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Abstract
Current literature suggests that the incidence of cardiac involvement by lymphoma as identified by
autopsy varies widely, ranging from 8.7% to 20%. Historically, many cases might have been
clinically undetected; however, improved imaging techniques increasingly identify cardiac
involvement incidentally. In addition, newer agents resulting in improved cancer therapy
outcomes might alter the prevalence and location of metastatic deposits to include more unusual
disease sites, including intracardiac locations. We present 2 cases and a review of the literature.
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Introduction
Lymphoma deposits represent 13.6% of metastatic tumors to the heart.1 As imaging
modalities and treatment options for lymphoma improve, more unusual disease presentations
may be observed more frequently. We present 2 cases of cardiac lymphoma metastases in
heavily pretreated patients and a review of the literature.

Case 1
A 58-year-old white man presented with a rapidly growing right-sided submandibular
swelling. Biopsy and complete staging confirmed stage IIA diffuse large B-cell lymphoma.
He commenced combination therapy with R-CHOP (rituximab plus cyclophosphamide/
doxorubicin/vincristine/prednisone) for 8 cycles followed by involved-field radiation
therapy. Although in complete remission after therapy, the disease-free interval was only 5
months. He developed a cutaneous recurrence within the previous radiation port. He
proceeded to RICE (rituximab/ifosfamide/carboplatin/etoposide) therapy for 3 cycles with
high-dose therapy and autologous stem cell support. In addition, he received extended-field
radiation therapy and subsequent maintenance rituximab. A further local recurrence swiftly
ensued, and he was commenced on gemcitabine and rituximab, but pancytopenia prevented
optimal timely administration of therapy. He was instead treated with further electron beam
radiation therapy. Disease progression occurred locally while the patient received radiation
therapy.
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The patient was referred to the National Cancer Institute (NCI) while awaiting an allogeneic
transplantation match from the national donor pool. Staging computed tomography
identified a 2.1-cm mass anterior to the submandibular gland and a 2.3-cm left ventricular
mass (Figure 1). Echocardiography showed a nonobstructing mass lesion attached to the left
ventricle (LV) septum with normal LV function, which was confirmed by cardiac magnetic
resonance imaging (MRI). He was enrolled on an institutional review board–approved
protocol (NCI 03-C-0096) and received bortezomib and EPOCH (infusional etoposide/
vincristine plus doxorubicin/cyclophosphamide/prednisone) chemotherapy with complete
resolution of the disease, including the cardiac mass, after 4 cycles of therapy. The patient
proceeded to an allogeneic matched-unrelated donor hematopoietic stem cell transplantation.
This resulted in a 6-month disease-free interval before recurrent disease was diagnosed. The
patient died from his disease 1 month later.

Case 2
A 58-year-old white man presented with a 20-year history of waxing and waning skin
lesions before a mycosis fungoides (MF) diagnosis was established. At this time, he had
clinically T3 N3 M0 stage IVa disease. He was initially treated with local therapies and,
eventually, whole-body electron beam radiation therapy. Over a 2-year period, local
radiation therapy, bexarotene, PUVA (psoralen plus UVA light), interferon, denileukin
diftitox, and gemcitabine were attempted.

After assessment at the NCI, including echocardiography, the patient was enrolled in a phase
II trial using romidepsin. He received his first cycle of romidepsin 14 mg/m2 on days 1, 8,
and 15 of a 28-day cycle without incident. After administration of the first dose on cycle 2,
the patient developed a fever to 38.9°C. Examination revealed a right sternal border grade
2/6 systolic ejection murmur with an audible S4. Blood work demonstrated a minimally
elevated creatine kinase (CK) level of 393 U/L (normal range, 52−386 U/L), a CK-
myocardial band fraction of 6%, and a troponin I at 115.5 ng/mL (normal range, 0.03−0.10
ng/mL). Electrocardiogram demonstrated nonspecific ST segment changes, while 3 brief
runs of nonsustained ventricular tachycardia were captured on cardiac monitoring. An
ischemic workup was performed. In view of his acetylsalicylic acid allergy, he was started
on clopidogrel and atenolol. The troponin and CK parameters returned to normal within 24
hours. The patient refused coronary angiography. A 2-dimensional echocardiogram
demonstrated mild pulmonary hypertension but normal LV size and function, with no
regional wall motion abnormalities. A nonstress contrast-enhanced cardiac MRI scan
demonstrated a 3.4-cm mass within the LV wall suspicious for cardiac metastasis (Figure 2).
He was counseled for further workup, but the patient refused.

Based on the MRI appearance, it was believed that the cardiac mass was consistent with a
lymphomatous deposit. While we do not know the cause of troponin elevation, we presume
it must have been caused by a bystander effect in myocardial cells associated with
romidepsin-mediated tumor cytolysis. Because the cardiac enzyme increase might have been
related to focal myocardial damage, it was decided to remove the patient from study. The
patient returned to his local oncologist for further management. Two months later, the
patient presented to the local emergency room with chest pain. Cardiac arrest ensued, and
the patient could not be resuscitated. Autopsy confirmed the MRI findings of a large
pericardial lymphomatous deposit. The distal circumflex artery had evidence of an acute
occlusive thrombus and compression by lymphomatous deposits, while the left ventricle was
largely replaced by necrotic tumor cells with prominent granulation tissue and fibrosis.
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Discussion
Cardiac masses arising from the heart or the pericardium are potentially lethal whether
defined as benign or malignant. Almost 75% of primary cardiac masses are benign. The
most common primary malignant tumors are sarcomas and lymphomas.2 Metastatic deposits
represent the vast majority of cardiac malignancies; the common primary sources include
cancers of lung, esophagus, and breast as well as lymphoma, leukemia, and melanoma.3
Historically, data on cardiac masses have been obtained from autopsy studies.1,4-8 The
largest population series reviewed > 12,000 consecutive autopsies; metastases to the heart
were identified in 1.23% of cases, yielding a prevalence of primary cardiac tumors at
0.056%. Another series examining patients with cancer demonstrated metastases to the heart
and pericardium in 10%−12% of cases.4,5 Cardiac involvement by lymphoma at autopsy
has been described in 16% of patients with Hodgkin disease and 18% of patients with non-
Hodgkin lymphoma (NHL), occurring at a median of 20 months after initial diagnosis.6

New agents resulting in improved cancer therapy outcomes might alter the prevalence and
location of metastatic deposits to include more unusual disease sites, including intracardiac
locations. Therapies might result in changes to underlying disease biology over time or an
increase in the cancer-bearing interval and the random deposition of cardiac metastases.
High-dose therapy has been reported to alter patterns of relapse in multiple myeloma, while
all-trans retinoic acid has shown to have a similar effect in promyelocytic leukemia.9-11

There has been the suggestion that central nervous system metastases are increasing because
of longer disease control in breast cancer.12 A similar scenario might be true for NHL.

Clinical presentation of cardiac metastases is determined by numerous factors such as tumor
location, size, growth rate, degree of invasion, and friability. Obstruction of blood flow or
valve function by a cardiac mass, invasion of the conduction pathways causing arrhythmias,
invasion of pericardium producing pericardial effusion, or tamponade, tumor embolization,
or constitutional symptoms are some of the mechanisms of presentation. Troponin
elevations as a result of cardiac ischemia from lymphomatous deposits are a more unusual
presentation. However, this was the finding in our patient treated with romidepsin that
prompted further investigation. It should be noted that in > 590 troponin levels analyzed in
patients treated with romidepsin, no evidence of authentic troponin elevation was observed.
13 Modern imaging techniques increasingly identify cardiac lesions incidentally. Plain chest
radiographs lack sensitivity and specificity as an initial diagnostic tool but can demonstrate
cardiomegaly, signs of heart failure, and abnormalities of cardiac contour or specific
chamber hypertrophy. Echocardiography was the first noninvasive mechanism for
examining the chambers of the heart and pericardium, but the restricted acoustic window of
the transthoracic approach remains a significant limitation.14 The larger imaging field
afforded by transesophageal echocardiography (TEE) makes this a more sensitive technique
for assessing patients.15 Computed tomography adequately demonstrates morphology,
location, and extent of cardiac neoplasms with a larger field view, while magnetic resonance
signal intensity with contrast enhancement results in superior images identifying anatomy,
blood flow, and cardiac function.16,17 [18F]Fluorodeoxyglucose positron emission
tomography imaging has recently been reported to reveal previously unsuspected cardiac
involvement.18,19

The correct pathologic diagnosis is essential to management of cardiac masses. Although
traditionally this required a thoracotomy, less invasive procedures are now readily available
such as TEE-guided biopsy, endomyocardial biopsy, or percutaneous intracardiac biopsy
with combined fluoroscopy and TEE or pericardial fluid sampling.20-24 There have been
many single-case reports in the literature documenting management of these patients;
however, because of rarity, data are lacking to produce definitive guidelines regarding
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management. The available literature suggests systemic chemotherapy is the only effective
therapy.20 There is a theoretical risk of cardiac wall perforation in response to
chemotherapy; however, only 1 case of prophylactic pericardial patching is reported in the
literature, while wall rupture is infrequently reported.25,26 The majority of cases are treated
with combination chemotherapy with varying results.27-37

Advances in drug development, including the addition of monoclonal therapies to
chemotherapy, have resulted in improved response and survival rates.38 Radiation as a
therapeutic modality risks pericarditis, cardiomyopathy, diastolic dysfunction, conduction
defects, and coronary artery disease. The indication for this therapy appears limited to the
cardiac mass that progresses despite chemotherapy. Radical surgery is not advised.
Considering the rarity of cardiac lymphoma metastases, it might be prudent to consider the
establishment of a specific tumor registry to collect data and potentially guide future
management approaches.

Conclusion
Lymphomatous involvement of the heart, previously a rarity, is now being reported with
greater frequency. Extranodal lymphomas are increasingly seen with acquired
immunodeficiencies such as HIV or after bone marrow and solid organ transplantation. The
increased incidence might be partly a result of increased clinical awareness, improved
imaging techniques, and a change in cellular biology.
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Figure 1. Computed Tomography Images at Initial Review (Left) and After 2 Cycles of
Bortezomib/EPOCH Therapy (Right) Demonstrating Complete Resolution of the Left
Intraventricular Septal Wall Mass
Abbreviations: EPOCH = infusional etoposide/vincristine plus doxorubicin/
cyclophosphamide/prednisone; IVS = intraventricular septum
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Figure 2. Cardiac MRI Scans Before and After Intravenous Contrast Identifies a Solitary
Cardiac Metastasis
The image on the right is from a cine MRI scan in a 4-chamber view using a steady-state
free precession technique. Note that the basal lateral wall is focally hypertrophied or thicker
than other walls of the LV (arrows). This localization is atypical for familial hypertrophic
cardiomyopathy or other secondary hypertrophic processes. Delayed-enhancement images
(on the left) obtained 20 minutes after administration of gadolinium contrast using an
inversion recovery gradient echo technique validated for imaging myocardial infarction. The
region of localized hypertrophy in the basal lateral wall shows a surrounding region of
enhancement (white), while the core of the mass is much darker than the surrounding tissue,
suggesting low perfusion or low contrast accumulation. The findings are consistent with
metastasis to the heart.
Abbreviations: LA = left atrium; MRI = magnetic resonance imaging; RA = right atrium;
RV = right ventricle
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