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QUESTION BASED REVIEW

2.1

GENERAL ATTRIBUTES

2.1.1 What are the highlights of the chemistry and physical-chemical properties of the
drug substance and the formulation of the drug product as they relate to the clinical
pharmacology and biopharmaceutics review?
Ibrutinib is planned to be available as 140 mg hard gelatin capsules for oral administration.
Figure 1: Structural Formula of Ibrutinib and its Active Metabolite (PCI-45227)

Established names: Ibrutinib
Stereochemistry: The absolute configuration at the single stereocenter is (R).
Molecular Weight: 440.5 g/mole
Molecular Formula: C25H24N6O2
Partition coefficient (log P): 3.97 (pH=7)
Dissociation Constant (pKa): 3.74
Chemical Name: 1-[(3R)-3-[4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4 d]pyrimidin-1-yl]1-piperidinyl]-2-propen-1-one
Melting Point Range: 149°C to 158°C
Solubility: Ibrutinib is insoluble in water (0.003 mg/mL)
2.1.2

What are the proposed mechanisms of action and therapeutic indications?

Ibrutinib is an irreversible Bruton’s tyrosine kinase (BTK) inhibitor (IC50=0.46 nM) that binds to
a cysteine residue (Cys-481) in the BTK active site. It is proposed for the treatment of patients
(b) (4)
with mantle cell lymphoma (MCL; Original NDA 1
who have received at least one prior therapy. BTK is a signaling molecule of
the B-cell antigen receptor (BCR) and cytokine receptor pathways. The BCR pathway is
implicated in several B-cell malignancies, including MCL and B-cell CLL. Ibrutinib is also
6
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Table 2: Overview of Clinical Pharmacology Related Trials Submitted in the NDA
Study Description

Treatment Regimen

PCYC-04753
(04753)

Phase 1, dose-escalation trial
to determine MTD, PK and PD
in patients with recurrent B-cell
lymphoma (N=66)

Body Weight Based Cohorts: 1.25, 2.5, 5, 8.3
and 12.5 mg/kg/day for 28 on/ 7 off (35 day
cycle)
Continuous Dosing Cohorts: 8.3 mg/kg/day and
560 mg/day

PCI-2765CLL1002
(1002)

Phase 1 DDI healthy volunteer
trial evaluating the effect of
ketoconazole on the PK of
Ibrutinib (N=18+3)

DDI Cohort (N=18):
• Ibrutinib 120 mg on Day 1 and 40 mg on
Day 7
• Ketoconazole 400 mg on Days 4 to 9
Exploratory Cohort (N=3): Ibrutinib 70 mg
solution on Day 1 to determine dose for ADME
trial

PCI32765CLL1004
(1004)

Phase 1 mass-balance ADME
healthy volunteer trial (N=6)

140 mg of

Study Number

14

C-ibrutinib solution

2.2.2 What is the basis for selecting the response endpoints (i.e., clinical or surrogate
endpoints) or biomarkers (collectively called pharmacodynamics (PD)) and how are they
measured in clinical pharmacology and clinical trials?
The primary endpoint for the pivotal trials was overall response rate as determined by
investigators & confirmed by an independent review committee. This endpoint has been used for
previous approvals in MCL. Single agent bortezomib was FDA approved in December 2006 for
MCL using a single arm phase 2 trial evaluating response rates.
BTK active-site occupancy was assessed in the three submitted trials with cancer patients. This
PD marker was selected based on the mechanism of action of the drug (Refer to Section 2.2.4.1
for further discussion).
2.2.3 Are the active moieties in the plasma (or other biological fluid) appropriately
identified and measured to assess pharmacokinetic parameters and exposure response
relationships?
Yes. Plasma samples from clinical trials were assessed for the parent drug (ibrutinib) and its
metabolite, PCI-45227. Ibrutinib is an active moiety. PCI-45227 (M37) is an inhibitor of BTK,
but is 15 times less potent compared to the parent. Ibrutinib is extensively metabolized to many
metabolites. In the mass balance trial, ibrutinib and M37 combined were <10% of total
radioactivity. Total radioactivity AUC0-last was 37-fold higher than that of ibrutinib in blood.
However, other metabolites were not measured in other clinical trials.
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reductions occurred in 16 (14.4%) patients. Discontinuations due to TEAEs occurred in 8
patients (7.2%).
2.2.5 Pharmacokinetic characteristics of the drug and its major metabolites
2.2.5.1 What are the single dose and multiple dose PK parameters?
Single dose PK
Single dose PK parameters (non-compartmental analysis) of ibrutinib are summarized (Table 3)
using data from the dose escalation trial in patients with cancer. The first 5 cohorts evaluated
body-weight based dosing (1.25 - 12.5 mg/kg/day) for 28 days with a 7 day rest period. Data
from these cohorts was used to select the dose for continuous daily dosing (8.3 mg/kg or fixed
560 mg daily). One of the continuous dose cohorts was restricted to patients with diffuse large Bcell lymphoma (DLBCL) with ABC subtype. PK samples in Cycle 1 were collected on Day 1 at
pre-dose and 0.5, 1, 2, 4, 6 and 24 hours post-dose.
The median ibrutinib and PCI-45227 Tmax ranged from 1 - 2 hours and the mean terminal T1/2
from 4 - 7 hours (Tables 3 and 4). Inter-subject variability (CV %) for ibrutinib ranged from
58.5% to 136% for Cmax and 60.1% to 107% for AUC0-24h. The CV% was high for both fixed
dosing and body-weight based dosing. CV% for PCI-45227 ranged from 47.5% to 64.9% for
Cmax and 40.6% to 61.8% for AUC0-24h.The mean metabolite-to-parent ratios for PCI-4557
ranged from 0.7 - 3.4 with metabolite exposures exceeding parent in most cases. It is not clear
why the metabolite exposures are lower in the DLBCL cohort, although the ibrutinib exposures
are similar to the other 560 mg cohort. The Day 1 PK parameters observed in 1102-CA were
similar to those seen in the dose escalation trial (Table 5).
Table 3: Summary of (Mean ± SD) Ibrutinib Pharmacokinetic Parameters after Single Dose Ibrutinib in
Patients with Cancer in 04753
Treatment

Dose Range
(mg)

N

1.25 mg/kg

40-160

7

2.5 mg/kg

40-320

9

5 mg/kg

280-600

6

8.3 mg/kg

440-880

7

12.5 mg/kg

840-1400

7

560

9

560 - 960

10

Continuous
Fixed
Continuous
8.3 mg/kg
DLBCL ABC
Fixed Dose
a

560
b

9
c

Cmax
(ng/mL)
36 ± 30.5
(3.2 – 92.8)
90.4 ± 82.9
(18.3 – 253)
86.1 ± 117
(7.12 – 313)
109 ± 63.5
(27.9 – 199)
383 ± 274
(17.4 – 701)
156 ± 141
(38.1 – 447)
155 ± 126
(11.1 -388)
141 ± 110
(19.9 – 303)

a

AUC0-24
(ng.h/mL)
126 ± 105
(12.3 – 311)
451 ± 395
(108 – 1256)
372 ± 398
(87 – 1133)
547 ± 422
(189 – 1267)
1445 ± 869
(106.4 – 2576)
780 ± 558
(229 – 1767)
938 ± 729
(91.2 – 2285)
682 ± 500
(125 – 1681)
d

Tmax
(hr)

Cmax

b

6.2± 2.6

84.8

83.2

2 (0.6-4)

b

5.9± 0.7

91.7

87.5

2 (1-4)

ND

135.8

107

1 (1-4)

c

6.1

58.5

77.1

2 (1-2)

d

5.8± 3.7

71.6

60.1

2 (1-4)

e

5.2± 1.5

90.6

71.5

2 (1 -24)

e

4.0± 0.8

81

77.7

77.9

73.4

c

6.1

Median (min - max); N = 5; N = 2 (SD not calculated); N = 4; N = 6; NA=Not assessable
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CV%
AUC0-24

1 (1-2)

2 (1-6)
e

T1/2
(hr)

Table 4: Summary of (Mean ± SD) PCI-45227 Pharmacokinetic Parameters after Single Dose Ibrutinib
in Patients with Cancer in 04753
N

Cmax
(ng/mL)

AUC0-24 (ng.h/mL)

Tmax
(hr)

1.25 mg/kg

7

33.8 ± 20.7

258 ± 145

1 (1-2)

c

56.2

2.7 ± 1.7
1.5 ± 0.8
2.4 ± 1.6
3.4 ± 2.8
1.9 ± 0.9
b
1.9 ± 1.0

2.5 mg/kg
5 mg/kg
8.3 mg/kg
12.5 mg/kg
Continuous
560 mg
Continuous
8.3 mg/kg
DLBCL 560
mg QD
a

a

Treatment

T1/2
(hr)
6.8 ± 1.4

CV%
(AUC0-24)

9
6
7
7

45.8 ± 22.5
60.7 ± 39.4
158 ± 75.1
278 ± 135

475 ± 193
571 ± 285
1402 ± 711
2259 ± 1015

2 (2-4)
2 (1-6)
2 (1-4)
2 (1-2)

d

6.5 ± 1.9
6.3 ± 1.1
c
6.8 ± 1.6
7.4 ± 2.2

40.6
49.9
50.7
44.9

9

122 ± 67.9

b

2 (1-4)

e

6.5 ± 1.1

59.6

c

6.8 ± 1.6

54.7

1314 ± 783

10

176 ± 97.4

1617 ± 884

2 (1-4)

9

66 ± 39.7

398 ± 246

2 (1-4)

d

f

6.6

61.8

M/P Ratio
(AUC0-24)

2.4 ± 1.4
0.7 ± 0.5

Median (min - max); bN = 8; cN = 5; dN = 3; eN = 6; fN = 2 (SD not calculated)

Figure 7: Concentration-Time Profile of Ibrutinib (left) and Plot of Individual and Mean (SD) Ibrutinib
AUC0-24 (right) for the 8 Cohorts in 04753

Multiple Dose PK
Multiple dose PK (Tables 5 and 6) are available from the two pivotal trials. Daily doses of 420
and 840 mg were evaluated in 1102-CA and 560 mg daily was evaluated in 1104-CA. PK
samples in Cycle 1 were collected at pre-dose and 0.5, 1, 2, 4, 6 and 24 hours post-dose on Days
1 and 8.
On Day 8, the median ibrutinib Tmax was 2 hours and the mean terminal T1/2 ranged from 6 to 9
hours (similar to single dose). The mean accumulation ratio ranged from 1 to 1.6 following
multiple doses. The CV% was 77 - 110% for Cmax and 71 - 85% for AUC0-24. The PK appears
linear between doses, but an analysis of dose linearity was not performed due to the limited dose
range studied. The mean metabolite-to-parent ratios for PCI-4557 ranged from 0.97 - 2.7 on Day
1 (consistent with the dose-escalation trial data) and ranged from 1.02 - 2.8 on Day 8 (consistent
with Day 1).
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Table 5: Mean ± SD Pharmacokinetic Parameters on Days 1 and 8 at Ibrutinib Doses of 420 mg and 840
mg in Patients with CLL (1102-CA) and Ibrutinib 560 mg in Patients with MCL (1104-CA)
1102-CA
Dose
(mg)

Day

N

Cmax
(ng/mL)

1

50

123 ± 145

420
840

1

420

8

840

33
47

a

AUC0-24
(ng.h/mL)

AR

AUC0-24 CV%

2 (0.5 - 24)

b

5.9 ± 2.4

NA

83.4

1184 ± 1056

2 (0.6 - 4.2)

d

6.3 ± 2.6

NA

85.3

2 (0.5-7)

f

1.6 ± 1.2

71.1

2 (0.5-4)

g

1.2 ± 0.6

73.1

2 (0.8 - 23)

j

NA

83.2

2 (0 - 4.1)

k

1.4 ± 08

74.0

e

132 ± 129

T1/2
(hr)

603 ± 542
c

208 ± 166

Tmax
(h)

680 ± 517

8

32

221 ± 193

1246 ± 921

1

48

147 ± 143

h

164 ± 164

i

7.3 ± 3.9
7.4 ± 2.7

e
f

1104-CA
560
560

8

45

802 ± 668

953 ± 705

5.9 ± 2.0
8.5 ± 6.2

a

Median (min- max); bN=24; cN=32; dN=13; eN=45; fN=25; gN=22; hN=45; iN=43; jN=20; kN=21; NA= not
assessable; AR= accumulation ratio

Table 6: PCI-45227 (Mean ± SD) Pharmacokinetic Parameters on Days 1 and 8 at an Ibrutinib Dose of
560 mg in Patients with MCL in 1104-CA
Day

N

1

48

8
a

45

Cmax
(ng/mL)
112 ± 54

AUC0-24
(ng.h/mL)
b
1052 ± 583

122 ± 59

c

1263 ± 707

a

Tmax
(h)
2 (0.9 - 6.1)

T1/2
(hr)
d
6.9 ± 1.5

2 (1.0 - 4.1)

d

9.2 ± 3.7

AR

CV% AUC0-24

NA

83.2

1.4 ± 09

74.0

Median (min- max); bN=46; cN=44; dN=28; NA= not assessable; AR= accumulation ratio

2.2.5.2 How does the PK of the drug and its major active metabolites in healthy volunteers
compare to that in patients?
The single dose exposures appear higher in patients compared to healthy volunteers (Tables 3
and 7), but this is based on cross-study comparison of different dose levels (140 mg in healthy
volunteers compared to 2.5 mg/kg in patients). The single dose CV% for AUC were
approximately 60% in healthy volunteer trials and 60 - 107% in patient trials. The higher
exposure and CV% in patient trials may be due in part to the use of modified fasting conditions
(dose taken at least 30 minutes before or at least 2 hours after a meal) for drug administration in
patient trials compared to fasting conditions in healthy volunteer trials.
Single dose PK were available from two healthy volunteer trials: 1002 (ketoconazole DDI
discussed in Section 2.4.2.2) and 1004 (mass balance discussed in Section 2.2.5.5). A single
dose of 120 mg was used in 1002 as a capsule formulation and 140 mg was used in 1004 as a
solution formulation. For the capsule formulation, the median Tmax was approximately 2 hours,
the mean half-life (T1/2) was approximately 8 hours, and the CV% for AUC was about 59%. The
Cmax appears higher and the Tmax shorter for the solution formulation, but the AUC appears to
be in the same range between the capsule and the solution.
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Table 7: Pharmacokinetic Parameters of Single Dose Ibrutinib in Healthy Volunteers
Trial
formulation
1002
(Capsule)
1004
(solution)

Dose
(mg)

N

Cmax
(ng/mL)

AUC0-24 (ng.h/mL)

Tmax (hr)

T1/2 (hr)

120

18

11.8 ± 6.7

63.8 ± 37.3

1.8 (1.0 – 3.0)

140

6

37.1 ± 22.4

61.5 ± 39.2

0.5 (0.5 – 1.5)

CV%
Cmax

AUC

8.2 ± 3.2

56.5

58.5

3.1 ± 0.8

60.4

63.7

PK parameters presented as Mean ± SD except Tmax is presented as Median (min- max)

2.2.5.3

What are the characteristics of drug absorption?

The median Tmax of ibrutinib is approximately 1 - 2 hours. In a food effect sub-study of 1102CA, a high-fat meal increased ibrutinib exposure approximately 2-fold compared to when
ibrutinib was administered after an overnight fast (Table 25).The absolute bioavailability of
ibrutinib has not been evaluated but is likely low due to extensive first pass metabolism. The
bioavailability based on AUC of a solution formulation compared to a capsule formulation
appeared comparable (Table 7) which may suggest that absorption from the gastrointestinal (GI)
tract may not be the limiting factor to the bioavailability. In addition, mostly oxidative
metabolites were found in feces in the mass balance trial with minimal parent drug (0.77% of
total), suggesting absorption of ibrutinib from the GI tract is near complete (fraction absorbed, fa,
was close to 1). Ibrutinib is not a substrate of P-gp, in vitro. Therefore, P-gp is unlikely to affect
its absorption.
2.2.5.4

What are the characteristics of drug distribution?

Plasma Protein Binding: Ibrutinib is highly bound (mean of 97.2 - 98 %) to plasma proteins and
PCI-45227 is 91% bound, in vitro (studies FK10373, FK10375, 13-044-Hu-X-PB). Protein
binding of ibrutinib was concentration independent (50 - 5000 ng/mL). Ibrutinib protein binding
was found to be 97.7% in the mass balance trial 1004 and 97.5 - 98.3% in the drug interaction
trial 1002. At 150 ng/mL, it was found to bind to human serum albumin (HSA) 96% (4.3% HSA
solution) and to human α1-acid glycoprotein (AAG) 24 - 76% (0.05 – 0.2 % AAG solution;
Study FK10375). HSA binding was only evaluated at one concentration and it is not clear if the
binding is dependent on amount of HSA similar to AAG. Therefore, it would be pertinent to
evaluate protein binding in the ongoing hepatic impairment trial.
Blood to Plasma Ratio: In vitro, the whole blood to plasma ratio for ibrutinib was approximately
0.7 - 0.8 at concentrations of 100 – 500 ng/mL (study FK10375). In the human mass balance
trial, the mean whole blood to plasma ratio for total radioactivity was approximately 0.7.
Tissue Distribution: The apparent volume of distribution (Vd) based on population PK analysis
was approximately 10 000 L, which may suggest that ibrutinib is extensively distributed to
peripheral tissues. However, the Vd may be overestimated if the bioavailability of ibrutinib is
low. An absolute bioavailability study has not been performed, but ibrutinib likely has low
bioavailability.
Transporter Proteins:
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Ibrutinib is not a substrate of P-gp (net flux ratio of 0.13), but PCI-45227 is a substrate (net flux
ratio of 2), in vitro. In addition, ibrutinib is an inhibitor of P-gp with an IC50 of 2.15 μg/mL but
PCI-45227 is not.
Caco-2 cells and MDR1-MDCK cells were used to evaluate whether ibrutinib and PCI-45227 are
substrates and/or inhibitors of P-gp (studies 10-017-V-X-ADMET and 07-151-MDCK-X-TI).
The I/Ki (I based on steady-state Cmax of 122 ng/mL at the 560 mg dose) was approximately
0.06. Based on the I/Ki of < 0.1, systemic ibrutinib is unlikely to have a potential to inhibit P-gp.
However, it may have an effect on P-gp substrates in the GI tract due to higher local
concentrations after an oral dose. The calculated mean gut luminal inhibitor concentration at
proposed dose of 560 mg divided by IC50, assuming the drug is taken with 250 mL water, was
greater than 10. PBPK software was used to simulate ibrutinib drug absorption kinetics and
luminal drug concentration-time profiles for each segment of the GI tract (Refer to the appendix
in Section 3.2 for more details). Ibrutinib is predicted to be quickly absorbed with absorption
generally completed in 2.5 hours. Therefore, assuming ibrutinib can inhibit P-gp in the GI tract
in vivo, the potential for an interaction could be minimized by staggering the dose of ibrutinib
and a P-gp substrate by at least 2.5 hours.
The effect of ibrutinib on other transporters has not been evaluated. A comment will be sent to
address the evaluation of the inhibition potential of ibrutinib on other transporters such as BCRP,
OATP1B1/OATP1B3, OCT2, OAT1 and OAT3.
2.2.5.5 Does the mass balance trial suggest renal or hepatic as the major route of
elimination?
Ibrutinib is primarily metabolized and excreted through the feces (80.6%). The renal route is a
minor elimination pathway of ibrutinib-related material (7.8%) and renal clearance of unchanged
ibrutinib is negligible (<0.004 L/hr).
In the mass balance trial, six healthy male volunteers received 140 mg of oral 14C-labeled
ibrutinib (1480 kBq). The dose was given after an overnight fast of at least 8 hours. The
formulation was a 30% hydroxypropyl-β-cyclodextrin solution with ibrutinib 5 mg base eq/mL
with a radioactivity concentration of 52.9 kBq/mL. A 70 mg oral solution was assessed in three
volunteers in the drug interaction trial 1002 (volunteers were in an exploratory cohort separate
from the drug interaction cohort) before use in this mass balance trial. The solution formulation
had a 2 fold higher ibrutinib Cmax with no difference in AUC compared to the capsule
formulation used in the DDI.
Concentrations of ibrutinib and the metabolite PCI-45227 and total radioactivity (14C) were
measured in blood, plasma and urine. Metabolic profiling was performed on selected samples.
 Blood samples for blood and plasma concentrations and total radioactivity were collected
pre-dose and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 16, 24, 48 and 72 hours post-dose. Additional
samples for total radioactivity were collected every 24 hours from Day 5 to 8.
 Blood samples for metabolite profiling were collected 1, 2, 4, 8, 12, 24 and 72 hours postdose.
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 A pre-dose blood sample was collected for determination of ibrutinib protein binding and
assessing total protein, albumin and α1-acid glycoprotein.
 Urine samples for concentration and total radioactivity were collected pre-dose and at the
following time-intervals: 0 - 2, 2 - 4, 4 - 8, 8 - 24, 24 - 48, 48 - 72, 72 - 96, 96 - 120, 120 144 and 144 - 168 hours post-dose. Urine samples collected over a 24 hour time interval from
Day-1 were used for determination of urine creatnine and GFR.
 Fecal samples were collected pre-dose (Days -1 to 1) and per stool up to 168 hours post-dose.
 A baseline pharmacogenomic blood sample was collected for CYP2D6, CYP3A4 and
CYP3A5 genotyping.
Plasma concentrations were analyzed using a validated LC-MS/MS method and blood and urine
samples used assay methods that are not validated as discussed in Section 2.6.4. Liquid
scintillation was used for assessment of radioactivity in blood, plasma, urine and feces.
Blood and Plasma:
The total radioactivity Cmax was 15 fold higher and AUC was 100-fold higher than that of
ibrutinib in blood. Ibrutinib and PCI-45227 combined constituted less than 10% of total
circulating radioactivity (Figure 8).
The PK parameters reported for blood and plasma were similar for both ibrutinib and PCI-45227,
but the Cmax and AUC for total radioactivity were approximately 50% higher in plasma
compared to blood. The mean blood to plasma concentration ratio of total radioactivity at Tmax
was approximately 0.7.
The mean half-lives were 3 hours for ibrutinib and 8 hours for PCI-45227. The total radioactivity
half-life was 26 hours in blood and 47 hours in plasma (the applicant attributes the difference in
blood and plasma values for total radioactivity to fewer available time-points for blood samples).
Table 8: Mean (SD) Pharmacokinetic Parameters of Ibrutinib and PCI-45227 and Total Radioactivity in
Blood and Plasma Following a Single Oral Administration of 140 mg 14C-Ibrutinib

BEST AVAILABLE
COPY

a

Median (range); bng.eq/mL; c ng.eq h/mL; NA=not applicable
Source: Applicant’s Table 2 in study-report-pci-32765cll1004.pdf

19

Reference ID: 3400137

Figure 8: Mean (SD) Ibrutinib and PCI-45227 Concentration- and Total Radioactivity -Time Profiles in
Blood and Plasma Following a Single Oral Administration of 140 mg 14C-Ibrutinib

Source: Applicant’s Figure 3 on Page 31 of study-report -pci-32765cll1004.pdf

Urine and feces: Ibrutinib concentrations were measurable in urine up to 2 hours after dosing in 5
volunteers and in only 1 volunteer between 2 and 4 hours (mean of 0.000176% of total dose).
PCI-45227 was measurable in urine in all subjects through 72 hours after dosing (mean of 0.12%
of total dose). Approximately 88.5% of radioactivity was recovered in urine and feces over 168
hours (Figure 9). The mean cumulative excretion of radioactivity in urine accounted for
7.81±1.43% of the dose and 80.6% in feces (ibrutinib only accounted for 0.77% of the
administered dose in feces).
Figure 9: Mean (SD) Cumulative Excretion of Total Radioactivity in Urine and Feces Following Single
Oral Administration of 140 mg 14C-Ibrutinib

Source: Applicant’s Figure 4 on Page 32 of study-report -pci-32765cll1004.pdf

2.2.5.6

What are the characteristics of drug metabolism?

Ibrutinib is primarily metabolized by CYP3A4. The main circulating moieties in blood and
plasma were M21, M25, M34, M37 (PCI-45227) and ibrutinib. Ibrutinib and the active
metabolite, PCI-45227, accounted for less than 10% of total radioactivity in the mass balance
20
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trial. Ibrutinib likely undergoes significant first pass metabolism with unchanged drug as <1% of
the administered dose in feces. In vitro turnover in human microsomes was rapid with 66%
metabolized within 10 minutes.
Metabolic Profiling and Identification
Based on the metabolic profiling of samples from the mass balance trial 1004 (report FK 10267),
ibrutinib is extensively metabolized. The main circulating moieties in blood and plasma were
M21 (sulphate conjugate of M35), M25 (oxidation to a carboxylic acid), M34 (reduction to a
primary alcohol), PCI-45227 (M37) and ibrutinib (Table 9 shows the plasma concentrations
observed). The main metabolites identified in feces were M11 (2.6% of administered dose), M17
(3.8%), M20 (7.1%), M24 (2.0%), M25 (6.1%), M29 (2.9%), M34 (9.1%), M36 (2.9%) and M37
(2.9%). The main metabolites identified in urine were M7, M17, M20, M24, M25, M29 and
M34.
Table 9: Ibrutinib and its Metabolites in Human Plasma after a Single Dose 140 mg 14C-ibrutinib

a

Mean data from 6 subjects; bSamples pooled from 6 subjects; cCo-elution with M20 and M24; dCo-elution with M31
and M35; Values determined by UPLC analysis
Source: Applicant’s Table 2 in FDAResponse-Metabolites_082813.pdf
(b) (4)
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conditions. However, high variability was also observed in the healthy volunteers using an
overnight fast before dosage administration.
2.3

INTRINSIC FACTORS

2.3.1 What intrinsic factors (age, race, weight, height, genetic polymorphisms and organ
dysfunction) influence exposure (PK usually) and/or response, and what is the impact of
any differences in exposure on efficacy or safety responses?
Hepatic impairment increases ibrutinib exposure. Preliminary data from an ongoing Trial PCI32765CLL1006 (1006) in patients with moderate hepatic impairment (Child-Pugh B; N=3)
shows a 6 fold increase in exposure when compared to mean exposures in patients with normal
hepatic function. As this is preliminary data and the patient characteristics have not been
submitted, we cannot make conclusions about the exposure of ibrutinib in hepatic impairment.
Ibrutinib should be avoided in patients with hepatic impairment.
No patients with hepatic impairment were enrolled in the pivotal trials. The applicant is currently
evaluating the effect of hepatic impairment on the PK of ibrutinib in 1006. The applicant stated
that preliminary data in patients with moderate hepatic impairment (Child-Pugh B; N=3) shows a
6 fold increase in exposure when compared to mean exposures in patients with normal hepatic
function (cross-study comparison; in healthy volunteer trial at the dose of 120 mg the mean
Cmax was 11.8 ng/mL and mean AUC was 63.8 ng*hr/mL). One of the three patients in the mild
impairment group had higher exposures than those in the moderate hepatic impairment group
(Table 11). As this is preliminary data and the patient characteristics have not been submitted,
we cannot make conclusions about the exposure of ibrutinib in mild hepatic impairment. The
trial is still ongoing and a PMR will be issued for the submission of the final study report.
Table 11: Preliminary PK data of Ibrutinib after a Single 140 mg Oral Dose in Fasted Conditions in Mild
(CP-A) and Moderate (CP-B) Hepatic Impaired Patients (PCI-32765CLL1006)

Source: Applicants Table 2 in response-info-request-20130718.pdf

Physiologic based pharmacokinetic (PBPK) modeling (Section 3.2) over predicted the effect of
hepatic impairment. The PBPK model predicted mean exposure changes of 4.7-, 14- and 21-fold
in mild, moderate, and severe hepatic impaired patients, respectively. The model over-predicted
the effect in moderate impairment when compared to preliminary data in patients in the dedicated
trial (14- versus 6 fold). Therefore, labeling recommendations cannot be made using the
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(b) (4)

To screen
germline DNA was isolated from peripheral blood cells and
(b) (4)
CYP2D6 genotyping was performed using the
assay. In
(b) (4)
addition,
CYP3A were analyzed with the Affymetrix DMET Plus. The
CYP2D6 variants assessed and the criteria used for CYP2D6 genotype-derived phenotype
(b) (4)
assignment for the
assay are listed in Table 12.
(b) (4)

Table12: CYP2D6 Variants Assessed in 1004

Source: Applicant’s Tables 2 in stats-methods-pci-32765cll1004.pdf

The genotyping and PK data for the six healthy volunteers are listed in Table 13. The mean
ibrutinib and PCI-45227 AUCs were 10% and 29% higher in PMs (N=2) compared with the
mean AUCs in EMs (N=4).
Table 13: Summary of Exposure for each Patient based on CYP2D6 Phenotype in 1004
CYP2D6
CYP2D6
Ibrutinib
PCI-45227
Genotype
Phenotype Cmax (ng/mL)
AUClast (ng*h/mL)
Cmax (ng/mL)
AUClast (ng*h/mL)
*5/*5
PM
60.7
77.2
39.6
245
*4/*4
PM
29.6
53.9
59.4
360
*1/*4§
EM
13.0
32.3
44.0
268
*1/*4§
EM
14.5
20.2
31.5
207
*2/*41§
EM
65.2
131
43.9
275
*1/*1
EM
39.4
54.7
42.8
185
§: Heterozygous carriers such as *1/*4, *2/*41 are considered intermediate metabolizers (IM) by some CYP2D6
phenotype prediction methods (PMID: 18202689).

It does not appear that PMs have significantly higher ibrutinib exposures compared to EMs, and
no exposure-response relationship for safety was observed in the dose range of 420 – 840 mg in
the pivotal clinical trials. However, the genotyping data is too limited to draw conclusions.
Concerning CYP3A, all patients had the same genotype. The 6 volunteers were CYP3A4 wild
type (CYP3A4*1/*1) and homozygous variants for CYP3A5*3C, the non-active form of
CYP3A5 (CYP3A5*3C/*3C).

28

Reference ID: 3400137

2.3.2.9 Pregnancy and lactation
The safety and effectiveness of ibrutinib have not been established in pregnancy and in lactating
women.
2.4

EXTRINSIC FACTORS

2.4.1 What extrinsic factors (drugs, herbal products, diet, smoking, and alcohol use)
influence dose-exposure and/or -response and what is the impact of any differences in
exposure on response?
CYP3A4 inhibitors and inducers have an effect on ibrutinib exposures. Refer to Section 2.4.2.2 for
details. The effects of extrinsic factors such as herbal products, diet, smoking and alcohol use on

the dose-exposure and/or dose-response for ibrutinib were not assessed in a formal study.
2.4.1.1 Based upon what is known about exposure-response relationships and their
variability, what dosage regimen adjustments, if any, do you recommend for each of these
factors? If dosage regimen adjustments across factors are not based on the exposureresponse relationships, describe the basis for the recommendation.
A dose reduction to 140 mg daily is recommended when ibrutinib is co-administered with a
moderate CYP3A4 inhibitor. Refer to see Section 2.4.2.2 for details.
2.4.2 Drug-drug interactions
2.4.2.1 Is there an in vitro basis to suspect in vivo drug-drug interactions?
Yes, ibrutinib is a CYP3A4 substrate. In vitro studies in microsomes and recombinant CYP450s
identified CYP3A4 as the major CYP enzyme involved in the metabolism of ibrutinib with
minor involvement of CYP2D6. It was not a substrate of CYP1A2, 2A6, 2B6, 2C8, 2C9 or 2C19
(Studies 2-013-Hu-X-MT, 07-153-Hu-X-MTI, 12-013-Hu-X-MT, 11-041-Hu-X-MTI and 12014-Hu-X-MT). Recombinant CYP3A4 and CYP3A5 showed higher intrinsic clearance
(Vmax/Km ratio at least 20-fold higher) than CYP2D6.
2.4.2.2

Is the drug a substrate of CYP enzymes?

Yes, ibrutinib is a CYP3A4 substrate.

Effect of CYP3A4 Inhibitors and Inducers
Based on geometric mean ratios, a 29-fold increase in Cmax and a 24-fold increase in AUC were
observed when ibrutinib was co-administered with ketoconazole as compared with ibrutinib
administered alone. Preliminary data from a dedicated trial, showed that rifampin caused a 14
fold decrease in Cmax and a 12.5 fold decrease in AUC (observed mean Cmax and AUC ratios
for rifampin were 0.07 and 0.08, respectively). A PBPK model predicted a 5.5 - 8.6 fold increase
in ibrutinib AUC with the use of a moderate inhibitor and a 2 fold increase with the use of a
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weak inhibitor. A 2.6-fold decrease (AUC ratio of 0.38) in AUC was predicted for a moderate
inducer.
1002 was an open-label, sequential design trial to assess the effect of ketoconazole on the
pharmacokinetics of ibrutinib in 18 healthy volunteers. Each volunteer received a single oral dose
of ibrutinib 120 mg (3 X 40 mg) alone on Day 1 (Period 1) and ibrutinib 40 mg in combination
with ketoconazole on Day 7 (Period 2). Ketoconazole 400 mg (2 X 200mg) was dosed once daily
on Days 4 – 9 (dosed 1 hour before ibrutinib on Day 7). Ibrutinib was dosed after an overnight
fast and fasting was continued until 4 hours post-dose. PK blood and urine samples for ibrutinib
and PCI-45227 were collected pre-dose and up to 72 hours post-dose. A ketoconazole PK sample
was collected 2 hours after ketoconazole dose on Day 7 of Period 2. Additional blood samples
were collected on Day 1 for protein binding and pharmacogenomics assessment. None of the
volunteers were CYP2D6 poor metabolizers.
Based on the geometric mean, a 29-fold increase in Cmax and a 24-fold increase in AUClast were
observed when ibrutinib was co-administered with ketoconazole as compared with ibrutinib
administered alone. The mean ibrutinib concentration time profile is shown in Figure 15 and the
geometric mean ratios for AUC and Cmax are presented in Table 14. The mean metabolite (PCI45227) to parent ratios decreased from 2.64 to 0.05 for Cmax and from 4.34 to 0.13 for AUC24
with the use of ketoconazole.
Table 14: Dose-Normalized Ibrutinib Geometric Mean Ratio Comparing Ibrutinib Alone and in
Combination with Ketoconazole
Parameter

Group

N

Cmax(ng/mL)

I+K
I
I+K
I
I+K
I

18

AUClast(h*ng/mL)
AUCinf(h*ng/mL)

18
12

DN Geometric
Mean
285.49
10.00
1463.43
61.16
1859.52
70.97

Ratio (90% CI)
28.5 (24.0, 34.0)
23.9 (19.0, 30.1)
26.2 (20.0 - 34.4)

Figure 15: Dose-Normalized Mean (SD) Ibrutinib and PCI-45227 Concentration-Time Profiles
Following Oral Administration of Ibrutinib Alone and in Combination with Ketoconazole

Source: Figures 1 and 2 from Pages 32 and 33 in study-report -pci-32765cll1002.pdf

Individual ketoconazole concentrations ranged from 231 to 15800 ng/mL, with two volunteers
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with low ketoconazole concentrations of 352 and 231 ng/mL. Paradoxically, these two volunteers
had ibrutinib AUC values that were 80% lower than the mean values both when dosed alone and
with ketoconazole.
A dedicated trial evaluating the effect of moderate and weak CYP3A4 inhibitors has not been
performed and the applicant submitted a physiological based pharmacokinetic (PBPK) model
(SimCYP) to predict their effects. Dr. Ping Zhao and Dr. Yuzhuo Pan reviewed the model and
conducted additional analyses (Detailed in the appendix in Section 3.2). Preliminary results of
PCI-32765CLL1010 (1010) evaluating the effect of rifampin (strong CYP3A4 inducer) on
ibrutinib exposure were summarized (final study report will be requested as a PMR) and included
as part the PBPK report. In addition, the PBPK model was used to predict the effects of weak
and moderate CYP3A4 inducers. PBPK modeling of ibrutinib followed three steps:
Step 1 - Model Building: The model was built using data from in vitro phenotyping studies and
in vivo PK studies. This step did not use any known clinical DDI data.
Step 2 - Model Verification: The model was verified using data from the clinical DDI studies
evaluating the effect of a strong CYP3A4 inhibitor and inducer. The trials included were 1002
(ketoconazole 400 mg QD combined with single dose ibrutinib) and 1010 (rifampin 600mg QD
combined with single dose ibrutinib).
Step 3 - Model Predictions: The applicant conducted simulations to predict the effect of moderate
CYP3A4 inhibitors (diltiazem and erythromycin), a weak CYP3A4 inhibitor (fluvoxamine), and
a moderate CYP3A4 inducer (efavirenz) on ibrutinib exposure. The reviewer also simulated the
effect of another strong CYP3A4 inhibitor ritonavir (time dependent inhibitor) and another
moderate CYP3A4 inhibitor fluconazole.
To explore labeling options, the reviewer conducted additional simulations using the applicant’s
model in order to predict the following:
 the effect of dose staggering and/or dose reduction on ibrutinib exposure following
concurrent use with strong or moderate CYP3A4 inhibitors
♦ Scenario 1 - Ibrutinib 2 hours before inhibitor
♦ Scenario 2 - Ibrutinib + inhibitor at the same time
 the effect of dose doubling or no dose adjustment on ibrutinib exposure following concurrent
use with a strong or a moderate CYP3A4 inducer, respectively.
As shown in Figure 16, the effects of a strong CYP3A4 inhibitor and inducer were well
predicted using the PBPK model (comparing the prediction results to actual clinical trial data).
The predicted and observed mean AUC ratios (AUCR = with/without ketoconazole) for
ketoconazole were 27 and 30, respectively. The predicted and observed mean AUC ratios for
rifampin were 0.08 and 0.08, respectively. Therefore, the model could be used to predict the
effect of moderate and weak CYP3A4 inhibitors and inducers.
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 A dose increase was considered with the use of strong and moderate CYP3A4 inducers. A
simulation (Table 16) was performed to compare the exposure that would result from a dose
increase to 1120 mg (double) or keeping a 560 mg dose with concomitant use of moderate or
strong CYP3A4 inducers. The goal was to ensure the resulting exposures would not be lower
than exposures observed at a 140 mg dose which is the dose that may still be efficacious as
supported by the exposure response analysis for efficacy. We only considered dose increases
to 1120 mg (double dose) as the highest dose given in the dose escalation trial 04753 was
1400 mg in the 12.5 mg/kg dosing cohort and absorption or dose-linearity data are not
available at higher doses. The simulation showed that even with double the dose when using
a strong CYP3A4 inducer the exposures observed would still be lower than when ibrutinib
140 mg is dosed alone. For concomitant administration of a moderate inducer, an ibrutinib
dose increase to 1120 mg could result in exposures seen at the proposed doses and the use of
the proposed doses would still result in higher exposures than those observed at the dose at
the 140 mg dose (Table 16).
Table 15: Summary of Simulated Data for the Effect Dose Staggering on Ibrutinib Exposures when
Ibrutinib 560 mg is Concomitantly Used With CYP3A4 Inhibitors
Ibrutinib dosing in relation to inhibitor
dosing*
CYP3A4
inhibitor and
dosing regimen

Scenario 1
2 hrs. before
inhibitor

Inhibition
mechanism

Scenario 2
Co-administration

Ibrutinib exposure ratio (with/without
inhibitor)
AUC

Cmax

AUC

Cmax

Does dose
staggering
have
effect?

Ketoconazole
400 mg QD

Strong, reversible

5.1

3.1

29

21

Yes

Ritonavir 100
mg BID

Strong, TDI**

39

23

40

24

No

Diltiazem, 120
mg BID

Moderate, TDI**

4.0

3.9

4.2

4.1

No

Erythromycin,
500 mg TID

Moderate, TDI**

6.9

6.6

7.0

6.4

No

Fluconazole,
200 mg QD

Moderate,
reversible

4.3

3.9

5.5

5.3

slightly

*: Another scenario when ibrutinib is given 2 hr after inhibitor showed no difference compared to scenario 2 for all
inhibitors
**: TDI: time dependent inhibitor
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Table 16: Summary of Simulated Data Comparing a Dose Increase to 1120 mg (Double) or Keeping a
560 mg Dose with Concomitant CYP3A4 inducers Compared to Ibrutinib140 mg Alone
Interacting Drug

Mechanism

Ibrutinib exposure ratio (1120 mg with inducer
vs. 140 mg no inducer)
AUC

Cmax

Exposure
ratio vs. 140
mg above 1?

Rifampin

Strong

0.6

0.5

No

Efavirenz

Moderate

3.2

3.2

Yes

Interacting Drug

Mechanism

Ibrutinib exposure ratio (560 mg with inducer
vs. 140 mg no inducer)
AUC

Cmax

Exposure
ratio vs. 140
mg above 1?

Rifampin

Strong

0.3

0.3

No

Efavirenz

Moderate

1.6

1.6

Yes

With the above listed considerations, the following recommendations were made:
CYP3A4 Inhibitors
 A 2 fold increase in exposure with a weak CYP3A4 inhibitor was considered within the
acceptable margins and a dose reduction is not deemed necessary.
 A dose reduction to 140 mg daily is recommended with a concomitant moderate CYP3A4
inhibitor if co-administration cannot be avoided. This dose adjustment is likely to result in
exposures within an acceptable range considering the upper bound of the 840 mg dose and
the predicted exposure change of 5.5 - 8.6.
 Concomitant use of strong CYP3A inhibitors which would be taken chronically (e.g.,
ritonavir, indinavir, nelfinavir, saquinavir, boceprevir, telaprevir, nefazodone) is not
recommended.
 For strong CYP3A inhibitors that are for short-term use (treatment for 14 days or less)
ibrutinib therapy can be interrupted until the CYP3A4 inhibitor (e.g., ketoconazole,
itraconazole, voriconazole, posaconazole, clarithromycin, telithromycin, conivaptan) is no
longer needed.
CYP3A4 Inducers
 Since a moderate inducer is predicted to decrease exposures 2.6 fold, any decrease in
exposure with the concomitant use of weak CYP3A4 inducers are likely in an acceptable
margin and a dose increase may not be necessary.
 In addition, a dose adjustment with the use of moderate inducers is not necessary as it would
result in exposures above those at the 140 mg dose when ibrutinib is dosed alone.
 However, the use of concomitant strong CYP3A4 inducers should be avoided as a dose
adjustment cannot be recommended.
2.4.2.3 Is the drug an inhibitor and/or an inducer of CYP enzymes?
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Based on in vitro studies, ibrutinib and PCI-45227 are unlikely to inhibit any major CYPs or
induce CYP 1A2, 2B6 or 3A4 at clinically relevant doses.
As a CYP inhibitor:
Based on in vitro studies (06-029-Hu-X-CYP and 10-016-Hu-X-CYP), ibrutinib and PCI-45227
are unlikely inhibitors of any of the major CYPs in humans at clinically relevant doses. The
inhibition potentials of ibrutinib (0.0044 - 44.0 μg/mL) and PCI-45227 (0.014 - 47.5 μg/mL)
were evaluated at a single probe substrate concentration in human hepatic microsomes. The I/Ki
was calculated using the ibrutinib Cmax of 164 ng/mL and the PCI-45227 Cmax of 122 ng/mL
reported on Day 8 for the 560 mg daily dose in patients (Table 17).
In vitro, Ibrutinib was not an inhibitor of CYP1A2 and CYP2E1 and showed no time-dependent
inhibition of CYP3A4. It was a weak inhibitor of CYP2B6, CYP2C8, CYP2C9, CYP2C19,
CYP2D6 and CYP3A4/5 in vitro. PCI-45227 was not an inhibitor of CYP1A2, CYP2C19,
CYP2E1 and CYP3A4/5. It was a weak inhibitor of CYP2B6, CYP2C8, CYP2C9 and CYP2D6
in vitro, however, the estimated I/Ki values were < 0.1.
Table 17: Summary of CYP Enzyme Inhibitory Potential (I/Ki) of Ibrutinib and PCI-45227
CYP
Substrate
Ibrutinib
PCI-45227
Enzyme
(Concentration in µM) Ki (µg/mL) [I]/Ki
Ki (µg/mL) [I]/Ki

1A2
2B6
2C8
2C9
2C19
2D6
2E1
3A4/5
3A4/5
a

Ethoxyresorufin (1)
Bupropion (100)
Paclitaxel (10)
Diclofenac (10)
Omeprazole (0.5)
Dextromethorphan (5)
Chlorzoxazone (100)
Midazolam (5)
Testosterone (50)

a

> 44
2.1
5.3
2.6
2.9
5.5
NC
5.3
4.4

NC
0.08
0.03
0.06
0.06
0.03
NC
0.03
0.04

b

NC
4.04
7.84
13.8
a
> 47.5
18.1
NC
NC
a
> 47.5

NC
0.03
0.02
0.009
NC
0.007
NC
NC
NC

IC50 reported ; NC – not calculated; Phenacetin 10 µM used as substrate;

As a CYP inducer:
Based on an in vitro study 10-075-HU-X-INDC, ibrutinib and PCI-45227 are unlikely inducers
of CYP1A2, CYP2B6 or CYP3A4.
 In cultured human hepatocytes where the positive controls caused anticipated increases in
CYP enzyme expression, ibrutinib and PCI-45227 (at concentrations up to 10 μM) did not
cause significant increases (on average ≤ 2.0-fold increase and ≤ 20% of positive control
CYP inducer) in CYP1A2, CYP2B6 or CYP3A4/5 activity.
 Ibrutinib (0.5 - 10µM) increased CYP1A2 mRNA levels > 2 fold but the increase was < 20%
of omeprazole in hepatocytes.
 PCI-45227(10µM) increased CYP1A2 mRNA levels an average of 3.75 fold for CYP2B6
and 6.7 fold for CYP3A4. The applicant argues that in both cases this was driven by one high
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Table 18: Solubility of Ibrutinib in Different Aqueous Media Across the pH Range of 3 - 8

Source: Applicant’s Table 2 in pharmaceutical-development-ds.pdf

Table 19: Solubility of Ibrutinib in Various Organic Solvents

Source: Applicant’s Table 1 in pharmaceutical-development-ds.pdf

Permeability: Ibrutinib is a not a substrate of p-gp, in vitro. Studies performed using Caco-2 cell
monolayers indicated that ibrutinib is likely to have a high apparent permeability. Atenolol 10
µM, propranolol 10 µM and talindolol 10 µM were used as controls. The apparent permeability
from the apical to the basolateral side for ibrutinib 10 µM was 57.9 × 10-6 cm/s with an efflux
ratio of 0.13 which is <1 (Table 20).
Table 20: Permeability of Ibrutinib in Caco-2 Monolayers

P-gp Inhibitor
Without
With Verapamil
2.5.2

Papp (AB) * 10-6 cm/sec
(Mean ±SD)
57.9 ± 1.09
46.1 ± 0.185

Papp (AB) * 10-6 cm/sec
(Mean ±SD)
7.55 ± 1.01
4.33 ± 0.584

Efflux Ratio (ER)
0.13
0.094

What is the composition of the to-be-marketed formulation?

The planned commercial drug product is formulated as an immediate release 140 mg hard gelatin
capsule. The composition is summarized in Table 21.
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(b) (4)
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1

SUMMARY OF FINDINGS

1.1 Key Review Questions
The purpose of this review is to address the following key questions.
1.1.1 Is there dose/exposure-response relationship for PD marker and effectiveness
endpoint?
There is no evidence of an exposure-response for overall response rate (ORR) in the range of
exposures observed following ibrutinib dose of 560 mg in mantle cell lymphoma (MCL) in
pivotal phase 2 trial (Figure 3). Dose-response relationship for BTK (Bruton’s tyrosine kinase)
occupancy and clinical response in phase 1 study showed that maximum BTK occupancy and
maximum response was achieves at doses of ≥ 2.5 mg/kg (≥ 175 mg for average weight of 70 kg)
(Figures 1 and 2).
Dose selection for the pivotal phase 2 studies was based on a phase 1 dose escalation study that
evaluated ibrutinib doses of 1.25 mg/kg to 12.5 mg/kg where, actual doses administered to
patients ranged from 80 to 1400 mg. It is important to note that the sponsor initially administered
ibrutinib on 35-day treatment cycle where the drug was administered for 28 days followed by a 7
day treatment free period. The sponsor then evaluated the 8.3 mg/kg dose and 560 mg doses on
continues dose schedules.
The phase 1 study used PD marker (BTK occupancy) and clinical response for dose selection. As
shown in Figure 1 below, maximum BTK occupancy was achieved for dose 2.5 mg/kg and
greater. Similarly, maximum clinical response was achieves at doses ≥ 2.5 mg/kg. BTK
occupancy and clinical response rates were similar for continuous dosing (CD) and 35-day
treatment cycle schedules (Figure 1), except in patients with diffuse large B-cell lymphoma
(DLBCL), where response rate was 30%.

Figure 2. Maximal clinical response BTK occupancy achieved at doses >
2.5 mg/kg*.
A

B

Cohorts 1 through 6 received treatment in a 35-day treatment cycle , cohorts
CD-1,CD-2, CD-3= received treatment as continuous dosing
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•

Extrinsic factors such as food and antacids were evaluated. It appeared that food
increased the duration of absorption to 3.29 hours while antacids delayed absorption to
1.61 hours. Since this is a chronic treatment, delayed absorption is not expected to
influence overall exposure or response to treatment.

Table 2. Summary of Ibrutinib Population PK Parameter Estimates

Source
: Table 11 from sponsor’s population PK report

Goodness of fit plot for the final model
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volume parameters. The sponsor should update the current population PK model with data from
current ongoing/future trials.
Exposure-Response Analyses
The sponsor did not conduct exposure-response analysis.
REVIEWER’S ANALYSIS
Objectives
Exposure-response analyses were performed to determine if there is exposure-response
relationship for safety and efficacy endpoints. The efficacy endpoint was ORR and the safety
endpoints were Grade 3+ infections and infestations and Grade 3+ neutropenia.
Methods
Efficacy, safety, trough concentrations, and dosing data were available from two pivotal phase 2
studies (see section 1 above for details).
Data Sets
Data sets used are summarized in Table 1 below.
Table 3: Analysis Data Sets.
Name
(description)

(description)

Link to EDR

ibrutinib-nmpkfv2a-csv.xpt

Pop PK

\\Cdsesub1\evsprod\NDA205552\0005\m5\datasets\poppk\analysis\legacy\datasets

adae.xpt
(safety)

Safety

\\Cdsesub1\evsprod\NDA205552\0005\m5\datasets\issmcl\analysis\adam\datasets

adrs.xpt

MCL & CLL
patients

\\Cdsesub1\evsprod\NDA205552\0005\m5\datasets\iss-cll\analysis\adam\datasets

Efficacy
MCL patients

\\Cdsesub1\evsprod\NDA205552\0005\m5\datasets\isemcl\analysis\adam\datasets
\\Cdsesub1\evsprod\NDA205552\0005\m5\datasets\ise-cll\analysis\adam\datasets

Software
S-PLUS was used for the reviewer’s analyses.
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3. Methods
Simcyp® (V12, Sheffield, UK) [4-5] was used by the sponsor to construct and verify PBPK
model. Software’s “Healthy volunteer” population, a modified “Oncology” population [6], and
cirrhosis populations (Child-Pugh A, B, or C) [7] were tested. Final model parameters and their
sources are summarized in Appendix Tables A1 and A2. PBPK modeling of ibrutinib followed
three steps.
3.1. Model building

Results of in vitro ADME experiments and physicochemical properties, and in vivo PK studies
were used.
3.2. Model verification

Clinical drug-drug interaction (DDI) studies with strong CYP3A inhibitor and inducer
(ketoconazole 400mg q.d. combined with single dose ibrutinib, study PCI-32765CLL1002, and
rifampin 600mg q.d. combined with single dose ibrutinib, study PCI-32765CLL1010) were used
to verify ibrutinib PBPK model.
3.3. Model applications

The sponsor conducted simulations to predict the effect of moderate CYP3A inhibitors
(diltiazem, erythromycin), weak CYP3A inhibitor fluvoxamine, and moderate CYP3A inducer
efavirenz on ibrutinib exposure. Inhibitor PBPK models were verified via simulations using
probe substrates based on literature findings. Sponsor also explored the effect of food and
hepatic impairment on ibrutinib exposure.
Using sponsor’s models, reviewer conducted additional simulations to (a) predict the effect of
dose staggering (for example, administering ibrutinib 2 hours before the administration of an
inhibitor) or a 3- to 4-fold dose reduction on ibrutinib exposure following concurrent use with
strong or moderate CYP3A inhibitors, and (b) to predict the effect of dose doubling or no dose
adjustment on ibrutinib exposure following concurrent use with a strong or a moderate CYP3A
inducer, respectively. For inhibitors, two scenarios were compared to evaluate dose staggering
and dose reduction:
Inhibitor Dosing Scenario 1. Ibrutinib, washout, ibrutinib 2 hours before inhibitor
Inhibitor Dosing Scenario 2. Ibrutinib, washout, ibrutinib + inhibitor at the same time
Besides inhibitors and inducers used by the sponsor, FDA reviewer also simulated the effect of
another strong CYP3A inhibitor ritonavir, and another moderate CYP3A inhibitor fluconazole.
The same ritonavir drug model applied to another NDA submission by the same sponsor was
used in this analysis. Fluconazole model in the software’s drug library was directly used.
Reviewer also evaluated simulation output with regard to predicted ibrutinib exposure in
different segments of the gastrointestinal tract to determine the potential for ibrutinib to inhibit Pglycoprotein (P-gp).

58

Reference ID: 3400137

4. Results
4.1. Can PBPK model predict ibrutinib exposure change when the drug is co-administered with
CYP3A inhibitors or inducers?

The constructed PBPK model of ibrutinib reasonably captured the observed PK profiles of
ibrutinib. The model was further verified using clinical DDI data when the drug was coadministered with a strong CYP3A inhibitor ketoconazole, or a strong CYP3A inducer rifampin.
As shown in Figure 1, the effects of strong inhibitor and inducer were well predicted using the
PBPK model. The predicted and observed mean AUC ratios (AUCR, with/without an interacting
drug) by ketoconazole were 27 and 30, respectively. The predicted and observed mean AUC
ratios by a rifampin were 0.08 and 0.08, respectively. Cmax ratios (CmaxR) were also
reasonably predicted by the PBPK models.
Using the established ibrutinib PBPK model, the sponsor predicted the effects of several
moderate and weak inhibitors and a moderate inducer of CYP3A, and the results are shown in
Figure 1. The model simulated mean AUCRs were 8.6, 5.5, 2.0, and 0.4 for the effect of a
moderate inhibitor erythromycin, a moderate inhibitor diltiazem, a weak inhibitor fluvoxamine,
and a moderate inducer efavirenz, respectively.
4.2. Can PBPK model provide dose optimization strategy for combined use of ibrutinib with
specific CYP3A inhibitors or inducers?

Based on the available efficacy and safety data (See Clinical Pharmacology Question Based
Review), exposures associated with a 4-fold dose reduction (140 mg) and an approximately 2(b) (4)
fold dose increase (840 mg) from the proposed ibrutinib dose
560 mg) can be used to set
the lower and upper bounds for assessing the effects by CYP3A modulators. Dose reduction of
ibrutinib and/or dose staggering in the presence of a CYP3A inhibitor, or doubling or keeping the
proposed dose of ibrutinib in the presence of a CYP3A inducer, may achieve an ibrutinib
exposure that can fall in between the exposure boundaries. The FDA reviewer used sponsor’s
models to simulate (a) the effect of dose staggering or a 3- to 4-fold dose reduction on ibrutinib
exposure following concurrent use with strong or moderate CYP3A inhibitors, and (b) the effect
of dose doubling or no dose adjustment on ibrutinib exposure following concurrent use with a
strong or a moderate CYP3A inducer, respectively. The simulation results for inhibitors and
inducers are summarized in Appendix Tables A3-A5 and Tables A6-A7, respectively.
Consequently, a dose optimization strategy for individual CYP3A inhibitors and inducers for
their abilities to achieve ibrutinib exposure within the range described above is proposed in
Table 1. For a strong reversible inhibitor that does not significantly accumulate, such as
ketoconazole given 400 mg q.d., a reduced dose of ibrutinib (140 mg) should be given more than
2 hours prior to inhibitor; for a strong time-dependent CYP3A inhibitor such as ritonavir given
100 mg given twice daily, dose-staggering, dose reduction of ibrutinib, or the combination of
both staggering and dose reduction, cannot achieve ibrutinib exposure within the exposure range
defined above; for moderate inhibitors, a reduced ibrutinib dose to 140 mg can be used; for
strong inducer such as rifampin, doubling ibrutinib to 1120 mg cannot achieve ibrutinib exposure
within the exposure range defined above; and for moderate inducer such as efavirenz, the
proposed dose (560 mg) can be used and should not be further reduced.
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4.3. Predicting ibrutinib PK in specific populations
In clinical trials, exposure of ibrutinib in oncology subjects appears to be approximately 2-fold
higher than that in healthy volunteers. Sponsor ascribed this difference to the type and timing of
food with respect to drug administration in their response document to the information request
(Appendix 1 and Appendix Figure A1) [2]. For drugs that are efficiently eliminated by intestinal
and liver CYP3A with a clearance that is blood flow limited (such as ibrutinib), the effect of food
on blood flows in the liver and in the intestine may lead to significant increase in drug exposure
[7]. Sponsor conducted further simulations to support this mechanism [1].
In addition, the sponsor simulated exposure increase in subjects with varying degrees of hepatic
impairment (Child-Pugh A, B, and C). Interim PK data of ibrutinib in limited number of subjects
showed an approximately 6-fold increase in plasma AUC in subjects with moderate hepatic
impairment (study PCI-32765CLL1006 described in reference [2]). PBPK model significantly
over-predicted exposure change (mean simulated exposure changes were 4.7-, 14, and 21-fold in
mild, moderate, and severe hepatic impaired patients, respectively). The over-prediction is
consistent with sponsor’s in-house experiences with other investigational drugs [2].
4.4. Predicted ibrutinib exposure in gastrointestinal tract during oral absorption
In vitro, ibrutinib was an inhibitor of P-gp, with an IC50 of 4.88 µM (2.15 μg/mL) [3].
According to the current FDA draft drug interaction guidance [9], ibrutinib is likely to inhibit Pgp in the gut. The calculated mean gut luminal inhibitor concentration at proposed dose of 560
mg over IC50, assuming the drug is taken with 250 mL water, was greater than 10. Further
analysis was conducted by the FDA reviewer on the simulation output from the PBPK model.
The PBPK software provides simulated drug absorption kinetics and luminal drug concentrationtime profiles for each segment of the GI tract. Generally, ibrutinib is predicted to be quickly
absorbed at different segments (Tmax ranges from 1 to 2 hours), and absorption is generally
completed in 2.5 hours. Therefore, assuming ibrutinib can inhibit P-gp along the GI tract in vivo,
the inhibitory effect on substrates that have narrow therapeutic index (such as digoxin) can be
minimized if the substrate is not administered during the absorption phase of ibrutinib.
5. Conclusion
The sponsor’s PBPK model reasonably predicted the observed effect of strong CYP3A inhibitor
and inducer. The PK difference between cancer and healthy populations appears to be explained
mainly by food effect. The simulations of PBPK model provided a dose optimization strategy for
combined use of ibrutinib with specific CYP3A inhibitors or inducers.
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6. Appendices

Abbreviations: ADAM: Advanced dissolution, absorption, and metabolism model; ADME, absorption,
distribution, metabolism, and excretion; b.i.d., twice daily dosing; B/P, blood to plasma ratio; AUC, area
under the concentration-time profile; AUCR, the ratio of the area under the curve of the substrate drug in
the presence and absence of the perpetrator; B/P, blood to plasma ratio; BTK: Bruton’s tyrosine kinase;
CLL: Chronic lymphocytic leukemia; Cmax, maximal concentration in plasma; CmaxR, the ratio of the
maximum plasma concentration of the substrate drug in the presence or absence of the perpetrator; CL,
clearance; Clint, intrinsic clearance; DDI: drug-drug interaction; ER, extended release formulation; F,
bioavailability; Fa, fraction absorbed; FASSIF: fasted in combination with enhanced solubility in
biorelevant media; Fg, fraction that escapes intestinal metabolism; fmj fraction of total clearance
mediated by j CYP isoform or renal elimination; fp, fraction unbound in plasma; fu,mic, fraction
unbound in microsomes; fu,gut, apparent unbound fraction in enterocytes; GI: gastrointestinal; IR,
immediate release formulation; ka, first order absorption rate constant; Ki, reversible inhibition constant;
LogP, logarithm of the octanol-water partition coefficient; MCL: Mantle cell lymphoma; NA, not
applicable; ND, not determined; NDA: new drug application; Peff, passive permeability; PBPK:
Physiological-based Pharmacokinetic; P-gp: P-glycoprotein; q.d., once daily dosing; Qgut, a hypothetical
flow term for the intestine absorption model; TDI, time-dependent enzyme inhibition; Tmax: time at
maximal concentration in plasma; Vss, volume of distribution.

Appendix 1. Information Request-Clinical Pharmacology July 18, 2013 (07182013IR)
Please address the following information request regarding PBPK Modeling:
We noticed that you used PBPK modeling to predict drug-drug interactions for Ibrutinib.
•You should further investigate the potential PK differences between healthy subjects and oncology
subjects (for example under fasted condition) with respect to formulation differences, age differences
and/or other factors using your PBPK models.
•Subsequently, the effect of CYP3A inhibitors/inducers on ibrutinib PK in the prototype oncology
population should be predicted.
•You should also simulate ibrutinib PK in subjects with mild/moderate/severe hepatic impairment.
Please submit model files used to generate the final PBPK simulations (compound and population files,
such as .cmp, .lbr, and .wks). The model files should be executable using Simcyp software Version 12.2.
These files may be submitted via CD.
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Appendix 2. PBPK Modeling Building and Simulations

Appendix Table A1. Physicochemical parameters of Ibrutinib for PBPK model
Input parameter

Value

Unit

Comment

MW

440.5

g/mol

LogP

3.97

Compound Type

Basic – HCl salt

pKa1

3.78

Dosage form

Immediate release capsules of 40 mg (120 mg; 3*40 mg) or 5 mg/ml HP-β-CD solution (140 mg)

at pH=7, PS-CHAR Result 12-308 JNJ54179060[1]

Appendix Table A2. Input parameters of Ibrutinib for PBPK model using Simcyp (V12)
Parameter

Value

Unit

Comment

Absorption
Absorption Model

ADAM

Solubility in

15.8 (pH 7.0)

μg/mL

(b) (4) as input parameter in the model did not
In vitro results of solubility in
predict a complete absorption of ibrutinib (fa=1) as was observed in the human
mass balance study (PCI-32765 CLL1004)[3] PS-CHAR Result 12-378 [1]

Caco-2 permeability

32.6

10-6 cm/s

Study report FK10429 [3]

0.34

10-6 cm/s

Study report FK10429 [3]

B/P (blood to
plasma ratio)

0.827

Simcyp
predicted
Ratio

Predicted value was in line with measured values during blood stability testing
(0.78-0.89)

fu plasma

0.027

fraction

Evaluated in ex vivo plasma in healthy volunteers in studies (PCI-32765
CLL1002 and CLL1004) [1]

Vss based on Kp
values

11

L/kg

Summary of clinical pharmacology [3], prediction method according to
references [10,11]

8676

μL/min/mg

Study report FK10269 and FK10269: human liver microsomes Clint, in vitro of
8676 ul/min/mg protein calculated from in human hepatocytes results.

(b) (4)

Study Report [1]

Ibrutinib 10 μM
pH7.4/7.4
Caco-2 permeability
Atenolol pH7.4/7.4
Distribution

Metabolism/Excretion
Human liver
microsomes CLint, in
vitro

Fu,gut

0.11

Fitted parameter according to sensitivity analysis

human liver
microsomes CLint
CYP3A

8312

μL/min/mg

95.8% of human liver microsomes Clint could be inhibited with 1 μM
ketoconazole

human liver
microsomes Other
CLint

364.4

μL/min/mg

4.2% of human liver microsomes other CLint not inhibited with 1μM
ketoconazole

CLrenal

0.00365

L/h

Summary of clinical pharmacology [3]
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Appendix Table A3. Dose staggering simulations with inhibitors (560 mg full dose). All
simulations were conducted using population representative feature (n=1 healthy
volunteer)
Ibrutinib dosing in relation to inhibitor dosing*

CYP3A inhibitor and dosing
regimen

Scenario 1
2 hrs. before inhibitor

Inhibition
mechanism

Scenario 2
Coadministration

Ibrutinib exposure ratio (with/without inhibitor)
AUC

Cmax

AUC

Cmax

Does dose
staggering
have
effect?

Ketoconazole 400 mg QD

Strong,
reversible

5.1

3.1

29

21

Yes

Ritonavir 100 mg BID

Strong, TDI**

39

23

40

24

No

Diltiazem, 120 mg BID

Moderate,
TDI**

4.0

3.9

4.2

4.1

No

Erythromycin, 500 mg TID

Moderate,
TDI**

6.9

6.6

7.0

6.4

No

Fluconazole, 200 mg QD

Moderate,
reversible

4.3

3.9

5.5

5.3

slightly

*: Another scenario when ibrutinib is given 2 hr after inhibitor showed no difference compared to scenario 2 for all
inhibitors
**: TDI: time dependent inhibitor

Appendix Table A4. Dose staggering simulations with inhibitors (140 mg reduced dose).
All simulations were conducted using population representative feature (n=1 healthy
volunteer)
Ibrutinib dosing in relation to inhibitor dosing*

CYP3A inhibitor and
dosing regimen

Inhibition
mechanism

Scenario 1
2 hrs. before inhibitor

Scenario 2
Co-administration

Ibrutinib exposure ratio (with/without inhibitor)
AUC

Cmax

AUC

Cmax

Does dose
staggering
have
effect?

Ketoconazole 400 mg QD

Strong,
reversible

6.5

3.7

29

21

Yes

Ritonavir 100 mg BID

Strong,
TDI**

39

23

40

24

No

Diltiazem, 120 mg BID

Moderate,
TDI**

4.0

3.9

4.3

4.1

No

Erythromycin, 500 mg TID

Moderate,
TDI**

6.9

6.6

7.0

6.5

No
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Fluconazole, 200 mg QD

Moderate,
reversible

4.3

3.9

5.5

5.3

slightly

*: Another scenario when ibrutinib is given 2 hr after inhibitor showed no difference compared to scenario 2 for all
inhibitors
**: TDI: time dependent inhibitor

Appendix Table A5. Dose reduction with staggering simulations (inhibition). All
simulations were conducted using population representative feature (n=1 healthyvolunteer)
CYP3A
inhibitor

Inhibition
mechanism

Ibrutinib exposure ratio
140 mg with inhibitor*/560 mg no
inhibitor
AUC

Cmax

Exposure ratio <2fold?

ketoconazole

Strong, competitive

1.8

1.0

Yes

Ritonavir

Strong TDI**

11

6.3

No

diltiazem

Moderate TDI**

1.1

1.1

Yes

erythromycin

Moderate TDI**

1.9

1.8

Yes

Fluconazole

Moderate, competitive

1.2

1.1

Yes

*With dose staggering - ibrutinib given 2 hours before inhibitor. This staggering has minimal or no effect on strong
TDI such as ritonavir, or moderate inhibitors
**: TDI: time dependent inhibitor

Appendix Table A6. Dose doubling simulations with inducers (1120 mg ibrutinib). All
simulations were conducted using population representative feature (n=1 healthy
volunteer)
Interacting Drug

Mechanism

Ibrutinib exposure ratio (with inducer vs.
140 mg no inducer)
AUC

Cmax

Exposure ratio vs. 140 mg
above 1?

Rifampin

Strong

0.6

0.5

No

Efavirenz

Moderate

3.2

3.2

Yes

Appendix Table A7. Proposed dose simulations with inducers (560 mg ibrutinib). All
simulations were conducted using population representative feature (n=1 healthy
volunteer)
Interacting Drug

Mechanism

Ibrutinib exposure ratio (with inducer vs.
140 mg no inducer)
AUC

Cmax

Exposure ratio vs. 140
mg above 1?

Rifampin

Strong

0.3

0.3

No

Efavirenz

Moderate

1.6

1.6

Yes
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Appendix Figure A1. Sponsor’s cross study comparison of dose-normalized ibrutinib
AUC0-24hr or AUClast in two patient studies and two healthy volunteers studies in fasted,
modified fasted1, and fed dosing conditions after a single dose2 administration of 560, 420,
or 120 mg dosed as capsules [ref 7]

1

.“Mod fasted” in patients: drug intake 0.5 hr before or 2 hr after high fat breakfast; “Mod Fasted1” in healthy
subjects: drug intake 0.5 hr before high fat breakfast; “Mod Fasted2” in healthy subjects: drug intake 2 hr after
high fat breakfast.

2.

Patient food effect data (marked with * in plots) were obtained after repeated dosing, implying that an
accumulation of approximately 1.5-2-fold has to be taken into account.
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ONDQA BIOPHARMACEUTICS REVIEW
NDA#:
Submission Date:
Drug Name:
Formulation:
Strength:
Applicant:
Reviewer:
Submission Type:

205-552
6/28/2013, 8/9/2013
Ibrutinib (PCI-32765, JNJ 54179060)
Hard gelatin capsules
140 mg
Pharmacyclics, Inc
John Duan, Ph.D.
Original NDA 505(b)(1)

SYNOPSIS
Background: Ibrutinib (NDA 205-552, also named as PCI-32765 and JNJ 54179060) is a
first-in-class, potent, orally administered, covalent inhibitor of Bruton’s tyrosine kinase
(b) (4)
(BTK) indicated for the treatment of patients with mantle cell lymphoma (MCL)
Submission: Two dissolution methods were submitted in the NDA, one with SLS as
surfactant and another with Tween 20.
Review: The Biopharmaceutics review is focused on the evaluation and acceptability of
the proposed dissolution methodology and acceptance criterion.
COMMENTS
1. Both
formulation and
formulation were used
in the pivotal clinical trials. The two formulations are significantly different (SUPAC
Composition and Component Level 3). Since 85% or more of patients used the to-bemarketed formulation in the pivotal clinical trials, the to-be-marketed formulation is
considered the major contributor for the efficacy and safety demonstrated. Therefore,
demonstration of the bioequivalence between the two formulations is not necessary.
(b) (4)

(b) (4)

2. Evaluation of the overall dissolution data showed that the Tween 20 dissolution
method QCM-168 is superior to the SLS dissolution method QCM-164. However,
currently limited GMP QC data are available for the drug product tested with the
Tween 20 method and virtually no GMP QC-stability testing data have been obtained
with the Tween 20 method. Therefore, a Postmarketing Commitment (PMC) was
agreed upon with the Applicant for the collection of additional dissolution profile data
(n=12) using the Tween 20 GMP QC method.
To fulfill the PMC, the Applicant will collect complete dissolution profile data using
the Tween 20 method from QC release testing of at least ten drug product batches, as
well as from the stability-registration/primary batches through 12 months of storage
1
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at the long-term condition. The dissolution method will be changed from QCM-164
(SLS) to QCM-168 (Tween 20), once sufficient QC GMP release and stability data
have been gathered to support the implementation of the Tween 20 method.
As part of the PMC, the Applicant will use the overall dissolution data that have been
collected from the drug product’s release and stability batches using Tween 20
method to set the final dissolution acceptance criterion. The Applicant will submit the
final report with the complete dissolution information/data and a proposal for the
dissolution acceptance criterion under a supplement to the NDA within 15 months
from action date.
RECOMMENDATION
ONDQA-Biopharmaceutics had reviewed the information provided in NDA 205-552 for
Ibrutinib (PCI-32765, JNJ 54179060) 140 mg hard gelatin capsules. The proposed SLS
(b) (4)
dissolution method QCM-164 and acceptance criterion of Q =
at 30 minutes are
acceptable on an interim basis. The final dissolution method and acceptance criterion for
Ibrutinib capsules will be implemented after the dissolution information/data to be
collected under the PMC is evaluated and approved.
From the Biopharmaceutics perspective this NDA is recommended for approval with a
Post Marketing Commitment (for details refer to the PMC in page 21 of this review).

_______________________________________
John Duan, Ph.D.

_________________
Date

______________________________________
Angelica Dorantes, Ph.D.

______ _________
Date

Reviewer
ONDQA Biopharmaceutics

Team Leader
ONDQA Biopharmaceutics

cc:

NDA 205-552 DARRTS, RLostritto

2
Reference ID: 3378941

APPENDIX. Biopharmaceutics Post Marketing Commitment (PMC)
PMR/PMC Development Template-C

NDA#
Product Name:

205552

PMC Description:

The Applicant will collect additional dissolution profile data (n=12 at release
and on stability) using USP Apparatus Type 2 (Paddle) at 75 rpm in 3.0% w/v
polysorbate 20 (Tween® 20) in 50 mM phosphate buffer pH 6.8 at 37.0 °C
from at least ten drug product release batches and from the drug product
stability-registration/ primary batches through 12 months of storage at the
long-term condition.

IMBRUVICA, PCI-32765 (ibrutinib) capsules,140 mg

The Applicant will use the overall dissolution data that were collected from
the drug product’s release and stability batches to set the final dissolution
acceptance criteria.
The Applicant will submit the final report with the complete dissolution
information/data and a proposal for the dissolution acceptance under a
supplement to the NDA within 15 months from action date.
PMC Schedule Milestones:

Final Protocol Submission:
Study Completion:
Final Report Submission:

NA
11/01/2014
02/01/2015

1. During application review, explain why this issue is appropriate for a PMR/PMC instead of a
pre-approval requirement. Check type below and describe.
Unmet need
Life-threatening condition
Long-term data needed
Only feasible to conduct post-approval
Prior clinical experience indicates safety
Small subpopulation affected
Theoretical concern
Other
Tween 20 dissolution method QCM-168 is superior over the currently proposed SLS
dissolution method QCM-164. However, since limited GMP QC data are available for drug
product tested using the Tween 20 method and virtually no GMP QC stability testing data
have been obtained with the Tween 20 method, the FDA agreed to use method QCM-164 as
interim dissolution method considering the status of breakthrough therapy. Therefore,
additional Tween 20 GMP QC dissolution data are needed and should be collected for the
drug product under this PMC.
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2. Describe the particular review issue and the goal of the study. If the study is a FDAAA PMR,
describe the risk. If the FDAAA PMR is created post-approval, describe the “new safety
information.”
The currently proposed dissolution method is as follows:
Apparatus:
USP 2 (paddle).
Temperature: 37.0 ± 0.5 °C
Speed:
75 rpm
Volume:
900 mL
Medium:
0.3% SLS in Purified water

(b) (4)

However, at low pH the positively charged ibrutinib interacts with the negatively charged capsule
excipient SLS causing incomplete dissolution and a low recovery. To eliminate this interaction
and to improve ibrutinib solubility in the aqueous dissolution medium, a Tween 20 surfactant
concentration at 3.0% w/v in phosphate buffer pH 6.8 was selected and this medium would
achieve a complete dissolution for ibrutinib capsules. Since limited GMP QC data are available
for drug product tested using the Tween 20 method and no GMP QC stability testing data have
been obtained with the Tween 20 method, the FDA agreed to use method QCM-164 as interim
dissolution method considering the status of breakthrough therapy for this NDA.
Under this PMC, the collection of additional Tween 20 GMP QC dissolution data would result in
a better dissolution methodology. At the end of this PMC, more appropriate acceptance criteria
would be set to better control the quality of the drug product.

3. If the study/clinical trial is a PMR, check the applicable regulation.
If not a PMR, skip to 4.
-

Which regulation?
Accelerated Approval (subpart H/E)
Animal Efficacy Rule
Pediatric Research Equity Act
FDAAA required safety study/clinical trial

-

If the PMR is a FDAAA safety study/clinical trial, does it: (check all that apply)
Assess a known serious risk related to the use of the drug?
Assess signals of serious risk related to the use of the drug?
Identify an unexpected serious risk when available data indicate the potential for a
serious risk?
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-

If the PMR is a FDAAA safety study/clinical trial, will it be conducted as:
Analysis of spontaneous postmarketing adverse events?
Do not select the above study/clinical trial type if: such an analysis will not be
sufficient to assess or identify a serious risk
Analysis using pharmacovigilance system?
Do not select the above study/clinical trial type if: the new pharmacovigilance
system that the FDA is required to establish under section 505(k)(3) has not yet been
established and is thus not sufficient to assess this known serious risk, or has been
established but is nevertheless not sufficient to assess or identify a serious risk
Study: all other investigations, such as investigations in humans that are not clinical
trials as defined below (e.g., observational epidemiologic studies), animal studies, and
laboratory experiments?
Do not select the above study type if: a study will not be sufficient to identify or
assess a serious risk
Clinical trial: any prospective investigation in which the sponsor or investigator
determines the method of assigning investigational product or other interventions to
one or more human subjects?

4. What type of study is required or agreed upon (describe and check type below)? If the study
or trial will be performed in a subpopulation, list here.
The Applicant will collect dissolution profile data (n=12) using USP Apparatus Type 2
(Paddle) at 75 rpm in 3.0% w/v polysorbate 20 (Tween® 20) in 50 mM phosphate buffer pH
6.8 at 37.0 °C from at least ten drug product release batches and from the drug product
stability-registration/ primary batches through 12 months of storage at the long-term
condition. These data will be used for the setting of the final dissolution acceptance criteria.
Required
Observational pharmacoepidemiologic study
Registry studies
Primary safety study or clinical trial
Pharmacogenetic or pharmacogenomic study or clinical trial if required to further assess
safety
Thorough Q-T clinical trial
Nonclinical (animal) safety study (e.g., carcinogenicity, reproductive toxicology)
Nonclinical study (laboratory resistance, receptor affinity, quality study related to safety)
Pharmacokinetic studies or clinical trials
Drug interaction or bioavailability studies or clinical trials
Dosing trials
Continuation of Question 4

Additional data or analysis required for a previously submitted or expected study/clinical
trial
(provide explanation)
Meta-analysis or pooled analysis of previous studies/clinical trials
Immunogenicity as a marker of safety
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Other (provide explanation)
Dissolution studies
Agreed upon:
Quality study without a safety endpoint (e.g., manufacturing, stability)
Pharmacoepidemiologic study not related to safe drug use (e.g., natural history of disease,
background rates of adverse events)
Clinical trials primarily designed to further define efficacy (e.g., in another condition,
different disease severity, or subgroup) that are NOT required under Subpart H/E
Dose-response study or clinical trial performed for effectiveness
Nonclinical study, not safety-related (specify)
Other

5. Is the PMR/PMC clear, feasible, and appropriate?
Does the study/clinical trial meet criteria for PMRs or PMCs?
Are the objectives clear from the description of the PMR/PMC?
Has the applicant adequately justified the choice of schedule milestone dates?
Has the applicant had sufficient time to review the PMRs/PMCs, ask questions,
determine feasibility, and contribute to the development process?
Check if this form describes a FDAAA PMR that is a randomized controlled clinical trial
If so, does the clinical trial meet the following criteria?
There is a significant question about the public health risks of an approved drug
There is not enough existing information to assess these risks
Information cannot be gained through a different kind of investigation
The trial will be appropriately designed to answer question about a drug’s efficacy
and safety, and
The trial will emphasize risk minimization for participants as the protocol is
developed
PMR/PMC Development Coordinator:
This PMR/PMC has been reviewed for clarity and consistency, and is necessary to
further refine the safety, efficacy, or optimal use of a drug, or to ensure consistency and
reliability of drug quality.

_____RCK____________________
(signature line for BLAs)
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--------------------------------------------------------------------------------------------------------This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
--------------------------------------------------------------------------------------------------------/s/
---------------------------------------------------JOHN Z DUAN
09/25/2013
ANGELICA DORANTES
09/26/2013
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CLINICAL PHARMACOLOGY
FILING FORM/CHECKLIST FOR NDA # 205-552

Office of Clinical Pharmacology
New Drug Application Filing and Review Form
General Information About the Submission
Information
205-552 (IND# 102688 &

NDA/BLA Number

Information
Proposed Brand Name

Imbruvica®

OCP Division (I, II, III, IV, V)

V

Generic Name

Medical Division

Oncology

Drug Class

Ibrutinib
Bruton’s tyrosine kinase (BTK)
inhibitor
The treatment of mantle cell
(b) (4)
lymphoma (MCL)

OCP and Genomics Reviewer

Elimika Pfuma, Pharm.D.
/Ph.D.

Proposed Indication

(b) (4)

who have received at least one prior
therapy
Julie Bullock, Pharm.D.

OCP Team Leader

Dosage Form

Genomics Team Leader

Rosane Charlab Orbach, PhD

Pharmacometrics Reviewers

Bahru Habtemariam, PharmD
and Yuzhuo Pan, PhD

Pharmacometrics Team Leader

Anshu Marathe, PhD and
Ping Zhao, PhD

Date of Submission

28-June-2013

Estimated Due Date of OCP Review
Medical Division Due Date

27-September-2013

PDUFA Due Date

140 mg hard gelatin capsules

Proposed: 560 mg once daily in MCL

Dosing Regimen

(b) (4)

Route of
Administration
Sponsor
Priority Classification

Oral
Pharmacyclics
Priority Review

31-October-2013

Clinical Pharmacology Information
“X” if included
at filing

Number of studies
submitted (numbers
in smaller font were
already counted in
another section)

Number
of studies
reviewed

Critical Comments If any

STUDY TYPE
Table of Contents present and sufficient to
locate reports, tables, data, etc.
Tabular Listing of All Human Studies
HPK Summary
Labeling
Reference Bioanalytical and Analytical
Methods
I. Clinical Pharmacology
Mass balance:
Isozyme characterization:
Blood/plasma ratio:
Plasma protein binding:

X
X
X
X
X

7

X

1

X
X

1
6

PCI-32765CLL1004

Clinical Pharmacology Filing Form for NDA 205552 - NME
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1

Pharmacokinetics -

Single dose – 2 studies in
healthy volunteers.
X

5

X

2

PCI-2765CLL1002
PCI-32765CLL1004

X

3

PCYC-04753
PCYC-1102-CA
PCYC-1104-CA

X

1

Effect of strong CYP3A4
inhibitor: PCI-2765CLL1002

X

16

P-gp substrate/inhibitor,
CYP
substrate/inhibitor/induction

X

1

Population PK model

X

1

Sub-study in PCYC-1102-CA

X

1

Multiple dose – Doseescalation trial and 2 pivotal
trials

Healthy Volunteerssingle dose:
multiple dose:
Patientssingle dose:
multiple dose:

Dose proportionality fasting / non-fasting single dose:
fasting / non-fasting multiple dose:
Drug-drug interaction studies In-vivo effects on primary drug:
In-vivo effects of primary drug:
In-vitro:

Subpopulation studies ethnicity:
gender:
pediatrics:
geriatrics:
renal impairment:
hepatic impairment:
QT Study:
Phase 2:
Phase 3:

PD -

PK/PD Phase 1 and/or 2, proof of concept:
Phase 3 clinical trial:
Population Analyses Data rich:
Data sparse:
II. Biopharmaceutics
Absolute bioavailability
Relative bioavailability solution as reference:
alternate formulation as reference:
Bioequivalence studies traditional design; single / multi dose:
replicate design; single / multi dose:
Food-drug interaction studies
Bio-waiver request based on BCS
BCS class
Dissolution study to evaluate alcohol induced
dose-dumping
III. Other CPB Studies
Genotype/phenotype studies
Chronopharmacokinetics
Pediatric development plan
Literature References
Total Number of Studies

37
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PBPK Model

2

On initial review of the NDA/BLA application for filing:

Content Parameter
Criteria for Refusal to File (RTF)
1 Has the applicant submitted bioequivalence data comparing
to-be-marketed product(s) and those used in the pivotal
clinical trials?
2 Has the applicant provided metabolism and drug-drug
interaction information?
3 Has the sponsor submitted bioavailability data satisfying the
CFR requirements?
4 Did the sponsor submit data to allow the evaluation of the
validity of the analytical assay?
5 Has a rationale for dose selection been submitted?
6 Is the clinical pharmacology and biopharmaceutics section of
the NDA organized, indexed and paginated in a manner to
allow substantive review to begin?
7 Is the clinical pharmacology and biopharmaceutics section of
the NDA legible so that a substantive review can begin?
8 Is the electronic submission searchable, does it have
appropriate hyperlinks and do the hyperlinks work?

Yes No N/A
X
X
X
X
X
X
X
X

Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality)
Data
9 Are the data sets, as requested during pre-submission
X
discussions, submitted in the appropriate format (e.g.,
CDISC)?
10 If applicable, are the pharmacogenomic data sets submitted
X
in the appropriate format?
Studies and Analyses
11 Is the appropriate pharmacokinetic information submitted?
X
X
12 Has the applicant made an appropriate attempt to determine
reasonable dose individualization strategies for this product
(i.e., appropriately designed and analyzed dose-ranging or
pivotal studies)?
13 Are the appropriate exposure-response (for desired and
X
undesired effects) analyses conducted and submitted as
described in the Exposure-Response guidance?
14 Is there an adequate attempt by the applicant to use exposure- X
response relationships in order to assess the need for dose
adjustments for intrinsic/extrinsic factors that might affect
the pharmacokinetic or pharmacodynamics?
15 Are the pediatric exclusivity studies adequately designed to
X
demonstrate effectiveness, if the drug is indeed effective?
16 Did the applicant submit all the pediatric exclusivity data, as
X
described in the WR?
17 Is there adequate information on the pharmacokinetics and
X
exposure-response in the clinical pharmacology section of
the label?

Clinical Pharmacology Filing Form for NDA 205552 - NME
Reference ID: 3355061

Comment

Applicant is
applying for waiver
No exposure–
response information
is in the proposed

3

label
General
18 Are the clinical pharmacology and biopharmaceutics studies
of appropriate design and breadth of investigation to meet
basic requirements for approvability of this product?
19 Was the translation (of study reports or other study
information) from another language needed and provided in
this submission?

X
X

IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE? Yes
If the NDA/BLA is not fileable from the clinical pharmacology perspective, state the reasons and provide
comments to be sent to the Applicant.
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-day letter.
None.
Elimika Pfuma, Pharm.D. / Ph.D.
Clinical Pharmacology and Genomics Reviewer

07-August-13
Date

Julie Bullock, Pharm.D.
Clinical Pharmacology Team Leader

07-August-13
Date

Rosane Charlab Orbach, PhD
Genomics Team Leader

07-August-13
Date

Bahru Habtemariam, PharmD and Yuzhuo Pan, PhD
Pharmacometrics Reviewers

07-August-13
Date

Anshu Marathe, PhD and Ping Zhao, PhD
Pharmacometrics Team Leaders

07-August-13
Date
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4

3. Submit final study report for TQT
(b) (4)
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electronically and this page is the manifestation of the electronic
signature.
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