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von Willebrand factor (VWF) is

An increased von Willebrand factor propeptide (VWFpp) to VWF antigen (VWF:Ag) ratio
(VWFpp/VWEF:Ag) indicates an enhanced clearance of VWF. This finding has been described
in von Willebrand disease (VWD) and in acquired von Willebrand syndrome (AVWS). A
distinction between these two diseases, one congenital and the other acquired, is primarily
based on family and personal history of bleeding. However, if this information is scanty, the
diagnosis might be challenging due to the lack of an effective diagnostic biomarker. In this
cross-sectional study, we assessed the ability of VWFpp/VWF:Ag for the differential
diagnosis between VWD and AVWS. VWFpp/VWF:Ag was measured in a group of 153
patients (125 with VWD and 28 with AVWS). Most patients with AVWS and VWD showed an
increased VWFpp/VWF:Ag, although to variable degrees. A marked increase of VWFpp/
VWEF:Ag was mainly associated with the diagnosis of AVWS and VWD type 1 Vicenza. A
receiver operating characteristic curve was used to identify the optimal cutoff of VWFpp/
VWF:Ag for discrimination of patients with a modestly increased (most VWD cases) versus
those with a markedly increased clearance (AVWS and VWD type 1 Vicenza), and this cutoff
was identified at the value of 3.9 (sensitivity: 0.70, specificity: 0.97). The ROC curve sorting
from a logistic model containing VWFpp/VWEF:Ag, age, and sex had an area under the curve
(AUC) of 0.88 (95% confidence interval: 0.80-0.95). A subsequent molecular evaluation
discriminated VWD type 1 Vicenza from AVWS. In conclusion, VWFpp/VWF:Ag appears
helpful to discriminate patients with a markedly increase VWF clearance (AVWS or VWD
type 1 Vicenza) from those with a modestly increased clearance (most VWD patients).

synthesized as pre-pro-VWF  (VWFpp) is cleaved within the trans-Golgi, but it remains

in endothelial cells and megakaryocytes, where it undergoes  stored together with VWF in a-granules (megakaryocytes)
posttranslational modifications, including signal peptide and Weibel-Palade bodies (endothelial cells).? Upon
cleavage, C-terminal dimerization, glycosylation, sulfation,  endothelial-cell stimulation or injury, VWFpp is secreted
and N-terminal multimerization." The VWF propeptide into the circulation, together with VWF and circulates in
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blood as a dimer with a 2-hour half-life.3 It has been reported
that the steady state of VWFpp to VWF antigen (VWF:Ag)
ratio (VWFpp/VWF:Ag) may be an indicator of degree of VWF
clearance.*® An increased VWFpp/VWF:Ag indicates an
enhanced VWF clearance, which has been described in
both patients with von Willebrand disease (VWD) and
acquired von Willebrand syndrome (AVWS).4~°

VWD, inherited in an autosomal dominant or recessive
fashion, is the most common congenital bleeding disorder.
Because different mutations can affect VWF, resulting in
variable impact on circulating levels and activities of VWF,
clinical symptoms of VWD vary from mild to severe. The
classification of VWD in different forms reflects these het-
erogeneous causal mechanisms, and it is often challenging.10
Among VWD variants, VWD type 1 Vicenza is an extreme
example of increased VWF clearance. Compared with
healthy controls, the half-life of VWF type 1 Vicenza is
shortened 4.4-fold after desmopressin,'’ thus suggesting
that rapid clearance of VWF accounts for the moderately
severe plasma deficiency of this disease variant. VWD type 1
Vicenza is also characterized by proportionately low levels of
VWEF:Ag and VWF:RCo, ultra-large plasma VWF multimers,
and normal platelet levels of VWF.'? Although low, VWF:Ag
and VWF:RCo levels are decreased proportionately,13 so that
VWF:RCo/VWF:Ag ratios are not reduced, and the Vicenza
variant is therefore classified among VWD type 1.

AVWS is a rare, often underdiagnosed syndrome, char-
acterized by quantitative, structural, or functional VWF
defects that are acquired (i.e., not inherited), and often
accompanied by a severe bleeding tendency. AVWS can be
associated with different underlying diseases, including
lymphoproliferative diseases, autoimmune disorders, and
monoclonal gammopathies.*'® The International Society
of Thrombosis and Haemostasis (ISTH) registry reported that
the highest frequency of AVWS occurs in elderly patients,
with a median age at diagnosis of 62 years.!” Frequently, the
mechanism responsible for AVWS is increased VWF clear-
ance by autoantibodies.'® Because laboratory results in
AVWS are similar to those in VWD, and include decreased
plasma levels of VWF:Ag and VWF:RCo, it is often difficult to
make a differential diagnosis between VWD and AVWS
because the available diagnostic laboratory tests do not
provide adequate information and the personal history of
bleeding (acquired or lifelong) is not always conclusive.
Therefore, a diagnostic biomarker may facilitate the differ-
ential diagnosis and subsequent management of these two
disorders, both due to deficiency and dysfunction of VWF.

With this background and gaps of knowledge, the aim of
this cross-sectional study was to evaluate the ability of
VWFpp/VWF:Ag to differentiate VWD from the AVWS, either
using this ratio alone or in combination with further labora-
tory evaluations.

Patients and Methods

Patients
A total of 153 nonconsecutive patients (125 with VWD and
28 with AVWS) were selected from our cohort referred for a

bleeding diathesis to the Angelo Bianchi Bonomi Hemophilia
and Thrombosis Center (Milan, Italy) between 1990 and
2017. The diagnosis of VWD and its classification were
made according to the ISTH Scientific and Standardization
Committee (SSC) guidelines.'® The personal and family
history of bleeding, the decrease of VWF plasma levels, the
VWEF intraplatelet content, and the VWF multimeric pattern
were used as diagnostic criteria of VWD. With the exception
of VWD type 1, the diagnosis of all patients was confirmed at
the molecular level by Sanger sequencing, as described
elsewhere.'® AVWS was diagnosed with the same methods
as for VWD, although also considering the new onset of a
bleeding tendency with a previous negative personal history
and presence of an underlying disease.?° The bleeding sever-
ity score (BSS) according to Tosetto et al?' was also collected
for both VWD and AVWS at first visit in 125 of 153 patients to
better evaluate personal bleeding history. All subjects gave
their informed consent to participate in the study, which was
approved by the Institutional Review Board of the Fonda-
zione IRCCS Ca’ Granda Ospedale Maggiore Policlinico.

Laboratory Tests

Blood samples for measurement of VWF:Ag and VWFpp were
collected during routine follow-up visits, which took place
between 2007 and 2017, in 3.2% (0.105-0.109 mol/L) buf-
fered citrate solution (1:9 anticoagulant to whole blood),
centrifuged at 1,500 g for 15 minutes at room temperature,
aliquoted and stored at —80°C until assayed. For patients
treated with FVII[/VWF concentrates or desmopressin, the
last treatment was given at least 1 month before blood
collection. VWF:Ag levels were measured with a home-
made ELISA assay using polyclonal antibodies (Dako;
A0082 and P0226), as previously described.?? VWFpp was
measured with a commercially available ELISA kit (Sanquin),
using antihuman VWFpp monoclonal antibodies. Normal
laboratory reference ranges for VWF:Ag, VWFpp and
VWFpp/VWF:Ag were determined as the 95th percentile
distribution in 121 healthy blood donors (median age:
45 years, range: 21-64 years): these were 51 to 165 IU/dL
for VWF:Ag, 55 to 155 IU/dL for VWFpp, and 0.6 to 1.6 for
VWFpp/VWF:Ag.

Statistical Analysis

Continuous variables were described as median with inter-
quartile range (IQR), categorical variables as counts, and
percentages. Because patients with VWD type 1 Vicenza
and AVWS are characterized by a markedly increased clear-
ance of VWF, our first step was to evaluate whether or not
VWFpp/VWF:Ag could discriminate between patients with a
modestly increased VWF clearance (most VWD cases) and
those with a markedly increased VWF clearance (AVWS and
type 1 Vicenza). For this purpose, in the frame of a logistic
regression model, a receiver operating characteristic (ROC)
curve was used to assess the optimal cutoff of VWFpp/VWEF:
Ag for their discrimination. This was identified as the value
with the best compromise between sensitivity and specifi-
city (Youden’s index). An internal validation of the predictive
model was performed with 1,000 bootstrap replicates to
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correct for optimism. The same (ROC) analysis was repeated
after the exclusion of patients with AVWS secondary to
essential thrombocythemia (ET), as these patients were
found to comprise a special group of AVWS with non-high
clearance. The discriminative ability of the full logistic model
(containing VWFpp/VWF:Ag, sex, and age) was estimated as
the area under the ROC curve (AUC), with its 95% confidence
intervals (Cls) also for VWD (type 1 Vicenza excluded) versus
AVWS and for VWD (type 1 Vicenza excluded) versus type 1
Vicenza groups.

All statistical analyses were performed using the statis-
tical software R, release 3.3.2 (R Foundation for Statistical
Computing, Vienna, Austria).

Results

Baseline characteristics of the main patient groups are
shown in =Table 1. VWD patients were categorized into
type 1 Vicenza (n = 14), VWD type 1 (Vicenza excluded;
n = 33),2A1IA (n = 19), 2A1IE (n = 14),2B(n = 25),and 2M
(n = 20). =Table 2 shows the bioclinical patterns of patients
with different VWD types. The VWFpp/VWF:Ag (median

[IQR]) was particularly high in patients with VWD type 1
Vicenza (10.4 [8.4-13.5]) and only moderately increased in
VWD type 2 patients (2.3 [2.0-2.8]). =Table 3 describes the
group of AVWS patients. The VWFpp/VWF:Ag (median [IQR])
was higher in patients with AVWS secondary to cardiovas-
cular disease (9.6 [5.7-17.8]; n = 3), lymphoproliferative
disorders (8.0 [5.0-11.0]; n = 5), and monoclonal gammo-
pathies of undetermined significance (4.5[4.1-8.9]; n = 12),
than in those with ET (1.4 [1.2-1.5]; n = 8). =Fig. 1 also
shows that VWFpp/VWF:Ag values were higher in patients
with AVWS and VWD type 1 Vicenza than in the remaining
VWD patients.

Based on the ROC curve, the best cutoff value of VWFpp/
VWEF:Ag for discriminating patients with a modestly increased
VWEF clearance (most VWD patients) versus those with a
markedly increased VWF clearance (AVWS and VWD type 1
Vicenza)was 3.9, with a corresponding sensitivity of 0.70 (95%
CI: 0.55-0.81) and specificity of 0.97 (95% CI: 0.93-0.99). The
ROC curve sorting from the logistic model that contained
VWEFpp/VWF:Ag, age, and sex had an AUC of 0.88 (95% CI:
0.80-0.95; =Fig. 2A). After correction for optimism (1,000
bootstrap replicates), the AUC slightly decreased to 0.87. After

Table 1 Baseline characteristics of patients with VWD (type 1 Vicenza excluded), VWD type 1 Vicenza, AVWS, and AVWS (ET

excluded)
Variables VWD VWD type 1 Vicenza AVWS AVWS
(type 1 Vicenza (n = 14) (n = 28) (ET excluded n = 20)
excluded)
(n=111)
Gender (male/female) 42/69 5/9 15/13 12/8
Age at visit (y)? 26 (13-42) 45 (22-62) 56 (43-71) 63 (55-72)
Bleeding score® 10 (4-16) 17 (9-19) 10 (3-14) 12 (7-16)
VWF:Ag (IU/dL)? 35 (22-46) 10 (9-13) 34 (15-65) 21 (14-35)
VWFpp (IU/dL)? 63 (46-92) 99 (89-122) 116 (89-143) 123 (101-150)
VWFpp/VWF:Ag*P 2.0 (1.5-2.7) 10.4 (8.4-13.5) 4.0 (1.5-8.7) 6.4 (4.0-10.5)

Abbreviations: AVWS, acquired von Willebrand syndrome; VWD, von Willebrand disease; VWF, von Willebrand factor; VWF:Ag, VWF antigen; VWFpp,

VWF propeptide; VWFpp/VWF:Ag, VWFpp to VWF:Ag ratio.
“Median values (interquartile range).
PNormal range for VWFpp/VWF:Ag 0.6-1.6.

Table 2 Bioclinical patterns of the patients with different VWD variants

Type of VWD N (%) VWEF:Ag? (1U/dL) VWEFpp? VWFpp/VWEF:Ag?
(lu/dL)

1 Vicenza 14 (11.2) 10 (9-13) 99 (89-122) 10.4 (8.4-13.5)
1 (Vicenza excluded) 33 (26.4) 37 (31-42) 46 (41-67) 1.4 (1.3-1.8)

2A 1A 19 (15.2) 35 (18-69) 76 (52-136) 2.2 (1.8-2.6)

2A IIE 14 (11.2) 20 (16-22) 59 (47-68) 2.8 (2.2-3.4)

2B 25 (20) 46 (35-53) 104 (90-127) 2.4 (1.8-2.9)

2M 20 (16) 24 (17-30) 57 (43-68) 2.2 (2.0-2.7)

Abbreviations: VWD, von Willebrand disease; VWF, von Willebrand factor; VWF:Ag, VWF antigen;

to VWF:Ag ratio.

“Median values (interquartile range).
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Table 3 Bioclinical patterns of patients with AVWS

Diagnosis N (%) VWEF:Ag? (IU/dL) VWFpp? VWFpp/VWF:Ag®
(1u/dL)

Cardiovascular disease 3(11) 16 (12-25) 154 (108-168) 9.6 (5.7-17.8)
Lymphoproliferative disorders® 5(18) 15 (14-23) 118 (104-120) 8.0 (5.0-11.0)
MGUS 12 (43) 25 (14-35) 126 (104-144) 4.5 (4.1-8.9)
Essential thrombocythemia 8 (28) 74 (68-105) 97 (85-117) 1.4 (1.2-1.5)

All AVWS 28 (100) 34 (15-65) 116 (89-143) 4.0 (1.5-8.7)

All AVWS (ET excluded) 20 (71) 21 (14-35) 123 (101-150) 6.4 (4.0-10.5)

Abbreviations: AVWS, acquired von Willebrand syndrome; ET, essential thrombocythemia; MGUS, monoclonal gammopathies of undetermined
significance. VWD, von Willebrand disease; VWF, von Willebrand factor; VWF:Ag, VWF antigen; VWFpp, VWF propeptide; VWFpp/VWF:Ag, VWFpp to
VWEF:Ag ratio.

*Median values (interquartile range).

bChronic lymphocytic leukemia, Waldenstrom’s macroglobulinemia.

exclusion of the eight patients with AVWS secondary to ET (i.e.,
those with the lowest values of VWFpp/VWF:Ag who were
found to represent a non-high clearance group), the best
discriminative value of VWFpp/VWF:Ag was 3.5, with a sensi-
tivity of 0.88 (95% CI: 0.74-0.96), a specificity of 0.95 (95% CI:
0.87-0.97), and an AUC of 0.96 (95% CI: 0.91-1.00). The two
ROC curves sorting from the logistic model that contained
VWEFpp/VWF:Ag, age, and sex as predictors for the discrimina-
tion of VWD (type 1 Vicenza excluded) from AVWS patients,
and of VWD from type 1 Vicenza patients, are shown
in =Fig. 2B and C, respectively.

The genetic analysis of the mutation at codon 1205 in the
group with the markedly increased VWF clearance allowed
us to distinguish between VWD type 1 Vicenza (character-
ized by the presence of the mutation p.R1205H) and AVWS
(absence of this mutation).

Discussion

In this study, we measured VWFpp/VWF:Ag in 153 noncon-
secutive patients with VWD or AVWS, to assess the potential
diagnostic role of this marker in the differential diagnosis
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Fig. 1 Distribution of VWFpp/VWF:Ag values in VWD (type 1 Vicenza excluded), AVWS, and VWD type 1 Vicenza, only type 1 Vicenza, only
AVWS, and only AVWS patients (essential thrombocythemia [ET] excluded). Each boxplot represents the interquartile range with median value
(horizontal line). Open circles indicate outliers. Dotted boxplots represent type 1 Vicenza, AVWS patients, and AVWS patients (ET excluded) as
separate groups. AVWS, acquired von Willebrand syndrome; VWD, von Willebrand disease; VWF, von Willebrand factor; VWF:Ag, VWF antigen;
VWFpp, VWF propeptide; VWFpp/VWF:Ag, VWFpp to VWF:Ag ratio.
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Fig. 2 Receiver operating characteristic (ROC) curves for discrimination of patients with modestly increased VWF clearance (most VWD) from
those with markedly increased clearance (AVWS and type 1 Vicenza) (A), VWD (type 1 Vicenza excluded) vs. AVWS (B), and VWD vs. type 1
Vicenza (C). The ROC curves were obtained from a logistic model containing VWFpp/VWF:Ag, age, and sex. (A) VWD vs. AVWS + type 1 Vicenza.
(B) VWD (type 1 Vicenza excluded) vs. AVWS. (C) VWD vs. type 1 Vicenza AVWS, acquired von Willebrand syndrome; VWD, von Willebrand
disease; VWF, von Willebrand factor; VWF:Ag, VWF antigen; VWFpp, VWF propeptide; VWFpp/VWF:Ag, VWFpp to VWF:Ag ratio.
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between these two diseases. We found that VWFpp/VWF:Ag
was markedly increased in cases characterized by higher
VWEF plasma clearance (i.e., AVWS and VWD type 1 Vicenza),
as already reported.*~® Most of the remaining VWD types,
characterized by lower VWF clearance, invariantly had a
VWFpp/VWF:Ag higher than the upper level of laboratory
reference range (0.6-1.6), but generally less than those of
AVWS and VWD type 1 Vicenza. Therefore, in the present
study, we confirm the role of VWFpp/VWF:Ag as a tool for the
diagnosis of both VWD and AVWS, because we found an
increased value of this marker in the majority of patients
included in our investigation. On the contrary, VWFpp/VWEF:
Ag was of little utility in the subclassification of other VWD
types. Therefore, very high levels of the VWFpp/VWF:Ag
should raise the suspicion of either AVWS or VWD type 1
Vicenza (i.e., the two groups of patients with the highest
VWFpp/VWF:Ag in this study).

We also evaluated the potential diagnostic efficiency of
VWFpp/VWF:Ag to discriminate patients with modestly
increased VWF clearance (most VWD) from those with a
markedly increased clearance (AVWS and VWD type 1 Vice-
nza). At values of 3.9 or higher, the VWFpp/VWF:Ag had a
good discriminative power in identifying AVWS and VWD
type 1 Vicenza, which was even better after excluding eight
patients in the group of AVWS with the lowest VWFpp/VWF:
Ag (i.e., those with ET; from an AUC of 0.88-0.96). The AUC of
VWD (type 1 Vicenza excluded) versus AVWS and VWD
versus type 1 Vicenza showed a good discriminative cap-
ability as well.

For the subsequent discrimination between AVWS and
VWD type 1 Vicenza, we found that the genetic analysis for
the identification of p.R1205H mutation in exon 27 of VWF
was necessary, as shown in the present study. This study
demonstrated that the good discrimination of patients with a
markedly increased from those with a modestly increased
VWEF clearance based on the VWFpp/VWF:Ag values allowed
the possibility to limit genetic analysis only to a minority of
cases (one-third of patients in our study). Type Vicenza cases
were confirmed by genetic analysis enabling the identifica-
tion of both M740I (G2220A) and R1205H (G3614A) muta-
tions in exons 17 and 27 of VWF.

This study has some limitations. As it included noncon-
secutive patients, there is a possible relevant inherent selec-
tion bias. Second, the diagnostic utility of screening for
VWFpp/VWF:Ag in consecutive patients with suspected
VWD or AVWS has not yet been assessed, as this study
included only selected patients with a confirmed diagnosis
of VWD or AVWS. Second, we could not calculate the pre-
dictive values of our model, as they are influenced by disease
prevalence, which could not be correctly estimated due to
the study design. Another limitation is the small sample size
of some subgroups of AVWS patients (i.e., cardiovascular
disease and lymphoproliferative disorders subgroups).

Conclusion

VWFpp/VWF:Ag is a helpful tool to discriminate between
patients with a markedly increased VWF clearance (AVWS or

type 1 Vicenza) from those with a modestly increased
clearance (most VWD patients), but molecular analysis is
subsequently needed to finalize the differential diagnosis
between AVWS and VWD type 1 Vicenza. Indeed, a markedly
increased VWFpp/VWF:Ag will likely point to either VWD
type 1 Vicenza or non-ET-associated AVWS. Larger studies
with consecutive patient enrolment will be needed to con-
firm these preliminary findings.
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