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Abstract

Background and Objective Abrocitinib is an oral small-molecule Janus kinase (JAK)-1 inhibitor approved for the treat-
ment of moderate-to-severe atopic dermatitis. In vitro studies indicated that abrocitinib is a weak time-dependent inhibi-
tor of cytochrome P450 (CYP) 2C19/3A and a weak inducer of CYP1A2/2B6/2C19/3A. To assess the potential effect of
abrocitinib on concomitant medications, drug-drug interaction (DDI) studies were conducted for abrocitinib with sensitive
probe substrates of these CYP enzymes. The impact of abrocitinib on hormonal oral contraceptives (ethinyl estradiol and
levonorgestrel), as substrates of CYP3A and important concomitant medications for female patients, was also evaluated.
Methods Three Phase 1 DDI studies were performed to assess the impact of abrocitinib 200 mg once daily (QD) on the
probe substrates of: (1) 1A2 (caffeine), 2B6 (efavirenz) and 2C19 (omeprazole) in a cocktail study; (2) 3A (midazolam);
and (3) 3A (oral contraceptives).

Results After multiple doses of abrocitinib 200 mg QD, there is a lack of effect on the pharmacokinetics of midazolam,
efavirenz and contraceptives. Abrocitinib increased the area under the concentration time curve from 0 to infinity (AUC,,;)
and the maximum concentration (C,,,,) of omeprazole by approximately 189 and 134 %, respectively. Abrocitinib increased

max.

the AUC,; of caffeine by 40% with lack of effect on C,,,,,.
Conclusions Based on the study results, abrocitinib is a moderate inhibitor of CYP2C19. Caution should be exercised when
using abrocitinib concomitantly with narrow therapeutic index medicines that are primarily metabolized by CYP2C19
enzyme. Abrocitinib is a mild inhibitor of CYP1A2; however, the impact is not clinically relevant, and no general dose
adjustment is recommended for CYP1A2 substrates. Abrocitinib does not inhibit CYP3A or induce CYP1A2/2B6/2C19/3A
and does not affect the pharmacokinetics of contraceptives.

Clinical Trials Registration ClinicalTrials.gov registration IDs: NCT03647670, NCT05067439, NCT03662516.

populations. The pharmacokinetic profile of abrocitinib
showed a rapid absorption with the median time to reach
maximum concentration (7,,,,) within 1 h after the adminis-
tration as tablet. Abrocitinib has a short elimination half-life
of approximately 5 h after the administration of 100- or 200-
mg doses orally. Both the maximum concentration (C,,,,,)
and area under the concentration time curve (AUC) values of
abrocitinib showed a dose-proportional increase within the
therapeutic doses. Abrocitinib has two active metabolites,
M1 (3-hydroxypropyl) and M2 (2-hydroxypropyl, 12%),
attributing ~10% and ~30%, respectively, of the overall
pharmacologic activity of abrocitinib. The sum of unbound
exposures of abrocitinib, M1 and M2, each in molar units

1 Introduction

Abrocitinib is a small-molecule Janus kinase (JAK)-1 inhibi-
tor [1] that is administered orally once daily and approved
for the treatment of moderate-to-severe atopic dermatitis
(AD) [2-6]. The recommended starting dose for abroci-
tinib is 200 mg once daily (QD) with 50 mg and 100 mg
QD options available for dose adjustment and special

Extended author information available on the last page of the article
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To assess the potential effect of abrocitinib on con-
comitant medications that are substrates of the
CYP1A2/2B6/2C19/3A enzymes, drug-drug interac-
tion (DDI) studies were conducted for abrocitinib with
sensitive probe substrates, including caffeine, efavirenz,
omeprazole and midazolam

Abrocitinib is a moderate inhibitor of CYP2C19 enzyme.
Caution should be exercised when using abrocitinib
concomitantly with narrow therapeutic index medicines
that are primarily metabolized by CYP2C19 enzyme
(e.g., S-mephenytoin, clopidogrel). Abrocitinib is a mild
inhibitor of CYP1A2, while the impact is not clinically
relevant with no dose adjustment warranted for CYP1A2
substrates

Hormonal oral contraceptives (a combination of ethinyl
estradiol and levonorgestrel) are substrates of CYP3A
and important concomitant medications for female AD
patients. The oral contraceptive DDI study results indi-
cated that multiple doses of abrocitinib do not reduce the
exposure of oral contraceptives

and adjusted for relative potencies, is termed the active moi-
ety of abrocitinib [7, 8].

As assessed in human liver microsomes (HLM) and
human hepatocytes, abrocitinib is a weak time-dependent
inhibitor (TDI) of cytochrome P450 (CYP) 2C19/3A and
a weak inducer of CYP1A2/2B6/2C19/3A enzymes (data
on file). TDI studies with abrocitinib (0.1-100 uM) in HLM
showed an absence of inhibition of the major CYP enzymes
without nicotinamide adenine dinucleotide phosphate
(NADPH). In the presence of NADPH, abrocitinib caused
relatively weak time-dependent inhibition of CYP2C19 (K,
52 uM; Ko 0.012/min) and CYP3A4/5 (K; 178 uM; ki,
0.032/min). Induction of major CYP enzymes by abrocitinib
(1-100 uM) was assessed in human cryopreserved hepato-
cytes from three donors and compared with the controls.
Abrocitinib at > 10 uM caused a concentration-dependent >
2-fold induction of CYP3A4 mRNA (ECs, 61 uM; E, . 22)
in two of the three hepatocyte lots. Abrocitinib also caused
> 2-fold induction of CYP2B6 mRNA (ECs,, 9.5 uM; E .,
3.5) at concentrations > 10 uM in all three hepatocyte lots.
The CYP2B6 enzyme activity showed > 2-fold induction
at > 30 uM in one hepatocyte lot. The treatment of human
hepatocytes with abrocitinib resulted in the > 2-fold induc-
tion of CYP2C19 mRNA at concentrations > 60 uM in all
three lots of human hepatocytes. A concentration-dependent
increase occurred in CYP1A2 mRNA in three of three lots
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of hepatocytes (ECs, 19.7 uM; E_,, 4.6), while CYP1A2
enzyme activity showed no change in two of three lots and
declined in one of three lots.

The relative in vitro TDI or induction risk from each
metabolite was less than that of abrocitinib. In HLM,
M1 and M2 demonstrated no reversible inhibition of
CYP1A2/2B6/2C19/3 A and weak TDI of CYP3A at incuba-
tion concentration > 99.5 uM after a 30-min preincubation.
In the absence of NADPH, M1 and M2 demonstrated weak
TDI for CYP3A and 2C19. In the presence of NADPH, M1
and M2 were weak TDIs of CYP3A and CYP2C19.

With the aforementioned in vitro enzyme inhibition
and induction profile of abrocitinib, drug-drug interaction
(DDI) studies evaluating the effect of abrocitinib on the
pharmacokinetics of sensitive CYP1A2, 2B6, 2C19 and 3A
substrates were warranted per regulatory guidance [9, 10].
Midazolam, caffeine, efavirenz and omeprazole were used as
probe drugs for CYP3A, 1A2, 2B6 and 2C19, respectively.
The DDI assessments with caffeine, efavirenz and omepra-
zole were performed in a single study; they are a subset of
the Basel cocktail and have been validated for simultane-
ous phenotyping of CYP isoforms in the study published by
Donzelli et al. [11].

In female patients of childbearing potential, oral hormo-
nal contraceptives (OCs) are anticipated to be administered
concomitantly with abrocitinib. The metabolism of such
OC steroids such as ethinyl estradiol (EE) and levonorg-
estrel (LN) is mediated by the CYP3A system and Phase 2
enzymes such as uridine diphospho-glucuronosyltransferase
(UGT) and sulfotransferase (SULT) [12, 13]. Induction of
the metabolizing systems involved in metabolism of OCs
may result in clinically important reduction in the systemic
exposure of these hormonal contraceptives, leading to failure
of contraception. Abrocitinib showed weak signal for induc-
tion via the pregnane X receptor (PXR) pathway (data on
file), which is a modulator for the levels of several phase 1
(CYP3A, CYP2B6) and phase 2 (UGTs, SULTSs) metaboliz-
ing enzymes [14]. Although the risk of induction of meta-
bolic pathways is considered low, clinical data demonstrat-
ing the impact of abrocitinib on OCs upon coadministration
are desired. Hence, a DDI study estimating the effect of
abrocitinib on the pharmacokinetics of two commonly con-
comitantly administered OCs, EE and LN, was conducted.

The objectives of the DDI studies presented in the cur-
rent article were to evaluate the effect of abrocitinib on
the in vivo pharmacokinetics of midazolam, caffeine, efa-
virenz and omeprazole, as sensitive substrates of CYP3A,
CYP1A2, CYP2B6 and CYP2C19, respectively, and of hor-
monal OC (EE and LN) in healthy adult participants.
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2 Methods
2.1 Study Designs and Participants

The three DDI studies are Phase 1, open-label, multiple dose
studies in healthy participants evaluating the effect of multi-
ple doses of abrocitinib 200 mg QD on the pharmacokinetics
of midazolam (2 mg single dose [SD]), caffeine (100 mg
SD), efavirenz (50 mg SD), omeprazole (10 mg SD) and OC
containing ethinyl estradiol (EE) 30 pg and levonorgestrel
(LN) 150 pg. The treatment and pharmacokinetic sampling
schedules are presented in Table S2—4. DDI assessments
with caffeine, efavirenz and omeprazole were conducted
under a single protocol as a cocktail DDI study (Table S3).

On pharmacokinetic sampling days, substrate drugs were
administered orally with water after overnight fasted condi-
tions. No food was allowed for at least 4 h following dos-
ing. Water is permitted until 1 h prior to study intervention
administration. Water may be consumed without restriction
beginning 1 h after dosing. Participants were not permitted
to lie down during the first 4 h after dosing to standardize
the conditions. This research was conducted in accordance
with the Helsinki Declaration of 1964 and its later amend-
ments. The final protocol, any amendments and informed
consent documentation were reviewed and approved by the
Independent Ethics Committee at the investigational center
participating in the study. Written informed consent was
obtained from all participants prior to enrollment.

Main inclusion criteria were: female or male (female
only for the OC DDI study) participants aged 18-55 years;
healthy, defined as no clinically relevant abnormalities iden-
tified by a detailed medical history, full physical examina-
tion, including blood pressure and pulse measurement,
12-lead electrocardiogram or clinical laboratory tests. Main
exclusion criteria were: evidence or history of clinically
significant dermatological condition or visible rash present
during physical examination; any history of chronic infec-
tions, any history of recurrent infections, any history of
latent infections or any acute infection within 2 weeks of
screening; positive urine drug test; use of tobacco or nico-
tine-containing products within 3 months of screening; use
of prescription or non-prescription drugs (except for aceta-
minophen/paracetamol at doses of <1 g/day) and dietary
supplements within 7 days or 5 half-lives (whichever was
longer) prior to first dose. Hormone replacement therapy
was required to be discontinued at least 28 days prior to the
first dose of investigational product. For the cocktail DDI
study, participants who routinely consumed more than five
8-ounce cups of coffee or other caffeine equivalent beverage
per day were excluded.

2.2 Dietary and Activity Restrictions

The daily caloric intake per participant did not exceed 3200
kcal, and the total daily nutritional composition was approxi-
mately 55% carbohydrate, 30% fat and 15% protein during
confinement at the research center. Participants were not
allowed to eat or drink grapefruit or grapefruit-related cit-
rus fruits from 7 days before the first dose of investigational
product until collection of the final blood sample. Partici-
pants were required to abstain from alcohol products for 24
h before the study and continue to abstain until collection of
the final blood sample. Participants were required to abstain
from strenuous exercise for at least 48 h before each blood
collection.

For the cocktail DDI study, participants were required to
abstain from caffeine-containing products for 48 h before
the study and continue to abstain until collection of the final
blood sample.

2.3 Blood Sample Collection

Blood samples were collected for plasma pharmacoki-
netic analyses per schedule presented in Table S2—4. In the
midazolam DDI study, 4-ml blood samples for midazolam
pharmacokinetic analysis were collected up to 24 h after
the midazolam doses (Table S2). In the cocktail DDI study,
6-ml blood samples were collected for 48 h (72 h for efa-
virenz because of its half-life) following dosing on Period
1 Day 1 and Period 2 Day 8. After the omeprazole only
dose on Period 2 Day 2, sparse samples up to 8 h were col-
lected to assess the potential inhibition effect of abrocitinib
on CYP2C19 (Table S3). In the OC DDI study, serial blood
samples (12 ml) were collected for 48 h after the OC dose in
Period 1 and 2 (Table S4). Pharmacokinetic sampling sched-
ules were determined based on the pharmacokinetic profiles
of the victim drugs and anticipated DDI effect.

In addition, variation in the CYP2C9 and CYP2C19
gene may influence the metabolism and pharmacokinet-
ics of abrocitinib; blood samples were collected on Day 1
pre-dose for genotypic analysis of the CYP2C9 (*2 and *3)
and CYP2C19 (*2, *3, *4 and *17). Blood samples were
also analyzed for allelic variants of CYP1A2 and 2B6 in the
cocktail DDI study, as variation in this gene may influence
the metabolism and pharmacokinetics of the probe drugs.

Blood samples were collected into tubes containing dipo-
tassium ethylenediaminetetraacetic acid. The blood collec-
tion tube was gently inverted eight to ten times to completely
mix the blood and anticoagulant. Within 30 min of collec-
tion, centrifugation was carried out at 1700g under 2-8 C
until the plasma was separated from the blood cells. Plasma
samples for pharmacokinetic analyses were stored at — 80
to —20 °C until analysis.
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2.4 Pharmacokinetic Sample Analysis

Midazolam and stable isotope-labeled internal standard
(SLIS) midazolam-D4 were isolated from K,EDTA human
plasma using a liquid-liquid extraction procedure. Follow-
ing extraction and processing, samples were analyzed by
high-performance liquid chromatography tandem mass spec-
trometry (HPLC-MS/MS) using a Waters Xbridge HILIC,
2.1 X 50 mm, 3.5-pm column under positive mode with a
TurbolonSpray interface.

EE and SLIS EE-D, were isolated from K,EDTA human
plasma using a liquid-liquid extraction and derivatization
procedure. After processing, samples were analyzed by high-
performance liquid chromatography (UPLC-MS/MS) using
a Zorbax SB-C18, 50 X 4.6 mm, 3.5-um column under posi-
tive mode with a TurbolonSpray interface.

Levonorgestrel and its SLIS levonorgestrel-d, were iso-
lated from K,EDTA human plasma using an automated
liquid-liquid extraction procedure. After processing, the
samples were injected into LC-MS/MS using a Chromolith/
Speed Rod, 50 X 4.6 mm, 2-pm column under positive mode
with a TurbolonSpray interface.

Caffeine and its SLIS caffeine-D, were isolated from
K,EDTA human plasma using an automated protein precipi-
tation extraction procedure. After processing, the samples
were injected into LC-MS/MS using an ACE 3 C18-PFP,
50 X 4.6 mm, 3-pm column under positive mode with a
TurbolonSpray interface.

Omeprazole and its SLIS omeprazole-D; were isolated
from K,EDTA human plasma using an automated protein
precipitation extraction procedure. After processing, the
samples were injected into LC-MS/MS using an Acquity
UPLC BEH C18, 100 X 2.1 mm, 1.7-pm column under posi-
tive mode with a TurbolonSpray interface.

Unconjugated efavirenz (referred to as efavirenz from
here on) and SLIS efavirenz-Ds were extracted from
K,EDTA plasma by an automated liquid-liquid extraction
procedure. After processing, the samples were injected
into LC-MS/MS using an ACE Excel 2 C18, 50 X 3 mm,
2-pm column under negative mode with a TurbolonSpray
interface.

2.5 Mass Spectrometer Calibration Parameters
and Statistics of Pharmacokinetic Samples

The calibration range of the HPLC-MS/MS method used
to determine the concentration of total midazolam was
0.0500-50.0 ng/ml, and the quality control (QC) concen-
trations were 0.150 ng/ml, 3.75 ng/ml, 37.5 ng/ml and 375
ng/ml. The inter-day assay accuracy ranged from — 2.67 to
2.00%, and the between-day precision was < 7.06%.

The calibration range of the HPLC-MS/MS method used
to determine the concentration of EE in K,EDTA human
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plasma was 1.00-400 pg/ml, and the QC concentrations
were 3.01 pg/ml, 30.0 pg/ml, 200 pg/ml and 300 pg/ml. The
inter-day assay accuracy ranged from — 0.7 to 5.0%, and the
intra-day precision was < 4.0%.

The calibration range of the HPLC-MS/MS method used
to determine the concentration of levonorgestrel in K,EDTA
human plasma was 10.0-10,000 pg/ml, and the QC concen-
trations were 30.0 pg/ml, 500 pg/ml, 5000 pg/ml and 7500
pg/ml. The inter-day assay accuracy ranged from — 4.8 to
— 1.0%, and the intra-day precision was < 6.9%.

The calibration range of the HPLC-MS/MS method
used to determine the concentration of caffeine in K,EDTA
human plasma was 20.0-20,000 ng/ml, and the QC con-
centrations were 60.0 ng/ml, 1000 ng/ml, 10,000 ng/ml and
15,000 ng/ml. The inter-day assay accuracy ranged from
— 4.0 to 3.0%, and the intra-day precision was < 9.5%.

The calibration range of the HPLC-MS/MS method used
to determine the concentration of omeprazole in K,EDTA
human plasma was 1.00-1250 ng/ml, and the QC concentra-
tions were 3.00 ng/ml, 43.8 ng/ml, 625 ng/ml and 938 ng/ml.
The inter-day assay accuracy ranged from — 3.0% to 1.4%,
and the intra-day precision was < 6.8%.

The calibration range of the HPLC-MS/MS method used
to determine the concentration of efavirenz in K,EDTA
human plasma was 1.00-1000 ng/ml, and the QC concen-
trations were 3.00 ng/ml, 50.0 ng/ml, 500 ng/ml and 750 ng/
ml. The inter-day assay accuracy ranged from — 2.1 to 2.3%,
and the intra-day precision was < 6.8%.

Full mass spectrometer settings and acquisition param-
eters for detecting midazolam, EE, Levonorgestrel, caffeine,
omeprazole and efavirenz in human plasma are found in
Supplementary Table S1.

2.6 Statistical Methods and Pharmacokinetic
Parameters

Pharmacokinetic parameters were derived from the con-
centration-time profiles using standard non-compartmental
methods, including AUC from O to infinity (AUC,, if data
permitted), AUC from time O to the time of last quantifiable
concentration (AUC,,), C,..xo Tmax and terminal half-life (,,,
if data permitted). Parameters noted “if data permitted” were
reported only where a well-characterized terminal phase
was observed. A well-characterized terminal phase was
defined as one with at least three data points, ? < 0.9, and
AUC rp% < 20. Pharmacokinetic parameter values were
calculated using Pfizer’s internally validated software system
eNCA (version 2.2.4) for the midazolam and OC DDI stud-
ies and oNCA (version 2.5.6) for the cocktail DDI study. The
statistical software used was SAS (SAS Institute, Cary, NC,
USA). Samples below the lower limit of quantitation (20 ng/
ml for caffeine, 1 ng/ml for efavirenz and omeprazole, 1 pg/
ml for ethinyl estradiol, 10 pg/ml for levonorgestrel, 0.05 ng/



Drug-Drug Interactions of Abrocitinib

371

ml for midazolam) were set to 0 ng/ml for the pharmacoki-
netic analysis. Actual pharmacokinetic sampling times were
used in the derivation of pharmacokinetic parameters. The
pharmacokinetic parameters were summarized descriptively
by treatment. No subgroup analyses by genotype status were
performed.

Natural log-transformed parameters were analyzed using
a mixed effects model with treatment as a fixed effect and
subject as a random effect. Estimates of the adjusted mean
differences (test-reference) and corresponding 90% confi-
dence intervals (Cls) were obtained from the model. The
adjusted mean differences and 90% Cls for the differences
were exponentiated to provide estimates of the ratio of
adjusted geometric means (test/reference) and 90% CI for
the ratios. The substrates alone was the reference treatment,
while the substrate coadministered with abrocitinib was the
test treatment.

The safety population was defined as all participants that
received at least one dose of study medication. Safety data
are summarized descriptively. Adverse events were graded
as mild, moderate or severe by the principal investigator
based on guidance outlined in the study protocol. Serious
adverse events were defined as adverse events that met any
of the following criteria: (1) results in death; (2) is life-
threatening (immediate risk of death); (3) requires inpatient
hospitalization or prolongation of existing hospitalization;
(4) results in persistent or significant disability/incapacity
(substantial disruption of the ability to conduct normal life
functions); (5) results in congenital anomaly/birth defect; (6)
is considered an important medical event.

Treatment-emergent adverse events (TEAE) were any
events occurring following start of treatment or increasing in
severity. Events that occurred in a non-treatment period (for

example, washout or follow-up) were counted as treatment
emergent and attributed to the previous treatment taken.

3 Results
3.1 Participants Demographics

Demographic characteristics are summarized in Table 1.

The initial number of participants in the cocktail DDI
study was 13; however, some of the pharmacokinetic sam-
ples from Day 8 Period 2 were lost in transit, and remain-
ing samples were not evaluable. Therefore, the study team
decided to repeat the study and enroll 13 replacement
participants. The pharmacokinetics collected from the 13
replacement participants were included in the descriptive or
statistical summaries. Safety and genotyping results from all
26 participants were reported in this article.

3.2 Midazolam Pharmacokinetics

Median plasma midazolam concentration-time profiles are
presented in Fig. 1, and pharmacokinetic parameters are
summarized descriptively in Table 2. When midazolam
was coadministered with a single oral dose of abrocitinib
200 mg QD on Day 2, median plasma midazolam concen-
trations were lower than those following administration of
midazolam alone with the adjusted geometric mean AUC;
and C,,,, values decreased approximately 15.7% and 13.7%,
respectively (Table 2). On Day 7, the adjusted geometric
mean AUC; and C,,, values of midazolam decreased
approximately 7.7% and 6.5%, respectively, following multi-
ple doses of abrocitinib 200 mg QD compared to midazolam

Table 1 Participant

. Characteristic Cocktail DDI (N = 26) OCDDI (N =17) Midazolam
demographics DDI (N =
25)
Sex, n
Male 15 0 24
Female 11 17 1
Age (years), n (%)
18-44 16 (61.5) 14 (82.4) 16 (64.0)
45-64 10 (38.5) 3(17.6) 9 (36.0)
Race, n (%)
White 23 (88.5) 3(17.6) 22 (88.0)
Black or African American 3(11.5) 7(41.2) 3(12.0)
Asian 0 0 0
Native Hawaiian or other Pacific 0 0 0
Islander
Other 1(8.3) 7(41.2) 0
Body mass index, kg/m?
Mean (standard deviation) 26.5 (2.738) 26.0 (2.70) 24.8 (2.78)
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Median Plasma Midazolam Concentration (ng/mL)

Nominal Time Post Dose (HR)

—9—— Midazolam 2 mg on Day 1
—#—— Abwcitn b 200 mg QD+Midazolam 2 mg on Day 7

Treatment Group on Dosing Day

—%* -~ Abrocith b 200 mg QD+Midazolam 2 mg on Day 2

Fig.1 Median plasma midazolam concentration-time profiles. QD once daily

administration alone. The lower bound of corresponding
90% CI for AUC;; ratio was > 80% (Table 3). Following
multiple oral doses of abrocitinib 200 mg QD on Day 7,
median plasma midazolam concentrations were nearly
superimposable with midazolam administered alone. Based
on the net effect observed on Day 7 of multiple abrocitinib
dosing, a lack of clinically meaningful impact on midazolam
from abrocitinib can be concluded.

3.3 Caffeine Pharmacokinetics

Following administration of a single 100 mg oral dose of
caffeine administered alone or after 8 days of multiple 200

mg QD doses of abrocitinib in healthy participants, mean
C...x Was observed at a median T,,,, of approximately 1 h
for both treatments (Fig. 2). Terminal elimination t,, values
were generally similar for both treatments with mean values
of 5.843 h for caffeine alone and 6.830 h when coadminis-
tered with multiple doses of abrocitinib (Table 4). Caffeine
exposure as assessed by AUC was approximately 40% higher
when coadministered with multiple doses of abrocitinib
compared to when caffeine was dosed alone, whereas C,,,
was similar between both treatments (Table 3).

Pre-dose concentrations were measurable for caffeine
(Period 1: 6.83% of C,,, in 1 participant; Period 2: 1.05
- 6.74% of C,,,, in 4 participants and 14.87% of C

max m

Table2 Summary of

L Parameter Midazolam 2 mg (Day 1) Abrocitinib 200 mg QD +  Abrocitinib 200 mg QD
ph.armacokmenc parameters for midazolam 2 mg (Day 2) + midazolam 2 mg (Day
midazolam 7

AUC;,;, ngeh/ml 33.22 (32) 28.20 (25) 30.88 (29)
AUC,,, ngeh/ml  32.33 (32) 27.44 (25) 30.07 (29)

Cax Ng/ml 10.83 (39) 9.355 (27) 10.14 (27)

Taxe 0.500 (0.500-2.00) 0.500 (0.500-1.02) 0.525 (0.500-1.00)
i, h 5.141+1.3345 4.965+1.6288 5.049+1.5911
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Data are expressed as geometric mean (geometric% coefficient of variation) for all except T, and ;).
T nax 1s median (range), and t,, is arithmetic mean + standard deviation

AUC,,, area under the concentration-time curve from time 0 to infinity, AUC,,, area under the concentra-
tion-time curve from time O to the time of last quantifiable concentration, C,,,, maximum observed plasma

max
concentration, QD once daily, T,,,,, time for C_ ., ;, terminal plasma half-life
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Table 3 Ratio of adjusted geometric means (90% CI) of C,,, and

AUC,; for midazolam, caffeine, efavirenz, omeprazole, ethinyl estra-

diol and levonorgestrel in the presence of abrocitinib

Drug Ratio of adjusted geometric means (90% CI)
AUCinf Cmax
Midazolam 92.29 (86.45, 98.52) 93.54 (83.76, 104.46)
Caffeine 139.59 (121.98, 159.74)  101.22 (92.21, 111.12)
Efavirenz 110.10 (103.45, 117.17)*  97.26 (83.25, 113.62)
Omeprazole 288.81 (240.56, 346.73) 234.16 (170.20, 322.17)
Ethinyl estradiol 118.78 (111.98, 125.99) 107.17 (99.17, 115.82)
Levonorgestrel 97.57 (86.56, 109.99)* 86.02 (75.75, 97.67)

AUC,;,, area under the concentration-time curve from time O to infin-
ity, CI confidence interval, C,,,. maximum observed plasma concen-
tration

*AUC,, (area under the concentration-time curve from time O to the
time of last quantifiable concentration) was determined for efavirenz
and levonorgestrel as AUC; ; was not reported

1 participant). The quantifiable pre-dose concentrations of
caffeine occurred in both Periods 1 and 2 and may be due
to dietary consumption of caffeine-related components of
a meal by the participants, as the elimination half-life is
short (6-7 h) and would have allowed complete washout
of dose prior to Period 2. For the calculations of AUC and
C.ax fOr participants with a pre-dose concentration > 5% of
the corresponding C,,,,,, residual concentrations have been
corrected assuming first-order elimination. The assump-
tion of first-order elimination is applicable here to calculate
the residual exposures, because the terminal phases of the
pharmacokinetic profile for caffeine are well characterized.

At least three data points are used to describe the terminal
phase with high r? value.

3.4 Efavirenz Pharmacokinetics

Following administration of a single 50 mg oral dose of efa-
virenz administered alone or after 8 days of multiple 200
mg QD doses of abrocitinib in healthy participants, mean
Cphax Was observed with a median T, of 3.00 h and 3.92 h,
respectively (Fig. 3, Table 5). Terminal elimination #,, and
AUC,; values for efavirenz could not be reported per the cri-
teria specified in Sect. 2.5. Efavirenz exposures as assessed
by AUC,, and C,,,, were similar when coadministered with
multiple doses of abrocitinib compared to when efavirenz
was dosed alone (Table 3).

Pre-dose concentrations were measurable for efavirenz in
a total of 13 participants in Period 2 (1.64-8.14% of C,,, in
12 participants and 13.85% of C,,,, in 1 participant), likely
because of the long elimination half-life of efavirenz in
relation to the allowed washout period between treatments
in this study. Similar to the calculation of caffeine phar-
macokinetic parameters, a correction method for residual
concentrations has been applied for AUC and C,,,,, assum-
ing first-order elimination, for participants with a pre-dose
concentration > 5% of the corresponding C,,,,.

3.5 Omeprazole Pharmacokinetics
Following administration of a single 10 mg oral dose of ome-

prazole alone or after 8 days of multiple 200 mg QD doses of
abrocitinib in healthy participants, mean C,,,, was observed
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Fig.2 Median plasma caffeine concentration-time profiles. QD once daily
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Table4 Summary of
pharmacokinetic parameters for
caffeine

Parameter Caffeine 100 mg + efavirenz 50 mg  Abrocitinib 200 mg QD + caffeine 100

+ omeprazole 10 mg mg + efavirenz 50 mg + omeprazole 10
mg

AUC;,;, ngeh/ml 19730 (46) 26880 (28)

AUC,,, ngeh/ml 19030 (42) 25240 (25)

Cax Ng/ml 2614 (22) 2645 (25)

T a1 1.00 (0.50-2.00) 0.92 (0.42-2.92)

tip h 5.843 +1.9769 6.830 + 1.8471

Data are expressed as geometric mean (geometric% coefficient of variation) for all except T,,,, and ¢,
T nax 1s median (range), and ¢, is arithmetic mean + standard deviation

AUC,,, area under the concentration-time curve from time 0 to infinity, AUC,,,, area under the concentra-
tion-time curve from time O to the time of last quantifiable concentration, C,,,, maximum observed plasma
concentration; QD once daily, 7,,,, time for C,_ ., t;,, terminal plasma half-life
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Fig.3 Median plasma efavirenz concentration-time profiles. QD once daily

Table5 Summary of
pharmacokinetic parameters for

Parameter

Caffeine 100 mg + efavirenz 50 mg
+ omeprazole 10 mg

Abrocitinib 200 mg QD + caffeine 100
mg + efavirenz 50 mg + omeprazole 10

efavirenz

mg
AUC,,. ngeh/ml 5588 (20) 6153 (24)
C,pa NZ/MI 339.9 (19) 330.6 (28)
T. . h 3.00 (2.00-6.00) 3.92 (1.92-4.92)

max>

Data are expressed as geometric mean (geometric% coefficient of variation) for all except T, . Tpay iS

median (range)

AUC,,,, area under the concentration-time curve from time O to the time of last quantifiable concentration,

C

max>

with a median 7,,,,, of 2.00 h and 2.97 h, respectively (Fig. 4).
Terminal elimination t,, values were 0.822 h for omeprazole
alone and 1.141 h when coadministrated with multiple doses
of abrocitinib (Table 6). Omeprazole exposure as assessed
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maximum observed plasma concentration, QD once daily, T, time for C,,,

by both AUC and C,,,, increased when coadministrated with
multiple doses of abrocitinib compared to when omeprazole
was dosed alone. Abrocitinib increased omeprazole C,,,, by
134% and AUC;; by 189% (Table 3).
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A single dose of 10 mg omeprazole was also administered
on Day 2 Period 2 during abrocitinib 200 mg QD doses
with sparse pharmacokinetic samples collected. Abrocitinib
showed an inhibition effect on CYP2C19 and increased the
omeprazole exposure as early as Day 2 of multiple dosing.
Comparing the pharmacokinetic concentrations of omepra-
zole on Day 2 to those on Day 8 that were collected at the
same time points, the concentrations on Day 8 were some-
what higher, indicating the lack of induction by abrocitinib.

3.6 Ethinyl Estradiol Pharmacokinetics

Median plasma EE concentration-time profiles with and with-
out multiple doses of abrocitinib are presented in Fig. 5. When
EE was coadministered with multiple doses of abrocitinib,
median plasma EE concentrations were slightly higher than

those following administration of EE alone. The median 7,
of EE was 1.5 h when EE was administered alone and when
coadministered with multiple doses of abrocitinib. The mean
apparent #,, was 15.64 h for EE alone and 16.70 h for EE with
multiple doses of abrocitinib (Table 7). Results of the statistical
comparisons are summarized in Table 3. The adjusted geomet-
ric mean for AUC; ¢ and C,,,,, increased by approximately 19%
and 7%, respectively, following coadministration with multiple
doses of abrocitinib as compared to EE administration alone.
The lower bound of corresponding 90% CI for AUC; ratio
was > 80%, indicating a lack of impact on EE from abrocitinib.

3.7 Levonorgestrel Pharmacokinetics

Median plasma LN concentration-time profiles with
and without multiple doses of abrocitinib are presented

Table 6 Summary of

L Parameter Caffeine 100 mg + efavirenz 50 mg  Abrocitinib 200 mg QD + caffeine 100
pharmacokinetic parameters for + omeprazole 10 mg mg + efavirenz 50 mg + omeprazole 10
omeprazole mg

AUC;,;, ngeh/ml 238.5 (101) 688.8 (90)
AUC,,, ngeh/ml 235.3 (102) 685.5 91)
Cax Ng/ml 131.0 (84) 306.9 (69)
Thaxo 2.00 (1.00-5.00) 2.97 (0.92-4.92)
i h 0.822 + 0.33724 1.141 + 0.39073

Data are expressed as geometric mean (geometric% coefficient of variation) for all except T, and t,.
T nax 15 median (range), and t,, is arithmetic mean + standard deviation

AUC,,, area under the concentration-time curve from time O to infinity, AUC,, area under the concentra-

tion-time curve from time O to the time of last quantifiable concentration, C,
concentration, QD once daily, T,

time for C

'max Maximum observed plasma

maxe 11,2 terminal plasma half-life
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Fig. 5 Median plasma ethinyl estradiol concentration-time profiles. QD once daily

in Fig. 6, and pharmacokinetic parameters are summa-
rized descriptively in Table 7. LN t,, and AUC,; were
not reported for all participants because of lack of a well-
characterized terminal phase (AUC,,% > 20). When
LN was administered with or without multiple doses of
abrocitinib, LN exposure was similar for both treatments.
The median T,,,, of LN was 1 h when LN was adminis-
tered alone and when coadministered with multiple doses
of abrocitinib. The adjusted geometric mean for AUC,
did not change. The adjusted geometric mean for C,,,,
decreased by approximately 14%.

The lower bound of 90% ClIs for the adjusted geometric
mean ratio of AUC,, were > 80% (Table 3). Therefore,
the absence of the abrocitinib effect on LN was concluded.

3.8 Pharmacogenomic Evaluations

As variation in the CYP2C19 and CYP2C9 gene may
influence the metabolism and pharmacokinetics of abroc-
itinib, genotyping was performed for CYP2C19 (*2, *3,
*4 and *17) and CYP2C9 (*2 and *3). Allelic variants
of CYP1A?2 and 2B6 were assessed in the cocktail DDI

Table 7 Summary of
pharmacokinetic parameters
for ethinyl estradiol and

Parameter

Oral contraceptive Abrocitinib 200 mg

Oral contraceptive Abrocitinib 200 mg

QD + oral contracep- QD + oral contracep-

tive tive
levonorgestrel . .
Ethinyl Estradiol Levonorgestrel
AUC;, pgeh/ml  665.9 (33) 771.9 (30)
AUC,,, pgeh/ml  600.0 (30) 716.3 (34) 33720 (43) 32700 (45)
Cax> PE/ml 64.51 (30) 71.52 (37) 3435 (38) 2845 (45)
T 1.50 (1.00, 1.50)  1.50 (1.00, 2.00) 1.00 (0.950,2.02)  1.00 (0.983, 4.00)
tip h 15.64 +2.7108 16.70 +3.2491
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Data are expressed as geometric mean (geometric% coefficient of variation) for all except T, and t,.
T nax 15 median (range), and t,, is arithmetic mean + standard deviation

AUC,,, area under the concentration-time curve from time O to infinity, AUC,,,, area under the concentra-
tion-time curve from time O to the time of last quantifiable concentration, C,,,,, maximum observed plasma

max>
concentration, QD once daily, T,,,,, time for C_,,, #;, terminal plasma half-life
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Table 8 Genotyping result
CYP2C19 Genotype and pre-  *1/%1 *1/%2 or *2/*17 *1/%17 *17/%17 *2[%2
dicted metabolizer Normal metabo- Intermediate Rapid metabolizer Ultra-rapid Poor metabolizer
status lizer metabolizer metabolizer
Midazolam DDI 11 7 6 1 0
Study n
Cocktail DDI Study 9 7 7 2 1
n
CYP2C9 Genotype and pre- *1/*1 *1/%2 or *1/*3
dicted metabolizer Normal metabo- Intermediate
status lizer metabolizer
Midazolam DDI 17 8
Study n
Cocktail DDI Study 18 8
n
CYP2B6 Genotype and pre-  *1/¥1 *1/%6 or *1/*9 *1/%4 *6/%6
dicted metabolizer Normal metabo- Intermediate Rapid metabolizer Poor metabolizer
status lizer metabolizer
Cocktail DDI Study 9 12 3 2
n
CYP1A2 Genotype CYP1A2*1C G/G  CYP1A2*1C G/A  CYP1A2*1F A/A CYP1A2*1F C/A CYP1A2*1F C/C
Cocktail DDI Study 14 12 11 12 3
n
study. The genotyping results are presented in Table 8. No 3.9 Safety

subgroup analyses by genotype status were performed for
the current article. The impact of genetic variations on the
pharmacokinetics of abrocitinib has been evaluated and

will be summarized in a separate publication.

No serious or severe adverse events (AEs) were reported. There
were no AE-related dose reductions or temporary discontinua-

tions due to AEs. In the midazolam DDI study, one participant
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Table 9 Treatment-emergent and treatment-related adverse events
Midazolam Abrocitinib Caffeine 100  Abrocitinib Abrocitinib Oral Contra-  Abrocitinib Abrocitinib 200
2mg SD (N 200 mg QD mg + efa- 200 mg QD + 200 mg QD ceptive (N= 200 mg QD mg QD + oral
=25) + midazolam virenz 50 mg omeprazole 10 + caffeine 15) (Day 1-9) (N contraceptive
2mg SD (N + omeprazole mg (N = 26) 100 mg + efa- =17) (Day 10, 11) (N
=25) 10 mg (N = virenz 50 mg =15)
26) + Omeprazole
10 mg (N =
26)
Midazolam DDI study Cocktail DDI study Oral Contraceptive DDI study
Par- 7 (6.0) 12 (10.0) 3(11.5) 1(3.8) 5(19.2) 2 (13.3) 6 (35.3) 7 (46.7)
ticipants
with
TEAE;,
n (%)
Par- 6 (24.0) 10 (41.7) 2(7.7) 0 1(3.8) 0 1(5.9 2(13.3)
ticipants
with
TRAEsS,
n (%)

SD single dose, QD once daily, TEAEs treatment-emergent adverse events, TRAEs treatment-related adverse events

permanently discontinued the study because of the AE of first-
degree atrioventricular block during treatment with midazolam
2 mg alone, which was considered related to study treatment
and moderate in severity. One participant permanently discon-
tinued the study because of an AE of presyncope in the OC
DDI study, which was considered treatment related. Incidence
of treatment-emergent adverse events (TEAEs) and treatment-
related adverse events (TRAEs) are shown in Table 9. In the
cocktail DDI study, the most frequently reported treatment-
related TEAE was tremor on treatment of caffeine 100 mg +
efavirenz 50 mg + omeprazole 10 mg (Days 1-3 of Period
1). In the midazolam DDI study, the most frequently reported
all-causality TEAEs were headache, which was experienced
by eight participants only during coadministration treatment
of abrocitinib 200 mg QD and midazolam 2 mg, and nausea,
which was experienced by one and three participants during
midazolam alone and coadministration treatments, respectively.
Increased plasma exposure of abrocitinib resulted in more
TRAE:S in the midazolam DDI study, although limited conclu-
sions can be drawn from a single-dose study. In the OC DDI
study, the most frequently reported TEAE was headache (6),
and all AEs of headache were not considered treatment-related.
Overall, abrocitinib, when coadministered with midazolam, caf-
feine, efavirenz, omeprazole or oral contraceptives, was gener-
ally safe and well tolerated in healthy adult participants.

4 Discussion
This article summarized the results of DDI studies in

healthy adult participants evaluating the effect of abroci-
tinib on the in vivo pharmacokinetics of midazolam,
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caffeine, efavirenz and omeprazole as sensitive substrates
of CYP3A, CYP1A2, CYP2B6 and CYP2CI19, respec-
tively, as well as hormonal OC (EE and LN). After mul-
tiple doses of abrocitinib 200 mg QD, there is a lack of
effect on the pharmacokinetics of midazolam, efavirenz or
OCs. Therefore, abrocitinib is not an inhibitor of CYP3A
or an inducer of CYP2B6/3A. Coadministration of abroc-
itinib 200 mg QD with omeprazole 10 mg single dose
increased the AUC,; and C,,,, of omeprazole by approxi-
mately 2.9- and 2.3-fold, respectively, indicating that
abrocitinib is a moderate inhibitor of CYP2C19 enzyme.
Abrocitinib is also a mild inhibitor of CYP1A2 enzyme,
which increased the AUC;; of caffeine by 1.4-fold with
lack of effect on C,,,.

The DDI studies for CYP3A and 2C19 with midazolam
and omeprazole, respectively, were designed to investigate
the net inhibition and induction effects of abrocitinib. As
assessed in the in vitro assays, abrocitinib showed both
weak TDI and weak induction of CYP3A and 2C19. In the
DDI evaluations, the pharmacokinetic samples of mida-
zolam and omeprazole were collected after 2 and 7 days (8
days for omeprazole in the cocktail DDI study) of multiple
abrocitinib 200 mg QD doses. Multiple dose administra-
tion of the investigational drug for a minimum of 7 days
is generally recommended to evaluate its induction effect
on enzyme activity, as inducers can take several days to
exert their effects [15], while the onset of inhibition effect
on CYP enzymes by potential inhibitors is relatively quick
[16]. Therefore, evaluating the DDI on Day 7 (Day 8 for
omeprazole in the cocktail DDI study) informed the net
effect of mixed induction and inhibition of abrocitinib.
Assessment on Day 2 helps in understanding the inhibition
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component within the net effect, understanding the mecha-
nism and translation, and eventually informing the label
[17]. In the omeprazole study, only sparse pharmacokinetic
samples were taken for the Day 2 assessment for future
exploration using the physiologically based pharmacokinetic
(PBPK) modeling approach to reduce the burden on study
participants.

Abrocitinib was demonstrated to be a moderate inhibi-
tor of CYP2C19 based on the omeprazole DDI. Notably,
the effect of abrocitinib on omeprazole itself is not con-
sidered clinically relevant with the wide safety margin of
omeprazole. Adjustment of the omeprazole dose when
used concomitantly with a moderate CYP2C19 inhibitor
is not generally required [18]. Based on a comprehen-
sive review of recommendations in the labels of known
CYP2C19 substrates regarding concomitant use with
moderate CYP2C19 inhibitors, dose adjustment is not
warranted for the following medications that are primar-
ily metabolized by CYP2C19: cilostazol, lansoprazole,
diazepam, esomeprazole, pantoprazole and voriconazole.
In contrast, dose reduction is required for citalopram,
clobazam, escitalopram and selumetinib; therapeutic dose
monitoring is recommended for S-mephenytoin. In addi-
tion, clopidogrel is a prodrug, the exposure of which is
expected to increase upon coadministration with abroci-
tinib, while its active metabolite and the clinical effect are
expected to decrease. Due to the narrow therapeutic win-
dow of clopidogrel, concomitant use of abrocitinib with
clopidogrel is discouraged.

CYP2C19 is the main enzyme responsible for approxi-
mately 53% of abrocitinib metabolism [8, 19]. The moderate
inhibitory effect of abrocitinib on CYP2C19 is consistent
with the fact that the observed accumulation ratio of abroci-
tinib (1.5) is higher than the predicted ratio of 1.1 based
on its half-life of approximately 5 h [20]. Omeprazole is a
moderate CYP2C19 inhibitor; however, the impact of ome-
prazole on abrocitinib in the current DDI study is negligible
because omeprazole was administered as a single dose at the
lowest commercially available dosage. Using omeprazole as
the probe of CYP2C19 enzyme maximized the possibility
of identifying a DDI.

No subgroup analyses by genotype status were performed
for the current manuscript. The impact of genetic variations
of CYP2C19 and 2C9 on the pharmacokinetics of abroci-
tinib has been evaluated and will be summarized in a sepa-
rate publication. In the omeprazole DDI study, participants
who were identified as CYP2C19 ultra-rapid or rapid metab-
olizers tended to have lower omeprazole exposure compared
with CYP2C19 normal, intermediate or poor metabolizers,
consistent with expectations. The inhibition effect of abroci-
tinib on omeprazole in ultra-rapid or rapid metabolizers also
tended to be more prominent than that in participants with
other metabolism phenotypes. This study enrolled a mixture

of various CYP2C19 metabolizer statuses, which enabled a
robust assessment of the DDI effect and proper representa-
tion of the general population.

The midazolam DDI study was performed first and sepa-
rate from the cocktail DDI, although midazolam is also part
of the Basel cocktail [11]. This is because CYP3A4 is the
most sensitive sentinel of risk based on in vitro assessments.
The initial thought was to use the midazolam DDI to help
to contextualize the potential TDI and/or induction risk of
other flagged CYPs. The midazolam and abrocitinib DDI
study results turned out to be negative and excluded the
DDI potential of abrocitinib on CYP3A enzymes. However,
with emerging in vitro data, in vivo evaluations of CYP1A2,
2B6 and 2C19 were warranted. These three DDIs were then
conducted within a single cocktail DDI study. The Basel
cocktail consists of six commercially available probe drugs,
including caffeine 100 mg, efavirenz 50 mg, omeprazole 10
mg, metoprolol 12.5 mg, losartan 12.5 and midazolam 2
mg, to assess the enzyme activity of CYP1A2, 2B6, 2C19,
2D6, 2C9 and 3A, respectively. This combination of probe
drugs has been demonstrated to lack mutual interactions and
showed sufficient sensitivity to detect inhibition and induc-
tion of CYP activities [11, 21].

Not being able to perform the DDI assessment for
CYP3A4 and other CYP enzymes within the same phe-
notyping cocktail study is considered a limitation. Prior to
conducting the clinical DDI studies, adequate information
from nonclinical or in vitro studies should be collected to
inform the clinical plans. Administration of individual probe
substrates in separate, stand-alone clinical DDI studies is
costly and time consuming and increases unnecessary drug
exposure in healthy participants.

The purpose of caffeine DDI assessment was to con-
textualize the observed induction effect of abrocitinib on
CYPI1A2 in vitro; however, the total exposure of caffeine
was in fact increased by approximately 40%. This obser-
vation excluded the induction potential of abrocitinib on
CYP1A2. However, the mechanism in this mild inhibition
is not clear, although abrocitinib or its metabolites did not
show significant competitive or time-dependent inhibition
of CYP1A2 in vitro. Overall, the impact on CYP1A2 is not
clinically relevant with no dose adjustment warranted for
CYP1A2 substrates.

The OC DDI study results demonstrated that multiple
doses of abrocitinib 200 mg QD do not reduce the exposures
of EE and LN, with the lower bounds of 90% CIs for both EE
and LN AUC,,, ratios above the bioequivalence boundary
of 80%. Hormonal OC is the second most commonly used
contraceptive method following female permanent contra-
ception [22]. There are no sufficient clinical data to establish
an abrocitinib-associated risk regarding female fertility. In
addition, AD affects many younger women of childbearing

A\ Adis



380

X.Wang et al.

potential. The current study was designed and conducted in
accordance with regulatory guidance.

5 Conclusion

Based on the study results, abrocitinib is a moderate inhibi-
tor of CYP2C19 enzyme. Caution should be exercised when
using abrocitinib concomitantly with narrow therapeutic
index medicines that are primarily metabolized by CYP2C19
enzyme (e.g., S-mephenytoin, clopidogrel). The results of
this study suggested that abrocitinib is a mild inhibitor of
CYPI1A2 enzyme; however, the impact is not clinically rel-
evant, and no general dose adjustment is recommended for
CYP1A2 substrates. Abrocitinib does not inhibit CYP3A
or induce CYP1A2/2B6/2C19/3A and does not affect the
pharmacokinetics of EE or LN.
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