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AEBSF 4-(2-aminoethyl) benzenesulfonyl f luoride 
hydrochloride 

4- 2-
 

AUC area under the plasma concentration- 
t ime curve 

 

AUC0- in f  area under the plasma concentration- 
t ime curve up to infinity  

AUC0- tz area under the plasma concentration- 
t ime curve up to the last quantif iable t ime  

BAL bronchoalveolar lavage  
BMI body mass index (kg) / (m)2 
CLcr  cleatinine clearance  
CL/F apparent total body clearance  
CLR renal clearance  
Cmax maximum plasma concentration  
CV coeff icient of variation  
ddMore The Drug Disease Model Resources - 
EMEA European Medicines Agency  
FDA Food and Drug Administration  
FVC forced vital capacity  
FEV1.0 forced expiratory volume in one second 1  
FEV1.0% forced expiratory volume in one second 

percentage 
1 FEV1.0/FVC 100 

ka absorption rate constant  
kel el imination rate constant  
LC-MS/MS l iquid chromatography-tandem mass 

spectrometry 
/

LO Laninamivir Octanoate  
MBDD Model Based Drug Development  
PD pharmacodynamics  
PhRMA Pharmaceutical Research and 

Manufacturers of America 
 

PK pharmacokinetics  
PMDA Pharmaceuticals and Medical Devices 

Agency 
 

t1 /2  el imination half- l i fe  
t1 /2 ,u r ine el imination half- l i fe calculated by using 

urinary excretion rate 
 

tmax t ime to reach maximum plasma 
concentration 

 

Vz/F apparent volume of distr ibution based on 
the terminal phase 

 

WHO World Health Organization  
Xu percentage of dose excreted in urine  
Xu0-144h percentage of dose excreted in urine up to 

144h 
144  

Xu0-48h percentage of dose excreted in urine up to 
48h 

48  
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1 2

5 3

18) 117 1003 A B

LO 20mg 40mg

19)

21.5  

LO

18 LO

95%

+18 LO

LO

19)

3

95%

18  

LO 20 mg

85.8 40 mg 73.0 73.6

LO 95% 20 mg

+12.2 1.5 +17.2 40 mg 0.6 9.9 +6.9

95% +18 40 mg

20 mg  

LO 20 mg 40 mg
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1.3 LO  

14C- 3 mol/kg

11)

1 LO 24

1

LO 24

 

LO 0.1 mg/kg 0.2 mg/kg 0.4 mg/kg

LO 0.4 mg/kg

20)

LO

LO

AUC LO

0.3% 3.5% in 

vitro LO 66.6 69.9% 0.4%
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LO 70% 30% 20 )
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2  

 

2.1  

1.3 LO

LO

LO

 

LO LO 0.4 

mg/kg 0.4 mg/kg

20) 2.1-1

LO 0.9 14.1

0.5

1.3 BAL

LO

ka flip-flop

LO 10.6 LO

LO

LO
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O 1
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1
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ka

15 

Cmax 

ng/mL) 

143±43 0

1.0±6.6 2

NA 

128±19 0

NA 

ka ke

flip-f

a

0.4 mg/

tmax 

(h) 

0.6±0.4 0

2.0±1.2 14

NA 0

0.1±0.0 10

NA 0

el

flop

kel

/kg

t1 /2 

(h) (n

0.9±0.1 

4.1±1.4

0.4±0.1 

0.6±2.0

0.5±0.1 9

ka

ka > kel

 

 

 

AUClas t  

ng h/mL) 

330±74 

219±30 

636±48 

225±46 
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LO

LO

LO LO

LO

1

FDA Guidance 

for Industry; Estimating the Maximum Safe Starting Dose in Initial Clinical Trials for 

Therapeutics in Adult Healthy Volunteers. 22)

5 mg 5 mg
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23) 24)

20 45 Body Mass Index BMI 18.5 25.0kg/m2

1 8 2 10 6

60

Forced Vital Capacity, FVC 80% Forced Expiratory Volume 

in One Second Percentage FEV1.0%* 70%

 

*FEV1 . 0 %= FEV1 . 0 /  FVC×100, FEV1 . 0:Forced Expiratory Volume in One Second 

 

 

LO 5 10 20 40 80 120mg

 

 

 

60 LO 5 10 20 40 80 120mg 10

8 2 10

2 4
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LO 0.5 1 1.5 2 3 4

6 8 12 24 36 48 72 96 120 144

1 5 mL

4- 2-

AEBSF 4°C 3000 rpm

10 0.5 mL 2 40%

80°C  

 

 

0 12 12 24 24 36 36 48

48 60 60 72 72 96 96 120 120 144

4°C

1 mL

2 80°C

 

 

 

Covance Laboratories Ltd.

70°C LC/MS/MS  

 

 

LO

AUC0-tz AUC0-inf Cmax tmax t1 /2 CL/F VZ/F

Xu t1/2 ,u r ine CLR CL/F VZ/F LO Cmax tmax

t1 /2 3

AUC0-tz linear trapezoidal AUC0-inf

AUC0-tz 3
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Xi i

mg Yji i j

log Yji =  +  log Xi 95%

1

95% 1

 

WinNonlin Ver.5.2 Pharsight SAS Ver.8.2 SAS 

Institute Japan  

 

 

12 

 

 

2.4  

60 10 8

2 LO

2.4-1  

 

2.4-1  

 

 

5mg  

(N=8) 

10mg  

(N=8) 

20mg  

(N=8) 

40mg  

(N=8) 

80mg  

(N=8) 

120mg  

(N=8) 

 

( ) 

22.6 

(21-25) 

22.9 

(20-30) 

20.6 

(20-23) 

22.1 

(20-28) 

21.8 

(20-25) 

22.5 

(21-25) 

 

(cm) 

171 

(167-177) 

172 

(167-180) 

168 

(161-177) 

170 

(167-176) 

171 

(168-182) 

172 

(163-181) 

 

(kg) 

64.2 

(55.2-78.1) 

63.9 

(57.7-68.4) 

62.8 

(53.1-75.7) 

61.7 

(54.4-70.3) 

61.1 

(55.8-67.0) 

62.3 

(53.7-73.4) 

BMI 

(kg/m2) 

21.9 

(19.7-24.9) 

21.5 

(19.0-23.8) 

22.2 

(19.1-24.9) 

21.3 

(19.3-24.9) 

21.0 

(18.5-22.8) 

21.0 

(19.4-24.6) 

 ( - ) .  
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LO

12  

 

 

LO LO

2.4-1 2.4-2 LO

2.4-2 2.4-3

log Yji =  +  log Xi 95%

2.4-4 LO

2.4-3  

LO tmax 0.5 1.0 t1/2 80 mg

10.7 1.7 2.9

24 1 ng/mL LO

144 Xu0-144h 2.3 3.6%

 

tmax 4.0

t1/2  5.7 80.8 LO 40 mg 80mg 120 

mg 144 1 ng/mL

144

Xu0-144h 10.7 14.6%  

log Yji =  +  log Xi LO

Cmax 1.19 95% 1.06 1.33 AUC0-inf 1.08 0.99 1.18

Cmax 1.01 0.90 1.12 AUC0-tz 1.48 1.30 1.66 2.4-3

 

  



 

2.4-1 

2.4-2 

LO

LO

22 

.  

 

. 
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2.4-2  

 
 

( )  

5mg  
(N=7) 

10mg  
(N=8) 

20mg  
(N=8) 

40mg  
(N=8) 

80mg  
(N=8) 

120mg  
(N=8) 

AUC0- tz  

(ng h/mL) 
45.3 

(26.2) 
108 
(37) 

203 
(81) 

520 
(132) 

1326 
(381) 

1567 
(259) 

AUC0- in f  

(ng h/mL) 
  64.5 a)  

(4.2) 
114 
(40) 

208 
(81) 

527 
(134) 

1344 
(381) 

1575 
(259) 

Cmax 

(ng/mL) 
12.8 
(6.6) 

29.0 
(11.8) 

54.7 
(24.1) 

149 
(54) 

366 
(132) 

423 
(116) 

tmax  

(h) 
1.0 

(0.5-1.5) 
0.5 

(0.5-2.0) 
0.5 

(0.5-1.5) 
0.5 

(0.5-1.0) 
0.5 

(0.5-1.0) 
0.5 

(0.5-0.5) 
t1 /2  

(h) 
1.9 

(0.6) 
1.7 

(0.1) 
1.7 

(0.2) 
1.8 

(0.1) 
10.7 

(17.7) 
2.9 

(0.1) 
CL/F 

(mL/min) 
  1296 a) 

(84) 
1624 
(550) 

1953 
(1173) 

1340 
(342) 

1140 
(622) 

1299 
(203) 

Vz/F 
(L) 

  193 a) 
(27) 

232 
(71) 

286 
(164) 

208 
(58) 

956 
(1484) 

325 
(61) 

Xu0-144h  

(%) 
2.3 

(1.2) 
2.7 

(0.7) 
2.5 

(0.8) 
2.7 

(0.7) 
3.6 

(1.0) 
2.8 

(0.5) 
t1 /2 ,u r ine  

(h) 
13.1 

(25.7) 
24.7 

(28.6) 
46.2 

(16.5) 
66.3 

(15.0) 
71.3 

(24.1) 
80.6 

(16.6) 
CLR 

(mL/min) 
61 

(48) 
42 
(4) 

42 
(5) 

36 
(7) 

38 
(7) 

35 
(5) 

( ) tmax ( - ) . a)n=5. 

 

2.4-3  

 
 

( )  

5mg  
(N=7) 

10mg  
(N=8) 

20mg  
(N=8) 

40mg  
(N=8) 

80mg  
(N=8) 

120mg  
(N=8) 

AUC0- tz  

(ng h/mL) 
19.9 

(13.2) 
65.9 

(49.9) 
239 

(113) 
633 

(119) 
1572 
(434) 

2059 
(276) 

AUC0- in f  

(ng h/mL) 
   - a )b )

(-) 
  56.6 a)c )  

(-) 
  475 a)c )  

(-) 
  745 a)d )  

(177) 
2061 
(503) 

2552 
(350) 

Cmax 

(ng/mL) 
2.6 

(1.4) 
6.2 

(3.2) 
10.9 
(3.8) 

24.2 
(5.5) 

48.1 
(10.2) 

66.0 
(13.1) 

tmax  

(h) 
4.0 

(3.0-6.0) 
4.0 

(3.0-4.0) 
4.0 

(3.0-4.0) 
4.0 

(4.0-6.0) 
4.0 

(4.0-4.0) 
4.0 

(4.0-24.0) 
t1 /2  

(h) 
  5.7 d ) 

(1.2) 
16.5 

(14.3) 
49.0 

(20.0) 
64.7 

(10.3) 
80.8 

(15.0) 
71.6 
(8.5) 

Xu0-144h  

(%) 
11.5 
(5.8) 

11.3 
(4.0) 

10.7 
(3.3) 

12.3 
(2.1) 

14.6 
(3.6) 

12.6 
(2.1) 

t1 /2 ,u r ine  

(h) 
54.7 
(7.0) 

56.9 
(7.1) 

56.0 
(11.0) 

65.5 
(14.6) 

75.0 
(11.6) 

67.4 
(7.6) 

CLR 

(mL/min) 
  576 e) 

(609) 
262 

(105) 
141 
(94) 

96 
(15) 

92 
(10) 

90 
(8) 

( ) tmax ( - ) .   

a) AUC0- in f 20% . 

b) n=0. c) n=1. d) n=5. e) n=6. 



 

 

 

 

 

2.4-3 L

Cm

0.45 (

[-0.04

1.19 (

[1.06,

(

log Yji =

LO

2.4-4 

max  

0.24) 

,0.93] 

0.07) 

1.33] 

)

  +  log X

 

AUC

2.22 (

[1.88,

1.08 (

[0.99,

95%

Xi, Xi: 

24 

 

C0- in f  

(0.17) 

2.57] 

(0.05) 

1.18] 

 

(mg), Yji :  

5mg 1

A

Cm

-0.62 

[-1.04,

1.01 (

[0.90,

20mg

AUC Cmax

max  

(0.20) 

-0.21] 

(0.05) 

1.12] 

 

 

 

AUC

0.76 (

[0.09

1.48 (

[1.30

C0- tz  

(0.33) 

,1.43] 

(0.09) 

,1.66] 
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2.5  

LO LO Cmax

1 3

Cmax LO

5.7 80.8

LO

12  

LO

Cmax 1

Cmax 3 14 LO

Cmax

Cmax

flip-flop  

log Yji =  +  log Xi

LO Cmax 1.19 95% 1.06 1.33 AUC0-inf 1.08 0.99

1.18 Cmax 1.01 0.90 1.12 AUC0-tz 1.48 1.30 1.66

1

95% 1

LO AUC0-inf Cmax LO Cmax

AUC0-tz LO

LO 5 mg 120 mg

 

LO 20mg 40mg 1 2 3

3 1 5 LO

12 

Cmax AUC  
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2.6  

LO

LO Cmax

Cmax LO

5 120mg

flip-flop LO

 

 



 

3-1

 

  3-1.1

LO

36.4%

 

 

%

 

14C-

97.1%

 

20) 3

168

%

27 

25)26)

0.2 mg/kg

3-1.1-1

168

99.5%

)27)

28)  

g

L

Modelin

14

88.9%

LO

ng & Simu

14C-

C-

63.

14C-

ulation 

1%

8.3%
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3-1.1-1 14C- 14C-

20) 

  
 ( )  

(h)    

14C-

 

 

0–6 13.9 (8.4)   – a ) 13.9 (8.4) 

0–24 43.1 (5.3) 23.8 (7.2) 66.8 (3.5) 

0–48 55.1 (7.6) 27.4 (6.7) 82.5 (3.4) 

0–72 61.5 (8.2) 28.6 (6.8) 90.1 (3.8) 

0–96 64.3 (8.7) 29.1 (6.7) 93.4 (3.9) 

0–144 66.9 (9.2) 29.4 (6.7) 96.3 (4.3) 

0–168 67.5 (9.3) 29.6 (6.7) 97.1 (4.4) 

 

0–6 32.9 (1.0)   – a ) 32.9 (1.0) 

0–24 50.9 (3.8) 30.0 (2.1) 80.9 (5.5) 

0–48 57.6 (4.2) 33.6 (1.0) 91.2 (5.2) 

0–72 61.3 (4.4) 35.0 (1.0) 96.3 (5.4) 

0–96 62.3 (4.5) 35.8 (0.7) 98.1 (5.2) 

0–144 62.9 (4.6) 36.2 (0.8) 99.2 (5.4) 

0–168 63.1 (4.6) 36.4 (0.8) 99.5 (5.4) 

14C-   

0–6 68.8 (10.5)   – a ) 68.8 (10.5) 

0–24 83.7 (7.0) 6.6 (3.3) 90.3 (3.9) 

0–48 85.7 (6.9) 7.6 (3.8) 93.3 (3.7) 

0–72 87.8 (7.3) 7.8 (4.0) 95.7 (3.8) 

0–96 88.4 (7.7) 8.1 (4.1) 96.5 (4.1) 

0–144 88.8 (7.8) 8.2 (4.2) 96.9 (4.2) 

0–168 88.9 (7.9) 8.3 (4.1) 97.1 (4.3) 

( ) .  

N=3 or 4. a) not collected. 
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2

LO
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3-1.2-1

48

20 40 mg

0.2 mg/kg

48

14C-

LO

1 2

g

0.2

67

14

3

25

0 48

7.5%

C-

3

LO

48
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69% 8.56%/12.4%

LO

70% LO

30% LO

 

 

3-1.2-1 14C- 0.2mg/kg

20) 

 
 ( g eq./g or mL) 

0.25  0.5  1  3  6  24  48

 0.091 0.075 0.071 0.046 0.016 0.003 0.000 

 0.041 0.036 0.038 0.024 0.009 0.000 0.000 

 0.004 0.002 0.006 0.005 0.001 0.000 0.000 

 0.007 0.002 0.008 0.006 0.002 0.000 0.000 

 0.009 0.007 0.011 0.009 0.004 0.000 0.000 

 0.253 0.034 0.041 0.025 0.000 0.000 0.000 

 0.033 0.017 0.018 0.016 0.008 0.003 0.002 

 0.025 0.017 0.026 0.025 0.015 0.004 0.007 

 0.014 0.013 0.015 0.018 0.012 0.006 0.005 

 0.079 0.064 0.096 0.064 0.014 0.004 0.001 

  a )  
27.645 

[80.22] 

26.997 

[81.55] 

22.867 

[67.99] 

18.202 

[49.54] 

10.562 

[27.62] 

7.057 

[19.12] 

3.051 

[8.56] 

 6.317 4.400 0.318 0.152 0.158 0.075 0.035 

 0.158 0.250 0.449 0.912 1.087 0.214 0.081 

 0.190 0.252 0.290 0.430 0.357 0.090 0.033 

 0.015 0.018 0.024 0.016 0.007 0.000 0.003 

 0.011 0.010 0.011 0.011 0.007 0.005 0.003 

 0.015 0.013 0.025 0.027 0.025 0.005 0.002 

 0.007 0.007 0.007 0.006 0.003 0.001 0.001 

 0.024 0.017 0.017 0.013 0.008 0.002 0.002 

 0.007 0.006 0.006 0.005 0.003 0.001 0.000 

 0.006 0.014 0.009 0.008 0.004 0.002 0.001 

.  

a) [  ]  (%). 
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LO

20 mg  
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CLcr

kel flip-flop

3-2.1-1 CLcr 90mL/min 65mL/min 40mL/min 20mL/min

3-2.1-2  

 

 

3-2.1-2 ka > kel ka < kel

2-  

3-2.1-1 =2 mg, Vcent ra l=2[L], Vper iphe ra l=3[L], 

0.3[L/h], ( )ka=0.1[1/h], kel=0.25[L/h], ( )ka=0.05[1/h], kel=0.65[L/h]

CLcr=90mL/min CLnorma l

CLnorma l*(CLc r/90 .  

 

ka > kel kel kel

CLcr

 

flip-flop

kel

ka kel
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kel

Cmax CLcr

CLcr

flip-flop  

3-1

LO flip-flop

 

 

3-2.2   

 

 LO
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20



40 
 

 

 

 

FDA

Pharmacokinetics in patients with impaired renal function—study design, data 

analysis, and impact on dosing and labeling 29)

Cockcroft-Gault CLcr  

Cockcroft-Gault  

 

 

 

 

  CL
cr

mL/min  

1  CL
cr

80 

2  50 CL
cr

80 

3  30 CL
cr

50 

4  CL
cr

30 

 

24 CLcr

 

24 CLcr  
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3-1 LO 20 mg

 

 

 

LO 20mg 10

0.5 4

 

 

 

LO 0.5 1 1.5 2 3 4

6 8 12 24 36 48 96 144 1 5 mL

AEBSF 4°C 3000 rpm 10

0.5 mL 2 40%

80°C  

 

 

0 12 12 24 24 36 36 48

4°C

1 mL 2

80°C  

 

 

Covance Laboratories Ltd.

70°C LC/MS/MS  
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LO

AUC0-tz AUC0-inf Cmax tmax t1 /2 CL/F VZ/F

Xu CLR CL/F VZ/F LO Cmax tmax

t1/2 3

AUC0-tz linear trapezoidal AUC0-inf AUC0-tz

3

 

 

Cmax AUC0-inf

95%

 

WinNonlin Ver.5.2 Pharsight SAS Ver.8.2 SAS 

Institute Japan  

 

 

12 

 

 

3-2.4   

20 7 4 

5 4 

3-2.4-1   
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3-2.4-1  

 
 

(N=7) 

 

(N=4) 

 

(N=5) 

 

(N=4) 

( / )a )  
5 / 2 

(71.4% / 28.6%) 

2 / 2 

(50.0% / 50.0%) 

3 / 2 

(60.0% / 40.0%) 

3 / 1 

(75.0% / 25.0%) 

( ) 
69.9 

(8.3) 

72.3 

(3.3) 

78.6 

(3.8) 

74.0 

(5.6) 

(cm) 
160.4 

(6.83) 

158.5 

(7.79) 

152.1 

(5.34) 

160.6 

(9.38) 

(kg) 
55.1 

(6.39) 

57.0 

(8.02) 

47.9 

(6.96) 

61.6 

(7.62) 

BMI(kg/m2) 
21.4 

(1.66) 

22.7 

(2.01) 

20.6 

(1.66) 

23.8 

(0.82) 

CLcr(mL/min)b) 
91.00 

(8.97) 

69.95 

(7.80) 

39.8 

(2.26) 

19.98 

(5.83) 

( ) . a) ( ). b) 24 .  

 

LO 20 mg LO

3-2.4-1 3-2.4-2 LO 36 

1 ng/mL AUC0-inf Cmax tmax

 

3-2.4-2 3-2.4-3

144 1 ng/mL AUC0-inf Cmax tmax CLR

AUC0-inf Cmax

tmax CLR

 

  



 

3-2.4-1

 

1 LO  2

 

20 mg 

44 

 

.  

 



 

3-2.4-2

 

2 LO  2

 

20 mg 

45 

.  
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3-2.4-2  

 

( )  

 

(N=7) 

 

(N=4) 

 

(N=5) 

 

(N=4) 

AUC0- tz  (ng h/mL) 324 (66.6) 291 (53.8) 401 (41.1) 374 (69.2) 

AUC0- in f  (ng h/mL) 338 (66.1) 306 (55.0) 420 (39.8) 400 (60.9) 

Cmax (ng/mL) 74.3 (77.0) 57.4 (47.5) 65.7 (36.1) 57.9 (90.6) 

tmax (h)a)
 0.5 (0.5-1.5) 1.0 (0.5-2.0) 0.6 (0.5-2.0) 1.5 (0.5-3.0) 

t1 /2  (h) 2.3 (16.2) 2.6 (10.7) 2.7 (13.7) 3.5 (5.8) 

Xu0-48h  (%)  2.4 (65.2)b)  1.8 (51.4) 1.3 (39.0) 0.8 (55.3) 

CLR (mL/min)  26.0 (14.1)b) 18.5 (17.2) 10.5 (13.8) 6.5 (16.2) 

(CV[%]) . a) ( - ). b) N=6.  

 

3-2.4-3  

 

( )  

 

(N=7) 

 

(N=4) 

 

(N=5) 

 

(N=4) 

AUC0- tz  (ng h/mL) 426 (74.1) 468 (86.1) 1006 (49.3) 2223 (58.2) 

AUC0- in f  (ng h/mL) 570 (52.9) 629 (66.0) 1158 (51.6) 2804 (70.5) 

Cmax (ng/mL) 15.8 (46.9) 14.5 (59.6) 25.1 (33.6) 29.9 (48.3) 

tmax (h)a)
 6.0 (4.0-6.0) 5.0 (4.0-6.0) 6.0 (6.0-12.0) 12.0 (8.0-36.0) 

t1 /2  (h) 56.1 (23.3) 54.1 (22.1) 53.2 (14.9) 57.0 (46.3) 

Xu0-48h  (%)  7.9 (56.6)b)  6.4 (57.7) 6.7 (41.3) 5.8 (65.6) 

CLR (mL/min)  65.0 (14.0)b) 47.4 (13.4) 26.1 (16.6) 12.7 (33.3) 

(CV[%]) . a) ( - ). b) N=6.  
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AUC0-inf Cmax 3-2.4-4 LO

Cmax 1 AUC0-inf 1.2

Cmax 0.9

1.6 1.9 AUC0-inf 1.1

2 5  

CLcr LO AUC0-inf Cmax tmax t1 /2

3-2.4-3 AUC0-inf Cmax tmax t1/2 3-2.4-4

LO AUC0-inf Cmax tmax CLcr

CLcr AUC0-inf Cmax

tmax CLcr CLcr

LO 3-2.1 flip-flop

flip-flop  

LO

12

 

 

3-2.4-4 AUC0-inf Cmax  

 
  

 
 

 

AUC0- in f  
0.90 

(0.40-2.04) 

1.24 

(0.63-2.46) 

1.18 

(0.51-2.73) 

Cmax 
0.77 

(0.32-1.85) 

0.89 

(0.42-1.87) 

0.78 

(0.28-2.15) 

 

AUC0- in f  
1.10 

(0.52-2.35) 

2.03 

(1.07-3.87) 

4.92 

(2.27-10.69) 

Cmax 
0.91 

(0.46-1.81) 

1.58 

(0.94-2.68) 

1.89 

(1.00-3.57) 

( 95% ) .



 

3-2.4-33 
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CLLcr
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3-2.5  
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p
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16

(1) 

AU

(2

3-2.5-1

UC

2) 

(3) 
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3-2.5-1  

 

(CLcr ) 

 

 
 

    

 

(91.00 mL/min) 
1.00 - 1.00 - 

 

(69.95 mL/min) 
1.17 

0.90 

(0.40 - 2.04) 
1.35 

1.10 

(0.52 - 2.35) 

 

(39.80 mL/min) 
1.55 

1.24 

(0.63 - 2.46) 
2.62 

2.03 

(1.07 - 3.87) 

 

(19.98 mL/min) 
2.00 

1.18 

(0.51 - 2.73) 
5.84 

4.92 

(2.27 - 10.69) 

3-1.5-1 AUC ( 95% ) . 

CLcr 90 mL/min, 65 mL/min, 40 mL/min, 

20 mL/min. 

 

3-2.6   

LO 20mg

LO AUC0 - i n f

Cmax tmax

tmax

Cmax 0.91 1.89 AUC0-inf 1.10 4.92

LO

12 

 

2 LO LO 40mg

Cmax 1.89 AUC 4.92
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Cmax 80 mg AUC

200 mg Cmax

120 mg AUC 40 mg×5 120 

mg 40 mg×5

LO 40 mg

3-1.1

40 mg  

3-1 Modeling & Simulation AUC

3-1.4-1 CLcr

AUC Modeling & Simulation

 

CLcr

flip-flop 1.3 BAL

21) LO

LO

LO

BAL 30)

LO 3-2.6-1

LO 4

240 0.1 ng/mL

LO



 

29500

LO
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2 4
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2 4
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ka

LO 8

0.120 h-1

0.245 h-1 31) LO LO

ka

 

 

3-2.7   

LO 20 mg

Cmax 1.89 AUC

4.92 LO

 

LO 40 mg Cmax

120 mg AUC 40mg×5

LO

LO 40 mg

40 mg LO
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4  

 

4.1  

2 LO 1

FDA Guidance for Industry; 

Estimating the Maximum Safe Starting Dose in Initial Clinical Trials for Therapeutics in Adult 

Healthy Volunteers. 22)

5 mg 5 mg

5 mg

LO 20 mg 40 mg

2

2

1 LO 10mg

 

in vitro 

32)

f2 

f2 

in vitro 33) LO
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A B

 

 

4.2  

 

 LO

 

 LO

 

 

4.3  
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23) 24)

20 45 BMI 18.5 25.0kg/m2

1 8 16

FVC 80% FEV1.0% 70%

 

 

 

LO 20mg 40mg

 

 

 

16 LO 20mg 40mg 8

10 2

4  

 

 

LO 0.25 0.5 1 1.5 2

3 4 6 8 12 24 36 48 72 96 120 144

1 5 mL

AEBSF 4°C 3000 

rpm 10 0.5 mL 2

40% 80°C  
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0 12 12 24 24 36 36 48

48 60 60 72 72 96 96 120 120 144

4°C

1 mL

2 80°C

 

 

 

Covance Laboratories Ltd.

70°C LC/MS/MS  

 

 

LO

AUC0-tz AUC0-inf Cmax tmax t1 /2 CL/F VZ/F

Xu CLR CL/F VZ/F LO Cmax tmax

t1/2 3

AUC0-tz linear trapezoidal AUC0-inf AUC0-tz

3

 

 

WinNonlin Ver.5.2 Pharsight SAS Ver.8.2 SAS 

Institute Japan  
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4.4  

16 20 mg 40 mg

8 20 mg 40 mg

4.4-1  

 

4.4-1  

 20mg (N=8) 40mg (N=8) 

( )  21 (20-24) 21 (20-24) 

(cm) 170 (161-183) 171 (164-178) 

(kg) 63.3 (56.3-75.6) 62.0 (56.0-67.6) 

BMI(kg/m2) 21.9 (20.2-23.3) 21.1 (19.4-24.4) 

 ( - ) .   

 

 

LO

12  

 

 

LO 20 mg 40 mg

LO 4.4-1 4.4-2

4.4-2 LO tmax 20 mg 40 mg 

0.25 t1/2 20 mg 1.79 40 mg 2.70

20 mg 40 mg 24 

144 Xu0-144h 20 mg 4.7% 40 mg 5.5%

tmax 20 mg 40 mg 

4.0 t1/2  20 mg 66.03 40 mg 72.65

144 1 

ng/mL 144 Xu0-144h 20mg 19.2%

40mg 23.3%  



 

4.4-1 

4.4-2 

LO

LO

59 

20

 

20

0mg 4

0mg 4

 

40mg

 

. 

40mg

. 
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4.4-2 LO 20mg 40mg

 

 
 

( )  

  
20mg  

(N=8) 
40mg  

(N=8) 
20mg  

(N=8) 
40mg  

(N=8) 
AUC0- tz  

(ng h/mL) 
440 (82) 1018 (242) 558 (96) 1080 (156) 

AUC0- in f  

(ng h/mL) 
446 (83) 1023 (241) 693 (116) 1379 (210) 

Cmax 

(ng/mL) 
145 (40) 336 (112) 19.0 (3.1) 38.3 (9.8) 

tmax  

(h) 
0.25 (0.25-0.25) 0.25 (0.25-0.25) 4.0 (3.0-6.0) 4.0 (3.0-6.0) 

t1 /2  

(h) 
1.79 (0.11) 2.70 (0.40) 66.6 (9.1) 74.4 (19.3) 

CL/F 
(mL/min) 

774 (174) 694 (207) - - 

Vz/F 
(L) 

121 (27) 160 (50) - - 

Xu0-144h  

(%) 
4.7 (1.1) 5.5 (1.5) 19.2 (4.0) 23.3 (2.6) 

CLR 

(mL/min) 
34.3 (5.1) 35.9 (6.1) 84.9 (18.5) 106.9 (18.1) 

( ) tmax ( - ) .  

 

4.5  

LO LO Cmax

20 mg 1.79 40 mg 2.70

LO

Cmax 20 

mg 66.6 40 mg 74.4 LO

12 

 

LO

LO tmax 0.5 1

LO 0.25

0.5

tmax 0.5 1
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0.25

LO tmax

LO

1 4 120 LO

LO

8 31)

55%

LO

 

72.0 78.0

95% 6.0 23.9

6.7 h

 

40 mg  
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40 mg LO

 

  



 

5 LO
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5-1 LO
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Modeling & Simulation  

40 mg

120 mg

40mg×5

 

LO

LO

LO  

LO

A B
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6  

 

LO Modeling & 

Simulation

A B

LO  

LO

LO LO Cmax

LO

Cmax

flip-flop LO

5 120mg LO

 

2  

1

LO Modeling & Simulation

Modeling & Simulation LO

70%

30% LO

AUC LO 1.22

1.55 2.00 1.47

2.62 5.84

20 mg  

2 Modeling & Simulation LO 20 mg

LO
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Cmax AUC0-inf

tmax Cmax AUC0-inf

Cmax 1.89

AUC 4.92

LO  

Modeling & Simulation

LO

40 mg

120 mg 40 mg×5

LO

40 mg

LO

40mg LO

 

LO

LO LO

LO

LO

40 mg  

LO A

B  
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2   

Ishizuka H, Yoshiba S, Okabe H, et.al. Clinical Pharmacokinetics of Laninamivir, a Novel 

Long-Acting Neuraminidase Inhibitor, After Single and Multiple Inhaled Doses of Its 

Prodrug, CS-8958, in Healthy Male Volunteers J. Clin. Pharmacol. 2010; 50:1319-1329. 

 

3-2   

Ishizuka H, Yoshiba S, Yoshihara K, et.al. Assessment of the Effects of Renal Impairment 

on the Pharmacokinetic Profile of Laninamivir, a Novel Neuraminidase Inhibitor, After a 

Single Inhaled Dose of Its Prodrug, CS-8958. J Clin Pharmacol 2011; 51: 243-251. 

 

4  ( )  

Yoshiba S, Okabe H, Ishizuka H. Pharmacokinetics of Laninamivir after a Single 

Administration of its Prodrug, Laninamivir Octanoate, a Long-Acting Neuraminidase 

Inhibitor, Using an Easy-to-Use Inhaler in Healthy Volunteers. J Bioequiv Availab 2001; 

3: 001-004. 

 

 

Ishizuka H, Toyama K, Yoshiba S, et.al. Intrapulmonary Distribution and 

Pharmacokinetics of Laninamivir, a Neuraminidase Inhibitor, after a Single Inhaled 

Administration of Its Prodrug, Laninamivir Octanoate, in Healthy Volunteers. Antimicrob. 

Agents Chemother. 2012; 56(7):3873-3878. 
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