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ABSTRACT

Primary cardiac sarcomas are rare and histologically diverse, with single tumors able to demonstrate
histological heterogeneity. Consequently, they are often misdiagnosed as other common cardiac
tumors, such as cardiac myxoma or other metastatic malignancies. Incorrect diagnoses can result
in incomplete surgeries, inadequate treatment regimens, and early recurrence. In our experience,
based on the diverse histological and cytological characteristics of these tumors, immunostaining
panels should be used early on to differentiate the exact tumor type. SMA, CD31, myogenin, ERG,
and SOX10 panels are used to identify spindle-shaped or polymorphic cell patterns, while CK, LCA,
S100, and desmin panels are used for round and monomorphic cell patterns. Using these panels
can help identify the histological type of primary cardiac sarcomas, which is normally a challenge

for pathologists.
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INTRODUCTION

Primary cardiac tumors are rare, with incidence rang-
ing from 0.002% to 0.03% during autopsies !. Primary
cardiac sarcomas are the most common histological
type of cardiac tumor, accounting for 75 — 95% of
cardiac tumors>®. Angiosarcoma (AS), undifferen-
tiated polymorphic sarcoma (UPS), and leiomyosar-
coma (LMS) of the heart are the most common his-
tological subtypes, accounting for approximately 75%
of all cardiac sarcomas?™*. As primary cardiac sar-
comas are rare in Viet Nam, to our knowledge, there
are currently no statistical studies on their incidence
as only isolated cases are reported >,

Primary cardiac sarcomas are histologically diverse;
single tumors can display histological heterogeneity.
Therefore, they are often misdiagnosed as other com-
mon cardiac tumors, such as cardiac myxoma, or
other metastatic malignancies. Incorrect diagnoses
can lead to incomplete surgeries, inadequate treat-
ment regimens, and early recurrence. Determining
the primary malignancy of a cardiac tumor and its his-
tological type is essential for the treatment selection
and determining the prognosis. The combination of
multiple histological subtypes within the same tumor,
such as spindle-shaped and epithelioid cell patterns,
myxoid areas mimicking myxofibrosarcoma with thin

curved vessels, or myxoma with myxoid stroma, com-
plicates their histological identification 8.

Given the rarity of this disease, before 2021, there was
almost no consensus on the histopathological criteria
of cardiac sarcomas, particularly for cardiac UPS 8 In
2021, the World Health Organization (WHO) pub-
lished a set of histological features for the diagnosis
of some primary cardiac sarcomas; however, WHO
noted that the immunohistochemical markers were
not specific to cardiac UPS8. Therefore, investigat-
ing the histopathological and immunohistochemical
features of primary cardiac sarcomas will contribute
to the evidence supporting the WHO-recommended
histological features. Therefore, the current study
focuses on the histopathological and immunohisto-
chemical features of several primary cardiac sarcomas
to distinguish them from common benign cardiac tu-
mors and other cardiac metastases.

CASES SERIES REPORT

A six-case series of primary cardiac sarcomas that
were operated on at E Hospital, Hanoi, Viet Nam, over
five years (2018 — 2020) was retrospectively evaluated.
The hospital’s Centre of Cardiovascular and Thoracic
Surgery is a leading facility in Vietnam for thoracic
disease surgery. The patients were admitted with non-
specific clinical presentations, with symptoms such as
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Figure 1: Epithelioid angiosarcoma, staining H&E (A&B). Strong and diffuse immunoexpression for CD31, and
CD34; Original magnification: 20x; Negative for LCA, CD3, CD20, and myogenin were not shown here. Epithe-
lioid leiomyosarcoma, staining H&E (C&D). Diffuse positive for desmin, scattered positivity for SMA. Original
magnification: 20x; Negative for MSA, and myogenin were not shown here.

coughs, dyspnea, chest pain, and tiredness . The pa-
tients were a male with AS (case 1), a male with AS
(case 2), a male with AS (case 3), a female with LMS
(case 4), a female with pleomorphic rhabdomyosar-
coma (RMS) (case 5), and a male with primary diffuse
large B-cell lymphoma (DLBCL) (case 6).

Clinicopathological features of three an-
giosarcoma cases (cases 1-3)

The age range of the patients was 34 - 79 years. In
cases 1 and 2, the tumor was located in the right
atrium, while in case 3, it was in the left atrium. The
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tumors were large in all three of the cases, occupy-
ing most of the right atrium (case 1 and case 2) and
left atrium (case 3). Commonly associated lesions in-
cluded bleeding, necrosis, and thrombosis. The tu-
mors were all sessile. All three cases had pericardial
and pleural effusion and pulmonary metastases that
consisted of some small nodules with ground-glass
opacity in both lungs. Left atrial thrombosis was re-
ported in case 3, where post-operative echocardiogra-
phy revealed a slightly open mitral valve with no pleu-
ral or pericardial effusion. However, the left ventri-
cle’s systolic function was within normal limits.
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Histologically, the tumoral compositions and growth
structures were similar in all three AS cases. Tumor
tissues demonstrated two distinct structural growth
patterns: solid and narrow slit-shaped lumen. Tu-
mor cells were epithelioid or oval with large, polymor-
phic nuclei and high mitotic activity. Tumor necrosis
was common and extensive. Based on the guidelines
proposed by Coindre et al.,1? the necrosis was grade
3. Immunoexpression tests were positive for CD31
and ERG and negative for myogenin, SMA, and S100
(Figure 1).

Clinicopathological features of three cases:
leiomyosarcoma (case 4), rhabdomyosar-
coma (case 5), and diffuse large B-cell lym-
phoma (case 6)

The age range of the patients was 29 - 69 years. The
tumors were located in the right atrium (case 6), left
atrium (case 5), and the auricle of the left atrium and
mitral valve (case 4). In case 4, the tumor was 50 X
50 mm. In case 5, it was 87 x 27 mm and peduncu-
lated, and in case 6, it was 56 X 37 mm. In case 4,
the tumor almost completely covered the mitral fora-
men. Commonly associated lesions included bleed-
ing, necrosis, and thrombosis. Pericardial and pleu-
ral effusion was present in case 6, as were metastases,
represented by small, nodular, ground-glass opacities
in both lungs. Thrombosis in the auricle of the left
atrium was reported in case 4 and in the left atrium in
case 5. Post-operative echocardiography revealed no
effusion in the pleura or pericardium for cases 4 and
5, and the left ventricle’s systolic function was within
normal limits in both cases. The tumor was not com-
pletely resected in case 5.

Leiomyosarcoma (case 4)

Histologically, the tumor tissue had two structural
patterns: spindle-shaped and round cells. Aggrega-
tions of spindle cells formed bundle or plexus struc-
tures, whereas round cells were often dispersed. The
mitotic activity was very high in both structures. Tu-
mor necrosis was often extensive and at grade 3 ac-
cording to the guidelines of Coindre et al. 1%, Tumor
cells were positive for SMA and desmin and negative
for myogenin, CD31, and LCA (Figure 1).

Pleomorphic rhabdomyosarcoma (case 5)

The histological structure of the tumor included a typ-
ical pattern and a poorly differentiated pattern, in-
cluding small round cells and a myxoma-like speci-
men. A high mitotic ratio and extensive necrosis were

observed; the necrosis was grade 3 according to the

guidelines proposed by Coindre et al. (2006) 0. Tu-
mor cells were positive for desmin and myogenin and
negative for SMA, §100, LCA, calretinin, and CD31
(Figure 2).

Diffuse large B-cell lymphoma (case 6)

Histologically, the tumor tissue consisted of a large
population of anaplastic cells with irregularly shaped
nuclei and a high nucleocytoplasmic ratio. Some
tumor cells resembled lymphoblasts and prolym-
phoblasts, with high mitotic activity. Tumor cells
were positive for LCA, CD20, and CD79a, and nega-
tive for CD3, CD10, desmin, myogenin, $100, CD31,
MUMLI, and Bcl6 (Figure 3).

Following surgery, five patients dropped out of their
treatment regimen due to worsening conditions. Case
5 was transferred to the National Cancer Hospital for
medical treatment; this patient’s information was then
lost.

DISCUSSION

The characteristic histopathological features and tu-
mor origins for primary malignant cardiac tumors
have been controversial topics for decades. In 2021,
the WHO classification of primary malignant cardiac
tumors formally separated intimal sarcomas and car-
diac UPS’s due to the improved understanding of bio-
genetics and the tendency to bias the anatomical loca-
tion of the tumour®. The diagnosis of primary cardiac
sarcoma is challenging due to its non-specific clini-
cal presentation. The clinical presentation may in-
clude symptoms related to obstruction, such as dysp-
nea, chest pain, or embolism®. Given the challenging
and often delayed diagnosis and inadequate surgical
treatment due to incomplete tumor resection, cardiac
sarcoma management is challenging. The median sur-
vival rate for patients is less than one year 1.

The primary obstacle for diagnosing primary car-
diac malignancies is distinguishing them from car-
diac metastases, which occur in 10% of all cancer
patients. Compared with primary cardiac cancer,
secondary cancer is more common and has a worse
prognosis. The most common cancers are metastases
from malignant melanomas and carcinomas, such as
lung and breast carcinomas, or metastases from non-
epithelial tumors, such as AS, mesotheliomas, and
lymphomas %13,

Several types of primary cardiac sarcomas have been
reported. Of these, cardiac AS, UPS, and LMS are the
most common, accounting for approximately 75% of
all primary cardiac sarcomas. Cardiac AS and UPS
each account for approximately 33% of these cases,

while LMS accounts for approximately 10% >%4.
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Figure 2: Pleomorphic rhabdomyosarcoma. Staining H&E in original magnification 10x (A), 20x (B, C), and 40x
(F). Immunoexpression for desmin, myogenin (40x). Poorly differentiated round cell pattern (B), myxoma-like myx-

oid tumor stroma (C), inflammatory infiltration (D), intracytoplasmic hyaline inclusion (white arrows in fig. F). Neg-
ative immunostaining for SMA, and S100 were not shown here.

These sarcomas are typically found in patients in their
fourth or sixth decade of life. AS occurs in the right
atrium, with male predominance, while UPS and LMS
occur more frequently in the left atrium without gen-
der bias 1316,

Primary cardiac AS is the most common primary car-
diac sarcoma, accounting for 25 — 40% of all cases 7.

It is a malignancy of the vascular endothelium with
a highly proliferative and diffuse capacity, extensive
necroses, a high propensity to metastasize, and a poor
prognosis '8, Expression of CD31 and CD34 markers

is typically strong and diffuse!. Examining histologi-
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cal features and CD31/CD34/factor VIII immunoex-
pression is helpful for the differential diagnosis of AS.
Intimal sarcomas are only locally positive for CD31
and CD34, whereas nuclear MDM2 expression is ob-
served in > 70% of cases®. The following characteris-

tics may suggest a cardiac AS diagnosis:

« Histology: Epithelioid tumor cells with varying
sizes and forms adhere to lumens, partially com-
municate with each other, and form a channel-
like structure.
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Figure 3: Primary diffuse large B cell ymphoma (non-GC type). Staining H&E, original magnification: 10x (L),
40x (M). Strong and diffuse immunoexpression for LCA, CD20, and MUM1; Negative for CD3, CD10, Bcl6, and S100.
-Images of CK, PAX5, SMA, myogenin, and Bcl6 were not shown here. Original magnification: 20x.

« Immunostaining: Positive for CD31 and CD34,
negative for myogenin, SMA, and S100.

o Age: Highly variable.

Primary cardiac LMS is a malignant mesenchymal tu-
mor with smooth muscle cell differentiation that ac-
counts for < 20% of all primary cardiac sarcomas®.
Histologically, LMS consists of tumor cells often ar-
ranged in intersecting fascicles that appear perpen-
dicular on cross-section. Some tumors demonstrate
areas of storiform or palisading nuclear patterns. Tu-

mor cells are highly dense and spindle-shaped, with

stout, obtuse nuclei and eosinophilic filamentous cy-
toplasms!. Changes are local and may include myx-
oid appearance, loose hypocellular areas, and stromal
hyalinization. Tumor necrosis and abnormal mito-
sis are common. Immunoexpression for SMA and
desmin is frequently strong and diffuse in these tumor
cells 8. The following characteristics may suggest a
cardiac LMS diagnosis:

« Histology: Tumor cells are spindle-shaped with
stout, obtuse nuclei and eosinophilic filamen-
tous cytoplasms and are often arranged in inter-
secting fascicles.

5534



Biomedical Research and Therapy 2023, 10(2):5530-5536

Positive for SMA and
desmin, negative for myogenin, CD31, and
$100.

o Age: Highly variable.

o Immunostaining:

RMS is a tumor of skeletal muscle differentiation, rep-
resenting only 0-5% of all cardiac sarcomas. They
mainly occur in adolescents and children8. These tu-
mor cells demonstrate eosinophilic cytoplasms dis-
placing eccentric, round nuclei with prominent cen-
tral nucleoli and large intracytoplasmic hyaline inclu-
sions8. A rare structure of RMS was observed in the
present study, involving diverse growth patterns, such
as a high density of perivascular tumor cells, small,
poorly differentiated cells, myxoid degeneration of
the tumor stroma, and inflammatory infiltration. In-
terpretation of small biopsies of cardiac RMS should
be made carefully due to the complexity of the his-
tological structure, which could be confused with a
benign cardiac myxoma. Immunoexpression of myo-
genin, MyoD1, and desmin is typically strong and dif-
fuse in RMS tumor cells®. The following characteris-
tics may suggest a diagnosis of cardiac RMS:

« Histology: Tumor cells have eosinophilic cyto-
plasms, round, eccentric nuclei, and large intra-
cytoplasmic hyaline inclusions. Poorly differen-
tiated round cell areas or myxoma-like stromal
areas may be present.

o Immunostaining: Positive for desmin, myo-
genin, and MyoD1, negative for calretinin and
CD31.

o Age: Typically occurs in children and adoles-
cents.

Primary cardiac lymphomas are extremely rare, ac-
counting for less than 2% of all cardiac tumors and
less than 1% of all extra-nodal lymphomas. DLBCL is
the most common, accounting for around 80% of car-
diac lymphomas. Cardiac DLBCL is usually located in
the right atrium and is most common in males in their
sixth and seventh decades of life®!°. Given the diffi-
culty associated with sampling and the lack of clini-
cal symptom specificity, primary cardiac lymphomas
are difficult to diagnose. Therefore, detection is often
delayed ®2°. Tumor cells are round and poorly adher-
ent, with large and irregular nuclei. Manifestations of
cardiac tissue infiltration are obvious. The immuno-
expression of CD20 and LCA is typically strong and
diffuse in these tumor cells. The following character-
istics may suggest a DLBCL diagnosis:

« Histology: Tumor cells are round and poorly
adherent, with large and irregular nuclei, and
demonstrate cardiac tissue invasion.
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« Immunostaining: Positive for LCA, CD20, and
CD79a, negative for CD3 and CD7.

o Age: Males in their sixth and seventh decades of
life.

CONCLUSION

A six-case series of primary cardiac sarcomas, in-
cluding three ASs, one LMS, one RMS, and one DL-
BCL, were diagnosed. In our experience, based on
the diverse histological and cytological characteristics
of primary cardiac sarcomas, immunostaining panels
should be used to differentiate the specific type of sar-
coma. SMA, CD31, myogenin, ERG, and SOX10 are
used to identify spindle-shaped or polymorphic cell
patterns, and CK, LCA, S100, and desmin are used to
identify round and monomorphic cell patterns. Us-
ing these panels enables the identification of the his-
tological type of the primary cardiac sarcoma, which
normally presents a problem for pathologists. The ad-
dition of other immunomarkers is dependent on the
primary immunostaining panels and tumor charac-
teristics.

ABBREVIATIONS

Bcl6: B-cell lymphoma 6, CD10: Cluster of differen-
tiation 10, CD20: Cluster of differentiation 20, CD3:
Cluster of differentiation 3, CD31: Cluster of dif-
ferentiation 31, CD34: Cluster of differentiation 34,
CD79a: Cluster of differentiation 79a, CK: Cytoker-
atin, ERG: Erythroblastosis virus E26 oncogene ho-
molog, H&E: Hematoxylin and Eosin, LCA: Leuko-
cyte common antigen, MDM2: Mouse double minute
2, MUM1: Multiple myeloma oncogen-1, S100: Pro-
tein 100, SMA: Smooth muscle actin, SOX10: Sry-
related HMg-Box 10
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