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INTRODUCTION

Acquired von Willebrand disease (AvWD)
was first recognized in 1968 [26]. Subsequently,
it was described in the presence of several clini-
cal conditions [2,9,12,15]. AvWD is extremely
rare, with more than 200 well-documented cas-
es reported in the English-language literature.
The most frequent clonal disorder associated
with AvWD is monoclonal gammopathy of un-
determined significance (MGUS) [6,27]. Mono-
clonal gammopathies associated with AvWD
include multiple myeloma, Waldenstrom's mac-
roglobulinemia and chronic lymphoprolifera-
tive disorders. Of interest is that most, if not all,
reported cases of lymphomas described in asso-
ciation with AvWD have been low-grade non-
Hodgkin's lymphoma [21,27] and some [29] but
not all [21,27,29] have been associated with mon-
oclonal gammopathy. AvWD was also reported
in extranodal lymphoma [23]. Other hematolog-
ic malignancies described in association with
AvWD include chronic myeloproliferative dis-
orders [3,24,30] (polycythemia vera, essential
thrombocythemia, agnogenic myeloid metapla-
sia with myelofibrosis and chronic myeloid leu-
kemia). Similar to the diagnosis of congenital
vWD, the diagnosis of AvWD requires careful
correlation of clinical information with the re-
sults of clinical laboratory tests. This paper re-
ports the prevalence of AvWD among various
hematologic malignancies registered at the

ABSTRACT

Acquired von Willebrand disease (AvWD) is an ac-
quired bleeding disorder, which may suddenly become
manifest in individuals, in the absence of a past personal
or family history of bleeding and frequently in association
with monoclonal gammopathies, lymphoproliferative,
myeloproliferative and autoimmune disorders. In a minori-
ty of cases AvWD may develop in association with drugs
or solid tumors. One hundred and fourteen patients attend-
ing to the Medical Oncology Department, NCI, presenting
with a recent development of non-thrombocytopenic mu-
cocutaneous bleeding were included in the study. Due to
the limitations and variability of each assay and because
of vWD heterogeneity, no single test procedure was suffi-
ciently robust to permit detection of all subtypes. Howev-
er, this is not the case in AvWD, since the most common
pattern observed is deficiency of large vWF multimers 20/
39. In this regard, the multimer analysis would depict
most of the cases. Four separate assays for vWF were in-
cluded: vWF; Multimer analysis, vWF; Antigen (vWF:
Ag), factor eight coagulant activity (FVIIIc) and Ristoce-
tin cofactor (vWF: RiCof). 39/114 cases were diagnosed
as AvWD (17 CML,11 NHL, 8 CLL & 3 MM). The 39
cases of AvWD were subclassified: 3 cases as type 1, 20
cases as type 2A, 8 cases as probable type 2N, 7 cases as
probable type 2M (based on the low Ri: Cof/vWF: Ag ra-
tio < 0.36) and 1 case as AvWD (unrecognized subtype).
The increased incidence of AvWD in CML patients was
statistically significant (p = 0.04). Using receiver operator
characteristic (ROC) analysis, the best diagnostic single
test was found to be RiCof, followed by FVIIIc, APTT
and lastly vWF: Ag. Although patients with blood group
O were most frequently and significantly (p = 0.046) af-
fected when the multimer test was used, this turned insig-
nificant when the Ri:Cof test was analyzed. This could be
relevant to the normal distribution of blood groups among
the population rather than to the inherent low level of
vWF:Ag in blood group O individuals. This report empha-
sizes that AvWD is not an extremely rare disorder, partic-
ularly in the setting of hematologic malignancies in Egypt.
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vWF: Ricof [18]. FVIIIc [13]. vWF: multimer
analysis [8].

Statistical analysis:
Chi-square and/or Fisher exact tests were

used for testing proportion independence. ROC
curve (Receiver Operator. Characteristics) was
plotted to get maximum joint sensitivity and
specificity (Validity measures). It was done by
plotting the true positive rate on y axis versus
the 1-specificity (false positive rate) on x axis.

RESULTS

Out of the 114 cases presenting with recent
occurrence of mucocutaneous bleeding, AvWD
could be diagnosed in 39 cases. No sex differ-
ence was determined as 25/73 (34%) were
males and 14/41 (34%) females.

The results are presented in the tables (1-8),
and Figs. (1-3).

NCI, the influence of ABO blood group and the
diagnostic efficacy of BT, APTT, vWF: Ag,
Ri:Cof, FVIIIc and vWF multimer analysis.

PATIENTS AND METHODS

Patient selection:
This was a prospective study and included a

total of 114 patients attending the medical on-
cology department, NCI, Cairo University. Pa-
tients presented with recent and sudden occur-
rence of non-thrombocytopenic mucocutaneous
bleeding with absence of personal and family
history. They included 73 males and 41 fe-
males. The age of our population ranged from
15 years to 67 years.

Control group:
Ten normal healthy subjects were used as

control, 4 males and 6 females. Their ages
ranged from 35 to 50 years.

Laboratory work up included:
- Complete blood picture.
- Blood group.
- Coagulation assays:

Bleeding time (BT): Ivy's method [14].
APTT: (DADE Behring) [7].
vWF: Ag: (REAADS Medical Products) [1].

An enzyme-linked immunosorbent assay (ELI-
ZA) for the quantitative determination of von
Willebrand factor antigen (vWF: Ag) in citrated
human plasma. Antigen levels of less than 50U/
dl were considered deficient.

Table (1): AvWD among different study groups.

Different
study groups
(No. of cases)

Multimer and Ri:Cof

-ve +ve
p value

No. % No. %

N=56 N=39

CML (34)
CLL (26)
MM (19)
NHL (25)

17
18
16
14

26.2
27.6
24.7
21.5

17
8
3
11

43.6
20.5
7.6
28.3

0.04
(S)

S: Significant.

Table (2): Relation of B.T and APTT to vWF multimer and Ri:Cof.

Multimer and Ri:Cof

Total accuracy
(%)

p value Specificity Sensitivity-ve No. (%)
N=78

+ve No. (%)
N=36

B.T. (min)
+ve (> 7)
-ve (3-7)

APTT (sec)
+ve (> 40)
-ve (20-40)

36 (46.2%)
42 (53.8%)

13 (16.7%)
65 (83.3%)

19 (52.8%)
17 (47.2%)

15 (41.7%)
21 (58.3%)

53.5%

70.2%

0.511 NS

0.004 S

54%

83%

53%

42%

S: Significant; NS: Not significant.
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Table (3): Correlation of F VIII:C to APTT.

F VIII:C

Total accuracy (%) p-valueAPTT (Sec)

N=98

Normal Decreased

+ve (> 40)
-ve (30-40)

19
79

19.4
80.6

6
4

60
40

78.7% 0.003 S

S: Significant.

N=10

No. % No. %

Table (4): Correlation of Ri:Cof to BT, APTT, vWF:Ag and F VIII:C.

Ri:Cof

Total accuracy
(%)

p-value Specificity Sensitivity

B.T. (min)
+ve (> 7)
-ve (3-7)

APTT (sec)
+ve (> 40)
-ve (20-40)

VWF:Ag IU
+ve (< 50)
-ve (50-200)

F VIII:C%
+ve (< 50)
-ve (50-200)

47
54

21
80

-
101

16
85

46.5%
53.5%

20.8%
79.2%

-
100%

9.2%
91.8%

8
5

5
8

2
11

3
10

61.5%
38.5%

38.5%
61.5%

16.7%
83.3%

18.2%
81.8%

54.4%

74.6%

88.3%

84.3%

0.308 NS

0.152 NS

0.042 S

0.281 NS

NS: Not significant.

N=101

Normal Decreased

N=13

No. % No. %

54%

79%

100%

92%

62%

39%

17%

18%

Table (5): Ri:Cof test as compared to blood groups.

ABO blood
group

Ri:Cof

-ve (50-200)
U/dl

+ve (< 50)
U/dl p-value

No. % No. %

N=101 N=13

O
A
B
AB

41
26
31
3

38
27
29
5

6
4
2
1

46
31
15
8

0.652
NS

NS: Not significant.

Table (6): Multimer test as compared to blood groups.

Multimer test

-ve +ve
p-value

No. % No. %

N=20 N=22

O
A
B
AB

7
9
2
2

35
45
10
10

10
4
8
-

45
18
36
-

0.046
S

S: Significant.
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DISCUSSION

A revised classification of vWD has been in-
troduced [25]. The Arabic numerals 1,2 and 3,
respectively, define the primary categories of
partial quantitative, qualitative and virtually
complete deficiency of vWF. Type 2 is subdi-
vided into four categories: 2A refers to qualita-
tive variants with decreased platelet-dependent
function with absence of HMWM, 2B refers to
qualitative variants with increased affinity for
GPIb. 2M refers to qualitative variants with de-
creased platelet-dependent function with nor-
mal HMWM. 2N refers to qualitative variants
with decreased affinity for FVIII [19]. A variety
of laboratory assays [16,32] may be performed,
not necessarily restricted to an assessment of
vWF. Determination of vWF quantity, structure
and function is required to appropriately diag-
nose vWD. Both the bleeding time (BT) and the
APTT were poor tests for identifying vWD. In
the present study the former was giving a sensi-
tivity of 53% and a specificity of 45%, while
the sensitivity of the latter test was 42% and the
specificity was 83% (Table 2). However, there

Table (7): FVIII:C level in AvWD subtypes.

Type 2AType 1 Type 2M
(probable)

Mean

50
63
-

56.5

46
67
69
71
113
83
85
77
93
43

74.7

55
57

56

Table (8): Distribution of AvWD subtypes among differ-
ent study groups.

2AType 1 2M

CML
CLL
MM
NHL

Total

2
-
-
1

3

6
4
2
8

20

5
1
-
1

7

Disease 2N

3
3
1
1

8

Fig. (2): Receiver operator characteristic (ROC) curve of
diagnostic tests for vWD.

Fig. (3): Seven patients with probable type 2M AvWD can
be identified by a markedly reduced ratio of Ri:Cof/
vWF:Ag when compared to 16 type 2A, 8 type 2N and
3 type 1 vWD.

 -  : type 2 M
 •  : type 2 A
� : type 2 N
� : type 1

Fig. (1): vWB multimer analysis in aquired vWD absence of
HMWM (1 through 9)

CML: 1,4,6,7,9
NHL: 3,5,8
CLL: 2
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not distinguish between subtypes 2A or 2B
vWD, in our cases type 2B was excluded by
primarily selecting non-thrombocytopenic pa-
tients.

Several pathogenetic mechanisms [28] have
been reported for AvWD [24], but none was dis-
ease-specific. The mechanism reported most
frequently involves inhibition of vWF either
nonspecifically as part of a generalized autoim-
mune reaction or development of specific anti-
vWF antibodies [26,31]. A similar but alternative
mechanism involves formation of immune com-
plexes between the vWF protein and monospe-
cific antibodies, resulting in accelerated catabo-
lism or elimination of high molecular weight
multimers (HMWM) of von Willebrand factor
(vWF). These vWF multimer-antibody com-
plexes are subsequently cleared from the circu-
lation either by the reticuloendothelial system
or by adsorption onto tumor cells. Clearance of
HMWM of vWF thus results in extremely low
functional levels and variable antigenic levels.
A similar mechanism is suggested in AvWD
patients with high platelet counts [2]. Additional
mechanisms of AvWD have included decreased
synthesis associated with hypothyroidism, ac-
celerated proteolysis of HMWM associated
with the administration of HES, ciprofloxacin
[5], Valproic acid (usually type I) [17] and selec-
tive adsorption of vWF by tumor cells. The lat-
ter mechanism was shown to be the aberrant tu-
mor-cell expression of the platelet vWF
receptor CD42 [glycoprotein Ib (GPIb)] but not
CD41 (glycoprotein IIb/IIIa) or CD61 (glyco-
protein IIIa) [27]. In our series, vWF multimer
analysis reveals mostly a type 2 defect with de-
creased abundance of HMWM. 20/39 of
AvWD cases were type 2A (Fig. 1). Recent
data are in support of the hypothesis that con-
formational changes in the A3 domain of vWF
might affect vWF function by regulating the
ability of the AI domain to bind to platelet
GPIb [22].

A further factor which is important in the as-
sessment of the diagnosis of vWD is blood
group. A number of studies have shown that
plasma vWF:Ag levels differ significantly be-
tween blood groups, in the rank order O < A <
B < AB [11,21]. The significance of this is that
vWD may be under-or over-diagnosed if
vWF:Ag concentrations are interpreted without
knowledge of the patient's blood type. It is note-
worthy that, in one large study, the proportions

was a significant (p < 0.003) correlation be-
tween VIIIc and APTT (Table 3). In our cases
with AvWD, the most common abnormality ob-
served was absence or reduction of high molec-
ular weight multimers (HMWM-2A), leaving
the rest of the molecule intact, thus probably
preserving the site of FVIII binding. This no-
tion is supported by the finding of a higher
FVIIIc level in the 2A subtype as compared to
the subtypes I and 2M. Although the difference
was statistically insignificant, increasing the
numbers might bring it to the significant level
(Table 8). The vWF:Ag assay is a quantitative
test and provides no information concerning the
quality. Thus, the vWF:Ag on its own will not
permit detection of many qualitative defects.
Consequently, the use of this assay alone will
lead to many type 2 vWD patients being missed
by the laboratory [10]. In our laboratory, only 2/
39 had vWF:Ag level below reference level (<
50 IU/dl). While the specificity of this test was
100%, its sensitivity was only 17%. On the oth-
er hand, Ri:Cof is a functional assay that meas-
ures the ability of test plasma to induce aggluti-
nation of a standardized platelet suspension in a
fixed concentration of the obsolete antibiotic
ristocetin. In the present study, Ri:Cof was re-
duced in 14/39 (36%) AvWD (10 CML, 1 CLL,
1MM & 2NHL). However, when correlating
Ri:Cof to various other coagulation parameters
(Table 4), none was significant except with
vWF:Ag (p < 0.042), that is why two ratios
(vWF:Ag/Ri:Cof and Ri:Cof/vWF:Ag) had
been proposed by Caron et al. [4] and Mont-
gomery & Goller [20], respectively. Using the
first ratio and applying various cutoffs proved
nonreproducible when applied to our AvWD
cases. However, type 2N lies always within the
uncertain group. Using the second ratio (Table
7, Fig. 3) allowed us to diagnose probable type
2M in 7 out of 8 AvWD unclassified (Ratio <
0.36). Also, the Ri:Cof assay was found to have
a significantly higher diagnostic accuracy using
the ROC analysis (Fig. 2). Ri:Cof assay, along
with the F VIIIc concentration were considered
probably the most critical test for guiding ap-
propriate therapy [30]. Favaloro and Koutts [10]
suggested that analysis of plasma vWF multi-
mer distribution would be useful for further
evaluation of cases with decreased vWF: Ag or
vWF: RiCof, especially when the latter is dis-
cordantly lower than the former, suggesting a
decreased abundance of higher-molecular-
weight vWF multimers. Although this test does
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to the diagnosis of von Willebrand's disease. Pa-
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ABO blood group on the diagnosis of von Wille-
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Willebrand's factor. J. Clin. Path., 32: 1030-
1035, 1979.

13- Hardisty R.M. and Macpherson J.C.: A one-
stage FVIII (antihaemophilic globulin) assay
and its use on venous and capillary plasma.
Thrombosis et Diathesis Haemorrhagica, 7: 215-
217, 1962.

14- Ivy A.C., Nelson D. and Bucher G.: The stan-

of blood groups O (77%), A (18%), B (4%) and
AB (0%) were significantly (p < 0.001) differ-
ent among type 1 congenital vWD patients
compared with those observed in the normal
population (45%, 45%, 7% and 3%, respective-
ly), that was not the case with the other types
[11]. In the present study, the rank of AvWD
cases was 48.7%, 23%, 23%, 5.3%, respective-
ly. Although it is similar to those found in the
normal population, the proponderance of group
O was borderline significant (p < 0.046) only
when using the multimer test and it was insig-
nificant when using the Ri:Cof test, thus reflect-
ing the normal distribution of blood groups
rather than a genuine increase in group O. Only
3 cases of AvWD were type 1, 20 were type
2A, 8 2N and 7 2M.

In the present study (Table 1), CML was sig-
nificantly (p < 0.04) the most frequent malig-
nant haematological disorder affected by
AvWD (44%) followed by NHL (28%), CLL
(21%) then MM (7%). This is not in agreement
with the literature [24], where the most frequent
disorder affected by AvWD was monoclonal
gammopathy with undetermined significance
(MGUS). This could be explained by the fact
that MGUS was not included in the present
study. The higher percentage of cases with
AvWD at the NCI could be attributed to the se-
lection criteria put forward.

In conclusion, at the Egyptian NCI, CML is
the most frequent haematological disorder af-
fected by AvWD followed by NHL, CLL and
MM. Blood group O is the commonest blood
group affected, reflecting the distribution
among the normal population, unlike vWD type
1. The prevalent subtype is type 2A, thus multi-
mer analysis would be a good additional screen-
ing test. Ri:Cof assay had a significantly higher
diagnostic accuracy over all other coagulation
tests (ROC analysis). The ratio Ri:Cof/vWF:Ag
may be used to predict type 2M. Being a heter-
ogenous group, no single test is sufficiently
enough to diagnose AvWD and the diagnostic
approach of a bleeding tendency with normal
platelet count should include assays for VIIIc,
vWF:Ag and Ri:Cof before proceeding to plate-
let function tests.
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