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Abstract: Multiple myeloma (MM) is a hematological malignancy characterized by a high risk for
thrombotic episodes, mainly venous thromboembolism (VTE). This risk is accentuated by cancer
treatments such as immunomodulatory drugs (IMiDs). Cancer-associated thrombosis is one of
the leading causes of mortality and morbidity, and the prevention of thrombosis is, therefore, of
paramount significance. To this day, it is unclear which type of thromboprophylaxis is the most
effective. This is partly due to the multifactorial etiology behind thrombosis since the compound of
patient-, disease- and treatment-associated factors characterizing each patient with MM is unique.
Additionally, the established risk scores are not reliable in patients with MM. The scope of this review
is to summarize the factors contributing to increased thrombosis risk in MM, as well as the risk scores
and thromboprophylaxis regimes available.
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1. Introduction

Cancer is the most studied and well-established risk factor for venous thromboem-
bolism (VTE), namely cancer-associated thrombosis (CAT) [1]. The hypercoagulable state
associated with cancer, according to the principles of the Virchow triad, leads to increased
risk for thrombosis, mainly venous thrombosis, i.e., pulmonary embolism (PE) and deep
vein thrombosis (DVT). Cancer-associated thrombosis is one of the leading causes of
mortality and morbidity in patients suffering from cancer diseases, with an incidence of
approximately 10% or higher [2]. The exact mechanisms behind CAT remain uncertain, but
risk factors associated with the patient, tumor and treatment have been identified [3].

Most data on CAT come from studies on heterogeneous cohorts, where hematological
malignancies are included. However, hematological cancers are distinct from solid tumors
since they are characterized by bone marrow failure, both primary and secondary, as a result
of both the effect of the malignancy and the chemotherapy. As such, risk factors for bleeding,
such as thrombocytopenia, tend to be more pronounced. This leads to potentially severe
complications when treatment with anticoagulants, either in therapeutic or prophylactic
dosage, is required. Additionally, some types of chemotherapy and immunomodulatory
drugs (IMiDs) can increase the thrombotic risk independently, contributing further to a
hypercoagulable state.

One of the hematological malignancies with the highest risk for thrombosis is multiple
myeloma (MM), which is characterized by neoplastic proliferation of plasma cells, typically
leading to the production of monoclonal proteins [4]. Its prevalence varies, but the age-
standardized incidence is circa 5/100,000 [5], and it is the second most common type of
hematological malignancy following lymphoma [6].

The scope of this review is to offer an overview of the epidemiology, risk factors,
including coagulation abnormalities, and prevention of CAT in patients with MM.
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2. Epidemiology of CAT

It is established that patients with MM have a high risk for predominant VTE, shown
in 1999 [7] and confirmed later by other studies [8–10]. The incidence of VTE varies in
different studies depending heavily on the type of MM treatment. Zangari et al. reported
that 24% of patients with newly diagnosed MM had a VTE during a 12-month follow-up;
this was particularly evident among patients treated with thalidomide [11]. According to
results from the ROADMAP-CAT-MM, over 10% of the patients with newly diagnosed
MM had a thrombosis during a one-year follow-up, with the majority occurring during the
first three months from diagnosis. Most of the patients (9/15) had either anticoagulants or
platelet inhibitors as thromboprophylaxis at the time of the thrombosis, and the incidence
of VTE was the same among the two groups [12]. Although venous thrombosis is the
predominant type of thrombosis among these patients, arterial thrombosis has also been
reported [8], albeit at a lower incidence.

For an overview of the risk for thrombosis in patients with MM, please refer to Table
S1 in Supplementary Materials.

3. Hemostatic Abnormalities in Patients with Multiple Myeloma

The high incidence of CAT in MM has led to several studies investigating the hemo-
static potential of the patients, both with and without treatment. The aim of these has
been mainly to identify markers that could predict the risk for thrombosis in individual
patients, thus sharpening the acuity of the current risk stratifications, which are based
predominantly on clinical characteristics.

3.1. Primary Hemostasis

Increased levels of von Willebrand factor (vWF) have been reported as a common
finding in patients with plasma cell dyscrasias [13–15]. Others have found that vWF,
Vascular Endothelial Growth Factor (VEGF) and D-dimer correlate with disease phase,
including the initiation of treatment, and are normalized if the patient responds to treatment,
as well as that newly diagnosed patients have higher levels compared to patients who have
relapsed [16].

As is the case in other malignancies, patients with MM also have an increased risk
for bleeding. Factors such as disease- and treatment-mediated thrombocytopenia and
renal insufficiency are important, but patients with MM have also exhibited coagulation
abnormalities that exacerbate the bleeding risk. Despite increased vWF levels, there are
reports of qualitative defects of vWF as well as acquired von Willebrand syndrome (AVWS).
Patients with abnormal bleeding have been shown to have such abnormalities in vWF as
well as longer closure times (CTs), as measured by the platelet function instrument PFA-100.
Those defects are reversible upon treatment response [17].

Aside from thrombocytopenia, platelet function defects resulting in impaired aggrega-
tion have also been reported and increase the bleeding risk [18] in MM patients.

3.2. Secondary Hemostasis and Coagulation Inhibitors

Already in 1976, it was shown that factor VIII (FVIII), which has both hemostatic and
inflammatory activity, is increased in patients with MM [19].

In a study on the patients with monoclonal gammopathy of undetermined significance
(MGUS), smoldering MM (SMM), and MM from the cohort of the Vienna Cancer and
Thrombosis Study, patients had significantly higher D-dimer, FVIII and vWF compared
to controls, with MM exhibiting higher levels of FVIII and von Willebrand (vWF) antigen
compared to MGUS [13], which has been verified by other studies [14,15]. Tiong et al.
showed that, in addition to increased vWF and FVIII at diagnosis with additional increases
upon initiating MM treatment, protein C (PC) was higher in MM patients, whereas there
was no difference in protein S and antithrombin. All three coagulation inhibitors increased
gradually during treatment. Even though increased or higher levels of coagulation in-
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hibitors are generally considered to lack clinical significance, they could be indicative of a
prothrombotic state [15].

Acquired activated PC (APC) resistance has been associated with increased VTE
risk in patients with MM; as shown in a study of 62 patients, those receiving regimes
including thalidomide had the highest risk [20]. Newly diagnosed patients with MM have
higher tissue factor (TFa), activated factor II (FVIIa), D-Dimer and fibrin monomers and
significantly shorter procoagulant phospholipid clotting time [12].

Acquired hemophilia A (AHA) has been identified among patients with plasma
cell disease, including MM. A total of 16 patients were reported, and, in the majority
of those, treatment for both the plasma cell disease and AHA was necessary to achieve
satisfactory patient outcomes [21]. Since 10–15% of patients with MM have light chain
(AL)—amyloidosis [22], which is associated with acquired factor X deficiency [23], this
acquired coagulopathy can lead to increased bleeding tendency.

3.3. Effect of Paraproteins on Coagulation Potential

Earlier studies have focused on the effect of MM paraproteins and increased im-
munoglobulin levels on fibrin structure. In 1992, it was reported that high immunoglobulin
levels in the serum of patients with MM impair fibrinogen structure, leading to inadequate
fibrin polymerization and subsequent interference with blinding to FXIII and exacerbation
of bleeding tendency [24,25]. The effect of paraproteins in patients with MM results in the
production of fibrin strands, which are thinner, weaker and resistant to plasmin [26–28].

It has also been reported that increased immunoglobulin levels compete with FXIII
for binding to the lateral sites of fibrin monomers, leading to the production of clots that
have difficulties retracting [29,30] and that increased blood viscosity interferes with fibrin
polymerization and leads to the impairment of clot lysis times [31–33].

3.4. Other Tests

In an in vitro study, MM micro-vesicles (MVs) were isolated from the MM cell line
RPMI 8226 (both treated and untreated with bortezomib), as well as from the blood and
bone marrow of patients with MM and healthy controls. MM cells exhibited a high MV
shedding rate, which was particularly evident following the addition of bortezomib. MM-
MVs expressed TF and tissue factor pathway inhibitor (TFPI), as well as angiogenetic
factors (VEGFR1, VEGFR2 and CD31) and procoagulant activity, most pronounced in the
untreated cells [34].

Patients with MM have higher concentrations of extravascular vesicles (EVs) carrying
TF and phospholipids as well as larger EV particles at baseline compared to controls, and
the largest fraction was halved in patients with VCD compared to patients who received
other treatment (MPV or lenalidomide and dexamethasone). Since EVs produced by
malignant cells have a role in angiogenesis and immune escape, the authors hypothesized
that EVs could be used as markers of procoagulant activity and disease activity, as well as
treatment response [35].

3.5. Global Hemostatic Methods

Global hemostatic methods have been included both in routine and research analyses
to evaluate the coagulation potential and subsequent risk for thromboembolism in different
patient groups, such as patients with malignancies. This is because, despite disadvantages
such as lack of standardization, the global hemostatic assays reflected the entirety of the
coagulation cascade, in contrast to the traditional coagulation tests, such as prothrombin
time (PT) and activated partial thromboplastin time (aPTT), which are indicative of merely
the initial stage of thrombin generation and the forming of the clot [36].

In a study published in 2011, thrombin generation was evaluated in 1033 patients with
cancer (Vienna Cancer and Thrombosis Study) and showed that increased peak thrombin
concentration is a significant risk factor for thrombosis [37].
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In a pilot study, three global hemostatic methods (overall hemostatic potential, OHP,
calibrated automated thrombogram and thromboelastography, TEG) were studied in 29
patients with MM, 14 with SMM and 13 patients with MGUS and compared to controls. It
was shown that both parameters of CAT (peak and velocity index) and TEG (maximum
amplitude) were increased in patients with plasma cell dyscrasias compared to controls,
thus rendering their coagulation profile prothrombotic. One patient suffered a LE and four
cardiovascular events during the 14-month-long follow-up, and although the cohort was
small, it showed that hypercoagulability is reproducible when evaluated with different
methods [13].

Thrombin generation (TG) was measured by the calibrated automated thrombogram
in the presence of 1 pM and 5 pM TF in 24 patients with MM and 19 with MGUS both
at baseline and at 1, 2 and 3 months following the initiation of treatment and the results
were compared to those obtained from healthy controls. It was shown that, in the presence
of 5 pM TF, ttPeak was decreased and velocity increased in subjects with MM, whereas
peak thrombin concentration was similar and endogenous thrombin potential (ETP) was
unexpectantly lower compared to controls. Most of those differences, with the exception
for ETP, were retained even at the presence of 1 pM. TF. When thrombomodulin was added
to the sample, total and peak thrombin as well as velocity were significantly higher in
MM patients, indicating increased resistance to TM inhibition and thus to inactivation
by APC [15]. During MM treatment, the ttPeak and lagtime were increased towards
normalization, whereas ETP was constant, and thrombomodulin resistance was retained
in patients with plasma cell dyscrasias. The authors attributed the surprisingly low ETP
in patients (5 pM TF) to differences in the TG assays and noted that, in their study, it
was the time (velocity) markers that could differentiate between the prothrombotic and
normal coagulation potential rather than the most widely used concentration parameters.
This is important when designing new studies and protocols to evaluate prothrombotic
potential [15]. Although increased TG in patients with MM has been found by more groups,
the findings of resistance to APC and TM have not been replicated in all studies [38].

Thrombin generation was measured in a small cohort of MM patients at 1, 2 and
3 months following diagnosis. Peak thrombin concentration was decreased and APC
sensitivity was increased, but no changes in the time parameters were observed [39]. In a
larger study, fibrin clot properties (permeability, turbidity and susceptibility to lysis) were
improved after 3 months of primarily thalidomide-based therapy compared to baseline,
and those findings are associated with lower peak thrombin but elevated FVIII [40].

Increased time and concentration parameters were increased in patients with MM
compared to patients with MGUS and controls, which could be mediated by phospholipid
and TF activity [41], which has been reported as increased even by others [35]. When
measuring changes in TG parameters during 2 and 5 years from diagnosis, it was found
that a continuing increase in TG concentration parameters was predictive of a VTE [42].

Another study showed that thrombin production is increased and takes place during
a shorter period compared to controls and that total thrombin concentration was decreased
in patients treated for MM [35].

In a small study comparing patients with MM, MGUS and without thrombophilia or
previous thrombosis, the TEG parameters (r time, k time, alpha angle, maximum amplitude)
were similar among all three groups. Since factors such as vWF and FVIII were increased
in patients with plasma cell diseases, it was suggested that classical tests could be more
efficient in differentiating between different groups, but the conclusions are limited by the
small cohort [14].

For an overview of the hemostatic changes in patients with MM, please refer to Table S2.

4. Risk Factors Associated with the Patient

The MELISSE study aimed to evaluate the thrombotic risk in a cohort of >500 patients
with MM treated with IMiDs, of which the majority received platelet inhibitors as throm-
boprophylaxis. Factors such as thrombophilias, obesity, co-morbidities (diabetes mellitus,
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cardiac failure, renal failure), treatment with erythropoietin, presence of central venous
catheter and recent surgery were included in a stratification algorithm. In this study, 6%
of the patients suffered a VTE, and the patients in the intermediate- and high-risk groups
were twice as likely to have a thrombosis compared to the patients in the low-risk group.
Overall, the risk factors that have been recognized as significant, even in patients without
VTE, were shown to affect the thrombotic risk even in patients with MM, but the individual
variations, even in the same risk group, were notable [43].

5. Effect of Treatment on Thrombotic Risk

The addition of IMiDs as treatment choices for MM has led to improved overall
and progression-free survival but also to an increased risk for thrombosis. Already in
1999, it was established that treatment was a risk factor for VTE in patients with MM [7]
and that there are clear variations in the thrombotic risk depending on which treatment
is administered. Treatment with prednisolone and melphalan has a varying reported
risk, from 0–2% to 16% in elderly patients [44], whereas treatment with single thalidomide
increases this risk to the highest interval of 2% [45] and generally doubles the risk compared
to patients who are not treated with thalidomide [46]. The thrombotic risk increases when
different drugs are combined, such as when thalidomide is combined with dexamethasone
or cytotoxic chemotherapy, especially anthracyclines, with the highest risk observed for the
combination of thalidomide with daunorubicin (4.3; p ≤ 0.001) [47,48]. Patients treated with
lenalidomide have been reported to have a risk for VTE up to 4.5%; this risk increases to
8.5% when lenalidomide is combined with dexamethasone [49]. Treatment with bortezomib
does not increase the risk for VTE to the same extent as the other treatment regimens, even
when it is combined with dexamethasone, with VTE rates of <5% [50,51].

6. Guidelines and Risk Scores

Patients with MM are not included in the established risk scores for the stratification of
ambulatory patients at high risk for VTE and, therefore, risk scores, such as Khorana’s risk
score [52], cannot be employed since they have been proven insufficient [53,54]. The current
guidelines recommend the usage of thromboprophylaxis in all patients with MM treated
with IMiDs, except for the patient groups for which there is an absolute contraindication
to anticoagulants. The guidelines issued by the international working myeloma group
(IMWG) [55] and the European Myeloma network [56] recommend the usage of antico-
agulants (parenteral or peroral) or platelet inhibitors as thromboprophylaxis in patients
with MM treated with IMiDs, depending on the risk factors. The ASH guidelines from
2021 confirmed those recommendations [57]. There is still no agreement on which type
of antithrombotic medication is optimal in preventing thrombosis. Additionally, there
have been studies indicating that the guidelines are sometimes not adequate in preventing
thrombosis. Since there have been reports that the adherence to guidelines is not opti-
mal [58], the reasons behind this failure are open for discussion, but the hypercoagulability
and high thrombogenicity of MM is probably a contributing risk factor.

The prospective ROADMAP-CAT-MM study identified procoagulant phospholipid
clotting time and ETP as independent risk factors for venous thrombosis and proposed that
those would be included in a risk score for MM patients. Additionally, the authors showed
that patients in different risk categories indeed had a different risk for thrombosis [12].

Risk scores have been developed and evaluated in retrospective studies based on
databases. In the IMPEDE VTE score, risk factors such as the usage of IMiDs, erythropoietin
and dexamethasone and patient-specific factors such as BMI, race, previous thrombosis,
etc., were included. The score identified three risk groups with distinctly different risks for
thrombosis, as shown by the incidence of VTE [59]. In the SAVED score, the risk factors
included were fewer and more patient- than therapy-centered (race, medical history of
thrombosis, age, surgery within 90 days and treatment of dexamethasone) and two groups
were identified with significantly different thrombotic risks [60]. Neither of these scores is
used routinely since prospective validation has not yet been performed [61].
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7. Thromboprophylaxis

As mentioned above, it is unclear which thromboprophylaxis regimen is ideal, and
local traditions and preferences might affect the physician’s choice to a certain extent.

Both low-molecular-weight heparin (LMWH) and warfarin have been shown to pre-
vent thrombosis, and aspirin has also been used as an effective alternative in some stud-
ies [62–64]. Most guidelines recommend individual risk stratification of each patient
according to patient-, disease- and treatment-associated risk factors and the administration
of platelet inhibitors and anticoagulants for low- and high-risk patients, respectively.

LMWH is the standard of care for most centers, however, direct oral anticoagu-
lants (DOAC) are gaining ground. Data are scarce, but the existing results are promis-
ing, showing effectiveness in preventing thrombosis with a low incidence of bleeding
complications [64–66]. However, drug interactions, severe thrombocytopenia and impaired
kidney function are factors that can potentially limit the usage of peroral anticoagulants
and possibly favor the usage of low-dosage LMWH [58,67,68].

8. Conclusions

Despite progress in predicting and preventing CAT, there is a lack of consensus on risk
stratification and optimal thromboprophylaxis for patients with MM, a hematological ma-
lignancy with a high risk for thrombosis. Those challenges can be expected to be even more
pronounced in the future since improvements in the treatment of MM lead to increased
survival and an aging patient population with more co-morbidities and a subsequent
even higher thrombotic risk. DOAC is a promising choice for thromboprophylaxis, but
clinical, real-world data on interactions are scarce, and complications commonly associated
with MM such as thrombocytopenia and renal impairment can potentially limit its usage.
However, the usage of global hemostatic methods has revolutionized our perception of the
coagulation potential in, among others, patients with cancer, and new biomarkers emerge
that can further refine personalized risk stratification.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/hemato3030036/s1, Table S1: Overview of the studies on risk for
thromboembolism; Table S2: Overview of the differences in hemostatic markers and global hemostatic
methods between patients with MM and controls.
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