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von Willebrand factor

ABSTRACT

Acquired von Willebrand Syndrome (AVWS) is a rare bleeding disorder characterized by quantitative or qualitative defects of von
Willebrand factor (VWF) in patients without a personal or family history of bleeding. It is frequently associated with systemic
diseases, particularly lymphoproliferative disorders (LPDs) and myeloproliferative neoplasms (MPNs). In this single-center, ret-
rospective cross-sectional study, we included patients diagnosed with AVWS at the Angelo Bianchi Bonomi Hemophilia and
Thrombosis Center between April 2014 and March 2025. Bleeding severity was assessed using the ISTH-BAT score. Laboratory
tests included FVIIL:C, VWF:Ag, VWF:GPIbR, VWF:RCo, VWF:CB, VWFpp, and multimer analysis. Among 140 patients, 106
(76%) had MPNs and 26 (19%) LPDs. At least one bleeding symptom was observed in 70% of patients, with clinically significant
bleeding occurring in 24% of the cohort. Clinically relevant bleeding (mainly mucocutaneous and gastrointestinal) was more
frequent and severe in LPDs (58%) than in MPNs (13%). LPDs showed severe VWF functional defects, marked HMWM loss, and
elevated VWFpp/VWF:Ag ratios (median 6.7), consistent with accelerated clearance. MPNs displayed mild HMWM reduction,
normal clearance (median VWFpp/VWF:Ag ratio 1.0), and an inverse correlation between platelet count and the degree of
HMWM depletion (p=-0.48, p<0.001). Bleeding severity correlated inversely with VWF:GPIbR in LPDs (p=-0.50, p=0.02)
and with VWF:RCo in MPNs. Anti-VWF antibodies were found in 30% of tested LPDs or autoimmune cases. The two main
phenotypes presented in AVWS were immune-mediated in LPDs and platelet-mediated in MPNs. Understanding the underlying

mechanism is crucial for accurate diagnosis and targeted treatment to reduce bleeding risk and improve outcomes.

1 | Introduction

Acquired von Willebrand Syndrome (AVWS) is a rare yet clin-
ically significant hemorrhagic disorder characterized by a defi-
ciency or dysfunction of von Willebrand factor (VWF) arising
in patients without a personal or familial history of bleeding di-
athesis [1]. Despite being classified as a rare bleeding condition,

its true prevalence is likely underestimated due to diagnostic
complexity and frequent under recognition in clinical practice.
Epidemiological data are scarce, primarily derived from case
series and registry-based studies [2-4]. Estimates suggest an in-
cidence of approximately 1-3 cases per million individuals per
year [5], though this number may not reflect the true frequency,
especially among patients with comorbid conditions [6].
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Unlike VWD, AVWS arises in association with a broad spec-
trum of systemic disorders. The most common are lymphop-
roliferative disorders (LPDs), myeloproliferative neoplasms
(MPNs), cardiovascular diseases, and autoimmune conditions.
In a large multicenter analysis, LPDs accounted for approxi-
mately 45%-50% of cases, cardiovascular diseases for 20%-25%,
and MPNs for 15%-20%, autoimmune diseases contributed to
5%-10%, while miscellaneous causes, including hypothyroid-
ism, solid tumors, and drug-induced forms, represented the
remaining 10%-15% [3, 7]. Across this broad spectrum of under-
lying disorders, AVWS results from secondary, disease-specific
mechanisms that alter VWF synthesis, multimeric structure,
proteolysis or clearance [8]. Although these processes vary ac-
cording to the primary condition, they typically converge on the
depletion of high-molecular-weight multimers (HMWM), the
most functionally active forms of VWF [7].

In the following clinical settings, distinct pathophysio-
logical mechanisms of AVWS have been described. (1)
Lymphoproliferative and autoimmune disorders (LPDs, MGUS,
multiple myeloma, Waldenstrom macroglobulinemia). In such
cases, AVWS is mainly mediated by nonneutralizing monoclo-
nal IgG or IgM antibodies that form immune complexes with
circulating VWF, leading to accelerated clearance via the retic-
uloendothelial system or hepatic Fcy receptors [9-11]. Less com-
monly, neutralizing antibodies directly inhibit VWF function,
detectable by Bethesda assays [7], whereas nonneutralizing anti-
bodies require ELISA or immunoblotting [12]. An elevated VWF
propeptide (VWFpp)/VWF:Ag ratio indicates increased VWF
clearance [13, 14]. (2) MPNs (essential thrombocythemia, poly-
cythemia vera, myelofibrosis). The predominant mechanism
involves the high number of platelets leading to pathological in-
teraction between VWF A1l domain and platelet Glycoprotein Ib
(GPIb), eventually enhancing ADAMTS13-mediated proteolysis
[15-17]. This results in selective reduction or loss of HMWM,
particularly in cases of thrombocytosis >1000x 10°/L [17, 18].
Functionally, circulating VWF activity is reduced, whereas
VWF:Ag and the VWFpp/VWF:Ag ratio remain normal, sug-
gesting proteolytic degradation rather than increased clearance
[19]. (3) Cardiovascular and other mechanisms. AVWS may
result from shear stress-induced proteolysis in cardiovascular
disorders (e.g., aortic stenosis, LVADs) [20-23] or from altered
synthesis, clearance, or regulation of VWF in endocrine, he-
patic, or drug-induced conditions [24-26].

From a clinical point of view, AVWS typically presents later in
adulthood without previous clinical symptoms, most often with
mucocutaneous bleeding (bruising, epistaxis, gingival bleeding,
menorrhagia) [5, 15]. Gastrointestinal bleeding often occurs in
AVWS secondary to cardiovascular disease, most frequently
associated with angiodysplasia (Heyde's syndrome) [21]. Severe
cases may involve deep hematomas or hemarthroses [27, 28],
while some patients remain asymptomatic despite marked labo-
ratory abnormalities [29, 30].

Diagnosis requires suspicion in adults with new-onset bleeding
and an associated systemic condition [31]. Laboratory work-up
includes assessment of factor VIII coagulant activity (FVIII:C),
VWF antigen (VWF:Ag), and platelet-dependent VWF activity.
Traditionally, the latter has been assessed using the VWF risto-
cetin cofactor assay (VWF:RCo). However, GPIb-based assays

are now available, including VWF:GPIbR (ristocetin-dependent
binding of VWF to recombinant GPIb) and VWF:GPIbM
(ristocetin-independent binding to a gain-of-function GPIb mu-
tant). Measurement of the VWF propeptide (VWFpp) permits
calculation of the VWFpp/VWF:Ag ratio, which is useful for
evaluating increased VWF clearance. In addition, collagen-
binding activity (VWF:CB) and VWF multimer analysis support
the identification and characterization of qualitative VWF de-
fects [13, 32-35]. Immune-mediated forms may be confirmed
by anti-VWF antibody testing [36]. A comprehensive approach
combining bleeding history, functional assays, and specialized
testing is essential to establish the final diagnosis.

This study characterizes the clinical and laboratory features of
a large cohort of patients with AVWS, emphasizing the relation-
ship between bleeding phenotype, VWF parameters, multimeric
patterns, and underlying mechanisms. Particular focus is given
to cases linked to hematologic disorders (MPNs and LPDs). By
integrating clinical and laboratory data, the study aims to estab-
lish a pathophysiology-based classification to enhance diagnosis
and guide individualized management.

2 | Methods
2.1 | Study Population

This cross-sectional study included patients diagnosed
with AVWS at the Angelo Bianchi Bonomi Hemophilia and
Thrombosis Center, Milan, between April 1, 2014, and March 31,
2025. The inclusion was based on VWF activity levels below the
normal range (<50IU/dL), regardless of the presence of bleed-
ing symptoms. Clinical and laboratory data were retrospectively
reviewed to characterize the study population and investigate
correlations between phenotypic presentation and underlying
pathophysiological mechanisms.

2.2 | Clinical Data

For each patient, clinical data were systematically collected, in-
cluding age at diagnosis, sex, and the presence of concomitant
diseases. Particular attention was given to underlying conditions
commonly associated with AVWS, such as hematologic malig-
nancies, cardiovascular disorders, and autoimmune diseases.

A detailed bleeding history was obtained through structured
interviews and review of medical records. Bleeding symptoms
were quantified using the ISTH-SSC Bleeding Assessment Tool
(ISTH-BAT), a standardized scoring system validated for both
inherited and acquired bleeding disorders [37]. A bleeding score
was considered positive if it was >4 in adult males or > 6 in adult
females, according to established ISTH criteria [38]. Throughout
the manuscript, this threshold was used to define a positive
bleeding history.

2.3 | Blood Samples Collection and Processing

As part of the diagnostic workup, all patients underwent ve-
nous blood sampling for routine coagulation testing and plasma
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storage. Blood was collected by standard venipuncture into vac-
uum tubes containing 1/10 volume of 0.109 M trisodium citrate.
Samples were centrifuged within 1h at 3000g for 20min to ob-
tain platelet-poor plasma, which was then frozen and stored at
—80°C until analysis. Additional laboratory analyses were inte-
grated to support the investigation of underlying pathophysio-
logical mechanisms.

2.4 | Laboratory Parameters

Laboratory analyses were performed at the Angelo Bianchi
Bonomi Hemophilia and Thrombosis Center. The diagnostic
evaluation comprised both first- and second-level laboratory
assays, as previously described [39, 40]. In brief, FVIIL:C was
measured by a one-stage clotting assay using FVIII-deficient
plasma (Instrumentation Laboratory) on the ACL TOP 700
system (Werfen, Bedford, MA, USA). VWF:Ag was quanti-
fied by either enzyme-linked immunosorbent assay (ELISA)
or immunoturbidimetric method using the HemosIL VWF:Ag
reagent (Werfen) on the ACL TOP 700 analyzer. Platelet-
dependent VWF activity was assessed by multiple approaches,
including (1) VWF:GPIbR, recombinant GPIb-based assay
using HemosIL VWF:GPIbR (Werfen), measuring VWF bind-
ing to recombinant GPIb in a ristocetin-dependent manner,
and (2) VWF:RCo, automated ristocetin cofactor assay, per-
formed using the BC VWF Reagent (Siemens Healthcare
Diagnostics, Marburg, Germany) on the Sysmex CS-2500 sys-
tem (Sysmex Corporation, Kobe, Japan). For statistical analy-
ses, values below the assay limit of detection (< 6 IU/dL) were
not measurable. To allow calculation of summary statistics,
these values were imputed with 3IU/dL, corresponding to
half of the lower detection limit. This value is a placeholder
used for calculations and does not represent an actual mea-
sured factor level.

We further performed the second-level assays. VWF:CB was
assessed by ELISA using type I and/or type III collagen sub-
strates (home-made ELISA assay) [41]. VWF multimer anal-
ysis was performed using the HYDRAGEL 5 von Willebrand
Multimers kit on the semi-automated HYDRASYS 2 SCAN
system (Sebia, Lisses, France). Densitometric analysis was per-
formed with the Phoresis 8.6.3 software (Sebia). Multimer frac-
tions were categorized a priori based on densitometric peaks,
following the same densitometric approach as previously de-
scribed [42] and in accordance with the manufacturer's in-
structions: peaks 1-3 were assigned to low-molecular-weight
multimers (LMWM), peaks 4-7 to intermediate-molecular-
weight multimers IMWM), and peaks above 7to HMWM [42].
This classification was applied consistently across all samples.
To quantitatively evaluate the degree of HMWM depletion, the
ratio between the percentage of HMWM and the combined
percentage of LMWM and IMWM was calculated. This densi-
tometric approach allowed objective grading of multimeric loss
and supported visual pattern classification, as previously de-
scribed [43]. VWFpp antigen was determined with an enzyme-
linked immunoassay by using antibodies from Sanquin
(Amsterdam, The Netherlands), according to the manufactur-
er's protocol. We also evaluated anti-VWF antibodies (IgG and
IgM), and assessed the presence of inhibitors. Neutralizing

antibodies were assessed using the Bethesda assay, whereas
nonneutralizing antibodies were detected through ELISA-
based methods. Confirmatory assays were performed in-house
for patients who tested positive for anti-VWF antibodies, ac-
cording to the protocol described by Franchi et al. [36]. The
Bethesda assay aimed to distinguish between nonneutralizing
and neutralizing antibodies by evaluating the capacity of the
patients’ plasma to reduce exogenous VWF activity in vitro.

Both clinical and laboratory parameters were presented for the
entire cohort and for the subgroups of patients with MPNs and
LPDs, which were the most represented.

2.5 | Statistical Analysis

Statistical analyses were performed using R version 4.3.0
(R Foundation for Statistical Computing, Vienna, Austria).
Continuous variables were tested for normality using the
Shapiro-Wilk test, and given the nonnormal distribution of
most parameters, data were summarized as median and inter-
quartile range (IQR). Categorical variables, such as sex, were
expressed as absolute frequencies and percentages.

The median age and median values (with IQR) for clinical (e.g.,
ISTH-BAT) and laboratory parameters were reported for the en-
tire study cohort and the two subgroups, as previously reported.
The correlation between the ISTH-BAT score and laboratory
parameters was evaluated using Spearman’s rank correlation
coefficient.

Comparative analysis of VWF multimer distribution was per-
formed between patients with MPNs and those with LPDs
using the Mann-Whitney U test. The correlation between
platelet count and multimeric distribution was assessed using
Spearman'’s correlation. A two-sided p < 0.05 was considered sta-
tistically significant for all analyses.

3 | Results

A total of 140 patients with a diagnosis of AVWS were included
in the analysis. A considerable number of cases were evaluated
following referral from the Hematology Unit, either for investi-
gation of a bleeding diathesis or after reduced VWF levels were
incidentally identified during the diagnostic workup of a hema-
tologic condition. Of the entire cohort, 106 patients (75.7%) had
a history of MPNs, including 11 with polycythemia vera, 41 with
essential thrombocythemia, 30 with myelofibrosis, and 24 with
MPNs, unclassifiable. Twenty-six patients (18.6%) had LPDs,
comprising two with chronic lymphocytic leukemia, 19 with
MGUS, one with multiple myeloma, two with Waldenstrom
macroglobulinemia, and two with systemic amyloidosis. The re-
maining patients included three individuals with autoimmune
diseases (2.1%, one systemic lupus erythematosus and two ul-
cerative colitis), one with severe aortic stenosis (0.7%), one with
prostate cancer (0.7%), and three (2.1%) with no identifiable un-
derlying condition at the time of analysis. Sociodemographic
and clinical characteristics of the study population are reported
in Table 1.
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3.1 | Bleeding Phenotype

At least one bleeding manifestation was observed in 70% of the
entire cohort, including 65% of patients with LPDs and 25% of
those with MPNs. However, a positive bleeding history, as de-
fined by the ISTH-BAT normal ranges for age and sex, was ob-
served in 24% of the overall cohort, with a substantially higher
prevalence among patients with LPDs (58%) compared to those
with MPNs (13%). Consistently, patients with MPNs demon-
strated a milder bleeding phenotype, as witnessed by a lower
median ISTH-BAT score (median 1 vs. 3, p<0.001).

The most common bleeding symptoms were cutaneous bleeding
(20%) and epistaxis (16%), followed by minor wound bleeding
(9%), oral cavity bleeding (6%), and gastrointestinal bleeding
(5%) (Figure 1). The subgroup analysis revealed a markedly dif-
ferent bleeding profile between patients with LPDs and those
with MPNs. Among LPDs patients, both epistaxis and cutane-
ous bleeding were reported in 38% of cases, and gastrointestinal
bleeding occurred in 21%, indicating frequent and often mucosal

bleeding. In contrast, the MPNs group exhibited a milder bleed-
ing pattern, with cutaneous bleeding in 16%, epistaxis in 11%,
and a very low prevalence of gastrointestinal bleeding (1%).

3.2 | Laboratory Parameters

Table 2 shows the laboratory characteristics of the study pop-
ulation. Median FVIII:C in the overall cohort was 851U/dL
(IQR 62-107), with significantly higher levels in MPNs (931U/
dL, IQR 73-112) compared with LPDs (211U/dL, IQR 13-47,
p<0.001). Median VWF:Ag was 841U/dL, IQR 59-111 overall
and differed between groups, being higher in MPNs than in
LPDs (96 TU/dL, IQR 74-116 vs. 21 TU/dL, IQR 6-27; p < 0.001).
In contrast, VWF:GPIbR activity was reduced in both LPDs
and MPNs, with a more pronounced decrease in LPDs than
in MPNs (p<0.001). The VWF:GPIbR/VWF:Ag ratio was
reduced in both cohorts (0.28, IQR 0.21-0.44 in MPNs; 0.37,
IQR 0.17-0.58 in LPDs; p<0.001), indicating a qualitative
VWEF defect. The median VWF:RCo was 48 IU/dL (IQR 37-65)

TABLE1 | Sociodemographic and clinical characteristics of the study population.

Total MPNs LPDs D
Number 140 106 26
Age (median, IQR) 57.6 (45.7, 69.2) years 53.5(42.4, 65.2) years 68.7 (60.9, 72.0) years <0.001
Sex (male), n. (%) 62 (44) 42 (40) 15(58) 0.27
ISTH-BAT (median, IQR) 3(0,4) 1(0,3) 4(3,7.25) <0.001
Significant bleeding history (n, %) 34 (24) 14 (13) 15 (58) <0.001
At least one bleeding (n, %) 98 (70) 65 (61) 25(96) <0.001

Abbreviations: IQR, interquartile range; ISTH-BAT, International Society on Thrombosis and Hemostasis—Bleeding Assessment Tool; LPDs, lymphoproliferative

disorders; MPNs, myeloproliferative neoplasms.
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FIGURE1 | Prevalence of bleeding symptoms in patients with AVWS. Bar chart showing the prevalence (%) of various bleeding symptoms in the
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TABLE 2 | Laboratory characteristics of the study population.

Total MPNs LPDs Normal range D

Number 140 106 26 —

FVIILC (1U/dL) 85 (62, 107) 93 (73, 112) 21 (13, 47) 50-147 <0.001
VWF:Ag (IU/dL) 84 (59, 111) 96 (74, 116) 21 (6,27) 50-165 <0.001
VWF:GPIbR (IU/dL) 27 (16, 34) 29 (20.5, 35) 73, 20) 50-168 <0.001
VWEF:GPIbR/VWF:Ag ratio 0.28 (0.21, 0.44) 0.28 (0.22, 0.41) 0.37(0.17, 0.58) 0.74-1.23 <0.001
VWF:RCo (IU/dL) 48 (37, 65) 49 (39, 65) 12 (6.5, 17.5) 50-168 0.03
VWF:RCo/VWF:Ag ratio 0.55(0.42, 0.65) 0.56 (0.46, 0.66) 0.33(0.19, 0.36) 0.74-1.23 <0.001
VWF:CB (IU/dL) 64 (47, 68) 65 (53, 82) 7(3,21.5) 50-194 <0.001
VWF:CB/VWF:Ag ratio 0.73 (0.64, 0.83) 0.80 (0.68, 0.85) 0.32(0.22, 0.33) — <0.001
VWFpp/VWE:Ag ratio 1.1(0.9, 1.9) 1.0 (0.9, 1.3) 6.7 (3.0, 18.2) 0.5-1.5 <0.005

Note: Summary of laboratory parameters in the total cohort and stratified by diagnostic group: Myeloproliferative neoplasms (MPNs) and lymphoproliferative disorders

(LPDs). Values are reported as medians with interquartile range (IQR).

Abbreviations: FVIII:C, factor VIII coagulant activity; VWF:Ag, von Willebrand factor antigen; VWF:CB, von Willebrand factor collagen binding activity; VWF:CB/
VWEF:Ag ratio, ratio of VWF collagen binding activity to antigen level; VWF:GPIbR, von Willebrand factor glycoprotein Ib binding activity; VWF:GPIbR/VWF:Ag
ratio, ratio of VWF glycoprotein Ib binding activity to antigen level; VWFpp/VWF:Ag ratio, ratio of VWF propeptide to antigen level; VWF:RCo, von Willebrand factor
ristocetin cofactor activity; VWF:RCo/VWF:Ag ratio, ratio of VWF ristocetin cofactor activity to antigen level.

overall, higher in MPNs (491U/dL, IQR 39-65) than in LPDs
(121U0/dL, IQR 6.5-17.5; p=0.03), with a significantly lower
VWF:RCo/VWF:Ag ratio in LPDs (p<0.001). VWF:CB was
markedly reduced in LPDs (71U/dL, IQR 3-21.5) compared
to MPNs (65IU/dL, IQR 53-82; p<0.001), and the VWF:CB/
VWF:Ag ratio confirmed severe loss of HMWM in LPDs (0.32
vs. 0.80; p<0.001). The VWFpp/VWF:Ag ratio was normal
in MPNs (1.0, IQR 0.9-1.3) but significantly elevated in LPDs
(6.7, IQR 3.0-18.2; p<0.005), suggesting accelerated VWF
clearance in the latter.

3.3 | Multimer Analysis

The comparison of HMWM distribution, expressed as the ratio
HMWM/(LMWM +IMWM), revealed a tendency toward varia-
tion among patient groups (Figure 2). MPNs exhibited higher mul-
timer ratios, indicating a relatively preserved profile of HMWM.
In contrast, LPDs showed consistently lower ratios, reflecting a
more pronounced depletion of HMWM (representative multimer
patterns are shown in Figure S1). Although this trend suggests a
greater impairment of HMWM in LPDs, the difference between
the two groups did not reach statistical significance (p=0.12).

Furthermore, in patients with MPNs, we evaluated the re-
lationship between platelet count and VWF multimeric
distribution (Figure 3). A statistically significant negative
correlation was observed between platelet count and the
HMWM/(LMWM +IMWM) ratio (p=-0.48, p<0.001), sug-
gesting that higher platelet levels are associated with a greater
loss of VWF HMWM.

To further address heterogeneity within the MPN cohort,
exploratory analyses were performed by disease subtype.
The inverse correlation between platelet count and the
HMWM/(LMWM +IMWM) ratio remained evident in essen-
tial thrombocythemia (p=-0.60, p=0.002) and myelofibrosis

4.04 p=0.12

3.5 o

N w
0 o
s

HMWM/(LMWM +IMWM)
N
o

1.5 -1
1.0 1
0.5
R —
0.01
MPNs LPDs

FIGURE 2 | Distribution of VWF multimers in MPNs and LPDs.
Boxplot comparing the ratio of high-molecular-weight multimers to the
sum of low- and intermediate-molecular-weight multimers (HMWM/
[LMWM+IMWM]) in patients with myeloproliferative neoplasms
(MPNs) and lymphoproliferative disorders (LPDs). Lower ratios indi-
cate a greater relative depletion of high-molecular-weight multimers,
the most functionally active forms of von Willebrand factor, and there-
fore reflect a more clinically relevant multimeric defect.

(p=-0.57, p=0.035), while a borderline trend was observed in
unclassified MPNs (p=-0.57, p=0.053). No significant associ-
ation was detected in polycythemia vera (p=0.40, p=0.379), al-
though the number of evaluable cases was limited.

3.4 | Correlation Between ISTH-BAT
and Laboratory Parameters

Table 3 shows the correlation between laboratory markers and
the bleeding score (ISTH-BAT) in patients with MPNs and
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FIGURE 3 | Correlation between platelet count and multimeric
distribution in myeloproliferative neoplasms. Scatterplot showing
the relationship between platelet count and the ratio between high-
molecular-weight multimers (HMWM, %) and the sum of low- and
intermediate-molecular-weight multimers (LMWM, %+IMWM, %) of
von Willebrand factor in patients with myeloproliferative neoplasms
(MPN).

TABLE 3 | Spearman correlation between bleeding score (ISTH-
BAT) and laboratory parameters.

MPNs LPDs
Spearman Spearman
rho P rho p

FVIIL:C -0.24 0.05 —-0.33 0.14
VWEF:GPIbR —0.02 0.89 —0.50 0.02
VWE:GPIbR/ 0.10 0.40 -0.34 0.13
VWEF:Ag ratio

VWEF:RCo —-0.25 0.07 —0.50 0.67
VWF:RCo/ —0.08 0.59 —0.50 0.67
VWF:Ag ratio

VWEF:CB —0.11 0.44 —-0.16 0.71
VWE:CB/ 0.00 0.98 0.08 0.83
VWEF:Ag ratio

Note: Spearman's rank correlation coefficients (p) and p values for the
association between bleeding score and selected laboratory parameters in
patients with MPNs and LPDs.

Abbreviations: FVIII:C, factor VIII coagulant activity; LPDs,
lymphoproliferative disorders; MPNs, myeloproliferative neoplasms; VWF:CB,
von Willebrand factor collagen binding activity; VWF:CB/VWF:Ag ratio,

ratio of VWF collagen binding activity to antigen level; VWF:GPIbR, von
Willebrand factor glycoprotein Ib binding activity; VWF:GPIbR/VWF:Ag ratio,
ratio of VWF glycoprotein Ib binding activity to antigen level; VWF:RCo, von
Willebrand factor ristocetin cofactor activity; VWF:RCo/VWF:Ag ratio, ratio of
VWF ristocetin cofactor activity to antigen level.

LPDs. In the MPNs group, no statistically significant associa-
tions were identified. However, an inverse trend was observed
between VWF:RCo and bleeding score (p=-0.25, p=0.07),
suggesting that reduced VWF:RCo levels can be considered
in this population a reliable marker of increased bleeding ten-
dency. FVIII:C showed a similar trend. In contrast, a moderate

and statistically significant inverse correlation was found in
the LPDs group between VWF:GPIbR activity and ISTH-BAT
(p=-0.50, p=0.02), indicating that reduced VWF:GPIbR levels
may better reflect clinical bleeding severity as measured by the
ISTH-BAT in this population. Other variables, such as FVIII:C
and the VWF:GPIbR/VWF:Ag ratio, also showed negative cor-
relations, albeit not reaching statistical significance.

3.5 | Anti-VWF Antibody Testing

Anti-VWF antibodies (IgG and IgM) were investigated in a sub-
set of 20 patients with suspected immune-mediated AVWS, in-
cluding 15 with LPDs, two with autoimmune diseases, and three
with MPNs. Patients who tested positive for anti-VWF IgG and/
or IgM were also evaluated for inhibitors using a Bethesda assay.
IgG and/or IgM anti-VWF antibodies were identified in six pa-
tients (30%), comprising five patients with LPDs and one patient
with systemic lupus erythematosus, with no antibody-positive
cases observed in the MPNs group.

4 | Discussion

In this large cohort of patients with AVWS, we identified two
distinct clinicopathological profiles associated with the underly-
ing hematologic disorder. Patients with LPDs exhibited a labora-
tory pattern characterized by increased VWF clearance, marked
depletion of HMWM, and, in our cohort, a more severe bleeding
phenotype. This profile supports an immune-mediated mecha-
nism leading to accelerated VWF clearance and loss of the most
functionally active VWF multimers. Conversely, AVWS asso-
ciated with MPNs was characterized by higher residual VWF
activity, normal VWFpp/VWF:Ag ratios, an inverse association
between platelet count and VWF multimer integrity, and gen-
erally milder bleeding phenotypes despite abnormal functional
assays.

Our findings confirm the well-documented heterogeneity in
bleeding presentation among AVWS subgroups and align with
data from the ISTH registry, which identifies LPDs as one of the
most symptomatic forms of AVWS, often associated with severe
bleeding due to the loss of functionally active VWF multimers
[3, 34, 44]. In contrast, a substantial proportion of patients with
MPNs in our cohort had no positive bleeding history accord-
ing to ISTH-BAT thresholds, despite clear laboratory evidence
of AVWS. This dissociation between laboratory phenotype
and clinical manifestations has been reported by Song et al.
[45] and Sanchez-Luceros et al. [46], who observed that MPNs-
associated AVWS is often subclinical, with hemorrhagic events
occurring less frequently than in other etiologies such as LPDs
or autoimmune diseases. The reasons for this discrepancy may
include differences in the degree of functional impairment, the
preservation of certain platelet-VWF interactions, or compensa-
tory hemostatic mechanisms in patients with MPNs. However,
an important consideration is that MPNs patients may have
been more frequently referred for VWF testing as part of the
evaluation of thrombocytosis or routine hematologic workup,
whereas LPDs patients may have been more likely to undergo
testing because of bleeding manifestations. If so, this indication
bias may have amplified the apparent difference in bleeding
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burden between groups and should be taken into account when
interpreting clinical comparisons.

Multimeric analysis was a key discriminator between sub-
groups. In LPDs-associated AVWS, we observed a pronounced
and selective loss of HMWM. This pattern is consistent with
immune-mediated clearance and has been previously described
in patients with monoclonal gammopathies or B-cell malignan-
cies, where paraproteins or autoantibodies form immune com-
plexes with VWF, accelerating its removal from the circulation
[10, 28, 47]. In patients with MPNs, only a slight loss of HMWM
was observed, often showing features suggestive of proteolysis
secondary to interactions with platelet GPIb. These findings are
consistent with the reports of Mital et al. [48] and Kubo et al.
[49], who highlighted the role of platelet-VWF binding in pro-
moting multimer degradation in MPNSs, particularly in essential
thrombocythemia and polycythemia vera. Thus, while the clini-
cal severity of AVWS may have been influenced by referral bias,
the laboratory differences between the two groups remained bio-
logically coherent and support distinct underlying mechanisms.

A notable finding of our analysis was the correlation between
platelet-dependent VWF activity assays and the severity of
clinical bleeding manifestations. Among patients with MPNs,
VWF:RCo demonstrated a stronger correlation with ISTH-BAT
scores than VWF:GPIbR. In this subgroup, VWF:GPIbR fre-
quently produced disproportionately low activity values, sug-
gesting a laboratory overestimation of defect severity compared
with the actual clinical picture, a finding consistent with the
observations of Noye et al. [50]. In line with this, patients with
MPNs showed a more markedly reduced VWF:GPIbR/VWF:Ag
ratio than patients with LPDs, despite exhibiting a more pre-
served VWF multimer pattern. This indicates that the extent of
multimer disruption is less pronounced than would be inferred
from VWF:GPIbR results alone, suggesting that the assay may
overestimate defect severity in MPNs. Moreover, the VWF:CB/
VWF:Ag ratios in the two patient groups were more consistent
with the observed multimeric pattern and bleeding phenotype,
further supporting a discrepancy between VWF:GPIbR results
and the underlying biology in MPNs-associated AVWS. Taken
together, these findings indicate that, in MPNs-associated
AVWS, assay methodology can markedly influence diagnostic
interpretation, and VWF:GPIbR results should be interpreted
with caution and not relied upon in isolation. One possible
explanation for the unexpectedly low VWF:GPIbR values ob-
served in MPNs-associated AVWS is related to assay-specific
characteristics. Because VWF:GPIbR is measured in plasma
using an artificial ristocetin-dependent GPIb-binding system,
the assay may be particularly sensitive to reductions in HMWM,
the most functionally active VWF species. In this setting, even
partial HMWM depletion may result in disproportionately low
VWF:GPIbR values, thereby accentuating the apparent severity
of the defect. This interpretation is supported by the closer agree-
ment of multimer pattern, VWF:CB/VWF:Ag ratio, and bleed-
ing phenotype observed in our MPNs patients. Conversely, in
LPDs-associated AVWS, the VWF:GPIbR assay appeared more
sensitive in detecting functional abnormalities associated with
higher ISTH-BAT scores compared to VWF:RCo. This suggests
that, in the setting of immune-mediated pathology, VWF:GPIbR
may better reflect the underlying pathogenic alterations of VWF
than the VWF:RCo assay.

A major strength of this study is the large nature of the cohort and
comprehensive laboratory assessment performed in this AVWS
population, encompassing both standard VWF parameters and
second-level assays which enabled detailed characterization
of the different pathophysiological subtypes. The comparative
design, with MPNs- and LPDs-associated AVWS analyzed side
by side under identical laboratory conditions within the same
referral center, also reduced analytical variability and strength-
ened the interpretation of subgroup-specific differences in assay
performance.

Among the limitations of this study, the relatively small sample
size of the LPDs cohort should be acknowledged. In addition,
selection bias is likely, particularly within the MPNs subgroup,
where VWF testing may have been performed more often as
part of disease evaluation or because of thrombocytosis rather
than because of bleeding symptoms. Conversely, testing in LPDs
patients may have been more frequently prompted by clinically
evident bleeding. This imbalance in testing indication may have
influenced the observed prevalence of bleeding and may have
affected the interpretation of the relationship between hemo-
static laboratory abnormalities and ISTH-BAT scores. A further
methodological consideration concerns the handling of values
below the assay limit of detection, which were imputed with a
fixed value for statistical purposes. While this approach allowed
inclusion of these observations in descriptive analyses, it may
have influenced results involving platelet-dependent VWF as-
says near the lower limit of detection. Also, the pathogenic
mechanisms were not systematically characterized across the
entire cohort. Although anti-VWF antibodies were detected in
several patients with LPDs, systematic testing would be required
to determine their overall prevalence and clarify their patho-
genic significance.

In conclusion, this study on a large cohort of patients provides
clinically relevant insights into AVWS associated with hema-
tologic disorders. Within the limits of a retrospective referral-
based cohort, the underlying condition (MPNs versus LPDs)
was associated with distinct laboratory and clinical profiles. In
our series, MPNs-associated AVWS was characterized by lower
bleeding severity, normal VWF clearance, mild HMWM loss,
and thrombocytosis, whereas LPDs-associated AVWS showed
higher bleeding severity, immune-mediated clearance, and
marked multimer depletion. From a diagnostic standpoint, a
context-specific interpretation of assays is essential: in MPN,
low VWF:GPIbR values should be confirmed by complementary
tests, while in LPDs, VWF:GPIbR may better reflect functional
impairment. Overall, these findings support a mechanism-based
interpretation of AVWS in hematologic disorders and indicate
that management should be tailored to the underlying disease
biology, as summarized in Figure 4. In MPN-associated AVWS,
the laboratory profile of preserved VWF clearance, mild HMWM
loss, and platelet-count dependence suggests that cytoreductive
therapy and control of the underlying myeloproliferative clone
may be the most biologically coherent strategy, whereas DDAVP
or VWF-containing concentrates may be mainly useful for
short-term bleeding control or peri-procedural support. In this
context, the intrinsic thrombotic risk of MPNs should be taken
into account when considering DDAVP. In LPD-associated
AVWS, by contrast, the pattern of increased VWF clearance and
marked HMWM depletion is more consistent with treatment of
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Mechanism-oriented diagnostic and therapeutic approach
in AVWS associated with hematologic disorders

- MPNs
Pathophysiology: Platelet-mediated VWF
impairment (possible high platelet
count-related VWF proteolysis)

" LPDs

Pathophysiology: Immune-mediated
clearance (e.g., anti-VWF antibodies or
immune complexes)

1.Bleeding history or suspicion of AVWS
2. Measurement of FVIII, VWF:Ag, and
VWF:GplbR

v

2. Measurement of FVIII, VWF:Ag, and
VWF:GplbR

v

(parameters below normal range)

3. Identification of Reduced VWF levels
(parameters below normal range)

v

4. Advanced Panel (VWF:RCo &
Multimer analysis)

v

4. Advanced Panel (VWFpp/VWF:Ag \}
ratio & Multimer analysis)

[ 1.Bleeding history or suspicion of AVWS

5. Management Strategy (If bleeding):
FVIII/VWF concentrates, VWF alone, or
DDAVP(Note: Consider thrombotic risk
with DDAVP; treat underlying MPN with
cytoreductive therapy if indicated)

E 3. Identification of Reduced VWF levels j

5. Management Strategy (If bleeding):
IVIG, FVIII/VWF concentrates, VWF
alone, or DDAVP (Note: Transient
response due to rapid clearance; Treat
underlying LPD if indicated)

FIGURE4 | Mechanism-oriented diagnostic and therapeutic approach in AVWS associated with hematologic disorders. Schematic representation
of a mechanism-based diagnostic and therapeutic pathway for acquired von Willebrand syndrome (AVWS) in myeloproliferative neoplasms (MPNs)
and lymphoproliferative disorders (LPDs). In MPNs, AVWS is mainly driven by platelet-mediated von Willebrand factor (VWF) impairment, where-
as in LPDs it is primarily related to immune-mediated clearance. The figure outlines key diagnostic steps and mechanism-oriented management

strategies according to the underlying pathophysiology. AVWS, acquired von Willebrand syndrome; DDAVP, desmopressin; IVIG, intravenous im-

munoglobulins; LPDs, lymphoproliferative disorders; MPNs, myeloproliferative neoplasms; VWF:Ag, von Willebrand factor antigen; VWFpp, von

Willebrand factor propeptide; VWEF:RCo, von Willebrand factor ristocetin cofactor activity. Created with BioRender.com.

the underlying clone and, in selected cases, immunomodulatory
approaches such as intravenous immunoglobulins. In patients
with elevated VWFpp/VWEF:Ag ratios, suggesting shortened
VWEF survival, the hemostatic response to DDAVP or replace-
ment therapy may be short-lived, potentially requiring closer
monitoring and, in selected situations, repeated dosing or con-
tinuous infusion strategies. Taken together, these findings sup-
port an individualized, mechanism-oriented approach to the
diagnosis and management of AVWS in hematologic disorders.
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Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Figure S1: Representative VWF mul-
timer patterns in patients with MPNs and LPDs. Densitometric profiles
of VWF multimers from representative patients with myeloproliferative
neoplasms (MPNs) and lymphoproliferative disorders (LPDs) compared
with normal pooled plasma (NPP). Multimer fractions are divided
into low-molecular-weight (LMWM), intermediate-molecular-weight
(IMWM), and high-molecular-weight multimers (HMWM). In MPN-
associated AVWS, only a partial reduction of HMWM is observed,
with relatively preserved high-molecular-weight fractions and modest
changes in the HMWM/(LMWM +IMWM) ratio. In contrast, LPD-
associated AVWS shows a marked depletion of HMWM, with a shift
toward lower-molecular-weight fractions and substantially reduced
HMWM/(LMWM + IMWM) ratios. These representative patterns il-
lustrate how lower HMWM/(LMWM + IMWM) values reflect a greater
loss of functionally active multimers and a more pronounced multim-
eric defect. Black lines represent normal pooled plasma (NPP), and col-
ored lines represent patient samples (Pt).
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