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Pulmonary Vein Thrombosis in a Patient With Multiple
Myeloma on Treatment With Lenalidomide
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Abstract

Multiple myeloma (MM) poses inherent risk of thrombosis that can
be amplified by the use of immunomodulator therapy. We present
a patient with MM who was being treated with lenalidomide and
dexamethasone when he developed progressive dyspnea on exertion
consistent with a left lower pulmonary vein thrombosis (PVT) de-
spite use of prophylactic aspirin. The PVT was not initially seen on
standard computed tomography angiogram pulmonary embolism pro-
tocol but was seen on 192-slice multidetector computed tomography
angiogram for assessment of coronary calcifications 8 months later.
Subsequent treatment with full dose rivaroxaban resulted in full clot
resolution and symptom improvement. PVT has not been previously
reported with lenalidomide therapy and may not be a forefront differ-
ential diagnosis. In such cases, a multi-modality diagnostic approach
may be beneficial. Consideration should be given to escalating ve-
nous thromboembolism prophylaxis to full dose anticoagulation dur-
ing increased prothrombotic windows, such as the time of treatment
initiation or dose adjustments, in low bleeding risk patients.

Keywords: Thrombosis; Multiple myeloma; Immunotherapy; Pre-
vention

Introduction

Pulmonary vein thrombosis (PVT) is a rare life-threatening
condition seen in the setting of malignancy, lung surgery, or
atrial fibrillation [1]. However, its clinical presentation is high-
ly variable making diagnosis challenging. Suspicion should
remain high in cases where additional prothrombotic risk fac-
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tors are present. We describe a patient with multiple myeloma
(MM) who was being treated with lenalidomide and dexa-
methasone when he developed a left lower PVT diagnosed on
cycle 10 of therapy.

Case Report

A 67-year-old man with past medical history significant for
hypertension, hyperlipidemia, benign prostatic hypertrophy,
and sleep apnea presented with increasing fatigue and wors-
ening pancytopenia over the past 8 months. Subsequent bone
marrow biopsy revealed 13% plasma cells and a high kappa/
lambda light chain ration > 8. In the absence of hypercalcemia,
renal injury, significant anemia, or bone lytic lesions on posi-
tron emission tomography and computed tomography (CT),
the patient was diagnosed with smoldering myeloma. He was
entered into the phase III DETER-SMM (Daratumumab to
Enhance Therapeutic Effectiveness of Revlimid in Smolder-
ing Myeloma) clinical trial (clinicaltrials.gov, NCT03937635)
for treatment of high-risk smoldering myeloma and was ran-
domized to the lenalidomide and dexamethasone combination
therapy control arm. His dose regimen comprised of 24 treat-
ment cycles including: lenalidomide 25 mg daily from day 1 to
day 21 with 7-day rest time (cycles 1 - 24), and dexamethasone
dose of 40 mg on days 1, 8, 15 and 22 (cycles 1 - 6) followed
by 20 mg on days 1, 8, 15 and 22 between cycles 7 and 12. He
was also start on aspirin 325 mg for venous thromboembolism
(VTE) prophylaxis.

Within 3 weeks of starting chemotherapy, patient devel-
oped sudden onset exertional dyspnea. Electrocardiogram
(ECG) showed normal sinus rthythm with voltage criteria for
left ventricular hypertrophy and left atrial abnormality with
negative troponin. Urgent pulmonary computed tomography
angiogram (CTA) was negative for pulmonary embolism. Fur-
ther, stress echocardiogram revealed dynamic 3 - 4 mm ST
depressions in the inferolateral leads without any echocardi-
ographic findings of ischemia. However, patient was unable
to reach the target heart rate due to shortness of breath and
drop in oxygen saturation to 92%. Moderate concentric left
ventricular hypertrophy was identified with a resting gradient
across the left ventricular outflow tract (LVOT) of 26 mm Hg
that increased to 48 mm Hg at peak exercise and 54 mm Hg
with Valsalva maneuver. Cardiac magnetic resonance imaging
(MRI) had normal perfusion with no delayed myocardial en-
hancement and left ventricular ejection fraction of 80% with
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Figure 1. Left lower pulmonary vein thrombosis. Transverse view of
chest via a gated 192-slice multidetector computed tomography angio-
gram revealed a lower pulmonary vein thrombosis (arrow).

turbulent flow in the LVOT. There was no suggestion of car-
diac amyloidosis. His LVOT obstruction was thought to be
the source of his symptoms and metoprolol was added to his
medication regimen along with a decrease in lisinopril. Chem-
otherapy was continued as planned.

However, due to persistent neutropenia and rising liver
enzymes, lenalidomide was lowered to 15 mg at cycle 5. This
was further reduced to 10 mg by cycle 6 and 5 mg by cycle
10 for similar. During the 10th cycle, patient had a syncopal
episode with worsening shortness of breath. Due to previously
suboptimal stress test, coronary CTA was performed along
with fractional flow reserve (FFR). CT-FFR showed diffuse
atherosclerotic disease in left anterior descending (0.79) and
left circumflex coronary artery (0.72) that did not warrant in-
tervention. However, a thrombus in the left lower pulmonary
vein was identified (Fig. 1). He was started on rivaroxaban
20 mg. Lenalidomide, dexamethasone and aspirin were dis-
continued. A 2-week follow-up transesophageal echocardio-
gram showed resolution of the pulmonary vein clot. Repeat
CTA performed 2 months after initial diagnosis also confirmed
clot resolution (Fig. 2). He had dramatic improvement in his
dyspnea and remains off treatment for MM with plans to con-
tinue with rivaroxaban indefinitely given patient’s underlying
malignancy.

Discussion

PVT is a rare entity that often presents with nonspecific symp-
toms including dyspnea, syncope, or chest pain [1]. Most com-
monly PVT occurs in patients with atrial fibrillation or ma-
lignancy. Post-operatively, it is seen in up to 17.9% of those
receiving left upper lobectomy and 15% of lung transplant
recipients carrying with it a 38% mortality at 90 days [1]. To
our knowledge, there have been no reported cases of PVT with
lenalidomide treatment.

Lenalidomide is an immunomodulator with anti-inflam-
matory and anti-angiogenic properties that further increase
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Figure 2. Resolution of left lower pulmonary vein thrombus. Repeat
computed tomography angiogram revealed clot resolution after treat-
ment with rivaroxaban. Similar transverse view of the chest is shown
with blue arrow marking the previously seen thrombus location.

the risk of VTE in already prothrombotic MM patients [2].
This risk is amplified three-fold when lenalidomide is com-
bined with steroid therapy with an incidence of VTE as high
as 4% [2]. Current guidelines suggest prophylaxis with either
low-molecular weight heparin (LMWH) or low-dose aspirin
for MM patients on anti-angiogenesis agents based on a tiered
risk factor approach [3]. LMWH or full dose warfarin with a
target international ration of 2 - 3 is recommended for patients
with > 2 risk factors for VTE including advanced age, history
of VTE, recent surgery, degree of disease burden, or combi-
nation steroid therapy [4]. Direct oral anticoagulants are not
currently advised; however, there is an ongoing prospective
randomized controlled trial of apixaban 2.5 mg twice daily
versus to evaluate the rate of VTE in this population over 6
months [5].

With its diverse clinical presentation, the diagnosis of
PVT relies heavily on imaging studies. Chest X-ray findings
are often nonspecific requiring advanced imaging modalities
[1]. Chest CTAs, although the typical test of choice in clini-
cal practice, visualize arterial anatomy often leaving true fill-
ing venous defects versus mixing artifacts up to question. Our
patient had a CTA performed at the onset of symptoms ap-
proximately 3 weeks into MM therapy which did not reveal
a PVT. It is possible that the PVT could have been present at
that time but not detected until he underwent a gated 192-slice
multidetector computed tomography (MDCT) angiogram for
assessment of coronary calcifications 8 months later. Simi-
larly, pulmonary venous phased protocols or 64-slide MDCT
scans have been used as diagnostic alternatives [1]. Although
transesophageal echocardiogram offers the ability to evaluate
posterior cardiac structures including the pulmonary vein, CT
offers a further advantage in cases of mural PVT as pulmonary
air may obscure the vessel wall [6]. Likewise, MRI can help
distinguish between a bland versus a tumor thrombus in the
pulmonary vein given persistently high signal intensity on the
first and second echoes of spin-echo sequences in bland throm-
bus [7]. No gold standard diagnostic test or follow-up imaging
protocol exists. Instead, imaging modalities should be tailored
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to the clinical scenario with considerations for invasiveness of
test, radiation and contrast exposure as well as timely avail-
ability.

Systemic anticoagulation is the agreed upon therapy once
PVT is diagnosed [1]. However, the types and duration of
anticoagulation are not yet defined [1]. Successful treatment
with both oral vitamin K antagonists and heparin (unfraction-
ated and low molecular weight) has been reported [1]. To our
knowledge, four cases of PVT post lung resection have been
reportedly treated with rivaroxaban therapy [8, 9]. Three of
these patients had brain infarcts as a complication of PVT and
saw successful resolution of the thrombus within 1 month [9].
However, a 68-year-old man developed an idiopathic right up-
per PVT with extension into the left atrium while on rivar-
oxaban 20 mg daily for known atrial fibrillation [8]. After
resection, anticoagulation was changed to dabigatran with res-
olution of clot at 1 year [8]. Likewise, an earlier reported case
of PVT found on 64-slice MDCT also showed clot resolution
with dabigatran as patient declined warfarin therapy due to its
narrow therapeutic range requiring frequent drug monitoring
[10]. Rivaroxaban was chosen for our patient given ease of
administration with once daily dosing regimen. Although the
duration of anticoagulation is not standardized, lifelong anti-
coagulation was chosen for our patient given that his MM is a
persistent non-modifiable risk factor.

Our case adds PVT to the differential diagnosis for pa-
tients with new shortness of breath on immunomodulator ther-
apy. With increased awareness, further investigations into the
frequency, diagnostic techniques and treatment of PVT during
lenalidomide therapy will be feasible.

Learning points

1) The standard CTA pulmonary embolism protocol may not
offer optimal screening for PVT and instead a multi-modality
approach may be necessary when suspected.

2) Regardless, consideration should be given to escalating
VTE prophylaxis to full dose anticoagulation during increased
prothrombotic windows, such as the time of treatment initia-
tion or dose adjustments, in low bleeding risk patients.

3) Rivaroxaban may be an effective therapeutic choice for
patients with PVT.
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