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von Willebrand factor (VWF) and factor VIII (FVIII) circulate in a noncovalent complex in blood and promote primary 
hemostasis and clotting, respectively. A new VWF A1-domain binding aptamer, BT200, demonstrated good subcutaneous 
bioavailability and a long half-life in non-human primates. This first-in-human, randomized, placebo-controlled, double-
blind trial tested the hypothesis that BT200 is well tolerated and has favorable pharmacokinetic and pharmacodynamic 
effects in 112 volunteers. Participants received one of the following: a single ascending dose of BT200 (0.18-48 mg) 
subcutaneously, an intravenous dose, BT200 with concomitant desmopressin or multiple doses. Pharmacokinetics were 
characterized, and the pharmacodynamic effects were measured by VWF levels, FVIII clotting activity, ristocetin-induced 
aggregation, platelet function under high shear rates, and thrombin generation. The mean half-lives ranged from 7-12 days 
and subcutaneous bioavailability increased dose-dependently exceeding 55% for doses of 6-48 mg. By blocking free A1 
domains, BT200 dose-dependently decreased ristocetin-induced aggregation, and prolonged collagen-adenosine 
diphosphate and shear-induced platelet plug formation times. However, BT200 also increased VWF antigen and FVIII 
levels 4-fold (P<0.001), without increasing VWF propeptide levels, indicating decreased VWF/FVIII clearance. This, in turn, 
increased thrombin generation and accelerated clotting. Desmopressin-induced VWF/FVIII release had additive effects on 
a background of BT200. Tolerability and safety were generally good, but exaggerated pharmacology was seen at saturating 
doses. This trial identified a novel mechanism of action for BT200: BT200 dose-dependently increases VWF/FVIII by 
prolonging half-life at doses well below those which inhibit VWF-mediated platelet function. This novel property can be 
exploited therapeutically to enhance hemostasis in congenital bleeding disorders. 
 

Abstract 

Introduction 
von Willebrand factor (VWF) and factor VIII (FVIII) circulate 
in a noncovalent complex in blood and promote primary 
hemostasis and clotting, respectively.1 VWF plays a dual 
role in hemostasis: firstly, it is crucial for platelet adhesion 
as it bridges glycoprotein GpIb on platelets via the A1 do-
main to collagen localized in the subendothelial matrix of 
damaged vessels,2 secondly it reduces the clearance of 
coagulation FVIII.3 Deficiency of VWF (Willebrand disease 
or syndrome) causes primarily mucocutaneous bleeding,4,5 
and deficiency of FVIII (hemophilia A) leads to joint and 
muscle bleeding. Both of these disorders can result in dis-
astrous bleeding during surgery or after trauma, and 

necessitate substitution of VWF or FVIII, or non-factor re-
placement therapy in severe cases.6  
Only recently, VWF has become a target for therapeutic in-
terventions in prothrombotic diseases. As VWF mediates 
thrombus formation under high shear rates, therapeutic in-
hibition of VWF is a potential target for cardiovascular dis-
eases.7-9 Proof of this concept was first established by 
demonstrating: (i) that inhibition of the VWF A1-domains 
reduced the number of microembolic signals during carotid 
endarterectomy;10 and (ii) that it improved thrombocytope-
nia in thrombotic thrombocytopenic purpura,11 a condition 
caused by a congenital or acquired deficiency of the VWF 
cleaving enzyme (ADAMTS-13).12 This led to small13,14 and 
larger clinical trials,15-17 which eventually led to the success-
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ful testing of the anti-VWF nanobody caplacizumab in 
phase II/III trials and its subsequent marketing authoriza-
tion for acquired thrombotic thrombocytopenic purpura.  
Aptamer-mediated blockade of VWF A1-domains was also 
demonstrated to be effective in patients with a gain-of-
function VWF mutation (type 2B von Willebrand disease 
[VWD]), increasing both VWF and FVIII plasma levels, as 
well as platelet counts.18,19 These pro-hemostatic actions 
might also be exploited therapeutically. Previous gener-
ations of anti-VWF aptamers, for example aptamer 
ARC1779, had a suboptimal short half-life11, 20 or subopti-
mal stability at higher temperatures. For those reason we 
designed a next-generation VWF-A1-binding aptamer, 
BT200, which recently showed good subcutaneous bio-
availability (≥77%) and a long half-life in non-human pri-
mates (>100 h).21 This first-in-human, randomized, 
double-blind, placebo-controlled trial set out to test the 
hypothesis that BT200 is well tolerated, safe and has fa-
vorable pharmacokinetics and pharmacodynamic effects. 

Methods 
This trial was approved by the national competent auth-
ority (BASG) and the Ethics Committee of the Medical 
University of Vienna. The study protocol, subsequent 
amendments, and informed consent were written ac-
cording to the Declaration of Helsinki and the trial was 
conducted according to the International Council on Har-
monization guidelines for Good Clinical Practice, which 
was monitored by an external contract research organ-
ization. Patients provided written informed consent prior 
to their participation in the trial. This trial was registered 
under EUDRA-CT# 2019-001818-42 and NCT04103034 at 
www.clinicaltrials.gov. This was a single-center trial and 
all authors had open access to the primary clinical data. 
Upon a justified request, the principal investigator will 
grant access to the primary clinical trial data. 
This trial used a 3:1 randomized, double-blind, placebo-
controlled integrated protocol design with 14 dose co-
horts. Each cohort comprised six subjects receiving 
active treatment and two receiving placebo. Placebo-
treated volunteers were pooled within each part of the 
study and analyzed together. Randomization was done 
centrally using an electronic system provided by Assign 
Data Management and Biostatistics (Innsbruck, Austria). 
Part A of the study was a single ascending dose study, 
part B a multiple ascending dose study, part D an intra-
venous (IV) bioavailability study (IV infusion over 24 h) 
and part C was a drug-drug interaction study with the 
VWF secretagogue, desmopressin, given as a single dose 
(0.3 mg/kg IV over 30 min) approximately 96 h after ad-
ministration of 48 mg BT200 (i.e., at approximately the 
tmax of BT200). Healthy male or female subjects of non-

childbearing potential were invited to participate. Be-
cause reproductive toxicology studies do not exist at this 
point, the relevant regulatory agency recommended ex-
cluding women of childbearing potential at this early 
stage of development. After written informed consent 
and passing a screening examination subjects received 
single doses of BT200 ranging from 0.18 to 24 mg via sub-
cutaneous (SC) injection (cohorts 1-7), SC infusion (drug 
diluted in 100 mL NaCl) of 24, 36 and 48 mg over 1 h (co-
horts 8-10) or a 24-hour IV infusion of 24 mg (cohort 11) 
(Table 1). Subjects were confined to bed rest for the first 
hour; oxygen saturation and heart rate were monitored, 
and blood pressure was measured repeatedly. Subjects 
in the multiple-dose cohorts received a split loading 
dose (IV over 2 h/SC) of 12/12 mg or 24/24 mg. In cohort 
13 this was followed by weekly SC injections of 12 mg 
until day 28.  
BT200 is a fully 2’-O-methylated RNA aptamer21 con-
jugated to a 40 kD polyethylene glycol, and it was sup-
plied at a concentration of 15 mg/mL in sterile saline for 
injection (all doses refer to the unconjugated aptamer). 
A sterile saline solution (0.9 NaCl) was used as placebo 

In each cohort six volunteers were randomized to BT200 and two to 
placebo. N: number of subjects; SC: subcutaneous; IV: intravenous.

Study 
Part Cohort Treatment N

A 1 0.18 mg BT200/placebo – SC injection 8

A 2 0.6 mg BT200/placebo – SC injection 8

A 3 1.8 mg BT200/placebo – SC injection 8

A 4 6 mg BT200/placebo – SC injection 8

A 5 12 mg BT200/placebo – SC injection 8

A 6 18 mg BT200/placebo – SC injection 8

A 7 24 mg BT200/placebo – SC injection 8

A 8 24 mg BT200/placebo – SC infusion 8

A 9 36 mg BT200/placebo – SC infusion 8

A 10 48 mg BT200/placebo – SC infusion 8

D 11 24 mg BT200/placebo – IV infusion 8

C 12
48 mg BT200/placebo – SC injection with 
desmopressin challenge

8

B 13
24 mg BT200/placebo – IV infusion with 
12 mg SC injection, followed by 4 weekly 
doses of 12 mg

8

B 14
24 mg BT200/placebo – IV infusion with 
24 mg SC injection

8

Table 1. Enrolled study population and treatment.
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and desmopressin was supplied as a commercially avail-
able sterile solution for injection in 4.0 mg/mL ampoules 
(Octostim, Ferring, Austria). 
A description of analytical methods and the statistical 
analysis is provided in the Online Supplementary Data. 

Results 
Randomization of 112 subjects was planned; due to 
slower recruitment during the COVID pandemic, 20 sub-
jects from part A were re-exposed (once) in part B, C or 
D.  Thus, a total of 92 individual subjects were enrolled 
in 14 cohorts. 

Single subcutaneous doses and intravenous 
bioavailability study  
In part A, 86 subjects were screened, 60 were random-
ized to BT200 and 20 to placebo. Cohort 9 included one 
early termination and cohort 10 two early terminations 
due to COVID-19. Two volunteers were Asian, one African, 
and the rest Caucasian. The male:female sex ratio of par-
ticipants was 72:8, and their age ranged from 18 to 60 
years. Complete demographic characteristics are given 
in Online Supplementary Table S1.  
In part D, eight subjects from part A (including 1 woman 
and the 2 Asian volunteers) were re-exposed and they re-
ceived intravenous doses of placebo or BT200; their mean 
age was 31.3 years (Online Supplementary Table S2). 

Pharmacokinetics 
The rate and extent of exposure to BT200 increased with 
increasing doses over the dose range of 0.18 mg to 24 mg 
after single SC injections (Figure 1). The increase over the 
dose range for areas under the concentration curve (AUC) 
and maximum concentration (Cmax) appeared to be pro-
portional to dose for dose levels ≥6 mg. For SC infusions, 
the rate and extent of exposure to BT200 also increased 
in a dose-proportional manner. Geometric mean half-
lives (t1/2) ranged from 121 to 279 h (Table 2). Clearance 
(CL/F) decreased as a function of body weight and age.  
The half-life was 204 h after a 24 h IV infusion and the 
Cmax reached 4.8 mg/mL, the geometric mean clearance 
(CL) was 0.0264 L/h and the volume of distribution (Vss) 
was 4.54 L. Therefore, as had been expected, clearance 
was much lower than glomerular filtration rate (7.5 L/h). 
The volume of distribution was consistent with the blood 
volume of human volunteers (5 L), and similar to that 
seen for other pegylated aptamers22 which are not pri-
marily eliminated via passive renal filtration. 
The bioavailability of BT200 was approximately 64% fol-
lowing SC injection and 75% following SC infusion. Bio-
availability was lower for doses below 1.8 mg (33 to 50%), 
as expected from the dose proportionality analysis. 

Multiple ascending dose cohorts (cohorts 13, 14)  
In part B, 16 subjects (14 men and 2 women )were in-
cluded (8 of whom were re-exposed from part A). One 
subject was Asian and the rest were Caucasian. The mean 
age was 43 years (standard deviation [SD] 13), mean height 
was 180 cm (SD 11), mean weight was 87 kg (SD 17) and 
the mean body mass index was 26.8 kg/m2 (SD 4.5) (On-
line Supplementary Table S3).  

Pharmacokinetics 
As expected, the combination of IV infusions over 2 h and 
SC injections in a split SC/IV loading dose resulted in peak 
levels being observed much earlier than was seen after 
the same dose was administered via the SC route alone  
(Figure 1). The exposure (AUC and Cmax) was only slightly 
higher that that of an equivalent injected or SC infused 
dose in part A. Mean trough concentrations of BT200 ap-
peared to plateau by day 7 and remained consistent 
through to day 28 following weekly maintenance doses of 
12 mg BT200 (Online Supplementary Figure S1). Subjects 
in cohort 14 received only the initial dose but not any of 
the subsequent maintenance doses, because the maxi-
mum tolerated dose had been reached and the aims of 
the trial fulfilled. 

Pharmacodynamic effects in all cohorts 
BT200 concentration-dependently inhibited VWF-depend-
ent platelet function (Online Supplementary Figures S2 
and S3): a 12 mg dose was necessary to fully prolong col-
lagen-ADP closure times as measured by the Platelet 
Function Analyzer (PFA) (Online Supplementary Figures S4 
and S5) to a median of 300 s (range: 148-300 s; P<0.001) 
48 h after sc injection, which coincided with the nadir of 
free VWF A1-domains in this cohort (Figure 2). Maximal 
PFA closure prolongation was short lived and did not per-
sist even until the maximal plasma concentration of 1.2 
mg/mL was observed at 72 h following the 12 mg dose. 
Likewise, ristocetin-induced platelet aggregation de-
creased from 92 U (range, 69-117 U) to a nadir of 34 U 
(range, 13-58 U; P<0.001) after 96 h (Online Supplementary 
Figures S5 and S6).  
All three lower SC doses of BT200 had a minimal effect 
on free VWF A1-domains which was comparable to that 
observed for placebo (Figure 2). The 6 mg dose moder-
ately suppressed free VWF A1-domains by ~30% (P<0.001). 
Doses of 12-48 mg invariably decreased free VWF A1-do-
mains to <50% of normal values, although the extent of 
decrease appeared to be more pronounced in subjects 
with low baseline levels of VWF. The 48 mg dose reduced 
median free VWF A1-domains to 2% (range, 2-6%) at 48 h, 
and the 24-h IV infusion of 24 mg BT200 quickly reduced 
free VWF A1-domains to 1% (range, 0-7%). At equivalent 
exposure, the IV infusion yielded a greater extent of sup-
pression compared to the SC injection, consistent with 
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Figure 1. Plasma concentration versus time profiles of the anti-von Willebrand factor aptamer, BT200, in healthy volunteers.  
Mean (with standard error) plasma levels of BT200 over time after: (A) single subcutaneous injections or infusions in healthy 
volunteers (n=6); (B) single subcutaneous injections or infusions in healthy volunteers (n=6); (C) the last of five subcutaneous 
doses in healthy volunteers (part B of the study) (n=6). SE: standard error; SC: subcutaneous; IV: intravenous; D28: day 28.
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the different kinetic profiles observed following IV or SC 
administration. 
The effect of BT200 on VWF:RCo appeared to be less 
pronounced when compared to that on free VWF A1-do-
mains. For example, the 36 mg dose reduced median 
VWF:RCo from 108% to 30% (Online Supplementary Fig-
ure S7), but median free VWF A1-domains from 84% to 
6% after 48 h (both P<0.001; Friedman ANOVA). This ap-
parent discrepancy reflects the 2-fold increase in circu-
lating VWF antigen levels after 48 h, and because 
VWF:RCo is sensitive to changes in VWF levels, the ef-
fects of BT200 were less pronounced in VWF:RCo when 
compared to the free VWF A1-domains. Circulating VWF 
antigen mass increased as early as 24 h after the start 

of the IV infusion, and reached levels 4-fold higher than 
baseline between 7-14 days after SC doses of 24-48 mg 
(P<0.001) (Figure 3). VWF antigen levels increased 4-fold 
following multiple SC maintenance doses of 12 mg BT200 
(P<0.001) (Figure 4). 
As VWF is the carrier for FVIII, there was a corresponding 
3- to 4-fold increase in FVIII activity levels 7 days after 
SC administration of 24-48 mg BT200 (P<0.001) (Figure 
5). Multivariate analysis showed that the FVIII levels not 
only correlated with the dose, but also with baseline 
VWF antigen levels (multiple r2 values ranging from 0.66-
0.78 from 48 h to 21 days; P<0.001). Whereas a minimal 
increase of FVIII activity was observed following SC in-
jection of BT200 at lower dose levels (0.18, 0.6, 1.8 mg), 

Plasma pharmacokinetic parametersa

Dose in 
mg (N)

AUC0-168 

(h*mg/mL)

AUC0-∞
d 

(h*mg/mL)

Cmax 

(mg/mL)
tmax

b (h) t1/2 (h) CLf (L/h) Vss
f (L)

 Part A (SC injection)

0.18 (6) 0.968 (75.4);6 3.42 (21.5);3c,d 0.00903 
(60.3);6

71.93 (46.83; 
336.90);6

149 (11.8);3c,d 0.0526 (21.5);3c,d 12.4 (22.9);3c,d

0.6 (6) 5.02 (45.8);6 8.06 (41.5);5c 0.0431 (50.4);6
83.64 (47.58; 

97.95);6
121 (55.8);5c 0.0744 (41.5);5c 14.1 (50.4);5c

1.8 (6) 10.7 (43.4);6 22.3 (31.0);6 0.0890 (37.9);6
71.68 (47.90; 

97.43);6
239 (55.2);6 0.0807 (31.0);6 21.9 (58.4);6

6 (6) 60.5 (42.6);6 127 (24.6);6 0.475 (45.0);6
72.86 (48.28; 

168.98);6
279 (22.2);6 0.0471 (24.6);6 11.3 (41.8);6

12 (6) 157 (25.6);6 315 (21.9);6 1.22 (25.0);6
73.24 (48.20; 

97.45);6
263 (26.5);6 0.0381 (21.9);6 8.71 (28.1);6

18 (5)e 213 (29.5);5 499 (29.7);5 1.69 (28.7);5
94.93 (72.07; 

97.50);5
204 (25.5);5 0.0361 (29.7);5 9.32 (29.9);5

24 (6) 235 (59.9);6 550 (42.7);6 1.92 (54.0);6
95.72 (48.58; 

168.62);6
184 (27.4);6 0.0436 (42.7);6 10.4 (60.0);6

 Part A (SC infusion)

24 (6) 260 (23.2);6 646 (19.8);6 2.03 (24.0);6
96.10 (48.22; 

98.00);6
240 (41.8);6 0.0371 (19.8);6 10.6 (25.9);6

36 (6) 359 (22.0);6 1007 (12.1);6 3.09 (34.3);6
166.77 (72.83; 

168.73);6
203 (6.53);6 0.0358 (12.1);6 10.9 (20.1);6

48 (6) 633 (14.8);6 1507 (14.5);4 5.46 (16.2);6
71.86 (24.50; 

336.23);6
193 (17.0);4 0.0319 (14.5);4 8.44 (5.66);4

 Part B

24 (6) 408 (7.81);6 NC 3.00 (8.61);6
23.69 (4.00; 

71.82);6
NC NC NC

48 (6) 787 (25.4);6 1527 (28.5);6 5.69 (24.7);6
5.77 (4.00; 
49.33);6

243 (17.7);6 0.0314 (28.5);6 6.99 (24.4);6

Table 2. Plasma BT200 pharmacokinetic parameters following a single administration of BT200 to normal human 
volunteers (parts A and B).

aData are presented as geometric means with geometric coefficients of variation (GeoCV%); n. of subjects. bMedian (minimum, maximum); n. 
of subjects. cAUC0-∞ and all λz-related pharmacokinetic parameters were not calculated for concentration-time profiles that did not have a 
well-characterized terminal phase. dThe AUC0-∞ values were extrapolated by more than 20% for one subject in cohort 1, the AUC0-∞ and all 
λz-related pharmacokinetic parameter results should be interpreted with caution. eDose information was missing for one subject in cohort 
6: the pharmacokinetic results for this subject were excluded from the summary statistics. fFollowing extravascular administration 
(subcutaneous), this parameter is expressed over F (i.e., CL/F and Vss/F). AUC: area under the concentration-time curve; Cmax: maximum 
concentration; tmax: time at which peak concentration occurs; t1/2: half-life, CL: clearance; Vss: apparent volume of distribution at steady 
state; NC: not calculated; λz: terminal rate constant; F: absolute bioavailability.
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doubling of FVIII was already seen in some individuals 
after a single 6 mg dose. Increased FVIII levels were re-
flected by a reciprocal shortening of the activated partial 
thromboplastin time (P<0.001) (Online Supplementary 
Figure S8), and an up to 2-fold increase in peak thrombin 
generation (P<0.001) (Online Supplementary Figure S9).  
To investigate the potential mechanism of action for the 

increased VWF/FVIII levels, we considered that increased 
VWF secretion might contribute to the VWF elevation and 
therefore measured VWF propeptide levels. However, 
BT200 did not raise VWF propeptide levels (Online Sup-
plementary Figure S10), resulting in a 4-fold lower VWF 
propeptide/antigen ratio and demonstrating that BT200 
does not increase VWF secretion or release. 

Figure 2. Free von Willebrand factor A1-domains (%) after single doses of BT200, measured by enzyme-linked immunosorbent 
assay. Data are mean values without error bars for better visibility (n=6 for BT200 groups, n=20 for placebo). VWF: von Willebrand 
factor; sc: subcutaneous; inj: injection; inf: infusion.

Figure 3. Plasma levels of von Willebrand factor antigen (%) after single doses of BT200. Data are mean values without error 
bars for better visibility (n=6 for BT200 groups, n=20 for placebo). VWF: von Willebrand factor; sc: subcutaneous; inj: injection; 
inf: infusion.
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No apparent sex differences were noted in pharmacoki-
netic or pharmacodynamic values.  

Desmopressin challenge  
Eight subjects were included in part C, of whom four (in-
cluding 1 woman) were re-exposed from part A. All were 
Caucasian and their mean age was 38 years (SD 13) (On-
line Supplementary Table S4). Desmopressin did not alter 
BT200 exposure in any meaningful manner (data not 
shown). In fact, the responses to BT200 and desmo-
pressin appeared to be additive, with the higher FVIII ac-
tivity observed following BT200 plus desmopressin 
infusion taking a proportionally longer time to return to 
baseline (Figure 6).  

Half-life estimation 
To estimate the increase in half-life of endogenous 
VWF/FVIII the following assumptions were made: (i) 4-fold 
higher levels of VWF/FVIII will increase the AUC 4-fold; (ii) 
BT200 does not alter endogenous VWF/FVIII release/pro-
duction (as evidenced by unchanging VWF propeptide 
levels); (iii) endogenous VWF/FVIII release/production is 
constant (i.e., similar to a continuous infusion of VWF/FVIII 
at a constant dose); and (iv) the volume of distribution of 
VWF does not change (as BT200 is a large molecule with 
predominantly intravascular distribution). 

From this it can be calculated that: (i) the clearance of 
VWF/FVIII decreased to 25% of the baseline value (clear-
ance= dose [1x] / AUC [4x]); and (ii) the half-life of endo -
genous FVIII increases by ~ 2.77-fold (t1/2=0.693/clearance) 
(Figure 4). 

Specificity of blocking von Willebrand factor clearance 
One of the main clearance pathways of VWF/VIII complex 
is macrophage low density lipoprotein receptor-related 
protein 1 (LRP1). BT200 has been demonstrated to affect 
VWF clearance and this is probably due to the inhibition 
of the VWF/VIII-LRP1 clearance pathway23 (explained in the 
Discussion). To exclude a non-specific effect on LRP1, we 
measured levels of two additional molecules: ADAMTS524 
and connective tissue growth factor25 in a subgroup of pa-
tients. These molecules are specifically cleared by the 
LRP1 receptor. Their levels remained unchanged, indicating 
that the influence of BT200 on blocking VWF clearance is 
highly specific (data not shown). 

Safety 
A list of adverse events, presented according to affected 
system organ class, is provided in Online Supplementary 
Table S5. Overall, the tolerability and safety of BT200 were 
good and similar to those of placebo, with an exception 
attributable to exaggerated pharmacology: dose-related 

Figure 4. von Willebrand factor antigen levels, free A1-domains and factor VIII activity (%) after multiple doses of BT200. 
Subjects received 12 mg BT200 intravenously plus 12 mg subcutaneously on the first day and 12 mg subcutaneously weekly or 
placebo. Data are presented as mean values with 95% confidence intervals (n=6 for BT200 groups, n=20 for placebo). VWF: von 
Willebrand factor; Ag: antigen; FVIIIc: factor VIII activity.
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Figure 5. Factor VIII activity levels after single doses of BT200. Data are mean values without error bars for better visibility (n=6 
for BT200 groups, n=20 for placebo). sc: subcutaneous; inj: injection; inf: infusion.

Figure 6. Factor VIII clotting activity (%) after combined administration of BT200/placebo with desmopressin or BT200/placebo 
alone. Data are represented as mean values with 95% confidence interval (n=6 for BT200 groups, n=20 for placebo, n=2 for 
placebo+desmopressin). 

episodes of minor spontaneous bleeding that occurred in 
the form of epistaxis and gingival bleeding, and minor pro-
voked bleeding in the form of venepuncture-related 
hematomata. This occurred in one of 24 subjects given 24 
mg BT200, and in 5/18 subjects given a 48 mg single-dose 
of BT200. There was only one healthy volunteer with 
thrombocytopenia (he received BT200 intravenously). He 

had low platelet counts at the start of the trial (142x109/L 
decreasing to a minimum of 117x109/L), but these normal-
ized towards the end of the trial. He also experienced a 
local hematoma. There was no fall in hemoglobin in any 
participant. 
It is of note that one subject developed venous thrombo-
sis and another subject thrombophlebitis at the insertion 
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site of the venous catheter (median cubital vein). This was 
diagnosed with color-coded duplex sonography and both 
events were treated with enoxaparin. One subject received 
8000 IE SC once daily, and the other 4000 IE SC once 
daily. Additionally, one volunteer developed venous throm-
bosis of the limb (lower left leg) and was treated with 
enoxaparin 6000 IE SC for 4 days, and then with edoxaban 
60 mg once a day for 11 weeks. Furthermore he was pre-
scribed compression stockings. Lastly, one subject devel-
oped thrombophlebitis of the cubital vein and a superficial 
thrombophlebitis which extended into the great saphen-
ous vein. In this subject factor V Leiden, which would pre-
dispose him to thrombotic events, was diagnosed. He was 
treated with enoxaparin 8000 IE SC 2x1 for 5 days and 
then with edoxaban 60 mg orally 1x1. Subjects who experi-
enced these events received a single dose of BT200 ≥36 
mg (3 of 4 subjects and 1 of them also received desmo-
pressin), or repeated weekly doses of 12 mg (in the re-
maining 1 subject).  
D-dimer and prothrombin fragment levels were measured 
in 28 subjects. Although no significant difference between 
levels in the placebo and BT200 groups was seen, two out 
of seven subjects in the placebo arm had elevated D-
dimer levels at baseline (0.95 and 1.61 mg/mL), and three 
more placebo-treated subjects showed elevated D-dimer 
levels in at least one blood sample (0.75, 1.07, 1.43 
0mg/mL). Therefore, due to its low specificity, we decided 
not to continue measuring D-dimer levels. However, D-
dimer levels do demonstrate a good negative predictive 
value for ruling out pulmonary embolism when in the nor-
mal range.26 
Three serious adverse events occurred, all of which were 
considered to be unrelated to the study drug. One subject 
on placebo had severe back pain which was treated in 
hospital, one subject receiving 24 mg suffered a bone frac-
ture 24 days after dosing and underwent surgery, and one 
subject had an intervertebral disc protrusion 17 days after 
treatment with 48 mg BT200. She was managed with re-
peated desmopressin infusions to restore VWF-dependent 
platelet function before undergoing surgery. 

Discussion 
This first-in-human trial examined the tolerability, safety, 
pharmacokinetics and pharmacodynamic effects of the 
VWF A1-binding aptamer, BT200. In previous non-human 
primate studies the median half-life was found to be 3-4 
days for BT200 doses ranging from 0.5-10 mg/kg.21 In our 
healthy volunteers, the estimated half-life ranged from 7-
12 days for BT200 doses approximately ≥0.02 mg/kg, which 
is 2- to 3-fold longer than the dose in monkeys. Single SC 
doses of ≥12 mg BT200 yielded plasma concentrations of 
~1 mg/mL in humans which dose-dependently decreased 

VWF activity and shear-dependent platelet function by 
>50%. This indicates that the concentration-effect relation-
ships seen in recent in vitro studies using human blood7,27,28 
are directly applicable to the in vivo clinical pharmacology.  
Treatment with ≥1 mg/kg BT200 inhibited VWF-dependent 
platelet function and thrombus formation in non-human 
primates,21 suggesting a possible therapeutic role for 
BT200 in the secondary prevention of cardio- and cer-
ebrovascular diseases.27 Interestingly, as this was not seen 
in the preliminary monkey studies, BT200 increased VWF 
antigen levels and FVIII activity up to 4-fold above base-
line. As BT200 did not increase VWF propeptide levels, this 
increase in VWF/FVIII can be explained by decreased 
clearance of VWF. The mechanism of VWF clearance is 
complex and involves different receptors,29 and VWF clear-
ance dominates FVIII clearance.30 While this trial was still 
ongoing, it was published that pegylation of VWF A1-do-
mains with 40 kDa polyethylene glycol decreases their 
clearance by the macrophage LRP1.23 BT200 binding to the 
A1-domain of VWF indirectly “pegylates” the A1-domain, 
and decreased clearance is the likely underlying mechan-
ism of action for the observed increase in VWF/FVIII levels. 
X-ray crystallography demonstrates that BT200 binds to 
the VWF A1-domain with multiple contacts in the region 
from R1395 to Q1402.21 This region includes a critical bind-
ing site on VWF-A1 for LRP1, the primary clearance recep-
tor for the VWF/FVIII complex, i.e., K1408 on VWF A1.31 This 
same region from R1395 to Q1402 on VWF-A1 partially 
overlaps with that of the corresponding binding site for 
glycoprotein Ib, providing a biophysical basis for the ob-
served pharmacological competition between BT200 and 
platelet glycoprotein Ib.21 
The FVIII was hemostatically active, which was not only 
reflected by a shortening of the activated partial throm-
boplastin time, but also by an increase in the endogenous 
thrombin potential. While the overall safety and tolerabil-
ity profiles of BT200 were good and similar to nonclinical 
safety experience in non-human primates, this 
heightened hemostatic activity resulted in the occurrence 
of venous thrombosis and thrombophlebitis at the inser-
tion site of venous catheters in two subjects. Additionally, 
distal venous thrombosis/thrombophlebitis occurred in 
two further subjects, one of whom had a medical history 
of previous thrombosis associated with the factor V 
Leiden mutation. One may potentially be able to explain 
the otherwise rare events of thrombosis of the upper 
limbs as follows. After venous puncture, normal hemo-
stasis induces a localized platelet plug to stop bleeding. 
Normally, thrombus growth is stopped by endogenous fi-
brinolysis. However, after the administration of BT200 
there is an increase in endogenous thrombin potential 
due to supra-normal FVIII levels. This leads to the local-
ized plug growing, and it then becomes clinically visible 
thrombosis.  
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The increased procoagulant properties are suboptimal for 
further development of BT200 for the secondary preven-
tion of arterial diseases, because they would mandate 
simultaneous anticoagulation to prevent venous throm-
bosis in an elderly population. The only exception may be 
rare patients with low FVIII levels, who require secondary 
prevention of arterial thrombosis with a potent antipla-
telet drug, which clearly represents a therapeutic di-
lemma.32  
This requires strategic rethinking and pivoting BT200 as a 
pro-hemostatic agent. From a safety perspective, BT200 
caused only a minor mucocutaneous bleeding pattern, 
with epistaxis seen at high doses (≥24 mg). This is con-
sistent with the clinical phenotype of deficiency in VWD 
and consistent with the exaggerated pharmacology of 
other VWF inhibitors.15 If needed, a rapidly acting, specific, 
reversal agent has been developed,33 and will allow im-
mediate restoration of VWF-dependent hemostasis, for 
example in the case of trauma or emergency surgery. 
The dose- and concentration-response relationship be-
tween BT200 and the inhibition of VWF-mediated platelet 
function, and the increase of FVIII, can, however, be par-
tially separated. The FVIII elevating effect begins at a lower 
dose (~6 mg) while the VWF inhibiting effect does not yet 
occur (≥12 mg). In addition, the plasma levels of free A1-
domains of VWF appear to stabilize mostly around 40% of 
normal values under repeated maintenance doses of 12 
mg due to an increase in circulating VWF mass. It can be 
anticipated that repeated doses of ≥6 mg can be used to 
elevate VWF/FVIII, without inhibiting primary hemostasis 
by a relevant degree, and heavier patients or those with 
high baseline VWF levels may even benefit from higher 
doses.  
Which groups of patients might potentially benefit from 
BT200? From the estimated 2-to 3-fold increase in FVIII 
half-life, one would expect a similar increase in half-life 
of exogenous FVIII in patients with severe hemophilia or 
type 3 VWD practising prophylactic replacement therapy. 
Such a half-life prolongation could be seen with regular 
FVIII products and even extended half-life products, which 
would be welcome because of the ceiling effect of VWF 
on the FVIII half-life. This property can be used to prolong 
the dosing interval, thus permitting treatment once a week 
rather than every second day. Additionally, dosages could 
also be individually tailored to obtain higher trough FVIII 
levels.  
Apart from patients with severe hemophilia, BT200 could 
for the first time provide an opportunity for patients with 
moderate or mild hemophilia or female carriers with low 
FVIII levels and associated severe menstrual bleeding to 
practise prophylaxis. It has previously been shown that 
even a modest pharmacologically induced increase in 
plasma VWF levels can favorably affect the pharmacoki-
netics of FVIII concentrates used in people with severe 

hemophilia.34 Although desmopressin is effective in a ma-
jority of such patients, its antidiuretic effects, adverse 
events, short duration of action and tachyphylaxis make 
it unsuitable for long-term prophylaxis.34,35 However, our 
data show that combined use of desmopressin with BT200 
has an additive effect on VWF and FVIII levels, and to-
gether with previous data on ARC1779, it appears that the 
effect of desmopressin could be prolonged by BT200.18 
This could also allow lower doses or intranasal desmo-
pressin to be used at intervals, which would minimize 
antidiuretic effects. However, based on the estimated 2.8-
fold prolongation in half-life, we would expect that a 2- 
to 3-fold increase in endogenous FVIII levels can be 
achieved by BT200 alone. Finally, certain patients with 
other subtypes of VWD including, but not necessarily li-
mited to, high clearance variants of type 1C VWD, or type 
2B VWD may benefit from the use of BT200. In type 2B 
VWD, there are gain-of-function mutations often in the A1 
domain, which increase the affinity of VWF for GpIb lead-
ing to spontaneous VWF attachment to platelets. This 
often results in a loss of large multimers,36 and low VWF 
plasma levels due to high clearance, as indicated by the 
increased VWFpp:VWF ratios in type 2B patients.37 Simi-
larly, murine variants carrying type 2B mutations result in 
a shortened VWF half-life, as well as increased clearance 
of platelets coated with such mutants.38 We previously 
provided proof of the concept that blocking the A1-domain 
of VWF by infusion of ARC1779 was able to increase 
VWF/FVIII levels, to normalize multimer patterns and to 
improve the associated thrombocytopenia in patients suf-
fering from type 2B VWD.18,19 As BT200 increases VWF/FVIII 
levels by decreasing the clearance of these proteins in 
healthy individuals, it could potentially increase their 
levels in all VWD patients, but particularly in those with 
high clearance variants (VWD type 1C). For example, pa-
tients with type Vicenza VWD may have a VWF half-life 10-
fold shorter than normal, as well as FVIII deficiency.39 It is 
conceivable that BT200 may be beneficial as it counter-
acts the increased clearance. 
This study does have some limitations. We were only able 
to include women of non-childbearing potential due to a 
demand from the regulatory agency. Therefore, only 11 
women participated in the trial. Similarly, ethnic diversity 
was limited. However, as BT200 is a large molecule, which 
predominantly distributes to the intravascular compart-
ment without being metabolized, no relevant differences 
are expected between sexes or people of different ethnic-
ity. As the bleeding burden in females with hemophilia A 
has long been neglected, which has only recently resulted 
in a new nomenclature,40 future trials will have to include 
a larger proportion of women. 
In summary, BT200 is a first-in-class molecule with a 
novel mechanism of action representing a new therapeutic 
strategy to break the ceiling effect that VWF imposes on 
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FVIII half-life. This prolongs the half-life of VWF/FVIII, 
which could allow regular prophylaxis in patients with 
non-severe hemophilia A, as well as allowing VWD pa-
tients to increase their VWF/FVIII levels. 
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