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With the introduction of thalidomide and multi-agent chemotherapy in the treatment of multiple myeloma
around 15 years ago a strongly increased risk of venous thrombosis was observed. The occurrence of venous
thrombosis in multiple myeloma is not only determined by the kind of treatment, but also by several other

Aspirin factors, including disease specific factors, patient-specific factors, changes in pro-and anticoagulant factors
LMWH

) and fibrinolysis. Studies showed a prevalence of up to 25% in patients with newly diagnosed multiple
Warfarin d fibrinol Stud howed 1 f to 25% tient: th ly d d Itipl
Thalidomide myeloma. Therefore these patients nowadays receive prophylaxis with aspirin, low molecular weight

heparin or warfarin in order to reduce the risk of venous thrombosis. It is however still debatable which
patients should receive prophylaxis and what the best kind of prophylaxis is, considering both the risk of
thrombosis and the risk of bleeding. In recent years several new anti-myeloma agents have been developed
and investigated in large clinical studies. The risk of thrombosis using these new drugs seems less than with
thalidomide and lenalidomide-based regimens. In this article an update on prevention and management of
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thrombotic events in patients with multiple myeloma is given.
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Introduction

Multiple myeloma (MM) accounts for approximately 15% of all
hematologic malignancies, and around 1% of all malignancies with
an annual incidence of 3-4 cases per 100,000 [1]. The introduction
of high-dose chemotherapy with stem cell support and new anti-
myeloma agents has improved the overall survival from a median
of 30 months obtained with conventional therapy to over 5 years
nowadays, but MM remains incurable [1]. Common complications
observed in MM patients are bone fractures, renal failure and
infections. Around 15 years ago, after the introduction of multi-
agent chemotherapy an increased rate of venous thrombo-embolism
(VTE) was reported. This was especially seen in patients treated with
a combination of high dose dexamethasone, doxorubicin or multi-
agent chemotherapy and thalidomide [2]. In subsequent studies
this was also observed in patients treated with lenalidomide, a
widely used, potent anti-myeloma immune-modulatory drug. The
pathogenesis of the increased risk of VTE is not yet fully understood,
but several mechanisms may contribute to the development of
thrombosis in MM patients. Because of this high incidence of
VTE in MM patients, thromboprophylaxis is now recommended,
mainly during induction treatment, but also in high risk patients
on maintenance therapy [3]. More recently several new anti-
myeloma treatment strategies have been developed in which the
risk of thrombosis seems to be lower than with thalidomide and

* Corresponding author at: Erasmus university Medical Center, Dept of Hematology,
room Na820, P.0. Box 2040, 3000 CA Rotterdam, The Netherlands. Tel: +31-10-
7034935; fax: +31-10-7035814.

E-mail address: f.leebeek@erasmusmc.nl (FW.G. Leebeek).

0049-3848/© 2016 Elsevier Ltd. All rights reserved.

lenalidomide. In this update current strategies for prevention and
management of thrombosis in patients with multiple myeloma will
be discussed.

Epidemiology
Venous and arterial thrombo-embolic complications

In 1999 the first studies were reported showing an increased
incidence of VTE during or shortly after multi-agent chemotherapy
in patients with MM [4]. A VTE incidence of 10% was reported in
newly diagnosed patients receiving a Vincristine/Adriamycin/
Dexamethason regimen or high dose cyclophosphamide [4].
Several reports followed on the high incidence of VTE in patients
with either newly diagnosed, refractory or relapsed MM. Deep vein
thrombosis of the lower extremity is the most frequent occurring
venous thrombotic event. Others include central venous catheter-
related upper-extremity thrombosis, and pulmonary embolism
[5]. The incidence of VTE varies between the different regimens
used to treat MM. As a single agent, thalidomide is associated
with an incidence of VTE of 2% [6]. However, thalidomide in
combination with dexamethasone or in combination with cytotoxic
chemotherapy or dexamethasone increases the incidence to 7-26%
[7-9]. In combination with antracyclines this may even increase
to 10-35% [5,10]. Overall the incidence of VTE is at least twice as
high in patients receiving thalidomide as compared to schedules
without [11]. Lenalidomide is a potent immunomodulatory drug
with a similar structure to thalidomide but functionally more
active. In a multicenter phase 3 trial in relapsed or refractory
MM, thromboembolic events were reported in 4.5% and when
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lenalidomide was combined with dexamethasone this incidence
increased to 8.5% [12]. The proteasome inhibitor bortezomib seems
to be associated with a lower thrombosis risk even when used in
combination with dexamethasone [13.14]. In a comprehensive
review of phase 3 trials of bortezomib, it was shown that VTE rates
were <5%[15]. Not only VTE risk is increased in MM patients, but also
arterial thrombotic complications may occur. In a large prospective
cohort study Libourel et al. found arterial thrombotic complications,
including acute myocardial infarction and ischemic stroke, in 5.6%
of a relatively young cohort of MM patients below the age of 66
years [16]. Most thrombotic complications occurred during the first
few months. This increased risk of arterial thrombosis in multiple
myeloma patients was confirmed by a Swedish study (hazard ratio
1.9 (1.8-2.1) at 1 year after diagnosis) [17]. An increased arterial
thrombotic risk was also observed in patients with monoclonal
gammopathy of undetermined significance [17].

Factors predisposing for thrombosis in multiple myeloma
Disease related factors

Several risk factors for thrombosis in patients with multiple
myeloma include advanced age, a history of thrombosis, obesity
and immobilisation. The most important risk factors for VTE in MM
patients are mentioned in Table 1. Most thrombo-embolic episodes
in multiple myeloma patients are observed in the early course of
treatment and it has been suggested that they may be related to
a high tumor load [18]. Furthermore, the release of inflammatory
cytokines, especially interleukin-6 may alter the coagulation
mechanism into a hypercoagulable state [19]. Other independent
risk factors reported to be associated with VTE in multiple myeloma
patients include newly diagnosed status, presence of chromosome
11 abnormalities; light-chain disease and elevated C-reactive
protein (CRP) [7].

Treatment-related factors

As mentioned above also the kind of treatment, such as the use
of immunomodulatory drugs (e.g. thalidomide and lenalidomide)
in combination with chemotherapy predisposes to thrombosis.
Thalidomide use results in higher levels of factor VIII (FVIII) and von
Willebrand factor (VWF), which may predispose to VTE [20]. The
use of high dose dexamethasone increases circulating P-selectin and
also VWF and FVIII levels [21]. Doxorubicin induces a procoagulant
phenotype on endothelial cells and monocytes and increased
plasma thrombin generation [22]. Bortezomib has an inhibitory
effect on platelet aggregation induced by ADP, which may have an
antithrombotic effect. and might therefore also explain the lower
incidence of VTE in bortezomib treated patients [23,24]. Zangari
et al. observed a significant decrease in epinephrine and ristocetin
induced platelet aggregation after treatment with bortezomib, as
well as reduced expression of P-selectin at the platelet surface [25].
Recombinant erythropoietin therapy may also be associated with
VTE in multiple myeloma patients with an odds ratio of 2.5 (1.4-4.3)
[26].

Changes in coagulation and fibrinolysis

In patients with MM several coagulation changes occur that
may lead to a hypercoagulable state, such as increased von VWE/
FVIII levels and acquired resistance to activated protein C (APC)
[20,27]. We have previously shown in a cohort of 135 MM patients
that both VWF and FVIII:C were strongly increased at diagnosis of
multiple myeloma [28]. In a longitudinal follow-up study during
and after chemotherapy these coagulation abnormalities remained
after initiating therapy, irrespective of the chemotherapeutic

regimen given. Fibrinogen levels were also strongly increased
at diagnosis and during follow-up especially in patients treated
with thalidomide compared to those treated with bortezomib or
vincristine [29]. Acquired APC resistance has also frequently been
observed in multiple myeloma patients and this might also be
associated with the occurrence of venous thrombosis [27]. Inherited
thrombophilic factors, including Factor V Leiden mutation and the
prothrombin gene mutation, seem to play only a marginal role in the
pathogenesis of multiple myeloma-related VTE [28,30]. In a recent
comprehensive assessment of coagulation and endothelial stress
markers in patients with MM and treatment with lenalidomide
in combination with dexamethasone, Rosovsky et al. found that
dexamethasone induces endothelial stress especially when given as
pulse therapy. They suggest that the combination of lenalidomide
and dexamethasone induces the coagulation cascade by leading
to increased fibrinogen and P-Selectin [31]. Various studies have
shown that impaired fibrinolysis is a risk factor for both venous
and arterial thrombosis [32]. The fibrinolytic capacity, determined
by measuring by clot lysis time, was not different at diagnosis in
multiple myeloma patients compared to healthy controls. However
during induction treatment with thalidomide or vincristin-based
combination chemotherapy fibrinolysis is impaired, which may
contribute to the increased thrombosis risk during the first months
after start of treatment [33].

An association between microparticle-associated tissue factor
(MP-TF) activity and venous thrombosis has been observed in
patients with malignancies [34]. MP-TF activity levels are increased
in patients with MM at diagnosis compared to healthy controls. The
MP-TF activity levels in these patients decreased after induction
chemotherapy. In patients experiencing VTE during or following
treatment of MM, MP-TF activity levels did not decrease in contrast to
the non-VTE patients in whom MP-TF activity decreased significantly
[35]. The persistent high levels of MP-TF activity measured after
induction treatment in patients who had developed VTE suggests
a pathogenetic role for the development of venous thrombosis in
patients with MM, however a causative role of MP-TF activity in the
development of VTE should be investigated in larger studies [35].

Other factor contributing to VTE

Genetic predisposition for thrombosis due to single nucleotide
polymorphisms (SNPs) or certain haplotypes may also be a risk
factor for the development of thrombosis in MM patients. In a large
cohort of MM patients treated with thalidomide several SNPs in
genes and pathways important in drug transport, drug metabolism,
DNA repair and cytokine balance, were associated with the risk of
VTE [36]. This suggests that VTE risk in MM patients is also mediated
by alternative mechanisms, such as response to DNA damage and
cytokine mediated apoptosis. In the same study it was shown that
a limited number of SNPs analysed together can predict the risk of
VTE. This might be clinical useful for a tailored prophylaxis with
anticoagulants. In a more recent study in 200 MM patients it was
shown that in patients who received aspirin as VTE prophylaxis a
SNP in NFkB1 was associated with a 3.8-fold (95% CI 1-16) increased
risk of VTE [37].

Prophylaxis of thrombotic complications in multiple myeloma

The high rates of venous thrombo-embolic complications has
led to the introduction of prophylactic anticoagulant therapy. The
optimal antithrombotic regimen in MM patients is still debated.
Several randomized trials have recently been published to investigate
whichregimen is optimal to prevent VTE in patients with MM treated
with multi-agent chemotherapy [11,38]. Palumbo et al. compared
aspirin (100 mg), fixed-dose warfarin (1.25 mg) and enoxaparin
(40 mg) in 667 patients with MM treated with thalidomide. They
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Table 1
Risk factors for venous thrombosis in multiple myeloma patients

Pro-coagulant related changes in MM

MM related factors Patient related factors Treatment related factors or during treatment

Hyperviscosity History of VTE Multi agent chemotherapy High FVIII and VWF levels

Newly diagnosed disease Immobility Use of thalidomide High P-Selectin levels

Renal failure High age Use of lenalidomide Increased fibrinogen

CRP Obesity High-dose dexamethasone Increased MP-associated tissue factor
Chromosome 11 abnormalities Paraplegia Use of pomalidomide activity

Light-chain disease Genetic predisposition for VTE Recombinant erythropoietin Hypofibrinolysis

Acquired protein C resistance
Decreased protein S levels

observed 6.5% serious VTE, arterial thrombotic events or death
within 6 months. Aspirin and warfarin showed similar safety and
efficacy compared to LMWH [39]. Larocca et al. investigated the use
of aspirin versus enoxaparin in newly-diagnosed multiple myeloma
patients treated with lenalidomide and low-dose dexamethasone
induction therapy and melphalan-prednisone-lenalidomide con-
solidation treatment [40]. In this study patients received either 100
mg aspirin or 40 mg enoxaparin s.c. daily. They found an overall
incidence of less than 2% of venous thrombosis, and no significant
differences between the two groups regarding efficacy and safety.
The International Myeloma Working Group (IMWG) recommended
thromboprophylaxis in myeloma patients receiving thalidomide or
lenalidomide in combination with steroids of chemotherapy [3]. The
choice of prophylaxis should be tailored to the presence of standard
individual risk factors that may increase the risk of VTE (obesity,
age, history of VTE, central-venous catheter, co-morbidities, surgical
procedures and inherited thrombophilia), myeloma related risk
factors (previously untreated myeloma and/or hyperviscosity) and
therapy related risk factors (dexamethasone and/or doxorubicin).
Aspirin is advised in low-risk patients, such as those with no risk
factor or one individual/myeloma-related risk factor. Prophylactic
dose LMWH of full-dose warfarin is recommended in the presence
of at least two individual/myeloma-related risk factors or to be
considered in all patients who receive high-dose dexamethasone or
doxorubicin or multiagent chemotherapy [3]. In the 2015 guidelines
of the European Myeloma Network for the management of multiple
myeloma-related complications, thromboprophylaxis was advised
in case of treatment with thalidomide and lenalidomide: with one
or two risk factors aspirin 100 mg daily; in case of more risk factors
LMWH or full-dose warfarin [41]. The duration of prophylaxis
should be at least 4 to 6 months, but should be continued in those
individuals with ongoing risk factors [42].

Most studies so far have focused on the prevention of venous
thrombosis rather than on arterial thrombosis. Aspirin may be
effective for both and seems to be relatively safe with regards to
bleeding complications. Whether aspirin is superior to LMWH or
warfarin in preventing arterial thrombotic complications in patients
treated for multiple myeloma has not been studied.

In 2013 Leleu et al. reported real-world data on a large cohort
of 524 MM patients treated with immunomodulatory drugs.
Thromboprophylaxis was given according to a risk assessment level,
but despite this 7% of patients treated with aspirin, 3% on LMWH
and 0 % of patients on VKA developed venous thrombosis [43].
Another study on real-world data on prophylaxis in 211 patients
with MM indicated that 182 received thromboprophylaxis, of
whom 57% aspirin, 23% LMWH and 20% other drugs. Of these 211
patients 11 developed VTE (5.7%) [44]. Despite the fact that most
guidelines recommend that risk-adapted thromboprophylaxis
should be given especially during the first four months of treatment,
also during follow-up and maintenance therapy thrombosis may
occur. In a recent study on thrombotic complications in patients on
maintenance therapy with thalidomide and prednisone thrombosis
occurred in 8 of 160 patients (5%) [45]. Slightly lower rates were

reported by Benboubker et al. with lenalidomide/dexamethasone
maintenance therapy in transplant ineligible MM patients and
the risk seemed to decline over time (before or after 6 months of
maintenance) [46]. In patients undergoing autologous transplant for
MM a prevalence of 3.7 vs 4.6 % was observed with 100 days after
ASCT, which indicates that the risk of thrombosis is not restricted to
the period of induction therapy, but may also occur in later stages
of treatment [47].

Thrombosis and thromboprophylaxis with newer anti-myeloma
agents

Inone of the firststudiesin patients treated with pomalidomide for
refractory or relapsed MM, an incidence of thrombosis was reported
in 2% of patients with pomalidomide and low-dose dexamethasone
and 3% in patients who were treated with pomalidomide alone. In
this study thromboprophylaxis consisted of low dose aspririn 80-
100 mg per day [43]. In a study by San Miguel et al. pomalidomide
was given in combination with low or high dose dexamethasone
and VTE (DVT or PE) occurred in 2% in the low dose dexamethasone
group and 1% in the high dose dexamethasone group. All participants
used antithrombotic prophylaxis in that study. Only a few (1 and
0%, respectively) of these VTE were graded as grade 3-4 severity
[48]. Based on these findings an expert panel recommended to give
prophylactic antithrombotic measures after assessing individual
patient’s underlying risk factors. In patients with standard risk
(i.e. no risk factors present) they recommend aspirin prophylaxis
continuous for the duration of pomalidomide (and dexamethasone)
treatment and in patients with high risk LMWH is advised for a
minimum of 4 months of pomalidomide (dex) therapy. Then DVT
risk should be reassessed and if risk factors are no longer present,
prophylaxis can be switched to aspirin continuously [49].

In a recent study using a chimeric antibody against cd19 as
anti-myeloma treatment no thrombosis was observed. In studies
employing daratumumab (anti-cd38) no thrombotic complications
were reported [50]. In a study with elotuzumab, thromboprophylaxis
was given at discretion of the investigator and fatal PE occurred in 1
patient in the control group and one in the intervention group [51].In
patients treated with carfilzomib in combination with lenalidomide
and dexamethasone, rates of DVT (1.8%) and PE (3.1%) were also
very low, but all these patients received thromboprophylaxis. In
the control groups without receiving carfilzomib these rates were
similar (1.0 and 2.3, respectively) [52]. It can be concluded that the
newer anti-myeloma drugs that are given to patients with relapsed
or refractory MM are associated with a low rate of thrombotic
complications. In most of these studies thromboprophylaxis was
employed with aspirin.

Treatment of thrombeotic complications in multiple myeloma
The optimal treatment of venous thrombosis in multiple

myeloma patients it is yet unknown. Both vitamin K antagonists and
LMWH can be used for long-term treatment. Based on the findings
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of large studies in cancer-associated VTE, it is recommended to use
of therapeutic dose of subcutaneous low-molecular weight heparin
for at least 6 months [53]. In these studies only a limited number
of patients with haematological cancers were included. For the
total study group the risk of recurrent VTE during LMWH treatment
was reduced by around 50% compared to vitamin K antagonists
(VKA). Similar findings were recently obtained in the CATCH trial,
although the superior efficacy of LMWH (Tinzaparin) versus VKA
was not confirmed [54]. In a recent study dalteparin was found to be
effective in treatment of patients with MM and thrombosis. Venous
thrombosis developed in 52 of 549 MM patients, of whom 48 were
treated with dalteparin. After a median follow-up of 9.0 months
(range, 0.7-35.8) since the first VTE episode, five patients showed
recurrence of VTE [48]. In patients with cancer and anticoagulant
therapy the risk of bleeding may be considerable, and should be
balanced against the risk of recurrent thrombosis. Long-term
treatment with LMWH seems to be associated with a lower bleeding
rate than that observed in the initial 6 months of LMWH treatment
[55]. Therapeutic anticoagulant treatment should be continued in
case of active myeloma [56].

In recent years direct acting oral anticoagulants (DOACs),
including both direct thrombin inhibitors (dabigatran) and Xa-
inhibitors (rivaroxaban, apixaban and edoxaban) have been
registered for the treatment of venous thrombosis [57]. Only a
limited number of patients with cancer-associated thrombosis have
been included in those trials. Therefore it is not yet recommended
to prescribe DOACs for these patients [58]. This also applies for
patients with MM-associated venous thrombosis.

Conclusions

Multiple myeloma is associated with a high risk of venous
thrombosis. The pathogenesis of VTE in MM is multifactorial.
Currently we have no biomarker that predicts thrombosis in these
individuals and multiple factors should be taken in to account in
assessing the thrombosis risk. Based on the risk profile, prophylactic
measures should be taken, such as aspirin or LMWH [3,41]. The
newer anti-myeloma agents may be associated with a lower
thrombosis risk, but this should be confirmed in larger prospective
studies. The first choice of drug for the treatment of MM-associated
thrombosis is LMWH in therapeutic doses. DOACs should not yet be
prescribed because of the lack of data and randomized studies in
cancer-associated thrombosis.
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