 13.7 47.2

29.1 30.4 μmol/L

OATP1B1 1B3 MDCK

OATP1B1 1B3 0 25 μmol/L OATP1B1

OATP1B3 IC50

2.9 1.1 μmol/L

OATP1B1 1B3 2B1 OCT1 CHO

0.14 100 μmol/L

OATP1B1 -3- OATP1B3 Fluo-3 OATP2B1 -3-

OCT1 IC50 13 2.2

30 65 μmol/L

OAT1 OAT3 OCT2 MDCK CHO

OAT1 OAT3 OCT2 0

25 μmol/L OAT3 -3- IC50 2.5 μmol/L

100 μmol/L OAT1 p- OCT2

50%

HSCT 35

P-gp MRP2 BCRP

BSEP P-gp BCRP OATB1B3

OAT3

4.R

PK

5.

Rev Med Virol 2002; 12: 115-27

in vivo 0.5% w/v

5.1 CTD 4.2.3.1.1

NMRI 6 Wistar 6 2,000 mg/kg

1/6

2,000 mg/kg 2,000 mg/kg
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NMRI 3 6 Wistar 3 6

400 30 200 mg/kg

200 mg/kg

200 mg/kg

5.2

13 4 13 26 4 13 39

28 28

26 50 mg/kg 39 100 mg/kg

AUC0-24 203 46.4 μg h/mL HSCT

AUC0-24 100 μg h/mL 37 2.0 0.5 AUC0-24

60.8 μg h/mL 37 3.3 0.8

5.2.1 13 CTD 4.2.3.2.1

ICR 12 0 40 100 250 mg/kg 13

40 mg/kg

100 mg/kg

250 mg/kg ALT AST

100 mg/kg

5.2.2 4 CTD 4.2.3.2.3

Wistar 10 0 20 60 180 mg/kg 4

IgG IgM IgA

180 mg/kg

180 mg/kg

CD8 B

60 mg/kg 180 mg/kg

                                                       
37 001 PPK HSCT AUC0-

24 480 mg 34.4 μg h/mL 480 mg 100 μg h/mL 240 mg 60.8 μg h/mL
240 mg 70.3 μg h/mL 6.2.5.2
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5.2.3 13 CTD 4.2.3.2.4

Wistar 10 20 0 20 60 180 mg/kg 13

4

IgG IgM IgA T

60 mg/kg

180 mg/kg

60 mg/kg CD45high CD45low T 180 mg/kg

B CD45total

60 mg/kg/day 180 mg/kg

5.2.4 26 CTD 4.2.3.2.5

Wistar 15 0 17 50 150 mg/kg 26

4 50 mg/kg

150 mg/kg

150 mg/kg

150 mg/kg AUC0-24 568 μg h/mL

13 180 mg/kg AUC0-24 330 μg

h/mL 150 mg/kg

5.2.5 28 CTD 4.2.3.2.8

Wistar 10 0 30% w/v HP-β-CD 5% w/v

10 30 100 mg/kg 28 2

HP-β-CD

100 mg/kg
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28

30 mg/kg 100 mg/kg

5.2.6 4 CTD 4.2.3.2.10

3 0 10 30 100 mg/kg 4

100 mg/kg

100 mg/kg

5.2.7 13 CTD 4.2.3.2.11

4 6 0 30 100 300 mg/kg 13

300 mg/kg

11 250 mg/kg 300/250 mg/kg

4 300/250 mg/kg 1/12

18 21

300/250 mg/kg

100 mg/kg

5.2.8 39 CTD 4.2.3.2.12

4 6 0 25 100 250 mg/kg 39

250 mg/kg

9 200 mg/kg 250/200 mg/kg

6 25 mg/kg

100 mg/kg 250/200 mg/kg

250/200 mg/kg

2/12 20 37 6

9 100 mg/kg

250/200 mg/kg

1

100 mg/kg

5.2.9 28 CTD 4.2.3.2.14

3 5 0 30% w/v HP-β-CD 5%

10 30 100 mg/kg 28 2
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10 mg/kg

10 30 mg/kg

100 mg/kg

100 mg/kg 30 mg/kg

5.3 CTD 4.2.3.3.1.2 4.2.3.3.1.4 4.2.3.3.2.1

Ames V79

0.5%

5.4

6

5.5

50 mg/kg AUC0-24 259 μg

h/mL HSCT AUC0-24 100

60.8 μg h/mL 37 2.6 4.3

4.2.3 4.4.2

5.5.1 CTD 4.2.3.5.1.2

Wistar 24 0 15 60 240 mg/kg 10

15 2 7

6 240 mg/kg

240 mg/kg

60 mg/kg

240 mg/kg
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5.5.2 CTD 4.2.3.5.1.3

Wistar 44 0 30 60 180 mg/kg 15

19

15

180 mg/kg

180 mg/kg B

180 mg/kg B38

B

60 mg/kg

5.5.3 CTD 4.2.3.5.1.4

Wistar Hannover 22 0 0.5% w/v

30 60 180 mg/kg 15

17

180 mg/kg 180 mg/kg

60 mg/kg

5.5.4 13 CTD 4.2.3.5.1.5

6 0 60 120 240 mg/kg 13

8 60 mg/kg
39 120 mg/kg

B

240 mg/kg

                                                       
38

39
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5.5.6 CTD 4.2.3.5.2.3

Wistar 22 0 10 50 250 mg/kg 6 17

50 mg/kg 250 mg/kg

250 mg/kg

1 14

10 mg/kg

250 mg/kg

50 mg/kg

15

Anat Rec 1939; 74: 273-95

50 mg/kg

5.5.7 CTD 4.2.3.5.2.8

20 0 25 75 225 mg/kg 6 20

225 mg/kg

1/20

3/20

225 mg/kg 13 1

13

75 mg/kg

5.5.8 CTD 

4.2.3.5.3.1

Wistar Hannover 24 0 10 45 180 mg/kg 6

22 180 mg/kg

F1 180 mg/kg 1 21 12

16 0 3

45 mg/kg F1 180 mg/kg
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5.5.9 2 CTD 4.2.3.5.4.1

14 Wistar Hannover 5 0 60 180 mg/kg 2

180 mg/kg

5.6 CTD 4.2.3.6.4 4.2.3.6.5

2

New Zealand White 24 5 mg/mL
40 24

96

New Zealand White 24 20% w/v 2.5

5.0 mg/mL 41

2.5 5.0 mg/mL

2.5 5.0 mg/mL 24

5.0 mg/mL 24 96

0.2% w/v

7.R.3.3

5.7

5.7.1

% 13 5.2.3

60 mg/kg

1.2

5.3

                                                       
40 4 6

15 15
41 4 6 2.5 mg/mL 15 2.5 mg/mL

5.0 mg/mL 15 5.0 mg/mL
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5.7.2 CTD 4.2.3.7.7.3

290 nm 26 5

21 0521 1 1,000 L mol-1 cm-1

Long-Evans 0 100 500 mg/kg QD 3

4 10 J/cm2

5.R

5.R.1

28

26 39

HSCT

28 4

5.R.2

5.5.6 5.5.7

4.2.3

1,095 μg h/mL HSCT

AUC0-24 100 60.8 μg h/mL 37

11 18

7.R.

3.4
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5.R.3

Toxicol Pathol 2001; 29: 64-76

HSCT 001 14

194 103

14 24 B
42

43

14

001

6.

6.1  

4 PMF1 PMF2

PMF1

PMF3 PMF2

FMI PMF3
44 PMF1 PMF2 PMF3 FMI

                                                       
42 001 HSCT

B

Testicular Toxicity Evaluation During Drug Development Guidance 
for Industry DRAFT GUIDANCE; July 2015

43 MedDRA/J ver.19

0 0.5%
44

PMF1 P014 P015 P016 P017 P018 P022 P025 P026 P027
P020 PMF2 P006 PMF3 P023 P029 P028
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PMF1 PMF3 45 PMF3

FMI 46

001 PMF3 FMI FMI

HP-β-CD 47

BA BA

0.10 10.0 ng/mL 1.00 10 ng/mL

PK

6.1.1 CTD 5.3.1.1.2 017 20 20

PK 12 30 mg PMF1

30 mg 30 PK 2 2

AUClast 90%

75.8 68.4, 84.0 %

6.1.2 CTD 5.3.1.2.2 028 20

PK 14 480 mg 1 240 mg 2

PMF3 PK 2 2

16 240 mg 2 480 mg 1

Cmax AUClast 90% 1.07 0.95, 1.21

1.10 1.02, 1.18

16 480 mg 1 240 mg 2 PK
Cmax μg/mL AUClast μg h/mL tmax h a t1/2 h

480 mg 1 14 11.9 35.6 83.6 33.8 3.00 2.00, 4.00 11.0 42.6
240 mg 2 14 11.1 45.4 76.1 32.6 3.00 2.00, 5.00 11.7 41.8

CV%
a

                                                       
P032 P033 P034 P035 P001 FMI P003 P036

P001
45 pH 1.2 6.8 50 pH 100
46 37 ± 0.5  mmol/L % w/v

pH 
47 017 018

HP-β-CD
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6.1.3 CTD 5.3.1.1.3 029 20

PK 14 480 mg PMF3 1

920 kcal 58.4 g 30 PK 2

2 17

90% Cmax 1.30 1.04, 1.62 AUClast

1.00 0.84, 1.18

AUClast

FMI 240 mg PMF3 240 mg

PMF3 480 mg

240 mg PK 6.1.2 029

17 PK

Cmax

μg/mL
AUClast

μg h/mL tmax h a 90%
Cmax AUClast

14 11.8 62.6 85.9 44 3 2.76 2.00, 5.00
1.30 1.04, 1.62 1.00 0.84, 1.1813 15.0 20.9 84.1 19 2 2.50 1.50, 5.00

CV%
a

6.2  

HSCT

PBPK PPK

in vitro 4.2 4.5

PK

6.2.1

6.2.1.1 CTD 5.3.3.1.1 027 20

PK 6 240 720 mg

240 960 mg 60 PK 48

18

                                                       
48 1 2
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18 PK

mg
Cmax

μg/mL a
AUCinf

μg h/mL
tmax

h b
t1/2

h
CL/F CL

L/h
Vz/F Vz

L
240 6 10.8 26.6 61.8 43.1 2.25 1.00, 3.00 9.96 23.5 3.88 43.1 55.8 63.8
480 6 19.6 30.0 180 35.1 3.00 3.00, 5.00 9.66 37.2 2.67 35.1 37.3 72.8
720 6 30.6 30.8 303 52.9 4.00 2.50, 8.00 13.3 49.9 2.38 52.9 45.8 103.1
240 6 18.7 16.2 60.8 20.2 11.8 64.0 3.95 20.2 67.2 75.6
480 6 41.0 21.3 176 31.9 10.8 33.7 2.73 31.9 42.5 62.8
960 6 80.3 15.6 500 31.6 12.4 49.3 1.92 31.6 34.2 61.5

CV%
CL/F Vz Vz/F
a b

6.2.1.2 CTD 5.3.3.1.2 032 20

PK 14 PK

1 480 mg QD 7 2 240 mg QD 8

8 PK

19 480 mg QD 7 AUC0-24 Cmax

7 1 0.97 0.94 240 mg QD 8

AUC0-24 Cmax

2.11 1.48

19 PK
Cmax

μg/mL
AUC0-24

μg h/mL
tmax

h a
t1/2

h

480 mg QD
12 1 22.0 40.0 141 43.9 2.50 2.00, 3.00 4.91 16.9
12 7 20.8 48.7 137 55.0 2.25 2.00, 5.00 10.5 60.2

240 mg QD
8

200 mg

13 1 8.51 26.9 40.0 31.0 2.00 1.00, 5.00 5.10 12.1
12 7 9.68 30.4 49.9 32.9 2.00 1.00, 3.00 5.74 20.3
12 8 14.3 20.3 105 26.8 2.02 1.03, 3.00 4.81 16.3

CV%
a

6.2.1.3 CTD 5.3.3.1.13 005 20 20

PK Part A 30 Part B 8

PK 2 Part Part A 120 960 mg 30

120 240 mg 60 480 720 960 mg Part B 240 mg

30 QD 7 PK 20

5 7 Cmax AUC0-24

7 1.03 1.18

20 PK

Part
mg

Cmax

μg/mL a
AUC

μg h/mL b
t1/2

h
CL
L/h

Vd

L

A

120 6 7.33 19.7 13.2 29.3 11.6 34.7 9.10 29.3 152 33.2
240 6 15.4 21.7 31.3 31.1 10.7 16.3 7.66 31.1 118 37.6
480 6 27.0 15.8 104 20.9 12.6 30.2 4.62 20.9 83.8 30 5
720 6 39.0 7.90 166 13.5 11.0 35.6 4.33 13.5 68.7 44.4
960 6 56.8 13.2 244 25.4 12.3 34.3 3.94 25.4 70.1 58.0

B
240 8 14.7 8.24 27.1 17.3 15.7 39.1 8.09 19.7 184 34.8

7 240 QD 5 15.8 13.0 33.1 19.2 22.4 84.9 7.25 19.2 55.9 45.6
CV%

a b AUCinf AUC0-24



37
240mg 240mg_MSD _

6.2.1.4 CTD 5.3.3.1.12 026 20 20

PK 18 9 720 mg

BID 14 480 mg 60 QD 7 PK

21 720 mg BID 14 9

14 AUC0-12 Cmax C12 14 1

1.50 1.44 1.08 480 mg QD 7 4

7 AUC0-24 Cmax C24 7 1

1.22 1.06 2.46

21 PK
Cmax

μg/mL a
AUC

μg h/mL b
C12 C24

μg/mL c
tmax

h d

720 mg
BID

18 1 18.6 30.1 111 36.8 3.57 82.0 3.00 2.02, 5.03
17 14 26.7 32.1 164 44.8 3.80 102 3.00 2.00, 5.02

480 mg
QD

9 1 26.8 12.6 101 28.8 0.44 67.4
9 7 28.4 14.4 123 30.9 1.08 56 2

CV%
a b AUC0-12 AUC0-24 c C12 C24 d

6.2.1.5 CTD 5.3.3.1.7 021 Part 3 20

PK 8 80 mg BID 4

5 14C 80 mg 336

1.43

93.3% 0 24 84.1%

96.6% 24 96 97.3%

70.5% M7 6.0% 16.8%

6.2.2

6.2.2.1 CTD 5.3.3.3.1 015 20 20

16 Child-Pugh B C 8

16 BMI

8 60 mg 30 mg QD 8

PK 22

015 001 6.2.5.3

AUC
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0.5 3.0 49

22 PK

mg
Cmax

μg/mL
AUC0-24

μg h/mL t1/2 h
90%

Cmax AUC0-24

60
8 1 17 74 2 6.41 54.6 13.9 38.9

0.011 79.3 0.060 57.5

8 1.61 33.0 10.2 63.0 12.89 25.9 1.37 0.87, 2.12 1.59 0.98, 2.57
0.017 48.4 0.11 85.1 1.56 0.93, 2.63 1.81 1.03, 3.20

30
8 0 50 22.4 2.68 21.6 12.84 44.5

0.005 32.8 0.026 25.0

8 1 17 24.7 10.3 37.5 18.66 33.3 2.34 1.91, 2.88 3.82 2.94, 4.97
0.016 47.2 0.14 49.2 3.29 2.33, 4.63 5.36 3.86, 7.44

CV%

6.2.2.2 CTD 5.3.3.3.2 006 20 20

16 eGFR 30 59 mL/min/1.73 m2

30 mL/min/1.73 m2 8 90 mL/min/1.73 m2

BMI 8

120 mg QD 8 PK 23

006 001 6.2.5.3

AUC

0.5 3.0 49

23 PK

mg
Cmax

μg/mL
AUC0-24

μg h/mL
t1/2

h

90%

Cmax AUC0-24

120

8 2.42 45 2 11.0 28.4 14.4 57.7
0.023 44.8 0.10 34.1

8 3.04 42.7 21.2 40.1 22.8 55.5 1.25 0.87, 1.82 1.92 1.43, 2.58
0.032 39.4 0.22 36.8 1.41 0.98, 2.01 2.15 1.59, 2.91

8 2.57 37 1 15.7 97.0 19.7 52.4 1.06 0.75, 1.51 1.42 0.83, 2.43
0.030 35.5 0.19 96.9 1.35 0.96, 1.90 1.81 1.04, 3.12

CV%

                                                       
49 AUC 0.5 3.0

Cmax

PK AUC
001 AUC

AUC 6.2.5.3
AUC

001 PPK HSCT 480 mg
AUC 90% 16.9 μg h/mL 34.4 μg h/mL 0.5 6.2.5.2

AUC0-24 328 μg h/mL 720 mg 
BID AUC0-12 2 026 6.2.1.4 AUC0-24 282 μg h/mL 004 6.2.4

HSCT AUC 100 μg h/mL 6.2.5.2 3
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4.93 2.81, 7.05 ms 1 90% 10 ms

960 mg QTc

960 mg Cmax AUC0-24 67.3 μg/mL 282 μg h/mL

6.2.5 PPK

6.2.5.1 PK PPK CTD 5.3.3.5.2

12 52 PK 280 9,008

PPK NONMEM version 7.3 CL CL

CL 4-

CL Vd

53 240 mg 480 mg QD CL

20.1 17.1%

95% 93.8 90.6, 97.4 %

67.1 kg 80 100 kg AUC

18.7%

6.2.5.2 PK PPK CTD 5.3.3.5.3

3 022 026 032 020

001 HSCT PK 399 2,888

PPK NONMEM version 7.3

2- 54

PPK 6.2.5.1

HSCT 480 mg

240 mg

AUC0-24 26 HSCT

480 mg 240 mg

35% 85% CL 4.84 L/h 3.38 L/h

26 PK
AUC0-24 μg h/mL

480 mg QD 34.4 16.9, 73.7 100 65.3, 148
240 mg QD 60.8 28.7, 122 70.3 46 2, 106

90%

                                                       
52 005 009 014 017 018 021 022 026 027 028 029 032
53 CL rs4149056 OATP1B1/1B3 rs2306283 OATP1B1/1B3

UGT1A1*6 Vd rs4149056 OATP1B1/1B3 rs2306283 OATP1B1/1B3 UGT1A1*6

54 001 480 mg
240 mg PPK

6.2.5.1
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6.2.5.1 HSCT

HSCT

HSCT

Biol Blood Marrow Transplant 2003; 9: 304-11 Eur 

J Drug Metab Pharmacokinet 2017; 42: 183-9 Eur J Clin Pharmacol 2016; 72: 953-63

HSCT

6.2.5.3 CTD 5.3.5.3.4

001 HSCT

AUC0-24 55 24 CMV

HSCT AUC0-24 55

6.R

6.R.1 PK

PK

480 mg AUCinf Cmax

90% 56 2.53 1.88, 3.39 1.52

1.16, 1.98 1.69 1.28, 2.23 1.51 1.25, 1.84

480 mg QD AUC0-24 Cmax

90% 57 1.92 1.40, 2.64 1.60 1.22, 2.09

001 PPK HSCT

27

                                                       
55

56 PK 027 6.2.1.1 PK 005 022 PK

57 PK 032 6.2.1.2 PK 022 PK
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27 PK
AUC0-24 μg h/mL

480 mg QD
42.3 28.3, 71.8 100 77.5, 171
34.3 12.1, 94.3 95.8 72.0, 147

240 mg QD 64.0 55.7, 99.1 70.9 56.6, 90.2
60.2 26.2, 115 68.8 40.0, 98.3

OATP1B1/3 UGT1A1/3 4.3.2 4.5.2 OATP1B1 UGT1A1

Clin 

Pharmacol Ther 2010; 87: 130-3 Clin Pharmacol Ther 2013; 94: 37-51 Clin Pharmacol Ther 2009; 85: 623-7

PK 58

OATP1B1 rs4149056 1

AUC 1.42 1.16

UGT1A1 rs4148323

1 AUC 1.46 1.36

PPK

HSCT

6.2.1.1 6.2.1.2 7.R.3.1

6.R.2

001

001 480mg QD

240mg QD

6.1.3

CMV allo-HSCT 020 7.1

CMV CMV

AUC0-24 45 μg h/mL PPK

480 mg QD 90% AUC0-24 45 

μg h/mL

PPK 240 mg
                                                       
58 OATP1B1 SNP rs4149056 rs2306283 rs4149032

UGT1A1 SNP UGT1A1*6 rs4148323 UGT1A1*28 TA
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480 mg QD

017

6.1.1

6.R.1

001 240 480 mg 60

250 mL

004 005 6.2.4 6.2.1.3 150 300 mL

30 60 3.2 mg/mL

026 6.2.1.4 480 mg 60 7

240 480 mg

001

7.R

6.R.3

6.R.3.1

CYP2C9 2C19 AUC0-12

Cmax 44 39% 6.2.3 allo-HSCT

allo-HSCT 020 001
59

020 60/131 60 mg 16/33 120 mg

12/31 240 mg 19/34 13/33

60 mg 2/16 120 mg 2/12 240 mg 1/19 0/13

001 160/565 106/373

54/192

11.3% 12/106 5.6% 3/54

                                                       
59 1 020 MedDRA/J ver.13 001

MedDRA/J ver.19
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10 8

2

6.2.3

001

6.R.3.2 CYP2C8

CYP2C8

in vitro CYP2C8

4.5.1 CYP2C8

Simcyp PBPK 60

CYP2C8 rosiglitazone

28 CYP2C8

CYP2C8

28 PBPK

90%
AUCinf Cmax

1 mg 480 mg QD 10 2.34 2.21, 2.48 1.57 1.52, 1.61
480 mg QD 10 3.64 3.41, 3.89 1.78 1.73, 1.83

rosiglitazone 4 mg 480 mg QD 10 1.40 1.36, 1.45 1.04 1.03, 1.04
480 mg QD 10 1.55 1.49, 1.60 1.05 1.04, 1.06

001 1 2

CYP2C8

CYP2C8 CYP2C8

PBPK

                                                       
60 PBPK in vitro Full PBPK

PK HSCT
CTD 5.3.5.3.5



45
240mg 240mg_MSD _

in vitro PBPK CYP2C8

CYP2C8

CYP2C8

CYP2C8

7.

29

29

020 CMV
allo-HSCT 133 60 120 240 mg QD QD

12 PK

001 CMV
allo-HSCT 570

480 mg QD
240 mg QD QD 14

7.1 CTD 5.3.5.1.2 020 2010 3 2011 10

CMV allo-HSCT 132 PK

19

1 CMV IgG

allo-HSCT 40

HLA A B C DR

3 500 /mm3

5 CMV

60 120 240 mg QD 12 84

133 1 131 60 mg 33 120 mg

31 240 mg 34 33 FAS FAS

84 CMV

84 CMV 61 CMV

84 60 mg

48.5% 16/33 120 mg 32.3% 10/31 240 mg 29.4% 10/34 63.6%

                                                       
61 2 CMV 1 PCR

CMV CMV
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21/33

7

60 mg 93.9% 31/33 120 mg 93.5% 29/31 240 mg 100% 34/34

100% 33/33 62 60 mg 33.3%

11/33 120 mg 12.9% 4/31 240 mg 5.9% 2/34 33.3% 11/33

10% 30

30 10% a

60 mg
33

120 mg
31

240 mg
34 33

60 mg
33

120 mg
31

240 mg
34 33

31 93.9 29 93.5 34 100 33 100 11 33.3 4 12.9 2 5.9 11 33.3
9 27.3 9 29.0 11 32.4 10 30.3 4 12.1 0 1 2.9 2 6.1
7 21.2 8 25.8 7 20.6 11 33.3 1 3.0 0 0 2 6.1
4 12.1 10 32.3 8 23.5 4 12.1 3 9.1 1 3.2 1 2.9 0
4 12.1 3 9.7 3 8.8 1 3.0 0 0 0 0
3 9.1 3 9.7 3 8.8 5 15.2 1 3.0 0 0 1 3.0
1 3.0 2 6.5 4 11.8 1 3.0 0 1 3.2 1 2.9 1 3.0
1 3.0 2 6.5 4 11.8 2 6.1 0 1 3.2 0 0
1 3.0 1 3.2 1 2.9 4 12.1 0 0 0 1 3.0

CMV 6 18.2 6 19.4 5 14.7 11 33.3 0 0 0 0
4 12.1 1 3.2 1 2.9 3 9.1 0 0 0 0

0 0 4 11.8 0 0 0 0 0
4 12.1 5 16.1 4 11.8 6 18.2 1 3.0 1 3.2 0 0
2 6.1 4 12.9 5 14.7 3 9.1 0 0 0 0

0 4 12.9 4 11.8 2 6.1 0 0 0 0
3 9.1 8 25.8 4 11.8 5 15.2 1 3.0 0 0 1 3.0
4 12.1 3 9.7 8 23.5 3 9.1 2 6.1 0 0 0
3 9.1 4 12.9 5 14.7 6 18.2 0 0 0 1 3.0
4 12.1 2 6.5 5 14.7 3 9.1 1 3.0 0 0 0
4 12.1 2 6.5 2 5.9 1 3.0 0 0 0 0
2 6.1 8 25.8 5 14.7 1 3.0 0 0 0 0
4 12.1 3 9.7 8 23.5 3 9.1 1 3.0 1 3.2 0 1 3.0
2 6.1 4 12.9 2 5.9 1 3.0 0 0 0 0
1 3.0 2 6.5 4 11.8 0 1 3.0 0 0 0

3 9.1 5 16.1 6 17.6 2 6.1 0 0 0 0

3 9.1 0 5 14.7 4 12.1 0 0 0 0

5 15.2 5 16.1 3 8.8 2 6.1 1 3.0 0 0 1 3.0
1 3.0 2 6.5 5 14.7 1 3.0 0 0 0 0
3 9.1 2 6.5 4 11.8 2 6.1 0 0 0 0
5 15.2 4 12.9 2 5.9 0 1 3.0 0 0 0

%
a 7

7 60 mg 2

1 240 mg 1 1

120 mg 1

7 60 mg 9 2

1

                                                       
62
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120 mg 12 CMV RS

B

1 240 mg 9 2

6

1 12 CMV

2

60 mg 9 CMV 5 ALT AST

ALP CMV

1 120 mg 9 CMV 6

1 240 mg 7 CMV 2

6 γ-

1 19 CMV 10 2 CMV

CMV 1

60 mg 2 ALT

AST ALP 1 120 mg 1

240 mg 2 γ- 1 3

1 120 mg

1 240 mg 1 γ-

7.2 CTD 5.3.5.1.3 001 2014 6 2016 9

CMV IgG allo-HSCT 540

20 67

1 CMV

allo-HSCT

28

5 CMV DNA

020

480 mg 240 mg QD 60
63 6.R.2 0 28

14

                                                       
63

4 4
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570 1 565 373 192

CMV DNA 48

22 495 325 170 FAS

35

24 11 30 24 6

24 CMV

CMV CMV CMV
64 65 37.5% 122/325

60.6% 103/170 95.02% 23.5 32.6, 14.5 %

p<0.0001 0.0249 CMV
66 Mantel-Haenszel

24 CMV

54.2% 13/24 50.0% 3/6

14

97.9% 365/373 100% 192/192

16.9% 63/373 12.0% 23/192

5% 31

31 5%

373 192 373 192
365 97.9 192 100 63 16.9 23 12.0

25 6.7 10 5.2 1 0.3 0
31 8.3 18 9.4 0 0
25 6.7 11 5.7 1 0.3 0
22 5.9 10 5.2 1 0.3 0

44 11.8 18 9.4 3 0.8 1 0.5
15 4.0 16 8.3 0 0
27 7.2 20 10.4 0 2 1.0

97 26.0 47 24.5 9 2.4 2 1.0
20 5.4 6 3.1 0 0
20 5.4 7 3.6 1 0.3 0

99 26.5 45 23.4 27 7.2 7 3.6
23 6.2 9 4.7 0 1 0.5

69 18.5 26 13.5 7 1.9 2 1.0
23 6.2 7 3.6 0 0

50 13.4 21 10.9 2 0.5 1 0.5
46 12.3 24 12.5 0 0
54 14.5 18 9.4 2 0.5 1 0.5

                                                       
64 CMV DNA CMV GCV

cidofovir
CMV DNA 14 150 copies/mL

300 copies/mL 300 copies/mL
65 24 24
66 CMV

1 3 HLA A B DR
1 1 4 HLA A B C

DRB1 1 1 ex vivo T alemtuzumab
ex vivo 1 mg/kg/

2
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373 192 373 192
365 97.9 192 100 63 16.9 23 12.0
77 20.6 43 22.4 0 1 0.5

146 39.1 74 38.5 0 0
20 5.4 4 2.1 0 0

CMV 31 8.3 88 45.8 0 0
20 5.4 5 2.6 0 0
11 2.9 11 5.7 0 0

ALT 24 6.4 16 8.3 3 0.8 2 1.0
AST 19 5.1 13 6.8 2 0.5 2 1.0

36 9.7 13 6.8 3 0.8 1 0.5
38 10.2 22 11.5 2 0.5 0
25 6.7 10 5.2 0 0
27 7.2 4 2.1 0 0
22 5.9 11 5.7 0 1 0.5
23 6.2 15 7.8 0 0
21 5.6 10 5.2 0 0
26 7.0 10 5.2 0 0
23 6.2 14 7.3 0 1 0.5
19 5.1 3 1.6 0 0
19 5.1 11 5.7 0 0
25 6.7 11 5.7 0 0

52 13.9 18 9.4 2 0.5 0
27 7.2 8 4.2 0 0
20 5.4 5 2.6 0 0
34 9.1 10 5.2 0 0
36 9.7 25 13.0 1 0.3 1 0.5

53 14.2 20 10.4 0 0
30 8.0 6 3.1 1 0.3 0
23 6.2 11 5.7 0 1 0.5
28 7.5 15 7.8 0 0
26 7.0 8 4.2 0 0
33 8.8 11 5.7 1 0.3 0
26 7.0 11 5.7 1 0.3 0

76 20.4 41 21.4 1 0.3 2 1.0
31 8.3 21 10.9 0 1 0.5

%

38 17 32

14 24

23 21

32

373
38 7 5 3

2

B
1

192
17 3 2

1

165 90 33

3

1 3 1

1
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14 24 28

19

33

373
165 37 11 CMV 10 8 7

5 4 2

192
90 20 CMV 13 9 5

7 5 4 3

72 98 34

18 6 3

2

1 7 2

1 1

1

34

373
72 CMV 23 6 4 3

2

1

192
98 CMV 75 2

ALT
1

100% 24/24 100% 11/11

16.7% 4/24 18.2% 2/11

2 35

35 2

24 11 24 11
24 100 11 100 4 16.7 2 18.2
2 8 3 0 0 0
2 8 3 0 0 0
3 12.5 0 0 0
2 8 3 0 1 4.2 0
2 8 3 1 9.1 1 4.2 0
3 12.5 2 18.2 0 0
4 16.7 2 18.2 0 1 9.1
9 37.5 6 54.5 0 0
2 8 3 0 0 0

CMV 2 8 3 7 63.6 0 0
2 8 3 0 0 0
3 12.5 0 0 0
3 12.5 1 9.1 0 0

AST 2 8 3 0 0 0
2 8 3 0 0 0
3 12.5 0 1 4.2 0
2 8 3 1 9.1 0 0
2 8 3 1 9.1 0 0
2 8 3 0 0 0

0 2 18.2 0 0
3 12.5 1 9.1 0 0
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24 11 24 11
24 100 11 100 4 16.7 2 18.2
2 8 3 0 0 0
3 12.5 2 18.2 1 4.2 1 9.1
8 33.3 2 18.2 0 1 9.1
2 8 3 0 0 0

%

1

3 1

1

14 24 1

1

5 CMV 2

1 5 CMV 5 1

7.R

7.R.1

CMV allo-HSCT 001

001

CMV

allo-HSCT CMV

1 ; 2014. p. 126-61 Biol Blood Marrow Transplant 2009; 15: 1143-238

allo-HSCT CMV 36

36 allo-HSCT CMV

1
; 2014. 

p. 126-61
Biol Blood 

Marrow Transplant 
2009; 15: 1143-
238

CMV

CMV allo-HSCT CMV

CMV

GCV

CMV allo-HSCT
100 CMV

GCV

cidofovir

CMV CMV 100 HSCT
CMV CMV DNA

GCV

CMV

gB 1 gB 3 gB 2 gB 4
Arch Virol 2008; 153: 667-74 J Med Virol 2015; 

87: 1441-5

gB 1 gB 2 Antiviral Res 
2016; 132: 204-9

AIDS Res Hum Retroviruses 
1988; 14: 533-6
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CMV

allo-HSCT CMV HSCT CMV

CMV CMV

HSCT CMV

CMV

001

CMV DNA CMV 150 copies/mL 300 copies/mL 64

CMV gB gB

3.1.1.2

001 PK

6.R.1

allo-HSCT CMV CMV

allo-HSCT

001

001 7.R.2 7.R.3

001

7.R.2 7.R.3

7.R.2

allo-HSCT CMV

allo-HSCT

allo-HSCT
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7.R.2.1 001

allo-HSCT 001

allo-HSCT CMV

001 24 CMV

CMV

CMV

CMV CMV 64

HSCT CMV

CMV 7.R.1

CMV

CMV GCV

Biol Blood Marrow Transplant 2011; 17:664-73 allo-HSCT CMV

100 CMV

Hematology Am Soc Hematol Educ Program 2011; 

2011: 305-9 Blood 2004; 103: 2003-8 CMV

CMV 1

Lancet Haematol 2016; 3: e119-27 CMV

HSCT 001

CMV CMV CMV

allo-HSCT CMV CMV 24

14 100 Bone

Marrow Transplant 2007; 40: 125-36 Lancet Infect Dis 2011; 11: 284-92 001

14 24

CMV

24 CMV
65 37.5% 122/325 60.6% 103/170 95.02%

23.5 32.6, 14.5 %67

7.2 24

CMV

37

                                                       
67 CMV Mantel-Haenszel
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37 001 FAS a

95%

CMV b 42.2 43/102 73.3 33/45 -31.2 -47.5, -14.9
35.4 79/223 56.0 70/125 -20.6 -31.3, -9.8
39.0 60/154 58.8 50/85 -20.9 -33.9, -7.9
38.4 33/86 58.3 28/48 -19.9 -37.7, -2.2
34.1 29/85 67.6 25/37 -33.2 -51.4, -15.0

c

35.8 58/162 66.7 60/90 -31.1 -43.2, -19.0
38.6 56/145 53.6 37/69 -15.5 -29.8, -1.1
44.4 8/18 55.6 5/9

50.0 1/2
%
a 24 24
b 1 3 HLA A B

DR 1 1 4 HLA
A B C DRB1 1 1 ex vivo T

ex vivo 1 mg/kg/
2

c 480 mg QD 240 mg QD 1

38 14 CMV

14 24

CMV

CMV

14 24 CMV

CMV

38 001 FAS

325 170 24 6
14 CMV a 19.1 62/325 50.0 85/170 25.0 6/24 33.3 2/6
24 CMV b 2.0 5/325 2.4 3/170 0 0
14 CMV b 0.4 1/325 1.4 2/170 0 0
24 a 36.6 119/325 59.4 101/170 54.2 13/24 50.0 3/6
14 a 18.8 61/325 49.4 84/170 25.0 6/24 33.3 2/6
24 CMV 57.2 186/325 72.9 124/170 79.2 19/24 100 6/6
14 CMV 31.7 103/325 69.4 118/170 25.0 6/24 100 6/6

%
a 24 24
b CMV

24 CMV

54.2% 13/24 50.0% 3/6

allo-HSCT

allo-HSCT CMV CMV PK

6.R.1 7.R.1
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3 68

24

6

24

CMV DNA 150 copies/mL

61.5% 8/13 27.0% 34/126

300 copies/mL 38.5% 5/13 59.5% 75/126

001

001

24 CMV 100% 6/6

79.2% 19/24

14 CMV

33.3% 2/6 25.0% 6/24

CMV DNA

allo-HSCT 001 24

CMV

allo-HSCT

allo-HSCT

allo-HSCT CMV CMV PK

6.R.1 7.R.1 CMV

3.R.1

24 CMV

24 CMV

                                                       
68 1 2
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7.R.2.2

001
63

001

24 CMV

39

1 7

2 28 5 1

1

47 CMV

39 24 CMV 001 FAS a

34.2 80/234 58.9 76/129
100 5/5 100 3/3

43.0 37/86 63.2 24/38
%
a 24 24

001

001 63

allo-HSCT 480 mg 240 mg

AUC0-24 6.2.5.2

CMV

7.R.2.3

3.R.2 in vitro CMV DNA UL56
CMV V236M
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C325 C325W CMV

CMV

7.R.3

allo-HSCT

allo-HSCT

7.R.3.1

001 40

40 001

373 192 24 11
365 97.9 192 100 24 100 11 100

a 63 16.9 23 12.0 4 16.7 2 18.2
b 159 42.6 84 43.8 4 16.7 2 18.2

165 44.2 90 46.9 3 12.5 1 9 1
38 10.2 17 8.9 1 4.2 0
72 19.3 98 51.0 5 20.8 5 45.5

%
a b

7 3

5 3 3 3

37 20 CMV 10 13

11 7 5 9 8 3 7 4

4 5 3

1 3 1

1
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CMV 23 75 6 2 3

2 18 6 3 2

1

7 2

1 1

1

51.0% 19.3%

CMV 6.2% 23/373 39.1% 75/192

5%

12.6% 47/373 6.3% 12/192 7.2% 27/373

2.1% 4/192

7.R.3.2

001 480 mg QD

240 mg QD

020 7.1 60 mg 2

1 240 mg 1

60 mg 9 2 120 mg 12 CMV 1

240 mg 9 2 CMV

019 69

80 mg QD 1 020 019

allo-HSCT

1

3 1

1

5 CMV 2

1 5 CMV 5 1

allo-

HSCT

                                                       
69 CTD 5.3.5.1.1 CMV 40 mg BID

80 mg QD



59
240mg 240mg_MSD _

001 allo-HSCT

allo-HSCT

7.R.3.2

001 70 12.6% 47/373 6.3%

12/192

001 4.0% 15/373

2.1% 4/192 3.5% 13/373 1.0% 2/192 1.3%

5/373 0 1.1% 4/373 1.6% 3/192 1.1% 4/373

0 6

1 1 1

1

PR QT

001

QT/QTc

3.2 5.2 6.2.4

001 QT/QTc

7.R.3.3

allo-HSCT 480 mg 240 mg

AUC0-24 6.2.5.2

HP-β-CD 2.3.1 HP-β-CD

2.R.1.2
                                                       
70 MedDRA/J ver.19
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001
63

41

11.1% 11/99 16.7% 8/48

11.1% 11/99 8.3% 4/48 11.1% 11/99 8.3% 4/48 10.1%

10/99 10.4% 5/48 7.1% 7/99 14.6% 7/48
71 3

1

HP-β-CD

92 72 36

14 5

4

1

41 001
99 c 48

84 84.8 35 72 9
a 9 9.1 2 4 2

b 22 22.2 16 33 3
16 16.2 13 27 1

3 3.0 3 6 3
7 7.1 10 20.8

%
a b

c 5%

73 42

3 74 43

                                                       
71 MedDRA/J ver.19
72 MedDRA/J ver.19

73 MedDRA/J ver.19
74 3 ALT AST

5 2.6 31 mg/dL
1.8 1.5
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42 001
99 48

11 11.1 4 8.3
ALT 1 1.0 2 4.2
AST 1 1.0 2 4.2

ALP 1 1.0 0
2 2.0 1 2.1
1 1.0 0
4 4.0 0
3 3.0 1 2.1
1 1.0 2 4.2

0 1 2.1
1 1.0 0
1 1.0 0
6 6.1 3 6.3
3 3.0 2 4.2

0 1 2.1
1 1.0 1 2.1
1 1.0 0
1 1.0 0

%

43 3 001
99 48

ALT 4 4.0 1 2 1
AST 3 3.0 1 2.1
ALP 1 1.0 0

4 4.0 6 12.5
23 23.2 15 31 3
58 58.6 30 62 5

%

93 43

44

44 001

84.8% 28/33 85.7% 18/21
81.8% 27/33 71.4% 15/21
85.0% 51/60 72.7% 16/22
91.7% 55/60 100% 22/22

HP-β-CD

001

001

12 1 47

HP-β-CD

2.R.1.2



62
240mg 240mg_MSD _

7.R.3.4

5.R.2

allo-HSCT

HSCT 2 Bone Marrow Transplant 2012; 47: 337-41

1

7.R.4

allo-HSCT CMV CMV

CMV allo-HSCT CMV

80% CMV 20 35% CMV

Hematol Oncol Clin North Am 2011; 25: 151-69 HSCT CMV

CMV

7.R.1 allo-HSCT CMV

allo-HSCT CMV

CMV



63
240mg 240mg_MSD _

CMV CMV

1

Lancet Haematol 2016; 3: e119-27 CMV

allo-HSCT CMV

001 CMV allo-HSCT

CMV 7.R.2 7.R.3

CMV

CMV allo-HSCT

allo-HSCT

CMV CMV allo-HSCT

CMV allo-HSCT CMV 20 30% CMV

1 ; 2014. p. 126-61

CMV

CMV

CMV allo-HSCT

001 CMV allo-HSCT

CMV 7.R.2 7.R.3

CMV CMV allo-HSCT

allo-HSCT

CMV

CMV CMV allo-HSCT

allo-HSCT CMV

CMV CMV allo-HSCT
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7.R.5

001

allo-HSCT CMV 7.R.2

001 CMV CMV

CMV

CMV 001 CMV IgG R+

CMV

001

7.R.6

001 480 mg QD

240 mg QD 6.R.2 60

7.R.2

7.R.3 001

7.R.2.1

7.R.3

480 mg QD

240 mg QD 60

7.R.2 7.R.3

480 mg QD 240 mg QD

60

7.R.6.1

7.R.2.2 7.R.3.3

allo-HSCT
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7.R.3.3

7.R.6.2

allo-HSCT 480 mg 240 mg

AUC0-24 6.2.5.2

001

7.R.2.1

24 CMV

43.0% 37/86 63.2% 24/38

7.R.2.2

7.R.3.3 44

7.R.2.2 7.R.3.3 7.R.6.1

7.R.6.3

allo-HSCT CMV CMV

24 14 100

Bone Marrow Transplantat 2007; 40: 125-36 Lancet Infect Dis 2011; 11: 284-92

CMV 100

1 2014; 15-44 001

14 100 001 14

24 CMV

24 CMV

37.5% 14 19.1%

CMV

19.8% 4.7% 14.6%

3.6% CMV 66 17.6% 9.7%

CMV CMV

100
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CMV

100

200

allo-HSCT 14 001 24

CMV allo-HSCT 100 CMV

100

allo-HSCT

001 14 24 CMV

100

CMV

7.R.7

1

6 4

CMV CMV allo-HSCT

8.

2
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9. 1

allo-HSCT CMV

allo-HSCT CMV
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2

30 2 8

240 mg 240 mg

MSD

29 7 28

1.

20 12 25 20 8

1 7.R.2 7.R.4

7.R.5 7.R.6 

1.1

1 7.R.3

allo-HSCT

001 75

95.4% 226/237 91.3% 105/115

19 7 49 18 10 41

                                                       
75 001 3 500 /mm3
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1.2

1 7.R.7 

0 28

CMV

CMV

1 7.R.7 

CMV

CMV CMV allo-HSCT

CYP2C8

CMV gB

45

46

47

45

46
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47

allo-HSCT
6 1

450
CMV

1.3

CMV

2.

2.1

2.2 GCP

CTD 5.3.5.1.3 CTD 5.3.5.1.5 GCP

3. 1

1 1
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54 38

325 170
24

CMV
b

2.0 5/325 2.4 3/170

14

CMV
b

0.4 1/325 1.4 2/170

325 170
24

CMV
b

1.5 5/325 1.8 3/170

14

CMV
b

0.3 1/325 1.2 2/170

4.

10

240 mg

480 mg 1 1

240 mg 1 1

240 mg

480 mg 1 1 60

240 mg 1 1 60

1.

2.
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ALP Alkaline phosphatase
ALT Alanine aminotransferase
allo-HSCT Allogeneic hematopoietic stem cell transplant
AST Aspartate aminotransferase
AUC Area under the plasma concentration-time curve
AUCinf AUC up to infinity

AUC
AUClast AUC up to the last time point with a measurable 

concentration after dosing
0

AUC
AUC0-t AUC up to t hours t AUC
BCRP Breast cancer resistance protein
BID bis in die 1 2
BSEP Bile salt export pump
CC50 50% cytotoxic concentration 50%
CHO Chinese hamster ovary
CL Clearance
Cmax Maximum plasma concentration
CMV Cytomegalovirus
Ct Plasma concentration at t hours postdose t
EC50 50% effective concentration 50%
ED50 ED90 50%/90% effective dose 50% 90%
efflux Basal-to-apical versus apical-to-basal ratio

eGFR Estimated glomerular filtration rate
FAS Full analysis set
gB Glycoprotein B B
GFP Green fluorescent protein
GCV Ganciclovir
HELF Human embryonic lung fibroblast
HFF Human foreskin fibroblast
HIV Human immunodeficiency virus
HLA Human leukocyte antigen
HP-β-CD Hydroxypropyl-β-cyclodextrin -β-
HPLC High performance liquid chromatography
HSCT Hematopoietic stem cell transplant
IgA/G/M Immunoglobulin A/G/M A/G/M
Ki Enzyme-inhibitor constant
MDCK Madin-Darby canine kidney
MedDRA/J Medical Dictionary for Regulatory Activities 

Japanese version
ICH

MRC-5
MRP Multidrug resistance-associated protein
NHDF Normal human dermal fibroblast
OAT Organic anion transporter
OATP Organic anion transporting polypeptide
OCT Organic cation transporter
PBPK Physiologically-based pharmacokinetic
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PCR Polymerase chain reaction
P-gp P-glycoprotein P
PK Pharmacokinetics
PPK Population pharmacokinetics
QD quaque die 1 1
tmax Time to reach maximum plasma concentration
t1/2 Elimination half-life
UGT Uridine 5'-diphospho-glucuronosyltransferase 5'-
UL Unique long
Vd Volume of distribution

Letermovir


