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ABSTRACT

Introduction: Modulation of Factor XIa (FXIa)
may provide a novel mechanism for systemic
anticoagulation with the potential to improve
the risk-benefit profile observed with existing
anticoagulants through greater efficacy or a
safer bleeding profile. This study assessed the
effects of co-administration with strong and
moderate CYP3A inhibitors itraconazole and
diltiazem, respectively, on the pharmacokinetic
and pharmacodynamic properties of milvexian,
a Factor XIa inhibitor.
Methods: This was an open-label, non-ran-
domized, two-period crossover study in healthy
participants. In period 1, participants received a
single oral dose of milvexian (30 mg) on day 1,
followed by a washout on days 2 and 3. In
period 2, participants received multiple oral
doses of itraconazole (200 mg) or diltiazem
(240 mg) with a single dose of milvexian.
Results: A total of 28 participants entered the
treatment period. Following itraconazole co-

administration, milvexian exposure was
increased; AUC(0–T), AUC(INF), and C24 were 2.5-,
2.5-, and 3.8-fold higher, while mean Cmax was
28% higher versus milvexian alone. Diltiazem
co-administration also increased milvexian
exposure; AUC(0–T), AUC(INF), and C24 were 38,
38, and 64% higher, and mean Cmax was 9.6%
higher versus milvexian alone. Prolongation of
activated partial thromboplastin time was
observed with milvexian in a concentration-
dependent fashion irrespective of co-adminis-
tration with itraconazole or diltiazem. Admin-
istration of a single dose of milvexian, alone or
in combination with itraconazole or diltiazem,
was generally safe and well tolerated; there were
no deaths or serious adverse events.
Conclusions: A moderate increase in milvexian
exposure was observed following co-adminis-
tration of itraconazole while a minimal increase
was seen with diltiazem, consistent with the
involvement of CYP3A metabolism and P-gly-
coprotein in drug absorption/elimination. Mil-
vexian was generally safe and well tolerated in
healthy participants.
Trial Registration: The study was registered
with ClinicalTrials.gov (NCT02807909; submit-
ted June 17, 2016).
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Key Summary Points

Why carry out this study?

Modulation of Factor XIa (FXIa) may
provide a novel mechanism for systemic
anticoagulation with an improved
risk–benefit profile for bleeding episodes
compared with current anticoagulants.

This study assessed the effects of
co-administration with strong and
moderate CYP3A inhibitors itraconazole
and diltiazem, respectively, on the
pharmacokinetic and pharmacodynamic
properties of milvexian, a Factor XIa
inhibitor.

What was learned from the study?

A moderate increase in milvexian
exposure was observed following
co-administration of itraconazole while a
minimal increase was seen with diltiazem,
consistent with the involvement of
CYP3A metabolism and P-glycoprotein in
drug absorption/elimination;
concentration-dependent prolongation of
activated partial thromboplastin time was
observed with milvexian irrespective of
co-administration with itraconazole or
diltiazem.

Prolongation of activated partial
thromboplastin time was observed with
milvexian in a concentration-dependent
fashion irrespective of co-administration
with itraconazole or diltiazem.

Milvexian was generally safe and well
tolerated in healthy participants.

INTRODUCTION

Antithrombotic therapies are routinely used for
the prevention of thrombosis in patients with
cardiovascular disease and are increasingly used
as a prophylaxis following orthopedic surgeries

for the prevention of deep-vein thrombosis and
pulmonary embolism [1–5]. Despite a well-
demonstrated effectiveness, there are challenges
with the use of current therapies, such as
residual risk of ischemic events and the risk of
bleeding episodes [6–9]. As such, the develop-
ment of a novel anticoagulant with an
improved risk–benefit profile for bleeding epi-
sodes compared with current agents would ful-
fill an unmet medical need.

The coagulation cascade involves the coor-
dinated activation of plasma proteases, their co-
factors, and platelets, through two distinct
coagulation pathways, which in total balance
clot formation and dissolution [10]. The zymo-
gen factor XI (FXI) is a component of the
intrinsic contact pathway and, when activated
by thrombin to the protease FXIa, enhances the
formation and the stability of clots. FXIa also
amplifies thrombin generation when coagula-
tion is initiated by either tissue factor or
thrombin, forming a positive feedback loop for
coagulation [11, 12]. Notably, epidemiologic
data suggest that FXIa plays a greater role in
thrombosis than in hemostasis, suggesting that
inhibition of FXI or FXIa would be beneficial for
thrombosis prevention, without increasing the
risk of bleeding in a variety of conditions that
predispose individuals to a high risk of throm-
botic events [13, 14]. In both clinical and pre-
clinical studies, FXIa inhibitors have been
shown to reduce thrombus formation [15–18].

Milvexian (BMS-986177/JNJ-70033093) is a
potent, orally bioavailable small molecule that
inhibits FXIa with high affinity and selectivity
[19]. In preclinical models of arterial and
venous thrombosis, milvexian demonstrated
antithrombotic activity while preserving
homeostasis [20, 21]. In subsequent clinical
studies, milvexian was generally safe and well
tolerated in healthy participants and in those
with hepatic and renal impairment [22–24].

Elimination of milvexian occurs across mul-
tiple pathways, including cytochrome P450
(CYP)–mediated metabolism. Preclinical results
indicate that milvexian is a substrate of
CYP3A4/5 and is also a substrate for P-glyco-
protein (P-gp; unpublished data). CYP3A4/5 is
involved in the metabolism of a wide range of
pharmacological therapies [25]. Therapies that
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are metabolized by CYP3A4/5 can be impacted
by concomitant drugs that are inducers or
inhibitors of CYP3A4/5, creating clinically rel-
evant pharmacokinetic (PK) effects [26]. Simi-
larly, P-gp is an ATP-binding cassette
transporter that plays a role in drug absorption
and disposition [27]. Understanding the effects
of CYP3A and/or P-gp inhibition on the PK and
pharmacodynamic (PD) properties of milvexian
will help to characterize the human metabolic
profile and inform dosing strategies in patients
taking co-medications that are CYP3A and/or
P-gp inhibitors.

This study assessed the effects of strong and
moderate CYP3A inhibition with itraconazole
and diltiazem, respectively, on the PK and PD
properties of milvexian. Itraconazole is consid-
ered a strong index inhibitor of CYP3A4/5 [28]
and can cause C 10-fold increase in the area
under the curve (AUC) of sensitive substrates.
Itraconazole is also an inhibitor for P-gp and has
demonstrated a[1.25-fold increase in the AUC
of digoxin [28]. Investigation of drug–drug
interaction (DDI) of itraconazole with milvex-
ian will model a maximum effect of both
CYP3A and P-gp inhibition. The bioavailability
of itraconazole (oral solution) is greater under
fasted conditions and provides a higher sys-
temic exposure with less variability. As such,
participants receiving itraconazole in the cur-
rent study fasted overnight on the day of
co-administration of itraconazole and milvex-
ian. A dosing regimen of 200 mg of itraconazole
with a 3-day run-in before co-administration
with the substrate was chosen for the sequence,
as the lead-in allows for accumulation, greater
itraconazole exposure, and a potentially greater
degree of CYP3A inhibition [29]. Diltiazem is
considered a moderate inhibitor of CYP3A4 and
has increased the AUC of certain sensitive
CYP3A substrates more than fivefold [28]. To
investigate the potential for DDI between
moderate CYP3A inhibitors and milvexian, dil-
tiazem was co-administered with milvexian.
Diltiazem is well absorbed from the gastroin-
testinal tract and is subject to an extensive first-
pass effect, giving an absolute oral bioavailabil-
ity (compared to intravenous administration) of
about 40% [30]. To evaluate the potential
interaction, a 240-mg daily dose of diltiazem

was selected for the current study, as this dose is
commonly used in clinical practice and has
been used in previous studies [30, 31]. Based on
preclinical in vitro studies, the potential of
milvexian to cause clinically relevant DDIs with
substrates of CYP enzymes or P-gp transport at
the dose investigated was considered to be low.
Therefore, the effect of itraconazole and dilti-
azem on milvexian, but not the effect of mil-
vexian on itraconazole and diltiazem exposure,
was investigated in this study.

METHODS

Ethics

The study was conducted in accordance with
Good Clinical Practice, as defined by the Inter-
national Council for Harmonisation, and in
accordance with the ethical principles underly-
ing European Union Directive 2001/20/EC and
the United States Code of Federal Regulations
Title 21, Part 50 (21CFR50) and was conducted
in accordance with the ethical principles that
have their origin in the Declaration of Helsinki.
The protocol, amendments, and participant
informed consent received appropriate approval
by the Independent Ethics Committee and
Institutional Review Board of IntegReview (now
Advarra; Columbia, MD, USA) prior to the ini-
tiation of the study at the site. Prior to begin-
ning the study, all participants provided written
informed consent, including consent for any
screening procedures conducted to establish
participant eligibility for the study. The study
was registered with ClinicalTrials.gov
(NCT02807909).

Study Design

This was an open-label, non-randomized, two-
period crossover study performed in two single
sequences (itraconazole and diltiazem) in heal-
thy participants (Fig. 1). As the study was non-
randomized, enrolled participants, including
those not dosed, were assigned sequential sub-
ject numbers. The study was conducted at one
clinical research center in the United States
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between July 20, 2016, and September 20, 2016.
Participants underwent screening evaluations to
determine eligibility within 21 days before
study drug administration. Participants received
study treatment from authorized study site
personnel. In period 1, all participants received
a single oral dose of milvexian 30 mg on day 1,
followed by a washout on days 2 and 3. In
period 2, participants entered either the itra-
conazole or diltiazem sequence and received
either itraconazole 200 mg on days 4 to 6, fol-
lowed by milvexian 30 mg and itraconazole
200 mg on day 7, and itraconazole 200 mg on
days 8 to 11, or diltiazem extended-release (ER)
240 mg on days 4 to 10, milvexian 30 mg and
diltiazem ER 240 mg on day 11, and diltiazem
ER 240 mg on days 12 to 14. Participants in the
itraconazole sequence fasted for at least 8 h
prior to dosing on day 7, and milvexian was
administered approximately 1 h after itracona-
zole; participants remained fasted until 4 h after
dosing of milvexian. Participants in the dilti-
azem sequence fasted for at least 8 h prior to
dosing on day 11, with no delay in dosing of
milvexian; participants remained fasted until
4 h after dosing of milvexian.

Participants

The study included healthy male and female
participants as determined by medical and sur-
gical history, physical examination, vital sign
measurements, electrocardiogram (ECG) find-
ings, and clinical laboratory evaluations. Par-
ticipants were aged 18–55 years with a body
mass index of 18.0–30.0 kg/m2. Women of
childbearing potential or who were breastfeed-
ing were excluded. Other exclusion criteria
included, but were not limited to, significant

acute or chronic medical illness, or any condi-
tion listed as a contraindication in the itra-
conazole or diltiazem package inserts, as well as
evidence of coagulopathy or a history of bleed-
ing. Participants with current or recent (within
3 months of study drug administration) gas-
trointestinal disease, those with a history of
chronic constipation, or those with any major
surgery within 12 weeks of study drug admin-
istration were also excluded.

Study participants were prohibited from
taking corticosteroids, non-steroidal anti-in-
flammatory compounds, aspirin, or other anti-
platelet agents or anticoagulants within 2 weeks
of study drug administration. Participants were
also prohibited from consuming specific types
of cruciferous vegetables and fruits known to
interact with CYP450 enzymes (e.g., broccoli,
grapefruit juice) within 3 days prior to the first
dose of study drug until study discharge and
could not consume more than 350 mg of vita-
min C.

Safety Assessments

Safety assessments were based on medical
review of adverse event (AE) reports and the
results of vital sign measurements, ECG mea-
surements, physical examinations, clinical lab-
oratory tests, and fecal occult blood tests.
Assessments of clinically significant and non-
clinically significant bleeding included, but
were not limited to, AE reporting, whole-blood
hemoglobin and hematocrit levels, template
bleeding times, and/or presence of occult or
gross hematuria.

Fig. 1 Study design
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Pharmacokinetic and Pharmacodynamic
Assessments

PK analyses were performed to assess the effect
of co-administration of itraconazole or dilti-
azem on the PK of milvexian. PK parameters
were derived from the respective plasma con-
centration versus time data using non-com-
partmental methods; assessments included
maximum observed concentration (Cmax), time
of maximum observed concentration (Tmax),
area under the plasma concentration–time
curve from time 0 to time of last quantifiable
concentration (AUC[0–T]), area under the con-
centration–time curve from time 0 extrapolated
to infinite time (AUC[INF]), concentration
observed at 24 h postdose (C24), and terminal
plasma half-life (T1/2). Activated partial throm-
boplastin time (aPTT) was assessed as a PD
biomarker.

Bioanalytical Assays

During all periods, blood samples were collected
for PK and PD analyses (Supplementary Mate-
rial, Tables S1–S3). Plasma samples were ana-
lyzed for milvexian by a validated liquid
chromatography tandem mass spectrometry
(LC–MS/MS) assay using appropriate calibration
curves and quality-control samples that were
conducted in compliance with applicable stan-
dard procedures. Calibration curves were gen-
erated using a weighted linear 1/x2 least-squares
regression. The lower limit of quantification for
milvexian was 1.00 ng/ml and the upper limit
of quantification was 1000 ng/ml. Of the 796
total samples analyzed, 80 were reanalyzed for
incurred sample reanalysis (ISR). The ISRs pas-
sed the pre-defined acceptance criterion, with
100% of milvexian values having results within
20% of their mean values. Overall precision for
the quality control samples, as measured by
percent coefficient of variation, was B 3.96%
for milvexian. The overall accuracy (% devia-
tion from nominal) as measured by percent
relative error, ranged from – 6.63 to 2.67% for
milvexian. aPTT was measured with a validated
Actin FS assay at Labcorp Colorado Coagulation
(Englewood, CO, USA).

Statistical Analyses

The treated population, which included all
participants who received at least one dose of
study medication, was used for the safety anal-
yses. The evaluable PK population (all subjects
in the PK population with adequate PK profiles
for accurate estimation of PK parameters) was
used for summary statistics and statistical anal-
yses of PK variables. The PD population inclu-
ded all subjects who received at least one dose
of study medication and had any available PD
biomarker data.

Sample size determination was based on
consideration of the precision of the estimate of
the geometric mean ratios (GMRs) of Cmax,
AUC(0–T), and AUC(INF) of milvexian with and
without co-administration of itraconazole or
diltiazem.

Table 1 Baseline characteristics

Itraconazole
sequence
(n = 14)

Diltiazem
sequence
(n = 14)

Male, n (%) 14 (100.0) 13 (92.9)

Age, years

Median (range) 30.0 (19–42) 30.0 (19–42)

Race, n (%)a

White 11 (78.6) 8 (57.1)

Black or African

American

3 (21.4) 5 (35.7)

American

Indian or

Alaska Native

0 1 (7.1)

BMI, kg/m2

Median (range) 26.80 (20.1–28.8) 27.35 (22.8–29.7)

BMI body mass index
aPercentages may not sum to 100.0 due to rounding
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All plasma milvexian PK data were summa-
rized by treatment sequence using descriptive
statistics. A linear mixed model with treatment
as a fixed effect and participant as repeated
measures was fitted to the log-transformed PK
parameters (Cmax, AUC[0–T], AUC[INF], C24) for
use in estimation of effects and construction of
confidence intervals (CI).

All statistical analyses and calculations were
performed using SAS� software (SAS Institute,
Inc., Cary, NC, USA; Version 9.2).

RESULTS

Demographics

Of the 95 participants enrolled in the study, 28
entered the treatment period, with 14 partici-
pants entering each arm of the study. A total of

26 out of 28 participants (92.9%) completed the
study (13 participants in the itraconazole arm
and 13 participants in the diltiazem arm). One
participant each from the itraconazole and dil-
tiazem sequences was withdrawn from the
study during period 2 due to an AE. Table 1
outlines the baseline characteristics of the par-
ticipants who entered the treatment period.

Safety

Administration of a single dose of milvexian
alone and in combination with itraconazole or
diltiazem was generally safe and well tolerated,
and there were no deaths or serious AEs during
the study. Most AEs that occurred in the study
were considered likely related to itraconazole or
diltiazem treatment, with two participants in
each sequence experiencing mild or moderate
AEs that were considered to be related to

Table 2 AEs in the itraconazole sequencea

AE, n (%) Milvexian
30-mg single dose
on day 1
(n = 14)

Itraconazole
200-mg
dose on days 4–6
(n = 14)

Milvexian 30-mg single dose
on day 7 1 itraconazole
200-mg dose on days 7–11
(n = 13)

Total
(n = 14)

Any AE 2 (14.3) 4 (28.6) 2 (15.4) 5 (35.7)

Dermatitis contact 0 2 (14.3) 1 (7.7) 3 (21.4)

Infrequent bowel

movements

2 (14.3) 0 0 2 (14.3)

Abdominal discomfort 1 (7.1) 0 1 (7.7) 1 (7.1)

Anxiety 0 0 1 (7.7) 1 (7.1)

Diarrhea 1 (7.1) 0 0 1 (7.1)

Drug eruption 0 1 (7.1) 0 1 (7.1)

Eructation 0 1 (7.1) 0 1 (7.1)

Flatulence 0 1 (7.1) 0 1 (7.1)

Musculoskeletal chest pain 1 (7.1) 0 0 1 (7.1)

Myalgia 0 0 1 (7.7) 1 (7.1)

Tinnitus 0 0 1 (7.7) 1 (7.1)

Tremor 0 0 1 (7.7) 1 (7.1)

AE adverse event
aOn-treatment serious AEs within 30 days of the last dose and non-serious AEs within 9 days of the last dose
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milvexian. In the itraconazole sequence, five of
14 participants (35.7%) reported at least one AE;
all were considered mild in intensity and
resolved by the end of the study (Table 2). One
participant was withdrawn from the study by
the investigator after receiving the day 5 dose of
itraconazole due to a related AE of drug erup-
tion. Two participants in the itraconazole
sequence had a treatment-emergent clinical
laboratory test result that met the predefined
criteria for a marked abnormality, but none of
these were reported as an AE and all were
resolved by the end of the study. In the dilti-
azem sequence, five of 14 participants (35.7%)
reported at least one AE during the study; most
were considered mild in intensity and resolved
by the end of the study (Table 3). One partici-
pant (7.1%) experienced a moderate AE of syn-
cope after receiving the day 10 dose of diltiazem
and was withdrawn from the study by the
investigator. There were no notable clinical
laboratory tests, ECGs, vital signs, or physical
examination results.

Pharmacokinetics

Figure 2 shows an increase in milvexian expo-
sure during co-administration with itraconazole
or diltiazem. With co-administration of itra-
conazole, AUC(0–T), AUC(INF), and C24 were 2.5-,
2.5-, and 3.8-fold higher, respectively, and
mean Cmax was 28% higher compared with
milvexian alone (Fig. 3). Similarly, when dilti-
azem was co-administered with milvexian,
there was an increase in milvexian exposure,
with AUC(0–T), AUC(INF), and C24 38, 38, and
64% higher, respectively, and mean Cmax 9.6%
higher compared with milvexian alone. When
milvexian was co-administered with itracona-
zole or diltiazem, the adjusted GMRs for
AUC(0–T), AUC(INF), and C24 were higher com-
pared with administration of milvexian alone.
Compared with milvexian alone, mean T1/2

values were approximately 1.5- and 1.1-fold
longer with itraconazole and diltiazem
co-administration, respectively, while median
Tmax values were similar in the two treatment
arms. For both treatment sequences, mean
milvexian concentrations declined with multi-
exponential elimination. Table 4 describes the
summary statistics for milvexian PK parameters

Table 3 AEs in the diltiazem sequencea

AE, n (%) Milvexian
30-mg single
dose on day 1
(n = 14)

Diltiazem
240-mg dose on
days 4–10
(n = 14)

Milvexian 30-mg single dose
on day 11 1 diltiazem
240-mg dose on days 11–14
(n = 13)

Total
(n = 14)

Any AE 1 (7.1) 2 (14.3) 3 (23.1) 5 (35.7)

Infrequent bowel

movements

1 (7.1) 0 1 (7.7) 2 (14.3)

Dermatitis contact 0 0 1 (7.7) 1 (7.1)

Dry eye 0 1 (7.1) 0 1 (7.1)

Flatulence 1 (7.1) 0 0 1 (7.1)

Muscle spasms 0 0 1 (7.7) 1 (7.1)

Ocular hyperemia 0 1 (7.1) 0 1 (7.1)

Syncope 0 1 (7.1) 0 1 (7.1)

AE adverse event
aOn-treatment serious AEs within 30 days of the last dose and non-serious AEs within 9 days of the last dose
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for both the itraconazole and diltiazem
sequences.

Pharmacodynamics

Across all post-dose samples, aPTT was pro-
longed by milvexian administration either
alone or when co-administered with itracona-
zole or diltiazem, with maximal mean aPTT
prolongation occurring near Cmax (Fig. 4); the
magnitude of aPTT prolongation decreased with
declining milvexian concentration. The rela-
tionship between aPTT and milvexian concen-
trations was similar for milvexian alone or in
the presence of itraconazole or diltiazem (Sup-
plementary Material, Fig. S1).

DISCUSSION

The aim of the current study was to characterize
PK parameters of a single dose of milvexian
alone and in combination with either itra-
conazole or diltiazem in healthy participants,
with secondary assessments in measurements of
aPTT, safety, and tolerability.

Overall, results from this study were consis-
tent with those of prior preclinical studies that
showed that milvexian is a substrate for CYP3A
and P-gp. Mean Cmax, AUC(0–T), AUC(INF), and
C24 were increased when milvexian was co-ad-
ministered with a strong (itraconazole) or
moderate (diltiazem) CYP3A inhibitor. The
impact of a strong CYP3A inhibitor was con-
firmed to be\ 5-fold by the observed increases
in milvexian exposure, and the impact of a
moderate CYP3A inhibitor was confirmed to be
less than 2.5-fold by the increases in milvexian
exposure, which suggests that milvexian would

Fig. 2 Mean (± SD) milvexian plasma concentration versus time profile. SD standard deviation
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not be considered a sensitive CYP3A substrate
(i.e., AUC C 5-fold) [28]. The median Tmax of
milvexian was not altered by co-administration
of itraconazole or diltiazem, but the mean T1/2

was longer with co-administration of itracona-
zole, which suggests reduced clearance. The
slight increase in Cmax (approximately 28%;
Fig. 3) was consistent with a modest effect of
itraconazole on P-gp or first-pass metabolism.
Increases in milvexian exposure after
co-administration with itraconazole or dilti-
azem may not be substantial enough to require
dose changes with inhibitors of CYP3A/P-gp;
further data from ongoing phase 2 clinical trials
are needed to help determine whether milvex-
ian dose adjustments will be required for

patients taking concomitant inhibitors of
CYP3A and/or P-gp.

The mean aPTT was prolonged after dosing
of milvexian in both the itraconazole and dil-
tiazem sequences. In general, higher values of
aPTT were associated with higher concentra-
tions of milvexian. Moreover, the apparent
relationship between aPTT and milvexian con-
centrations was similar for milvexian alone or
in the presence of itraconazole or diltiazem; this
observation was consistent with expectations
that itraconazole or diltiazem alone would not
have an effect on aPTT.

The results from this study indicate that
milvexian has a similar CYP3A and/or P-gp
inhibition profile as several of the Factor Xa

Fig. 3 Forest plot to assess the effect of itraconazole and
diltiazem on milvexian PK parameters. PK pharmacoki-
netic, GMR geometric mean ratio, CI confidence interval,
Cmax maximum observed concentration, AUC(0–T) area
under the plasma concentration–time curve from time 0 to

time of last quantifiable concentration, AUC(INF) area
under the concentration–time curve from time 0 extrap-
olated to infinite time, C24 concentration observed at 24 h
postdose
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Table 4 PK parameters

Itraconazole sequence Diltiazem sequence

Milvexian 30-mg
single dose on day 1

Milvexian 30-mg single
dose on day 7 1
itraconazole 200-mg
dose on days 7–11

Milvexian 30-mg
single dose on day 1

Milvexian 30-mg single
dose on day 11 1 diltiazem
240-mg dose on days 11–14

Cmax, ng/ml 229 (197, 267) 293 (257, 334) 248 (205, 300) 272 (238, 311)

AUC(0–T ), ng�h/ml 2096 (1876, 2343) 5257 (4733, 5839) 2186 (1905, 2508) 3017 (2821, 3226)

AUC(INF), ng�h/ml 2144 (1921, 2394) 5342 (4806, 5939) 2220 (1943, 2537) 3059 (2863, 3269)

C24, ng/ml 22.2 (19.7, 25.1) 85.4 (77.1, 94.5) 22.9 (20.7, 25.3) 37.5 (34.7, 40.5)

Tmax, h 3.00 (2.02–4.00) 4.00 (1.90–4.03) 3.00 (2.00–4.00) 3.00 (2.00–4.00)

T1/2, h 11.6 (2.97) 17.1 (3.33) 12.3 (1.70) 13.6 (2.66)

Cmax maximum observed concentration, AUC(0–T) area under the plasma concentration–time curve from time 0 to time of last quantifiable concentration,
AUC(INF) area under the concentration–time curve from time 0 extrapolated to infinite time, C24 concentration observed at 24 h postdose, Tmax time of
maximum observed concentration, T1/2 terminal plasma half-life, CI confidence interval, SD standard deviation
Cmax AUC(0–T), AUC(INF), and C24 are presented as adjusted geometric mean (90% CI)
Tmax is presented as median (minimum–maximum)
T1/2 is presented as mean (SD)

Fig. 4 Mean (± SD) aPTT profile versus time profile. SD standard deviation, aPTT activated partial thromboplastin time
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inhibitors, namely rivaroxaban and apixaban
[32]. However, given the potentially improved
therapeutic window of milvexian, the same
restrictions on co-medications and dose adjust-
ment needed for factor Xa inhibitors may not
apply. Further studies, including the radiola-
beled mass-balance to characterize the absorp-
tion, distribution, metabolism, and excretion
(ADME) profile of milvexian, and patient stud-
ies to characterize the risk-benefit profile, will
help with the comparison of milvexian to factor
Xa inhibitors.

The study was somewhat limited by the
sample sizes in each panel; however, the CIs
around the GMR indicate that a meaningful
conclusion can be drawn from these results.
Further characterization of the impact of co-
medications with CYP3A and/or P-gp inhibition
will be generated through development of
population PK models and exposure–response
analysis from broader patient studies. Of note,
both a moderate and a strong CYP inhibitor
were selected for investigation in the current
study. Future patients may be exposed to both
strong and moderate CYP inhibitors, thus
necessitating the investigation of the effects of
CYP inhibition on the PK of milvexian. In
addition, these results will contribute to future
modeling efforts. Overall, findings from the
current study suggest that a dose adjustment of
milvexian may not be necessary for patients
receiving concomitant CYP3A and/or P-gp
inhibitors.

CONCLUSION

In conclusion, PK assessments demonstrated an
increase in milvexian exposure as a function of
co-administration with moderate and strong
CYP3A inhibitors, indicating that milvexian is a
substrate for CYP3A. Milvexian administration
also resulted in concentration-related prolon-
gation of aPTT, with higher aPTT values
observed at higher milvexian concentrations.
Administration of a single dose of milvexian
alone and in combination with itraconazole or
diltiazem was generally safe and well tolerated
by the healthy participants in this study.
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