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Prothrombotic coagulation abnormalities  in
patients with newly diagnosed multiple myeloma

Prothrombotic coagulation abnormalities were
analyzed in patients with untreated multiple
myeloma. Increases in factor VIII, in von
Willebrand factor and a decrease in protein S were
observed and these changes were strongly associ-
ated with disease stage. No difference in baseline
coagulation parameters was found between
patients with and without subsequent venous
thromboembolism.
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Patients with multiple myeloma (MM) are at high risk
for venous thromboembolism (VTE) with reported inci-
dences of this complication being up to 30%, especially
in patients receiving multi-agent chemotherapy and anti-
angiogenic drugs.1 Although the mechanism of VTE has
not been fully elucidated, the first report on altered coag-
ulation factors in MM dates back to 19762 and concerned
an observed increase in factor VIII (FVIII). Elevated von
Willebrand factor (vWF) levels were reported by
Minnema et al.3 and more recently a high incidence of
acquired resistance to protein C has been described.4 In
order to elucidate the mechanism of VTE further, we per-
formed this prospective study to evaluate baseline coag-
ulation parameters in relation to disease stage5 and devel-
opment of clinical VTE in patients with untreated MM.
The Medical Ethical Committee of the Erasmus
University Medical Center approved the study and writ-
ten informed consent was obtained from the participants.
Basic descriptive statistics are provided and the results are
presented as mean ± standard deviation. Differences
between groups were tested using analysis of variance.
Levels of prothrombotic variables in different Intern -
ational Staging System (ISS) were compared using
ANOVA, which takes multiple testing into account
(Bonferroni’s correction with mean correlation=0.40). A p
value below 0.013 is considered statistically significant. 

One hundred and thirty-five consecutive patients with
untreated MM admitted to the Department of
Haematology of the Erasmus Medical Center, an academ-
ic tertiary referral hospital, who were eligible for intensi-
fied chemotherapy followed by high dose melphalan and
autologous stem cell support were included in this study,
as were 124 sex- and age-matched, healthy controls. 
The results of the coagulation variables are presented in

Table 1. The prevalence of factor V Leiden mutation and
G20210A prothrombin gene variant was similar in the
MM patients and in the control group. At baseline the
incidence of lupus anti-coagulant (LAC) was 4% and that
of anti-cardiolipin antibodies (ACA) 6% in the MM
patients. These findings are in accordance with recently
reported incidences.4 Anti-phospholipid antibodies (APA)
were re-tested after 3 months and had disappeared in all
cases. We found  no relationship with the presence of
monoclonal IgG or IgA serum immunoglobulin, seen in
the MM patients, which excludes the possibility that our
findings are due to a cross-reactivity of the monoclonal
IgG and the APA tests. Acquired activated protein C
resistance was observed in only 2% of the patients, which
is a lower incidence than the previously reported 9%.4
FVIII and vWF antigen levels and activity were signifi-

cantly higher in MM patients than in the controls (Table
1). Furthermore, there was a significant correlation
between disease stage according to ISS criteria and levels
of FVIII and vWF, which were highest in stage III (Table
1). The correlation with disease stage according to the
Durie and Salmon classification system was less clear.
The pathogenetic mechanism of the increased levels of
FVIII and vWF is unclear, but may be related to neovas-
cularization in the bone marrow stroma.6 We measured-
protein S using an assay (Staclot® Protein S, Diagnostica
Stago) that is known not to interfere with FVIII when lev-
els are lower than 250%.7 Protein S levels decreased sig-
nificantly with increasing ISS stage. Lower protein S lev-
els may increase the risk of thrombo-embolic complica-
tions in the more severe stages of MM, since protein S
deficiency is known to be associated with VTE. 
The levels of other prothrombotic coagulation factors,

including antithrombin, fibrinogen and D-dimer, were
similar in patients and control subjects, and did not differ

Table 1. Subjects’ characteristics and coagulation variables.

Controls Patients p value ISS p value 
disease stage

Stage I Stage II Stage III

Number 124 135 42 (31%) 75 (56%) 18 (13%)
Age (years) 57 (11.6) 58 (8.4)
Male gender (%) 53 58
vWF Ag (U/mL) 1.17 (0.50) 1.92 (1.13) 0.0001* 1.69 (1.05)* 1.97 (1.10) 2.94 (1.16)* 0.008*
vWF CB (U/mL) 1.27 (0.70)* 1.84 (1.10)* 0.01* 1.73 (1.01)* 1.91 (0.97) 2.72 (1.36)* 0.008*
vWF Rco (U/mL) 1.06 (0.47)* 1.78 (1.08)* 0.0001* 1.60 (0.75)* 1.84 (1.10) 2.60 (1.33)* 0.002*
Factor VIII (U/mL) 1.13 (0.46)* 2.11 (1.15)* 0.001* 1.83 (0.80)* 2.34 (1.17)* 3.17 (1,35)* 0.001*
Protein C activity (U/mL) 0.7-1.4§ 0.95 (0.27) 0.98 (0.28) 0.93 (0.29) 0.88 (0.18) n.s.
Protein S activity (U/mL) 0.7-1.4§ 0.72 (0.25) 0.82 (0.24)* 0.68 (0.20)* 0.59 (0.32) 0.01*
LAC 6 (4%)
APC (ratio) 1,12 (0,20)
ACA IgG 6 (6%)
ACA IgM 0 (0%)
FV Leiden, n (%) 4 (3%) 3 (2%)
FII variant, n (%) 5 (4%) 5 (4%)

*p value (ANOVA), # median (SD), ISS: International Staging System, §Laboratory reference; LAC: lupus anticoagulants; ACA: anticardiolipin antibodies;
APC: activated protein C, # median.



significantly between the ISS stages. 
Thrombo-embolic complications were observed in 14

patients (10%) and occurred most frequently during
induction chemotherapy (Table 2). Thromboprophylaxis,
consisting of low dose molecular weight heparin, was
given to the patients who received the thalidomide-based
regimen. There was no correlation between ISS disease
stage and the development of a VTE. Furthermore, the
coagulation variables prior to chemotherapy did not dif-
fer significantly between the patients who did or did not
develop VTE. However, the number of patients with VTE
in our study is low and these issues should be addressed
in larger cohorts.
In conclusion, our study indicates that not all pro-

thrombotic markers (e.g. D-dimer) were abnormal in
patients with newly diagnosed untreated MM. However,
we observed increases in vWF and FVIII, and  a decrease
in protein S levels. These prothrombotic abnormalities
result in a hypercoagulable state which might promote
the development of thrombo-embolic complications.
Furthermore, we observed a significant difference in rela-

tion to the severity of ISS disease stage. However, no sin-
gle prothrombotic abnormality can be used to predict
which patients will develop VTE. 
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Table 2. Thrombo-embolic complications during therapy.

Patient ISS stage Therapy at time Thrombotic
of thrombosis complication

Female (62 years) I VAD DVT & PE
Male (49 years) II VAD DVT 
Female (45 years) I HDM CVC thrombosis
Male (42 years) I Radiotherapy* DVT
Female (65 years) II VAD PE
Male (56 years) II VAD DVT
Female (58 years) I TAD PE
Male (54 years) II TAD DVT
Male (52 years) I TAD PE
Female (48 years) I TAD DVT
Female (46 years) III CAD CVC thrombosis
Male (44 years) I TAD PE
Male (58 years) I BAD PE
Male (38 years) II BAD DVT

A: adriamycin; B: bortezomib; C: cyclophosphamide; D: dexamethasone;
T: thalidomide; V: vincristine; HDM: high-dose melphalan; CVC: central venous
catheter. *radiotherapy performed prior to induction chemotherapy. DVT: deep
vein thrombosis.
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