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Dr Erik von Willebrand

• 13 year old girl – fatal bleeding with 4th period

• Family with significant bleeding from Åland islands 



von Willebrand factor

Åland archipelago consists of ~300 islands 

• Autonomous region of Finland

• Language – Swedish

• Population 28,000

file://upload.wikimedia.org/wikipedia/commons/5/52/Flag_of_%C3%85land.svg


• Interesting things - unlike haemophilia 

- Both males and females affected

- Heavy periods & nose bleeds rather than joint bleeding

Von Willebrand disease



What is von Willebrand factor ?



von Willebrand Disorder

Definition:

A defect in VWF that causes a bleeding tendency

- a reduced amount of VWF in the blood;

- a VWF protein that does not work properly in clotting



Patients with VWD are at increased risk for bleeding



Commonest inherited bleeding disorder

• 1 in 1000 people have low VWF levels and significant bleeding

• Males & females equal chance of inheriting

• All races affected

Why is VWD important ?



Bleeding in VWD

• Characterised by muco-cutaneous bleeding
– Nose bleeds / gum bleeding

– Easy bruising

– Menorrhagia 

– Bleeding after trauma / dental / surgery

• Rare patients with type 3 VWD
– Joint & muscle bleeds



Bleeding in VWD





In spite of its importance – VWD isn’t well known ! 



Diagnosis of VWD can be difficult

Plasma VWF levels vary widely in normal population –

Influenced by variety of factors

– Age

– Ethnicity

– Stress

– Exercise

– Infection

– Inflammation

– Malignancy

– Pregnancy



ABO blood group influences VWF levels

ABO type

O

A

B

AB

VWF levels

74 %

106 %

117 %

123 %



VWD classification overview

VWD sub-classified as either quantitative or qualitative

Quantitative VWD accounts for ≈ 75% cases

– Proportionate VWF protein and function   



Quantitative VWD sub-classification

Quantitative VWD

1. Type 1 VWD More significant reduction in plasma 

VWF:Ag levels (< 50 IU/dL)

2. Type 3 VWD Virtually complete deficiency of VWF 

(<3 IU/dL)

• Normal plasma VWF:Ag levels 50 – 150 IU/dL



VWD Classification 2019 

Qualitative VWD accounts for ≈ 25% cases

• Characterized by production of a dysfunctional VWF molecule

• Disproportionate reduction in VWF function compared to protein



Qualitative VWD

Type 2A

Qualitative VWF variants with reduced platelet 

adhesion and loss of HMW multimers

Type 2M

Qualitative VWF variants with reduced platelet 

adhesion not caused by loss of HMW multimers

Type 2B

Qualitative VWF variants with increased affinity 

for platelet GpIbα

Type 2N Qualitative VWF variants with decreased affinity 

for FVIII

• Subdivided on the basis of specific phenotypic characteristics

Qualitative VWD sub-classification
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VWD studies in recent years 

VWD studies

• EU MCMDM-1VWD 

• UK-HCDO 

• Canada 

• Italy

• USA - Zimmerman program 

• Willebrand in the Netherlands (WiN) study

• Ireland - LoVIC study

VWD papers 

• PubMed search on ‘VWD’ ≈ 14,000 papers



Click to edit master title style

Low VWF Irish Cohort (LoVIC) study



June 2015

Prospective longitudinal cohort study 

> 250 patients with mild to moderate 

reductions in plasma VWF levels



J Thromb Haemost. 2021;19:701–710.   |wileyonlinelibrary.com/journal/jth
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Prof. David Lillicrap – Queens University, Kingston, Canada

Prof. James O’Donnell - RCSI
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Total funding: $12,000,000 





Expert guidelines on VWD

US NHLBI 2008

UKHCDO 2014

EUVWD 2013



Joint initiative to update VWD guidelines

• Clinicians / scientists interested in VWD assembled into 2 panels

• Strong patient input into both panels



Haemophilia 2020; 26:106-116

Survey to identify topics of highest importance 

to stakeholders

• 601 responses 

• 49% patients / caregivers

• 51% healthcare providers



VWD guidelines methodology

Highest priority topics identified were:

• Diagnostic criteria / classification

• Bleeding assessment tools

• Treatment options for women and surgical patients

Based on survey responses - developed a series of PICO questions

• 10 questions addressed by Diagnosis panel

• 12 questions addressed by Management panel

Systematic review of evidence 

- strict methodology led by University of Kansas



Blood Adv 2021

CLINICAL GUIDELINES

ASH ISTH NHF WFH 2021 guidelines on the diagnosis of von

Willebrand disease

Paula D. James,1 Nathan T. Connell,2 Barbara Ameer,3,4 Jorge Di Paola,5 Jeroen Eikenboom,6 Nicolas Giraud,7 Sandra Haberichter,8

Vicki Jacobs-Pratt,9 Barbara Konkle,10,11 Claire McLintock,12 Simon McRae,13 Robert R. Montgomery,14 James S. O’Donnell,15

Nikole Scappe,16 Robert Sidonio Jr,17 Veronica H. Flood,14,18 Nedaa Husainat,19 Mohamad A. Kalot,19 and Reem A. Mustafa19

1Department of Medicine, Queen’s University, Kingston, ON, Canada; 2Brigham and Women’s Hospital, Harvard Medical School, Boston, MA; 3Pharmacology Consulting,

Princeton Junction, NJ; 4Rutgers–Robert Wood Johnson Medical School, New Brunswick, NJ; 5Department of Pediatrics, Washington University in St. Louis, St. Louis, MO;
6Division of Thrombosis and Hemostasis, Department of Internal Medicine, Leiden University Medical Center, Leiden, The Netherlands; 7Marseille, France; 8Diagnostic

Laboratories, Versiti Blood Research Institute, Milwaukee, WI; 9Auburn, ME; 10Bloodworks Northwest, Seattle, WA; 11Division of Hematology, University of Washington,

Seattle, WA; 12National Women’s Health, Auckland City Hospital, Auckland, New Zealand; 13Northern Cancer Service, Launceston General Hospital, Launceston, TAS,

Australia; 14Versiti Blood Research Institute, Milwaukee, WI; 15Irish Centre for Vascular Biology, Royal College of Surgeons in Ireland, Dublin, Ireland; 16Coraopolis, PA;
17Aflac Cancer and Blood Disorders, Children’s Healthcare of Atlanta, Emory University, Atlanta, GA; 18Department of Pediatrics, Medical College of Wisconsin,

Milwaukee, WI; and 19Outcomes and Implementation Research Unit, Division of Nephrology and Hypertension, Department of Internal Medicine, University of Kansas

Medical Center, Kansas City, KS

Background: von Willebrand disease (VWD) is the most common inherited bleeding disorder known in

humans. Accurate and timely diagnosis presents numerous challenges.

Objective: These evidence-based guidelines of the American Society of Hematology (ASH),

the International Society on Thrombosis and Haemostasis (ISTH), the National Hemophilia

Foundation (NHF), and the World Federation of Hemophilia (WFH) are intended to support patients,

clinicians, and other health care professionals in their decisions about VWD diagnosis.

Methods: ASH, ISTH, NHF, and WFH established a multidisciplinary guideline panel that

included 4 patient representatives and was balanced to minimize potential bias from conflicts of

interest. The Outcomes and Implementation Research Unit at the University of Kansas Medical

Center (KUMC) supported the guideline-development process, including performing or updating

systematic evidence reviews up to 8 January 2020. The panel prioritized clinical questions and

outcomes according to their importance for clinicians and patients. The panel used the Grading

of Recommendations Assessment, Development and Evaluation (GRADE) approach, including

GRADE Evidence-to-Decision frameworks, to assess evidence and make recommendations, which

were subsequently subject to public comment.

Results: The panel agreed on 11 recommendations.

Conclusions: Key recommendations of these guidelines include the role of bleeding-assessment tools

in the assessment of patients suspected of VWD, diagnostic assays and laboratory cutoffs for type 1

and type 2 VWD, how to approach a type 1 VWD patient with normalized levels over time, and the role of

genetic testing vs phenotypic assays for types 2B and 2N. Future critical research priorities are also

identified.

Summary of recommendations

These guidelines are based on updated and original systematic reviews of evidence conducted

under the direction of the Outcomes and Implementation Research Unit at the University

of Kansas Medical Center (KUMC). The panel followed best practices for guideline develop-

ment recommended by the Institute of Medicine and the Guidelines International Network

(G-I-N).1-3 The panel used the Grading of Recommendations Assessment, Development

and Evaluation (GRADE) approach4-10 to assess the certainty in the evidence and formulate

recommendations.

Submitted 3 September 2020; accepted 23 October 2020; published online 12

January 2021. DOI 10.1182/bloodadvances.2020003265.

Data for the Evidence-to-Decision frameworks will be publicly available via Web links

from the online version of the document.

The full-text version of this article contains a data supplement.

© 2021 by The American Society of Hematology
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CLINICAL GUIDELINES

ASH ISTH NHF WFH 2021 guidelines on the management of von

Willebrand disease

Nathan T. Connell,1,* Veronica H. Flood,2,* Romina Brignardello-Petersen,3 Rezan Abdul-Kadir,4 Alice Arapshian,5 Susie Couper,6

Jean M. Grow,7 Peter Kouides,8 Michael Laffan,9 Michelle Lavin,10 Frank W. G. Leebeek,11 Sarah H. O’Brien,12 Margareth C. Ozelo,13

Alberto Tosetto,14 Angela C. Weyand,15 Paula D. James,16 Mohamad A. Kalot,17 Nedaa Husainat,17 and Reem A. Mustafa17

1Hematology Division, Department of Medicine, Brigham and Women’s Hospital, Harvard Medical School, Boston, MA; 2Versiti Blood Research Institute, Medical College of

Wisconsin, Milwaukee, WI; 3Department of Health Research Methods, Evidence, and Impact, McMaster University, Hamilton, ON, Canada; 4Department of Obstetrics and

Gynaecology and Katharine Dormandy Haemophilia and Thrombosis Centre, Royal Free Foundation Hospital and Institute for Women’s Health, University College London,

London, United Kingdom; 5Middle Village, NY; 6Maylands, WA, Australia; 7Department of Strategic Communication, Marquette University, Milwaukee, WI; 8Mary M. Gooley

Hemophilia Treatment Center, University of Rochester, Rochester, NY; 9Centre for Haematology, Imperial College London, London, United Kingdom; 10Irish Centre for Vascular

Biology, Royal College of Surgeons in Ireland and National Coagulation Centre, St James's Hospital, Dublin, Ireland; 11Department of Hematology, Erasmus University Medical

Center, Rotterdam, The Netherlands; 12Division of Hematology/Oncology, Department of Pediatrics, Nationwide Children’s Hospital, The Ohio State University College of

Medicine, Columbus, OH; 13Hemocentro UNICAMP, University of Campinas, Campinas, Brazil; 14Hemophilia and Thrombosis Center, Hematology Department, S. Bortolo Hospital,

Vicenza, Italy; 15Department of Pediatrics, University of Michigan Medical School, Ann Arbor, MI; 16Department of Medicine, Queen’s University, Kingston, ON, Canada; and
17Outcomes and Implementation Research Unit, Division of Nephrology and Hypertension, Department of Internal Medicine, University of Kansas Medical Center, Kansas City, KS

Background: von Willebrand disease (VWD) is a common inherited bleeding disorder. Significant

variability exists in management options offered to patients.

Objective: These evidence-based guidelines from the American Society of Hematology (ASH), the

International Society on Thrombosis and Haemostasis (ISTH), the National Hemophilia Foundation

(NHF), and the World Federation of Hemophilia (WFH) are intended to support patients, clinicians, and

health care professionals in their decisions about management of VWD.

Methods: ASH, ISTH, NHF, and WFH formed a multidisciplinary guideline panel. Three patient

representatives were included. The panel was balanced to minimize potential bias from conflicts of interest.

The University of Kansas Outcomes and Implementation Research Unit and the McMaster Grading of

Recommendations Assessment, Development and Evaluation (GRADE) Centre supported the guideline

development process, including performing and updating systematic evidence reviews (through November

2019). The panel prioritized clinical questions and outcomes according to their importance to clinicians

and patients. The panel used the GRADE approach, including GRADE Evidence-to-Decision frameworks,

to assess evidence and make recommendations, which were subject to public comment.

Results: The panel agreed on 12 recommendations and outlined future research priorities.

Conclusions: These guidelines make key recommendations regarding prophylaxis for frequent

recurrent bleeding, desmopressin trials to determine therapy, use of antiplatelet agents and

anticoagulant therapy, target VWF and factor VIII activity levels for major surgery, strategies to

reduce bleeding during minor surgery or invasive procedures, management options for heavy

menstrual bleeding, management of VWD in the context of neuraxial anesthesia during labor and

delivery, and management in the postpartum setting.

Summary of recommendations

These guidelines are based on updated and original systematic reviews of evidence conducted under

the direction of the Outcomes and Implementation Research Unit at the University of Kansas Medical

Center (KUMC). The panel followed best practices for guideline development recommended by the

Institute of Medicine and the Guidelines International Network (G-I-N).1-3 The panel used the Grading

of Recommendations Assessment, Development and Evaluation (GRADE) approach to assess the

certainty in the evidence and formulate recommendations.4-10

Submitted 3 September 2020; accepted 27 October 2020; published online 12

January 2021. DOI 10.1182/bloodadvances.2020003264.

*N.T.C. and V.H.F. contributed equally to this study as first authors.

Data for the Evidence-to-Decision frameworks will be publicly available via Web links

from the online version of the document.

The full-text version of this article contains a data supplement.

© 2021 by The American Society of Hematology
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Rec 1 - Panel recommend use of BAT in primary care.

Rec 2 - Panel suggest no need for BAT in patients referred to specialist centre.

Rec 3 - Panel suggest no need for BAT in patients with a family history.

Rec 4 - Panel suggest newer VWF activity assays (VWF:Gp1bM / R) over VWF:RCo.

Rec 5 - Panel suggest reconsidering diagnosis where VWF levels normalize with age.

Rec 6 - Panel recommend type 1 VWD diagnosis of VWF < 30 or VWF 30-50 IU/dl with bleeding.

Rec 7- Panel suggest desmopressin trial with 1 and 4 hour tests rather than VWFpp/VWF:Ag ratio.

Rec 8 - Panel suggest VWF:Ac/VWF:Ag ratio cut off of 0.7 for type 2 VWD subtyping.

Rec 9 - Panel suggest either multimer analysis or VWF:CB/VWF:Ag for type 2 VWD.

Rec 10 - Panel suggest genetic testing over low dose RIPA for type 2B VWD.

Rec 11 - Panel suggest wither VWF:FVIIIB or genetic testing for type 2N VWD.

ASH ISTH NHF WFH 2021 guidelines on the diagnosis of VWD

James et al, Blood Adv 2021; 5:280



ASH ISTH NHF WFH 2021 guidelines on the management of VWD

James et al, Blood Adv 2021; 5:280Connell et al, Blood Adv 2021; 5:301

Rec 1 - Panel suggest use of long term prophylaxis for patients with severe frequent bleeds.

Rec 2 - Panel suggest performing a desmopressin trial in VWD patients.

Rec 3 - Panel suggest antiplatelet or anticoagulant therapy for VWD with CVD. 

Rec 4 - Panel suggest target FVIII & VWF:Ac > 50 IU/dL for min 3 days after major surgery. 

Rec 5 - Panel suggest desmopressin or concentrate and TA for minor surgery. 

Rec 6 - Panel suggest OCP / Mirena coil / TA over desmopressin for HMB.

Rec 7- Panel suggest target VWF:Ac 50-150 IU/dL for neuraxial anesthesia.

Rec 8 - Panel suggest postpartum TA in type 1 VWD.



ASH ISTH NHF WFH 2021 guidelines

• Exemplar model of how guidelines should be produced

Two new guidelines based on > 13,000 peer-reviewed publications

State of the Art for VWD in 2023 …



Rec 1 - Panel recommend use of BAT in primary care.

Rec 2 - Panel suggest no need for BAT in patients referred to specialist centre.

Rec 3 - Panel suggest no need for BAT in patients with a family history.

Rec 4 - Panel suggest newer VWF activity assays (VWF:Gp1bM / R) over VWF:RCo.

Rec 5 - Panel suggest reconsidering diagnosis where VWF levels normalize with age.

Rec 6 - Panel recommend type 1 VWD diagnosis of VWF < 30 or VWF 30-50 IU/dL with bleeding.

Rec 7- Panel suggest desmopressin trial with 1 and 4 hour tests rather than VWFpp/VWF:Ag ratio.

Rec 8 - Panel suggest VWF:Ac/VWF:Ag ratio cut off of 0.7 for type 2 VWD subtyping.

Rec 9 - Panel suggest either multimer analysis or VWF:CB/VWF:Ag for type 2 VWD.

Rec 10 - Panel suggest genetic testing over low dose RIPA for type 2B VWD.

Rec 11 - Panel suggest either VWF:FVIIIB or genetic testing for type 2N VWD.

ASH ISTH NHF WFH 2021 guidelines on the diagnosis of VWD

James et al, Blood Adv 2021; 5:280



ASH ISTH NHF WFH 2021 guidelines on the management of VWD

James et al, Blood Adv 2021; 5:280Connell et al, Blood Adv 2021; 5:301

Rec 1 - Panel suggest use of long term prophylaxis for patients with severe frequent bleeds.

Rec 2 - Panel suggest performing a desmopressin trial in VWD patients.

Rec 3 - Panel suggest antiplatelet or anticoagulant therapy for VWD with CVD. 

Rec 4 - Panel suggest target FVIII & VWF:Ac > 50 IU/dL for min 3 days after major surgery. 

Rec 5 - Panel suggest desmopressin or concentrate and TA for minor surgery. 

Rec 6 - Panel suggest OCP / Mirena coil / TA over desmopressin for HMB.

Rec 7- Panel suggest target VWF:Ac 50-150 IU/dL for neuraxial anesthesia.

Rec 8 - Panel suggest postpartum TA in type 1 VWD.



James et al, Blood Adv 2021; 5:280

Interpretation of strong and conditional  recommendations 



Guidelines serve to highlight the critical need for further 

research in the VWD field  

Strong recommendation

‘The panel recommends…’

Conditional  recommendation

‘The panel suggests…’

For researchers The recommendation is supported by 

credible research that make additional 

research unlikely to alter the 

recommendation.

The recommendation is likely to be 

strengthened by additional research 

- Helps to identify possible research 

gaps.

James et al, Blood Adv 2021; 5:280

What are the key gaps in VWD understanding ?
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1. Why is heavy menstrual bleeding & post-partum 

hemorrhage such a problem in VWD ?



HMB and PPH in Irish women with mild to moderate reductions 

in VWF levels

LOVIC study, Blood 2017



HMB in women with Low VWF – clinical significance

Of the LoVIC patients with menorrhagia 

• 67% had been treated with hormonal therapy

• 36% had required treatment with iron 

• 24% with significant menorrhagia underwent Dilation and Curettage (D&C)

• 8% had undergone a hysterectomy for menorrhagia

LOVIC study, Blood 2017



Menstrual bleeding in VWD is of clinical significance

• Even after diagnosis 

and registration in 

Coagulation centre

• 46% LoVIC females 

had reduced ferritin 

• 22% LoVIC females 

had iron deficiency 

anemia 

Objective evidence

LOVIC study, Blood 2017



Srivaths et al, Blood Advances 2020

HMB in Low VWF is of clinical significance

• 111 post-menarchal adolescent females – all aged < 21 years

• Low VWF levels 30-50 IU/dL



HMB is common in women with VWD 

Up to 80% of women 
with VWD experience 
HMB1,2,3

∼50% have depleted 
iron stores and iron-
deficiency anemia1

1.Ragni Am Soc Hematol Educ Program 2019
2.Lavin et al, Blood Advances 2018
3. Byams et al, Haemophilia 2011



VWD is common in women with HMB

Adult HMB clinics 
= 13% VWD1 

Adolescents
=182 – 35%3

?  hemostatic screening
1. Shankar et al. Br J Obstet Gynae. 2004
2. O'Brien et al, J Pediatr Adolesc Gynecol, 2019 
3. Mikhail  et al Haemophilia 2007



HMB – Socio-economic burden

USA alone

• 3 million GP visits per annum

• 1.8 million prescriptions per annum

• 125,000 hysterectomies per annum

• 35,000 EA procedures per annum (2000)

• TOTAL direct costs > $1 billion pa (conservative !)



HMB – Socio-economic burden

USA alone

• 3 million GP visits per annum

• 1.8 million prescriptions per annum

• 125,000 hysterectomies per annum

• TOTAL direct costs > $1 billion pa (conservative !)

Indirect costs

• HMB associated with 3.6 weeks fewer work per year

• Cost $1692 pa (2005)

• Lower estimate of prevalence (10%) = 7.2 million women with HMB in USA 

> $12 billion per year

• Higher estimate of prevalence (30%) = 21.6 million women with HMB in USA 

> $36 billion per year



HMB is more common in women with VWD 
compared to other bleeding disorders  

Bleeding 

disorder

VWD Carriers

< 40 IU/dL

Carriers

> 40 IU/dL

Platelet 

function 

defect

Other 

bleeding 

disorder

Reported 

HMB

70% 51% 41% 57% 54%

Noone et al, Haemophilia 2019; 25:468



Heavy menstrual bleeding 



INFLAMMATION

ANGIOGENESIS

WOUND HEALING

Cell proliferation

New biological roles for VWF beyond hemostasis 



2. What happens as persons with VWD get older ? 



Plasma VWF levels increase with age in some patients with VWD

• 31 VWD– followed for > 5 years (mean 11 years)

• 18/31 patients had VWF levels increased into normal range

• No age-related increase in type 2 VWD (Sanders et al, JTH 2014)

Age influences plasma VWF levels 

Rydz et al, Hphilia 2015; 21:636

• Plasma VWF levels increase in normal population with age (> 10IU/dL per decade)



• 64 VWD patients with Low VWF – followed for > 5 years (mean 8.5 years)

• 29 patients corrected to within the normal VWF levels

Plasma VWF levels increase into the normal range with 

ageing in some Low VWF patients

LoVIC, Blood 2017



Bleeding phenotype is not necessarily corrected in VWD 

patients despite age-related ‘normalization’ in VWF levels

• WiN study – patient reported bleeding episodes in the year preceding inclusion and during life

Sanders et al, J Thromb Haemostas 2014

• Not necessarily associated with a correction in bleeding



Plasma VWF levels increase into ‘normal’ range during 

pregnancy in majority of  LoVIC patients

LoVIC, Blood Advances 2018

• Not necessarily associated with a correction in bleeding phenotype



Management of bleeding and hemostatic challenges 

following ‘normalization’ of VWF levels ?

• How to define optimal therapeutic targets ?

• May differ for individual patients ?  

LoVIC, Blood 2017; WIN, J Thromb Haemostas 2014
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Treatment of patients with VWD

Options

1. Antifibrinolytics

• Tranexamic acid / Aminocaproic acid

2. Desmopressin / DDAVP

3. Plasma-derived VWF containing concentrates

4. Platelet transfusion

5. Adjunctive therapies
• Oral contraceptive / Intrauterine contraceptive

6. Recombinant VWF
• VONVENDI® or VEYVONDI® – Takeda



Treatment for VWD has lagged behind advances in the 

hemophilia field 

Denis et al, Blood 2021 



Click to edit master title style

Developing better therapies for 
treating VWD



VWF lifecycle in normal individuals 



Macrophages are liver cells that clear VWF

Liver
Liver 

macrophage



Click to edit master title style

Developing longer-lasting VWF 
therapies for treating VWD



Rondoraptivon pegol (BT200) – pegylated aptamer to 

VWF

Developed as a VWF inhibitor to use as an anticoagulant in stroke

• Synthetic 

molecule

• Long half-life 7-12 

days

• Subcutaneous



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 Supplement ary 

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 (%) a er 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 ant igen (%) a er 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.

Haematologica | 107 September 2022 

2126

ARTICLE - Effects of BT200 on VWF/FVIII in humans K.D. Kovacevic et  al.

In human studies – single dose of BT200 causes a 

3-4 fold increase in VWF levels

Kovacevic et al Haematologica 2022



Figure 5. Factor VIII activity levels a er 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 clo ing act ivity (%) a er combined administration of BT200/ placebo w ith 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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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 ant igen levels, free A1- domains and factor VIII activity (%) a er mult iple 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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Patients with VWD are heterogeneous

One size treatment for VWD does not fit all …
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• Guideline recommendations

• Patient-specific aspects



Personalized Medicine in VWD

• Treatment tailored specifically for individual patient

• Guideline recommendations

• Patient-specific aspects

Patient preferences need to 

be considered
– empowered to be actively involved

in decision making process
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Prophylaxis in VWD

Significant clinical experience of primary and secondary prophylaxis in patients with 

severe hemophilia

• Data on prophylaxis in VWD are limited

Retrospective studies - VWD Prophylaxis Network (VWD PN) 

• Enrolled 61 patients from 10 countries 

• > 90% type 2 or type 3 VWD

• Median age starting prophy = 22.4 years / median duration 2.2 years

• Typical VWF dose ~ 50U/kg given 2-3 times per week

• Significant reduction in annualized bleeding rates (p<0.0001)

• Prophylaxis was more effective in preventing some types of bleeding (e.g. 

hemarthrosis) than others (e.g. gastrointestinal bleeding)

Abshire et al, Haemophilia 2013; 19:76



ASH/ISTH/NHF/WFH guidelines - prophylaxis in VWD

Connell et al, Blood Adv 2021; 5:301



Prophylaxis in VWD

Important unanswered questions:

• Selection of patients ?

• Optimal prophylaxis treatment regimen ?

• Personalized based upon PK ?

• Pharma-economic analysis ?

Need for future adequately powered clinical 

trials 
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‘What got us to where we are today is not going to get us to 

where we need to go tomorrow’

Blake Mycoskie

• Small studies – inadequately powered

• Single centre

• Retrospective

• Non-randomized

• Hemophilia study end-points

• Limited science



‘What got us to where we are today is not going to get us to 

where we need to go tomorrow’

Blake Mycoskie

• Large international collaborative studies

• VWD is NOT a rare disorder

• Subgroup stratification and multivariate 

analyses

• Prospective and randomized

• State-of-the-art science

• Multiomic strategies 

• Not solely dependent upon pharma 

funding
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von Willebrand disease: proposing de nitions for future research
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Introduction

von Willebrand disease (VWD) is a common bleeding disorder, which affects 1 in 100 individuals based

on laboratory testing and at least 1 in 1000 individuals based on presence of abnormal bleeding

symptoms.1,2 VWD was first described almost 100 years ago, and since the initial report, major

advances in both diagnostic testing and treatment options have improved outcomes for patients living

with VWD; however, many patients still experience significant complications and barriers to treatment.

An underlying problem is the lack of consistent unified definitions.

In recent work developing evidence-based guidelines for VWD,3,4 it was noted that studies on VWD

often used varying definitions. For example, studies of von Willebrand factor (VWF) concentrates did not

have consistent definitions for major bleeding, studies on VWF prophylaxis did not use consistent

definitions of what constituted a prophylaxis regimen, and studies on desmopressin did not use

consistent definitions of desmopressin responsiveness. In addition, common bleeding conditions,

such as heavy menstrual bleeding (HMB) and postpartum hemorrhage are variably defined. Such

inconsistencies in describing study regimens and endpoints hinder the ability to compare study

outcomes and to advance treatment of patients with VWD.

We propose definitions for future use in VWD research to facilitate comparison of treatment options.

These definitions are based on the most common usage in the literature and endeavor to encompass the

most common situations in VWD. The proposed definitions were derived from existing literature and

discussed at the first in-person meetings of the guideline panels. Group members made amendments,

and the consensus document was circulated to the group. All authors approved the final document.

Desmopressin response

Proposed definit ion

Desmopressin response requires an increase of at least . 2 times the baseline VWF activity level and

a sustained increase of both VWF and factor VIII (FVIII):C levels . 0.50 IU/mL for at least 4 hours.

Submitted 29 October 2020; accepted 14 December 2020; published online 25

January 2021. DOI 10.1182/bloodadvances.2020003620.

*N.T.C. and P.D.J. are joint first authors.

Requests for data may be made by contacting the corresponding author, Veronica H.

Flood, at vflood@mcw.edu.

© 2021 by The American Society of Hematology
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Updates – 2 

‘Severe’ VWD ???????



Conclusions

1. Significant advances in understanding of VWD 

2. Key clinical questions remain to be addressed 

in terms of diagnosis and management.

3. Unmet clinical need – associated with 

significant global morbidity

4. VWD field has lagged behind recent advances 

in hemophilia 

5. Recent ASH/ISTH/NHF/WFH guidelines 

highlight the issues

6. Finally, new treatments are in development
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