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Abstract 

Objectives 

To describe efficacy/safety of recombinant von Willebrand factor (rVWF) prophylaxis in 

patients with type 3 von Willebrand disease (VWD). 

Methods 

This post hoc analysis of a phase 3 open-label trial provides a more detailed analysis of adults 

with type 3 VWD, categorized based on prior treatment at screening: “Prior On-Demand 

(OD)” (OD VWF; ≥3 documented spontaneous bleeding events [BEs] requiring VWF in 

previous 12 months) or “Switch” (plasma-derived [pd] VWF prophylaxis for ≥12 months). 

Annualized bleeding rates (ABRs) were evaluated during 12 months of rVWF prophylaxis 

versus historical data from medical records. 
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Results 

In the Prior OD group (n = 10), mean spontaneous ABR (sABR) for treated BEs was reduced 

by 91.6% (ratio, 0.08; 95% CI, 0.02–0.45) versus mean historical sABR. In the Switch group 

(n = 8), mean sABR for treated BEs was reduced by 47% (ratio, 0.53; 95% CI, 0.08–3.62). 

One non-serious adverse event (AE) was considered possibly related to rVWF. No treatment-

related, fatal, or life-threatening serious AEs were reported, and no patient developed VWF 

inhibitors. 

Conclusions 

rVWF prophylaxis reduced sABR in type 3 VWD patients previously treated with OD VWF 

therapy, and maintained a similar level of hemostatic control in those switching from pdVWF 

prophylaxis to rVWF prophylaxis. 

 

Novelty statements 

What is the new aspect of your work? 

This analysis provides data for recombinant von Willebrand factor (rVWF) prophylaxis in 

patients with type 3 von Willebrand disease (VWD), a rare population with limited data 

available, and highlights the prevalence of untreated bleeding events. 

What is the central finding of your work? 

rVWF prophylaxis effectively reduced bleeding rates in patients with type 3 VWD previously 

treated with on-demand VWF, and maintained a similar level of hemostatic control in those 

patients with type 3 VWD switching from plasma-derived VWF prophylaxis to rVWF 

prophylaxis. 

What is (or could be) the specific clinical relevance of your work? 

rVWF prophylaxis may reduce the incidence of bleeding events in patients with type 3 VWD. 

 

1 INTRODUCTION 

With an estimated prevalence of 0.6%–1.3% overall,
1
 von Willebrand disease (VWD) is the 

most common inherited bleeding disorder.
2, 3

 It is characterized by deficiencies in levels 

and/or function of von Willebrand factor (VWF), a plasma glycoprotein crucial for normal 

hemostasis because it mediates platelet adhesion/aggregation and stabilizes factor VIII 

(FVIII) circulation in blood.
2, 4

 VWD is subdivided into three main disease types:
2
 type 1, 

which involves quantitative VWF deficiency and accounts for 70%–80% of cases; type 2, 

which involves dysfunctional VWF in the presence of normal or reduced VWF levels and 
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accounts for ~20% of cases; and type 3, a very rare condition (<5% of cases; prevalence 1–9 

per 100 000) that involves almost absence of circulating VWF.
2, 5

 

Patients with type 3 VWD have a more severe bleeding phenotype (as assessed by Tosetto 

bleeding scores) than those with types 1 or 2 VWD.
6, 7

 Epistaxis is reportedly the most 

prevalent clinical symptom in these patients, followed by hemarthrosis in males and 

menorrhagia in females.
7
 Several bleeding manifestations have been found to be 

overrepresented in patients with type 3 VWD versus those with type 1 VWD, with ≥5-fold 

increases observed in the frequency of intracranial or oral cavity bleeding, hemarthrosis, or 

deep hematomas, and ≥2-fold increase in gastrointestinal (GI) bleeding.
7
 Angiodysplasia is 

the most frequent cause of recurrent GI bleeding in patients with VWD, especially in those 

who lack high-molecular-weight multimers (i.e., those with type 2 or 3 VWD).
8, 9

 However, 

often no cause can be identified owing to the difficulty in diagnosing angiodysplasia.
9
 Patients 

with type 3 VWD also have reduced health-related quality of life compared with those with 

type 1 and/or 2 VWD.
10-12

 In patients with type 3 VWD, replacement therapy with 

concentrates containing either plasma-derived VWF (pdVWF) or recombinant VWF (rVWF) 

is the treatment of choice.
2, 13

 Treatment can be given on demand (OD) to treat bleeding 

events (BEs) or prophylactically. Long-term VWF prophylaxis has been shown to reduce the 

risk of recurrent bleeds in patients with severe VWD,
14-17

 and recent international 

management guidelines for VWD conditionally recommend long-term prophylaxis in patients 

with VWD who have a history of severe/frequent bleeds.
13

 However, the evidence base for 

prophylaxis is limited, and further studies are needed to establish the role of prophylactic 

therapy in patients with VWD.
13

 

In a recent phase 3 study, prophylaxis with rVWF (vonicog alfa, VONVENDI® [US, 

Japan]/VEYVONDI™ [Europe, Australia], Takeda Pharmaceuticals USA, Lexington, 

Massachusetts) was shown to reduce treated spontaneous bleeding rates in patients with 

severe VWD who were previously receiving OD VWF therapy.
18

 In the same study, patients 

switching to rVWF prophylaxis from prophylactic pdVWF concentrates maintained at least 

the same level of hemostatic control. The observed safety profile of rVWF was consistent 

with previous studies.
18-20

 Here, we report the outcomes of a post hoc analysis of this study, 

focusing on the efficacy/safety of rVWF prophylaxis in patients with type 3 VWD. In 

addition, we provide pharmacokinetic (PK)/pharmacodynamic (PD) data from patients with 

type 3 VWD receiving rVWF prophylaxis. 

 

2 MATERIALS AND METHODS 
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2.1 Trial summary 

This was a post hoc analysis of a phase 3, prospective, open-label, nonrandomized, 

multicenter study (ClinicalTrials.gov NCT02973087; EudraCT 2016-001478-14) designed to 

investigate the efficacy, safety, PK, and PD of rVWF when used prophylactically in adults 

with severe VWD.
18

 In summary, two patient cohorts were defined, based on the VWF 

treatment that enrolled patients received during the 12 months before enrollment. The Prior 

OD group included patients who were receiving OD VWF treatment at screening and during 

the 12 months before enrollment, and who had ≥3 documented spontaneous BEs (not 

including menorrhagia) requiring VWF treatment during the previous 12 months. The 

“Switch” group included patients who received pdVWF prophylaxis for ≥12 months prior to 

and at screening. 

The planned treatment duration per patient was 12 months, with an actual treatment period of 

≤18 months to allow for uninterrupted rVWF prophylaxis in patients progressing or enrolling 

into a planned phase 3b extension/continuation study. In the Prior OD group, the starting dose 

regimen was 50 ± 10 IU/kg VWF:ristocetin cofactor activity (VWF:RCo) twice weekly. In the 

Switch group, the starting dose and frequency were based on each patient's prior pdVWF 

prophylaxis dosing regimen, with the weekly equivalent (±10%) of pdVWF dose divided into 

one to three weekly infusions (maximum of 80 IU/kg per infusion). The rVWF dosage could 

be individualized (≤80 IU/kg per infusion) based on available historical PK data, type and 

severity of historical BEs, and monitoring of appropriate clinical and laboratory measures. 

The study protocol was approved by the respective institutional review boards or ethics 

committees and applicable regulatory authorities before patient enrollment. The study was 

conducted in compliance with the Declaration of Helsinki and the Good Clinical Practice 

Guidelines of the International Conference on Harmonization. All patients provided written 

informed consent. 

2.2 Patients 

Further details of the entry criteria have been published previously.
18

 This post hoc analysis 

focused on patients with type 3 VWD from the overall study population of patients with 

severe VWD (defined as a baseline VWF:RCo of <20 IU/dL
21

). Genetic testing and multimer 

analysis at screening were used to confirm the VWD type; patients with type 3 VWD were 

required to have a VWF antigen level ≤3 IU/dL. All patients were required to have reliable 

medical records documenting the management of BEs for ≥12 months prestudy. Patients with 

inhibitors to VWF and/or FVIII historically or at screening, and those with a history of 

thromboembolic events, were excluded. 
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2.3 Outcome measures 

Annualized bleeding rates (ABRs), as assessed by the investigator, were evaluated during the 

first 12 months of rVWF prophylaxis versus historical data based on reliable medical records, 

as reported by the investigator. ABRs were assessed for treated spontaneous bleeds, as well as 

all bleeds (treated and untreated spontaneous and/or traumatic BEs). In addition, the 

proportions of patients with reduction or preservation success for ABR based on treated 

spontaneous BEs, all BEs (spontaneous, traumatic, treated, and untreated), all spontaneous 

BEs (treated and untreated), and all spontaneous joint BEs (treated and untreated) were 

assessed in intrapatient comparisons of historical versus on-study data. For the Prior OD 

group, ABR reduction success was defined as a ≥25% reduction in ABR from historical OD 

treatment to on-study rVWF prophylaxis. For the Switch group, ABR preservation success 

was defined as an ABR during on-study rVWF prophylaxis equal to or less than the historical 

ABR during pdVWF prophylaxis. Categorized number of ABRs (0, >0–2, >2–5, or >5) and 

ABRs by bleed location were also assessed, as was rVWF consumption (number of infusions, 

mean infusions per week, and weight-adjusted consumption). 

PK/PD parameters (including trough FVIII levels and VWF:RCo incremental recovery) after 

a single rVWF prophylactic dose in the Prior OD group, and after multiple rVWF 

prophylactic doses in both groups, were derived using noncompartmental methods, as 

previously described.
18

 

Treatment-emergent adverse events (AEs), serious AEs, and AEs of special interest, such as 

thromboembolic events, hypersensitivity reactions, and immunogenicity (development of 

neutralizing and binding antibodies to VWF and FVIII) were assessed throughout the study. 

AEs were categorized according to the Medical Dictionary for Regulatory Activities (version 

23.0). 

2.4 Statistical analysis 

These post hoc efficacy and safety analyses included all patients with type 3 VWD from the 

overall study population who received rVWF prophylaxis. PK/PD parameters were estimated 

in the patient subset who received ≥1 rVWF infusion and had sufficient PK/PD measurements 

after administration. 

Point estimates of the mean and 95% CI for the ratio of ABR during rVWF prophylaxis (on 

study) to historical ABR were calculated within each group (Prior OD and Switch) using a 

generalized linear model fitting a negative binomial distribution, including the period 

(historical or on study) as a fixed effect.
18

 

https://onlinelibrary-wiley-com.proxy.insermbiblio.inist.fr/doi/10.1111/ejh.13949#ejh13949-bib-0018
https://onlinelibrary-wiley-com.proxy.insermbiblio.inist.fr/doi/10.1111/ejh.13949#ejh13949-bib-0018


Descriptive statistics were also performed for all endpoints. Clopper–Pearson CIs at the 95% 

level were provided for percentages when appropriate. Log-transformed PK parameter 

estimates at the initial visit and study end were analyzed using a linear mixed-effect model 

with timepoint as an independent fixed effect and patient as a random effect. The model 

estimates of the least squares (LS) mean, difference between LS mean, and corresponding CI 

were exponentiated to obtain the geometric LS mean, paired ratio, and corresponding CI. 

Only PK parameters with n ≥ 3 for both sample timepoints were included in the analysis. 

 

3 RESULTS 

3.1 Study population 

In total, 18 patients with type 3 VWD (Prior OD group, n = 10; Switch group, n = 8) were 

included in the post hoc analyses (Figure 1). Patient baseline characteristics are shown in 

Table 1. 

 

FIGURE 1 

Open in figure viewerPowerPoint 

Patient disposition. 
†
All enrolled patients with type 3 VWD who received any amount of 

rVWF. 
‡
All patients with type 3 VWD who received rVWF prophylaxis. AE, adverse event; 

FAS, full analysis set; OD, On Demand; SAS, safety analysis set; rVWF, recombinant von 

Willebrand factor; VWD, von Willebrand disease. 

TABLE 1. Patient baseline characteristics. 

 Prior OD group
a
 (n = 10) Switch group

b
 (n = 8) 

Age, years   

Mean ± SD 38.6 ± 15.9 35.8 ± 15.2 

Median (range) 37.5 (20–63) 31.0 (18–60) 

Sex, n (%)   

Female 7 (70.0) 3 (37.5) 

Male 3 (30.0) 5 (62.5) 

Race, n (%)   
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 Prior OD group
a
 (n = 10) Switch group

b
 (n = 8) 

White 10 (100) 7 (87.5) 

Not reported 0 1 (12.5) 

VWF:RCo, IU/dL
c
   

Mean ± SD <8.0 ± <8.0 <8.0 ± <8.0 

Median (range) <8.0 (<8.0 to <8.0) <8.0 (<8.0 to <8.0) 

FVIII:C, IU/dL   

Mean ± SD 6.5 ± 10.0 6.0 ± 7.2 

Median (range) 2.5 (2.0–34.0) 2.0 (1.0–21.0) 

 Abbreviations: FVIII:C, factor VIII coagulation activity; OD, On Demand; pdVWF, 

plasma-derived von Willebrand factor; VWD, von Willebrand disease; VWF, von 

Willebrand factor; VWF:RCo, von Willebrand factor:ristocetin cofactor activity. 

 
a
 Patients with VWD type 3 who were treated on-demand with any VWF during the 12-

month period before entering this study. 

 
b
 Patients with VWD type 3 who were treated prophylactically with a plasma-derived VWF 

for ≥12 months before entering this study. 

 
c
 Less than 8.0 IU/dL was below the limit of quantification. 

3.2 Efficacy 

In the Prior OD group, the model-based mean ABR for treated spontaneous BEs was reduced 

by 91.6% (ratio, 0.08; 95% CI, 0.02–0.45) during the 12-month study period for patients with 

type 3 VWD, relative to the mean historical ABR. Mean ABR for treated spontaneous BEs 

decreased from 8.09 (95% CI, 2.37–27.55) to 0.68 (95% CI, 0.15–3.12; Table 2). In the 

Switch group, the model-based mean ABR for treated spontaneous BEs was reduced by 47% 

(ratio, 0.53; 95% CI, 0.08–3.62), from 0.95 (95% CI, 0.08–10.69) to 0.50 (95% CI, 0.04–

6.02). Findings from the model-based analysis were supported by descriptive statistics 

(Table 2) and the results were in line with outcomes of the overall study population reported 

previously.
18

 

TABLE 2. Summary of efficacy results for patients with type 3 VWD treated with rVWF 

prophylaxis for ≥12 months. 
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Endpoint Number of 

historical/on-

study BEs 

Model based
a
 Descriptive statistics, 

median ABR (min, 

max) 

Patients 

with zero 

BEs on 

study, % 

(n/N) 

Mean ABR (95% 

CI) 

Percentage 

change from 

historical 

(95% CI) 

Historical On study Historical On study 

Prior OD group (n = 10)
b
 

Treated 

spontaneous 

bleeds 

191/9 8.09 

(2.37–

27.55) 

0.68 

(0.15–

3.12) 

−91.6 

(−98.4 to 

−55.4) 

3.0 (3, 

155) 

0 (0, 

5.78) 

80.0 

(8/10) 

Treated 

spontaneous 

or traumatic 

bleeds 

197/12 8.04 

(2.80–

23.09) 

1.13 

(0.33–

3.83) 

−85.9 

(−96.0 to 

−50.0) 

5.0 (3, 

156) 

0 (0, 

5.78) 

60.0 

(6/10) 

Treated 

spontaneous 

or traumatic 

joint bleeds 

23/3 2.30 

(1.07–

4.93) 

0.34 

(0.08–

1.45) 

−85.3 

(−97.2 to 

−23.9) 

2.0 (0, 

7) 

0 (0.0, 

1.93) 

80.0 

(8/10) 

All 

spontaneous 

bleeds
c
 

195/33 5.29 

(1.71–

16.33) 

2.70 

(0.85–

8.58) 

−48.9 

(−78.4 to 

20.7) 

3.5 (3, 

158) 

0.96 (0, 

157.94) 

50.0 

(5/10) 

All 

spontaneous 

or traumatic 

bleeds
c
 

201/38 5.39 

(1.93–

15.07) 

3.59 

(1.25–

10.29) 

−33.3 

(−67.6 to 

37.4) 

5.0 (3, 

159) 

2.35 (0, 

157.94) 

40.0 

(4/10) 

All 

spontaneous 

or traumatic 

joint bleeds
c
 

23/3 2.30 

(1.07–

4.93) 

0.34 

(0.08–

1.45) 

−85.3 

(−97.2 to 

−23.9) 

2.0 (0, 

7) 

0 (0.0, 

1.93) 

80.0 

(8/10) 

Switch group (n = 8)
d
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Endpoint Number of 

historical/on-

study BEs 

Model based
a
 Descriptive statistics, 

median ABR (min, 

max) 

Patients 

with zero 

BEs on 

study, % 

(n/N) 

Mean ABR (95% 

CI) 

Percentage 

change from 

historical 

(95% CI) 

Historical On study Historical On study 

Treated 

spontaneous 

bleeds 

50/18 0.95 

(0.08–

10.69) 

0.50 

(0.04–

6.02) 

−47.0 

(−92.3 to 

262.3) 

0.5 (0, 

46) 

0 (0, 

12.08) 

62.5 

(5/8) 

Treated 

spontaneous 

or traumatic 

bleeds 

53/19 1.35 

(0.10–

17.67) 

0.71 

(0.06–

9.32) 

−47.3 

(−93.9 to 

357.4) 

0.5 (0, 

47) 

0 (0, 

12.08) 

62.5 

(5/8) 

Treated 

spontaneous 

or traumatic 

joint bleeds 

1/1 NE NE NE 0 (0, 1) 0 (0, 

0.98) 

87.5 

(7/8) 

All 

spontaneous 

bleeds
c
 

54/43 1.45 

(0.25–

8.30) 

1.51 

(0.26–

8.86) 

4.6 

(−61.5 to 

184.0) 

1.0 (0, 

46) 

2.97 (0, 

26.95) 

37.5 

(3/8) 

All 

spontaneous 

or traumatic 

bleeds
c
 

57/46 1.60 

(0.28–

9.29) 

1.75 

(0.30–

10.25) 

9.2 

(−57.1 to 

178.3) 

1.0 (0, 

47) 

3.89 (0, 

26.95) 

37.5 

(3/8) 

All 

spontaneous 

or traumatic 

joint bleeds
c
 

2/3 0.12 

(0.01–

1.77) 

0.18 

(0.02–

2.16) 

54.9 

(−85.4 to 

1540.0) 

0 (0, 1) 0 (0, 

1.96) 

75.0 

(6/8) 

 Abbreviations: ABR, annualized bleeding rate; BE, bleeding event; NE, not evaluated; OD, 

On Demand; rVWF, recombinant VWF; VWD, von Willebrand disease; VWF, von 

Willebrand factor. 
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 
a
 Based on negative binomial regression model. 

 
b
 Patients who were treated on demand with any VWF during the 12-month period before 

entering this study. 

 
c
 Treated and untreated BEs. 

 
d
 Patients who were treated prophylactically with a plasma-derived VWF for ≥12 months 

before entering this study. 

Overall treated spontaneous ABR reduction success in the Prior OD group was 90.0% (95% 

CI, 55.5–99.7), whereas treated spontaneous ABR preservation success in the Switch group 

was 87.5% (95% CI, 47.3–99.7). In total, 72% of patients achieved an ABR of 0 for treated 

spontaneous BEs while on study, including 8/10 patients in the Prior OD group and 5/8 

patients in the Switch group (Table 2) compared with 0 and four patients prestudy, 

respectively. On-study treated spontaneous BEs were reported in five patients with type 3 

VWD (27 BEs). Most of these were mucosal BEs (oral or nasal), with only one joint BE in 

the Prior OD group. No muscle and soft tissue, skin, GI, central nervous system, or body 

cavity treated spontaneous BEs, and no hematuria, were reported. Historical treated 

spontaneous GI BEs were reported in two patients (both in the Prior OD group); one patient 

had no GI BEs during the study, whereas the other patient had one GI BE, but this did not 

require VWF treatment. 

In addition to the above analyses for treated spontaneous BEs, further analyses were 

performed comparing historic versus on-study ABRs for all types of bleeds (spontaneous 

and/or traumatic, treated, or untreated; Table 2). Overall, compared with historical data, 

patients with type 3 VWD in the Prior OD group experienced reductions in BEs and ABRs 

based on modeling and descriptive statistics, regardless of whether spontaneous and/or 

traumatic bleeds were considered, and whether they were treated or untreated. Similarly, 

patients with type 3 VWD in the Switch group experienced preserved hemostatic control 

overall versus historical data, regardless of bleed type or treatment status (Table 2). However, 

when untreated BEs were added to assess bleeding rates in the Prior OD group, the mean 

historical ABR estimate decreased and the mean on-study ABR estimate increased (vs. 

estimates for treated spontaneous BEs; Table 2). The model-based mean ABR for all BEs was 

reduced by 33.3% (ratio, 0.67; 95% CI, 0.32–1.37) during the 12-month study period for 

patients with type 3 VWD, relative to the mean historical ABR (Table 2). In the Switch group, 

there was a small increase in both the historical and on-study mean ABR estimates when 

untreated spontaneous BEs were added. The model-based mean ABR for all BEs increased by 

9.2% (ratio, 1.09; 95% CI, 0.43–2.78) during the 12-month study period for patients with type 

https://onlinelibrary-wiley-com.proxy.insermbiblio.inist.fr/doi/10.1111/ejh.13949#ejh13949-tbl-0002
https://onlinelibrary-wiley-com.proxy.insermbiblio.inist.fr/doi/10.1111/ejh.13949#ejh13949-tbl-0002
https://onlinelibrary-wiley-com.proxy.insermbiblio.inist.fr/doi/10.1111/ejh.13949#ejh13949-tbl-0002
https://onlinelibrary-wiley-com.proxy.insermbiblio.inist.fr/doi/10.1111/ejh.13949#ejh13949-tbl-0002
https://onlinelibrary-wiley-com.proxy.insermbiblio.inist.fr/doi/10.1111/ejh.13949#ejh13949-tbl-0002


3 VWD, versus the mean historical ABR (Table 2). Results were similar when these analyses 

were performed for the overall study population, including all 23 patients with severe VWD, 

independent of the VWD type (Table S1). 

When all treated and untreated spontaneous/traumatic BEs were evaluated, the percentage of 

patients with an ABR of 0 increased in the Prior OD group from 0% at historical baseline (this 

was expected because inclusion criteria required ≥3 VWF treated bleeds during the 12 months 

prior to enrollment for this group) to 40.0% through month 12 and in the Switch group from 

25.0% to 37.5% (Figure 2A). The proportion of patients in the Switch group with >5 

treated/untreated spontaneous/traumatic BEs increased from 12.5% to 37.5% as a result of an 

increase in untreated and/or traumatic bleeds in two patients. The majority of on-study all-

cause treated/untreated BEs were oral or other mucosal BEs (Figure 2B). 

 

FIGURE 2 

Open in figure viewerPowerPoint 

Categorized spontaneous and traumatic annualized bleeding rate (A) and bleed location (B) 

for all bleeds (treated and untreated). 
†
Documented in medical records in the 12 months 

preceding enrollment. 
‡
On study through month 12. 

§
Through month 12. BE, bleeding event; 

OD, On Demand, rVWF, recombinant von Willebrand factor. 

In the Prior OD group, the proportion of patients achieving reduction success for all BEs 

(spontaneous, traumatic, treated, and untreated), all spontaneous BEs (treated and untreated), 

and all spontaneous joint BEs (treated and untreated) was 70.0% (95% CI: 34.8–93.3), 80.0% 

(95% CI: 44.4–97.5), and 60.0% (95% CI: 54.1–100.0), respectively. In the Switch group, the 

proportion of patients achieving preservation success for all BEs was 50.0% (95% CI: 15.7–

84.3), for all spontaneous BEs 50.0% (95% CI: 15.7–84.3), and for all spontaneous joint BEs 

87.5% (95% CI: 47.3–99.7). 

3.3 rVWF prophylactic consumption 

Most patients with type 3 VWD started on a twice-weekly rVWF prophylaxis regimen (Prior 

OD group, 100%; Switch group, 87.5%). One patient in the Prior OD group and two in the 

Switch group had ≥1 change in dosing frequency to three times weekly or every 3 days. The 

mean ± SD total number of infusions per patient and infusions per week per patient were 

72.2 ± 38.2 and 1.8 ± 0.6 in the Prior OD group, respectively, and 100.5 ± 15.6 and 2.0 ± 0.1 

in the Switch group, respectively. The mean ± SD of average weight-adjusted dose per 

infusion was 52.3 ± 4.3 IU/kg in the Prior OD group and 48.9 ± 14.8 IU/kg in the Switch 
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group, while the mean ± SD weight-adjusted dose per patient per week was 92.6 ± 33.9 and 

96.7 ± 32.4 IU/kg in the Prior OD and Switch groups, respectively. 

3.4 Treatment of breakthrough BEs 

In total, 31 all-cause treated BEs occurred, with 12 of these occurring in four patients in the 

Prior OD group (40.0%) and 19 in three patients in the Switch group (37.5%). Most treated 

BEs through month 12 were spontaneous and mild or moderate, occurred in mucosal 

locations, and were treated with one infusion of rVWF (with or without recombinant FVIII 

[rFVIII]; Table S2). All treated on-study BEs were treated with ≥1 rVWF infusion except for 

one nosebleed, which was treated with Haemate P (Antihemophilic Factor/VWF Complex 

[Human], CSL Behring GmBH, Marburg, Germany). 

Four all-cause BEs in the Prior OD group and three in the Switch group were treated with 

rVWF plus rFVIII (octocog alfa, ADVATE, Baxalta US Inc., a Takeda company, Lexington, 

Massachusetts). In the Prior OD group, one patient received two infusions of rVWF 

(49.3 IU/kg) plus one infusion of rFVIII (29.0 IU/kg) for a spontaneous BE categorized as 

other, and one infusion each of rVWF (48.9–55.0 IU/kg) plus rFVIII (26.2–28.8 IU/kg) for 

three further spontaneous BEs (nosebleed, n = 2; menorrhagia, n = 1). In the Switch group, 

two patients received one infusion of rVWF (36.7–59.4 IU/kg) and rFVIII (16.4–26.20 IU/kg) 

per BE (all spontaneous): an ankle joint BE in one patient and two mucosal bleeds (gum and 

nose) in the other patient. OD infusions were also administered for one spontaneous ankle 

joint BE in one patient in the Switch group (rVWF infusion of 36.7 IU/kg and rFVIII infusion 

of 26.2 IU/kg) and one traumatic elbow joint BE (rVWF infusion of 56.4 IU/kg) plus multiple 

traumatic joint (elbow and knee)/soft tissue BEs (one rVWF infusion of 66.7 IU/kg and two 

rVWF infusions of 44.5 IU/kg) in one patient in the Prior OD group. 

3.5 Pharmacokinetic/pharmacodynamic 

PK parameters for VWF:RCo are shown in Table S3 and for FVIII coagulation activity 

(FVIII:C) in Table S4. VWF:RCo activity was stable throughout the 12-month study period in 

both groups: mean ± SD incremental recovery ranged from 1.1 ± 0.7 and 1.3 ± 0.4 

(IU/dL)/(IU/kg) at the prophylaxis visit to 1.7 ± 0.5 and 1.6 ± 0.4 (IU/dL)/(IU/kg) at month 9 

in the Prior OD and Switch groups, respectively (Figure 3). As expected, trough levels of 

VWF:RCo tended to be below the limit of detection at each assessment, with the exception of 

one outlier (patient described above who had traumatic joint BEs) in the Prior OD group 

(levels between 10.3 and 12.1 IU/dL at 4/7 assessments) and three outliers in the Switch 

group (levels between 8.3 and 24.7 IU/dL at 1 to 3 assessments). The patient in the Switch 
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group who had the spontaneous joint BE had trough VWF:RCo levels below the limit of 

detection at all assessments through month 9 (levels were not available at study completion). 

 

FIGURE 3 

Mean ± SD VWF:RCo IR for patients with type 3 VWD treated with rVWF prophylaxis and 

available PK/PD data: (A) Prior OD group and (B) Switch group. IR, incremental recovery; n, 

number of patients with assessment data, OD, On Demand; PD, pharmacodynamic; PK, 

pharmacokinetic; rVWF, recombinant von Willebrand factor; VWF:RCo, von Willebrand 

factor:ristocetin cofactor activity. 

In the Prior OD group, there was a five-fold increase in FVIII:C trough levels between the 

initial and final assessments (after 12 months of rVWF prophylaxis; Figure 4 and Table S4). 

FVIII:C trough levels in the Switch group remained stable between the initial and final 

assessments (Figure 4). FVIII:C trough levels through to month 9 ranged from 85 to 

148 IU/dL for the patient in the Prior OD group with traumatic joint BEs, and from 1 to 

38 IU/dL for the patient with a spontaneous joint BE in the Switch group; at the study 

completion assessment, the FVIII:C trough levels in these patients were 6 IU/mL and not 

available, respectively. 

 

FIGURE 4 

Mean ± SD FVIII:C trough levels for patients with type 3 VWD treated with rVWF 

prophylaxis and available PK/PD data: (A) Prior OD group and (B) Switch group. 
†
Baseline 

visit, within 42 days of screening, after washout. 
‡
Within 42 days of screening, no 

washout. 
§
First PK assessment, 11 days after initiation of rVWF prophylaxis. FVIII:C, factor 

VIII coagulation activity; n, number of patients with assessments; OD, On Demand; PD, 

pharmacodynamic; PK, pharmacokinetic; VWD, von Willebrand disease. 

3.6 Safety 

Treatment-emergent AEs were experienced by nine patients in the Prior OD group (25 events) 

and by five patients in the Switch group (10 events). Overall, the observed safety outcomes 

for patients with type 3 VWD were in line with the results reported for the overall study 

population of patients with severe VWD.
18

 Only one AE in a patient with type 3 VWD 

(nonserious AE of headache of moderate severity in a patient in the Prior OD group) was 

considered possibly related to rVWF according to the investigator; this AE led to rVWF 

discontinuation and study withdrawal. One patient in the Prior OD group experienced an AE 
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of special interest: purpura, which developed due to trauma, was classified as a 

thromboembolic event (per broad standardized MedDRA query). No serious AEs were 

considered related to VWF treatment. No fatal or life-threatening serious AEs were reported, 

there were no cases of hypersensitivity, severe allergic reactions, or anaphylactic reactions, 

and no patient developed inhibitors to VWF or FVIII. 

 

4 DISCUSSION 

This post hoc analysis focused on the subset of patients with type 3 VWD from the recently 

published phase 3, prospective, open-label, nonrandomized multicenter study of rVWF 

prophylaxis in adults with severe VWD.
18

 Patients with type 3 VWD have the most severe 

bleeding phenotype versus patients with other VWD types and are, therefore, most in need of 

long-term prophylaxis.
6, 7, 17

 

In those previously treated OD with VWF, reductions in ABR were observed for treated 

spontaneous BEs, as well as for all BEs irrespective of cause or treatment status. In addition, 

FVIII:C trough levels, which were low at baseline in this patient cohort, increased by 

approximately five-fold from baseline to steady state and were maintained during 1 year of 

rVWF prophylaxis, whereas VWF:RCo activity was stable during this period. In patients with 

type 3 VWD who switched from pdVWF prophylaxis to rVWF prophylaxis, at least the same 

level of hemostatic control was maintained, with most PK/PD parameters for FVIII:C and 

VWF:RCo during prophylaxis being similar between initial and end-of-study assessments. 

These findings are notable considering that patients with the lowest levels of VWF and/or 

FVIII have previously been reported to have the highest bleeding scores,
6, 7

 with a strong 

inverse association between FVIII levels and bleeding scores observed in patients with type 3 

VWD.
6
 

The safety profile of rVWF prophylaxis in patients with type 3 VWD was consistent with the 

previously reported safety profile for all patients in this study,
18

 with only one nonserious AE 

considered possibly related to treatment, and no cases of hypersensitivity, severe allergic 

reactions, anaphylactic reactions, or development of inhibitors to VWF or FVIII. The efficacy 

and PK/PD results in this post hoc analysis were also consistent with those seen in the overall 

population with severe VWD from the phase 3 rVWF prophylaxis study.
18

 This was not 

unexpected because 18/23 patients in the study had type 3 VWD, and all on-study treated BEs 

were reported in patients with type 3 VWD. However, this analysis adds to the limited data on 

the use of long-term VWF prophylaxis, specifically in this rare subtype of VWD.
22, 23

 

https://onlinelibrary-wiley-com.proxy.insermbiblio.inist.fr/doi/10.1111/ejh.13949#ejh13949-bib-0018
https://onlinelibrary-wiley-com.proxy.insermbiblio.inist.fr/doi/10.1111/ejh.13949#ejh13949-bib-0006
https://onlinelibrary-wiley-com.proxy.insermbiblio.inist.fr/doi/10.1111/ejh.13949#ejh13949-bib-0007
https://onlinelibrary-wiley-com.proxy.insermbiblio.inist.fr/doi/10.1111/ejh.13949#ejh13949-bib-0017
https://onlinelibrary-wiley-com.proxy.insermbiblio.inist.fr/doi/10.1111/ejh.13949#ejh13949-bib-0006
https://onlinelibrary-wiley-com.proxy.insermbiblio.inist.fr/doi/10.1111/ejh.13949#ejh13949-bib-0007
https://onlinelibrary-wiley-com.proxy.insermbiblio.inist.fr/doi/10.1111/ejh.13949#ejh13949-bib-0006
https://onlinelibrary-wiley-com.proxy.insermbiblio.inist.fr/doi/10.1111/ejh.13949#ejh13949-bib-0018
https://onlinelibrary-wiley-com.proxy.insermbiblio.inist.fr/doi/10.1111/ejh.13949#ejh13949-bib-0018
https://onlinelibrary-wiley-com.proxy.insermbiblio.inist.fr/doi/10.1111/ejh.13949#ejh13949-bib-0022
https://onlinelibrary-wiley-com.proxy.insermbiblio.inist.fr/doi/10.1111/ejh.13949#ejh13949-bib-0023


The analyses of all BEs (untreated and treated; spontaneous and traumatic) and sensitivity 

analyses (treated and untreated spontaneous BEs; treated spontaneous and traumatic BEs) 

confirm efficacy results reported previously for treated spontaneous BEs in patients with 

severe VWD and reported herein for patients with type 3 VWD.
18

 Furthermore, analyses of 

treated spontaneous/traumatic or all spontaneous/traumatic joint bleeds highlighted the small 

number of joint BEs in the study. These analyses also highlight the potential underreporting of 

untreated historical bleeds (based on the patients' medical records as reported by the 

investigators), as previously reported in clinical practice in patients with hemophilia.
24

 In the 

rVWF prophylaxis study, the majority of historical BEs were treated. Therefore, when 

untreated spontaneous BEs were added to the ABR in the Prior OD group the mean historical 

ABR estimate decreased, whereas the mean on-study ABR increased. In the Switch group, 

there was a small increase in both the historical and on-study mean ABR estimates. When all 

BEs were analyzed, increased estimates of mean on-study ABRs were observed for both 

groups when compared with the primary ABR analysis for treated spontaneous BEs, and there 

was a smaller reduction versus the historical period for the Prior OD group and an increase 

versus historical period for the Switch group. 

The statistical model used for the primary endpoint analysis of the rVWF prophylaxis study 

was intended to compare on-study versus historical ABRs for treated spontaneous BEs. The 

findings from the additional bleeding rate analyses reported herein suggest that comparison of 

these ABRs is not appropriate when both treated and untreated BEs are considered, given the 

high likelihood of underreporting of historical untreated BEs in medical records. The potential 

underreporting of historical untreated bleeds may also explain, at least in part, the increase in 

the number of patients in the Switch group who experienced more than five BEs during the 

12-month rVWF prophylaxis on-study period versus the historical period. This increase was 

driven by an increase in untreated and/or traumatic BEs in two patients. Additionally, the 

ABR for treated spontaneous BEs may be considered to be a more clinically relevant and 

meaningful measure of prophylactic efficacy than the ABR for all bleeds because there are 

confounding factors for traumatic BEs, and the requirement for treatment is an indicator for 

bleed severity. 

In contrast to patients with severe hemophilia receiving prophylaxis, no data are available on 

the trough levels that have to be targeted to reduce BEs in patients with type 3 VWD 

receiving VWF prophylaxis. In this study, we measured trough levels of VWF and FVIII 

based on clinical visit schedules and not during BEs. As expected, given the half-life of VWF, 

trough levels of VWF:RCo were below the limit of detection (with the exception of a few 

https://onlinelibrary-wiley-com.proxy.insermbiblio.inist.fr/doi/10.1111/ejh.13949#ejh13949-bib-0018
https://onlinelibrary-wiley-com.proxy.insermbiblio.inist.fr/doi/10.1111/ejh.13949#ejh13949-bib-0024


outliers) in individuals treated twice weekly. However, FVIII trough levels were in the normal 

range. This may explain the low rates of severe BEs, especially of joint bleeding, in our 

cohort. Only one patient (from the Switch group; with trough levels of VWF:RCo below the 

level of detection and FVIII:C between 1 and 38 IU/dL at assessments between screening and 

month 9) suffered a spontaneous joint bleed during rVWF prophylaxis. Levels of VWF:RCo 

and FVIII:C were not available for the specific time period of this joint BE. 

Per study protocol, the initial dosing regimen used in the Switch group matched (±10%) the 

weekly pdVWF dose of the prior pdVWF prophylaxis regimen. Patients in this cohort 

received a mean average dose of 49 IU/kg rVWF per infusion with a mean of two infusions 

per week, which was similar to the dosing regimens administered to patients in the Prior OD 

group during on-study rVWF prophylaxis. Given the similar level of hemostatic control 

achieved with rVWF prophylaxis versus previous pdVWF prophylaxis, the dosing regimen 

used for these patients can be considered appropriate. However, a population PK analysis, 

modeling, and simulation, using previous data from patients with all types of VWD, suggests 

that VWF:RCo exposure in patients receiving rVWF is higher and more prolonged than in 

those receiving pdVWF at the same doses, with a 64% faster clearance with pdVWF than 

with rVWF.
25

 Therefore, it is reasonable to consider further exploring optimal dosing of 

rVWF prophylaxis, possibly with lower dose and/or dosing frequency. 

Limitations of this study include the small number of patients with type 3 VWD that were 

enrolled. In addition, most BEs were mucocutaneous, with joint or GI bleeding—a frequent 

reason for starting prophylaxis in clinical practice
17

—reported in few patients. It is, therefore, 

difficult to assess whether rVWF prophylaxis is effective to prevent all types of severe 

bleeding complications. 

In conclusion, this post hoc analysis demonstrates that rVWF prophylaxis effectively reduces 

bleeding rates in patients with type 3 VWD previously receiving OD VWF and maintains a 

similar level of hemostatic control in those patients who switch from pdVWF prophylaxis to 

rVWF prophylaxis. The analyses also provide novel findings with respect to untreated BEs, 

indicating the potential underreporting of untreated BEs in real-world settings. 
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