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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  N

N N
N

N

O

NH2

O

HO
OH

 

 

 

 
  

AGP 1- 1-acid glycoprotein  

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  

BCRP breast cancer resistance protein  
BTK Bruton’s tyrosine kinase  
BSA bovine serum albumin  
Cmax maximum concentration  
CHO Chinese hamster ovary  
CL total body clearance  
CLint intrinsic clearance  
CV% coefficient of variation  
CYP P450 cytochrome P450  
F absolute bioavailability  

Fg 
fraction of absorbed dose 

escaping gutwall extraction  

GLP Good Laboratory 
Practice  

HP- -CD hydroxypropyl- -cyclodextrin 
HSA human serum albumin  
[I] inhibitor concentration  
IC50 50% 50% inhibitory concentration  
Ki inhibition constant  
Km Michaelis constant  

LC-MS/MS liquid chromatography-
tandem mass spectrometry  
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MDR1-LLC-PK1  P- LLC-PK1 P-glycoprotein transfected LLC-
PK1cell  

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

NADPH nicotinamide 
adenine dinucleotide phosphate reduced form  

OAT organic anion transporter  
OATP organic anion transporting polypeptide  
OCT organic cation transporter  
Papp apparent pearmeability  
PBPK physiologically-based pharmacokinetic(s)  
P-gp P- P-glycoprotein  

QWBA quantitative whole-body 
autoradiography  

SLS Sodium lauryl sulfate  
t1/2 elimination half-life  
TK toxicokinetics  
tmax time to reach the maximum plasma concentration  
UPLC ultra performance liquid chromatography  

Vc 
volume of distribution of the central 

compartment  
Vdss volume of distribution at steady state  
Vmax maximum velocity  
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2.6.4  

2.6.4.1  

PCI-32765 JNJ-54179060

440.5 BTK

Cys-481 BTK
1  

R- S- PCI-32769

% 2.6.7.4 R-

1/3.6 2.6.2.2.1
14C 14C- R S-

14C-PCI-31523 R-  

PCI-45227 JNJ-54243761 M37

BTK

1/15 2.6.2.2.3 PCI-45227 M37

BTK Cys-481

2.6.4.5 BTK  

M23 M25

M34

BTK 1/80 1/2000 1/200

2.6.2.2.3 M23 BTK

M25 M34 BTK

M21

in vitro  

in vivo

PCI-45227 M37

PCI-45227 M37 TK

TK 2.6.6 2.6.7 14C-

R- Lister Hooded Long Evans Sprague-Dawley

 

1% 0.1%

SLS 0.4% Cremophor® EL 0.5%

0.1% SLS 10 20% hydroxypropyl- -cyclodextrin HP- -CD

TK
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in vitro

P450 CYP

CYP Caco-2 P- P-gp

MDCK MDR1-MDCK

P-gp BCRP

OAT 1 OAT3 OCT 2

OATP 1B1 OATP1B3 CYP

 

M23 M25 M34 PCI-45227 M37 in vitro

CYP Caco-2 MDR1-MDCK

PCI-45227 M37

P-gp BCRP OAT1 OAT3 OCT2 OATP1B1 OATP1B3

CYP PCI-45227 M37  

CYP

CYP P-gp OATP1B1 OATP1B3

OATP2B1 PCI-45227 M37

BTK CYP

 

2.6.5.1  

 

2.6.4.1.1  

Caco-2 MDR1-MDCK in vitro

P-gp  

tmax 0.08 2.5 0.50 4.0

F 3.8 24.7%

AUC

2 11

100 mg/kg

2 8  

t1/2

0.98 4.65 1.58 6.38 10 mg/kg

PCI-45227 M37 tmax 0.56 1.00 1.75 t1/2 1.30

2.05 3.84 0
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AUC PCI-45227 M37 / 0.5 1.1

 

CL 6.24 L/h/kg 2.23

2.92 L/h/kg 1.92 2.43 L/h/kg

Vc 0.531 3.88 L/kg Vdss 1.89 5.76 L/kg

 

PCI-45227 M37 PCI-45227 M37 CL

1.02 L/h/kg Vdss 1.49 L/kg

AUC PCI-45227 M37 / 0.08

PCI-45227 M37

AUC

AUC 60%

AUC AUC

1/2 PCI-45227 M37

PCI-45227 M37

PCI-

45227 M37  

4 13

4 13 PCI-45227

M37 13

30 mg/kg

Cmax 3 0 24

AUC24 8

AUC PCI-

45227 M37 / 0.14 1.00  

 

2.6.4.1.2  

Long Evans 14C-

QWBA Lister Hooded 14C- R-

QWBA

1

 

168
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in vitro

96.2 99.7%

HSA 1- AGP

M23 M25 M34 PCI-45227

M37 in vitro 92.3 74.5 77.1 91.0% 14C-

R-

BTK

CYP HSA

S9 BTK

 
14C- R-

/ 1 0.7 48 1.0

Cmax

12%  

 

2.6.4.1.3  
14C- R-

14C-

1 M35 2

M34 M25 3

M37 PCI-

45227

 

1

M15 M5

PCI-45227 M37

PCI-45227 M37 M34 M35 M21 M35 M31

M21 M25 M34 PCI-45227 M37

AUC 10% 10%

M21 M23 M25 M34 PCI-45227 M37  
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I

M21

I

 

M35 M34 M17

M34 M35 M17

M21 M11 M25 M17

M20 M25 M24 M34 M37 M25

M29 M34 M34 M36 M35

PCI-45227 M37

3%

1  2

3 4

 

in vivo

 

in vitro
14C- R- 14C- in vitro

in vitro

in vivo  

CYP3A4 CYP3A5

CYP3A4

 

 

2.6.4.1.4  
14C- R-

90% 2%

3%
14C- R-

47%

3%

 
14C- R-

80.6% 7.8%

0.77% 2.7.2.2.1.1 (1)  
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2.6.4.1.5  

In vitro  

CYP3A4/5 CYP2B6 10 mol/L

CYP1A2 mRNA PCI-

45227 M37 CYP1A2 10 mol/L CYP2B6

CYP3A4 mRNA

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 50% IC50

1.5

P-gp BCRP  
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2.6.4.2  

2.6.4.2.1  

TK

PCI-45227 M37 LC-

MS/MS  

 

2.6.4.2.1.1 GLP  

4.2.2.1.1 4.2.2.1.2 4.2.2.1.3 4.2.2.1.4 4.2.2.1.5  

GLP TK
1 LC-

MS/MS  2.6.4-1  2.6.4-2

 

PCI-31431

4.2.2.1.1  

PCI-31431

PCI-45227

M37 4.2.2.1.2 4.2.2.1.3  

[D5]- [D5]-PCI-45227

PCI-45227 M37 4.2.2.1.4

PCI-45227 M37

4.2.2.1.5  

 

                                                        
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 
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 2.6.4-1  
   Stability Time    

Species Anticoagulant Validated Range (ng/mL) RT/ice 
(h) 

LTS at  
-20/-70 C 

(days) 

F/T 
Cycles 

Study  
Reference Supported GLP Studies 

Rat Na Heparin 1.00 – 100; 0.050 – 1.00 -/6 -/68 4 4.2.2.1.1 28-Day Study 
Dog Na Heparin 1.00 – 100; 0.050 – 1.00 -/6 -/76 4 4.2.2.1.1 28-Day Study 
Rat Na Heparin 1.00 - 1000 6/- -/212 4 4.2.2.1.2 13-Week Study 
Dog Na Heparin 1.00 - 1000 6/- -/204 4 4.2.2.1.3 13-Week Study 

Rat Na Heparin 1.00 - 200 16/16 212/212 4 4.2.2.1.4
Embryo/Fetal  

Development Study, 
Immunotox Study 

Mouse Na Heparin 1.00 - 500 18/18 57/57 3 4.2.2.1.5 Mouse Micronucleus Assay 
F/T = freeze/thaw; LTS = long-term stability; Na heparin = sodium heparin; RT = room temperature; - = Not tested 

 
 2.6.4-2 PCI-45227 M37  

   Stability Time    

Species Anticoagulant Validated Range (ng/mL) RT/ice 
(h) 

LTS at  
-20/-70 C 

(days) 

F/T 
Cycles 

Study  
Reference Supported GLP Studies 

Rat Na Heparin 1.00 - 1000 6/- -/149 4 4.2.2.1.2 13-Week Study 
Dog Na Heparin 1.00 - 1000 6/- -/149 4 4.2.2.1.3 13-Week Study 

Rat Na Heparin 1.00 - 200 16/16 212/212 4 4.2.2.1.4
Embryo/Fetal  

Development Study, 
Immunotox Study 

Mouse Na Heparin 1.00 - 500 18/18 57/57 3 4.2.2.1.5 Mouse Micronucleus Assay 
F/T = freeze/thaw; LTS = long-term stability; Na heparin = sodium heparin; RT = room temperature; - = Not tested 
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2.6.4.2.1.2 GLP  

4.2.2.1.6 4.2.2.4.20  

GLP LC-MS/MS

qualified research method 4.2.2.1.6  

0.3 1 ng/mL

1 ng/mL PCI-45227 M37 1 ng/mL 0.3

1 ng/mL  

S- PCI-32769 4.2.2.4.20 PCI-32769

2 0.4 ng/mL

0.1 ng/mL  

 

2.6.4.2.2  
 14C- R-  2.6.4-1 in vitro

in vivo  
* 14C  

N

N N
N

(R)
N

O

NH2

O

 2.6.4-1 14C- R-  

 
14C- 14C 24

0.43% 4.2.2.4.8

 

R- 14C-

QWBA 0.0848 0.033 g eq./g

2  

[D5]-

in vitro 4.2.2.4.3

in vivo 4.2.2.4.10  

 

 

*
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2.6.4.3  

2.6.4.3.1 In vitro  
4.2.2.2.1 4.2.2.2.2 4.2.2.2.3  

Caco-2 MDR1-MDCK A

B B A P-gp

A 2.6.5.3A 4.2.2.2.1

P-gp A B

B A Papp Caco-2 57.9×10-6 7.55×10-6 cm/s

MDR1-MDCK 54.1×10-6 29.4×10-6 cm/s

Papp P-gp P-gp

A B

21.4 25.0%

1 2 3  
14C- Papp

Caco-2 2.6.5.3A 4.2.2.2.2 A B

Papp CYP3A

35×10-6 cm/s

 

PCI-45227 M37 Caco-2 MDR1-MDCK

P-gp A 2.6.5.3A

4.2.2.2.3 Caco-2 PCI-45227 M37 efflux ratio Papp B

A/A B 2.01 MDR1-MDCK

A efflux ratio 53.3 0.883 PCI-

45227 M37 P-gp  

 

2.6.4.3.2 In vivo  

2.6.4.3.2.1  

CD1 DBA/1OlaHsd II

 

(1)  

4.2.2.2.4 4.2.2.2.5 4.2.1.2.7  

1)  

3.31 14.2 mg/kg

tmax 0.08 0.33 t1/2 1.71 3.10

 2.6.4-3 2.6.5.3B 4.2.2.2.4 AUC Cmax

30 mg/kg AUC F 3.31 14.2 mg/kg
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7.8 25.2% 12.5 mg/kg

F 18.0% 2.6.5.3B 4.2.1.2.7

 

2)  

30 mg/kg

t1/2 0.21 t1/2 0.71  2.6.4-4

2.6.5.3B 4.2.2.2.5 Vc 1.88 L/kg Vdss 1.92 L/kg CL 6.24 L/h/kg  

3)  

30 mg/kg

tmax 0.08 0.33

2.6.5.3B 4.2.2.2.5 F 62.8 93.1%

 

 

2.6.4.3.2.2  

Sprague-Dawley PCI-45227 M37

PCI-45227 M37 14C-

 

(1)  

4.2.2.2.6 4.2.2.2.7 4.2.2.2.8 4.2.2.2.9 4.2.2.2.10 4.2.2.4.8  

1)  

10 100 mg/kg

tmax 0.3 2.5 t1/2 0.98

4.65  2.6.4-3 Cmax AUC

CV% Cmax 22 94% AUC 16 71%

10 mg/kg 2.6.5.3C 4.2.2.2.6

4.2.2.2.7 30 mg/kg AUC

F 8.5 22.8% 12.2 24.7%

2.6.5.3C 4.2.2.2.6 4.2.2.2.7 4.2.2.2.8  

10 mg/kg PCI-

45227 M37 tmax 0.56 t1/2 1.3 2.6.5.3C 4.2.2.2.6

AUC Cmax PCI-45227 M37 / 1.10 0.64

4.2.2.2.6  
14C- R- 10 mg/kg

1 Cmax 912 ng eq./mL

1194 ng eq./mL 2.6.5.6C 4.2.2.4.8

48

65 126 ng eq./mL  
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2)  

4 mg/kg t1/2 0.23

0.44 t1/2 8.56 11.2  2.6.4-4

2.6.5.3C 4.2.2.2.6 4.2.2.2.7 30 mg/kg

2.6.5.3C 4.2.2.2.9 t1/2 0.513 4 mg/kg

t1/2 Vc 0.531 1.46 L/kg Vdss 1.89 2.68 L/kg CL 2.23 2.92 L/h/kg

2.6.5.3C 4.2.2.2.6 4.2.2.2.7 4.2.2.2.9 AUC Cmax PCI-45227

M37 / 0.08 0.02

2.6.5.3C 4.2.2.2.10 PCI-45227

M37  

PCI-45227 M37 4 mg/kg PCI-45227

M37 CL Vdss 1.02 L/h/kg 1.49 L/kg 2.6.5.3C 4.2.2.2.10

 

3)  

30 mg/kg

tmax 1 2.6.5.3C 4.2.2.2.9

F 47.3 91.4%

 

4)  

10 30 mg/kg

4 mg/kg

2.6.5.3C 4.2.2.2.6 4.2.2.2.7

10 mg/kg PCI-45227 M37

2.6.5.3C 4.2.2.2.6

AUC AUC 60%

AUC

AUC 19% 11 25% 51% 34

73% PCI-45227 M37

PCI-45227 M37

 

 

(2)  

4.2.3.2.3 4.2.3.2.4 4.2.3.5.2.2 4.2.3.7.2.1 4.2.3.2.1 4.2.3.5.2.1  

4 13

PCI-45227 M37 13
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2.6.5.4A 4.2.3.2.3 4.2.3.2.4 30 mg/kg

Cmax 3 AUC24 8

AUC24 PCI-45227 M37 / 0.24 0.75 100 mg/kg

2 3 4.2.3.2.4  

PCI-45227

M37 2.6.5.7A 4.2.3.5.2.1 4.2.3.5.2.2

33 PCI-45227

M37 2.6.5.4A 4.2.3.7.2.1  

 

2.6.4.3.2.3  

New Zealand White PCI-

45227 M37  

(1)  

4.2.3.5.2.3  

PCI-

45227 M37

2.6.5.7B 4.2.3.5.2.3

100 mg/kg 4

PCI-45227 M37 PCI-45227

M37 / Cmax 4 AUC24 7 4.2.3.5.2.3  

 

2.6.4.3.2.4  

PCI-45227 M37
14C-

 

(1)  

4.2.2.2.11 4.2.2.2.12 4.2.3.2.6 4.2.2.4.11  

1)  

10 200 mg/kg

tmax 0.50 4.0

t1/2 1.58 6.38  2.6.4-3

2.6.5.3D 4.2.2.2.11 4.2.2.2.12  

10 mg/kg

F 6.9

10.5% 3.8 14.4% 2.6.5.3D 4.2.2.2.11

2 2.6.5.3D 4.2.2.2.12
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CV% Cmax 44 153% AUC 26 155%

11 100 mg/kg AUC

2 8 2.6.5.3D 4.2.2.2.11

4.2.2.2.12 4.2.3.2.6 200 mg/kg SLS

Cmax AUC SLS

4 10 2.6.5.3D 4.2.3.2.6  

10 mg/kg

PCI-45227 M37 tmax 1.00 1.75 t1/2 2.05 3.84

2.6.5.3D 4.2.2.2.11 Cmax AUC PCI-45227 M37 /

0.49 0.84 0.48 0.94 4.2.2.2.11  
14C- R- 30 mg/kg

1 Cmax 5740 ng eq./mL 2.6.5.6C

4.2.2.4.11 7

48 678 ng eq./mL  

2)  

4 mg/kg t1/2 1.04 1.16

t1/2 14.7 15.3  2.6.4-4

2.6.5.3D 4.2.2.2.11 Vc 3.30 3.88 L/kg Vdss 4.53 5.76 L/kg CL 1.92

2.43 L/h/kg AUC PCI-45227 M37 /

0.04 0.11 4.2.2.2.11

PCI-45227 M37  

 

(2)  

4.2.3.2.6 4.2.3.2.8 4.2.3.2.9  

4 13

PCI-45227 M37 13

2.6.5.4B 4.2.3.2.8 4.2.3.2.9

0

AUClast PCI-45227 M37 / 0.14 1.00

4.2.3.2.9  

 

2.6.4.3.2.5  

4.2.2.4.12  

6 14C- R- 140 mg

2.7.2.2.1.1 (1)

1 Cmax 549 ng eq./mL
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48 60 ng eq./mL 2.6.5.6C

4.2.2.4.12  
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  2.6.4-3  

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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 2.6.4-4  

Species Study Reference Gender 
Dose 

(mg/kg) N 
Cmax 

(ng/mL) 
AUC  

(ng h/mL) 
Vc 

(L/kg) 
Vss 

(L/kg) 
t1/2 
(h) 

CL 
(L/h/kg) 

Mouse  4.2.2.2.5  F 30 2/time point 16000 4810 1.88 1.92 0.710(a) 6.24 
Rat  4.2.2.2.9  M 30 3 64500±30400 13700±2200 0.531±0.215 1.98±0.22 0.513±0.060(a) 2.23±0.39 
Rat  4.2.2.2.6  M 4 3 3280±160 1390±210 1.01±0.02 2.68±2.56 0.231±0.031(b) 2.92±0.47 
Rat  4.2.2.2.7  F 4 3 3030±250 1920±530 1.46±0.07 1.89±0.17 0.437±0.12(b) 2.44±0.807 
Dog 4.2.2.2.11  M 4 4 1220±140 2120±330 3.30±0.39 4.53±0.52 1.16±0.12(b) 1.92±0.26 

 F 4 4 1120±400 1690±330 3.88±1.23 5.76±2.21 1.04±0.21(b) 2.43±0.48 
Mouse: estimated from mean plasma concentration; Rat and dog: mean±standard deviation  
(a):  Beta-phase half-life, predominant elimination component. 
(b): Alpha-phase half-life, predominant elimination component. 
F = female; M = male; N = number of animals 
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2.6.4.4  

2.6.4.4.1 QWBA  
4.2.2.3.1 4.2.2.3.2  

QWBA 14C-

Long Evans 14C- 10 mg/kg

2.6.5.5A 4.2.2.3.1 Lister Hooded

R- 14C- 10 mg/kg

2.6.5.5B 4.2.2.3.2

R- Lister Hooded R-
14C- 1 4 24 72

168 336  
14C-

 2.6.4-2

Cmax 1

 

72  

2.6.4-3 168 0.033 g eq./g

168

 

168

/ 1 4 24 1.0 168

4.6  
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urinary bladder wall 

A 

B 

 

D 

E 

F 

bone marrow 

abdominal fat 

spleen 

adrenal gland

blood 

brown fat 

aorta 

bone surface 

preputial gland 

lungs 

intra-orbital lacrimal gland 

kidney cortex 

myocardium 

mandibular lymph nodes 

Harderian gland

exorbital lacrimal gland 

large intestine mucosa

muscle 

pancreas 

prostate 

pituitary 

liver 

brain 

small intestine mucosa 

salivary gland 

stomach mucosa
testis 

thymus thyroid 

vena cava 

mesenteric lymph nodes

pineal gland 

uveal tract/retina 

kidney medulla (outer) 

meninges 

oesophagus mucosa

seminal vesicles 

pigmented skin 

epididymis 

non-pigmented skin 

spinal cord 

kidney medulla (inner)

C 
eye (whole) 

mammary tissue 

lymphatic tissue 

 

 2.6.4-2 14C- R- 10 mg/kg

1  
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A 

B 

D 

E 

F 

C 

urinary bladder wall 

bone marrow

abdominal fat 

spleen 

adrenal gland 

blood 

brown fat 

preputial gland 

lungs

intra-orbital lacrimal gland 

kidney cortex 

myocardium 

Harderian gland 

exorbital lacrimal gland 

large intestine mucosa

muscle 

pancreas 

prostate

liver 

brain 

small intestine mucosa 

salivary gland 

stomach mucosa 
testis 

thymus 

thyroid 

mesenteric lymph nodes 

pineal gland 

uveal tract/retina 

kidney medulla (outer) 

seminal vesicles

pigmented skin 

non-pigmented skin 

kidney medulla (inner) 

mandibular lymph nodes 

eye (whole) 

 

 2.6.4-3 14C- R- 10 mg/kg

72  
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2.6.4.4.2  

2.6.4.4.2.1  

4.2.2.3.3 4.2.2.3.4  

1 mol/L 37 2

 

63 50 41% 2.6.5.8 4.2.2.3.3  

93% 2.6.5.8 4.2.2.3.4  

 

 

2.6.4.4.2.2  

in vitro

 

(1)  

4.2.2.3.5 4.2.2.3.6 4.2.2.3.7 5.3.2.1.1 5.3.2.1.2 5.3.2.1.3  

88.1 881 ng/mL

96.2 99.5% 97.5%

2.6.5.6A 4.2.2.3.5 4.2.2.3.6  

Swiss CD1 nonTg rasH2

500 ng/mL 0.6 0.3% 1500 ng/mL 0.7 0.4%

2.6.5.6B 4.2.2.3.7

500 ng/mL 0.7% 1500 ng/mL 1.2%

100 500 ng/mL 2.6%

2.7% 50 100 150 500 1000 ng/mL

2.6 2.7 2.6 2.7 2.8%

97.2 99.7%

 

2 PCI-32765CLL1002 PCI-32765CLL1004

100 ng/mL

2.0 2.3% 97.7 98.0%

2.6.5.6A 5.3.2.1.1 5.3.2.1.2 PCI-32765CLL1006

100 ng/mL 3.3%

3.0 3.8 4.8%

2.6.5.6A 5.3.2.1.3  
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HSA AGP 14C-

R- 2.6.5.6B 4.2.2.3.7 14C-

150 ng/mL 4.3%HSA 3.6% 4.3%HSA 0.07%AGP

3.4% 0.05 0.10 0.20%AGP

75.7 41.9 24.1% HSA AGP

 

 

(2)  

4.2.2.3.8 4.2.2.3.9  

100 500 ng/mL M23 M25

M34 PCI-45227 M37 2.6.5.6A 4.2.2.3.8

4.2.2.3.9 475 500 ng/mL PCI-45227 M37

9.0% 91.0% 500 ng/mL M23 M25

M34 7.7 25.5 22.9%

92.3 74.5 77.1% M25 M34

PCI-45227 M37 M23 3  

2.6.5.6A 4.2.2.3.9 M23 M34 PCI-45227 M37

HSA AGP

 

 

2.6.4.4.2.4

 

 

2.6.4.4.2.3  

(1) In vitro 

4.2.2.3.7  

2.6.5.6B 4.2.2.3.7  

/ 500 ng/mL 0.63

1500  ng/mL 0.56 500 ng/mL 0.60

1500  ng/mL 0.89 100 ng/mL 0.65

500 ng/mL 0.54 100 150 500

1000 ng/mL 0.82 0.80 0.75 0.74  
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(2) In vivo 

1)  

4.2.2.3.1 4.2.2.4.8  

Sprague-Dawley Long Evans 14C-

10 mg/kg 1 4 8 24 48 72

168 504 / 2.6.5.6C 4.2.2.3.1  

/

Sprague-Dawley / 24 1.0

48 72 1.63 1.78

25.1 1 72.4% 48 Long Evans

/ 4 1.0 24 72

1.20 1.94 168 9.43 15.9 1

100% 504  

Sprague-Dawley 14C- R-

10 mg/kg 1 4 7 24 48

/ 1 48

0.76 1.44 0.74 1.00 2.6.5.6C 4.2.2.4.8  
14C- /

QWBA 2.6.4.4.1  

 

2)  

4.2.2.4.11  
14C- R- 30 mg/kg

/ 1 48 0.66 0.71

2.6.5.6C 4.2.2.4.11  

 

3)  

4.2.2.4.12  
14C- R- 140 mg

4 / 0.68 0.78

2.6.5.6C 4.2.2.4.12
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2.6.4.4.2.4  

(1) In vitro 

4.2.2.3.10 4.2.2.3.11 4.2.2.3.12 4.2.2.3.13 4.2.2.3.14  

4.2.2.3.15 4.2.2.3.16 4.2.2.3.17 4.2.2.3.18  
14C-

R- 14C- in vitro

 2.6.4-5  2.6.4-6  
14C- R- BTK

2.6.5.8 4.2.2.3.10

4.2.2.3.16  

1 mol/L 0.44 g/mL 14C- BTK 1

9604 pmol/mg protein  2.6.4-5 2.6.5.8

4.2.2.3.10 S9

210 39 2 pmol/mg protein BTK

S9 1/46 1/246 1/4802

NADPH 14C-

S9

CYP3A4 S9

CYP 1 4

BTK S9

17 6%  

2 mol/L 0.88 g/mL 14C- R- BTK 1

18376 pmol/mg protein  2.6.4-6

2.6.5.8 4.2.2.3.16 BTK

1/2042 1/9188

1 4

114 95 pmol/mg protein BTK

4 1

 

NADPH 2 mol/L 14C- R-

S9 1

NADPH

50 kDa CYP 2.6.5.8 4.2.2.3.17

NADPH 50 kDa 14C-

69 pmol/mg protein 100 pmol/mg protein 45% NADPH

 2.6.4-6  
14C- CYP

 14C- NADPH
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2  2.6.4-5 2.6.5.8

4.2.2.3.12 4.2.2.3.13 4.2.2.3.15

CYP CYP1A2 CYP2C19 CYP2D6 CYP3A4

CYP3A4 CYP1A2 CYP2C19 CYP2D6

2.6.5.8 4.2.2.3.11 14C-

10 mol/L 4.4 g/mL CYP2D6

258 548 pmol/mg protein 2.6.5.8 4.2.2.3.15 CYP2E1

198 pmol/mg protein 2.6.5.8 4.2.2.3.13  

NADPH 14C-

S9 CYP2D6 CYP3A4

CYP3A4 NADPH

279 272 pmol/mg protein 160

122 pmol/mg protein  2.6.4-5 2.6.5.8 4.2.2.3.12 NADPH

316 pmol/mg protein

160 pmol/mg protein NADPH

194 pmol/mg protein  

2 10 mol/L 0.88 4.4 g/mL 14C- R- NADPH

NADPH

2 4  2.6.4-6 2.6.5.8

4.2.2.3.18  
14C-

1

613 pmol/mg protein 70 pmol/mg protein  2.6.4-5

2.6.5.8 4.2.2.3.13 4.2.2.3.14 1

128 pmol/mg protein 68 pmol/mg protein 4

679 pmol/mg protein 408 pmol/mg 

protein  
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 2.6.4-5 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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 2.6.4-6 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) In vivo 
14C- 14C-

ex vivo 14C-

 

1)  

4.2.2.4.8  

Sprague-Dawley 14C- R- 10 mg/kg

1 4 7 24 48

2.6.5.8 4.2.2.4.8  

4 48 Cmax 24

4

1 Cmax 48 1/9 1/14

48 Cmax

7 10%  

1 48

1 Cmax 48 1/4 1/5

48 Cmax

24 25%
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1 g/mL 14C- R-

ex vivo 0 1 4 7 24 48

 
14C-

1 1% 24 18% 48 28% 14C-

1% 1

9% 24 4% 0

33% 24 14C- 48

 

 

2)  

4.2.2.4.11  
14C- R- 30 mg/kg

1 4 7 24 48

2.6.5.8 4.2.2.4.11  

48 Cmax 24

1 Cmax 48

1/8 Cmax

8 18%  

 

3)  

4.2.2.4.12  
14C- R- 140 mg

1 2 4 8 24 72

2.6.5.8 4.2.2.4.12  

Cmax 8 1

24 Cmax 1/6

Cmax 12%  

 

2.6.4.4.3  

2.6.6.6.2
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2.6.4.5  

In vitro

CYP  

In vivo Sprague-Dawley 14C-

R-

PCI-

32765CLL1002 PCYC-1111-CA

UPLC

 

[D5]-

in vitro in vivo

 

 

2.6.4.5.1 In vitro  

2.6.4.5.1.1  

4.2.2.4.1  

Sprague Dawley

NADPH I

CLint 629 L/min/mg protein

596 L/min/mg protein 549 L/min/mg protein 107 L/min/mg protein

2.6.5.10 4.2.2.4.1  

 

2.6.4.5.1.2  

4.2.2.3.11 4.2.2.4.2 4.2.2.4.3  
14C- CYP

CYP1A2 CYP2C9 CYP2C19 CYP2D6 CYP3A4

2.6.5.10 4.2.2.3.11 CYP2D6

CYP3A4 CYP
14C- R-

 

Sprague-Dawley New Zealand White

3 mol/L 1.32 g/mL 14C-

R- 10

2 5 10 15 20 60 in vitro 2.6.5.10 4.2.2.4.2
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10

90 21 51 66% 60

87 98%

60 72 70%

CLint 407 391 L/min/106

173 128 L/min/106  

PCI-45227 M37

M38 M39 M40 M41

M25

M34

M35 M21 M35 M26

M27  

M34 M25

2.6.4.5.2.3 in 

vitro in vivo PCI-32765CLL1002 2.7.2.2.1.4 (1)

CYP3A4/5

 

in vitro
14C-

140 mg 2.6.4.5.2.3

 

In vitro 14C-  2.6.4-4 2.6.5.11D  
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 2.6.4-4 In vitro 4.2.2.4.2 14C-  
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[D5]-

[D5]-

2.6.5.10 4.2.2.4.3 in vivo

2.6.4.5.2.1  

 

2.6.4.5.1.3  

4.2.2.4.4 4.2.2.4.5 4.2.2.4.6 4.2.2.4.7  

CYP 2.6.5.10 4.2.2.4.4

CYP 2.6.5.10 4.2.2.4.5

CYP CYP3A4/5

CYP1A CYP2B6 CYP2C8 CYP2C9 CYP2C19 CYP2D6

CYP3A4 mechanism-based inhibitor CYP3cide

CYP3A5

CYP3A5 20% 2.6.5.10 4.2.2.4.6   

CYP2D6 CYP3A4 CYP3A5 PCI-45227 M37

Vmax Km CLint Vmax/Km CYP2D6

CYP3A4 CYP3A5 2.6.5.10 4.2.2.4.7  

in vitro CYP3A4

CYP3A

 2.6.4-7

IC50 78 21 48 mol/L

IC25

2.6.5.10 4.2.2.4.6

AUC
2 in vitro PBPK 560 mg

100 mg 1 2 5.3.5.4.1

2  
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 2.6.4-7 CYP3A4  

Substrate  Inhibitor 
Fluoxetine Norfluoxetine Fluvoxamine 

Ibrutinib (UD) IC25 (μM) 42 11 24 
IC50 (μM) 78 21 48 
IC75 (μM) 145 40 99 
% Inhibition at 100 μM 57±1.4 97±3.3 75±8.9 

Midazolam  
(formation of 1’-OH midazolam) 

IC25 (μM) 36 9.5 31 
IC50 (μM) 91 24 74 
IC75 (μM) 232 62 177 
% Inhibition at 100 μM 58±5.2 87±1.4 64±2.4 

Alprazolam  
(formation of 4’-OH alprazolam) 

IC25 (μM) 17 9.5 8.4 
IC50 (μM) 42 20 33 
IC75 (μM) 101 43 129 
% Inhibition at 100 μM 70±3.8 89±0.26 74±1.1 

IC25 = 25% inhibitory concentration 
IC50 = half maximal inhibitory concentration 
IC75 = 75% inhibitory concentration 
UD = unchanged drug 

 

2.6.4.5.2 In vivo  

2.6.4.5.2.1  

4.2.2.3.1 4.2.2.4.8 4.2.2.4.9 4.2.2.4.10  
14C- R-

10 mg/kg

2.6.5.9A 4.2.2.4.8 4.2.2.4.9 14C-

10 mg/kg 2 mg/kg

2.6.5.9A 4.2.2.3.1  
14C- R-

1

M35 2 M34

M25 3

PCI-45227 M37

 

1

M5

M15 PCI-45227 M37  

2%

 

47%

I

M21 8%  

I 2%

M35 M34 14 16%
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M17 M34 M16 M18

12 8%  

I

1 2

3 4

 
14C- 12C

R-
14C R- S- 12C R-

 
12C/14C S-

R-

 

in vivo  2.6.4-5  2.6.4-6

2.6.5.11A  
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 2.6.4-5 4.2.2.4.8 14C-  
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O

N N

N

NH2N

N

O
OH

OH

HO

 

 2.6.4-6 4.2.2.4.9 14C-  
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[D5]- 2.5 mg/kg

2.6.5.9A 4.2.2.4.10 PCI-

45227 M37 M35

M21 In vitro 2.6.4.5.1.2

[D5]-

 

 

2.6.4.5.2.2  

4.2.2.4.11  
14C- R- 30 mg/kg

2.6.5.9B 4.2.2.4.11  

1 M35 2

M34 M25 3

PCI-45227

M37

 

24 13.9%

PCI-45227 M37 M34 M35 M21 M31

 

0.11%

1%  

2.66% M35 M17 M21

M35 16.7% M17 8.16%

M21 M21 6.49%  

in vivo  2.6.4-7

2.6.5.11B  
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 2.6.4-7 4.2.2.4.11 14C-  

O

N N

N

NH2N

N

O
OH

OH

O

N N

N

NH2N

N

O

O

N N

N

NH2N

N
H

O

HO

O

N N

N

NH2N

N
H

O

HO

HO

O

N N

N

NH2N

N

O O

N N

N

NH2N

N

O

O

OH

OH

O

N N

N

NH2N

N
H

O

HO

M34
JNJ-55499743
PCI-45752

M37
JNJ-54243761
PCI-45227

Hydroxylation

Sulf ation

Hydrolysis

Hydroxylation

*

ring opening - reduction
to alcohol**

ring opening
oxidation to
acid**

epoxidation

hydroxylation

Dehydration

Dehydro-
genation

Hydroxy-
lation

oxidative ring opening
reduction to alcohol

UD
JNJ-54179060
PCI-32765

M25
PCI-45741
JNJ-55499730

O

N N

N

NH2N

N
H

O

OHO

O

N N

N

NH2N

N

O

+ O

O

N N

N

NH2N

N

O

- 2 H

O

N N

N

NH2N

N

O

+ O + SO3

O

N N

N

NH2N

N

O

NH

OH
O

NH2

O

HN

OH
O

O

S

M31, M32, M33

M26
JNJ-54243800
PCI-48303

Glutathione addition

Hydroxylation
sulf ation

epoxidation
hydrolysis

oxidation

oxidative ring opening,
reduction to alcohol

O

N N

N

NH2N

N
H

O

HO
+ O

* position of 14C-label
** comes from carbinolamine or iminium precursor
Bold print indicates reference compound synthetized

Structures between bracket were not detected but are most likely intermediary metabolites

M38, M39, M40

possibly
M38, M39, M40 or
minor +O metabolite
Or
M41

Sulf ation

conf irmed link
tentative link

Hydroxylation

epoxidation
hydrolysis

oxidative
ringopening
reduction to
alcohol

M17

M29

M21

M41

M10

M24

M7

HO O

N N

N

NH2N

N

O

+ O + SO3

H2N
N
H

OH

O

O

S

Glutathione addition

conversion to cysteine, glycine and
mercapturic acid conjugates

O

N N

N

NH2N

N

O

+ 2 O

M9

M28

O

N N

N

NH2N

N

O
OH

OH

HO

M19

Hydroxylation

M35
JNJ-55952559
PCI45773

O

N N

N

NH2N

N

O

+ O + SO3

NH

OH
O

NH2

O

HN

OH
O

O

S

conversion to
cysteine glycine conjugates

M6

M46

Glutathione
conjugation

M27
conversion to
cysteine conjugates

M48

Glutathione addition f ollowed by conversion to cysteine conjugates

Hydroxylation

M49

M45

Cysteine
addition

Hydroxylation

Epoxidation and
Hydrolysis

M47
conversion to cysteine conjugate
ring opening - reduction
to alcohol**



  2.6.4  
   
   

   
 42  

2.6.4.5.2.3  

(1)  

4.2.2.4.12  
14C- R- 140 mg

PCI-32765CLL1004 2.7.2.2.1.1 (1)

2.6.5.9C 4.2.2.4.12  

1 M35 2

M34 M25 3

PCI-

45227 M37

 

M21 M25 M34 PCI-45227 M37

PCI-45227 M37

 

PCI-45227 M37 4

2 1 2

PCI-45227 M37

7 10% M25 M34

10 14% M21 20 25%

M21 M25 M34 PCI-45227 M37 11 13 35

38 18 23 16 14 15%  

5%  

0.77%

2 9% M11 M25 M17 M20 M25

M24 M34 M37 M25 M29 M34

M34 M36 M35 PCI-45227 M37

 

 2.6.4-8  



  2.6.4  
   
   

   
 43  

0

1

2

3

4

5

6

7

8

9

10

Pe
rc

en
ta

ge
 o

f A
dm

in
is

te
re

d 
Do

se

Feces Urine

 
 2.6.4-8 14C- R- 140 mg

 
UD = unchanged drug 

 
M23 M1 M23

M4 M23 M30 M23
14C

 

in vivo  2.6.4-9

2.6.5.11C  
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O

N N

N

NH2N

N

O
OH

OH

O

N N

N

NH2N

N

O
O

N N

N

NH2N

N
H

O

HO

O

N N

N

NH2N

N
H

O

HO

HO

O

N N

N

NH2N

N

O
O

N N

N

NH2N

N

O

O

HO

OH

OH

O

N N

N

NH2N

N
H

O

HO

M34
PCI-45752

M37
JNJ-54243761
PCI-45227

Hydroxylation

Sulf ation

Hydrolysis

Hydroxylation

*

ring opening - reduction
to alcohol**

ring opening
oxidation to
acid**

epoxidation

hydroxylation

Dehydration

Dehydrogenation

Hydroxylation

oxidative ring opening
reduction to alcohol

Reduction

UD
JNJ-54179060
PCI-32765

hydrolysis

M25
PCI-45741

+ Glucuronide

oxidation
glucuronidation

oxidation

+O
-2H

O

N N

N

NH2N

NH

O

N N

N

NH2N

NH

+ O + SO3

M23
JNJ-54243696
PCI-7503

O

N N

N

NH2N

NH

O

N N

N

NH2N

NH

+ O

O

N N

N

NH2N

HN

O

OHO

HO

O

N N

N

NH2N

N
H

O

OHO

O

N N

N

NH2N

N

O

+ O

O

N N

N

NH2N

N

O

- 2 H

O

N N

N

NH2N

N

O

HO

+ 2 H

O

N N

N

NH2N

N

O

+ O + SO3

O

N N

N

NH2N

N

O

NH

OH
O

NH2

O

HN

OH
O

O

S

M31, M32, M33

M26
JNJ-54243800
PCI-48303

Glutathione addition

oxidation
sulf ation

Hydroxylation
sulf ation

epoxidation
hydrolysis

oxidation

oxidative ring opening,
reduction to alcohol

O

N N

N

NH2N

N
H

O

HO
+ O

oxidative ring
opening -
oxidation to acid

* position of 14C-label
** comes from carbinolamine or iminium precursor
Some metabolites were presented by their M-code. The
molecular structures are provided in the MS appendices
of FK10267, FK10269, FK10242 or FK10301. Bold print
indicates reference compound synthetized

Hydroxylation

M39, M40

possibly
M39-M40 or
minor +O metabolite
Or
M41

Sulf ation

confirmed link
tentative link

Hydroxylation

oxidative ring
openinig
oxidation to
acid

epoxidation
hydrolysis

oxidative
ringopening
reduction to
alcohol

M17

M35

M29

M21

M41

M36
M10

M24

M11

M30

M4

M20

M1

M7

 
 2.6.4-9 4.2.2.4.12 14C-  
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(2)  

4.2.2.4.13  

PCI-32765CLL1002 70 mg

PCYC-1111-CA 420 mg/

14C- UPLC

in vitro 12C/14C

PCI-45227 M37

M23 14C

 

AUC 10% 10%

M21 M23 M25 M34 PCI-45227 M37  

2.6.4-8 2.6.5.9C 4.2.2.4.13 M23 8

AUC 10% 8  2.6.4-9  

PCI-32765CLL1002 PCYC-1111-CA 8

PCI-32765CLL1004

 

 



 

 

 
 

2.6.4 
    

46

 2.6.4-8 420 mg/ PCYC-1111-CA  

1 8 AUC  
    Day 1 (AUC24 Hamilton pool)   Day 8 (AUC24 Hamilton pool) 

Metabolite 
Identifier  

Pooled 
Plasma 
Conc 

 (ng/mL) 

AUC 
(ng·h/mL) 

% 
TDRM 

BA  
(ng/mL)

AUC 
(ng·h/mL)

%  
TDRM(*)

Pooled 
Plasma 
Conc 

 (ng/mL)

AUC 
(ng·h/mL) 

%  
TDRM 

BA  
(ng/mL)

AUC 
(ng·h/mL)

% 
TDRM(*)

AUC24 
Accumulation 
Factor 

M1 ($) 0.89 21.4 0.59 N/A 21.4 0.54 8.08 194 2.84 N/A 194 2.64 9.1 
M4 ($) 1.53 36.7 1.01 N/A 36.7 0.93 3.43 82.3 1.20 N/A 82.3 1.12 2.2 

M7 ($$) 1.40 33.6 0.92 N/A 33.6 0.85 2.43 58.3 0.85 N/A 58.3 0.79 1.7 
M10 ($$) 0.93 22.3 0.61 N/A 22.3 0.56 1.19 28.6 0.42 N/A 28.6 0.39 1.3 
M12 ($$) 0.34 8.16 0.22 N/A 8.16 0.21 0.53 12.7 0.19 N/A 12.7 0.17 1.6 

M17 3.20 76.8 2.10 N/A 76.8 1.94 6.60 158 2.32 N/A 158 2.16 2.1 
M21 32.6 782 21.4 N/A 782 19.8 73.6 1766 25.8 N/A 1766 24.0 2.3 

M23(**) 1.46 35.0 0.96 N/A 35.0 0.89 9.28 223 3.26 N/A 223 3.03 6.4 
M25 33.7 809 22.2 N/A 809 20.4 34.5 828 12.1 N/A 828 11.3 1.0 

M30 ($) 4.24 102 2.79 N/A 102 2.57 11.7 281 4.11 N/A 281 3.82 2.8 
M31 ($$) 0.41 9.84 0.27 N/A 9.84 0.25 0.53 12.7 0.19 N/A 13 0.17 1.3 

M34 33.8 811 22.2 N/A 811 20.5 71.3 1711 25.0 N/A 1711 23.3 2.1 
M35 3.40 81.6 2.24 N/A 81.6 2.06 4.40 106 1.54 N/A 106 1.44 1.3 
M37 19.0 456 12.5 26.2 (#) 629 15.9 29.3 703 10.3 43.1 (#) 1034 14.1 1.6 
M39 - - - - - - 1.80 43.2 0.63 N/A 43 0.59 - 
M40 - - - - - - 0.60 14.4 0.21 N/A 14 0.20 - 
UD 14.6 350 9.60 20.2 (#) 485 12.2 25.1 602 8.81 32.5 (#) 780 10.6 1.6 
M41 0.60 14.4 0.39 N/A 14.4 0.36 0.60 14.4 0.21 N/A 14 0.20 1.0 

TDRM 3650 100 - 3958 100 TDRM 6839 100 - 7348 100 
BA=bioanalytical method; N/A= not applicable; TDRM= total drug related material 
             
($) Determination of abundance of metabolites using relative UV/MS response factor versus M23 coupled to estimated abundance of M23 obtained with a calibration curve  
($$) Conjugated metabolites – no MS response factor could be calculated, assumption was made that the phase II metabolites have a similar response to as their respective phase I metabolites 
(#) Determination using a validated bioanalytical method for PCI-45227 (M37) and unchanged drug 
(**) Estimated abundance obtained using a calibration curve (authentic standard of M23) 
(*) Determination of abundance of metabolites using a combination of the C12/C14 approach and bioanalytical results and comparison to TDRM data 
 AUC24 > 10 % total drug related material 
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 2.6.4-9 420 mg/ 2 ID 221-002 221-005  

AUC PCYC-1111-CA  
221-002 (Day 1) 221-005 (Day 1) 

 Metabolite Identifier  Metabolite Identifier 

Time  
M1 

(ng/mL) 
M4 

(ng/mL) 
M30 

(ng/mL) 
M23 

(ng/mL) Time  
M1 

(ng/mL) 
M4 

(ng/mL) 
M30 

(ng/mL)
M23 

(ng/mL) 
Day 1, 0 h DL DL NF NF Day 1, 0 h DL DL NF NF* 
Day 1, 1 h 0.12 0.93 1.64 0.15 Day 1, 1 h 0.02 DL NF 0.10 
Day 1, 2 h 0.20 1.51 2.56 0.28 Day 1, 2 h 0.27 1.00 2.37 0.40 
Day 1, 4 h 0.52 5.15 7.18 1.83 Day 1, 4 h 0.85 2.89 6.09 2.19 
Day 1, 7 h 0.26 2.21 5.02 1.37 Day 1, 7 h 0.80 2.07 6.54 3.59 
Day 1, 24 h 0.27 1.15 7.54 3.07 Day 1, 24 h 1.73 0.64 4.76 5.50 

AUC24 (ng·h/mL) 6.60 47.9 138 45.0 AUC24 (ng·h/mL) 25.3 34.8 125 88.8 
          

221-002 (Day 8) 221-005 (Day 8) 
 Metabolite Identifier  Metabolite Identifier 

Time  
M1 

(ng/mL) 
M4 

(ng/mL) 
M30 

(ng/mL) 
M23 

(ng/mL) Time  
M1 

(ng/mL) 
M4 

(ng/mL) 
M30 

(ng/mL)
M23 

(ng/mL) 
Day 8, 0 h 0.81 1.48 8.47 12.5 Day 8, 0 h 6.46 1.56 7.49 24.0 
Day 8, 1 h 0.94 1.71 9.89 13.6 Day 8, 1 h 6.62 2.20 8.03 21.9 
Day 8, 2 h 1.41 3.13 13.0 17.3 Day 8, 2 h 6.55 3.83 9.01 19.0 
Day 8, 4 h 1.70 4.39 14.2 18.5 Day 8, 4 h 6.79 3.84 10.2 23.8 
Day 8, 7 h 1.35 3.18 12.3 16.4 Day 8, 7 h 6.47 2.70 12.0 27.0 

AUC24 (ng·h/mL) 27.7 61.7 260 356 AUC24 (ng·h/mL) 153 57.8 230 584 
          

221-002 (Days 15 and 22) 221-005 (Days 15 and 22) 
 Metabolite Identifier  Metabolite Identifier 

Time  
M1 

(ng/mL) 
M4 

(ng/mL) 
M30 

(ng/mL) 
M23 

(ng/mL) Time  
M1 

(ng/mL) 
M4 

(ng/mL) 
M30 

(ng/mL)
M23 

(ng/mL) 
Day 15 0 h 1.51 1.46 10.3 22.0 Day 15 0 h 8.34 1.63 11.1 33.0 
Day 15 2 h 1.66 1.53 9.82 22.0 Day 15 2 h 7.74 2.63 12.2 28.4 
Day 22 0 h 1.18 1.26 9.98 22.4 Day 22 0 h 9.66 2.10 12.4 33.7 
Day 22 2 h 1.46 3.24 12.4 24.1 Day 22 2 h 9.47 2.65 13.0 29.4 
Cav (ng/mL) 1.45 1.87 10.6 22.6 Cav (ng/mL) 8.80 2.25 12.2 31.1 

DL = mass spectrometry detection limit; NF=not found 
*Carry-over between injections was observed. The compound was set to not found. 
Cav = average concentration of Day 15 and Day 22    
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2.6.4.5.3  

2.6.4.5.1 in vitro 2.6.4.5.2 in vivo  

 

2.6.4.5.4  

in vivo 2.6.4.5.2.1

2.6.4.3.2.1 2.6.4.3.2.2

PCI-45227 M37 /

2.6.4.3.2.2 2.6.4.3.2.4

 

F 100%

2.6.4.3.2.2

AUC AUC 60%

AUC

AUC 1/2

 

PCI-45227 M37

PCI-45227 M37

 

 

2.6.4.5.5  

2.6.4.5.5.1  

4.2.2.4.14  

3 10 mol/L PCI-

45227 M37 in vitro CYP 2.6.5.12A 4.2.2.4.14

CYP1A2 CYP2B6

CYP3A4/5  

CYP1A2 mRNA 2 20%

CYP2B6 CYP3A4 mRNA 2

20% CYP1A2 CYP2B6 CYP3A4/5

2 20%  

PCI-45227 M37 CYP2B6 CYP3A4 mRNA 2

3 1

CYP1A2 mRNA 2

20% CYP1A2 CYP2B6 CYP3A4/5

2 20%  
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2.7.2.2.1.4

CYP3A CYP3A

CYP3A CYP3A

CYP1A CYP2B6 CYP2C8 CYP2C9 CYP2C19 CYP2D6

2.6.4.5.1.3 CYP3A

2.7.2.2.1.5 CYP3A

 

 

2.6.4.5.5.2  

4.2.2.4.15 4.2.2.4.16 4.2.2.4.17 4.2.2.4.18 4.2.2.4.19  

in vitro M23

M25 M34 PCI-45227 M37 CYP CYP1A2 CYP2A6 M23 M25

M34 CYP2B6 CYP2C8 CYP2C9 CYP2C19 CYP2D6 CYP2E1 CYP3A4/5

Km

0.01 100 mol/L M23 0.1 100 mol/L M25 0.1 100 mol/L M34

0.1 100 mol/L M37 0.03 100 mol/L CYP

0.03 100 mol/L CYP3A NADPH

M21

 

in vitro

 

· 0.300 mol/L 0.132 g/mL 420 mg/

PCYC-1102-CA Cmax 

· M23 0.139 mol/L 0.0537 g/mL 420 mg/

PCYC-1111-CA 2 15 22

 2.6.4-9 2  

· M25 0.319 mol/L 0.151 μg/mL 420 mg/

PCYC-1102-CA Cmax

420 mg/ PCYC-1111-CA

AUC24 M25/  2.6.4-8

 

· M34 0.659 mol/L 0.302 μg/mL 420 mg/

PCYC-1102-CA Cmax

420 mg/ PCYC-1111-CA
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AUC24 M34/  2.6.4-8

 

· PCI-45227 M37 0.257 mol/L 0.122 g/mL 420 mg/

PCYC-1102-CA Cmax 

 

(1)  

CYP1A2 CYP2E1  2.6.4-10 2.6.5.12B

4.2.2.4.15 CYP2B6 CYP2C8 CYP2C9 CYP2C19 CYP2D6 CYP3A4/5

IC50 10 25 mol/L CYP3A

 

IC50 Ki 0.2 mg/mL

15

0.1

0.5 mg/mL 4.2.2.4.2 4.2.2.4.5

0.1 0.5 mg/mL

15 17 1.5%

0.2 mg/mL 15

1/12 8.5% 5.3.5.4.2

 

[I]1/Ki in vitro

Ki worst case 15

1/12 Ki  
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 2.6.4-10 CYP  

CYP 
enzyme Substrate 

Substrate 
Conc (μM) 

Based on nominal ibrutinib levels incubated Based on 1/12 of nominal ibrutinib levels incubated (worst case) b 
IC50  
(μM) 

Ki a 
(μM) [I]/Ki AUCRc Prediction 

IC50  
(μM) 

Ki a 
(μM) [I]/Ki AUCRc Prediction 

1A2 Ethoxyresorufin 1 >100 >50 <0.006 -- remote >8.3 >4.2 <0.07 -- remote 
2B6 Bupropion 100 9.6 4.8 0.06 -- remote 0.80 0.40 0.75 1.09 remote 
2C8 Paclitaxel 10 24 12 0.02 -- remote 2.0 1.0 0.30 1.06 remote 
2C9 Diclofenac 10 12 6 0.05 -- remote 1.0 0.50 0.60 1.04 remote 
2C19 Omeprazole 0.5 13 6.5 0.05 -- remote 1.10 0.54 0.55 1.09 remote 
2D6 Dextromethorphan 5 25 12.5 0.02 -- remote 2.1 1.0 0.29 1.05 remote 
2E1 Chlorzoxazone 100 NC >50 <0.006 -- remote NC >4.2 <0.07 -- remote 

3A4/5 Midazolam 5 24 12 [I]1/Ki: 0.02
[I]2/Ki: 29 1.47 weak 

inhibitor 2.0 1.05 [I]1/Ki: 0.30
[I]2/Ki: 343 1.93 weak 

inhibitor 

3A4/5 Testosterone 50 20 10 [I]1/Ki: 0.03
[I]2/Ki: 34 1.51 weak 

inhibitor 1.7 0.83 [I]1/Ki: 0.36
[I]2/Ki: 412 1.96 weak 

inhibitor 
[I] or [I]1 = 0.300 μM (0.132 μg/mL) 
Source [I]1:  Mean steady-state maximum concentration of ibrutinib after oral administration at 420 mg/day in Clinical trial PCYC-1102-CA (n=47, Groups 1 and 4 pooled). 
[I]2 = 343 μM (151.2 μg/mL) 
Source [I]2:  Solubility in FeSSIF see 5.3.5.4.1  
a Assuming competitive inhibition.  
b Worst case value taking into account a maximal (12-fold) decline in ibrutinib concentrations during 15-min incubation see 5.3.5.4.2  
c AUC ratio with and without inhibitor calculated according to the mechanistic static equation in the EMA 2012 DDI guideline and the FDA 2012 Draft DDI guidance 

FeSSIF = Fed State Simulated Intestinal Fluid, [I] = inhibitor concentration, IC50 = half maximal inhibitory concentration, Ki = inhibition constant,  
NC = not calculated due to no inhibition up to the highest (nominal) concentration of 100 μM tested. 
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Ki CYP [I]1/Ki 0.1  2.6.4-

10 worst case 1/12 Ki CYP1A2 CYP2E1

[I]1/Ki 0.1 EMA 2 FDA
3

Ki AUCR

AUC AUC CYP2B6 CYP2C8 CYP2C9 CYP2C19

CYP2D6 1.25 CYP

CYP3A4/5 AUCR

1.5 Ki 2.0 worst case PBPK

1 mg 560 mg

CYP3A Ki 1.1

1/12 Ki worst case CYP3A

1.6 5.3.5.4.2

420 mg

1.25 1.6

1/12 worst case CYP3A

Ki PBPK

PBPK in vivo

560 mg

1.5 2 worst case CYP3A Ki

Ki 0.5

5.3.5.4.2 420 mg

560 mg  

CYP3A  

 

(2) M23 

M23 CYP1A2 CYP2A6 CYP2C9 CYP2C19 CYP2E1 CYP2B6

CYP2C8 CYP3A4 IC50

50 mol/L CYP2D6 IC50 2.8 mol/L  2.6.4-11

2.6.5.12C 4.2.2.4.16 CYP2B6 CYP2C8 CYP3A4 [I]/Ki 0.1

CYP2D6 worst case

                                                        
2 Guideline on the Investigation of Drug Interactions. Final, European Medicines Agency Committee for 

Human Medicinal Products (CHMP), June 2012. 
3 Guidance for Industry Drug Interaction Studies – Study Design, Data Analysis, Implications for Dosing, 

and Labeling Recommendations. Draft Guidance, Food and Drug Administration Center for Drug 

Evaluation and Research (CDER), February 2012. 
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M23

Fg  = 0.47 5.3.5.4.1

AUCR 1.25  

M23 CYP

 
 2.6.4-11 M23 CYP  

CYP Enzyme Substrate 
Substrate 

Conc (μM)
IC50  
(μM) 

Ki a 
(μM) [I]/Ki AUCRb Prediction

1A2 Phenacetin 80 NC -- -- -- remote 
2A6 Coumarin 2 >100 -- -- -- remote 
2B6 Bupropion 25 51 25.5 0.005 -- remote 
2C8 Amodiaquine 2 79 39.5 0.004 -- remote 
2C9 Tolbutamide 100 >100 -- -- -- remote 
2C9 Diclofenac 5 >100 -- -- -- remote 

2C19 S-Mephenytoin 30 >100 -- -- -- remote 
2D6 Dextromethorphan 3 2.8 1.4 0.099 1.12 remote 
2E1 Chlorzoxazone 45 NC -- -- -- remote 
3A4 Testosterone 25 76 38 0.004 -- remote 
3A4 Midazolam 2 NC -- -- -- remote 
3A4 Nifedipine 10 57 28.5 0.005 -- remote 

[I] = 0.139 μM (0.0537 μg/mL) 
Source: Average plasma concentration of M23 from 2 subjects at Days 15 and 22 after oral administration of 420 mg/day ibrutinib in 
Clinical trial PCYC-1111-CA multiplied by an uncertainty factor of 2.  
a Assuming competitive inhibition. 
b AUC ratio with and without inhibitor calculated according to the mechanistic static equation in the EMA 2012 DDI guideline and the 
FDA 2012 Draft DDI guidance. 
[I] = inhibitor concentration, IC50 = half maximal inhibitory concentration, Ki = inhibitory constant, NC = not calculated due to no 
inhibition up to the highest concentration of 100 μM tested 

 

(3) M25 

M25 CYP2C8 IC50 78 mol/L

 2.6.4 -12 2.6.5.12D 4.2.2.4.17 CYP2C8 [I]/Ki

0.1  

M25 CYP
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 2.6.4 -12 M25 CYP  

CYP Enzyme Substrate 
Substrate 

Conc (μM) 
IC50  
(μM) 

Ki a 
(μM) [I]/Ki Prediction 

1A2 Phenacetin 80 NC -- -- remote 
2A6 Coumarin 2 NC -- -- remote 
2B6 Bupropion 25 NC -- -- remote 
2C8 Amodiaquine 2 78 39 0.01 remote 
2C9 Tolbutamide 100 NC -- -- remote 
2C9 Diclofenac 5 NC -- -- remote 
2C19 S-Mephenytoin 30 NC -- -- remote 
2D6 Dextromethorphan 3 NC -- -- remote 
2E1 Chlorzoxazone 45 NC -- -- remote 
3A4 Testosterone 25 NC -- -- remote 
3A4 Midazolam 2 >100 -- -- remote 
3A4 Nifedipine 10 >100 -- -- remote 

[I] = 0.319 μM (0.151 μg/mL) 
Source: Estimated from the relative abundance of M25 over ibrutinib on Day 8 after oral administration of 420 mg/day ibrutinib in 
Clinical trial PCYC-1111-CA and the mean steady-state maximum concentration of ibrutinib after oral administration at 420 mg/day in 
Clinical trial PCYC-1102-CA (n=47, Groups 1 and 4 pooled). 
a Assuming competitive inhibition. 
[I] = inhibitor concentration, IC50 = half maximal inhibitory concentration, Ki = inhibitory constant, NC = not calculated due to no 
inhibition up to the highest concentration of 100 μM tested 

 

(4) M34 

M34 CYP1A2 CYP2A6 CYP2B6 CYP2C19 CYP2D6 CYP2E1

CYP2C8 CYP2C9 CYP3A4 IC50

20 mol/L  2.6.4-13 2.6.5.12E 4.2.2.4.18 CYP3A4

IC50 7.6 mol/L CYP2C8 CYP2C9 CYP3A4

[I]/Ki 0.1 CYP3A4

worst case

M34 Fg = 0.47 5.3.5.4.1

AUCR

1.25  

M34 CYP
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 2.6.4-13 M34 CYP  

CYP Enzyme Substrate 
Substrate 

Conc (μM)
IC50  
(μM) 

Ki a 
(μM) [I]/Ki AUCR b Prediction 

1A2 Phenacetin 80 NC -- -- -- remote 
2A6 Coumarin 2 NC -- -- -- remote 
2B6 Bupropion 25 NC -- -- -- remote 
2C8 Amodiaquine 2 35 17.5 0.04 -- remote 
2C9 Tolbutamide 100 26 13 0.05 -- remote 
2C9 Diclofenac 5 29 14.5 0.05 -- remote 

2C19 S-Mephenytoin 30 >100 -- -- -- remote 
2D6 Dextromethorphan 3 >100 -- -- -- remote 
2E1 Chlorzoxazone 45 >100 -- -- -- remote 
3A4 Testosterone 25 7.6 3.8 0.17 1.16 remote 
3A4 Midazolam 2 76 38 0.02 -- remote 
3A4 Nifedipine 10 22 11 0.06 -- remote 

[I] = 0.659 μM (0.302 μg/mL) 
Source: Estimated from the relative abundance of M34 over ibrutinib on Day 8 after oral administration of 420 mg/day ibrutinib in 
Clinical trial PCYC-1111-CA and the mean steady-state maximum concentration of ibrutinib after oral administration at 420 mg/day in 
Clinical trial PCYC-1102-CA (n=47, Groups 1 and 4 pooled). 
a Assuming competitive inhibition. 
b AUC ratio with and without inhibitor calculated according to the mechanistic static equation in the EMA 2012 DDI guideline and the 
FDA 2012 Draft DDI guidance. 
[I] = inhibitor concentration, IC50 = half maximal inhibitory concentration, Ki = inhibitory constant, NC = not calculated due to no 
inhibition up to the highest concentration of 100 μM tested 

 

(5) PCI-45227 M37  

PCI-45227 M37 CYP1A2 CYP2C19 CYP2E1 CYP3A4/5 CYP2B6

CYP2C8 CYP2C9 CYP2D6 IC50 15 80 mol/L  2.6.4-14

2.6.5.12F 4.2.2.4.19 CYP2B6 CYP2C8 CYP2C9 CYP2D6 [I]/Ki

0.1  

PCI-45227 M37 CYP

 

 
 2.6.4-14 PCI-45227 M37 CYP  

CYP Enzyme Substrate 
Substrate 

Conc (μM) 
IC50  
(μM) 

Ki a 
(μM) [I]/Ki Prediction 

1A2 Phenacetin 10 NC -- -- remote 
2B6 Bupropion 100 17 8.5 0.03 remote 
2C8 Paclitaxel 10 33 16.5 0.02 remote 
2C9 Diclofenac 10 58 29 0.009 remote 

2C19 Omeprazole 0.5 >100 -- -- remote 
2D6 Dextromethorphan 5 76 38 0.007 remote 
2E1 Chlorzoxazone 100 NC -- -- remote 

3A4/5 Midazolam 5 NC -- -- remote 
3A4/5 Testosterone 50 >100 -- -- remote 

[I] = 0.257 μM (0.122 μg/mL) 
Source: Mean steady-state maximum concentration of PCI-45227 (M37) after oral administration of ibrutinib at 420 mg/day in Clinical 
trial PCYC-1102-CA (n=47, Groups 1 and 4 pooled). 
a Assuming competitive inhibition. 
[I] = inhibitor concentration, IC50 = half maximal inhibitory concentration, Ki = inhibitory constant, NC = not calculated due to no 
inhibition up to the highest concentration of 100 μM tested 

 

2.6.4.5.6  
4.2.2.4.20  

R- S-

2.6.5.9D 4.2.2.4.20
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R- 2.09 0.35 0.2% S-

 

in vivo ex vivo

S-

S- R-

 

Cmax AUC S/R

0.78 3.1% 0.05 1.7% 0.80 1.5%

Cmax AUC S/R S-

 

Cmax AUC S/R

 

Cmax AUC S/R S-

in vivo
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2.6.4.6  

2.6.4.6.1  

Sprague-Dawley 14C- R-

 

 

2.6.4.6.1.1  

4.2.2.3.1 4.2.2.4.8 4.2.2.4.9  
14C- 2 mg/kg

24 80.1% 2.6.5.13A

4.2.2.3.1 168 83.5% 5.2%

3.4% 92.2% 8 24

73 82%

 
14C- R- 10 mg/kg

24 83.6% 86.9%

2.6.5.13A 4.2.2.4.8 96

90.6% 89.1% 1.54% 1.75%

0.51% 0.31%

92.3% 91.2%

2%

 
14C- R- 10 mg/kg

24

48% 47% 1.15%

2.6.5.14 4.2.2.4.9  
14C-

 

 

2.6.4.6.1.2  

4.2.2.4.11  
14C- R- 30 mg/kg

72 87.5% 3.26%

2.6.5.13B 4.2.2.4.11 2.66%

0.11%  
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2.6.4.6.1.3  

4.2.2.4.12  
14C- R- 140 mg

PCI-32765CLL1004 2.7.2.2.1.1 (1) 96

80.6% 7.8% 2.6.5.13C 4.2.2.4.12

0.77%  

 

2.6.4.6.2  

2.6.4.4.1 log P 3.97

 

 

 

2.6.4.7  

2.6.4.7.1  
4.2.2.6.1  

2.6.5.15A 4.2.2.6.1  
14C- 0.0109

1.09% 0.030 0.10 0.30 1.0 g/mL
14C- 0.0108 0.0108 0.0112

0.0110

 

 

2.6.4.7.2  

CYP

CYP3A4 2.6.4.5.1.3  

CYP M23 M25

M34 PCI-45227 M37 CYP 2.6.4.5.5  

 

2.6.4.7.3  

In vitro M23 M25 M34 PCI-

45227 M37

M21  
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2.6.4.7.3.1  

(1) OATP1B1 OATP1B3 OATP2B1 

4.2.2.6.2  

OATP

PCI-45227 M37 0.2 1 5 mol/L

OATP1B1 OATP1B3 OATP2B1

HEK293 2.6.5.15B 4.2.2.6.2  

OATP PCI-45227 M37

PCI-45227 M37 OATP1B1 OATP1B3 OATP2B1

 

 

(2) P-gp 

4.2.2.6.3 4.2.2.6.4 4.2.2.6.5  

Caco-2 MDR1-MDCK P-gp

PCI-45227 M37 P-gp 2.6.4.3.1

P-gp LLC-PK1 MDR1-LLC-PK1

M23 1.13 μmol/L M34 1 μmol/L efflux ratio 1.30 18.1 P-gp

GF120918 M23 M34 P-gp

2.6.5.15B 4.2.2.6.3 4.2.2.6.5 M25 1 μmol/L efflux ratio 1

0.83 M25 P-gp

2.6.5.15B 4.2.2.6.4  

 

2.6.4.7.3.2  

(1) OATP1B1 OATP1B3 

4.2.2.6.6  

OATP1B1 OATP1B3 HEK293

OATP1B1 OATP1B3 3H- -17 -

1 mol/L 2.6.5.15C 4.2.2.6.6 OATP1B1

1% BSA OATP1B3 BSA  

M34 PCI-45227 M37 26.4 47.9 36.6 mol/L IC50

OATP1B1 3H- -17 - M23

M25 100 mol/L OATP1B1 26.5

50.2% M23 M25 M34 PCI-45227 M37 OATP1B3
3H- -17 -

10 mol/L OATP1B3 30.2 10.6 35.9 35.7 38.4%

A 25 mol/L 25 mol/L OATP1B1
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OATP1B3 3H- -17 -

85.2 100%  

 

(2) OCT2 OAT1 OAT3 

4.2.2.6.7 4.2.2.6.8  

OCT2 CHO

OCT2 14C- 10 mol/L

1%BSA 2.6.5.15C 4.2.2.6.7  

M23 M34 PCI-45227 M37 3.92 0.95 84.8

12.6 mol/L IC50 OCT2 14C- M25

100 mol/L OCT2 7%

93 mol/L 300 mol/L 14C-

98.8 99.8%  

OAT1 CHO OAT1
14C-para- 5 mol/L 1%BSA

2.6.5.15C 4.2.2.6.7  

M23 M34 PCI-45227 M37 100 mol/L

OAT1 14C-para- M25

100 mol/L OAT1 15.7% 300 mol/L
14C-para- 86.0%  

OAT3 MDCK II OAT3
3H- -3- 2 mol/L 1%BSA

2.6.5.15C 4.2.2.6.8  

M25 48.4 56.4 mol/L IC50 OAT3 3H-

-3- M34 PCI-45227 M37

100 mol/L OAT3 49.6 47.6% M23

100 mol/L OAT3

1000 mol/L 1000 mol/L 3H-

-3- 95.8 100%  

 

(3) P-gp BCRP 

4.2.2.2.1 4.2.2.2.3 4.2.2.6.3 4.2.2.6.4 4.2.2.6.5 4.2.2.6.9 4.2.2.6.10  

MDR1-MDCK P-gp 5 mol/L

BSA   

efflux ratio 23.1 50 mol/L

0.411 P-gp

2.6.5.3A 4.2.2.2.1 A 10 mol/L

50 mol/L
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IC50 4.88 mol/L 2.6.5.15C 4.2.2.6.9

A IC50 0.783 1.18 mol/L  

MDR1-MDCK PCI-45227 M37 P-gp

5 mol/L efflux ratio

50 mol/L PCI-45227 M37 52.0 79.9

PCI-45227 M37 P-gp 2.6.5.3A 4.2.2.2.3

A 10 mol/L 50 mol/L

efflux ratio 2.22 1.86  

M23 M25 M34 P-gp MDR1-LLC-PK1

P-gp 3H- 0.03 mol/L

1%BSA  

M23 11.3 mol/L M25 100 mol/L M34 100 mol/L
3H- efflux ratio M23 M25 M34 P-gp
3H- 2.6.5.15C 4.2.2.6.3 4.2.2.6.4 4.2.2.6.5

GF120918 5 mol/L 3H-

efflux ratio 89%  

BCRP BCRP
3H- -3- 1 mol/L 1%BSA  

M23 M34 PCI-45227 M37 0.99 40.6 74.4

90.1 mol/L IC50 BCRP 3H- -3- M25

100 mol/L BCRP 42.4% 2.6.5.15C

4.2.2.6.10 Ko143 1 mol/L 3H-

-3- 89% 96%  

 

(4)  

In vitro

CYP 2.6.4.5.5.2

OAT1 OAT3 OCT2 1%BSA EMA

FDA

2.6.4.4.2.2  

 

1)  

OATP OAT OCT P-gp [I]/IC50 [I]1/IC50

0.1

 2.6.4 -15 BCRP [I]1/IC50 0.303

BCRP

BCRP IC50 1%BSA 1%BSA
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[I]1,u/IC50,u 0.1 1%BSA

4.3%HSA 2.6.4.4.2.2

1/4  

P-gp 4.2.2.6.9 -005-MDCK-XTI

IC50

MDR1-MDCK

4.2.2.2.1 -151-MDCK-XTI

74 87% P-gp

P-gp IC50

4.88 mol/L worst case 74 87% IC50 3.6 4.2 mol/L

P-gp

IC50 worst case  

OATP OAT OCT P-gp

BCRP  

 
 2.6.4 -15  

Transporter Substrate 
Substrate  

Conc (μM) 
IC50  
(μM) [I]/IC50 Prediction 

OATP1B1 Estradiol-17 -glucuronide 1 26.4 0.011 remote 
OATP1B3 Estradiol-17 -glucuronide 1 >7.84 <0.038 remote 

OCT2 Metformin 10 3.92 0.076 remote 
OAT1 Para-aminohippurate 5 NC -- remote 
OAT3 Estrone-3-sulfate 2 48.4 0.006 remote 

P-gp/MDR1 Loperamide 5 4.88 [I]1/IC50: 0.061 remote 
[I]2/IC50: 70 possible 

BCRP estrone-3-sulfate 1 0.99 
[I]1/IC50: 0.303 possible 

[I]1,u/IC50,u 0.063 remote 
[I]2/IC50: 347 possible 

[I] or [I]1 = 0.300 μM (0.132 μg/mL) 
Source [I]1: Mean steady-state maximum concentration of ibrutinib after oral administration at 420 mg/day in Clinical trial PCYC-1102-
CA (n=47, Groups 1 and 4 pooled). 
[I]1,u = [I]1 multiplied by free fraction in plasma (fu 2.7%, see 2.6.4.4.2.2) 
[I]2 = 343 μM (151.2 μg/mL) 
Source [I]2:  Solubility in FeSSIF see 5.3.5.4.1  
IC50,u = IC50 multiplied by estimated free fraction in incubation medium (fu,est) calculated from observed free fraction (fu,obs) of 3.6% in a 
solution of 4.3% HSA (see 2.6.4.4.2.2) and assuming a 4-fold lower protein level in incubation medium, using the formula 
fu,est = 4 * fu,obs / (1 + 3 * fu,obs) 
[I] = inhibitor concentration, IC50 = half-maximal inhibitory concentration, NC = not calculated due to no inhibition up to the highest 
concentration of 100 μM tested 

 

P-gp BCRP [I]2/IC50

10 P-gp BCRP

560 mg

1 P-gp IC50

1.5 BCRP IC50

5.3.5.4.2 420 mg
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2) M23 

M23 OCT2 [I]/IC50 0.1

 2.6.4-16 OCT2 IC50 1%BSA

M23 1%BSA [I]u/IC50,u

0.1 1%BSA 4.3%HSA

2.6.4.4.2.2 1/4  

M23 OATP OAT OCT P-gp BCRP

 

 
 2.6.4-16 M23  

Transporter Substrate 
Substrate  

Conc (μM) 
IC50  
(μM) [I]/IC50 Prediction 

OATP1B1 Estradiol-17 -glucuronide 1 >100 -- remote 
OATP1B3 Estradiol-17 -glucuronide 1 >4.71 <0.030 remote 

OCT2 Metformin 10 0.95 0.146 possible 
([I]u/IC50,u = 0.037) remote 

OAT1 Para-aminohippurate 5 NC -- remote 
OAT3 Estrone-3-sulfate 2 NC -- remote 

P-gp/MDR1 Digoxin 0.03 NC -- remote 
BCRP Estrone-3-sulfate 1 40.6 0.003 remote 

[I] = 0.139 μM (0.0537 μg/mL) 
Source: Average plasma concentration of M23 from 2 subjects at Days 15 and 22 after oral administration of 420 mg/day ibrutinib in 
Clinical trial PCYC-1111-CA multiplied by an uncertainty factor of 2. 
[I]u = [I] multiplied by free fraction in plasma (fu 7.7%, see  Section 2.6.4.4.2.2) 
IC50,u = IC50 multiplied by estimated free fraction in incubation medium (fu,est) calculated from observed free fraction (fu,obs) of 9.9% in a 
solution of 4.3% HSA (see 4.2.2.3.9) and assuming a 4-fold lower protein level in incubation medium, using the formula 
fu,est = 4 * fu,obs / (1 + 3 * fu,obs ) 
[I] = inhibitor concentration, IC50 = half-maximal inhibitory concentration, NC = not calculated due to no inhibition up to the highest 
concentration of 100 μM tested 

 

3) M25 M34 PCI-45227 M37  

M25 M34 PCI-45227 M37

[I]/IC50 0.1  2.6.4-17  2.6.4-18  2.6.4-19

M25 M34 PCI-45227 M37 OATP OAT OCT P-gp BCRP

 

 
 2.6.4-17 M25  

Transporter Substrate 
Substrate  

Conc (μM) 
IC50  
(μM) [I]/IC50 Prediction 

OATP1B1 Estradiol-17 -glucuronide 1 >100 -- remote 
OATP1B3 Estradiol-17 -glucuronide 1 >9.22 <0.035 remote 

OCT2 Metfromin 10 >100 -- remote 
OAT1 Para-aminohippurate 5 >100 -- remote 
OAT3 Estrone-3-sulfate 2 56.4 0.006 remote 

P-gp/MDR1 Digoxin 0.03 NC -- remote 
BCRP Estrone-3-sulfate 1 >100 <0.003 remote 

[I] = 0.319 μM (0.151 μg/mL) 
Source: Estimated from the relative abundance of M25 over ibrutinib on Day 8 after oral administration of 420 mg/day ibrutinib in 
Clinical trial PCYC-1111-CA and the mean steady-state maximum concentration of ibrutinib after oral administration at  420 mg/day in 
Clinical trial PCYC-1102-CA (n=47, Groups 1 and 4 pooled). 
[I] = inhibitor concentration, IC50 = half-maximal inhibitory concentration, NC = not calculated due to no inhibition up to the highest 
concentration of 100 μM tested 
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 2.6.4-18 M34  

Transporter Substrate 
Substrate  

Conc (μM) 
IC50  
(μM) [I]/IC50 Prediction 

OATP1B1 Estradiol-17 -glucuronide 1 47.9 0.014 remote 
OATP1B3 Estradiol-17 -glucuronide 1 >9.04 <0.073 remote 

OCT2 Metfromin 10 84.8 0.008 remote 
OAT1 Para-aminohippurate 5 NC -- remote 
OAT3 Estrone-3-sulfate 2 >100 -- remote 

P-gp/MDR1 Digoxin 0.03 NC -- remote 
BCRP Estrone-3-sulfate 1 74.4 0.009 remote 

 [I] = 0.659 μM (0.302 μg/mL) 
Source: Estimated from the relative abundance of M34 over ibrutinib on Day 8 after oral administration of 420 mg/day ibrutinib in 
Clinical trial PCYC-1111-CA and the mean steady-state maximum concentration of ibrutinib after oral administration at 420 mg/day in 
Clinical trial PCYC-1102-CA (n=47, Groups 1 and 4 pooled). 
[I] = inhibitor concentration, IC50 = half-maximal inhibitory concentration, NC = not calculated due to no inhibition up to the highest 
concentration of 100 μM tested 

 
 2.6.4-19 PCI-45227 M37  

Transporter Substrate 
Substrate  

Conc (μM) 
IC50  
(μM) [I]/IC50 Prediction 

OATP1B1 Estradiol-17 -glucuronide 1 36.6 0.007 remote 
OATP1B3 Estradiol-17 -glucuronide 1 >9.25 <0.028 remote 

OCT2 Metfromin 10 12.6 0.020 remote 
OAT1 Para-aminohippurate 5 NC -- remote 
OAT3 Estrone-3-sulfate 2 >100 -- remote 

P-gp/MDR1 Loperamide 5 NC -- remote 
BCRP Estrone-3-sulfate 1 90.1 0.003 remote 

[I] = 0.257 μM (0.122 μg/mL) 
Source: Mean steady-state maximum concentration of PCI-45227 (M37) after oral administration of ibrutinib at 420 mg/day in Clinical 
trial PCYC-1102-CA (n=47, Groups 1 and 4 pooled). 
[I] = inhibitor concentration, IC50 = half-maximal inhibitory concentration, NC = not calculated due to no inhibition up to the highest 
concentration of 100 μM tested (OAT1) or due to inhibition <50% at the single concentration of 50 μM tested (P-gp/MDR1) 

 

 

2.6.4.8  
4.2.2.7.1 4.2.2.7.2  

 14C- R-

pH

 

 

 

2.6.4.9  

2.6.4.9.1  

Caco-2 MDR1-MDCK in vitro

P-gp
14C-

3
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tmax 0.08 2.5 0.50 4.0

F 3.8 24.7%

 

AUC PCI-45227 M37 /

PCI-45227 M37

AUC AUC 60%

AUC AUC

1/2

PCI-45227

M37 PCI-45227 M37 PCI-

45227 M37

F

 

4 13

PCI-45227 M37 13

30 mg/kg

Cmax 3

AUC24 8

AUC PCI-45227 M37 / 0.14 1.00

100 mg/kg 2 3

CYP3A2
4 5  

 

 

2.6.4.9.2  

Long Evans 14C- QWBA

Lister Hooded 14C- R-

QWBA

1
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in vitro

97.3%

M23 M25 M34 PCI-45227 M37 in vitro

92.3 74.5 77.1 91.0%  
14C- R- in vivo

/

 
14C- BTK

CYP HSA

S9 BTK

S9 CYP

CYP CYP3A4 CYP1A2

CYP2C19 CYP2D6 CYP3A4

CYP3A 2.6.4.5.5.2  

 

2.6.4.9.3  

In vitro in vivo

CLint in vivo CL
14C- in vitro

in vivo

1 M35 2

M34 M25

3

PCI-45227 M37

in vitro in vivo

 

AUC 10% 10%

M21 M23 M25 M34 PCI-45227 M37 M23 8

AUC 10% 8
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in vivo

 

 

2.6.4.9.4  
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% 2.7.2.2.1.1 (1) 0.77%

 

 

2.6.4.9.5  

In vitro  

CYP

2.7.2.2.1.4 (1)

CYP3A4 CYP3A5

CYP3A4

 

CYP3A4/5 CYP2B6 10 mol/L

CYP1A2 mRNA PCI-

45227 M37 CYP1A2 10 mol/L CYP2B6

CYP3A4 mRNA
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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  

 

 

2.6.4.10  
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2.6.5 
    

1

2.6.5  

2.6.5.1  
 Test Article: Ibrutinib 

 
Type of Study 

 
Test System 

 
Route 

GLP 
Compliance 

 
Testing Facility 

 
Study No. 

 
Location in CTD 

Absorption       

Cell monolayer permeability – P-gp transporter 
substrate and inhibition analysis 

Caco-2 and MDCK 
cells 

In vitro N , UK -151-MDCK-X-TI 4.2.2.2.1 

Transepithelial transport of [14C]-ibrutinib Caco-2 cells In vitro N Janssen, Belgium -181-V-X-TS 
(FK10429) 

4.2.2.2.2 

Cell monolayer permeability – P-gp substrate analysis 
with PCI-45227 (M37)a 

Caco-2 and MDCK 
cells 

In vitro N , UK -017-V-X-ADMET 4.2.2.2.3 

Pharmacokinetics, single dose Mouse (F) PO N Pharmacyclics, US -139-M-PO-PKI 4.2.2.2.4 

Pharmacokinetics, single dose Mouse (F) IV, IP, SC N Pharmacyclics, US -090-M-IV/IP/SC-PKI 4.2.2.2.5 

Pharmacokinetics, single dosec Mouse (M) PO N , US -065-M-PO-EFI 4.2.1.2.7 

Pharmacokinetics and oral bioavailability, single dose Rat (M) PO, IV N Pharmacyclics, US -093-R-PO/IV-PKI 4.2.2.2.6 

Pharmacokinetics and oral bioavailability, single dose Rat (F) PO, IV N Pharmacyclics, US -011-R-PO/IV-PKI 4.2.2.2.7 

Pharmacokinetics in fed vs. fasted state, single dose Rat (M) PO N Pharmacyclics, US -148-R-PO-PKI 4.2.2.2.8 

Pharmacokinetics, single dose  Rat (M) IV, IP, SC N Pharmacyclics, US -082-R-IV/IP/SC-PKI 4.2.2.2.9 

Pharmacokinetics of PCI-45227 (M37)a, single dose Rat (M) IV N Pharmacyclics, US -032-R-IV-PKI 4.2.2.2.10 

Pharmacokinetics and oral bioavailability in fed vs. 
fasted state, single dose 

Dog (M, F) PO, IV N , 
US 

-020-D-PO/IV-PK 4.2.2.2.11 

Pharmacokinetics and oral bioavailability, single dose Dog (M) PO 
(suspension, capsule)

N Pharmacyclics, US -019-D-PO-PKE 4.2.2.2.12 

(Continued) 

 



 

 

 
 

2.6.5 
    

2

2.6.5.1  
 Test Article: Ibrutinib 

 
Type of Study 

 
Test System 

 
Route 

GLP 
Compliance 

 
Testing Facility 

 
Study No. 

 
Location in CTD 

Toxicokinetics, 2 weeks repeat dose Rat (M, F) PO N Pharmacyclics, US -146-R-PO-TXI 4.2.3.2.1 

Toxicokinetics,  4 weeks repeat dose Rat (M, F) PO Y , 
US 

-017-R-PO-TX 4.2.3.2.3 

Toxicokinetics, 13 weeks repeat dose Rat (M,  F) PO Y , 
US 

-068-R-PO-TX 4.2.3.2.4 

Toxicokinetics, 28 and 33 day immunotoxicology  Rat (F) PO Y , 
Canada 

-017-R-PO-IMTX 
(TOX10535) 

4.2.3.7.2.1 

Toxicokinetics, embryo/fetal development dose 
range-finding 

Rat (pregnant F) PO N , 
US 

-063-R-PO-TTE 4.2.3.5.2.1 

Toxicokinetics, embryo/fetal development Rat (pregnant F) PO Y , 
US 

-132-R-PO-TT 4.2.3.5.2.2 

Toxicokinetics, embryo/fetal development dose 
range-finding 

Rabbit (pregnant F) PO N , 
US 

-064-B-PO-TTE 4.2.3.5.2.3 

Toxicokinetics, 2 weeks repeat dose Dog (M, F) SDE:  PO, SC 
RD:  PO 

Y ,  
US 

-015-D-SC/PO-TXE 4.2.3.2.6 

Toxicokinetics, 4 weeks repeat dose Dog (M, F) PO Y , 
US 

-018-D-PO-TX 4.2.3.2.8 

Toxicokinetics, 13 weeks repeat dose Dog  (M, F) PO Y , 
US 

-069-D-PO-TX 4.2.3.2.9 

Distribution       

Tissue and blood distribution, metabolism and 
excretion 

Rat (M) PO, IV Y , US -039-R-PO-ADME 4.2.2.3.1 

Tissue distribution (whole body autoradiography) Rat (M) PO N , 
UK 

-134-R-PO-WBA 
(FK10245) 

4.2.2.3.2 

(Continued) 
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2.6.5.1  
 Test Article: Ibrutinib 

 
Type of Study 

 
Test System 

 
Route 

GLP 
Compliance 

 
Testing Facility 

 
Study No. 

 
Location in CTD 

Stability Rat, dog, human 
plasma 

In vitro N , UK -019-V-X-SB 4.2.2.3.3 

Stability Human plasma In vitro N , UK -028-Hu-X-SB 4.2.2.3.4 

Plasma protein binding Mouse, rat, dog 
plasma 

In vitro N , UK -032-V-X-PB 4.2.2.3.5 

Plasma protein binding Human plasma In vitro N , UK -088-Hu-X-PB 4.2.2.3.6 

Blood distribution and plasma protein binding  Mouse, Rat, dog, 
human plasma 

In vitro N Janssen, Belgium -083-Hu-X-PB 
(FK10375) 

4.2.2.3.7 

Plasma protein binding  Human plasma In vitro N Janssen, Belgium -079-Hu-PO-PB 
(FK10373) 

5.3.2.1.1 

Plasma protein binding Human plasma In vitro N Janssen, Belgium -190-Hu-PO-PB 
(FK10430) 

5.3.2.1.2 

Plasma protein binding, subjects with varying degrees 
of hepatic impairment 

Human plasma In vitro  N Janssen, Belgium -105-Hu-X-PB 
(FK10372) 

5.3.2.1.3 

Plasma protein binding of PCI-45227(M37)a Human plasma In vitro N , UK -044-Hu-X-PB 4.2.2.3.8 

Plasma protein binding of M23, M25, M34 and PCI-
45227 (M37)a 

Mouse, rat, dog, 
human plasma 

In vitro N Janssen, Belgium -184-V-X-PB 
(FK10606) 

4.2.2.3.9 

Blood distribution, covalent binding, metabolism and 
excretion 

Rat (M, F) PO N Janssen, Belgium -022-R-PO-AME 
(FK10242) 

4.2.2.4.8 

Blood distribution, covalent binding, metabolism and 
excretion 

Dog (M) PO N Janssen, Belgium -189-D-PO-AME 
(FK10389) 

4.2.2.4.11 

Total radioactivity levels and metabolite 
identification from human mass balance study 
CLL1004 

Human PO N Janssen, Belgium -188-Hu-PO-MT 
(FK10267) 

4.2.2.4.12 

(Continued) 
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2.6.5.1  
 Test Article: Ibrutinib 

 
Type of Study 

 
Test System 

 
Route 

GLP 
Compliance 

 
Testing Facility 

 
Study No. 

 
Location in CTD 

Covalent binding Human albumin, 
plasma, and liver 

S9 

In vitro N Pharmacyclics, US -095-Hu-X-PB 4.2.2.3.10 

Covalent binding and metabolism Human 
recombinant CYP 

and liver 
microsomes 

In vitro N Pharmacyclics, US -153-Hu-X-MTI 4.2.2.3.11 

Covalent binding Human 
recombinant 
CYP3A4 and 

CYP2D6, liver S9, 
liver microsomes;

Rat: liver 
microsomes and

hemoglobin 

In vitro N Pharmacyclics, US -157-Hu-X-MTI 4.2.2.3.12 

Covalent binding  Human 
recombinant  
CYP 2E1;  

Rat, human 
hemoglobin 

In vitro N Pharmacyclics, US -085-Hu-X-MTI 4.2.2.3.13 

Covalent binding  Rat, human plasma In vitro N Pharmacyclics, US -090-Hu-X-MTI 4.2.2.3.14 

Covalent binding  Rat kidney S9; 
Human CYP2D6-
containing liver 

microsomes 

In vitro N Pharmacyclics, US -093-Hu-X-MTI 4.2.2.3.15 

Covalent binding  Human albumin, 
plasma, human and 
rat hemoglobin, and 

purified BTK 

In vitro N Pharmacyclics, US -087-V-X-PA 4.2.2.3.16 

(Continued) 
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2.6.5.1  
 Test Article: Ibrutinib 

 
Type of Study 

 
Test System 

 
Route 

GLP 
Compliance 

 
Testing Facility 

 
Study No. 

 
Location in CTD 

Covalent binding Rat and human 
liver S9 proteins

In vitro N Pharmacyclics, US -059-V-X-PA 4.2.2.3.17 

Covalent binding and metabolic turnover Rat and human 
liver microsomes

In vitro N Pharmacyclics, US -086-V-X-PA 4.2.2.3.18 

Metabolism       

Stability Rat, dog,  monkey, 
human liver 
microsomes 

In vitro N , UK -123-V-X-MT 4.2.2.4.1 

Covalent binding and metabolism Human 
recombinant CYP 

and liver 
microsomes 

In vitro N Pharmacyclics, US -153-Hu-X-MTI 4.2.2.3.11 

In vitro metabolism Various species In vitro N Janssen, Belgium -080-V-X-MT 
(FK10269) 

4.2.2.4.2 

In vitro metabolism of [D5]-ibrutinib Rat and human 
hepatocytes 

In vitro N Janssen, Belgium -105-V-X-MT 
(FK10351) 

4.2.2.4.3 

CYP identification Human 
recombinant CYPs

In vitro N , UK -013-Hu-X-MT 4.2.2.4.4 

Microsomal metabolic stability in the presence of 
CYP specific inhibitors 

Human liver 
microsomes 

In vitro N , UK -014-Hu-X-MT 4.2.2.4.5 

Inhibition of metabolism by fluoxetine, norfluoxetine 
and fluvoxamine; Relative contribution of CYP3A5 
to ibrutinib metabolism  

Human liver 
microsomes 

In vitro N Janssen, Belgium -168-Hu-X-CYP 
(FK10615) 

4.2.2.4.6 

(Continued) 
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2.6.5.1  
 Test Article: Ibrutinib 

 
Type of Study 

 
Test System 

 
Route 

GLP 
Compliance 

 
Testing Facility 

 
Study No. 

 
Location in CTD 

CYP enzyme kinetics Human 
recombinant 
supersomes 
expressing 

CYP2D6 and 
CYP3A4/5 

In vitro N Pharmacyclics, US -041-Hu-X-MTI 4.2.2.4.7 

CYP inhibition Human liver 
microsomes 

In vitro N , US -029-Hu-X-CYP 4.2.2.4.15 

CYP inhibition by M23 Human liver 
microsomes 

In vitro N Janssen, US -026-Hu-X-CYP 
(FK10650) 

4.2.2.4.16 

CYP inhibition by M25 Human liver 
microsomes 

In vitro N Janssen, US -161-Hu-X-CYP 
(FK10597) 

4.2.2.4.17 

CYP inhibition by M34 Human liver 
microsomes 

In vitro N Janssen, US -162-Hu-X-CYP 
(FK10598) 

4.2.2.4.18 

CYP inhibition by PCI-45227 (M37)a Human liver 
microsomes 

In vitro N , US -016-Hu-X-CYP 4.2.2.4.19 

CYP induction Human hepatocytes In vitro N , US -075-Hu-X-INDC 4.2.2.4.14 

Tissue and blood distribution, metabolism and 
excretion 

Rat (M) PO, IV Y , US -039-R-PO-ADME 4.2.2.3.1 

Blood distribution, covalent binding, metabolism and 
excretion 

Rat (M, F) PO N Janssen, Belgium -022-R-PO-AME 
(FK10242) 

4.2.2.4.8 

Metabolism and biliary excretion Rat (M) PO N Janssen, Belgium -081-R-PO-EXC 
(FK10301) 

4.2.2.4.9 

Pharmacokinetics and metabolism of [D5]-ibrutinib Rat (M) IV N Janssen, Belgium -158-R-IV-PK 
(FK10394) 

4.2.2.4.10 

(Continued) 
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2.6.5.1  
 Test Article: Ibrutinib 

 
Type of Study 

 
Test System 

 
Route 

GLP 
Compliance 

 
Testing Facility 

 
Study No. 

 
Location in CTD 

Blood distribution, covalent binding, metabolism and 
excretion 

Dog (M) PO N Janssen, Belgium -189-D-PO-AME 
(FK10389) 

4.2.2.4.11 

Total radioactivity levels and metabolite 
identification from human mass balance study 
CLL1004 

Human PO N Janssen, Belgium -188-Hu-PO-MT 
(FK10267) 

4.2.2.4.12 

Identification and estimation of the abundance of the 
metabolites in human plasma after single and multiple 
oral administration (Clinical trial PCI-32765CLL1002 
and PCYC-1111-CA) 

Human PO N Janssen, Belgium -129-Hu-PO-MT 
(FK10347) 

4.2.2.4.13 

Assessment S-enantiomer exposure Rat, dog, human 
plasma 

PO N Janssen, Belgium -159-V-PO-MT 
(FK10390) 

4.2.2.4.20 

Excretion       

Tissue and blood distribution, metabolism and 
excretion 

Rat (M) PO, IV Y , US -039-R-PO-ADME 4.2.2.3.1 

Blood distribution, covalent binding, metabolism and 
excretion 

Rat (M, F) PO N Janssen, Belgium -022-R-PO-AME 
(FK10242) 

4.2.2.4.8 

Blood distribution, covalent binding, metabolism and 
excretion 

Dog (M) PO N Janssen, Belgium -189-D-PO-AME 
(FK10389) 

4.2.2.4.11 

Total radioactivity levels and metabolite 
identification from human mass balance study 
CLL1004 

Human PO N Janssen, Belgium -188-Hu-PO-MT 
(FK10267) 

4.2.2.4.12 

Metabolism and biliary excretion Rat (M) PO N Janssen, Belgium -081-R-PO-EXC 
(FK10301) 

4.2.2.4.9 

Pharmacokinetic Drug Interactions       
Protein interaction with warfarin Human plasma In vitro N Janssen, Belgium -144-Hu-X-PKX 

(FK10377) 
4.2.2.6.1 

      (Continued) 
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2.6.5.1  
 Test Article: Ibrutinib 

 
Type of Study 

 
Test System 

 
Route 

GLP 
Compliance 

 
Testing Facility 

 
Study No. 

 
Location in CTD 

Transport of ibrutinib and PCI-45227 (M37)a HEK293 (OATP) 
cell lines 

In vitro N Janssen, Belgium -103-V-X-TS 
(FK10340) 

4.2.2.6.2 

P-gp/MDR1: 
Substrate and inhibition potential of M23 

LLC-PK1 cells In vitro N Janssen, Belgium -191-V-X-TS 
(FK10643) 

4.2.2.6.3 

P-gp/MDR1: 
Substrate and inhibition potential of M25 

LLC-PK1 cells In vitro N Janssen, Belgium -157-V-X-TS 
(FK10576) 

4.2.2.6.4 

P-gp/MDR1: 
Substrate and inhibition potential of M34 

LLC-PK1 cells In vitro N Janssen, Belgium -158-V-X-TS 
(FK10577) 

4.2.2.6.5 

OATP1B1 – OATP1B3: 
Inhibition potential of ibrutinib and major metabolites

HEK293 cells In vitro N Janssen, Belgium -028-V-X-TS 
(FK10654) 

4.2.2.6.6 

OAT1 – OCT2: 
Inhibition potential of ibrutinib and major metabolites

CHO cells In vitro N Janssen, Belgium -025-V-X-TS 
(FK10656) 

4.2.2.6.7 

OAT3: 
Inhibition potential of ibrutinib and major metabolites 

MDCK II cells In vitro N Janssen, Belgium -027-V-X-TS 
(FK10655) 

4.2.2.6.8 

P-gp IC50 analysis in the presence of loperamide MDCK cells In vitro N , UK -005-MDCK-X-TI 4.2.2.6.9 

BCRP: 
Inhibition potential of ibrutinib and major metabolites

Inside-out vesicles In vitro N Janssen, Belgium -180-V-X-TS 
(FK10657) 

4.2.2.6.10 

Other       
Purification and analysis of [14C]-ibrutinibb NA NA Y Janssen, Belgium -191-Z-Z-PK-OTH

(FK10287) 
4.2.2.7.1 

Preparation of dosing formulations of [14C]-ibrutinibb NA NA Y Janssen, Belgium -192-Z-Z-PK-OTH
(FK10274) 

4.2.2.7.2 

a PCI-45227 is the dihydrodiol metabolite of ibrutinib (M37). 
b No tabulation. 
c Study was conducted in a male DBA/1OlaHsd mouse established type II collagen arthritis model. 
 
BCRP = breast cancer resistance protein; CHO = Chinese Hamster Ovary; CYP = cytochrome P450; F = female; GLP = Good Laboratory Practice; HEK = human embryonic kidney; IC50 = half-
maximal inhibitory concentration; IV = intravenous; IP = intraperitoneal; M = male; MDCK = Madin-Darby canine kidney; OAT = organic anion transporter; OATP = organic anion transporting 
polypeptide; OCT = organic cation transporter; P-gp = P-glycoprotein; PO = oral; RD = repeat dose; S9 = post-mitochondrial fraction of tissue homogenate; SC = subcutaneous; SDE = single-dose 
escalation 



 

 

 
 

2.6.5 
    

9

2.6.5.2  

 Test Article: Ibrutinib 
Information concerning these studies can be found in Mod 2.6.4.2. 
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2.6.5.3 A In vitro  
 Test Article: Ibrutinib 

Type of Study: Permeability of ibrutinib in Caco-2 and MDR1-MDCK cell lines Study No.: -151-MDCK-X-TI Location in CTD: 4.2.2.2.1 
Method: 
Caco-2 and MDR1-MDCK cells were used to investigate the bidirectional permeability of ibrutinib in the absence and presence of the P-gp inhibitors verapamil and cyclosporine A. Ibrutinib was 
evaluated as a P-gp inhibitor in MDR1-MDCK cells using loperamide as the P-gp substrate. Cells were incubated with test compounds (2 hours for Caco-2 cells, 1 hour for MDR1-MDCK cells) 
and transport was measured in basolateral to apical and apical to basolateral directions. The amount of compound permeated into receiver compartments was measured by LC-MS/MS. 
Tabulated Results  
 Caco-2 Cells 
  Ibrutinib (10 M) Atenolol (10 M) Propranolol (10 M) Talinolol (10 M) 
 Verapamil ( M) A B B A A B B A A B B A A B B A 
Papp (x 10-6 cm.s-1)a 0 57.9 7.55 0.370 0.771 50.1 24.0 0.315 25.8 
 100 46.1 4.33 0.916 0.481 50.3 27.5 1.94 3.18 
          
Efflux Ratio (B A/A B) 0 0.13 2.08 0.479 81.9 
 100 0.094 0.525 0.547 1.64 
 MDR1-MDCK Cells 
  Ibrutinib (10 M) Prazosin (10 M) Propranolol (10 M) 
 Cyclosporine A ( M) A B B A A B B A A B B A 
Papp (x 10-6 cm.s-1)a 0 54.1 29.4 4.01 64.4 56.8 33.5 
 10 65.4 22.4 35.8 9.42 54.4 35.8 
        
Efflux Ratio (B A/A B) 0 0.542 16.1 0.590 
 10 0.342 0.263 0.658 
     
P-gp Substrate:  Loperamide (5 M) 
P-gp Inhibitor: None Ibrutinib (50 M) Cyclosporine A (10 M) Ketoconazole (50 M) 
 A B B A A B B A A B B A A B B A 
Papp (x 10-6 cm.s-1)a 3.54 81.7 24.3 9.98 28.1 9.03 35.7 24.1 
Efflux Ratio (B A/A B) 23.1 0.411 0.321 0.675 
Additional Information: The % recovery of ibrutinib in the A-B direction in the presence and absence of verapamil was 21.4 and 25% respectively. This may indicate a possible binding, 
solubility or metabolism issue with compound. 

a N = 2 
A B = apical to basolateral; B A = basolateral to apical; LC-MS/MS = liquid chromatography-tandem mass spectrometry; Papp = apparent permeability; P-gp = P-glycoprotein 

(Continued) 
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2.6.5.3 A In vitro  
 Test Article: Ibrutinib 

Type of Study: Transepithelial transport of [14C]-ibrutinib in Caco-2 cell lines Study No.: -181-V-X-TS (FK10429) Location in CTD: 4.2.2.2.2 
Method:  
The transport of [14C]-ibrutinib at 10 μM was measured across Caco-2 cells for an incubation period of 15, 60 and 120 min. The 60 min Papp data are reported in this table (transport was linear up 
to 60 min and saturation of transport of [14C]-ibrutinib was observed after 120 min). Metabolic profiling of the medium in the donor and acceptor compartment, 120 min after spiking of the 
compound, in the presence and absence of ketoconazole (CYP3A4 inhibitor) and 10% fetal calf serum (FCS) was performed. Atenolol and levocabastine were included as reference substances for 
low and high absorption, respectively.  
Tabulated Results  
 Caco-2 Cells (60 min) 
 FCS (10%) [14C]-Ibrutinib (10 M) [14C]-Ibrutinib (10 M) + 

Ketoconazole (1 M) 
[3H]-Atenolol (20 M) [3H]-Levocabastine (20 M) 

  A B B A A B B A A B B A A B B A 
Papp (x 10-6 cm.s-1)a - 37.18±5.76 11.87±0.80 33.80±4.49 10.75±2.64 0.34±0.08 0.46±0.06 11.97±2.38 19.56±1.06 
 + 36.03±12.66 12.83±2.07 34.12±11.84 13.57±6.27 0.29±0 0.48±0.13 22.16±2.54 11.58±4.84 
          
Efflux Ratio (B A/A B) - 0.32 0.32 1.35 1.63 
 + 0.36 0.40 1.66 0.52 
  
 Caco-2 Cells (60 min) – with correction for metabolism of ibrutinib 
 FCS (10%) [14C]-Ibrutinib (10 M)    
  A B B A       
Papp (x 10-6 cm.s-1)a - 32.63±5.06 11.87±0.80a       
 + 30.68±10.78 12.83±2.07a       
          
Efflux Ratio (B A/A B) - 0.37    
 + 0.41    
Additional Information: 
The effect of ketoconazole on the overall metabolism of ibrutinib in Caco-2 cells was limited. The addition of FCS slowed down the metabolism. 

Mean±standard deviation, N=3 
a Papp B A is not corrected for metabolism 
A B = apical to basolateral; B A = basolateral to apical; FCS = fetal calf serum; Papp = apparent permeability 

(Continued) 
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2.6.5.3 A In vitro  
 Test Article: PCI-45227 (M37) 

Type of Study: Permeability of PCI-45227 (M37, ibrutinib dihydrodiol metabolite) in Caco-2 and 
MDR1-MDCK cell lines 

Study No.: -017-V-X-ADMET Location in CTD: 4.2.2.2.3 

Method: 
Caco-2 and MDR1-MDCK cells were used to investigate the bidirectional permeability of PCI-45227 (M37) in the absence and presence of the P-gp inhibitor cyclosporine A. PCI-45227 (M37) 
was evaluated as a P-gp inhibitor in MDR1-MDCK cells using loperamide as the P-gp substrate. Cells were incubated with test compounds (2 hours for Caco-2 cells, 1 hour for MDR1-MDCK 
cells) and transport was measured in basolateral to apical and apical to basolateral directions. The amount of compound permeated into receiver compartments was measured by LC-MS/MS. 
Tabulated Results  
 Caco-2 Cells 
 PCI-45227 (M37) (10 M) Atenolol (10 M) Propranolol (10 M) Talinolol (10 M) 
 A B B A A B B A A B B A A B B A 
Papp (x 10-6 cm.s-1)a 18.2 36.6 0.220 0.403 53.7 26.7 0.497 15.6 
         
Efflux Ratio (B A/A B) 2.01 1.83 0.497 31.4 
 MDR1-MDCK Cells 
  PCI-45227 (M37) (10 M) Prazosin (10 M) Propranolol (10 M) 
 Cyclosporine A ( M) A B B A A B B A A B B A 
Papp (x 10-6 cm.s-1)a 0 1.04 55.6 5.69 65.6 68.8 28.6 
 10 27.6 24.4 30.8 14.5 55.3 28.9 
        
Efflux Ratio (B A/A B) 0 53.3 11.5 0.416 
 10 0.883 0.471 0.523 
     
P-gp Substrate:  Loperamide (5 M) 
P-gp Inhibitor: None PCI-45227 (M37) (50 M) Cyclosporine A (10 M) Ketoconazole (50 M) 
 A B B A A B B A A B B A A B B A 
Papp (x 10-6 cm.s-1)a 0.831 66.4 1.01 52.3 6.83 15.2 11.1 20.7 
Efflux Ratio (B A/A B) 79.9 52.0 2.22 1.86 
a N = 2 
A B = apical to basolateral; B A = basolateral to apical; LC-MS/MS = liquid chromatography-tandem mass spectrometry; P-gp = P-glycoprotein 
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2.6.5.3 B  
 Test Article: Ibrutinib 

Location in CTD 4.2.2.2.4 4.2.2.2.5 4.2.1.2.7 
Study No. -139-M-PO-PKI -090-M-IV/IP/SC-PKI -065-M-PO-EFI 
Species Mouse (CD1) Mouse (CD1) Mouse (DBA/1OlaHsd) 
Feeding Condition Ad libitum Ad libitum Ad libitum 
Vehicle/Formulation 0.331, 1.42 mg/mL ibrutinib  

1% MC, 0.4% Cremophor  EL, suspension 
6 mg/mL ibrutinib 

20% HP- -CD solution 
MC 1%/Cremophor EL 0.4%/water 

98.6% 
Route Oral gavage IV IP SC Oral gavage 
Gender (M/F)/Number of 
Animals 

F:3 F:2 M: 3 

Dose (mg/kg) 3.31a 14.2a 30 12.5 
Sample Plasma Plasma Plasma 
Analyte Ibrutinib Ibrutinib Ibrutinib 
Assay LC-MS/MS LC-MS/MS LC-MS/MS 
Pharmacokinetic Parameters    
 Cmax (ng/mL) 44.5 474 16000 4680 2540 280 
 Tmax (h) 0.083 0.333 - 0.0833 0.333 0.083 
 AUC0-  (ng•h/mL) 41.5 573 4810 3020 4470 360 
 t1/2 (h) 1.71 3.10 : 0.206 

: 0.710 
0.792 4.37  

 Clearance (L/h/kg)   6.24    
 Vss (L/kg)   1.92    
 Bioavailability (%) 7.8b 25.2b  62.8 93.1 18.0b 
Pharmacokinetic Parameters: estimated from mean plasma concentration 
a Dose administered based on analysis of ibrutinib in the dosing solution; nominal doses were 3.13 and 12.5 mg/kg 
b Calculated using the parameters for IV administration reported in study -090-M-IV/IP/SC-PKI. 
 
HP- -CD = hydroxypropyl- -cyclodextrin; F = female; IP = intraperitoneal; IV = intravenous; LC-MS/MS = liquid chromatography-tandem mass spectrometry; M = male; MC = methylcellulose; 
SC = subcutaneous 
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2.6.5.3 C  
 Test Article: Ibrutinib 

Location in CTD 4.2.2.2.6
Study No. -093-R-PO/IV-PKI 
Species Rat 
Feeding Condition Fasted Fasted 
Vehicle/Formulation 2 mg/mL ibrutinib 

20% HP- -CD 
solution 

10 mg/mL ibrutinib 
0.1% SLS, 1% MC, 0.4% CrEL,  

suspension 
Route IV Oral gavage 
Gender (M/F)/Number of Animals M:3 M:3 
Dose (mg/kg) 4 10 30 
Sample Plasma Plasma Plasma Plasma Plasma 
Analyte Ibrutinib Ibrutinib PCI-45227 

(M37) 
Ibrutinib PCI-45227 

(M37) 
Ibrutinib Ibrutinib 

Assay LC-MS/MS LC-MS/MS LC-MS/MS LC-MS/MS LC-MS/MS 
Pharmacokinetic Parameters Jugular Vein Portal Vein Jugular Vein Portal Vein Jugular Vein 
 Cmax (ng/mL) 3280±160 2100±1430 274±188 489±462 261±197 2010±710 429±258 
 Tmax (h) 0.083 0.333±0.000 0.333±0.000 0.333 ±0.000 0.555±0.385 0.247±0.144 0.333±0.000 
 AUC0-  (ng•h/mL) 1390±210 2560±1190 729±473 795±568 834±636 3580±890 1190±690 
 t1/2 (h) [%AUC] : 0.231±0.031 [95.3]

: 8.56±6.90 [4.7] 
7.50±8.15 1.33±0.20 4.65±2.57 1.30±0.16 2.03±0.96 1.53±0.34 

 Clearance (L/h/kg) 2.92±0.47 - - - - - - 
 Vss (L/kg) 2.68±2.56 - - - - - - 
 Absorption (%) - 73.4 - - - 34.2 - 
 Bioavailability (%) - - - 22.8 - - 11.4 
Pharmacokinetic Parameters: mean±standard deviation  
- = not calculated; CrEL = Cremophor EL; HP- -CD = hydroxypropyl- -cyclodextrin; IV = intravenous; LC-MS/MS = liquid chromatography-tandem mass spectrometry; M = male; MC = 
methylcellulose; SLS = sodium lauryl sulfate 

(Continued) 

 



 

 

 
 

2.6.5 
    

15

2.6.5.3 C  
 Test Article: Ibrutinib 

Location in CTD 4.2.2.2.7
Study No. -011-R-PO/IV-PKI 
Species Rat 
Feeding Condition Fasted Fasted Not fasted 
Vehicle/Formulation 2 mg/mL ibrutinib 

20% HP- -CD  
solution 

10 mg/mL ibrutinib 
0.1% SLS, 1% MC, 0.4% CrEL, suspension 

Route IV Oral gavage 
Gender (M/F)/Number of Animals F:3 F:3 
Dose (mg/kg) 4 10 30 
Sample Plasma Plasma Plasma Plasma Plasma 
Analyte Ibrutinib Ibrutinib Ibrutinib Ibrutinib Ibrutinib 
Assay LC-MS/MS LC-MS/MS LC-MS/MS LC-MS/MS LC-MS/MS 
Pharmacokinetic Parameters Jugular Vein Portal Vein Jugular Vein Portal Vein Jugular Vein 
 Cmax (ng/mL) 3030±250 1660±1000 363±90 6390a 1020±450b 
 Tmax (h) 0.083±0.000 0.083±0.000 0.389±0.529 0.083a 1.0±0.0b 
 AUC0-  (ng•h/mL) 1920±530 2040±800 808±221 7170a 3330±1060b 
 t1/2 (h) [%AUC] : 0.437±0.12 [99] 

: 11.2±5.4 [1] 
3.04±0.76 1.20±0.15 1.02a 0.98±0.22b 

 Clearance (L/h/kg) 2.44±0.807 - - - - 
 Vss (L/kg) 1.89±0.17 - - - - 
 Absorption (%) - 45.3 - 53.1 - 
 Bioavailability (%) - - 18.0 - 24.7b 
Pharmacokinetic Parameters: mean±standard deviation, mean or individual value 
a Cmax and Tmax determined from 2 rats, all other PK parameters estimated from 1 rat. 
b Cmax and Tmax determined from 4 rats, all other PK parameters estimated from 3 rats. 
 
- = not calculated; CrEL = Cremophor EL; HP- -CD = hydroxypropyl- -cyclodextrin; F = female; IV = intravenous;  
LC-MS/MS = liquid chromatography-tandem mass spectrometry; M = male; MC = methylcellulose; SLS = sodium lauryl sulfate 

(Continued) 
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2.6.5.3 C  
 Test Article: Ibrutinib 

Location in CTD 4.2.2.2.8 4.2.2.2.9
Study No. -148-R-PO-PKI -082-R-IV/IP/SC-PKI 
Species Rat Rat 
Feeding Condition Ad libitum Fasted Ad libitum 
Vehicle/Formulation 20 mg/mL ibrutinib 

0.1% SLS, 1% MC, 0.4% CrEL, suspension 
3 mg/mL ibrutinib 

20% HP- -CD solution 
Route Oral gavage IV IP SC 
Gender (M/F)/Number of Animals M:4 M:3 
Dose (mg/kg) 100 30 
Sample Plasma Plasma 
Analyte Ibrutinib Ibrutinib 
Assay LC-MS/MS LC-MS/MS 
Pharmacokinetic Parameters   
 Cmax (ng/mL) 672±147 601±417 64500±30400 3050 1930±120 
 Tmax (h) 1.5±1.0 2.5±1.0 - 1.0±0.0 1.0±0.0 
 AUC0-  (ng•h/mL) 5570±910 3870±2600 13700±2200 6480b 12500±400 
 t1/2 (h) [%AUC] 2.85±0.63 3.08±0.82 : 0.041±0.0136 [20]

: 0.513±0.060 [75] 
: 4.51±1.81 [5] 

2.41b 1.90±0.21 

 Clearance (L/h/kg)   2.23±0.39   
 Vss (L/kg)   1.98±0.22   
 Absorption (%)      
 Bioavailability (%) 12.2a 8.5a - 47.3b 91.4 
Pharmacokinetic Parameters: mean±standard deviation or mean  
a Calculated using the parameters for IV administration reported in study -082-R-IV/IP/SC-PKI 
b n=2 
 
- = not calculated; CrEL = Cremophor EL; IP = intraperitoneal; HP- -CD = hydroxypropyl- -cyclodextrin; IV = intravenous;  
LC-MS/MS = liquid chromatography-tandem mass spectrometry; M = male; MC = methylcellulose; SC = subcutaneous; SLS = sodium lauryl sulfate 

(Continued) 
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2.6.5.3 C  
 Test Article: Ibrutinib/PCI-45227 (M37) 

Location in CTD 4.2.2.2.10
Study No. -032-R-IV-PKI 
Species Rat 
Feeding Condition Ad libitum Ad libitum 
Vehicle/Formulation 2 mg/mL ibrutinib 

20% HP- -CD solution 
2 mg/mL PCI-45227 (M37) 

20% HP- -CD solution 
Route IV IV 
Gender (M/F)/Number of Animals M:4 M:4 
Dose (mg/kg) 4 4 
Sample Plasma Plasma 
Analyte Ibrutinib PCI-45227 (M37) PCI-45227 (M37) 
Assay LC-MS/MS LC-MS/MS LC-MS/MS 
Pharmacokinetic Parameters    
 Cmax (ng/mL) 3920±586 a 89.6±18.0 4540±931 a 
 Tmax (h) 0.083±0.00 a 0.500±0.00 0.083±0.00 a 
 AUC0-  (ng•h/mL) 2150±329 180±10.2 4060±846 
 t1/2 (h) 16.6±3.89 1.32±0.175 4.89±3.02 
 Clearance (L/h/kg) 1.90±0.288  1.02±0.243 
 Volume of Distribution (L/kg)    
  Vz 44.4±7.14  7.07±4.08 
  Vss 1.50±0.216  1.49±0.639 
 Metabolite/Parent Ratio (%)b    
  AUC  7.95±1.51  
  Cmax  2.11±0.181  
 Metabolite Formed (%)c  4.43±0.250  
Pharmacokinetic Parameters: mean±standard deviation  
a Maximum plasma concentration (Cmax) and time to Cmax (Tmax) for ibrutinib and PCI-45227 (M37) dosed IV were noted as the first measurable concentration observed. 
b Metabolite/ parent ratio (%; AUC) = (AUC0- ,PCI-45227/ MWPCI-45227) / (AUC0- , ibrutinib / MWibrutinib) x 100;  
  Metabolite/ parent ratio (%; Cmax) = (Cmax,PCI-45227/MWPCI-45227) / (Cmax,ibrutinib /MWibrutinib) x 100 
c Metabolite formed (%) = AUC0- ,PCI-45227(formed following IV Ibrutinib) / AUC0- ,PCI-45227(following IV PCI-45227) x 100 
 
HP- -CD = hydroxypropyl- -cyclodextrin; IV = intravenous; LC-MS/MS = liquid chromatography-tandem mass spectrometry; M = male 
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2.6.5.3 D  
 Test Article: Ibrutinib 

Location in CTD 4.2.2.2.11
Study No. -020-D-PO/IV-PK 
Species Dog 
Feeding Condition Fasted overnight Fasted overnight Fed 30 minutes before dosing Fed 30 minutes before dosing 
Vehicle/Formulation 10, 50 mg per capsule 10, 50 mg per capsule 10, 50 mg per capsule 10, 50 mg per capsule 
Route Oral Oral Oral Oral 
Gender (M/F)/Number of Animals M:4 F:4 M:4 F:4 
Dose (mg/kg)a 10 10 10 10 
Sample Plasma Plasma Plasma Plasma Plasma Plasma Plasma Plasma 
Analyteb Ibrutinib PCI-45227 

(M37) 
Ibrutinib PCI-45227 

(M37) 
Ibrutinib PCI-45227 

(M37) 
Ibrutinib PCI-45227 

(M37) 
Assay LC-MS/MS LC-MS/MS LC-MS/MS LC-MS/MS LC-MS/MS LC-MS/MS LC-MS/MS LC-MS/MS 
Pharmacokinetic Parameters    
         
 Cmax (ng/mL) 137±144 55±48 126±55 70±20 248±380 57±75 55±52 44±39 
 Tmax (h) 1.25±0.50 1.25±0.50 1.00±0.0 1.00±0.0 1.63±0.75 1.75±0.50 1.13±0.63 1.13±0.63 
 AUC0-  (ng•h/mL) 363±310 215±223 427±111 351±140 721±1117 257±358 156±87 159±136 
 t1/2 (h) 6.38 ±4.13 2.44±0.93 4.35±0.48 3.84±0.90 3.63±1.76 2.05±0.50 3.27±3.21 2.08±1.04 
 Bioavailability (%)c 6.9±6.2 - 10.5±3.7 - 14.4±22.8 - 3.8±2.3 - 
Pharmacokinetic Parameters: mean±standard deviation  
a The animals were administered a combination of 10 and 50 mg capsules to achieve a dose level of approximately 10 mg/kg. 
b PCI-45227 is the dihydrodiol metabolite of ibrutinib (M37) 
c Ibrutinib was also administered IV in these studies and the associated parameters were used to calculate bioavailability 
 
- = not calculated; F = female; LC-MS/MS = liquid chromatography-tandem mass spectrometry; M = male 

(Continued) 
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2.6.5.3 D  
 Test Article: Ibrutinib 

Location in CTD 4.2.2.2.11
Study No. -020-D-PO/IV-PK 
Species Dog 
Feeding Condition Fasted 
Vehicle/Formulation 8 mg/mL ibrutinib 

20% HP- -CD solution 
Route IV 
Gender (M/F)/Number of Animals M:4 F:4 
Dose (mg/kg) 4 4 
Sample Plasma Plasma Plasma Plasma 
Analyte Ibrutinib PCI-45227 (M37) Ibrutinib PCI-45227 (M37) 
Assay LC-MS/MS LC-MS/MS LC-MS/MS LC-MS/MS 
Pharmacokinetic Parameters   
 Cmax (ng/mL) 1220±140 21±2 1120±400 56±2 
 Tmax (h) - 0.75±0.29 - 0.50±0.0 
 AUC0-  (ng•h/mL) 2120±330 83±32 1690±330 182±12 
 t1/2  (h) [%AUC] 1.16±0.12 [96]  terminal t1/2:1.64±0.21 1.04±0.21 [91] terminal t1/2:1.99±0.87  t1/2  (h) [%AUC] 15.3±6.1 [4] 14.7±9.2 [9] 
 Clearance (L/h/kg) 1.92±0.26 - 2.43±0.48 - 
 Vss (L/kg) 4.53±0.52 - 5.76±2.21 - 
Pharmacokinetic Parameters: mean±standard deviation  
- = not calculated; F = female; HP- -CD = hydroxypropyl- -cyclodextrin; IV = intravenous; LC-MS/MS = liquid chromatography-tandem mass spectrometry; M = male 

(Continued) 
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2.6.5.3 D  
 Test Article: Ibrutinib 

Location in CTD 4.2.2.2.12
Study No. -019-D-PO-PKE 
Species Dog 
Feeding Condition Fasted overnight 
Vehicle/Formulationa Capsule (A) Capsule (B) Suspension Capsule (D) Capsule (E) Capsule (F) Capsule (G) Capsule (H) 
Route Oral Oral Oral Oral Oral Oral Oral Oral 
Gender (M/F)/Number of Animals M:4 M:4 M:4 M:4 M:4 M:4 M:4 M:4 
Dose (mg/kg)b 10 10 10 10 10 10 10 10 
Day of Dosingc 1, 3 22, 24 36, 38 64, 66 
Sample Plasma Plasma Plasma Plasma Plasma Plasma Plasma Plasma 
Analyte Ibrutinib Ibrutinib Ibrutinib Ibrutinib Ibrutinib Ibrutinib Ibrutinib Ibrutinib 
Assay LC-MS/MS LC-MS/MS LC-MS/MS LC-MS/MS LC-MS/MS LC-MS/MS LC-MS/MS LC-MS/MS 
Pharmacokinetic Parameters         
 Cmax (ng/mL) 56.0±45 94.0±87 114d 130±132 58.0±82 93.0±116 165±135 129±98 
 Tmax (h) 1.13±0.63 1.88±1.55 0.50d 1.38±0.75 1.63±0.75 1.75±0.50 1.38±0.75 1.75±0.50 
 AUC0-  (ng•h/mL) 175±77 289±229 399d 296±190 207±228 305±310 523±355 357±190 
Additional Information: Drug substance: micronized ibrutinib in capsules B through H, and in the suspension; non-micronized ibrutinib in capsule A 
Excipients: Capsules A, B, E, F contained microcrystalline cellulose, croscarmellose sodium, sodium lauryl sulfate, magnesium stearate (additionally, Gelucire  44/14 in capsule E; vitE TPGS in 
capsule F); Capsule D contained Gelucire  44/14; Capsule G contained microcrystalline cellulose, croscarmellose sodium, sodium lauryl sulfate; Capsule H contained citric acid monohydrate, 
croscarmellose sodium, and sodium lauryl sulfate. The suspension contained methylcellulose, Cremophor EL, sodium lauryl sulfate, and water 
Pharmacokinetic Parameters: mean±standard deviation or mean
a Formulation compositions are described under Additional Information 
b Nominal dose based on a 10 kg dog 
c Each formulation was administered to 2 dogs on the first day listed; two days later, 2 dogs received the formulation opposite from the first day. 
d n=2 
 
- = not calculated; LC-MS/MS = liquid chromatography-tandem mass spectrometry; M = male; VitE-TPGS = vitamin E-D- -tocopheryl polyethylene glycol succinate 

(Continued) 
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2.6.5.3 D  
 Test Article: Ibrutinib 

Location in CTD 4.2.3.2.6
Study No. -015-D-SC/PO-TXE 
Species Dog 
Feeding Condition Fasted overnight 
Vehicle/Formulationa 10 mg/mL A 15 mg/mL A 50 mg/mL B 100 mg/mL C 100 mg/mL B 
Route Oral Oral Oral Oral Oral Oral Oral Oral Oral Oral 
Gender (M/F)/Number of Animals M:1 F:1 M:1 F:1 M:1 F:1 M:1 F:1 M:1 F:1 
Dose (mg/kg) 11 11 100 100 100 100 200 200 200 200 
Day of Dosing 0 30 30 37 37 
Sample Plasma Plasma Plasma Plasma Plasma Plasma Plasma Plasma Plasma Plasma 
Analyte Ibrutinib Ibrutinib Ibrutinib Ibrutinib Ibrutinib Ibrutinib Ibrutinib Ibrutinib Ibrutinib Ibrutinib 
Assay LC-MS/MS LC-MS/MS LC-MS/MS LC-MS/MS LC-MS/MS LC-MS/MS LC-MS/MS LC-MS/MS LC-MS/MS LC-MS/MS 
Pharmacokinetic Parameters           
 Cmax (ng/mL) 577 352 7620 8290 788 1100 81.7 160 834 880 
 Tmax (h) 1 1 1 1 2 1 1 2 4 1 
 AUC0-  (ng•h/mL) 864 797 27400 40700 3630 5050 664 670 5620 2810 
 t1/2 (h) 2.82 2.87 2.36 2.60 2.47 1.58 3.02 2.63 2.32 1.73 
Additional Information: Formulation A: aqueous vehicle containing 20% hydroxypropyl- -cyclodextrin; Formulation B: aqueous vehicle containing 0.1% sodium lauryl sulfate, 1% 
methylcellulose and 0.4% Cremophor  EL; Formulation C: aqueous vehicle containing 1% methylcellulose and 0.4% Cremophor  EL. 
Pharmacokinetic Parameters: individual value 
a Formulation compositions are described under Additional Information 
 
F = female; LC-MS/MS = liquid chromatography-tandem mass spectrometry; M = male 
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2.6.5.4 A  
 Test Article: Ibrutinib 

Location in CTD 4.2.3.2.1 
Study Type / Study No. 2-Week Toxicity /  -146-R-PO-TXI  
Species Rat, Sprague-Dawley 
Feeding Condition Ad libitum 
Vehicle/Formulation 1% MC, 0.4% Cremophor  EL, 0.1% sodium lauryl sulfate 
Route Oral gavage 
Sample  plasma 
Analyte Ibrutinib
Assay LC-MS/MS 
Gender (M/F)/Number of Animals/Timepoint M:1 F:1 M:1 F:1 
Dose (mg/kg) 10 10 200 200 
Duration of Dosing (days) 14 14 14 14 
Pharmacokinetic Parameters     
 Cmax (ng/mL) 82 266 990 7450 
 Cmax/dose (mg/mL) 8.2 26.6 5.0 37.3 
 Tmax (h) 1 1 1 1 
 AUC0-24h (ng•h/mL) 165 534 9900 44800 
 AUC0-24h /dose (mg•h/mL) 16.5 53.4 49.5 224 
Additional Information     
2/sex/group 
Pharmacokinetic Parameters: mean 
AUC = area under the plasma concentration-time curve; Cmax = maximum plasma concentration; F = female; LC-MS/MS = liquid chromatography with tandem mass spectrometry; 
M = male; Tmax = time to maximum concentration 

(Continued) 
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2.6.5.4 A  
Test Article: Ibrutinib 

Location in CTD 4.2.3.2.3 
Study Type / Study No. 4-Week Toxicity / -017-R-PO-TX  
Species Rat, Sprague-Dawley 
Feeding Condition Ad libitum 
Vehicle/Formulation 0.5% methylcellulose, 0.4% Cremophor  EL, 0.1% sodium lauryl sulfate 
Route Oral gavage 
Sample  Plasma 
Analyte Ibrutinib 
Assay LC-MS/MS 
Gender (M/F)/Number of Animals/timepoint M:3 F:3 M:3 F:3 M:3 F:3 M:3 F:3 M:3 F:3 M:3 F:3 
Dose (mg/kg) 2.5 2.5 40 40 300 150 2.5 2.5 40 40 300 150 
Duration of Dosing  (days) 1 1 1 1 1 1 26 26 26 26 26 26 
Pharmacokinetic Parameters             
 Cmax (ng/mL) 40 60 370 1100 1280 2940 50 70 650 1700 2000 3130 
 Cmax/dose (mg/mL) 20 20 10 30 4 20 20 30 20 40 10 20 
 Tmax (h) 1 1 1 1 4 2 1 1 2 1 2 1 
 AUC (ng•h/mL) a 90 160 1010 3330 11100 14800 140 180 2800 4000 24000 19000 
 AUC/dose (mg•h/mL) b 32 60 25 82 34 99 56 72 70 100 80 127 
 t1/2 (h) 1.4 1.6 1.2 1.2 6.0 2.5 4.0 4.1 2.0 1.9 4.0 8.6 
Additional Information      
First day of dosing was designated study Day 0. Duration of dosing – 1 day for study Day 0 and 26 days for study Day 25. 
a  AUCinf on Day 0 and AUC0-24 on Day 25. 
b Dose-normalized AUClast 
Pharmacokinetic Parameters: estimated from mean plasma concentration 
AUC = area under the plasma concentration-time curve; Cmax = maximum plasma concentration; F = female; LC-MS/MS = liquid chromatography with tandem mass spectrometry;  
M = male; t1/2 = half-life; Tmax = time to maximum concentration 

(Continued) 
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2.6.5.4 A  
Test Article: Ibrutinib 

Location in CTD 4.2.3.2.4 
Study Type / Study No. 13-Week Toxicity / -068-R-PO-TX
Species Rat, Sprague-Dawley 
Feeding Condition Ad libitum 
Vehicle/Formulation 0.5% methylcellulose, 0.1% sodium lauryl sulfate 
Route Oral gavage 
Sample plasma 
Analyte Ibrutinib 
Assay LC-MS/MS 
Gender (M/F)/Number of Animals/timepoint M:3 F:3 M:3 F:3 M:3 F:3 M:3 F:3 M:3 F:3 M:3 F:3 
Dose (mg/kg) 30 30 100 100 300 300 30 30 100 100 300 175a 

Duration of Dosing (days) 1 1 1 1 1 1 79 79 79 79 79 79 
Pharmacokinetic Parameters             
 Cmax (ng/mL) 546 1557 627 3050 989 5263 618 1413 666 1923 1847 3970 
 Cmax/dose (mg/mL) 18.2 51.9 6.27 30.5 3.30 17.5 20.6 47.1 6.66 19.2 6.16 22.7 
 Tmax (h) 0.5 1.0 2.0 1.0 4.0 2.0 0.5 0.5 1.0 1.0 1.0 8.0 
 AUC (ng•h/mL) b 1458 4565 3660 14652 10249 43331 2480 19712 5506 20661 21732 51549 
 AUC/dose (mg•h/mL) c 48.4 147 34.1 146 34.0 144 82.7 657 55.1 207 72.4 295 
 t1/2 (h) 0.93 1.6 2.0 2.9 3.1 2.7 3.0 NR 4.6 2.1 2.8 NC 
Additional Information      
10/sex/group 
First day of dosing was designated study Day 0. Duration of dosing – 1 day for study Day 0 and 79 days for study Day 78. 
Pharmacokinetic Parameters: estimated from mean plasma concentration 
a In females, the dose was lowered from 300 to 175 mg/kg/day from Day 8 onwards. 
b  AUCinf on Day 0 and AUC0-24 on Day 78. 
c Dose-normalized AUClast 
 
AUC = area under the plasma concentration-time curve; Cmax = maximum plasma concentration; F = female; LC-MS/MS = liquid chromatography with tandem mass spectrometry;  
M = male; NC = not calculated; NR = not reportable; t1/2 = half-life;  Tmax = time to maximum concentration 

(Continued) 
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2.6.5.4 A  
Test Article: Ibrutinib 

Location in CTD 4.2.3.2.4 
Study Type / Study No. 13-Week Toxicity / -068-R-PO-TX  (Continued)
Species Rat, Sprague-Dawley 
Feeding Condition Ad libitum 
Vehicle/Formulation 0.5% methylcellulose, 0.1% sodium lauryl sulfate 
Route Oral gavage 
Sample plasma 
Analyte PCI-45227 (M37)
Assay LC-MS/MS 
Gender (M/F)/Number of Animals/timepoint M:3 F:3 M:3 F:3 M:3 F:3 M:3 F:3 M:3 F:3 M:3 F:3 
Dose (mg/kg) 30 30 100 100 300 300 30 30 100 100 300 175a 

Duration of Dosing (days) 1 1 1 1 1 1 79 79 79 79 79 79 
Pharmacokinetic Parameters             
 Cmax (ng/mL) 499 1006 435 640 1280 1503 283 744 405 736 1322 956 
 Cmax/dose (mg/mL) 16.6 33.5 4.35 6.40 4.27 5.01 9.43 24.8 4.05 7.36 4.41 5.46 
 Tmax (h) 1.0 1.0 2.0 2.0 4.0 4.0 2.0 24 2.0 1.0 8.0 1.0 
 AUC (ng•h/mL) b 1939 4394 2175 4430 12558 13061 1536 12758 3698 6872 17547 13055 
 AUC/dose (mg•h/mL) c 64.4 146 20.1 44.0 41.5 41.9 51.2 425 37.0 68.7 58.5 74.6 
 t1/2 (h) 3.0 3.0 2.0 3.3 3.3 4.8 3.5 NC 4.0 3.6 NC 4.3 
Additional Information      
10/sex/group 
First day of dosing was designated study Day 0. Duration of dosing – 1 day for study Day 0 and 79 days for study Day 78. 
Pharmacokinetic Parameters: estimated from mean plasma concentration 
a In females, the dose was lowered from 300 to 175 mg/kg/day from Day 8 onwards. 
b  AUCinf on Day 0 and AUC0-24 on Day 78. 
c Dose-normalized AUClast 
 
AUC = area under the plasma concentration-time curve; Cmax = maximum plasma concentration; F = female; LC-MS/MS = liquid chromatography with tandem mass spectrometry;  
M = male; NC = not calculated; NR = not reportable;  t1/2 = half-life;  Tmax = time to maximum concentration 
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2.6.5.4 A  
Test Article: Ibrutinib 

Location in CTD 4.2.3.7.2.1 
Study Type / Study No. 28 and 33 Day Immunotoxicology Study/ -017-R-PO-IMTX (TOX10535)
Species Rat, Sprague-Dawley 
Feeding Condition Ad libitum 
Vehicle/Formulation 0.5% methylcellulose, 0.1% sodium lauryl sulfate 
Route Oral gavage 
Sample plasma 
Analyte Ibrutinib PCI-45227 (M37)
Assay LC-MS/MS LC-MS/MS 
Gender (M/F)/Number of Animals/timepoint F:3 F:3 F:3 F:3 F:3 F:3 
Dose (mg/kg) 10 30 100 10 30 100
Duration of Dosing (days) 33 33 33 33 33 33
Pharmacokinetic Parameters       
 Cmax (ng/mL) 908 2473 2673 365 1203 1433 
 Tmax (h) 0.5 1 2 0.5 1 2 
 AUC0-24h  (ng•h/mL) 995 4984 13765 1027 4368 10162 
Pharmacokinetic Parameters: estimated from mean plasma concentration 
AUC = area under the plasma concentration-time curve; Cmax = maximum plasma concentration; F = female; LC-MS/MS = liquid chromatography with tandem mass spectrometry;  
Tmax = time to maximum concentration 
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2.6.5.4 B  
 Test Article: Ibrutinib 

Location in CTD 4.2.3.2.6 
Study Type / Study No. 2-Week Tolerability / -015-D-SC/PO-TXE 
Species Dog, Beagle 
Feeding Condition Fasted 
Vehicle/Formulation 28% hydroxypropyl- -cyclodextrin 
Route Oral gavage 
Sample plasma 
Analyte Ibrutinib
Assay LC-MS/MS 
Gender (M/F)/Number of Animals/timepoint M:2 F:2 
Dose (mg/kg) 100/60a 100/60a 
Duration of Dosing   (days) 14 14 
Pharmacokinetic Parameters  
 Cmax (ng/mL) 4020 4230 
 Tmax (h) 1.5 2.0 
 AUC0-24h (ng•h/mL) 17200 19400 
 t1/2 (h) 2.13 2.28 
Additional Information   
2/sex 
PCI-48303, the glutathione metabolite of ibrutinib, was quantified in plasma samples from 2 dogs. The metabolite AUC was less than 5% of the parent. 
Pharmacokinetic Parameters: mean  
a Dose lowered from 100 to 60 mg/kg/day due to several clinical signs of toxicity (hypoactivity, reduced food consumption) after 8 days of dosing at 100 mg/kg/day. 
 
AUC = area under the plasma concentration-time curve; Cmax = maximum plasma concentration; F = female; LC-MS/MS = liquid chromatography with tandem mass spectrometry;  
M = male; t1/2 = half-life;  Tmax = time to maximum concentration 

(Continued) 
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2.6.5.4 B  
Test Article: Ibrutinib 

Location in CTD 4.2.3.2.8 
Study Type / Study No. 4-Week Toxicity / -018-D-PO-TX 
Species Dog, Beagle 
Feeding Condition Feed removed 1 hour before dosing 
Vehicle/Formulation 0.5% methylcellulose, 0.4% Cremophor  EL, 0.1% sodium lauryl sulfate 
Route Oral gavage 
Sample plasma 
Analyte Ibrutinib 
Assay LC-MS/MS 
Gender (M/F)/Number of Animals/timepoint M:3 F:3 M:3 F:3 M:5 F:5 M:3 F:3 M:3 F:3 M:5 F:5 
Dose (mg/kg) 1.5 1.5 24 24 150 150 1.5 1.5 24 24 150 150 
Duration of Dosing  (days) 1 1 1 1 1 1 25 25 25 25 25 25 
Pharmacokinetic Parameters             
 Cmax (ng/mL) 3.5±0.19 5.6±0.78 949±500 856±543 745±706 1710±1010 10±2.2 12±1.4 682±527 911±710 1480±1710 2180±1610 
 Cmax/dose (mg/mL) 2.3±0.13 3.7±0.52 39.6±20.8 35.7±22.6 5.0±4.7 11.4±6.74 6.7±1.5 7.7±0.96 28.4±22.0 38.0±29.6 9.9±11.0 14.6±10.7 
 Tmax (h) 1.0±0.0 1.0±0.0 1.0±0.0 1.0±0.0 1.2±0.45 1.6±0.55 1.0±0.0 1.0±0.0 1.0±0.0 1.3±0.58 10±8.2 3.4±2.8 

 AUC (ng•h/mL) a 5.6±0.4 9.9±0.77 1780±810 1990±1220 2060±1830 4800±2500 18.5±5.0 21.4±1.46 1540±860 1850±960 14100 
±17500

15200 
±11400 

 AUC/dose (mg•h/mL) b 3.5±0.27 6.4±0.57 74.3±34.0 83.0±50.9 13.5±12.4 31.5±16.4 11.6±3.30 14.2±1.10 64.0±35.8 77.2±39.8 93.9±117 101±76.1 
 t1/2 (h) 0.82±0.022 1.1±0.30 3.1±1.1 2.4±0.35 4.2±2.8 4.0±2.1 1.0±0.27 2.7±1.5 2.5±0.52 2.5±0.55 2.3 2.4±0.39 
Additional Information      
3/sex at 1.5 and 24 mg/kg, and 5/sex at 150 mg/kg. 
First day of dosing was designated study Day 0. Duration of dosing – 1 day for study Day 0 and 25 days for study Day 24. 
Pharmacokinetic Parameters: mean±standard deviation or individual value
a AUCinf on Day 0 and AUC0-24 on Day 24. 
b Dose-normalized AUClast 
 
AUC = area under the plasma concentration-time curve; Cmax = maximum plasma concentration; F = female; LC-MS/MS = liquid chromatography with tandem mass spectrometry;  
M = male; t1/2 = half-life; Tmax = time to maximum concentration 

(Continued) 
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2.6.5.4 B  
Test Article: Ibrutinib 

Location in CTD 4.2.3.2.9 
Study Type / Study No. 13-Week Toxicity / -069-D-PO-TX 
Species Dog, Beagle 
Feeding Condition Feed removed 1 hour before dosing 
Vehicle/Formulation 0.5% methylcellulose, 0.1% sodium lauryl sulfate 
Route Oral gavage 
Sample plasma 
Analyte Ibrutinib 
Assay LC-MS/MS 
Gender (M/F)/Number of Animals M:3 F:3 M:6 F:6 M:6 F:6 M:3 F:3 M:5 F:6 M:4 F:5 M:3 F:3 M:5 F:6 M:5 F:6 
Dose (mg/kg) 30 30 80 80 220 220 30 30 80 80 220 220 30 30 60a 60a 120a 120a 

Duration of Dosing (days) 1 1 1 1 1 1 38 38 38 38 38 38 79 79 79 79 79 79 
Pharmacokinetic Parameters                   
 Cmax (ng/mL) 147 

±135 
136 

±67.3
617 

±689
536 

±626
536 

±250
438 

±142
87.2

±26.7
271 

±167
245 

±67.9 
1189
±624

2144
±2404

998 
±523

151 
±135

451 
±404

1115
±935

842 
±885

1859
±2176

1044 
±718 

 Cmax/dose (mg/mL) 4.91 
±4.49 

4.53
±2.24

7.71
±8.62

6.70
±7.82

2.44
±1.14

1.99
±0.644

2.91
±0.89

9.04
±5.55

3.06 
±0.849 

14.9
±7.79

9.75
±10.9

4.54
±2.38

5.02
±4.52

15.0
±13.5

18.6
±15.6

14.0
±14.8

15.5
±18.1

8.70 
±5.99 

 Tmax (h) 1.0 
±0.0 

1.0 
±0.0

1.7 
±1.2

1.3 
±0.61

1.3 
±0.52

1.1 
±0.49

0.8 
±0.29

3.2 
±4.2

1.0 
±0.0 

1.3 
±0.61

4.0 
±2.8

2.8 
±3.0

1.0 
±0.0

2.0 
±0.0

2.6 
±3.1

1.2 
±0.68

2.8 
±3.0

2.4 
±2.8 

 AUClast (ng•h/mL) 263 
±244 

261 
±173

1585
±1519

2111
±2496

1295
±478

917 
±182

310 
±290

524 
±272

1056 
±668 

5797
±4706

17647
±20921

5036
±4567

377 
±335

1682
±1786

3415
±3251

2212
±1915

12195
±15165 

6621 
±7810 

 AUC/dose (mg•h/mL) b 8.76 
±8.15 

8.69
±5.76

19.8
±19.0

26.4
±31.2

5.89
±2.16

4.17
±0.829

10.3
±9.69

17.5
±9.06

13.2 
±8.33 

72.5
±59.0

80.2
±95.2

22.9
±20.8

12.6
±11.2

56.1
±59.6

56.9
±54.2

36.9
±31.9

102 
±126

55.2 
±65.2 

 t1/2 (h) NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC 
Additional Information      
First day of dosing was designated as study Day 0. Duration of dosing – 1 day for study Day 0, 38 days for study Day 37, and 79 days for study Day 78. 
The inter-animal and/or intra-animal variability in plasma concentrations regardless of dose level, gender, or evaluation day made it impractical to calculate or report half-lives or  
AUC(0- ) for any group. 
Pharmacokinetic Parameters: mean±standard deviation
a Due to poor clinical condition of one or several dogs, doses were lowered from 80 to 60 mg/kg/day and from 220 to 120 mg/kg/day on Day 42. At the high dose (220/120 mg/kg), dosing 

holidays occurred for 1 M from Days 32-43, 1 F from Days 35-41, and 1 M from Days 54-58. 
b Dose-normalized AUClast 
 
AUC = area under the plasma concentration-time curve; Cmax = maximum plasma concentration; F = female; LC-MS/MS = liquid chromatography with tandem mass spectrometry;  
M = male; NC = not calculated; t1/2 = half-life; Tmax = time to maximum concentration 
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2.6.5.4 B  
Test Article: Ibrutinib 

Location in CTD 4.2.3.2.9 
Study Type / Study No. 13-Week Toxicity / -069-D-PO-TX (Continued) 
Species Dog, Beagle 
Feeding Condition Feed removed 1 hour before dosing 
Vehicle/Formulation 0.5% methylcellulose, 0.1% sodium lauryl sulfate 
Route Oral gavage 
Sample plasma 
Analyte PCI-45227 (M37)
Assay LC-MS/MS 
Gender (M/F)/Number of Animals M:3 F:3 M:6 F:6 M:6 F:6 M:3 F:3 M:5 F:6 M:4 F:5 M:3 F:3 M:5 F:6 M:5 F:6 
Dose (mg/kg) 30 30 80 80 220 220 30 30 80 80 220 220 30 30 60a 60a 120a 120a 

Duration of Dosing (days) 1 1 1 1 1 1 38 38 38 38 38 38 79 79 79 79 79 79 
Pharmacokinetic Parameters                   
 Cmax (ng/mL) 74.7 

±42.9 
70.6

±19.5
165 

±83.2
200 

±242
167 

±56.5
140 

±22.2
51.3

±2.93
92.6

±47.3
112 

±46.3 
374 

±219
409 

±279
253 

±206
33.7

±20.8
67.9

±54.5
122 

±107
102 

±85.2
164 

±168
127 

±89.2 
 Cmax/dose (mg/mL) 2.49 

±1.43 
2.35

±0.651
2.06

±1.04
2.50

±3.03
0.760

±0.257
0.636

±0.101
1.71

±0.098
3.09

±1.58
1.39 

±0.58 
4.68

±2.74
1.86

±1.27
1.15

±0.936
1.12

±0.692
2.26

±1.82
2.03

±1.79
1.70

±1.42
1.37

±1.40
1.05 

±0.743 
 Tmax (h) 1.3 

±0.58 
1.0 

±0.0
2.0 

±1.1
2.7 

±2.7
1.8 

±0.41
1.2 

±0.41
8.7 
±13 

3.7 
±3.8

1.3 
±0.67 

1.7 
±1.2

3.5 
±3.0

3.6 
±2.6

1.3 
±0.58

2.7 
±1.2

3.4 
±2.8

1.5 
±0.55

3.8 
±2.7

3.5 
±2.5 

 AUClast (ng•h/mL) 224 
±124 

221 
±127

1116
±1098

1298
±1522

781 
±445

474 
±94.6

290 
±227

294 
±172

757 
±616 

3119
±2428

4545
±4360

1855
±1630

122 
±86.6

347 
±316

768 
±950

351 
±226

1488
±2151

1131 
±992 

 AUC/dose (mg•h/mL) b 7.47 
±4.12 

7.37
±4.23

14.0
±13.7

16.2
±19.0

3.55
±2.02

2.16
±0.430

9.66
±7.57

9.80
±5.75

9.46 
±7.70 

39.0
±30.4

20.7
±19.8

8.43
±7.42

4.08
±2.88

11.6
±10.5

12.8
±15.8

5.86
±3.77

12.4
±17.9

9.43 
±8.26 

 t1/2 (h) NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC 
Additional Information      
First day of dosing was designated as study Day 0. Duration of dosing – 1 day for study Day 0, 38 days for study Day 37, and 79 days for study Day 78. 
The inter-animal and/or intra-animal variability in plasma concentrations regardless of dose level, gender, or evaluation day made it impractical to calculate or report half-lives or AUC(0- ) for any 
group. 
Pharmacokinetic Parameters: mean±standard deviation
a Doses were lowered from 80 to 60 mg/kg/day and from 220 to 120 mg/kg/day on Day 42 due to poor clinical condition of one or several dogs. At the high dose (220/120 mg/kg), dosing holidays 

occurred for 1 M from Days 32-43, 1 F from Days 35-41, and 1 M from Days 54-58. 
b Dose-normalized AUClast 
 
AUC = area under the plasma concentration-time curve; Cmax = maximum plasma concentration; F = female; M = male;  
LC-MS/MS = liquid chromatography with tandem mass spectrometry; NC = not calculated; t1/2 = half-life;  Tmax = time to maximum concentration 
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2.6.5.5 A  
 Test Article: Ibrutinib 

Location in CTD 4.2.2.3.1 
Study No. -039-R-PO-ADME
Species (Strain) Rat (Long Evans, pigmented) 
Gender (M/F)/Number of Animals M:1 per time point 
Feeding Condition Fasted 
Vehicle/Formulation 0.1% Sodium lauryl sulfate, 1% methylcellulose and 0.4% Cremophor EL in water 
Route Oral gavage 
Dose (mg/kg) 10 mg/kg (single administration) 

[111 μCi/kg, as PCI-31523, the racemate = radiolabeled ibrutinib (R-) and PCI-32769 (S-)] 
Radionuclide 14C 
Specific Activity 118.048 μCi/mg 
Method: Whole-body autoradiography
 Concentration ( g eq./g) 
Sampling Time (h): 1 4 24 72 168 504 
Tissues/Organs       
 Plasma 1.11 0.580 0.263 0.095 0.017 BLQ 
 Whole Blood 0.660 0.430 0.316 0.185 0.158 0.099 
 Esophagus 6.97 7.71 0.193 ND ND ND 
 Renal medulla 2.23 0.852 0.258 0.193 0.160 0.144 
 Liver 7.63 3.75 1.38 0.700 0.200 BLQ 
 Stomach 1.65 0.359 0.145 0.107 ND ND 
 Renal cortex 1.86 0.643 0.285 0.208 0.113 BLQ 
 Kidney 2.01 0.700 0.273 0.196 0.132 0.117 
 Small Intestine 29.5 9.05 0.405 ND ND ND 
Additional information:   
Multiple tissues were collected. Only those with the highest initial levels of radioactivity or the greatest retention of radioactivity are summarized in this table. 
M = male; ND = not detectable, BLQ = below the limit of quantification (<0.085 g eq./g of tissue) 
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2.6.5.5 B  
 Test Article: Ibrutinib 

Location in CTD 4.2.2.3.2
Study No. -134-R-PO-WBA (FK10245)
Species (Strain): Rat (Lister Hooded, pigmented)
Gender (M/F)/Number of Animals: M:1 per time point
Feeding Condition: Ad libitum
Vehicle/Formulation: 10% aqueous hydroxypropyl- -cyclodextrin 
Route: Oral gavage
Dose (mg/kg): 10 mg/kg (single administration) 

[~4.4 MBq/kg, pure enantiomer] 
Radionuclide: 14C
Specific Activity: 2.24 GBq/mmol
Method: Whole-body autoradiography

(Radioluminography on tissue samples; liquid scintillation counting for plasma) 
 Tissue Concentration (Total Radioactivity, μg eq./g) Tissue to Plasma Concentration Ratio
 1 h 4 h 24 h 72 h 168 h 336 h 1 h 4 h 24 h 72 h 168 h 336 h 
Tissue/Organ    

Blood (cardiac) 1.21 0.465 0.128 0.108 0.064 BLQ 0.86 0.69 0.91 1.1 4.6 BLQ 
Plasma 1.40 0.677 0.140 0.096 0.014 BLQ  

Non Pigmented Tissues    
Aorta wall 0.786 0.508 0.086 BLQ BLQ BLQ 0.56 0.75 0.61 BLQ BLQ BLQ 
Adrenal gland 2.89 0.500 0.087 0.051 0.040 BLQ 2.1 0.74 0.62 0.53 2.9 BLQ 
Bone marrow 0.619 0.203 0.080 0.040 BLQ BLQ 0.44 0.30 0.57 0.42 BLQ BLQ 
Bone surface 0.237 0.216 0.073 BLQ BLQ BLQ 0.17 0.32 0.52 BLQ BLQ BLQ 
Brain 0.098 0.041 0.036 0.034 BLQ BLQ 0.07 0.06 0.26 0.35 BLQ BLQ 
Epididymis 0.365 0.223 0.063 BLQ BLQ BLQ 0.26 0.33 0.45 BLQ BLQ BLQ 
Esophagus wall 2.00 0.666 NS 0.100 BLQ BLQ 1.4 0.98 NS 1.0 BLQ BLQ 
Fat (abdominal) 0.498 0.171 0.039 0.041 BLQ BLQ 0.36 0.25 0.28 0.43 BLQ BLQ 
Fat (brown) 0.915 0.249 0.079 0.058 BLQ BLQ 0.65 0.37 0.56 0.60 BLQ BLQ 
Harderian gland 0.756 0.215 0.081 0.068 BLQ BLQ 0.54 0.32 0.58 0.71 BLQ BLQ 

(Continued) 
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2.6.5.5 B  
 Test Article: Ibrutinib 

Location in CTD 4.2.2.3.2
Study No. -134-R-PO-WBA (FK10245)
 Tissue Concentration (Total Radioactivity, μg eq./g) Tissue to Plasma Concentration Ratio
 1 h 4 h 24 h 72 h 168 h 336 h 1 h 4 h 24 h 72 h 168 h 336 h 
Tissue/Organ    
Non Pigmented Tissues (cont’d)        

Kidney cortex 2.65 1.01 0.183 0.17 0.086 0.054 1.9 1.5 1.3 1.8 6.1 NC 
Kidney medulla (outer) 2.53 1.17 0.257 0.159 0.085 0.045 1.8 1.7 1.8 1.7 6.1 NC 
Kidney medulla (inner) 1.37 0.544 0.170 0.121 0.054 0.057 0.98 0.80 1.2 1.3 3.9 NC 
Lacrimal gland (exorbital) 0.873 0.307 0.069 0.066 BLQ BLQ 0.62 0.45 0.49 0.69 BLQ BLQ 
Lacrimal gland (intraorbital) 0.687 0.292 0.064 0.059 BLQ BLQ 0.49 0.43 0.46 0.61 BLQ BLQ 
Lymph node (mandibular) 0.940 0.290 0.078 0.057 BLQ BLQ 0.67 0.43 0.56 0.59 BLQ BLQ 
Lymph node (mesenteric) 0.717 0.442 0.045 0.048 BLQ BLQ 0.51 0.65 0.32 0.50 BLQ BLQ 
Lymphatic tissue 0.842 0.240 0.066 BLQ BLQ BLQ 0.60 0.35 0.47 BLQ BLQ BLQ 
Large intestine wall 0.567 0.501 0.336 0.162 0.044 BLQ 0.41 0.74 2.4 1.7 3.1 BLQ 
Liver 5.76 2.51 0.756 0.265 0.100 0.046 4.1 3.7 5.4 2.8 7.1 NC 
Lung 1.18 0.369 0.091 0.089 0.050 BLQ 0.84 0.55 0.65 0.93 3.6 BLQ 
Mammary tissue 0.381 0.099 0.039 BLQ BLQ BLQ 0.27 0.15 0.28 BLQ BLQ BLQ 
Muscle (skeletal) 0.345 0.107 0.052 0.048 BLQ BLQ 0.25 0.16 0.37 0.50 BLQ BLQ 
Myocardium 1.10 0.297 0.096 0.067 0.041 BLQ 0.79 0.44 0.69 0.70 2.9 BLQ 
Pancreas 0.874 0.289 0.070 0.078 0.034 BLQ 0.62 0.43 0.50 0.81 2.4 BLQ 
Pineal gland 0.752 0.330 0.043 0.036 NS BLQ 0.54 0.49 0.31 0.38 NS BLQ 
Pituitary gland 0.749 0.210 0.041 BLQ BLQ BLQ 0.54 0.31 0.29 BLQ BLQ BLQ 
Preputial gland 1.11 0.511 0.106 0.054 BLQ BLQ 0.79 0.75 0.76 0.56 BLQ BLQ 
Prostate gland 0.578 0.414 0.049 0.045 BLQ BLQ 0.41 0.61 0.35 0.47 BLQ BLQ 
Rectal wall NS 0.308 0.072 NS BLQ BLQ NS 0.45 0.51 NS BLQ BLQ 
Salivary gland 0.829 0.186 0.072 0.067 BLQ BLQ 0.59 0.27 0.51 0.70 BLQ BLQ 
Seminal vesicles 0.100 0.226 0.038 0.034 BLQ BLQ 0.07 0.33 0.27 0.35 BLQ BLQ 

(Continued) 
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2.6.5.5 B  
 Test Article: Ibrutinib 

Location in CTD 4.2.2.3.2
Study No. -134-R-PO-WBA (FK10245)
 Tissue Concentration (Total Radioactivity, μg eq./g) Tissue to Plasma Concentration Ratio
 1 h 4 h 24 h 72 h 168 h 336 h 1 h 4 h 24 h 72 h 168 h 336 h 
Tissue/Organ    
Non Pigmented Tissues (cont’d)        

Skin (white) 0.462 0.152 0.033 0.038 0.036 BLQ 0.33 0.22 0.24 0.40 2.6 BLQ 
Small intestine wall 45.1 6.47 1.15 0.268 0.043 BLQ 32 9.6 8.2 2.8 3.1 BLQ 
Spleen 0.884 0.330 0.100 0.093 0.051 BLQ 0.63 0.49 0.71 0.97 3.6 BLQ 
Spinal cord 0.092 0.056 0.044 BLQ BLQ BLQ 0.07 0.08 0.31 BLQ BLQ BLQ 
Stomach wall 1.63 0.823 0.107 0.073 0.042 BLQ 1.2 1.2 0.76 0.76 3.0 BLQ 
Testicle 0.216 0.130 0.050 0.042 BLQ BLQ 0.15 0.19 0.36 0.44 BLQ BLQ 
Thymus 0.485 0.124 0.040 0.037 BLQ BLQ 0.35 0.18 0.29 0.39 BLQ BLQ 
Thyroid 1.22 0.261 0.139 0.069 BLQ BLQ 0.87 0.39 0.99 0.72 BLQ BLQ 
Urinary bladder wall 5.22 16.4 0.246 0.158 BLQ BLQ 3.7 24 1.8 1.6 BLQ BLQ 
Vena cava wall 1.24 0.307 0.060 BLQ BLQ BLQ 0.89 0.45 0.43 BLQ BLQ BLQ 

Pigmented Tissues             
Brain meninges 0.257 0.130 0.080 BLQ BLQ BLQ 0.18 0.19 0.57 BLQ BLQ BLQ 
Eyeball 0.134 0.074 0.053 0.035 BLQ BLQ 0.10 0.11 0.38 0.36 BLQ BLQ 
Eye (uveal tract) 0.562 0.375 0.103 0.047 BLQ BLQ 0.40 0.55 0.74 0.49 BLQ BLQ 
Skin (pigmented) 0.635 0.306 0.082 0.089 0.068 0.074 0.45 0.45 0.59 0.93 4.9 NC 

Additional information:   
Cmax values at 1 h for listed tissues except seminal vesicles and urinary bladder wall (Cmax at 4 h). 
BLQ = tissue radioactivity concentration below the limit of quantification (<0.033 g eq./g for radioluminography, <0.008 g eq./g for liquid scintillation counting used for plasma only); 
M = male; NC = not calculable; NS = not sectioned 

 



 

 

 
 

2.6.5 
    

35

2.6.5.6 A  
 Test Article: Ibrutinib/PCI-45227 (M37) 

Study System:  In vitro 
Test System: Test article (ibrutinib or PCI-45227 (M37)) was added to plasma of various species and incubated in equilibrium dialysis cells for 2 h at 37 C. 
Method of Analysis: Liquid chromatography-tandem mass spectrometry 
Location in CTD 4.2.2.3.5 4.2.2.3.6 4.2.2.3.8 
Study No. -032-V-X-PB -088-Hu-X-PB -044-Hu-X-PB 
Species Mouse Rat Dog Human Human 
Test Article Ibrutinib Ibrutinib Ibrutinib Ibrutinib PCI-45227 (M37) 
Concentration ( M) 0.2 2 0.2 2 0.2 2 0.2 2 1 
Concentration (ng/mL) 88.1 881 88.1 881 88.1 881 88.1 881 475 
Percent Unbound 0.8 1.5 0.5 2.7 3.8 2.4 2.5 2.5 9.0 
Percent Bounda 99.2 98.5 99.5 97.3 96.2 97.6 97.5 97.5 91.0 
a Calculated by subtracting the corresponding percent free value from 100 

(Continued) 
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2.6.5.6 A  
 Test Article: Ibrutinib 

Study System:  In vitro
Test System: Human plasma was collected from subjects enrolled in clinical trials prior to administration of ibrutinib. Plasma samples were spiked with 100 ng/mL ibrutinib 

and incubated in equilibrium dialysis cells for 4 h at 37 C.  
Method of Analysis: Liquid chromatography-tandem mass spectrometry 
Location in CTD 5.3.2.1.1 5.3.2.1.2 5.3.2.1.3 
Study No. -079-Hu-PO-PB (FK10373) -190-Hu-PO-PB (FK10430) -105-Hu-X-PB (FK10372) 
Species Human healthy subjects Human healthy subjects Human subjects with varying degrees of hepatic impairment 
Hepatic Impairment Normal Normal Normal Mild Moderate Severe 
Test Article Ibrutinib Ibrutinib Ibrutinib Ibrutinib Ibrutinib Ibrutinib 
Concentration (ng/mL) 100 100 100 100 100 100 
Percent Unbound 2.0 2.3 3.3 3.0 3.8 4.8 
Percent Bound 98.0 97.7 96.7 97.0 96.2 95.2 
No. of Subjects 18 6 6 6 10 8 
Additional Information:  

-079-Hu-PO-PB (FK10373): samples were from healthy male subjects participating in an open-label pharmacokinetic study of ibrutinib (clinical trial PCI-32765CLL1002) 
-190-Hu-PO-PB (FK10430): samples were from healthy male subjects participating in an open-label Phase 1 study to determine the absorption, metabolism, and routes of excretion of ibrutinib 

(clinical trial PCI-32765CLL1004) 
-105-Hu-X-PB (FK10372): samples were from male and female subjects with varying degrees of hepatic impairment participating in an open-label  pharmacokinetic study of ibrutinib (clinical 

trial PCI-32765CLL1006) 
(Continued) 
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2.6.5.6 A  
 Test Article: M23, M25, M34, PCI-45227(M37) 

Location in CTD 4.2.2.3.9 
Study No. -184-V-X-PB (FK10606) 
Study System:  In vitro
Test System: - Test article (M23, M25, M34 or PCI-45227 (M37)) was added to plasma of various species or to purified human plasma protein solutions of 

albumin and AGP and incubated in equilibrium dialysis cells for 4 h at 37 C. 
Method of Analysis: Liquid chromatography-tandem mass spectrometry 
Species Mouse  

(nonTg rasH2) 
Rat Dog Human 

         
Test Article Concentration (ng/mL) 100 500 100 500 100 500 100 500 

M23 Percent Unbound 2.8 3.3 5.6 7.8 8.0 9.6 6.2 7.7 
 Percent Bounda 97.2 96.7 94.4 92.2 92.0 90.4 93.8 92.3 

M25 Percent Unbound 25.2 24.2 15.9 15.5 28.0 27.6 24.9 25.5 
 Percent Bounda 74.8 75.8 84.1 84.5 72.0 72.4 75.1 74.5 

M34 Percent Unbound 13.4 14.2 18.8 20.4 24.1 25.6 20.3 22.9 
 Percent Bounda 86.6 85.8 81.2 79.6 75.9 74.4 79.7 77.1 

M37 Percent Unbound 2.3 2.5 1.8 2.2 8.0 8.0 8.0 9.0 
 Percent Bounda 97.7 97.5 98.2 97.8 92.0 92.0 92.0 91.0 

         
Purified human plasma protein 
solutions (concentration) 

AGP 
(0.05%) 

AGP 
(0.10%) 

AGP 
(0.20%) 

HSA 
(4.30%) 

AGP+HSA 
(0.07+4.30%)    

         
Test Article Concentration (ng/mL) 100 100 100 100 100    

M23 Percent Unbound 28.3 20.5 13.8 9.9 8.2    
 Percent Bounda 71.7 79.5 86.2 90.1 91.8    

M25 Percent Unbound 80.3 81.1 98.1 12.4 11.4    
 Percent Bounda 19.7 18.9 1.9 87.6 88.6    

M34 Percent Unbound 85.1 83.1 83.8 14.4 13.7    
 Percent Bounda 14.9 16.9 16.2 85.6 86.3    

M37 Percent Unbound 83.6 61.8 35.7 9.1 8.3    
 Percent Bounda 16.4 38.2 64.3 90.9 91.7    

         
a Calculated by subtracting the corresponding percent free value from 100 
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2.6.5.6 B  
 Test Article: Ibrutinib 

Location in CTD 4.2.2.3.7 
Study No. -083-Hu-X-PB (FK10375) 
Study System:  In vitro 
Test System: - Ibrutinib was added to plasma of various species and incubated in equilibrium dialysis cells for 4 h at 37 C. 

- [14C]-Ibrutinib was added to purified human plasma protein solutions of albumin and AGP and incubated in equilibrium dialysis cells for 4 h at 37 C. 
- Blood distribution experiment with mouse (Swiss CD1), rat, dog and human blood samples incubated with ibrutinib for 30 min at 37 C. 

Method of Analysis: Liquid chromatography-tandem mass spectrometry 
Species Mouse  

(Swiss CD1/nonTg rasH2)
Rat Dog Human 

Test Article Ibrutinib Ibrutinib Ibrutinib Ibrutinib 
Concentration (ng/mL) 500 1500 500 1500 100 500 50 100 150 500 1000 
Percent Unbound 0.6/0.3 0.7/0.4 0.7 1.2 2.6 2.6 2.6 2.7 2.6 2.7 2.8 
Percent Bounda 99.4/99.7 99.3/99.6 99.3 98.8 97.4 97.4 97.4 97.3 97.4 97.3 97.2 
            
Purified human plasma 
protein solutions 
(concentration)       

AGP 
(0.05%) 

AGP 
(0.10%) 

AGP 
(0.20%)

HSA 
(4.30%)

AGP + HSA 
(0.07+4.30%) 

Test Article       Ibrutinib Ibrutinib Ibrutinib Ibrutinib Ibrutinib 
Concentration (ng/mL)       150 150 150 150 150 
Percent Unbound b       75.7 41.9 24.1 3.6 3.4 
Percent Bounda       24.3 58.1 75.9 96.4 96.6 
            
Blood distribution            
Species Mouse (Swiss CD1) Rat Dog Human
Test Article Ibrutinib Ibrutinib Ibrutinib Ibrutinib 
Concentration (ng/mL) 500 1500 500 1500 100 500  100 150 500 1000 
Rbl/pl 0.63 0.56 0.60 0.89 0.65 0.54  0.82 0.80 0.75 0.74 

pw 0.006 0.008 0.008 0.008 0.019 0.023  0.019 0.018 0.020 0.022 

pp 0.916 1.019 1.021 0.683 0.716 0.855  0.669 0.687 0.732 0.740 

bc 0.078 -0.026 -0.028 0.309 0.266 0.123  0.313 0.295 0.249 0.239 
a Calculated by subtracting the corresponding percent free value from 100 
b With correction for covalent binding 
Rbl/pl: blood-to-plasma concentration ratio; pw: fraction of ibrutinib in blood present in the plasma water; pp: fraction of ibrutinib in blood bound to the plasma proteins;  

bc: fraction of ibrutinib in blood bound to the blood cells 
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2.6.5.6 C  
 Test Article: Ibrutinib 

Location in CTD 4.2.2.3.1 
Study No. -039-R-PO-ADME 
Test System: Blood-to-plasma partitioning of radioactivity was determined in vivo in blood samples collected from male Sprague-Dawley (nonpigmented) or Long Evans 

(pigmented) rats at 1, 4, 8, 24, 48, 72, 168, or 504 h after oral dose administration of [14C]-ibrutinib at 10 mg/kg as a racemic mixture 
Method of Analysis: Liquid scintillation counting 
Species Nonpigmented Rat (M, 1 animal/time point) Pigmented Rat (M, 1 animal/time point)
Test Article [14C]-ibrutinib [14C]-ibrutinib 
Time Point (h) 1 4 8 24 48 72 1 4 24 72 168 504 
Concentration of 
radioactivity (ng eq./g) 

            

Blood 431 370 436 229 261 158 660 430 316 185 158 98.5 
Plasma 621 489 582 276 147 97.2 1110 580 263 95.1 16.8 BLQ 

Cellular fraction 310 285 340 188 334 214 416 279 354 273 271 170 
Blood:plasma 
concentration ratios 

0.695 0.757 0.749 0.830 1.78 1.63 0.595 0.741 1.20 1.94 9.43 NA 

BLQ = below the limit of quantification; M = male; NA = not applicable 

(Continued) 

 



 

 

 
 

2.6.5 
    

40

2.6.5.6 C  
 Test Article: Ibrutinib 

Location in CTD 4.2.2.4.8 
Study No. -022-R-PO-AME (FK10242) 
Test System: Blood-to-plasma partitioning of radioactivity was determined in vivo in blood samples collected from male and female Sprague Dawley rats at 1, 4, 7, 24 and 48 h 

after a single oral administration of [14C]-ibrutinib at 10 mg/kg as a single enantiomer 
Method of Analysis: Liquid scintillation counting 
Species Rat (3 animals/time point)
Test Article [14C]-ibrutinib 
Gender M F 
Time Point (h) 1 4 7 24 48 1 4 7 24 48 
Concentration of 
radioactivity (ng eq./mL)

          

Blood 694 270 142 113 93 888 357 267 126 125 
Plasma 912 374 197 109 65 1194 520 352 135 126 

Cellular fraction 451 173 93 117 120 561 303 197 134 118 
Blood:plasma 
concentration ratios 

0.758 0.736 0.722 1.06 1.44 0.744 0.711 0.763 0.945 1.00 

F = female; M = male 

(Continued) 
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2.6.5.6 C  
 Test Article: Ibrutinib 

Location in CTD 4.2.2.4.11 
Study No. -189-D-PO-AME (FK10389) 
Test System: Blood-to-plasma partitioning of radioactivity was determined in vivo in blood samples collected from male Beagle dogs at 1, 4, 7, 24 and 48 h after a single oral 

administration of [14C]-ibrutinib at 30 mg/kg as a single enantiomer 
Method of Analysis: Liquid scintillation counting 
Species Dog (3 animals/time point)
Test Article [14C]-ibrutinib 
Gender M  
Time Point (h) 1 4 7 24 48      
Concentration of 
radioactivity (ng eq./mL)

          

Blood 3750 1220 722 553 468      
Plasma 5740 1780 1030 795 678      

Cellular fraction 2630 890 507 377 312      
Blood:plasma 
concentration ratios 

0.655 0.694 0.713 0.705 0.694      

M = male 

(Continued) 
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2.6.5.6 C  
 Test Article: Ibrutinib 

Location in CTD 4.2.2.4.12 
Study No. -188-Hu-PO-MT (FK10267) 
Test System: Six healthy male subjects were administered a single oral administration of [14C]-ibrutinib at 140 mg as a single enantiomer. 

Blood and plasma samples were collected pre-dose (0 h), 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 16, 24, 48 and 72 h post-dose for evaluation of total radioactivity.  
Method of Analysis: Liquid scintillation counting 
Species Healthy male subjects (n = 6)
Test Article [14C]-ibrutinib 
Time Point (h) 0 0.5 1 1.5 2 3 4 6 8 12 16 24 48 72 
Concentration of 
radioactivity (ng eq./mL)

              

Blood NA 401 401 309 263 187 151 NA NA NA NA NA NA NA 
Plasma NA 520 549 447 364 259 195 141 135 115 98 94 60 47 

Blood:plasma 
concentration ratios 

NA 0.778 0.728 0.684 0.707 0.716 0.772 NA NA NA NA NA NA NA 

Additional Information:  
If values for 1 or more subjects were BLQ, averages could not be calculated and were indicated as NA. 
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2.6.5.7 A  
Test Article: Ibrutinib 

Location in CTD 4.2.3.5.2.1 
Study Type / Study No. Embryo/fetal development dose range-finding / -063-R-PO-TTE 
Species (Strain) Rat (Sprague-Dawley)
Feeding Condition Ad libitum
Vehicle/Formulation 0.5% methylcellulose, 0.1% sodium lauryl sulfate
Route Oral gavage
Sample plasma plasma 
Analyte Ibrutinib PCI-45227 (M37)
Assay LC-MS/MS LC-MS/MS 
Gender (F)/Number of Animals/timepoint F:3 F:3 F:3 F:2-3 F:3 F:3 F:3 F:2-3 
Dose (mg/kg) 20 200 20 200 20 200 20 200 
Gestation Day 6 6 17 17 6 6 17 17 
Pharmacokinetic Parameters   
 Cmax (ng/mL) 1510 4560 1530 3700 884 1820 879 2460 
 Tmax (h) 1.0 4.0 1.0 1.0 1.0 4.0 1.0 4.0 
 AUC (ng•h/mL) 4210 48200 3980 27700 3900 26800 3450 29200 
  (Time for calculation –h) (0- ) (0- ) (0-24) (0-24) (0- ) (0- ) (0-24) (0-24) 
Additional Information
First day of dosing was gestation day 6.  Last day of dosing was gestation day 17.
Pharmacokinetic Parameters: estimated from mean plasma concentration 
AUC = area under the plasma concentration-time curve; Cmax = maximum plasma concentration; F = female; LC-MS/MS = liquid chromatography with tandem mass spectrometry; Tmax = time to 
maximum concentration 

(Continued) 
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2.6.5.7 A  
Test Article: Ibrutinib 

Location in CTD 4.2.3.5.2.2 
Study Type / Study No. Embryo/fetal development / -132-R-PO-TT 
Species (Strain) Rat (Sprague-Dawley)
Feeding Condition Ad libitum
Vehicle/Formulation 0.5% methylcellulose, 0.1% sodium lauryl sulfate
Route Oral gavage
Sample plasma plasma 
Analyte Ibrutinib PCI-45227 (M37)
Assay LC-MS/MS LC-MS/MS 
Gender (F)/Number of Animals/timepoint F:3-4 F:4 F:3-4 F:3-4 F:4 F:3-4 F:3-4 F:4 F:3-4 F:3-4 F:4 F:3-4 
Dose (mg/kg) 10 40 80 10 40 80 10 40 80 10 40 80 
Gestation Day 6 6 6 17 17 17 6 6 6 17 17 17 
Pharmacokinetic Parameters  
 Cmax (ng/mL) 462 1590 2290 466 1310 2627 299 1026 1147 261 726 1665 
 Tmax (h) 1 2 2 0.51 1 1 1 2 2 2 1 2 
 AUC (ng•h/mL) 1398 4983 11603 1278 5348 13729 1271 4703 8227 1203 5110 12027 
  (Time for calculation –h) (0- ) (0- ) (0- ) (0-24) (0-24) (0-24) (0- ) (0- ) (0- ) (0-24) (0-24) (0-24) 
Additional Information
First day of dosing was gestation day 6.  Last day of dosing was gestation day 17. 
Pharmacokinetic Parameters: estimated from mean plasma concentration 
AUC = area under the plasma concentration-time curve; Cmax = maximum plasma concentration; F = female; LC-MS/MS = liquid chromatography with tandem mass spectrometry; Tmax = time to 
maximum concentration 

 



 

 

 
 

2.6.5 
    

45

2.6.5.7 B  
Test Article: Ibrutinib 

Location in CTD 4.2.3.5.2.3 
Study Type / Study No. Embryo/fetal development dose range-finding / -064-B-PO-TTE 
Species (Strain) Rabbit (New Zealand White)
Feeding Condition Ad libitum
Vehicle/Formulation 0.5% methylcellulose, 0.1% sodium lauryl sulfate
Route Oral gavage
Sample plasma plasma 
Analyte Ibrutinib PCI-45227 (M37)
Assay LC-MS/MS LC-MS/MS 
Gender (F)/Number of Animals/timepoint F:5 F:6 F:6 F:5 F:6 F:6 F:5 F:6 F:6 F:5 F:6 F:6 
Dose (mg/kg) 10 30 100 10 30 100 10 30 100 10 30 100 
Gestation Day 7 7 7 19 19 19 7 7 7 19 19 19 
Pharmacokinetic Parameters  
 Cmax (ng/mL) 71.5

±26.6 
193

±137 
911

±453 
142

±154 
311

±287 
1830
±553 

155
±46.7 

800
±236 

3520
±700 

300
±75.2 

1250
±515 

3060 
±1540 

 Tmax (h) 3.6±0.9 1.8±1.3 2.8±1.5 0.5±0.0 1.0±0.8 2.8±1.5 3.6±0.9 2.2±1.5 3.3±1.0 1.2±1.6 1.6±1.4 4.0±2.2 
 AUC (ng•h/mL) 448

±155 
1050
±635 

4970
±1170 

565
±443 

1310
±478 

21000
±10600

1300
±290 

5910
±697 

26700
±4770 

1670
±200 

8820
±2020 

38500 
±10800 

  (Time for calculation –h) (0- ) (0- ) (0- ) (0-24) (0-24) (0-24) (0- ) (0- ) (0- ) (0-24) (0-24) (0-24) 
Additional Information
First day of dosing was gestation day 7.  Last day of dosing was gestation day 19.
Pharmacokinetic Parameters: mean±standard deviation
AUC = area under the plasma concentration-time curve; Cmax = maximum plasma concentration; F = female; LC-MS/MS = liquid chromatography with tandem mass spectrometry; Tmax = time to 
maximum concentration 
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2.6.5.8  
 Test Article: Ibrutinib 

Study Description Test System Ibrutinib 
Concentration

Significant Findings and Conclusions Study No. Location in CTD 

Plasma Stability 
Stability Rat, dog, human 

plasma 
0.44 g/mL 

(1 M) 
When incubated at 37 C for 2 hours, the percentage of ibrutinib remaining was 
41%, 50%, and 63% in human, dog, and rat plasma, respectively.  

-019-V-X-SB 4.2.2.3.3 

      
Stability Human plasma 0.44 g/mL 

(1 M) 
Ibrutinib was stable in human plasma when incubated at 37 C for 2 hours.  
At least 93% of the parent was recovered unchanged 

-028-Hu-X-SB 4.2.2.3.4 

     
Covalent Binding 
Covalent binding of 
[14C]-ibrutiniba 

Human albumin, 
plasma, liver S9 

protein and purified 
BTK 

0.44 to 
0.88 g/mL 
(1 to 2 M) 

[14C]-Ibrutinib avidly formed protein adducts with purified Bruton’s tyrosine 
kinase. The extent of [14C]-ibrutinib covalent binding to off-target proteins was 
appreciably lower. [14C]-ibrutinib showed a greater binding affinity to human-
liver S9 proteins in comparison to human plasma proteins or purified human 
albumin. In human liver S9 preparations without NADPH, [14C]-ibrutinib appears 
to selectively bind to CYP proteins. 

-095-Hu-X-PB 4.2.2.3.10 

  
Covalent binding of 
[14C]-ibrutiniba 

Human-liver 
microsomes and 

various CYP 
isoforms 

4.4 g/mL 
(10 M) 

In electrophoresis gels loaded with CYP isoforms, the highest density of 
radioactivity was associated with the band for CYP3A4. For liver microsomal 
proteins, radioactivity bands of similar intensity were observed for incubations 
with or without NADPH. Radioactivity in gels loaded with liver microsomes was 
observed predominantly at 50 kDa molecular weight suggesting covalent binding 
of [14C]-ibrutinib to CYP isoenzymes. 

-153-Hu-X-MTI 4.2.2.3.11 

     
Covalent binding of 
[14C]-ibrutiniba 

Human: 
recombinant 
CYP3A4 and 

CYP2D6, liver S9, 
liver microsomes; 

Rat: liver 
microsomes and 

hemoglobin 

4.4 μg/mL 
(10 M) 

In human and rat liver microsomes, human liver S9, recombinant P450 
isoenzymes, and rat hemoglobin, [14C]-ibrutinib formed protein adducts directly 
in the absence of metabolic activation. 

-157-Hu-X-MTI 4.2.2.3.12 

(Continued) 
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2.6.5.8  
 Test Article: Ibrutinib 

Study Description Test System Ibrutinib 
Concentration

Significant Findings and Conclusions Study No. Location in CTD 

Covalent Binding (Continued) 
Covalent binding of 
[14C]-ibrutiniba 

Human recombinant 
CYP2E1 and 

purified rat and 
human hemoglobin 

4.4 g/mL 
(10 M) 

Human recombinant CYP2E1 did not metabolize [14C]-ibrutinib. However, 
protein adducts were observed for CYP2E1 and for rat and human hemoglobin. 
In rats, the hemoglobin protein adducts were 6-fold higher than human 
hemoglobin. 

-085-Hu-X-MTI 4.2.2.3.13 

     
Covalent binding of 
[14C]-ibrutinib a and 
[14C]-
benzylpenicillin 

Rat and human 
plasma 

4.4 g/mL 
(10 M) 

Both ibrutinib and benzylpenicillin bound to human and rat plasma proteins 
following 1- and 4-hour incubations at 37 C. 

-090-Hu-X-MTI 4.2.2.3.14 

  
Covalent binding of 
[14C]-ibrutiniba 

Rat kidney S9 and 
human CYP2D6-
containing liver 

microsomes 

4.4 g/mL 
(10 M) 

Ibrutinib was not metabolized in rat kidney S9.Metabolite conversion for high, 
medium, and low CYP2D6-containing human liver microsomes was 93%, 84%, 
and 57%, respectively, in the presence of NADPH. Covalent protein binding was 
observed in both rat kidney S9 and human liver CYP2D6  

-093-Hu-X-MTI 4.2.2.3.15 

(Continued) 
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2.6.5.8  
 Test Article: Ibrutinib 

Study Description Test System Ibrutinib 
Concentration

Significant Findings and Conclusions Study No. Location in CTD 

Covalent Binding (Continued) 
Covalent binding of 
[14C]-ibrutinib b 

Human:  
purified BTK, 

plasma, albumin, 
hemoglobin; 

Rat: 
hemoglobin 

0.88 μg/mL  
(2 μM) 

Ibrutinib avidly formed protein adducts with purified Bruton’s tyrosine kinase 
(Btk). The extent of ibrutinib covalent binding to select off-target proteins was 
appreciably lower. 

-087-V-X-PA 4.2.2.3.16 

     
Covalent binding of 
[14C]-ibrutinib b 

Rat and human liver 
S9 proteins 

0.88 μg/mL  
(2 μM) 

In rat and human-liver S9, [14C]-ibrutinib formed protein adducts directly in the 
absence of metabolic activation. The direct binding of [14C]-ibrutinib to 50 kD 
protein (without metabolic activation) was 45% higher in human (99.8 pmol/mg 
protein) compared to rat (68.8 pmol/mg protein) liver S9. In the presence of 
metabolic activation, rat and human liver S9 covalent binding was similar. 
Whereas in human liver S9 covalent binding was similar with and without 
metabolic activation, in rat liver S9 metabolic activation resulted in a 55% 
increase in covalent binding. 

-059-V-X-PA 4.2.2.3.17 

     
Covalent binding 
and metabolic 
turnover of  
[14C]-ibrutinib b 

Rat and human liver 
microsomes 

0.88 μg/mL  
(2 μM) 

and 
4.4 g/mL 
(10 M) 

In rat and human liver microsomes, [14C]-ibrutinib was bound covalently to 
microsomal proteins in the presence and absence of metabolic activation. At both 
concentrations tested, 2 and 10 M, the covalent binding due to metabolic 
activation was higher than the covalent binding without metabolic activation in 
both rat and human. 

-086-V-X-PA 4.2.2.3.18 

a  [14C]-ibrutinib was tested in a racemic mixture containing [14C]-ibrutinib (R-enantiomer) and [14C]-PCI-32769 (S-enantiomer). 
b  Single enantiomeric [14C]-ibrutinib (R-enantiomer). 
 
CYP = cytochrome P450; NADPH = nicotinamide adenine dinucleotide phosphate 

(Continued) 
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2.6.5.8  
 Test Article: Ibrutinib 

Study No.  -022-R-PO-AME  (FK10242) 
Location in CTD 4.2.2.4.8 
Species (Strain): Rat (Sprague Dawley) 
Feeding Condition: Ad libitum 
Vehicle/Formulation: 10% Hydroxypropyl- -cyclodextrin 
Route: Oral gavage 
Dose (mg/kg): 10 mg/kg [1480 kBq/kg, as single enantiomeric ibrutinib] 
Specific Activity: 2.24 GBq/mmol 
Assay: Liquid scintillation counting 
Analyte: 14C 
 Covalent binding in plasma and blood cellular fraction (in vivo samples) 
  Plasma Blood Cellular Fraction 

  M F M F 

 Time 
 

TR 
(ng eq./mL) 

CB 
(%) 

CB 
(ng eq./mL)

TR 
(ng eq./mL) 

CB 
(%) 

CB 
(ng eq./mL)

TR 
(ng eq./mL) 

CB 
(%) 

CB 
(ng eq./mL)

TR 
(ng eq./mL) 

CB 
(%) 

CB 
(ng eq./mL) 

 1 h 912 3.5 32 1194 4.4 52.3 451 19 86 561 18 101 
 4 h 374 14.6 55 520 22.4 117 173 44 76 303 47 142 
 7 h 197 23.6 47 352 29.5 104 93 59 55 197 56 110 
 24 h 109 59.3 65 135 78.6 106 117 93 109 134 83 111 
 48 h 65 81.9 53 126 82.3 104 120 89 107 118 96 113 

Tmax (h) 1   24 1   4 1   24 1   4 
Cmax (ng eq./mL) 912  65 1194  116 451  109 561  142 
AUC0-48h (ng eq.h/mL) 7931  2656 11748  4913 6190  4461 8164  5372 
CB/TR (%) – Cmax    7    10    24    25 
CB/TR (%) - AUC0-48h     33     42     72     66 
TR = total radioactivity; CB = covalently bound radioactivity; M = male; F = female 

(Continued) 
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2.6.5.8  
 Test Article: Ibrutinib 

Study No.  -022-R-PO-AME  (FK10242) 
Location in CTD 4.2.2.4.8 
Species (Strain) Rat (Sprague Dawley) 
Feeding Condition: Ad libitum 
Vehicle/Formulation: 10% Hydroxypropyl- -cyclodextrin 
Route: Blood and plasma samples spiked ex vivo 
Concentration (μg/mL): 1 
Specific Activity: 2.24 GBq/mmol 
Assay: Liquid scintillation counting 
Analyte: 14C 
 Covalent binding in blank plasma and blood samples spiked ex vivo with [14C]-ibrutinib at 1 μg/mL 

  Spike Plasma 
Extraction Recovery (%) 

Cellular Fraction of Blood Spike 
Extraction Recovery (%) 

Plasma of Blood Spike 
Extraction Recovery (%) 

 Time 
 

Supernatant 
(non-CB) 

Pellet 
(CB) 

Total 
 

Supernatant 
(non-CB) 

Pellet 
(CB) 

Total 
 

Supernatant 
(non-CB) 

Pellet 
(CB) 

Total 
 

 0 h 110 1.1 111 104 4.0 108 103 0.1 103 
 1 h 111 0.9 112 n.r. n.r. n.r. 104 0.5 105 
 4 h 102 3.8 106 91 17.0 108 104 2.0 106 
 7 h 101 4.7 106 77 24.0 101 99 3.4 102 
 24 h 86 18.3 104 67 33.0 100 96 8.7 105 
 48 h 78 28.0 106 a a a a a a 

a Spiked blood was incubated up to 48 h, but the 48 h sample was not analyzed due to hemolysis  
n.r.: The weight of the 1h sample was not recorded 
CB = covalently bound radioactivity 

(Continued) 
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2.6.5.8  
 Test Article: Ibrutinib 

Study No.  -189-D-PO-AME (FK10389) 
Location in CTD 4.2.2.4.11 
Species (Strain): Dog (Beagle) 
Feeding Condition: Free access 
Vehicle/Formulation: 20% Hydroxypropyl- -cyclodextrin 
Route: Oral gavage 
Dose (mg/kg): 30 mg/kg [0.555 MBq/kg, as single enantiomeric ibrutinib] 
Specific Activity: 2.1 GBq/mmol 
Assay: Liquid scintillation counting 
Analyte: 14C 
 Covalent binding in plasma and blood cellular fraction (n = 3) 
  Plasma Blood Cellular Fraction 

  M M 

 Time 
 

TR 
(ng eq./mL) 

CB 
(%) 

CB 
(ng eq./mL) 

TR 
(ng eq./mL) 

CB 
(%) 

CB 
(ng eq./mL) 

 1 h 5740 5 287 2630 17.6 (n = 3) 463 
 4 h 1780 17.4 310 890 35.1 (n = 1) 312 
 7 h 1030 34.1 351 507 57.3 (n = 2) 290 
 24 h 795 60.2 479 377 85.3 (n = 2) 322 
 48 h 678 46.2 313 312 89.1 (n = 1) 278 

Tmax (h) 1  24 1  1 
Cmax (ng eq./mL) 5740  479 2630  463 
AUC0-48h (ng eq.h/mL) 51554  18585 24473  14694 
CB/TR (%) – Cmax   8   18 
CB/TR (%) - AUC0-48h   36   60 
AUC = area under the plasma concentration-time curve; CB = covalently bound radioactivity; Cmax = maximum plasma concentration; M = male;  
Tmax = time to maximum concentration; TR = total radioactivity  

(Continued) 
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2.6.5.8  
 Test Article: Ibrutinib 

Study No.  -188-Hu-PO-MT  (FK10267) 
Location in CTD 4.2.2.4.12 
Species: Healthy male subjects (n = 6) 
Vehicle/Formulation: 30% Hydroxypropyl- -cyclodextrin 
Route: Oral 
Dose: 140 mg [1480 kBq, as single enantiomeric ibrutinib] 
Specific Activity: 10.6 kBq/mg 
Assay: Liquid scintillation counting 
Analyte: 14C 
 Covalent binding in plasma  
  Plasma 

 Time  TR (ng eq./mL) CB (ng eq./mL)  
 0 h  < 36 -  
 0.5 h  520 -  
 1 h  549 47  
 1.5 h  447 -  
 2 h  364 55  
 3 h  259 -  
 4 h  195 48  
 6 h  141 -  
 8 h  135 65  
 12 h  115 -  
 16 h  98 -  
 24 h  94 61  
 48 h  60 -  
 72 h  47 25  

Tmax (h)  1 8  
Cmax (ng eq./mL)  549 65  
AUC0-72h (ng eq.h/mL)  6820 3488  
CB/TR (%) – Cmax  12  
CB/TR (%) - AUC0-72h  51  
AUC = area under the plasma concentration-time curve; CB = covalently bound radioactivity; Cmax = maximum plasma concentration; Tmax = time to maximum concentration;  
TR = total radioactivity 

 



 

 

 
 

2.6.5 
    

53

2.6.5.9 A In vivo  
 Test Article: Ibrutinib 

Study No.  -039-R-PO-ADME 
Location in CTD 4.2.2.3.1 
Species (Strain): Rat (Sprague Dawley) 
Feeding Condition: Fasted Ad libitum 
Vehicle/Formulation: 1% MC, 0.4% CrEL and 0.1% SLS 20% Hydroxypropyl- -cyclodextrin in water 
Route: Oral gavage Intravenous 
Dose (mg/kg): 10 mg/kg [110 μCi/kg, as ibrutinib racemate] 2 mg/kg [107 Ci/kg, as ibrutinib racemate] 
Specific Activity: 118.048 Ci/mg 
Assay: LC/RAD/MS 
Analyte: [14C]-Ibrutinib and metabolites 
 Percent of Sample Radioactivitya

 Plasma Urine Feces
Time or Collection Interval (h): 1 4 8 0-8 0-24 
Gender (M/F)/Number of Animals: M:1 M:1 M:1 M:5 M:5
Parent Ibrutinib (UD) 8.90 - - 22.08 - 
M5 Dioxydihydro-ibrutinib 11.08 7.24 - 4.80 (M5/6/9) 15.31 (M4/5) 
M9 Trioxydihydro-ibrutinib 10.97 15.69 12.77 - 2.68 
M12 Oxy-ibrutinib-sulfate    5.59 (M12/13) - 
M15 Ibrutinib-cysteine 4.95 - - 3.23 - 
M16 Oxydihydro-ibrutinib    3.02 4.18 
M17 Oxy-ibrutinib 5.62 - - 9.38 - M18 Oxo-oxydihydro-ibrutinib 
M19 Dihydrodiol-ibrutinib 23.69 24.05 13.80 12.75 3.38 (M18/19) 
M20 Oxydihydro-ibrutinib - - - - 21.26 
M21 Ibrutinib-mercapturate - - - 22.53 - 
M22 Unidentified 7.82 32.38 26.48 1.99 - 
M23 Unidentified 12.28 22.37 13.73 3.47 1.07 
a Findings are based on analyses of both the R- and S-enantiomers 
 
- = not detected; CrEL = Cremophor EL; LC/RAD/MS = liquid chromatography/radioactivity detection/mass spectrometry; M = male; MC = methylcellulose;  
SLS = sodium lauryl sulfate; UD = unchanged drug 
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2.6.5.9 A In vivo  
 Test Article: Ibrutinib 

Study No.  -022-R-PO-AME  (FK10242) 
Location in CTD 4.2.2.4.8 
Species (Strain): Rat (Sprague Dawley) 
Feeding Condition: Ad libitum 
Vehicle/Formulation: 10% Hydroxypropyl- -cyclodextrin 
Route: Oral gavage 
Dose (mg/kg): 10 mg/kg [1480 kBq/kg, as single enantiomeric ibrutinib] 
Specific Activity: 2.04 GBq/mmol 
Assay: UPLC with radio-detection; MS or MS/MS 
Analyte: [14C]-Ibrutinib and metabolites 
 Identification of in vivo metabolites of ibrutinib in plasma and feces  
Component Identity Retention Time m/z m/z 14C Typical MS Fragments Matrix 

M5 +329 (+2O+Gluc+2H+CSC) 13.19 770.2456 772.2488 336-419-473-505-594 P 
M11 +48 (RingopenCOOH+O) 15.83 489.1886 491.1918 152-170-320-417-471 F 
M15 +208 (2O+Gluc) 17.35 649.2258 651.2290 84-138-336-473 P 
M16 +98 (+O+2H+SO3) 17.51 539.1712 541.1744 138-320-403-457 F 
M17 +34 (NringopenOH+O) 17.64 475.2094 477.2126 138-156-320-404 F 
M18 +36 (NringopenOH+O+2H) 17.74 477.2250 479.2282 158-320-404-421-459 F 
M19 +50 (dihydrodiol+O) 19.30 491.2043 493.2075 84-142-154-172-320-403-431-461-473 F, P 
M21 +96 (+O+SO3) 19.57 537.1556 539.1588 84-138-320-403-457 F, P 
M22 +98 (+2H+O+SO3) 18.90 539.1712 541.1744 140-320-403-459 F 
M23 -54 (JNJ-54243696) 20.10 397.1933 - 84-181-209-287-304 P 
M24 +52 (NringopenOH+2O+2H) 20.32 493.2199 495.2231 172-190-304-405-475 F 
M25 +32 (RingopenCOOH) 20.89 473.1937 475.1969 152-170-304-342-401-455 F 
M28 +32 (+2O) 21.62 473.1937 475.1969 84-138-304-320-336 F 
M29 +34 (NringopenOH+O) 22.37 475.2094 477.2126 156-304-320-386-404 F 
M34 +18 (NringopeningOH) 23.63 459.2145 461.2177 84-102-138-156-304-321-388-441 F, P 
M35 +16 (+O) 23.77 457.1988 459.2020 84-138-304-320-374-403 F, P 
M36 +18 (+O+2H) 24.59 459.2145 461.2177 84-140+320+403 F 
M37 +34 (dihydrodiol) 25.41 475.2094 477.2126 84-154-172-304-387-445-457 F, P 
M38 +16 (+O) 26.40 457.1988 459.2020 304-385-439 P 
M39 +16 (+O) 28.06 457.1988 459.2020 304-385-439 P 
M40 +16 (+O) 28.75 457.1988 459.2020 304-385-439 P 

Parent Ibrutinib (UD) 30.20 441.2039 443.2071 304-385-439 F, P 
M41 -2 (-2H) 31.73 439.1882 441.1914 84 - 138 - 304 - 358 - 387 P 

P = plasma; F = feces; Gluc = glucuronide; CSC = cysteine conjugate; SO3 = sulfate conjugate 
(Continued) 
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2.6.5.9 A In vivo  
 Test Article: Ibrutinib 

Study No.  -022-R-PO-AME  (FK10242) 
Location in CTD 4.2.2.4.8 
 Excretion of [14C]-ibrutinib and its metabolites in feces   

(percentage of the sample radioactivity injected and percentage of dose radioactivity) 
Component Identity 0-24 h 24-48 h 0-48 h 

  % injected % dose % injected % dose % dose 
  M F M F M F M F M F 

M11 +48 (RingopenCOOH+O) 3.3 3.1 2.48 2.42     2.48 2.42 

M16+M17+M18*
M16: +98 (+O+2H+SO3) 

M17: +34 (NringopenOH+O) 
M18: +36 (NringopenOH+O+2H) 

15.5 10.0 11.54 7.79 15.5  0.74  12.28 7.79 

M19 +50 (dihydrodiol+O) 5.7 8.30 4.24 6.41 10.9 16.0 0.52 0.26 4.76 6.67 
M21 +96 (+O+SO3) 3.1 3.60 2.23 2.78     2.23 2.78 
M22 +98 (+2H+O+SO3) 3.6  2.71      2.71  
M24 +52 (NringopenOH+2O+2H)  4.00  3.12      3.12 
M25 +32 (RingopenCOOH) 3 3.10 2.21 2.41     2.21 2.41 
M28 +32 (+2O) 7.2 5.20 5.34 4.01     5.34 4.01 
M29 +34 (NringopenOH+O) 2.2  1.65   15.5  0.26 1.65 0.26 

M34+M35** M34: +18 (NringopeningOH) 
M35: +16 (+O) 18.5 20.1 13.79 15.6 6.8 13.6 0.33 0.22 14.12 15.8 

M36 +18 (+O+2H) 5.4 3.60 4 2.78 15.8 15.5 0.75 0.26 4.75 3.04 
M37 +34 (dihydrodiol) 2.7 4.10 2.04 3.19  10.1  0.17 2.04 3.36 

Parent Ibrutinib (UD) 2 2.60 1.53 2.01     1.53 2.01 
Sum of reported entities 72.2 67.7 53.8 52.5 49 70.7 2.34 1.17 56.1 53.7 
Sum of observed metabolites (% dose)   72.0 71.4   4.37 1.55 76.3 73.0 
Column recovery (%) 96.4 92.1   91.8 94.2     
Total radioactivity (LSC, % dose)   74.7 86.9   4.76 2.05 79.4 89.0 
* MS peak area M17>M18>M16; 24-48 h: only M17 and M18 in males 
** MS peak area M35>M34; 24-48 h: only M35 

(Continued) 
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2.6.5.9 A In vivo  
 Test Article: Ibrutinib 

Study No.  -022-R-PO-AME  (FK10242) 
Location in CTD 4.2.2.4.8 
 [14C]-ibrutinib and its metabolites in plasma   

(ng eq./mL) 
Component Identity 1 h 2 h 8 h 24 h 

  M F M F M F M F 
M5 +329 (+2O+Gluc+2H+CSC) - 31.0 59.7 14.4 48.3 19.5 30.2 - 

M15 +208 (2O+Gluc) 166 153 200 39.5 138 84.6 140 - 
M19 +50 (dihydrodiol+O) 8.97 7.76 - 3.03 - 2.59 - - 
M21 +96 (+O+SO3) 26.7 24.4 10.5 13.2 13.3 4.61 3.32 - 
M23 -54 (JNJ-54243696) 0.21 0.55 0.23 0.46 0.23 0.30 - - 

M34+M35 M34: +18 (NringopeningOH) 
M35: +16 (+O) 54.9 78.5 5.72 11.0 2.95 5.25 - - 

M37 +34 (dihydrodiol) 154 150 19.4 89.0 8.64 19.5 3.23 - 
M38 +16 (+O) - - 3.93 - 2.83 - - - 
M39 +16 (+O) 20.7 12.0 3.26 - - - - - 
M40 +16 (+O) 8.42 5.97 - 6.72 - 2.98 - - 

Parent Ibrutinib (UD) 253 414 18.0 58.9 11.9 25.4 - - 
M41 -2 (-2H) - - - - - 9 - - 

CSC = cysteine conjugate; Gluc = glucuronide; Nringopen = opening of the piperidine ring; SO3 = sulfate conjugate 
(Continued) 
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2.6.5.9 A In vivo  
 Test Article: Ibrutinib 

Study No.  -081-R-PO-EXC (FK10301) 
Location in CTD 4.2.2.4.9 
Species (Strain): Rat (Sprague Dawley) 
Feeding Condition: Ad libitum 
Vehicle/Formulation: 10% Hydroxypropyl- -cyclodextrin 
Route: Oral gavage 
Dose (mg/kg): 10 mg/kg [1480 kBq/kg, as single enantiomeric ibrutinib] 
Specific Activity: 2.24 GBq/mmol 
Assay: UPLC with radio-detection; MS or MS/MS 
Analyte: [14C]-Ibrutinib and metabolites 
 Identification of in vivo metabolites of ibrutinib in bile, urine and feces  
Component Identity Retention Time m/z m/z 14C Matrix 

M2 +128 (NringopenCOOH+O+SO3) 11.34 569.1454 571.1486 B 
M3 +128 (NringopenCOOH+O+SO3) 12.57 569.1454 571.1486 B 
M5 +2O+Gluc+2H+CSC 13.19 770.2456 772.2488 B 
M6 +403 (+O+2H+GS+SO3) 14.08 844.2394 846.2426 B 
M7 +114 (NringopenOH+O+SO3) 14.24 555.1662 557.1694 U,B 
M9 +274 (+O+2H+CGSC+SO3) 15.25 715.1968 717.2000 B 

M10 +130 (dihydrodiol+O+SO3) 15.75 571.1611 573.1643 U,B 
M12 +192 (+O+Gluc) 16.35 633.2309 635.2341 B 
M13 +208 (+2O+Gluc) 16.42 649.2258 651.2290 U,B 
M14 +112 (+2O+SO3) 17.52 553.1505 555.1537 B 
M16 +98 (+O+2H+SO3) 17.51 539.1712 541.1744 F 
M17 +34 (NringopenOH+O) 17.64 475.2094 477.2126 U,F 
M18 +36 (NringopenOH+O+2H) 17.74 477.2250 479.2282 F 
M19 +50 (dihydrodiol+O) 19.30 491.2043 493.2075 U,F 
M21 +96 (+O+SO3) 19.57 537.1556 539.1588 U,B 
M23 JNJ-54243696 20.10 387.1933 - F 
M25 +32 (RingopenCOOH) 20.89 473.1937 475.1969 U,B 
M26 +307 (+2H+Glut) 21.77 748.2877 750.2909 B 
M28 +32 (+2O) 21.62 473.1937 475.1969 F 
M29 +34 (NringopenOH+O) 22.37 475.2094 477.2126 F 

(Continued) 
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2.6.5.9 A In vivo  
 Test Article: Ibrutinib 

Study No.  -081-R-PO-EXC (FK10301) 
Location in CTD 4.2.2.4.9 
 Identification of in vivo metabolites of ibrutinib in bile, urine and feces (Continued) 
Component Identity Retention Time m/z m/z 14C Matrix 

M31 +178 (+2H+CGSC) 23.10 619.2451 621.2549 B 
M32 +163 (+2H+MASC) 23.71 604.2342 606.2374 B 
M33 +161 (-2H+2H+MASC) 24.11 602.2186 604.2218 B 
M34 +18 (NringopenOH) 23.63 459.2145 461.2177 F 
M35 +16 (+O) 23.77 457.1988 459.2020 U,F 
M36 +18 (+O+2H) 24.59 459.2145 461.2177 F 
M37 +34 (dihydrodiol) 25.41 475.2094 477.2126 F 

Parent Ibrutinib (UD) 30.20 441.2039 443.2071 F 
CSC = cysteine conjugate; CGSC = cysteine glycine conjugate; Gluc = glucuronide; GS = glutathione conjugate; SO3 = sulfate conjugate; Nringopen = opening of the piperidine ring; MASC = 
mercapturic acid conjugate; U = urine; F = feces; B = bile 

(Continued) 
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2.6.5.9 A In vivo  
 Test Article: Ibrutinib 

Study No.  -081-R-PO-EXC (FK10301) 
Location in CTD 4.2.2.4.9 
 Excretion of [14C]-ibrutinib and its metabolites in bile and feces   

(percentage of administered dose) 
Component Identity Bile (% dose) Feces (% dose) 

  0-4 h 4-8 h 8-24 h 0-24 h 0-24 h 
  rat A1 rat A3 rat A1 rat A3 rat A1 rat A3 rat A1 rat A3 rat A1 rat A3 

M2 +128 (NringopenCOOH+O+SO3) 0.79 - 0.8 - 0.17 - 1.76 - - - 
M3 +128 (NringopenCOOH+O+SO3) 0.97 0.82 0.27 0.54 0.04 0.54 1.28 1.9 - - 
M5 +329 (+2O+Gluc+2H+CSC) - - - 0.72 - 0.32 - 1.04 - - 
M6 +403 (+O+2H+GS+SO3) 1.34 - 1.96a - - - 4.94a - - - 
M7 +114 (NringopenOH+O+SO3) 1.36 1.67  0.55 0.28 0.52  2.74 - - 
M9 +274 (+O+2H+CGSC+SO3) 1.25 1.54 1.00 1.06 0.26 0.64 2.51 3.24 - - 

M10 +130 (dihydrodiol+O+SO3) 0.91 0.72 0.55 0.66 0.47 0.48 1.93 1.86 - - 
M12 +192 (+O+Gluc) 1.79b 2.28b 1.28b 2.34b 0.29 1.56b 3.50b 6.18b - - 
M13 +208 (+2O+Gluc)     0.14    - - 
M14 +112 (+2O+SO3) 1.29 - 0.11 - - - 1.40 - - - 
M16 
M17 
M18 

M16: +98 (+O+2H+SO3) 
M17: +34 (NringopenOH+O) 

M18: +36 (NringopenOH+O+2H) 
- - - - - - - - 4.24c 11.48c 

M19 +50 (dihydrodiol+O) - - - - - - - - 2.02 3.45 
M21 +96 (+O+SO3) 5.54 2.59 2.71 2.93 0.34 1.58 8.59 7.1 - - 
M25 +32 (RingopenCOOH) 0.67 0.53 0.33 0.22 0.23 0.61 1.23 1.36 - - 
M26 +307 (+2H+Glut) 0.51 - 0.18 - - - 0.69 - - - 
M28 +32 (+2O) - - - - - - - - 1.77 3.37 
M29 +34 (NringopenOH+O) - - - - - - - - 1.37 1.19 

(Continued) 
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2.6.5.9 A In vivo  
 Test Article: Ibrutinib 

Study No.  -081-R-PO-EXC (FK10301) 
Location in CTD 4.2.2.4.9 
 Excretion of [14C]-ibrutinib and its metabolites in bile and feces   

(percentage of administered dose) (Continued) 
Component Identity Bile (% dose) Feces (% dose) 

  0-4 h 4-8 h 8-24 h 0-24 h 0-24 h 
  rat A1 rat A3 rat A1 rat A3 rat A1 rat A3 rat A1 rat A3 rat A1 rat A3 

M31 +178 (+2H+CGSC) 0.23 0.2 - 0.11 - - 0.23 0.31 - - 
M32 +163 (+2H+MASC) 0.68 0.32 0.19 0.13 - - 0.87 0.45 - - 
M33 +161 (-2H+2H+MASC) 0.31 0.21 0.2 0.13 - 0.09 0.51 0.43 - - 
M34 
M35 

M34: +18 (NringopenOH) 
M35:+16 (+O) - - - - - - - - 10.85d 10.18d 

M36 +18 (+O+2H) - - - - - - - - 5.00 2.49 
M37 +34 (dihydrodiol) - - - - - - - - 1.54 0.72 

Parent Ibrutinib (UD) - - - - - - - - 0.92 1.28 
Sum of reported entities (% dose) 17.64 10.88 9.58 9.39 2.22 6.34 29.44 26.61 27.71 34.16 
Sum of observed metabolites (% dose) 23.08 17.56 12.77 13.46 4.43 8.82 40.28 39.84 38.33 40.46 
Column recovery (%) 73.3 96.9 81 93.8 94.2 93.3 n.a. n.a. 94.4 90.1 
Total radioactivity (LSC, % dose) 31.48 18.13 15.76 14.36 4.7 9.46 51.94 41.95 35.8 44.9 
a Co-elution of metabolites M6 and M7; b Co-elution of metabolites M12 and M13; c Co-elution of metabolites M16, M17 and M18; d Co-elution of metabolites M34 and M35
CSC = cysteine conjugate; CGSC = cysteine glycine conjugate; Gluc= glucuronide; GS = glutathione conjugate; LSC = liquid scintillation counting; n.a. = not applicable;  
Nringopen = opening of the piperidine ring; MASC = mercapturic acid conjugate; SO3 = sulfate conjugate 

(Continued) 
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2.6.5.9 A In vivo  
 Test Article: Ibrutinib 

Study No.  -158-R-IV-PK (FK10394) 
Location in CTD 4.2.2.4.10 
 The pharmacokinetics and metabolism of a mixture of [D5]-ibrutinib and [D0]-ibrutinib after a single intravenous 

administration of a mixture of [D5]-ibrutinib and [D0]-ibrutinib at 2.5 mg/kg each to male rats 
    
 [D0]-ibrutinib [D5]-ibrutinib [D5]/[D0] Ratio 
Cmax (ng/mL) 1770 1760 0.99 
AUC0-t (ng·h/mL) 1045 1040 0.99 
    
 [D0]-M37 [D5]-M37 [D5]/[D0] Ratio 
Cmax (ng/mL) 96.5 89.7 0.93 
AUC0-t (ng·h/mL) 277 266 0.96 
    
 [D0]-M35 [D4]-M35 [D4]/[D0] Ratio 
Cmax (area) 523000 459000 0.88 
AUC0-t (area·h) 478000 407000 0.85 
    
 [D0]-sulfate of M35 [D4]-sulfate of M35 [D4]/[D0] Ratio 
Cmax (area) 52300 44200 0.84 
AUC0-t (area·h) 77000 63000 0.82 
    
[D0] = unlabeled molecule; [Dx] = deuterated molecule 
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2.6.5.9 B In vivo  
 Test Article: Ibrutinib 

Study No.  -189-D-PO-AME (FK10389) 
Location in CTD 4.2.2.4.11 
Species (Strain): Dog (Beagle) 
Feeding Condition: Free access 
Vehicle/Formulation: 20% Hydroxypropyl- -cyclodextrin 
Route: Oral gavage 
Dose (mg/kg): 30 mg/kg [0.555 MBq/kg, as single enantiomeric ibrutinib] 
Specific Activity: 2.1 GBq/mmol 
Assay: UPLC with radio-detection; MS or MS/MS 
Analyte: [14C]-Ibrutinib and metabolites 
 Identification of in vivo metabolites of ibrutinib in plasma, urine and feces  
Component Identity Retention Time (min) m/z (ESI+) Typical MS Fragments Matrix 
M6 +403 (+O+2H+GSH+SO3) 14.08 844.2394 403-457-489-635-764 P 
M7 +114 (ring opened alcohol+O+SO3) 14.24 555.1662 156-320-404-457-475 F,P,U 
M9 +274 (+O+2H+CGSC+SO3) 15.25 715.1968 138-170-320-403-457-489-635 P 
M10 +130 (M37+O+SO3) 15.75 571.1611 154-172-320-403-431-461-473-491 F,P, U 
M17 +34 (ring opened alcohol+O) 17.64 475.2094 138-156-320-404 F, P 
M45 +137 (+O+2H+CSC) 18.47 578.2186 138-320-403-457-489-532 F 
M46 +34 (ring opened alcohol+O) 19.05 475.2094 138-156-320-404 F 
M47 +139 (+O+2H+2H+CSC) 19.05 580.2342 136-156-194-304-387-405-457-491-517 F 
M19 +50 (M37+O) 19.30 491.2043 84-142-154-172-320-403-431-461-473 F 
M21 +96 (M35+SO3) 19.57 537.4556 84-138-320-403-457 F,P, U 
M24 +52 (ring opened alcohol+2O+2H) 20.32 493.2199 172-190-304-405-475 F 
M25 +32 (Piperidine ring opening and acid formation) 20.89 473.1937 152-170-304-342-401-455 F, P, U 
M26 +307 (+2H+GSH) 21.77 748.2877 387-443-475-621-675-732 P 
M28 +32 (+2O) 21.62 473.1937 84-138-304-320-336 F 
M29 +34 (ring opened alcohol+O) 22.37 475.2094 156-304-320-386-404 P 
M31 +178 (+2H+CGSC) 23.10 619.2451 304-387-441-473-601 P,U 
M32 +163 (+2H+MASC) 23.71 604.2342 304-387-441-473-562 F 
M33 +161 (-2H+2H+MASC) 24.11 602.2186 304-385-439-473 F 
M34 +18 (Piperidine ring opening and alcohol formation) 23.63 459.2145 84-102-138-156-304-321-388-441 F,P,U 
M35 +16 (+O para position) 23.77 457.1988 84-138-304-320-374-403 F,P,U 
M36 +18 (+O+2H) 24.59 459.2177 84-140-320-403 F 
M49 +16 (+O) 24.78 457.1988 84-138-320-374-403 F 
M37 +34 (dihydrodiol) 25.41 475.2094 84-154-172-304-387-445-457 F,P, U 

(Continued) 
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2.6.5.9 B In vivo  
 Test Article: Ibrutinib 

Study No.  -189-D-PO-AME (FK10389) 
Location in CTD 4.2.2.4.11 
Species (Strain): Dog (Beagle) 
Feeding Condition: Free access 
Vehicle/Formulation: 20% Hydroxypropyl- -cyclodextrin 
Route: Oral gavage 
Dose (mg/kg): 30 mg/kg [0.555 MBq/kg, as single enantiomeric ibrutinib] 
Specific Activity: 2.1 GBq/mmol 
Assay: UPLC with radio-detection; MS or MS/MS 
Analyte: [14C]-Ibrutinib and metabolites 
 Identification of in vivo metabolites of ibrutinib in plasma, urine and feces (Continued) 
Component Identity Retention Time (min) m/z (ESI+) Typical MS Fragments Matrix 
M38 +16 (+O) 26.40 475.1988 304-385-439 P 
M39 +16 (+O) 28.06 475.1988 304-385-439 P 
M40 +16 (+O) 28.75 475.1988 304-385-439 P 
UD Ibrutinib (UD) 30.20 441.2039 84-138-304-358-387 F,P 
CSC = cysteine conjugate; CGSC = cysteine-glycine conjugate; F = feces; GSH = glutathione; MASC = mercapturic acid conjugate; P = plasma; SO3 = sulfate conjugate; U = urine; UD = 
unchanged drug 

(Continued) 
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2.6.5.9 B In vivo  
 Test Article: Ibrutinib 

Study No.  -189-D-PO-AME (FK10389) 
Location in CTD 4.2.2.4.11 
 Excretion of [14C]-ibrutinib and its metabolites in feces   

(percentage of the sample radioactivity injected and percentage of dose radioactivity) 
 Dog 1 Dog 2 Dog 3  
 0-24 h 24-48 h 0-48 h 0-48 h 48-72 h 0-72 h 0-24 h 24-72 h 0-72 h  
Component %inj %dose %inj %dose %dose %inj %dose %inj %dose %dose %inj %dose %inj %dose %dose mean 
M7 4.0 1.07 - - 1.07 3.5 1.79 - - 1.79 - - 5.4 0.50 0.50 1.12 
M10 4.8 1.30 0.6 0.24 1.54 4.6 2.34 2.6 0.61 2.95 5.0 3.40 12.2 1.12 4.52 3.00 
M17 7.3 1.97 11.4 4.40 6.37 10.5 5.39 16.6 3.83 9.22 11.5 7.90 10.7 0.98 8.88 8.16 
M45 3.3 0.88 2.7 1.04 1.92 2.6 1.31 5.0 1.17 2.48 5.6 3.84 6.4 0.59 4.43 2.94 
M46+M47* 6.7 1.80 3.8 1.47 3.27 3.4 1.72 2.6 0.59 2.31 2.5 1.70 9.9 0.91 2.61 2.73 
M19+M21** 15.8 4.25 4.6 1.79 6.04 13.9 7.12 5.5 1.26 8.38 4.8 3.26 19.3 1.78 5.04 6.49 
M24 1.8 0.49 2.8 1.08 1.57 2.0 1.02 2.6 0.61 1.63 2.2 1.53 - - 1.53 1.58 
M25 1.4 0.38 2.1 0.82 1.20 2.4 1.25 2.4 0.56 1.81 2.7 1.86 - - 1.86 1.62 
M28 3.5 0.93 - - 0.93 - - 2.4 0.55 0.55 2.6 1.77 4.1 0.38 2.15 1.21 
M32+M33+M34+M35*** 21.6 5.83 25.8 9.93 15.76 17.5 8.95 22.9 5.29 14.24 26.0 17.83 23.3 2.14 19.97 16.7 
M36 2.4 0.65 2.7 1.04 1.69 2.5 1.29 3.9 0.90 2.19 - - 4.2 0.39 0.39 1.42 
M49 1.8 0.49 2.7 1.03 1.52 - - 0.9 0.22 0.22 3.3 2.23 - - 2.23 1.32 
M37 1.2 0.32 1.8 0.68 1.00 - - 1.0 0.24 0.24 1.3 0.87 4.1 0.38 1.25 0.83 
Parent (UD) 0.9 0.25 7.3 2.80 3.05 5.5 2.82 2.9 0.67 3.49 1.8 1.27 1.8 0.16 1.43 2.66 
Sum reported entities 76.5 20.6 68.3 26.3 46.9 68.4 35.0 71.3 16.5 51.5 69.3 47.5 101.4 9.3 56.8 51.7 
Sum observed metabolites 
(% dose) 

- 28.0 - 38.8 - - 50.6 - 23.9 - - 70.0 - 10.0 - - 

Column recovery (%) 103.7 - 100.8 - - 98.8 - 103.5 - - 102.0 - 108.7 - - - 
LSC (% dose) - 27.0 - 38.5 - - 51.2 - 23.1 - - 68.6 - 9.2 - - 
LSC = liquid scintillation counting; UD = unchanged drug; % inj = % injection 
*based on the MS peak area an estimation was made for the abundance of M46 and M47 under the radioactive peak.  M46 and M47 contribute approximately 60 and 40% to the radioactive peak, 
respectively. 
** based on the MS peak areas and taking into account that in general phase II metabolites ionize poorly, an estimation was made for the abundance of M19 and M21 under the radioactive peak.  
M19 and M21 contribute approximately 25 and 75% to the radioactive peak, respectively. 
*** based on the MS peak area, an estimation was made for the abundance of M35, M34, M33 and M32 under the corresponding radioactive peak.  M35, M34, M33 and M32 contribute 
approximately 61, 32, 3 and 5% to the radioactive peak, respectively. 

(Continued) 
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2.6.5.9 B In vivo  
 Test Article: Ibrutinib 

Study No.  -189-D-PO-AME (FK10389) 
Location in CTD 4.2.2.4.11 
 [14C]-ibrutinib and its metabolites in plasma   

(ng eq./mL) 
 Dog 1 Dog 2 Dog 3 

Component 1 h 4 h 7 h 24 h 48h 1 h 4 h 7 h 24 h 48h 1 h 4 h 7 h 24 h 48h 
M7 186 40 <17 <7 ND 103 44 <17 <7 ND 296 94 30 <7 ND 
M9 82 17 <17 ND ND 35 <17 <17 ND ND 75 26 <17 ND ND 

M10 ND 32 17 <7 ND 31 29 <17 ND ND 78 58 38 <7 ND 
M17 ND <17 <7 ND ND 35 <17 <7 ND ND 77 24 <17 ND ND 
M21 454 113 43 <7 ND 315 97 32 <17 <7 468 130 56 <7 ND 
M25 88 ND ND ND ND 45 <17 ND ND ND 118 <17 <17 ND ND 

M26+M29 274 20 <7 ND ND 102 19 <7 ND ND 254 38 <17 ND ND 
M31+M34+M35 1604 184 44 <7 ND 757 145 31 <7 ND 1281 337 66 <7 ND 

M37 440 168 49 <7 ND 293 140 37 <7 ND 553 362 113 <7 ND 
M38 55 ND <7 ND ND 31 ND ND ND ND 59 ND ND ND ND 
M39 61 <17 <7 ND ND 22 <17 <7 ND ND 45 <17 <7 ND ND 
M40 33 <17 <7 ND ND 24 <17 <7 <7 ND 39 <17 <7 ND ND 

Parent (UD) 2537 221 51 ND ND 1238 163 32 <7 ND 1399 308 47 <7 ND 
Total Radioactivity 7350 1550 886 704 584 3630 1340 780 633 639 6240 2440 1420 1050 812 
ND = not detected; UD = unchanged drug 
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2.6.5.9 C In vivo  
 Test Article: Ibrutinib 

Study No.  -188-Hu-PO-MT  (FK10267) 
Location in CTD 4.2.2.4.12 
Species: Healthy male subjects (n = 6) (Clinical trial PCI-32765CLL1004) 
Vehicle/Formulation: 30% Hydroxypropyl- -cyclodextrin 
Route: Oral 
Dose: 140 mg [1480 kBq, as single enantiomeric ibrutinib] 
Specific Activity: 10.6 kBq/mg 
Assay: UPLC with radio-detection; MS or MS/MS 
Analyte: [14C]-Ibrutinib and metabolites 
 Identification of in vivo metabolites of ibrutinib in blood, plasma, urine and feces  
Component Identity Retention Time m/z m/z 14C Typical MS Fragments Matrix 

M1 +138 (JNJ-54243696+O+Gluc) 10.21 579.2203 - 202-320-403-496 P 
M4 +42 (JNJ-54243696+O+SO3) 12.81 483.1451 - 308-320-400-403-404 B,P 
M7 +114 (NringopenOH+O+SO3) 14.24 555.1662 557.1694 156-320-404-457-475 U 

M10 +130 (dihydrodiol+O+SO3) 15.75 571.1611 573.1643 154-172-320-403-431-461-473-491 U 
M11 +48 (NringopenCOOH+O) 15.83 489.1886 491.1918 152-170-320-417-471 F,B,P 
M17 +34 (NringopenOH+O) 17.64 475.2094 477.2126 138-156-320-404 F,U 
M20 +48 (NringopenCOOH+O) 19.39 489.1886 491.1918 400-418 F,U,B,P 
M21 +96 (+O+SO3) 19.57 537.1556 539.1588 84-138-320-403-457 U,B,P 
M23 -54 (JNJ-54243696) 20.10 387.1933 - 84-181-209-287-304 F, B, P 
M24 +52 (NringopenOH+2O+2H) 20.32 493.2199 495.2231 172-190-304-405-475 F,U,B,P 
M25 +32 (RingopenCOOH) 20.89 473.1937 475.1969 152-170-304-342-401-455 F,U,B,P 
M29 +34 (NringopenOH+O) 22.37 475.2094 477.2126 156-304-320-386-404 F,U,B,P 
M30 (JNJ-54243696+O-2H) 22.79 401.1726 - 181-210-287-304 F, B, P 
M31 +178 (+2H+CGSC) 23.10 619.2451 621.2549 304-387-441-473-601 B,P 
M32 +163 (+2H+MASC) 23.71 604.2342 606.2374 304-387-441-473-562 F,U 
M33 +161 (-2H+2H+MASC) 24.11 602.2186 604.2218 304-385-439-473 F 
M34 +18, NringopeningOH 23.63 459.2145 461.2177 84-102-138-156-304-321-388-441 F,U,B,P 
M35 +16 (+O) 23.77 457.1988 459.2020 84-138-304-320-374-403 F,B 
M36 +18 (+O+2H) 24.59 459.2145 461.2177 84-140-320-403 F 
M37 +34 (dihydrodiol) 25.41 475.2094 477.2126 84-154-172-304-387-445-457 F,U,B,P 
M39 +16 (+O) 28.06 457.1988 459.2020 304-385-439 B,P 
M40 +16 (+O) 28.75 457.1988 459.2020 304-385-439 B,P 

Parent Ibrutinib (UD) 30.20 441.2039 443.2071 304-385-439 F,B,P 
SO3 = sulfate conjugate; CGSC = cysteine glycine conjugate; MASC = mercapturic acid conjugate; Nringopen = opening of the piperidine ring; U = urine; F = feces; B = blood; P = plasma 

(Continued) 
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2.6.5.9 C In vivo  
 Test Article: Ibrutinib 

Study No.  -188-Hu-PO-MT  (FK10267) 
Location in CTD 4.2.2.4.12 
 Excretion of [14C]-ibrutinib and its metabolites in urine and feces   

(percentage of the administered dose) 
Component Identity Feces Urine (0-24 h)  

  % dose % dose  
M7 +114 (NringopenOH+O+SO3)  0.18   

M10 +130 (dihydrodiol+O+SO3)  0.19   
M11 +48 (NringopenCOOH+O) 2.64    
M17 +34 (NringopenOH+O) 3.77 0.29   
M20 +48 (NringopenCOOH+O) 7.11 0.68   
M21 +96 (+O+SO3)  0.65   
M24 +52 (NringopenOH+2O+2H) 2.00 0.27   
M25 +32 (RingopenCOOH) 6.14 1.67   
M29 +34 (NringopenOH+O) 2.85 0.45   

M32 + M33 +  
M34 + M35 (feces) 

M32: +163 (+2H+MASC) 
M33: +161 (-2H+2H+MASC) 
M34: +18, NringopeningOH 

M35: +16 (+O) 

9.08 NA   

M34 + M32 (urine) M34: +18, NringopeningOH 
M32: +163 (+2H+MASC) NA 0.31   

M33 (urine) +161 (-2H+2H+MASC) NA 0.04   
M36 +18 (+O+2H) 2.85    
M37 +34 (dihydrodiol) 2.93 0.12   

Parent Ibrutinib (UD) 0.77    
Sum of reported entities 40.1 4.69   
Sum of observed metabolites (% dose) 54.8 5.74   
Column recovery (%) - 90.3   
Total radioactivity (LSC, % dose) 57.8 6.34   
MASC = mercapturic acid conjugate; Nringopen = opening of the piperidine ring; SO3 = sulfate conjugate 

(Continued) 
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2.6.5.9 C In vivo  
 Test Article: Ibrutinib 

Study No.  -188-Hu-PO-MT  (FK10267) 
Location in CTD 4.2.2.4.12 
 [14C]-ibrutinib and its metabolites in blood  

(ng/mL) 
Component Identity 1 h 2 h 4 h 8 h 24 h 72 h 

M11 +48 (NringopenCOOH+O) LOQ LOQ LOD LOD LOD LOD 

M21 (+M20 + M24) 
M21: +96 (+O+SO3) 

M20: +48 (NringopenCOOH+O) 
M24: +52 (NringopenOH+2O+2H) 

87.0 41.9 LOQ LOD LOD LOD 

M25 +32 (RingopenCOOH) 48.9 LOQ LOD LOD LOD LOD 
M29 +34 (NringopenOH+O) LOQ LOQ LOD LOD LOD LOD 

M34 (+ M31 + M35) 
M34: +18, NringopeningOH 

M31: +178 (+2H+CGSC) 
M35: +16 (+O) 

37.0 19.5 LOQ LOD LOD LOD 

M37 +34 (dihydrodiol) 38.7 29.9 LOQ LOD LOD LOD 
M39 +16 (+O) LOQ LOQ LOD LOD LOD LOD 
M40 +16 (+O) LOD LOD LOD LOD LOD LOD 

Parent Ibrutinib (UD) 20.4 8.9 19.5 LOD LOD LOD 
 [14C]-ibrutinib and its metabolites in plasma 

(ng/mL) 
Component Identity 1 h 2 h 4 h 8 h 24 h 72 h 

M11 +48 (NringopenCOOH+O)       

M21 (+M20 + M24) 
M21: +96 (+O+SO3) 

M20: +48 (NringopenCOOH+O) 
M24: +52 (NringopenOH+2O+2H) 

102.3 78.4  LOD LOD  

M25 +32 (RingopenCOOH) 68.1 36.9  LOQ LOD  
M29 +34 (NringopenOH+O)       

M34 (+ M31 + M35) 
M34: +18, NringopeningOH 

M31: +178 (+2H+CGSC) 
M35: +16 (+O) 

47.7 33.3  LOD LOD  

M37 +34 (dihydrodiol) 41.9 32.0 28.2 LOQ LOD  
M39 +16 (+O)    LOD LOD  
M40 +16 (+O)    LOD LOD  

Parent Ibrutinib (UD) 33.5 26.9  LOQ LOD LOD 
CGSC = cysteine glycine conjugate;LOQ = limit of quantification; LOD = limit of detection; Nringopen = opening of the piperidine ring; SO3 = sulfate conjugate 
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2.6.5.9 C In vivo  
 Test Article: Ibrutinib 

Study No.  -129-Hu-PO-MT (FK10347) 
Location in CTD 4.2.2.4.13 
Study System: 
 

Identification and estimation of the abundance of the metabolites in human plasma after single and multiple oral administration of ibrutinib. Plasma samples were 
collected from healthy volunteers after a single 70 mg oral dose of ibrutinib (Clinical trial PCI-32765CLL1002), as well as from 10 patients after single and 8-day 
multiple dosing of ibrutinib at 420 mg/day (Clinical trial PCYC-1111-CA) 

Method: In the absence of authentic standards, an estimation of the metabolite abundance was obtained by mixing the plasma samples with human hepatocyte incubations 
containing 14C-ibrutinib and quantitating the cold metabolites in the plasma samples using the relative 12C/14C isotope ratios. The 12C/14C isotope ratios were 
measured using high resolution MS for each metabolite. The ratios were based on the concentration of radioactive metabolite determined from independent analysis 
of the radioactive sample with radio UPLC-detection. Estimated abundances in plasma for M37 and unchanged drug, using the relative 12C/14C isotope ratios were 
in line with the average concentration in the neat plasma samples determined using a validated bioanalytical method. For metabolite M23, which no longer carries 
the 14C label, an authentic standard was available for quantification of samples from Clinical trial PCYC-1111-CA. 

Estimation of the abundance of the circulating entities in plasma from PCI-32765CLL1002 (single 70 mg dose): 
Plasma pool per time point for subject 102002 and 102003, Clinical trial PCI-32765CLL1002, single dose, 70 mg 
Metabolite Metabolite Concentration (ng/mL) 
 1 hour  2 hours  4 hours  
M21 14.8  8.80  3.06  
M25 38.4  9.04  2.39  
M34 ($) 26.7  7.51  3.29  
M35 ($) 1.34  -  -  
M37 (#) 22.5 (19.7) 21.1 (18.2) 14.1 (11.2) 
UD (#) ($$) 10.6 (10.4) 3.90 (4.05) 0.86 (1.11) 
M41 3.84  0.88  0.81  
Additional Information: 
(#) The concentration for ibrutinib (UD) and M37 determined using a validated bioanalytical method are mentioned between brackets. 
($) 14CMIX value derived from the sum of the M34 and M35 area intensities from the hepatocyte sample 12CMIX derived from 50% of the area intensity from the human plasma. 
($$) M+1 signal intensity used for calculation 
MS = mass spectrometry; UD = unchanged drug; UPLC = ultra performance liquid chromatography 

(Continued) 
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2.6.5.9 C In vivo  
 Test Article: Ibrutinib 

Study No.  -129-Hu-PO-MT (FK10347) 
Location in CTD 4.2.2.4.13 

Estimation of the abundance of the circulating entities in plasma AUC0-24h Hamilton pools at Day 1 and Day 8 from PCYC-1111-CA (420 mg/day): 
Metabolite Day 1 Day 8 Accumulation Factor 
 Conc. (ng/mL) AUC (ng·h/mL) %TDRM Conc. (ng/mL) AUC (ng·h/mL) %TDRM  
M1 ($) 0.89 21.4  0.54 8.08 194  2.64 9.1 
M4 ($) 1.53 36.7  0.93 3.43 82.3  1.12 2.2 
M7 ($$) 1.40 33.6  0.85 2.43 58.3  0.79 1.7 
M10 ($$) 0.93 22.3  0.56 1.19 28.6  0.39 1.3 
M12 ($$) 0.34 8.16  0.21 0.53 12.7  0.17 1.6 
M17 3.20 76.8  1.94 6.60 158  2.16 2.1 
M21 32.6 782  19.8 73.6 1766  24.0 2.3 
M23 (**) 1.46 35.0  0.89 9.28 223  3.03 6.4 
M25 33.7 809  20.4 34.5 828  11.3 1.0 
M30 ($) 4.24 102  2.57 11.7 281  3.82 2.8 
M31 ($$) 0.41 9.84  0.25 0.53 12.7  0.17 1.3 
M34 33.8 811  20.5 71.3 1711  23.3 2.1 
M35 3.40 81.6  2.06 4.40 106  1.44 1.3 
M37 (#) 19.0 456  (629) 15.9 29.3 703 (1034) 14.1 1.6 
M39 - -  - 1.80 43.2  0.59 - 
M40 - -  - 0.60 14.4  0.20 - 
UD (#) 14.6 350  (485) 12.2 25.1 602 (780) 10.6 1.6 
M41 0.60 14.4  0.36 0.60 14.4  0.20 1.0 

 TDRM  3958 100   7348 100  
(Continued) 
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2.6.5.9 C In vivo  
 Test Article: Ibrutinib 

Study No.  -129-Hu-PO-MT (FK10347) 
Location in CTD 4.2.2.4.13 

Concentration of M23 in plasma from 2 subjects (221-002 and 221-005) on Day1, Day 8, Day 15 and Day 22 from PCYC-1111-CA (420 mg/day): 
 M23 Concentration (ng/mL)   

   
 Subject 221-002  Subject 221-005   
Day 1    

0 hour NF 

Day 1 AUC0-24h:  
45.0 ng·h/mL 

NF (*) 

Day 1 AUC0-24h:  
88.8 ng·h/mL 

 
1 hour 0.15 0.10  

2 hours 0.28 0.40  
4 hours 1.83 2.19  
7 hours  1.37 3.59  

24 hours 3.07 5.50  
   

Day 8      
0 hour 12.5 

Day 8 AUC0-24h:  
356 ng·h/mL 

24.0 

Day 8 AUC0-24h:  
584 ng·h/mL 

 
1 hour 13.6 21.9  

2 hours 17.3 19.0  
4 hours 18.5 23.8  
7 hours  16.4 27.0  

   
Day 15      

0 hour 22.0 
Average concentration  
Day 15 and Day 22: 
22.6 ng/mL 

33.0 
Average concentration  
Day 15 and Day 22: 
31.1 ng/mL 

 
2 hours 22.0 28.4  

Day 22    
0 hour 22.4 33.7  

2 hours 24.1 29.4  
Additional Information: 
(#) The concentration for ibrutinib (UD) and M37 determined using a validated bioanalytical method are between brackets and used in the calculation of TDRM and % TDRM.  
($) Determination of abundance of metabolites using relative UV/MS response factor versus M23 coupled to estimated abundance of M23 obtained with a calibration curve 
(*) Carry-over between injections was observed 
(**) Estimated abundance obtained using a calibration curve (authentic standard of M23) 
($$) Conjugated metabolites – no MS response factor could be calculated, assumption was made that phase II metabolites have similar response as their respective phase I metabolites 
AUC0-24h > 10 % total drug related material 
NF = not found; TDRM = total drug related material; UD = unchanged drug 
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2.6.5.9 D In vivo  
 Test Article: Ibrutinib 

Type of Study:  Assessment of S-enantiomer exposure after oral dosing of the R-enantiomer ibrutinib in 
plasma study samples from rat (Study -068-R-PO-TX), dog (Study -069-D-PO-TX) and human subjects 
(Study PCYC-1111), both after single and repeated oral dosing. 

Study No.:  
-159-V-PO-MT (FK10390) 

Location in CTD: 4.2.2.4.20 

Method: The study samples were analyzed using a qualified chiral LC-MS/MS method. 
Tabulated Results    
 Cmax and AUC ratios of S- and R-enantiomers in plasma after single and repeated dosing (S/R*100%) 
Species: Rat Dog Human 
Dose (mg/kg): 30 100 300/175a 30 80 220 420 mg/day 
Gender: M F M F M F M F M F M F M or F 
Day 0 Cmax S/R 1.364 2.110 0.869 2.531 1.937 3.145 0.762 0.550 1.287 0.711 0.235 0.232 1.36 
 AUCinf S/R 1.202 1.738 0.777 1.264 1.180 2.039 0.862 0.553 1.656b 0.047c 0.292 0.250 0.80d 
               
Day7 Cmax S/R             1.26 
 AUClast S/R             1.37 
               
Day 37 Cmax S/R       0.905 0.312 1.066 0.419 0.219 0192  
 AUC24h S/R       0.886 0.273 0.883 0.550 0.219 0.194  
               
Day 78 Cmax S/R 1.374 2.116 1.267 2.715 2.653 1.559        
 AUC24h S/Re 0.881 1.653 0.994 2.237 1.897 2.400        
a   300mg/kg ibrutinib on Day 0 and 175 mg/kg on day 78 in female animals 
b  AUC0-24h S/R 
c  AUC0-8h S/R 
d  AUClast S/R 

e AUC0-8h S/R in male rats 
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2.6.5.10 In vitro  
 Test Article: Ibrutinib 

Type of Study Test System 

Ibrutinib Concentration

Significant Findings and Conclusions Study No. Location in CTD μg/mL μM 
Stability Rat, dog, monkey, human 

liver microsomes 
1.32 3 Ibrutinib in the presence of NADPH was highly cleared in 

microsomes from all species. The rate of intrinsic clearance ± SE 
measured as μL/min/mg protein was:  cynomolgus monkey = 629 
± 80.2; rat = 596 ± 60.9; human = 549 ± 68.8; dog 107 ± 5.47.  The 
half-lives in minutes were: monkey = 2.20; rat = 2.33; human = 
2.52; dog = 13.0.   

-123-V-X-MT 4.2.2.4.1 

Covalent binding and 
metabolism  
 

Human liver microsomes and 
various recombinant 
CYP450s 

4.4 10 Human liver microsomes, CYP2D6 and CYP3A4 in the presence 
of NADPH readily metabolized [14C]-ibrutinib to several 
hydroxylated Phase I metabolites. No metabolism was observed in 
the microsomal preparations in the absence of NADPH or in 
CYP1A2, CYP2C19, or CYP2C9 in the presence of NADPH. 

-153-Hu-X-MTI 4.2.2.3.11 

CYP identification Human recombinant CYPs 2.20 5 CYP3A4 and CYP3A5 were involved in the metabolism of 
ibrutinib with potential minor involvement of CYP2D6 (3%, 6%, 
and 12% ibrutinib remaining after 15 minutes, respectively). 
Ibrutinib was not metabolized by CYP1A2, CYP2A6, CYP2B6, 
CYP2C8, CYP2C9 and CYP2C19.  

-013-Hu-X-MT 4.2.2.4.4 

Microsomal metabolic 
stability in the 
presence of CYP 
specific inhibitors 

Human liver microsomes 1.32 3 CYP3A4 was involved in the metabolism of ibrutinib with no 
apparent involvement of CYP1A, CYP2B6, CYP2C8, CYP2C9, 
CYP2C19 or CYP2D6. Ibrutinib human liver microsomal 
clearance was almost completely inhibited by the specific CYP3A4 
inhibitor ketoconazole, with only 4.2% of metabolism and 96% 
inhibition observed. 

-014-Hu-X-MT 4.2.2.4.5 

CYP enzyme kinetics Human recombinant 
supersomes expressing 
CYP2D6 and CYP3A4/5 

0.044 - 44 0.1 - 100 Both CYP3A4 and CYP3A5 had a higher intrinsic clearance than 
CYP2D6 for the conversion of ibrutinib to PCI-45227 (M37, 
dihydrodiol metabolite) in recombinants expressing the CYP in the 
presence of epoxide hydrolase. 

-041-Hu-X-MTI 4.2.2.4.7 

(Continued) 
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2.6.5.10 In vitro  
Test Article: Ibrutinib 

Location in CTD 4.2.2.4.6 
Study No. -168-Hu-X-CYP (FK10615) 
Study System: Inhibition of ibrutinib metabolism by fluoxetine, norfluoxetine and fluvoxamine in human liver microsomes;  

Determination of relative contribution of CYP3A5 to overall ibrutinib metabolism in selected lots of human liver microsomes genotyped for the status of CYP3A5 

Overview of inhibition characteristics of diagnostic inhibitors on the metabolism of ibrutinib and selected probe substrates 
Substrate  Fluoxetine Norfluoxetine Fluvoxamine 

Ibrutinib 

IC25 (μM) 
IC50 (μM) 
IC75 (μM) 
[% Inhibition at 100 μM] 

42 
78 

145 
[57±1.4] 

11 
21 
40 

[97±3.3] 

24 
48 
99 

[75±8.9] 
     

Midazolam (formation of 
1’-OH midazolam) 

IC25 (μM) 
IC50 (μM) 
IC75 (μM) 
[% Inhibition at 100 μM] 

36 
91 

232 
[58±5.2] 

9.5 
24 
62 

[87±1.4] 

31 
74 
177 

[64±2.4] 
     

Alprazolam (formation of 
4’-OH alprazolam) 

IC25 (μM) 
IC50 (μM) 
IC75 (μM) 
[% Inhibition at 100 μM] 

17 
42 

101 
[70±3.8] 

9.5 
20 
43 

[89±0.26] 

8.4 
33 
129 

[74±1.1] 
(Continued) 
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2.6.5.10 In vitro  
Test Article: Ibrutinib 

Location in CTD 4.2.2.4.6 
Study No. -168-Hu-X-CYP (FK10615) 

Inhibition results for delineation of the relative contribution of CYP3A4 and CYP3A5 to the overall metabolism of ibrutinib and selected probe substrates in human liver microsomes 
(mean ± SD): 
Substrate No inhibitor Ketoconazole (pan-CYP3A inhibitor) CYP3cide (selective CYP3A4 inhibitor) 
Ibrutinib %UD remaining % UD remaining % Inhibition  of metabolism % UD remaining % Inhibition of metabolism 

Pooled lot 40±4.5 100±0.0 100±0.0 100±0.0 100±0.0 
CYP3A5*1/*1 66±2.5 100±0.0 100±0.0 97±0.42 91±1.2 
CYP3A5*3/*3 45±3.2 98±2.0 96±3.6 93±0.59 87±1.1 

     

Midazolam Metabolism (pmol/min/mg) Metabolism (pmol/min/mg) % inhibition  of metabolism Metabolism (pmol/min/mg) % inhibition of metabolism 
Pooled lot 360±66 12±6.0 97±1.6 31±7.8 92±2.2 

CYP3A5*1/*1 270±11 20±0.60 93±0.22 60±4.0 78±1.5 
CYP3A5*3/*3 450±170 15±2.0 97±0.44 28±3.0 94±0.66 

     

Alprazolam  Metabolism (pmol/min/mg) Metabolism (pmol/min/mg) % inhibition  of metabolism Metabolism (pmol/min/mg) % inhibition of metabolism 
Pooled lot 650±130 23±0.80 96±0.12 32±2.9 95±0.45 

CYP3A5*1/*1 340±44 25±2.6 92±0.78 54±3.8 84±1.11 
CYP3A5*3/*3 700±47 25±2.4 96±0.34 23±1.8 97±0.25 

     

Atazanavir Metabolism (pmol/min/mg) Metabolism (pmol/min/mg) % inhibition  of metabolism Metabolism (pmol/min/mg) % inhibition of metabolism 
Pooled lot 75±1.6 22±7.3 71±9.7 14±10 82±14 

CYP3A5*1/*1 48±3.3 13±0.97 72±2.0 8.3±9.0 83±19 
CYP3A5*3/*3 59±3.1 22±7.9 62±13 22±8.0 63±14 

Additional Information 
CYP3A5*1/*1: wild-type functional CYP3A5 
CYP3A5*3/*3: splice mutant displaying low to null CYP3A activity  
CYP = cytochrome P450; IC = inhibitory concentration; SD = standard deviation, UD = unchanged drug

(Continued) 
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2.6.5.10 In vitro  
Test Article: Ibrutinib 

Location in CTD 4.2.2.4.2 
Study No. -080-V-X-MT (FK10269) 
Study System: 
Target Entity, Test System, and Method: 

The in vitro metabolism of [14C]-ibrutinib in liver microsomes and hepatocytes of  rat, rabbit, dog and human: 
Extent of metabolism (% injected) of [14C]-ibrutinib in liver microsomes and hepatocytes of  rat, rabbit, dog and human 

Code 
Retention

time 
(min) 

Proposed identity m/z 
(ESI+) 

Microsomes S9 fractions Hepatocytes 

Rat Rabbit Dog Human Rat Human Rat Rabbit Dog Human 

M17 17.64 +34 (N ring open OH+O) 475.2094 - - - - X - - - - - 

M21 19.57 +96 (+O+SO3) 537.1556 - - - - - - X - X X 

M25 20.89 +32 (Ring open COOH) 473.1937 X - - X X X X X X X 

M26 21.77 +307 (+2H+GSH) 748.2877 - - - - - - - - X - 

M27 21.97 +305 (+GSH) 746.2721 - - - - - - X X X - 

M29 22.37 +34 (N ring open OH+O) 475.2094 - - - - X - - - - - 

M34 23.63 +18 (N ring open OH) 459.2145 - - - - - - X X X X 

M35 23.77 +16 (+O) 457.1988 - - - - - - X X X X 

M37 25.41 +34 (dihydrodiol) 475.2094 X X X X X X X X X X 

M38 26.40 +16 (+O) 457.1988 X X X X - X X X X X 

M39 28.06 +16 (+O) 457.1988 X - X X - X X X X X 

M40 28.75 +16 (+O) 457.1988 X X X X - X X X X X 

M41 31.73 -2 (-2H) 439.1882 X X X X - X X X - X 

UD 30.20 Unchanged ibrutinib 441.2039 X X X X - X X X X X 

X = observed 
(Continued) 
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2.6.5.10 In vitro  
Test Article: Ibrutinib 

Location in CTD 4.2.2.4.2 
Study No. -080-V-X-MT (FK10269) 
Study System: 
Target Entity, Test System, 
and Method: 

The in vitro metabolism of [14C]-ibrutinib in liver microsomes and hepatocytes of  rat, rabbit, dog and human: 
Extent of metabolism (% injected) of [14C]-ibrutinib in rat, rabbit, dog and human liver microsomes with and without human recombinant expressed GST and rat 
and human liver microsomes with CYP inhibitors 

Incubate Recovery (%)a 
Metabolite (% injected) 

M37 M38 M39 M40 M41 UD Normalizedb Metabolism (%) Sum Metc Sum RAD peaksd 
Rat-M 0 min 106 ND ND ND ND ND 103 - - 103.0 103.0 
Rat-M 10 min* 99 21.1 5.3 8.2 1.9 2.8 9.6 10.2 90 48.8 93.4 
Rat-M 10 min B 108 ND ND ND ND ND 93.4 100.0 - 93.4 93.4 
Rabbit-F 0 min 106 ND ND ND ND ND 94.6 - - 94.6 94.6 
Rabbit-F 10 min* 107 3.7 1.9 ND ND 2.6 74.0 78.5 21 82.2 92.5 
Rabbit-F 10 min B 109 ND ND ND ND ND 94.3 100.0 - 94.3 94.3 
Dog-M 0 min 106 ND ND ND ND ND 95.7 - - 95.7 95.7 
Dog-M 10 min* 106 8.0 5.2 4.3 1.6 2.9 47.2 49.0 51 69.3 96.5 
Dog-M 10 min B 106 ND ND ND ND ND 96.3 100.0 - 96.3 96.3 
Human 0 min 108 ND ND ND ND ND 97.1 - - 97.1 97.1 
Human 10 min* 104 14.1 6.8 4.0 1.8 4.2 35.3 34.0 66 66.2 98.6 
Human 10 min B 106 ND ND ND ND ND 104.0 100.0 - 104.0 104.0 

 (Continued) 
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2.6.5.10 In vitro  
Test Article: Ibrutinib 

Location in CTD 4.2.2.4.2 
Study No. -080-V-X-MT (FK10269) 

Study System: 
Target Entity, Test System, and Method: 

The in vitro metabolism of [14C]-ibrutinib in liver microsomes and hepatocytes of  rat, rabbit, dog and human: 
Extent of metabolism (% injected) of [14C]-ibrutinib in rat, rabbit, dog and human liver microsomes with and without human recombinant expressed 
GST and rat and human liver microsomes with CYP inhibitors 

Incubate Recovery (%)a Metabolite (% injected) 
M37 M38 M39 M40 M41 UD Normalizedb Metabolism (%) Sum Metc Sum RAD peaksd 

Rat-M + GSH + GST_A1-1 10 min* 102 14.2 5.0 6.6 2.1 2.6 8.7 - - 39.3 109.0 
Rat-M + GSH + GST_P1-1 10 min* 105 11.7 4.6 5.9 2.2 < 0.6 9.1 - - 33.6 112.9 
Rat-M + GSH + GST_M1-1 10 min* 104 14.3 4.2 5.8 2.7 2.1 9.2 - - 38.3 109.8 
Rat-M + GSH 10 min 105 11.2 4.8 5.4 2.8 2.9 10.4 - - 37.5 107.2 
Human + GSH + GST_A1-1 10 min* 104 13.6 5.1 3.6 1.7 2.7 31.8 - - 58.5 100.2 
Human + GSH + GST_P1-1 10 min* 103 12.6 5.3 2.6 1.8 < 1.2 31.5 - - 53.9 94.0 
Human + GSH + GST_M1-1 10 min* 105 10.7 4.7 3.6 1.3 2.6 30.6 - - 53.6 95.1 
Human + GSH 10 min 103 15.8 4.3 3.2 1.3 3.3 35.6 - - 63.5 93.0 
Buffer + GSH + GST_A1-1 10 min 105 ND ND ND ND ND 100.6 - - 100.6 101.8 
Buffer + GSH + GST_P1-1 10 min 104 ND ND ND ND ND 96.6 - - 96.6 101.0 
Buffer + GSH + GST_M1-1 10 min 105 ND ND ND ND ND 94.0 - - 94.0 96.0 

(Continued) 
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2.6.5.10 In vitro  
Test Article: Ibrutinib 

Location in CTD 4.2.2.4.2 
Study No. -080-V-X-MT (FK10269) 

Study System: 
Target Entity, Test System, and Method: 

The in vitro metabolism of [14C]-ibrutinib in liver microsomes and hepatocytes of  rat, rabbit, dog and human: 
Extent of metabolism (% injected) of [14C]-ibrutinib in rat, rabbit, dog and human liver microsomes with and without human recombinant expressed 
GST and rat and human liver microsomes with CYP inhibitors 

Incubate Recovery (%)a Metabolite (% injected) 
M37 M38 M39 M40 M41 UD Normalizedb Metabolism (%) Sum Metc Sum RAD peaksd 

Rat-M + Methanol 10 min 93 19.5 7.7 3.7 3.8 3.6 12.1 - - 50.4 99.6 
Rat-M + Ketoconazole 10 min* 107 < 1.3 1.2 1.2 1.3 0.8 85.8 - - 90.2 96.0 
Rat-M + 1-ABT 10 min* 100 ND ND ND ND ND 96.6 - - 96.6 96.6 
Human + Methanol 10 min 94 10.4 4.9 3.0 2.0 3.0 39.2 - - 62.5 101.5 
Human + Ketoconazole 10 min* 106 ND ND ND ND ND 98.4 - - 98.4 98.7 
Human + 1-ABT 10 min* 97 ND ND ND ND ND 97.1 - - 97.1 97.1 
*n = 3 

(Continued) 
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2.6.5.10 In vitro  
Test Article: Ibrutinib 

Location in CTD 4.2.2.4.2 
Study No. -080-V-X-MT (FK10269) 
Study System: 
Target Entity, Test System, and Method: 

The in vitro metabolism of [14C]-ibrutinib in liver microsomes and hepatocytes of  rat, rabbit, dog and human: 
Extent of metabolism (% injected) of [14C]-ibrutinib in rat, rabbit, dog and human hepatocytes 

Incubate 

Recovery  Metabolite (% injected) 

(%)a 

M21 M25 M26 M27

M34
+ 

M35 M37 M38 M39 M40 M41 UD Normalizedb Metabolism (%) Sum Metc
Sum RAD 

peaksd 
Rat-M 0 min 73 ND ND ND ND ND ND ND ND ND ND 92.1 91.6 8.4 92.1 92.1 
Rat-M 2 min 105 ND ND ND ND ND ND ND 1.8 ND ND 91.2 90.7 9.3 93.0 93.0 
Rat-M 5 min 102 ND ND ND ND ND 0.9 2.4 2.9 ND ND 82.8 82.3 17.7 89.0 92.5 
Rat-M 10 min 103 1.8 ND ND 1.6 ND ND 2.6 6.2 ND 1.7 60.2 59.8 40.2 74.1 98.4 
Rat-M 15 min 100 2.0 ND ND 2.6 ND 2.8 5.0 5.7 ND 1.8 52.3 52.0 48.0 72.2 95.8 
Rat-M 20 min 96 2.4 ND ND 2.0 5.8 5.2 4.1 6.6 1.5 1.2 42.9 42.6 57.4 71.7 105.4 
Rat-M 60 min 88 3.3 4.5 1.8 3.9 21.6 15.0 3.6 4.4 2.8 1.7 12.7 12.6 87.4 75.3 116.9 
Rat-M 60 min B 81 ND ND ND ND ND ND ND ND ND ND 100.6 100.0 0.0 100.6 100.6 
Rabbit-F 0 min 111 ND ND ND ND ND ND ND ND ND ND 106.1 104.8 -4.8 106.1 106.1 
Rabbit-F 2 min 106 ND ND ND ND ND ND ND ND ND ND 96.6 95.5 4.5 96.6 96.6 
Rabbit-F 5 min 105 ND ND ND ND 0.7 1.7 2.2 2.4 ND 1.2 87.3 86.3 13.7 95.5 104.2 
Rabbit-F 10 min 107 ND 1.0 ND ND 2.4 6.9 1.9 2.9 ND 1.7 74.5 73.6 26.4 91.3 100.8 
Rabbit-F 15 min 103 ND 2.2 ND ND 2.9 6.2 1.8 2.4 ND 3.2 61.6 60.9 39.1 80.3 98.3 
Rabbit-F 20 min 99 ND 3.8 ND 1.5 4.1 11.5 3.8 3.9 2.0 2.3 46.8 46.2 53.8 79.7 97.3 
Rabbit-F 60 min 108 ND 33.1 1.1 3.2 9.7 12.9 1.7 2.0 2.1 2.1 1.8 1.8 98.2 69.7 99.7 
Rabbit-F 60 min B 100 ND ND ND ND ND ND ND ND ND ND 101.2 100.0 0.0 101.2 101.2 

(Continued) 
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2.6.5.10 In vitro  
Test Article: Ibrutinib 

Location in CTD 4.2.2.4.2 
Study No. -080-V-X-MT (FK10269) 
Study System: 
Target Entity, Test System, and Method: 

The in vitro metabolism of [14C]-ibrutinib in liver microsomes and hepatocytes of  rat, rabbit, dog and human: 
Extent of metabolism (% injected) of [14C]-ibrutinib in rat, rabbit, dog and human hepatocytes 

Incubate 
Recovery  Metabolite (% injected) 

(%)a  M21 M25 M26 M27
M34+
M35 M37 M38 M39 M40 M41 UD 

Normalizedb Metabolism 
(%) 

Sum Metc Sum RAD 
peaksd 

Dog-M 0 min 115 ND ND ND ND ND ND ND ND ND ND 97.3 100.0 0.0 97.3 97.3 
Dog-M 2 min 104 ND ND ND ND ND ND ND ND ND ND 100.0 102.8 -2.8 100.0 100.0 
Dog-M 5 min 103 ND ND 0.2 ND ND ND ND ND ND ND 95.6 98.3 1.7 95.8 95.8 
Dog-M 10 min 99 1.6 ND 1.2 0.6 ND ND 0.4 ND ND ND 89.7 92.2 7.8 93.5 94.8 
Dog-M 15 min 100 1.7 ND 1.0 1.2 1.2 ND 1.1 1.7 ND ND 85.6 88.0 12.0 93.5 94.8 
Dog-M 20 min 104 2.9 ND 1.6 0.6 1.9 ND 1.6 1.8 ND ND 75.7 77.8 22.2 86.1 91.1 
Dog-M 60 min 133 15.5 3.4 8.3 3.3 6.1 2.4 1.6 1.4 ND ND 27.2 28.0 72.0 69.2 94.4 
Dog-M 60 min B 108 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Human 0 min 108 ND ND ND ND ND ND ND ND ND ND 97.8 98.9 1.1 97.8 97.8 
Human 2 min 106 ND ND ND ND ND ND ND ND ND ND 92.4 93.4 6.6 92.4 92.4 
Human 5 min 105 ND ND ND ND ND 1.3 0.8 2.2 ND ND 86.8 87.8 12.2 91.1 91.1 
Human 10 min 105 ND ND ND ND 2.6 2.2 1.6 1.4 ND ND 79.3 80.2 19.8 87.1 94.1 
Human 15 min 103 ND ND ND ND 3.7 5.3 2.5 2.6 ND 1.6 75.1 75.9 24.1 90.8 97.2 
Human 20 min 104 ND 1.8 ND ND 2.2 6.9 2.1 3.3 ND 1.6 68.0 68.8 31.2 85.9 96.7 
Human 60 min 102 4.6 11.1 ND ND 13.0 9.0 2.2 2.0 1.2 2.6 29.5 29.8 70.2 75.2 101.2 
Human 60 min B 84 ND ND ND ND ND ND ND ND ND ND 98.9 100.0 0.0 98.9 98.9 

(Continued) 
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2.6.5.10 In vitro  
Test Article: Ibrutinib 

Location in CTD 4.2.2.4.2 
Study No. -080-V-X-MT (FK10269) 
Study System: 
Target Entity, Test System, and 
Method: 

The in vitro metabolism of [14C]-ibrutinib in liver microsomes and hepatocytes of  rat, rabbit, dog and human: 
Extent of metabolism (% injected) of [14C]-ibrutinib in rat, rabbit, dog and human hepatocytes with and without human recombinant expressed GST 

Incubate 
Recovery Metabolite (% injected) 

(%)a M21 M25 M26 M27 M34+M35 M37 M38 M39 M40 M41 UD 
Rat-M 60 min 88 3.3 4.5 1.8 3.9 21.6 15.0 3.6 4.4 2.8 1.7 12.7 
Rat-M 60 min +GST A1 +GSH 109 3.0 6.0 4.2 2.5 9.0 4.6 ND 2.6 0.8 ND 9.7 
Rat-M 60 min +GST M1 +GSH 108 3.4 7.3 3.9 2.8 14.8 7.9 ND 2.4 1.3 ND 8.6 
Rat-M 60 min +GST_P1 +GSH 111 3.2 4.7 6.9 4.6 7.4 5.7 ND 2.3 1.5 ND 8.1 
Rat-M 60 min +GSH 123 4.3 13.2 5 3.7 12.1 4.9 ND 2.9 1.3 ND 5.3 
Rat-M 60 min B 81 ND ND ND ND ND ND ND ND ND ND 100.6 
Rabbit-F 60 min 108 ND 33.1 1.1 3.2 9.7 12.9 1.7 2.0 2.1 2.1 1.8 
Rabbit-M 60 min +GST A1 +GSH 102 ND 23.7 2.7 5.9 11.5 8.8 ND 2.0 1.3 ND 2.3 
Rabbit-M 60 min +GST M1 +GSH 109 ND 17.9 1.7 6.2 5.7 11.3 ND 1.6 1.5 ND 2.4 
Rabbit-M 60 min +GST_P1 +GSH 101 ND 22.0 5.5 7.6 6.2 12.5 0.7 1.7 0.5 ND 2.0 
Rabbit-M 60 min +GSH 129 ND 18.7 3.5 5.5 10.8 11.0 0.9 1.9 1.2 ND 4.3 
Rabbit-F 60 min B 100 ND ND ND ND ND ND ND ND ND ND 101.2 
Dog-M 60 min 133 15.5 3.4 8.3 3.3 6.1 7.2 1.6 1.4 ND ND 27.2 
Dog-M 60 min +GST A1 +GSH 132 12.8 3.2 11.7 2.7 12.8 4.7 ND 1.2 0.6 ND 21.8 
Dog-M 60 min +GST M1 +GSH 134 13.2 5.5 16.2 3.8 7.8 6.9 ND 1.1 ND ND 25.6 
Dog-M 60 min +GST_P1 +GSH 114 12.2 3.0 16.4 2.9 5.7 5.8 ND 0.8 ND ND 19.7 
Dog-M 60 min +GSH 124 10.7 4.1 11.6 2.4 7.9 5.4 0.6 0.8 0.3 ND 22.2 
Dog-M 60 min B 108 NR NR NR NR NR NR NR NR NR NR NR 

 (Continued) 

 



 

 

 
 

2.6.5 
    

83

2.6.5.10 In vitro  
Test Article: Ibrutinib 

Location in CTD 4.2.2.4.2 
Study No. -080-V-X-MT (FK10269) 
Study System: 
Target Entity, Test System, and 
Method: 

The in vitro metabolism of [14C]-ibrutinib in liver microsomes and hepatocytes of  rat, rabbit, dog and human: 
Extent of metabolism (% injected) of [14C]-ibrutinib in rat, rabbit, dog and human hepatocytes with and without human recombinant expressed GST 

Incubate 
Recovery Metabolite (% injected) 

(%)a M21 M25 M26 M27 M34+M35 M37 M38 M39 M40 M41 UD 
Human 60 min 102 4.6 11.1 ND ND 13.0 9.0 2.2 2.0 1.2 2.6 29.5 
Human-M 60 min +GST A1 +GSH 100 4.2 12.0 4.0 3.4 9.8 8.6 ND 1.9 0.9 ND 22.1 
Human-M 60 min +GST M1 +GSH 96 2.7 9.5 5.0 3.6 9.9 7.1 ND 2.6 0.9 ND 30.3 
Human-M 60 min +GST_P1 +GSH 102 3.0 10.6 8.0 5.2 10.7 7.9 ND 1.7 0.9 ND 19.0 
Human-M 60 min +GSH 121 3.5 9.4 3.7 2.9 8.6 8.3 ND 1.5 1.0 ND 20.0 
Human 60 min B 84 ND ND ND ND ND ND ND ND ND ND 98.9 

a Recovery of total radioactivity after sample preparation 
b Normalized in comparison to boiled sample 
c % of sample radioactivity accounted for by UD and the reported metabolites 
d % of sample radioactivity accounted for by all peaks in the radiochromatogram 
 
1-ABT = 1-Aminobenzotriazole; B = boiled; CYP = cytochrome P450; GSH = glutathione; GST = glutathione-S-transferase; NADPH = nicotinamide adenine dinucleotide phosphate;  
ND = not Detected; M = male; NR = no result; RAD = radioactivity; SE = standard error; S9 = post-mitochondrial fraction of tissue homogenate; UD = unchanged drug 

(Continued) 
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2.6.5.10 In vitro  
Test Article: Ibrutinib 

Location in CTD 4.2.2.4.3 
Study No. -105-V-X-MT (FK10351) 
Study System: 
Target Entity, Test System, and 
Method: 

The in vitro metabolism of a mixture of [D5]-ibrutinib and [D0]-ibrutinib in rat and human hepatocytes: 
MS intensity [D5]/[D0] ratios were determined for parent compound and metabolites in rat and human hepatocytes (for the 30 and 60 min incubations). 

Code Retention
time (min)

m/z 
([D0]) 

m/z 
([Dx]) 

Rat Hepatocytes Human Hepatocytes 
30 min incubation 60 min incubation 30 min incubation 60 min incubation 

[Dx]/[D0] 
ratio 

% relative to 
control b 

[Dx]/[D0] 
ratio 

% relative to 
control b 

[Dx]/[D0] 
ratio 

% relative to 
control b 

[Dx]/[D0] 
ratio 

% relative to 
control b 

M21 19.57 537.1556 541.1808 0.91 106 0.87 101 0.71 83 0.86 100 
M25 20.89 473.1937 478.2252 0.69 80 0.81 94 0.75 87 0.80 93 
M34 23.63 459.2145 464.2460 0.85 99 0.86 100 0.79 92 0.78 91 
M39 28.06 457.1988 462.2303 0.90 104 0.85 98 0.86 100 0.82 96 
M40 28.75 457.1988 462.2303 0.89 104 0.91 106 0.99 115 0.92 107 
M37 25.41 475.2094 480.2409 0.91 106 0.77 89 0.84 98 0.85 99 
M35 23.77 457.1988 461.2240 - - - - 0.94 109 0.96 112 
UDa 30.20 441.2039 446.2354 0.86 100 0.86 100 0.87 101 0.89 103 
M41 31.73 439.1882 444.2197 0.86 100 0.98 114 0.88 102 0.97 112 

a [D0+2] and [D5+2] ions were used as [D0] and [D5] ion signals were saturated 
b The average [D5]/[D0] ratio was 0.86 in rat and human hepatocyte control incubations (cell free incubations (60 min), boiled human and rat hepatocyte incubations (60 min) and human and rat 
hepatocyte incubations (0 min)) 
 
[D0] = unlabeled molecule; [Dx] = deuterated molecule; UD = unchanged drug 
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2.6.5.11 A  
Test Article: Ibrutinib 

Study No.: -022-R-PO-AME (FK10242) 
Location in CTD: 4.2.2.4.8 

Study System: The metabolism of 14C-ibrutinib was investigated in male and female Sprague-Dawley rats after a single oral administration of single enantiomeric 14C-ibrutinib at 10 mg/kg 
(plasma, urine and feces).
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2.6.5.11 A  
Test Article: Ibrutinib 

Study No.: -081-R-PO-EXC (FK10301) 
Location in CTD: 4.2.2.4.9 

Study System: The metabolism of 14C-ibrutinib was investigated in male bile duct-cannulated Sprague-Dawley rats after a single oral administration of single enantiomeric 14C-ibrutinib at 
10 mg/kg (bile, urine and feces). 
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2.6.5.11 B  
Test Article: Ibrutinib 

Study No.: -189-D-PO-AME (FK10389) 
Location in CTD: 4.2.2.4.11 

Study System: The metabolism of 14C-ibrutinib was investigated in male Beagle dogs after a single oral administration of single enantiomeric 14C-ibrutinib at 30 mg/kg (plasma, urine and feces). 
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2.6.5.11 C  
Test Article: Ibrutinib 

Study No.: -188-Hu-PO-MT (FK10267) 
Location in CTD: 4.2.2.4.12 

Study System: The metabolism of 14C-ibrutinib was investigated in 6 male healthy volunteers after a single oral administration of single enantiomeric 14C-ibrutinib at 140 mg (blood, plasma, 
urine and feces). 
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2.6.5.11 D In vitro  
Test Article: Ibrutinib 

Study No.: -080-V-X-MT (FK10269) 
Location in CTD: 4.2.2.4.2 

Study System: The in vitro metabolism of single enantiomeric 14C-ibrutinib was investigated in liver microsomes and hepatocytes of rat, rabbit, dog and human.
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2.6.5.12 A  

 Test Article: Ibrutinib/PCI-45227 (M37) 
Type of Study:  In vitro evaluation of ibrutinib and PCI-45227 (M37, dihydrodiol metabolite of ibrutinib) as 
inducers of cytochrome P450 expression in cultured human hepatocytes 

Study No.: -075-Hu-X-INDC Location in CTD: 4.2.2.4.14 

Method: Three fresh preparations of cultured human hepatocytes from three separate livers were treated once daily for three consecutive days with DMSO (0.1% v/v, vehicle control), one of 
three concentrations of ibrutinib (0.5, 2.5 or 10 M) and PCI-45227 (M37) (0.5, 2.5 or 10 M) or one of three known human CYP inducers, namely, omeprazole (50 M), phenobarbital (750 M) 
and rifampin (10 M). After treatment, the cells were incubated in situ with the appropriate marker substrates for the analysis of phenacetin O-dealkylation (marker for CYP1A2), bupropion 
hydroxylation (marker for CYP2B6) and testosterone 6 -hydroxylation (marker for CYP3A4/5) by LC/MS/MS. Following the in situ incubation, the same hepatocytes from the same treatment 
groups were harvested with TRIzol to isolate RNA, which was analyzed by qRT-PCR to assess the effect of ibrutinib and PCI-45227 (M37) on CYP1A2, CYP2B6 and CYP3A4 mRNA levels.  
Tabulated Results     
   
(a) CYP activity  Fold increase relative to vehicle control a 
Treatment Concentration CYP1A2 (phenacetin O-dealkylation) CYP2B6 (bupropion hydroxylation) CYP3A4/5 (testosterone 6 -hydroxylation) 
DMSO 0.1% (v/v) 1.00 ± 0.20 b 1.00 ± 0.88 b 1.00 ± 0.67 b 
Ibrutinib 0.5 M 1.19 ± 0.05 1.07 ± 0.17 1.14 ± 0.20 
Ibrutinib 2.5 M 1.40 ± 0.22 1.12 ± 0.18 1.08 ± 0.27 
Ibrutinib 10 M 1.79 ± 0.16 1.62 ± 0.45 1.26 ± 0.24 
PCI-45227 (M37) 0.5 M 1.02 ± 0.19 0.967 ± 0.095 0.940 ± 0.187 
PCI-45227 (M37) 2.5 M 1.03 ± 0.15 1.04 ± 0.15 1.01 ± 0.14 
PCI-45227 (M37) 10 M 0.940 ± 0.131 1.29 ± 0.11 1.61 ± 0.50 
Omeprazole 50 M 48.7 ± 6.5 NA NA 
Phenobarbital 750 M NA 17.7 ± 9.0 NA 
Rifampin 10 M NA NA 5.01 ± 3.67 

(Continued) 
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2.6.5.12 A  
 Test Article: Ibrutinib/PCI-45227 (M37) 

Type of Study:  In vitro evaluation of ibrutinib and PCI-45227 (M37, dihydrodiol metabolite of ibrutinib) as 
inducers of cytochrome P450 expression in cultured human hepatocytes 

Study No.: -075-Hu-X-INDC Location in CTD: 4.2.2.4.14 

Tabulated Results     
   
(b) mRNA levels  Fold increase relative to vehicle control a,c 
Treatment Concentration CYP1A2 CYP2B6 CYP3A4 
DMSO 0.1% (v/v) 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 
Ibrutinib 0.5 M 2.43 ± 2.96 1.42 ± 1.08 1.57 ± 1.14 
Ibrutinib 2.5 M 3.74 ± 3.08 1.65 ± 0.27 1.08 ± 0.44 
Ibrutinib 10 M 3.08 ± 0.72 1.89 ± 1.01 1.91 ± 0.83 
PCI-45227 (M37) 0.5 M 1.72 ± 1.94 0.818 ± 0.512 0.919 ± 0.369 
PCI-45227 (M37) 2.5 M 0.785 ± 0.262 0.893 ± 0.511 1.33 ± 0.93 
PCI-45227 (M37) 10 M 1.20 ± 0.46 3.75 ± 4.37 6.70 ± 10.14 
Omeprazole 50 M 55.5 ± 28.6 NA NA 
Phenobarbital 750 M NA 16.5 ± 12.3 NA 
Rifampin 10 M NA NA 13.6 ± 13.5 
Additional Information
a Values are the mean ± standard deviation of three determinations from individual human hepatocyte preparations.  
b CV (Coefficient of Variance) = Rate standard deviation / Mean Rate. CV is calculated instead of standard deviation to give a more realistic representation of variance among control samples. 
c Normalized to GAPDH 
DMSO = dimethyl sulfoxide; NA = not applicable 
For CYP1A2, the positive control is omeprazole and the vehicle control is DMSO.  
For CYP2B6, the positive control is phenobarbital and the vehicle control is DMSO.  
For CYP3A4/5, the positive control is rifampin and the vehicle control is DMSO. 
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2.6.5.12 B  

 Test Article: Ibrutinib 
Type of Study:  In vitro inhibition potential of ibrutinib towards specific isoenzymes of human hepatic 
cytochrome P450 

Study No.: -029-Hu-X-CYP Location in CTD: 4.2.2.4.15 

Method: Assays were performed in the presence and absence of ibrutinib (0.01 to 100 M) and a single substrate concentration, approximating the Km for human hepatic microsomes. The 
CYP450 isoenzymes monitored in the study were:  CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E1, and CYP3A4/5. 
Tabulated Results    
    
CYP450 Isoenzyme Measured Activity IC50 ( M) IC50 ( g/mL) 
CYP1A Ethoxyresorufin O-deethylase >100 >44 
CYP2B6 Bupropion hydroxylase 9.6 4.23 
CYP2C8  Paclitaxel 6 -hydroxylase 24.0 10.6 
CYP2C9 Diclofenac 4’-hydroxylase 12.0 5.29 
CYP2C19  Omeprazole 5-hydroxylase 13.0 5.73 
CYP2D6  Dextromethorphan O-demethylation 25.0 11.0 
CYP2E1 Chlorzoxazone 6-hydroxylase NC NC 
CYP3A4/5  Midazolam 1-hydroxylase 24.0 10.6 
CYP3A4/5  Testosterone 6 -hydroxylase 20.0 8.81 
    
Time-dependent Inhibition    
CYP3A with NADPH:

without NADPH:
62  
NC  

 

    
Additional Information
>Conc: IC50 value above the highest test concentration (less than 50% inhibition at the highest tested concentration)  
NC: IC50 value not calculable (less than 25% inhibition at the highest test concentration) 
IC50  = half-maximal inhibitory concentration; NADPH = nicotinamide adenine dinucleotide phosphate 
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2.6.5.12 C  
 Test Article: M23 

Type of Study:  In vitro inhibition potential of M23 towards specific isoenzymes of human hepatic 
cytochrome P450 

Study No.: -026-Hu-X-CYP  
(FK10650) 

Location in CTD: 4.2.2.4.16 

Methods: Incubation System: Human Liver Microsomes (HLM) (in 100 mM Potassium Phosphate Buffer, 5 mM MgCl2, 1 mM EDTA)
 Analytical: LC-MS/MS Cocktail Assay (Sciex API 4000 , MRM Scan Mode, ESI) Monitoring Probe Metabolite Formation 
 Experimental: REVERSIBLE INHIBITION (IC50 Screen)
 - 0.1, 0.15 or 0.2 mg/mL HLM in 160 L volume.  

- IC50 Determination:  
- Inhibitor (Test Compound or Positive Control) - 8 concentrations, incubated in triplicate in the presence of one probe substrate concentration. 
- Test compound concentration range = 0, 0.1, 0.3, 1.0, 3.0, 10, 30 and 100 M  
- Assays performed on a Biomek FXp robotic liquid handling workstation with a Cytomat shaking incubator set at 37ºC.

Tabulated Results    
    

 
CYP Isoforms Probe Substrate 

Concentration
( M)

HLM 
(mg/mL)

M23
IC50 (μM) 

Max. % 
Inhibition 

Positive Control Inhibitor Concentration Range
(μM) IC50 ( M) 

1A2 Phenacetin 80 0.2 n/a < 5 -Naphthoflavone 0.001 – 1 0.017 
2A6 Coumarin 2 0.2 >100 22 Tranylcypromine 0.02 – 20 0.93 
2B6 Bupropion 25 0.2 51 74 Ticlopidine 0.005 – 5 0.065 
2C8 Amodiaquine 2 0.1 79 54 Quercetin 0.03 – 30 3.4 
2C9 Tolbutamide 100 0.15 >100 40 Sulphaphenazole 0.005 – 5 0.23 
2C9 Diclofenac 5 0.15 >100 26 Sulphaphenazole 0.005 – 5 0.24 
2C19 S-(+)-Mephenytoin 30 0.2 >100 46 N-3-BenzylPB 0.002 – 2 0.19 
2D6 Dextromethorphan 3 0.15 2.8 96 Quinidine 0.002 – 2 0.032 
2E1 Chlorzoxazone 45 0.2 n/a 7 4-Methylpyrazole 0.02 – 20 0.59 
3A4 Testosterone 25 0.15 76 61 Ketoconazole 0.002 – 2 0.021 
3A4 Midazolam 2 0.15 n/a <5 Ketoconazole 0.002 – 2 0.019 
3A4 Nifedipine 10 0.1 57 56 Ketoconazole 0.002 – 2 0.016 

Additional Information
n/a = no concentration-dependent inhibition observed
EDTA = ethylenediaminetetraacetic acid; ESI = electrospray ionization; HLM = human liver microsomes; IC50  = half-maximal inhibitory concentration; LC-MS/MS = liquid chromatography 
coupled to tandem mass spectrometry; MRM = multiple reaction monitoring
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2.6.5.12 D  
 Test Article: M25 

Type of Study:  In vitro inhibition potential of M25 towards specific isoenzymes of human hepatic 
cytochrome P450 

Study No.: -161-Hu-X-CYP  
(FK10597) 

Location in CTD: 4.2.2.4.17 

Methods: Incubation System: Human Liver Microsomes (HLM) (in 100 mM Potassium Phosphate Buffer, 5 mM MgCl2, 1 mM EDTA)
 Analytical: LC-MS/MS Cocktail Assay (Sciex API 4000 , MRM Scan Mode, ESI) Monitoring Probe Metabolite Formation 
 Experimental: REVERSIBLE INHIBITION (IC50 Screen)
 - 0.1, 0.15 or 0.2 mg/mL HLM in 160 L volume.  

- IC50 Determination:  
- Inhibitor (Test Compound or Positive Control) - 8 concentrations, incubated in triplicate in the presence of one probe substrate concentration. 
- Test compound concentration range = 0, 0.1, 0.3, 1.0, 3.0, 10, 30 and 100 M  
- Assays performed on a Biomek FXp robotic liquid handling workstation with a Cytomat shaking incubator set at 37ºC.

Tabulated Results    
    

 
CYP Isoforms Probe Substrate 

Concentration
( M)

HLM 
(mg/mL)

M25
IC50 (μM) 

Max. % 
Inhibition 

Positive Control Inhibitor Concentration Range
(μM) IC50 ( M) 

1A2 Phenacetin 80 0.2 n/a < 5 -Naphthoflavone 0.001 – 1 0.025 
2A6 Coumarin 2 0.2 n/a < 5 Tranylcypromine 0.02 – 20 0.81 
2B6 Bupropion 25 0.2 n/a 5 Ticlopidine 0.005 – 5 0.057 
2C8 Amodiaquine 2 0.1 78 69 Quercetin 0.03 – 30 4.0 
2C9 Tolbutamide 100 0.15 n/a 12 Sulphaphenazole 0.005 – 5 0.23 
2C9 Diclofenac 5 0.15 n/a 6 Sulphaphenazole 0.005 – 5 0.21 
2C19 S-(+)-Mephenytoin 30 0.2 n/a < 5 N-3-BenzylPB 0.002 – 2 0.047 
2D6 Dextromethorphan 3 0.15 n/a < 5 Quinidine 0.002 – 2 0.040 
2E1 Chlorzoxazone 45 0.2 n/a 17 4-Methylpyrazole 0.02 – 20 0.19 
3A4 Testosterone 25 0.15 n/a < 5 Ketoconazole 0.002 – 2 0.014 
3A4 Midazolam 2 0.15 >100 25 Ketoconazole 0.002 – 2 0.016 
3A4 Nifedipine 10 0.1 >100 49 Ketoconazole 0.002 – 2 0.0084 

Additional Information
n/a = no concentration-dependent inhibition observed
EDTA = ethylenediaminetetraacetic acid; ESI = electrospray ionization; HLM = human liver microsomes; IC50  = half-maximal inhibitory concentration; LC-MS/MS = liquid chromatography 
coupled to tandem mass spectrometry; MRM = multiple reaction monitoring
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2.6.5.12 E  
 Test Article: M34 

Type of Study:  In vitro inhibition potential of M34 towards specific isoenzymes of human hepatic 
cytochrome P450 

Study No.: -162-Hu-X-CYP  
(FK10598) 

Location in CTD: 4.2.2.4.18 

Methods: Incubation System: Human Liver Microsomes (HLM) (in 100 mM Potassium Phosphate Buffer, 5 mM MgCl2, 1 mM EDTA)
 Analytical: LC-MS/MS Cocktail Assay (Sciex API 4000 , MRM Scan Mode, ESI) Monitoring Probe Metabolite Formation 
 Experimental: REVERSIBLE INHIBITION (IC50 Screen)
 - 0.1, 0.15 or 0.2 mg/mL HLM in 160 L volume.  

- IC50 Determination:  
- Inhibitor (Test Compound or Positive Control) - 8 concentrations, incubated in triplicate in the presence of one probe substrate concentration. 
- Test compound concentration range = 0, 0.1, 0.3, 1.0, 3.0, 10, 30 and 100 M  
- Assays performed on a Biomek FXp robotic liquid handling workstation with a Cytomat shaking incubator set at 37ºC.

Tabulated Results    
    

 
CYP Isoforms Probe Substrate 

Concentration
( M)

HLM 
(mg/mL)

M34
IC50 (μM) 

Max. % 
Inhibition 

Positive Control Inhibitor Concentration Range
(μM) IC50 ( M) 

1A2 Phenacetin 80 0.2 n/a 6 -Naphthoflavone 0.001 – 1 0.025 
2A6 Coumarin 2 0.2 n/a 11 Tranylcypromine 0.02 – 20 0.81 
2B6 Bupropion 25 0.2 n/a 30 Ticlopidine 0.005 – 5 0.057 
2C8 Amodiaquine 2 0.1 35 77 Quercetin 0.03 – 30 4.0 
2C9 Tolbutamide 100 0.15 26 78 Sulphaphenazole 0.005 – 5 0.23 
2C9 Diclofenac 5 0.15 29 84 Sulphaphenazole 0.005 – 5 0.21 
2C19 S-(+)-Mephenytoin 30 0.2 >100 49 N-3-BenzylPB 0.002 – 2 0.047 
2D6 Dextromethorphan 3 0.15 >100 46 Quinidine 0.002 – 2 0.040 
2E1 Chlorzoxazone 45 0.2 >100 22 4-Methylpyrazole 0.02 – 20 0.19 
3A4 Testosterone 25 0.15 7.6 58 Ketoconazole 0.002 – 2 0.014 
3A4 Midazolam 2 0.15 76 54 Ketoconazole 0.002 – 2 0.016 
3A4 Nifedipine 10 0.1 22 73 Ketoconazole 0.002 – 2 0.0084 

Additional Information
n/a = no concentration-dependent inhibition observed
EDTA = ethylenediaminetetraacetic acid; ESI = electrospray ionization; HLM = human liver microsomes; IC50  = half-maximal inhibitory concentration; LC-MS/MS = liquid chromatography 
coupled to tandem mass spectrometry; MRM = multiple reaction monitoring
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2.6.5.12 F  

 Test Article: PCI-45227 (M37) 
Type of Study:  In vitro inhibition potential of PCI-45227 (M37, dihydrodiol metabolite of ibrutinib) towards 
specific isoenzymes of human hepatic cytochrome P450 

Study No.: -016-Hu-X-CYP Location in CTD: 4.2.2.4.19 

Method: Assays were performed in the presence and absence of PCI-45227 (M37) (0.03 to 100 M) and a single substrate concentration, approximating the Km for human hepatic microsomes. 
The CYP450 isoenzymes monitored in the study were:  CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E1, and CYP3A4/5. 
Tabulated Results    
    
CYP450 Isoenzyme Measured Activity IC50 ( M) IC50 ( g/mL) 
CYP1A Phenacetin deacetylase NC NC 
CYP2B6 Bupropion hydroxylase 17 8.07 
CYP2C8  Paclitaxel 6 -hydroxylase 33 15.7 
CYP2C9 Diclofenac 4’-hydroxylase 58 27.5 
CYP2C19  Omeprazole 5-hydroxylase >100 >47.4 
CYP2D6  Dextromethorphan O-demethylation 76 36.1 
CYP2E1 Chlorzoxazone 6-hydroxylase NC NC
CYP3A4/5  Midazolam 1-hydroxylase NC NC
CYP3A4/5  Testosterone 6 -hydroxylase >100 >47.4 
Additional Information
>Conc: IC50 value above the highest test concentration (less than 50% inhibition at the highest tested concentration)  
NC: IC50 value not calculable (less than 25% inhibition at the highest test concentration) 
IC50  = half-maximal inhibitory concentration 
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2.6.5.13 A  
 Test Article: Ibrutinib 

Study No.  -039-R-PO-ADME 
Location in CTD 4.2.2.3.1 
Species (Strain): Rat (Sprague Dawley) 
Gender (M/F)/Number of Animals:  M:5 
Feeding Condition: Ad libitum 
Vehicle/Formulation: 20% Hydroxypropyl- -cyclodextrin in water 
Route:  Intravenous 
Dose (mg/kg):  2.0 mg/kg [107 Ci/kg, as ibrutinib racemate] 
Analyte:  14C 
Assay:  Liquid scintillation counting 
Tabulated Results  
 Excretion of Total Radioactivity (Percent of Administered Radioactivity) 
Excretion Route: Urine Feces Total 
 Time after Dosing (h):    
 0-8 4.30±0.20 75.3±2.52a 80.1  8-24 0.54±0.15 
 24-48 0.17±0.06 6.63±1.46 6.80 
 48-72 0.05±0.01 0.59±0.08 0.64 
 72-96 0.04±0.02 0.34±0.04 0.38 
 96-120 0.03±0.01 0.32±0.09 0.35 
 120-144 0.02±0.00 0.16±0.02 0.18 
 144-168 0.02±0.01 0.15±0.03 0.17 
 Subtotal: 5.16±0.22 83.5±1.01 88.6 
 Cage rinse  0.14±0.09  
 Residual (cage wash + cage wipe + residual carcass):  3.48  
 Total percent of dose recovered:  92.2±0.84  
Excretion: mean±standard deviation 
a Feces collection was from 0 to 24 hours 

(Continued) 
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2.6.5.13 A  
 Test Article: Ibrutinib 

Study No.  -022-R-PO-AME  (FK10242) 
Location in CTD 4.2.2.4.8 
Species (Strain): Rat (Sprague Dawley) 
Gender (M/F)/Number of Animals:  M+F:3+3 
Feeding Condition: Ad libitum 
Vehicle/Formulation: 10% Hydroxypropyl- -cyclodextrin in water 
Route:  Oral 
Dose (mg/kg):  10 mg/kg of [14C]-ibrutinib [1480 kBq/kg, single enantiomer] 
Analyte:  14C 
Assay:  Liquid scintillation counting 
Tabulated Results  
 Excretion of Total Radioactivity (% of Administered Dose) 
 M F 
Excretion Route:  Urine Feces Carcass   Urine Feces Carcass  
 Time after Dosing (h):           
 0-7  0.77±0.04 - -   0.98±0.28 - -  
 7-24  0.70±0.29 - -   0.70±0.25 - -  
 0-24  - 83.6±2.80 -   - 86.9±3.28 -  
 24-48  0.05±0.01 6.75±2.06 -   0.05±0.03 2.05±1.72 -  
 48-72  <0.02 0.23±0.08 -   0.02±0.00 0.10±0.03 -  
 72-96  <0.01 <0.07 -   <0.02 0.06±0.01 -  
 0-96  - - <0.51   - - 0.31±0.06  
 Subtotal  1.54±0.31 90.6±3.72 <0.51   1.75±0.18 89.1±2.46 0.31±0.06  
 Total  92.3±3.79   91.2±2.29  
Additional Information 
Radioactivity recovered in the expired air after 24 h was monitored in two male rats and corresponded to 0.43% of the administered dose 
Excretion: mean±standard deviation 
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2.6.5.13 B  
 Test Article: Ibrutinib 

Study No.  -189-D-PO-AME (FK10389) 
Location in CTD 4.2.2.4.11 
Species (Strain): Dog (Beagle) 
Gender (M/F)/Number of Animals:  M:3 
Feeding Condition: Free access 
Vehicle/Formulation: 20% Hydroxypropyl- -cyclodextrin in water 
Route:  Oral 
Dose (mg/kg):  30 mg/kg of [14C]-ibrutinib [0.555 MBq/kg, single enantiomer] 
Analyte:  14C 
Assay:  Liquid scintillation counting 
Tabulated Results  
 Excretion of Total Radioactivity (% of Administered Dose) 
 M 
Excretion Route: Urine Feces 
 Time after Dosing (h):   
 0-7 1.41 - 
 7-24 1.32 - 
 0-24 - 38.4 
 24-48 0.32 37.7 
 48-72 0.21 11.3 
 Subtotal 3.26±0.46 87.5±4.32 
 Total 90.7±4.78 
Excretion: mean±standard deviation or mean 
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2.6.5.13 C  
 Test Article: Ibrutinib 

Study No.  -188-Hu-PO-MT  (FK10267) 
Location in CTD 4.2.2.4.12 
Species:  Healthy Male Volunteers 
Gender (M/F)/Number of Subjects:  M:6 
Feeding Condition: Fasted 
Vehicle/Formulation: 30% Hydroxypropyl- -cyclodextrin in water 
Route:  Oral 
Dose (mg/kg):  140 mg of [14C]-ibrutinib [1480 kBq, single enantiomer] 
Analyte:  14C 
Assay:  Liquid scintillation counting 
Tabulated Results  
 Excretion of Total Radioactivity (% of Administered Dose) 
Excretion Route: Urine Feces 
 Time after Dosing (h):   
 0-2 3.23±0.70  
 2-4 1.24±0.47  
 4-8 0.66±0.24  
 8-24 1.22±0.29  
 24-48 0.92±0.26  
 48-72 0.33±0.12  
 72-96 0.13±0.05  
 Subtotal 7.81±1.43 

(range 5.5-9.3) 
80.6±3.14 

(range 75.9-83.5) 
 Total 88.5±4.33 

(range 81.4-92.2) 
Additional Information 
Feces samples were collected from Day 1 through Day 8 post-dose per stool. In feces, the majority of radioactivity was excreted within 48 h after dosing.  
Excretion: mean±standard deviation 
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2.6.5.14  

 Test Article: Ibrutinib 
Study No.  -081-R-PO-EXC (FK10301) 
Location in CTD 4.2.2.4.9 
Species (Strain): Rat (Sprague Dawley, bile duct cannulated) 
Gender (M/F)/Number of Animals:  M:3 
Feeding Condition: Ad libitum 
Vehicle/Formulation: 10% Hydroxypropyl- -cyclodextrin in water 
Route:  Oral 
Dose (mg/kg):  10 mg/kg of [14C]-ibrutinib (1.48 MBq/kg, single enantiomer) 
Analyte:  14C  
Assay:  Liquid scintillation counting 
Tabulated Results  
 Excretion of Total Radioactivitya (% of Administered Dose) 
Excretion Route: Bile Urine Feces Extract Feces Residue 
 Time after Dosing (h):     
 0-4 24.80    
 4-8 15.10 1.15 40.40 8.03 
 8-24 7.08    
 24-48 0.10 0.16 0.38 0.27 
 Subtotal 47.00 1.31 40.70 8.30 
 Total 97.40 
Additional Information 
Feces homogenates (1 part faeces + 4 parts water) were extracted using a 3-step extraction procedure (1 part feces homogenate + 1.5 parts of extraction solvent) using 
acetonitrile/isopropylalcohol/water (6:3:1, 0.02% formic acid), followed by filtration. 
Excretion: mean 

a n=2 
 

 



 

 

 
 

2.6.5 
    

102

2.6.5.15 A  

 Test Article: Ibrutinib 
Study No.  -144-Hu-X-PKX (FK10377) 
Location in CTD 4.2.2.6.1 
Type of Study: An in vitro study on the interaction of ibrutinib on the protein binding of [14C]-warfarin in human plasma. 
Method: Human plasma was incubated for 10 minutes at 37 C with [14C]-warfarin (s.a. 2.17 GBq/mmol) at 2 g/mL (14.1 kBq/ml) with various concentrations (0.030 to 1.0 g/mL) of ibrutinib. 
Following ultrafiltration centrifugation, radioactivity in the filtrate was measured by liquid scintillation counting and the unbound fraction of [14C]-warfarin was calculated. 
Tabulated Results   
   
Ibrutinib Concentration ( g/mL) Fraction Unbound [14C]-Warfarina Percent Displacement of [14C]-Warfarin 
 0 0.0109 -- 
 0.030 0.0108 -0.92 
 0.10 0.0108 -0.92 
 0.30 0.0112 2.75 
 1.0 0.0110 0.92 
Additional Information   
The displacement of warfarin from plasma protein by ibrutinib was negligible (< 3%). 
a Mean value of plasma samples from 3 different subjects 
 
s.a. = specific activity 
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2.6.5.15 B  
 Test Article: Ibrutinib/PCI-45227 (M37) 

Study No.  -103-V-X-TS (FK10340) 
Location in CTD 4.2.2.6.2 
Type of Study: An in vitro study on the transport of ibrutinib and PCI-45227 (M37, dihydrodiol metabolite) by OATP1B1 (SLCO1B1), OATP1B3 (SLCO1B3) and OATP2B1 (SLCO2B1). 
Method: Ibrutinib and PCI-45227 (M37) concentrations were 0.2, 1 and 5 μM. Transport was determined after incubation at 37 °C for 0.5 min, 1, 5 or 10 min. Estradiol-17 -glucuronide was 
included as reference substrate and rifampicin was used as a reference inhibitor. All incubations were carried out in triplicate. Data for similar time points (0.5 min) and compound concentration 
(1 μM) are shown in this table. 
Tabulated Results      
 Cellular Uptake (pmol/mg protein) 
 Ibrutinib (1 μM, 0.5 min) PCI-45227 (M37)  (1 μM, 0.5 min) Estradiol-17 -glucuronide (1 μM, 0.5 min) 
Cell Line - Rifampicin (25μM) + Rifampicin (25μM) - Rifampicin (25μM) + Rifampicin (25μM) - Rifampicin (25μM) + Rifampicin (25μM) 
 HEK293 Parent 79.5 79.7 74.6 76.9 3.38 3.33 
 HEK293 OATP1B1 71.5 70.2 76.3 70.2 34.2 4.87 
 HEK293 OATP1B3 63.9 69.5 68.4 58.5 9.30 3.19 
 HEK293 OATP2B1 75.6 69.4 70.4 69.6 42.2 8.43 
       
Additional Information  
Ibrutinib and PCI-45227 (M37) have extensive passive permeability in HEK293 cell lines and are not substrates for OATPs in the current in vitro model 
HEK = human embryonic kidney; OATP = organic anion transporting polypeptide 
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2.6.5.15 B  
 Test Article: M23 

Study No.  -191-V-X-TS (FK10643) 
Location in CTD 4.2.2.6.3 
Type of Study: In vitro evaluation of P-gp (MDR1) mediated transport of metabolite M23 in single-transfected LLC-PK1 cell lines 
Method Test system: LLC-PK1 cell lines, parental and overexpressing MDR1 (P-gp, also known as ABCB1), triplicate determinations 

Experiment was performed in the presence of 1% BSA  
Test items, control substrate and reference inhibitors are mentioned below 

Tabulated Results      
Test substrate 
(concentration) 

Inhibitor 
(concentration) Direction

LLC-PK1 – Parental LLC-PK1 – MDR1 Ratio MDR1/ 
ratio parent Papp (10-6 cm/s) Ratio BA/AB Papp (10-6 cm/s) Ratio BA/AB 

3H-Digoxin (30 nM) - AB 1.34 ± 0.08 3.78 1.00 ± 0.13 8.33 2.20 
(Control substrate)  BA 5.07 ± 0.14  8.36 ± 0.12   
3H-Digoxin (30 nM) + GF120918 (5 μM) AB 2.52 ± 0.17 0.97 3.26 ± 0.37 0.90 0.93 
(Control substrate) (Reference inhibitor) BA 2.43 ± 0.22  2.93 ± 0.30   
M23 (0.23 μM) - AB 16.8 ± 0.75 0.36 4.84 ± 0.09 3.19 8.86 
  BA 6.08 ± 0.15  15.4 ± 0.71   
M23 (0.23 μM) + GF120918 (5 μM) AB 22.5 ± 0.40 0.43 23.7 ± 1.58 0.37 0.86 
 (Reference inhibitor) BA 9.69 ± 0.24  8.77 ± 0.33   
M23 (1.13 μM) - AB 21.0 ± 0.98 0.38 6.56 ± 1.99 1.30 3.42 
  BA 8.05 ± 0.60  8.55 ± 0.05   
M23 (1.13 μM) + GF120918 (5 μM) AB 17.4 ± 0.78 0.48 17.6 ± 1.38 0.46 0.96 
 (Reference inhibitor) BA 8.41 ± 0.38  8.09 ± 0.35   
Additional Information
M23 is a substrate of the P-gp transporter at 0.23 and 1.13 μM 
The decrease in efflux ratio (in the absence of GF120918) between 0.23 and 1.13 μM indicates a saturation of the P-gp transporter with increasing concentration of M23 
AB = apical to basolateral; BA = basolateral to apical; BSA = bovine serum albumin; MDR = multidrug resistance; Papp = apparent permeability 

(Continued) 
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2.6.5.15 B  
 Test Article: M25 

Study No.   -157-V-X-TS (FK10576) 
Location in CTD  4.2.2.6.4 
Type of Study: In vitro evaluation of P-gp (MDR1) mediated transport of metabolite M25 in single-transfected LLC-PK1 cell lines 
Method Test system: LLC-PK1 cell lines, parental and overexpressing MDR1 (P-gp, also known as ABCB1), triplicate determinations 

Experiment was performed in the presence of 1% BSA  
Test items, control substrate and reference inhibitors are mentioned below 

Tabulated Results      
Test substrate 
(concentration) 

Inhibitor 
(concentration) Direction 

LLC-PK1 – Parental LLC-PK1 – MDR1 Ratio MDR1/ 
ratio parent Papp (10-6 cm/s) Ratio BA/AB Papp (10-6 cm/s) Ratio BA/AB 

3H-Digoxin (30 nM) - AB 2.21 ± 0.03 1.09 0.75 ± 0.10 12.25 11.24 
(Control substrate)  BA 2.40 ± 0.14  9.23 ± 0.47   
3H-Digoxin (30 nM) + GF120918 (5 μM) AB 2.34 ± 0.29 0.90 2.75 ± 0.29 0.94 1.04 
(Control substrate) (Reference inhibitor) BA 2.11 ± 0.23  2.58 ± 0.18   
M25 (0.2 μM) - AB 0.09 ± 0.01 0.91 0.32 ± 0.08 0.68 0.75 
  BA 0.08 ± 0.01  0.21 ± 0.04   
M25 (0.2 μM) + GF120918 (5 μM) AB 0.10 ± 0.02 0.79 0.27 ± 0.04 0.77 0.97 
 (Reference inhibitor) BA 0.08 ± 0.01  0.20 ± 0.03   
M25 (1.0 μM) - AB 0.08 ± 0.01 0.91 0.33 ± 0.02 0.83 0.91 
  BA 0.07 ± 0.01  0.27 ± 0.01   
M25 (1.0 μM) + GF120918 (5 μM) AB 0.08 ± 0.01 1.00 0.28 ± 0.05 0.89 0.89 
 (Reference inhibitor) BA 0.08 ± 0.01  0.25 ± 0.02   
Additional Information
M25 is not a substrate of the P-gp transporter at 0.2 and 1.0 μM 
AB = apical to basolateral; BA = basolateral to apical; BSA = bovine serum albumin; MDR = multidrug resistance; Papp = apparent permeability 

(Continued) 
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2.6.5.15 B  
 Test Article: M34 

Study No.   -158-V-X-TS (FK10577) 
Location in CTD  4.2.2.6.5 
Type of Study: In vitro evaluation of P-gp (MDR1) mediated transport of metabolite M34 in single-transfected LLC-PK1 cell lines 
Method Test system: LLC-PK1 cell lines, parental and overexpressing MDR1 (P-gp, also known as ABCB1), triplicate determinations 

Experiment was performed in the presence of 1% BSA  
Test items, control substrate and reference inhibitors are mentioned below 

Tabulated Results      
Test substrate 
(concentration) 

Inhibitor 
(concentration) Direction 

LLC-PK1 – Parental LLC-PK1 – MDR1 Ratio MDR1/ 
ratio parent Papp (10-6 cm/s) Ratio BA/AB Papp (10-6 cm/s) Ratio BA/AB 

3H-Digoxin (30 nM) - AB 2.21 ± 0.03 1.09 0.75 ± 0.10 12.3 11.28 
(Control substrate)  BA 2.40 ± 0.14  9.23 ± 0.47   
3H-Digoxin (30 nM) + GF120918 (5 μM) AB 2.34 ± 0.29 0.90 2.75 ± 0.29 0.94 1.04 
(Control substrate) (Reference inhibitor) BA 2.11 ± 0.23  2.58 ± 0.18   
M34 (0.2 μM) - AB 0.85 ± 0.08 4.55  0.6**   7.85**  1.73 
  BA 3.85 ± 0.34  4.71 ± 0.08   
M34 (0.2 μM) + GF120918 (5 μM) AB 1.11 ± 0.05 2.75 1.26 ± 0.08 1.17 0.43 
 (Reference inhibitor) BA 3.04 ± 0.26  1.48 ± 0.09   
M34 (1.0 μM) - AB 0.91 ± 0.04 2.13 0.22 ± 0.04 18.1 8.50 
  BA 1.94 ± 0.06  4.05 ± 0.96   
M34 (1.0 μM) + GF120918 (5 μM) AB 1.08 ± 0.04 1.12 1.29 ± 0.10 1.08 0.96 
 (Reference inhibitor) BA 1.22 ± 0.15  1.40 ± 0.08   
Additional Information
M34 is a substrate of the P-gp transporter at 0.2 and 1.0 μM 
** Test concentration in acceptor compartment was below the limit of quantitation (BQL).  Calculations were made using the BQL level (0.5 ng/mL) 
AB = apical to basolateral; BA = basolateral to apical; BSA = bovine serum albumin; MDR = multidrug resistance; Papp = apparent permeability 
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2.6.5.15 C  
 Test Article: Ibrutinib, M23, M25, M34, PCI-45227(M37) 

 Study No. -028-V-X-TS (FK10654) 
 Location in CTD: 4.2.2.6.6 

Type of Study: In vitro evaluation of ibrutinib, M23, M25, M34 and PCI-45227(M37) as inhibitor of OATP1B1 and OATP1B3 transport in HEK293 cell lines stably transfected with 
OATP1B1 or OATP1B3 

Method Test system: HEK293 cell lines, mock and overexpressing OATP1B1 (SLCO1B1) and OATP1B3 (SLCO1B3), triplicate determinations 
Experiment with OATP1B1 cells were performed in the presence of 1% BSA.  
Experiment with OATP1B3 cells were performed in the absence of BSA. 
Test items, control substrate and reference inhibitors are mentioned below 

Tabulated Results      

Test substrate 
(concentration) Inhibitor (concentration) 

HEK293 – Mock HEK293 – OATP1B1   
Rate of Transport  

(pmol/mg membrane protein/min)
Rate of Transport ($)

(pmol/mg membrane protein/min) 
Transport (%) Inhibition (%) 

3H-EG (1 μM)  - 2.79 ± 0.11 45.8 ± 0.57 100 0 
(Control substrate) + cyclosporin A (25 μM) 

(Reference Inhibitor) 
3.05 ± 0.63 2.45 ± 2.08 5.3 94.7 

 + rifampicin (25 μM) 
(Reference Inhibitor) 

3.53 ± 0.92 6.78 ± 0.32 14.8 85.2 

3H-EG (1 μM) - 2.79 ± 0.11 45.8 ± 0.57 100 0 
(Control substrate) + ibrutinib (0.1 μM) 3.03 ± 0.75 39.2 ± 0.52 85.7 14.3 
 + ibrutinib (1 μM) 2.64 ± 0.56 39.5 ± 0.25 86.4 13.6 
 + ibrutinib (10 μM) 2.51 ± 0.30 30.5 ± 1.35 66.6 33.4 
 + ibrutinib (100 μM) 2.74 ± 0.29 9.19 ± 0.65 20.1 79.9 
3H-EG (1 μM) - 3.96 ± 0.54 45.9 ± 1.48 100 0 
(Control substrate) + M23 (0.1 μM) 2.85 ± 0.39 43.4 ± 0.44 94.6 5.4 
 + M23 (1 μM) 2.67 ± 0.59 44.6 ± 0.78 97.2 2.8 
 + M23 (10 μM) 3.64 ± 0.25 40.5 ± 1.11 88.3 11.7 
 + M23 (100 μM) 2.45 ± 0.48 33.7 ± 1.53 73.5 26.5 
3H-EG (1 μM) - 1.81 ± 0.37 53.0 ± 1.81 100 0 
(Control substrate) + M25 (0.1 μM) 2.70 ± 0.44 51.5 ± 0.54 97.2 2.8 
 + M25 (1 μM) 2.84 ± 0.10 50.1 ± 1.95 94.5 5.5 
 + M25 (10 μM) 3.05 ± 0.44 44.0 ± 2.06 83.0 17.0 
 + M25 (100 μM) 1.84 ± 0.07 26.4 ± 7.78 49.8 50.2 

(Continued) 
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2.6.5.15 C  
 Test Article: Ibrutinib, M23, M25, M34, PCI-45227(M37) 

 Study No. -028-V-X-TS (FK10654) 
 Location in CTD: 4.2.2.6.6 

Type of Study: In vitro evaluation of ibrutinib, M23, M25, M34 and PCI-45227(M37) as inhibitor of OATP1B1 and OATP1B3 transport in HEK293 cell lines stably transfected with 
OATP1B1 or OATP1B3 

Tabulated Results      

Test substrate 
(concentration) Inhibitor (concentration) 

HEK293 – Mock HEK293 – OATP1B1   
Rate of Transport  

(pmol/mg membrane protein/min)
Rate of Transport ($)

(pmol/mg membrane protein/min) 
Transport (%) Inhibition (%) 

3H-EG (1 μM) - 2.06 ± 0.31 44.9 ± 0.35 100 0 
(Control substrate) + M34 (0.1 μM) 2.79 ± 0.15 45.4 ± 1.46 101 NI 
 + M34 (1 μM) 2.50 ± 0.48 44.9 ± 0.79 99.8 0.2 
 + M34 (10 μM) 3.18 ± 0.52 38.7 ± 2.42 86.0 14.0 
 + M34 (100 μM) 1.96 ± 0.25 13.8 ± 0.68 30.6 69.4 
3H-EG (1 μM) - 3.27 ± 0.74 45.9 ± 4.42 100 0 
(Control substrate) + PCI-45227(M37) (0.1 μM) 2.69 ± 0.30 49.3 ± 2.08 107 NI 
 + PCI-45227(M37) (1 μM) 2.99 ± 0.62 50.3 ± 2.11 110 NI 
 + PCI-45227(M37) (10 μM) 2.79 ± 0.45 39.1 ± 1.35 85.2 14.8 
 + PCI-45227(M37) (100 μM) 2.60 ± 0.38 12.1 ± 0.62 26.3 73.7 
Additional Information 
IC50 values for ibrutinib, PCI-45227(M37) and M34 of 26.4 μM, 36.6 μM and 47.9 μM, respectively were determined.  
For M23 and M25 of a maximal inhibition of OATP1B1 mediated 3H-EG transport of 26.5% and 50.2% at the highest concentration tested (100 μM) was observed. 
($): Net influx rate 
BSA = bovine serum albumin; EG = estradiol-17 -glucuronide; HEK = human embryonic kidney; NI = no inhibition 

(Continued) 
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2.6.5.15 C  
 Test Article: Ibrutinib, M23, M25, M34, PCI-45227(M37) 

 Study No. -028-V-X-TS (FK10654) 
 Location in CTD: 4.2.2.6.6 

Type of Study: In vitro evaluation of ibrutinib, M23, M25, M34 and PCI-45227(M37) as inhibitor of OATP1B1 and OATP1B3 transport in HEK293 cell lines stably transfected with 
OATP1B1 or OATP1B3 

Tabulated Results      

Test substrate 
(concentration) Inhibitor (concentration)a 

HEK293 – Mock HEK293 – OATP1B3   
Rate of Transport  

(pmol/mg membrane protein/min)
Rate of Transport ($)

(pmol/mg membrane protein/min) 
Transport (%) Inhibition (%) 

3H-EG (1 μM)  - 2.56 ± 0.28 17.5 ± 0.48 100 0 
(Control substrate) + cyclosporin A (25 μM) 

(Reference Inhibitor) 
2.65 ± 0.55 -0.13 ± 0.15 0 100 

 + rifampicin (25 μM) 
(Reference Inhibitor) 

2.44 ± 0.25 0.14 ± 0.16 0.8 99.2 

3H-EG (1 μM) - 2.56 ± 0.28 17.5 ± 0.48 100 0 
(Control substrate) + ibrutinib (0.03/0.02 μM) 3.13 ± 0.59 16.4 ± 0.36 93.7 6.33 
 + ibrutinib (0.3/0.21 μM) 2.99 ± 0.30 15.0 ± 0.12 85.8 14.2 
 + ibrutinib (1/0.74 μM) 2.33 ± 0.14 15.3 ± 0.41 87.7 12.3 
 + ibrutinib (3/2.18 μM) 2.83 ± 0.41 14.9 ± 0.65 85.3 14.7 
 + ibrutinib (10/7.84 μM) 2.69 ± 0.66 12.2 ± 0.93 69.8 30.2 
3H-EG (1 μM) - 3.26 ± 0.52 15.2 ± 0.23 100 0 
(Control substrate) + M23 (0.03/0.01 μM) 4.30 ± 0.63 15.4 ± 0.29 101 NI 
 + M23 (0.3/0.10 μM) 4.79 ± 0.73 14.8 ± 0.79 97.8 2.17 
 + M23 (1/0.39 μM) 3.10 ± 0.27 12.4 ± 0.59 81.9 18.1 
 + M23 (3/1.14 μM) 3.02 ± 0.39 13.4 ± 0.38 88.1 11.9 
 + M23 (10/4.71 μM) 3.62 ± 0.22 13.6 ± 0.41 89.4 10.6 
3H-EG (1 μM) - 2.39 ± 0.13 16.6 ± 0.48 100 0 
(Control substrate) + M25 (0.03/0.03 μM) 2.96 ± 0.40 17.8 ± 1.04 107 NI 
 + M25 (0.3/0.32 μM) 3.04 ± 0.35 17.5 ± 0.83 105 NI 
 + M25 (1/1.03 μM) 3.21 ± 0.40 13.2 ± 1.09 79.4 20.6 
 + M25 (3/3.24 μM) 3.24 ± 0.41 13.3 ± 1.13 80.2 19.8 
 + M25 (10/9.22 μM) 3.55 ± 0.73 10.6 ± 0.75 64.1 35.9 

(Continued) 
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2.6.5.15 C  
 Test Article: Ibrutinib, M23, M25, M34, PCI-45227(M37) 

 Study No. -028-V-X-TS (FK10654) 
 Location in CTD: 4.2.2.6.6 

Type of Study: In vitro evaluation of ibrutinib, M23, M25, M34 and PCI-45227(M37) as inhibitor of OATP1B1 and OATP1B3 transport in HEK293 cell lines stably transfected with 
OATP1B1 or OATP1B3 

Tabulated Results      

Test substrate 
(concentration) Inhibitor (concentration)a 

HEK293 – Mock HEK293 – OATP1B3   
Rate of Transport  

(pmol/mg membrane protein/min)
Rate of Transport ($)

(pmol/mg membrane protein/min) 
Transport (%) Inhibition (%) 

3H-EG (1 μM) - 2.87 ± 0.25 18.2 ± 1.20 100 0 
(Control substrate) + M34 (0.03/0.03 μM) 3.43 ± 0.42 18.0 ± 1.09 99.4 0.59 
 + M34 (0.3/0.27 μM) 3.07 ± 0.69 18.1 ± 1.61 99.5 0.45 
 + M34 (1/0.90 μM) 2.94 ± 0.33 14.2 ± 0.62 78.4 21.6 
 + M34 (3/2.75 μM) 3.59 ± 0.66 13.6 ± 0.54 75.2 24.8 
 + M34 (10/9.04 μM) 2.77 ± 0.61 11.7 ± 0.27 64.3 35.7 
3H-EG (1 μM) - 2.41 ± 0.48 17.9 ± 0.52 100 0 
(Control substrate) + PCI-45227 (M37) (0.03/0.02 μM) 2.85 ± 0.34 17.5 ± 1.29 97.9 2.10 
 + PCI-45227 (M37) (0.3/0.26 μM) 3.17 ± 0.66 16.9 ± 1.85 94.5 5.50 
 + PCI-45227 (M37) (1/0.85 μM) 3.21 ± 0.45 14.6 ± 0.98 81.5 18.5 
 + PCI-45227 (M37) (3/2.60 μM) 3.86 ± 0.54 12.9 ± 0.48 72.2 27.8 
 + PCI-45227 (M37) (10/9.25 μM) 3.99 ± 0.64 11.0 ± 0.71 61.6 38.4 
Additional Information 
A maximal inhibition of 3H-EG transport of 30.2, 38.4, 35.7, 35.9 and 10.6 % was observed at the highest concentration tested (10 μM) for ibrutinib, PCI-45227(M37), M34, M25 and M23, 
respectively. 
($): Net influx rate 
a Concentration listed as (theoretical/experimental measured at end of incubation) for ibrutinib, PCI-45227 (M37), M34, M25 and M23 
BSA = bovine serum albumin; EG = estradiol-17 -glucuronide; HEK = human embryonic kidney; NI = no inhibition 

(Continued) 
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2.6.5.15 C  
 Test Article: Ibrutinib, M23, M25, M34, PCI-45227(M37) 

 Study No. -025-V-X-TS (FK10656) 
 Location in CTD: 4.2.2.6.7 

Type of Study: In vitro evaluation of ibrutinib, M23, M25, M34 and PCI-45227(M37) as inhibitor of OAT1 and OCT2 transport in CHO cell lines stably transfected with OAT1 or 
OCT2 

Method Test system: CHO cell lines, parental and overexpressing OAT1 (SLC22A6) or OCT2 (SLC22A2), triplicate determinations 
Experiment was performed in the presence of 1% BSA. Test items, control substrate and reference inhibitors are mentioned below 

Tabulated Results      

Test substrate 
(concentration) Inhibitor (concentration) 

CHO – Parental CHO – OAT1   
Rate of Transport  

(pmol/mg membrane protein/min)
Rate of Transport ($)

(pmol/mg membrane protein/min) 
Transport (%) Inhibition (%) 

14C-PAH (5 μM)  - 2.61 ± 0.41 112 ± 4.31 100 0 
(Control substrate) + probenecid (300 μM) 

(Reference Inhibitor) 
2.48 ± 0.10 15.7 ± 0.76 14.0 86.0 

14C-PAH (5 μM)  - 2.58 ± 0.20 121 ± 3.77 100 0 
(Control substrate) + ibrutinib (10 μM) 2.45 ± 0.41 133 ± 5.92 109 NI 
 + ibrutinib (30 μM) 2.13 ± 0.38 151 ± 10.2 125 NI 
 + ibrutinib (100 μM) (*) 2.73 ± 0.45 168 ± 20.6 139 NI 
14C-PAH (5 μM)  - 4.84 ± 2.13 82.7 ± 11.9 100 0 
(Control substrate) + M23 (10 μM) 10.5 ± 3.08 84.6 ± 3.62 102 NI 
 + M23 (30 μM) 12.6 ± 1.12 92.5 ± 0.70 112 NI 
 + M23 (100 μM) (*) 6.40 ± 0.98 118 ± 24.7 143 NI 
14C-PAH (5 μM)  - 4.54 ± 0.15 102 ± 7.02 100 0 
(Control substrate) + M25 (10 μM) 4.99 ± 1.11 98.6 ± 10.3 96.3 3.70 
 + M25 (30 μM) 4.21 ± 0.71 94.4 ± 5.12 92.2 7.78 
 + M25 (100 μM) 5.18 ± 0.70 86.3 ± 4.62 84.3 15.7 
14C-PAH (5 μM)  - 2.85 ± 0.80 114 ± 15.4 100 0 
(Control substrate) + M34 (10 μM) 3.72 ± 0.99 98.0 ± 3.91 85.7 14.3 
 + M34 (30 μM) 3.25 ± 0.34 102 ± 8.92 89.4 10.6 
 + M34 (100 μM) (*) 3.65 ± 1.16 124 ± 7.73 109 NI 
14C-PAH (5 μM)  - 2.32 ± 0.31 122 ± 3.78 100 0 
(Control substrate) + PCI-45227(M37) (10 μM) 2.85 ± 0.48 133 ± 4.82 109 NI 
 + PCI-45227(M37) (30 μM) 2.00 ± 0.19 139 ± 9.15 114 NI 
 + PCI-45227(M37) (100 μM) (*) 2.37 ± 0.43 165 ± 5.80 135 NI 
Additional Information 
No inhibition of 14C-PAH transport was observed for ibrutinib, PCI-45227(M37), M34, M23 up to the highest nominal concentration of 100 μM tested. A slight inhibition of 14C-PAH transport 
was observed for M25 with an IC50 > 100 μM (15.7% inhibition). 
($): Net influx rate, (*): cloudy medium, compound was not completely solubilized at the highest concentration 

(Continued) 
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2.6.5.15 C  
 Test Article: Ibrutinib, M23, M25, M34, PCI-45227(M37) 

 Study No. -025-V-X-TS (FK10656) 
 Location in CTD: 4.2.2.6.7 

Type of Study: In vitro evaluation of ibrutinib, M23, M25, M34 and PCI-45227(M37) as inhibitor of OAT1 and OCT2 transport in CHO cell lines stably transfected with OAT1 or 
OCT2 

Tabulated Results      

Test substrate 
(concentration) Inhibitor (concentration) 

CHO – Parental CHO – OCT2   
Rate of Transport  

(pmol/mg membrane protein/min)
Rate of Transport ($)

(pmol/mg membrane protein/min) 
Transport (%) Inhibition (%) 

14C-metformin (10 μM) - 2.29 ± 0.53 30.1 ± 3.43 100 0 
(Control substrate) + verapamil (93 μM) 

(Reference Inhibitor) 
3.47 ± 0.33 0.35 ± 0.85 1.17 98.8 

 + quinidine (300 μM) 
(Reference Inhibitor) 

3.07 ± 0.32 0.07 ± 0.87 0.23 99.8 

14C-metformin (10 μM) + ibrutinib (0.1 μM) 2.03 ± 0.57 28.5 ± 1.26 94.8 5.23 
(Control substrate) + ibrutinib (1 μM) 2.78 ± 0.37 23.8 ± 1.57 79.3 20.7 
 + ibrutinib (10 μM) 2.23 ± 0.45 8.06 ± 0.63 26.8 73.2 
 + ibrutinib (100 μM) 2.24 ± 0.17 0.87 ± 0.12 2.89 97.1 
14C-metformin (10 μM) + M23 (0.096 μM) 3.17 ± 0.56 34.9 ± 2.68 116 NI 
(Control substrate) + M23 (0.96 μM) 3.60 ± 0.95 16.2 ± 0.72 53.8 46.2 
 + M23 (9.6  μM) 3.26 ± 0.91 2.09 ± 0.71 6.95 93.1 
 + M23 (96 μM) 4.53 ± 0.81 0.20 ± 0.65 0.68 99.3 
14C-metformin (10 μM) + M25 (0.1 μM) 3.15 ± 0.92 37.2 ± 1.88 124 NI 
(Control substrate) + M25 (1 μM) 4.38 ± 1.24 32.3 ± 1.28 107 NI 
 + M25 (10 μM) 3.85 ± 0.81 33.2 ± 2.29 110 NI 
 + M25 (100 μM) 4.29 ± 0.03 28.0 ± 0.77 93.0 7.03 
14C-metformin (10 μM) + M34 (0.2 μM) 2.94 ± 0.48 34.8 ± 3.06 116 NI 
(Control substrate) + M34 (2 μM) 3.67 ± 0.25 31.3 ± 0.61 104 NI 
 + M34 (20 μM) 5.41 ± 2.90 28.0 ± 0.96 93.0 6.96 
 + M34 (200 μM) 5.08 ± 0.32 7.90 ± 0.50 26.3 73.7 
14C-metformin (10 μM) + PCI-45227(M37) (0.1 μM) 2.41 ± 0.78 36.7 ± 4.29 122 NI 
(Control substrate) + PCI-45227(M37) (1 μM) 3.78 ± 0.85 29.3 ± 0.62 97.4 2.64 
 + PCI-45227(M37) (10 μM) 2.73 ± 0.43 17.8 ± 0.78 59.1 40.9 
 + PCI-45227(M37) (100 μM) 3.62 ± 0.59 2.29 ± 0.40 7.60 92.4 
Additional Information 
Minimal inhibition of 14C-metformin transport was observed for M25 up to the highest concentration tested (100 μM). IC50 values of 3.92, 12.6, 84.8 and 0.95 μM for ibrutinib, PCI-45227(M37), 
M34 and M23, respectively, were determined 
($): Net influx rate 
BSA = bovine serum albumin; CHO = Chinese Hamster Ovarian; OAT = organic anion transporter; OCT = organic cation transporter; NI = no inhibition; PAH = para-aminohippurate   
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 Test Article: Ibrutinib, M23, M25, M34, PCI-45227(M37) 

 Study No. -027-V-X-TS (FK10655) 
 Location in CTD: 4.2.2.6.8 

Type of Study: In vitro evaluation of ibrutinib, M23, M25, M34 and PCI-45227(M37) as inhibitor of OAT3 in MDCK II cell lines stably transfected with OAT3 
Method Test system: MDCK II cell lines, parental and overexpressing OAT3 (SLC22A8), triplicate determinations 

Experiment was performed in the presence of 1% BSA. Test items, control substrate and reference inhibitors are mentioned below 
Tabulated Results      

Test substrate 
(concentration) Inhibitor (concentration) 

MDCK II – Parental MDCK II – OAT3   
Rate of Transport  

(pmol/mg membrane protein/min)
Rate of Transport ($)

(pmol/mg membrane protein/min)
Transport (%) Inhibition (%) 

3H-Estrone-3-sulfate (2 M) - 0.48 ± 0.12 3.07 ± 0.22 100 0 
(Control substrate) + probenecid (1000 μM) 

(Reference Inhibitor) 
0.57 ± 0.08 0.13 ± 0.05 4.2 95.8 

 + furosemide (1000 μM) 
(Reference Inhibitor) 

0.56 ± 0.12 0.06 ± 0.07 1.9 98.1 

3H-Estrone-3-sulfate (2 M) - 0.48 ± 0.12 3.07 ± 0.22 100 0 
(Control substrate) + ibrutinib (1 μM) 0.65 ± 0.20 2.77 ± 0.09 90.1 9.92 
 + ibrutinib (10 μM) 0.64 ± 0.12 2.97 ± 0.04 96.4 3.56 
 + ibrutinib (25 μM) 0.53 ± 0.05 2.43 ± 0.28 79.0 21.0 
 + ibrutinib (50 μM) 0.55 ± 0.04 1.45 ± 0.06 47.1 52.9 
 + ibrutinib (100 μM) 0.60 ± 0.10 0.46 ± 0.06 15.0 85.0 
3H-Estrone-3-sulfate (2 M) - 0.88 ± 0.14 3.13 ± 0.09 100 0 
(Control substrate) + PCI-45227(M37) (1 μM) 0.68 ± 0.06 3.18 ± 0.10 101 NI 
 + PCI-45227(M37) (10 μM) 0.85 ± 0.09 3.19 ± 0.10 102 NI 
 + PCI-45227(M37) (25 μM) 1.18 ± 0.26 2.82 ± 0.06 89.9 10.1 
 + PCI-45227(M37) (50 μM) 0.93 ± 0.13 2.56 ± 0.23 81.8 18.2 
 + PCI-45227(M37) (100 μM) 0.83 ± 0.13 1.64 ± 0.05 52.4 47.6 
3H-Estrone-3-sulfate (2 M) - 0.91 ± 0.11 2.69 ± 0.10 100 0 
(Control substrate) + M25 (1 μM) 0.88 ± 0.03 3.34 ± 0.18 124 NI 
 + M25 (10 μM) 0.97 ± 0.13 3.20 ± 0.08 119 NI 
 + M25 (25 μM) 0.90 ± 0.12 2.30 ± 0.04 85.6 14.4 
 + M25 (50 μM) 0.85 ± 0.23 1.93 ± 0.32 71.7 28.3 
 + M25 (100 μM) 1.02 ± 0.14 1.00 ± 0.29 37.3 62.7 
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Test Article: Ibrutinib, M23, M25, M34, PCI-45227(M37) 

 Study No. -027-V-X-TS (FK10655) 
 Location in CTD: 4.2.2.6.8 

Type of Study: In vitro evaluation of ibrutinib, M23, M25, M34 and PCI-45227(M37) as inhibitor of OAT3 in MDCK II cell lines stably transfected with OAT3 
Tabulated Results      
      

Test substrate 
(concentration) Inhibitor (concentration) 

MDCK II – Parental MDCK II – OAT3   
Rate of Transport  

(pmol/mg membrane protein/min)
Rate of Transport ($)

(pmol/mg membrane protein/min)
Transport (%) Inhibition (%) 

3H-Estrone-3-sulfate (2 M) - 0.92 ± 0.21 1.31 ± 0.33 100 0 
(Control substrate) + probenecid (1000 μM) 

(Reference Inhibitor) 
0.78 ± 0.12 0.01 ± 0.11 0.5 99.5 

 + furosemide (1000 μM) 
(Reference Inhibitor) 

1.12 ± 0.15 -0.37 ± 0.12 -28.2 100 

3H-Estrone-3-sulfate (2 M) - 1.30 ± 0.24 2.05 ± 0.06 100 0 
(Control substrate) + M34 (0.1 μM) 1.02 ± 0.10 2.04 ± 0.30 (*) 99.7 0.29 
 + M34 (1 μM) 1.20 ± 0.23 2.01 ± 0.14 98.4 1.55 
 + M34 (10 μM) 1.18 ± 0.12 1.92 ± 0.19 93.9 6.06 
 + M34 (100 μM) 0.94 ± 0.12 1.03 ± 0.05 50.4 49.6 
3H-Estrone-3-sulfate (2 M) - 1.28 ± 0.18 1.64 ± 0.13 100 0 
(Control substrate) + M23 (0.1 μM) 0.99 ± 0.20 2.28 ± 0.20 139 NI 
 + M23 (1 μM) 1.16 ± 0.17 2.14 ± 0.28 130 NI 
 + M23 (10 μM) 1.10 ± 0.13 2.13 ± 0.15 129 NI 
 + M23 (100 μM) 1.10 ± 0.21 1.75 ± 0.20 107 NI 
Additional Information 
No inhibition was observed for M23 up to 100 μM. IC50 values for ibrutinib, PCI-45227(M37), M34 and M25 were 48.4, >100, >100 and 56.4 μM, respectively. 
($): Net influx rate, (*): n=2 
BSA = bovine serum albumin; OAT = organic anion transporter; MDCK = Madin-Darby canine kidney; NI = no inhibition 
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 Test Article: Ibrutinib 

Type of Study: Determination of the P-gp IC50 value of ibrutinib in the MDR1-MDCK cell line Study No.: -005-MDCK-X-TI Location in CTD: 4.2.2.6.9 
Method: 
The IC50 value for ibrutinib as a P-gp inhibitor in MDR1-MDCK cells was evaluated using loperamide as the P-gp substrate. Cells were incubated with ibrutinib (0.1 to 50 M or 0.044 to 22.0 

g/mL) and loperamide (5 M) for 1 hour and transport was measured in basolateral to apical and apical to basolateral directions. The amount of loperamide permeated into receiver 
compartments was measured by liquid chromatography-tandem mass spectrometry. 
Results:  
Ibrutinib inhibited the transport of the P-gp substrate loperamide with an IC50 value of 4.88 M or 2.15 g/mL. The positive controls cyclosporine A and ketoconazole also inhibited the efflux of 
loperamide with IC50 values of 0.783 and 1.18 M, respectively. 
P-gp = P-glycoprotein 
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Test Article: M23 

 Study No. -191-V-X-TS (FK10643) 
 Location in CTD: 4.2.2.6.3 

Type of Study: In vitro evaluation of M23 as inhibitor of P-gp (MDR1) mediated transport in single-transfected LLC-PK1 cell lines 
Method Test system: LLC-PK1 cell lines, parental and overexpressing MDR1 (P-gp, also known as ABCB1), triplicate determinations 

Experiment was performed in the presence of 1% BSA  
Test items, control substrate and reference inhibitors are mentioned below 

Tabulated Results      
      

Test substrate 
(concentration) 

Inhibitor 
(concentration) Direction

LLC-PK1 – Parental LLC-PK1 – MDR1 Ratio MDR1/ 
ratio parent Papp (10-6 cm/s) Ratio BA/AB Papp (10-6 cm/s) Ratio BA/AB

3H-Digoxin (30 nM) - AB 1.34 ± 0.08 3.78 1.00 ± 0.13 8.33 2.20 
(Control substrate)  BA 5.07 ± 0.14  8.36 ± 0.12   
3H-Digoxin (30 nM) + GF120918 (5 μM) AB 2.52 ± 0.17 0.97 3.26 ± 0.37 0.90 0.93 
(Control substrate) (Reference inhibitor) BA 2.43 ± 0.22  2.93 ± 0.30   
3H-Digoxin (30 nM) + M23 (0.11 μM) AB 1.28 ± 0.06 4.31 0.79 ± 0.04 11.3 2.62 
(Control substrate)  BA 5.53 ± 0.24  8.95 ± 0.52   
3H-Digoxin (30 nM) + M23 (0.34 μM) AB 1.45 ± 0.09 3.91 0.93 ± 0.11 9.49 2.43 
(Control substrate)  BA 5.69 ± 0.44  8.80 ± 0.23   
3H-Digoxin (30 nM) + M23 (1.13 μM) AB 1.60 ± 0.18 3.08 1.10 ± 0.05 8.70 2.82 
(Control substrate)  BA 4.92 ± 0.21  9.55 ± 0.31   
3H-Digoxin (30 nM) + M23 (3.39 μM) AB 1.84 ± 0.13 2.34 1.08 ± 0.04 8.50 3.63 
(Control substrate)  BA 4.31 ± 0.31  9.15 ± 0.41   
3H-Digoxin (30 nM) + M23 (11.3 μM) AB 2.03 ± 0.23 1.42 1.17 ± 0.04 7.60 5.35 
(Control substrate)  BA 2.88 ± 0.12  8.91 ± 0.60   
3H-Digoxin (30 nM) + M23 (33.9 μM) AB **  ** 1.98 ± 0.17 3.54 ** 
(Control substrate)  BA **   7.01 ± 0.28   
3H-Digoxin (30 nM) + M23 (113 μM) AB **  ** **  ** ** 
(Control substrate)  BA **   **    
Additional Information
M23 is not an inhibitor of the P-gp transporter up to 11.3 μM 
**Cytotoxic effect of M23 was observed at the higher concentrations of 33.9 μM in the parental cell line and 113 μM in the parental and MDR1-transduced cell line. 
AB = apical to basolateral; BA = basolateral to apical; BSA = bovine serum albumin; MDR = multidrug resistance; Papp = apparent permeability 
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Test Article: M25 

 Study No. -157-V-X-TS (FK10576) 
 Location in CTD: 4.2.2.6.4 

Type of Study: In vitro evaluation of M25 as inhibitor of P-gp (MDR1) mediated transport in single-transfected LLC-PK1 cell lines 
Method Test system: LLC-PK1 cell lines, parental and overexpressing MDR1 (P-gp, also known as ABCB1), triplicate determinations 

Experiment was performed in the presence of 1% BSA  
Test items, control substrate and reference inhibitors are mentioned below 

Tabulated Results      
      

Test substrate 
(concentration) 

Inhibitor 
(concentration) Direction

LLC-PK1 – Parental LLC-PK1 – MDR1 Ratio MDR1/ 
ratio parent Papp (10-6 cm/s) Ratio BA/AB Papp (10-6 cm/s) Ratio BA/AB

3H-Digoxin (30 nM) - AB 2.21 ± 0.03 1.09 0.75 ± 0.10 12.25 11.24 
(Control substrate)  BA 2.40 ± 0.14  9.23 ± 0.47   
3H-Digoxin (30 nM) + GF120918 (5 μM) AB 2.34 ± 0.29 0.90 2.75 ± 0.29 0.94 1.04 
(Control substrate) (Reference inhibitor) BA 2.11 ± 0.23  2.58 ± 0.18   
3H-Digoxin (30 nM) + M25 (0.1 μM) AB 1.92 ± 0.19 1.53 0.66 ± 0.06 14.5 9.48 
(Control substrate)  BA 2.95 ± 0.07  9.50 ± 0.35   
3H-Digoxin (30 nM) + M25 (0.3 μM) AB 2.01 ± 0.20 1.50 0.78 ± 0.06 13.0 8.67 
(Control substrate)  BA 3.02 ± 0.11  10.2 ± 0.67   
3H-Digoxin (30 nM) + M25 (1.0 μM) AB 2.13 ± 0.15 1.30 0.73 ± 0.04 13.2 10.15 
(Control substrate)  BA 2.77 ± 0.07  9.54 ± 0.30   
3H-Digoxin (30 nM) + M25 (3.0 μM) AB 2.28 ± 0.08 1.31 0.84 ± 0.11 12.0 9.16 
(Control substrate)  BA 2.98 ± 0.17  10.1 ± 0.63   
3H-Digoxin (30 nM) + M25 (10 μM) AB 2.05 ± 0.22 1.48 0.86 ± 0.09 11.9 8.04 
(Control substrate)  BA 3.03 ± 0.17  10.2 ± 0.51   
3H-Digoxin (30 nM) + M25 (30 μM) AB 2.12 ± 0.12 1.40 0.82 ± 0.07 12.7 9.07 
(Control substrate)  BA 2.96 ± 0.19  10.4 ± 0.32   
3H-Digoxin (30 nM) + M25 (100 μM) AB 2.39 ± 0.06 1.22 0.77 ± 0.07 12.5 10.25 
(Control substrate)  BA 2.92 ± 0.16  9.60 ± 0.22   
Additional Information
M25 is not an inhibitor of the P-gp transporter up to 100 μM 
AB = apical to basolateral; BA = basolateral to apical; BSA = bovine serum albumin; MDR = multidrug resistance; Papp = apparent permeability 
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Test Article:  M34 

 Study No. -158-V-X-TS (FK10577) 
 Location in CTD: 4.2.2.6.5 

Type of Study: In vitro evaluation of M34 as inhibitor of P-gp (MDR1) mediated transport in single-transfected LLC-PK1 cell lines 
Method Test system: LLC-PK1 cell lines, parental and overexpressing MDR1 (P-gp, also known as ABCB1), triplicate determinations 

Experiment was performed in the presence of 1% BSA  
Test items, control substrate and reference inhibitors are mentioned below 

Tabulated Results      
      

Test substrate 
(concentration) 

Inhibitor 
(concentration) Direction

LLC-PK1 – Parental LLC-PK1 – MDR1 Ratio MDR1/ 
ratio parent Papp (10-6 cm/s) Ratio BA/AB Papp (10-6 cm/s) Ratio BA/AB

3H-Digoxin (30 nM) - AB 2.21 ± 0.03 1.09 0.75 ± 0.10 12.3 11.28 
(Control substrate)  BA 2.40 ± 0.14  9.23 ± 0.47   
3H-Digoxin (30 nM) + GF120918 (5 μM) AB 2.34 ± 0.29 0.90 2.75 ± 0.29 0.94 1.04 
(Control substrate) (Reference inhibitor) BA 2.11 ± 0.23  2.58 ± 0.18   
3H-Digoxin (30 nM) + M34 (0.1 μM) AB 1.98 ± 0.02 2.57 0.79 ± 0.06 12.8 4.98 
(Control substrate)  BA 5.09 ± 0.15  10.1 ± 0.99   
3H-Digoxin (30 nM) + M34 (0.3 μM) AB 1.99 ± 0.17 2.11 0.69 ± 0.04 14.4 6.82 
(Control substrate)  BA 4.20 ± 0.21  9.89 ± 0.13   
3H-Digoxin (30 nM) + M34 (1.0 μM) AB 1.77 ± 0.09 3.02 1.06 ± 0.50 9.61 3.18 
(Control substrate)  BA 5.34 ± 0.13  10.2 ± 0.76   
3H-Digoxin (30 nM) + M34 (3.0 μM) AB 1.77 ± 0.11 **  0.64 ± 0.01 15.2 ** 
(Control substrate)  BA **   9.74 ± 0.39   
3H-Digoxin (30 nM) + M34 (10 μM) AB 2.51 ± 0.13 1.40 0.70 ± 0.05 15.3 10.93 
(Control substrate)  BA 3.51 ± 0.06  10.7 ± 0.88   
3H-Digoxin (30 nM) + M34 (30 μM) AB 2.37 ± 0.16 1.38  0.68 ± 0.06 16.3 11.81 
(Control substrate)  BA 3.27 ± 0.19  11.1 ± 0.17   
3H-Digoxin (30 nM) + M34 (100 μM) AB 2.54 ± 0.24 1.22 0.84 ± 0.02 13.6 11.15 
(Control substrate)  BA 3.10 ± 0.19  11.4 ± 0.66   
Additional Information
M34 is not an inhibitor of the P-gp transporter up to 100 μM 
** Integrity of monolayer could not be guaranteed (high 14C-mannitol concentrations were measured in the acceptor compartment) 
AB = apical to basolateral; BA = basolateral to apical; BSA = bovine serum albumin; MDR = multidrug resistance; Papp = apparent permeability 
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Test Article: Ibrutinib, M23, M25, M34, PCI-45227(M37) 

Study No. -180-V-X-TS (FK10657) 
 Location in CTD: 4.2.2.6.10 

Type of Study: In vitro evaluation of ibrutinib, M23, M25, M34 and PCI-45227(M37) as inhibitor of BCRP transport in inside-out vesicles 
Method Test system: inside-out vesicles expressing BCRP (also known as ABCG2), triplicate determinations 

Experiment was performed in the presence of 1% BSA  
Test items, control substrate and reference inhibitors are mentioned below 

Tabulated Results      
      

Test substrate 
(concentration) Inhibitor (concentration) 

ATP-dependent transport  
(cpm) 

Rate of Transport  
(pmol/mg membrane protein/min) 

ATP-dependent transport  
(%) 

3H-Estrone-3-sulfate (1 M) - 642 ± 65.1 38.5 ± 3.90 100 ± 10.1 
(Probe substrate) + Ko143 (1 M) 

(Reference inhibitor) 35.3 ± 47.0 2.12 ± 2.82 5.50 ± 7.33 
3H-Estrone-3-sulfate (1 M) Ibrutinib (0.1 M) 422 ± 71.4 25.3 ± 4.28 65.7 ± 11.1 
(Probe substrate) Ibrutinib (1 M) 371 ± 164 22.2 ± 9.86 57.7 ± 25.6 
 Ibrutinib (10 M) 144 ± 63.0 8.62 ± 3.78 22.4 ± 9.81 
 Ibrutinib (100 M) -29.7 ± 22.3 -1.78 ± 1.34 -4.62 ± 3.47 
 Ibrutinib (350 M) 67.0 ± 54.0 4.02 ± 3.24 10.4 ± 8.42 
3H-Estrone-3-sulfate (1 M) - 774 ± 113 42.2 ± 6.17 100 ± 14.6 
 (Probe substrate) + Ko143 (1 M) 

(Reference inhibitor) 62.3 ± 28.6 3.40 ± 1.56 8.05 ± 3.70 
3H-Estrone-3-sulfate (1 M) M23 (0.1 M) 812 ± 45.2 44.3 ± 2.47 105 ± 5.84 
(Probe substrate) M23 (1 M) 847 ± 99.4 46.2 ± 5.43 109 ± 12.8 
 M23 (10 M) 744 ± 153.4 40.6 ± 8.37 96.1 ± 19.8 
 M23 (100 M) 142 ± 23.1 7.73 ± 1.26 18.3 ± 2.99 

(Continued) 

 



 

 

 
 

2.6.5 
    

120

2.6.5.15 C  
Test Article: Ibrutinib, M23, M25, M34, PCI-45227(M37) 

Study No. -180-V-X-TS (FK10657) 
 Location in CTD: 4.2.2.6.10 

Type of Study: In vitro evaluation of ibrutinib, M23, M25, M34 and PCI-45227(M37) as inhibitor of BCRP transport in inside-out vesicles 
Tabulated Results      
      

Test substrate 
(concentration) Inhibitor (concentration) 

ATP-dependent transport  
(cpm) 

Rate of Transport  
(pmol/mg membrane protein/min) 

ATP-dependent transport  
(%) 

3H-Estrone-3-sulfate (1 M) - 635 ± 160 32.7 ± 8.23 100 ± 25.2 
(Probe substrate) + Ko143 (1 M) 

(Reference inhibitor) -24.7 ± 30.6 -1.27 ± 1.57 -3.88 ± 4.81 
3H-Estrone-3-sulfate (1 M) M25 (0.1 M) 561 ± 18.7 28.9 ± 0.97 88.4 ± 2.95 
(Probe substrate) M25 (1 M) 687 ± 263 35.4 ± 13.6 108 ± 41.4 
 M25 (10 M) 596 ± 129 30.7 ± 6.65 93.9 ± 20.3 
 M25 (100 M) 366 ± 22.3 18.9 ± 1.15 57.6 ± 3.51 
3H-Estrone-3-sulfate (1 M) - 488 ± 152 26.5 ± 8.26 100 ± 31.2 
(Probe substrate) + Ko143 (1 M) 

(Reference inhibitor) 54 ± 73.5 2.91 ± 3.99 11.0 ± 15.1 
3H-Estrone-3-sulfate (1 M) M34 (0.1 M) 495 ± 75.5 26.8 ± 4.10 101 ± 15.5 
(Probe substrate) M34 (1 M) 545 ± 33.0 29.6 ± 1.79 112 ± 6.76 
 M34 (10 M) 442 ± 104 24.0 ± 5.67 90.5 ± 21.4 
 M34 (100 M) 218 ± 68.5 11.8 ± 3.72 44.7 ± 14.0 
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Test Article: Ibrutinib, M23, M25, M34, PCI-45227(M37) 

Study No. -180-V-X-TS (FK10657) 
 Location in CTD: 4.2.2.6.10 

Type of Study: In vitro evaluation of ibrutinib, M23, M25, M34 and PCI-45227(M37) as inhibitor of BCRP transport in inside-out vesicles 
Tabulated Results      
      

Test substrate 
(concentration) Inhibitor (concentration) 

ATP-dependent transport  
(cpm) 

Rate of Transport  
(pmol/mg membrane protein/min) 

ATP-dependent transport  
(%) 

3H-Estrone-3-sulfate (1 M) - 558 ± 101 31.5 ± 5.70 100 ± 18.1 
(Probe substrate) + Ko143 (1 M) 

(Reference inhibitor) 
-61.0 ± 42.6 -3.44 ± 2.40 -10.9 ± 7.63 

3H-Estrone-3-sulfate (1 M) PCI-45227 (M37) (0.1 M) 509 ± 159 28.7 ± 8.95 91.2 ± 28.4 
(Probe substrate) PCI-45227 (M37) (1 M) 383 ± 87.9 21.6 ± 4.96 68.6 ± 15.7 
 PCI-45227 (M37) (10 M) 503 ± 57.3 28.4 ± 3.23 90.1 ± 10.3 
 PCI-45227 (M37) (100 M) 124 ± 82.7 6.96 ± 4.66 22.1 ± 14.8 
Additional Information
Ibrutinib inhibited the BCRP-mediated efflux of 3H-estrone-3-sulfate with an IC50 value of 0.99 μM. 
M25 slightly inhibited the BCRP-mediated efflux of 3H-estrone-3-sulfate with an  IC50 value of > 100 μM, with 42.4% inhibition at highest concentration tested. 
M23 inhibited the BCRP-mediated efflux of 3H-estrone-3-sulfate with an  IC50 value of 40.6 μM. 
M34 inhibited the BCRP-mediated efflux of 3H-estrone-3-sulfate with an IC50 value of 74.4 μM. 
PCI-45227 (M37) inhibited the BCRP-mediated efflux of 3H-estrone-3-sulfate with an  IC50 value of 90.1 μM. 
BCRP = breast cancer resistance protein; BSA = bovine serum albumin; cpm = counts per minute 
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2.6.5.16  
 Test Article: Ibrutinib 

No Tabulation 

 


