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Abstract
Background: Bleeding is a clinically significant issue with all current anticoagulants. 
Safer antithrombotic strategies are required.
Objectives: To investigate the safety, pharmacodynamics, and pharmacokinetics of 
BAY 1831865, a humanized, factor XI (FXI)-directed monoclonal antibody, after single 
intravenous (i.v.) or subcutaneous (s.c.) doses in healthy volunteers.
Patients/Methods: In a first-in-human, phase I study, 70 volunteers were randomly assigned 
(4:1) to receive single-dose BAY 1831865 (3.5, 7, 17, 35, 75, or 150 mg i.v. or 150 mg s.c.) or 
placebo. Adverse events, pharmacodynamics, and pharmacokinetics were evaluated.
Results: In this study, no hemorrhage, or hypersensitivity or infusion-/injection-related 
reactions were reported. Drug-related adverse events occurred in 3 (5.4%) of 56 volun-
teers; all were mild and self-limited. Dose-dependent prolongation of activated partial 
thromboplastin time (aPTT) and inhibition of FXI clotting activity was observed with 
BAY 1831865 i.v. (geometric mean maximum ratio-to-baseline: aPTT, range, 1.09–3.11 
vs. 1.05 with placebo; FXI, range, 0.70–0.04 vs. 0.91 with placebo). Onset of effect was 
rapid after i.v. administration, with duration of effect (up to 55 days) determined by dose. 
BAY 1831865 s.c. had similar pharmacodynamic effects but a slower onset of action. 
Terminal half-life increased continuously with increasing i.v. dose (range, 28–208 h), lead-
ing to strong and continuous increases in systemic exposure to BAY 1831865. Absolute 
bioavailability of BAY 1831865 s.c. was 47.2% (95% confidence interval, 30.2–73.7).
Conclusions: BAY 1831865 i.v. or s.c. was well tolerated, with no evidence of bleed-
ing in healthy volunteers. BAY 1831865 exhibited pronounced, sustained dose-
dependent prolongation of aPTT and duration of FXI inhibition.
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1  |  INTRODUC TION

Anticoagulation is the cornerstone of treatment for arterial and 
venous thrombosis, the goal of which is to attenuate thrombosis 
without impairing hemostasis.1  While the introduction of direct 
oral inhibitors of activated factor X and/or thrombin has improved 
both the safety and convenience of anticoagulation therapy,2 these 
agents do not differentiate between thrombin generation contribut-
ing to thrombosis and that required for hemostasis.3 Thus, bleeding 
remains a concern, particularly in at-risk and vulnerable patients.1,2

Following efforts to develop safer anticoagulants, factor XI 
(FXI) has been identified as a potential target. FXI is the zymogen of 
protease-activated factor XI (FXIa) and an integral component of the 
intrinsic (contact) coagulation cascade.4 Epidemiological studies of 
individuals with low FXI levels and animal models suggest that FXI 
plays an important role in thrombin generation while leaving the he-
mostatic response largely unaffected.4 Several strategies to inhibit 
the activity or activation of FXI are being investigated, including 
antisense oligonucleotide knockdown of FXI,5 monoclonal antibod-
ies,6,7  small molecules,8–11 and aptamers,12 although the mecha-
nisms differ. Antisense oligonucleotides require up to 4  weeks to 
reduce FXI levels to within the therapeutic range and show effi-
cacy.1  Monoclonal antibodies,6,7 aptamers12 and small-molecule 
inhibitors show a rapid onset of action, and the latter can be given 
orally.8,10,11  The mechanism of action may be orthosteric (active 
site) or allosteric targeting mainly FXIa.6,7,13–17 Allosteric inhibitors 
bind away from the active site and reduce FXIa catalytic activity 
through conformational changes.7,13,15,16 It is currently unknown 
whether introducing zymogen inhibition together with modulation 
of the active site provides additional clinical benefits.6 Proof-of-
principle studies have shown that pharmacological inhibition of FXI 
clotting activity effectively prevents venous thromboembolism in 
patients undergoing elective knee arthroplasty compared to stan-
dard thromboprophylaxis, without an apparent increase in the risk 
of bleeding.5,18–20

The coagulation cascade consists of several amplification loops 
and active site–specific inhibitors that may limit the effectiveness 
of current therapeutics. FXI-directed monoclonal antibodies cur-
rently under investigation either bind directly to the FXI catalytic 
domain18 or to a region adjacent to the active site.7 Thus, an anti-
body combining FXI zymogen inhibition with active site–focused in-
hibition may have distinct properties. BAY 1831865 is a humanized, 
sequence-optimized, monoclonal antibody that binds specifically to 
the apple domain 3 of primate FXI (data on file, Bayer AG), which is 
a binding site for several ligands, including the FXIa substrate factor 
IX (FIX). FXIa proteolytically cleaves FIX in an interaction requiring 
apple domain 3. Additionally, BAY 1831865 inhibits the factor XIIa 
(FXIIa)-mediated activation of FXI by steric hindrance. Therefore, 
BAY 1831865 exhibits a dual mode of action, hindering the bind-
ing of FIX and generation of FIXa, and inhibiting FXI activation to 
FXIa, but not FXIa activity. BAY 1831865 prolonged contact clotting 
time in a concentration-dependent manner in vitro and ex vivo and 

demonstrated antithrombotic efficacy in an animal model of arterial- 
and venous-type thrombosis without increasing bleeding time (data 
on file, Bayer AG).

This first-in-human, phase I, dose-escalation study aimed to eval-
uate the safety, pharmacodynamic properties, and pharmacokinetic 
properties of single intravenous (i.v.) or subcutaneous (s.c.) doses 
of BAY 1831865 in healthy volunteers. The rationale for develop-
ing an s.c. formulation is to provide a safe therapy that can be self-
administered by the patient or given in a home-based environment 
for patients who require long-term anticoagulation.

2  |  METHODS

2.1  |  Study population

Eligible participants were healthy White men aged 18–55 years with 
a body weight of 70–110 kg and a body mass index of 18–30 kg/
m2. Key exclusion criteria were known disorders with an increased 
risk of bleeding, a history of bleeding, or known thrombophilia disor-
ders; clinically relevant findings on electrocardiogram (ECG); current 
smoker (more than five cigarettes a day); and regular use of thera-
peutic medicines or recreational drugs.

The study met all local legal and regulatory requirements and 
was conducted in accordance with the Declaration of Helsinki and 
Good Clinical Practice guidelines. Each participant provided written 
informed consent prior to study entry.

2.2  |  Study design

This was a phase I, multicenter, randomized, single-blind (par-
ticipant), parallel-group, placebo-controlled, dose-escalation 
investigation conducted at two centers in Germany (EudraCT: 
2018–000787–28; Figure  1). The first participant first visit took 
place on November 19, 2018 and the last participant last visit on 
February 18, 2020. Eligible volunteers were randomized 4:1 to re-
ceive a single dose of BAY 1831865 or placebo. Participants who 

Essentials

•	 Targeting factor XI (FXI) is a novel anticoagulation strat-
egy that is not expected to impact hemostasis.

•	 FXI-directed monoclonal antibody BAY 1831865 was 
investigated in a phase I study.

•	 Single doses of BAY 1831865 were well tolerated in vol-
unteers, with no evidence of bleeding.

•	 BAY 1831865 prolonged contact clotting time with a 
dose-dependent duration of effect.
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met the entry criteria were then randomized centrally by assigna-
tion of their unique number to one of the treatments according to a 
computer-generated randomization list provided by Data Sciences 
and Analytics. Initially, BAY 1831865 was given as a 60-min i.v. 
infusion in one of up to seven dose steps. The starting dose was 
3.5  mg i.v. with subsequent dose escalation planned in up to six 
sequential steps (i.e., 7, 17, 35, 75, 150, and 300 mg i.v.). Each dose 
step proceeded only if the previous dose had shown an acceptable 
safety profile and acceptable tolerability. The highest dose that 
was judged to have an acceptable safety profile and be well toler-
ated with i.v. administration was then administered by s.c. injection 
in a separate cohort.

The study included an 8-day in-house treatment period from 
24 h before to 6 days after study drug administration (days −1 to 7).  
Volunteers returned for three outpatient visits after i.v. doses 
(days 14, 21, and 28) and five outpatient visits after the s.c. dose 
(days 9, 11, 14, 21, and 28). There was a follow-up visit on day 56 
after both i.v. and s.c. doses. An additional visit was also added 
on day 84 for the BAY 1831865 150  mg dose owing to its long 
half-life.

The primary endpoint was the safety and tolerability of BAY 
1831865 after doses of 3.5 mg–300 mg administered as i.v. and s.c. 
doses, as determined by the number of participants with treatment-
emergent adverse events. The secondary endpoints were to investi-
gate the pharmacodynamics (maximal to baseline ratio of activated 
partial thromboplastin time [aPTT]) and pharmacokinetics (area 
under the plasma concentration-time curve from zero to infinity 
[AUC], AUC divided by dose [AUC/D], maximum observed drug 
concentration [Cmax], and Cmax divided by dose [Cmax/D]) of BAY 
1831865 administered as i.v. and s.c. doses.

2.3  |  Safety

Adverse events were assessed from screening throughout the study 
period after BAY 1831865 administration. Adverse events were con-
sidered treatment-emergent if they started or worsened from after 
study drug administration until day 105. The intensity of each ad-
verse event was classified by the investigator according to intensity 
(mild, moderate, or severe), as well as seriousness. Protocol-defined 
adverse events of special interest were hemorrhage, hypersensitiv-
ity and infusion- or injection-related reactions, and antidrug antibod-
ies. Development of antidrug antibodies was investigated in blood 
samples taken before dosing and on days 7, 14, 21, 28, and 56 after 
dosing. Plasma concentrations of antidrug antibodies were deter-
mined using an electrochemiluminescence ligand-binding assay with 
polyethylene glycol precipitation of antidrug antibodies and sulfo-
tagged BAY 1831865 as the detection reagent. Confirmed positive 
samples showed a reduction in absorbance of more than 28.347% 
(specificity cut-point based on a 99.9% confidence interval approach 
during validation) in the presence of excess BAY 1831865. Other 
safety examinations (physical examination, body temperature, blood 
pressure, heart rate, and 12-lead ECG) were performed throughout 
the study, along with monitoring of clinical laboratory variables (he-
matology, serum chemistry, and urinalysis).

2.4  |  Pharmacodynamics

Citrated blood samples for the analysis of aPTT, FXI activity, 
FXIa activity, and prothrombin time were collected on day −1 
(FXI activity and FXIa activity only); before dosing; at 1, 2, 4, 

F I G U R E  1  Study schema and participant flow. i.v., intravenous; s.c., subcutaneous

Completed
follow-up
(n = 70)

s.c. dose (150 mg s.c.)
BAY 1831865 (n = 8), 

placebo (n = 2)

Enrolled
(n = 156)

Excluded
(n = 86)

Randomized
(n = 70)

Dose step 1 (3.5 mg i.v.)
BAY 1831865 (n = 8), 

placebo (n = 2)

Dose step 2 (7 mg i.v.)
BAY 1831865 (n = 8), 

placebo (n = 2)

Dose step 3 (17 mg i.v.)
BAY 1831865 (n = 8), 

placebo (n = 2)

Dose step 4 (35 mg i.v.)
BAY 1831865 (n = 8), 

placebo (n = 2)

Dose step 5 (75 mg i.v.)
BAY 1831865 (n = 8), 

placebo (n = 2)

Dose step 6 (150 mg i.v.)
BAY 1831865 (n = 8), 

placebo (n = 2)

i.v. administration
s.c. administration
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8, 12, 24, and 36 h after dosing; and on days 3–7, 9, 11, 14, 21, 
28, and 56 after BAY  1831865 administration. Samples were 
centrifuged for plasma preparation within 10  min and stored 
at −70°C.

Activated partial thromboplastin time was measured using 
a validated method in which citrated plasma was recalcified in 
the presence of a standardized quantity of cephalin (a platelet 
substitute) and a FXII activator (kaolin). The analysis was per-
formed using a STA-C.K. Prest test kit on an STA Compact Max 
3 analyzer (both Diagnostica Stago). The calibration range of the 
assay was 20–240  s and the analytical range determined was 
26.6–107.0  s. Quality control samples with a mean of 30.0–
54.0  s were determined with a precision of 2.0%–8.7% coeffi-
cient of variation (CV). FXI activity (clotting assay) was assessed 
using a modified aPTT-based coagulation test with FXI-deficient 
plasma and using reagents and hardware from Instrumentation 
Laboratory. In brief, plasma samples were diluted and mixed 
with human plasma that had been immunodepleted of FXI activ-
ity. Correction of the clotting time of the FXI-deficient plasma 
to that of the mixture was proportional to the residual activ-
ity of FXI in the plasma sample, interpolated from a calibration 
curve. The calibration range of the assay was 0–150.0% and the 
analytical range determined was below lower limit of quantifi-
cation (LLOQ) to 116.3%. Quality control samples with a mean 
of 5.1%–104.7% were determined with a precision of 14.7%–
24.4% CV. FXIa activity was measured using a proprietary flu-
orogenic substrate assay. Prothrombin time was assessed using 
STA-Neoplastine CI Plus reagent on an STA coagulation analyzer 
(both Diagnostica Stago).

Blood samples for thromboelastometry were taken before dos-
ing, 2  h after dosing on day  1, and on days 7, 14, 21, 28, and 56 
after BAY 1831865 administration. Assessments of clotting time, 
clot formation time, maximum clot firmness, and clot lysis at 60 min 
were performed using rotational thromboelastometry and INTEM 
reagents (ROTEM system; TEM International GmbH).

Blood samples for the analysis of thrombosis biomarkers (D-
dimer, thrombin-antithrombin complex [TAT], and prothrombin frag-
ment 1.2 [F1.2]) were taken before dosing and on days 2, 7, 14, 21, 
28, and 56 after BAY 1831865 administration. D-dimer levels were 
measured using a particle-enhanced immunoturbidimetric method 
(STA-Liatest D-Di) on an STA coagulation analyzer (both Diagnostica 
Stago), and TAT and F1.2 levels were measured using commercially 
available enzyme-linked immunosorbent assays (ELISAs; Enzygnost 
TAT micro ELISA and Enzygnost F1+2 monoclonal test kit; Siemens 
Healthcare Diagnostics Products GmbH).

Bleeding time was evaluated before dosing, and at 2 h and on 
day 7 after administration using the Surgicutt system (Accriva 
Diagnostics Inc.). A standard incision (5 mm length, 1 mm depth) 
was made on the forearm, and blood was absorbed from the inci-
sion using filter paper every 30 s until bleeding stopped. During 
the measurement, the blood pressure monitor was inflated to 
40 mmHg.

2.5  |  Pharmacokinetics

Blood samples for pharmacokinetic analysis were taken before dos-
ing; at 0.25, 0.5, 1, 2, 4, 8, 12, 24, and 36 h after dosing on day 1; and 
on days 3–7, 9, 11, 14, 21, 28, and 56 after BAY 1831865 administra-
tion. All samples were stored at or below −65°C and analyzed up 
to 113 days after sampling. Plasma concentrations of BAY 1831865 
were determined using a ligand-binding assay with electrochemilu-
minescence readout. BAY 1831865 was captured using a biotinylated 
anti-idiotypic antibody to bind the BAY 1831865-FXI complex and 
was detected using a sulfo-TAG-labeled antigen-binding fragment 
(Fab) antibody. The calibration range of the procedure was from 
1.0 mg/L (LLOQ) to 20.0 mg/L (upper limit of quantification). Quality 
control samples (blank plasma spiked with BAY 1831865 concentra-
tion range, 2.50–15.0 mg/L) were determined with an accuracy of 
104%–110% and a precision of 6.21%–9.39%.

The main pharmacokinetic parameters were AUC, AUC/D, Cmax, 
and Cmax/D. Time to Cmax (tmax), half-life associated with the terminal 
slope (t1/2), total body clearance of drug (CL), volume of distribution 
at steady state after intravascular administration, and apparent vol-
ume of distribution during terminal phase after extravascular admin-
istration (Vz/F) were also considered.

Pharmacokinetic parameters were calculated using the model-
independent, compartment-free method with Phoenix 8.1 software 
in conjunction with the noncompartmental analysis tool plug-in (re-
lease 1.0; Certara). Calculations were based on the actual sampling 
and dosing times, and only values above the LLOQ were used.

2.6  |  Statistics

No formal sample size determination was performed for this explor-
atory study. Data were presented by BAY 1831865 dose step and 
separated by route of administration (i.v. or s.c.).

Pharmacodynamic results were presented as the change from 
baseline and the ratio-to-baseline including all observed data. 
Maximal ratio-to-baseline of aPTT, the main pharmacodynamic 
parameter, was compared for each dose of BAY 1831865 versus 
placebo with an exact Wilcoxon rank-sum test (one-sided signif-
icance level α = 0.05) in sequential order (i.e., if all previous null 
hypotheses for the endpoint had been rejected, the next null hy-
pothesis was tested) starting with the highest i.v. dose. The com-
parison between the s.c. dose and placebo was performed in the 
end in any case. Hodges-Lehmann estimates of the location shift 
between treatment groups were calculated along with 90% confi-
dence intervals (CIs).

Exploratory analyses of variance (ANOVA), including the 
factor treatment, were performed to detect deviations from 
dose-proportionality of BAY 1831865 i.v. using log-transformed 
values of AUC/D and Cmax/D. The absolute bioavailability of BAY 
1831865 s.c. was also investigated using exploratory ANOVA, in-
cluding the factor treatment, by comparing the log-transformed 
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values of AUC and Cmax for the same dose given via i.v. and s.c. 
administration.

Data were analyzed by descriptive statistical methods, and all 
planned statistical analyses were exploratory in nature. There was 
no imputation for missing data. Statistical evaluation was performed 
using SAS software, version 9.4 (SAS Institute Inc.).

3  |  RESULTS

3.1  |  Disposition and demographics

In total, 70  healthy male volunteers were randomized to study 
treatment (BAY  1831865 i.v., n  =  48; placebo i.v., n  =  12; BAY 
1831865 s.c., n = 8; placebo s.c., n = 2; Figure 1). All 70 volunteers 
were treated as planned, completed the study, and were included in 
the safety analysis and pharmacodynamic analysis sets. Key baseline 
characteristics are shown in Table 1.

3.2  |  Safety

Overall, 30 (53.6%) of 56 volunteers who received single doses of 
BAY 1831865 i.v. or s.c. reported at least one treatment-emergent 
adverse event (TEAE) compared to 6 (42.9%) of 14 volunteers who 
received placebo i.v. or s.c. (Table 2). All TEAEs were of mild to mod-
erate intensity and had resolved by study end. There were no serious 
adverse events or deaths reported with any dose of BAY 1831865. 
The most frequently observed TEAEs with BAY 1831865 i.v. or s.c. 
were nasopharyngitis (n = 11, 19.6% vs. n = 3, 21.4% with placebo), 
headache (n = 4, 7.1% vs. n = 1, 7.1% with placebo), back pain (n = 4, 
7.1% vs. n = 1, 7.1% with placebo), and oropharyngeal pain (n = 3, 
5.4% vs. no cases with placebo; Table S1 in supporting information). 
Increases in C-reactive protein and liver function tests were each 
reported in two volunteers (3.4%; Table S1). All other TEAEs (n = 22) 
with BAY 1831865 i.v. or s.c. were each reported in one volunteer 
only.

TEAEs considered to be related to BAY 1831865 by the inves-
tigator were reported in 3 (5.4%) of 56 volunteers. One volunteer 
received BAY 1831865 7 mg i.v. and reported elevated white blood 
cells, elevated C-reactive protein, elevated liver function tests, and 
muscle pain in both upper legs. Each of the events were of mild 
intensity and resolved without any treatment. Another volunteer 
reported mild urinary urgency 30 min after administration of BAY 
1831865 35  mg i.v., which resolved without treatment. The third 
volunteer reported mild redness at the injection site after s.c. ad-
ministration of BAY 1831865 150 mg. The event lasted for 45 min 
and resolved without treatment.

At least one occurrence of antidrug antibody formation was con-
firmed in nine volunteers (BAY 1831865 35 mg i.v., n = 1; 75 mg i.v., 
n = 1; 150 mg i.v., n = 4; placebo i.v., n = 3). As positive antibody titers 
did not coincide with altered plasma concentrations of BAY 1831865 
or any unexpected pharmacodynamic or safety findings, they were 

not classified as adverse events. No other TEAEs of special interest 
(hemorrhage, and hypersensitivity and infusion- or injection-related 
reactions) were observed. Vital signs and ECG parameters remained 
within physiological ranges during the study. With the exception 
of aPTT (see Pharmacodynamics section in this article), no general 
trends for BAY 1831865 on any specific laboratory parameters, in-
cluding hemoglobin, were observed.

3.3  |  Pharmacodynamics

3.3.1  |  aPTT

Dose-dependent increases in aPTT and duration of aPTT prolon-
gation were observed with BAY 1831865 i.v. (Figure 2). Geometric 
mean values for the maximum ratio-to-baseline for aPTT, the main 
pharmacodynamic variable, ranged from 1.09 (3.5  mg i.v.) to 3.11 
(150 mg i.v.) compared to 1.05 for placebo; increases were signifi-
cant for all i.v. doses of BAY 1831865 vs. placebo (Wilcoxon rank-
sum test P <  .05). The interindividual variability of this effect was 
low (coefficient of variation [CV] range, 3.17%–10.01%). Onset of 
effect with BAY 1831865 i.v. was rapid, with pronounced increases 
in aPTT being evident within 1 h of initiating BAY 1831865 infusion 
for doses of 7 mg or greater (Figure 2). Offset of effect and duration 
of aPTT prolongation was dose-dependent, with geometric mean 
aPTT ratio-to-baseline values returning to baseline levels between 
2 days (7 mg) and 55 days (75 mg and 150 mg) after BAY 1831865 
infusion (Figure 2).

In contrast to i.v. administration, aPTT increased slowly with 
BAY 1831865 150 mg s.c. until about 5 days after dosing (Figure 2). 
The maximum geometric mean ratio-to-baseline with BAY 1831865 
150 mg s.c. was 2.78 (CV, 5.54%) which was significant versus pla-
cebo (Wilcoxon rank-sum test P < .05). There were pronounced in-
terindividual differences in the time when the plateau of drug effect 
was reached (range, from about 8 h to 4 days). Geometric mean aPTT 
ratio-to-baseline remained elevated at 27 days but had returned to 
baseline at 55 days after s.c. administration (Figure 2).

3.3.2  |  FXI and FXIa activities

Dose-dependent inhibition of FXI activity (Figure 3) and FXIa activ-
ity (Figure S1 in supporting information) was observed with increas-
ing i.v. doses of BAY 1831865. The onset of effect of BAY 1831865 
was rapid, with pronounced decreases in the activity of both FXI and 
FXIa being evident shortly after administration of any i.v. dose. The 
maximum geometric mean ratio-to-baseline of FXI activity ranged 
from 0.70 (3.5 mg) to 0.04 (17 mg) compared to 0.91 for placebo; 
the interindividual variability of this effect was low to moderate 
(CV range, 4.76%–43.17%). The maximum geometric mean ratio-to-
baseline of FXIa activity ranged from 0.55 (3.5 mg) to 0.01 (17 mg) 
compared to 0.86 for placebo; the interindividual variability of this 
effect was low to high (CV range, 10.79%–148.03%). FXI activity 
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returned to baseline between 13 days (3.5 mg) and 55 days (35 mg, 
75 mg, and 150 mg) after BAY 1831865 i.v. administration. Further 
dose escalation of BAY 1831865 above 150 mg was not considered 
because the extrapolated mean FXI activity was expected to drop 
to below 20% from baseline for 45 days or more with doses greater 
than 150  mg (protocol-defined stopping rule for dose escalation). 
For FXIa activity, values returned to baseline after 13 days with the 
3.5  mg i.v. dose and were almost, but not fully, restored to base-
line during the observation period for other i.v. doses; the geometric 
mean ratios to baseline 55 days after administration of BAY 1831865 
35, 75, and 150 mg i.v. were 0.98, 0.97, and 0.82, respectively.

After s.c. administration of BAY 1831865 150 mg, FXI activity 
and FXIa activity declined slowly, and the minimum activity of both 
variables was reached about 3 days after dosing. The maximum geo-
metric mean ratios to baseline for FXI activity and FXIa activity were 
0.06 (CV, 16.86%) and 0.02 (CV, 23.91%), respectively. Baseline FXI 
activity values were attained at 55 days, but FXIa activity remained 
below baseline at this time (last sampling time point).

3.3.3  |  Rotational thromboelastometry

Following i.v. administration of BAY 1831865, clotting time and 
clot formation time were increased in a dose-dependent manner, 
whereas maximum clot firmness and clot lysis were not influenced 
by BAY 1831865. For clotting time, the maximum geometric mean 
ratio-to-baseline ranged from 1.2 (3.5  mg i.v.) to 3.4 (150  mg i.v.) 
compared to 1.2 for placebo (Figure S2 in supporting information). 
For clot formation time, the maximum geometric mean ratio-to-
baseline ranged from 1.1 (3.5 mg i.v.) to 1.9 (75 mg and 150 mg i.v.) 
compared to 1.1 for placebo. The onset of effect after s.c. adminis-
tration of BAY 1831865 150 mg on both clotting time and clot for-
mation time was slower, with respective maximum geometric mean 
ratios to baseline of 2.9 and 1.7.

3.3.4  |  Other pharmacodynamic variables

Plasma levels of D-dimer, TAT, and F1.2 were not clearly influenced 
by BAY 1831865 i.v. or s.c. (Table S2 in supporting information). In 
addition, BAY 1831865 i.v. or s.c. did not induce any changes in pro-
thrombin time (Table S2). An analysis of absolute values and ratios to 
baseline for bleeding time revealed no changes with BAY 1831865 
i.v. or s.c. compared to placebo (data not shown).

3.4  |  Pharmacokinetics

The pharmacokinetic analysis set included 48 volunteers who re-
ceived BAY 1831865 i.v. and eight volunteers who received BAY 
1831865 s.c. A summary of the pharmacokinetics of BAY 1831865 
after i.v. or s.c. administration is provided in Table 3. In the lowest 
dose group (3.5 mg i.v.), plasma concentrations were only measurable TA
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in three volunteers, and geometric mean values could not be calcu-
lated for all variables.

Following i.v. administration, there was a dose-dependent in-
crease in plasma concentration of BAY 1831865 (Figure 4). Geometric 
mean Cmax increased from 1.32 mg/L (3.5 mg) to 48.3 mg/L (150 mg). 
Dose-normalized Cmax values varied slightly among the six i.v. dose 
steps, although no deviation from dose-proportionality was indi-
cated by the explorative ANOVA. Median tmax was similar for all 
i.v. doses, ranging from 1.0  h to 2.0  h after the start of infusion. 
However, there was an overproportional increase in exposure to 
BAY 1831865 with increasing i.v. dose. This was reflected by con-
tinuous and strong increases in AUC/D, with geometric mean values 
ranging from 12.3 h/L (7 mg) to 72.9 h/L (150 mg); the explorative 
ANOVA indicated a deviation from dose-proportionality (P < .0001). 
Geometric mean values for CL decreased from 0.0815 L/h (7 mg) to 
0.0137 L/h (150  mg), and t1/2 increased continuously from 28.4 h 
(7 mg) to 208 h (150 mg) across the i.v. dose range.

After s.c. administration of BAY 1831865 150  mg, AUC was 
about half that observed after i.v. administration of BAY 1831865 
150  mg (geometric mean, 5160  mg.h/L vs. 10 900  mg.h/L), and 
Cmax was reduced by almost 80% (geometric mean, 10.9 mg/L vs. 
48.3  mg/L). Median tmax after s.c. administration was 96.0  h. The 
t1/2 after s.c. administration was similar to that observed after i.v. 
administration (geometric mean, 217 h vs. 208 h). Geometric mean 
values for CL calculated after extravascular administration and Vz/F 
were 0.0291 L/h and 9.10 L, respectively. The absolute bioavailabil-
ity of BAY 1831865 150 mg s.c. vs. 150 mg i.v. was 47.2% (95% CI, 
30.2%–73.7%).

4  |  DISCUSSION

This first-in-human, phase I, dose-escalation study demonstrated 
that single i.v. and s.c. doses of the FXI-directed monoclonal an-
tibody BAY 1831865 were well tolerated in healthy men and did 
not raise any unexpected safety signals. Drug-related TEAEs were 
reported in three volunteers across all i.v. and s.c. doses. All the 
reported events were mild in intensity and resolved without treat-
ment during the study period. Notably, there were no reports of 
bleeding or hemorrhage with BAY 1831865 during the study, and 
no changes in bleeding time, assessed using the Surgicutt test, were 
observed compared to placebo. There were also no hypersensitiv-
ity or infusion-related reactions reported, suggesting that the risk 
of these events with BAY 1831865 appears to be low. While an-
tidrug antibodies were documented in six volunteers who received 
BAY 1831865, their presence did not coincide with any changes in 
safety profile or pharmacodynamic properties and was not consid-
ered clinically relevant.

In this study, BAY 1831865 was found to influence the intrin-
sic pathway, as evidenced by increases in aPTT, without affect-
ing prothrombin time, a screening test for the extrinsic pathway. 
Administration of BAY 1831865 i.v. was associated with dose-
dependent increases in aPTT and pronounced dose-dependent in-
hibition of FXI and FXIa activities. Near-total inhibition of FXI and 
FXIa activities was achieved with BAY 1831865 doses of 17 mg or 
greater. Onset of effect following administration of BAY 1831865 
i.v. on aPTT, FXI, and FXIa activity was rapid and evident within the 
first hour of completing drug infusion. Offset of effect was slower 

F I G U R E  2  Effects of increasing doses of BAY 1831865 on activated partial thromboplastin time (aPTT) in healthy male volunteers. i.v., 
intravenous; s.c., subcutaneous
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and dictated by BAY 1831865 dose, with aPTT and FXI activity re-
turning to baseline levels within 55 days for all doses. Restoration 
of FXIa activity was almost, but not fully, achieved during the study 
period. From these observations, further dose escalation of BAY 
1831865 above 150  mg was not considered because the mean 
FXI activity was predicted to drop to below 20% from baseline for 
45  days or more. The pharmacodynamic profile of BAY 1831865 
after s.c. administration was similar but with a delayed onset of ac-
tion. A maximal effect on aPTT was evident approximately 5 days 
after s.c. administration, with return to baseline observed after 
55 days. BAY 1831865 also increased clotting time and clot forma-
tion time in a dose-dependent manner as expected, but it did not 
appear to influence biomarkers of coagulation (D-dimer, TAT, and 
F1.2) or other clotting parameters (prothrombin time, maximum clot 
firmness, and clot lysis).

The clinical pharmacokinetic profile of BAY 1831865 was char-
acterized by a long t1/2 and low volume of distribution, properties 
typically observed with parenterally administered monoclonal anti-
bodies.21 Notably, the t1/2 of BAY 1831865 increased continuously 
(from 28 h to 208 h) and CL decreased (from 0.08 L/h to 0.01 L/h) 
over the 7–150  mg dose range. This, in turn, led to a strong and 
continuous increase in systemic exposure to BAY 1831865 after i.v. 

administration over the same dose range. A possible explanation for 
this dose-dependent (nonlinear) pharmacokinetic behavior is the in-
volvement of a saturable metabolic process, that is, target-mediated 
elimination that becomes saturated because of finite quantities 
of target antigen.21 In support of this explanation, typical plasma 
concentrations of FXI dimers are approximately 5 mg/L (30 nM).22 
Under the assumption of one-to-one binding of BAY 1831865 to 
FXI, FXI is expected to be fully saturated by BAY 1831865 at plasma 
concentrations of 5 mg/L which occur at a dose of 17 mg i.v. (mean 
Cmax, 5.73 mg/L). These pharmacokinetic properties support an in-
termittent dosing schedule (possibly monthly), as increased expo-
sure would be anticipated after repeat dosing of BAY 1831865. After 
s.c. administration, absorption of BAY 1831865 into the systemic 
circulation was slow (tmax, 96 h) and overall exposure was lower than 
after i.v. administration of the same dose (150 mg). The absolute bio-
availability of s.c. BAY 1831865 was relatively low (47.2%), which 
is probably attributable to proteolytic degradation in the interstitial 
fluid or lymphatic system.21

The rapid onset of action and long t1/2 of BAY 1831865 are con-
sistent with other FXI/FXIa-directed monoclonal antibodies6,7 but 
are distinct from antisense oligonucleotides, which require up to 
4 weeks to reduce FXI levels to within the therapeutic range,1 and 

F I G U R E  3  Effects of increasing doses of BAY 1831865 on factor XI activity in healthy male volunteers. i.v., intravenous; s.c., 
subcutaneous
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small-molecule inhibitors, which have a relatively short t1/2.10  The 
clinical implications of the near-total inhibition of FXI activity pro-
vided by BAY 1831865 have yet to be investigated, but it is of inter-
est that abelacimab, an FXI-directed antibody that achieves a similar 
level of inhibition of FXI activity, has antithrombotic efficacy but 
without an increased risk of bleeding.18 Similarly, inhibition of FXI 
via an antisense oligonucleotide or inhibition of FXIa with the mono-
clonal antibody osocimab before surgery in a total knee arthroplasty 
setting did not result in an excess in bleeding.5,19 Thus, no restric-
tions were made to the daily routines of the participating volunteers 
during the out-of-hospital phase of this first-in-human study with no 
bleeding adverse events reported, providing additional reassurance 
of low bleeding risk. Moreover, a commercially available formulation 
of recombinant factor VIIa (NovoSeven) has been shown to reverse 
the effects of BAY 1831865 on aPTT in vivo,23 although it is de-
bated whether there is clinical need for such a reversal agent with 
long-acting antithrombotics for emergency situations.1 It is antici-
pated that the sustained anticoagulation provided by BAY 1831865 
could be relevant for conditions when fluctuating drug levels due to 
missed doses or low trough levels are not tolerable (e.g., for patients 
with mechanical heart valves). The optimal dose and schedule for 
BAY 1831865 have yet to be investigated in clinical studies.

Several limitations inherent to phase I  studies apply to this 
study. This study was designed to investigate single doses of BAY 
1831865 in a population of healthy volunteers. The study popu-
lation was small, excluded women, and consisted exclusively of 
White men. Therefore, data collected may not apply to other pop-
ulations. We recognize that women should be included as early as 
possible in clinical research targeting diseases that are prevalent in 
both sexes. However, no clinical data from any FXI-directed mono-
clonal antibodies were available when this study was conducted. 
Furthermore, while no clear association between plasma FXI lev-
els and excessive menstrual bleeding has been found in patients 
with FXI deficiency,24 FXI deficiency has been associated with an 
increased risk of heavy menstrual bleeding.25  Thus, we consid-
ered it an unacceptable risk to include healthy women in this initial 
clinical trial of BAY 1831865 until some safety, pharmacokinetic, 
and pharmacodynamic data had been generated in men. Further 
studies are therefore required to characterize the pharmacology, 
safety, and immunogenicity of BAY 1831865 after multiple doses, 
and to understand the effects of this agent in broader populations. 
Furthermore, although participants were blinded to treatment, in-
vestigators were not, and treatment evaluations were nonblinded. 
An evaluation of FXI concentrations was performed in this study, 
but the data were inconclusive owing to technical problems and 
have not been presented for this reason.

In conclusion, in this first-in-human study in 70 healthy White 
men, BAY 1831865 was well tolerated when given as single i.v. or 
s.c. doses of up to 150 mg, with no evidence of bleeding or increased 
bleeding time. BAY 1831865 exhibited rapid and sustained dose-
dependent prolongation of aPTT and inhibition of FXI clotting ac-
tivity, when the duration of effect was determined by dose. Further 
clinical studies are warranted to investigate the anticoagulation TA
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efficacy of BAY 1831865 and determine the optimal dose and 
schedule for clinical use.
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