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Primary cardiac malignancies are rare, with cardiac sarcomas being the main

type. Among these, intimal sarcomas are the most common. However, they tend

to occur in the great vessels and are rare in the heart, with only a few isolated

cases reported. We report a challenging case of a patient with left atrial intimal

sarcoma with rhabdomyosarcoma differentiation. The patient was admitted after

a physical examination detected left heart occupancy, and initial imaging

suspected a left atrial thrombus. The patient then underwent extracorporeal

circulation-assisted open cardiac surgery with resection of an atrial mass. The

postoperative pathological findings were suggestive of an arterial intimal

sarcoma, which included areas of rhabdomyosarcoma differentiation within

the tumor tissue. Unfortunately, the patient’s tumor recurred 4 months later,

and she died due to treatment failure. This case highlights the rarity and risk of

misdiagnosis of cardiac intimal sarcoma. Additionally, we aim to improve the

understanding of intimal sarcoma through a review of immunohistochemistry

and gene amplification techniques.
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Introduction

Primary cardiac tumors are rare, with an incidence of 0.001–0.03% based on autopsy

results, of which approximately 25% are malignant (1). Primary cardiac malignancies lack

specific clinical manifestations. Intracardiac masses can obstruct blood flow and invade

cardiac valves, causing symptoms of congestive heart failure, including syncope, dyspnoea,
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angina pectoris, and peripheral oedema (2). Various arrhythmias

may be associated with the formation of scar-like material around the

sarcoma tissue, and some tumors may invade the pericardium (3).

Intimal sarcoma (IS) is an extremely raremalignantmesenchymal

tumorand is alsoknownasa spindle cell tumor,whichoccursmostly in

large vessels such as the pulmonary arteries and less commonly in the

heart (4). Neuville et al. retrospectively analyzed 100 primary cardiac

tumors and classified them according to murine double minute 2

(MDM2) amplification and found that ISs were the most common

among primary cardiac malignancies (42%); they are characterized by

rapid invasion into the lumen, possessing highmitotic activity (5); and

because of the heterogeneous nature of IS, which, based on

morphology and immunohistochemistry, is speculated to originate

from subendothelial multifunctional stem cells that can differentiate

into vascular, rhabdomyosarcoma or osteosarcoma histotypes, has led

to the need for genetic testing, in addition to morphological and

immunohistochemical tests, if necessary, in determining the

final diagnosis (6, 7). Due to the rarity of these diseases, there is a

lack of standard treatment and surgical resection is still the preferred

option. These tumors have a high degree of malignancy, susceptibility

to recurrence and metastasis, and a very poor prognosis. Here,

we will describe a case of IS of the left atrium in a patient with

postoperative histologic findings suggestive of IS with areas of

rhabdomyosarcoma differentiation.
Case presentation

A 78-year-old woman presented to the outpatient clinic for

“COVID-19” infection. Transthoracic echocardiography (TTE)

revealed a left atrial hypoechoic mass measuring 85 mm × 55 mm ×

35 mm. This mass was located in the left atrium and had a wide base

connecting it to the left atrial wall. During diastole, part of the

hypoechoic mass was visible, allowing blood flow to be expelled into

the left ventricle through the mitral valve orifice. Additionally, mild

mitral regurgitation was observed. Notably, TTE showed that the left

ventricular ejection fraction (LVEF) was preserved at 68% (Figure 1),

and the patient did not present any symptoms regarding the

cardiovascular system. An enhanced computed tomography (CT)
Frontiers in Oncology 02
scan of the chest, abdomen, and coronary arteries on admission

showed a filling defect in the left atrium, which was likewise

considered to be atrial tethering (Figure 2). Cardiac CT and coronary

angiography showed coronary atherosclerosis, including moderate

stenosis of the left anterior descending branch in the middle part of

the lumen and slight stenosis of the distal part of the right coronary

artery. In addition, several suspicious lymph nodes were found in the

mediastinum and adjacent to the great vessels. Laboratory tests

revealed an N-terminal pro-B-type natriuretic peptide (NT-pro-BNP)

level of 1030 pg/mL (normal range <450 pg/mL for those under 50

years old and <900 pg/mL for those over 50 years old) and a fibrinogen

level of 4.88 g/L (normal range 2–4 g/L). The remainder of the

admission tests did not indicate any abnormalities.

The patient underwent resection of the atrial tumor due to the

large size of the mass and impaired valve function. During the

surgery, we observed greyish-yellow and greyish-white tissue almost

filling the left atrium. The mass had a solid, greyish-yellow,

translucent section with focal necrosis (Figure 3). We performed

a complete resection of the mass along its tip and used

radiofrequency ablation to excise a small mass located between

the pulmonary artery opening and the left atrium. No residual

tumor mass was visible to the naked eye. We clipped a pericardial

patch to fill the defect in the posterior wall of the left atrium.

Additionally, a drainage tube was placed in the right thoracic cavity

to facilitate the drainage of the pleural effusion. The endotracheal

tube was removed two days after the operation, and the patient had

a successful recovery. Postsurgery, bedside DR screening revealed

scattered exudates in both lungs and pleural effusion without any

notable features. The patient did not exhibit symptoms of heart

failure, such as shortness of breath. On the 7th day after the

operation, the patient was discharged from the hospital and

started receiving palliative care. Further adjuvant radiotherapy

and chemotherapy measures were not pursued.

In the postoperative routine pathological evaluation, the tumor

was microscopically observed to consist of a dense cellular zone and

a sparse cellular zone. The tumor cells had an oval shape and were

clearly anisotropic, with long, oval nuclei, pale cytoplasm staining,

weakly defined cell borders, and apoptosis fragmentation that was

easily noticeable. Certain cells had rich, reddish-stained cytoplasm,
FIGURE 1

(A) Sternal fat left ventricular long-axis view: a hypoechoic mass is seen in the left atrium, and some of this hypoechoic mass is seen entering the left
ventricle during diastole through the mitral orifice. (B) No obvious blood flow is seen in the mass. (C) Pulsed Doppler flow spectra at the mitral valve
orifice: mild mitral regurgitation.
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and their nuclei were skewed to one side. In the sparse cellular zone,

the visual appearance of the stroma resembled mucus. The

immunohistochemistry results revealed that vimentin, CD99,

CD34, CD31, and CD56 were all positive. Desmin, SMA, MyoD1,

and myogenin all showed focal positive expression, although 10% of
Frontiers in Oncology 03
the samples had Ki67. MDM2, S-100, b-catenin, STAT6, EMA,

H3K27M, H3K27Me3, P16, GFAP and CD57 all yielded negative

results (Figure 3). The tumor was confirmed to be IS and

rhabdomyosarcoma based on the immunohistochemical results

and the final pathologic evaluation.
FIGURE 3

(A) Surgical resection of the cardiac mass. Postpathological histology and immunohistochemistry. (B-E) Under the microscope, the tumor was
composed of dense and sparse cells, the tumor cells were spindle-shaped, with poorly defined cell boundaries, pale cytoplasm, long oval nuclei,
obvious anisotropy, easy-to-see nuclear schizophrenia, and mucus-like stroma in the sparse cell area. Some of the cells are rich in cytoplasm and
reddish stained, and the nuclei were biased to one side.
FIGURE 2

(A) Initial admission preoperative enhanced CT scan of the chest and abdomen: arrows indicate a homogeneous low-density mass almost entirely
occupying the left atrium, extending into the left auricle and pulmonary artery opening. (B) Readmission CT tomography scan of the chest at 4
months postoperatively: tumor recurrence is seen at the arrows.
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However, after the fourth month of surgery, she was readmitted

to the hospital with severe heart failure symptoms, and a bedside

TTE revealed a solid left atrial space causing mitral orifice

obstruction, tricuspid regurgitation (moderate-to-severe), severe

pulmonary hypertension, and a chest CT scan revealed a

hypodense shadow in the left atrium and a large amount of

pleural effusion. (Figure 2), We considered tumor recurrence and

started urgent anti-heart failure therapy. The patient’s oxygen

saturation level was extremely low, and we performed ventilator-

assisted ventilation. However, on the second day after admission,

the patient’s shortness of breath worsened, her consciousness

appeared fuzzy, and she passed away after resuscitation (Figure 4).
Discussion

Cardiac IS are rare, primarily originating in the left heart, with a lack

of specificity in clinical presentation. They are often incidentally

detected due to comorbidities of other diseases, typically over 40

years old. Patients with IS may be asymptomatic or have clinical

manifestations of mechanical obstruction or atrioventricular block

secondary to the location of the mass, and Rahmouni et al. reported

a patient with IS presenting with cardiogenic shock (8). As we have

reported in this article, the patient did not present with any cardiac-

related symptoms at the time of her initial visit and was only

accidentally found to have a cardiac occupancy on physical

examination, and the TTE and CT scan revealed that an atrial

thrombus was a possibility. However, the patient denied a history of

atrial fibrillation, and coagulation tests did not suggest abnormally

elevated levels of D-dimer, so we ruled out an atrial thrombus. Themost

likely diagnosis was “cardiac myxomas”, and surgery was performed for

“left atrial cardiac myxomas”. After completing the histopathological

examination, we established the diagnosis of IS and found areas of

rhabdomyosarcoma differentiation microscopically, which was

supported by the focal positivity of immunohistochemistry for
Frontiers in Oncology 04
MyoD1 and myogenin, which is rare in cardiac IS. The classification

of similar tumors in the heart remains difficult due to the lack of

diagnostic consensus among soft tissue pathologists, and the diagnosis

of undifferentiated pleomorphic sarcoma versus IS is currently

debatable due to the extreme similarities in their biological behaviors.

However, based on the cases that have been reported and the related

reports, the diagnosis of IS is preferred when the following two basic

criteria are met:① occurrence within the lumen of a large blood vessel in

the pulmonary or systemic circulation or within the lumen of the heart;

and ② a primary high-grade sarcoma, with or without an anisotropic

component (9). Moreover, histopathological and immunohistochemical

examinations are important. Immunohistochemistry of IS shows

positive MDM2 expression, but MDM2 is eventually overexpressed

and amplified by fluorescence in situ hybridization (FISH), quantitative

PCR (qPCR) or array comparative genomic hybridization (CGH) to

distinguish IS and other cardiac sarcoma tissue subtypes (10). Currently,

the classification of cardiac sarcomas is based on histological features.

Nevertheless, understanding its molecular characteristics is important

for understanding the unique biology of IS and may assist in the use of

molecularly targeted agents (1).Chen et al.’s preliminary investigation of

70 primary cardiac sarcomas after molecular analysis revealed

potentially actionable aberrations, including MDM2 and PDGFRA

amplification. Fu et al.’s analysis of 410 cancer-associated gene copy

numbers from a patient with IS identified PDGFRA, MDM2, KIT

genomic amplification, and CDKN2A and CDKN2B deletions in that

case, confirming the emerging concept of considering PDGFR signaling

as a diagnostic biomarker specific for IS (11). Tamborini sequenced the

mutational hotspots of the corresponding genes and showed that these

genes had no gain-of-function alterations, further supporting the notion

that autocrine/paracrine loops may be responsible for receptor

activation, insights that justify the use of PDGFR small-molecule

inhibitors (such as imatinib, sunitinib, and nilotinib) either alone or

in combination with other therapies (6).

We went through many twists and turns in determining the

diagnosis. In fact, the IS is uncommon and the initial pathologic and
FIGURE 4

Complete timeline, including diagnosis (surgery) and treatment.
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radiologic features may be confused with those of other malignant

or even benign cardiac tumors (12). Multimodal noninvasive

imaging techniques play a complementary role in the

preoperative diagnosis of cardiac tumors, including noninvasive

and rapid TTE for the evaluation of the localization of the mass as

well as the structures it invades. Typical myxomas mostly adhere to

the interatrial septum with a smooth and shiny surface, and they are

usually pedicled and attached to the ovale fossa (13). However, in

our case, the mass observed on echocardiography was identified as

being attached to the free wall of the left atrium. Furthermore, the

attachment of the mass was broad, which indicates a sign of

malignancy. CT can assess tissue features, vascularity, adjacent

infiltrates and extracardiac metastases, and cardiac magnetic

resonance imaging (MRI) is the standard diagnostic tool (14).

18F-FDG positron emission computed tomography (PET/CT)

infers the presence of a malignant process based on the FDG

uptake of the mass, and IS has a high FDG uptake (15, 16).

For IS, complete surgical resection is preferred (17). However,

this is often impossible due to the surrounding vital structures,

making tumor recurrence unavoidable, and in this case, it was rare

to have such a rapid recurrence at only 4 months. In addition to this,

the prognosis for IS remains very poor, with most primary cardiac

malignancies having a survival of only 9 to 27 months (1).

Anthracycline-based chemotherapy regimens are a potentially

effective medical option for IS. Frezza’s retrospective analysis of

two chemotherapy regimens in 72 patients with IS showed that the

real-world overall response rate (rwORR) was 38% in the

anthracycline-based treatment group (18). For patients with

localized disease, the median recurrence-free survival (RFS) was

14.6 months, and for patients with advanced disease, the median

progression-free survival (PFS) was 7.7 months. For gemcitabine

and pazopanib, the rwORRwas 8%, and the median PFS was 3.2 and

3.7 months, respectively. Because of the significant risk of radiation-

induced heart disease following high-dose radiotherapy in heart

radiotherapy, high-dose radiotherapy is rarely used in cardiac

malignancies, forcing clinicians to adopt a reduced-dose or

segmented approach to radiation therapy, Fatima et al. observed

superior survival in patients who received 40–50 Gy of postoperative

radiation therapy compared with surgery alone (19).

We finally clarified the diagnosis of a malignant tumor: IS, which

determined the possible future treatment, although this was based on

the final postpathological histology and immunohistochemistry. In

our case, we have summarized several key insights: First, IS

symptoms are insidious, as in our patient, who did not present

with cardiac discomfort prior to surgery. Secondly, non-invasive

imaging tests other than PET/CT seem to have difficulty in

recognizing the features of IS. Finally, diagnosis and surgery as

early as possible will provide patients with more therapeutic

options, including radiotherapy and chemotherapy.
Conclusion

Given the complexity of IS and their poor prognosis, the mass

should be accurately evaluated preoperatively. Patients with atrial

fibrillation are at risk of atrial thrombosis, whereas left ventricular
Frontiers in Oncology 05
thrombosis is associated with impaired left ventricular contraction

(20). To achieve negative intraoperative margins as much as

possible, when tumor resection is limited, patients with defined

tumor subtypes may benefit from gene-targeted therapy with

PDGFRA or MDM2, especially for those with less differentiated IS.
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