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Abstract
Milvexian (BMS-986177/JNJ-70033093) is a small molecule, active-site inhibi-
tor of factor XIa (FXIa) being developed to prevent and treat thrombotic events. 
The safety, tolerability, pharmacokinetics (PKs), and pharmacodynamics (PDs) 
of milvexian were assessed in a two-part, double-blind, placebo-controlled, 
sequential single ascending dose (SAD) and multiple ascending dose (MAD) 
study in healthy adults. Participants in SAD panels (6 panels of 8 participants; 
n = 48) were randomized (3:1) to receive milvexian (4, 20, 60, 200, 300, or 500 mg) 
or placebo. The 200- and 500-mg panels investigated the pharmacokinetic impact 
of a high-fat meal. Participants in MAD panels (7 panels of 8 participants; n = 56) 
were randomized (3:1) to receive milvexian (once- or twice-daily) or placebo for 
14 days. All milvexian dosing regimens were safe and well-tolerated, with only 
mild treatment-emergent adverse events and no clinically significant bleeding 
events. In SAD panels, maximum milvexian plasma concentration occurred 3 h 
postdose in all fasted panels. The terminal half-life (T1/2) ranged from 8.3 to 13.8 h. 
In fasted panels from 20 to 200 mg, absorption was dose-proportional; results at 
higher doses (300 and 500 mg) were consistent with saturable absorption. Food 
increased milvexian bioavailability in a dose-dependent fashion. In MAD panels, 
steady-state milvexian plasma concentration was reached within 3 and 6 dosing 
days with once-  and twice-daily dosing, respectively. Renal excretion was less 
than 20% in all panels. Prolongation of activated partial thromboplastin time was 
observed and was directly related to drug exposure. These results suggest that the 
safety, tolerability, PK, and PD properties of milvexian are suitable for further 
clinical development.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Factor XI (FXI) amplifies thrombin generation and has a limited role in hemosta-
sis. Targeted FXI inhibition may reduce the burden of vascular and thromboem-
bolic diseases while preserving hemostasis.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any 
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2021 Bristol Myers Squibb. Clinical and Translational Science published by Wiley Periodicals LLC on behalf of the American Society for Clinical Pharmacology and 
Therapeutics.

http://www.cts-journal.com
https://doi.org/10.1111/cts.13148
mailto:﻿
mailto:Vidya.Perera@bms.com
http://creativecommons.org/licenses/by-nc-nd/4.0/


      |  331FIRST-­IN-­HUMAN STUDY OF MILVEXIAN

INTRODUCTION

Anticoagulant and/or antiplatelet therapies are corner-
stones of treatment to reduce the risk of serious adverse 
thromboembolic events in patients with a broad range of 
conditions, including nonvalvular atrial fibrillation, or 
a history of ischemic stroke, acute coronary syndrome, 
coronary artery disease (CAD), and peripheral artery 
disease.1–4 Although approved therapies are effective for 
the prevention of thrombosis, an increased risk of major 
bleeding is a significant concern.5 Thus, drug discovery 
efforts have focused on identification of novel therapies 
with better risk-benefit profiles compared to current 
standards of care.

The coagulation cascade is a complex but well-
controlled process that regulates clot formation, preserves 
tissue perfusion, and stimulates reparative processes.6 
Hemostasis involves the formation of a fibrin-  and 
platelet-rich clot to seal a damaged blood vessel and 
prevent blood loss. Thrombin plays a key role in 
the formation of a clot, catalyzing the conversion 
of fibrinogen into fibrin and activating platelets.6 
Coagulation factor XI (FXI), a zymogen, is activated to 
FXIa, a protease, by thrombin and factor XIIa. Activation 
of FXI leads to enhanced thrombin formation, thus 
forming a positive feedback loop for thrombin formation 
and consolidation of coagulation.7,8 Although hemostasis 
is essential to life, pathological blood clotting is the basis 
of thromboembolic cardiovascular diseases. FXIa plays a 
role in pathological thrombosis but has a limited role in 
normal hemostasis.9

In patients with FXI deficiency, spontaneous bleed-
ing is rare and bleeding risk is poorly correlated with 
plasma levels of FXI.10 In most cases, patients with FXI 
deficiency do not exhibit symptoms or require treatment, 
and the only clinical manifestation is an increased ten-
dency for mild bleeding after serious injury or surgery.11–13 

Importantly, clinical, preclinical, and epidemiologic stud-
ies have shown that FXI deficiency is associated with 
reduced risk of adverse cardiovascular events and venous 
thromboembolism.14–18 In contrast, a large, population-
based, case-control study (the Leiden Thrombophilia 
Study) found that patients who had suffered a deep vein 
thrombosis had significantly higher FXI levels compared 
with healthy controls, with the risk of thromboembolism 
doubled for individuals with FXI levels above the 90th 
population percentile compared with those who had lower 
values.19 Furthermore, studies in patients with a history 
of or high risk for cardiovascular disease have shown that 
high levels of FXI are associated with an increased risk of 
stroke, transient ischemic attack, myocardial infarction, 
and severe CAD, suggesting that high levels of FXI con-
tribute to an increased risk of thrombosis.20–22 Preclinical 
models and clinical studies suggest that inhibitors of FXIa 
reduce thrombus formation and that the FXI amplifica-
tion pathway is not critical for normal hemostasis.23–26 
Taken together, these results support the hypothesis that 
targeted inhibition of FXIa represents a novel mechanism 
for systemic anticoagulation with a potentially improved 
benefit-risk profile that may be achieved by reducing the 
burden of vascular and thromboembolic diseases while 
preserving hemostasis.17,18,20,27

Milvexian (formerly referred to as BMS-986177/JNJ-
70033093) is a small molecule, active-site inhibitor of FXIa 
with high affinity and selectivity for FXIa and oral bio-
availability in preclinical species.28 In preclinical models 
of arterial and venous thrombosis, milvexian has demon-
strated antithrombotic activity while preserving homeo-
stasis.29,30 These findings supported the initiation of an 
extensive clinical development program that included 
this first-in-human study of milvexian in healthy partici-
pants. Currently, phase II studies of milvexian are under-
way for the secondary prevention of major cardiovascular 
events in patients with acute ischemic stroke and for the 

WHAT QUESTION DID THIS STUDY ADDRESS?
This study evaluated the safety/tolerability, pharmacokinetics (PKs), and 
pharmacodynamics (PDs) of the selective, direct, small molecule FXIa 
inhibitor milvexian.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
Single and multiple ascending doses of milvexian up to 500 mg were generally 
safe and well-tolerated, with no clinically significant bleeding events. Milvexian 
plasma concentration was dose proportional at doses up to 200 mg q.d. The mil-
vexian half-life is suitable for q.d. or b.i.d. dosing. Milvexian exhibited low renal 
excretion and low overall variability in PK and PD parameters.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
These results can inform the future clinical development of milvexian.
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prevention of total venous thromboembolism events in 
patients undergoing total knee replacement surgery.31,32

Investigations of the safety, tolerability, pharmaco-
kinetic (PK), and pharmacodynamic (PD) properties of 
milvexian are essential components to support further 
clinical development efforts. The primary objective of 
the current study was to assess the safety and tolerability 
of single ascending doses (SADs) and multiple ascend-
ing doses (MADs) of milvexian in healthy participants. 
Secondary objectives included assessment of PK and dose 
proportionality of escalating doses of milvexian, and as-
sessment of PD effects, including activated partial throm-
boplastin time (aPTT) and FXI clotting activity.

METHODS

This study was conducted in accordance with the ethical 
principles that have their origin in the Declaration of 
Helsinki and the International Council for Harmonization 
of Technical Requirements for Pharmaceuticals for Human 
Use Note for Guidance on Good Clinical Practice (CPMP/
ICH/135/95) and with the ethical principles underlying 
European Union Directive 2001/20/EC and the US Code of 
Federal Regulations, Title 21, Part 50 (21CFR50). The study 
was registered with ClinicalTrials.gov (NCT02608970). The 
study protocol and all amendments were reviewed and ap-
proved by an independent ethics committee and/or institu-
tional review board according to specifications outlined in 
applicable regulations. Prior to beginning the study, all par-
ticipants provided written informed consent. The study was 
conducted at one clinical center (SGS Life Sciences, Antwerp, 
Belgium) from November 25, 2015, to July 23, 2017.

Study design

This was a two-part, randomized, double-blind, placebo-
controlled, sequential, SAD and MAD study of milvexian 
in healthy volunteers (Figure 1). Both parts of the study 
included a screening period of up to 21 days.

SAD

The SAD analyses included six sequential ascending dose 
panels that evaluated milvexian doses of 4, 20, 60, 200, 300, 
and 500 mg (panels 1, 2, 3, 4, 5, and 6, respectively). Each 
panel included eight participants who were randomized 
according to a computer-generated randomization scheme 
prepared by a randomization coordinator in a 3:1 ratio to 
receive milvexian or matched placebo. Participants were 

dosed by investigators on day 1 after fasting for ~ 10 h and 
remained fasted on day 1 for 4 h postdose.

Dose escalation occurred only after a review of PK 
analyses from the prior dose panels and a review of the 
safety and tolerability data up to 48 h postdose for at least 
six participants from the preceding dose panel were per-
formed and the preceding dose was deemed safe by the 
investigator and the sponsor’s medical monitor. Dose es-
calation to panels 5 and 6 occurred after the PK data from 
at least the first two panels had been assessed and deemed 
sufficient to model exposure for panels 5 and 6.

Participants in panels 4 and 6 participated in a food 
effect arm. Following SAD dosing on day 1 and at least 2 
(panel 4) or 3 (panel 6) days of washout (period 1), partici-
pants entered period 2. In period 2, participants completed 
a standard high-fat breakfast and then received the same 
dose of milvexian or matching placebo that they received 
in period 1 (30 min after the start of the high-fat breakfast 
in panel 6).

MAD

The MAD analyses included five sequential ascending 
dose panels that evaluated milvexian doses of 5, 20, 70, 
200, and 500 mg (panels 7, 8, 9, 10, and 11, respectively) 
given q.d. The MAD analyses included two additional se-
quential ascending dose panels that evaluated milvexian 
doses of 35 and 200 mg given b.i.d. (panels 12 and 13, re-
spectively). Each panel included eight participants who 
were randomized in a 3:1 ratio to receive milvexian or pla-
cebo for 14 days. Participants began daily dosing on day 1 
and fasted overnight for ~ 10 h every night prior to dosing, 
except in panel 11. In panel 11, breakfast was provided 
30  min prior to dosing; participants received a high-fat 
breakfast on days 1, 2, 3, 13, and 14 and a standard break-
fast on other dosing days. In the b.i.d. dosing panels, the 
second dose of study drug was administered ~ 12 h after 
the morning dose.

Dosing in MAD panels occurred after the safety and 
tolerability data from at least the first three SAD panels 
were assessed and deemed safe. Additionally, MAD pan-
els did not start until after safety data from SAD panels 
were available for a dose at least three-fold greater than 
the starting dose in the MAD panels and until PK data 
were available from at least the first two SAD panels 
to model exposures in MAD panels. Dose escalation in 
MAD panels occurred only after safety and tolerability 
data through day 17 (day 16 for panel 7) of the preceding 
dose panel were assessed for at least six participants and 
deemed safe by the study investigator and the sponsor’s 
medical monitor.
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Participants

Eligible participants included men and women of non-
childbearing potential, 18 to 55  years old with a body 
mass index (BMI) of 18 to 30 kg/m2, who were healthy 
as determined by medical history, physical examina-
tion, electrocardiogram (ECG), and clinical laboratory 
evaluations. Participants were excluded if they had sig-
nificant acute or chronic medical illness; evidence of 
coagulopathy, prolonged or unexplained clinically sig-
nificant bleeding, or frequent unexplained bruising or 
thrombus formation; current or recent gastrointestinal 

disease that could increase the risk of gastrointestinal 
bleeding or interfere with absorption of study drug 
(e.g., peptic or gastric ulcer disease, severe gastritis, or 
history of gastrointestinal surgery); any major surgery 
within 12 weeks of study drug administration; history of 
significant head injury within the last 2 years; history of 
keloids or other excessive scar formation; donation 
of blood within 4 weeks (or 2 weeks for plasma only) of 
study drug administration; blood transfusion within 
3 months of study drug administration; smoking more 
than 10 cigarettes per day; or recent (within 6 months) 
drug or alcohol abuse.

F I G U R E  1   Study design. SAD, single ascending dose; S, screening; R, randomization; W, washout; D, discharge; MAD, multiple 
ascending dose

QD
(a) (b)

b.i.d.

b.i.d.

q.d.

q.d.

q.d.

q.d.

q.d.
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Participants were prohibited from taking nonsteroidal 
anti-inflammatory drugs, aspirin or other antiplatelet 
agents, anticoagulants, fish oil capsules, and ginkgo within 
2 weeks of study drug administration. Use of prescription 
or over-the-counter acid controllers was prohibited within 
4  weeks of study drug administration. Use of all other 
drugs, including strong CYP3A4 inhibitors or activators, 
over-the-counter medications, vitamins, iron supple-
ments, nutritional supplements, and herbal preparations 
was prohibited within 2 weeks of study drug administra-
tion. Use of oral, injectable, or implantable hormonal con-
traceptive agents was prohibited within 3 months of study 
drug administration.

Study assessments

Safety

Safety and tolerability were evaluated based on a medical 
review of adverse event (AE) reports and the results of clinical 
laboratory tests, vital sign measurements, ECGs, and physical 
examinations up to 48 h postdose. Events of special interest 
included clinically and nonclinically significant bleeding. 
AEs were coded according to the Medical Dictionary for 
Regulatory Activities (MedDRA), version 20.0.

Pharmacokinetic and pharmacodynamic 
assessments

Plasma samples collected in all panels were analyzed for 
milvexian using a validated liquid chromatography/mass 
spectrometry (LC/MS) assay at LabConnect (Johnson 
City, TN, USA). Urine samples were collected in SAD 
panels 4 to 6 and in MAD panels 9, 10, and 12 to measure 
renal excretion of milvexian and were analyzed using a 
qualified LC/MS assay at LabConnect. PD parameters 
aPTT, prothrombin time, and FXI clotting activity were 
measured with validated assays at LabCorp Colorado 
Coagulation (Englewood, CO, USA). Sample collection 
details are provided in Tables S1–S3.

The PK properties of milvexian were derived from 
plasma concentration versus time and urinary excretion 
data. Assessed parameters included maximum observed 
plasma concentration (Cmax), area under the plasma 
concentration-time curve from time zero to the time of 
last quantifiable concentration (AUC[0-T]; SAD only), AUC 
from time 0 extrapolated to infinity (AUC[INF]; SAD only), 
AUC in one dosing interval (AUC[TAU]; MAD only), ter-
minal plasma half-life (T1/2), time of maximum observed 
plasma concentration (Tmax), and amounts of milvexian 

excreted in urine. Milvexian accumulation indices (ratios 
of AUC[TAU] and Cmax at steady-state to after the first dose, 
respectively) were measured in MAD panels.

Statistical analyses

Safety was assessed for all treated participants who 
received at least one dose of study drug. The PK population 
was defined as all participants who received milvexian and 
had any available concentration-time data. The evaluable 
PK population was defined as all participants who had 
adequate PK profiles. The PD population was defined as 
all participants who received any study medication and 
had PD biomarker data available.

Study sample size determination was not based on 
statistical power considerations. However, administra-
tion of milvexian to six participants in each panel was ex-
pected to provide ~ 80% probability of observing at least 
one occurrence of any AE that would occur with ~ 24% 
incidence in the population from which the sample was 
drawn.

Safety outcomes, including AEs, serious AEs (SAEs), 
deaths, AEs leading to discontinuation of study therapy, 
and AEs of clinically significant bleeding were summa-
rized descriptively for all treated participants. AEs starting 
within 48 h postdose were considered treatment-emergent 
AEs (TEAEs). Values for ECG parameters, vital signs, and 
clinical laboratory tests that were outside prespecified 
criteria were listed and summarized.

All plasma and urine milvexian PK data were summa-
rized by part, panel, and period (where applicable), and 
visit day/time using descriptive statistics. Dose propor-
tionality of a single dose of milvexian was assessed by esti-
mating the slope of the linear regression of Log(AUC[INF]), 
Log(AUC[0-T]), and Log(Cmax) on Log(Dose) for data from 
SAD panels 1 to 6 under fasted conditions using a power 
model.33 Similarly, dose proportionality of multiple doses 
of milvexian was assessed by estimating the slope of the 
linear regression of Log(AUC[TAU]) and Log(Cmax) on 
Log(Dose) using data from the last dose (day  14) from 
MAD panels.

To assess the effect of food on the single-dose PK of mil-
vexian in panels 4 and 6, linear mixed model analyses were 
performed on Log(Cmax), Log(AUC[0-T]), and Log(AUC[INF]) 
of milvexian, with treatment (fed or fasted) as a fixed effect 
and measurements within subject as repeated measures.

All statistical calculations were performed by SGS LS 
using the SAS (SAS Institute Inc., Cary, NC, USA; ver-
sion 9.2 or higher) and/or Phoenix WinNonlin (Pharsight 
Corporation, Palo Alto, CA, USA; version 6.2 or higher) 
software.



      |  335FIRST-­IN-­HUMAN STUDY OF MILVEXIAN

RESULTS

Participants

A total of 104 participants were randomized and treated. 
Forty-eight of these participants were treated in SAD 
panels (8 participants in each of 6 panels), and 56 par-
ticipants were treated in MAD panels (8 participants in 
each of 7 panels). All 48 participants completed the SAD 
panels, and 47 of 56 participants completed the MAD 
panels; one participant in panel 7 discontinued treat-
ment because of an AE (macular rash) after receiving 
one dose of milvexian 5 mg and all eight participants in 
panel 12 (who were to receive milvexian 35 mg b.i.d. or 
matched placebo) discontinued the study because of cer-
tification issues at the site of study drug manufacture. 
This resulted in incomplete PD data for participants 
in panel 12. Therefore, PD data from panel 12 is not 
included in these figures. Baseline demographic charac-
teristics of all randomized and treated participants are 
summarized in Table 1.

Safety and tolerability

Administration of SADs of milvexian up to 500  mg and 
of MADs of milvexian up to 200 mg b.i.d. or 500 mg q.d. 
were generally safe and well-tolerated. No deaths or other 
SAEs occurred during the study. All TEAEs were mild in 
severity.

Among fasted participants in SAD panels, one partic-
ipant (8.3%) who received placebo and three participants 
(8.3%) who received milvexian reported TEAEs. These 
TEAEs included back pain (n  =  1, placebo), headache 
(n = 2, milvexian 300 mg), and epistaxis (n = 1, milvex-
ian 60 mg). In SAD panels 4 and 6, comparing fed versus 
fasting conditions, one participant (16.7%) in the mil-
vexian 500-mg group reported a TEAE of nausea after 
a high-fat breakfast, and one participant in the placebo 
group (25.0%) reported a TEAE of back pain after fasting 
for 10 h. In MAD panels, TEAEs were reported for eight 
participants (57.1%) who received placebo and 21 partici-
pants (50.0%) who received milvexian (Table 2). The most 
frequently reported TEAEs in the MAD panels were head-
ache (placebo, 7.1% and milvexian, 14.3%) and diarrhea 
(placebo, 21.4% and milvexian, 11.9%).

Bleeding events reported in the study included 
epistaxis, gingival bleeding, and petechia. Epistaxis was 
reported in one participant in the milvexian 60-mg SAD 
group and one participant in the milvexian 5-mg q.d. 
MAD group. Gingival bleeding was reported in one par-
ticipant in the milvexian 5-mg q.d. MAD group. Petechia 

was reported in one participant in the milvexian 70-mg 
q.d. MAD group. All bleeding events were mild in sever-
ity, not serious, and did not lead to discontinuation of 
treatment, and the gingival bleeding and petechial events 
were considered to be treatment-related. A decrease in 
platelet count from 191 × 109/L at baseline (predose day 
1) to 81 × 109/L predose on day 2 was reported in one par-
ticipant in the milvexian 35-mg b.i.d. group. This event 
was considered to be treatment-related, mild in severity, 
not serious, and did not lead to discontinuation of treat-
ment (at the next sampling time 2 days later, the partic-
ipant’s platelet count was within normal limits at 184 × 
109/L).

Regarding the incidence of laboratory and vital sign 
abnormalities, no relevant differences were observed be-
tween the placebo and milvexian groups, and no clear mil-
vexian dose effect was observed. There were no clinically 
significant ECG abnormalities.

Pharmacokinetics

SAD

Mean milvexian plasma concentration-time profiles in 
fasted and fasted/fed panels are shown in Figure 2a, and 
mean PK parameters are summarized in Table  3. After 
single oral doses of milvexian ranging from 4 to 500 mg in 
a fasted state, median Tmax occurred at 3 h postdose in all 
panels, indicating a similar rate of absorption. T1/2 ranged 
from 8.3 to 13.8  h across all SAD panels. Under fasted 
conditions, Cmax and exposure appeared generally dose-
proportional at exposures ranging from 20 to 200  mg, 
whereas exposures consistent with saturable absorption 
behavior were observed at the higher doses of 300 and 
500 mg.

Under fed conditions, milvexian median Tmax was 4 h 
at doses of 200 and 500 mg (panels 4 and 6). Elimination 
rate was increased when milvexian was administered with 
food (mean T1/2 shortened by 1.5 h). Food intake increased 
the bioavailability of milvexian by ~ 1.4-fold in the 200-mg 
panel and by ~ 2-fold in the 500-mg panel.

Urinalysis results from samples collected in SAD 
panels 4 (milvexian 200  mg fasted/fed), 5 (milvexian 
300  mg fasted), and 6 (milvexian 500  mg fasted/fed) 
showed that the mean total amount of milvexian ex-
creted from 0 to 24 h postdose ranged from 6.9% to 17.8% 
of the administered dose. Urinary excretion was lower 
in the fasted state (6.9%–12.3% of the administered dose) 
than in the fed state (16.3%–17.8% of the administered 
dose), likely due to the higher observed bioavailability 
in the fed state.
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MAD

Mean milvexian plasma concentration-time profiles on 
day 14 of the MAD analysis are shown in Figure 2b, and 
mean PK parameters are summarized in Table 4. Based 
on visual inspection of trough plasma concentration 
profiles, a steady-state concentration of milvexian was 
reached after 1 dosing day (i.e., on day 2) for the 5-mg q.d. 
panel, after 3 dosing days (i.e., on day 4) in the 20-, 70-, 
200-, and 500-mg q.d. dosing panels, and after 6 dosing 
days (i.e., on day 7) for the 200-mg b.i.d. panel (data not 
shown). Mean T1/2 ranged from 11.4 to 18.1 h and was not 
correlated with dose level or dosing regimen. On day 14, 
increases in exposure were greater than dose-proportional 
over the dose range studied (5–500 mg). Specifically, Cmax 
increased by 513-fold, and AUC(TAU) increased 651-fold as 
doses increased 100-fold. As with the SAD panels, between 
doses of 20 and 200  mg in the fasted state, a generally 
dose-proportional relationship was observed.

No accumulation of milvexian was observed for the 
three lowest q.d. dosing panels (5, 20, and 70 mg; Cmax and 
AUC[TAU] accumulation ratios of 0.93–1.17). Accumulation 
ratios were higher at doses of 200 and 500 mg q.d. (1.27–
1.75 for both Cmax and AUC[TAU]) and 200 mg b.i.d. (3.99 
for AUC[TAU] and 2.68 for Cmax; Table 4).

Urinalysis results from samples collected in panel 9 
(milvexian 70  mg q.d.) and panel 10 (milvexian 200  mg 
q.d.) showed that the mean total amounts of milvexian ex-
creted from 0 to 24 h postdose appeared higher on day 14 
than on day 1 (17.3% vs. 14.8% of the administered dose 
for the 70-mg q.d. panel, and 14.1% vs. 10.4% of the admin-
istered dose for the 200-mg q.d. panel, respectively).

Pharmacodynamics

Mean baseline aPTT values ranged from 31.8 to 36.3 s. After 
SADs and MADs of milvexian, there was a clear trend that 
aPTT was prolonged, and the magnitude of change was 
related to drug exposure (Figure S1a; see Figure 2 for drug 
exposure). Generally, timing for the maximum prolon-
gation of aPTT for each participant coincided with Tmax, 
with 11.9%, 36.7%, 85.2%, 147.1%, 140.8%, and 188.3% 
maximal mean percent increase from baseline in aPTT for 
fasted SAD panels 4 mg, 20 mg, 60 mg, 200 mg, 300 mg, 
and 500 mg, respectively. The aPTT profiles over time dur-
ing MAD panels are shown in Figure 3. Prothrombin time 
was not increased at any time (data not shown).

Mean baseline FXI clotting activity ranged from 101.8% 
to 117.7%. Milvexian reduced FXI clotting activity, and the 
magnitude of the reduction was related to drug exposure 
(Figure S1b). The maximal observed effect occurred at 3 
to 4 h postdose, which was generally consistent with Tmax, T
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with –5.8%, –14.5%, –29.7%, –65.0%, –63.2%, and –77.4% 
maximal mean percent decrease from baseline in clotting 
activity for fasted SAD panels 4 mg, 20 mg, 60 mg, 200 mg, 
300 mg, and 500 mg, respectively. FXI clotting activity pro-
files over time during MAD panels is shown in Figure S2.

DISCUSSION

The current study evaluated the safety, tolerability, PK, 
and PD of milvexian, one of the first oral FXIa inhibitors to 
be investigated in clinical trials. This novel small molecule 
was designed using innovative chemistry to achieve high 

affinity and selectivity for FXIa versus related proteases 
and to optimize its pharmaceutical properties.28 The oral 
route of administration and once-  or twice-daily dosing 
may be preferable and more convenient for patients com-
pared with injectable agents. The therapeutic potential of 
targeted FXIa inhibition to prevent arterial and venous 
thrombosis coupled with an anticipated improved bleed-
ing risk profile compared with current standards of care 
support investigation of milvexian in several indications.

Results of this first-in-human study demonstrated that 
milvexian was safe and well-tolerated in healthy volun-
teers following administration of SADs of 4 to 500 mg and 
MADs of up to 200 mg b.i.d. and 500 mg q.d. All observed 

F I G U R E  2   Mean (±SD) milvexian plasma concentration profiles over time in the (a) SAD and (b) MAD panels. SD, standard deviation; 
SAD, single ascending dose; MAD, multiple ascending dose. Mean profiles are presented on a log-linear scale

(a)

(b)
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TEAEs were mild in intensity, and there were no clinically 
significant bleeding events. There were no relevant differ-
ences between the placebo and milvexian groups in the 
overall incidence of TEAEs, and the milvexian safety pro-
file was similar in fasted and fed participants.

The PK profile of milvexian showed rapid absorption 
(Tmax of 2–4 h), and an observed terminal elimination half-
life ranging from 8.3 to 13.8 h across SAD panels and from 
11.4 to 18.1 h across MAD panels, supporting b.i.d. or q.d. 
dosing. Following administration of single oral doses of 
4 to 500 mg, the rate of milvexian absorption was similar 
across all doses studied. Food intake modestly slowed the 
rate of absorption, increased the rate of elimination, and 
increased the bioavailability of milvexian. Based on pre-
clinical studies, which have been conducted but are yet to 
be published, the primary excretion pathways are based 
on hepatic metabolism via cytochrome P450 enzymes. In 
general, exposure parameters demonstrated moderate to 
low variability.

In the MAD panels, increases in exposure (Cmax and 
AUC) were greater than dose proportional. This observa-
tion was likely due to a combination of formulation (i.e., 
spray dried dispersion) and food effects at doses greater 
than or equal to 200 mg. No accumulation of milvexian 
was observed with doses from 5 to 70 mg q.d., but accu-
mulation was observed at higher doses (200 and 500 mg 
q.d. and 200 mg b.i.d.). Given the increasing bioavailabil-
ity at doses of 200 and 500 mg, food would likely need to 
be administered to attain higher concentration targets in a 
predictable manner using a q.d. regimen. However, based 
on the observation that there was a greater than dose pro-
portional increase at the 200 mg b.i.d. dose, this may rep-
resent a residual food effect due to enterohepatic recycling 
that consistently increases the bioavailability of the drug 
on multiple dosing. Therefore, in the case of b.i.d. dosing, 
co-administration of milvexian with food may not further 
increase exposures at doses above 200 mg.

After SADs and MADs, there was a clear trend that 
aPTT was prolonged by milvexian administration. 
In MAD panels, the maximal PD effect was observed 
between 2 and 4 h postdose. Over time, the magnitude of 
aPTT prolongation decreased with decreasing milvexian 
plasma concentration. Consistent with the aPTT results, 
FXI clotting activity showed an exposure-dependent 
decrease in activity, with the maximal effect observed 
between 3 and 4 h postdose. When the milvexian plasma 
concentration levels decreased, the magnitude of decrease 
in FXI clotting activity was also reduced. Based on 
internal preclinical models (unpublished), which derived 
target trough concentrations in addition to assessment of 
the aPTT and FXI clotting activity ratio, a minimum dose 
associated with milvexian activity could possibly be in the 
range of 10 mg and above. Overall, these observations are T
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consistent with milvexian being a direct and reversible 
FXIa inhibitor.

The current study was limited by the small sample sizes 
in each panel. Furthermore, the PK parameters are pri-
marily derived from male participants and thus may not 
fully describe variability resulting from sex differences. 
However, the two-part sequential SAD and MAD design 
allowed for the stepwise evaluation of a broad range of mil-
vexian doses. The safety, PK, and PD results of this study 
were used to inform dosing decisions for further phase I 
investigation in addition to subsequent dosing decisions in 
phase II clinical trials that are currently ongoing.

In conclusion, the results of this first-in-human study 
showed that milvexian was generally safe and well-
tolerated in healthy volunteers. The PK and PD profiles 
of milvexian, including dose-proportional plasma concen-
tration from 20 to 200 mg, a half-life suitable for q.d. or 
b.i.d. dosing, low renal excretion, and low variability in PK 
and PD parameters, demonstrate that it is suitable for fur-
ther clinical development.
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