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Abstract 
Primary cardiac lymphoma (PCL) is a rare entity that comprises only 1% - 
2% of all cardiac tumors. Due to their scarcity and variable clinical presenta-
tion, early diagnosis is challenging. In this series, three cases of PCL from a 
single institution are described, which highlight the spectrum of presenting 
features and emphasize common principles. In the first case, a 73-year-old 
male who presented with dyspnea was found to have a 12.1 cm mass in the 
right ventricle. Biopsy via cardiac catheterization revealed diffuse large B cell 
lymphoma (DLBCL). He was treated with chemoimmunotherapy and sur-
vived for two months. The second case describes a 55-year-old female who 
presented with chest pain. Imaging revealed a 3.1 cm right atrial mass and bi-
lateral pleural effusions, with cytology from the latter demonstrating DLBCL. 
She was lost to follow up after three cycles of chemoimmunotherapy. In the 
last case, an 80-year-old female presented with weakness. A 4.0 cm mass was 
discovered in the right atrium and the patient expired shortly after admission. 
Autopsy confirmed the diagnosis of DLBCL. These case summaries are fol-
lowed by a review of the clinical presentation, diagnostic approach, and treat-
ment outcomes of PCL. 
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1. Introduction 

Primary cardiac lymphoma (PCL) is a rare entity that accounts for up to 2% of 
all primary cardiac tumors [1] [2]. The majority of PCLs are B cell malignancies, 
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with diffuse large B cell lymphoma (DLBCL) being the most common histo-
logic subtype; however, other hematologic neoplasms have been infrequently 
described [3] [4] [5]. The clinical presentation of PCL is widely varied, and one 
third of patients have symptoms of congestive heart failure (CHF) [3]. Due to 
the rarity of PCL, diagnosis can be challenging and patients often undergo 
multiple imaging modalities in order to distinguish PCL from the more com-
mon atrial myxomas and thrombi [6] [7] [8]. Ultimately, tissue biopsy is re-
quired to establish the diagnosis and provide classification of the lymphoma. 
In many instances, such tissue sampling is performed at the time of open sur-
gical resection or debulking [9] [10] [11]. Beyond surgery, chemoimmunothe-
rapy using a first-line regimen appropriate for the lymphoma subtype is the 
standard of care. 

Here, we describe three cases of PCL that presented to our institution over the 
past several years (Table 1). All malignancies arose in immunocompetent patients  
 
Table 1. Summary of three primary cardiac diffuse large B cell lymphoma cases. 

 Case 1 Case 2 Case 3 

Age (years) 73 55 80 

Sex Male Female Female 

Presentation 
Dyspnea 

Peripheral edema 
Dyspnea 

Substernal chest pain 
Dyspnea 

Weakness 

ECG 
Right bundle 
branch block 

Prolonged QTc 

First-degree 
AV block 

Prolonged QTc 

Atrial fibrillation 
Prolonged QTc 

Echocardiogram 
12.1 cm mass 

in the RV 
3.1 cm mass 

in the RA 
4.0 cm mass 

in the RA 

Other Imaging 
Cardiac MRI 

CT C/A/P 

Cardiac MRI 
CT C/A/P 
PET/CT 

CT Chest 

HIV Status Negative Negative Not assessed 

EBV Serology Not assessed Positive IgG Not assessed 

Tissue Sampling Biopsy Biopsy Autopsy 

Diagnosis DLBCL DLBCL DLBCL 

Treatment R-COEP × 2 
R-CVP × 1 

R-CHOP × 2 
None 

Survival 2 months Lost to follow-up 1 week 

Abbreviations: ECG, electrocardiogram; AV, atrioventricular; RV, right ventricle; RA, right 
atrium; MRI, magnetic resonance imaging; CT, computed tomography; C/A/P, chest, ab-
domen, and pelvis; PET, positron emission tomography; EBV, Epstein-Barr virus; HIV, 
human immunodeficiency virus; IgG, immunoglobulin G; DLBCL, diffuse large B cell 
lymphoma; R-COEP, rituximab, cyclophosphamide, vincristine, etoposide, and predni-
sone; R-CVP, rituximab, cyclophosphamide, vincristine, and prednisone; R-CHOP, ri-
tuximab, cyclophosphamide, doxorubicin, vincristine, and prednisone. 
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aged 55 - 80 years and presented as right-sided cardiac masses. All cases were 
diagnosed as DLBCL, and two of the three neoplasms expressed CD5. These cases 
highlight the broad spectrum of presenting symptoms, pathologic features, and 
treatment outcomes associated with PCL. 

2. Case Presentations 
2.1. Case 1 

A 73-year-old male presented with six months of progressive dyspnea and lower 
extremity edema refractory to diuretics. Fevers, night sweats, and weight loss were 
denied. An electrocardiogram (ECG) revealed a right bundle branch block with 
a prolonged QTc interval (487 ms). A subsequent echocardiogram showed a 
large, infiltrating, lobular, heterogenous mass in the right ventricle extending 
into pericardial space. Accordingly, the right ventricle was moderately dilated 
with decreased systolic function, though the left ventricular ejection fraction 
(LVEF) was preserved (55% - 60%). 

Cardiac magnetic resonance imaging (MRI) demonstrated a 6.2 × 8.5 × 12.1 
cm mass within the right ventricle infiltrating the free wall and extending into 
the pericardial space (Figure 1(A)). The right papillary muscle, right ventricular 
outflow tract, pulmonic valve, and right side of the interventricular septum were 
similarly involved. Two smaller masses were observed at the posterior aspect of 
the mitral annulus (1.4 × 2.0 cm) and adjacent to the ascending aorta (1.6 × 2.1 
cm); these were similar in consistency to the right ventricular mass and felt to be 
metastases. Computed tomography (CT) imaging of the chest, abdomen, and 
pelvis recapitulated the cardiac mass (Figure 1(B)), but did not demonstrate any 
extracardiac tumors or suspicious lymphadenopathy. MRI of the brain did not 
reveal any intracranial pathology.  

The right ventricular mass was biopsied via cardiac catheterization. Histology 
showed diffuse infiltration of large malignant lymphoid cells (Figure 1(C)). Im-
munohistochemical (IHC) staining revealed an unusual phenotype of CD20+, 
CD10+, CD5+, and CD23-cells, consistent with DLBCL, germinal center subtype 
[12]. An in situ hybridization study for EBV (EBER) was negative. Flow cytometry  
 

 
Figure 1. Cardiac imaging and histology for case one. Cardiac MRI (A) and chest CT (B) 
imaging depicting a large right ventricular mass. (C) Hematoxylin and eosin (H & E) 
staining of biopsied tissue from cardiac mass depicting diffuse infiltration of large, ma-
lignant, lymphoid cells; 500× magnification. 
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confirmed the phenotype, and fluorescence in situ hybridization (FISH) assays 
were negative for rearrangements in BCL1, BCL2, BCL6, or MYC; however, ab-
normal gains of 3q, 8q, 11q, 14q, and 18q were identified. Thus, a diagnosis of de 
novo CD5+ primary cardiac DLBCL was made.  

The patient was started on chemotherapy with rituximab, cyclophosphamide, 
vincristine, etoposide, and prednisone (R-COEP). He received two cycles before 
expiring from cardiogenic shock two months after diagnosis. 

2.2. Case 2 

A 55-year-old female presented with two months of progressive dyspnea, or-
thopnea, lower extremity edema, and dull chest ache. She denied fevers, night 
sweats, and weight loss. An ECG showed a first-degree atrioventricular (AV) 
block with a prolonged QTc interval (497 ms), and an echocardiogram identified 
a right atrial mass. CT of the chest, abdomen, and pelvis demonstrated a large 
mass within the right atrium and ventricle with bilateral pleural effusions; car-
diac MRI further revealed severely limited blood flow through the right heart. 
Combined positron emission tomography with CT (PET/CT) showed a hyper-
metabolic mass centered in the right atrium abutting the aorta with subsequent 
narrowing of the superior vena cava (Figure 2(A) and Figure 2(B)). No other 
masses, lymphadenopathy, or foci of hypermetabolism were seen. 

Pleural effusion cytology showed a population of large anaplastic cells with ir-
regularly-shaped nuclei, high nucleocytoplasmic ratios, and scant vacuolated cy-
toplasm. IHC demonstrated that the cells were positive for CD20, PAX5, CD5, 
and MUM1 with a very high proliferation rate by Ki67 staining (>90%). Stains 
for Bcl2, Bcl6, CD10, CD30, CD56, CD138, ALK1, cyclin D1, EMA, HHV8, and 
EBER-ISH were all negative. Flow cytometry confirmed expression of CD5, CD19, 
CD20, partial CD22, CD38, CD45, and kappa monotypic surface immunoglobu-
lin light chains; they lacked CD10, CD14, CD56, and CD138. Collectively, these 
results were diagnostic of DLBCL, and have been previously reported in greater 
detail [13]. 

To confirm the cardiac origin of the pleural fluid findings, the patient under-
went endomyocardial biopsy via right heart catheterization. Histology showed 
diffuse infiltration by large lymphoid cells with extensive necrosis (Figure 2(C)). 
The cells expressed CD20, CD45, and CD99 by IHC staining, but lacked CD3, 
myogenin, and cytokeratins AE1/AE3 (Figures 2(D)-(F)), confirming de novo 
CD5+ primary cardiac DLBCL. 

The patient was treated with a modified regimen of rituximab, cyclophospha-
mide, doxorubicin, vincristine, and prednisone (R-CHOP) with quick improve-
ment of her symptoms. Doxorubicin was omitted from the first cycle due to 
concerns over possible rupture of the right ventricular free wall. She received 
two additional cycles as usual without complications, and an echocardiogram 
after cycle three showed no evidence of residual tumor. She then transferred her 
care to a facility closer to her residence and was lost to follow up. 
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Figure 2. Cardiac imaging, histology, and flow cytometry for case two. (A) Axial and (B) 
coronal sections of PET/CT imaging depicting a large hypermetabolic mass centered in 
the right atrium with involvement of the right ventricle. (C) H & E staining of biopsied 
tissue from cardiac mass depicting diffuse infiltration by large lymphoid cells with exten-
sive necrosis. IHC staining of the mass demonstrating expression of (D) CD20, (D) 
CD45, and (F) CD99. Histologic images all depicted at 500× magnification. ((G)-(I)) Flow 
cytometry of pleural fluid. The three gated dotplots show all B cells that coexpress CD19 
and CD20. The population of interest is gated in black, with non-neoplastic B cells in 
magenta and aqua. Large cells are gated based on size (high FSC) in panel (G). They are 
kappa monotypic (panel (H)), and they express CD20 and dim CD5 (panel (I)). 

2.3. Case 3 

An 80-year-old female presented to the emergency department with two days of 
progressive weakness, hypotension, and dyspnea. She denied fevers, night sweats, 
and weight loss. She was mildly tachypneic and hypoxic on exam, and ECG 
showed atrial fibrillation with a rapid ventricular rate and a prolonged QTc in-
terval (472 ms). A urinalysis was positive for bacteria and her lactate was ele-
vated. Broad spectrum antibiotics were started for sepsis. Due to persistent hy-
poxia, CT of the chest was obtained to evaluate for pulmonary emboli. While 
small emboli were noted, there was also cardiomegaly with a moderate-sized pe-
ricardial effusion (Figure 3(A)). An echocardiogram revealed a mobile, pedun-
culated right atrial mass (4.0 × 3.6 cm) prolapsing in and out of the tricuspid 
valve. The right ventricle was severely dilated with preserved LVEF (65% - 70%). 
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Figure 3. Cardiac imaging, autopsy findings, and histology for case three. (A) Coronal sec-
tion of chest CT imaging depicting an enlarged cardiac silhouette with irregular thicken-
ing of the right atrium and ventricle. (B) Gross cross-section of the cardiac mass demon-
strating invasion into the myometrium and encasement of the aorta and pulmonic trunk. 
H&E staining of biopsied tissue from cardiac mass depicting large lymphoid cells dis-
secting the myocardial fascicles at (C) 100×, (D) 200×, (E) 500×, and (F) 1000× magnifi-
cation. IHC staining of the mass demonstrating expression of (G) CD20 and (H) CD45, 
both at 500× magnification. 
 

The patient’s clinical condition deteriorated rapidly and she was transferred to 
the intensive care unit with multi-organ failure. Cardiothoracic surgery was con-
sulted but, due to her condition, she was not deemed a surgical candidate. Con-
sistent with the patient’s wishes, comfort cares were pursued and she expired 
shortly thereafter.  

The husband consented to autopsy, which revealed a cardiac tumor measuring 
12.8 × 12.5 cm with thickness up to 2.5 cm arising from the wall of right atrium 
and right ventricle, extending to the interventricular septum, left atrium and left 
ventricle (Figure 3(B)). A 4.2 × 3.5 × 3.5 cm pedunculated mass was found in 
the right atrium and continued to extend into the right ventricle. The right ven-
tricular septum was focally involved. The right atrial and ventricular chamber 
volumes were significantly decreased, and the tricuspid and pulmonary valves 
were compressed by the tumor. The tricuspid valve leaflets were also focally in-
volved and displaced by the tumor. The endocardial surfaces showed polypoid 
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tumor bulging in the right atrium and ventricle. The myocardium was exten-
sively involved or replaced by tumor, as were the atrial and ventricular septa. 
Multifocal areas of tumor necrosis were also identified.  

Histologically, tumor cells were identified on all cardiac sections and appeared 
dyscohesive with moderate cytoplasm and large pleomorphic nuclei. They infil-
trated the myocytes and dissected the myocardial fascicles in all involved regions 
(Figures 3(C)-(F)). By IHC, the neoplastic cells stained positive for CD20 and 
CD45, but negative for CD3, CD5, CD10, and cytokeratins AE1/AE3 (Figure 
3(G) and Figure 3(H)). The morphology and staining pattern were consistent 
with DLBCL. No other areas of tumor involvement were identified on autopsy 
or in previous imaging, compatible with primary cardiac lymphoma. 

3. Discussion 
3.1. Epidemiology 

Extranodal disease is observed in up to 40% of cases of non-Hodgkin lymphoma 
(NHL) and represents an independent negative prognostic factor [14]. Primary 
extranodal disease—arising de novo in a non-hematolymphoid tissue—is less com-
mon, representing approximately 20% of NHL cases and with the most common 
sites of involvement being the gastrointestinal tract, liver, and skin [15] [16]. 
Likewise, cardiac involvement by NHL occurs in roughly 20% of NHL patients 
who undergo autopsy [17]; however, PCL is rare and comprises only 1% - 2% of 
all cardiac tumors [1] [2] (Table 2). DLBCL appears to be the most common 
cardiac lymphoma, representing 71% of reviewed cases [3]. Burkitt lymphoma 
and chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL) 
were also frequently reported [3]. Cardiac involvement by natural killer (NK) 
cell [18] and Hodgkin lymphomas [17] have been described, though these ap-
pear to be incredibly rare. 

3.2. Presentation 

In modern series, PCL has been reported in patients aged 10 - 83 years with a 
median age at the time of diagnosis ranging from 55 - 65 years [3] [4] [5]. 
Most patients present with cardiac complaints, including symptoms of conges-
tive heart failure (31% - 78%), chest pain (19% - 46%), or arrhythmia (8% - 
56%) [3] [4]. Less commonly, superior vena cava (SVC) syndrome [9] [10] 
[19], odynophagia [20], and embolic phenomena [21] were the chief concern. 
Similar to other early-stage lymphomas, traditional B symptoms are uncom-
mon, described by only 7% - 26% of patients [3] [4]. This is reflected in the 
cases presented here, where none of the three patients endorsed fevers, chills, 
night sweats, or weight loss. 

Most cases of PCL manifest with a cardiac mass. Involvement has been de-
scribed in all four chambers of the heart, the interatrial and interventricular sep-
ta, and the pericardium. The right atrium is the single most common site (66% - 
77% of cases), and most cases (up to 92%) involve the right heart [4]. Indeed, all  
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Table 2. Reported features of primary cardiac lymphoma. 

Category Feature Value References 

Epidemiology 

Primary cardiac lymphoma 
1% - 2% of all 
cardiac tumors 

[1] [2] [17] 

Secondary cardiac involvement 
Up to 20% 

of NHL cases 

Age at diagnosis 
Median 55 - 65 years 

[3] [4] [5] 
Range 10 - 83 years 

Sex 
Male 65% - 85% 

[3] [4] 
Female 15% - 35% 

Presenting features 

Heart failure 31% - 78% 

[3] [4] [9] 
[10] [32] 

Chest pain 19% - 46% 

Arrhythmia 8% - 56% 

Constitutional symptoms 7% - 26% 

SVC syndrome 5% - 15% 

Location and 
involvement 

Right atrium 66% - 77% 

[4] [32] 

Right ventricle 25% - 37% 

Left atrium 12% - 30% 

Left ventricle 2% - 21% 

Septum 2% - 41% 

Pericardial effusion 30% - 58% 

Histology 

DLBCL 71% - 92% 

[3] [4] [32] 

Burkitt 7% - 8% 

CLL/SLL 4% - 8% 

T cell 3% - 5% 

Other or NOS Up to 10% 

Treatment 

Chemotherapy 52% - 89% 

[3] [4] [32] 
Surgery 16% - 28% 

Radiation 8% - 20% 

Combination therapy 12% - 23% 

Outcomes Median OS 3 - 63 months [3] [4] 

Abbreviations: NHL, non-Hodgkin lymphoma; SVC, superior vena cava; DLBCL, diffuse 
large B cell lymphoma; CLL, chronic lymphocytic leukemia; SLL, small lymphocytic lym-
phoma; NOS, not otherwise specified; OS, overall survival. 
 
three of the cases reported here were located on the right side, and two origi-
nated in the right atrium. 
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3.3. Differential Diagnosis 

The differential for a cardiac mass includes infections, neoplasms, thrombi, and 
structural abnormalities [7]. Infectious etiologies include bacterial endocarditis 
and myocardial abscesses. In immunocompromised patients, fungal organisms 
are also a consideration [22] [23] [24]. Structural causes include false tendons, 
moderator bands, and ruptured chordae tendinae [7]. Thrombi can result from 
arrhythmia, hypokinesis, or represent emboli from a peripheral source. Cardiac 
neoplasms are more likely to represent metastases than primary tumors [25]. 
Benign myxomas are the most common cardiac tumor, accounting for roughly 
one third of cases [26]. As a class, sarcomas represent the most common primary 
cardiac malignancy in immunocompetent people, with angiosarcomas being the 
dominant subtype [7].  

Interestingly, all three patients in this series had a prolonged QTc interval on 
their presenting ECG. This finding is not routinely associated with infectious etiol-
ogies, cardiac thrombi, or non-infiltrating masses [27]. Therefore, a prolonged QTc 
interval may be suggestive of a malignant process in the appropriate clinical setting.  

3.4. Diagnostic Approach 

A tissue biopsy is required to diagnose PCL and classify the lymphoma appro-
priately. Due to the invasive nature of cardiac tissue sampling, however, cardiac 
tumors are often characterized by multiple modes of imaging prior to biopsy. 
Most cardiac masses are first identified on a transthoracic echocardiogram (TTE). 
Though no formalized workflow has been developed for optimal characteriza-
tion, cardiac MRI, CT, and PET imaging have all been utilized [4] [6] [13]. 

3.5. Treatment 

Treatment for PCL typically follows the same recommendations as other extra-
nodal manifestations of the same lymphoma subtype. In the case of DLBCL, for 
example, chemoimmunotherapy with a rituximab backbone is frequently used. In 
cases of “double-hit” lymphoma, complete remission (CR) has been achieved us-
ing either R-CHOP or R-CVP (cyclophosphamide, vincristine, and methylpredni-
solone) regimens [28] [29]. In these cases, however, subsequent hematopoietic 
stem cell transplantation (HSCT) was not pursued and systemic relapse was de-
tected within eight to nine months [28] [29]. Despite evidence that higher intensity 
chemoimmunotherapy regimens provide more durable remissions in double-hit 
lymphomas [30], the use of such protocols has not been reported in PCL. This 
could be due to the relatively poor performance status and cardiac function of PCL 
patients at presentation. Likewise, HSCT has not been reported in PCL. 

In a small case series of thirteen PCL patients, CR was achieved in 62% of pa-
tients using first-line chemotherapy for the respective lymphoma subtype [4]. 
However, no patients proceeded to HSCT and relapse was documented in 55% 
of cases, mostly at extranodal sites [4]. 

One caveat is whether patients require surgical debulking of the cardiac mass 
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prior to the initiation of chemotherapy. Urgent surgery is commonly pursued in 
patients who present with SVC syndrome [9] [10], rapidly progressive heart 
failure [11], or with atypical symptoms that obscure the diagnosis until tissue is 
obtained during resection [2] [21]. Otherwise, prompt initiation of chemothe-
rapy is often sufficient to provide rapid relief of symptoms [13]. 

3.6. Outcomes 

The median overall survival for patients diagnosed with PCL ranges widely from 
3 - 63 months [3] [4]. Patients who present with symptoms of CHF and those 
who do not receive chemotherapy do poorly, with median survival rates of less 
than two months [3] [20]. Overall survival appears best in patients with indolent 
B cell malignancies who receive chemotherapy. In one large retrospective analy-
sis of such patients, median survival was not reached (>5 years) in in the group 
of patients who survived beyond one month from diagnosis [3].  

In this series, one patient (case 3) presented with two days of rapidly-progressive 
symptoms, did not receive chemotherapy, and died three days after diagnosis of 
the atrial mass. The other two patients (cases 1 & 2) presented with several weeks 
of CHF symptoms and were treated with rituximab-containing regimens. One 
patient passed away two months after diagnosis, having completed only two cycles 
of R-COEP. The other was lost to follow up after four months, having completed 
one cycle of R-CVP followed by two cycles of R-CHOP with complete resolution 
of the cardiac tumor on echocardiogram at that time.  

Notably, the two treated patients (cases 1 & 2) were both diagnosed with de 
novo CD5+ DLBCL. Expression of CD5 is traditionally a poor prognostic factor 
in DLBCL [31]. While treatment outcomes have improved since the introduc-
tion of rituximab, there is evidence to suggest that this benefit is largely restricted 
to CD5-negative DLBCL. In a small cohort of patients with CD5+ DLBCL treated 
with (n = 11) and without (n = 8) rituximab, the two-year overall survival of the 
two groups was not statistically different (59% and 50%, respectively, p = 0.70) 
[31]. While the patient who was lost to follow up had a good initial response to 
chemotherapy, her presentation with CHF symptoms and CD5 positivity may 
portend an inferior long-term outcome. 

4. Conclusions 

Here, we report three cases of PCL that arose de novo in immunocompetent pa-
tients. All neoplasms were diagnosed as DLBCL and arose on the right side of 
the heart. Two were positive for CD5 expression, a feature that traditionally 
portends inferior outcomes. Of the three patients, two are confirmed deceased 
and expired shortly after diagnosis. 

Ultimately, primary cardiac lymphomas remain rare malignancies that can 
present with a multitude of symptoms. Because of this, diagnosis of PCL can be 
elusive and often requires multimodal imaging prior to tissue biopsy. Chemo-
therapy is typically the mainstay of treatment, with the specific regimen chosen 
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based on the pathologic diagnosis and patient comorbidities. Outcomes are va-
ried, though they appear to be improving with advances in chemo- and immu-
notherapy. Currently, patients with indolent NHL who can tolerate chemothe-
rapy have the longest overall survival. Future goals should include improving the 
ability to diagnose PCL without invasive tissue sampling and determining the 
role of HSCT in PCL treatment. 
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