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PCI-32765  

JNJ-54179060  

1-{(3R)-3-[4-Amino-3-(4-
phenoxyphenyl)-1H-
pyrazolo[3,4-d]pyrimidin-
1-yl]piperidin-1-yl}prop-2-
en-1-one  

 

PCI-45227 
JNJ-54243761  M37  

 

 

 
  

AUC area under the plasma concentration-time curve  

AUC  0 area under the 
plasma concentration-time curve from time zero to infinite time  

AUClast 
0 area under 
the plasma concentration-time curve from time zero to the last quantifiable time  

AUCt 
0 t area under the plasma 
concentration-time curve from time zero to time t  

BCR B B cell receptor  
BCRP breast cancer resistance protein  
BLNK B B cell linker protein  
BTK Bruton’s tyrosine kinase  
CCL CC CC chemokine ligand  
CLL chronic lymphocytic leukemia  
Cmax maximum plasma concentration  
CXCL CXC CXC chemokine ligand  
CpG - - cytosine-phosphate-guanosine  
CYP P450 cytochrome P450  
d day
DLBCL B diffuse large B-cell lymphoma  
ECG electrocardiogram  
F absolute bioavailability  
GLP Good Laboratory Practice
h hour
HED human equivalent dose  
HEK human embryonic kidney  

hERG  
human ether-a-go-go related gene  

HSA human serum albumin  
IC50 50% 50% inhibitory concentration  
ICH EU International Conference on Harmonization
Ig immunoglobulin  
KLH keyhole limpet hemocyanin 

N

N N
N

N

O

NH2

O

HO
OH
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LC-MS/MS liquid chromatography-tandem 
mass spectrometry  

MCL mantle cell lymphoma  

MDR1-MDCK  P- MDCK P-glycoprotein transfected MDCK 
cell  

MTD maximum tolerated dose  
MTDL minimum toxic dose level  

NADPH nicotinamide 
adenine dinucleotide phosphate reduced form  

NLC Nurse-like cell  
NOAEL no-observed-adverse-effect level  
NOEL no-observed-effect level  
OAT organic anion transporter  
OATP organic anion transporting polypeptide  
OCT organic cation transporter  
OECD Organization for Economic Cooperation and Development
PBMC peripheral blood mononuclear cells  
PBPK physiologically-based pharmacokinetic(s)  
P-gp P- P-glycoprotein  
PLC  C phospholipase C gamma  
(Q)SAR (quantitative) structure-activity relationship  

QWBA quantitative whole-body 
autoradiography  

SCID severe combined immunodeficiency  
SLL small lymphocytic lymphoma  
SLS Sodium lauryl sulfate  
Syk spleen tyrosine kinase  
t1/2 elimination half-life  
TCR T T cell receptor  
TK toxicokinetics  
tmax time to reach the maximum plasma concentration  
VCAM-1 -1 vascular cell adhesion molecule-1  
WBC white blood cell
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2.4.1  
B B B BCR

1 2

BTK 3 4 BTK B

 

PCI-32765 JNJ-54179060 BTK BTK

481 Cys-481 5 1 1

BTK  

BTK BCR B

BTK

CLL /

SLL B CLL/SLL

EU

ICH S9  

 2.4.1-1 1 R-

440.5 S- PCI-32769 BTK

1/3.6

CLL/SLL

1 1 420 mg/  

 
 2.4.1-1  

2.4.1.1  

in vitro in vivo In vitro

BCR B

BTK B CLL

MCL B

DLBCL BCR

CLL MCL

S- BTK In vivo

BTK

B

in vitro in vivo  
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BTK

 

hERG

ICH S7B

GLP

ICH S7A GLP

HED 24 81 mg/kg

 

 

2.4.1.2  

2.4.1.2.1  

Caco-2 P- P-gp MDCK

MDR1-MDCK in vitro

TK ICH S3A  

2.4.1.2.2  

R S- 14C
14C- 14C-

R-  
14C-

QWBA

in vitro

in vitro in vivo

 

In vivo
14C-

14C- in vitro

P450 CYP CYP

CYP  



  2.4  
   
   

   
 6  

 

2.4.1.2.3   

CYP

P-gp OATP in vitro

P-gp

BCRP OAT 1 OAT3

OCT 2 OATP1B1 OATP1B3

 

 

2.4.1.3  

GLP TK GLP

OECD  

ICH S9

in vitro ICH S8

4 13

13

WBC 4

 

ICH S9

3 13

ICH S2(R1) 

ICH S9

ICH S9

 

 

2.4.1.3.1  

ICH S9

NOAEL

13
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2.4.1.3.2  

ICH S2(R1) 

ICH S5(R2) ICH S9  

 

2.4.1.3.3  

 

in silico  in vitro in vivo  

 4

5

4

 

Derek Nexus ver. MultiCASE – 

(Q)SAR

5

in vivo  

13

 

22 Derek Nexus ver.

 

 

2.4.1.4  

AUC 10%

10% M21

M23 M25

M34 PCI-

45227 M37  

*新薬承認情報提供時に置き換え

不純物B* 不純物E* 不純物H* 不純物D* 不純物C*

不純物B* 不純物E*

不純物B* 不純物E* 不純物H* 不純物D*

不純物C*

不純物B* 不純物E*

不純物H* 不純物D*

不純物C*

不純物B* 不純物E* 不純物H* 不純物D* 不純物C*

不純物A* 不純物A*

不純物F* 不純物G*

不純物C*

不純物D*
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PCI-45227 M37 BTK 1/15 PCI-45227

M37 BTK Cys-481

BTK

PCI-45227 M37

Baillie
6  

In vitro PCI-45227 M37 hERG

PCI-45227 M37 Caco-2 MDR1-MDCK in vitro

PCI-45227 M37  

13

PCI-45227 M37

LC-MS/MS

 

M23 M25 M34 BTK 1/80

1/2000 1/200 M23 BTK

M25 M34 BTK

M21 in vitro

 

M21 M23 M25 M34 14C-

 
14C- R- S9

I M25 PCI-45227 M37 M17 M29

M34 2.6.5.10 4.2.2.4.2 in 

vitro 3 I

Aroclor S9  

In vitro M23 M25 M34 PCI-45227 M37

CYP Caco-2 MDR1-MDCK

PCI-45227 M37

P-gp BCRP OAT1 OAT3 OCT2 OATP1B1 OATP1B3

CYP PCI-45227 M37 P-gp OATP PCI-

45227 M37  
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2.4.2  

2.4.2.1  

2.4.2.1.1  

2.4.2.1.1.1 B BTK  

BTK Tec T
7 BCR

3 4 B BCR

IgM IgM BTK

BCR Src

Lyn Fyn8 9 BLNK B

Syk 10 BTK

C PLC 2 11

MAP Akt NF- B B  2.4.2-1  

 
 2.4.2-1 BCR BTK  

PtdIns(4,5)P2 -4 5- DAG  
InsP3 -1 4 5-  

 

BTK BCR B

CXCR4 CXCR5

 2.4.2-2 12  13  14  
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 2.4.2-2 CXCR4 BTK  
SDF-1 stromal cell-derived factor 1 PtdIns(4,5)P2 -4 5-  
DAG InsP3 -1 4 5-  

 

BTK pre-B in vivo

CXCL12 CXCL13
14 BTK

B

 

 

2.4.2.1.1.2 MCL  

MCL Mino MAVER-1 Rec-1 Jeko-1 MCL

BCR IgM BTK MCL

BTK
15 Mino BCR BTK

PLC 2

Akt JNK

Mino 100 nmol/L 50% IC50 2.6.2.2.1

Mino JVM-2 Erk
15 MCL

IgM CCL3 CCL4
15 NF- B TNF IL-6

IgM

MCL 15 BCR

MCL 100 nmol/L

0.1 nmol/L

2.6.2.2.1.5 2  
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2.4.2.1.1.3 CLL  

CLL BCR
16 17

CLL
18 CLL

 

In vitro CLL 100

10000 nmol/L BAFF IL-6 IL-4 TNF-

CLL

10000 nmol/L 19 - - CpG

CLL 100 nmol/L 19  

 

NLC IgM CLL 3H

BCR CCL3 CCL4

500 1000 nmol/L 4.2.1.1.4

CLL CCL3 CCL4 4.2.1.1.4

1000 nmol/L B CLL CLL

IgM CXCL12 CXCL13 CCL19

-1 VCAM-1

2.6.2.2.1.5 1 CLL

CLL TCL1-192

25 mg/kg/ CLL

CLL

2.6.2.2.2.1  

 

 
 

 2.4.2-3 CLL PCI-32765  

 

CLL BTK

CLL BCR

 2.4.2-3

CLL
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CLL

 

 

2.4.2.1.1.4  

BTK IC50 0.39 nmol/L 2.6.2.2.1.1

BTK BTK

Cys-481

4.2.1.1.3

 

ErbB4/HER4 Blk Bmx/Etk Txk Tec

BTK

IC50 CLL/SLL

 2.4.2-1  

 
 2.4.2-1 

 

 Kinase Median IC50
a nmol/L Median Cmax unbound

/ Median kinase IC50
b 

Irreversibly 
Inhibited 

BTK 0.39 16.7 
ErbB4/HER4 0.64 10.2 

Blk 0.94 6.91 
Bmx/Etk 1.10 5.91 

Txk 2.87 2.26 
Tec 5.49 1.18 

EGFR 7.80 0.83 
Itk 11.7 0.56 

ErbB2/HER2 21.6 0.30 
JAK3 21.9 0.30 

Reversibly 
Inhibited 

Fgr 2.86 2.27 
Lck 3.49 1.86 

Yes/YES1 3.94 1.65 
Csk 6.17 1.05 
Brk 10.1 0.64 
Hck 17.0 0.38 

a 2.6.2.2.1.1  
b  CLL/SLL 420 mg/

Cmax 106 ng/mL 2.9 ng/mL
6.5 nmol/L  

 



  2.4  
   
   

   
 13  

(1) ErbB4/HER4 

BTK IC50 ErbB4/HER4 ErbB4/HER 

4
19

2.6.6.1.2

2.7.4.2.1.2  

 

(2) Blk 

Blk B Src 1 BCR

B Blk

B T

Blk B

BCR 21 B

Blk redundancy 21 Blk
22  

 

(3) Bmx 

Bmx

Bmx 23 Bmx
24  25  26 Bmx

Bmx  

 

(4) Txk 

Txk CD4 T Txk T

CD4 T T TCR
27 Txk T Txk

 

 

(5) Tec 

Tec T

B 28  29  30 Tec

Tec/BTK B B220 CD43

B B IgMloIgDhi B
31 13 100 300 mg/kg

20%

2.6.6.3.4  
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2.4.2.1.1.5 BTK  

BTK 10 mg/kg 3.13 5.0 mg/kg

6 mg/kg

BTK 90%  2.4.2-4

 2.5 mg/kg 4 24

PBMC BTK  

 

 
 2.4.2-4 BTK  

n=4 ±  

 

2.4.2.1.2  

CLL TCL1-192 MCL Mino DLBCL OCI-

LY10 TMD8 2.5 3.0 mg/kg/

12 25 mg/kg/  2.4.2-2  

TCL1-192 CLL 2.5 25 mg/kg/

3 1 CLL 

25 mg/kg/ 2 

2.5 25 mg/kg/ 2 4 

CLL 7

14 25 25 mg/kg/

CLL
18

 

MCL Mino 70

12 mg/kg/ PBMC

CD19 Mino
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DLBCL OCI-LY10 TMD8

3 12 mg/kg/

T/C  / 39 0.51

0.34 OCI-LY10  

2.5 20 mg/kg/  8

3 3 2.5 mg/kg/ PBMC

BTK  

 
 2.4.2-2 /  

 
   

mg/kg/    

CB17 
SCID 

TCL1-192 
CLL  0, 2.5, 25 16 CLL  25 mg/kg/ 2

 
4.2.1.1.4 

CB17 
SCID 

Mino 
MCL  0, 12 70

PBMC  
CD19 Mino

 

PBMC
CD19 Mino

 
4.2.1.1.14 

SCID OCI-LY10 
DLBCL  0, 3, 12 39   

4.2.1.1.15 

SCID TMD8 
DLBCL  0, 3, 12 18   

4.2.1.1.16 

SCID  

 

32  

6 CLL

CLL 5

BTK C481S

BTK BTK

2 CLL PLC 2 3

R665W L845F BCR

BTK PLC 2 2

CLL BCR
33  

MCL MCL

 Mino MCL in 

vitro

4.2.1.1.1 Erk

Mek Raf-Mek
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2.4.2.2  

67

in vitro

IC50 484 nmol/L 213 ng/mL  

 

 

 

DNA

 

 

2.4.2.3  

2.4.2.3.1 In vitro  

PCI-45227 M37

hERG

HEK 293 hERG

IC50 970 nmol/L 427 ng/mL 2.6.2.4.2 CLL

420 mg/ Cmax

3.56 ng/mL 120  2.4.2-3 PCI-45227 M37 hERG

IC50 9600 nmol/L 4555 ng/mL 2.6.2.4.4

CLL 420 mg/ PCI-

45227 Cmax 11.0 ng/mL 415  2.4.2-3 in vitro hERG

PCI-45227
34  

 
 2.4.2-3 hERG PCI-45227  

 

 
hERG IC50 

nmol/L  
hERG IC50 

ng/mL
 

mg/
Cmax ng/mL  b

a  
 970 427 420 132 3.56c 120 

PCI-45227 9600 4555 420 122 11.0d 415 
a CLL PCYC-1102-CA

PCI-45227 Cmax 47  
bhERG IC50 PCI-45227  
c 97.3% M2.6.4.9.2  
d PCI-45227 91.0% M2.6.4.9.2  
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2.4.2.3.2 In vivo  

2.4.2.3.2.1  

0 2.5 40

150 mg/kg

NOEL

150 mg/kg HED = 24 mg/kg 150 mg/kg

PCI-45227 Cmax Cmax  2.4.2-4  

2.4.2-5  

 

2.4.2.3.2.2  

0 1.5 24 150 mg/kg  

24 150 mg/kg RR 150 mg/kg

PR QTcV QTc

NOEL 1.5 mg/kg

24 mg/kg RR 30%

NOAEL 24 mg/kg  

24 mg/kg PCI-45227 Cmax Cmax

 2.4.2-4  2.4.2-5  

4 13 QTc

ECG QTc  

 
 2.4.2-4 Cmax  

   
NOEL/NOAEL 

mg/kg  
Cmax 

ng/mL  
a 

   150b 2940c 22.3 
   150b 2940c 22.3 
   24d 949e 7.2 

a NOEL/NOAEL Cmax Cmax

Cmax CLL 420 mg/ Cmax

132 ng/mL PCYC-1102-CA  
b NOEL 
c 4 150 mg/kg/ 1 Cmax 2.6.5.4.A
d NOAEL 
e 4 24 mg/kg/ 1 Cmax 2.6.5.4.B  
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 2.4.2-5 PCI-45227 M37 Cmax  

 

   
NOEL/NOAEL

mg/kg  
Cmax/  

ng/mL  
Cmax 

ng/mL  
a 

   150b 6.40c 960 7.9 
   150b 6.40c 960 7.9 

   24d 2.49e 59.8 0.49 
a NOEL/NOAEL Cmax Cmax

Cmax CLL 420 mg/ Cmax

122 ng/mL PCYC-1102-CA  
b NOEL 
c 13 100 mg/kg/ 1 Cmax

640 ng/mL 2.6.5.4.A  
d NOAEL 
e 13 30 mg/kg/ 1 Cmax 74.7 ng/mL

2.6.5.4.B  

 

2.4.2.4  

8 DB Granta-519 DHL-4 DLCL2 Ly19 DOHH2 RAMOS Jurkat

4

 

DLCL2 DHL-4 Romas DOHH2

Ly19

Ly19
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2.4.3  

2.4.3.1   

GLP TK
1 LC-MS/MS GLP

LC-MS/MS qualified research method  
14C 14C- R S-

14C-PCI-31523 R-

 2.4.3-1  
 

* 14C  

 2.4.3-1 14C- R-  

 

2.4.3.2  

Caco-2 MDR1-MDCK in vitro

P-gp
14C-

35

 

tmax 0.08 2.5 0.50

4.0

F 3.8 24.7%

 

                                                  
1 Guidance for Industry : Bioanalytical Method Validation.U.S. Department of Health and Human 

Services, Food and Drug Administration, Center for Drug Evaluation and Research (CDER) and Center for 

Veterinary Medicine (CVM), May 2001 

N

N N
N

(R)
N

O

NH2

O

*
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6.24 L/h/kg 2.23 2.92 L/h/kg 1.92 2.43 L/h/kg

0.531 3.88 L/kg

1.89 5.76 L/kg  

0

AUC PCI-45227 M37 /

PCI-45227 M37

AUC

AUC 60%

AUC AUC 1/2

PCI-45227 M37 PCI-45227 M37

PCI-45227 M37

F

 

 

2.4.3-1  

 



 

 

 
 

2.4 
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 2.4.3-1  

 

Species Study Reference
Feeding  

Condition Gender
Dose 

(mg/kg) 
Formulation 

/Dosage Form 
Ibrutinib 

Powder Form N 
Cmax 

(ng/mL) 
tmax 
(h) 

AUC  
(ng h/mL) 

t1/2
(a)

 
(h) 

F(b) 
(%) 

Mouse  4.2.2.2.4  Non-fasted F 3.31 A(c)/Suspension Non-micronized 3/time point 44.5 0.083 41.5 1.71 7.8(i) 

 F 14.2 A(c)/Suspension Non-micronized 3/time point 474 0.333 573 3.10 25.2(i) 

Mouse (k) 4.2.1.2.7  Non-fasted M 12.5 A(c)/Suspension Non-micronized 3/time point 280 0.083 360 ND 18.0(i) 

Rat 4.2.2.2.6  Fasted M 10 B(d)/Suspension Non-micronized 3 489±462 0.333±0.000 795±568 4.65±2.57 22.8 
 M 30 B(d)/Suspension Non-micronized 3 429±258 0.333±0.000 1190±690 1.53±0.34 11.4 

Rat  4.2.2.2.7  Fasted/ 
Non-fasted (m) 

F 10 B(d)/Suspension Non-micronized 3 363±90 0.389±0.529 808±221 1.20±0.15 18.0 
F 30 B(d)/Suspension Non-micronized 3 1020±450 1.0±0.0 3330±1060 0.980±0.22 24.7 

Rat  4.2.2.2.8  Fasted M 100 B(d)/Suspension Non-micronized 4 601±417 2.5±1.0 3870±2600 3.08±0.82 8.5(j) 

 Non-fasted M 100 B(d)/Suspension Non-micronized 4 672±147 1.5±1.0 5570±910 2.85±0.63 12.2(j) 

Dog  4.2.3.2.6  Fasted M 11(l) C(e)/Solution NA 1 577 1.00 864 2.82 ND 
 F 11(l) C(e)/Solution NA 1 352 1.00 797 2.87 ND 
 M 100 C(e)/Solution NA 1 7620 1.00 27400 2.36 ND 
 F 100 C(e)/Solution NA 1 8290 1.00 40700 2.60 ND 
 M 100 B(d)/Suspension Non-micronized 1 788 2.00 3630 2.47 ND 
 F 100 B(d)/Suspension Non-micronized 1 1100 1.00 5050 1.58 ND 
 M 200 A(c)/Suspension Non-micronized 1 81.7 1.00 664 3.02 ND 
 F 200 A(c)/Suspension Non-micronized 1 160 2.00 670 2.63 ND 
 M 200 B(d)/Suspension Non-micronized 1 834 4.00 5620 2.32 ND 
 F 200 B(d)/Suspension Non-micronized 1 880 1.00 2810 1.73 ND 

Dog  4.2.2.2.12 Fasted M 10 D(f)/Capsule Micronized 4 94±87 1.88±1.55 289±229 ND ND 
 M 10 E(g)/Capsule Non-micronized 4 56±45 1.13±0.63 175±77 ND ND 
 M 10 F(h)/Suspension Micronized 2 114 0.50 399 ND ND 

Dog  4.2.2.2.11 Fasted M 10 D(f)/Capsule Micronized 4 137±144 1.25±0.50 363±310 6.38±4.13 6.9±6.2 
 F 10 D(f)/Capsule Micronized 4 126±55 1.00±0.0 427±111 4.35±0.48 10.5±3.7 

 Non-fasted M 10 D(f)/Capsule Micronized 4 248±380 1.63±0.75 721±1117 3.63±1.76 14.4±22.8 
 F 10 D(f)/Capsule Micronized 4 55±52 1.13±0.63 156±87 3.27±3.21 3.8±2.3 

Mouse: estimated from mean plasma concentration; Rat: mean±standard deviation; Dog: individual value, mean±standard deviation or mean 
(a): Terminal half-life. 
(b): Bioavailability (F) = dose-normalized AUC following oral administration divided by dose-normalized AUC following IV administration x 100.  
(c): Formulation A was 1% methylcellulose / 0.4% Cremophor EL in water. 
(d): Formulation B was 1% methylcellulose / 0.4% Cremophor EL / 0.1% SLS in water. 
(e): Formulation C was 20% HP- -CD in water. 
(f): Prototype clinical formulation D was microcrystalline cellulose ( % – %), croscarmellose sodium ( %) and SLS ( % – %). 
(g): Formulation E was similar to formulation D except using non-micronized ibrutinib. 
(h): Formulation F was 0.5% methylcellulose, 0.4% Cremophor EL, 0.1% SLS and water. 
(i): Based on dose-normalized AUC data calculated for IV dosed  in female mice 4.2.2.2.5 . 
(j): Based on dose-normalized AUC data calculated for IV dosed  in rats 4.2.2.2.9 .  
(k): Study was conducted in a male DBA/1OlaHsd mouse established type II collagen arthritis model. 
(l): Nominal dose was 10 mg/kg. 
(m): Two out of three rats were fasted prior to dosing orally at 10 mg/kg. All the rats administered test formulation orally at 30 mg/kg were not fasted prior to dosing. 
F = female; M = male; N = number of animals; NA = not applicable; ND = not determined  
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4 13

PCI-45227 M37 13

 2.4.3-4  2.4.3-5

30 mg/kg

Cmax 3 0 24 AUC24 8

AUC PCI-45227 M37 / 0.14 1.00 100 

mg/kg 2 3

CYP3A2 36 37

 

 

 

2.4.3.3  

Long Evans 14C- QWBA

Lister Hooded 14C- R-

QWBA

1

 

168

0.033 g eq./g

 

2.4.4.4

 

 

2.4.3.4  

in vitro

97.3%

95.2% M23 M25 M34 PCI-45227 M37
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92.3 74.5 77.1 91.0%

HSA 1-

PCI-45227 M37 91.0%  

In vitro / 0.56 0.63 0.60 0.89

0.54 0.65 0.74 0.82  
14C- R- in vivo

/

Long Evans 14C- /

4 1.0 168 9.43

15.9 1 100% 504

Sprague-Dawley 14C- R-

/ 1 48 0.66 0.71
14C- R-

4 /

0.68 0.78  

 

2.4.3.5  
14C- BTK

CYP HSA

S9 BTK

 2.4.3-2  2.4.3-3  
14C- R-

Cmax

12%  
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 2.4.3-2 14C-  

Proteins Species Ib
ru

tin
ib

 
C

on
ce

nt
ra

tio
n 

 
(μ

M
) 

In
cu

ba
tio

n 
Ti

m
e 

 
(h

) 

C
ov

al
en

t b
in

di
ng

  
(p

m
ol

/m
g 

pr
ot

ei
n)

 

St
ud

y 
R

ef
er

en
ce

 

BTK protein (50 μg/mL) Human 1 1 9604 4.2.2.3.10
2 1 18330 
2 4 21490 

Liver S9, - NADPH (2 mg/mL) Human 1 1 210  
2 1 510 
2 4 540 

Plasma Human 1 1 39  
Albumin (4 mg/mL) Human 1 1 2  
Liver S9, + NADPH (1 mg/mL) Human 10 1 218 4.2.2.3.12
Liver S9, - NADPH (1 mg/mL) Human 10 1 189  
Liver microsomes, + NADPH (1 mg/mL) Human 10 1 328  
Liver microsomes, - NADPH (1 mg/mL) Human 10 1 316  
CYP3A4, + NADPH (1 mg/mL) Human 10 1 272  
CYP3A4, - NADPH (1 mg/mL) Human 10 1 122  
CYP2D6, + NADPH (1 mg/mL) Human 10 1 124  
CYP2D6, - NADPH (1 mg/mL) Human 10 1 116  
Liver microsomes, + NADPH (1 mg/mL) Rat 10 1 279  
Liver microsomes, - NADPH (1 mg/mL) Rat 10 1 160  
Hemoglobin (blood isolated), - NADPH 
(1 mg/mL) 

Rat 10 1 194  

CYP2E1 (1 mg/mL) Human 10 1 198 4.2.2.3.13
Hemoglobin, purified (1 mg/mL) Rat 10 1 613  
Hemoglobin, purified (1 mg/mL) Human 10 1 70  
Liver microsomes, + NADPH (1 mg/mL) Human 10 1 722  
Liver microsomes, - NADPH (1 mg/mL) Human 10 1 376  
Plasma Human 10 1 128 4.2.2.3.14

10 4 408 
Plasma Rat 10 1 68  

10 4 679 
CYP2D6, high metabolizer (1 mg/mL) Human 10 1 548 4.2.2.3.15
CYP2D6, medium metabolizer (1 mg/mL) Human 10 1 274  
CYP2D6, low metabolizer (1 mg/mL) Human 10 1 258  
Liver microsomes, + NADPH (1 mg/mL) Human 10 1 275  
Kidney S9 (1 mg/mL) Rat 10 1 81  
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 2.4.3-3 14C- R-  

Proteins Species Ib
ru

tin
ib

 
C

on
ce

nt
ra

tio
n 

 
(μ

M
) 

In
cu

ba
tio

n 
Ti

m
e 

 
(h

) 

C
ov

al
en

t b
in

di
ng

  
(p

m
ol

/m
g 

pr
ot

ei
n)

 

St
ud

y 
R

ef
er

en
ce

 

BTK protein (1 mg/mL) Human 2 1 18376 4.2.2.3.16
2 4 11345 

Plasma (4 to 6 mg/mL) Human 2 1 9  
2 4 275 

Hemoglobin (1 mg/mL) Human 2 1 None  
 2 4 51  

Albumin (1 mg/mL) Human 2 1 2  
 2 4 57  

Hemoglobin (1 mg/mL) Rat 2 1 114  
 2 4 95  

Liver S9, + NADPH (1 mg/mL) Human 2 1 107 4.2.2.3.17
Liver S9, - NADPH (1 mg/mL) Human 2 1 100  
Liver S9, + NADPH (1 mg/mL) Rat 2 1 106  
Liver S9, - NADPH (1 mg/mL) Rat 2 1 69  
Liver microsomes, + NADPH (1 mg/mL) Human 2 1 192 4.2.2.3.18
Liver microsomes, - NADPH (1 mg/mL) Human 2 1 101  
Liver microsomes, + NADPH (1 mg/mL) Human 10 1 1201  
Liver microsomes, - NADPH (1 mg/mL) Human 10 1 466  
Liver microsomes, + NADPH (1 mg/mL) Rat 2 1 186  
Liver microsomes, - NADPH (1 mg/mL) Rat 2 1 50  
Liver microsomes, + NADPH (1 mg/mL) Rat 10 1 1043  
Liver microsomes, - NADPH (1 mg/mL) Rat 10 1 553  

 

2.4.3.6  

in vitro

in vivo

in vitro  2.4.3-2 in vivo

 2.4.3-3 in vitro in 

vivo  

In vitro in vivo

41 in vivo

1 M35 2

M34 M25

3

PCI-45227 M37

in vitro in vivo

 
14C- R- 140 mg

M21 M25 M34 PCI-45227

M37 M23 14C
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PCYC-1111-CA 420 mg/

AUC 10%

10% M21 M23 M25 M34 PCI-45227 M37

 

R- S-

Cmax AUC S/R

S- in 

vivo  
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 2.4.3-2 In vitro 4.2.2.4.2 14C-  

 



 

 

 
 

2.4 
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 2.4.3-3 14C- in vivo  
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2.4.3.7  
14C- R- 96

90% 2%
14C-

168 83.5%
14C- R-

24 47%
14C-  

2%

I

I

 
14C- R- 72

90% 3%

2.66% 0.11%

 
14C- R-

96 80.6%

7.8% 0.77% 2.7.2.2.1.1 (1)

 
14C-

3%

 

log P 3.97

 

 

2.4.3.8  

In vitro  

CYP

2.7.2.2.1.4 (1)

CYP3A4 CYP3A5 CYP1A CYP2B6 CYP2C8

CYP2C9 CYP2C19 CYP2D6

CYP3A4

 

CYP3A4/5 CYP2B6 10 mol/L 4.4 g/mL

CYP1A2 mRNA
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PCI-45227 M37 CYP1A2 10 mol/L

CYP2B6 CYP3A4 mRNA

2.7.2.2.1.5 CYP3A

 

Cmax CYP1A2

CYP2B6 CYP2C8 CYP2C9 CYP2C19 CYP2D6 CYP2E1 CYP3A4/5

PBPK 1 mg

CYP3A

2  

PCI-45227 M37 in vitro OATP1B1 OATP1B3 OATP2B1

M25 P-gp M23 M34

PCI-45227 M37 P-gp  

Cmax OATP1B1

OATP1B3 OAT1 OAT3 OCT2 P-gp BCRP

PBPK

P-gp BCRP IC50 1.5

P-gp BCRP
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2.4.3.9  

PCI-45227 M37
14C-

M21 M23 M25 M34  

 

2.4.3.9.1 PCI-45227 M37  

PCI-45227 M37

Cmax AUC 420 mg/

PCYC-1102-CA PCI-45227

M37 2  2.4.3-4  2.4.3-5  

13 Cmax /

4.7 30 1.1 14 AUC / 3.6 76 0.6 18

NOAEL MTDL /

2.4.4.2.4 2.4.4.2.5.1  PCI-45227 M37 Cmax /

2.3 11 0.3 1.3 AUC / 1.2 14 0.1

1.2 MTDL PCI-45227 M37 / 2.4.4.2.5.2

 

Cmax /  

3.5 20 AUC / 1.9 20 PCI-45227 M37 Cmax

/ 2.1 14 AUC / 1.0 9.6

NOAEL /

2.4.4.4.1  

PCI-45227 M37

 

                                                  
2 CLL/SLL B 420 560 mg/

PCI-32765-JPN-101 PCI-

45227 M37 8 420 mg/ n=8 Cmax 0

AUClast 78 ng/mL

383 ng·h/mL PCI-45227 M37 Cmax AUClast 81 ng/mL

653 ng·h/mL
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 2.4.3-4  

Species/ 
Study 

Dose 
Level 

(mg/kg/d)
Study 
Day(a)  

Cmax 
(ng/mL) 

Cmax  
Animal/human 
Exposure Ratio

AUC  
(ng·h/mL) 

AUC 
Animal/human 
Exposure Ratio 

M F M F M F M F 

Human 7.0(b)  8 132(c) 1 680(c) 1 

Rat 2.5  25 50 70 0.4 0.5 140 180 0.2 0.3 
4-wk toxicity 40  650 1700 4.9 13 2800 4000 4.1 5.9 
 300M, 150F  2000 3130 15 24 24000 19000 35 28 

Rat 30 78 618 1413 4.7 11 2480 19712 3.6 29 
13-wk toxicity 100  666 1923 5.0 15 5506 20661 8.1 30 
 300M, 175F  1847 3970 14 30 21732 51549 32 76 

Rat 10 17(d) - 466 - 3.5 - 1278 - 1.9 
Embryo/fetal 
development 
toxicity 

40  - 1310 - 9.9 - 5348 - 7.9 
80  - 2627 - 20 - 13729 - 20 

Dog 1.5 24 10 12 0.1 0.1 17 21 0.03 0.03 
4-wk toxicity 24  682 911 5.2 6.9 1536 1853 2.3 2.7 
 150  1481 2183 11 17 14079 15191 21 22 

Dog 30 78 151 451 1.1 3.4 377 1683 0.6 2.5 
13-wk toxicity 60(e)  1115 842 8.4 6.4 3414 2211 5.0 3.3 
 120(e)  1859 1044 14 7.9 12195 6621 18 9.7 
a Day of blood specimen collection. First day of dosing designated study day 0 for nonclinical studies and study day 1 for 
clinical studies. 
b Weight-based dose assumes a 60 kg individual. 
c Data from clinical study PCYC-1102-CA in CLL subjects, Groups 1 and 4 pooled (420 mg/day, Cmax: n=47, AUC: n=45).  
d Animals were dosed on gestation days 6 through 17. 
e On study day 42 dose levels were reduced from 80 and 220 mg/kg/day to 60 and 120 mg/kg/day, respectively. 

 
 2.4.3-5 PCI-45227 M37  

Species/ 
Study 

Dose 
Level 

(mg/kg/d) 
Study 
Day(a)  

Cmax 
(ng/mL) 

Cmax  
Animal/human 
Exposure Ratio

AUC  
(ng·h/mL) 

AUC 
Animal/human 
Exposure Ratio 

M F M F M F M F 

Human 7.0(b) 8 122(c) 1 1248(c) 1 

Rat 30 78 283 744 2.3 6.1 1536 12758 1.2 10 
13-wk toxicity 100  405 736 3.3 6.0 3698 6872 3.0 5.5 
 300M, 175F  1322 956 11 7.8 17547 13055 14 10 

Rat 10 17(d) - 261 - 2.1 - 1203 - 1.0 
Embryo/fetal 
development 
toxicity 

40  - 726 - 6.0 - 5110 - 4.1 
80  - 1665 - 14 - 12027 - 9.6 

Dog 30 78 33.7 67.9 0.3 0.6 122 347 0.1 0.3 
13-wk toxicity 60(e)  122 102 1.0 0.8 768 352 0.6 0.3 
 120(e)  164 127 1.3 1.0 1488. 1131 1.2 0.9 

a Day of blood specimen collection. First day of dosing designated study day 0 for nonclinical studies and study day 1 for 
clinical studies. 
b Weight-based dose assumes a 60 kg individual.  
c Data from clinical study PCYC-1102-CA in CLL subjects, Groups 1 and 4 pooled (420 mg/day, Cmax: n=47, AUC: n=45). 
d Animals were dosed on gestation days 6 through 17. 
e On study day 42 dose levels were reduced from 80 and 220 mg/kg/day to 60 and 120 mg/kg/day, respectively. 
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2.4.3.9.2 M21 M23 M25 M34  

M21 M23 M25 M34 14C- R-

Cmax  

 2.4.3-6

140 mg

420 mg 1 1
14C- 10 30 mg/kg

13

Cmax AUC

175 300 120 mg/kg/

420 mg M21 M25 M34 PCI-45227 M37

M23

 

 
 2.4.3-6  

Cmax ng eq./mL a 
Species Rat Dog Human 
Study reference 4.2.2.4.8  4.2.2.4.11  4.2.2.4.12  
Dose 10 mg/kg 30 mg/kg 140 mg 
Matrix Plasma  Plasma  Plasma Blood  
Gender M F M M M 
M21 26.7 24.4 412 102 c 87.0 c 
M23 0.23 0.55 - d d 
M25 - - 83.7 68.1 48.9 
M34 54.9 b 78.5 b 1214 e 47.7 e 37.0 e 
PCI-45227 (M37) 154 150 429 41.9 38.7 
Ibrutinib (parent) 253 414 1725 33.5 20.4 
a maximal value observed 
b co-elution with M35 
c co-elution with M20 and M24 
d M23 was observed using mass spectrometry (without quantification) 
e co-elution with M31 and M35 
-: not observed 
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2.4.4  

 

In vivo

1 kg mg

2.6.6 2.6.7  

 

2.4.4.1  

2000 mg/kg

HED = 160 mg/kg 400 mg/kg HED = 64 mg/kg 1000 mg/kg

HED = 160 mg/kg  2.4.4-1 MTD

200 mg/kg HED = 108 mg/kg 420 mg 60 kg

7.0 mg/kg  

 
 2.4.4-1  

Species Gender 
Maximum Nonlethal Dose 

(mg/kg) 
Minimum Lethal Dose 

(mg/kg) CTD No 
Actual HEDa Actual HEDa 

Mouseb M and F 2000 160 >2000 >160 [4.2.3.1.1] 
Rat F 400 64 1000 160 [4.2.3.1.2] 
 M 1000 160 2000 320  
Dog M and F 200 108 >200 >108 [4.2.3.1.4] 

a Human equivalent dose; conversion factors:  mouse = 0.08, rat = 0.16, dog = 0.54. 
b Non-GLP study. 

F = female; M = male 

 

2.4.4.2  

2.4.4.2.1  

0 12 36 120 mg/kg/ 1 1 14

36 120 mg/kg/

NOAEL 12 mg/kg/ HED = 1.92 mg/kg/

 

0 2.5 40 150 300 mg/kg/ 1 1

4 300 mg/kg/ 15 1

300/150 mg/kg/ 300/150 

mg/kg/ 300/150 mg/kg/

4

1



  2.4  
   
   

   
 35  

40 mg/kg/ 1

NOAEL 2.5 mg/kg/ HED = 0.4 mg/kg/
38

NOAEL 40 mg/kg/ HED = 6.4 mg/kg/  

0 30 100 300 /175  mg/kg/ 1 1

13 90% BTK

6 mg/kg 5 17 50/29 300 

mg/kg/ 20 7 175 mg/kg/ 20 1

100 300/175 mg/kg/

100

300/175 mg/kg/

6

NOAEL 30 mg/kg/ HED = 4.8 mg/kg/

NOAEL 78 AUClast 2480 ng·h/mL 19712 

ng·h/mL Cmax 618 ng/mL 1413 ng/mL

Cmax  2.4.4-3 AUC  2.4.4-4  

 

2.4.4.2.2  

0 4 12 40 mg/kg/ 1 1 14

12 40 mg/kg/ 4

12 mg/kg/ 40 mg/kg/

NOAEL 40 mg/kg/ HED = 21.6 mg/kg/  

0 1.5 24 150 mg/kg/ 1 1 4

150 mg/kg/

150 mg/kg/ 10 3

/ 3 51

23 /
39

150 mg/kg/

4 2 1

24 mg/kg/ 1

NOAEL 1.5 mg/kg/ HED = 0.81 mg/kg/

13

NOAEL 24 mg/kg/ HED = 13.0 mg/kg/  

13 0 30 80 220 mg/kg/ 1

1 80 220 mg/kg/
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6 80 mg/kg/ 60 mg/kg/ 220 mg/kg/ 120 

mg/kg/ 91 92 30 60 120 mg/kg/

100% BTK 2.5 mg/kg

12 24 48 220 mg/kg/

6 1 5

80/60 220/120 mg/kg/

4 220/120 mg/kg/ 1

80/60 220/120 mg/kg/

13 NOAEL 30 mg/kg/ HED = 

16.2 mg/kg/ NOAEL 78 AUClast

377 ng·h/mL 1683 ng·h/mL Cmax 151 ng/mL 451 ng/mL

Cmax  2.4.4-3 AUC  2.4.4-4  

 

2.4.4.2.3 TK 

4 13

Cmax AUClast 2.6.6-9 PCI-45227 M37 Cmax

AUClast 2.6.6-10  

 

2.4.4.2.4 NOAEL  

13 NOAEL 30 mg/kg/

NOAEL HED 60 kg

HED  2.4.4-2 NOAEL

420 mg/ 0.69 2.3  

 
 2.4.4-2 HED 420 mg/  

NOAEL in 
Ratsa 

(mg/kg/d) 

NOAEL in 
Dogsa 

(mg/kg/d) 

HED for 
NOAEL in 

Ratsb 
(mg/kg/d) 

HED for 
NOAEL in 

Dogsc 
(mg/kg/d) 

Human Dose 
(mg/d | mg/kg/d) 

HED-Based Margin of 
Safety for Patientsd 

Rats Dogs 

30 30 4.8 16.2 420 | 7.0e 0.69 2.3 
a Results from 13-week general toxicology studies. 
b Human equivalent dose based on a conversion factor of 0.16 for the rat. 
c Human equivalent dose based on a conversion factor of 0.54 for the dog. 
d HED/body-weight-based patient dose; margins were calculated using non-rounded values. 
e Body-weight-based dose assuming an 60 kg individual. 

 

13

Cmax AUC 13 NOAEL

78 8

Cmax AUC  2.4.4-3  2.4.4-4
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420 mg/ Cmax / 4.7

10.7 1.1 3.4  

420 mg/ AUC / 3.6

29 0.6 2.5  

 
 2.4.4-3 NOAEL 420 mg/ Cmax  

Species 

Steady-State  
Cmax at NOAEL  

(ng/mL)a 

Dose in 
Humans 
(mg/d) 

Cmax in 
Humans 
(ng/mL) 

Cmax Exposure Ratios at NOAEL 
(Animal/Human) 

M F M Rats F Rats M Dogs F Dogs 
Rat 618 1413 420 132b 4.7 10.7 1.1 3.4 
Dog 151 451 78c 7.9 18.1 1.9 5.8 

a NOAEL for rats and dogs in 13-week general toxicology studies was 30 mg/kg/day; mean exposures determined for study day 78.  
b Mean steady-state Cmax from clinical study PCYC-1102-CA in CLL subjects, Groups 1 and 4 pooled (420 mg/day, n=47).  
c Mean steady-state Cmax from clinical study PCI-32765-JPN-101 in subjects, Cohort 1 and CLL/SLL Cohort (420 mg/day, n=8). 

F = female; M = male 

 
 2.4.4-4 NOAEL 420 mg/ AUC  

Species 

Steady-State AUClast 
at NOAEL 
(ng h/mL)a 

Dose in 
Humans 
(mg/d) 

AUC24 in 
Humans 

(ng h/mL)

AUC Exposure Ratios at NOAEL 
(Animal/Human) 

M F M Rats F Rats M Dogs F Dogs 
Rat 2480 19712 420 680b 3.6 29 0.6 2.5 
Dog  377 1683 383c 6.5 51 1.0 4.4 

a NOAEL for rats and dogs in 13-week general toxicology studies was 30 mg/kg/day; mean exposures determined for study day 78.  
b Mean steady-state AUC from clinical study PCYC-1102-CA in CLL subjects, Groups 1 and 4 pooled (420 mg/day, n=45) 
c Mean steady-state AUClast from clinical study PCI-32765-JPN-101 in subjects, Cohort 1 and CLL/SLL Cohort (420 mg/day, n=8). 

F = female; M = male 

 

2.4.4.2.5 MTDL  

13 MTDL 100 

mg/kg/ 60 mg/kg/

 

 

2.4.4.2.5.1  

Cmax AUC 13 MTDL

78 8

Cmax AUC  2.4.4-5  2.4.4-6  

420 mg/ Cmax / 5.0

15 8.4 6.4 420 mg/

AUC / 8.1 30

5.0 3.3  
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 2.4.4-5 MTDL 420 mg/ Cmax  

Species 

Steady-State Cmax at 
MTDL  

(ng/mL)a 

Dose in 
Humans 
(mg/d) 

Cmax in 
Humans 
(ng/mL) 

 
Cmax Exposure Ratios at MTDL  

(Animal/Human) 
M F M Rats F Rats M Dogs F Dogs 

Rat 666 1923 420 132b 5.0 15 8.4 6.4 
Dog  1115 842 78c 8.5 25 14 11 

a MTDL for rats and dogs in 13-week general toxicology studies was 100 and 60 mg/kg/day, respectively; mean exposures determined for 
study day 78.  

b Mean steady-state Cmax from clinical study PCYC-1102-CA in CLL subjects, Groups 1 and 4 pooled (420 mg/day, n=47) 
c Mean steady-state Cmax from clinical study PCI-32765-JPN-101 in subjects, Cohort 1 and CLL/SLL Cohort (420 mg/day, n=8). 

F = female; M = male 

 
 2.4.4-6 MTDL 420 mg/ AUC  

Species 

Steady-State AUClast 
at MTDL  

(ng h/mL)a 

Dose in 
Humans 
(mg/d) 

AUC24 in 
Humans 

(ng h/mL)

AUC Exposure Ratios at MTDL  
(Animal/Human) 

M F M Rats F Rats M Dogs F Dogs 
Rat 5506 20661 420 680b 8.1 30 5.0 3.3 
Dog  3414 2211 383c 14 54 8.9 5.8 

a MTDL for rats and dogs in 13-week general toxicology studies was 100 and 60 mg/kg/day, respectively; exposures determined for study 
day 78.  

b Mean steady-state AUC from clinical study PCYC-1102-CA in CLL subjects, Groups 1 and 4 pooled (420 mg/day, n=45)  
c Mean steady-state AUClast from clinical study PCI-32765-JPN-101 in subjects, Cohort 1 and CLL/SLL Cohort (420 mg/day, n=8). 

F = female; M = male 
 

2.4.4.2.5.2 PCI-45227 M37  

PCI-45227 M37 Cmax AUC 13 MTDL

78

PCI-45227 M37 Cmax AUC  2.4.4-7  2.4.4-8  

420 mg/ Cmax / 3.3

6.0 1.0 0.8 420 mg/

AUC / 3.0 5.5

0.6 0.3  

 
 2.4.4-7 PCI-45227 M37 MTDL 420 mg/ Cmax  

Species 

Steady-State Cmax at 
MTDL  

(ng/mL)a 

Dose in 
Humans 
(mg/d) 

Cmax in 
Humans 
(ng/mL) 

Cmax Exposure Ratios at MTDL 
(Animal/Human) 

M F M Rats F Rats M Dogs F Dogs 
Rat 405 736 420 122b 3.3 6.0 1.0 0.8 
Dog  122 102 81c 5.0 9.1 1.5 1.3 

a MTDL for rats and dogs in 13-week general toxicology studies was 100 and 60 mg/kg/day, respectively; mean exposures determined for 
study day 78.  

b Mean steady-state Cmax from clinical study PCYC-1102-CA in CLL subjects, Groups 1 and 4 pooled (420 mg/day, n=47). 
c Mean steady-state Cmax from clinical study PCI-32765-JPN-101 in subjects, Cohort 1 and CLL/SLL Cohort (420 mg/day, n=8). 

F = female; M = male 
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 2.4.4-8 PCI-45227 M37 MTDL 420 mg/ AUC  

Species 

Steady-State AUClast 
at MTDL  

(ng h/mL)a 

Dose in 
Humans 
(mg/d) 

AUC24 in 
Humans 

(ng h/mL) 

AUC Exposure Ratios at MTDL  
(Animal/Human) 

M F M Rats F Rats M Dogs F Dogs 
Rat 3698 6872 420 1248b 3.0 5.5 0.6 0.3 
Dog  768 352 653c 5.7 11 1.2 0.5 

a MTDL for rats and dogs in 13-week general toxicology studies was 100 and 60 mg/kg/day, respectively; mean exposures determined for 
study day 78.  

b Mean steady-state AUC from clinical study PCYC-1102-CA in CLL subjects, Groups 1 and 4 pooled (420 mg/day, n=45) 
c Mean steady-state AUClast from clinical study PCI-32765-JPN-101 in subjects, Cohort 1 and CLL/SLL Cohort (420 mg/day, n=8). 
 F = female; M = male  

 

2.4.4.3  

 

 

2.4.4.4  

2.4.4.4.1  

0 10 40 80 mg/kg/ 6 17

20

NOAEL

80 mg/kg/ HED = 12.8 mg/kg/ 40 80 mg/kg/

80 mg/kg/

NOAEL 10 mg/kg/ HED = 

1.6 mg/kg/

 

 2.4.4-9 NOAEL 10 mg/kg/ 420 mg/

Cmax / 3.5 AUC / 1.9

MTDL 40 mg/kg/ 420 mg/

Cmax / 9.9 AUC / 7.9

80 mg/kg/ 420 mg/

Cmax / 20 AUC / 20  

PCI-45227 M37  2.4.4-10 NOAEL 10 mg/kg/

420  mg/ PCI-45227 M37 AUC / 1.0

MTDL 40 mg/kg/ 420 mg/

AUC / 4.1 80 

mg/kg/ 420 mg/ AUC / 9.6
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 2.4.4-9 NOAEL 420 mg/ Cmax AUC  

Embryo/Fetal 
Endpoint 

Steady-State PK 
Parametera 

Dose in 
Humans 
(mg/d) 

Cmax in 
Humans 
(ng/mL) 

AUC in 
Humans 

(ng·h/mL)

Cmax and AUC Exposure 
Ratios 

(Animal/Human) 
Cmax 

(ng/mL)
AUC24 

(ng h/mL) 
E/F NOAEL Malformation
Cmax AUC Cmax AUC

E/F NOAELb 466 1278 420 132d 680d 3.5 1.9 20 20 
Malformationc 2627 13729 78e 383e 6.0 3.3 34 36 

a Mean values for gestation day 17. 
b NOAEL for embryo/fetal (E/F) development = 10 mg/kg/day 
c Dose associated with visceral malformation = 80 mg/kg/day 
d Mean steady-state data from clinical study PCYC-1102-CA in CLL subjects, Groups 1 and 4 pooled (420 mg/day, Cmax n=47, AUC24 

n=45)  
e Mean steady-state Cmax or AUClast from clinical study PCI-32765-JPN-101 in subjects, Cohort 1 and CLL/SLL Cohort (420 mg/day, n=8). 

 
 2.4.4-10 PCI-45227 M37 NOAEL 420 mg/ Cmax AUC  

Embryo/Fetal 
Endpoint 

Steady-State PK 
Parametera 

Dose in 
Humans 
(mg/d) 

Cmax in 
Humans 
(ng/mL) 

AUC in 
Humans 

(ng·h/mL)

Cmax and AUC Exposure 
Ratios 

(Animal/Human) 
Cmax 

(ng/mL)
AUC24 

(ng h/mL) 
E/F NOAEL Malformation
Cmax AUC Cmax AUC

E/F NOAELb 261 1203 420 122d 1248d 2.1 1.0 14 9.6 
Malformationc 1665 12027 81e 653e 3.2 1.8 21 18 

a Mean values for gestation day 17. 
b NOAEL for embryo/fetal (E/F) development = 10 mg/kg/day 
c Dose associated with visceral malformation = 80 mg/kg/day 
d Mean steady-state data from clinical study PCYC-1102-CA in CLL subjects, Groups 1 and 4 pooled (420 mg/day, Cmax n=47, AUC24 

n=45) 
e Mean steady-state Cmax or AUClast from clinical study PCI-32765-JPN-101 in subjects, Cohort 1 and CLL/SLL Cohort (420 mg/day, n=8). 

 

2.4.4.5  

ICH S9

 

 nm  nm

3.2.S.3.1

290 700 nm  nm  nm

% ICH 

Q1B 120 lux h 4

3.2.S.7.1
14C-

1 72

/

1.0  2.4.4-11  

Balb/c 3T3

2.73 70.00 

g/mL 2
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 2.4.4-11 1  

Tissue Tissue:Plasma Ratio 
Concentration 

(μg equivalents/g tissue)a 
Eye (uveal tract) 0.40 0.562 
Eye (whole eye) 0.10 0.134 
Skin (pigmented) 0.45 0.635 
Skin (non-pigmented) 0.33 0.462 
Liver 4.10 5.76 

a At an oral dose of 10 mg/kg. 

 

2.4.4.6  

13 0 30 175 /300 mg/kg/

11 300 mg/kg/

30 175 mg/kg/ B 30 mg/kg/

B

B BCR

 

0 10 30 100 mg/kg/ 1 1 28 33

28

keyhole limpet hemocyanin KLH 14 28 56

10 mg/kg/ KLH IgM IgG IgM

: 100 

mg/kg/ IgG WBC

  

 

2.4.4.7  

2.4.4.7.1  

 2.4.4-12

4

ICH Q3A(R2) 

3

ICH Q3B(R2) 

3.2.S.3.2  

4

2.2%

1.3%  

3.30% 

wt/wt 1.29% wt/wt 0.37% wt/wt 0.95% wt/wt

*新薬承認情報提供時に置き換え

不純物B* 不純物E* 不純物D* 不純物C*

不純物B* 不純物C*

不純物D*

不純物B* 不純物E*

不純物B*

不純物E* 不純物H* 不純物D*
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0.90% wt/wt 40 mg/kg/ 4

2.6.6.8.2.1

 

 

Derek 

Nexus ver. MultiCASE  

(Q)SAR

1.03% wt/wt 0.96% wt/wt

2.6.6.8.2.2  

4

2.6.6.8.2.3 PCI-45227 M37

2000 mg/kg

 

 2.4.4-

13  

 

2.4.4.7.2  

in vitro 97.3% :

99.7% :

 

13 :

2.09% :

2.19%

2.6.6.8.2.2 0.1%

2000 mg/kg 2 mg/kg HED = 0.16 mg/kg

420 mg/ %

 mg/kg/

 

22 Derek Nexus

ver.

*新薬承認情報提供時に置き換え

不純物C*

不純物B* 不純物E*

不純物H* 不純物D* 不純物C*

不純物D* 不純物C*

不純物B*

不純物D* 不純物C*

不純物E* 不純物H* 不純物D* 不純物C*

不純物B* 不純物E* 不純物H* 不純物D* 不純物C*

不純物A*

不純物A*

不純物A*

不純物A*

不純物A*

不純物A*

不純物A*

不純物E* 不純物F*

不純物G*
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ICH

ICH
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 2.4.4-12  

Description of Study CTD No. Lot No. Specified Impurities (wt%) a 

(wt%)  
4-week general toxicology in rats and dogs [4.2.3.2.3, 4.2.3.2.8] b 

(micronized) 
Also referred to as 

< 0.05 2.2 1.3 < 0.05 < 0.05 0.1 Bacterial mutagenicity [4.2.3.3.1.1] 
In vitro chromosome aberration [4.2.3.3.1.2] 
In vitro chromosome aberration tests [4.2.3.3.1.2, 4.2.3.3.1.3] b < 0.05 < 0.05 0.08 0.15 < 0.05 0.3 
13-week general toxicology in rats [4.2.3.2.4] c 0.08 0.10 0.13 < 0.05 < 0.05 2.09 
13-week general toxicology in dogs [4.2.3.2.9] d 0.08 0.09 0.13 < 0.05 < 0.05 0.3 Embryo/fetal development in rats [4.2.3.5.2.2] 
Immunotoxicity [4.2.3.7.2.1]  < 0.05 0.60 0.24 0.09 < 0.05 0.3 
Mouse micronucleus assay [4.2.3.7.6.6] e 0.37 3.30 1.29 0.95 0.90 NA 4-week qualification study in rats [4.2.3.7.6.1] 

a . 
b  See Mod3/3.2.S.3.2/Tab4 for further details. 
c  Derived from Lot ; fortified with . 
d  See Mod3/3.2.S.3.2/Tab5 for further details. 
e  Ibrutinib fortified with , , ,  and . 
NA = not analyzed; wt = weight. 

 
 2.4.4-13  

Impurity  
ID 

Dose of PCI-32765 
Administered in 

Rats 
(mg/kg/day)a 

Individual Impurity 
Present in Fortified 

PCI-32765 
(wt%) 

Dose of Individual  
Impurity in Rats 

(mg/kg/day) 

HEDb of Individual 
Impurity at 

NOAEL 
(mg/kg/day) 

Human Clinical Dose of
PCI-32765c 
(mg/kg/day) 

Qualified Level of 
Impurity in DS/DP 

(wt%) 

 40 0.37 0.148 0.024 7 0.34 
 40 3.30 1.32 0.211 7 3.0 

 40 1.29 0.516 0.083 7 1.2 
 40 0.95 0.38 0.061 7 0.87 
 40 0.90 0.36 0.058 7 0.83 

a CTD No. 4.2.3.7.6.1 
b Human equivalent dose (HED) calculated using a conversion factor of 0.16 for rats. 
c Assuming an 60 kg average body weight and a dose of 420 mg. 
DS = drug substance; DP = drug product; HED = human equivalent dose; wt = weight. 
 

 

 

不純物H* 不純物B* 不純物E* 不純物D* 不純物C*
不純物A*

不純物A*

不純物A*

不純物D* 不純物C*不純物B* 不純物E* 不純物H*

不純物H*
不純物B*
不純物E*
不純物D*
不純物C*

*新薬承認情報提供時に置き換え
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2.4.4.8  

2.4.4.8.1  

1 1 13

4

13

 

4 13

13

4 150 mg/kg/ 10 3 13

220/120 mg/kg/ 1 /

 

 

 

2.4.4.8.1.1  

40 300 mg/kg/ HED = 6.4 48 mg/kg/ 4

2 13

4 150 300 mg/kg/ HED = 24

48 mg/kg/ 4 100 mg/kg/ HED = 16 mg/kg/

IgM IgG WBC

13 175 mg/kg/ HED = 28 mg/kg/

B B

BCR 2.6.2.2

13 60 220 mg/kg/ HED = 32 119 mg/kg/
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2.4.4.8.1.2  

4 300 mg/kg/

13 175 mg/kg/

13 300/175 mg/kg/ HED = 28 48 mg/kg/

100 300 mg/kg/ HED 16 48 mg/kg/

 

4 150 mg/kg/ HED = 81 mg/kg/ 3 2

3 1

13 31 220 mg/kg/

1

220/120 mg/kg/ HED = 65 119 mg/kg/

80/60 220/120 mg/kg/ HED = 32 119 mg/kg/

 

 

 

2.4.4.8.1.3  

2 13

12 300 mg/kg/ 36

300 mg/kg/ HED = 5.8 48 mg/kg/

13 6

2

 

 

2.4.4.8.1.4  

13

100 175 mg/kg/ HED = 16

28 mg/kg/ 6
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2.4.4.8.1.5  

1 1

4 300 

mg/kg/ 150 mg/kg/

13 100 mg/kg/

300/175 mg/kg/

4 150 mg/kg/

/ 13

80/60 mg/kg/ 220/120 mg/kg/

40

13

 

 

2.4.4.8.2  

Module 2.7.4

Module 5  

B I PCYC-04753 7

1.25 12.5 mg/kg 28 35

8.3 mg/kg 560 mg 1 1 35

2 1 2.5 mg/kg Grade 2

1 8.3 mg/kg Grade 3

MTD  

1112 1102 2

 

I

PCYC-04753  Ib/II PCYC-1102-CA

PCYC-1112 PCYC-1102

1 PCYC-04753 3

3 PCYC-1102 PCYC-1112 PCYC-04753

4 Grade 1 2 /
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2.4.5  

2.4.5.1  

2.4.5.1.1  

· BTK 481 Cys-481

BTK BTK IC50

0.39 nmol/L  

· BTK BTK BTK

20 ErbB4/HER4 Blk Bmx/Etk Fgr Txk Lck Yes/YES1 Tec

Csk EGFR BTK

ErbB4/HER4 Blk Bmx/Etk Txk Tec

 

· B BCR

BTK PLC 2

 

· PBMC B 200 nmol/L PBMC

BTK 90%  

· B NLC CLL

DLBCL MCL  

· BCR  

· 10 mg/kg

BTK  

· CLL

B

MCL DLBCL

 

· 
IC50 484 nmol/L  

· PCI-45227 M37 hERG

IC50 427 4555 ng/mL 420 mg/

Cmax 120 415

24 mg/kg RR

Cmax 420 mg/
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Cmax 7.2

ECG

QTc  

· 
NOEL 150 mg/kg NOAEL 24 mg/kg

22.3 7.2  

 

2.4.5.1.2  

· 
F 3.8% 24.7%

 

· 14C-

 

· in vitro

97.3%  

· 14C- BTK

BTK

 

· In vitro in vivo

1 M35 2

M34 M25 3

PCI-45227

M37

 

· M21 M23 M25 M34 PCI-45227 M37

PCI-45227 M37

M21 M25

M34

 

· CYP3A4  

· 

3%  
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· Cmax CYP

 

 

2.4.5.1.3  

· 
 

· 
13

Ig B

 

· 13 MTDL :100 mg/kg/ :60 mg/kg/

420 mg/ / AUC

8.1 30 5.0 3.3

 

· 
AUC 420 mg/ 20

CLL 65

 

· In vitro  

 

CLL/SLL
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