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Abstract:
Acquired von Willebrand syndrome (aVWS) develops with various underlying diseases. We herein report

an individual with aVWS associated with mucosa-associated lymphoid tissue lymphoma in the lungs compli-

cated by hyperviscosity syndrome, Sjögren’s syndrome, and hypothyroidism. This patient developed life-

threatening hemorrhaging during a lung biopsy despite transfusion of concentrate of plasma-derived VWF/

factor VIII. The use of rituximab caused remission of the lymphoma and hyperviscosity syndrome in parallel

with the resolution of aVWS. Thus, lymphoma and hyperviscosity might result in aVWS. Invasive procedures

with a risk of bleeding should be avoided in individuals with aVWS.
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Introduction

Von Willebrand factor (VWF) plays an important role in

hemostasis and thrombosis by binding glycoprotein (GP) Ib/

IX on platelets and stabilizing clotting factor VIII

(FVIII) (1, 2). VWF is produced and secreted from endothe-

lial cells and megakaryocytes as ultra-large VWF (UL-

VWF) and cleaved into multimers of various sizes by an en-

zyme called a disintegrin and metalloprotease with a throm-

bospondin type-1 motif (ADAMTS13) under shear stress

conditions (3, 4, 6, 7). The structure of high-molecular-

weight VWF multimers (HMWM) is the most effective at

mediating platelet adhesion to endothelial damage.

Von Willebrand disease (VWD) is a congenital bleeding

disorder caused by quantitative and/or qualitative abnormali-

ties of VWF with an estimated incidence of 100 per million

people (5). VWD is classified into three categories, type 1 to

3, according to its pathogenesis; plasma levels of VWF are

decreased in type 1, the activity of VWF is impaired in type

2, and VWF is totally absent in type 3 (6). Type 2 VWD is

further categorized into four subtypes: 2A, 2B, 2M, and 2N.

Types 2A and 2B are characterized by a decrease in

HMWM due to impaired secretion or enhanced cleavage or

hyperconsumption of VWF, respectively. Type 2M is charac-

terized by impaired binding affinity of VWF to GPIb on

platelets. Type 2N is accompanied by a marked decrease in

the levels of FVIII.
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Table.　Laboratory Findings.

Complete Blood Count Biocemistry

WBC 2.1×103 /µL TP 10.9 g/dL Fe 49 µg/dL

Blast 0 % ALB 2.7 g/dL Ft 100 mg/dL

Neu 38 % TB 0.4 mg/dL ß2MG 3.55 mg/dL

Lym 46 % DB <0.1 mg/dL CRP 0.2 mg/dL

Mono 6 % AST 25 U/L IgG 3,801 mg/dL

Eosin 8 % ALT 20 U/L IgA 3,789 mg/dL

Baso 1 % LDH 118 U/L IgM 44 mg/dL

aty Lym 1 % ALP 88 U/L κ 35.8 mg/dL

RBC 3.07×106 /µL CHE 143 U/L λ 69.2 mg/dL

Hb 10.7 g/dL BUN 13 mg/dL

Hct 27.7 % Crea 0.71 mg/dL Immunology

PLT 15.2×104 /µL UA 6.9 mg/dL ANA ×640

Na 129 mmol/L Anti ds-DNA 0.8 IU/mL

Coagulation K 3.9 mmol/L U1RNP <0.5 U/mL

PT INR 1.29 Cl 102 mmol/L anti SS-A >240 U/mL

APTT 52.1 sec Ca 8.2 mg/dL anti SS-B >320 U/mL

FBG 146 mg/dL HbA1c 6.1 % KL-6 765 U/mL

D-dimer <2.5 µg/mL s-IL2R 308 U/mL TSH 9 µIU/mL

FDP <0.5 µg/mL FT4 0.76 ng/dL

Acquired von Willebrand syndrome (aVWS) is also

caused by deficiency and/or dysfunction of VWF; however,

the cause of abnormality of VWF is independent of genetic

alterations. aVWS develops in the presence of various un-

derlying diseases, including lymphoproliferative disorders,

myeloproliferative neoplasms, cardiovascular diseases, auto-

immune disorders, and hypothyroidism (1, 7, 8). The etiol-

ogy of aVWS remains to be fully elucidated; however, pos-

sible mechanisms include diminished VWF synthesis in hy-

pothyroidism (9), production of antibody to VWF associated

with lymphoproliferative diseases, immune thrombocy-

topenic purpura and antiphospholipid syndrome (10-12), ad-

sorption of VWF by multiple myeloma cells (13), and en-

hanced clearance of HMWM under high shear stress condi-

tions in cardiovascular diseases (14).

We herein report an individual with aVWS who had mul-

tiple comorbidities, including mucosa-associated lymphoid

tissue (MALT) lymphoma in the lungs, Sjögren’s syndrome

(SjS), hypothyroidism, and hyperviscosity syndrome.

Case Presentation

A 38-year-old woman with blood type A who had neither

a family history nor previous bleeding disorder was referred

to our hospital for a detailed examination of recurrent epis-

taxis, headache, easy fatigability, and exertional breathless-

ness. She had developed left parotid gland swelling 13 years

earlier and been diagnosed with SjS. She had dry eyes but

had been observed without medication. She had undergone

surgery 12 years earlier to remove a mediastinal tumor,

which had been diagnosed as MALT lymphoma and moni-

tored without chemotherapy. Several months ago, a slight in-

crease in serum levels of immunoglobulin had been noted,

and since then, she had been aware of recurrent epistaxis.

A physical examination found bilateral parotid gland

swelling. No heart murmur was heard. Neither petechial

hemorrhaging nor purpura was noted. Laboratory data re-

vealed bicytopenia in peripheral blood (white blood cell

count 2.1×103/μL, hemoglobin 10.7 g/dL, and platelet count

15.2×104/μL) and monoclonal IgA and polyclonal IgG gam-

mopathy (IgA 3,789 mg/dL and IgG 3,801 mg/dL) as deter-

mined by immunofixation. In addition, prolongation of

APTT at 52.1 sec was noted (Table). We measured the

bleeding time twice. The first result was 3.5 minutes, and

the second one was longer than 10 minutes. Further tests

found a decrease in FVIII coagulant activity (FVIII:C, 24%)

and VWF antigen (VWF:Ag, 53%). Of note, VWF ristocetin

cofactor activity (VWF:RCo) was profoundly decreased to

7%. The ratio of VWF:RCo to VWF:Ag (VWF:RCo/VWF:

Ag) was 0.13. According to the clinical practice guideline of

VWD, a VWF:RCo/VWF:Ag of <0.7 indicates a high prob-

ability of type 2 VWD [7, 15, 16]. Furthermore, immuno-

electrophoretic assays of the plasma followed by a densi-

tometric analysis showed that the density of the VWF bands

of all sizes, from low to high molecular weight, was de-

creased in this patient compared to healthy subjects

(Fig. 1A and 1B). These observations suggested quantitative

abnormalities of VWF, a feature of type 1 VWD. Taken to-

gether, these findings prompted us to consider a mixture of

type 1 and 2, such as aVWS, in this case.

Peripheral blood film showed marked rouleaux formation,

indicating hyperviscosity. Platelet aggregation tests, which is

required for making a diagnosis of type 2B VWD, could not

be performed due to hyperviscosity. Furthermore, as shown

in Table, a decrease in levels of free thyroxin hormone (FT

4) and an increase in levels of thyroid-stimulating hormone

(TSH) were noted, which led to a diagnosis of hypothyroid-

ism, although neither anti-thyroglobulin nor anti-thyroid per-
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Figure　1.　The von Willebrand factor multimer assay. (A) Immune electrophoresis. Plasma samples 
from healthy volunteers and patients were electrophoresed and stained with an anti-VWF antibody. 
This assay was performed at SRL Inc. (Tokyo, Japan). The loss of large multimers and a marked 
decrease in medium-size multimers are shown. (B) A densitometric analysis. The density of VWF 
bands of all molecular weights in the patient was paler than that of the control sample. The medium-
large VWF multimer index was 0.9. HMWM: high-molecular-weight VWF multimers, L: large size, 
M: medium size, N: normal pattern, Pt: patient pattern, S: small size, SS: smallest size, VWF: von 
Willebrand factor
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oxidase was detected in her serum. Hormone replacement

therapy with levothyroxine sodium hydrate (25 μg/day) was

commenced, which promptly normalized the levels of both

FT4 and TSH (data not shown).

Positron emission tomography/computed tomography

(PET-CT) showed the abnormal accumulation of fluorode-

oxyglucose in the bilateral swollen parotid glands and the

middle right and bilateral lower lungs (Fig. 2). These find-

ings suggested interstitial pneumonia associated with SjS or

recurrence of MALT lymphoma. A fine-needle aspiration bi-

opsy of a swollen right parotid gland was performed without

bleeding, although a pathological diagnosis was not made.

Therefore, a pulmonary tissue biopsy was performed via

bronchoscopy. Despite the replacement of plasma-derived

(pd) VWF/FVIII (40 U/kg/day) before the biopsy, blood

oozing from the bronchial tract occurred, which required

management in the intensive-care unit. The pathological

findings were consistent with recurrence of MALT lym-

phoma.

Immunohistochemistry showed that the lymphoma cells

were positive for IgA λ. Repeated transfusion of pdVWF/

FVIII (40 U/kg/day) and fresh-frozen plasma (FFP) gradu-

ally increased the VWF:RCo, and pulmonary bleeding was

stopped (Fig. 3). We did not closely monitor the VWF:Ag

or VWF:RCo after injection of pdVWF/FVIII, so we were

unable to calculate the recovery rate and half-life of this

agent. Subsequently, the anti-CD20 monoclonal antibody ri-

tuximab was administered weekly for four times, which

caused remission of the lymphoma in parallel with improve-

ment of the hyperviscosity syndrome and normalization of

the APTT and serum levels of IgA (Fig. 4).

Neither an enzyme-linked immunosorbent assay (ELISA)

nor a pathological examination detected antibody to VWF or

adsorption of VWF on lymphoma cells, respectively (Sup-

plementary Fig. 1 and 2). When APTT cross-mixing tests

were performed by mixing the patient’s and normal plasma

in various ratios, both the immediate and delayed responses

showed a downward convex pattern, and the presence of in-

hibitors to FVIII was ruled out (Supplementary Fig. 3).

Discussion

aVWS should be suspected in patients with a current

bleeding tendency, normal PT, prolonged APTT, and no
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Figure　2.　FDG PET-CT findings before the lung biopsy. The abnormal accumulation of fluorode-
oxyglucose in bilateral swollen parotid glands and the middle right and bilateral lower lungs are 
shown. FDG: fluorodeoxyglucose, PET-CT: positron emission tomography/computed tomography

Figure　3.　Clinical course and hemostatic parameters after the lung biopsy. Prior to the lung biopsy, 
hemostatic parameters showed prolonged APTT and decreased plasma levels of FVIII, vWF: Ag and 
vWF: Rco. Despite administration of FFP and pdVWF/FVIII before the procedure, the patient devel-
oped pulmonary hemorrhaging after the lung biopsy. Repeated administration of pdVWF/FVIII in-
creased the levels of FVIII: c and vWF: Ag on day 7. However, the vWF: Rco increased only up to 
40%. APTT: activated partial thromboplastin time, FFP: fresh-frozen plasma, FVIII: c: factor VIII 
activity, pdFWF/FVIII: plasma-derived von Willebrand factor/factor VIII, VWF: Ag: von Wille-
brand factor antigen, VWF: RCo: von Willebrand factor ristocetin cofactor activity
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Figure　4.　Clinical course and hemostatic parameters after rituximab treatment. Rituximab mono-
therapy decreased the serum levels of IgA, in parallel with an increase in plasma levels of vWF: RCo 
and normalization of APTT. IgA: immunoglobulin A, pdFWF/FVIII: plasma-derived von Willebrand 
factor/factor VIII, vWF/RCo: von Willebrand factor ristocetin cofactor activity
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family history of bleeding. In such patients, FVIII activity,

VWF:Ag, and VWF:RCo should be measured. Bleeding

time is prolonged in patients with VWD, but the measure-

ments vary widely among practitioners, and the diagnostic

accuracy is not high. In fact, the first bleeding time meas-

urement in this case was 3.5 minutes, while the second one

was longer than 10 minutes. For this reason, in the United

Kingdom, the guideline of VWD recommends against meas-

uring the bleeding time to screen for a diagnosis (17). The

level of VWF:Ag is physiologically influenced by the ABO

blood type. Although VWF:Ag is often decreased in indi-

viduals with blood type O, the blood type of this patient

was type A (18).

The etiology of aVWS depends on the underlying dis-

eases. A decrease in the ratio of VWF:RCo/VWF:Ag indi-

cates the presence of inhibitory antibodies or loss/decrease

in HMWM (15). We therefore assumed that the antibody to

VWF produced by lymphoma cells might contribute to a de-

crease in the ratio of VWF:RCo/VWF:Ag and the develop-

ment of aVWS in this case. There are two types of antibod-

ies to VWF: non-neutralizing antibodies, which enhance the

clearance of VWF, and an inhibitor that impairs the binding

of VWF to GPIb on platelets (10, 19, 20). Unexpectedly,

neither type of antibody was detectable by an ELISA (sup-

plementary Fig 1). However, it should be noted that the sen-

sitivity and specificity of ELISAs for detecting anti-VWF

antibodies are low (19, 21).

Another possible mechanism explaining the pathogenesis

of aVWS in this case relates to hyperviscosity. In addition

to marked rouleaux formation on blood film, blood aggluti-

nation in a 22-gauge needle was noted while collecting

blood in this case (data not shown). Both symptoms disap-

peared and were associated with a decrease in serum levels

of IgA and IgG (from 3,801 to 3,275 mg/dL) after treatment

with rituximab. Hyperviscosity-related symptoms become

prominent if the serum IgA levels exceed 6,000 mg/dL (22),

which is much higher than in the present case (3,789 mg/

dL). In this case, the serum IgG levels were also increased,

probably because of SjS. This phenomenon may also have

contributed to the hyperviscosity in this case. Hyperviscosity

enhances shear stress, which allows HMWH to be cleaved

by ADAMTS13. Plasma exchange might have been an op-

tion to improve hyperviscosity and reduce the risk of bleed-

ing before the lung biopsy in this patient (23-25).

Enhanced-shear stress-related type 2 VWS is also noted in

other medical conditions, including Hyde syndrome charac-

terized by severe aortic valve stenosis (AS) and gastrointes-

tinal bleeding (26, 27) and heart failure requiring left ven-

tricular assist devices (LVAD) or extracorporeal membrane

oxygenation (ECMO) (14, 28). In the present case, no mur-

mur was heard on a physical examination. In addition, no

left ventricular hypertrophy was observed by contrast-

enhanced CT (figure not shown). Therefore, it is unlikely

that she had severe valvular heart disease, such as AS,

which can be a pathogenesis of VWS.

Other physicians have also reported cases of aVWS com-

plicated by MALT and splenic marginal zone lym-

phoma (29-32). Two cases had concomitant autoimmune

diseases SjS (30) and Hashimoto’s thyroiditis (31). Intrigu-

ingly, all cases were categorized as the type 2 VWD pattern;

however, the etiology varied among cases. For example,

non-neutralizing autoantibodies to VWF were found in one

case (31), and the aberrant expression of GP1b on lym-

phoma cells, which may cause a consumptive reduction in
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VWF, was found in another case (29). The etiology of en-

hanced VWF clearance remained unknown in the other two

cases. In the present case, adsorption of VWF on lymphoma

cells was not noted by a pathological examination (Supple-

mentary Fig. 2), although we did not examine the expres-

sion of GP1b by lymphoma cells in our patient (29). The

resolution of aVWS was correlated with the remission of

lymphoma. Three cases received chemotherapy for lym-

phoma (29, 30, 32). Two of these cases achieved remission

of lymphoma after chemotherapy in association with im-

provement of aVWS (29, 30), while the remaining case did

not respond to rituximab monotherapy, and aVWS per-

sisted (32). We recently reported a case of aVWS compli-

cated by acute myeloid leukemia (AML). aVWS improved

in parallel with the achievement of complete remission of

AML after induction chemotherapy (33).

We performed a densitometric analysis following immu-

noelectrophoretic assays of VWFM in this case (34). This

analysis showed that the density of VWF bands of all sizes,

from low to high molecular weight, was decreased in our

patient (Fig. 1B). In addition, the proportion of large VWF

multimers (22.3%) was almost equal to that of control sam-

ples (22.7%), and the medium-large VWF multimer in-

dex (14), which is well associated with VWF activity, was

slightly decreased (0.9) in this case (Fig. 1B). Boender et al.

measured this index in a large cohort of VWD patients (type

1, n=328 and type 2, n=211) and found that the index was

1.23 (1.04-1.40) (median, interquartile range) in type 1 and

0.53 (0.29-0.89) in type 2 VWD (34). Thus, it is difficult to

categorize this case as type 1 or 2 VWD. The present pa-

tient had multiple comorbidities, which might have made it

difficult to evaluate the subtype of VWD. Our patient had

hypothyroidism, which is a well-known underlying disease

that causes type 1-like aVWS in association with a decrease

in the synthesis of VWF; however, replacement of thyroid

hormone did not improve APTT (data not shown), thus rul-

ing out the involvement of hypothyroidism in the develop-

ment of aVWS in this case. In addition, Pikta et al. reported

that the proportion of HMWM was 61.2% (approximately

twice that of this case) in aVWS that developed in associa-

tion with autoimmune thyroiditis (35).

Conclusion

We observed a patient with aVWS with multiple comor-

bidities, including MALT lymphoma, IgA monoclonal gam-

mopathy, SjS, hypothyroidism, and hyperviscosity syn-

drome. Treatment of each underlying disease is required in

aVWS with multiple comorbidities. Hyperviscosity associ-

ated with IgA monoclonal gammopathy caused by MALT

lymphoma may play a major role in the development of

aVWS in this case, as the use of rituximab caused remission

of lymphoma and hyperviscosity syndrome in parallel with

improvement in aVWS. Replacement therapy with pdVWF/

FVIII before a lung biopsy was unable to prevent pulmonary

hemorrhaging. Invasive procedures should be avoided in

cases with aVWS with a marked decrease or loss of

HMWM.

The authors state that they have no Conflict of Interest (COI).
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