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Abstract
Background: Coagulation factor XI (FXI) contributes to the development of throm-
bosis but appears to play a minor role in hemostasis and is, therefore, an attractive 
anticoagulant drug target.
Objectives: To evaluate the safety, pharmacokinetic, and pharmacodynamic proper-
ties of BAY 2433334, an orally administered small molecule targeting activated FXI 
(FXIa), in healthy men.
Patients/Methods: This phase 1  study was conducted in two parts. In part 1, 70 
volunteers were randomized 4:1 to receive a single oral dose of BAY 2433334 (5–
150 mg as oral solution or immediate-release tablets) or placebo. In part 2, 16 volun-
teers received a single oral dose of five BAY 2433334 5-mg tablets with or without a 
high-calorie breakfast in a randomized crossover study design. Adverse events, phar-
macokinetic parameters, and pharmacodynamic parameters were assessed up to 72 h 
after drug administration. Volunteers were followed up after 7 to 14 days.
Results: BAY 2433334 demonstrated favorable safety and tolerability with a dose-
dependent increase in exposure and a terminal half-life of 14.2 to 17.4  h. A high-
calorie breakfast reduced mean maximum plasma concentration and exposure by 
31% and 12.4%, respectively. AY  2433334 was associated with a dose-dependent 
inhibition of FXIa activity and an increase in activated partial thromboplastin time. 
Bleeding times in volunteers who had received BAY 2433334 were similar to those in 
volunteers who had received placebo.
Conclusions: These data indicate that BAY 2433334 is a promising development can-
didate for once-daily oral anticoagulation; it is being evaluated in phase 2 dose-finding 
studies in patients at risk of thrombosis.

K E Y W O R D S
anticoagulant, factor XI, hemostasis, phase 1, thrombosis

www.wileyonlinelibrary.com/journal/jth
mailto:﻿
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:dirk.thomas@bayer.com


2408  |    THOMAS et al.

1 | INTRODUC TION

Anticoagulants are cornerstones of the prevention and treatment of 
thrombotic disorders, but their efficacy may be limited by a dose-
dependent risk of bleeding.1 In patients with risk factors for bleed-
ing, such as renal impairment or advancing age, anticoagulants may 
be underdosed or withheld, even if they are indicated.2,3 A substan-
tial need remains for new anticoagulants with improved safety pro-
files and equivalent or superior efficacies compared with existing 
therapies.

Data suggest that the inhibition of the activated coagulation fac-
tor XI (FXIa) or its zymogen, factor XI (FXI), presents an attractive 
target mechanism for novel antithrombotic therapies.4 It has been 
hypothesized that inhibition of FXI or FXIa may block the amplifica-
tion or propagation of the intrinsic coagulation pathway to an extent 
that is sufficient to prevent thrombosis, while leaving the extrinsic 
(tissue-factor) pathway and the common pathway intact to ensure 
an appropriate hemostatic response in case of a vessel injury.5,6 This 
hypothesis is supported by several lines of preclinical and clinical 
evidence.5,7–10 Phase 2 proof-of-concept studies in patients under-
going total knee replacement have demonstrated that subcutaneous 
administration of an antisense oligonucleotide that lowers FXI lev-
els or intravenous administration of an antibody that inhibits FXIa 
reduced the risk of venous thromboembolism, with a numerically 
lower rate of bleeding events than enoxaparin.11,12 Further studies 
with larger sample sizes are required to confirm the efficacy and 
safety of these approaches.

BAY 2433334 is an orally administered chemically synthesized 
molecule, which binds directly, potently, and reversibly to the ac-
tive site of FXIa and thereby inhibits its activity. In in vitro assays, 
BAY 2433334 inhibited human FXIa in buffer with a half maximal 
inhibitory concentration of 1.0 (± 0.17) nM (mean ± standard error 
of the mean). BAY 2433334 is orally bioavailable and has demon-
strated potent anticoagulant activity in vitro in human and rab-
bit plasma and antithrombotic efficacy in vivo in a rabbit arterial 
thrombosis model.13 Administration of high and efficacious doses of 
BAY 2433334 did not increase bleeding time or blood loss in rabbit 
models, whereas equivalent doses of non-vitamin K antagonists led 
to increased bleeding.

The aim of this study (EudraCT number: 2017-002590-18) was 
to evaluate the safety, and pharmacokinetic (PK) and pharmacody-
namic (PD) properties of BAY 2433334 in healthy men.

2  |  METHODS

2.1  |  Volunteers

Healthy Caucasian men aged 18 to 45 years with a body mass index 
in the range 18 to 30 kg/m2 were eligible for inclusion in this study. 
Key exclusion criteria are described in Table S1.

The study was conducted in accordance with the ethical prin-
ciples of the Declaration of Helsinki and in compliance with the 
International Conference on Harmonisation Good Clinical Practice 

Guideline and German drug law. All relevant study documents were 
approved by the local ethics committee and volunteers provided 
written informed consent.

2.2  |  Study design

This phase 1, randomized, single-center study was conducted in two 
parts (Figure 1).

In part 1, a single-blind, parallel-group, placebo-controlled, dose-
escalation study, eligible volunteers were sequentially assigned by 
an independent group to a unique randomization number in as-
cending order and randomized in a 4:1 ratio to receive a single dose 
of BAY 2433334 or placebo. Seven dose cohorts (oral solution: 5, 
12.5, and 25  mg; immediate-release [IR] tablets [in multiples of 5 
or 50 mg]: 25, 50, 100, and 150 mg) were studied. Dose escalation 
was performed only after the safety and tolerability of the preceding 
dose steps were confirmed.

In part 2, an open-label, non-controlled, two-group crossover, 
food-interaction study, volunteers were randomized 1:1 to re-
ceive a single oral dose of BAY 2433334 25 mg (5 × 5 mg) IR tab-
lets following an overnight fast of 10 h (treatment A) or following 
a high-fat, high-calorie breakfast (treatment B), in accordance with 
European Medicines Agency and US Food and Drug Administration 
guidance.14,15 After a washout period of at least 7 days, volunteers 
crossed over to the other treatment. Part 2 was conducted after the 
safety and tolerability of the 50-mg dose in part 1 was confirmed to 
be acceptable.

In parts 1 and 2, the study drug was administered on day 1. 
Volunteers were admitted to the study site 1 day before adminis-
tration of the study drug and were discharged on day 4. A follow-up 
visit took place 7 to 14 days after BAY 2433334 administration.

2.3  |  Safety

Adverse events (AEs), including symptomatic bleeding, signs of 
hepatobiliary dysfunction or pancreatic disorders, were assessed at 
screening, predose, 1, 2, 3, 4, 6, 8, 12, 15, 24, 36, 48, and 72 h after 
BAY 2433334 administration, and at the follow-up visit. AEs were 

Essentials

•	 BAY 2433334 is an orally administered small molecule 
targeting activated coagulation factor XI (FXIa).

•	 In this phase 1 study in healthy men, BAY 2433334 ex-
hibited favorable safety and tolerability.

•	 BAY 2433334 dose-dependently inhibited FXIa activity 
and increased activated partial thromboplastin time.

•	 BAY 2433334 is a promising development candidate for 
once-daily oral anticoagulation.
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considered to be treatment-emergent if they started or worsened 
after the first dose of study medication up to 3 days after the end 
of treatment. AEs of special interest included fatal bleeding, hem-
orrhage, symptomatic bleeding in a critical area or organ, bleeding 
resulting in a clinically significant reduction in hemoglobin level, and 
AEs related to hepatobiliary dysfunction or disorders of the pan-
creas. Other safety assessments were clinical laboratory variables, 
physical examination, vital signs, and electrocardiogram findings.

2.4  |  Pharmacokinetics

Blood samples were taken predose and 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 
6, 8, 12, 15, 24, 36, 48, and 72 h after BAY 2433334 administration. 
In part 2, additional samples were taken 2.5, 3.5, and 5 h after admin-
istration. Plasma concentrations of BAY  2433334 were measured 
using a validated liquid chromatography–tandem mass spectrom-
etry method.16–18 The calibration range of the procedure was from 
5.00 µg/L (lower limit of quantification [LLOQ]) to 5000 µg/L (upper 
limit of quantification). Quality control samples from 15.0  µg/L to 

20000 µg/L were determined with an accuracy of 97% to 101% and 
a precision of 2.8% to 4.2% (n = 69). All samples were stored at or 
below −15°C and analyzed within 6 months after sampling.

The evaluated PK parameters included: maximum plasma 
concentration (Cmax); maximum plasma concentration divided 
by dose (D; Cmax/D); area under the plasma concentration–time 
curve (AUC); AUC divided by dose (AUC/D) of BAY  2433334 in 
plasma; time to Cmax (tmax); terminal elimination half-life (t½); and 
apparent oral clearance (CL/F). Cmax and tmax were assessed by in-
spection of the concentration–time plots. AUC was equal to the 
sum of AUC(0–tlast) and AUC from the last data point to infinity 
(AUC[tlast−∞]). AUC(0–tlast) was calculated using the log-linear 
trapezoidal rule up to the last time point that had a concentration 
above the LLOQ (tlast). The extrapolated portion (AUC[tlast−∞]) was 
calculated using the formula C’(tlast)/λZ, in which C′(tlast) was the 
estimated concentration at tlast and λZ was the terminal-phase rate 
constant (i.e., the slope of the log-linear regression of the last n 
data points, where n ≥ 3).

PK parameters were calculated by the noncompartmental 
method using WinNonlin software (version 5.3, Certara, Princeton, 

F I G U R E  1  Patient flow. Abbreviation: IR, immediate-release [Color figure can be viewed at wileyonlinelibrary.com]
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NJ, USA) in conjunction with the Automation Extension (version 
2.90, Bayer AG, Berlin, Germany).

2.5  |  Pharmacodynamics

Blood samples for the analysis of PD parameters were taken pre-
dose, 1, 2, 4, 8, 12, 24, 36, 48, and 72  h after dosing, and at the 
follow-up visit. Citrated blood samples were collected, centrifuged 
for plasma preparation within 30 min, and then frozen immediately 
at −20°C.

Activated partial thromboplastin time (APTT) was evaluated 
using a validated method in which citrated plasma was recalcified 
in the presence of a standardized quantity of cephalin (a plate-
let substitute) and a factor XII activator (kaolin). The analysis was 
performed using the Stago STA compact coagulation analyzer and 
STA-C.K. PREST test kit (Diagnostica Stago, France). The calibration 
range of the assay was 20 to 240 s and the analytical range deter-
mined was 25.4 to 76.6 s. Quality control samples with a mean of 
29.8 to 56.2  s were determined with a precision of 2.4% to 4.1% 
coefficient of variation (CV).

FXIa activity was measured using a proprietary fluorogenic sub-
strate assay. The level of FXIa activity was derived from a calibration 
curve constructed from native FXI protein. The calibration range of 
the assay was 0% to 150% and the analytical concentration deter-
mined ranged from lower than the LLOQ to 142.2%. Quality control 
samples with a mean of 5.74% to 117.31% were determined with a 
precision of 5.06% to 15.84% CV.

FXI (clotting) activity was measured using a modified APTT 
assay (using SynthASil APTT reagent) and an ACL TOP coagulation 
analyzer, both provided by Instrumentation Laboratory Coagulation 
Systems (Bedford, MA, USA). In brief, plasma samples were diluted 
and mixed with human plasma that had been immunodepleted of FXI 
activity. Correction of the clotting time of the FXI-deficient plasma 
to that of the mixture was proportional to the residual activity of 
FXI in the plasma sample, interpolated from a calibration curve. The 
calibration range of the assay was 3.3% to 150.0% and the analyti-
cal range determined was 33.0% to 148.0%. Quality control samples 
with a mean of 11.2% to 89.3% were determined with a precision of 
1.30% to 9.20% CV.

FXI concentration was measured using an enzyme-linked immu-
nosorbent assay with a VisuLize, FXI antigen kit (Affinity Biologicals, 
Ontario, Canada) according to the manufacturer's instructions. The 
calibration range of the assay was 0.015 to 1.0  IU/ml and the an-
alytical concentration determined was 0.54 to 1.57  IU/ml. Quality 
control samples from 0.27 to 0.92  IU/ml were determined with a 
precision of 7.75% to 16.25% CV.

Additional PD parameters included rotational thromboelastome-
try (ROTEM) whole blood clotting time (ROTEM delta analyzer [TEM 
International GmbH, Munich, Germany]) and bleeding time (Surgicutt 
adult device [Accriva Diagnostics Inc., San Diego, CA, USA]). Blood 
samples for whole blood clotting time were taken predose and 1, 4, 
and 24 h after dosing; measurements were made within 4 h of blood 

sampling in citrated blood (3.2% or 3.8% citrate), using the manu-
facturer's reagents for intrinsically activated test measurements. To 
assess bleeding time, a standard incision (5-mm length, 1-mm depth) 
was made on the forearm, after which blood was absorbed from the 
incision using filter paper every 30 s until bleeding stopped.

2.6  |  Statistics

No formal sample-size calculation was performed for this explora-
tory study. Data are presented per dose step and placebo data 
from part 1 were pooled. In part 1, changes from baseline in aPTT 
(BAY 2433334 vs placebo) were evaluated using an exact Wilcoxon 
rank-sum test at the one-sided α-level of 0.05 in a sequential order 
starting with the highest dose. The Hodges-Lehmann estimate of 
the change from baseline in APTT was presented with the 90% CI.

For part 1, an exploratory analysis of dose proportionality was 
performed using analysis of variance (anova), including the factor 
treatment, on the log-transformed values of AUC/D and Cmax/D 
for each BAY 2433334 formulation. For part 2, AUC and Cmax were 
analyzed assuming log-normally distributed data; the logarithms of 
these parameters were analyzed using anova including sequence, 
subject (sequence), period and treatment effects. The statistical 
evaluation was performed using the software package SAS release 
9.2 (SAS Institute Inc., Cary, NC, USA). No imputation for missing 
data was performed.

3  |  RESULTS

3.1  |  Demographics and disposition

Of the 177 volunteers screened for eligibility, 86 were randomized 
and completed the study (Figure 1). Key demographic characteristics 
are shown in Table 1.

3.2  |  Safety

Safety was evaluated in 86 volunteers (Table 2). In part 1, 16 vol-
unteers (22.9%) experienced at least one treatment-emergent AE 
(TEAE); the incidence of TEAEs in the active treatment groups 
ranged from 12.5% (n = 1) to 62.5% (n = 5). TEAEs considered to 
be related to study drug were reported in six volunteers (8.6%) and 
included dysgeusia (n  =  4), ventricular extrasystoles (n  =  1), and 
nausea (n = 1). In part 2, six volunteers (37.5%) experienced at least 
one TEAE; of these, two volunteers experienced a TEAE related to 
BAY 2433334 (palpitations, vertigo, and sensation of a foreign body 
[n = 1], and paresthesia, dry mouth, and feeling cold [n = 1]). All AEs 
were of mild intensity. No other signs of potential drug-related hy-
persensitivity reactions, spontaneous, prolonged or hidden bleed-
ing, or thrombocytopenia were observed during the study. There 
were no treatment-related serious AEs or deaths in any group and no 
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findings of clinical relevance with respect to laboratory tests, vital 
signs, electrocardiograms, or physical examinations.

3.3  |  Pharmacokinetics

PK parameters were evaluated in 72 volunteers (Table  3). 
BAY 2433334 was absorbed with a median tmax of 1.00 h and 2.50 
to 3.97 h after administration as oral solution and IR tablets, respec-
tively (fasted state). The geometric mean t½ of BAY 2433334 was 
14.2 to 17.4 h and CL/F was 3.19 to 4.21 L/h. The interindividual var-
iability in exposure was low with geometric CV of 16.1% to 25.4%. 
In part 1, there was no deviation from a dose-proportional increase 
in BAY 2433334 exposure administered as oral solution or IR tab-
lets (Figure 2; Table S2). A high bioavailability was observed for the 
five BAY 2433334 5-mg IR tablets with 89.5% and 86.0% for AUC 
and Cmax, respectively, when comparing with the oral solution in an 
interindividual manner. In part 2, intake of a high-fat, high-calorie 
breakfast before administration of BAY 2433334 had a minimal ef-
fect on the bioavailability of the five 5-mg IR tablets. Mean AUC de-
creased by 12.4% and Cmax was reduced by 31.4% in the fed versus 
the fasted state. The median tmax increased from 2.50 h in the fasted 
state to 5.00 h in the fed state (Table 3).

3.4  |  Pharmacodynamics

PD parameters were evaluated in 86 volunteers.

3.4.1  |  APTT

In part 1, a rapid, dose-dependent increase in APTT was ob-
served (Figure  3a). The increase from baseline was significantly 
greater than that for placebo (p < .0001) for all BAY 2433334 dose 
steps (Table  S3). The geometric mean maximal ratio to baseline 

in aPTT was 2.12, corresponding to an absolute value of 36.6 s. 
Interindividual variability was low, with geometric CVs of 1.24% 
to 5.52% for all dose steps. aPTT values returned to baseline 
within 72 h. In part 2, the increase in aPTT was more rapid and 
the maximum ratio to baseline was higher in the fasted than in the 
fed state (Figure  S1). Maximal effects were observed 4 and 8  h 
after BAY  2433334 administration in the fasted and fed states, 
respectively.

3.4.2  |  FXIa and FXI activity

In part 1, there was a dose-dependent reduction in FXIa activity 
(Figure  3b) and in FXI activity (Figure  S2). The geometric means 
of maximal decrease in FXIa and FXI activity relative to baseline 
were 0.01 and 0.52, respectively. Interindividual variability was 
low to moderate with geometric CVs of 5.54% to 68.1% (FXIa ac-
tivity) and 3.48% to 12.42% (FXI activity). The maximal effects of 
BAY 2433334 on FXIa and FXI inhibition were observed approx-
imately 1  h after administration of oral solution and 2–4  h after 
administration of tablets. An FXIa activity geometric mean ratio 
to baseline of 0.20 or less, corresponding to an FXIa activity reduc-
tion of 80% or more, was seen for at least 24 h after administration 
of BAY 2433334 50-, 100-, and 150-mg tablets (Figure 3b). In part 
2, the inhibition of FXIa activity was more rapid after administra-
tion of BAY 2433334 25 mg in the fasted state than in the fed state, 
with maximal effects observed 4 and 8 h after administration, re-
spectively (Figure S3).

3.4.3  |  FXI concentration

No differences in FXI concentrations were observed after adminis-
tration of BAY 2433334 (Figure S4). The geometric mean maximum 
ratio to baseline was 1.12 after administration of placebo and 1.17 
after administration of BAY 2433334.

TA B L E  2  Safety profile of BAY 2433334 in healthy volunteers

Part 1 (n = 70) Part 2 (n = 16)

Placebo 
(n = 14)

BAY 2433334 Oral Solution, 
mg BAY 2433334 IR Tablet, mg

BAY 2433334 5 × 
5 mg IR Tablet

5 
(n = 8)

12.5 
(n = 8)

25 
(n = 8)

25 
(n = 8)

50 
(n = 8)

100 
(n = 8)

150 
(n = 8)

Fasted 
(n = 16)

Fed 
(n = 16)

TEAEs 1 (7.1) 2 (25) 1 (12.5) 2 (25) 1 (12.5) 1 (12.5) 3 (37.5) 5 (62.5) 1 (6.3) 6 (37.5)

Mild 1 (7.1) 2 (25) 1 (12.5) 2 (25) 1 (12.5) 1 (12.5) 3 (37.5) 5 (62.5) 1 (6.3) 6 (37.5)

Drug-related TEAEs 0 1 (12.5) 1 (12.5) 0 0 0 0 4 (50) 1 (6.3) 2 (12.5)

Serious AEs 0 0 0 0 0 0 0 0 0 0

Serious TEAEs 0 0 0 0 0 0 0 0 0 0

AEs leading to discontinuation 0 0 0 0 0 0 0 0 0 0

Note: Data are presented as n (%).
Abbreviations: AE, adverse event; IR, immediate-release; TEAE, treatment-emergent adverse event.
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3.4.4  |  ROTEM whole blood clotting time

Following BAY 2433334 administration, there was a trend toward a 
dose-dependent increase in clotting time (Figure 4a).

3.4.5  |  Bleeding time

Bleeding times were consistent across all dose cohorts and were 
similar to those for placebo during the 24 h after drug administration 
(Figure 4b).

4  |  DISCUSSION

This first-in-human, phase 1, randomized, single-center study dem-
onstrated a favorable safety and tolerability profile of BAY 2433334 
following single oral doses. Dose-dependent increases in exposure 
of BAY 2433334 and APTT, as well as decreases in FXIa and FXI ac-
tivity, were observed. Bleeding times were similar in volunteers who 
received BAY 2433334 and placebo.

The low CL/F of 3.19–4.21 L/h (corresponding to a blood clear-
ance after oral administration of 4.54–5.99 L/h), assuming high ab-
solute bioavailability, suggests that BAY 2433334 is a low-clearance 
drug. High absolute bioavailability was expected because low-to-
moderate interindividual variability in exposure, high relative bio-
availability of the tablet compared with the oral solution and a minor 
effect of food on BAY  2433334 exposure were observed in this 
study. The effect of the high-fat, high-calorie breakfast on the rate 
of absorption (decrease in Cmax with prolonged tmax) could mostly 
be explained by delayed gastric emptying. An exploratory anova did 
not show any deviation from dose proportionality. Moreover, the 
observed t½ of 14.2–17.4 h, together with the direct PK/PD relation-
ship, supports a once-daily dosing regimen, which would improve 
patient adherence to medication in chronic diseases.19 In addition, 
the relatively short half-life of BAY 2433334 may permit convenient, 
temporary cessation of anticoagulation before elective surgical 
procedures.

Generally, the effects of BAY  2433334 on PD parameters are 
consistent with its mechanism of action. Preclinical data have demon-
strated that BAY  2433334 inhibited FXIa activity and prolonged 
APTT in human plasma, with no significant effect on prothrombin 
time, highlighting the specific inhibitory effects of BAY 2433334 on 
the intrinsic coagulation pathway.13 In this study, APTT was evalu-
ated using a kaolin-triggered assay, which affords greater sensitivity 
than conventional silica-based assays.20 Data from the Surgicutt test 
demonstrated that no relevant or dose-dependent changes in bleed-
ing time occurred in the first 4 h following BAY 2433334 administra-
tion; these data are in agreement with preclinical observations.13 Of 
note, the clinical predictivity of preclinical bleeding models is limited 
and the finding that BAY 2433334 is not associated with increased 
bleeding is yet to be proven in the clinical setting. Preclinical and 
clinical studies of other pharmacological inhibitors of FXI or FXIa TA
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also provide supportive evidence that selective inhibition of FXI or 
FXIa is not associated with an increased risk of bleeding.5,8–12,20–27

The limitations of this study are inherent to phase 1 studies. To 
minimize the risk to volunteers at this early stage of clinical develop-
ment, women were excluded because data from reproductive stud-
ies were not available at the time of study conception. Data from 
this study of a small number of healthy Caucasian men might not 
necessarily apply to other populations, including women and pa-
tients requiring thromboprophylaxis or those with acute thrombosis, 

although there are no reports of significant differences in the prop-
erties of FXI between populations. In addition, the association be-
tween the results of APTT, FXIa, and FXI activity assays and clinical 
outcomes in patients receiving BAY 2433334 are unknown. Further 
studies of the safety, PD and PK of BAY 2433334 in heterogenous 
patient populations are needed.

Based on the safety, PK, and PD results obtained in the current study, 
BAY 2433334 is a promising development candidate for once-daily oral 
anticoagulation. Further evaluation of the PK, PD, safety, and tolerability 

F I G U R E  2  Plasma concentration–
time profile of BAY 2433334 in healthy 
volunteers in part 1. Data are presented 
as geometric mean. The lower and 
upper limits of the error bars are 
geometric mean/geometric SD and 
mean × geometric SD, respectively. 
Abbreviations: LLOQ, lower limit of 
quantification; SD, standard deviation 
[Color figure can be viewed at 
wileyonlinelibrary.com]
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standard deviation. Abbreviations: APTT, 
activated partial thromboplastin time; 
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be viewed at wileyonlinelibrary.com]
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of BAY 2433334 is ongoing in an extended phase 1 program; data will 
be published separately. Further, safety and efficacy are under investi-
gation in the PACIFIC program consisting of three phase 2, dose-finding 
studies in patients with atrial fibrillation (PACIFIC-AF, NCT04218266), 
acute myocardial infarction (PACIFIC-AMI; NCT04304534), and non-
cardioembolic ischemic stroke (PACIFIC-STROKE; NCT04304508).
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