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Abstract: Compared to the general population, patients with multiple myeloma (MM) have a nine-fold
increased risk of developing venous thromboembolism (VTE). Little is known about VTE prophylaxis
in relapsed/refractory (RR) MM patients treated with next generation anti-myeloma drugs, such as
pomalidomide (Poma) and carfilzomib (K), and monoclonal antibodies daratumumab (Dara) and
elotuzumab (Elo), alone or in combination with dexamethasone at high- (D, 40 mg/week) or low-dose
(d, 20 mg/week). Here, we describe the incidence of VTE in a retrospective cohort of 112 consecutive
relapsed and refractory myeloma (RRMM) patients who received a third line of treatment from
April 2013 to February 2020. Anti-MM regimens included combinations of pomalidomide and
dexamethasone (PomaD, N = 61), carfilzomib, lenalidomide and dexamethasone (KRd, N = 31),
and elotuzumab, lenalidomide and dexamethasone (EloRd, N = 10), while the remaining 10 patients
received daratumumab as a single agent. According to National Comprehnsive Cancer Network
(NCCN), International Myeloma Working Group (IMWG) and 2015 European Myeloma Network
(EMN) guidelines, 42 patients (38%) were classified as high-risk patients. According to the IMPEDE
VTE score, 32 patients (28%) were classified as low-risk, with a score ≤ 3 (most of them in the PomaD
and Dara group), 70 (63%) were classified as intermediate-risk, with a score of 4–7 (most of them in
PomaD and KRd group), and 10 (9%) were classified as high-risk, with a score ≥8 (most of them in the
PomaD group). All patients received a prophylaxis, consisting generally of low-doses of acetylsalicylic
acid. VTE was recorded in 9% of our patients, all of them with an intermediate or high-risk IMPEDE
score, treated with low doses aspirin (ASA). No VTE occurred in patients treated with daratumumab.
Thus, our real-life experience documents that (1) in RRMM patients treated with continuative regimens
of third line, the incidence of VTE is similar to the setting of newly-diagnosed patients; (2) many
patients in real-life received prophylaxis with ASA, irrespective of the risk classification; (3) the
IMPEDE VTE score seems to be more appropriate to define the risk categories. Randomized clinical
trials are required to better define the VTE prophylaxis strategy in the RRMM setting.
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1. Introduction

The association between thrombosis and malignant disease has been recognized for many years.
The risk of venous thromboembolism (VTE) varies with cancer type and has been reported to be
higher in gastrointestinal, ovarian, lung cancer and hematological malignancies [1]. Multiple Myeloma
(MM) is a plasma cells malignancy virtually always preceded by an asymptomatic precursor state,
such as monoclonal gammopathy of undetermined significance (MGUS) [2]. Patients with MGUS and
MM have an increased incidence of VTE. Indeed, the risk of thrombotic events is about three times
higher than patients with MGUS, and nine times higher compared to healthy subjects [2–5]. Reasons
for this elevated risk of VTE are not fully understood but it has been widely described that in MM
there are changes that involve the microenvironment [6] and are associated with a prothrombotic
state, characterized by high levels of inflammatory cytokines (such as TNF-a, NFkB, and IL-6) [3],
upregulation of prothrombotic mediators (such as tissue factor, fibrinogen, von Willebrand Factor)
and down-regulation of antithrombotic factors (such as thrombomodulin, endothelial protein C
receptor, and tissue plasminogen activator) [7–9]. In addition, in MM an acquired activated protein
C resistance [10], not related to the presence of Factor V Leiden, has been described as a transitory
abnormality that could be responsible for an increased risk of venous thromboembolism [11]. Finally,
high levels of monoclonal (M) component can induce hyperviscosity which leads to an increased
thromboembolic risk [12].

The most common venous thrombosis observed in MM is deep vein thrombosis (DVT) in the
lower extremities, followed by central venous catheter-related thrombosis, pulmonary embolism,
and arm vein thrombosis.

Introduction of novel agents in the therapeutic armamentarium of MM has greatly improved
response to treatment and overall survival [13], also for relapsed/refractory (RR) patients [14].
Three classes of drugs have changed the natural history of MM: proteasome inhibitors (PIs),
immunomodulatory drugs (IMiDs) [14–16] immunotherapy and monoclonal antibodies (moAb),
burdened with new or additional side effects. In particular, thrombosis occurred in about 10%
of MM patients treated with chemotherapy [17], while up to 24% of patients treated with
the immunomodulatory drug (IMiD) thalidomide experienced VTE complications, particularly
when it is administrated in combination with other agents (dexamethasone and/or cytotoxic
chemotherapy) [7,17–20]. Second generation IMiD lenalidomide may have similar effects on increasing
VTE [7,18,19,21–33].

Because of the increased risk of development of VTE in MM, in 2008 the International Myeloma
Working Group (IMWG) published recommendations for thromboprophylaxis in MM-patients treated
with thalidomide or lenalidomide which consider VTE patient risk classes [34]. Factors associated
with thrombosis were listed as age, history of VTE, central venous catheter, comorbidities (infections,
diabetes and cardiac disease), immobilization, surgery and inherited thrombophilia. The presence of
MM at diagnosis or hyperviscosity were considered additional risk factors [35]. When no or one risk
factor for thromboembolism is present, patients are classified as low risk. If two or more myeloma or
individual risk factors are present, or when high dose of dexamethasone, multi agent chemotherapy or
doxorubicin are administered, patients are classified as high risk [34].

According to the current recommendations, low-risk patients on IMiDs plus dexamethasone
should be treated with low-dose aspirin (ASA) while high-risk patients should receive prophylactic
low-molecular-weight heparin (LMWH) or therapeutic dose of warfarin for 4–6 months followed by
ASA treatment [32,34,36]. In case of VTE, anticoagulation therapy should be started, and anti-MM
treatment should be temporarily interrupted, restarting once a stable anticoagulation is achieved [37].
These recommendations were then taken up and confirmed by the 2015 European Myeloma Network
(EMN) [38] and 2017 ESMO guidelines [39]. Limited data are available about thrombotic risk
in patients on treatment with pomalidomie but, as with the other IMiDs, it seems to determine
an increased risk of thrombosis [17,25,40–44]. With regard to the second-generation proteasome inhibitor
Carfilzomib, phase III trial ASPIRE, which compares the efficacy of lenalidomide-dexamethasone versus
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carfilzomib-lenalidomide-dexamethasone, shows a higher incidence of VTE in the three-drugs arm
(13% vs. 6%), despite the mandatory use of thromboprophylaxis [45]. Little is known about vascular
toxicity of Carfilzomib [46] and more studies are needed to understand the underlying mechanism of
endothelial injury [46,47]. Concerning ixazomib, elotuzumab and daratumumab, VTE is not reported
as an adverse event for these drugs; thus, no thromboprophylaxis is currently recommended [5,7,48].
However, recommendations on next generation myeloma drugs are derived from clinical trials where
patients are selected and do not fully reflect the heterogeneity of patients in the real-life setting, in the
presence of multiple risk factors for VTE [17,48–50].

The aim of our study was to evaluate frequency of VTE in a retrospective cohort of MM patients
treated with novel anti MM agents who received VTE prophylaxis in a real-life setting.

2. Patients’ Selection and Methods

2.1. Patients’ Disposal

We performed a retrospective monocentric study, including 112 consecutive patients with relapsed
and refractory myeloma (RRMM) from April 2013 to February 2020 at the Division of Hematology,
University Hospital (Catania, Italy). As part of their third-line salvage regimen, all patients received
second-generation drugs, outside from clinical trials, according to the evidence included in the
ESMO guidelines in 2017 [39]. Patients’ characteristics are summarized in Table 1. Details and
schedule of treatments are described in Appendix A. The study was approved by the local institutional
review board.

Table 1. Demographic and clinical characteristics of MM patients included in the study.

Poma D KRd Daratumumab EloRd

N = 61 (100%) N = 31 (100%) N = 10 (100%) N = 10 (100%)

Median age (range) 71 (45–87) 66 (50–78) 66 (52–74) 61 (48–72)

Males, n (%) 39 (64) 22(71) 6(60) 5 (50)

ECOG performance status, n
(%)
0–2 30 (49) 26 (84) 9 (90) 10 (100)
>2 31 (51) 5 (16) 1 (10) 0 (0)

International Staging System
stage, n (%)

I 5 (9) 10 (32) 8 (80) 8 (80)
II 22 (36) 5 (16) 2 (20) 1 (10)
III 34 (55) 16 (52) 0 (0) 1 (10)

Cytogenetics risk (FISH)
available at baseline 39 (64) 23 (74) 9 (90) 8 (80)

High-risk 13 (21) 11 (35) 3 (30) 3 (30)

Standard-risk 26 (43) 12 (39) 6 (60) 5 (50)

Glomerular filtration rate
(GFR, mL/hour)

>60 mL/hour 54 (89) 13 (43) 2 (20) 6 (60)
30–60 mL/hour 5 (10) 5 (17) 6 (60) 4 (40)
<30 mL/hour 2 (1) 3 (10) 2 (20) 0 (0)

Median haemoglobin
(range), g/dL 9.3 (7.1–12.2) 9.5 (7.8–14.6) 10.1 (8.1–14.6) 10.2 (7.2–11.6)

Median platelet count (range),
*103/mmc 145 (30–316) 130 (20–560) 136 (25–198) 156 (70–215)

Median monoclonal component
(range), g/dL 2.3 (0.3–3.2) 1.6 (0.2–2.1) 0.9 (0.1–3.1) 0.5 (0.1–2.0)
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Table 1. Cont.

Poma D KRd Daratumumab EloRd

N = 61 (100%) N = 31 (100%) N = 10 (100%) N = 10 (100%)

Previous treatments
Autologous transplantation 12 (20) 15 (48) 5 (50) 3 (30)
Allogeneic transplantation 4 (6) 0 (0) 2 (20) 0 (0)
Continuous lenalidomide 61 (100) 7 (23) 2 (20) 0 (0)

Disease status
Refractory disease 36 (59) 17 (55) 5 (50) 8 (80)
Aggressive relapse 8 (13) 5 (16) 0 (0) 2 (20)
Biochemical relapse 17 (28) 9 (29) 5 (50) 0 (0)

ECOG: Eastern Cooperative Oncology Group, MM: Multiple myeloma, PomaD: Pomalidomide and Dexamethasone;
KRd: Carfilzomib, Lenalidomide, Dexamethasone; EloRd: Elotuzumab and Lenalidomide.

Each patient’s medical history was recorded on monthly basis, on day 1 of each cycle. Physical
examinations were conducted, including weight evaluation, physical examination of legs and CVC
insertion if present. Blood was collected for hematologic, coagulative tests, renal and liver function
tests on day 1 of each course.

All VTE were diagnosed by duplex compressive Doppler ultrasonography, performed in a single
complete study of the inferior arts, of the deep veins from the inguinal ligament to the ankle (including
posterior tibial and peroneal veins in the calf), right and left common femoral vein spectral Doppler
waveforms (to evaluate symmetry), popliteal spectral Doppler and color Doppler images. Patients
were addressed to perform the analysis in case of clinical suspicion, such as leg swollen or localized
tenderness along the distribution of the deep venous system, according to recent guidelines [35].
Computed tomography (CT) and pulmonary angiography was performed as clinically indicated.
For the final analysis, we included only objective VTE diagnosis.

2.2. Patients’ Concomitant Treatments

Concomitant medications included anti-infectious prophylaxis, consisting of Trimetoprim and
Sulfametoxazole 800 mg bis in die only two days per week and Acyclovir 200–400 mg daily. Secondary
prophylaxis with sub-cutaneous erythropoietin (EPO) was admitted according to ESMO guidelines [39].

2.3. VTE Thromboprophylaxis

VTE risk was evaluated according to IMWG recommendations for thromboprophylaxis in
MM-patients [22]. Given 1 point to every risk factor, low risk patients had no or one patient, MM or
therapy-related risk factors (score 0–1); in the case of two or more risk factors, patients were classified
as high-risk. Antithrombotic prophylaxis consisted of ASA 100 mg per os once daily, or LMWH or
other antiplatelet agents, such as clopidogrel, tyclopidine or ticagrelor. Five patients refused VTE
thromboprophylaxis. No patients received prophylaxis with oral anticoagulants.

2.4. Statistical Analysis

Descriptive statistics was used to evaluate patients-related risk factors. Fisher exact test was used
for nominal variables with two-categories to appreciate any difference due to treatment.

3. Results

3.1. Evaluation of VTE Risk Factors

We collected retrospectively data available for 112 patients, who received, as part of their
second salvage regimen, respectively, 61 (54%) pomalidomide and dexamethasone (PomaD); 31 (28%)
carfilzomib, lenalidomide and dexamethasone (KRd); 10 (9%) elotuzumab and dexamethasone (EloRd);
and 10 (9%) daratumumab as single agent, as shown in Figure 1.
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Figure 1. Regimens used as third-line of treatment in RRMM patients evaluated in this single-center 
retrospective study. The IMPEDE score was applied to distinguish patients in low, intermediate and 
high risk of VTE. For each treatment group, the VTE prophylaxis choice has been reported. 
Abbreviations: ASA: acetylsalicylic acid, LMWH: Low-molecular-weight heparin Dara: 
Daratumumab, EloRd: Elotuzumab, Lenalidomide, Desamethasone, KRd: Carfilzomib, 
Lenalidomide, Desamethasone, PomaD: Pomalidomide and Desamethasone. 
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As shown in Figure 1, all patients except 5 (4%) started VTE thromboprophylaxis at the same 
time of salvage regimen, including ASA in 89 (83%) patients, LMWH in 9 (8%) patients and 9 (8%) 
other kind of antiplatelet agents. Three patients started with LMWH and switched to ASA within the 
first six months of treatment due to patients’ refusal to practice daily subcutaneous administration; 
six patients, who started with ASA and one with lysine acetylsalicylate, switched to LMWH for 
increased VTE risk due to disease progression and increased number of individual risk factors. ASA 
was used in 49 (80%) patients in PomaD treatment, in 26 (84%) patients receiving KRd, in 7 (70%) 
patients in EloRd and in 7 (70%) patients in the Dara group. Most patients classified as high-risk 
according to IMWG classification refused LWMH due to low compliance; thus, ASA was prescribed. 
Regular and continued monitoring of hemogram for platelet counts was performed and none of 
patients included on the study developed thrombocytopenia requiring thromboprophylaxis 
reduction/interruption. 

3.3. Description of Recorded VTEs 

As shown in Figure 2, in all, 10 (9%) patients treated with new agents developed VTE, including 
7 uncomplicated DVT and 3 pulmonary embolism (PE). As shown in Table 2, no patients had therapy-
related risk factors, including high dose dexamethasone defined as more than 480 mg/month [48]. All 
patients in the KRd and Daratumumab groups had at least one individual risk factors. Among MM-
related risk factors we included hyperviscosity defined as IgG >15 g/dL, IgA >10 g/dL and for IgM >3 
g/dL [48], present in five patients: two treated with pomalidomide and thre with KRd. Detailed 
analysis of both individual and MM-related risk factors for each treatment group is reported in Table 
3. 3/10 patients had previous history of chronic venous disease (C1–C2 grade according to the CEAP 
criteria [52–54]), and no correlation was found between the CEAP score and VTE/PE severity. 

Figure 1. Regimens used as third-line of treatment in RRMM patients evaluated in this single-center
retrospective study. The IMPEDE score was applied to distinguish patients in low, intermediate
and high risk of VTE. For each treatment group, the VTE prophylaxis choice has been reported.
Abbreviations: ASA: acetylsalicylic acid, LMWH: Low-molecular-weight heparin Dara: Daratumumab,
EloRd: Elotuzumab, Lenalidomide, Desamethasone, KRd: Carfilzomib, Lenalidomide, Desamethasone,
PomaD: Pomalidomide and Desamethasone.

Demographic and clinical characteristics of RRMM patients included in the study are reported in
Table 1. Median age was 69 years (range 45–87). Most patients were male (72 patients, 64%), 33% had
a performance status (PS ECOG) higher than 2. Due to inclusion criteria of the study, all patients had
received two previous lines of treatment including autologus or allogenic transplantation, and most of
them had refractory disease to the last treatment.

Risk factors for thromboembolism in MM were categorized as patient-related and MM and
therapy-related risk factors. Patient-related risk factors included obesity, inherited thrombophilic
abnormalities, central venous catheter (CVC), comorbidities (such as infections, cardiac disease, chronic
renal disease, immobilization), medications such as erythropoietin and recent surgical procedures (less
than 3 months). MM-related risk factors were diagnosis per se as well as hyper- viscosity; therapy-related
risk factors were treatment with high dose of dexamethasone, doxorubicin or multi-agent chemotherapy.
As shown in Table 2, all patients had at least one individual risk-factor (91%), including co-morbidity
(such as diabetes and COPD, chronic obstructive pulmonary disease, 75%) and anemia requiring
supportive care with EPO (67%). According to NCCN, IMWG and EMN guidelines, 42 patients (38%)
were classified as high-risk patients.

Table 2. Data on individual, MM-related and anti-MM therapy-related VTE risk factors.

Risk Factors PomaD
N = 61 (100%)

KRd
N = 31 (100%)

EloRd
N = 10 (100%)

Daratumumab
N = 10 (100%)

Total
N = 112 (100%)

Individual 55 (90) 31 (100) 6 (60) 10 (100) 102 (91)
Obesity (BMI > 30 kg/m2) 22 (35) 13 (42) 1 (10) 1(10) 37(33)

Previous VTE 1 (2) 2 (6) 0 (0) 0 (0) 3 (3)
CVC or PM 1 (2) 4 (13) 0 (0) 1 (10) 6 (7)

Associated comorbidities 43 (70) 30 (97) 4 (40) 7 (70) 84 (75)
Surgical procedures 7 (11) 7 (23) 1 (10) 3 (30) 18 (16)

Erythropoietin 50 (82) 19 (61) 6 (60) 6(60) 75 (67)
MM-related 47 (78) 17 (55) 6 (60) 6 (60) 78 (70)

Hyperviscosity 2 (3) 3(10) 0 (0) 0 (0) 5 (4)
Active uncontrolled disease 45 (74) 17 (55) 6 (60) 6 (60) 74 (66)

MM: Multiple myeloma, PomaD: Pomalidomide and Dexamethasone; KRd: Carfilzomib, Lenalidomide,
Dexamethasone; EloRd: Elotuzumab and Lenalidomide; BMI: body mass index; VTE: venous thromboembolism;
CVC: central venous catheter; PM: pace maker.
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Since NCCN, EMN and IMWG guidelines fail to fully distinguish high and ultra-high-risk patients
and are not addressed for the RRMM setting, we re-classified our patients according to the IMPEDE
VTE score [51], which takes in account the following predictors of VTE: Immunomodulatory drugs;
Body Mass Index > 25 Kg/m2; Pelvic, hip or femur fracture; Erythropoietin; Dexamethasone/Doxorubicin;
Asian Ethnicity; VTE history; Tunneled catheter; Existing thromboprophylaxis. Each factor has different
points ranging from 4 to −4 and this score is able to distinguish patients with a low (score ≤ 3),
intermediate (score 4–7), and high (score ≥ 8) risk group. As shown in Figure 1, 32 (28%) patients were
classified as low-risk, with a score ≤ 3 (most of them in the PomaD and Daratumumab group); 70 (63%)
were classified as intermediate-risk, with a score 4–7 (most of them in PomaD and KRd group); and 10
(9%) were classified as high-risk, with a score ≥8 (most of them in the PomaD group).

3.2. VTE Thromboprophylaxis

As shown in Figure 1, all patients except 5 (4%) started VTE thromboprophylaxis at the same time
of salvage regimen, including ASA in 89 (83%) patients, LMWH in 9 (8%) patients and 9 (8%) other
kind of antiplatelet agents. Three patients started with LMWH and switched to ASA within the first six
months of treatment due to patients’ refusal to practice daily subcutaneous administration; six patients,
who started with ASA and one with lysine acetylsalicylate, switched to LMWH for increased VTE risk
due to disease progression and increased number of individual risk factors. ASA was used in 49 (80%)
patients in PomaD treatment, in 26 (84%) patients receiving KRd, in 7 (70%) patients in EloRd and in 7
(70%) patients in the Dara group. Most patients classified as high-risk according to IMWG classification
refused LWMH due to low compliance; thus, ASA was prescribed. Regular and continued monitoring
of hemogram for platelet counts was performed and none of patients included on the study developed
thrombocytopenia requiring thromboprophylaxis reduction/interruption.

3.3. Description of Recorded VTEs

As shown in Figure 2, in all, 10 (9%) patients treated with new agents developed VTE,
including 7 uncomplicated DVT and 3 pulmonary embolism (PE). As shown in Table 2, no patients
had therapy-related risk factors, including high dose dexamethasone defined as more than
480 mg/month [48]. All patients in the KRd and Daratumumab groups had at least one individual
risk factors. Among MM-related risk factors we included hyperviscosity defined as IgG >15 g/dL,
IgA >10 g/dL and for IgM >3 g/dL [48], present in five patients: two treated with pomalidomide and
thre with KRd. Detailed analysis of both individual and MM-related risk factors for each treatment
group is reported in Table 3. 3/10 patients had previous history of chronic venous disease (C1–C2
grade according to the CEAP criteria [52–54]), and no correlation was found between the CEAP score
and VTE/PE severity.

Among PomaD treated patients who developed VTE, one patient had two individual risk factors
(obesity and diabetes), whereas three patients had three or more individual- and MM-related risk
factors. Despite the high-risk of developing VTE at the start of the salvage regimen, all of them
refused LMWH prophylaxis and were receiving 100 mg ASA once daily at time of VTE development.
DVT of lower extremities occurred in two patients within the first 2 months of treatment when the
clinical anti-MM response was not yet achieved, and in two patients after 8 months of treatment,
when a measurable response was documented. One patient, older than 75 years, affected by chronic
obstructive pulmonary disease (COPD) and supported with EPO, developed PE with shortness of
breath, chest pain, cough, requiring hospitalization, after 10 months of treatment, with a documented
partial response. PE diagnosis was confirmed by computed tomography pulmonary angiography.
At discharge, anti-MM treatment was discontinued. In all patients, pomalidomide was interrupted
and three patients started a further line of salvage regimen based on daratumumab.
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Table 3. Analysis of risk factors for VTE among RRMM patients treated with novel agents.

Treatment Group Number of
Subjects

Number of Individual and MM-Related Risk Factors

≤1 2 3 or More

PomaD 61 (100) 14 (23) 19 (31) 28 (46)
No VTE 57 (93) 14 (23) 18 (29) 25 (41)

VTE 4 * (7) 0 (0) 1 (2) 3 (5)
KRd 31 (100) 5 (16) 8 (26) 18 (58)

No VTE 26 (84) 4 (13) 8 (26) 14 (45)
VTE 5 ** (16) 1 (3) 0 (0) 4 (13)

EloRd 10 (100) 4 (40) 4 (40) 2 (20)
No VTE 9 (90) 4 (40) 3 (30) 2 (20)

VTE 1 *** (10) 0 (0) 1 (10) 0 (0)
Daratumumab

No VTE 10 (100) 4 (40) 5 (50) 1 (10)
VTE 0 (0) 0 (0) 0 (0) 0 (0)

* Patient #1 had 4 risk factors (obesity, diabetes, EPO and hyperviscosity); patient # 2 had 3 risk factors (obesity,
diabetes, EPO); patient #3 had 3 risk factors (history of VTE, chronic obstructive pulmonary disease, EPO, tunneled
catheter); patient #4 had 3 risk factors (obesity, EPO, history of VTE). ** Patient #1 had 3 risk factors (obesity, tunneled
catheter, EPO); patient #2 had one risk factor (VTE history), patient #3 and #4 had 4 risk factors (obesity, tunneled
catheter, EPO, diabetes); patient #5 had 3 risk factors (chronic obstructive pulmonary disease, EPO, tunneled catheter).
*** Patient #1 had 2 risk factors (chronic obstructive pulmonary disease, EPO). Abbreviations: KRd: Carfilzomib,
Lenalidomide, Desamethasone, MM: Multiple Myeloma, PomaD: Pomalidomide, VTE: venous thromboembolism,
EPO: erythropoietin.

One patient in the KRd group who developed VTE had one individual risk factor (VTE history)
while the remaining four had three or more individual risk factors and no MM-related risk factors.
Despite the high-risk to develop VTE at start of salvage regimen, all of them refused LMWH prophylaxis
and were receiving 100 mg ASA once daily at time of VTE development (N = 3) or clopidogrel (N = 2).

Two patients developed distal DVT within first two months from treatment start, and one after
two years from treatment start, in the presence of a tunnel line. DVTs were treated with LWMH for
3 months, with recanalization of the occluded vessel, and lenalidomide was discontinued. Two patients
experienced PE with shortness of breath, chest pain, cough: in both cases, diagnosis was confirmed
by computed tomography pulmonary angiography. Compression ultrasonography of the lower limb
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revealed proximal DVT in 1 of them. PE events were at low risk because of absence of hemodynamic
compromise, so they were both treated successfully with oral anticoagulant therapy for indefinite time
and the anti-MM treatment switched to a further daratumumab-based regimen.

The only patient in the EloRd group who developed VTE had two individual risk factors (COPD,
EPO), in absence of MM-related risk-factors (in very good partial remission), under ASA prophylaxis.

In the Daratumumab group, no VTEs were recorded.
According to the IMPEDE VTE score, none of the low-risk patients (N = 32) of our series had VTE.

Among 70 intermediate-risk patients, 8 (11%) had VTE, including 4 in the PomaD group, 1 in the EloRd
group and 3 in the KRd group. Among 10 high-risk patients, 2 (20%) had VTE, all in the KRd group.

4. Discussion

This is a retrospective unicentric study on real life actions for preventing and managing
thromboembolic events in RRMM patients treated with novel drugs, outside of controlled clinical
trials. We found that in RRMM patients, the incidence of VTEs is around 10%, despite the use of
thromboprophylaxis (or anti-thrombotic treatment). Despite the study limitations, e.g., the retrospective
nature of a real-life survey in a single center, the limited number of patients and events in each cohort,
our observations have clinical implications.

Currently, in the absence of risk factors for thrombosis, prophylaxis with ASA (100 mg) is
recommended for patients with MM who start IMiDs therapy and classified as low risk. Full dose
anticoagulants (low molecular weight heparin or full-dose warfarin) are instead recommended for
those at higher risk [38,39]. Our study included patients with myeloma who had a different risk of VTE,
because of the presence of individual factors, such as obesity, recent surgery, presence of comorbidities,
a history of VTE or treatment with erythropoietin [37]. Therefore, in our series, 38% of patients were
classified as high risk, but only 8% were treated with LMWH, according to IMWG recommendation.
This discrepancy can be attributed both to the will of patients who preferred oral therapy over daily
subcutaneous administration, and to a widespread attitude of doctors who rely above all on a clinical
evaluation of the individual patient, thus demonstrating a poor adherence to IMWG guidelines which
were actually proposed without having been validated.

The poor concordance with IMWG guidelines regarding ASA or LMWH use for VTE prophylaxis
in MM patients has been well documented in other studies dealing with “real life” experiences [48].
A retrospective French study conducted on 236 patients treated with an IMiDs-based regimen
demonstrated that only 43% high-risk and 34% low-risk patients received a thrombo-prophylaxis [19].
Another study evaluated 80 MM cases with treatment-related VTE with 85% of them classified as high
risk, but only 19% had received an appropriate prophylaxis according to IMWG [50]. The failure to
adhere to the recommendations of the guidelines was also recorded in the context of controlled clinical
studies: the English study Myeloma XI included treatment with IMiDs at diagnosis, an assessment of
the thrombotic risk in accordance with the IMWG guidelines and consequently a prophylaxis with
LMWH for high risk patients and with ASA for low risk patients. Despite these recommendations,
almost 20% of patients did not receive any prophylaxis and 23% of patients classified as high risk
underwent prophylaxis with ASA rather than LMWH [50]. A recent review has confirmed that ASA
was the most frequent prophylaxis in patients treated with lenalidomide, no matter the individual
risk assessment [44] and the most recent guidelines from NICE (National Institute for Health and
Care Excellence) suggest that in patients with myeloma who are receiving treatment with thalidomide,
lenalidomide or pomalidomide and steroids, it is possible to choose either aspirin or prophylactic dose
of LMWH (NICE 2018 https://www.nice.org.uk/guidance/ng89). Indeed, many patients are reluctant
to accept prophylaxis with LMWH, due to the discomfort of repeated and prolonged subcutaneous
administration. Nonetheless, in our series few patients experienced VTE, even though they were
under prophylaxis with ASA (100 mg), while some patients with three or more risk factors, either with
PomaD or KRd, have not experienced thrombosis, thus confirming the inability of IMWG classification
to well define the risk categories.

https://www.nice.org.uk/guidance/ng89
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One of the reasons for the poor adherence of physicians to the IMWG indications could be related
to the fact that the definition of the risk of developing a VTE remains too vague and the different
parameters used to define the risk are equally considered, while they have probably a different strength
as risk factors [48,49]. For example, the use of erythropoietin is considered a risk factor in the same
way as others, but it must be taken into account that erythropoietin increases the risk of developing
VTE especially when it determines a significant increase in hematocrit and hemoglobin (Hb) [19,55].
In our patients treated with erythropoietin, the Hb value has always been kept lower than 12 g/dL
and therefore this treatment should not have increased the thrombotic risk even if this parameter was
considered in the definition of the risk class, according to the indications of the IMWG [22]. Instead,
a previous history of VTE seems to have a significant role in terms of defining the risk class [48].
It should be pointed out that a previous history of arterial or venous thromboembolism was an exclusion
criteria for the two studies [36] comparing the three different approaches (ASA, LMWH and warfarin)
as possible prophylaxis in IMiDs treated patients, that formed the basis for the formulation of the
IMGW guidelines. Indeed, new studies have indicated that a previous VTE is the strongest indicator
of the probability of developing VTE [51] and, in fact, one of our patients who developed VTE during
EloRd had actually a history of VTE as the only risk factor; in these patients, ASA might be not enough
to provide an adequate thrombo-prophylaxis [51].

All the most recent literature recognizes the need to give a different weight to the different risk
factors. In this perspective, a new proposed score, the IMPEDE VTE score [51], that assigns different
points to different risk factors, has been recently proposed. It has the merit of dividing patients in
three categories with different risk of developing VTE. We found that this score in our series worked
much better than the classification proposed by the IMWG, better defining patients at VTE risk. In fact,
none of the patients classified as low risk developed VTE vs. 11% of intermediate risk patients and 20%
of high-risk patients. Another prognostic model, the SAVED score, for the development of thrombosis
has been recently proposed [52]. This model is also based on a different weight of different variables
and it can identify two categories of patients at different risk of developing VTE. All these models are
based on retrospective evaluations and have the major flaw that refer to now obsolete and no longer
used anti-MM therapy schemes. Therefore, new prospective studies are needed that also consider not
only the new therapeutic strategies in MM, but also the new anticoagulant drugs that are increasingly
used both for therapeutic and prophylactic purposes.

Several studies have in fact shown a promising efficacy of the new oral anticoagulants (DOACs)
in preventing thrombosis in cancer patients, including MM [40,49,51,55]. Recent studies also showed
that apixaban, especially at low dose, was safe and effective for thromboprophylaxis in relatively small
series of MM patients receiving an IMiD-containing regimen as first line treatment or for relapsed
disease [53]. Therefore, although further studies are needed for evaluating the role of DOACs in VTE
prophylaxis in MM patients and possible drug interactions between DOACs and specific myeloma
treatment, including supportive medications, these drugs seem to be at least as effective as LMWH
and are an attractive alternative for thromboprophylaxis in MM since they do not require monitoring
and spare patents from daily injection [48]. However, DOACs are expensive and in many countries
they are not licensed for prophylaxis. Therefore, a more accurate risk stratification of VTE risk should
be pursued not only for clinical benefits, but also for economic reasons [48]. However, it remains
always difficult to accurately define the real risk for each individual patient. It is possible that in the
future, some laboratory investigations, especially those that evaluate the global hemostasis such as
the thrombin generation [10] may better identify high-risk patients. Nowadays, a careful clinical and
anamnestic evaluation of the patient and a physician awareness of the thrombotic risk remain the only
reliable tools to define the risk class.

Despite the limitations of this study, given by its real-life nature, as a retrospective study with
single-center data collection, there are some interesting emerging points. First, we confirmed the
lower incidence of VTEs in RRMM patients treated with monoclonal antibodies. This could be due to
the baseline characteristics of patients, with fewer risk factors in Elo and Dara groups or the limited
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sample size. However, our findings in the community setting confirm what previously reported
in clinical trials [48]. Even if daratumumab as single agent is lesser used than in the past, there is
an increasing number of patients that will receive maintenance with daratumumab single agent [56]
and that could benefit from our findings. In general, the paradigm of long-term treatment with
elotuzumab and daratumumab is increasingly well-established across treatment settings, potentially
resulting in further improvements in patient outcomes, and highlighting key clinical issues that will
need to be addressed in order to provide optimal benefit, including the VTE prophylaxis and for how
long it should be required.

Second, in half of the patients, VTE occurred during the first months of treatment, confirming
the role of an active disease in the pathogenesis of VTE. This had clinical consequences only in two
patients who discontinued anti-MM treatment, while others switched to a different regimen, omitting
IMiDs (e.g., switch to daratumumab), suggesting that evaluation of VTE risk should be dynamic,
and repeated at each cycle of treatment to personalize the prophylaxis options. To this end, a survey is
ongoing in Italian centers to establish which options should be offered for VTE prophylaxis and to
sensitize hematologists to this issue in the community setting. In future, the IMPEDE score should be
validated in RRMM patients undergoing continuous therapy as part of second and third-line salvage
regimens. Among criteria for choosing the third-line regimen to offer, it could be worthwhile to include
the VTE risk and to address daratumumab-based regimens to those high-risk patients who refuse
LMWH prophylaxis, or include DOACs as an alternative VTE prophylaxis.

5. Conclusions

This is the first report about the incidence of VTE in a real-life cohort of RRMM patients treated
with novel agents, including monoclonal antibodies. Given the changes in treatment options for
MM patients, with more and more patients treated in second and third line, larger prospective series
are required to develop a dynamic score that could summarize the individual-, MM-related and
treatment-related risk and to recommend the adequate thromboprophylaxis.
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Appendix A

Treatment with PomaD consisted of 28/35-day cycles of pomalidomide given 4 mg daily per os on
days 1–21 of each 28-day cycle and dexamethasone 40 mg weekly (for <75 years patients) and 20 mg
weekly (for ≥75 years patients) until progression. Treatment with KRd consisted of 28-day cycles
of KRd regimen consisted of 28-days cycles with Carfilzomib administered intravenously for two
consecutive days a week, for three weeks. Initial dose was 20 mg/m2 (maximum dose 40 mg) on days
1–2 of first cycle, increased to 27 mg/m2 (maximum dose 60 mg) at day 8 of first cycle, if well tolerated.
Carfilzomib administration was interrupted at days 8–9 from 13th cycle onwards. Lenalidomide was
usually administered 25 mg per os on days 1–21 of each 28-day cycle and dexamethasone 40 mg weekly
(for <75 years patients) and 20 mg weekly (for ≥75 years patients) until progression.

Dara regimen consisted of 4-weeks cycles of Daratumumab given 16 mg/kg intravenous (iv)
infusion weekly for the first two cycles, followed by intravenous administration every two weeks on
weeks 9–24 and finally once every four weeks from week 25 until progression.
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EloRd regimen consisted of 28-days cycles of Elotuzumab intravenously administered at dose of
10 mg/kg weekly for the first two cycles and then every two weeks, Lenalidomide given 25 mg per os
on days 1–21 of each 28-days cycle and, dexamethasone administered per os at a dose of 40 mg during
the week without elotuzumab and intravenously at a dose of 8 mg plus 28 mg orally on the day of
elotuzumab administration until progression.

References

1. Louzada, M.L.; Majeed, H.; Dao, V.; Wells, P.S. Risk of recurrent venous thromboembolism according
to malignancy characteristics in patients with cancer-associated thrombosis: A systematic review of
observational and intervention studies. Blood Coagul. Fibrinolysis 2011, 22, 86–91. [CrossRef] [PubMed]

2. Landgren, O.; Kyle, R.A.; Pfeiffer, R.M.; Katzmann, J.A.; Caporaso, N.E.; Hayes, R.B.; Dispenzieri, A.;
Kumar, S.; Clark, R.J.; Baris, D.; et al. Monoclonal gammopathy of undetermined significance (MGUS)
consistently precedes multiple myeloma: A prospective study. Blood 2009, 113, 5412–5417. [CrossRef]
[PubMed]

3. Kristinsson, S.Y.; Fears, T.R.; Gridley, G.; Turesson, I.; Mellqvist, U.H.; Bjorkholm, M.; Landgren, O. Deep
vein thrombosis after monoclonal gammopathy of undetermined significance and multiple myeloma. Blood
2008, 112, 3582–3586. [CrossRef] [PubMed]

4. Za, T.; De Stefano, V.; Rossi, E.; Petrucci, M.T.; Andriani, A.; Annino, L.; Cimino, G.; Caravita, T.; Pisani, F.;
Ciminello, A.; et al. Arterial and venous thrombosis in patients with monoclonal gammopathy of
undetermined significance: Incidence and risk factors in a cohort of 1491 patients. Br. J. Haematol.
2013, 160, 673–679. [CrossRef]

5. Fotiou, D.; Gavriatopoulou, M.; Ntanasis-Stathopoulos, I.; Migkou, M.; Dimopoulos, M.A.; Terpos, E.
Updates on thrombotic events associated with multiple myeloma. Expert Rev. Hematol. 2019, 12, 355–365.
[CrossRef] [PubMed]

6. Puglisi, F.; Parrinello, N.L.; Giallongo, C.; Cambria, D.; Camiolo, G.; Bellofiore, C.; Conticello, C.; Del Fabro, V.;
Leotta, V.; Markovic, U.; et al. Plasticity of High-Density Neutrophils in Multiple Myeloma is Associated
with Increased Autophagy via STAT3. Int. J. Mol. Sci. 2019, 20, 3548. [CrossRef]

7. Fotiou, D.; Gerotziafas, G.; Kastritis, E.; Dimopoulos, M.A.; Terpos, E. A review of the venous thrombotic
issues associated with multiple myeloma. Expert Rev. Hematol. 2016, 9, 695–706. [CrossRef]

8. Fotiou, D.; Sergentanis, T.N.; Papageorgiou, L.; Stamatelopoulos, K.; Gavriatopoulou, M.; Kastritis, E.;
Psaltopoulou, T.; Salta, S.; Van Dreden, P.; Sangare, R.; et al. Longer procoagulant phospholipid-dependent
clotting time, lower endogenous thrombin potential and higher tissue factor pathway inhibitor concentrations
are associated with increased VTE occurrence in patients with newly diagnosed multiple myeloma: Results
of the prospective ROADMAP-MM-CAT study. Blood Cancer J. 2018, 8, 102. [CrossRef]

9. Tiong, I.S.; Rodgers, S.E.; Lee, C.H.; McRae, S.J. Baseline and treatment-related changes in thrombin generation
in patients with multiple myeloma. Leuk. Lymphoma 2017, 58, 941–949. [CrossRef]

10. Crowley, M.P.; Kevane, B.; O’Shea, S.I.; Quinn, S.; Egan, K.; Gilligan, O.M.; Ni Ainle, F. Plasma Thrombin
Generation and Sensitivity to Activated Protein C Among Patients With Myeloma and Monoclonal
Gammopathy of Undetermined Significance. Clin. Appl. Thromb. Hemost. 2016, 22, 554–562. [CrossRef]

11. 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.
Br. J. Haematol. 2006, 134, 399–405. [CrossRef] [PubMed]

12. Huang, H.; Li, H.; Li, D. Effect of serum monoclonal protein concentration on haemostasis in patients with
multiple myeloma. Blood Coagul. Fibrinolysis 2015, 26, 555–559. [CrossRef] [PubMed]

13. Kumar, S.K.; Dispenzieri, A.; Lacy, M.Q.; Gertz, M.A.; Buadi, F.K.; Pandey, S.; Kapoor, P.; Dingli, D.;
Hayman, S.R.; Leung, N.; et al. Continued improvement in survival in multiple myeloma: Changes in early
mortality and outcomes in older patients. Leukemia 2014, 28, 1122–1128. [CrossRef] [PubMed]

14. Romano, A.; Conticello, C.; Cavalli, M.; Vetro, C.; Di Raimondo, C.; Di Martina, V.; Schinocca, E.; La Fauci, A.;
Parrinello, N.L.; Chiarenza, A.; et al. Salvage therapy of multiple myeloma: The new generation drugs.
Biomed. Res. Int. 2014, 2014, 456037. [CrossRef]

15. Romano, A.; Conticello, C.; Di Raimondo, F. Bortezomib for the treatment of previously untreated multiple
myeloma. Immunotherapy 2013, 5, 327–352. [CrossRef]

http://dx.doi.org/10.1097/MBC.0b013e328341f030
http://www.ncbi.nlm.nih.gov/pubmed/21245746
http://dx.doi.org/10.1182/blood-2008-12-194241
http://www.ncbi.nlm.nih.gov/pubmed/19179464
http://dx.doi.org/10.1182/blood-2008-04-151076
http://www.ncbi.nlm.nih.gov/pubmed/18559977
http://dx.doi.org/10.1111/bjh.12168
http://dx.doi.org/10.1080/17474086.2019.1604214
http://www.ncbi.nlm.nih.gov/pubmed/30957573
http://dx.doi.org/10.3390/ijms20143548
http://dx.doi.org/10.1080/17474086.2016.1194750
http://dx.doi.org/10.1038/s41408-018-0135-y
http://dx.doi.org/10.1080/10428194.2016.1219900
http://dx.doi.org/10.1177/1076029615625825
http://dx.doi.org/10.1111/j.1365-2141.2006.06208.x
http://www.ncbi.nlm.nih.gov/pubmed/16882132
http://dx.doi.org/10.1097/MBC.0000000000000296
http://www.ncbi.nlm.nih.gov/pubmed/25828972
http://dx.doi.org/10.1038/leu.2013.313
http://www.ncbi.nlm.nih.gov/pubmed/24157580
http://dx.doi.org/10.1155/2014/456037
http://dx.doi.org/10.2217/imt.13.14


J. Clin. Med. 2020, 9, 2876 12 of 14

16. Conticello, C.; Giuffrida, R.; Adamo, L.; Anastasi, G.; Martinetti, D.; Salomone, E.; Colarossi, C.; Amato, G.;
Gorgone, A.; Romano, A.; et al. NF-κB localization in multiple myeloma plasma cells and mesenchymal cells.
Leuk. Res. 2011, 35, 52–60. [CrossRef]

17. Srkalovic, G.; Cameron, M.G.; Rybicki, L.; Deitcher, S.R.; Kattke-Marchant, K.; Hussein, M.A. Monoclonal
gammopathy of undetermined significance and multiple myeloma are associated with an increased incidence
of venothromboembolic disease. Cancer 2004, 101, 558–566. [CrossRef]

18. Li, A.; Wu, Q.; Warnick, G.; Li, S.; Libby, E.N.; Garcia, D.A.; Lyman, G.H. The incidence of thromboembolism
for lenalidomide versus thalidomide in older patients with newly diagnosed multiple myeloma. Ann. Hematol.
2020, 99, 121–126. [CrossRef]

19. Palmaro, A.; Rouge-Bugat, M.E.; Gauthier, M.; Despas, F.; Moulis, G.; Lapeyre-Mestre, M. Real-life practices
for preventing venous thromboembolism in multiple myeloma patients: A cohort study from the French
health insurance database. Pharmacoepidemiol. Drug Saf. 2017, 26, 578–586. [CrossRef]

20. Palumbo, A.; Palladino, C. Venous and arterial thrombotic risks with thalidomide: Evidence and practical
guidance. Ther. Adv. Drug Saf. 2012, 3, 255–266. [CrossRef]

21. Singh, A.; Gajra, A. Thromboembolism with immunomodulatory agents in the treatment of multiple
myeloma. Cardiovasc. Hematol. Agents Med. Chem. 2011, 9, 7–13. [CrossRef] [PubMed]

22. Niesvizky, R.; Martinez-Banos, D.; Jalbrzikowski, J.; Christos, P.; Furst, J.; De Sancho, M.; Mark, T.; Pearse, R.;
Mazumdar, M.; Zafar, F.; et al. Prophylactic low-dose aspirin is effective antithrombotic therapy for
combination treatments of thalidomide or lenalidomide in myeloma. Leuk. Lymphoma 2007, 48, 2330–2337.
[CrossRef] [PubMed]

23. Chakraborty, R.; Bin Riaz, I.; Malik, S.U.; Marneni, N.; Mejia Garcia, A.; Anwer, F.; Khorana, A.A.;
Rajkumar, S.V.; Kumar, S.; Murad, M.H.; et al. Venous thromboembolism risk with contemporary
lenalidomide-based regimens despite thromboprophylaxis in multiple myeloma: A systematic review
and meta-analysis. Cancer 2020, 126, 1640–1650. [CrossRef] [PubMed]

24. Shin, J.; Lee, J.J.; Kim, K.; Min, C.K.; Lee, J.O.; Suh, C.; Kim, J.S.; Lee, Y.J.; Yoon, S.S.; Jo, J.C.; et al. Venous
thromboembolism in relapsed or refractory multiple myeloma patients treated with lenalidomide plus
dexamethasone. Int. J. Hematol. 2019, 109, 79–90. [CrossRef] [PubMed]

25. Anderson, S.M.; Beck, B.; Sterud, S.; Lockhorst, R.; Ngorsuraches, S. Evaluating the use of appropriate
anticoagulation with lenalidomide and pomalidomide in patients with multiple myeloma. J. Oncol. Pharm.
Pract. 2019, 25, 806–812. [CrossRef]

26. Maharaj, S.; Chang, S.; Seegobin, K.; Serrano-Santiago, I.; Zuberi, L. Increased risk of arterial thromboembolic
events with combination lenalidomide/dexamethasone therapy for multiple myeloma. Expert Rev. Anticancer
Ther. 2017, 17, 585–591. [CrossRef]

27. Al-Ani, F.; Bermejo, J.M.; Mateos, M.V.; Louzada, M. Thromboprophylaxis in multiple myeloma patients
treated with lenalidomide—A systematic review. Thromb. Res. 2016, 141, 84–90. [CrossRef]

28. Isoda, A.; Sato, N.; Miyazawa, Y.; Matsumoto, Y.; Koumoto, M.; Ookawa, M.; Sawamura, M.; Matsumoto, M.
Silent venous thromboembolism in multiple myeloma patients treated with lenalidomide. Int. J. Hematol.
2015, 102, 271–277. [CrossRef]

29. Larocca, A.; Cavallo, F.; Bringhen, S.; Di Raimondo, F.; Falanga, A.; Evangelista, A.; Cavalli, M.; Stanevsky, A.;
Corradini, P.; Pezzatti, S.; et al. Aspirin or enoxaparin thromboprophylaxis for patients with newly diagnosed
multiple myeloma treated with lenalidomide. Blood 2012, 119, 933–939, quiz 1093. [CrossRef]

30. Zangari, M.; Fink, L.; Zhan, F.; Tricot, G. Low venous thromboembolic risk with bortezomib in multiple
myeloma and potential protective effect with thalidomide/lenalidomide-based therapy: Review of data from
phase 3 trials and studies of novel combination regimens. Clin. Lymphoma Myeloma Leuk. 2011, 11, 228–236.
[CrossRef]

31. Zonder, J.A.; Crowley, J.; Hussein, M.A.; Bolejack, V.; Moore, D.F., Sr.; Whittenberger, B.F.; Abidi, M.H.;
Durie, B.G.; Barlogie, B. Lenalidomide and high-dose dexamethasone compared with dexamethasone as
initial therapy for multiple myeloma: A randomized Southwest Oncology Group trial (S0232). Blood 2010,
116, 5838–5841. [CrossRef] [PubMed]

32. Klein, U.; Kosely, F.; Hillengass, J.; Hundemer, M.; Schmitt, S.; Neben, K.; Moehler, T.; Hegenbart, U.; Ho, A.D.;
Goldschmidt, H. Effective prophylaxis of thromboembolic complications with low molecular weight heparin
in relapsed multiple myeloma patients treated with lenalidomide and dexamethasone. Ann. Hematol. 2009,
88, 67–71. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.leukres.2010.06.023
http://dx.doi.org/10.1002/cncr.20405
http://dx.doi.org/10.1007/s00277-019-03860-2
http://dx.doi.org/10.1002/pds.4180
http://dx.doi.org/10.1177/2042098612452291
http://dx.doi.org/10.2174/187152511794182846
http://www.ncbi.nlm.nih.gov/pubmed/20874693
http://dx.doi.org/10.1080/10428190701647887
http://www.ncbi.nlm.nih.gov/pubmed/18067007
http://dx.doi.org/10.1002/cncr.32682
http://www.ncbi.nlm.nih.gov/pubmed/31913498
http://dx.doi.org/10.1007/s12185-018-2540-1
http://www.ncbi.nlm.nih.gov/pubmed/30291558
http://dx.doi.org/10.1177/1078155218758500
http://dx.doi.org/10.1080/14737140.2017.1330153
http://dx.doi.org/10.1016/j.thromres.2016.03.006
http://dx.doi.org/10.1007/s12185-015-1838-5
http://dx.doi.org/10.1182/blood-2011-03-344333
http://dx.doi.org/10.1016/j.clml.2011.03.006
http://dx.doi.org/10.1182/blood-2010-08-303487
http://www.ncbi.nlm.nih.gov/pubmed/20876454
http://dx.doi.org/10.1007/s00277-008-0561-1
http://www.ncbi.nlm.nih.gov/pubmed/18668241


J. Clin. Med. 2020, 9, 2876 13 of 14

33. Menon, S.P.; Rajkumar, S.V.; Lacy, M.; Falco, P.; Palumbo, A. Thromboembolic events with lenalidomide-based
therapy for multiple myeloma. Cancer 2008, 112, 1522–1528. [CrossRef] [PubMed]

34. Palumbo, A.; Rajkumar, S.V.; Dimopoulos, M.A.; Richardson, P.G.; San Miguel, J.; Barlogie, B.; Harousseau, J.;
Zonder, J.A.; Cavo, M.; Zangari, M.; et al. Prevention of thalidomide- and lenalidomide-associated thrombosis
in myeloma. Leukemia 2008, 22, 414–423. [CrossRef] [PubMed]

35. Needleman, L.; Cronan, J.J.; Lilly, M.P.; Merli, G.J.; Adhikari, S.; Hertzberg, B.S.; DeJong, M.R.;
Streiff, M.B.; Meissner, M.H. Ultrasound for Lower Extremity Deep Venous Thrombosis: Multidisciplinary
Recommendations from the Society of Radiologists in Ultrasound Consensus Conference. Circulation 2018,
137, 1505–1515. [CrossRef] [PubMed]

36. Palumbo, A.; Cavo, M.; Bringhen, S.; Zamagni, E.; Romano, A.; Patriarca, F.; Rossi, D.; Gentilini, F.; Crippa, C.;
Galli, M.; et al. Aspirin, warfarin, or enoxaparin thromboprophylaxis in patients with multiple myeloma
treated with thalidomide: A phase III, open-label, randomized trial. J. Clin. Oncol. 2011, 29, 986–993.
[CrossRef] [PubMed]

37. Khorana, A.A.; Francis, C.W.; Culakova, E.; Lyman, G.H. Risk factors for chemotherapy-associated venous
thromboembolism in a prospective observational study. Cancer 2005, 104, 2822–2829. [CrossRef] [PubMed]

38. Terpos, E.; Kleber, M.; Engelhardt, M.; Zweegman, S.; Gay, F.; Kastritis, E.; van de Donk, N.W.; Bruno, B.;
Sezer, O.; Broijl, A.; et al. European Myeloma Network guidelines for the management of multiple
myeloma-related complications. Haematologica 2015, 100, 1254–1266. [CrossRef]

39. Moreau, P.; San Miguel, J.; Sonneveld, P.; Mateos, M.V.; Zamagni, E.; Avet-Loiseau, H.; Hajek, R.;
Dimopoulos, M.A.; Ludwig, H.; Einsele, H.; et al. Multiple myeloma: ESMO Clinical Practice Guidelines for
diagnosis, treatment and follow-up. Ann. Oncol. 2017, 28, iv52–iv61. [CrossRef]

40. Cornell, R.F.; Goldhaber, S.Z.; Engelhardt, B.G.; Moslehi, J.; Jagasia, M.; Patton, D.; Harrell, S.; Hall, R.;
Wyatt, H.; Piazza, G. Apixaban for Primary Prevention of Venous Thromboembolism in Patients With
Multiple Myeloma Receiving Immunomodulatory Therapy. Front. Oncol. 2019, 9, 45. [CrossRef]

41. Parisi, M.S.; Leotta, S.; Romano, A.; Del Fabro, V.; Martino, E.A.; Calafiore, V.; Giubbolini, R.; Markovic, U.;
Leotta, V.; Di Giorgio, M.A.; et al. Clinical Benefit of Long-Term Disease Control with Pomalidomide and
Dexamethasone in Relapsed/Refractory Multiple Myeloma Patients. J. Clin. Med. 2019, 8, 1695. [CrossRef]
[PubMed]

42. Matsumura-Kimoto, Y.; Kuroda, J.; Kaneko, H.; Kamitsuji, Y.; Fuchida, S.I.; Nakaya, A.; Shibayama, H.;
Uoshima, N.; Yokota, I.; Uchiyama, H.; et al. Pomalidomide with or without dexamethasone for
relapsed/refractory multiple myeloma in Japan: A retrospective analysis by the Kansai Myeloma Forum.
Int. J. Hematol. 2018, 107, 541–550. [CrossRef] [PubMed]

43. Gueneau, P.; Chretien, M.L.; Cransac-Miet, A.; Aho, L.S.; Lafon, I.; Favennec, C.; Guy, J.; Caillot, D.; Boulin, M.
Efficacy, safety, and cost of pomalidomide in relapsed and refractory multiple myeloma. Eur. J. Haematol.
2018, 100, 518–525. [CrossRef]

44. Man, L.; Morris, A.; Brown, J.; Palkimas, S.; Davidson, K. Use of direct oral anticoagulants in patients on
immunomodulatory agents. J. Thromb. Thrombolysis 2017, 44, 298–302. [CrossRef] [PubMed]

45. Stewart, A.K.; Rajkumar, S.V.; Dimopoulos, M.A.; Masszi, T.; Spicka, I.; Oriol, A.; Hajek, R.; Rosinol, L.;
Siegel, D.S.; Mihaylov, G.G.; et al. Carfilzomib, lenalidomide, and dexamethasone for relapsed multiple
myeloma. N. Engl. J. Med. 2015, 372, 142–152. [CrossRef]

46. Conticello, C.; Romano, A.; Del Fabro, V.; Martino, E.A.; Calafiore, V.; Sapienza, G.; Leotta, V.; Parisi, M.S.;
Markovic, U.; Garibaldi, B.; et al. Feasibility, Tolerability and Efficacy of Carfilzomib in Combination with
Lenalidomide and Dexamethasone in Relapsed Refractory Myeloma Patients: A Retrospective Real-Life
Survey of the Sicilian Myeloma Network. J. Clin. Med. 2019, 8, 877. [CrossRef]

47. Li, W.; Garcia, D.; Cornell, R.F.; Gailani, D.; Laubach, J.; Maglio, M.E.; Richardson, P.G.; Moslehi, J.
Cardiovascular and Thrombotic Complications of Novel Multiple Myeloma Therapies: A Review.
JAMA Oncol. 2017, 3, 980–988. [CrossRef]

48. Fotiou, D.; Gavriatopoulou, M.; Terpos, E. Multiple Myeloma and Thrombosis: Prophylaxis and Risk
Prediction Tools. Cancers 2020, 12, 191. [CrossRef]

http://dx.doi.org/10.1002/cncr.23336
http://www.ncbi.nlm.nih.gov/pubmed/18278812
http://dx.doi.org/10.1038/sj.leu.2405062
http://www.ncbi.nlm.nih.gov/pubmed/18094721
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.030687
http://www.ncbi.nlm.nih.gov/pubmed/29610129
http://dx.doi.org/10.1200/JCO.2010.31.6844
http://www.ncbi.nlm.nih.gov/pubmed/21282540
http://dx.doi.org/10.1002/cncr.21496
http://www.ncbi.nlm.nih.gov/pubmed/16284987
http://dx.doi.org/10.3324/haematol.2014.117176
http://dx.doi.org/10.1093/annonc/mdx096
http://dx.doi.org/10.3389/fonc.2019.00045
http://dx.doi.org/10.3390/jcm8101695
http://www.ncbi.nlm.nih.gov/pubmed/31623097
http://dx.doi.org/10.1007/s12185-018-2416-4
http://www.ncbi.nlm.nih.gov/pubmed/29380179
http://dx.doi.org/10.1111/ejh.13039
http://dx.doi.org/10.1007/s11239-017-1534-9
http://www.ncbi.nlm.nih.gov/pubmed/28819709
http://dx.doi.org/10.1056/NEJMoa1411321
http://dx.doi.org/10.3390/jcm8060877
http://dx.doi.org/10.1001/jamaoncol.2016.3350
http://dx.doi.org/10.3390/cancers12010191


J. Clin. Med. 2020, 9, 2876 14 of 14

49. Sayar, Z.; Czuprynska, J.; Patel, J.P.; Benjamin, R.; Roberts, L.N.; Patel, R.K.; Cornelius, V.; Arya, R. What
are the difficulties in conducting randomised controlled trials of thromboprophylaxis in myeloma patients
and how can we address these? Lessons from apixaban versus LMWH or aspirin as thromboprophylaxis
in newly diagnosed multiple myeloma (TiMM) feasibility clinical trial. J. Thromb. Thrombolysis 2019, 48,
315–322. [CrossRef]

50. Bradbury, C.A.; Craig, Z.; Cook, G.; Pawlyn, C.; Cairns, D.A.; Hockaday, A.; Paterson, A.; Jenner, M.W.;
Jones, J.R.; Drayson, M.T.; et al. Thrombosis in Patients with Myeloma Treated in the Myeloma IX and
Myeloma XI Phase III Randomized Controlled Trials. Blood 2020, 136, 1091–1104. [CrossRef]

51. Sanfilippo, K.M.; Luo, S.; Wang, T.F.; Fiala, M.; Schoen, M.; Wildes, T.M.; Mikhael, J.; Kuderer, N.M.;
Calverley, D.C.; Keller, J.; et al. Predicting venous thromboembolism in multiple myeloma: Development
and validation of the IMPEDE VTE score. Am. J. Hematol. 2019, 94, 1176–1184. [CrossRef] [PubMed]

52. Li, A.; Wu, Q.; Luo, S.; Warnick, G.S.; Zakai, N.A.; Libby, E.N.; Gage, B.F.; Garcia, D.A.; Lyman, G.H.;
Sanfilippo, K.M. Derivation and Validation of a Risk Assessment Model for Immunomodulatory
Drug-Associated Thrombosis Among Patients with Multiple Myeloma. J. Natl. Compr. Cancer Netw.
2019, 17, 840–847. [CrossRef] [PubMed]

53. Pegourie, B.; Karlin, L.; Benboubker, L.; Orsini-Piocelle, F.; Tiab, M.; Auger-Quittet, S.; Rodon, P.; Royer, B.;
Leleu, X.; Bareau, B.; et al. Apixaban for the prevention of thromboembolism in immunomodulatory-treated
myeloma patients: Myelaxat, a phase 2 pilot study. Am. J. Hematol. 2019, 94, 635–640. [CrossRef] [PubMed]

54. Porter, J.M.; Moneta, G.L. Reporting standards in venous disease: An update. International Consensus
Committee on Chronic Venous Disease. J. Vasc. Surg. 1995, 21, 635–645. [CrossRef]

55. Anaissie, E.J.; Coleman, E.A.; Goodwin, J.A.; Kennedy, R.L.; Lockhart, K.D.; Stewart, C.B.; Coon, S.K.;
Bailey, C.; Barlogie, B. Prophylactic recombinant erythropoietin therapy and thalidomide are predictors of
venous thromboembolism in patients with multiple myeloma: Limited effectiveness of thromboprophylaxis.
Cancer 2012, 118, 549–557. [CrossRef] [PubMed]

56. Dimopoulos, M.A.; Jakubowiak, A.J.; McCarthy, P.L.; Orlowski, R.Z.; Attal, M.; Bladé, J.; Goldschmidt, H.;
Weisel, K.C.; Ramasamy, K.; Zweegman, S.; et al. Developments in continuous therapy and maintenance
treatment approaches for patients with newly diagnosed multiple myeloma. Blood Cancer J. 2020, 10, 17.
[CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1007/s11239-019-01891-0
http://dx.doi.org/10.1182/blood.2020005125
http://dx.doi.org/10.1002/ajh.25603
http://www.ncbi.nlm.nih.gov/pubmed/31379000
http://dx.doi.org/10.6004/jnccn.2018.7273
http://www.ncbi.nlm.nih.gov/pubmed/31319391
http://dx.doi.org/10.1002/ajh.25459
http://www.ncbi.nlm.nih.gov/pubmed/30859608
http://dx.doi.org/10.1016/S0741-5214(95)70195-8
http://dx.doi.org/10.1002/cncr.26302
http://www.ncbi.nlm.nih.gov/pubmed/21720994
http://dx.doi.org/10.1038/s41408-020-0273-x
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Patients’ Selection and Methods 
	Patients’ Disposal 
	Patients’ Concomitant Treatments 
	VTE Thromboprophylaxis 
	Statistical Analysis 

	Results 
	Evaluation of VTE Risk Factors 
	VTE Thromboprophylaxis 
	Description of Recorded VTEs 

	Discussion 
	Conclusions 
	
	References

