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Abstract
It is uncertain if different immunomodulatory drugs (IMID) pose distinct thrombotic risk in patients with newly diagnosed
multiple myeloma (MM). Among 2397 MM patients from the SEER-Medicare database from 2007 to 2013, 78% received
lenalidomide, and 22% received thalidomide. After inverse probability weighting to balance confounders, the 12-month inci-
dences of venous thromboembolism (VTE 10%) and arterial thromboembolism (ATE 5%) were similarly high in both groups.
Lenalidomide versus thalidomide had a subdistribution hazard ratio of 1.11 (0.59–2.02) for VTE and a subdistribution hazard
ratio of 0.96 (0.45–1.98) for ATE. Overall survival was not significantly different with a hazard ratio of 0.88 (0.60–1.18) for
lenalidomide versus thalidomide. Concurrent anticoagulant prophylaxis was infrequently prescribed in < 20% of both groups.
Our study demonstrates that despite improvement in myeloma-directed therapy and supportive care, thrombosis remains an
important consideration for all IMID-treated MM patients. Appropriate risk stratification and vigilant thromboprophylaxis
remain essential to prevent this complication.
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Introduction

Chemotherapy backbones with immunomodulatory drugs
(IMID) have become the standard of care for the treatment
of multiple myeloma (MM) [1]. Despite improved survival
outcomes, thrombotic complications remain a concern espe-
cially in older patients with comorbidities. A meta-analysis
showed that lenalidomide-based regimen may be associated

with a lower rate of thromboembolism than thalidomide-
containing regimen in patients with newly diagnosed MM
with (0.7 versus 2.6 per 100-patient-cycle) or without prophy-
laxis (0.8 versus 4.1 per 100-patient-cycle) [2]. Since thalido-
mide is still commonly used outside of the USA, it is impor-
tant to understand if current thromboprophylaxis guidelines
are generalizable to all immunomodulatory drugs. However,
no prior population studies directly compared the incidence of
thrombotic events between the two IMID-based regimens
while accounting for important confounders. In the current
study, we used propensity score weighting to compare the
incidence of venous thromboembolism (VTE) and arterial
thromboembolism (ATE) and survival in patients with newly
diagnosed MM who are treated with lenalidomide- versus
thalidomide-containing regimens.

Methods

We performed a retrospective cohort study using the SEER-
Medicare database in the USA and included all patients 66
years or older with newly diagnosed MM from 2007 to 2013.
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The study was reviewed and considered exempt by the
University of Washington Institutional Review Board.
Patients were included if they had a prescription for an
IMID within 12 months of diagnosis and complete enrollment
for fee-for-service and prescription drug coverage for at least
12 months prior to treatment. Patients were followed from the
IMID index date until first VTE occurrence or death. They
were censored for disenrollment from Medicare A/B/D, en-
rollment in health maintenance organization, or end of avail-
able claims data on December 31, 2014. We defined first VTE
(including pulmonary embolism (PE) and deep vein thrombo-
sis (DVT)) and first ATE (including cerebrovascular accident
(CVA) and myocardial infarction (MI)) using previously val-
idated ICD-9-CM codes with positive predictive value of 75–
95% [3–5]. Specifically, we defined VTE outcome as having
either one inpatient claim or two outpatient claims at least 30
days apart in combination with an anticoagulant prescription
within 90 days [6]. As stroke and myocardial infarction treat-
ments require admissions, only inpatient discharge claims
were used to identify ATE.

Demographic information was obtained from the Patient
Entitlement and Diagnosis Summary File (PEDSF).
Thrombotic risk factors including ischemic heart disease, con-
gestive heart failure, peripheral vascular disease, cerebral vas-
cular disease, atrial fibrillation, hypertension, obstructive pul-
monary disease, diabetes, renal disease, liver disease, peptic
ulcers, anemia, coagulopathy (congenital or acquired factor
deficiencies, qualitative platelet defects, purpura and other
hemorrhagic conditions, and unspecified thrombocytopenia),
central venous catheter (CVC), recent sepsis, recent surgery,
recent bleeding history, and remote (> 6 months) VTE history
were ascertained from Medicare files using a look-back win-
dow of up to 12 months [7–9]. Concurrent chemotherapy,
dexamethasone, and erythropoietin were defined using a −30
to +30-day window from when IMID prescriptions were ini-
tiated [10]. Concurrent anticoagulants were defined using a
−30 to +7-day window from initiation of IMID prescriptions.
Dexamethasone dose per cycle was calculated from the aver-
age monthly dexamethasone dose.

We used inverse probability of treatment weighting
(IPTW) to balance potential confounders including demo-
graphics, comorbidities, concurrent medications, and year of
diagnosis, where a standardized difference of < 0.1 was con-
sidered adequately balanced. We included the year of diagno-
sis as a proxy for other unobserved confounders in cancer
therapeutic changes over time. Hazard ratios (HR) based on
weighted Kaplan-Meier curves and Cox models (HR) were
used to compare overall survival [11]. Subdistribution hazard
ratios (SHR) based on weighted cumulative incidence curves
and Fine-Gray were used to compare the incidence of VTE
and ATE where death was treated as a competing risk.
Variance was estimated via 200 bootstraps to preserve the
correct sample size [12].

Results

The SEER-Medicare registry contained 30,757 patients
with newly diagnosed MM from 2007 to 2013. From
this initial cohort, 394 patients were excluded for hav-
ing an incorrect diagnosis, 23,710 patients were exclud-
ed from either not having Medicare Part D prescription
drug coverage or not receiving an IMID within 12
months of diagnosis, 4053 patients were excluded for
having an enrollment period shorter than 12 months
prior to treatment, and 203 patients were excluded for
having a recent thrombotic event within 6 months prior
to IMID index date. Among the 2397 patients who met
the eligibility criteria for the study, 78% received
lenalidomide (n = 1863), and 22% received thalidomide
(n = 534).

In the native cohort, there was a strong temporal
trend of increasing lenalidomide use after its initial ap-
proval among the US Medicare patients (Table 1).
Compared to the thalidomide group, patients who were
treated with lenalidomide-based regimen were more
likely to receive bortezomib and lower dose of dexa-
methasone. Although approximately 43% of the total
patients would have been classified as “high thrombotic
risk” according to the existing NCCN/IMWG consensus
[13], concurrent anticoagulant including low-molecular-
weight heparin (LMWH), warfarin, or direct oral antico-
agulants (DOAC) was prescribed in only 10.7% of
lenalidomide group and 18.6% of thalidomide group.

The unadjusted 12-month incidence rate (IR) and on-
set of various thromboembolic outcomes are shown in
Table 2. Specifically, the lenalidomide cohort had a rate
of 2.1 per 100-person-year for PE, 6.3 per 100-person-
year for DVT, 2.4 per 100-person-year for MI, and 0.8
per 100-person-year for CVA. The thalidomide cohort
had a similar rate of 1.9 per 100-person-year for PE,
6.0 per 100-person-year for DVT, 2.8 per 100-person-
year for MI, and 2.1 per 100-person-year for CVA. PE
and MI occurred very early during the treatment with a
median onset of 47 days (IQR 26–126) and 53 days
(IQR 22–126), respectively. DVT and CVA occurred
within the first 3–6 months of treatment with a median
onset of 83 days (IQR 38–133) and 135 days (IQR 88–
192).

All observed confounders, including demographics, con-
current treatments, and comorbidities, were balanced between
the two groups after IPTW adjustment with standardized dif-
ferences < 0.1 (Table 1). The 12-month incidences of VTE
(10%) and ATE (5%) were similarly high in both groups (Fig.
1). Lenalidomide versus thalidomide had a SHR of 1.11
(0.59–2.02) for VTE and a SHR 0.96 (0.45–1.98) for ATE.
Overall survival was not significantly different with a HR of
0.88 (0.60–1.18) for lenalidomide versus thalidomide.
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Table 1 Baseline characteristics of patients before and after propensity score weighting

Before propensity score inverse weighting After propensity score inverse weighting

Lenalidomide Thalidomide Std diff Lenalidomide Thalidomide Std diff

Demographics

Age, mean 75.0 75.9 −0.135 75.2 75.4 −0.026
Male, % 51.1 49.4 0.033 50.7 48.7 0.039

Race, %

__White 80.8 75.7 0.124 80.2 79.8 0.009

__Black 12.2 14.2 −0.060 12.5 14.3 −0.054
__Asian Pacific Islander/AI/AN 5.9 9.4 −0.133 6.3 5.4 0.038

__Unknown 1.2 0.7 0.044 1.1 0.5 0.066

Year of diagnosis, %

__2007 4.6 21.9 0.529 8.5 8.4 0.002

__2008 8.7 27.9 0.512 12.8 13.1 −0.008
__2009 10.8 17.4 0.191 12.3 12.6 −0.011
__2010 14.3 14.0 −0.007 14.2 14.4 −0.006
__2011 16.9 9.0 −0.236 15.2 14.8 0.010

__2012 20.9 5.4 −0.471 17.5 19.5 −0.053
__2013 23.9 4.3 −0.586 19.5 17.1 0.063

Concurrent medications

Chemotherapy, %

__None 73.4 80.0 −0.155 75.0 76.8 −0.041
__Bortezomib 22.6 12.2 0.278 20.4 17.7 0.071

__Non-bortezomib 4.0 7.87 −0.165 4.6 5.6 −0.047
Dexamethasone, %

__None 22.9 40.8 −0.391 27.1 28.2 −0.024
__Low dose (< 120 mg) 14.7 9.9 0.146 13.5 14.5 −0.027
__Standard dose (120–160 mg) 43.4 27.0 0.349 39.8 39.7 0.002

__High dose (160–480) mg 13.9 13.9 0.001 13.6 12.0 0.048

__Very high dose (480+ mg) 5.1 8.4 −0.133 5.9 5.7 0.012

Anticoagulant, %

__None 89.2 81.5 0.220 87.2 86.9 0.007

__Warfarin 9.1 15.4 −0.191 10.9 11.0 −0.003
__LMWH/DOAC 1.6 3.2 −0.099 1.9 2.1 −0.011
Erythropoietin, % 11.1 15.7 −0.137 12.2 10.3 0.061

Comorbidities

Ischemic heart disease, % 4.4 6.6 −0.097 4.8 4.2 0.033

Congestive heart failure, % 14.9 15.5 −0.019 15.1 18.4 −0.089
Peripheral vascular disease, % 8.4 10.1 −0.060 8.6 7.5 0.040

Cerebral vascular disease, % 6.2 8.1 −0.073 6.8 6.7 0.004

Atrial fibrillation, % 18.4 19.3 −0.022 19.1 18.8 0.009

Hypertension, % 68.9 66.9 0.044 68.5 70.1 −0.035
Obstructive pulmonary disease, % 18.4 19.1 −0.019 18.5 21.1 −0.068
Diabetes, % 27.1 27.0 0.003 26.9 28.4 −0.033
Renal disease, % 26.0 28.3 −0.050 26.7 28.4 −0.038
Liver disease, % 1.2 1.5 −0.023 1.3 2.0 −0.056
Peptic ulcers, % 2.3 3.2 −0.057 2.5 3.0 −0.030
Anemia, % 53.4 52.2 0.022 53.0 54.4 −0.027
Coagulopathy, % 11.7 11.0 0.021 11.3 11.4 −0.004
CVC catheter, % 1.3 2.1 −0.060 1.6 2.1 −0.034
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Discussion

In this propensity score weighted cohort study of older pa-
tients with newly diagnosed MM, concurrent anticoagulant
prophylaxis was infrequently prescribed (< 20%), while the
12-month cumulative incidences of VTE (10%) and ATE
(5%) were similarly high in both lenalidomide and thalido-
mide treatment groups. Overall, our results suggest that appro-
priate risk stratification and vigilant thromboprophylaxis re-
main essential for MM patients receiving any immunomodu-
latory drugs.

The relative rates of thrombotic complication in
lenalidomide- versus thalidomide-containing regimens have
not been studied in detail previously. One retrospective cohort
study from Mayo Clinic evaluated patients receiving
lenalidomide/dexamethasone versus thalidomide/
dexamethasone matched on age, sex, transplant status, and
dose of dexamethasone. Thromboembolism occurred in
9.2% in lenalidomide group versus 15.3% in the thalidomide
group [14]. The result seems to echo the findings from a prior
meta-analysis of pooled prospective trials that showed lower
thrombotic complications for lenalidomide versus thalido-
mide [2]. Since thalidomide is an older IMID, commonly giv-
en in the era of high-dose dexamethasone and cytotoxic treat-
ment, it is challenging to distinguish the effect of the specific
IMID on the risk of thrombosis without adjustment for other
patient- and treatment-specific risk factors for VTE. Unlike
the previous studies, our current IPTW analysis suggests that

the venous and arterial thrombotic risks remain similarly high
in lenalidomide and thalidomide. The infrequent use of anti-
coagulant prophylaxis may be related to perceived lower risk
of thrombosis associated with newer drugs or the difficulty to
appropriately risk stratify patients without a validated risk pre-
diction tool.

The effect of different IMIDs on survival is also a debated
topic. The beforementioned matched cohort analysis showed
an improved overall survival with lenalidomide versus thalid-
omide containing regimen (HR 0.60, 95% CI 0.40–0.92);
however, the study did not account for disease-specific con-
founders [14]. Another retrospective cohort study using
the UnitedHealth database showed no difference in
overall survival among different IMIDs (HR 1.00, 95%
CI 0.71–1.41) after accounting for baseline confounders
[15]. While our findings agree with the latter report, the
lack of difference in survival between the two IMID
containing regimens should be interpreted with caution
as unobserved confounders such as disease severity
could have influenced this outcome. The maturing re-
sults from the induction phase of the Myeloma XI ran-
domized trial will hopefully address the impact of dif-
ferent IMIDs on survival [16].

There are inherent limitations associated with our retro-
spective study. Despite using previously validated algorithms,
the use of administrative codes could have introduced non-
differential misclassification that diminished the detectable
difference between the treatment arms. Medicare database

Table 1 (continued)

Before propensity score inverse weighting After propensity score inverse weighting

Lenalidomide Thalidomide Std diff Lenalidomide Thalidomide Std diff

Recent sepsis, % 5.4 3.9 0.068 4.8 5.2 −0.018
Recent surgery, % 1.8 2.0 −0.021 1.7 1.2 0.049

Remote VTE history, % 2.2 0.7 0.121 1.9 1.8 0.004

Recent Bleeding history, % 7.5 7.7 −0.006 7.7 8.3 −0.025

Table 2 Type and timing of
thromboembolic outcomes in
IMID-treated myeloma patients
within 12 months of treatment

Incidence rate of VTE by 12 months Incidence rate of ATE by 12 months

PE DVT MI CVA

Lenalidomide 2.1/100-py

(40/1863)

6.3/100-py

(118/1863)

2.4/100-py

(44/1863)

0.8/100-py

(14/1863)

Thalidomide 1.9/100-py

(10/534)

6.0/100-py

(32/534)

2.8/100-py

(15/534)

2.1/100-py

(11/534)

Mdian onset (IQR) 47 days

(26–126)

83 days

(38–133)

53 days

(22–126)

135 days

(88–192)

VTE venous thromboembolism, ATE arterial thromboembolism, PE pulmonary embolism,DVT deep vein throm-
bosis, MI myocardial infarction, CVA cerebrovascular accident (stroke), IQR interquartile range, py person-year
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only enrolled patients after age 65 so this analysis was limited
to old patients in the USA. The database did not contain lab-
oratory values for initial staging or capture nonprescription
drugs such as aspirin, and these might be important factors
as discussed above. Finally, among the 12% of patients that
were exposed to anticoagulant at the time of IMID initiation,
we did not distinguish whether they received chronic antico-
agulant for prior atrial fibrillation or remote VTE or whether
they received new anticoagulant for VTE prevention.

In conclusion, the incidences of venous and arterial
thromboses are similarly high in older patients with
newly diagnosed MM receiving lenalidomide- and
thalidomide-containing regimens. Our study shows that
anticoagulant prophylaxis is underutilized in real-world
practice. Future studies should focus on validating new
clinical risk stratification tools to provide guidance on
appropriate thromboprophylaxis for MM patients receiv-
ing IMID containing regimens.

Fig. 1 The cumulative incidence of first venous thromboembolism (top) or arterial thromboembolism (bottom) in newly diagnosed multiple myeloma
patients after immunomodulatory drug (IMID) treatment
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