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Introduction

Multiple myeloma (MM) was a hematologic disease with the 
abnormal proliferation of clonal plasma cells, which occurred 
mostly in elderly people, and was characterized by osteytic 
lesions, anemia, hypercalcemia, and renal failure (1). In 
recent years, the overall survival (OS) of patients with MM 
had improved with multiple new therapies in the last two 
decades (2-4). Studies showed that MM patients, especially 

those treated with immunomodulating drugs, had high risk 
of thrombosis and thromboembolism (5,6).

At present, it was thought that the mechanism of 
thromboembolism in MM was complex. The abnormal 
proliferation of plasma cells and the treatment-related 
thrombotic risk were the main causes of the disease (7,8). 
Thromboembolism occurs at any stage of MM onset. 
The highest onset risk was within 1 year of diagnosis (9). 
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MM thromboembolism affects survival outcomes (10). 
This study sought to explore the risk factors of MM and 
conduct prognostic analysis of thromboembolism in MM. 
We present the following article in accordance with the 
PRISMA reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-23-285/rc).

Methods

Literature search

The PubMed, Embase, Web of Science, Wanfang, and 
China National Knowledge Infrastructure (CNKI) 
databases were searched to retrieve relevant articles from 
the establishment of the databases to May 20, 2022 (the 
last search date). The following search terms were used: 
“arterial thromboembolism,” “venous thromboembolism,” 
“thrombotic,” “thromboembolism,” “thrombosis,” and 
“multiple myeloma”. This meta-analysis registered 
on the PROSPERO platform, registration number: 
CRD42022334811.

Inclusion and exclusion criteria

To be eligible for inclusion in the meta-analysis, the 
articles had to meet the following inclusion criteria: (I) 
study subjects with thromboembolism and MM; (II) study 
indicators that included prognostic indicators [i.e., OS, 
progression-free survival (PFS), event-free survival (EFS), 
and the mortality rate]; and (III) groups of patients with 
thromboembolism and without thromboembolism. Articles 

were excluded from the meta-analysis if they met any of 
the following exclusion criteria: (I) concerned comments, 
meetings, abstracts, or case reports; (II) repeated studies or 
arbitrary groupings; (III) irrelevant or insufficient data.

Data extraction and qualitative assessment

The data was independently extracted by 2 experienced 
researchers. The following information was extracted from 
each study included in the final analysis: first author, year of 
publication, sample size, clinical characteristic parameters 
(e.g., age, gender, race, globulin type, type of light chain, 
creatinine, calcium, β2 microglobulin, hemoglobin, and 
platelet), and prognostic parameters (e.g., OS, PFS, EFS, 
and the mortality rate). The Cochrane collaboration’s 
tool for assessing the risk of bias was used to evaluate 
randomized controlled trials (RCTs), the Newcastle-Ottawa 
Scale (NOS) was used to assess retrospective observational 
studies.

Statistical analysis

The statistical analysis was performed using Review Manager 
(RevMan; Version 5.3. The Cochrane Collaboration). The 
results of the survival analysis were expressed as the risk ratio 
[hazard ratio (HR)], the dichotomy variables used the relative 
risk (RR), and the continuity variables used the standard 
mean difference (SMD), and the 95% confidence interval 
(95% CI) served as the assessed effect size. The heterogeneity 
of each study was quantified by the I2 test. P>0.1 or I2<50% 
indicated no significant heterogeneity, and the fixed-effects 
model was used, while the random-effects model was used for 
the pooled analysis.

Results

Literature search

A flow diagram of the article screening process was 
presented in Figure 1. A total of 787 studies were retrieved 
online. Ultimately, 9 studies in 7 articles (11-17) were 
included in the analysis based on screening of the titles and/
or abstracts. There were 2 articles (13,17) included two 
studies.

Study characteristics

A total of 38,047 patients with MM were included in this 
study. 6,412 patients were thromboembolism, 3,152 patients 
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were venous thromboembolism (VTE), and 3,404 patients 
were arterial thromboembolism (ATE). The quality scores 
of retrospective observational studies were ranging from 7 
to 9, and the quality of RCT was low risk of bias. The basic 
characteristics of the included articles were shown in Table 1.

Clinical characteristics of patients with VTE

To ana l yze  the  r e l a t i onsh ip  be tween  VTE and 
clinicopathological features, we explored the pooled 
estimates of the studies (Table 2). Age (≥65 vs. <65 years), 
gender (male vs. female), ECOG (Eastern Cooperative 
Oncology Group) scores (0–2 vs. 3–4), race (black vs. non-
black), globulin type [immunoglobulin G (IgG) vs. non-
IgG], light chain type (κ vs. λ), creatinine levels, calcium 

levels, platelet levels, and hemoglobin levels did not affect 
the occurrence of VTE in MM patients. However, the β2 
microglobulin level affected the occurrence of VTE in MM 
patients. Compared to patients without thrombosis, the 
patients with thrombosis had a lower β2 microglobulin.

The OS of VTE in patients with MM

Among the studies, 4 examined the relationship between 
VTE and MM. Based on the results of the heterogeneity 
test (I2=89%, P<0.01), the random-effects model was used, 
and the results showed that VTE was unrelated to OS in 
MM patients (HR =0.97, 95% CI: 0.69–1.36, P=0.85). 
The Shin (17) study was large source of heterogeneity, and 
the heterogeneity decreased after this study was excluded 
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Figure 1 Flow diagram showing the article screening process.
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Table 1 Characteristics of the studies included in the meta-analysis

First author Year VTE ATE Embolization (N) Total Embolization type Outcomes NOS scores

Kristinsson (11) 2010 777 1,751 2,384 18,627 VTE, ATE OS 8

Zangari (12) 2007 155 0 155 668 VTE OS, EFS 7

Bradbury (13) 2020 368 0 368 1,936 VTE OS, PFS –

665 81 746 4,538 VTE, ATE OS, PFS, mortality

Schoen (16) 2020 327 0 327 4,446 VTE Mortality 8

Shin (17) 2019 24 0 24 542 VTE OS 7

80 0 80 1,559 VTE

Kristinsson (14) 2012 724 1,572 2,296 9,399 VTE, ATE Mortality, OS 8

Barrett (15) 2021 32 0 32 332 VTE Mortality 7

VTE, venous thromboembolism; ATE, arterial thromboembolism; NOS, Newcastle-Ottawa Scale; OS, overall survival; EFS, event-free 
survival; PFS, progression-free survival.

Table 2 Meta-analysis of the relationship between venous thromboembolism and the clinical characteristics of patients with multiple myeloma

Association Studies
Total 

patients

Effect index Heterogeneity test

Quantity Model 95% CI P I2 (%) P

Age 3 1,627 RR Random 1.33 (0.40 to 4.44) to0.64 97 <0.01

Gender 6 42,437 RR Random 1.13 (0.76 to 1.69) 0.54 94 <0.01

Race 3 10,659 RR Fixed 0.89 (0.75 to 1.06) 0.21 50 0.14

ECOG score 3 6,561 RR Fixed 1.01 (0.99 to 1.03) 0.56 0 0.79

Globulin type 2 6,267 RR Random 1.06 (0.97 to 1.15) 0.22 57 0.13

Light-chain type 2 6,087 RR Random 0.97 (0.81 to 1.16) 0.72 65 0.09

β2 microglobulin 3 4,893 SMD Fixed –0.09(–0.18 to –0.01) 0.02 0 0.81

Creatinine 2 6,226 SMD Fixed –0.03 (–0.10 to 0.04) 0.35 0 0.61

Calcium 2 6,215 SMD Fixed –0.00 (–0.07 to 0.07) 1.00 0 1.00

Platelet 3 6,625 SMD Fixed 0.01 (–0.06 to 0.08) 0.84 0 0.52

Hemoglobin 3 6,623 SMD Random 0.04 (–0.18 to 0.26) 0.73 84 <0.01

RR, relative risk; SMD, standard mean difference; ECOG, Eastern Cooperative Oncology Group.

(I2=77%, P=0.01), and the MM patients with VTE were 
shown shorter OS (HR =0.79, 95% CI: 0.64–0.98, P=0.03; 
Figure 2) than those without VTE.

The PFS/EFS of VTE in patients with MM

Among the studies, 3 showed that MM patients with VTE 
was unrelated to poorer PFS/EFS than those without 
VTE (HR =0.81, 95% CI: 0.64–1.01, P=0.06), and the 

heterogeneity was high (I2=86%, P<0.01) by using random-
effects model (Figure 3).

The mortality of VTE in patients with MM

Among the studies, 3 showed that MM patients with VTE 
had higher early mortality rate than those without VTE (HR 
=2.27, 95% CI: 1.26–4.08, P=0.006), and the heterogeneity 
(I2=94%, P<0.01) were analyzed by random-effects model 
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(Figure 4).

Effect of ATE on mortality from MM

Among the studies, 2 showed that MM patients with 
ATE had higher 5-year mortality rate than those without 
ATE (HR =1.89, 95% CI: 1.33–2.69, P<0.01), and the 
heterogeneity (I2=79%, P=0.03) was used random-effects 
model for statistical analysis (Figure 5).

Publication bias

According to the Cochrane handbook, when >9 studies were 
included in a meta-analysis, funnel plots should be used to 
detect publication bias. As only 7 articles were included in 
our meta-analysis, we did not construct funnel plots.

Discussion

Previous large retrospective cohort studies shown that patients 
with MM increased risks of VTE and ATE, and patients with 
MM had one of the highest risks for thromboembolism among 
those with hematologic diseases (18,19). Patients with MM 
had 9 times higher risk of developing thromboembolism than 
no MM (20). High-risk factors for venous thrombosis in 
MM included high viscosity, kidney disease, erythropoietin, 
and immunomodulatory drugs and hormones (6,21). 
Immunomodulating drugs could increase the incidence 
of venous thrombosis, the immunomodulating drug-
associated VTE risk was affected by the combination of 
high-dose corticosteroids, and some studies shown that the 
incidence of VTE in patients treated with lenalidomide and 
dexamethasone was almost 3 times higher than that of those 

Figure 2 Overall survival of venous thromboembolism vs. without venous thromboembolism in multiple myeloma. SE, standard error.

Figure 3 Progression-free survival/event-free survival of venous thromboembolism vs. without venous thromboembolism in multiple 
myeloma. 
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treated with dexamethasone alone (22,23). Thalidomide 
maintenance therapy did not increase the risk of thrombosis, 
but maintenance therapy with lenalidomide increased the 
risk of arterial and venous thrombosis (13). This study 
found that β2 microglobin levels were associated with the 
development of VTE in MM. Thus, β2 microglobulin 
predicted the occurrence of VTE in MM patients.

Thromboembolism was associated with shorter survival 
during the diagnosis and treatment of cancer patients (24). 
Large study shown that arterial and venous thrombosis 
were associated with lower survival in MM patients (14). 
However, the RCTs found that venous thrombosis was not 
associated with OS (13). A study found that 95% of VTE 
was diagnosed in the 1st year of MM diagnosis (12). The 
results of this study showed that thromboembolism was not 
associated with 10-year OS in MM patients regardless of 
the thromboembolism type (HR =1.12, 95% CI: 0.83–1.51, 
P=0.46).

Due to the different incidence rates of VTE and ATE, 
this study analyzed the effect of VTE on survival prognosis 
(i.e., OS) and found that patients with VTE had shorter OS 
(HR =0.79, 95% CI: 0.64–0.98, P=0.03) than those without 
VTE. No significant PFS/EFS difference was found (HR 
=0.81, 95% CI: 0.64–1.01, P=0.06). This study also found 

that MM patients with VTE had higher early mortality 
rate (HR =2.27, 95% CI: 1.26–4.08, P=0.006) than those 
without VTE. Further, the study found that the occurrence 
of venous thrombosis within 6–12 months had no significant 
effect on the survival rate of the surviving patients, which 
might be due to the low incidence of thromboembolism 
in effective patients, and the study also found that low-
molecular-weight heparin had anti-tumor activity (14,25). 
Thus, according to the thromboembolism risk stratification, 
high-risk patients should be treated with low-molecular-
weight heparin, warfarin, or other new anticoagulants, 
while low-risk patients should be treated with aspirin (26,27). 
Thromboembolism was serious complication of MM. This 
study was the first time to research the prognosis effect 
of thromboembolism on MM using meta-analysis. The 
included studies were all high quality, and the MM patients 
with thromboembolism had poor survival prognosis, which 
had important clinical significance.

The study had some limitations. First, the number of 
studies included in this meta-analysis was limited, but as 
the total number of cases exceeded 10,000, this should not 
have affected the characteristics of the total population. 
Second, the results of the survival prognosis analysis were 
heterogeneous. Finally, the subgroup analysis was failed to 

Figure 4 Early mortality of venous thromboembolism vs. without venous thromboembolism in multiple myeloma.

Figure 5 Five-year mortality of arterial thromboembolism vs. without arterial thromboembolism in multiple myeloma.
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further clarify the results due to the limited study.

Conclusions

β2 microglobulin levels affected the occurrence of VTE in 
MM patients. MM patients with VTE had shorter OS and 
higher early mortality rate than those without VTE. MM 
patients with ATE had higher 5-year mortality rate than 
those without ATE.
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