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(PE), poses a major concern, especially in the first year after 
diagnosis [4–7]. VTE is a leading cause of morbidity in MM 
patients, and despite the routine use of thromboprophylaxis 
strategies, incidence rates remain high, with an estimated 
10% risk in the first year after diagnosis [8–15]. In clini-
cal trials involving patients with newly diagnosed, relapsed, 
or refractory myeloma treated with the immunomodulatory 
drug (IMiD) lenalidomide, the pooled incidence of VTE has 
been reported to be 6.2% (95% CI, 5.4–7.1%) over median 
treatment durations of 2–34 cycles, translating to 1.2 VTE 
events per 100 patient-cycles [16].

VTE can result in long-term complications such as post-
thrombotic syndrome and chronic thromboembolic pul-
monary hypertension [17]. Moreover, VTE can negatively 
impact the quality of life of MM patients and increase the 
burden on healthcare systems, resulting in frequent hospi-
talizations and treatment interruptions [18, 19]. Although a 
survival detriment from VTE is not clearly established in 
MM, many studies have reported an increased hazard ratio 
(HR) (up to 3-fold) for patients with thrombotic events com-
pared to those without [13, 20, 21]. Similar outcomes are 
also seen for patients experiencing arterial thromboses [22].

Introduction

Multiple myeloma (MM) is a hematologic malignancy 
characterized by the clonal proliferation of plasma cells [1]. 
With significant improvements in the overall survival (OS) 
of patients with MM over the past two decades, optimizing 
the management of treatment-related toxicities has become 
a critical unmet need. Patients with MM experience sig-
nificant disease-related complications as well as treatment-
related toxicities during their disease course [2, 3]. Among 
these, venous thromboembolism (VTE), which includes 
deep vein thrombosis (DVT) and pulmonary embolism 
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Abstract
Venous thromboembolism (VTE) poses a significant challenge in the context of multiple myeloma, with an incidence of 
up to 10% in newly diagnosed patients and varying frequency in the relapsed/refractory setting. Accurate VTE risk assess-
ment and personalized thromboprophylaxis strategies are important parts of supportive care in myeloma. There are three 
validated risk assessment models for prediction of VTE risk in newly diagnosed myeloma-SAVED, IMPEDE-VTE, and 
PRISM. In this review, we delve into the practical applications of VTE risk prediction models in the context of current 
therapies. By emphasizing the necessity of a tailored approach, we underscore the importance of considering patient-spe-
cific, disease-specific, and treatment-specific risk factors in each clinical scenario, and using that data to complement the 
output from risk assessment models. We also provide a summary of currently available data on VTE thromboprophylaxis 
in myeloma, and highlight specific situations where direct oral anticoagulants should be strongly considered. Our objective 
is to fill the critical gaps in VTE prophylaxis and management through the analysis of specific patient cases and provide 
a practical overview for clinicians.
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The association between MM and VTE is multifacto-
rial, with patient-related, disease-related, and treatment-
related factors contributing to the increased risk [23, 24]. 
Patient-related factors include age, obesity, comorbidities 
(such as cardiovascular disease, diabetes, and hyperten-
sion), personal or family history of VTE, and immobiliza-
tion [25, 26]. Disease-related factors encompass abnormal 
metaphase cytogenetics, the presence of other prothrom-
botic factors, and the production of procoagulant proteins 
by malignant plasma cells [12, 27–30]. Current treatment 
options for MM, such as immunomodulatory drugs (IMiDs) 
like lenalidomide and proteasome inhibitors (PIs) like carfil-
zomib, are also associated with an increased risk of VTE 
[31–35]. These factors collectively contribute to a hyperco-
agulable state, predisposing MM patients to a higher risk of 
VTE, and underscore the need for effective thromboprophy-
laxis approaches in MM patients receiving these therapies.

While the International Myeloma Working Group 
(IMWG) and European Myeloma Network Guidelines 
(EMN) offer recommendations for VTE prevention through 
routine thromboprophylaxis, significant VTE rates persist, 
possibly due to a mix of non-compliance and less-than-
ideal risk stratification systems and thromboprophylaxis 
regimens [16, 36–39]. In this article, a case-based review of 
thromboprophylaxis in MM patients is presented, given the 
intricate nature and variability of individual patient profiles, 
treatment plans, and potential complications. Thrombopro-
phylaxis strategies should be adapted to suit each patient’s 
distinct risk factors and clinical circumstances, as a one-
size-fits-all approach may not be appropriate. Adopting a 
case-based methodology allows for a more in-depth under-
standing of the real-world challenges and decision-making 
processes associated with managing thromboprophylaxis in 
MM patients.

Case 1. Newly diagnosed MM patient started on 
lenalidomide-based induction

A 56-year-old Caucasian male is diagnosed with high-risk 
MM (t[4;14] on FISH) and about to start induction treat-
ment with DVRd (daratumumab, bortezomib, lenalidomide, 
and low-dose dexamethasone). He is transplant eligible. 
His ECOG status is 1. The patient is fully ambulatory with 
no prior history of DVT and no other high-risk features for 
thrombosis. What are the most important aspects to consider 
when choosing thromboprophylaxis for this patient?

Risk stratification and choice of VTE prophylaxis for low-risk 
MM patients

When treating a newly diagnosed MM patient with a lenalid-
omide-containing regimen that has no high-risk feature for 

DVT, thromboprophylaxis is recommended by both the 
IMWG and the EMN [37, 38]. In general, it is important 
to balance the risk of thrombosis with the risk of bleeding 
and consider any absolute contraindications such as throm-
bocytopenia (platelets < 20 × 109), active bleeding, or con-
genital bleeding disorders (e.g., hemophilia). In this case, 
comprehensive risk stratification should be performed using 
the currently available risk-stratification models as well as 
additional patient-specific, disease-specific, and treatment-
specific risk factors that are known to impart a greater risk 
of VTE. According to the IMWG and EMN Guidelines, 
the options for thromboprophylaxis in MM include aspirin 
(81–325 mg), low-molecular-weight heparin, and full-dose 
therapeutic warfarin [37, 38, 40, 41]. The choice of therapy 
may depend on the patient’s individual risk factors and the 
potential for drug interactions with other medications. A 
brief summary of the thromboprophylaxis regimen com-
monly used in MM is provided in Table 1.

Several studies have investigated the efficacy of aspirin, 
low-molecular-weight heparin (LMWH), and warfarin in 
preventing VTEs in patients with newly diagnosed multiple 
myeloma (NDMM). A randomized controlled trial (RCT) 
study compared aspirin (100 mg/day) with LMWH (enoxa-
parin 40 mg/day) in NDMM patients treated with lenalido-
mide plus dexamethasone. VTE incidence was reported 
to be 2.3% in the aspirin cohort and 1.2% in the LMWH 
cohort, demonstrating no statistically significant difference 
between the two groups. Additionally, in both aspirin and 
LMWH cohorts, no major or minor bleeding complications 
were reported, with only 1 gastrointestinal minor bleeding 
observed in the LMWH cohort, which was completely and 
spontaneously resolved [9]. Another phase III randomized 
study investigated the role of aspirin (100 mg/day), LMWH 
(enoxaparin 40  mg/day), and warfarin (fixed dose of 
1.25 mg/day) in patients with NDMM treated with a thalid-
omide-based regimen and again found no difference in the 
incidence of symptomatic VTE (6.4% in the aspirin group, 
8.2% in the warfarin group, and 5.0% in the LMWH group) 
[10]. During the first six months, three patients (1.4%) expe-
rienced significant bleeding while taking aspirin, whereas 
none of the patients on warfarin or LMWH had such a major 
event. Minor bleeding was observed in six patients (2.7%) 
from the aspirin group, one patient (0.5%) from the warfarin 
group, and three patients (1.4%) from the LMWH group. 
In both trials, the rate of VTEs was lower (< 10%) than the 
reported incidences in real-world studies, which was likely 
driven by the exclusion of high-risk patients (e.g., prior 
VTE, immobilization leading to poor performance status). 
The phase 3 Myeloma XI study is the largest randomized 
trial reporting data on the utilization of IMiDs and corti-
costeroids in NDMM patients and reports thrombosis out-
comes data in transplant-eligible and transplant-ineligible 
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patients after the adoption of thrombosis prevention guide-
lines. In Myeloma XI, patients were stratified based on 
VTE risk and assigned to receive aspirin or LMWH for at 
least three months. Despite risk-based thromboprophylaxis, 
breakthrough VTE events occurred in a significant propor-
tion of patients (11.8%), especially in the first six months 
of treatment [14]. Similarly, the rate of VTE in the Phase 
II randomized GRIFFIN trial was substantial, with VTEs 
(grades 2–4, none grade 5) reported in 10 (10.1%) patients 
in D-VRd arm and 16 (15.7%) patients in VRd arm. These 
results indicate a substantial VTE risk despite the use of 
IMWG-recommended anti-thrombotic prophylaxis [15].

In terms of risk stratification, there are three scores most 
commonly used for newly diagnosed MM patients: the 
SAVED model, the IMPEDE-VTE model, and the PRISM 
score [12, 42, 43]. All three scores were derived from a 
retrospective review of large datasets and multivariable 
analysis in NDMM patients. The SAVED model takes into 
account the patient’s age, race, history of prior thrombosis, 
surgery within 90 days, and the dose of dexamethasone 
received. The IMPEDE-VTE model includes various fac-
tors, including BMI, administration of immunomodulator 
drugs or erythropoiesis-stimulating agents, doxorubicin, 
dose-dependent dexamethasone, race, prior history of VTE, 
insertion of a central venous catheter, recent bone fractures, 
and the utilization of LMWH, warfarin, or aspirin. The 
PRISM score adopted a 5-variable system that included 
the following: prior VTE, prior surgery, immunomodula-
tory drug use, abnormal metaphase cytogenetics, and race 
(Table 2). A recent external validation of the PRISM score 
in 213 consecutive patients demonstrated an area under the 
curve (AUC) of 0.76 for predicting VTEs during the treat-
ment course. The score was especially useful for high-risk 

patients, with 77% developing a VTE during the study 
course [44]. However, it is important to note that these 
scores have been developed in heterogeneous populations, 
with significant heterogeneity in the treatments received and 
the prophylactic measures taken in each cohort (e.g., the 
SAVED model only included patients treated with IMiD-
based regimens). Notably, risk stratification based on FISH 
cytogenetics and ISS stage did not seem to correlate with 
the risk of thrombosis in NDMM [12, 13].

The patient in this vignette is classified as low-risk (1) 
according to the SAVED model, as they are treated with 
low-dose dexamethasone [45]. However, the patient is 
intermediate-risk (scoring 6 and 2, respectively) accord-
ing to the IMPEDE-VTE model (which considers the use 
of low-dose dexamethasone and an IMiD) and the PRISM 
score (use of an IMiD). The corresponding 6-month risk 
for developing a VTE event would be 7% according to the 
SAVED model and 8.3% according to the IMPEDE-VTE 
model. For PRISM, the 12-month cumulative risk would be 
10.8%. In terms of induction therapy, the addition of dara-
tumumab to any MM regimen does not seem to increase the 
risk for VTEs, as shown in a recent analysis of the MAIA 
and GRIFFIN trials [46, 47]. We thus recommend aspirin 
(81–325 mg) alone as thromboprophylaxis in this patient, 
given that he is at a low to intermediate risk of VTE. When 
it comes to the duration of thromboprophylaxis, the patient 
should remain on their initial dosage for as long as they are 
on induction therapy. For the peri-transplant period, a study 
of 493 patients found a 3.5% incidence of symptomatic 
VTEs from mobilization until 30 days post-transplant, indi-
cating a reduced incidence in the post-induction setting [48]. 
Since the risk of VTE decreases further during maintenance 

Table 1  Comparison of the thromboprophylaxis regimen in MM
Drug Advantages Disadvantages
Aspirin - Low cost and widely available

- Easy to administer, no monitoring required
- Low risk of major bleeding
- Potentially helpful in low-risk MM patients receiving IMiDs

- Limited data in high-risk MM 
patients

LMWH [68]
(prophylactic dose)

- Fewer drug interactions than warfarin 
- Convenient once-daily administration (subcutaneous)
- Low risk of thrombocytopenia

- Contraindicated in patients with 
GFR < 30mL/min (unfractionated 
heparin could be preferred)
- Compliance issue (parenteral 
administration) 
- May increase the risk for osteoporosis

Warfarin (target INR 
2–3)

- Low cost 
- Established track record for thrombosis prevention in general population
- Can be used in patients with renal impairment

- Numerous drug and food interactions
- Need for frequent monitoring and 
dose adjustments
- Risk of majors bleeding

DOACs - Convenient oral administration 
- Low risk of thrombocytopenia 
- Fewer drug and food interactions than warfarin
- Less monitoring required

- Higher cost (although could be more 
cost-effective [69])
- Contraindicated in patients with 
GFR < 30mL/min
- Risk of major bleeding
- Limited data in MM patients
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Choice of VTE prophylaxis for high-risk patients

Based on the information provided, the patient is considered 
high-risk for the IMPEDE-VTE model (IMiD use, recent 
fracture, surgery, dexamethasone), the SAVED model (sur-
gery, dexamethasone), and the PRISM score (race, IMiD 
use, surgery), scoring 10, 3, and 8 respectively. According to 
the IMPEDE-VTE score, the risk of developing VTE within 
6 months is estimated to be 15.2%, while the SAVED score 
predicts a risk of 11–12%. On the other hand, the PRISM 
model indicates that high-risk patients have a cumulative 
risk of 36.5% for developing VTE within 12 months. The 
patient is also receiving the PI carfilzomib, which also seems 
to increase the risk of thrombosis as shown in the phase 3 
ENDURANCE trial comparing KRd vs. VRd in NDMM 
patients, which found increased grade 3–5 VTE rates for the 
KRd arm (5% vs. 2%, respectively) [34]. The increased risk 
for carfilzomib is also shown in other retrospective studies 
[13, 35]. In the absence of other characteristics (e.g., other 
drugs, renal failure), this patient should be considered for 
either LMWH, warfarin, or a DOAC for at least the first 6 
months of therapy, when the risk of VTE is greatest [20].

The use of LMWH or warfarin, over aspirin, for high-risk 
patients can be supported by the results of a meta-analysis 

therapy [14], the omission of thromboprophylaxis could be 
considered at that point.

In summary, thromboprophylaxis in MM should be tai-
lored to the individual patient and their risk factors. The 
choice of therapy should be made with careful consideration 
of the risk of thrombosis and bleeding, as well as poten-
tial drug interactions and contraindications. The use of risk 
stratification scores such as SAVED, IMPEDE-VTE, and 
PRISM can help guide the choice of thromboprophylaxis; 
however, clinical judgment remains important in determin-
ing the optimal thromboprophylaxis agent.

Case 2. Newly diagnosed MM patient, treated with 
KRd as induction: the role of DOACs

A 65-year-old African American woman was recently diag-
nosed with MM and is starting treatment with KRd (low-
dose dexamethasone). The plan is to continue induction 
treatment for 8–12 cycles and transition to lenalidomide 
maintenance, with auto-transplant reserved for 1st relapse. 
She also had an arthroplasty for a hip fracture 2 months 
prior to diagnosis. Which is the best regimen to consider for 
this patient?

Table 2  Saved, impede-vte and prism scores for MM
Variable SAVED Score IMPEDE-VTE Score PRISM Score
Surgery (within 90 days) + 2 - + 5
Asian race -3 - -
Black race - - + 1
VTE history + 3 + 5 + 8
Age = 80, or older + 1 - -
Dexamethasone
High dose
Low dose

+ 2
+ 1

+ 4
+ 2

-

IMiDs - + 4 + 2
BMI = 25 or more - + 1 -
Pelvic, hip, or femur fracture - + 4 -
Use of erythropoiesis-stimulating agents - + 1 -
Asian /Pacific Islander - -3 -
Use of tunneled line/CVC - + 2 -
Existing thromboprophylaxis(LMWH or 
warfarin)

- -4 (-3 if prophylactic) -

Abnormal metaphase cytogenetics - - + 2
Risk Stratification Low risk (≤ 1), High risk (≥ 2) Low risk (≤ 3), Intermediate 

risk (4–7), High risk (≥ 8)
Low risk (0), Intermediate risk 
(1–6), High risk (7–11)

Cumulative Incidence of VTE at 6 months Low risk: 12%, High risk:7% in 
the derivation cohort
Low risk: 11%, High risk:7%  in 
the validation cohort

Low risk: 3.3%, Intermediate 
risk: 8.3%, High risk: 15.2%

1Low risk: 6.4%, Intermediate 
risk: 10.7%, High risk: 23.8% 
in the validation cohort;

Validation Derivation cohort: AUC = 0.67; 
Validation cohort: AUC = 0.65

External validation: HR 1.20 
per point (p < .0001)

External validation: HR 
1.28, 95% CI, 1.19–1.39 per 
point increase in risk score 
(p < .0001)

1 cumulative incidence of VTE at 12 months
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Therefore, considering the patient’s clinical scenario, 
a more intensive thromboprophylaxis approach is recom-
mended than aspirin alone. Given the potential benefits of 
DOACs (effectiveness, ease of administration, and lack of 
monitoring requirement), it is recommended to use apixaban 
(2.5 mg x 2/day) or rivaroxaban (10 mg/day) as thrombo-
prophylaxis in this patient with MM, receiving an induction 
regimen with carfilzomib combined with an IMiD. How-
ever, as the current evidence on the use of DOACs in MM 
patients is limited to small single-arm studies, there is a need 
for randomized controlled studies to definitively assess their 
efficacy and safety in this patient population.

Case 3. ΜΜ patient post-induction, consideration of 
maintenance

A 60-year-old Caucasian male is considering maintenance 
options after an autologous stem cell transplant for stan-
dard-risk MM with normal metaphase-cytogenetics. The 
physician’s choice is lenalidomide (10  mg/day) until pro-
gression. He has no prior history of VTE, and no surgery, 
with an ECOG of 0 and a BMI of 24. Should the patient be 
considered for thromboprophylaxis?

Role of VTE prophylaxis in the maintenance setting

A comprehensive risk stratification for this patient, includ-
ing the three models (IMPEDE-VTE, PRISM, and SAVED), 
suggests a low risk for VTE at diagnosis. Furthermore, he 
presents no identifiable risk factors, such as recent surgery, 
fracture, or use of dexamethasone. However, these risk 
models are not applicable for patients on maintenance and 
thus should not be used to guide decisions for this patient. 
Due to the low risk of VTE in the maintenance setting, it 
remains unclear whether VTE prophylaxis is required dur-
ing IMiD-based maintenance therapy. The consideration for 
low-dose aspirin is substantiated by studies that involved 
more than 1,000 patients and examined the use of lenalido-
mide maintenance after transplant. These studies reported 
VTE rates of up to 6% when prophylaxis was not used but 
less than 1% when a risk-adapted approach to prophylaxis 
was employed [60, 61]. Naturally, clinical circumstances, 
such as recent fractures or surgery, must always be consid-
ered when determining the appropriate thromboprophylaxis 
strategy.

A recent meta-analysis of trials with single-agent lenalid-
omide maintenance found only a 3.2% pooled incidence 
rate for VTEs, and a corresponding 0.0 [0.0–0.7] pooled 
incidence per 100 patient cycles [16]. These rates were the 
lowest among all lenalidomide-containing combinations 
across all studies and treatment phases. Moreover, while 
carfilzomib is associated with a greater VTE risk in the 

of 1,964 patients that showed an increased risk of VTEs in 
patients treated with aspirin, compared to LMWH (OR = 2.6) 
[49, 50]. Lower rates were also seen in the prospective 
MELISSE trial from France, with VTEs occurring in 7% of 
patients on aspirin, 3% on LMWH, and none on vitamin K 
antagonists [24]. Finally, a recent analysis of the IFM/DFCI 
2009, where 90% of patients treated with heparin or ana-
logs, found a cumulative rate of 4.8% in the first six months, 
which is lower than what is reported in the literature [13, 
51]. The National Comprehensive Cancer Network recently 
added the option of fondaparinux (2.5 mg/day) or a DOAC 
as an alternative option for patients with an IMPEDE-VTE 
score > 3 or a SAVED score > 1 [52]. Two randomized clini-
cal trials have established the efficacy of DOACs for throm-
boprophylaxis in ambulatory cancer patients and a high 
Khorana score (> 2, which includes primary cancer loca-
tion, platelet, and WBC count, hemoglobin level), with both 
studies showing significantly reduced rates of VTEs com-
pared to placebo treatment (6 vs. 8.8% for rivaroxaban vs. 
placebo, and 4.2 vs. 10.2% for apixaban vs. placebo, respec-
tively) [25, 53, 54]. . Moreover, neither drug resulted in a 
statistically significant increase in the risk of major bleeding 
events during treatment, suggesting that DOACs are a safe 
alternative for LMWH. In the AVERT trial, a major bleed-
ing event occurred in 2.1% of the apixaban group and 1.8% 
of the placebo group, whereas, in the CASSINI trial, only 
2% of the rivaroxaban group and 1% of the placebo group 
had major bleedings. However, these trials included very 
few or no patients with MM [just 15 (2.6%) in the AVERT 
trial and unclear in the CASSINI trial]. Furthermore, the 
use of DOACs for thromboprophylaxis among patients with 
MM was explored in multiple single-arm studies [55]. The 
corresponding results suggest that DOACs may be a viable 
alternative to aspirin and LMWH for thromboprophylaxis 
in MM patients [56–59]. For example, a single institution 
retrospective review conducted by Man et al. on IMiD-
treated patients found that the use of DOACs resulted in 
fewer bleeding events (none being major) compared to 
warfarin. Additionally, a phase 2 study explored the use 
of apixaban, for six months, in 104 patients with MM who 
received IMiD agents. Two VTEs and one major bleed-
ing event (11 non-major) were recorded among those 104 
patients on apixaban, with NDMM (N = 11) and R/R MM 
on IMiDs (N = 93). Finally, a retrospective study reported 
the outcomes of 305 NDMM patients, who received either 
aspirin or rivaroxaban for induction therapy (KRd or VRd). 
They found that patients treated with KRd plus aspirin had 
higher rates of VTEs compared to patients treated with VRd 
plus aspirin (16.1% vs. 4.8%). The VTE risk of KRd, how-
ever, was abrogated with the use of DOACs, and patients 
who received KRd plus rivaroxaban had identical VTE rates 
as VRd (4.8%) [35].
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patients, as shown by the POLLUX and the APOLLO trials, 
with similar VTE rates between the daratumumab and con-
trol cohorts [66, 67]. The same is true for the other approved 
anti-CD-38 antibody (isatuximab), as shown in the phase 3 
IKEMA trial (IKd vs. Kd), with similar VTE rates between 
the two groups (15% vs.16%).

In conclusion, while the risk of VTE remains relatively 
lower in RRMM compared to NDMM, a personalized 
approach to thromboprophylaxis should be taken into con-
sideration by evaluating individual patient risk factors and 
the potential benefits of combination therapies (including 
IMiDs, PIs, and others). Clinical judgment is paramount in 
determining the appropriate treatment. If the combination 
regimen contains IMiD or carfilzomib, it is reasonable to 
use low-dose aspirin as a thromboprophylaxis regimen. For 
patients who had a prior history of VTE with these agents, 
DOACs should be strongly considered for thromboprophy-
laxis if rechallenging at relapse.

In summary, notwithstanding the progress made in VTE 
prophylaxis and management in MM, critical gaps persist. 
First, as our understanding of the factors associated with 
VTEs deepens, the development of more accurate predic-
tion models will facilitate the identification of high-risk 
patients and thus allow for a personalized approach to 
VTE prevention. There is also a need for RCTs to exam-
ine DOACs’ efficacy and safety in high VTE-risk patients 
(e.g., ≥ 10%). Additionally, the advent of innovative T-cell-
based therapies, such as CAR-T and bispecific antibodies, 
necessitates the prospective characterization of associated 
VTE risk profiles. Addressing these needs will promote the 
development of targeted and efficacious preventative mea-
sures, ultimately enhancing patient prognosis and overall 
well-being.
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