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Aim: To evaluate BAY 2433334, an oral activated factor XI (FXIa) inhibitor, in

volunteers.

Methods: Phase 1 study of healthy men at a German centre. Part A: randomized,

single-blind, multiple dose-escalation study of BAY 2433334 (25/50/100 mg once

daily [OD]) vs. placebo. Part B: similar design to Part A; evaluated BAY 2433334

25 mg twice daily. Part C: nonrandomized, open-label study; evaluated potential

interactions between BAY 2433334 (25/75 mg OD) and midazolam (7.5 mg), a

CYP3A4 index substrate. Primary variables: treatment-emergent adverse events

(TEAEs; Parts A and B); area under the plasma concentration–time curve (AUC) and

maximum plasma concentration of midazolam and α-hydroxymidazolam (Part C).

Study period: 18 days plus follow-up visit.

Results: Parts A and B: 36 participants randomized to BAY 2433334; 12 to placebo.

Part C: 48 participants assigned to BAY 2433334 plus midazolam. BAY 2433334 was

well tolerated in all study parts. AUC and maximum plasma concentration of BAY

2433334 in plasma appeared dose proportional over 25–100 mg OD, with low-to-

moderate variability in pharmacokinetic parameters. Multiple dosing caused minor-

to-moderate accumulation and a mean terminal half-life (15.8–17.8 h) supporting

once-daily dosing. Dose-dependent FXIa activity inhibition and activated partial

thromboplastin time prolongation were observed. BAY 2433334 appeared to have a

minor effect on AUC for midazolam (ratio [90% confidence interval]: 1.1736

[1.0963–1.2564]) and α-hydroxymidazolam (0.9864 [0.9169–1.0612]) only for BAY

2433334 75 mg OD on day 10.

Conclusion: Multiple dosing of BAY 2433334 in healthy volunteers was well toler-

ated, with a predictable pharmacokinetic/pharmacodynamic profile and no clinically

relevant CYP3A4 induction or inhibition.
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1 | INTRODUCTION

Thromboembolic diseases are a major cause of mortality and morbid-

ity worldwide. Venous thromboembolism (VTE) is the third most com-

mon cardiovascular condition worldwide, with an annual incidence of

10–20 cases per 10 000 individuals.1,2

Although anticoagulation forms a mainstay of antithrombotic

therapy, the usefulness of current therapies is limited by an

increased risk of bleeding, which is lessened but not eliminated

with direct oral anticoagulants compared with vitamin K antago-

nists.3 Hence, a need remains for new therapies, particularly for

patients at high risk of thromboembolic events, bleeding events

or both.

Inhibition of activated factor XI (FXIa) represents an alternative

therapeutic antithrombotic target. In the intrinsic pathway of the

coagulation cascade, FXIa is produced through activation of factor

XI (FXI) by activated factor XII (FXIIa), and in turn initiates a series

of enzymatic reactions leading to thrombin generation and conse-

quently clot formation.4–6 It also forms part of a feedback loop

that maintains the generation of thrombin to consolidate

coagulation.5

Evidence that lowering FXIa reduces thrombus formation, with-

out markedly increasing bleeding risk, comes from many sources. Indi-

viduals with lower FXI levels have a lower risk of venous thrombosis

and ischaemic stroke,7 but because the extrinsic pathway remains

intact, the normal haemostatic response to injury remains relatively

unaffected6–8; indeed, congenital FXI deficiency in humans produces

only a mild-to-moderate bleeding disorder.5 Additionally, in animal

models, deficiencies in intrinsic coagulation pathway zymogens reduce

experimentally-induced thrombogenesis, without affecting

haemostasis.4,9,10

Phase 2 proof-of-concept studies in patients undergoing

total knee arthroplasty demonstrated that subcutaneous administra-

tion of a FXI antisense oligonucleotide,11 or intravenous administra-

tion of an antibody that inhibits FXIa,12 reduced the risk of

VTE with a numerically lower rate of bleeding events than

enoxaparin. However, antisense oligonucleotides require a pro-

longed treatment period to sufficiently decrease FXI levels, while

intravenous administration of antibodies is invasive in routine clini-

cal practice.

BAY 2433334 is a novel, oral, direct, small molecule inhibitor of

FXIa. In in vitro and ex vivo studies,13 it produced concentration-

dependent prolongation of the activated partial thromboplastin time

(aPTT) in whole blood or plasma and dose-dependent reductions in

thrombus weight in animal models. This study investigated the safety,

pharmacokinetics and pharmacodynamics of BAY 2433334 after mul-

tiple dosing in healthy volunteers.

2 | METHODS

All drug/molecular target nomenclature conforms to the IUPHAR/BPS

Guide to PHARMACOLOGY nomenclature classification.14

2.1 | Study design

This randomized, phase 1 study in healthy men (registration not

required) was approved by the independent ethics committee of

the North-Rhine Medical Council (Ethikkommission bei der Aer-

ztekammer Nordrhein) and the competent authority BfArM

(Bundesinstitut für Arzneimittel und Medizinprodukte). It was con-

ducted in accordance with the principles of the Declaration of

Helsinki, the International Council for Harmonisation guideline

on Good Clinical Practice, and German Drug Law

(Arzneimittelgesetz).

The study consisted of 3 parts (Figure 1). Part A was a

randomized, single-blind, placebo-controlled, multiple dose-

escalation study evaluating the safety, pharmacokinetics and phar-

macodynamics of once-daily dosing with BAY 2433334. Part B had

a similar design to Part A, but evaluated twice-daily dosing of

1 dose strength. Part C was a nonrandomized, open-label

study evaluating potential influence of BAY 2433334 to inhibit

or induce CYP3A4 using the recommended index drug

midazolam.15,16

The primary aims of Parts A and B were to investigate the safety

and tolerability of multiple doses of BAY 2433334, and the secondary

objectives were to investigate the pharmacokinetics and pharmacody-

namics following multiple dosing. In Part C, the primary objective was

to investigate the effect of single and multiple once-daily doses of

BAY 2433334 on the pharmacokinetics of single oral doses of

What is already known about this subject

• Thromboembolic diseases are a major cause of mortality

and morbidity worldwide.

• Inhibiting activated factor XI (FXIa) has the potential to

reduce thrombus formation without substantially increas-

ing the risk of bleeding; this merits further study.

• BAY 2433334 is a novel, oral, small-molecule inhibitor of

FXIa.

What this study adds

• In this phase 1 multiple-dose study of healthy volunteers,

BAY 2433334 had a predictable pharmacokinetic and

pharmacodynamic profile and was well tolerated.

• There were no clinically relevant bleeding-related adverse

events.

• There was no indication of any clinically relevant inhibi-

tion and/or induction of CYP3A4 by BAY 2433334.
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midazolam. The potential of BAY 2433334 to inhibit and/or induce

CYP3A4 over time was investigated by comparing the area under the

plasma concentration–time curve (AUC) and maximum plasma con-

centration (Cmax) of midazolam and α-hydroxymidazolam before and

after coadministration of midazolam with a single dose of BAY

2433334, and after multiple doses of BAY 2433334.17

The study was conducted in 1 clinical trial unit in Germany

between November 2018 and August 2019. Participants remained on

a ward throughout the study period.

2.2 | Participants

Healthy adult white men aged 18–45 with a body mass index

≥18.0 and ≤29.9 kg m�2 were enrolled into 3 nonoverlapping cohorts,

1 for each part of the study. The full inclusion and exclusion criteria

are listed in the Supporting Information.

Written informed consent was obtained from all participants prior

to enrolment.

2.3 | Study treatment

BAY 2433334 treatment regimens per study part are shown in

Figure 1. Ambulatory follow-up visits occurred on days 20–23 (Parts

A and B) or days 18–21 (Part C).

In Parts A and B, participants were randomized to receive BAY

2433334 25, 50 or 100 mg once daily, 25 mg twice daily, or placebo.

A single dose of BAY 2433334 or placebo was administered on day

1 with a washout period on days 2–3, followed by once-daily or

twice-daily treatment with BAY 2433334 or placebo on days 4–11.

On day 12, BAY 2433334 was administered once daily. Dose escala-

tion only occurred after the previous dose had been assessed to have

acceptable safety and tolerability. All randomizations in Parts A and B

were performed using a computer-generated randomization list.

In Part C, participants received BAY 2433334 25 or 75 mg once

daily on days 1–10. In addition, single doses of midazolam 7.5 mg

(Dormicum, Roche Pharma AG, Germany) were administered on the

day before the first dose of BAY 2433334 and on days 1 and 10 of

treatment with BAY 2433334.

F IGURE 1 Overview of study design. BID, twice daily; OD, once daily; PD, pharmacodynamic; PK, pharmacokinetic

KUBITZA ET AL. 3449



All doses of BAY 2433334 were given with approximately

240 mL noncarbonated water in the morning and in the evening for

participants in Part B. On the days when pharmacokinetic and phar-

macodynamic profiling was scheduled, BAY 2433334 was adminis-

tered following an overnight fast of at least 10 h; on other days, meals

were served at predefined times.

2.4 | Safety analysis

Safety and tolerability were assessed by recording adverse events.

Adverse events were considered treatment-emergent if they started

or worsened after first administration of any study medication, up to

7 days after the end of treatment with BAY 2433334.

Other safety assessments included physical examination, vital

signs, 12-lead electrocardiogram (ECG) and clinical laboratory

evaluation.

2.5 | Pharmacokinetic analyses

2.5.1 | BAY 2433334 pharmacokinetics

Blood and urine samples were obtained as outlined in Figure S1 and

stored at or below �15�C. BAY 2433334 concentrations in urine were

assessed only in the 50- and 100-mg dose steps in Parts A and B. Blood

samples were analysed within 50 days and urine samples within

120 days after sampling. Concentrations of BAY 2433334 in plasma

and urine were measured by high-pressure liquid chromatography–

tandem mass spectrometry, as described in the Supporting Information.

Pharmacokinetic parameters (Table S1) were calculated by

noncompartmental analysis using WinNonlin (version 5.3; Pharsight

Corporation, USA) in conjunction with Automation Extension (version

2.90; Bayer AG, Germany). Steady-state conditions were assessed by

comparing the trough concentrations drawn on 9 consecutive days of

dosing.

2.5.2 | Midazolam pharmacokinetics

In Part C, blood samples were obtained and analysed as outlined in

Figure S1 and the Supporting Information. Cmax, AUC and AUC to

time of last measurement above the lower limit of quantification, AUC

(0–tlast), were among the pharmacokinetic parameters calculated for

midazolam and α-hydroxymidazolam. The molecular weight (MW)-

corrected metabolic AUC ratio (MRAUC) for α-hydroxymidazolam to

midazolam on days �1, 1 and 10 were calculated using the formula:

MRAUC α�hydroxymidazolamð Þ¼AUCα�hydroxymidazolam

AUCmidazolam

� MWmidazolam

MWα�hydroxymidazolam

2.6 | Pharmacodynamic analysis

Blood samples for pharmacodynamic evaluation were obtained as out-

lined in Figure S1.

Pharmacodynamic markers were measured using validated tech-

niques according to the manufacturers' instructions. aPTT was

assayed using a kaolin trigger reagent (STA C.K. Prest, Diagnostica

Stago, France) on a STA coagulation analyser. A prothrombin time

(PT) assay was performed using STA-Neoplastine Cl Plus reagent

(Diagnostica Stago, France) on a STA coagulation analyser, with

results expressed as absolute and International Normalized Ratio

(INR) values. FXIa activity was assessed using a proprietary (Bayer)

fluorogenic substrate assay (FXIa activity assay). FXII activity was

measured using an aPTT-based coagulation test in FXII-deficient

plasma, using reagents and hardware from Instrumentation Labora-

tories (USA). FXI and FXII concentrations were measured by micro-

titre plate-based enzyme-linked immunosorbent assay, with

polyclonal antibodies from Affinity Biologicals, Inc. (USA). Activity of

C1 esterase inhibitor (one of the endogenous inhibitors of FXIa)

was assessed using a chromogenic substrate assay (Berichrom C1

inhibitor kit) on a Sysmex CS-5100 instrument according to the

manufacturer's instructions (Siemens Healthcare GmbH, Germany).

Von Willebrand factor (vWF) antigen level and vWF ristocetin

cofactor activity were analysed using turbidimetric assays

(Diagnostica Stago, France).

aPTT data were presented as ratio to the individual baseline for

each volunteer, which showed the prolongation of aPTT. FXIa activity

was also presented as ratio to the individual baseline for each

volunteer.

2.7 | Data and statistical analysis

All statistical analyses were performed using SAS version 9.2 software

(SAS Institute Inc., Cary, NC, USA).

Pharmacokinetic data were analysed for the Pharmacokinetic

analysis set, which included all participants on active treatment

with a valid on-treatment pharmacokinetic profile (Parts A and B)

or valid midazolam pharmacokinetic profile on day �1, and on day

1 and/or day 10, without findings that would have affected BAY

2433334 dosing (Part C). Pharmacodynamic data were analysed for

the Pharmacodynamic analysis set, which included all participants

who received all scheduled doses of study medication, and had

evaluable pharmacodynamic data after the last scheduled dose. For

Parts A and B, all participants who had a valid on-treatment phar-

macodynamic profile were included in the Pharmacokinetic analysis

set. Safety data were analysed in the Safety analysis set, which

included all participants who received at least 1 dose of study

medication.

Demographic and quantitative data were summarized using

descriptive statistics.

3450 KUBITZA ET AL.



2.7.1 | Pharmacokinetic data

In Part A, dose proportionality for the pharmacokinetic parameters of

BAY 2433334 (day 1: Cmax divided by dose [Cmax/D] and AUC divided

by dose [AUC/D]; day 12: Cmax/D and AUC within the dosing interval

τ [AUCτ] divided by dose [AUCτ/D]) was assessed by analysis of vari-

ance (ANOVA) on log-transformed data, with treatment as a factor. In

Part C, pharmacokinetic parameters of midazolam were analysed by

ANOVA of log-transformed data, with participant and treatment

effects. For these variables, 90% confidence intervals (CIs) for the

ratios of [BAY 2433334 + midazolam at day 1]/[midazolam alone at

day �1] and [BAY 2433334 + midazolam at day 10]/[midazolam

alone at day �1] were evaluated. A lack of interaction was confirmed

if the 90% CI was within the equivalence range of 80–125% for the

ratio of [BAY 2433334 + midazolam at day 10]/[midazolam alone at

day �1] (with regard to potential induction) or for the ratio of [BAY

2433334 + midazolam at day 1]/[midazolam alone at day �1] (with

regard to potential inhibition).

2.7.2 | Pharmacodynamic data

In Part A, dose steps were compared sequentially with placebo

starting with the highest dose, using a Wilcoxon rank-sum test with a

1-sided level of significance (α = 0.05). The Hodges–Lehmann estima-

tor of location shift (Δ) was presented, together with the associated

2-sided 90% CI, in addition to the P-value of the Wilcoxon test.

2.7.3 | Sample size determination

No formal sample size estimation was performed for Parts A and B,

because the primary objective of these parts was to evaluate safety.

With a sample size of at least 6 participants in each active treatment

group, a doubling of the principal pharmacokinetic parameters after

the highest dose could be detected with α = 0.05 and a power of

80%, assuming that the expected interindividual coefficient of varia-

tion (CV) was ≤41%, and the expected dose-normalized pharmacoki-

netic parameters with the other 2 doses were identical (SAS software,

version 9.4, Proc GLMPOWER, SAS Institute Inc.).

In Part C, a sample size of 19 participants per treatment was esti-

mated to be sufficient to achieve the study objectives. Based on the

anticipated variation in AUC, this sample size would give 80% power

to confirm that the 90% CI for the [BAY 2433334 + midazolam at

day 10]/[midazolam alone at day �1] ratio would be contained within

the range of 80–125%.

3 | RESULTS

In total, 112 participants were enrolled in Parts A and B, of whom

48 were randomized; 36 received BAY 2433334 (n = 9 per treatment

group) and 12 received placebo (n = 3 per treatment group). One

participant randomized to receive 100 mg BAY 2433334 in Part A dis-

continued treatment after the third dose for personal reasons. In

Part C, 79 participants were enrolled, of whom 48 received BAY

2433334 25 or 75 mg once daily (n = 24 per treatment group) and

midazolam. Two participants assigned to 75 mg discontinued treat-

ment because of treatment-emergent adverse events (TEAEs).

Demographic and baseline characteristics of the participants are

summarized in Table 1. In general, the treatment groups in each part

of the study were comparable in terms of demographics.

3.1 | Safety and tolerability in healthy volunteers

The incidence of TEAEs by study part is summarized in Tables 2 and

3. All events were mild; no serious adverse events were reported.

No adverse events leading to discontinuation were reported in

Parts A or B. In Part C, 2 participants (BAY 2433334 75 mg) discon-

tinued study medication because of TEAEs (intermittent, second-

degree [Wenckebach] atrioventricular block; elevation of C-reactive

protein due to trochanteric bursitis).

The most frequently reported TEAEs were headaches (n = 8 in

Parts A and B; n = 6 in Part C), followed by nasopharyngitis (n = 3 in

Parts A and B; n = 1 in Part C). No other TEAEs were reported by >2

participants in Parts A and B, or >1 participant in Part C.

In Parts A and B, study drug-related TEAEs (headache) were

reported in 2 participants, both of whom received BAY 2433334

100 mg. No study drug-related TEAEs were reported in Part C.

No clinically relevant effects of BAY 2433334 were observed in

vital signs, ECG or clinical laboratory investigations, other than the

anticipated prolongation of aPTT.

3.2 | Pharmacokinetic analysis

Figure 2 shows geometric mean plasma concentration–time data of

BAY 2433334 in Parts A and B of the study. Pharmacokinetic parame-

ters are summarized in Tables 4 and 5.

On day 1 of Parts A and B, the first dose of BAY 2433334 was

absorbed with a median time to Cmax of 2.00–3.97 h in all treatment

groups (Table 4). After multiple dosing, median time to Cmax for BAY

2433334 on day 12 was 3.00–4.00 h following once-daily dosing, and

was 1.50 h following twice-daily dosing (Table 5). BAY 2433334 was

eliminated with a geometric mean terminal half-life (t1/2) of 14.0–

15.9 h across all treatment groups on day 1 (Table 4). On day 12, geo-

metric mean t1/2 was within a similar range (15.8–17.8 h; Table 5).

The degree of accumulation of BAY 2433334 at steady state was

reflected by geometric mean accumulation ratio values of 1.50–1.72

and 1.41–1.63 for AUCτ(0–24) or Cmax after multiple once-daily dos-

ing for 9 consecutive days, compared with AUC or Cmax after single-

dose administration, respectively (RAAUC and RACmax; Table 5). Geo-

metric mean RAAUC and RACmax values were higher after twice-daily

administration (2.22 and 1.89, respectively) than after once-daily

administration (Table 5). Following repeated dosing for 9 consecutive

KUBITZA ET AL. 3451



days, BAY 2433334 pharmacokinetics appeared to be linear with

time, with a linearity factor calculated from AUCτ after multiple dos-

ing and AUC after single dosing (RLIN) of 1.03–1.08 after once-daily

administration and 1.01 after twice-daily administration (Table 5). The

interindividual variability in AUCτ(0–24) and AUCτ(0–12) was low to

moderate, with CVs of 11.0–32.7% across treatment groups. The

apparent oral clearance did not show any relevant differences

between the treatment groups and after single or multiple dosing,

with geometric means of 3.68–4.09 L h�1 on day 1 and 3.39–

4.04 L h�1 on day 12. The arithmetic mean renal elimination (%AE,ur)

of unchanged drug accounted for approximately 7.61–13.4% of the

dose after single-dose administration and for approximately 10.1–

13.5% after multiple dosing (Tables 4 and 5). AUC and Cmax of BAY

2433334 in plasma appeared to increase dose proportionally over the

dose range of 25–100 mg after single and multiple dosing in Part

A. Respective point estimates for the ratios of AUC/D, AUCτ/D and

Cmax/D were close to 1.

Maximum plasma concentrations of midazolam and

α-hydroxymidazolam were rapidly reached (0.583–0.750 h) and simi-

lar for both compounds and across the treatments with and without

BAY 2433334. Further, AUC, Cmax and t1/2 did not seem to be

meaningfully different between the treatments. Acceptable extrapo-

lated AUC when comparing AUC and AUC(0-tlast) justified the

24-hour sampling period as expected by the observed t1/2 (Table 6).

On day 1, coadministration of BAY 2433334 25 mg resulted in an

increase in the AUC for midazolam and α-hydroxymidazolam by 4.2

and 4.4%, respectively. Coadministration of BAY 2433334 75 mg

resulted in an increase in the AUC for midazolam by 4.5% and a

decrease in the AUC for α-hydroxymidazolam by 1.5%. The meta-

bolic AUC ratios of α-hydroxymidazolam to midazolam were compa-

rable between day 1 (geometric mean, 0.335) and day �1

(geometric mean, 0.330) for BAY 2433334 25 mg, and slightly lower

on day 1 (geometric mean, 0.369) than day �1 (geometric mean,

0.391) for BAY 2433334 75 mg. Following repeated dosing with

BAY 2433334 25 mg once daily for 9 consecutive days and

coadministration of BAY 2433334 25 mg on day 10, there were

increases in the AUCs for midazolam and α-hydroxymidazolam of

6.3% and 6.0%, respectively. After pre- and coadministration of

BAY 2433334 75 mg, there was an increase in the AUC for

midazolam of 17% and a decrease in the AUC for

α-hydroxymidazolam of 7.2%. The metabolic AUC ratios were

slightly lower on day 10 (geometric mean, 0.319 [25 mg]; 0.310

[75 mg]) than day �1 (geometric mean, 0.330 [25 mg]; 0.391

[75 mg]) for both treatments. Based on the results of the ANOVA

for both treatments, BAY 2433334 appeared to have no relevant

effect on the AUC of midazolam and α-hydroxymidazolam on days

1 and 10, because the point estimates for the ratios were close to

1 (Table 7). The 90% CIs of the AUC ratio for both midazolam

and α-hydroxymidazolam were within the no effect boundary of

0.80 to 1.25, except for the upper 90% CI for AUC ratio for

midazolam (1.0963; 1.2564) on day 10 in the 75 mg group, which

was numerically only marginally above the 1.25 boundary (third dec-

imal place).T
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3.3 | Pharmacodynamic analysis

In Parts A and B, BAY 2433334 produced a dose-dependent prolonga-

tion of aPTT (Figure 3). Statistical evaluation of the data from Part A

showed that all doses of BAY 2433334 produced significant prolonga-

tions of aPTT, compared with placebo (P < .05 for all dose comparisons;

BAY 2433334 25–100 mg once daily in Part A; Figure 3). Prolongation

of aPTT was apparent at the first time point (30 min after dosing), with

maximal prolongation observed approximately 4 h after dosing. Statisti-

cally significant aPTT prolongation was still present 24 h after dosing

for all doses tested. Comparison of the maximal relative increases in

aPTT (geometric mean) after 50 mg once-daily and 25 mg twice-daily

dosing showed a statistically significant difference (P = .0005; Kruskal–

Wallis test), with more pronounced effects for the maximal effect, and

lower effects at 12 h postdose after once-daily dosing than twice-daily

dosing at steady state.

BAY 2433334 produced rapid and dose-dependent inhibition of

FXIa activity, whereas placebo had no effect (Figure 4). Maximum

inhibition of FXIa activity occurred 1.5–4.0 h after a single administra-

tion of BAY 2433334 (residual FXIa activity levels of 10.6 and 6.7%

for 25 mg once and twice daily, respectively). Higher doses (50 and

100 mg) showed complete inhibition of FXIa activity, with 6 and 9 vol-

unteers assigned to these doses, respectively, showing at least 1 mea-

surement below the lower limit of quantification. Degree of FXIa

inhibition for all doses were different from placebo and indicated

dose-dependent effects 24 h after the first dose on day 1. On day 12

at steady state, minimum residual FXIa activity of 5.52% was observed

around 4 h after administration of 25 mg once daily, whilst complete

inhibition was sustained for approximately 11 and 24 h with 50 and

100 mg of BAY 2433334, respectively. Normalization of FXIa activity

occurred in a linear manner after the last dose.

Comparison of the maximal relative inhibition of FXIa activity at

steady state (geometric mean) between 50 mg once-daily and 25 mg

twice-daily doses 24 h after administration on day 12 did not reveal a

significant difference (P = .0576).

There were close correlations between plasma concentrations of

BAY 2433334 and both aPTT prolongation and inhibition of FXIa

activity (Figure 5). The maximal relative changes in aPTT and FXIa

activity following treatment with BAY 2433334 in Part A are summa-

rized in Tables 8 and 9, respectively.

BAY 2433334 had no effect, compared with placebo, on PT (both

absolute and INR values), FXI concentrations or on complement C1

esterase inhibitor activity; no formal statistical analysis of these vari-

ables was prespecified. Similarly, there were no correlations between

plasma BAY 2433334 concentrations and either PT, FXI concentra-

tions or C1 esterase inhibitor activity.

Plasma FXII concentrations and activity, vWF antigen levels and

vWF ristocetin cofactor activity were generally within reference

ranges at baseline.

4 | DISCUSSION

This multiple-dose escalation study evaluated the safety, pharmacoki-

netics and pharmacodynamics of BAY 2433334, an oral, direct inhibi-

tor of FXIa, in healthy volunteers.

BAY 2433334 was well tolerated in this study. All TEAEs were

mild in severity and, apart from headache and nasopharyngitis,

occurred in no more than 1 or 2 participants. There were no clinically

relevant adverse events related to bleeding, changes in vital signs,

ECG or clinical laboratory evaluations.

F IGURE 2 Geometric mean (standard deviation) plasma concentration of BAY 2433334 versus time in Parts A (once-daily dosing with BAY
2433334 25, 50 or 100 mg) and B (twice-daily dosing with BAY 2433334 25 mg on days 4–11, with once-daily dosing on days 1 and 12) on a
semi-logarithmic scale. BID, twice daily; OD, once daily
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Systemic exposure to BAY 2433334, as measured by AUC and

Cmax after the first dose and AUCτ and Cmax at steady state, appeared

to increase in a dose-proportional manner between doses of 25 and

100 mg once daily, with low-to-moderate variability in pharmacoki-

netic parameters. Mean t1/2 values for BAY 2433334 after multiple

doses (range, 15.8–17.8 h) were supportive of a once-daily dosing

schedule. As would be predicted based on its t1/2, minor-to-moderate

accumulation of BAY 2433334 (as assessed by RAAUC and RACmax)

was observed after repeated once- and twice-daily dosing at steady

state. Furthermore, the data suggested that the pharmacokinetics of

BAY 2433334 were time independent. The low apparent oral clear-

ance observed suggests that BAY 2433334 is a low-clearance drug.

TABLE 4 Pharmacokinetic parameters of BAY 2433334 in plasma and urine on day 1 in Parts A and B of the study. Data are presented as
geometric mean/geometric coefficient of variation (%), unless otherwise indicated

BAY 2433334 25 mg OD

n = 9

BAY 2433334 50 mg OD

n = 9

BAY 2433334 100 mg OD

n = 9

BAY 2433334 25 mg BID

n = 9

AUC (μg h L�1) 6560/21.0 13 400/27.2 27 200/28.8 6120/25.5

AUC/D (h L�1) 0.263/21.0 0.268/27.2 0.272/28.8 0.245/25.5

Cmax (μg L�1) 358/23.6 675/25.7 1230/23.9 341/13.7

Cmax/D

(10�3 L�1)

14.3/23.6 13.5/25.7 12.3/23.9 13.6/13.7

tmax
a (h) 2.00 (1.48–5.98) 2.00 (0.750–4.00) 3.97 (1.47–6.00) 3.00 (1.00–5.98)

t1/2 (h) 14.0/15.0 15.9/13.6 15.8/18.6 14.6/23.5

%AE,ur
b (%) – 9.10/1.77 7.61/3.61 13.4/13.4

CLR (L h�1) – 0.361/24.5 0.267/64.2 0.440/67.4

%AE,ur, percentage amount of drug excreted in urine; AUC, area under the plasma concentration–time curve; AUC/D, area under the plasma

concentration–time curve divided by dose; BID, twice daily; CLR, renal clearance; Cmax, maximum plasma concentration; Cmax/D, maximum plasma

concentration divided by dose; OD, once daily; t1/2, terminal half-life; tmax, time to Cmax.
aMedian (range).
bArithmetic mean/standard deviation.

TABLE 5 Pharmacokinetic parameters of BAY 2433334 in plasma and urine on day 12 in Parts A and B of the study. Data are presented as
geometric mean/geometric coefficient of variation (%), unless otherwise indicated

BAY 2433334 25 mg OD
n = 9

BAY 2433334 50 mg OD
n = 9

BAY 2433334 100 mg OD
n = 8

BAY 2433334 25 mg BID
n = 9

AUCτ (μg h L�1) 6910/11.0c 13 800/25.0c 29 500/32.7c 6180/32.2d

AUCτ/D (h L�1) 0.277/11.0c 0.276/25.0c 0.295/32.7c 0.247/32.2d

Cmax (μg L�1) 507/12.7c 963/24.8c 1950/28.1c 646/30.5d

Cmax/D

(10�3 L�1)

20.3/12.7c 19.3/24.8c 19.5/28.1c 25.8/30.5d

tmax
a (h) 4.00 (1.00–6.03) 3.00 (0.750–6.05) 4.00 (1.50–6.00) 1.50 (1.00–6.00)

t1/2 (h) 15.8/18.7 17.8/17.0 17.7/22.8 15.8/24.1

RAAUC 1.50/8.69c 1.54/10.0c 1.72/16.6c 2.22/18.5d

RACmax 1.41/13.4c 1.43/24.9c 1.63/14.3c 1.89/18.8d

RLIN 1.05/11.9c 1.03/7.86c 1.08/7.58c 1.01/10.1d

%AE,ur,τ
b (%) – 13.4/3.69c 10.1/4.21c 13.5/3.42d

CLR (L h�1) – 0.469/31.5c 0.317/69.9c 0.528/40.8d

aMedian (range).
bArithmetic mean/standard deviation (range).
cτ = 24 h.
dτ = 12 h.
e%AE,ur,τ, percentage amount of drug excreted in urine within the dosing interval; AUCτ, area under the plasma concentration–time curve within the dosing

interval; AUCτ/D, area under the plasma concentration–time curve within the dosing interval divided by dose; CLR, renal clearance; Cmax, maximum plasma

concentration; Cmax/D, maximum plasma concentration divided by dose; RAAUC, accumulation ratio calculated from area under the plasma concentration–
time curve within the dosing interval after multiple dosing and after single dosing; RACmax, accumulation ratio calculated from maximum plasma

concentration after multiple dosing and after single dosing; RLIN, linearity factor calculated from area under the plasma concentration–time curve within

the dosing interval after multiple dosing and area under the plasma concentration–time curve after single dosing; t1/2, terminal half-life; tmax, time to

maximum plasma concentration.
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Renal elimination of unchanged BAY 2433334 was only a minor route

of elimination. The mean renal clearance ranging from 0.267 to

0.440 L h�1 after single-dose administration is consistent with the

fraction unbound (6.4%, unpublished data on file) in plasma and the

glomerular filtration rate (0.064*120 mL/min = 0.4608 L h�1),

suggesting that the main mechanism for BAY 2433334 renal elimina-

tion may be glomerular filtration, which might explain the observed

low-to-high interindividual variability (geometric CV between 24.5

and 67.4%). The impact of renal function on the pharmacokinetics of

BAY 2433334 will be explored within the ongoing clinical develop-

ment programme (NCT04510987).

Based on preclinical in vitro data from human hepatocytes and

clinically relevant therapeutic plasma concentrations, BAY 2433334

was predicted to be a weak-to-moderate inducer toward sensitive

CYP3A4 substrates (no-observed-effect level of 370 μg L�1). How-

ever, BAY 2433334 25 mg or 75 mg administered together with

midazolam showed no indication of any clinically relevant inhibition

and/or induction of CYP3A4 in healthy volunteers. Further, there was

no evidence of any inductive potential of BAY 2433334 25 or 75 mg

once daily on CYP3A4, as no decrease in midazolam AUC in parallel

with an increase of α-hydroxymidazolam AUC (as expected for

CYP3A4 inducers) was observed. Clinically relevant pharmacokinetic

drug–drug interaction due to CYP3A4 induction or inhibition by BAY

2433334 can therefore be regarded as unlikely.

In the pharmacodynamic evaluation, BAY 2433334 treatment

resulted in dose-dependent aPTT prolongation compared with pla-

cebo, with maximum prolongation observed approximately 4 h after

administration, and still detectable 12 and 24 h after single and multi-

ple dosing, respectively, at all doses. Correlation analyses showed a

close curvilinear correlation of aPTT prolongation with increasing BAY

2433334 plasma concentrations supporting a predictable PK/PD

effect. BAY 2433334 had no effect on PT, indicating its specificity for

the intrinsic coagulation pathway.18

Maximal inhibition of FXIa activity was observed approximately

2–4 h after administration of a single 25 mg dose of BAY 2433334,

while higher doses resulted in complete inhibition of FXIa activity.

Inhibition of FXIa activity persisted for all doses at 12 and 24 h after

first and steady-state dosing, and normalization of FXIa activity

TABLE 7 ANOVA analysis of AUC of midazolam and α-hydroxymidazolam following treatment with BAY 2433334 in Part C

AUC ratio day 1/day�1 AUC ratio day 10/day�1

Treatment Analyte n
Point estimate geometric LS means
(geometric 90% CI) n

Point estimate geometric LS means
(geometric 90% CI)

BAY 2433334 25 mg OD

+ Midazolam

Midazolam 24 1.0415 (0.9659–1.1230) 24 1.0630 (0.9859–1.1461)

α-Hydroxymidazolam 22 1.0650 (0.9661–1.1741) 24 1.0560 (0.9595–1.1622)

BAY 2433334 75 mg OD

+ Midazolam

Midazolam 24 1.0451 (0.9785–1.1164) 22 1.1736 (1.0963–1.2564)

α-Hydroxymidazolam 24 0.9856 (0.9206–1.0551) 20 0.9864 (0.9169–1.0612)

ANOVA, analysis of variance; AUC, area under the plasma concentration–time curve; CI, confidence interval; LS, least squares; OD, once daily.

F IGURE 3 Geometric mean (standard deviation) effect of BAY 2433334 on ratio to baseline of aPTT following once-daily treatment with
BAY 2433334 25–100 mg in Part A, and twice-daily treatment with BAY 2433334 25 mg in Part B. aPTT, activated partial thromboplastin time;
BID, twice daily; OD, once daily
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F IGURE 4 Geometric mean (standard deviation) effect of BAY 2433334 on ratio to baseline of FXIa activity. BAY 2433334 25–100 mg was
given once daily in Part A. In Part B, BAY 2433334 25 mg was given twice daily (once daily on days 1 and 12). BID, twice daily; FXIa, activated
factor XI; OD, once daily

F IGURE 5 Correlations between plasma
concentrations of BAY 2433334 and
(A) prolongation of aPTT (ratio to baseline) and
(B) inhibition of FXIa activity in plasma (ratio to
baseline). Data are derived from the
Pharmacokinetic analysis set and
Pharmacodynamic analysis set (n = 48). aPTT,
activated partial thromboplastin time; BID, twice
daily; FXIa, activated factor XI; OD, once daily
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occurred in a linear manner after the last dose. Complete inhibition of

FXIa was observed with 50 and 100 mg once daily and 25 mg twice

daily at steady state, the duration of which was dose-dependent, con-

sistent with previous animal and ex vivo studies.13 Given that this

FXIa assay is newly developed, further studies are required to allow

an assessment of the clinical relevance of this readout.

BAY 2433334 had no significant effect on FXI concentrations or

C1 esterase inhibitor activity. Plasma FXII concentrations, FXII activ-

ity, vWF antigen levels or vWF ristocetin cofactor activity measure-

ments prior to BAY 2433334 administration showed no abnormal

findings that might have influenced the pharmacodynamic

evaluations.

FXIa inhibitors offer the potential for blockade of thrombus for-

mation, mediated by the intrinsic coagulation pathway, without affect-

ing the tissue factor-driven haemostatic response to injury; as a result,

bleeding complications would be expected to be lower with FXIa

inhibitors than with conventional anticoagulants.18,19 However, more

data, specifically in patients, are required to evaluate this hypothesis

further. The present study confirmed the safety and predictable phar-

macokinetic and pharmacodynamic properties of BAY 2433334 in

healthy male volunteers. A large phase 2 programme for BAY

2433334 is underway in patients with atrial fibrillation

(NCT04218266), after an acute noncardioembolic stroke

(NCT04304508), and after an acute myocardial infarction

(NCT04304534). In addition, several potential FXI(a) inhibitors are

currently under development, including small molecules, polypeptides,

and polyclonal or monoclonal antibodies.19

This study does have some limitations. Some of these, notably

the small numbers of participants, are inherent in phase 1 clinical tri-

als. Similarly, the lack of safety data from reproductive studies

restricted recruitment to healthy men. As a result, further studies are

needed to confirm the generalizability of the findings to other

populations. In addition, the clinical relevance of the FXIa activity

changes observed using the newly developed fluorogenic substrate

assay needs to be established. While the observed changes in pharma-

codynamic parameters are consistent with the mechanism of action of

BAY 2433334, further studies will be required to correlate these

changes with clinical outcomes, such as the risk of thrombotic events

or bleeding. The clinical trial experience to date with an antisense oli-

gonucleotide11 and an anti-FXIa antibody12 suggests that an associa-

tion between changes in aPTT and FXI clotting activity and the risk of

thrombotic events may be anticipated.

TABLE 8 Summary of changes in activated partial thromboplastin time following treatment with BAY 2433334 in Part A

Characteristic Day Treatment Geometric mean Geometric coefficient of variation (%) P vs. placebo a

Maximal relative increase 1 BAY 2433334 100 mg (n = 9) 1.92 5.37 .0002

BAY 2433334 50 mg (n = 9) 1.84 5.25 .0002

BAY 2433334 25 mg (n = 9) 1.53 4.96 .0002

Placebo (n = 9) 1.04 3.98 n.a.

12 BAY 2433334 100 mg (n = 8) 2.22 5.96 .0003

BAY 2433334 50 mg (n = 9) 2.08 7.24 .0002

BAY 2433334 25 mg (n = 9) 1.69 5.36 .0005

Placebo (n = 9) 1.08 15.82 n.a.

Ratio to baseline at 12 h 1 BAY 2433334 100 mg (n = 9) 1.73 3.64 .0002

BAY 2433334 50 mg (n = 9) 1.59 4.06 .0002

BAY 2433334 25 mg (n = 9) 1.33 4.80 .0002

Placebo (n = 9) 0.99 2.93 n.a.

12 BAY 2433334 100 mg (n = 8) 1.97 6.61 .0003

BAY 2433334 50 mg (n = 9) 1.75 12.24 .0002

BAY 2433334 25 mg (n = 9) 1.48 5.73 .0002

Placebo (n = 9) 1.02 3.38 n.a.

Ratio to baseline at 24 h 1 BAY 2433334 100 mg (n = 9) 1.53 5.60 .0002

BAY 2433334 50 mg (n = 9) 1.38 4.36 .0002

BAY 2433334 25 mg (n = 9) 1.20 4.26 .0002

Placebo (n = 9) 1.00 3.69 n.a.

12 BAY 2433334 100 mg (n = 8) 1.76 9.03 .0003

BAY 2433334 50 mg (n = 9) 1.57 10.28 .0002

BAY 2433334 25 mg (n = 9) 1.33 6.88 .0002

Placebo (n = 9) 1.00 3.78 n.a.

n.a., not applicable.
aWilcoxon test.
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In conclusion, this study in healthy volunteers has shown that

BAY 2433334, an oral FXIa inhibitor, was well tolerated over a wide

dose range, with a predictable pharmacokinetic and pharmacodynamic

profile that supports once-daily dosing. These findings support further

evaluation of BAY 2433334 in phase 2 clinical trials.
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TABLE 9 Summary of changes in FXIa activity following treatment with BAY 2433334 in Part A

Characteristic Day Treatment Geometric mean Geometric coefficient of variation (%) P vs. placebo a

Maximal relative increase 1 BAY 2433334 100 mg (n = 9) n.c. n.c. n.c.

BAY 2433334 50 mg (n = 9) n.c. n.c. n.c.

BAY 2433334 25 mg (n = 9) 0.133 35.24 .0002

Placebo (n = 9) 0.896 9.38 n.a.

12 BAY 2433334 100 mg (n = 8) n.c. n.c. n.c.

BAY 2433334 50 mg (n = 9) n.c. n.c. n.c.

BAY 2433334 25 mg (n = 9) 0.065 45.42 .0002

Placebo (n = 9) 0.825 9.24 n.a.

Ratio to baseline at 12 h 1 BAY 2433334 100 mg (n = 9) n.c. n.c. n.c.

BAY 2433334 50 mg (n = 9) 0.105 41.88 .0002

BAY 2433334 25 mg (n = 9) 0.287 20.58 .0002

Placebo (n = 9) 0.986 14.69 n.a.

12 BAY 2433334 100 mg (n = 8) n.c. n.c. n.c.

BAY 2433334 50 mg (n = 9) n.c. n.c. n.c.

BAY 2433334 25 mg (n = 9) 0.157 26.04 .0002

Placebo (n = 9) 0.906 8.47 n.a.

Ratio to baseline at 24 h 1 BAY 2433334 100 mg (n = 9) 0.076 121.32 .0002

BAY 2433334 50 mg (n = 9) 0.234 35.35 .0002

BAY 2433334 25 mg (n = 9) 0.495 17.21 .0002

Placebo (n = 9) 1.030 12.44 n.a.

12 BAY 2433334 100 mg (n = 8) n.c. n.c. n.c.

BAY 2433334 50 mg (n = 9) 0.110 42.53 .0002

BAY 2433334 25 mg (n = 9) 0.304 25.76 .0002

Placebo (n = 9) 0.917 6.04 n.a.

FXIa, activated factor XI; n.a., not applicable; n.c., not calculated (statistics were only calculated if at least 2/3 of the individual data were measured, and

were above the lower limit of quantification).
aWilcoxon test.
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