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Abstract

Background: Individuals with von Willebrand disease (VWD) require desmopressin
testing because of interindividual response differences. However, testing is burden-
some, while not all patients may need extensive testing.

Objectives: To provide von Willebrand factor (VWF) cutoffs that predict desmopres-
sin nonresponse and thereby identify individuals who do not need extensive testing in
a retrospective cohort. We validated these cutoffs in a prospective cohort.

Patients and Methods: We included 376 patients (Type 1 VWD with VWF activity
[VWEF:Act] <0.301U/ml: n = 112; with VWF:Act 0.30-0.501U/ml: n = 206; Type 2 VWD:
n = 58; ages, 5-76 years) from January 2000 to July 2020. We collected VWF:Act and
factor VIl activity (FVIII:C) at baseline and several time points after desmopressin (T1-
T6). We defined response as VWF:Act and FVIII:C 0.501U/ml or greater at T1 and T4.
We compared VWF:Act and FVIII:C distribution (historically lowest level, baseline, and
T1) between responders and nonresponders and determined cutoffs discriminating be-
tween these groups. Results were validated in a group of 30 individuals.

Results: All individuals with Type 1 VWD and Type 2 VWD, respectively, with baseline
VWEF:Act 0.341U/ml or greater or 0.281U/ml or greater were responders. In individu-
als with T1 VWF:Act >0.89 IU/ml (Type 1 VWD) or T1 VWF:Act 1.10 IU/ml or greater
(Type 2 VWD), response remained at T4.

Conclusion: Desmopressin testing is not needed when lowest historical VWF:Act is
0.301U/ml or greater. In patients with Type 1 VWD who require testing, measure-
ments after T1 are often not needed. In patients with Type 2 VWD who require test-

ing, we advise performing T1 and T4 measurements.
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Essentials

e Desmopressin testing is time consuming and burdensome for patients and health care professionals.

e We analyzed the outcomes of patients with von Willebrand disease (VWD) after a desmopressin test dose.

e The majority of patients with Type 1 VWD respond well to desmopressin and do not need testing.

e Von Willebrand factor levels before testing predict which patients will respond to desmopressin.

1 | INTRODUCTION

Von Willebrand disease (VWD) is a bleeding disorder caused by a de-
ficiency or qualitative defect of von Willebrand factor (VWF). VWF
is essential for both primary and secondary hemostasis. It facilitates
platelet plug formation at sites of vascular damage and functions as
a chaperone protein for factor VIII (FVIII), which it protects from
proteolytic degradation in the circulation. VWD is categorized into
three types.! Type 1 is defined as a partial VWF deficiency (VWF
less than 0.501U/ml) in individuals with a family history of VWD
and/or abnormal bleeding, and Type 3 as a complete deficiency of
VWEF. Type 2 comprises several qualitative VWF defects, classified
as Types 2A, 2B, 2M, and 2N.

Bleeding in individuals with VWD can be prevented or treated
with either desmopressin (1-deamino-8D-arginine vasopressin) or
VWE-containing concentrates. Desmopressin stimulates the release
of VWF from vascular endothelial cells into the circulation, resulting
in increased levels of FVIII.2 After desmopressin administration, the
maximum VWF and FVIII response and the duration of response dif-
fer significantly between patients, whereas the response in a single
individual is reproducible and consistent over time.® It is therefore
common practice for individuals who are potentially eligible for des-
mopressin treatment to first undergo desmopressin testing to deter-
mine their individual response. Individuals with Type 2B and Type 3,
respectively, are not eligible for treatment with desmopressin be-
cause of the risk of thrombocytopenia and because of the severely
impaired synthesis of VWF.#

In most situations, desmopressin testing involves administering
an intravenous dose of 0.3 pg/kg of desmopressin diluted in 50 ml
NaCl 0.9% over 30min, and measuring VWF and FVIII at several
time points (usually at baseline and 1 and 4 h after desmopres-
sin administration).” Various experts and studies have proposed
different definitions of clinical response. Most commonly, com-
plete responders are defined by VWF ristocetin cofactor activity
(VWF:RCo) and FVIII levels of 0.501U/ml or higher after desmo-
pressin.®” The most recent international guidelines on the man-
agement of VWD state that a patient is considered responsive to
desmopressin if his or her VWF level increases at least two times
over baseline level, and if both VWF and FVIII levels of >0.501U/
ml are achieved after administration of desmopressin.’ In these
guidelines, it is recommended that VWF:Act levels should be in-
creased to 20.501U/ml before performing a minor invasive proce-
dure, and a desmopressin test should be performed before starting

treatment with desmopressin in patients with a VWF baseline level

less than 0.301U/ml. However, this level is mainly based on expert
opinion.

In this study, we retrospectively collected desmopressin test
data from a large group of individuals with different types of VWD
and analyzed plasma VWF and FVIII levels at various time points
after desmopressin administration. Our primary aim was to provide
relevant cutoff levels for prediction of an individual's response to
desmopressin and to identify individuals who do not require a com-
plete desmopressin test or no desmopressin test at all. Our second
aim was to validate these cutoff levels by applying them to a cohort
of prospectively included patients who underwent desmopressin
testing. We hypothesize that many patients, especially those with
Type 1 VWD, will not need testing if certain cutoff levels are applied.

By limiting desmopressin testing in general and by decreasing
the number of blood samples needed to be taken during testing,
health care professionals will save time, and patient burden as well
as health care costs will be reduced.

2 | PATIENTS AND METHODS

2.1 | Patient selection—initial cohort

The initial cohort was derived from a retrospective, single-center
cohort study. We included all individuals with VWD (defined as hav-
ing a positive family history of VWD and/or abnormal bleeding and
historically lowest VWF antigen (VWF:Ag), VWF activity (VWF:Act),
and/or VWF collagen binding (VWF:CB) less than 0.501U/ml or FVIII
less than 0.401U/ml in the case of Type 2N VWD), in whom a desm-
opressin test was performed between January 1, 2000, and June
1, 2020, at the Erasmus University Medical Center Rotterdam, the
Netherlands.

2.2 | Patient selection—validation cohort

To validate the results from the initial cohort, we analyzed data
of patients who were prospectively included in the OPTI-CLOT:
To WIN study (Netherlands Trial Register, trial registration num-
ber: NL7212; www.trialregister.nl) between June 2019 and July
2020 from the Erasmus University Medical Center Rotterdam and
University Medical Center Groningen, using the same inclusion cri-
teria as for the retrospective cohort. All individuals included in this

cohort provided signed informed consent.


http://www.trialregister.nl

HEIJDRA ET AL.

2.3 | Ethicsreview

The study protocol for the retrospective study (number: MEC-
2020-0683), as well as the study protocol for the prospective OPTI-
CLOT: To WiN study was reviewed and approved by the Medical Ethics
Committee of the Erasmus University Medical Center Rotterdam.

2.4 | Desmopressin testing

In all patients, a single intravenous desmopressin test dose of 0.3 pg/kg
was administered in 30min. Venous blood samples were routinely ob-
tained immediately before desmopressin administration (baseline) and
at 1, 3 and 6 h after desmopressin administration (T1, T3, Té) in adults,

and at baseline, T1, T2, T4, and Té in children, according to local protocol.

2.5 | Laboratory measurements

VWF:Ag, VWF:Act, VWF:CB, and FVIII:C were measured for routine
diagnostics in the hemostasis laboratory of the Erasmus University
Medical Center. VWF:Act was measured using different assays over
the years: a VWF:RCo assay from 2000 to 2005, a monoclonal anti-
body assay from 2005 to 2012, and a VWEF glycoprotein 1b binding
assay from 2012 onwards. These specific laboratory measurements

have been described in detail in an earlier publication.*

2.6 | Clinical response definition

Primarily, we defined responders as individuals with both VWF:Act
and FVIII:C 20.501U/ml at T1 and T4, as the most recent international
guidelines recommend that levels of VWF:Act and FVIII:C before per-
forming a minor invasive procedure should be 0.501U/ml or greater.”
Nonresponders were defined as individuals with VWF:Act and/or FVIII:C
<0.501U/ml at T1 and/or T4. Secondarily, we investigated the fold in-

crease in VWF:Act over baseline as an additional measure of efficacy.

2.7 | Statistical analysis

Descriptive data are presented as numbers with percentages for cat-
egorical variables and as means with standard deviations or medians
with interquartile ranges for continuous data, depending on the distri-
bution of the data.

In case the VWF or FVIII level measured was below the lower
limit of quantification (LLOQ), we calculated LLOQ + \/5 and im-
puted the outcome. As timing of measurements differed between
children and adults, we calculated VWF:Act and FVIII:C at T4 for

adults as follows:

T4level = T3level — ti x T3level
1/2

ssssssssssssssssss

We compared the distribution of VWF:Act and FVIII:C between
responders and nonresponders to establish sensitivity and specificity
of the test for Type 1 VWD and Type 2 VWD separately. In addition,
we performed receiver operating characteristic (ROC) analysis to de-
termine specific cutoffs that discriminated best between responders
and nonresponders. We performed logistic regression analysis to as-
sess the influence of sex and age on desmopressin response.

We performed statistical analysis with IBM SPSS statistics for
Windows version 25.0 and GraphPad Prism version 8.4.3.

3 | RESULTS

3.1 | Patients

We included 376 individuals in the initial cohort: 112 with Type 1
VWD and historically lowest VWF levels less than 0.301U/ml, 206
with Type 1 VWD and historically lowest VWF levels between 0.30
and 0.501U/ml, and 58 with Type 2 VWD (2A: n = 41; 2M: n = 14
and 2N: n = 3). Sixty-nine percent were females. Mean age was
29 +15years, mean body weight was 66 +20kg, and 65% had blood
group O. Median VWF:Act at baseline immediately before desmo-
pressin administration was 0.311U/ml in Type 1 VWD with histori-
cally lowest VWEF less than 0.30, 0.551U/ml in Type 1 VWD with
historically lowest VWF less than 0.30-0.50 and 0.181U/ml in Type
2 VWD. Median FVIII:C at this time point was 0.621U/ml in Type 1
VWD (VWF <0.301U/ml), 0.801U/ml in Type 1 VWD (VWF 0.30-
0.501U/ml) and 0.581U/ml in Type 2 VWD. Patient characteristics of
the initial cohort are shown in Table 1.

We found 37 individuals eligible for inclusion in the prospective
validation cohort. Four potential inclusions were missed; one patient
was planned to have a short desmopressin test with only one mea-
surement after administration of desmopressin; and two patients
declined to participate. In total, we included and analyzed 30 individ-
uals in the validation cohort: 11 with Type 1 VWD (VWF <0.301U/
ml), 14 with Type 1 VWD (VWF 0.30-0.501U/ml), 4 with Type 2A
VWD, and 1 with Type 2M VWD, all of whom completed the desmo-
pressin test. Seventy-three percent were females and mean age was
23+ 16years. Mean body weight was 60+ 23kg, and 75% had blood
group O. Median VWF:Act at baseline directly before desmopres-
sin administration was 0.371U/ml in Type 1 VWD (VWEF less than
0.301U/ml), 0.481U/ml in Type 1 VWD (VWF 0.30-0.501U/ml), and
0.131U/ml in Type 2 VWD. Median FVIII:C at this time point was
0.781U/ml in Type 1 VWD (VWF <0.30), 0.801U/ml in Type 1 VWD
(VWF 0.30-0.501U/ml), and 0.621U/ml in Type 2 VWD. Patient
characteristics of the validation cohort are shown in Table 2.

3.2 | Desmopressin response rates in the
initial cohort

Ninety percent of patients (n = 338/376) were responders (VWF:Act
and FVIII:C 20.501U/ml at T1 and T4). We observed large differences
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TABLE 1 Patient characteristics of the initial cohort

Type 1 VWD (VWF Type 1 VWD (VWF

Patient characteristics Total cohort <0.301U/ml) Type 2 VWD 0.30-0.501U/ml)
Number of patients (%) 376 (100) 112 (29.8) 58 (15.4) - 206 (54.8)
Disease type (Type 2) - - Type 2A 41 (10.9) -

_ - Type 2M 14 (3.7) -

- - Type 2N 3(0.8) -
Age (years) 29+15 29+16 32+18 29+14
Sex (female) 259 (69) 70 (63) 31 (53) 158 (77)
Body weight (kg)® 66+20 67 +22 65+22 66+19
Blood group O 244 (65) 73 (65) 25 (43) 146 (71)

Historically lowest levels plasma levels (IU/ml)

VWF:Ag 0.42 (0.32-0.50) 0.30(0.25-0.36)
VWEF:Act 0.36 (0.23-0.47) 0.25(0.19-0.29)
FVII:C 0.62(0.46-0.78) 0.50(0.39-0.65)

Plasma levels immediately before desmopressin administration (TO) (IU/ml)

VWEF:Ag 0.50 (0.37-0.61) 0.36 (0.28-0.50)
VWEF:Act 0.46 (0.29-0.59) 0.31(0.24-0.4¢6)
VWEF:CB?® 0.51 (0.32-0.69) 0.32(0.23-0.50)
FVIII:C 0.73(0.56-0.93) 0.62 (0.47-0.88)

Fold increase over baseline

VWEF:Ag 3.29 (2.57-3.89) 3.55(2.64-4.47)
VWEF:Act 3.69 (2.99-4.80) 3.85(3.05-5.41)
VWEF:CB? 3.64(2.83-4.84) 4.25(3.04-6.79)
FVII:C 3.65(3.06-4.45) 3.73 (3.10-4.96)

0.34(0.22-0.49)
0.14 (0.07-0.23)
0.42(0.29-0.59)

0.39 (0.24-0.60)
0.18 (0.08-0.28)
0.20(0.11-0.36)
0.56 (0.38-0.71)

3.35(2.57-4.58)
4.29 (3.31-6.63)
4.20(3.14-6.47)
4.37(3.36-5.87)

0.48 (0.42-0.54)
0.46 (0.39-0.51)
0.69 (0.58-0.85)

0.56 (0.47-0.64)
0.55 (0.47-0.63)
0.63(0.51-0.75)
0.80(0.68-0.97)

3.17 (2.52-3.68)
3.54(2.91-4.20)
3.45(2.73-4.35)
3.53(3.00-4.11)

Note: Data are presented as mean+SD, n (%), or median (interquartile range). As VWF collagen binding was not routinely measured during the early
2000s, historically lowest VWF collagen binding levels are not stated. Italic entries to emphasize the different types of type 2 VWD.
Abbreviations: FVIII:C, factor VIII activity; VWD, von Willebrand disease; VWF:Act, von Willebrand factor activity; VWF:Ag, von Willebrand factor

antigen; VWF:CB, von Willebrand factor collagen binding.

Number of subjects (total cohort) with missing data: weight (19); blood group (46); VWF collagen binding at TO (26).

between disease types: all patients with Type 1 VWD with histori-
cally lowest VWF levels between 0.30-0.501U/ml (n = 206/206);
88% of patients with Type 1 VWD (nh = 99/112); and 57% of pa-
tients with Type 2 VWD (n = 33/58) were responders (Table 3). All
patients with a VWF:Act response also showed a FVIII:C response.
In Figure 1, the individual VWF:Act levels measured in the different
disease types at different time points during desmopressin testing
are plotted and categorized into responders and nonresponders.

In patients with Type 1 VWD and historically lowest VWF less than
0.301U/ml, females were more likely to respond than males (odds ratio
[OR], 4.5; 95% confidence interval [Cl], 1.3-16.1; p = 0.02). Mean his-
torically lowest VWF:Act did not differ between females and males
with Type 1 VWD and historically lowest VWF:Act <0.301U/ml (0.24
vs. 0.221U/ml, p = 0.44); however, males were more than twice as
likely to have historically lowest VWF:Act <0.101U/ml. We did not
find a difference in response between children (less than 16 years) and
adults (16 years or older). In Type 2, we did not find a significant differ-
ence in response between males and females, but children (less than
16years) were less likely to respond than adults (16years or older)
(OR, 0.08; 95% Cl, 0.02-0.42; p = 0.003).

All individuals who showed an increase in VWF:Act also showed
an increase in FVIII:C and vice versa. We did not observe very large
or unexpected discrepancies between fold increase in VWF:Act
and FVIII:C in any of the subjects. In 10 of the 376 patients (3%),
VWEF:Act increased less than twofold over baseline at T1 (range,
1.30-1.97-fold). Three of these patients were nonresponders: one
patient with Type 1 VWD with historically lowest VWF <0.301U/
ml, and two patients with Type 2A VWD. The seven responders with
a less than twofold increase were patients with Type 1 VWD with
VWEF:Act 0.501U/ml or greater at baseline already, and included one
individual with historically lowest VWF levels less than 0.301U/ml
and six individuals with historically lowest VWF levels between 0.30
and 0.501U/ml.

3.3 | Desmopressin response rates in the
prospective validation cohort

Twenty-six of the 30 patients were responders (87%). In Type 1 VWD
(VWEF less than 0.301U/ml), 91% (n = 10/11) classified as responder
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TABLE 2 Patient characteristics of the validation cohort

Patient characteristics

Number of patients

Disease type (Type 2)

Age (years)

Sex (female)
Body weight (kg)
Blood group O

Total cohort

30(100)

23+16
22(73)
60+23
15 (75)

Historically lowest plasma levels (IU/ml)

VWF:Ag
VWF:Act
FVIII:C

Plasma levels immediately before desmopressin administration (baseline) (IU/ml)

VWF:Ag
VWF:Act
VWF:CB?
FVIII:C

Fold increase over baseline

VWF:Ag
VWF:Act
VWF:CB?
FVIII:C

0.39 (0.28-0.50)
0.37(0.22-0.45)
0.65 (0.48-0.80)

0.50 (0.32-0.56)
0.40 (0.31-0.54)
0.47 (0.25-0.55)
0.76 (0.62-0.97)

3.57 (3.01-4.14)
3.94 (3.32-4.79)
3.45(2.77-4.79)
4.01(3.17-4.81)

a ﬂ‘l
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50f 10

Type 1 VWD (VWF Type 1 VWD (VWF
<0.301U/ml) Type 2VWD 0.30-0.501U/ml)
11(36.7) 5(16.6) 14 (46.7)
- Type 2A 4(13.3) -
Type 2M 1(3.3) =
Type 2N - -
31+21 11+5 20+11
8(73) 3(60) 11(79)
65+23 38+12 64+22
7(78) 0(0) 8 (100)

0.28(0.21-0.39)
0.26 (0.22-0.31)
0.53(0.38-0.54)

0.35(0.24-0.59)
0.37 (0.30-0.58)
0.41 (0.24-0.52)
0.78 (0.47-1.09)

3.14(2.62-3.98)
3.36(2.93-4.34)
3.88(2.59-4.77)
3.21(2.59-4.93)

0.35(0.17-0.62)
0.20(0.08-0.32)
0.48 (0.19-0.86)

0.33(0.16-0.47)
0.13(0.12-0.25)
0.07 (0.04-0.25)
0.62 (0.36-0.62)

4.55 (3.31-5.46)
4.46(3.35-6.02)
5.43(3.38-6.83)
4.69 (4.28-6.95)

0.47 (0.38-0.52)
0.44 (0.41-0.50)
0.79 (0.67-0.87)

0.52 (0.50-0.56)
0.48 (0.38-0.55)
0.53(0.48-0.67)
0.80 (0.67-0.89)

3.60 (3.19-3.96)
4.06 (3.71-4.91)
3.23(2.85-3.58)
4.01(3.25-4.61)

Note: Data are presented as mean+SD, n (%) or median (interquartile range). Italic entries to emphasize the different types of type 2 VWD.
Abbreviations: FVIII:C, factor VIl activity; VWD, von Willebrand disease; VWF:Act, von Willebrand factor activity; VWF:Ag, von Willebrand factor

antigen; VWF:CB, von Willebrand factor collagen binding.

Number of subjects (total cohort) with missing data: blood group (n = 10), VWF:CB at baseline and fold increase over baseline (n = 5).

TABLE 3 Response to desmopressin in the initial cohort and the validation cohort, according to disease type

Total Type 1 VWD (VWF Type 2 Type 2A Type 2M Type 2N Type 1 VWD (VWF
cohort <0.301U/ml) VWD VWD VWD VWD 0.30-0.501U/ml)
Initial cohort
Number of patients 376 112 58 41 14 3 206
Responder 338 (90%) 99 (88%) 33 (57%) 22 (54%) 8(57%) 3(100%) 206 (100%)
Non-responder 38 (10%) 13 (12%) 25 (43%) 19 (46%) 6 (43%) - -
Validation cohort
Number of patients 30 11 5 4 1 - 14
Responder 26 (87) 10 (91) 2 (40) 1(25) 1(100) = 14 (100)
Nonresponder 4 (13) 1(9) 3 (60) 3(75) - - -
Abbreviation: VWF, von Willebrand factor.
and all patients with historically lowest VWF levels between 0.30 and 3.4 | Receiver operating characteristic analysis

0.501U/ml (100%) were responders. Forty percent of the patients
with Type 2 VWD (n = 2/5) were responders (Table 3). All VWF:Act
responders were also FVIII:C responders. None of the patients had a

VWEF:Act or FVIII:C increase less than twofold over baseline.

We used ROC curves to analyze the potential of VWF:Act and
FVIII:C at different time points (baseline, T1, and historically lowest

level) to predict desmopressin nonresponse. As only three patients
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(A) Type 1 VWD (historically lowest VWF <0.30 IU/ml)
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FIGURE 1 VWF activity (IU/ml) in
responders and nonresponders during
desmopressin testing in patients with
Type 1 VWD (VWF <0.301U/ml) (upper
panel), Type 2 VWD (middle panel), and
Type 1 VWD (VWF 0.30-0.501U/ml)
(lower panel). Every green dot depicts a
single VWF:Act measurement in one of
the responders; every red triangle depicts
a single VWF:Act measurement in one of
the nonresponders. Dashed lines in upper
panel depict optimal threshold at baseline
(0.231U/ml), threshold with sensitivity
100% at baseline (0.341U/ml), and both
optimal threshold and threshold with
sensitivity 100% at T1 (0.891U/ml) in Type
1 VWD (VWF <0.301U/ml). Dashed lines
in middle panel depict optimal threshold
at baseline (0.15IU/ml), threshold with
sensitivity 100% at baseline (0.281U/

ml), optimal threshold at T1 (0.74 1U/

ml), and threshold with sensitivity 100%
at T1 (1.101U/ml) in Type 2 VWD. The
uninterrupted line at 0.501U/ml in all
panels depicts the threshold for response
at T1 and T4. Abbreviations: VWD, von
Willebrand disease; VWF, von Willebrand
factor; VWF:Act, von Willebrand factor
activity
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with Type 2N were present in our cohort, we excluded these pa-
tients from the analysis. Comparison of the areas under the curve
(AUCs) shows that VWF:Act measured at T1 has the highest accu-
racy to distinguish responders from nonresponders with an AUC of
0.98 in Type 1 VWD (VWEF less than 0.301U/ml) and an AUC of 0.94
in Type 2 VWD, followed by VWF:Act at baselinewith an AUC of
0.93 in Type 1 VWD (VWF <0.301U/ml) and an AUC of 0.88 in Type
2 VWD. Historically lowest VWF:Act was least predictive of desmo-
pressin response.

The optimal predictive baseline cutoff—the VWF:Act level with
the highest sensitivity and specificity—is 0.231U/ml in Type 1 VWD
(VWF <0.301U/ml) and 0.151U/ml in Type 2 VWD. The most sen-
sitive predictive baseline cut-off—the level with 100% sensitivity,
at which no nonresponders will be missed—is 0.341U/ml in Type
1 VWD (VWEF less than 0.301U/ml) and 0.28 in Type 2 VWD. In
Figure 1, the different cutoffs at baseline, T1, and historically lowest
level are visualized. The predictive potential of VWF:Act is shown in
Figure 2 and Table 4.

3.5 | Validation of cutoffs in the prospective cohort
In the only patient with nonresponding Type 1 VWD (VWEF less
than 0.301U/ml), VWF:Act was 0.141U/ml at baseline and 0.47 1U/
ml at T1. Historical lowest VWF:Act was 0.071U/ml. The three
Type 2A VWD nonresponders had baseline VWF:Act of 0.10-
0.131U/ml, T1 VWF:Act of 0.30-0.581U/ml, and historically low-
est VWF:Act of 0.05-0.221U/ml. All of these values are below the
most sensitive predictive cutoff. In one patient with Type 2A VWD,
the historically lowest level was above the optimal predictive cut-
off of 0.151U/ml.
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4 | DISCUSSION

The results of this study show that desmopressin testing is not
needed in individuals with Type 1 VWD with historically lowest
VWEF levels between 0.30 and 0.501U/ml as well as in a substan-
tial number of individuals with Type 1 VWD with historically lowest
VWEF levels less than 0.301U/ml, and those with Type 2A and Type
2M VWD.

In individuals with Type 1 (VWF <0.301U/ml), Type 2A, and Type
2M VWD, we suggest using the most recently measured VWF:Act
during a regular outpatient clinic visit as a surrogate for the base-
line measurement during a desmopressin test, as this is in essence
a random time point. In our study, all patients with Type 1 VWD
with historically lowest VWF levels less than 0.301U/ml with base-
line VWF:Act 0.231U/ml or greater were responders except for one
patient who had a baseline VWF:Act of 0.331U/ml. All patients with
Type 2 VWD with baseline VWF:Act 0.28 IU/ml or greater also were
responders. For practical reasons, we therefore propose to test only
those patients with Type 1 (VWF less than 0.301U/ml), Type 2A
and Type 2M VWD in whom the most recent VWF:Act measured
is below 0.301U/ml. This is in accordance with the 2021 guidelines
on the management of VWD, which suggest performing a desmo-
pressin test over not performing a test before starting treatment
with desmopressin in patients with a VWF baseline level less than
0.301U/ml.> Our data therefore confirm this guideline, which was
mainly based on expert opinion.

If a desmopressin test is required, VWF:Act should be measured
before and at least at 1 and 4h after desmopressin administration
to quantify the peak as well as the duration of the response. If it
is logistically possible to acquire VWF:Act results from the labora-
tory rapidly after T1 blood withdrawal, the test may be terminated
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FIGURE 2 ROC curves comparing the potential of VWF:Act at different time points to discriminate between responders and
nonresponders. (A) VWF:Act in patients with Type 1 VWD (VWF <0.301U/ml); (B) VWF:Act in patients with Type 2 VWD (excluding
patients with Type 2N). Figures show that VWF:Act at T1 predicts response to desmopressin best (AUC of 0.98 in Type 1 VWD (VWF
<0.301U/ml) and 0.94 in Type 2 VWD), followed by measurements at baseline (AUC of 0.93 in Type 1 VWD (VWF <0.301U/ml), 0.88 in Type
2 VWD). Historical lowest VWF:Act is the least predictive of desmopressin response (AUC of 0.79 in Type 1 VWD (VWF <0.301U/ml), and
0.79 in Type 2 VWD). All individuals who show a VWF:Act response also show a FVIII response. AUC, area under the curve; ROC, receiver
operating characteristic; VWD, von Willebrand disease; VWF, von Willebrand factor; VWF:Act, von Willebrand factor activity
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TABLE 4 ROC analysis of VWF:Act and FVIII at baseline (directly
before desmopressin administration), 1 h after desmopressin
administration (T1) and at historically lowest level

Type 1 VWD

(VWF <0.301U/ml) Type 2 VWD?

VWEF:Act at baseline

Area under the ROC
curve (95% Cl)

0.93(0.85-1.00)

0.88(0.79-0.98)

Optimal cut-off (IU/ml) 0.23 0.15
Sensitivity, % (95% CI) 92 (67-100) 80 (61-91)
Specificity, % (95% CI) 87 (79-92) 90 (74-97)
Cutoff with sensitivity 0.34 0.28

100%
Sensitivity, % (95% ClI) 100 (77-100) 100 (87-100)
Specificity, % (95% CI) 48 (39-58) 40 (25-58)

VWEF:Act at T1

Area under the ROC
curve (95% Cl)

0.98 (0.95-1.00)

0.94 (0.87-1.00)

Optimal cutoff 0.89 0.74
Sensitivity, % (95% Cl) 100 (77-100) 84 (65-94)
Specificity, % (95% Cl) 86 (78-91) 90 (74-97)
Cutoff with sensitivity - 1.10

100%
Sensitivity, % (95% Cl) = 100 (87-100)
Specificity, % (95% Cl) - 37 (22-54)

Historically lowest VWF:Act level

Area under the ROC
curve (95% CI)

0.79 (0.62-0.95)

0.79 (0.64-0.93)

Optimal cutoff (IU/ml) 0.22 0.15
Sensitivity, % (95% Cl) 85 (58-97) 92(75-99)
Specificity, % (95% Cl) 72 (62-80) 67 (45-83)
Cutoff with sensitivity 0.33 0.29

100%
Sensitivity, % (95% Cl) 100 (77-100) 100 (87-100)
Specificity, % (95% Cl) 7 (4-14) 19 (8-40)

Note: p values for all areas under the ROC curve are <0.001.

Abbreviations: Cl, confidence interval; FVIII:C, factor VIl activity;
ROC, receiver operating characteristic; VWD, von Willebrand disease;
VWEF:Act, von Willebrand factor activity.

?Patients with Type 2N (n = 3) were excluded from this analysis.

in patients with Type 1 VWD (VWF less than 0.301U/ml) if T1
VWEF:Act is less than 0.50 or 0.89 IU/ml or greater, as the patient will
surely be a nonresponder or a responder, respectively. In patients
with Type 2A and Type 2M VWD who qualify for desmopressin test-
ing (baseline VWF:Act less than 0.301U/ml), we strongly advise to
always perform measurements at T1 as well as T4 (Figure 3).

Our results show that the use of historically lowest VWF:Act
levels is not recommended when deciding if desmopressin testing
should be performed, as these levels are least predictive of desmo-
pressin response. This is in accordance with the most recent guide-
lines, which recommend to perform a desmopressin test shortly
after diagnosis.11 Our results do not apply to patients with Type 2N,

as the number of patients with Type 2N in our study was too small
and was therefore excluded from the analysis.

If the approach as described above is adopted in clinical practice,
the number of desmopressin tests performed can be reduced by
55% in patients with Type 1 VWD (VWEF less than 0.301U/ml) and by
20% in patients with Type 2A and Type 2M VWD. Of the individuals
with Type 1 VWD (VWF <0.301U/ml) who will need a desmopres-
sin test, 64% will require blood sampling only at T1. Our data also
demonstrate that FVIII does not necessarily have to be measured in
patients with Type 1, Type 2A, and Type 2M VWD during a desmo-
pressin test, as in all individuals who showed a VWF:Act response, a
FVIIl response was observed as well.

In the 2021 guidelines on the management of VWD, respon-
siveness to desmopressin is defined as an increase of the baseline
VWEF level of at least twofold, combined with the achievement of
both VWF and FVIII levels of greater than 0.501U/ml.> However,
when evaluating the criterion of a twofold VWF:Act increase over
baseline, we found that this does not add any value when VWF:Act
and FVIII:C of 0.501U/ml or above at T1 and T4 are regarded as re-
sponsiveness, as the few patients who showed a less than twofold
increase over baseline already had baseline levels 20.501U/ml.

We found that in Type 1 VWD, females are more likely to re-
spond than males, and that the number of responders in Type 2
VWD seems to increase with age. These results correlate with ear-
lier findings that clearance of VWF is lower in females, and that bio-
availability of VWF increases with age.’® The difference between
females and males in Type 1 can possibly be explained because
females are more often diagnosed with VWD Type 1 than males
because of the hemostatic challenges they undergo, such as men-
struation and childbirth. Overall, women diagnosed with Type 1
VWD therefore tend to have milder laboratory abnormalities.*? As it
is well known that coagulation factor levels do not always correlate
with bleeding tendency, it is important that clinicians do not only
establish desmopressin responsiveness based on coagulation factor
levels when deciding which treatment modality to choose, but also
take the bleeding tendency and type of VWD of the individual pa-
tient into account.

In the initial cohort, 3 of the 112 patients with Type 1 VWD
had a VWF:Act elimination half-life less than 2h. These patients
had a VWF propeptide (VWFpp)/VWF:Ag ratio greater than 7 and
a gene variant (R1205H or S2179R) associated with rapid clear-
ance of VWEF. In the validation cohort, none of the patients with
Type 1 VWD had a VWF:Act half-life less than 2 h. Data regarding
genetic variants and their association with desmopressin response
in patients with Type 1 VWD with historically lowest VWF levels
less than 0.301U/ml and in patients with Type 2 have been de-
scribed in an another article by our group.13 In patients with Type
1 VWD with a known VWFpp/VWF:Ag ratio greater than 7 and/
or a gene variant associated with rapid clearance, desmopressin
testing is therefore unnecessary.

Our study has several strengths. First, we included a large num-
ber of patients, likely representative for the VWD populations in
hemophilia treatment centers worldwide, as a wide range of disease
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Type 1 VWD (historically lowest
VWEF 0.30-0.50 1U/ml)

Type 1 VWD (historically lowest
VWF <0.30 1U/ml)

| Type 2A and 2M VWD |

Type 2N VWD

I I
Y Y Y L
Baseline VWF:Act VWF:Act VWF:Act VWF:Act
<0.30 1U/ml >0.30 IU/ml <0.30 IU/ml 20.30 IU/ml
v v v v Y ‘
Responder, Test Responder, Test Responder, Test
no test no test no test
I
A v y
T VWF:Act VWF:Act VWF:Act
<0.50 1U/ml 0.50-0.88 1U/ml 20.89 IU/ml
Non-responder Responder
\/ \
T4 VWEF:Act VWF:Act
<0.50 IU/ml 20.50 1U/ml
Non-responder Responder

FIGURE 3 Flowchart for desmopressin testing. VWD, von Willebrand disease; VWF, von Willebrand factor; VWF:Act, von Willebrand

factor activity

types and ages are included. We consider inclusion bias to be low, as
it is standard protocol at our center to perform a desmopressin test
shortly after VWD diagnosis. Second, our study was conducted in
a single center, using the same desmopressin test protocol over the
studied time period. Third, we were able to validate our results in a
prospective cohort of patients with VWD.

A limitation of this study is that in many centers, immediate lab-
oratory measurement of VWF:Act is not possible. In those centers,
a complete desmopressin test with measurements 1h as well as 4h
after desmopressin will have to be conducted, when desmopres-
sin testing is required. This may take away some of the benefits of
implementing our advised testing protocol. Another limitation of
our study is that ethnicity and socioeconomic status of the partici-
pants was not registered. However, the Erasmus University Medical
Center is situated in the city of Rotterdam, where more than half
of the population is of non-Western descent. Furthermore, it is a
tertiary referral hospital for the larger area, including suburban and
rural areas. We are therefore convinced that the studied population
is racially, culturally, and socioeconomically diverse.

In conclusion, our results show that individuals with Type 1 VWD
with historically lowest VWF levels between 0.30 and 0.501U/ml do
not require desmopressin testing, as well as 55% of patients with
Type 1 with historically lowest VWF levels less than 0.301U/ml, 20%
of patients with Type 2A, and 21% of patients with Type 2M VWD.
Current guidelines are in accordance with our finding that patients
with Type 1 VWD with VWF levels less than 0.301U/ml need test-
ing.5 The results of the Type 2 VWD cohort would, however, benefit
from replication in a larger cohort, with especially larger numbers
of patients with Type 2M and 2N VWD. Furthermore, in patients
with Type 1, 2A, and 2M VWD, it is not strictly necessary to mea-
sure FVIII, as all VWF:Act responders in our study were also FVIII
responders. Application of this testing protocol in clinical practice

will reduce both patient burden and time investments by health care
professionals, as well as health care costs.
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