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Abstract

Ibrutinib may inhibit intestinal CYP3A4 and induce CYP2B6 and/or CYP3A. Secondary
to potential induction, ibrutinib may reduce the exposure and effectiveness of oral
contraceptives (OCs). This phase | study evaluated the effect of ibrutinib on the phar-
macokinetics of the CYP2B6 substrate bupropion, CYP3A substrate midazolam, and
OCs ethinylestradiol (EE) and levonorgestrel (LN). Female patients (N = 22) with B-cell
malignancies received single doses of EE/LN (30/150 pg) and bupropion/midazolam
(75/2 mg) during a pretreatment phase on days 1 and 3, respectively (before start-
ing ibrutinib on day 8), and again after ibrutinib 560 mg/day for > 2 weeks. Intestinal
CYP3A inhibition was assessed on day 8 (single-dose ibrutinib plus single-dose mida-
zolam). Systemic induction was assessed at steady-state on days 22 (EE/LN plus ibru-
tinib) and 24 (bupropion/midazolam plus ibrutinib). The geometric mean ratios (GMRs;

test/reference) for maximum plasma concentration (C__ ) and area under the plasma

max
concentration-time curve (AUC) were derived using linear mixed-effects models (90%
confidence interval within 80%-125% indicated no interaction). On day 8, the GMR
for midazolam exposure with ibrutinib coadministration was < 20% lower than the ref-
erence, indicating lack of intestinal CYP3A4 inhibition. At ibrutinib steady-state, the
C...x and AUC of EE were 33% higher than the reference, which was not considered
clinically relevant. No substantial changes were noted for LN, midazolam, or bupro-
pion. No unexpected safety findings were observed. A single dose of ibrutinib did not
inhibit intestinal CYP3A4, and repeated administration did not induce CYP3A4/2B6,

as assessed using EE, LN, midazolam, and bupropion.

Abbreviations: AE, adverse event; AIHA, autoimmune hemolytic anemia; AUC, area under the plasma concentration-time curve; BTK, Bruton's tyrosine kinase; Cl, confidence interval;
CLL, chronic lymphocytic leukemia; C, ..,
levonorgestrel; MCL, mantle cell lymphoma; MPR, metabolite-to-parent ratio; MZL, marginal zone lymphoma; OCs, oral contraceptives; PD, progressive disease; PK, pharmacokinetics;
QD, once daily; R/R, relapsed/refractory; SAE, serious adverse event; SLL, small lymphocytic lymphoma; TEAE, treatment-emergent adverse event; T__ , time to maximum plasma
concentration; WM, Waldenstrém's macroglobulinemia.

maximum plasma concentration; ECOG, Eastern Cooperative Oncology Group; EE, ethinylestradiol; GMR, geometric mean ratio; LN,
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1 | INTRODUCTION

Ibrutinib, a first-in-class, oral covalent inhibitor of Bruton's tyrosine
kinase (BTK), has been approved in the United Sates for the treat-
ment of adult patients with various B-cell malignancies, including
chronic lymphocytic leukemia (CLL)/small lymphocytic lymphoma
(SLL), Waldenstrom's macroglobulinemia (WM), previously treated
mantle cell lymphoma (MCL) and marginal zone lymphoma (MZL),
and chronic graft-vs-host disease after failure of one or more lines of
systemic therapy.1 In Europe, ibrutinib is approved for treatment of
CLL, MCL, and WM.?

Following oral administration, ibrutinib is absorbed completely
from the gastrointestinal tract and metabolized in the liver and in-
testines.® Metabolism occurs mostly by cytochrome P450 (CYP)3A
enzymes. The resultant metabolite is PCI-45227, a dihydrodiol me-
tabolite that reversibly inhibits BTK with approximately 15-times
lower activity compared with that of ibrutinib.>* In healthy adults,
the absolute bioavailability of ibrutinib (560 mg) is low and ranges
from 3.9% under fasting conditions to 8.4% under fed conditions.’
Extensive first-pass metabolism, rather than poor absorption, is con-
sidered to be the main reason for low bioavailability of ibrutinib.®>
In agreement with a major role of CYP3A in ibrutinib metabolism, in-
hibitors or inducers of CYP3A enzymes were shown to alter the ex-
posure of ibrutinib both in healthy adults and in patients with B-cell
malignancies.®’” A study using physiologically based pharmacoki-
netic modeling predicted the interaction potential of mild-to-strong
CYP3A4 inhibitors and strong-to-moderate CYP3A4 inducers with
ibrutinib, based on which the dose recommendations for ibrutinib
in combination with the CYP3A4 perpetrators were formulated and
approved for labeling.®

In vitro data suggest that CYP3A and CYP2B6 may be induced at
concentrations lower than 50 times clinically relevant levels (unpub-
lished data on file, Janssen R&D, LLC). Thus, a clinically relevant in-
duction of CYP3A and CYP2B6 (or other enzymes and transporters
regulated via the constitutive androstane receptor) during treatment
with ibrutinib could not be excluded. With respect to the inhibitory
potential of ibrutinib, the CYP3A inhibition constant (Ki) value ob-
tained from the in vitro studies (unpublished data on file, Janssen
R&D, LLC) was over 50 times higher than clinically relevant systemic
concentrations, leading to the conclusion that a clinically relevant
systemic CYP3A inhibition upon ibrutinib dosing could be excluded.
However, the in vitro CYP3A Ki value was not above the theoretical
maximum concentration reached in the gut with daily oral dosing of
ibrutinib, indicating that a clinically relevant CYP3A inhibition at the

gut level could not be excluded.

Cytochrome P450, drug interactions, pharmacokinetics, phase |

Statement 1: What is already known about this
subject

e Ibrutinib, a first-in-class, oral covalent inhibitor of
Bruton's tyrosine kinase approved for the treatment of
B-cell malignancies, is a sensitive CYP3A substrate.

e In vitro data suggest that systemic concentrations of
ibrutinib might induce CYP2B6 and CYP3A, while intes-
tinal concentrations might inhibit CYP3A locally.

e |brutinib is a potential teratogen.

Statement 2: What this study adds

e Repeated administration of ibrutinib 560 mg did not in-
duce the metabolism of CYP2B6 substrate bupropion,
CYP3A substrate midazolam, or oral contraceptives
ethinylestradiol and levonorgestrel.

e A single administration of ibrutinib did not inhibit intes-
tinal CYP3A.

e No unexpected safety issues were seen with ibrutinib

coadministered with study drugs.

These interactions had not been studied in vivo and their im-
pact on medications that are CYP3A and CYP2B substrates re-
mained uncertain, which originally led to precautionary language
in the European Summary of Product Characteristics for ibrutinib.
Simulations using the above-referenced ibrutinib physiologically
based pharmacokinetic model,® this time with ibrutinib as a perpe-
trator, suggested that ibrutinib concentrations along the intestinal
tract, although capable of increasing systemic concentrations of the
CYP3A probe midazolam to some extent, did not reach the level of
a weak CYP3A inhibitor, that is, the predicted midazolam area under
the plasma concentration-time curve (AUC) increase in the presence
of a single dose of ibrutinib was < 25% (unpublished data on file, L.
de Zwart, Janssen R&D internal report, 2014).

Midazolam and bupropion are sensitive probes for CYP3A and
CYP2B6, respectively,”*? and have been used in this study to assess
the effect of ibrutinib on the activity of CYP3A and CYP2B6 en-
zymes. Midazolam is a short-acting benzodiazepine central nervous
system depressant, metabolized primarily to 1-OH-midazolam by
CYP3A4. Bupropion is an aminoketone antidepressant metabolized
by CYP2B6 to 4-OH-bupropion. Both are guideline-recommended
probes for drug-drug interaction assessments.”*°
To address a post-authorization measure from the Committee

for Medicinal Products for Human Use requesting a drug-drug
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interaction study with oral contraceptives (OCs), we tested OCs
specifically to identify if any induction effect perpetrated by ibruti-
nib (CYP3A or otherwise) might result in clinically relevant lowering
of OC exposure when coadministered with ibrutinib.!**® Because

ibrutinib is a potential teratogen,*

effective contraception use is
required in women of childbearing potential who are treated with
ibrutinib. It is not known whether ibrutinib may affect the exposure,
and therefore, effectiveness of hormonal OCs.

This study assessed the effect of ibrutinib (as a potential per-
petrator) on the pharmacokinetics (PK) of OCs (levonorgestrel
[LN] and ethinylestradiol [EE]),*® the CYP2B6 substrate bupro-
pion, and the CYP3A substrate midazolam in female patients with

B-cell malignancies.

2 | MATERIALS AND METHODS
2.1 | Patients

Patients eligible for enroliment were females > 18 years of age with
histologically or cytologically confirmed B-cell malignancy including
CLL/SLL, WM, relapsed or refractory MCL following = 1 prior line of
systemic therapy, or MZL after failure of > 1 anti-CD20-based ther-
apy. Patients had to have an Eastern Cooperative Oncology Group
(ECOG,) performance status < 1.

Key exclusion criteria included history of stroke or intracranial
hemorrhage within 6 months before the first dose of ibrutinib and
any unresolved toxicities from prior anticancer therapy. Additionally,
the study excluded patients requiring continuous treatment with
strong and moderate CYP3A and CYP2B6 inhibitors or inducers, or
with drugs that are not allowed to be combined with study drugs,
patients who had prior exposure to ibrutinib or other BTK inhibitors,
and those who had an uncontrolled active systemic infection or any
other medical condition that could compromise patient safety or im-

pact the absorption/metabolism of ibrutinib.

2.2 | Study design

This was a phase |, open-label, multicenter, single-sequence study
(NCT03301207) conducted from 31 October 2017 to 4 December
2018 in Poland and Spain (two sites each). The objectives of the
study were to assess: (a) the effects of repeated dosing of ibrutinib
on the single-dose PK of hormonal OCs (EE and LN), the CYP2B6
substrate bupropion, and the CYP3A substrate midazolam; (b) the
effect of single-dose ibrutinib on the single-dose PK of the CYP3A4
probe midazolam; (c) the steady-state exposure of ibrutinib in the
presence of probe drugs; (d) the safety of ibrutinib alone and in the
presence of OCs and probe drugs.

The study consisted of a 28-day screening phase, a 7-day pretreat-
ment phase (days 1-7; assessments of OCs and probe drug systemic
levels before ibrutinib administration), a treatment phase including a

PK assessment period (days 8-26; assessment of OCs and probe drug
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systemic levels after repeated ibrutinib 560 mg/day administration

for > 2 weeks), and a follow-up period (day 27 to the end of six 28-day
cycles; continued treatment with single-agent ibrutinib; Table 1). The
drug-drug interactions were investigated during the first treatment
cycle, and therefore, drugs and substances known to affect the PK
of ibrutinib, OCs, and CYP probe drugs were prohibited from 7 days
before ibrutinib administration through day 26 of cycle 1 when the
PK sample collection was completed. To minimize the chance of con-
founding the OC drug exposure, the midazolam/bupropion cocktail
was dosed 48 hours after administration of OC. Antitumor activity and
clinical safety of ibrutinib was monitored throughout the study. After
completion of the 6-month treatment period, patients who derived
clinical benefit from ibrutinib could continue treatment with ibrutinib
in a rollover long-term extension study (NCT01804686).

The study protocol was reviewed and approved by an inde-
pendent ethics committee at each study site. This study was con-
ducted in accordance with the Declaration of Helsinki, Good Clinical
Practices, and applicable regulatory requirements. All patients pro-
vided their written informed consent to participate in the study.

2.3 | Study treatments

During the 7-day pretreatment phase (days 1-7 before starting ibrutinib
treatment), systemic baseline levels of OCs and probe drugs were as-
sessed by administering a single dose of EE (30 ug) and LN (150 pg) on
day 1, and a single dose of bupropion (75 mg) and a single dose of mi-
dazolam (2 mg) on day 3 (Table 1), followed by a 4-day washout phase.
During the treatment phase (days 8-26), ibrutinib was administered at
560 mg once daily (QD) regardless of the recommended ibrutinib dose
based on indication. During intensive PK sampling (days 1, 3, 8, 22,
and 24), all study drugs were administered orally at the study site in
the morning, approximately 30 minutes before starting a standardized
low-fat breakfast, which had to be consumed within 20 minutes. On
all other days, ibrutinib was self-administered at home approximately
30 minutes before breakfast in the morning. From day 27 onward, ibru-
tinib was taken with or without food.

To assess intestinal CYP3A inhibition in the presence of ibrutinib,
a single dose of midazolam (2 mg) was given together with ibrutinib
(560 mg) on day 8. Assessment of systemic levels of OCs and probe
drugs was conducted during repeated daily dosing with 560 mg of
ibrutinib, by administering single doses of EE/LN and bupropion/
midazolam on days 22 and 24, respectively (Table 1). From day 27
onward, patients with MCL or MZL received 560 mg of ibrutinib QD
and patients with CLL/SLL or WM were given 420 mg of ibrutinib
QD, in accordance with the dose level approved for each type of

malignancy per the ibrutinib prescribing information.>?

2.4 | Study assessments

Plasma samples for PK measurements were collected on days 1, 3, 8,
22, and 24 and analyzed for ibrutinib and PCI-45227 (days 8, 22, 24),
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TABLE 1 Treatment schedule and PK assessments
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Ibrutinib
Study phase Day treatment Additional treatment
Pretreatment: 1 -- EE 30 pg and LN 150 pg
days 1-7 3 -- Bupropion 75 mg and
midazolam 2 mg
Treatment: 8 560 mg QD Midazolam 2 mg
days 8-26

9-21 560 mg QD --

22 560 mg QD EE 30 pg and LN 150 pg
23 560 mg QD --
24 560 mg QD Bupropion 75 mg and

midazolam 2 mg

25,26 560 mg QD -

Follow-up: day 27 227 560mgQDor -
to the end of six 420 mg QD?
cycles

PK assessments

Aim: baseline systemic levels of OC and probe drugs

PK sampling:

- EE/LN: days 1-4 over a 72-hour period

- Midazolam/1-OH-midazolam: days 3-4 over a 24-hour period
- Bupropion/4-OH-bupropion: days 3-5 over a 58-hour period

Aim: intestinal CYP3A inhibition by midazolam in the presence of a
single dose of ibrutinib
PK sampling: day 8 over a 12-hour period

Aim: systemic levels of OCs at ibrutinib steady-state
PK sampling: days 22-25 over a 72-hour period

Aim: systemic levels of probe drugs at ibrutinib steady-state

PK sampling:

- Midazolam/1-OH-midazolam: days 24-25 over a 24-hour period
- Bupropion/4-OH-bupropion: days 24-26 over a 58-hour period

Abbreviations: CLL, chronic lymphocytic leukemia; EE, ethinylestradiol; LN, levonorgestrel; MCL, mantle cell ymphoma; MZL, marginal zone
lymphoma; QD, once daily; R/R, relapsed/refractory; SLL, small lymphocytic lymphoma; WM, Waldenstrom's macroglobulinemia.

@Patients with mantle cell lymphoma or marginal zone lymphoma received 560 mg of ibrutinib QD and patients with CLL/SLL or WM received

420 mg of ibrutinib QD.

EE/LN (days 1-4 and 22-25, over a 72-hour period), bupropion and
its metabolite 4-OH-bupropion (days 3-5 and 24-26, over a 58-hour
period), and midazolam and its metabolite 1-OH-midazolam (days 3-4
and 24-25, over a 24-hour period, and on day 8 over a 12-hour period).

Plasma samples were analyzed using validated, specific, and sen-
sitive liquid chromatography coupled with tandem mass spectrome-
try methods (PPD® Laboratories, Middleton, WI, USA and Frontage
Laboratories Inc, Exton, PA, USA). The quantification range was
0.500-250 ng/mL for ibrutinib and its metabolite, 0.100-100 ng/mL
for midazolam and 1-OH-midazolam, 0.500-250 ng/mL for bupro-
pion, 1.00-500 ng/mL for 4-OH-bupropion, 2.00-500 pg/mL for EE
and 0.050-25 ng/mL for LN.

The following PK parameters were assessed: maximum observed
analyte concentration (C__.) max Tmax)s AUC from
0 to specific timepoint (AUC(H; t=0-12h,0-24 h,0-58 h,and 0-72 h,
depending on analyte), from O to last measurable concentration
(AUC

elimination half-life (t, ,;erm)-

; time to reach the C

1ast) @and from O to infinite time (AUC,); and apparent terminal

Safety evaluations included treatment-emergent adverse
events (TEAEs), clinical laboratory tests, physical examination,
vital signs, electrocardiograms, concomitant medication usage,
and ECOG performance status. TEAEs reported throughout the
study were coded in accordance with the Medical Dictionary for
Regulatory Activities (MedDRA) Version 20.0, and graded per
NCI-CTCAE, Version 4.03.

Ibrutinib antitumor activity was assessed by the investiga-
tors in accordance with Revised Response Criteria for Malignant
Lymphoma (for MCL and MZL),*® International Workshop on
Chronic Lymphocytic Leukemia guidelines (iwCLL; for CLL/SLL),Y
and modified consensus criteria adapted from the sixth International

Workshop on Waldenstrém's Macroglobulinemia (for WM).18

2.5 | Statistical methods

A sample size of approximately 18 patients was planned, enabling the
study to provide a reliable estimate of the magnitude and variability
of the interaction. Patients who were not considered PK-evaluable
due to missing PK assessments could be proactively replaced during
the course of the study. In this study, there were three patients who
were not considered PK-evaluable and these patients were proac-
tively replaced, and one extra patient was enrolled, given the flex-
ibility in sample size.

The primary PK parameters for statistical analysis were C__ and
AUC; linear mixed-effects models were applied to log-transformed
PK parameter data with treatment as fixed-effect and subject as ran-
dom-effect. The least square means and intrasubject variation were
derived from the model. The geometric mean ratio (GMR) and the
90% confidence interval (Cl) of the PK parameters of each probe

drug (and metabolite for midazolam and bupropion) with and without
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ibrutinib coadministration were constructed through back-transfor-
mation based on the model.

PK parameters were determined for each analyte in the absence
(reference) and presence (test) of ibrutinib by noncompartmental
analysis (Venn Life Sciences, Breda, Netherlands) using the validated
computer program Phoenix™ WinNonlin® (version 6.2.1; Certara
USA, Inc, Princeton, NJ, USA).

For each analyte, all patients who had sufficient and interpre-
table PK assessments to calculate the noncompartmental PK pa-
rameters were included in the statistical analysis (PK population).
The safety population included all patients who received > 1 dose

of study drugs (ibrutinib, OCs, and probe drugs).

3 | RESULTS

3.1 | Disposition and baseline demographic
characteristics

Among 22 patients enrolled, median (range) age was 64 (44-86) years;
all patients were white, with median body mass index (range) of 26.6
(19-34) kg/m2. The majority of patients were diagnosed with CLL
(59.1%) and had an ECOG performance status of 0 (59.1%; Table 2).
Seventeen (77.3%) patients had received prior systemic cancer thera-
pies that were stopped before the start of this study per protocol.

TABLE 2 Patient demographic and baseline characteristics

N =22

Age, median (range), years 64 (44-86)
White, n (%) 22 (100)
Ethnicity, n (%)

Not Hispanic or Latino 20(91)

Hispanic or Latino 1(4.5)

Unknown 1(4.5)
Weight, median (range), kg 68.5 (49-88)
BMI, median (range), kg/m2 26.6 (19-34)
ECOG score, n (%)

0 13 (59)

1 9 (41)
Diagnosis type, n (%)

CLL 13 (59)

MzL® 4(18)

R/RMCLP 3(14)

WM 2(9)

Abbreviations: BMI, body mass index; CLL, chronic lymphocytic
leukemia; ECOG, Eastern Cooperative Oncology Group; MCL, mantle
cell lymphoma; MZL, marginal zone lymphoma; R/R, relapsed/
refractory; WM, Waldenstréom's macroglobulinemia.

2After failure of anti-CD20-based therapy.

PAfter failure of = 1 prior systemic therapy.
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All 22 patients were treated with study drugs (ibrutinib, OCs, or

probe drugs) and 19 (86.4%) completed the PK assessment phase
by day 26. Among three patients, who did not complete PK as-
sessments, one died due to progressive disease (PD) on day 19,
one did not receive the second bupropion dose on day 24 due to
a late report of medical history of seizure (an exclusion criterion
per protocol) but received full dose of midazolam and OCs, and
one required ibrutinib dose interruptions during cycle 1 because of
grade 3 pneumonia, and was not dosed with midazolam and bupro-
pion on day 24 but received full dose of OCs on day 22. Seventeen
(77.3%) patients completed the six treatment cycles and rolled
over to the long-term extension study. Five (22.7%) patients dis-
continued study treatment (TEAE, n = 2 [including a serious AE of
autoimmune hemolytic anemia (AIHA) leading to death]; PD, n = 1;
death due to PD, n = 2).

3.2 | Pharmacokinetic assessments

Plasma concentration-time profiles of OCs, probe drugs, and their
metabolites when administered alone or together with ibrutinib are
presented in Figure 1A-F; the corresponding PK parameters are sum-
marized in Table 3. Table 4 presents statistical analyses of PK param-
eters, and Figure 2A-F depicts the individual and mean exposures for
each analyte in the absence/presence of ibrutinib. Plasma concentra-
tions of ibrutinib and its metabolite PCI-45227 are reported in Table S1.

3.2.1 | Oral contraceptives: ethinylestradiol and
levonorgestrel

In the presence of ibrutinib, mean EE plasma concentrations were
modestly higher, compared with EE given alone. The mean C__
increased from 81 pg/mL for EE alone to 107 pg/mL when coad-
ministered with ibrutinib and was reached 1 hour postdose for both
assessments (Figure 1A, Table 3). Based on GMRs, C__ ., AUC
AUC_ were 33%, 38%, and 33% higher, respectively, compared with
EE dosed alone (Table 4).

For LN, mean plasma concentrations and associated PK pa-

last? and

rameters did not change substantially in the presence of ibrutinib
(Figure 1B, Table 3). The test vs reference GMRs for C_ ., AUC, ,,,,
and AUC,__, were 110%, 99%, and 100%, respectively, with 90% Cls
within the 80%-125% range (Table 4). Due to the long half-life of LN,
relatively high plasma concentrations were still observed at 72 hours
postdose, which was the last sampling timepoint. Therefore, the

percentage of AUC_ calculated by extrapolation (%AUC_,_ ) in many

co’ex
cases exceeded 20%, causing corresponding AUC_ values to be ex-
cluded from descriptive and inferential statistics. As a result, valid
AUC_ values were only available for six patients dosed with LN alone
and five patients dosed with LN in the presence of ibrutinib; only
three patients had values for both treatments. For this reason, expo-

sure assessment was based on AUC_, (vs AUC,).
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150 Day 1: A single dose of OCs (1 = 22)
-=- Day 22: A single dose of OCs + ibrutinib QD (n = 21)

Plasma concentration
of EE (pg/mL)

0 4 8 12 16 20 24
Time (hours)

©) Midazolam

35 Day 3: A single dose of CYP cocktail (n = 22)
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FIGURE 1 Mean plasma concentration-time curves: (A) ethinylestradiol; (B) levonorgestrel; (C) midazolam; (D) 1-OH-midazolam; (E)
bupropion; (F) 4-OH-bupropion. ?AUC,_, is presented because AUC_ was not calculable for > 50% of samples. AUC_, area under the

plasma concentration-time curve from O to infinite time; AUC__,,

area under the plasma concentration-time curve from O to last measurable

concentration; EE, ethinylestradiol; LN, levonorgestrel; OCs, oral contraceptives; QD, once daily

3.2.2 | Midazolam and 1-OH-midazolam

Mean midazolam plasma concentrations vs time curves were simi-
lar on day 3 (drug probes alone), day 8 (after first dose of ibrutinib),
and day 24 (in the presence of steady-state ibrutinib). A similar
trend was observed with 1-OH-midazolam (Figure 1C-D, Table 3).
After the administration of a single dose of ibrutinib (day 8), based
on the GMRs, AUC_,,, and AUC,, for midazolam were reduced by
12% (90% Cl within the 80%-125% range) and 20% (lower bound-
ary of 90% Cl was 72%), respectively, compared with midazolam
administered alone (Table 4). In the presence of steady-state ibru-
tinib, based on the GMRs, midazolam AUC ,,,, AUC,__, and AUC_
were 15%, 14%, and 14% higher, respectively, than those noted
for midazolam alone, with the upper boundaries of the 90% Cls
just above 125%.

Following administration of a single dose of ibrutinib (day 8), per
GMRs, 1-OH-midazolam C_ . , AUC, ,,.,and AUC_ were 8%, 3%, and
8% higher, respectively, with corresponding GMR 90% Cls within the
80%-125% range, compared with midazolam administered alone. On
day 24, in the presence of steady-state ibrutinib, 1-OH-midazolam

Crax AUC, 5., AUC ., and AUC_ were 10%, 5%, 8%, and 10%

lower, respectively; the GMR 90% Cls were within the 80%-125%
range for AUC,,, and AUC__,, and the lower boundaries of the 90%
max (78%) and AUC_ (76%; Table 4).
The metabolite-to-parent ratios (MPRs) for C_ ., AUC
and AUC_ were 11%, 18%, and 35% higher, respectively, when
midazolam was administered with a single dose of ibrutinib,

Cls were just below 80% for C

compared with midazolam alone. The MPRs for Cmax, AUC, 5uhs
AUCIast, and AUC_ were 13%, 17%, 19%, and 19% lower, re-
spectively, when midazolam was administered at steady-state
of ibrutinib on day 24, compared with midazolam dosed alone
(Tables 3 and 4).

3.2.3 | Bupropion and 4-OH-bupropion

Mean bupropion plasma concentration vs time profiles were
similar for bupropion given alone and in the presence of ibrutinib
(Figure 1E-F, Table 3), as was the case for 4-OH-bupropion. With
AUC 5q,, AUC
AUC_ were 11%, 8%, 8%, and 14% lower, respectively, compared

ibrutinib coadministration, bupropion C and

max’ last?

with values obtained for bupropion given alone. The corresponding
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TABLE 3 Pharmacokinetic parameters derived from plasma-concentration profiles

(. MPRC,_ Tooax AUC_ MPR AUC_ Ta)2term
mean (SD) mean (SD) median (range) mean (SD) mean (SD) mean (SD)

Test Day ng/mL % hours ng-h/mL % hours
Ethinylestradiol

Alone 1 81 (26) -- 1.0(0.5-2.0) 547 (234)* -- 8.9 (4.2)

At steady-state ibrutinib 22 107 (35)? -- 1.0 (0.5-3.0) 706 (230)? -- 11 (4.2)
Levonorgestrel

Alone 1 3.9(1.1) - 1.0(0.5-2.0) 41 (18)° - 41 (20)

At steady-state ibrutinib 22 4.2 (1.1) -- 1.0(0.5-2.0) 39 (16)° -- 43 (24)
Midazolam

Alone 3 24 (8.4) -- 0.5 (0.3-1.0) 56 (29) -- 5.5(1.9)

With one dose of ibrutinib 8 25(12) -- 0.5(0.3-0.6) 42 (22) - 4.6(2.2)°

At steady-state ibrutinib 24 24 (6.8) -- 0.5 (0.3-1.0) 60 (27) -- 5.4(2.1)
1-OH-midazolam

Alone 3 12 (4.5) 53 (21) 0.5 (0.3-1.0) 27 (11) 51 (23) 6.1(2.8)

With one dose of ibrutinib 8 14 (6.3) 61 (33) 0.5(0.3-0.6) 27 (10) 75 (41) 4.1 (1.0)°

At steady-state ibrutinib 24 11 (4.9) 45 (13) 0.5 (0.3-1.0) 24 (10) 40 (16) 5.9 (2.8)
Bupropion

Alone 3 162 (60) -- 1.0(0.5-1.2) 682 (234) -- 14 (4.5)

At steady-state ibrutinib 24 147 (62) - 1.0(0.5-2.0) 553 (160) - 14 (3.8)
4-OH-bupropion

Alone 3 246 (78) 164 (88) 4.0 (2.0-24.0) 8871 (2402)° 1498 (532)° 38(27)

At steady-state ibrutinib 24 226 (89) 170 (104) 4.0 (2.0-24.0) 8090 (2822)° 1461 (559)° 34 (11)

Abbreviations: AUC_, area under the plasma concentration-time curve from O to infinite time; AUC
maximum observed analyte concentration; MPR, metabolite-to-parent ratio; SD, standard
time to maximum plasma concentration.

curve from O to last measurable concentration; Cmax,
deviation; T1/2term' apparent terminal elimination half-life; T

max’

*The unit for C__, and AUC for EE is pg/mL and pg-h/mL, respectively.
b
AUC

last

is presented because AUC_ was not calculable for > 50% of samples.

lasp @rea under the plasma concentration-time

“On day 8 the last sample was taken at 12 hours postdose, while on days 3 and 24 sampling continued for 24 hours.

90% Cls were within the 80%-125% range for AUC, .5, and AUC
and lower boundaries just below 80% were observed for C
and AUC_ (78%).

For 4-OH-bupropion, based on the GMRs, C
AUC,,
ence of ibrutinib, compared with bupropion given alone. The cor-
responding 90% ClI for C__ was within the 80%-125% range and
the lower boundary was just below 80% for AUC .o, and AUC
(78%).

Bupropion MPRs were similar in the absence and presence of
ibrutinib (Tables 3 and 4). Due to the longer half-life for 4-OH-

bupropion, AUC_ could only be determined accurately for five pa-

last’

74%)

max (

AUC 5, and
. were 9%, 11%, and 11% lower, respectively, in the pres-

max’

last

tients based on the PK sampling up to 58 hours postdose and was,

therefore, replaced by AUC,__, for data reporting.

last

3.3 | Safety

Of the 22 patients in the safety population, 20 (90.9%) experi-
enced > 1 TEAE (Table 5). The most common TEAESs (> 10% patients)

were urinary tract infection, diarrhea, and anemia (each 22.7%),
neutropenia and thrombocytopenia (each 18.2%). Grade > 3 TEAEs
were reported in 15 (68.2%) patients, with anemia (22.7%), neutro-
penia (18.2%), and thrombocytopenia (13.6%) being most common
(Table 4). Fifteen (68.2%) patients had TEAEs considered by the in-
vestigator to be related to ibrutinib, including diarrhea (18.2%), neu-
tropenia (18.2%), and thrombocytopenia (9.1%). The most common
ibrutinib-related grade > 3 TEAE was neutropenia, reported in four
(18.2%) patients.

TEAEs leading to permanent discontinuation of ibrutinib were
experienced by two patients (grade 3 intracranial hemorrhage and
grade 5 AIHA). Intracranial hemorrhage was considered ibrutinib-re-
lated; the patient was hospitalized and improved following treat-
ment with osmotherapy and antiepileptic drugs. AIHA is a common
comorbidity in patients with non-Hodgkin Iymphoma19 and was
deemed unrelated to ibrutinib. The patient with AIHA (initially grade
3) also experienced grade 1 pyrexia and grade 2 urinary tract infec-
tion and received treatment with darbepoetin alfa, methylpredniso-
lone, antibiotics, and acyclovir while in the hospital. The pyrexia and

urinary tract infection resolved, but the AIHA worsened to grade 4.
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TABLE 4 GMRsof C . and AUC, of study drugs and their metabolites (test/reference)

(G- AUC_
Drug AUC change with
Ibrutinib Metabolite N GMR, % (90% Cl) N GMR, % (90% Cl) ibrutinib
Single dose Midazolam 21 98 (88-109) 17 80 (72-89) Decreased
1-OH-midazolam 21 108 (96-122) 15 108 (96-121) Similar
MPR 21 111(101-121) 13 135 (117-156) Increased
Steady-state Ethinylestradiol 21 133 (120-147) 18 133 (122-144) Increased
Steady-state Levonorgestrel 21 110 (99-122) 20 100? (88-113) Similar
Steady-state Midazolam 20 105 (96-115) 17 114 (104-126) Similar
1-OH-midazolam 20 90 (78-103) 15 90 (76-107) Similar
MPR 20 87 (77-97) 15 81 (68-97) Similar
Steady-state Bupropion 19 89 (74-108) 17 86 (78-94) Similar
4-OH-bupropion 19 91 (82-101) 19 89° (78-101) Similar
MPR 19 101 (85-119) 19 96° (88-105) Similar

Abbreviations: AUC

last”

ratio (test/reference); MPR, metabolite-to-parent ratio.
AUC,

last
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area under the plasma concentration-time curve from O to last measurable concentration; AUC_, area under the plasma
concentration-time curve from O to infinite time; Cl, confidence interval; C

maximum observed analyte concentration; GMR, geometric mean

is presented because AUC_ was not calculable for > 50% of profiles.
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FIGURE 2 AUC scatterplots of study drugs and their metabolites alone and in the presence of ibrutinib: (A) ethinylestradiol; (B)
levonorgestrel; (C) midazolam; (D) 1-OH-midazolam; (E) bupropion; (F) 4-OH-bupropion. Open circles represent mean values. AUC,, for
levonorgestrel and 4-OH-bupropion is presented because AUC_ was not calculable for > 50% of profiles. AUC_, area under the plasma
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last’

The patient discontinued ibrutinib and initiated subsequent antican-
cer treatment, and eventually died.

Five (22.7%) patients experienced TEAEs considered related to
the OCs and probe drugs (midazolam and bupropion). All of these
TEAEs were grade 2 except for one patient who had grade 3 neutro-

penia that was deemed related to OCs, probe drugs, and ibrutinib.

area under the plasma concentration-time curve from O to last measurable

This patient also had a grade 4 TEAE of neutropenia that was con-
sidered ibrutinib-related.

Serious AEs (SAEs) were experienced by 10 (45.5%) of patients
and were mostly grade 2 3. Those reported in > 1 patient were
pneumonia, anemia, and urinary tract infection (two patients

each). Ibrutinib-related serious TEAEs occurred in five (22.7%)
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TABLE 5 Safety summary (N =22)

Any grade Grade 2 3
n (%) n (%)
TEAE 20 (90.9)
TEAE related to study drugs 15 (68.2) 11 (50.0)
Serious TEAE 10 (45.5) 9 (49.9)
Serious TEAE related to 5(22.7) 5(22.7)
study drugs
TEAE leading to permanent 2(9.1) 2(9.1)
discontinuation of ibrutinib
TEAEs in > 5% of patients®
Urinary tract infections 5(22.7) 2(9.1)
Anemia 5(22.7) 5(22.7)
Diarrhea 5(22.7) 0
Neutropenia 4(18.2) 4(18.2)
Thrombocytopenia 4(18.2) 3(13.6)
Bronchitis 2(9.1) 0
Tonsillitis 2(9.1) 0
Upper respiratory tract 2(9.1) 0
infection
Pyrexia 2(9.1)
Arthralgia 2(9.1)
Cough 2(9.1)

Abbreviations: OC, oral contraceptive; TEAE, treatment-emergent
adverse event.

*TEAEs are for all study drugs (ibrutinib, OC, and probe drugs).

patients and included grade 3 events of anemia, fungal pneumo-
nia, subdural hematoma, and urinary tract infection (all four in one
patient), rectal hemorrhage, intracranial hemorrhage, and pneu-
monia (one patient each), and one grade 4 event of hyponatremia.
None of the serious TEAEs were considered related to OCs or
probe drugs.

Grade 3 serious bleeding events occurred in four patients, all of
whom had underlying risk factors: (a) rectal hemorrhage after pol-
ypectomy (history of duodenal ulcers and diverticulitis); (b) muscle
hemorrhage (subcutaneous injections of heparin); (c) post-traumatic
subdural hematoma (history of hypertension and hemolytic ane-
mia); (d) intracranial hemorrhage (history of hypertension and smok-
ing). All these events, except muscle hemorrhage, were deemed
ibrutinib-related.

Three patients experienced SAEs leading to death (cardiac arrest
in context of PD, general physical health deterioration in context
of PD, and autoimmune hemolytic anemia in one patient with CLL).

None of the deaths were considered related to study treatments.

3.4 | Efficacy

Among the 17 patients who completed the study and rolled over to

the long-term extension study to continue treatment with ibrutinib,
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16 were evaluable for response: 1 patient had a complete response,

11 had a partial response, and 4 had stable disease. Of the five pa-
tients who did not complete the study, one had a complete response
but discontinued ibrutinib treatment due to a serious TEAE of intrac-
ranial hemorrhage, one had PD, and three died during the study, one
due to SAE, and two due to PD.

4 | DISCUSSION

This open-label, phase | multicenter study of female patients with
B-cell malignancies investigated the effect of repeated dosing of
ibrutinib on the PK of OCs (EE and LN) and CYP2B6 and CYP3A
probe drugs (bupropion and midazolam, respectively), and of a single
dose of ibrutinib on probe drug midazolam.

The mean C__  values of ibrutinib and PCI-45227 on day 24
(99.3 ng/mL and 71.2 ng/mL) were similar to those reported previ-
ously in patients with B-cell malignancies (89.4 ng/mL and 69.1 ng/
mL) with the same ibrutinib dose under fed conditions.® The tim-
ing of the food intake (30 minutes after dosing ibrutinib) in another
study in healthy participants 2° resulted in an approximate doubling
of the ibrutinib AUC when compared with a schedule of fasting over-
night with no food intake until 4 hours after ibrutinib administration.
Ibrutinib and PCI-45227 trough levels were similar on days 22 and
24, indicating that steady-state levels had been reached prior to co-
administration with the OC drugs (day 22) and the cocktail of midaz-
olam and bupropion (day 24).

Our results demonstrated that coadministration of ibrutinib at
steady-state with OCs did not lead to a decreased exposure of EE or
LN, suggesting that OCs should remain effective when used during
ibrutinib therapy. No obvious reason for the observed increase in
EE C_,,and AUC in the presence of ibrutinib can be given. Oral bio-
availability of EE is 40%-60% and varies considerably between in-
dividuals,'® suggesting that increased solubility in the stomach may
have a positive effect on bioavailability.

However, as several studies reported that risk of venous throm-
boembolism increases with the use of combined OCs,?! higher
plasma concentration levels of EE seen after coadministration with
ibrutinib may pose a potential safety concern. Based on the pub-
lished evidence, the risk of venous thromboembolism varies with
different types and doses of contraceptives.?? To put the observed
increase in EE exposure (33% for both C__ and AUC_) into perspec-
tive, an internal analysis compared several EE-containing products.
Overall, these data indicate that regardless of the product, an in-
crease of 33% for the mean C__ and AUC would fall within the es-
tablished safe and efficacious exposure range (unpublished data on
file, Janssen R&D, LLC).

Repeated administration of ibrutinib for 16 days neither in-
duced nor inhibited metabolism of the CYP2Bé probe bupropion
and CYP3A probe midazolam, as evidenced by all GMRs remaining
within the 80%-125% range. Similarly, the exposure of midazolam
and bupropion metabolites did not change substantially in the pres-

ence of steady-state ibrutinib. Although some 90% Cls were outside
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the 80%-125% range, the observed effect sizes are not expected to
have clinical relevance.

Midazolam and bupropion were selected because these drugs are
recognized as sensitive probes of CYP3A4 and CYP2Bé activity, re-
spectively.”'° Both probes are in the validated Geneva cocktail,?® which
includes 1 mg of midazolam and 25 of mg bupropion (in addition to
multiple other CYP and transporter probes). As neither midazolam nor
bupropion is an inhibitor or inducer of CYP activity, the probes are not
expected to influence the respective PK of each drug. To allow for quan-
tification of bupropion and its metabolite for at least 48 hours, and in the
presence of induction, a higher dose was warranted. To our knowledge,
other than in a conference abstract, administration of these two CYP
probe drugs together at therapeutic doses has not been reported.24

Based on GMR for midazolam after single ibrutinib administra-
tion on day 8, AUC_ was < 20% lower compared with midazolam
alone, and all GMRs were contained within the 80%-125% bound-
aries. Because single administration of ibrutinib did not result in an
increased exposure of midazolam, it can be concluded that ibrutinib,
at the highest therapeutic dose, does not inhibit intestinal CYP3A.
The decrease in midazolam exposure following single doses of midaz-
olam and ibrutinib cannot reflect CYP3A induction, as it takes several
days for CYP de novo synthesis to take effect, and at least 10 days to
reach the maximum effect.?> As exposure of midazolam at ibrutinib
steady-state did not decrease compared with that observed in the
absence of ibrutinib, it can be concluded that ibrutinib did not cause
CYP3A induction.

The safety profile of ibrutinib was consistent with previous
safety data collected in patients with B-cell malignancies.?%3! There
were no unexpected safety events observed during the study. The
most commonly reported TEAEs (> 5% of patients) were urinary
tract infection, anemia, diarrhea (22.7% each), neutropenia, throm-
bocytopenia (18.2% each), bronchitis, tonsillitis, upper respiratory
tract infection, pyrexia, arthralgia, and cough (9.1% each). The most
common TEAEs considered related to ibrutinib by the investigator
were diarrhea, neutropenia (18.2% each), and thrombocytopenia
(9.1%). Four grade 3 serious bleeding events occurred in 4/22 pa-
tients (18%); three of these events were considered ibrutinib related.
The frequency of hemorrhage grade = 3 in clinical studies of ibruti-
nib in patients with B-cell malignancies ranged from 0% to 10%,2¢3!
but some of these studies excluded patients with risks for bleed-
ing.2?83% High frequency of major hemorrhage in our study may
have been due to the fact that all patients experiencing these events
had underlying risk factors for bleeding.

5 | CONCLUSION

The results of this study demonstrated that repeated administra-
tion of ibrutinib for 14 days did not induce the metabolism of OC
drugs EE and LN, CYP3A4 probe midazolam or CYP2Bé probe bu-
propion, and single administration of ibrutinib did not inhibit intesti-
nal CYP3A4. No unexpected safety issues were noted with ibrutinib

coadministered with any of the study drugs.
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