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Summary

Although cardiac sarcomas are rare in comparison to their soft tissue counterparts, they are the

second most common type of primary cardiac neoplasm. Of the few hundred cases reported, most

has been based on autopsy series. A series of 27 cardiac sarcomas removed at surgery for curative

and diagnostic intent were reviewed for clinicopathologic features with correlation to available

postoperative follow-up data in 17 patients. There were 6 angiosarcomas, 6 myxofibrosarcomas, 3

malignant peripheral nerve sheath tumors, 3 leiomyosarcomas, 2 synovial sarcomas, 1 epithelioid

hemangioendothelioma, 1 chondrosarcoma, 1 osteosarcoma, and 4 poorly differentiated sarcomas.

There was a wide age and size range with slight female predilection. There were 20 cases that

arose in the atria/pulmonary vessels, 4 in the ventricles, 1 in mitral valve, and 2 in epi/

pericardium. There was a slight left predilection. The histologic grade was low in 4, moderate in 3,

and high in 20 cases. Six high-grade and 1 low-grade tumors were also treated with adjuvant

chemotherapy and/or radiation. In 17 patients with follow-up data, 6 of 12 patients with high-

grade tumor died (4 within 5 days of the initial surgery, 1 in 21 months, and 1 in 131 months), and

1 patient with moderate-grade tumor and all 4 patients with low-grade tumor were alive without

evidence of disease at the end of follow-up. Tumor grade appeared to be prognostically important

in cardiac sarcoma. Long survival was achieved in patients who survived the initial surgery well.
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1. Introduction

Primary tumors of the heart are rare. About 75% of primary cardiac tumors are benign

mesenchymal tumors, most of which are myxomas. Primary sarcomas of the heart, although

very rare, are the second most common type of primary cardiac neoplasm and account for

most of the malignant primary cardiac tumors [1]. At present, only a few hundred primary

cardiac sarcomas have been reported, most of which are based on autopsy series [2]. Similar

to their soft tissue counterparts, cardiac sarcomas constitute a variety of histologic types [3].

Primary cardiac sarcomas can occur at any age but more frequently between the third and

fifth decades with a mean age of 41 years [4]. Left-sided cardiac involvement is more

common than right-sided involvement [5]. The clinical presentation of patients with cardiac

sarcoma depends on the size as well as the location of the tumor. Patients usually present

with dyspnea and symptoms due to embolic phenomena and pericardial effusion and, rarely,

metastasis to other sites [6–10]. Depending on the tumor location in the heart, complete

excision is often difficult at the time of surgery; and adjuvant chemotherapy and radiation

have been used in treating cardiac sarcomas [10,11]. If localized to the heart, orthotopic

heart transplantation has been shown to provide long-term survival in some patients without

recurrence despite immunosuppression [12]. However, the prognosis of primary cardiac

sarcomas in general remains poor in current medical literature [10]. The median survival in

patients with cardiac sarcomas has been reported to be about 6 months with a mean of 11

months [4]. In this study, we identified 27 primary cardiac sarcomas removed at surgery

mainly for curative intent and analyzed the clinicopathologic characteristics of the tumors

and survival in 17 cases with the available clinical information and follow-up.

2. Material and methods

All cases of sarcomas involving the heart were retrieved from the files of Surgical Pathology

at the University of Pennsylvania, Children’s Hospital of Philadelphia, Cleveland Clinic,

University of Pittsburgh Medical Center, and the consultation file of one of the authors (J. S.

B.) between 1975 and 2006. Twenty-nine cases were identified. Of the 29 cases, 2 were the

result of metastatic lesions to the heart and were eliminated from the study.

ll histologic materials, including the original immunohistochemically stained slides, were

retrieved and reviewed to ensure the accuracy of the histologic diagnosis in all cases by one

of the coauthors (P. J. Z.). The tumors were graded according to the National Cancer

Institute (NCI) criteria [13]. Briefly, the tumors were categorized to low, moderate, and high

grade based on the histologic type, cellularity, cellular pleomorphism, mitotic count, and

presence of absence of tumor necrosis. In selected difficult cases, the diagnosis and grading

were also consulted with 2 other coauthors (J. S. B. and J. R. G.). Additional

immunohistochemical staining was performed in selected cases. Standard

immunohistochemical methods were used with the EnVision Plus system and a DAKO
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autostainer (DAKO, Carpenteria, CA). Frozen tissue was submitted for molecular analysis

(reverse transcriptase polymerase chain reaction) for the SYT-SSX1/SSX2 gene fusion

product resulting from the t(X;18) translocation in one case as previously described [14].

Fluorescent in situ hybridization analysis for SYT translocation using LSI SYT Dual Color

Break Apart Rearrangement Probe (Vysis, Abbott Laboratories, Downers Grove, IL) was

also performed on paraffin section of another case. Clinical information including age, sex,

clinical presentation, imaging studies, treatments, and follow-up was collected and

reviewed.

3. Results

Patients’ ages ranged from 9 weeks to 84 years (mean, 41.6 years). There were 11 males, 15

females, and in one case, the sex was unknown. There were 20 tumors that arose in the atria/

pulmonary vessels (11 left, 8 right, 1 side unknown), 4 in the ventricles (2 left, 2 right), 1 in

mitral valve, and 2 in epi/pericardium. The tumor size was known in 17 cases and ranged

from 0.9 to 10.0 cm (mean, 5.3 cm). Outcome information or clinical follow-up was

available in 17 cases (Tables 1 and 2) and absent or incomplete in 10 cases (Table 3).

3.1. Cases

Histologically, the tumors were classified as 6 angiosarcomas, 1 epithelioid

hemangioendothelioma (EHE), 6 myxofibrosarcomas, 3 malignant peripheral nerve sheath

tumors (MPNST), 3 leiomyosarcomas, 2 synovial sarcomas, 1 dedifferentiated

chondrosarcoma, 1 osteosarcoma, and 4 poorly differentiated sarcomas (Figs. 1–3).

At the time of initial diagnosis, all vascular tumors were positive for at least one endothelial

marker (factor VIII–related antigen, CD31, and/or CD34). The case of well-differentiated

angiosarcoma arose in the right atrium of a 9-week-old infant who presented with

intrauterine epicardial effusion (case 1; Table 1). At surgery, the tumor occupied 2 third of

the right atrium. Histologically, it showed collapsed, complex anastomosing vascular

channels lined by flat or tufted bland endothelial cells (Fig. 4). No mitotic figure or necrosis

was identified.

The case of EHE was 0.9 cm mural polypoid mass incidentally found in the left atrium of a

66-year-old male patient (case 2, Table 1) who underwent cardiac transplantation for

ischemic cardiomyopathy (Fig. 1C). Tumor cells were positive for all 3 endothelial markers

(factor VIII, CD31, and CD34).

Unequivocal chondroid or osteoid formation was seen, respectively, in the chondrosarcoma

and osteosarcoma case (Fig. 2). In either case, no past or current history of primary bone

tumor was identified. Both tumors arose in the left atrium and clinically were felt to be

suggestive of myxoma. The chondrosarcoma (case 9; Table 3) presented as a pedunculated

3.5-cm mass in the left atrium of an 84-year-old woman. Histologically, the tumor is

composed of well-differentiated chondrosarcoma and focal nonchondroblastic spindle cell

element consistent with dedifferentiation (Fig. 2). The osteosarcoma (case 6; Table 2) was a

6-cm polypoid mass involving the left atrium of a 50-year-old woman. Histologically, it also

showed chondroblastic differentiation (Fig. 2).
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Both synovial sarcomas were monophasic type (Fig. 1A) with cytokeratin immunoreactivity

and positive SYT-SSX1/SSX2 gene fusion product by reverse transcriptase polymerase chain

reaction (case 7; Table 1) or positive SYT breakapart signal by fluorescent in situ

hybridization corresponding to the t(X;18) translocation (case 4; Table 3). All 3 MPNSTs

showed at least focal S100 immunoreactivity (Fig. 1B).

The tumors were low grade in 4 (15%), moderate grade in 3 (11%), and high grade in 20

cases (74%). For myxofibrosarcoma, focal areas of low-grade histology were present in 1

high-grade and 1 moderate-grade cases (Fig. 3).

3.2. Initial surgery

Information for initial surgery was available in 20 patients, 18 of which underwent surgery

for curative intent, 1 had a diagnostic biopsy only, and 1 had debulking only. Although

complete excision of the tumors was considered impossible in 9 (52%) of 18 patients at the

time of surgery, an attempt was made to achieve negative margins in these cases. Three

patients received heart transplantation in the series. In case 6 in Table 1, heart transplant was

used as a primary surgical mean to excise a large (7 cm) poorly differentiated sarcoma in the

left atrial appendage. In the second case (case 9; Table 1), heart transplant was used to treat

massive myocardial infarction due to tumor embolism in left coronary artery after initial

surgery. For the third case (case 2; Table 1), the patient had an orthotopic heart transplant

for ischemic cardiomyopathy, and a 0.9-cm exophytic EHE was found incidentally in the

left atrium of the native heart.

3.3. Clinical outcome or follow-up information

Of the 17 patients with clinical outcome or follow-up information, 12 (71%) had high-grade

tumor, 1 (6%) moderate-grade tumor, and 4 (23%) low-grade tumor; 12 (71%) had left-sided

tumor, and 5 (29%) had right-sided tumor. Four patients died within 5 days of initial

surgery. For the 13 patients who survived the initial surgery, the follow-up period ranges

from 2 to 131 months (mean, 45.7 months). The mean length of follow-up was 27.8 months

for patients with high-grade tumor including those who died within 5 days of surgery (n =

12) and 37.3 months for patients with low-grade tumor (n = 4).

3.3.1. Moderate- and high-grade tumors—Of 12 patients with high-grade tumor, 6

(50%) died, 4 within 5 days of the initial surgery (Table 2). Two additional patients died in

the follow-up period, one (case 2; Table 2) died in 21 months after incomplete excision of

the tumor with postoperative chemotherapy and the other (case 6; Table 2) in 131 months

with multiple recurrences and metastasis treated with reexcision, chemotherapy, and

radiation. Five patients developed metastasis. Of the 5 patients with metastatic disease, 3

died, 2 within 5 days of the surgery (cases 1 and 3; Table 2) and 1 in 131 months (case 6;

Table 2). The remaining 2 patients (cases 5 and 8; Table 1) were alive at the end of the 15

and 19 months of follow-up, respectively. One additional patient with right ventricular

MPNST developed lung metastasis at the time of surgery but was lost to follow-up (Table 3;

case 8). Six patients with high-grade tumor were alive with 2 to 96 months of follow-up

(mean, 30.2 months). Of these 6 patients, 4 had no evidence of disease, 1 had metastasis,

and 1 had positive margin at reexcision at the end of follow-up (Table 1). One patient with
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moderate-grade tumor was alive with no evidence of disease at the end of 121 months of

follow-up.

3.3.2. Low-grade tumors—Of the 4 patients with low-grade sarcoma, 2 had local

recurrence, and both were treated with reexcision. All the patients with low-grade tumor did

not develop metastasis and were alive with no evidence of disease at the end of 5 to 96

months of follow-up (mean, 37.3 months).

3.3.3. Tumor location and size—Of the 6 patients who died of disease, 3 had left-sided

tumor and 3 had right-sided tumor (Table 2). Of the 6 patients who developed metastatic

lesions, 5 had left-sided tumor. In one case (case 1; Table 2), the patient developed an

intracranial metastasis from an occult left ventricular angiosarcoma. The mean size of the

tumors in patients who died of a disease, who developed metastasis, or who were alive

without metastasis was 5.2, 4.86, and 4.54 cm, respectively.

3.3.4. Adjuvant chemotherapy and radiation—In addition to the 2 fatal cases (cases 2

and 6 in Table 2), 3 other patients were treated with postoperative adjuvant chemotherapy

(cases 4, 7, and 11; Table 1), one with preoperative chemotherapy (case 5; Table 1) and one

with radiation only (case 8; Table 1). In patients (n = 7) who received additional

chemotherapy and/or radiation, the tumors were high grade in 6 patients and low grade in 1

patient.

3.3.5. Survival analysis—The curves of overall survival and disease-free survival for all

patients with clinical outcome and follow-up are shown in Figs. 5 and 6. Kaplan-Meier plots

and statistical analyses were performed using Prism 4 software (GraphPad Software Inc, San

Diego, CA). The disease-free survival was 21 months for all cases (n = 17), 15 months for

high-grade tumors (n = 12), and 21 months for high-grade tumor after removing the 4

patients who died shortly after surgery. The difference in overall survival between high-

grade and low-grade tumors was not statistically significant (P = .12), but the difference in

disease-free survival approached statistical significance (P = .054).

4. Discussion

Most (74%) of the cardiac sarcomas in our series were high grade. As a group, high-grade

cardiac sarcomas tended to behave more aggressively, and 4 (33%) of the 12 patients with

high-grade tumor died within 5 days of the initial surgery. However, not all high-grade

cardiac sarcomas pursued a rapid fatal clinical course. For the 8 patients who survived the

initial surgery, even with incomplete excision of the tumor, only 2 (25%) patients died in 21

and 131 months of follow-up, respectively. The remaining 6 patients with high-grade tumor,

who survived the initial surgery with follow-up data, were alive with 2 to 96 months of

follow-up (mean, 30.2 months). Although a small series, our findings show that for patients

who survived the initial surgery, the outlook for a long-term survival is very promising.

However, it is unclear if adjuvant chemotherapy and radiation offered additional survival

benefit in this group of patients due to small sampling size. In contrast, despite the local

recurrence in 2 cases, all 4 patients with low-grade sarcoma tolerated surgery well for the

primary and recurrent tumors and were alive and disease-free in 5 to 96 months (mean, 37.3
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months) of follow-up. The difference in disease-free survival between patients with low-

grade tumor and those with high-grade tumor approaches statistical significance. The lack of

statistical significance in overall survival is likely due to the small number of cases in the

series. Because only 1 moderate-grade tumor had follow-up data, it is not sufficient to assess

the biologic behavior of the moderate-grade tumors.

In agreement with previously published series [11,15], angiosarcoma was one of the most

common cardiac sarcomas. Almost all the angiosarcomas reported previously were high

grade or moderate grade. In this series, we reported a very unusual case of well-

differentiated angiosarcoma in a 9 week-old infant. The tumor was resected with a portion of

right atrium, which was augmented with autologous pericardium. The patient was alive and

well at the end of 96 months of follow-up. We also reported a case of EHE, a low-grade

vascular tumor that has only been previously reported in the heart fewer than 5 incidences

[16–18].

In this series, we also identified myxofibrosarcoma being another very common histologic

type for cardiac sarcoma. The presence of areas of low-grade histology in some cases of

high-grade and moderate-grade myxofibrosarcoma suggests a possibility of a high-grade

transformation in a low-grade lesion in these cases (Fig. 3). Although both

myxofibrosarcoma and myxoma, the most commonly seen primary cardiac tumor, share

histologic features of myxoid matrix and fibroblastic stromal cell element, it remains unclear

if there is any relation between the two.

Cardiac synovial sarcoma has been reported more commonly in the biphasic type arising in

the right atrium [19–22]. Both cases in this series were spindle cell monophasic type with

molecular confirmation, one arose in the left ventricle and the other in right atrium.

In approximately 80% of the cases, the leiomyosarcoma arose in the left atrium with only

few cases reported from other chambers of the heart [23,24]. In our series, all 3

leiomyosarcomas were right sided, 2 from the atrium and 1 from the ventricle.

Although there have been case reports of primary pericardial MPNSTs [25], many reported

cases lacked the ultrastructural or immunohistochemical evidence of neural differentiation

[26]. All 3 MPNSTs in our series showed at least focal S100 immunoreactivity, supporting

nerve sheath differentiation (Fig. 1B).

In addition to soft tissue sarcomas, bone sarcomas can also arise in heart [27–30]. In this

series, we reported 1 dedifferentiated chondrosarcoma and 1 osteosarcoma of the heart.

Because of the predunculated growth, the dedifferentiated chondrosarcoma (case 9; Table 3)

was completely excised with negative stalk margin. Because it was a recent case, no clinical

follow-up is available. Chondroblastic differentiation has been previously reported in

cardiac osteosarcoma (Fig. 2) [28]. The 6-cm left atrial osteosarcoma was excised with

positive margin followed by adjuvant chemotherapy. The tumor recurred in 53 months and

treated with reexcision and adjuvant chemotherapy and radiation. At 93 months, the patient

developed metastasis to the stomach, which subsequently was treated with partial

gastrectomy. The patient died of the disease shortly after the second local recurrence 131

months after the initial surgery.
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Four (15%) primary cardiac sarcomas in our series were poorly differentiated, and their

histologic subtype could not be precisely classified. The incidence of unclassifiable

sarcomas varies from 0% to 50%, depending on the series [8,26,31]. The mean survival of

patients with undifferentiated sarcoma has been reported to be about 3 months [32]. Of 4

cases of undifferentiated sarcoma in this series, 3 (75%) had metastatic disease at the time of

diagnosis. There were 2 (50%) patients who died of the disease shortly after surgery: 1

patient was alive with metastatic disease at 15 months of follow-up after being treated with

surgery and chemotherapy, and the other was alive with no evidence of disease at the end of

2 months of follow-up after being treated with heart transplant with positive margin.

In summary, similar to the previous reports, our series show that cardiac sarcomas occurred

in a wide age range and more commonly involved the atrium than other parts of the heart

with predilection for the left side. In addition to angiosarcoma, we have also identified that

myxofibrosarcoma is another common histology type for primary cardiac sarcomas. Primary

cardiac sarcomas appear to behave more aggressively than those arising in somatic soft

tissue, likely due in part to the difficulty in completely excising the tumor in this location

[10]. In addition, cardiac surgery itself tends to subject the patients to more surgically

related risk factors than other surgical procedures done in somatic tissue as operative

mortality for surgical resection of cardiac sarcomas has been reported as 8.3% [33]. Despite

the high incidence of unresectable cases and other risk factors, similar to sarcomas at other

sites, wide surgical resection remains the cornerstone for treatment of cardiac sarcomas with

variable outcomes in the literature [10,34]. Heart transplantation has recently been used to

treat cardiac sarcoma, but its role is still controversial and has not been widely accepted as a

main surgical mean for treating cardiac sarcoma [12,35,36]. In our series, 3 patients were

treated with heart transplant, but only 1 was primarily for resecting the tumor and the other 2

were for ischemic heart disease either related or unrelated to the tumor. As in treating high-

grade and advanced-stage soft tissue sarcomas, adjuvant chemotherapy and radiation have

been used in cardiac sarcoma with prolonged remission after a combined modality approach

in some patients [10,37,38]. However, their role in our series is unclear due to sampling size.

The high metastatic incidence from left-sided tumors in this series likely resulted from the

high proportion of left-sided diseases in the cases with follow-up information. It is unclear

that the left-sided diseases have higher metastatic potential. There is no correlation between

tumor size or location and patient survival. Histologic grading appears to have prognostic

significance because none of the patients with low-grade sarcoma died of disease, whereas 6

(50%) of the 12 patients with high-grade sarcoma and outcome information died. However,

in contrast to the dismal prognosis reported in some series with a median survival of only 6

months [10,21,38], our series showed a 15-month median disease-free survival for patients

with high-grade cardiac sarcoma, which is further improved to 21 months after eliminating

the 4 perioperative deaths. However, our data are not conclusive in regard to which factors

were attributing to such survival improvement in this group of patients. In general, the

fitness of patients’ overall physical condition to endure cardiac surgery, general

improvement of cardiac surgical equipment and technology, a more balanced surgical

approach in achieving optimal preservation and reconstruction of the cardiac anatomy and

function, and improved postoperative care might be the attributing factors to minimize the

operative mortality of cardiac surgery. Surgery remains to be the treatment of choice for
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cardiac sarcoma. In addition to histologic grade, the survival of the initial surgery is another

important prognostic indicator for patients with high-grade cardiac sarcoma.
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Fig. 1.
Primary cardiac soft tissue sarcomas. A, Monophasic synovial sarcoma with uniform spindle

cell morphology. B, MPNST with S100 immunostaining (insert). C, EHE with polypoid

growth and bland epithelioid tumor cells with vacuolated cytoplasms in cords or nests in

hyaline myxoid stroma (insert). D, High-grade angiosarcoma with poorly formed vascular

spaces (A, B, and D: hematoxylin-eosin [H&E] ×200; C: H&E ×25; B inset, anti-S100

antibody, immunoperoxidase ×200; C inset, H&E, ×400).
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Fig. 2.
Primary cardiac bone sarcomas. A and B, Cardiac osteosarcoma (case 6, Table 2):

multilobulated polypoid mass grossly invaded to the resected left atrial wall (A) and osteoid

formation and chondroblastic differentiation were seen microscopically (B). C and D,

Cardiac chondrosarcoma (case 9; Table 3) with well-differentiated chondroblastic element

and nonchondroblastic spindle cell area (A: gross image; B: H&E ×100; C: H&E ×200; D:

H&E ×400).
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Fig. 3.
High-grade myxofibrosarcoma (case 4; Table 1). A, Interface of the high-grade and low-

grade areas to show difference in cellularity and nuclear pleomorphism. B, Hypocellular

area with curvilinear vasculature and myxoid stroma. C and D, High-grade areas with

necrosis (C) and higher cellularity and marked nuclear pleomorphism (D) (A, B, and C:

H&E ×100; D: H&E ×200).
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Fig. 4.
Cardiac well-differentiated angiosarcoma (case 1; Table 1). A and B, Complex

anastomosing vascular channels. C, The bland and flat endothelial cell lining. D, Tufted

endothelial proliferation (A: H&E ×50; B: H&E ×100; C and D: H&E ×200).
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Fig. 5.
Kaplan-Meier plots for overall survival (top) and disease-free survival (bottom) of all

cardiac sarcoma cases. Months of clinical follow-up are plotted on the x-axes and

percentage of surviving cases plotted on the y-axes.
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Fig. 6.
Kaplan-Meier plots for overall survival (top) and disease-free survival (bottom) of high-

grade (triangles) and low-grade (squares) cardiac sarcoma cases. Months of clinical follow-

up are plotted on the x-axes and percentage of surviving cases plotted on the y-axes.
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