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Abstract

Tirabrutinib (TIRA), a potent and nonreversible oral Bruton tyrosine kinase in-
hibitor, is evaluated for treatment of certain hematological malignancies and in-
flammatory diseases. A drug-drug interaction study to evaluate the effect of TIRA
on the pharmacokinetics of the oral contraceptive levonorgestrel (LEVO)/ethinyl
estradiol (EE) was conducted in healthy female participants (N = 26). Participants
received a single dose of LEVO (150 mcg)/EE (30 mcg) alone (reference), and on
day 12 of a 15-day regimen of TIRA 160 mg once-daily (test). Intensive blood
sampling for determination of LEVO, EE, and TIRA plasma concentrations was
conducted, and safety was assessed throughout the study. Pharmacokinetic in-
teractions were evaluated using 90% confidence intervals (CIs) of the geometric
least squares mean (GLSM) ratios of the test versus reference treatments. The
GLSM (90% CI) ratios of area under the concentration-time curve from zero to
infinity (AUC,,s LEVO: 0.95, 95% CI: 0.88-1.03, EE: 1.10, 95% CI: 1.05-1.16) and
maximum plasma concentration (C,,,,; LEVO: 0.85, 95% CI: 0.74-0.98, EE: 1.07,
95% CI: 0.98-1.18) were within the prespecified 0.70 to 1.43 no effect bounds;
and the AUC ratios met the stricter 0.80 to 1.25 equivalence bounds. Study treat-
ments were generally well-tolerated. In conclusion, co-administration with TIRA
did not alter the exposure of LEVO/EE, and accordingly LEVO/EE containing
oral contraceptives can serve as a contraception method for participants on TIRA
160 mg (or lower) daily doses.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Tirabrutinib (TIRA) is a Bruton tyrosine kinase inhibitor developed for treat-
ment of certain hematological malignancies and inflammatory diseases. Due to
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teratogenic potential of TIRA, enrollment of women of childbearing age is contin-
gent upon the use of highly effective contraception.

WHAT QUESTION DID THIS STUDY ADDRESS?

The study evaluated the potential effect of TIRA 160 mg once-daily regimen on
the exposure of a hormonal oral contraceptive containing levonorgestrel (LEVO)
and ethinyl estradiol (EE).

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

TIRA 160 mg once daily did not have any clinically relevant impact on the expo-
sures of LEVO and EE.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

Combination oral contraception containing LEVO and EE can be allowed as a
highly effective form of contraception during administration of TIRA at 160 mg

INTRODUCTION

Tirabrutinib (TIRA) is a potent and nonreversible oral
Bruton tyrosine kinase (BTK) inhibitor."* BTK plays key
roles in multiple pathways in diverse cell populations that
may underlie the pathogenesis of inflammatory diseases
and specific B-cell malignancies. As an oral BTK inhibi-
tor, TIRA (Velexbru®) is approved in Japan for recurrent
or refractory primary central nervous system lymphoma,
Waldenstrom macroglobulinemia, and lymphoplasma-
cytic lymphoma.® TIRA is also currently in development
for B-cell hematologic malignancies and has been evalu-
ated in certain autoimmune/inflammatory diseases.

In embryo-fetal toxicology studies in rats, increased
numbers of fetal skeletal malformations and increased
visceral and skeletal developmental variations were seen
at the highest dose tested (600 mg/kg/day).* As such,
pregnant women are excluded from TIRA clinical studies.
Additionally, inclusion of women of childbearing age in
TIRA clinical trials is contingent upon the use of highly
effective nonhormonal contraception methods. Hormonal
contraceptives, especially combinations of an estrogen and
a progestin, are among the most commonly used methods
of family planning/pregnancy prevention worldwide.>°
Cytochrome P450 (CYP) enzymes, including CYP3A, and
non-CYP enzymes, are involved in the metabolism of es-
trogen and progestins.”® Data from a previous drug-drug
interaction (DDI) study showed ~ 20% reduction in midaz-
olam exposure when co-administered with TIRA 320 mg
once daily regimen, indicating the potential for weak to
moderate induction of CYP3A at the 320 mg TIRA dose.*
TIRA doses up to 160 mg once daily were considered for
evaluation in treatment of chronic spontaneous urticaria’
whose prevalence is high among women compared with
men, especially younger women.'®"! Thus, it is important
to understand the effects of TIRA on the pharmacokinetics

once daily or lower daily doses.

of hormonal oral contraceptives prior to allowing them as
part of a highly effective contraceptive regimen in clinical
studies.

The objective of this study was to evaluate the effect
of concomitant administration of TIRA 160 mg once-daily
on the exposure of ethinyl estradiol (EE) and levonorge-
strel (LEVO), a representative combination oral contra-
ceptive, when co-administered with TIRA. EE is the most
common form of estrogen in combined oral contracep-
tives. LEVO is the most frequently prescribed progestin in
combined oral contraceptives® and is also used in other
forms of contraception including progestin-only implants,
progestin-containing intrauterine devices, and progestin-
only emergency contraception.

METHODS
Study participants

Eligible participants were non-pregnant, non-lactating,
non-smoking women of 18 to 45 years of age with a body
mass index (BMI) between 19 and 30 kg/m* Major in-
clusion criteria included healthy participants, based on
medical history/physical examinations/laboratory eval-
uations, normal or clinically insignificant 12-lead elec-
trocardiogram (ECG), normal renal function defined
as creatinine clearance greater than 90 ml/min, and no
evidence of HIV, hepatitis B virus, or hepatitis C virus
infection. Hormonal contraceptives, including oral, im-
planted, patches or coils with hormonal contraceptives,
were to be discontinued for at least 30 days prior to en-
rollment. Participants were excluded if they had used
any investigational compound or any prescription or
over-the-counter medication within 1 month or injecta-
ble contraceptives within 9 months of study drug dosing.
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Exclusion criteria also included treatment with systemic
steroids, immunosuppressant therapies, or chemothera-
peutic agents within 3 months of study screening.

The study protocol and informed consent were ap-
proved by the study center’s institutional review board,
and participants provided written consent before study
participation. This study was conducted in compliance
with the ethical principles originating in or derived from
the Declaration of Helsinki (including the 2013 amend-
ment) and in compliance with all current International
Conference on Harmonization Good Clinical Practice
Guidelines (2018).

Study design

This study was a phase 1, open-label, single-center, fixed-
sequence study to characterize the effect of multiple doses
of 160 mg once-daily TIRA on the pharmacokinetics of
a representative combined hormonal oral contraceptive
medication, EE/LEVO, in healthy women.

Each participant received a single dose of oral con-
traceptive (30 mcg EE/150 mcg LEVO; Portia (Teva
Pharmaceuticals USA, Inc., North Wales, PA) adminis-
tered on day 1 (treatment A; reference) followed by TIRA
(160 mg) administered once-daily for 15 days after a week
of washout (i.e., TIRA treatment started on day 8) with
a single dose of 30 mcg EE/150 mcg LEVO administered
on the twelfth day of TIRA dosing (treatment B; test;
Figure 1). All study drugs were administered in the morn-
ing within 5 min of completion of a standard moderate-
fat breakfast. All participants were confined to the study
center beginning at admission (day —1) until the comple-
tion of assessments (day 24), discharged on day 24, and
followed up by telephone on day 29 (+2). A total of 26
healthy women were enrolled and 23 of them completed
both study treatment A and treatment B.

Pharmacokinetic evaluation

Intensive pharmacokinetic sampling occurred rela-
tive to the morning dose of study drug. Samples were
collected on the days of the oral contraceptive dosing
(study days 1 and 19) at predose (<5 min before dose),
0.5,1,1.5,2,4,6, 8,12, 18, 24, 36, 48, 72, 96, and 120 h
postdose.

Timing of blood sample collection was based on
known pharmacokinetic profiles for each analyte. Blood
samples were collected in a Vacutainer Plus plastic sterile
tube (Becton Dickinson, Franklin Lakes, NJ) containing
K2-EDTA and were inverted several times to ensure mix-
ing of the blood and anticoagulant. Tubes were kept on ice
within 5 min of collection until centrifugation. The tubes
were centrifuged for 10 min at 1000 g in a refrigerated
centrifuge (4°C) to harvest plasma within 30 min of blood
collection. Plasma samples were kept frozen at —70°C
until analysis.

Bioanalytical procedures

Concentrations of TIRA, LEVO, and EE in plasma sam-
ples were determined by validated bioanalytical methods
that included high performance liquid chromatography
coupled with a tandem mass spectrometry (HPLC-MS/
MS) and used isotopically labeled internal standards (IS):
[*H,]-TIRA, [*H,]-LEVO, and [*H,]-EE, respectively. For
LEVO and EE, methods were validated, and samples ana-
lyzed at Syneos Health Clinique (Québec, QC, Canada);
for TIRA, the method was validated, and samples were
analyzed at Syneos Health (Princeton, NJ). Validations
met the expectations presented in the US Food and Drug
Administration (FDA) guidance for bioanalytical method
validation,'? and all samples were analyzed within stor-
age stability durations established during the method vali-
dations. Calibration curve ranges were 1.00 to 2000 ng/
ml for TIRA, 10.0 to 10,000 pg/ml for LEVO, and 1.00 to
200 pg/ml for EE.

For determination of TIRA, 0.50 pl plasma sample al-
iquots were spiked with IS and processed by protein pre-
cipitation by addition of 250 ul of 4% (v:v) ammonium
hydroxide in acetonitrile. The resulting supernatant was
subjected to analysis by HPLC-MS/MS. TIRA:IS peak area
ratios obtained from of a set of eight calibration standards
analyzed in each run were subjected to weighted (1/x7,
where x is nominal concentration) linear least-squares re-
gression to generate a calibration curve equation, which
was then used to calculate concentrations of TIRA in a
given sample from the TIRA:IS peak area ratio obtained
for that sample.

For determination of LEVO, 500-pl plasma sample ali-
quots were spiked with IS and processed by liquid-liquid
extraction; LEVO and its IS present in the extract were

Study Day 1 7 818 19 20-22
Treatment A B B B
Oral Washout TIRA TIRA + Oral TIRA
Contraceptive Contraceptive

Oral Contraceptive (30 mcg Ethinyl Estradiol/150 mcg Levonorgestrel); TIRA, Tirabrutinib (160mg, QD)

FIGURE 1 Study design schematic
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then subjected to analysis by HPLC-MS/MS. LEVO:IS
peak area ratios obtained from of a set of eight calibra-
tion standards analyzed in each run were subjected to
weighted (l/xz, where x is nominal concentration) linear
least-squares regression to generate a calibration curve
equation, which was then used to calculate concentra-
tions of LEVO in a given sample from the LEVO:IS peak
area ratio obtained for that sample.

For determination of EE, 600-pl plasma sample
aliquots were spiked with IS and processed by liquid-
liquid extraction; EE and its IS present in the extract
were then derivatized with dansyl chloride and sub-
jected to analysis by HPLC-MS/MS. The EE:IS peak area
ratios obtained from of a set of eight calibration stan-
dards analyzed in each run were subjected to weighted
(1/x%, where x is nominal concentration) linear least-
squares regression to generate a calibration curve equa-
tion, which was then used to calculate concentrations
of EE in a given sample from the EE:IS peak area ratio
obtained for that sample.

Safety assessments

Safety was evaluated by assessment of clinical labora-
tory tests, including hematology profile, chemistry pro-
file, urinalysis, physical examinations, and vital signs.
A review of medications was performed at screening,
baseline, on days with pharmacokinetic sampling, and at
various times during the study. Participants were moni-
tored for adverse events (AEs) throughout the study and
follow-up.

Pharmacokinetic analyses

Pharmacokinetic parameters were estimated using
Phoenix WinNonlin 6.4 software (Certara, L.P., Princeton,
NJ) using standard noncompartmental methods. Samples
with concentrations below the limit of quantitation of the
bioanalytical assays occurring prior to the achievement
of the first quantifiable concentration were assigned a
concentration value of zero, and at all other time points
were treated as missing data in the noncompartmental
analyses. Pharmacokinetic parameters for LEVO and EE
included area under plasma concentration versus time
curve extrapolated to infinity (AUC;,¢) and area under the
concentration versus time curve from time zero to the last
quantifiable concentration (AUC,,,), maximal concen-
tration (C,,,), time to C,, (Tpay)» and terminal half-life
(t,,). Pharmacokinetic parameters for TIRA included
area under the concentration- time curve over the dosing
interval (AUC,,), Cpax Trmax and £, 5.

ASCPT

Statistical analyses

A sample size of 20 evaluable participants was projected to
achieve at least 90% power, such that the 90% confidence
interval (CI) for the geometric least squares mean (GLSM)
ratioof LEVO and EE AUC,,,;, AUC,,, and C,,,, in test (treat-
ment B) versus reference (treatment A) treatments would be
within 0.70 to 1.43, if the true GLSM ratio was 1.0. This was
assuming an SD of differences of no more than 0.525 on a
natural logarithm scale. An analysis of variance (ANOVA)
using a mixed-effects model with treatment, sequence, and
period as a fixed effects and participant within sequence as
arandom effect' was fitted to the natural logarithmic trans-
formation of pharmacokinetic parameters for each analyte
(EE and LEVO), respectively. Participants whose predose
concentrations exceeded 5% of C,,, value were excluded
from statistical analysis. Two-sided 90% CIs were calculated
for the ratio of GLSM of primary pharmacokinetic parame-
ters (AUC;,;, AUC,,, and C,,,,,) between test (TIRA and oral
contraceptive) versus reference (oral contraceptive alone)
treatments for each analyte.

RESULTS
Participant demographics

All 26 participants received a single dose of oral contra-
ceptive on day 1. Three participants discontinued prior to
treatment B. Most participants were White (65%; n = 17)
followed by Black (31%; n = 8), and Others (4%; n = 1). At
baseline, the mean age was 30 years (range: 19 to 45 years),
the mean bodyweight was 64.4 kg (range: 41.5-81.0 kg),
mean BMI was 23.9 kg/m? (range: 18.9-29.6 kg/m?).

Pharmacokinetics
Effect of TIRA on LEVO pharmacokinetics

The mean (SD) LEVO plasma concentrations versus
time profiles after administration of the oral contracep-
tive alone or in combination with TIRA are presented in
Figure 2. Corresponding LEVO pharmacokinetic param-
eters, GLSM ratio, and 90% CIs are presented in Table 1.
Administration of the oral contraceptive with TIRA re-
sulted in similar LEVO AUC,,;, AUC,, and C,,, com-
pared with administration of the oral contraceptive alone.
The 90% CIs of the GLSM ratios were contained within
the prespecified no effect bounds (0.70-1.43); and the 90%
CIs of the GLSM ratios for LEVO AUC;,;and AUC,, were
within the stricter 0.80 to 1.25 bioequivalence bounds.
Median f,,, of LEVO was similar for both treatments.
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FIGURE 2 Mean (SD) plasma concentrations versus time profiles of levonorgestrel (LEVO) following administration of LEVO (150
mcg)/ethinyl estradiol (30 mcg) alone (N = 26) or in combination with 160 mg once daily tirabrutinib (TIRA; N = 23). (a) Linear scale;
(b) semilogarithmic scale

TABLE 1 Levonorgestrel plasma pharmacokinetic parameters and statistical comparisons following administration of levonorgestrel/
ethinyl estradiol (oral contraceptive) alone or with tirabrutinib

Mean (%CV) GLSM ratio (90% CI)
Levonorgestrel
pharmacokinetic Oral contraceptive Oral contraceptive + tirabrutinib Oral contraceptive + tirabrutinib vs.
parameter (Reference) (N = 26) (Test)(N = 23) oral contraceptive®
AUC,,, ngh/ml 50.4 (64.2) 46.6 (44.2) 0.95 (0.88, 1.03)
AUC,,,, ng.h/ml 47.2(61.3) 43.4 (43.4) 0.94 (0.86, 1.01)
Cynae NE/MI 3.35(44.2) 2.77 (35.3) 0.85(0.74, 0.98)
iy 1.50 (1.00, 2.00) 4.00 (2.00, 4.00) =
t1/ h? 26.5(23.1, 30.9) 29.1 (24.0, 36.4) -

Abbreviations: AUC,, area under the plasma concentration-time curve extrapolated to infinity; AUC,,, area under the plasma concentration-time curve
from time O to the last quantifiable concentration; C,,,,, maximum concentration; CI, confidence interval; %CV, percent coefficient of variation; GLSM,
geometric least squares mean; t,, half-life; T,,,, time to maximum concentration.

*Presented as median (first quartile and third quartile).

"Two participants predose concentrations exceeded 5% of C,,, value for the reference treatment, and their corresponding PK parameters from the reference
period were excluded from the statistical comparisons.

(3)60- (b)100-
3 ] -« EE 2 - EE
S 40 -# EE+TIRA ) -= EE+TIRA
g e
%) o 10
£ 201 §
O 20+ o
w h w
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FIGURE 3 Mean (SD) plasma concentrations versus time profiles of ethinyl estradiol (EE) following administration of levonorgestrel
(150 mcg)/EE (30 mcg) alone (N = 26) or in combination with 160 mg once daily tirabrutinib (TIRA; N = 23). (a) Linear scale;
(b) semilogarithmic scale

Effect of TIRA on EE pharmacokinetics Corresponding EE pharmacokinetic parameters, GLSM
ratio, and 90% CIs are presented in Table 2. Administration
The mean (SD) EE plasma concentrations versus time pro- of the oral contraceptive with TIRA resulted in similar EE

files after administration of the oral contraceptive alone AUC,,;, AUC,, and C, ., compared with administration
or in combination with TIRA are presented in Figure 3. of oral contraceptive alone. The 90% CI of the GLSM ratios
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TABLE 2 Ethinyl estradiol plasma pharmacokinetic parameters and statistical comparisons following administration of levonorgestrel/

ethinyl estradiol (oral contraceptive) alone or with tirabrutinib

Mean (%CV) GLSM ratio (90% CI)
Ethinyl estradiol
pharmacokinetic Oral contraceptive Oral contraceptive + tirabrutinib  Oral contraceptive + tirabrutinib vs oral
parameter (Reference) (NN = 26) (Test)(IN = 23) contraceptive®
AUC,,, pg.h/ml 557 (36.7) 616 (30.6) 1.10 (1.05, 1.16)
AUC,,,, pg.h/ml 488 (41.2) 536 (30.9) 1.09 (1.04, 1.14)
Cpnaxo P/ 45.1(29.8) 47.9(25.3) 1.07 (0.98, 1.18)
T 1 1.00 (1.00, 1.25) 1.00 (1.00, 1.00) =
t1/ h? 33.7(28.4, 37.7) 37.1(32.2,41.8) -

Abbreviations: AUC,, area under the plasma concentration-time curve extrapolated to infinity; AUC,,, area under the plasma concentration-time curve
from time O to the last quantifiable concentration; C,,,,, maximum concentration; CI, confidence interval; %CV, percent coefficient of variation; GLSM,

geometric least squares mean; t,,, half-life; T,,,, time to maximum concentration.

“Presented as median (first quartile, third quartile).

"One participant’s predose concentrations exceeded 5% of C,,,, value for the reference treatment, and her corresponding pharmacokinetic parameters from the

reference period were excluded from the statistical comparisons.

for EE AUC,,;, AUC,,, and C,,,, were within the strict
bioequivalence bounds (0.80 to 1.25). Median t,,, of EE
was similar for both treatments.

Steady-state pharmacokinetics of TIRA

At steady-state, the mean (percent coefficient of variation)
TIRA plasma AUC,,, and C,,, were 3170 (34) ng.h/ml
and 564 (28) ng/ml, respectively. The median T, and t,,
were 4.0 h and 3.8 h, respectively.

Safety

Study treatments were generally well-tolerated. There
were no grade 3 or 4 AEs and no participant prema-
turely discontinued the study drug due to an AE.
Following treatment A, AEs were reported for 13 partic-
ipants (50%). AEs considered related to EE/LEVO were
reported in eight participants (30.8%) where the most
commonly reported oral contraceptive-related AEs were
intermenstrual bleeding (11.5%, 3 participants) and diz-
ziness (7.7%, 2 participants). Following treatment B,
AEs were reported for 21 participants (91.3%). AEs con-
sidered related to TIRA included dermatitis (39.1%, 9
participants), nausea (30.4%, 7 participants), and head-
ache (26.1%, 6 participants). AEs considered related to
EE/LEVO following treatment B were dysmenorrhea
(26.1%, 6 participants) and heavy menstrual bleeding
(21.7%, 5 participants). All treatment-emergent AEs
were grade 1 or grade 2.

Eleven participants (44%) in treatment A and
21 participants (91.3%) experienced a graded

treatment-emergent laboratory abnormality. Most
treatment-emergent laboratory abnormalities were
grade 1 or grade 2 in severity. Grade 3 hyperkalemia
was observed in one participant during treatment B on
study day 19. There were no reported symptoms and
potassium levels were observed to be within normal
reference range for all preceding and subsequent eval-
uations in this participant. Overall, there were no clin-
ically significant trends in laboratory abnormalities,
vital sign measurements, or ECG recordings.

DISCUSSION

Combination oral contraceptives containing LEVO and
EE are among the safe and highly effective contracep-
tion choices available to women of child-bearing age.'*
DDIs involving oral contraceptives as victim drugs could
lead to unintended pregnancies and even teratogenicity
if the perpetrator drug has teratogenic potential. TIRA
has shown embryo-fetal toxicity in rats and weak-to-
moderate CYP3A induction in a clinical study, albeit
at the 320 mg once daily TIRA dose. This warranted
characterization of the potential pharmacokinetic in-
teraction between TIRA at the highest dose considered
for evaluation in inflammatory diseases (160 mg once
daily)’ and LEVO/EE to inform LEVO/EE potential
use as a safe and a highly effective oral contraception
method in women of childbearing potential in TIRA
clinical studies.

Results of this study demonstrated that TIRA has no
clinically relevant effect on the exposures of LEVO and EE
at the 160 mg once daily dose. The 90% CIs of the GLSM
ratios of AUC;,;, AUC,,, and C,,, of EE and AUC;,; and
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AUC,,,; of LEVO were within the default bioequivalence
bounds (0.80-1.25). The lower 90% CI bound of LEVO C_,,
GLSM ratio extended slightly below the bioequivalence
bound but was within the prespecified no effect bounds
of 0.70 to 1.43. The prespecified no-effect criteria, which
correspond to 30% difference in exposure on the log scale,
were deemed adequate because the trough concentrations
of LEVO with the 150 mcg once daily dose provide ade-
quate buffer above the reported minimum pharmacologi-
cal threshold plasma concentration of LEVO efficacy.'>
Additionally, the sample size of the study was not selected
to demonstrate strict bioequivalence on all the pharmaco-
kinetic parameters.

Although clinical data indicated weak induction of
CYP3A with TIRA 320 mg dose,” no clinically relevant im-
pact on the pharmacokinetics of either LEVO or EE was
observed with TIRA 160 mg once daily dose. In addition to
the lower TIRA dose evaluated in the study, it is notewor-
thy that CYP3A is not the major contributor toward LEVO
and EE clearance.”"’

LEVO is one of the most prescribed progestin in the
United States as well as globally.® Furthermore, LEVO
is used as progestin only pill and emergency contra-
ception, and thus the current study could inform the
impact on the alternate types of contraception contain-
ing LEVO. TIRA was dosed daily at the maximum dose
that was considered for clinical evaluation for treat-
ment of chronic spontaneous urticaria. The duration
of dosing (11 days) of TIRA prior to examining the po-
tential interaction with oral contraceptives on day 12
would ensure attainment of the maximum induction
of inducible metabolic enzymes. Continuation of dos-
ing of TIRA through the collection of pharmacokinetic
samples for oral contraceptives ensures characterizing
maximum effect (any induction or unsuspected inhibi-
tion), if any, of TIRA on these oral contraceptives. The
systemic exposures of TIRA on day 12 were within the
expected steady-state range for 160 mg dose informed
by prior clinical studies for TIRA."®*

All reported AEs were mild, and there were no dis-
continuations due to AEs. Overall, the combination of
TIRA and oral contraceptives was well-tolerated in this
single-dose assessment of LEVO and EE. In summary,
the study findings support LEVO and EE containing
combination oral contraceptive can be used as a highly
effective form of contraception when administered con-
comitantly with TIRA 160 mg once daily or lower doses.
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