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Low levels of von Willebrand markers associate with high
serum IgM levels and improve with response to therapy, in
patients with Waldenstrom macroglobulinaemia

Waldenstrom macroglobulinaemia (WM) is a rare lymphoma
characterized by the accumulation of malignant IgM-secreting
lymphoplasmacytic cells in the bone marrow and other organs
(Swerdlow et al, 2016). Recurrent MYD88 and CXCR4 muta-
tions define the genomic landscape of WM (Hunter et al,
2017). Acquired von Willebrand disease (VWD) has been
described in patients with WM (Mazurier et al, 1980), and a
retrospective study suggested that high von Willebrand factor
(VWE) levels might be prognostic in patients with WM (Hivert
et al, 2012). However, the clinical characteristics and outcomes
to therapy of WM patients with low levels of VWF antigen
(VWF:Ag), VWF activity (Ristocetin cofactor; VWF:RCo) and
factor VIII (FVIII) have not been extensively studied.

We carried a retrospective study in newly diagnosed WM
patients seen at our institution who were tested for VWF:Ag,

VWEF:RCo and FVIII levels (VW markers). Low VW markers
levels were defined as below 50%. Logistic regression models
were fitted to evaluate the association of clinical factors and
low VW markers. We also evaluated the association of
response to therapy on VW markers using linear regression
models. Categorical response to therapy was defined using
current guidelines (Owen et al, 2013). MYD88 mutation was
evaluated using polymerase chain reaction techniques and
CXCR4 mutations using Sanger sequencing (Hunter et al,
2014; Xu et al, 2014). MYD88 and CXCR4 genotyping has
been routinely performed at our centre since 2013, but it is
not available in all patients.

A total of 320 WM patients were tested due to reported
signs of bleeding or easy bruising, of whom 49 (15%)
showed low levels of VW markers. The median serum IgM

Table I. Patient’s characteristics and logistic regression models evaluating the association of clinical factors and low levels of VW markers in

Waldenstrom macroglobulinaemia.

Patient characteristics Total (n = 320) Normal VW markers (n = 271) Low VW markers (n = 49) P-value
Age >65 years 170 (53%) 148 (55%) 22 (45%) 021
Male sex 180 (56%) 148 (55%) 32 (65%) 0-17
WBC count >6 x 10%1 149 (47%) 135 (50%) 14 (29%) 0-006
Haemoglobin <100 g/1 67 (21%) 53 (20%) 14 (29%) 0-15
Platelet count <100 x 10°/1 15 (5%) 14 (5%) 1 (2%) 0-34
Bone marrow >50% 146 (46%) 123 (45%) 23 (47%) 0-84
Serum IgM <30 g/l 173 (54%) 169 (62%) 4 (8%) <0-001
Serum IgM 30-59-99 g/1 108 (38%) 85 (31%) 23 (47%)

Serum IgM >60 g/l 39 (12%) 17 (6%) 22 (45%)

MYDS88 mutation* 120/125 (96%) 95/99 (96%) 25126 (96%) 0-96
CXCR4 mutation* 57/125 (46%) 37/99 (37%) 20/26 (77%) <0-001

Univariate analysis Multivariate analysis

Regression analyses OR (95% CI) P-value OR (95% CI) P-value
Age >65 years 0-67 (0-37-1-25) 0-21 0-52 (0-25-1-08) 0-08
Male sex 1-56 (0-83-2-95) 0-17 1-18 (0-55-2-52) 2-52
WBC count >6 x 10%/1 0-40 (0-21-0-78) 0-007 0:69 (0-32-1-49) 0-35
Haemoglobin <100 g/1 1-65 (0-83-3-28) 0-16 1-38 (0-57-3-35) 0-48
Platelet count <100 x 10°/1 0-38 (0-05-2-98) 0-36 0-40 (0-04—4-17) 0-44
Bone marrow >50% 1:06 (0-58-1-96) 0-84 0-61 (0-29-1-30) 0-20
Serum IgM 30-59-99 g/1 11-4 (3-83-34-1) <0-001 11-8 (3-88-36-1) <0-001
Serum IgM >60 g/l 54-7 (16:9-1773) <0-001 53.9 (15-5-187-5) <0-001
MYD88 mutation* 1:05 (0-11-9-84) 0-96

CXCR4 mutation* 5-59 (2-06-15-2) 0-001

*MYD88 and CXCR4 mutational status was not included in the multivariate analysis (n = 125 observations).
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level in patients with low VW markers was 56-6 g/l (range
18-103 g/l) and 22-7 g/l (range 0-25-110 g/l) in patients with
normal VW markers (P < 0-001). Patients with low VW
markers were more likely to have serum IgM levels 30-59-99
and >60 g/l (Table I). In the univariate logistic regression
analysis, serum IgM level 30-59:99 and >60 g/l were
associated with increased odds of low VW markers. In the
multivariate logistic regression analyses, only serum IgM
levels 30-59-99 and >60 g/l were independently associated
with increased odds of low VW markers (Table I).

In the subset of patients who had genomic testing
(n = 125), patients with low VW markers were more likely
to carry CXCR4 mutations (77% vs. 37%, P < 0-001) than
patients with normal VW markers. Of these, 44 patients
(77%) had nonsense (NS) and 13 (22%) had frameshift (FS)
mutations. Univariate analysis associated CXCR4 mutations
with higher odds of low VW markers (odds ratio [OR] 5-59,
95% confidence interval [CI] 2-06-15-2, P = 0-001). The
odds of VWD were higher in CXCR4 NS-mutated patients
(OR 7-85, 95% CI 2-81-22-0; P < 0-001) than on CXCR4 FS-
mutated patients (OR 0-86, 95% CI 0-09-7-81; P = 0-89).
After adjusting for serum IgM level, CXCR4 mutations were
independently associated with higher odds of low VW mark-
ers (OR 4-07, 95% CI 1-31-12-7, P = 0-016), and CXCR4 NS
patients had higher odds of VWD (OR 4:67, 95% CI 1-46—
14.9; P = 0-01) than CXCR4 FS patients (OR 1-24, 95% CI
0-10-14-8; P = 0-86).

Of 18 patients with low VW markers who received therapy
for WM, six patients (33%) received proteasome inhibitors/
rituximab, 5 (28%) alkylators/rituximab, 5 (28%) ibrutinib
and 2 (11%) rituximab alone. At best response, the median
serum IgM level decreased, from 62-41 g/l (range 33-47-
103 g/l) to 22-74 g/l (range 4-06-61 g/1), the median VWEF:
Ag level had increased, from 21% (range 5-49%) to 64%
(range 15-200%), the median VWF:RCo level had increased,
from 23% (range 9-41%) to 58% (range 19-196%), and the
median FVIII level had increased, from 21% (9-43%) to
57% (30-183%) (P < 0-001 for all comparisons). Linear
regression models associating change in serum IgM and
change in VW markers are shown in Fig 1. The association
between change in serum IgM and change in VW markers
remained significant after adjusting for baseline VWEF:Ag,
VWE:RCo and FVIII levels, and after removing outlier obser-
vations (data not shown). Three patients (17%) achieved
very good partial response (VGPR), 6 (33%) partial response
(PR), 8 (44%) minor response (MR) and 1 (11%) stable dis-
ease. After therapy, 14 patients (78%) had normalized VW
markers. In patients achieving VGPR, PR and MR, changes
in serum IgM were —90%, —66% and —34%, while VWF:Ag
changes were +700%, +225% and +95%, VWF:RCo changes
were +427%, +173% and +102%, and FVIII changes were
+650%, +261% and +95%, respectively (P < 0-001 for trend
in each category).

Our study shows that 15% of WM patients tested had
low VW markers. Given that not all patients were tested,
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Fig 1. Linear regression models associating changes in serum IgM
level and changes in levels of VW markers (A) von Willebrand factor
antigen (VWF:Ag), (B) von Willebrand factor activity (VWF:RCo)
and (C) factor VIII, in patients with Waldenstrom macroglobuli-
naemia who were treated and responded to therapy. [Colour figure
can be viewed at wileyonlinelibrary.com]

the incidence reported here is probably an overestimate.
Our study suggests that low VW markers were associated
with  higher serum IgM However, not all
patients with high IgM levels had low VW markers,

levels.
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suggesting that the development of low VW markers is
not purely dependent on IgM levels. Therefore, other fac-
tors must contribute to the development of low VW
markers in WM patients, such as selective VWF adsorption
on malignant cells, increased VWEF proteolysis, production
of anti-VWF antibodies and VWF and FVIII activation
associated with increase in serum viscosity due to increased
serum IgM level, or there could be interactions between
VWF and FVIII with the IgM molecule itself (Michiels
et al, 2001).

In a subset analysis, we identified increased odds of low
VW markers in patients with CXCR4 mutations. We had
previously showed that CXCR4 mutations were associated
with hyperviscosity (Gustine et al, 2017). In the present
study, CXCR4 mutations were associated with 4-fold
increased odds of low VW markers after adjusting for serum
IgM levels. This finding deserves attention as it could have
therapeutic implications. Ibrutinib is the only medication
approved for the treatment of WM. In WM patients with
CXCR4 mutations, however, responses are slower and more
superficial (Treon et al, 2015). Ibrutinib affects platelet
aggregation and could increase the risk of bleeding in WM
patients with low VW markers. We recommend screening for
VW markers in WM patients with complaints of easy bruis-
ing or mucocutaneous bleeding. Finally, our study shows that
response to therapy improves VW markers in WM patients.
The degree of improvement correlates with the depth of the
response.
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Prevalence and survival of smouldering Waldenstrom
macroglobulinaemia in the United States

Smouldering Waldenstrom macroglobulinaemia (SMW), also
known as asymptomatic/indolent WM, is clinically-defined as
WM (serum monoclonal IgM >30 g/l and/or >10% bone
marrow lymphoplasmacytic infiltration) without end-organ
damage (anaemia, constitutional symptoms, hyperviscosity,
lymphadenopathy or hepatosplenomegaly). The diagnosis of
SWM is often incidental; active surveillance is recommended
and treatment is not indicated (Kapoor et al, 2017). The Inter-
national Classification of Diseases (ICD) does not recognize
SWM as a separate entity. Thus, studies of WM do not account
for SWM, which may influence their results. Also, epidemio-
logical studies are difficult to perform and the actual prevalence
of SWM in the United States of America (USA) is not known.
The National Cancer Database (NCDB) is a joint program
between the Commission on Cancer (CoC) and American
Cancer Society, receiving oncology outcomes from >1500
CoC-accredited hospitals and capturing ~70% of all newly-

diagnosed cancer cases. It is the largest public cancer database
in the USA that includes patient characteristics, tumour his-
tology, type and timing of the first-line treatment. An annual
90% follow-up-rate is required and survival outcomes are
released after at least 5 years of follow-up (Boffa et al, 2017).
Using the 20042012 database, we identified 10539 adult
cases of WM by the ICD-O histology codes 9761 (WM) and
9671 (lymphoplasmacytic lymphoma). After excluding cases
with inadequate follow-up (N = 1147) or different reporting/
treating facility (N = 1080), 8302 cases of WM were included
in this study. We used the time-to-initial-treatment or reasons
for not receiving treatment to create an algorithm (Fig 1) to
categorize WM by disease status: smouldering, active or
unknown (Ravindran et al, 2016). Patients who were recom-
mended to receive treatment (irrespective of administration
status) or died <120 days from diagnosis were classified as
active WM; while those who were not recommended treatment

Surgery, systemic therapy or radiotherapy given or recommended
within 120 days of diagnosis (regardless of administration*)?

|_I

Yes

Active WM

Status of surgery, systemic therapy or radiotherapy

|
Known
|

>120 days of follow-up?

—

Yes No or unknown

|
Unknown
|

Dead within 120 days**?

—

Yes No or unknown

Alive or uncertain

Active WM

|_ Active WM

Fig 1. Algorithm used to identify smouldering cases of Waldenstrom macroglobulinaemia (WM) from the National Cancer Database (NCDB).
*Reasons for not administering treatment included co-morbidities, advanced age, patient refusal or death before treatment initiation. **NCDB
does not capture cause of death, therefore death within 120 days of diagnosis was considered to be due to active disease. [Colour figure can be

viewed at wileyonlinelibrary.com]
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