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Introduction: There is limited awareness of von Willebrand disease (VWD), leading to challenges in both diagnosis
and defining the optimal treatment approach for these patients. Patients with VWD are typically treated on-
demand, with short-term prophylaxis used during surgery. In contrast, early initiation, and long-term use of
prophylaxis is the standard of care in patients with severe haemophilia and can be successfully used to prevent
joint bleeding and reduce chronic arthropathy.

Aim: To provide an understanding of the current evidence for the prophylactic treatment of patients with VWD
and compare this to the management of patients with haemophilia.

Methods: Review of published literature using a non-systematic search of PubMed and reference lists of sourced
articles.

Results: The successes seen with prophylaxis in haemophilia provide the rationale for long-term prophylaxis in
patients with severe forms of VWD; preventing spontaneous, excessive and sometimes life-threatening bleeding,
and reducing chronic joint disease. Currently, there are a few clinical trials assessing the long-term benefits of
prophylaxis in VWD, and guidelines for the optimal prophylaxis treatment approach are lacking. Greater at-
tempts to provide comprehensive, long-term care for patients with VWD are needed but still lacking within the
community. This review highlights the success of prophylaxis in haemophilia and how this knowledge might be
applied and translated to patients with VWD.

Conclusions: Lessons can be learned from the use of prophylaxis in haemophilia and prophylaxis should be
considered the standard of care for a subgroup of patients with severe VWD.

second, or sometimes even first, clinically evident large joint bleed, and
regular factor administration thereafter is considered the most effective
treatment in patients with haemophilia [1], with randomised controlled
trials confirming the efficacy and superiority of prophylaxis compared

1. Introduction

1.1. The role of prophylaxis in hereditary bleeding disorders

Prophylaxis is defined as the administration of factor concentrate to
prevent anticipated bleeding [1]. In some individuals, short-term pro-
phylaxis, surrounding surgery, pregnancy/labour, and menstruation
may be required to prevent or control excessive bleeding. While in in-
dividuals with severe bleeding phenotypes, prophylaxis treatment is
essential to prevent uncontrolled bleeding and reduce internal damage,
e.g., to joints, and to prevent long-term sequelae. In patients with
bleeding disorders such as von Willebrand disease (VWD), there is
currently no consensus on the optimal use of prophylaxis, or the asso-
ciated cost-benefit of long-term prophylaxis treatment.

The initiation of primary prophylaxis at an early age, before the

with patients treated on-demand [2-4]. In patients with severe hae-
mophilia, primary prophylaxis is now considered the standard of care
with the goal of treatment to maintain factor levels well above 1 IU/dL
at all times [1,3,5]; thus, converting patients from a severe to a mod-
erate/mild disease phenotype. Recent reports have suggested that
maintaining higher factor levels (above 10 IU/dL) may be optimal to
prevent subclinical bleeding [3,6,7]. Today, in patients with haemo-
philia, the goal of targeting a specific high factor level has evolved to
personalised prophylaxis to achieve zero bleeds [8]. The prevention of
bleeding is a key factor in preserving musculoskeletal function as well as
reducing the severity and progression of joint damage in patients with
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bleeding disorders [2,9]. Recurrent joint bleeds are known to cause
cartilage and bone destruction, known as haemophilic arthropathy,
which negatively impacts patient quality of life by causing chronic pain
and disability [9,10]. This is also the case in other bleeding disorders, for
example, a patient with congenital afibrinogenaemia, who experienced
recurrent microbleeds into the hip joint, required total hip endopros-
thesis at 13 years of age [11]. Since receiving long-term prophylactic
replacement of the missing coagulation factor, the frequency and in-
tensity of spontaneous bleeding have been significantly reduced versus
on-demand treatment.

Although joint damage develops later in life in patients with VWD
compared to those with haemophilia, prophylaxis may be equally as
important for the reduction of joint haemorrhages and the subsequent
development of arthropathy, particularly in patients with type 3 VWD;
however, there are limited data reporting the existence and severity of
arthropathy in VWD [12]. It is thought that joint bleeds occur in ~50%
of patients with type 3 VWD and up to 10% in those with type 1 and type
2 VWD [13,14]. It is important to note that although FVIII levels are
typically higher in patients with VWD than those with haemophilia,
some patients with severe VWD have reduced FVIII levels, since VWF is a
carrier for FVIII in circulation. The rationale for long-term prophylaxis
in patients with severe forms of VWD is therefore similar to that in pa-
tients with severe haemophilia, preventing mucosal bleeding such as
epistaxis, menstrual and gastrointestinal bleeding, and the potential to
reduce haemophilia-like joint bleeds that may result in chronic
morbidity and reduced quality of life.

This review aims to provide an understanding of the prophylactic
treatment in patients with VWD and compare this to the management of
patients with similar bleeding disorders, specifically, haemophilia. We
also question whether prophylaxis should now be considered the stan-
dard of care for a subgroup of patients with VWD (e.g., patients with
severe disease), and how the management of patients may change in the
future. A prerequisite would be to develop more scientific evidence
which could be included into guidelines.

1.2. VWD vs. haemophilia: distinct bleeding disorders with many
similarities

VWD is the most common genetic bleeding disorder, occurring with
equal frequency among men and women [15], while haemophilia is a
well-known inherited bleeding disorder, affecting mostly men [1]. VWD
trait is estimated to affect 1% of the population worldwide, of which it is
thought that 0.1% are symptomatic and only 0.01% of the population
have a confirmed VWD diagnosis; suggesting a high proportion of the
population are unaware of their bleeding disorder [16,17]. In addition,
not all of those individuals who have been diagnosed with VWD are
receiving treatment. The prevalence of VWD and bleeding phenotypes
are compared with haemophilia in Table 1. Notably the inheritance is
usually autosomal dominant but the most severe form, type 3, is auto-
somal recessive and therefore very rare with highest prevalence in areas
where consanguinity occurs. In addition, the variation in bleeding
phenotypes in patients with milder disease suggest type 1 VWD is likely
from polygenic inheritance [18].

VWD is a heterogeneous disorder caused by quantitative (types 1 and
3) and qualitative (type 2) deficiency of von Willebrand factor (VWF)
[23]. Type 1 VWD is a partial reduction of VWF and is the most common,
affecting 65-80% of symptomatic cases. Type 2 VWD constitutes
20-35% of patients; it is divided into four subtypes (2A, 2B, 2M and 2N)
based on phenotype and involves the expression of functionally
abnormal VWF. Type 3 VWD is the complete absence of VWF and affects
~1 in 1 million people. Haemophilia is a congenital disorder caused by
deficiency or absence of coagulation factors VIII (FVIII, haemophilia A)
or IX (FIX, haemophilia B); haemophilia A occurs in approximately 1 in
4000 male births [21] and patients with haemophilia A represent
80-85% of the haemophilia population. The severity of disease depends
on the clotting factor level; severe disease is defined as <1 IU/dL factor
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Table 1
Comparing the incidence of VWD and haemophilia.
VWD Haemophilia
Patients diagnosed ~78,600 [19] ~210,500
worldwide (1:10,000) [20] [19]
(1:4000) [21]
Inheritance Autosomal dominant” in most cases but ~ X-linked
recessive in type 3 VWD and some type  recessive
2 VWD
Estimated ~90 ~50
undiagnosed
population (%)
Disease classification” Type 3: 5-10 Severe: 60
(%) [1,20] Type 2: 15-30 Moderate: 15
Type 1: 65-80 Mild: 25
Average age of 10-12 years [20] 1-2 years [1]
diagnosis
Predominantly affects Females and males Males
[22]
Bleeding type/location =~ Mucocutaneous bleeding Joints and
[22] (e.g., epistaxis, menorrhagia and muscles
gastrointestinal bleeding)
Estimated Unknown 75 (globally)
undertreated [22]

population (%)

VWD, von Willebrand disease.

@ Type 3 and type 2 N are inherited as a recessive trait.

b There may be phenotypic variations within each disease classification, e.g.,
not all patients with type 1 VWD exhibit a mild phenotype.

¢ Incidence of haemophilia A in males.

level, patients with moderate disease have >1-5 IU/dL factor, and mild
disease have >5-<40 IU/dL factor. Patients with severe disease require
regular infusions of factor replacement therapy to raise and maintain
high levels of clotting factors in circulation at all times, which would in
turn reduce the frequency of spontaneous bleeding. A report by the
World Federation of Hemophilia (WFH) suggests maintaining trough
levels at 3-5 IU/dL could convert patients from a severe phenotype to a
mild-moderate phenotype, as the way forward for treating patients with
severe haemophilia [24,25]. It has also been suggested that maintaining
factor levels at 15 IU/dL or higher may be beneficial in some patients
with severe haemophilia [7,24]. In a recent study it was shown that
keeping trough levels at 8-13 IU/dL substantially decreased bleeding
frequency compared with keeping levels above 1-3 IU/dL [6].
Bleeding history is critical to disease diagnosis in both VWD and
haemophilia and there are distinct differences in the bleeding phenotype
in patients with VWD or haemophilia, including the time of presenta-
tion, bleeding type/location and severity of bleeding (Table 1) [26].
Bleeding severity in VWD is variable and without treatment can be life-
threatening, with severe complications associated with haemorrhages,
such as gastrointestinal bleeding [27]. The hallmark of VWD is muco-
cutaneous bleeding (e.g., epistaxis, menorrhagia and gastrointestinal
bleeding) and a deficiency of VWF is often not diagnosed until several
years after the onset of bleeding symptoms or until a patient requires a
medical procedure. The incidence of VWF deficiency in women with
menorrhagia is around 10-20% [28] and it is thought that women with
VWD are ~10 times more likely to die from postpartum haemorrhage
and childbirth complications than women without VWD [29]. Bleeding
after dental extraction is reported in 28-51% of patients with VWD,
compared with 4-42% of healthy individuals [30]. The lack of VWD
awareness among healthcare professionals and the general population,
including how an individual interprets what might be considered a
‘normal’ level of spontaneous bleeding (e.g., during menstrual bleeding,
or during epistaxis), and the lack of awareness of the guidelines for the
management of patients with VWD, suggests a significant proportion of
individuals are undiagnosed and undertreated. Today, VWD awareness
is building among healthcare professionals; the introduction of the
American College of Obstetricians and Gynecologists (ACOG) practice
bulletins, and the Foundation for Women and Girls with Blood Disorders
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(FWGBD) are helping to educate the community. In general, compre-
hensive guidelines are lacking due to the limited data available,
particularly from randomised controlled trials assessing prophylaxis in
patients with severe VWD. To aid diagnosis of VWD, bleeding assess-
ment tools have been developed as a quantitative measure to rate
bleeding symptoms, disease severity and family history of bleeding to
inform diagnosis and treatment decisions [31-33]. The European Mo-
lecular and Clinical Markers for the Diagnosis and Management of type 1
VWD (MCMDM-1 VWD) Study reported that bleeding score was strongly
inversely correlated with VWF level [32]. The condensed MCMDM-1
VWD bleeding questionnaire is a bleeding assessment tool used to
quantify bleeding symptoms (individual components scored from 1 to 4)
and predict when those symptoms are suggestive of a bleeding disorder.
The condensed version of the MCMDM-1VWD questionnaire was used in
a study of 30 women presenting with menorrhagia and was able to
distinguish those with a bleeding disorder from those without a bleeding
disorder (sensitivity 85%, specificity 90%) and was also able to distin-
guish disease severity; women with type 3 VWD had the highest
bleeding scores [34]. These questionnaires and the resultant bleeding
severity scores could help to predict clinical outcomes based on bleeding
phenotype [35]; however, a lack of global awareness among physicians
and patients, and limited uptake of the evaluation questionnaire could
mean a high proportion of patients remain undiagnosed worldwide.
Recently, the WFH have also developed draft clinical practice guidelines
for the diagnosis and management of VWD. Although the guidelines
recommend using long-term prophylaxis over no prophylaxis in patients
with severe VWD, the evidence of effects are low certainty due to the
limited data in this area and there is no clear definition regarding which
patients with VWD should be considered suitable for prophylaxis.
Importantly, the majority of individuals with VWD have a mild disease
phenotype, which may account for the lack of diagnosis, nevertheless,
these individuals may benefit from short-term prophylaxis to control
bleeding, particularly during times of high bleeding risk e.g., menstru-
ation. Of note, the index case described by Erik von Willebrand in 1926
died as a result of bleeding during her fourth menstruation at the age of
14 years [36]. In contrast, patients with severe haemophilia typically
present with abnormal and prolonged bleeding at a young age and
treatment approaches can be implemented in early life.

1.3. Current approaches to treatment

In patients with severe haemophilia, prophylactic administration of
clotting factor concentrates is the basis of modern treatment and
guidelines are widely accepted, whereas patients with VWD are typically
treated on-demand and treatment guidelines for prophylaxis are less
well-characterised [37]. Approximately 45% of patients with severe
haemophilia A are thought to use some form of prophylaxis compared
with only 10% of patients with severe VWD [30]. While prophylaxis is
used for patients with severe VWD, historically, there has been less
emphasis on the treatment of patients with mild-to-moderate disease
and the use of prophylaxis in type 1 and 2 VWD is rare [38]. Although
the heterogeneity of disease is variable, studies have shown that patients
with moderate haemophilia A report similar annualised bleeding rates
(ABRs) as those with severe haemophilia A [39], suggesting there is a
significant unmet treatment need in this patient group, and raises an
interesting question for individuals with less severe VWD and whether
they are also relatively undertreated.

For patients with haemophilia, plasma-derived (pd) and recombi-
nant factor replacement products have been on the market for many
years, and their use depends on availability and cost around the world
[40]. The development of new long-acting factor concentrates has been
shown to decrease the burden of treatment in haemophilia by allowing
patients to reduce the number of weekly infusions while maintaining
low bleed rates [41]. The health benefits of prophylactic dosing regi-
mens for clotting factor therapy in patients with haemophilia include
reduced joint damage and improved quality of life [9,42]. The severity
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of bleeding drives treatment decisions in both VWD and haemophilia;
however, the variability in clinical manifestations in VWD means
treatment and definitive diagnosis are not well defined within the
different types of disease [26]. In VWD, patients are treated on-demand
with desmopressin or pdVWF-containing concentrates for acute
bleeding or trauma, or with short-term prophylaxis to prevent bleeding
in the surgical setting (Table 2) [37,43-45].

In general, treatment strategies vary by the type and severity of
disease; in the majority of patients with mild/moderate VWD, on-
demand use of desmopressin is an effective treatment option, with
intermittent use of prophylaxis with VWEF/FVIII concentrates used for
patients with a history of severe bleeding events (Fig. 1). It is important
to note that closely spaced repeat doses of desmopressin in some patients
can cause tachyphylaxis [43], and it is hypothesised that, in some cases,
multiple doses over a long period of time could also lead to tachyphy-
laxis; this requires further investigation in patients requiring multiple
long-term administration. Desmopressin is also contraindicated in pa-
tients with type 2B VWD as it can lead to exacerbation of thrombocy-
topenia, a distinctive feature of type 2B disease [47]. In VWD, pdVWE/
FVIII products are most frequently used for VWF replacement therapy
and have been widely approved [48]. In addition, a recombinant VWF
(r'VWF) product has recently been developed for use in adults in some
settings, and has shown promising results in clinical trials [48,49]. This
may become particularly useful in the future when considering patients
who require a personalised treatment approach, including for patients
with type 2N VWD (who express normal multimer distribution with
reduced affinity for FVIII) whereby the replacement VWF could bind to
FVIII, without increasing the risk of thrombosis associated with high
VWF levels [50].

The initiation of prophylaxis in haemophilia is briefly classified,
according to WFH, as primary (before the second clinically evident large
joint bleed), secondary (after the second joint bleeding and before
initiation of joint disease), short-term (typically used to control bleeding
during planned procedures such as surgery), or tertiary (treatment
started after the onset of joint disease documented by physical exami-
nation and plain radiographs of the affected joints) [1]; however, this
definition cannot be readily transferred to VWD as disease is generally
diagnosed much later [47]. In VWD, prophylaxis is defined as receiving
factor infusions at least once per week to prevent or decrease the severity
of bleeding with the intention of maintaining this regimen for 45 or
more weeks per year (Fig. 1) [47].

In haemophilia, primary prophylaxis is recommended early in young
patients before the onset of joint disease; however, adherence to pro-
phylaxis treatment decreases with increased age [53]. The reasons for
non-adherence/compliance issues for prophylaxis in patients with VWD
and haemophilia may be different and could depend on various factors
including the age of symptom presentation, disease diagnosis, treatment
initiation, and less strict follow up compared with haemophilia. Evi-
dence is emerging to suggest that even one bleed is too many in the
progression of joint disease and prophylaxis should be encouraged in all
patients with haemophilia [54]. A recent study in patients with hae-
mophilia A found children who initiated FVIII prophylaxis before 2.5
years of age had significantly reduced MRI osteochondrial damage, and
lower ABR and annualised joint bleeding rate, compared with those who
delayed prophylaxis beyond 6 years of age [55]. This further supports
the recommendation from the WFH to initiate primary prophylaxis
before the first joint bleed in order to maintain joint health. In VWD,
primary prophylaxis is less common compared with haemophilia and
patients are typically only treated with VWF concentrates for short-term
prophylaxis during the perioperative period [44,47]. There are currently
no clear recommendations for prophylaxis outside the surgical setting in
patients with VWD. Specific factor-containing concentrates can reduce
the frequency of bleeding and provide long-term haemostatic efficacy; a
potential benefit when considering the perioperative management of
patients with VWD. While there are no randomised clinical studies
assessing prophylaxis outside of the surgical setting, it is hypothesised
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Table 2

Current treatment approaches in patients with VWD and haemophilia.
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Treatment VWD [37] Haemophilia [1]
approach On-demand Prophylaxis On-demand Prophylaxis
Estimated 85% 5-10% <10% 55% 45%
patients with
severe disease
Therapy Desmopressin VWF-concentrates” VWE-concentrates FVIII or FIX FVIII or FIX factor
concentrates; replacement concentrates;
non-factor non-factor replacement
replacement concentrates
concentrates
Indications e Type 1 VWD o Type 3 VWD" o Type 3 VWD" o All patients with e All patients with severe
e Some type 2 VWD with e Type 2 VWD haemophilia A haemophilia A or B
caution e Severe type 1 VWD or B o Selected patients with
e Type 1 VWD with contraindications to moderate or mild
desmopressin haemophilia A or B
Advantages e Easily available e Effective in non-responders to e Decreases bleeding e Convenience e Several novel therapies
e Available in intranasal, desmopressin episodes e Few infusions available, including
subcutaneous and o Plasma-derived and recombinant VWF can e Improved quality of factor and non-factor
intravenous forms be used life replacement products
o Relatively inexpensive e Short-term prophylaxis is beneficial during e Improved joint e Decreases bleeding
o Self-administration surgery health episodes
e Long-term e Reduced haemophilic
prophylaxis can arthropathy and long-
reduce time spent in term morbidity
hospital e Improved physical
activity
o Improved quality of life
and attendance at school/
work
e Reduced time spent in
hospital
Disadvantages e Short-term effect o Short-term effect e Prophylaxis with e High bleed rates e Frequent intravenous/

Tachyphylaxis

Higher costs compared to desmopressin

recombinant VWF is subcutaneous infusions

Poor joint health

e Variable response e Predominantly made from human plasma not well studied e Pain and from early life
o Potential side effects which may contain infectious agents (risk is mobility issues o Adherence to treatment
e Contraindications minimised by donor screening, testing and e Lack of HTC e Venous access issues
virus inactivation/removal steps during follow ups e Breakthrough bleeds may
manufacture) still occur
Incidence of None Severe (type 3) VWD: 5-10% Unknown Unknown Severe haemophilia A:

inhibitors [46]

20-30%
Severe haemophilia B: 2-4%

FIX, factor IX; FVIIL, factor VII[; HTC, Haemophilia Treatment Centre; VWD, von Willebrand disease; VWF, von Willebrand factor.

# In an adult patient undergoing elective surgery, doses quoted as average and may be 20% higher in paediatric patients.

b All plasma-derived concentrates containing VWF must be avoided in type 3 VWD patients with alloantibodies because of the risk of anaphylactic reactions. Re-
combinant FVIII, administered at very high doses by continuous intravenous infusion can be used instead.

that prophylaxis in VWD may have similar benefits to haemophilia, such
as reduced long-term joint damage, reduced surgical complications,
decreased annual factor consumption, reduced hospital resources and
may also provide greater improvements in quality of life in some pa-
tients. The more variable bleeding presentation in VWD also suggests
that clinical studies of prophylaxis treatment should focus on individual
bleeding symptoms rather than ABR.

It is also important to acknowledge the differences in EMA clinical
trial requirements between haemophilia and VWD. For FVIII trials in
patients with severe haemophilia A, the clinical trial development
concept is clearly defined and initial studies require a minimum of 12
adult/adolescent previously treated patients (PTPs) to undergo PK
analysis, followed by an additional 38 patients to undergo efficacy and
safety analysis for at least 50 exposure days (EDs). Similarly, 12 paedi-
atric PTPs must undergo PK analyses with an additional 13 PTPs also
undergoing efficacy and safety analyses for at least 50 EDs. On the other
hand, clinical trials in patients with VWD require 12 adult/adolescent
patients with severe VWD, including at least six type 3 VWD patients, to
undergo PK analysis; for trials assessing new products, there is no
requirement for patients to have been previously treated and the au-
thorities acknowledge that it may be difficult to obtain six type 3 VWD
patients due to the rarity of the disease. Furthermore, an additional 20
patients are required for the efficacy and safety analyses and, for
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prophylaxis assessment, a minimum of five type 3 VWD patients should
be followed for one year, assessing safety, efficacy and immunogenicity.
The assessment in paediatric patients should not be started until interim
data of one year of exposure are available in 10 patients older than 12
years, who are included in the efficacy trial. PTPs would be the most
suitable candidates to test the product-related immunogenicity of a
modified VWF product; however, this is not a requirement for clinical
studies.

1.4. Long-term prophylaxis in VWD

It is hypothesised that long-term prophylaxis in patients with severe
VWD could reduce/prevent recurrent mucosal bleeds, such as gastro-
intestinal bleeding and heavy menstrual bleeding, which can reduce
patient quality of life or even be life-threatening if untreated. In addi-
tion, with the progression of joint damage, early initiation of prophy-
laxis could be crucial for the reduction of joint haemorrhages with
development of arthropathy, particularly in patients with type 3 VWD.
Prophylaxis is feasible to implement early in life in a home setting and
can have numerous long-term benefits.

The von Willebrand Disease Prophylaxis Network (VWD-PN) con-
ducted a survey of treatment practice in patients with VWD among a
group of investigators in Europe and North America. Of the 1.6%
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Primary prophylaxis at an early age, before the
second, or sometimes even first, clinically evident
large joint bleed, and regular factor administration
to maintain factor levels >1 |U/dL for 52 weeks of

the year

Prophylaxis
definition

Prophylaxis is defined as receiving factor infusions at
least once per week to prevent or decrease the
severity of bleeding with the intention of
maintaining this regimen for >45 weeks per year

4

bl FVII concentrates: e -
T -concentrates
4 * 25-501U/kg 2—-4x k
§_§ FIX t/ % . ice * Recurrent haemarthrosis: 40—60 IU/kg 2—3%x/week
£ '§ 3;°;8e|3/r; els.3 / K * Mucosal bleeding: 40-60 1U/kg 3—4x/week
4 ° 35— g 1-3x/wee / \
= 0.3 pg/kg body weight desmopressin, and
.§ 8 FVIII/FIX concentrates 15—60 IU/kg oral tranexamic acid in 3 doses of
3 15-25 mg/kg/day are advised

4

\ 4

Fig. 1. Current treatment approaches' in patients with haemophilia and VWD [1,49,51,52].
FIX, factor IX; FVIIL, factor VIII; VWD, von Willebrand disease; VWF, von Willebrand factor.
Doses based on current guidelines for haemophilia and vary depending on disease severity and product; newer products have meant dosing frequency can be reduced

further than those stated above while maintaining sufficient factor levels.

patients receiving prophylaxis, the majority had type 3 VWD (74.5%);
however, a higher proportion of patients with type 3 VWD received
prophylaxis in Europe (28.7%) than in North America (12.2%). Only
7.8% and 17.6% of the patients on prophylaxis were type 1 and type 2
VWD, respectively [38]. The most commonly reported reasons for
initiating prophylaxis were joint bleeding (40%), epistaxis/oral bleeding
(23%), gastrointestinal (GI) bleeding (14%) and menorrhagia (5%) [38];
however, the current prophylaxis regimens (optimal dose and fre-
quency) used to treat different clinical bleeding phenotypes are not well
defined. In addition, it is important to note that the VWD-PN study was
retrospective and may be subject to selection bias as the distribution of
types of VWD varied in the US and EU, and prophylaxis was only initi-
ated in selected cases. Studies reporting on long-term prophylaxis in
VWD have previously been summarised [52]. In addition to these
studies, a 12-month analysis compared on-demand and prophylaxis
treatment with VWF/FVIII concentrates and demonstrated a lower risk
of bleeding (relative attributable risk estimate: —0.667) in those
assigned to a prophylaxis regimen [51]. Further to this, based on the
current literature, the frequency of prophylaxis and dose indication for
VWD bleeding phenotypes in patients with type 3 VWD are noted in
Table 3 [56], and bleeding rates have been shown to reduce for each
bleeding phenotype in patients treated using prophylaxis [47,57].
However, it is important to note that despite the evidence of long-term
prophylaxis with VWE/FVIII concentrates, there are a lack of recom-
mendations for prophylaxis regimens in those with type 1 and 2 VWD,
and these patients are typically treated with desmopressin.
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Table 3
Long-term prophylaxis in patients with type 3 VWD in the VWD-PN prospective
study [47,58].

Bleeding Percentage of VWE: Dose(s) per When to
phenotype patients initiating RCo week” initiate
prophylaxis (n = dose
50) 1U/kg
body
weight
Joint 21.8% 10-50 2-3 After first
bleeds
GI 23.6% 20-60 2-4 After 2-3
severe
bleeds per
year
Epistaxis 23.6% 20-60 1-3 After 3-4
severe
bleeds per
year
Menorrhagia 7.3% 20-50 3-4 during If required
menstruation
Other” 14.6% 10-70 1-3 If required

GI, gastrointestinal; RCo, ristocetin cofactor; VWD, von Willebrand disease;
VWEF, von Willebrand factor.

# Doses based on individual patient bleeding phenotype.

b Other bleeding phenotypes included intracranial haemorrhage, haematomas
in soft tissue, oral, dental extraction, scraped knees, ovarian cysts or bleeding.
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For short- and long-term prophylaxis, a commonly used concentrate
is a pdVWF concentrate, with a VWF:FVIII ratio of 2.4:1 (Haemate® P,
CSL Behring, Germany; Humate-P® in the US and Canada), at doses
ranging from 12 to 50 IU FVIII/kg body weight, with infusions given 1-3
times per week [59]. Patients with VWD treated with long-term pro-
phylaxis with Haemate® P have demonstrated reduced bleeding epi-
sodes compared with those treating on-demand, and treatment was well-
tolerated, indicating that Haemate® P may be efficacious in patients
treated prophylactically [60,61]. In addition, in children who began
prophylaxis with VWE/FVIII concentrates before the age of 5 years,
there have been no reports of joint bleeds or signs of arthropathy [62].
Furthermore, the bleeding frequency in patients with type 3 VWD
treated with another VWEF/FVIII concentrate (Wilate®, Octapharma,
Austria) with a balanced VWF:FVIII ratio (1:1) has been assessed
[63,64]. Wilate® has been shown to be effective for on-demand treat-
ment (25-50 IU/kg) and routine prophylaxis (20-40 IU/kg 2-3x/
week), and can be administered at lower VWF doses compared with
other concentrates owing to its 1:1 ratio [64]. After initiating long-term
prophylaxis, patients reported a reduction in bleeding frequency, from 4
bleeds per month (range 1-30) to O bleeds per month (0-2) on pro-
phylaxis [63]. In addition, Wilate® has demonstrated excellent tolera-
bility with no thromboembolic events in adults or paediatrics [64].
Another pdVWE/FVIII concentrate (Voncento®, CSL Behring, Germany)
is available for the prophylaxis and treatment of haemorrhage or sur-
gical bleeding when desmopressin treatment alone is contraindicated or
ineffective [65,66]. Paediatric patients with VWD treated prophylacti-
cally with Voncento® reported reduced incidence of major bleeds
(3.3%) compared with patients treated on-demand (27.1%); the inci-
dence of joint bleeds were also reduced (3.3% vs. 11.5%, respectively)
[66]. Moreover, the pdVWE/FVIII concentrate (Wilfactin®, LFB Bio-
pharmaceuticals Limited, France) almost devoid of FVIII has demon-
strated effective bleed control in clinical trials, with a treatment interval
of 50-60 IU/kg 2-3x/week for long-term treatment of spontaneous
bleeding events [67]. Additionally, in a recently published case, a pa-
tient with a history of serious haemorrhage was treated with 32 IU/kg of
this concentrate and demonstrated a significant reduction in the fre-
quency and intensity of spontaneous bleeding, further supporting the
use in clinical practice [68]. Further clinical studies would be desirable
to determine the optimal prophylaxis regimen for each bleeding
phenotype in VWD, and the first dose-escalation study in patients with
severe VWD treated with prophylaxis could help establish the optimal
prophylaxis regimen [58]. This is of particular importance because in
patients who receive multiple doses of VWF/FVIII concentrate over a
short period of time, plasma FVIII levels may progressively increase, as
VWEF stabilises not only the exogenously administered FVIII but also the
endogenous FVIII pool [69]. Resulting high FVIII levels have been
associated with an increased risk of thromboembolic complications,
although these events are rare in VWD [70,71]. Nevertheless, although
this may be a concern if patients require multiple doses following sur-
gery, long-term prophylaxis at a frequency of 1-3 times per week would
allow FVIII levels to decrease between doses. In addition, in more than
36 years of clinical experience, there have been no instances of inhibitor
development and few thrombotic events in patients treated with Hae-
mate® P prophylaxis [62].

Patients treated with factor concentrates may develop inhibitory
antibodies, with the incidence typically associated with type 3 VWD
patients (5-10% of patients) [46], but does not seem to be a main issue
in VWD compared with the situation in haemophilia. Theoretically, a
rVWF concentrate, or a purified VWD concentrate with no FVIII, could
be beneficial for prophylaxis to raise FVIII to haemostatically relevant
levels without additional FVIII replacement infusions [49,67]; however,
concentrates with a high VWF/FVIII ratio (>2:1) have been proved to
ensure the haemostatic balance, without an accumulation of FVIII due to
the short half-life of FVIIL In addition, the benefits of regular prophy-
lactic use with rVWF have yet to be proven in larger trials [51], and
prophylaxis is not currently indicated in the label. Furthermore,
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emicizumab, a monoclonal antibody indicated for use in patients with
haemophilia A with or without inhibitors, has been investigated in pa-
tients with type 3 VWD who develop antibodies to VWF/FVIII concen-
trates. While this is a rare occurrence, the development of antibodies
further limits the treatment options in these patients. Patient studies
have shown that prophylaxis with emicizumab can reduce the frequency
of spontaneous bleeding and therefore improve quality of life; this may
become the favoured treatment approach in a number of patients,
including for patients with severe VWD who have a high treatment
burden and bleeding phenotypes similar to patients with haemophilia
[72].

1.5. Future implications for prophylaxis in VWD

The successful implementation of long-term prophylaxis regimens in
haemophilia provides a rationale for the use in patients with VWD.
Evidence of the ability of VWE/FVIII concentrates to provide adequate
and timely haemostasis in patients with VWD treated with prophylaxis is
accumulating. In contrast to haemophilia, there is a significant lack of
studies assessing the pharmacokinetic and pharmacoeconomic impact of
treatment in patients with severe VWD, and limited studies comparing
the efficacy of on-demand versus long-term prophylactic regimens.
Despite this, it is thought that a selected population of patients with
VWD and a severe bleeding phenotype may benefit from long-term
prophylaxis with VWF concentrates, and as bleeding frequency in-
creases with age, there is an increased need to provide personalised
prophylaxis to manage disease comorbidities [20,73]. Based on the ef-
fects seen in patients with haemophilia treated with prophylaxis, simi-
larities may be drawn for the benefits and barriers of long-term
prophylaxis (Fig. 2) to reduce morbidity and improve patient quality of
life, e.g., does prophylaxis in VWD reduce the need for hospitalisation
[74]. The unmet needs for patients with VWD and haemophilia treated
on prophylaxis will shape our approach to treatment as we move to-
wards personalised prophylaxis, targeting zero bleeds. In addition, the
standardisation and validation of the bleeding score in VWD and its
application to evaluate the patient’s tendency to bleed will likely aid
individualising prophylaxis therapy and may minimise treatment
burden. Furthermore, novel treatment approaches such as gene therapy
are ongoing and could further improve the standard of care.

2. Conclusions

Prophylaxis has significantly changed the lives of many patients with
haemophilia and knowledge gained from the use of prophylaxis in
haemophilia could be applied to some patients with VWD to reduce the
burden of disease. There are still unmet needs for prophylaxis in hae-
mophilia, e.g., in moderate forms of the disease, and a similar situation
could be the case in VWD. Currently, there is no firm definition of
prophylaxis in VWD and the frequency and dose of concentrate needs to
be further defined. As knowledge of VWD increases, in particular the
progression of joint damage in untreated patients, guidelines should be
updated to provide comprehensive care for individuals with VWD.
Studies within the frame of VWD-PN have paved the way showing clear
benefits for prophylaxis, and further studies would aid in the develop-
ment of evidence-based guidelines for this approach, but it can already
be proposed that long-term prophylaxis should be implemented in pa-
tients with repeated bleeds impacting quality of life and increasing
burden on healthcare especially those with type 3, but occasionally also
in patients with phenotypically severe type 2 and type 1 VWD.
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Fig. 2. Benefits, barriers and unmet needs of patients treated on prophylaxis are similar in VWD and haemophilia [3,4].
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