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A B S T R A C T

Patients with multiple myeloma are at increased risk of venous thromboembolism (VTE)

compared to the general population. The introduction of immunomodulatory agents, such

as thalidomide and lenalidomide, substantially increases the incidence of VTE in multiple

myeloma patients, especially when used in combination with high-dose dexamethasone

and/or anthracycline-based chemotherapy. Thromboprophylaxis is recommended for

reducing VTE in patients receiving immunomodulatory agent-based regimens. On the

other hand, bortezomib, a proteasome inhibitor, is not associated with an increased risk

of VTE, as observed by a very low incidence of thrombotic complications in the absence

of thromboprophylaxis. Currently, the mechanisms underlying the impact of these agents

on VTE are not well-understood. Further studies to investigate the pathogenesis of VTE in

multiple myeloma are warranted. These studies may not only yield greater insight into the

pathogenesis of disease but may also define novel targets for the prevention and treatment

of thromboembolic events in patients with multiple myeloma.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Multiple myeloma is a clonal plasma cell neoplasm account-

ing for 15% of haematologic malignancies and 1% of all can-

cers. There are approximately 20,000 new cases and 10,000

estimated deaths per year in the United States.1,2 Multiple

myeloma remains an incurable disease, but the advent of no-

vel agents, such as immunomodulatory drugs (IMiDs) and

proteasome inhibitors, has significantly improved clinical

outcomes including survival.3 However, IMiD administration

has been associated with a remarkable rise in the incidence

of thromboembolic events.4,5 Although a recent retrospective

study demonstrated that venous thromboembolism (VTE)
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development in patients with multiple myeloma who re-

ceived lenalidomide and high-dose dexamethasone did not

affect overall survival and time to progression, this may be

explained by the favourable impact of lenalidomide on sur-

vival.6 Furthermore, despite the absence of data that VTE im-

pacts survival in multiple myeloma, it could certainly have an

impact on the quality of life and the cost of treatment.

Previously, thromboembolic events were less emphasised

than bleeding complications in patients with haematologic

malignancy. However, a recent large population-based study

demonstrated that patients with haematologic malignancy,

especially multiple myeloma, carry the highest risk of

VTE – up to 28-fold compared to persons without malignancy
.
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– followed by lung cancer and gastrointestinal cancer.7 Fur-

thermore, a large hospital-based study of deep vein thrombo-

sis (DVT) risk during the pre-era of novel therapies for

multiple myeloma that included more than 4 million hospita-

lised veterans demonstrated that plasma cell disorders were

associated with an increased risk of DVT.8 The crude DVT rate

after diagnosis of monoclonal gammopathy of undetermined

significance (MGUS) and multiple myeloma was 3.1 per 1000

person-years (relative risk [RR] = 3.3, 95% confidence interval

[CI], 2.3–4.7), and 8.7 per 1000 person-years (RR = 9.2, 95% CI,

7.9–10.8), respectively, compared to 0.9 per 1000 person-years

of the general population of hospitalised veterans.

MGUS is a benign clonal plasma cell disorder that can pro-

gress to multiple myeloma. However, a prospective study

demonstrated that patients with MGUS were at increased risk

for VTE. The incidence of VTE in this cohort was 6.1% after a

median follow-up of 44 months.9 Collectively, these findings

indicate the presence of a ‘hypercoagulable state’ in patients

with clonal plasma cell disorders.8,10

2. Epidemiology of thrombotic complications
of therapeutic agents in multiple myeloma

Prior to the era of novel therapies, melphalan, corticosteroids

and anthracyclines were commonly employed drugs used in

the treatment of multiple myeloma. Although these drugs

ameliorate clinical symptoms, they do not significantly im-

prove survival. Thromboembolism was not recognised as a

major complication of multiple myeloma until the advent of

IMiDs. As a basis for comparison, the incidence of VTE in mul-

tiple myeloma patients in both newly diagnosed and relapsed/

refractory cases receiving common conventional therapies,

such as melphalan–prednisone, dexamethasone and vincris-

tine–doxorubicine–dexamethasone, was 27% in the absence

of thromboprophylaxis.13,14,16–25 Thalidomide, the first IMiD

available for the treatment of multiple myeloma, was intro-

duced in 1999, followed by lenalidomide in 2002.11 The advent

of these novel agents has significantly improved survival in

multiple myeloma both in the recent diagnosis and in the re-

lapsed/refractory setting.3 However, early phase clinical trials

evaluating the efficacy and safety of IMiDs demonstrated a

very high incidence of VTE. Subsequently, various thrombo-

prophylactic agents have been incorporated into IMiD-based

treatment protocols.12–15 By contrast, bortezomib, a protea-

some inhibitor, was found to improve patient outcomes with-

out an increased incidence of VTE.

2.1. Thalidomide

Thalidomide itself increases the risk of VTE only modestly.

The incidence of VTE in multiple myeloma patients receiving

thalidomide alone was 5% or less in patients with both newly

diagnosed and relapsed/refractory diseases.26–30 A recent

meta-analysis demonstrated that thalidomide, dexametha-

sone and their combination increased the risk of VTE among

multiple myeloma patients by 2.6-, 2.8- and 8-fold, respec-

tively.4 In other studies, the combination of thalidomide and

dexamethasone in the absence of thromboprophylaxis in-

creased the incidence of VTE to 11.5–26% in newly diagnosed

multiple myeloma patients,13,20–22,31 and to 2–8% in relapsed/
refractory cases.32,33 The combination of anthracycline and

thalidomide was associated with the higher VTE rates, vary-

ing from 1058% in the absence of thromboprophylaxis.12,34–37

2.2. Lenalidomide

Lenalidomide, a member of the second generation of IMiDs,

showed significant activity in multiple myeloma with encour-

aging results in phase I and phase II clinical trials. The inci-

dence of VTE in relapsed/refractory multiple myeloma

patients receiving lenalidomide alone was 3–5%.38,39 However,

the combination of lenalidomide and high-dose dexametha-

sone in the absence of thromboprophylaxis elevated the

VTE rate to 26–75% in newly diagnosed multiple myeloma pa-

tients15,40 and to 11–15% in relapsed/refractory patients.24,25

Data presented from a phase III study of lenalidomide in com-

bination with high-dose versus low-dose dexamethasone in

newly diagnosed multiple myeloma patients demonstrated

that the dose of dexamethasone was significantly associated

with the risk of thrombosis. In this study, the incidence of

VTE in patients receiving lenalidomide plus low-dose dexa-

methasone was 12%, whereas the incidence was increased

to 26% in patients receiving the combination of lenalidomide

and high-dose dexamethasone.40

2.3. Bortezomib

Bortezomib is the first proteasome inhibitor approved for the

treatment of multiple myeloma. A clinical trial demonstrated

very promising outcomes in relapsed/refractory multiple

myeloma patients, leading to its rapid approval by the US

FDA.41 Subsequent studies demonstrated an improvement

in patient outcomes in both newly diagnosed and relapsed/

refractory settings. Notably, the incidence of VTE in patients

receiving bortezomib with other therapeutic agents in the ab-

sence of thromboprophylaxis was less than 4%.18,23,42–50

These findings suggest that IMiDs promote the development

of thrombosis, whereas bortezomib may paradoxically pro-

vide a protective advantage against the thrombogenic poten-

tial of other drugs and underlying disease state (Fig. 1).

2.4. Erythropoietic stimulating agents

Erythropoietic stimulating agents (ESAs) are commonly used

for ameliorating anaemia in patients with cancer, including

multiple myeloma. However, several large clinical trials and

meta-analyses have demonstrated that ESA administration

is associated with an increased incidence of VTE as well as

mortality in cancer patients.51,52 A retrospective analysis from

a phase III clinical trial demonstrated that concomitant ESA

therapy was an independent risk factor for VTE in patients

with multiple myeloma. Concomitant ESA therapy increased

the incidence of VTE from 5% to 23% in multiple myeloma pa-

tients receiving lenalidomide plus high-dose dexamethasone

and from 1% to 7% in patients receiving high-dose dexameth-

asone alone.53 Furthermore, ESA administration was signifi-

cantly associated with poorer clinical outcomes including

overall survival and progression-free survival in multiple

myeloma.54 Although other studies did not support the detri-

mental impact of ESAs on clinical outcomes, ESAs should be



Fig. 1 – The incidence of VTE in newly diagnosed multiple

myeloma patients receiving treatment without thrombo-

prophylaxis. (A) High-dose dexamethasone-containing

regimens.13,15,16,20–22,31,40,42,44,46 (B) Melphalan-prednisone-

containing regimens.14,16–18,109 (C) Anthracycline-contain-

ing regimens.12,13,19,20,34–36,44,45,50 Dex: dexamethasone,

Thal and T: thalidomide, Len and R: lenalidomide (revli-

mid�), Vel and V: bortezomib (Velcade�), M: melphalan, P:

prednisone, VAD: vincristine, doxorubicin, dexamethasone,
*low-dose dexamethasone, **aspirin 100 mg/day as a

thromboprophylaxis, –dexamethasone, vincristine and

pegylated liposomal doxorubicin, £newly and relapsed/

refractory patients, qnewly diagnosed patients, qqrelapsed/

refractory patients.
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prescribed with high caution in patients with multiple myelo-

ma.55,56 Recently, the American Society of Hematology/the

American Society of Clinical Oncology published updated

clinical practice guidelines of ESA therapy in patients with

cancer.57

3. Mechanisms of venous thromboembolism
in multiple myeloma

The mechanisms of VTE in multiple myeloma have not been

well established either in vitro or in vivo. Several studies demon-
strate that surgery, hospitalisation, central venous catheters,

prior history of VTE and medical co-morbidities are risk factors

for VTE in cancer patients.58 However, there is a limited evi-

dence supporting the impact of these factors on VTE risk in

multiple myeloma patients. One large retrospective study

demonstrated that a previous history of VTE, family history

of VTE and a known hypercoagulable state were correlated

with VTE development in patients with multiple myeloma,

while by univariate analysis history of VTE, family history of

VTE and immobilisation were risk factors in patients with

MGUS.9 Another retrospective study demonstrating factors

independently associated with an increased risk of VTE were

light chain disease, a recent diagnosis of multiple myeloma,

therapy with thalidomide, high CRP levels and acquired acti-

vated protein C resistance.59 Hypothesised mechanisms in-

clude underlying genetic thrombophilia, the prothrombotic

state associated with multiple myeloma itself, impairment of

endogenous anticoagulation and fibrinolytic pathways and

thrombogenic potential of treatment (Fig. 2). The evidence for

each of these possible mechanisms will be reviewed in brief.

3.1. Genetic risk factors for VTE

Cancer patients who carry the factor V Leiden mutation have

a 12-fold increased risk of VTE compared with individuals ab-

sent for both conditions.7 However, there have not been large

studies evaluating a connection between inherited risk fac-

tors and the development of VTE in multiple myeloma.

A recent study analysing 3400 single nucleotide polymor-

phisms (SNPs) in multiple myeloma patients after thalidomide

exposure identified several SNPs associated with an increased

risk of thalidomide-associated VTE, including SNPs associated

with genes involved in the pathways of drug transport/metab-

olism, DNA repair and cytokine balance such as CHEK1, XRRC5,

LIG1, ERCC6, NFKB1, TNFRSF17 and CASP3.60 These findings

encourage further studies to investigate genetic risk factors

contributing to the pathogenesis of multiple myeloma and

VTE in patients receiving thalidomide, in an effort to uncover

novel genetic risk factors, and identify those patients at high

risk of VTE who require more aggressive prophylaxis.

3.2. Prothrombotic state associated with multiple
myeloma

Patients with multiple myeloma have higher levels of endog-

enous thrombin potential (ETP) in a global assay of thrombin

generation, irrespective of thalidomide treatment.61 Several

studies in the general population have demonstrated that pa-

tients with increased ETP were associated with an increased

risk of a first VTE as well as recurrence.61–64 However, no study

has reported a correlation between increased ETP and the

development of VTE in multiple myeloma.

Patients with multiple myeloma have increased von Wille-

brand factor (vWF) antigen, factor VIII coagulant activity and

fibrinogen levels compared to normal controls.65–67 These ele-

vated coagulation factor levels were associated with more ad-

vanced stages of disease. The relationship between increased

levels of these procoagulant factors and thrombosis remains

unclear because of the small number of patients that were

analysed. Larger prospective studies are required to establish



Fig. 2 – Possible mechanisms of the hypercoagulable state in multiple myeloma and thrombogenic effects of anti-multiple

myeloma therapy. Several cytokines and signalling molecules in multiple myeloma are able to up-regulate procoagulant

factors, such as vWF, VIII, fibrinogen, TF and MP-TF and PAI-I, while down-regulating thrombomodulin, EPCR, APC and t-PA,

resulting in an increased activation of coagulation, dysregulation of endogenous anticoagulation and impairment of

fibrinolysis. Common therapeutic drugs used in the treatment of multiple myeloma, such as thalidomide, dexamethasone

and doxorubicin, not only further impair the function of endogenous anticoagulation and fibrinolytic pathways but also

enhance the expression of several cellular adhesion molecules. By contrast, bortezomib enhances endothelial thrombo-

modulin expression, while down-regulating the expression of TF and cellular adhesion molecules on endothelial cells that

may be potentially protective for VTE in multiple myeloma. MM cells: multiple myeloma cells, BMSCs: bone marrow stromal

cells, IL-6: interleukin-6, TNF-a: tumour necrosis factor-a, VEGF: vascular endothelial growth factor, vWF: von Willebrand

factor, VIII: factor VIII, VII: factor VII, XI: factor XI, Va: activated factor V, Vi: inactivated factor V, VIIIa: activated factor VIII,

VIIIi: inactived factor VIII, fgn: fibrinogen, t-PA: tissue-plasminogen activator, IIa: thrombin, PC: protein C, APC: activated

protein C, TM: thrombomodulin, EPCR: endothelial protein C receptor, ICAM-1: intercellular adhesion molecule-1, VCAM-1:

vascular adhesion molecule-1, TF: tissue factor, MP: microparticle, MP-TF: microparticle-associated tissue factor, Dox:

doxorubicin, Dex: dexamethasone, Thal: thalidomide, Bor: bortezomib, thrombogenic potential, thromboprotective

potential.
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whether the increases in these coagulation factors are associ-

ated with an increased risk of VTE in patients with multiple

myeloma.

The tissue factor (TF)-factor VIIa complex is the primary

initiator of coagulation in vivo. TF appears to play several

important roles in cancer including promotion of thrombosis,

metastasis, angiogenesis and tumour progression. Its expres-

sion increases in several types of non-haematologic malig-

nancies, including glioma, pancreatic cancer, non-small cell

lung cancer, colorectal cancer, renal cell carcinoma, ovarian

cancer, prostatic cancer and breast cancer.68 However, the

role of TF in multiple myeloma has not been studied in detail.

An early study showed an increased expression of TF in

haematologic malignancies, especially leukaemic blasts in

acute myeloid leukaemia and platelet-associated TF micro-

particle in polycythemia vera and essential thrombocythe-

mia.69 By contrast, a recent study demonstrated that the

hypercoagulable state in haematologic malignancies was

not associated with increased levels of circulating TF antigen

or TF mRNA. However, this study population was heteroge-

neous comprising 93 patients with non-Hodgkin lymphoma

(52%), acute myeloid leukaemia (22%), chronic lymphocytic

leukaemia (15%) and multiple myeloma (12%).70 Moreover,

this study measured TF antigen only, which may not correlate
with TF activity.71 A recent study evaluating microparticle-

associated tissue factor (MP-TF) activity in 123 untreated mul-

tiple myeloma patients demonstrated significantly increased

MP-TF activity levels compared to normal volunteers.

Although MP-TF activity levels decreased significantly after

initiation of chemotherapy on average, they remained persis-

tently elevated in patients who developed VTE during induc-

tion chemotherapy.72 Notably, the source of increased

circulating TF activity in multiple myeloma has not been

determined. Several important cytokines and transcription

factors that are elevated in patients with multiple myeloma,

such as IL-6, TNF-a, VEGF and NF-jB, are able to increase TF

expression on both monocytes and endothelial cells.73–77 In

addition, the regulation of TF by NF-jB p50 is probably impor-

tant in the pathogenesis of DVT, as inhibition of NF-jB can re-

duce TF expression and DVT in a mouse model.77 Further

studies are required to investigate the role of TF in the path-

ogenesis of VTE in multiple myeloma.

3.3. Dysregulation of anticoagulation and impairment of
fibrinolysis

Several studies have reported the presence of abnormalities

in the endogenous anticoagulation pathways in multiple
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myeloma. Acquired activated protein C resistance in the ab-

sence of the factor V Leiden mutation is a common finding

in patients with multiple myeloma, and it is associated with

an increased risk of VTE.59,78–80 Alterations of antithrombin,

protein C and protein S levels in multiple myeloma were ob-

served in various studies. Patients with multiple myeloma

had decreased protein S and protein C levels, whereas no

reduction of antithrombin levels was found.59,65,81,82 The role

of thrombomodulin in the pathogenesis of VTE in multiple

myeloma remains unclear. While an early study demon-

strated significantly reduced plasma-soluble thombomodulin

levels in the first month of thalidomide–dexamethasone

therapy,82 a subsequent report from the same investigators

observed that soluble thrombomodulin levels were lower in

patients with multiple myeloma than those in normal con-

trols, and were not modified by thalidomide therapy.83 A re-

duced expression of thrombomodulin and also endothelial

protein C receptor (EPCR) on endothelial cells may be in-

duced by TNF-a.84 By contrast, a recent study showed in-

creased soluble thrombomodulin levels in multiple

myeloma patients unrelated to thalidomide.61 Further stud-

ies are required to clarify the role of thrombomodulin in

the pathogenesis of multiple myeloma-related and thalido-

mide-related thrombosis.

Patients with multiple myeloma demonstrate impaired

fibrinolytic activity. The M-protein may interfere with fibrin

clot formation, resulting in abnormally thin fibrin fibres,

and delayed fibrinolysis.85,86 The fibrinolytic rate of a throm-

bus appears to be faster for clots composed of thicker fibres

compared to clots composed of thinner fibres.87 Furthermore,

patients with multiple myeloma have significantly increased

IL-6, CRP and plasminogen activator inhibitor-1 (PAI-1) levels

compared to normal subjects.88 In addition, a recent phase

III study demonstrated that both thalidomide- and non-tha-

lidomide-containing regimens used for induction therapy in-

duced hypofibrinolysis that may potentiate the prothrombotic

state.89 The impaired fibrinolytic activity during the induction

therapy may be explained by the effect of these agents on up-

regulation of PAI-1.

3.4. Thrombogenic potential of anti-multiple myeloma
therapy

3.4.1. Dexamethasone
Dexamethasone has been the backbone of treatment in mul-

tiple myeloma patients eligible for transplantation for several

decades. It induces apoptosis in multiple myeloma cells

through glucocorticoid response element transactivation.90

Pleiotropic effects of dexamethasone on the haemostatic sys-

tem have been addressed in several studies. Early studies

showed that dexamethasone increased lipopolysaccharide-

induced TF expression on monocytes by stabilising TF

mRNA.91,92 A recent study demonstrated that high-dose dexa-

methasone also enhanced the expression of TF, as well as cel-

lular adhesion molecules (ICAM-1, VCAM-1, and E-selectin)

and vWF, while down-regulating thrombomodulin and uroki-

nase on endothelial cells.93 Furthermore, dexamethasone was

able to up-regulate PAI-1, while down-regulating t-PA, result-

ing in a decrease of fibrinolytic activity.94,95
3.4.2. Anthracyclines
Doxorubicin is the most commonly used anthracycline in the

treatment of several cancers, including multiple myeloma. It

causes DNA damage, and induces apoptosis by various mech-

anisms.96 Other anthracyclines used in the treatment of mul-

tiple myeloma include pegylated liposomal doxorubicin and

epirubicin. An in vitro study demonstrated that endothelial

cells and monocytes treated with doxorubicin and epirubicin

promoted increased thrombin generation. Specifically, doxo-

rubicin and epirubicin elevated TF activity by increasing

cell-surface exposure of phosphatidylserine.97 Furthermore,

doxorubicin-free radical metabolites interfered with the pro-

tein C anticoagulant pathway by reducing cell-surface EPCR

levels via down-regulation of EPCR mRNA levels. The net ef-

fect was a decreased capacity of endothelial cells to activate

protein C.98

3.4.3. Thalidomide
Thalidomide is the prototype of the IMiDs, showing signifi-

cant activity against multiple myeloma. Thalidomide and

its analogues directly induce apoptosis or growth arrest of

multiple myeloma cells, alter the interaction of tumour cells

and bone marrow stromal cells, inhibit the production of

various cytokines, such as IL-6 and VEGF in the bone mar-

row microenvironment and stimulate anti-multiple myelo-

ma immunity mediated by natural killer cells.99 There is a

little evidence to explain the thrombogenic potential of

IMiDs. In the cell culture model, thalidomide alone modestly

stimulated TF activity in monocytes. However, after priming

cells with TNF-a, thalidomide markedly induced TF activity

greater than 10-fold compared to unstimulated cells.100 Ta-

ken together, these effects may explain the thrombogenic ef-

fects of thalidomide when combined with dexamethasone

and/or anthracyclines in the pathogenesis of VTE in multiple

myeloma (Fig. 2).

3.4.4. Bortezomib
Bortezomib is the first proteasome inhibitor approved for

treatment in both newly diagnosed and relapsed/refractory

multiple myelomas. The mechanisms of actions of bortezo-

mib are complex and not well-understood. Preclinical studies

demonstrated that this agent directly inhibits proliferation of

multiple myeloma cells, induces apoptosis, alters myeloma-

stromal cell interaction and abrogates several paracrine ef-

fects in the bone marrow microenvironment.101 Interestingly,

the incidence of VTE in bortezomib-containing regimens is

very low regardless of the patient status or the drug regimen

to which it is added. The exact mechanism behind the appar-

ent anti-thrombogenic properties of bortezomib has not been

clearly defined.

One in vitro study demonstrated an inhibitory effect of

bortezomib on platelet aggregation induced by ADP, and

ATP-release reaction,102 while an in vivo study also demon-

strated that bortezomib inhibited platelet aggregation stimu-

lated by ADP, ristocetin and epinephrine.103 A recent in vitro

study evaluated the effects of bortezomib on endothelial cells.

Bortezomib significantly up-regulated endothelial thrombo-

modulin expression and enhanced the capacity of endothelial

cells to activate protein C via the induction of Krüppel like
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factor (KLF) 2 and KLF4. In addition, bortezomib significantly

suppressed TNF-a mediated the induction of E-selectin,

VCAM-1, ICAM-1 and TF on endothelial cells.104 The KLFs

are members of a zinc finger family of transcription factors

that function as important regulators of endothelial gene

expression and cellular function.105 Overexpression of both

KLF2 and KLF4 is able to enhance endothelial thrombomodu-

lin expression, while suppressing cytokine-mediated induc-

tion of TF.106,107 Furthermore, a previous study

demonstrated that degradation of KLF4 in a human colon

cancer cell line was mediated via the proteasome pathway,

and could be reversed by proteasome inhibitors.108 This is

the first study to demonstrate a putative anti-thrombotic

mechanism of action of bortezomib. However, another recent

study demonstrated that bortezomib significantly induced

activation of canonical NF-jB, p50 and p65, in both multiple

myeloma cells and peripheral blood mononuclear cells.109

This finding is antithetical to the previous hypothesis that

bortezomib is a potent NF-jB inhibitor as evidenced by

down-regulation of tumour expression of NF-jB transcrip-

tional targets such as IL-6.110,111 Whether bortezomib inhibits

endothelial TF expression remains to be determined. More-

over, there have not been any studies directly investigating

the modulatory effects of bortezomib on the haemostatic sys-

tem when combined with other anti-multiple myeloma

agents either in vitro or in vivo. Therefore, whether these

observations explain how bortezomib overcomes the throm-

bogenic effects of both the underlying disease and that in-

duced by other therapeutic agents requires further study.

4. Prophylaxis of venous thromboembolism in
multiple myeloma

Both thalidomide and lenalidomide markedly increase the

risk of VTE when combined with other chemotherapeutic

agents. Therefore, an effective thromboprophylaxis strategy

is recommended for reducing the risk of VTE in patients

receiving IMiDs. Low molecular weight heparin (LMWH), aspi-

rin and warfarin have been investigated in several clinical tri-

als. However, there have not been any randomised controlled

trials directly comparing the efficacy of these agents. Most

current recommendations and reviews related to prevention

of thrombosis in multiple myeloma are based on limited

evidence.

LMWH has demonstrated efficacy in the prevention of

VTE in several clinical trials. Prior to mandatory prophylaxis,

13 VTE events were observed in 65 patients (20%) with multi-

ple myeloma receiving melphalan–prednisone–thalidomide.

With institution of LMWH, only 2 VTE events were observed

in 64 (3%) subsequent patients.14 Similarly, other studies

have shown that LMWH reduced the VTE rate in patients

receiving thalidomide-containing protocols, while fixed-

low-dose warfarin failed to decrease this complication.112,113

By contrast, one clinical trial demonstrated that fixed-low-

dose warfarin effectively decreased the incidence of VTE in

patients receiving thalidomide–dexamethasone from 26% to

12%.13 Two recent clinical trials also demonstrated the effi-

cacy of LMWH in the prevention of VTE in patients treated

with lenalidomide-based regimens compared to historical

controls.114,115
Generally, aspirin is considered to be less effective than

anticoagulants in the prevention of VTE, and an expert con-

sensus recommends against the use of aspirin alone as

thromboprophylaxis for any patient group.116 However, sev-

eral clinical trials have shown promising results of aspirin

in VTE prophylaxis in multiple myeloma patients receiving

thalidomide as well as lenalidomide.15,35,115,117,118 One phase

2 study demonstrated that daily low-dose aspirin use as

thromboprophylaxis in patients with multiple myeloma

receiving pegylated doxorubicin, vincristine, dexamethasone

and thalidomide was associated with a lower risk of VTE (haz-

ard ratio = 0.22, 95% CI, 0.10–0.47, p < 0.001) compared to pa-

tients who did not receive thromboprophylaxis.35 These

findings may indicate a role of platelets in the pathogenesis

of VTE associated with IMiD therapy in multiple myeloma.

Limited data are available for evaluating the efficacy of war-

farin for the prevention of VTE in multiple myeloma patients

receiving IMiDs. Only one small clinical trial with 26 patients

showed that both full-dose warfarin and LMWH were equally

effective in the prevention of VTE in patients receiving thalid-

omide–dexamethasone.119 Large randomised controlled trials

to directly compare the efficacy of thromboprophylactic regi-

mens are critical to determine the appropriate strategy for

the prevention of VTE in patients receiving IMiDs. Until then,

the recommendations for prophylaxis of VTE in multiple mye-

loma have been published based on expert opinion according

to current available data.120–122

5. Conclusion

Patients with multiple myeloma are at high risk for develop-

ing VTE, especially those receiving IMiDs. Even though the

emergence of these novel agents significantly improves sur-

vival, it is accompanied by a substantial increase of the inci-

dence of VTE as a major complication of treatment. The

mechanisms involved in the development of thrombosis in

multiple myeloma are complex, and remain poorly under-

stood. Further studies, especially those focusing on the path-

ophysiology and management of this complication, are

warranted.

Conflict of interest statement

None declared.
R E F E R E N C E S
1. Jemal A, Siegel R, Ward E, Murray T, Xu J, Thun MJ. Cancer
statistics, 2007. CA Cancer J Clin 2007;57:43–66.

2. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun MJ. Cancer
statistics, 2009. CA Cancer J Clin 2009;59:225–49.

3. Kumar SK, Rajkumar SV, Dispenzieri A, et al. Improved
survival in multiple myeloma and the impact of novel
therapies. Blood 2008;111:2516–20.

4. El Accaoui RN, Shamseddeen WA, Taher AT. Thalidomide
and thrombosis. A metaanalysis. Thromb Haemost
2007;97:1031–6.

5. Bennett CL, Angelotta C, Yarnold PR, et al. Thalidomide- and
lenalidomide-associated thromboembolism among patients
with cancer. JAMA 2006;296:2558–60.



1796 E U R O P E A N J O U R N A L O F C A N C E R 4 6 ( 2 0 1 0 ) 1 7 9 0 – 1 7 9 9
6. Zangari M, Tricot G, Polavarum L, et al. Survival effect of
venous thromboembolism in patients with multiple
myeloma treated with lenalidomide and high-dose
dexamethasone. J Clin Oncol 2009;28:132–5.

7. Blom JW, Doggen CJ, Osanto S, Rosendaal FR. Malignancies,
prothrombotic mutations, and the risk of venous
thrombosis. JAMA 2005;293:715–22.

8. Kristinsson SY, Fears TR, Gridley G, et al. Deep vein
thrombosis after monoclonal gammopathy of undetermined
significance and multiple myeloma. Blood 2008;112:3582–6.

9. Sallah S, Husain A, Wan J, Vos P, Nguyen NP. The risk of
venous thromboembolic disease in patients with
monoclonal gammopathy with undetermined significance.
Ann Oncol 2004;15:1490–4.

10. Srkalovic G, Cameron MG, Rybicki L, Deitcher SR, Kattke-
Marchant K, Hussein MA. Monoclonal gammopathy of
undetermined significance and multiple myeloma are
associated with an increased incidence of venous
thromboembolic disease. Cancer 2004;101:558–66.

11. Kyle RA, Rajkumar SV. Multiple myeloma. Blood
2008;111:2962–72.

12. Osman K, Comenzo R, Rajkumar SV. Deep venous
thrombosis and thalidomide therapy for multiple myeloma.
New Engl J Med 2001;344:1951–2.

13. Cavo M, Zamagni E, Tosi P, et al. Superiority of thalidomide
and dexamethasone over vincristine–
doxorubicindexamethasone (VAD) as primary therapy in
preparation for autologous transplantation for multiple
myeloma. Blood 2005;106:35–9.

14. Palumbo A, Bringhen S, Caravita T, et al. Oral melphalan and
prednisone chemotherapy plus thalidomide compared with
melphalan and prednisone alone in elderly patients with
multiple myeloma: randomised controlled trial. Lancet
2006;367:825–31.

15. Zonder JA, Barlogie B, Durie BG, McCoy J, Crowley J, Hussein
MA. Thrombotic complications in patients with newly
diagnosed multiple myeloma treated with lenalidomide and
dexamethasone: benefit of aspirin prophylaxis. Blood
2006;108:403.

16. Facon T, Mary JY, Pegourie B, et al. Dexamethasone based
regimens versus melphalan–prednisone for elderly multiple
myeloma patients ineligible for high-dose therapy. Blood
2006;107:1292–8.

17. Facon T, Mary JY, Hulin C, et al. Melphalan and prednisone
plus thalidomide versus melphalan prednisone alone or
reduced-intensity autologous stem cell transplantation in
elderly patients with multiple myeloma (IFM 99-06): a
randomised trial. Lancet 2007;370:1209–18.

18. San Miguel JE, Schlag R, Khuageva NK, et al. Bortezomib plus
melphalan and prednisone for initial treatment of multiple
myeloma. New Engl J Med 2008;359:906–17.

19. Rifkin RM, Gregory SA, Mohrbacher A, Hussein MA.
Pegylated liposomal doxorubicin, vincristine, and
dexamethasone provide significant reduction in toxicity
compared with doxorubicin, vincristine, and
dexamethasone in patients with newly diagnosed multiple
myeloma: a phase III multicenter randomized trial. Cancer
2006;106:848–58.

20. Jimenez-Zepeda VH, Dominguez-Martinez VJ. Vincristine,
doxorubicin, and dexamethasone or thalidomide plus
dexamethasone for newly diagnosed patients with multiple
myeloma? Eur J Haematol 2006;77:239–44.

21. Rajkumar SV, Blood E, Vesole D, Fonseca R, Greipp PR.
Eastern Cooperative Oncology Group. Phase III clinical trial
of thalidomide plus dexamethasone compared with
dexamethasone alone in newly diagnosed multiple
myeloma: a clinical trial coordinated by the Eastern
Cooperative Oncology Group. J Clin Oncol 2006;24:431–6.
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36. Schütt P, Ebeling P, Buttkereit U, et al. Thalidomide in
combination with vincristine, epirubicin and
dexamethasone (VED) for previously untreated patients with
multiple myeloma. Eur J Haematol 2005;74:40–6.

37. Hussein MA, Baz R, Srkalovic G, et al. Phase 2 study of
pegylated liposomal doxorubicin, vincristine, decreased-
frequency dexamethasone, and thalidomide in newly
diagnosed and relapsed-refractory multiple myeloma. Mayo
Clin Proc 2006;81:889–95.

38. Richardson PG, Blood E, Mitsiades CS, et al. A randomized
phase 2 study of lenalidomide therapy for patients with
relapsed or refractory multiple myeloma. Blood
2006;108:3458–64.

39. Richardson P, Jagannath S, Hussein M, et al. Safety and
efficacy of single-agent lenalidomide in patients with
relapsed and refractory multiple myeloma. Blood
2009;114:772–8.



E U R O P E A N J O U R N A L O F C A N C E R 4 6 ( 2 0 1 0 ) 1 7 9 0 – 1 7 9 9 1797
40. Rajkumar SV, Jacobus S, Callander NS, et al. Lenalidomide
plus high-dose dexamethasone versus lenalidomide plus
low-dose dexamethasone as initial therapy for newly
diagnosed multiple myeloma: an open-label randomised
controlled trial. Lancet Oncol 2010;11:29–37.

41. Richardson PG, Sonneveld P, Schuster MW, et al. Bortezomib
or high-dose dexamethasone for relapsed multiple
myeloma. New Engl J Med 2005;352:2487–98.

42. Harousseau JL, Attal M, Leleu X, et al. Bortezomib plus
dexamethasone as induction treatment prior to autologous
stem cell transplantation in patients with newly diagnosed
multiple myeloma: results of an IFM phase II study.
Haematologica 2006;91:1498–505.

43. Rosinol L, Oriol A, Mateos MV, et al. Phase II PETHEMA trial
of alternating bortezomib and dexamethasone as induction
regimen before autologous stem-cell transplantation in
younger patients with multiple myeloma: efficacy and
clinical implications of tumor response kinetics. J Clin Oncol
2007;25:4452–8.

44. Orlowski RZ, Nagler A, Sonneveld P, et al. Randomized phase
III study of pegylated liposomal doxorubicin plus bortezomib
compared with bortezomib alone in relapsed or refractory
multiple myeloma: combination therapy improves time to
progression. J Clin Oncol 2007;25:3892–901.

45. Palumbo A, Gay F, Bringhen S, et al. Bortezomib, doxorubicin
and dexamethasone in advanced multiple myeloma. Ann
Oncol 2008;19:1160–5.

46. Jagannath S, Durie BG, Wolf JL, et al. Extended follow-up of a
phase 2 trial of bortezomib alone and in combination with
dexamethasone for the frontline treatment of multiple
myeloma. Brit J Haematol 2009;146:619–26.

47. Palumbo A, Ambrosini MT, Benevolo G, et al. Bortezomib,
melphalan, prednisone, and thalidomide for relapsed
multiple myeloma. Blood 2007;109:2767–72.

48. Terpos E, Kastritis E, Roussou M, et al. The combination of
bortezomib, melphalan, dexamethasone and intermittent
thalidomide is an effective regimen for relapsed/refractory
myeloma and is associated with improvement of abnormal
bone metabolism and angiogenesis. Leukemia
2008;22:2247–56.

49. Richardson PG, Jagannath S, Avigan DE, et al. Lenalidomide
plus bortezomib (Rev-Vel) in relapsed and/or refractory
multiple myeloma (MM): final results of a multicenter phase
1 trial. Blood 2006;108 [abstract 405].

50. Popat R, Oakervee HE, Hallam S, et al. Bortezomib,
doxorubicin and dexamethasone (PAD) front-line treatment
of multiple myeloma: updated results after long-term
follow-up. Brit J Haematol 2008;141:512–6.

51. Bennett CL, Silver SM, Djulbegovic B, et al. Venous
thromboembolism and mortality associated with
recombinant erythropoietin and darbepoetin administration
for the treatment of cancer-associated anemia. JAMA
2008;299:914–24.

52. Bohlius J, Schmidlin K, Brillant C, et al. Recombinant human
erythropoiesis-stimulating agents and mortality in patients
with cancer: a meta-analysis of randomised trials. Lancet
2009;373:1532–42.

53. Knight R, DeLap RJ, Zeldis JB. Lenalidomide and venous
thrombosis in multiple myeloma. New Engl J Med
2006;354:2079–80.

54. Katodritou E, Verrou E, Hadjiaggelidou C, et al.
Erythropoiesis-stimulating agents are associated with
reduced survival in patients with multiple myeloma. Am J
Hematol 2008;83:697–701.

55. Galli M, Elice F, Crippa C, Comotti B, Rodeghiero F, Barbui T.
Recombinant human erythropoietin and the risk of
thrombosis in patients receiving thalidomide for multiple
myeloma. Haematologica 2004;89:1141–2.
56. Aapro M, Osterwalder B, Scherhag A, Burger HU. Epoetin-
beta treatment in patients with cancer chemotherapy-
induced anemia: the impact of initial haemoglobin and
target haemoglobin levels on survival, tumor progression
and thromboembolic events. Brit J Cancer 2009;101:1961–71.

57. Rizzo JD, Somerfield MR, Hagerty KL, et al. Use of epoetin and
darbepoetin in patients with cancer: 2007 American Society of
Hematology/American Society of Clinical Oncology clinical
practice guideline update. Blood 2008;111:25–41.

58. Khorana AA, Connolly GC. Assessing risk of venous
thromboembolism in the patient with cancer. J Clin Oncol
2009;27:4839–47.

59. Elice F, Fink L, Tricot G, Barlogie B, Zangari M. Acquired
resistance to activated protein C (aAPCR) in multiple
myeloma is a transitory abnormality associated with an
increased risk of venous thromboembolism. Brit J Haematol
2006;134:399–405.

60. Johnson DC, Corthals S, Ramos C, et al. Genetic associations
with thalidomide mediated venous thromboembolic events
in myeloma identified using targeted genotyping. Blood
2008;112:4924–34.

61. Petropoulou AD, Gerotziafas GT, Samama MM, Hatmi M,
Rendu F, Elalamy I. In vitro study of the hypercoagulable
state in multiple myeloma patients treated or not with
thalidomide. Thromb Res 2008;121:493–7.

62. van Hylckama Vlieg A, Christiansen SC, Luddington R,
Cannegieter SC, Rosendaal FR, Baglin TP. Elevated
endogenous thrombin potential is associated with an
increased risk of a first deep venous thrombosis but not with
the risk of recurrence. Brit J Haematol 2007;138:769–74.

63. Hron G, Kollars M, Binder BR, Eichinger S, Kyrle PA.
Identification of patients at low risk for recurrent venous
thromboembolism by measuring thrombin generation. JAMA
2006;296:397–402.

64. Tripodi A, Legnani C, Chantarangkul V, Cosmi B, Palareti G,
Mannucci PM. High thrombin generation measured in the
presence of thrombomodulin is associated with an increased
risk of recurrent venous thromboembolism. J Thromb
Haemost 2008;6:1327–33.

65. Auwerda JJ, Sonneveld P, de Maat MP, Leebeek FW.
Prothrombotic coagulation abnormalities in patients with
newly diagnosed multiple myeloma. Haematologica
2007;92:279–80.

66. Minnema MC, Fijnheer R, De Groot PG, Lokhorst HM.
Extremely high levels of von Willebrand factor antigen and
of procoagulant factor VIII found in multiple myeloma
patients are associated with activity status but not with
thalidomide treatment. J Thromb Haemost 2003;1:445–9.

67. van Marion AM, Auwerda JJ, Lisman T, et al. Prospective
evaluation of coagulopathy in multiple myeloma patients
before, during and after various chemotherapeutic
regimens. Leuk Res 2008;32:1078–84.

68. Kasthuri RS, Taubman MB, Mackman N. Role of tissue factor
in cancer. J Clin Oncol 2009;27:4834–8.

69. Falanga A, Barbui T, Rickles FR. Hypercoagulability and tissue
factor gene upregulation in hematologic malignancies. Semin
Thromb Hemost 2008;34:204–10.

70. Negaard HF, Iversen PO, Ostenstad B, Iversen N, Holme PA,
Sandset PM. Hypercoagulability in patients with
hematological neoplasia: no apparent initiation by tissue
factor. Thromb Haemost 2008;99:1040–8.

71. Ma L, Francia G, Viloria-Petit A, et al. In vitro procoagulant
activity induced in endothelial cells by chemotherapy and
antiangiogenic drug combinations: modulation by lower-
dose chemotherapy. Cancer Res 2005;65:5365–73.

72. Leebeek F, Yuana Y, Osanto S, et al. Microparticleassociated
tissue factor activity and venous thrombosis in multiple
myeloma. Blood 2008:112 [abstract 1812].



1798 E U R O P E A N J O U R N A L O F C A N C E R 4 6 ( 2 0 1 0 ) 1 7 9 0 – 1 7 9 9
73. Kerr R, Stirling D, Ludlam CA. Interleukin-6 and
haemostasis. Brit J Haematol 2001;115:3–12.

74. Camera M, Giesen PL, Fallon J, et al. Cooperation between
VEGF and TNF-alpha is necessary for exposure of active
tissue factor on the surface of human endothelial cells.
Arterioscler Thromb Vasc Biol 1999;19:531–7.

75. Mechtcheriakova D, Schabbauer G, Lucerna M, et al.
Specificity, diversity, and convergence in VEGF and TNF-
alpha signaling events leading to tissue factor up-regulation
via EGR-1 in endothelial cells. FASEB J 2001;15:230–42.

76. Guha M, O’Connell MA, Pawlinski R, et al.
Lipopolysaccharide activation of the MEK-ERK1/2 pathway in
human monocytic cells mediates tissue factor and tumor
necrosis factor alpha expression by inducing Elk-1
phosphorylation and Egr-1 expression. Blood
2001;98:1429–39.

77. Li YD, Ye BQ, Zheng SX, et al. NF-kappaB transcription factor
p50 critically regulates tissue factor in deep vein thrombosis.
J Biol Chem 2009;284:4473–83.

78. Zangari M, Saghafifar F, Anaissie E, et al. Activated protein C
resistance in the absence of factor V Leiden mutation is a
common finding in multiple myeloma and is associated with
an increased risk of thrombotic complications. Blood Coagul
Fibrin 2002;13:187–92.

79. Jimenez-Zepeda VH, Dominguez-Martinez VJ. Acquired
activated protein C resistance and thrombosis in multiple
myeloma patients. Thromb J 2006;4:11.

80. Negaard HF, Iversen PO, Ostenstad B, Mowinckel MC, Sandset
PM. Increased acquired activated protein C resistance in
unselected patients with hematological malignancies. J
Thromb Haemost 2008;6:1482–7.

81. Gruber A, Blasko G, Sas G. Functional deficiency of protein C
and skin necrosis in multiple myeloma. Thromb Res
1986;42:579–81.

82. Corso A, Lorenzi A, Terulla V, et al. Modification of
thrombomodulin plasma levels in refractory myeloma
patients during treatment with thalidomide and
dexamethasone. Ann Hematol 2004;83:588–91.

83. Zappasodi P, Mangiacavalli S, Terulla V, et al.
Thrombomodulin levels are not modified during
thalidomide treatment. Eur J Haematol 2006;77:453–4.

84. Nan B, Lin P, Lumsden AB, Yao Q, Chen C. Effects of TNF-
alpha and curcumin on the expression of thrombomodulin
and endothelial protein C receptor in human endothelial
cells. Thromb Res 2005;115:417–26.

85. Carr Jr ME, Zekert SL. Abnormal clot retraction, altered fibrin
structure, and normal platelet function in multiple
myeloma. Am J Physiol 1994;266:H1195–201.

86. Carr Jr ME, Dent RM, Carr SL. Abnormal fibrin structure and
inhibition of fibrinolysis in patients with multiple myeloma.
J Lab Clin Med 1996;128:83–8.

87. Weisel JW, Litvinov RI. The biochemical and physical process
of fibrinolysis and effects of clot structure and stability on
the lysis rate. Cardiovasc Hematol Agents Med Chem
2008;6:161–80.

88. Yagci M, Sucak GT, Haznedar R. Fibrinolytic activity in
multiple myeloma. Am J Hematol 2003;74:231–7.

89. van Marion AM, Auwerda JJ, Minnema MC, et al.
Hypofibrinolysis during induction treatment of multiple
myeloma may increase the risk of venous thrombosis.
Thromb Haemost 2005;94:1341–3.

90. Sharma S, Lichtenstein A. Dexamethasone-induced
apoptotic mechanisms in myeloma cells investigated by
analysis of mutant glucocorticoid receptors. Blood
2008;112:1338–45.

91. Bottles KD, Morrissey JH. Dexamethasone enhances agonist
induction of tissue factor on monocytes but not in
endothelial cells. Blood Coagul Fibrin 1993;4:405–14.
92. Reddy KV, Bhattacharjee G, Schabbauer G, et al.
Dexamethasone enhances LPS induction of tissue factor
expression in human monocytic cells by increasing tissue
factor mRNA stability. J Leukoc Biol 2004;76:145–51.

93. Kerachian MA, Cournoyer D, Harvey EJ, et al. Effect of high-
dose dexamethasone on endothelial haemostatic gene
expression and neutrophil adhesion. J Steroid Biochem Mol Biol
2009;116:127–33.

94. van Giezen JJ, Jansen JW. Correlation of in vitro and in vivo
decreased fibirnolytic activity caused by dexamethasone.
Ann NY Acad Sci 1992;667:199–201.

95. van Giezen JJ, Brakkee JG, Dreteler GH, Bouma BN, Jansen JW.
Dexamethasone affects platelet aggregation and fibrinolytic
activity in rats at different doses which is reflected by their
effect on arterial thrombosis. Blood Coagul Fibrin
1994;5:249–55.

96. Minotti G, Menna P, Salvatorelli E, Cairo G, Gianni L.
Anthracyclines: molecular advances and pharmacologic
developments in antitumor activity and cardiotoxicity.
Pharmacol Rev 2004;56:185–229.

97. Swystun LL, Shin LY, Beaudin S, Liaw PC. Chemotherapeutic
agents doxorubicin and epirubicin induce a procoagulant
phenotype on endothelial cells and monocytes. J Thromb
Haemost 2009;7:619–26.

98. Woodley-Cook J, Shin LY, Swystun L, Caruso S, Beaudin S,
Liaw PC. Effects of chemotherapeutic agent doxorubicin on
the protein C anticoagulant pathway. Mol Cancer Ther
2006;5:3303–11.

99. Mitsiades N, Mitsiades CS, Poulaki V, et al. Apoptotic
signaling induced by thalidomide analogs in human
multiple myeloma cells: therapeutic implication. Blood
2002;99:4525–30.

100. Arkel YS, Ku DH, Thurston AL. The effect of thalidomide on
tissue factor activity in Mono Mac 6 cells and the
relationship to tumor necrosis factor (TNF)-alpha-
stimulated cells. J Thromb Haemost 2003;1:2691–2.

101. Cavo M. Proteasome inhibitor bortezomib for treatment of
multiple myeloma. Leukemia 2006;20:1341–52.

102. Avcu F, Ural AU, Cetin T, Nevrus O. Effects of bortezomib on
platelet aggregation and ATP release in human platelet,
in vitro. Thromb Res 2008;121:567–71.

103. Zangari M, Guerrero J, Cavallo F, Prasad HK, Essentine D, Fink
L. Hemostatic effects of bortezomib treatment in patients
with relapsed or refractory multiple myeloma. Haematologica
2008;93:953–4.

104. Hiroi T, Deming CB, Zhao H, et al. Proteasome inhibitors
enhance endothelial thrombomodulin expression via
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