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Abstract

Objective The aim of this study was to assess the effect of moderate or severe renal impairment on the pharmacokinetic (PK) proper-
ties of milvexian.

Methods This open-label, parallel-group study assessed the PK, safety, and tolerability of a single oral 60 mg dose of milvexian in
participants with normal renal function (n = 8; estimated glomerular filtration rate [eGFR] >90 mL/min/1.73 m?) and participants with
moderate (n = 8; eGFR >30 to <59 mL/min/1.73 m?) or severe (n = 8; €GFR <30 mL/min/1.73 m?) renal impairment. Regression
analysis was performed using linear regression of log-transformed PK parameters versus eGFR.

Results Milvexian was well tolerated, with no deaths, serious adverse events, or serious bleeding reported. The maximum
milvexian concentration (C,,,,) was similar for all groups. Based on a regression analysis of milvexian concentration versus
eGFR, participants with eGFR values of 30 and 15 mL/min/1.73 m?, respectively, had area under the curve (AUC) values
that were 41% and 54% greater than in participants with normal renal function. Median time to maximum concentration
(T,a0) Was similar for the three groups (4.5-5.0 h). The half-life increased for participants with moderate (18.0 h) or severe
(17.7 h) renal impairment compared with those with normal renal function (13.8 h).

Conclusion A single dose of milvexian 60 mg was safe and well tolerated in participants with normal renal function and moderate or
severe renal impairment. There was a similar increase in milvexian exposure between the moderate and severe renal groups.

Clinical Trials Registration This study was registered with ClinicalTrials.gov (NCT03196206, first posted 22 June 2017).

This open-label study assessed the pharmacokinetics, safety,
and tolerability of milvexian, an oral small molecule inhibi-
tor of factor Xla, in participants with normal renal function
and participants with moderate or severe renal impairment.

1 Introduction

Patients with cardiovascular and thromboembolic diseases
are at an increased risk of serious thrombotic events, which
necessitates the use of antithrombotic therapies [1-5]. How-
ever, fears about an increased risk of bleeding events can lead
to patients either not receiving antithrombotic therapy or being

A single dose of milvexian 60 mg was safe and well suboptimally treated with currently available agents [6-8].
tolerated in participants with normal renal function and Thus, there is a need for novel anticoagulants with an improved
in those with moderate or severe renal impairment. benefit/risk profile compared with current standards of care.

In the coagulation cascade, hemostasis and thrombosis are
balanced through the regulation of blood factors, cellular com-
ponents (e.g., platelets), and other coordinating proteins [9].
Thrombin plays a primary role in the coagulation cascade by
activating platelet aggregation; Factors V, VIII, X1, and XIII;
P4 Vidya Perera and forming fibrin [9, 10]. The zymogen Factor XI (FXI) is
Vidya.Perera@bms.com converted by thrombin to the activated protease Factor XIa
Bristol Myers Squibb, 3401 Princeton Pike, Lawrenceville, (FXIa). FXIa leads to formation of a clot through direct activa-
NJ 08648, USA tion of Factor IX, which in turn activates Factor X to convert
2 Janssen Research & Development, LLC, Titusville, NJ, USA prothrombin to thrombin, followed by the thrombin-mediated

Modest increases in milvexian exposure were observed
in participants with moderate and severe renal impair-
ment, but these are not likely to be clinically relevant.

A\ Adis


http://orcid.org/0000-0002-9055-0123
http://crossmark.crossref.org/dialog/?doi=10.1007/s40262-022-01150-1&domain=pdf

1406

V. Perera et al.

conversion of fibrinogen to fibrin [11, 12]. The downstream
conversion of prothrombin to thrombin via FXIa is amplified
through a positive feedback loop.

Modulation of FXIa may provide a novel mechanism for
systemic anticoagulation with the potential to improve the ben-
efit/risk profile of existing anticoagulants [13—16]. Based on
findings from clinical and preclinical models, hemostasis is not
solely dependent on the FXI pathway, and FXIa inhibitors have
the potential to reduce thrombus formation [17-20]. Notably,
spontaneous bleeding is rare in individuals with congenital FXI
deficiencies and, for these individuals, mild bleeding after a
serious injury or surgery is the only clinical manifestation of
FXI deficiency [21-23]. Additionally, results from in vivo
and clinical studies have shown that there is a reduced risk of
adverse cardiovascular events and venous thromboembolism
with FXI deficiency [13, 16, 24-26]. These findings support
further investigation of FXIa inhibitors to prevent thrombotic
events with a safer bleeding profile [11, 12, 27].

Milvexian (BMS-986177/INJ-70033093) is a potentially
first-in-class, oral, small-molecule that inhibits FXIa with high
affinity and selectivity [28]. Milvexian is being developed to
prevent thrombotic events in diverse patient populations. It has
demonstrated antithrombotic activity while preserving hemo-
stasis in preclinical models of arterial and venous thrombosis,
and was generally safe and well tolerated in phase I studies in
healthy participants and in individuals with hepatic impairment
[29-32]. Milvexian is being investigated in an ongoing phase IT
study for the secondary prevention of major cardiovascular
events in patients with acute ischemic stroke [33]. A separate
study on the prevention of total venous thromboembolism
events in patients undergoing total knee replacement surgery
has been completed [34].

Patients with renal impairment are at heightened risk of
bleeding when taking anticoagulant therapies [35]; however, it
is unknown if this is purely due to increases in drug exposure,
intrinsic features of this patient population, or a combination of
both [36-38]. The increased risk of bleeding in patients with
renal impairment has been observed even without anticoagulant
therapies, with one study demonstrating a 1.5-fold increased
risk of bleeding in patients with chronic kidney disease com-
pared with those without chronic kidney disease [39]. Patients
with chronic kidney disease demonstrate abnormalities in plate-
let physiology (e.g., a—granules) in addition to deregulation of
arachidonic acid and prostaglandin metabolism that results in
reduced adhesion and aggregation, increasing bleeding risk [40,
41]. Additionally, uremic patients exhibit higher concentrations
of prostacyclin and increased nitric oxide generation by plate-
lets, which both independently inhibit platelet aggregation and
contribute to dysfunctional hemostasis and increased bleeding
risk. Therefore, patients with renal impairment who use cur-
rently available antithrombotics may benefit from a drug with
an improved safety profile, such as milvexian.
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Based on results from a previous first-in-human study, renal
excretion of milvexian is estimated to be below 20%, therefore
renal impairment may not have a large impact on milvexian
exposure [31]. However, patients with impaired renal function
can display altered pharmacokinetic (PK) properties because of
inhibition of several pathways of hepatic and intestinal metab-
olism and transport [42], and PK evaluation in certain patient
populations with renal impairment is recommended by regula-
tory bodies [43, 44]. The future patient population for milvex-
ian may include patients with end-stage renal disease (ESRD),
necessitating investigation of the effect renal impairment has on
milvexian PK properties.

This study assessed the effect of renal impairment on the PK
and pharmacodynamic (PD) properties of milvexian as well as
the safety and tolerability of milvexian in participants with nor-
mal renal function and moderately or severely impaired renal
function.

2 Methods
2.1 Ethics

This study was conducted in accordance with Good Clinical
Practice, as defined by the International Council for Harmoni-
sation and in accordance with the ethical principles underlying
European Union Directive 2001/20/EC and the United States
Code of Federal Regulations, Title 21, Part 50 (21CFR50). The
study was registered with ClinicalTrials.gov (NCT03196206,
first posted 22 June 2017). The protocol, amendments, and
participant informed consent received appropriate approval
by the Independent Ethics Committee (IEX) and the Institu-
tional Review Board (IRB) of IntegReview IRB (now Advarra;
Columbia, MD, USA) prior to initiation of the study at the site.
Prior to the beginning of 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 conducted at two clinical sites (Clinical
Pharmacology of Miami LLC, Miami, FL, USA; and Orlando
Clinical Research Center, Orlando, FL., USA) from 6 July 2017
to 4 March 2018.

2.2 Study Design

This was an open-label, parallel-group study to evaluate the
PK, safety, and tolerability of a single dose of milvexian in
participants with normal renal function and participants with
moderate or severe renal impairment. As the study was nonran-
domized, enrolled participants, including those not dosed, were
assigned sequential participant numbers. Participants were
matched by age, body weight, and sex. Participants underwent
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Table 1 Baseline characteristics of the study participants

Characteristic® Normal renal Moderate renal Severe renal Total
function® [1 = 8] impairment® [n = 8] impairmentd [n=28] [N =24]
Male sex [n (%)] 7(87.5) 6 (75.0) 5(62.5) 18 (75.0)
Age, years [median (range)] 53.5 (30-67) 63.0 (46-70) 61.5 (27-70) 60.0 (27-70)
Race [n (%)]
White 6 (75.0) 7(87.5) 5(62.5) 18 (75.0)
Black or African American 1(12.5) 0 3(37.5) 4(16.7)
Asian 0 1(12.5) 0 14.2)
Biracial 1(12.5) 0 0 14.2)
BMI, kg/m* [median (range)] 30.90 (19.6-31.5) 34.60 (24.3-317.5) 32.75 (20.4-37.9) 31.45 (19.6-37.9)
eGFR, mL/min/1.73 m? [median (range)] 104.5 (91-157) 49.0 (36-59) 20.5 (9-26) -
CrCL, mL/min [median (range)] 125.0 (104-174) 67.0 (44-83) 32.0 (11-37) -

BMI body mass index, eGFR estimated glomerular filtration rate, CrCL creatinine clearance

2All values presented as median (minimum-maximum) unless otherwise stated

®Normal renal function was an eGFR >90 mL/min/1.73 m?

“Moderate renal impairment was an eGFR > 30 to <59 mL/min/1.73 m?

dSevere renal impairment was an eGFR < 30 mL/min/1.73 m?

Table 2 Adverse events AE Normal renal Moderate renal Severe renal Total
function® [n = 8] impairment® [n = 8] impairment® [n =8] [N = 24]
Any AE 1(12.5) 1(12.5) 1(12.5) 3(12.5)
Headache 0 1(12.5) 1(12.5) 2 (8.3)
Somnolence 1(12.5) 0 0 14.2)

Data are expressed as n (%)

AE adverse event, eGFR estimated glomerular filtration rate

aNormal renal function was an eGFR >90 mL/min/1.73 m?
®Moderate renal impairment was an eGFR > 30 to < 59 mL/min/1.73 m?

“Severe renal impairment was an eGFR <30 mL/min/1.73 m?

screening evaluations to determine eligibility within 21 days
before study treatment administration. Eligible participants
were enrolled in one of three renal function groups based on
estimated glomerular filtration rate (¢éGFR). The eGFR was
determined by the Modification of Diet in Renal Disease for-
mula. Normal renal function was defined as an eGFR >90
mL/min/1.73 m?, moderate renal impairment was defined
as an eGFR >30 to <59 mL/min/1.73 m?, and severe renal
impairment was defined as an eGFR <30 mL/min/1.73 m% On
Day 1, all participants in the three renal function groups
received an oral 60 mg dose of milvexian after consumption
of a standard meal. Selection of the 60 mg dose was based on
in vivo preclinical pharmacology data from the rabbit elec-
tric arterial thrombosis model, differences in the affinity of
milvexian for rabbit and human FXIa, and modeling results
[45]. Simcyp PBPK simulator v15 was employed using a
minimal physiologically based PK (PBPK) model developed
for milvexian to estimate the potential increase in exposures

when simulating varying degrees of renal impairment based
on eGFR. The 60 mg dose is within the dose linear range of
milvexian, and therefore the results from this study can be
extrapolated to infer differences with renal impairment at any
other dose of milvexian within the known dose-proportional
range (20-200 mg) [31].

2.3 Participants

Eligible participants included men and women not of child-
bearing potential, aged 18—70 years, with a body mass index of
18.0-32.0 kg/m? for participants with normal renal function or
18.0-38.0 kg/m? for participants with moderate or severe renal
impairment. In all three renal function groups, eligible partici-
pants were in good health as determined by no clinically sig-
nificant deviation from normal in medical or surgical history,
physical examination, electrocardiograms (ECGs), and clinical
laboratory determinations, except for renal insufficiency, which
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Fig.1 Mean (+ SD) milvexian plasma concentration versus time profile. SD standard deviation.

was predefined by renal function group. Participants were
ineligible if they had an indwelling catheter in preparation for
dialysis, history of coagulopathy, gastrointestinal disease, or any
major surgery within 4 weeks of study treatment administration
(or planned within 2 weeks of study completion). Additionally,
participants in the severe renal function group could not be on
dialysis.

2.4 Safety Assessments

Safety and tolerability were assessed based on medical review of
adverse event (AE) reports and the results of vital sign measure-
ments, ECG measurements, physical examinations, and clinical
laboratory tests.

2.5 Pharmacokinetic and Pharmacodynamic
Assessments

The PK properties of milvexian were derived from plasma
concentration versus time and urinary excretion data. Assessed
parameters included maximum observed plasma concentration
(Cpa)» ime of C,,., (T, area under the plasma concentration-
time curve (AUC) from time zero to time of the last quantifiable
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concentration (AUC,), AUC from time zero extrapolated to infi-
nite time (AUC,), terminal plasma half-life (7,,), apparent total
body clearance (CLT/F), fraction of unbound drug (fu), C,,,
of free drug (C,,, fu), AUC from time zero to time of the last
quantifiable concentration of free drug (AUC, fu), AUC from
time zero extrapolated to infinite time of free drug (AUC_, fu),
apparent total body clearance of free drug (CLT/F fu), total
amount recovered in urine (Urt), percentage dose of milvexian
total amount recovered in urine (%Urt), renal clearance (CLy),
and protein binding.

Activated partial thromboplastin time (aPTT) and FXI clotting
activity were examined as exploratory PD biomarkers.

2.6 Clinical Laboratory Evaluations

Plasma samples were analyzed for milvexian concentration and
milvexian protein binding using a validated liquid chromatog-
raphy with tandem mass spectrometry (LC-MS/MS) assay at
ICON Laboratory Services, Inc. (Whitesboro, NY, USA). Sam-
ples were analyzed using Analyst version 1.4.2 (Applied Biosys-
tems, Framingham, MA, USA). LC-MS/MS assays had a lower
limit of quantification of 1.0 ng/mL and an upper limit of quan-
tification of 1000 ng/mL. Individual participant PK parameter
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Table 3 Summary statistics of
milvexian plasma and urine PK

parameters by renal function
group

Parameter® Normal renal Moderate renal Severe renal
function® [ = 8] impairment® [n = 8] impairment“l
[n=38]
Cax> Ng/mL 462 (30) 406 (46) 462 (42)
%fu 8.85(8) 8.81 (11) 8.40 (15)
Cax fu, ng/mL 40.9 (29) 35.8 (44) 38.8 (44)
AUC,, ng-h/mL 3860 (36) 5004 (34) 7094 (33)
AUC, fu, ng-h/mL 341 (33) 441 (32) 596 (41)
AUC_, ng-h/mL 3916 (36) 5154 (32) 7411 (37)
AUC,, fu, ng-h/mL 347 (34) 454 (30) 623 (44)
AUCyg, ng-h/mL 3883 (36) 5015 (34) 7167 (35)
T oo 4.50 (4.00-5.00) 4.75 (4.00-7.00) 5.00 (4.50-8.00)
T,.h 13.8 (3.45) 18.0 (5.37) 17.7 (4.75)
CLT/F, L/h 15.3 (36) 11.6 (32) 8.10 (37)
CLT/F fu, L/h 173 (33) 132 (30) 96.4 (44)
CLg, mL/h 1617 (52) 914 (40) 263 (65)
%Urt 10.5 (45) 7.64 (33) 3.14 (75)
%Protein binding 91.1 (1) 91.1 (1) 91.5(1)

PK pharmacokinetic, C,

max

maximum observed plasma concentration, fu fraction of unbound drug,

C,,. f maximum observed plasma concentration of free drug, AUC, area under the plasma concentration-
time curve from time zero to time of the last quantifiable concentration, AUC, fu AUC from time zero to
time of the last quantifiable concentration of free drug, AUC,, AUC from time zero extrapolated to infinite
time, AUC,, fu AUC from time zero extrapolated to infinite time of free drug, AUCys AUC from time zero
to 96 h, T,,,, time of maximum observed plasma concentration, T, terminal plasma half-life, CLT/F appar-

ent total body clearance, CLT/F fu apparent total body clearance of free drug, CLy renal clearance, %Urt
percentage dose of milvexian total amount recovered in urine, %CV percentage coefficient of variation, SD

standard deviation
ac, %fu, C

max> max

fu, AUC,, AUC, fu, AUC_, AUC,, fu, AUCy,, CLT/F, CLT/F fu, CLg, %Urt, and %pro-
tein binding are presented as adjusted geometric mean (%CV); T,

is presented as median (minimum—

max

maximum); and 7, is presented as mean (SD)

"Normal renal function was an eGFR >90 mL/min/1.73 m?

“Moderate renal impairment was an eGFR > 30 to <59 mL/min/1.73 m?

dSevere renal impairment was an eGFR <30 mL/min/1.73 m?

values were derived by noncompartmental methods using a
validated PK analysis program. The cumulative milvexian Urt
was calculated as the summation of the product of the concen-
tration of the analyte with the volume of urine collected over a
collection interval. To determine CLy, the cumulative amount of
milvexian excreted in urine was divided by the plasma AUC over
the same time interval, data permitting. The designated protein-
binding blood sample was analyzed for milvexian protein bind-
ing by LC-MS/MS. Validated assays were performed at Labcorp
Colorado Coagulation to measure aPTT and FXI clotting activity
(Englewood, CO, USA).

2.7 Sample Collection
Blood and/or urine samples were obtained at screening and on

Days —1 and 4 for clinical laboratory evaluations in all three
renal function groups. Additional blood and/or urine samples

were obtained from participants in the moderate and severe renal
impairment groups on Day 2.

Details on the timing of sample collection for PK and PD
assessments are shown in Online Resource 1.

2.8 Statistical Analyses

The population for safety analysis included all participants who
received one dose of milvexian. The evaluable PK population
included all participants who received milvexian and from whom
valid PK parameter data were obtained. The PD population
included all participants who received milvexian and had any
available PD biomarker data. Determination of the study sample
size was not based on statistical power considerations. However,
it was calculated that data from eight healthy participants and
eight participants with various levels of impaired renal function
would provide 80% probability for the 90% confidence interval
(CD) of the geometric mean ratio (GMR) for milvexian to be
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GMR (90% Cl)

Regression analysis of eGFR?

Cpe |—f—| 1.001 (0.863, 1.161)
|

AUC, | —e—— 1.386 (1.211, 1.587)
|

AUC,, I —e— 1.411 (1.229,1.619)

Regression analysis of GrCL" |
|

Crex . — 1.040 (0.900, 1.210)
|

AUC, : —e— 1.380 (1.212, 1.565)
|

AUC,, I —e— 1.400 (1.226, 1.591)

T T T T T 17 T T T T T T T 1
0506 07080910111213141516 17 1.8 1.9 20
Greater with normal renal function ~ Greater with moderate renal impairment
b. GMR (90% Cl)

Regression analysis of eGFR?

Coan I—‘I—i 1,001 (0.863, 1.163)
AUC, : —e— 1.504 (1.313,1.723)
AUC, : —— 1.537 (1.339, 1.766)
Regression analysis of CrCL" |
|
Crax |—:-o—| 1.050 (0.909, 1.224)
AUC, : —e— 1.490 (1.311, 1.697)
AUC., : —e— 1.520 (1.332, 1.732)
f

050607080910111213141516 171819 20

Greater with normal renal function  Greater with severe renal impairment

within (78.58%, 127.25%), (88.69%, 112.75%), and (88.69%,

112.75%) of the GMR point estimate for C

AUC, respectively.
All milvexian PK data were summarized using descriptive
statistics. A regression analysis was performed using linear
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max?

AUC,, and

»

regression of log-transformed

C

AUC,, and AUC_, versus

max?

eGFR or creatinine clearance (CrCL; estimated using the Cock-
croft—Gault equation). In the regression analysis, the dependent
variables were the log-transformed PK parameters, and baseline
eGFR or CrCL values were the independent variables. Predicted
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«Fig. 2 Predicted values of milvexian PK parameters based on renal
impairment from the regression analysis of eGFR?® and CrCL® in a
moderate and b severe renal impairment. *Predicted values for each
PK parameter and associated 90% CI for eGFR (mL/min/1.73 m?)
equal to 15, 30, and 90 were obtained from the linear regression
model. GMRs of each PK parameter predicted values were calculated
for eGFR values of 30: 90 (moderate renal impairment: normal renal
function) and 15: 90 (severe renal impairment: normal renal func-
tion). PPredicted values for each PK parameter and associated 90%
CI for CrCL (mL/min) equal to 15, 30, and 90 were obtained from
the linear regression model. GMRs of each PK parameter predicted
values were calculated for CrCL values of 30: 90 (moderate renal
impairment: normal renal function) and 15: 90 (severe renal impair-
ment: normal renal function). PK pharmacokinetic, eGFR estimated
glomerular filtration rate, CrCL creatinine clearance, GMR geometric
mean ratio, CI confidence interval, C,,, maximum observed concen-

tration, AUC, area under the plasma concentration-time curve from

time zero to time of the last quantifiable concentration, AUC,, area
under the plasma concentration-time curve from time zero extrapo-
lated to infinite time

values for each of the PK parameters and associated 90% Cls
were calculated for eGFR and CrCL equal to 15, 30, and 90 (mL/
min/1.73 m? for eGFR and mL/min for CrCL), representing the

lower bound cut-off for severe renal impairment, moderate renal
impairment, and normal renal function, respectively. In addition,
GMRs of each PK parameter’s predicted values were calculated
for eGFR and CrCL values of 30: 90 (moderate renal impair-
ment: normal renal function) and 15: 90 (severe renal impair-
ment: normal renal function). All statistical analyses and calcu-
lations were performed using SAS® software version 9.3 (SAS
Institute Inc., Cary, NC, USA).

3 Results
3.1 Participants

A total of 43 participants were enrolled in this study,
of whom 24 participants (55.8%) entered the treatment
period, received one dose of study treatment, and com-
pleted the study. Of the patients who did not enter the treat-
ment period, the majority (n = 18) no longer met the study
eligibility criteria; the remaining participant withdrew

100

90

Mean aPTT (sec)

20

10

-©- Normal renal function
-©- Moderate renal impairment
-©- Severe renal impairment
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Time (h)

Fig.3 Mean (+SD) aPTT versus time profile. SD standard deviation, aPTT activated partial thromboplastin time
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consent. Eight participants were enrolled in each renal func-
tion group (normal renal function, eGFR >90 mL/min/1.73 m?;
moderate renal impairment, eGFR >30 to <59 mL/min/1.73 m?;
and severe renal impairment, €GFR <30 mL/min/1.73 mz). All
24 participants were included in the safety, PK, and PD analyses.
Table 1 outlines the demographics and characteristics of the par-
ticipants enrolled in each renal function group.

3.2 Safety and Tolerability

Administration of a single dose of milvexian 60 mg was gen-
erally safe and well tolerated across the three renal function
groups. There were no deaths or serious AEs (SAEs) leading to
discontinuation during the study. One SAE was reported in one
participant during the screening period, and this participant was
not assigned to a renal function group and did not receive milvex-
ian. The incidence of AEs was low and was equally distributed
across renal function groups. Three participants (12.5%) reported
one AE following administration of milvexian. Two participants
(8.3%) reported headache, and one participant (4.2%) reported
somnolence. An overall summary of AEs is presented in Table 2.

All AEs were mild in intensity and considered by the investigator
to be related to study treatment. No treatment was required for
AEs, and all AEs resolved without sequelae. No bleeding events
were reported. In addition, there were no clinically relevant find-
ings or trends in clinical laboratory test, ECG, vital sign, or physi-
cal examination results.

3.3 Pharmacokinetics

Mean milvexian plasma concentration-time profiles are shown
in Fig. 1, and PK parameters are summarized in Table 3. Mean
concentrations of milvexian were higher in participants with
moderate or severe renal impairment compared with partici-
pants with normal renal function following a single dose of mil-
vexian. A regression analysis indicated that C,,, was similar
for all renal function groups, while AUC, and AUC_ increased
with decreasing eGFR and CrCL. From the slopes estimated in
the eGFR-based regression analysis, on average, participants
with eGFR values of 30 and 15 mL/min/1.73 m* would have
a39% and 50% increase in AUC, and a 41% and 54% increase
in AUC_, respectively, compared with participants with nor-
mal renal function (éGFR 90 mL/min/1.73 m?) (Fig. 2). From

the estimated slopes in the CrCL-based regression analysis,

-©- Normal renal function
-©- Moderate renal impairment
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Fig.4 Mean (+SD) FXI clotting activity versus time profile. SD standard deviation, FXI Factor XI

A\ Adis



Pharmacokinetics of Milvexian in Participants with Renal Impairment

1413

on average, participants with CrCL values of 30 and 15 mL/
min would have a 38% and 49% increase in AUC, and a 40%
and 52% increase in AUC , respectively, compared with a
participant with normal renal function (CrCL 90 mL/min)
(Fig. 2).

Median T,,,, was similar across all renal function groups.
As a result of decreasing CLT/F with decreasing renal func-
tion (15.3, 11.6, and 8.10 L/h in participants with normal
renal function, moderate renal impairment, and severe renal
impairment, respectively), the T,, was slightly longer for the
moderate (17.7 h) and severe (18.0 h) renal impairment groups
compared with the normal renal function group (13.8 h). The
CLj was lower for both the moderate and severe renal impair-
ment groups compared with the normal renal function group.
Correspondingly, excretion in the urine, as measured by %Urt,
was lower in the moderate and severe renal impairment groups
compared with those with normal renal function. Protein bind-
ing was similar for all renal function groups and the unbound
parameters showed similar results across the different renal
function groups.

3.4 Pharmacodynamics

Mean baseline (predose Day 1) aPTT values were similar
across renal function groups and ranged from 23.9 to 25.3 s.
Administration of a single oral dose of milvexian resulted in a
concentration-dependent prolongation of aPTT that was simi-
lar across all renal function groups (Fig. 3). Mean peak aPTT
values were achieved at 5, 5, and 6 h postdose, corresponding
to percentage changes from baseline of 127%, 97%, and 100%
for the normal renal function, moderate renal impairment, and
severe renal impairment groups, respectively.

Mean baseline (predose Day 1) FXI clotting activity val-
ues were similar across renal function groups and ranged
from 105.4 to 115.7%. Administration of a single oral dose of
milvexian resulted in a concentration-related decrease in FXI
clotting activity (Fig. 4). The magnitude of decrease appeared
to be similar across renal function groups. Mean nadir FXI
clotting activity values were achieved at 5, 5, and 7 h postdose
for participants with normal renal function, and moderate and
severe renal impairment corresponding to percentage changes
from baseline of 39.4%, 31.9%, and 31.8%, respectively.

4 Discussion

This study evaluated the PK, safety, and tolerability of a single,
60 mg dose of milvexian in participants with normal renal func-
tion and participants with moderate or severe renal impairment.
Milvexian is a potentially first-in-class, oral, small-molecule
FXIa inhibitor being developed to prevent and treat thrombotic

events across diverse patient populations [28]. FXIa inhibitors
have the potential to improve the benefit/risk profile of existing
anticoagulants by reducing thrombus formation without causing
an increase in bleeding [13-20]. There is additional unmet need
for safer anticoagulants in renal impairment patients with con-
comitant cardiovascular disease as these patients have a higher
intrinsic risk of bleeding [39], and this risk may further increase
with currently available anticoagulants [36-38].

Administration of a single dose of 60 mg milvexian was gen-
erally safe and well tolerated in participants with normal renal
function and participants with moderate or severe renal impair-
ment. The incidence of AEs was low and was equally distributed
independent of renal function. Of note, no bleeding events were
reported. Bleeding risk in patients receiving currently available
anticoagulants is variable [46], but patients with renal impair-
ment are at a higher risk of bleeding events generally and may
benefit from dose adjustments of anticoagulants [47, 48]. Safety
and tolerability results from the current study of milvexian add
to evidence from a phase I study in healthy volunteers as well as
a phase I study in participants with hepatic impairment that also
demonstrated the safety and tolerability of milvexian [31, 32].

Previous studies demonstrated low renal excretion of milvex-
ian (<20%), which suggested that renal impairment may not have
a significant impact on exposure [31]. Results from the regression
analysis in the current study indicate that C,,, and T, . will be
similar across all renal function groups, with an increase in over-
all exposure in the moderate and severe renal impairment groups
of approximately 40% and 50%, respectively. The correspond-
ing predicted increase in milvexian drug exposure in patients
with renal impairment is similar to results reported for other
anticoagulants [46]; for example, rivaroxaban has shown a 56%
increase in exposure in patients undergoing dialysis compared
with healthy participants [49]. Similarly, apixaban has shown a
44% increase in exposure in patients with severe renal impair-
ment (CrCL of 15 mL/min) compared with healthy participants
[50]. Overall, the magnitude of increases in milvexian exposure
may not be clinically relevant in patients with renal impairment,
pending assessment of exposure—response.

Administration of a single dose of milvexian resulted in a
concentration-dependent aPTT prolongation that was similar
across the three renal function groups. Similarly, administration
of milvexian led to a concentration-related decrease in FXI clot-
ting activity across the three renal function groups. Results from
the PD assessments suggest that renal function does not alter the
PK/PD relationship with either aPTT or FXI clotting activity.

A limitation of this study is that the PK data were obtained
from a small sample of participants. However, as noted ear-
lier, the sample size for this study was based on the precision
estimate of the GMRs of specific PK measurements of milvex-
ian for a group with renal impairment versus a healthy group.
Despite a modest sample size, regression analyses from the
current study, which included eight healthy participants and
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16 participants with various levels of impaired renal function,
provided 90% ClIs within the specified range. In addition, base-
line characteristics were generally balanced across groups for
age, sex, race, and body mass index, and as such would not
contribute to any significant changes in PK across renal groups.
Future studies could include participants with ESRD to further
investigate the impact of renal impairment on the PK and PD
properties of milvexian.

5 Conclusions

The results of this study demonstrated that a single dose of 60 mg
milvexian was generally safe and well tolerated in participants
with normal renal function and participants with moderate or

severe renal impairment. The PK analysis indicated that C,,,,

and 7,,,, were similar across renal function groups, and the PD
analysis suggested that concentration-dependent prolongation
of aPTT and concentration-dependent decreases in FXI clotting
activity were similar across renal function groups. Although there
was a modest increase in exposure, as measured by AUC, in the
renal impairment groups, these values are not likely to be clini-
cally relevant.
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