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Abstract

:

Primary cardiac tumours are relatively uncommon (75% are benign). Across the other 25%, representing malignant neoplasia, sarcomas account for 75–95%, and primary cardiac intimal sarcoma (PCIS) is one of the rarest findings. We aimed to present a comprehensive review and practical considerations from a multidisciplinary perspective with regard to the most recent published data in the specific domain of PCIS. We covered the issues of awareness amid daily practice clinical presentation to ultra-qualified management in order to achieve an adequate diagnosis and prompt intervention, also emphasizing the core role of MDM2 immunostaining and MDM2 genetic analysis. An additional base for practical points was provided by a novel on-point clinical vignette with MDM2-positive status. According to our methods (PubMed database search of full-length, English publications from January 2021 to March 2023), we identified three studies and 23 single case reports represented by 22 adults (male-to-female ratio of 1.2; male population with an average age of 53.75 years, range: 35–81; woman mean age of 55.5 years, range: 34–70) and a 4-year-old child. The tumour-related clinical picture was recognized in a matter of one day to ten months on first admission. These non-specific data (with a very low index of suspicion) included heart failure at least NYHA class II, mitral regurgitation and pulmonary hypertension, acute myocardial infarction, ischemic stroke, obstructive shock, and paroxysmal atrial fibrillation. Awareness might come from other complaints such as (most common) dyspnoea, palpitation, chest pressure, cough, asthenia, sudden fatigue, weakness, malaise, anorexia, weight loss, headache, hyperhidrosis, night sweats, and epigastric pain. Two individuals were initially misdiagnosed as having endocarditis. A history of prior treated non-cardiac malignancy was registered in 3/23 subjects. Distant metastasis as the first step of detection (n = 2/23; specifically, brain and intestinal) or during follow-up (n = 6/23; namely, intestinal, brain and bone, in two cases for each, and adrenal) required additional imagery tools (26% of the patients had distant metastasis). Transoesophageal echocardiography, computed tomography (CT), magnetic resonance imagery, and even 18F-FDG positronic emission tomography-CT (which shows hypermetabolic lesions in PCIS) represent the basis of multimodal tools of investigation. Tumour size varied from 3 cm to ≥9 cm (average largest diameter of 5.5 cm). The most frequent sites were the left atrium followed by the right ventricle and the right atrium. Post-operatory histological confirmation was provided in 20/23 cases and, upon tumour biopsy, in 3/23 of them. The post-surgery maximum free-disease interval was 8 years, the fatal outcome was at the earliest two weeks since initial admission. MDM2 analysis was provided in 7/23 subjects in terms of MDM2-positive status (two out of three subjects) at immunohistochemistry and MDM2 amplification (four out of five subjects) at genetic analysis. Additionally, another three studies addressed PCISs, and two of them offered specific MDM2/MDM2 assays (n = 35 patients with PCISs); among the provided data, we mention that one cohort (n = 20) identified a rate of 55% with regard to MDM2 amplification in intimal sarcomas, and this correlated with a myxoid pattern; another cohort (n = 15) showed that MDM2-positive had a better prognostic than MDM2-negative immunostaining. To summarize, MDM2 amplification and co-amplification, for example, with MDM4, CDK4, HMGA3, CCND3, PDGFRA, TERT, KIT, CCND3, and HDAC9, might improve the diagnosis of PCIS in addition to MDM2 immunostaining since 10–20% of these tumours are MDM2-negative. Further studies are necessary to highlight MDM2 applicability as a prognostic factor and as an element to be taken into account amid multi-layered management in an otherwise very aggressive malignancy.
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1. Introduction


Primary cardiac tumours are relatively uncommon, with benign myxomas accounting for approximately 75% of all cases [1]. Among the other 25% of the tumours, representing malignant masses, cardiac sarcomas account for 75–95%, with a severe prognosis, having a 5-year survival rate of 14% [1,2]. Generally, sarcomas represent a heterogeneous group underlying a variety of aetiologies and anatomical features [2]. According to the World Health Organization (WHO), angiosarcoma is the most common type of sarcoma (40%) followed by rhabdomyosarcoma (5%) and, less frequently, liposarcoma, osteosarcoma, leiomyosarcoma, as well as fibrosarcoma [3,4]. Intimal sarcomas of primary cardiac origin are extremely rare mesenchymal tumours across these mentioned histological types [1,2]; they develop in the pulmonary trunk, vein, and artery, as well as the aorta, coronary artery, and cave vein [5,6]. Left heart sarcomas usually infiltrate the posterior myocardium, resulting in valvular dysfunction, whereas right heart neoplasia is typically exophytic [5].



The management of primary cardiac tumours is complex, starting with a fine index of suspicion and followed by a multimodal imagery panel in association with tools of direct tumour access, which are mandatory for a better outcome, especially in individuals that are surgery candidates with intention of complete tumour removal [1,2,3,4]. After admission to secondary or tertiary highly specialized cardio-thoracic centres, a multitude of investigations are required in order to provide a specific diagnosis. Non-interventional methods such as transoesophageal/transthoracic echocardiography, computed tomography (CT), magnetic resonance imagery (MRI), and positronic emission tomography-CT (PET-CT) are essential in addition to interventional procedures (for example, cardiac catheterization with biopsy under CT guidance or 3D echocardiography-guided transthoracic coaxial needle biopsy). Overall, a multi-layered approach to this neoplasia allows for image-guided biological tissue sampling, which represents a major step in the management [1].



Currently, there are no specific treatment guidelines for primary cardiac intimal sarcomas because of the rarity of these cases and their heterogeneous spectrum [5]. Surgical removal of the tumour (potentially associated with auto-transplantation or heart transplant) is still the best treatment with radical intent [6] in small tumours without loco-regional/distant spreading or severe impairment of cardiac function [7,8,9,10,11]. Nonetheless, the lack of particular symptoms may delay the diagnosis as the patient might remain for a prolonged period of time only under primary health care surveillance and thus, the opportunity window for a successful intervention might be missed [5,8,9,10,11]. Additionally, chemotherapy, radiotherapy, immunotherapy, or molecular treatments with genomic agents are used as adjuvant/neo-adjuvant lines, as an alternative to surgery, in addition to complete/incomplete tumour removal or in recurrent post-operatory cases [5,12,13,14,15,16,17,18].



Deeper modern insights into approaching the topic of intimal sarcoma involve the MDM2 (mouse double minute 2 homolog) profile in terms of MDM2 gene amplification and co-amplification of other genes and positive MDM2 immunostaining amid tumour tissue analysis that helps the identification of this histological subgroup among other sarcomas and the decision of further management [12,13,14,15,16,17,18].



We aimed to present a comprehensive review and practical considerations from a multidisciplinary perspective with regard to the most recent published data in the specific domain of primary cardiac intimal sarcoma. We covered the issues of awareness amid daily practice clinical presentation to ultra-qualified management in order to achieve an adequate diagnosis and prompt intervention, also emphasizing the core role of MDM2 genetic analysis and MDM2 immunostaining. An additional base for practical points was provided by a novel on-point clinical vignette.




2. Methods


We searched the PubMed database for the most recent full-length, English publications from January 2021 to 20 March 2024 and only included original articles in terms of studies and case reports with respect to the diagnosis of “primary cardiac intimal sarcoma”. No other histological types of cardiac tumours were analysed. We identified 81 papers from inception to the present time and searched the most recent 30 papers according to the mentioned time frame of publication. Finally, after manually checking each of these articles, 26 papers were selected (one article was excluded because it was not written in the English language, another was a review, and the other two introduced other histological types than intimal sarcoma) (Figure 1).



The new case report offered a practical multidisciplinary rationale for further discussing this challenging topic. In this instance, the patient parameters were retrospectively collected after receiving the approval of the Local Ethical Committee, as shown at the end of this paper.




3. Review of Published Data


According to our methods, we identified a total of 26 papers [19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44] (Table 1).



3.1. Epidemiological Input: Awareness of an Exceptional Finding


Generally, this histological type remains at the case report level of statistical evidence. We identified 23 novel single case reports (we did not include other presentations than intimal sarcomas) [19,20,21,22,23,24,26,27,29,30,31,32,33,34,35,37,38,39,40,41,42,43,44] and three studies [25,28,36]. The first group introduced 22 adults (male-to-female ratio of 1.2; male population with an average age of 53.75 years, range: 35 to 81 years; woman mean age of 55.5 years, range: 34 to 70 years) and a 4-year-old child [19,20,21,22,23,24,26,27,29,30,31,32,33,34,35,37,38,39,40,41,42,43,44].



The mentioned studies followed different methods of tumour exploration [25,28,36], and two of them [25,36] specifically provided data for intimal sarcomas (n = 35). One cohort [25] retrospectively analysed 48 cases of primary cardiac sarcomas amid MDM2 testing, and fewer than half were intimal sarcomas (n = 15/48 patients; mean age of 47.2 years; range: 12–78 years) [25]. A second study explored the SEER database (The Surveillance, Epidemiology, and End Results) with respect to cardiac sarcoma presentation and outcome (no specific data were provided in terms of the age or sex ratio with respect to the intimal type) [28], while the third cohort included a re-do MDM2 exploration in terms of gene amplification, histological profile, and immunostaining (n = 20 patients with primary intimal sarcomas) [36].



As mentioned, the youngest patients were 12 [25] and 4 years old [24]—the 4-year-old being a subject admitted for severe right heart failure that required cardiac surgery soon after initial admission. Complete tumour resection of the primary intimal sarcoma allowed for a good prognosis since the patient was followed for another 8 years and showed no recurrence while post-operatory adjuvant chemotherapy was declined by the parents [24].




3.2. Clinical Presentation


The tumour-related clinical picture was recognized in a matter of one day to a few days [39,44], two months [20], three months [30,34,35], six (or “several”) months [21,27], and ten months [40]. Data on admission included heart failure [19,24,42,43,44], either acute or recently detected [at least NYHA (New York Heart Association) class II], mitral regurgitation and pulmonary hypertension [21], acute myocardial infarction [29], ischemic stroke [31], obstructive shock [39,41], and paroxysmal atrial fibrillation [37]. Additionally, awareness might have come from other non-specific complaints, as pointed out by the original authors, such as (most common) dyspnoea [21,23,27,30,32,39,41], palpitation [21,35,40], chest pressure [23,35], cough [30,40], asthenia [33], sudden fatigue [39], weakness [43], malaise [32], anorexia [33,44], weight loss [33,40], headache [39], hyperhidrosis [40], night sweats [32], facial and peripheral oedema [20], and epigastric pain [44].



Two individuals were initially misdiagnosed as having endocarditis [22,42]. A history of malignancy was registered in some patients (n = 3/23) as follows: breast [23], melanoma [23,27], and cervical cancer [30]. Distant metastasis causing the detection of a cardiac tumour only as a secondary step amid whole body investigations was involved in two out of the twenty-three cases, specifically, brain [26] and intestinal [38] spreading. During follow-up, one of these two subjects again showed digestive metastases following primary tumour and first metastasis removal [38], another two individuals experienced bone metastasis [30,37], and another one was found with brain metastasis [43], with unilateral adrenal spreading with post-operatory histologic confirmation [44]. Hence, a total of six patients (n = 6/23, representing 26% of the cohort on published cases) were confirmed with distant metastatic cardiac sarcoma (outside the cardio-thoracic and mediastinal area) [26,30,37,38,43,44].




3.3. Imagery Tools of Diagnosis


Imaging procedures are essential for sarcoma exploration, as is similarly seen in other cardio-thoracic malignancies [45,46,47]. They include traditional tools such as cardiac ultrasound like (most importantly) transoesophageal, as well as a transthoracic approach, CT, and MRI. The misdiagnosis as myxoma or prior diagnosis of unrelated cancers required investigation of distant areas [19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44].



According to the sample-focused analysis (n = 23), the tumour size varied from 3 cm to masses larger than 9 cm. For instance, we mention the maximum diameters (in cm) of 3 [23,27], 3.7 [40], 3.9 [41], 4 [44,48,49], 4.2 [19], 4.7 [37], 5.8 [37], 6.7 [30] 7 [26], ≥9 [20,21,34], and, overall, a mean largest diameter of 5.5 cm (but a potential bias in size collection might come from different imagery procedures or data collection). The most frequent site was left atrial [21,30,31,32,37,39,40,41,44] followed by right ventricular [20,23,24] and right atrial [33]. 18F-fluorodeoxyglucose (18F-FDG) PET-CT offered a fine index of information since hypermetabolic lesions are registered in primary cardiac sarcomas, as opposite to benign lesions (which are more frequent); however, the distinction with secondary malignant involvement is not clear [21,24,29,32,35]. For instance, one reported case of a senior female showed the importance of this differential diagnosis amid 18F-FDG PET-CT use; yet, this came as an additional pitfall since the subject was already diagnosed with a previous non-cardiac malignancy [23]. In addition to this aspect, the presence of intra-tumour calcifications and ossification-like patterns might mimic mixomas, and they should also be differentiated from long-standing intra-cardiac thrombi [23]. Similarly, in 2023, Bergonzoni et al. [22] showed another conundrum of imagery aspects on a 73-year-old male with a mitral valve sarcoma who was initially suspected of having endocarditis based on clinical and ultrasound findings [22]. In short, PET-CT might indicate a hypermetabolic status (prone to a malignancy) at first admission [21,35] or during follow-up (highlighting metastasis) [44].




3.4. Management and Outcome


A longer free survival rate was achievable in a minority of the cases, and this comes from early detection and prompt surgery under cardiopulmonary bypass in an otherwise very aggressive malignancy [21]. A median survival rate of 17–24 months is generally reported [26,27]. Surgical removal of the neoplasia stands for the gold standard of therapy [27]. Early complications following en bloc or debulking resection are expected including coagulation anomalies, severe inflammation, thrombosis, recurrent malignant arrhythmias, massive bleeding, acute disseminated intravascular coagulation, and tumour lysis syndrome with fulminant outcome [20]. Pathogenic traits of these early post-surgery complications are linked to tumour features and surgical and anaesthesia processes, as well as cardiovascular and hemodynamic changes across neoplasia removal [20,21]. They can be hardly predicted before surgery; however, clues such as a mildly reduced number of pre-operatory blood thrombocytes or severe cardiac dysfunction should be taken into consideration [20]. Meticulous early follow-up after tumour resection also includes coagulation and inflammatory profile surveillance, but, as mentioned, there is no standard protocol, only an individualized decision. Taking into account the medical background, inflammatory, vascular, autoimmune co-morbidities, and prior medication in one patient is mandatory since they might influence the overall outcome [48,49,50,51].



Cases that are not surgery candidates or display post-operatory recurrence may be submitted to anthracycline protocols of chemotherapy. Alternatively, pazopanib (tyrosine kinase inhibitor) has been used. Chronic renal failure, for instance, due to tumour-related burden or prior diagnosis of cardiac insufficiency requires a switch to a pazopanib as first-line palliative therapy [19,22].



In the study by Cho et al. [25] (n = 48), multimodal management included the following: complete tumour resection (n = 11/48), partial excision (n = 23/48), cardiac biopsy or pericardiotomy (n = 10/48), cardiac transplant (n = 4/48), neoadjuvant chemotherapy or radiotherapy (n = 4/48), and adjuvant chemotherapy or radiotherapy (n = 34/48). Follow-up data (available for 34/48 patients) were available for an average of 15.9 months, and 85.3% of the patients died after a mean of 19.8 months. The panel of prognostic markers involved the following: MDM2-positive status (n = 15/48 with primary cardiac intimal sarcomas, including seven subjects who were newly reclassified amid re-do MDM2 analysis) was correlated with left atrium site (p = 0.001). Complete versus incomplete resection offered a better prognosis (p = 0.045), yet cardiac transplant was not associated with a better outcome (p < 0.5). The survival rate in angiosarcomas was similar when compared to intimal sarcomas; MDM2 positivity was better than MDM2-negative status (p = 0.003) in terms of outcome. Survival was not correlated with the tumour location or the application of neoadjuvant treatment. Adjuvant therapy improved the prognosis in angiosarcomas (p < 0.001) but not in intimal sarcomas (p > 0.5) [25].



Khan et al.’s [28] study focused on cardiac sarcomas (of all types) according to the SEER database; the TCGA (The Cancer Genome Atlas) database was used as a comparison (U.S. population). The cohort (n = 400, average age of 47.7 years) revealed that most cardiac sarcomas were undifferentiated (61.7%); 71% of them did not associate distant metastasis, 29% of the sarcomas were poorly differentiated, while many of this sub-group were described as intimal sarcomas originating from the pulmonary trunk. Surgery represented the most common first line of intervention and provided a better outcome (hazard ratio of 0.391, p = 0.001) than individuals only receiving chemotherapy (hazard ratio of 0.423, p = 0.001). Generally, patients younger than 50 years have a better survival rate than older subjects [28].



Our sample-focused analysis (n = 23) showed that post-operatory histological confirmation of the primary intimal sarcoma was performed in twenty cases [19,20,21,22,24,26,27,30,31,32,37,38,39,40,41,42,43,44] and upon tumour biopsy in three individuals [22,24,35]. Complete heart tumour resection was identified in 13 patients (regardless of post-surgery outcome) [24,27,28,30,31,32,37,39,40,41,42,43,44], including secondary non-cardiac surgery for brain [26] and adrenal [44] metastasis resection. Other first-line decisions included debulking surgery (n =2/23) [20,38] and no surgery, but radiotherapy (the patient refused chemotherapy) [23], post-biopsy chemotherapy [34], or immune therapy (5 out of 13 planned cycles with PD-1 antibodies) [35].



Post-operatory local recurrence was described as follows: after 3 months, also followed by a second surgery, then chemotherapy, and then adrenalectomy after one year [44]; after 4 months and when radiotherapy was started with further distant metastases registered after 18 months (no tolerance to chemotherapy) [38]; and after 6 months and a second cardiac surgery was performed, then the patient refused radiotherapy (and died after 6 months) [41]. Additionally, the post-surgery free disease interval was confirmed (n = 3) for 20 months [21], 8 years [24], and also for one year followed by the identification of bone metastases requiring adjuvant therapy [37].



The post-operatory chemotherapy panel included a heterogeneous spectrum of approaches, for instance, pazopanib (13 months) [19] or anthracycline-based drugs [22], planned ifosfamide with radiotherapy [26], chemotherapy for one year followed by radiotherapy because of local recurrence after three years [29], doxorubicin plus isophosphamide followed by local recurrence after 4 months [26], or chemotherapy for newly detected bone metastases [30,37]. Fatal outcomes were specifically registered following surgery at 3 months [31], 11 months [22], and 18 months [19] after 8 months after the second cardiac surgery [41]. The most aggressive disease evolution was found in two cases as follows: one person died “soon” after tumour resection [43] and another within two weeks after sarcoma biopsy [34].





4. Discussion


4.1. A Novel Case Identification


This was a 65-year-old female, without known cardiovascular risk factors, who was referred for rapidly progressive dyspnoea, while she was under the surveillance of her primary healthcare physician. Several imaging evaluations were then performed, which identified a left pulmonary tumour and suspected lung metastases. She had a history of surgery for bilateral breast cancer in addition to chemotherapy and radiotherapy that were performed 20 years before the current admission. Additionally, she presented thoracic pain, tachycardia, and cardiorespiratory failure. The electrocardiogram (ECG) revealed a normal sinus rhythm with a resting heart rate of 69 bpm, poor R wave progression, right bundle branch block ST elevation in leads V2–V6, I, a VL, and reciprocal ST depression in leads DIII and aVR, biphasic T waves in leads V2–V3 (Figure 2).



The troponin I level was found to be slightly elevated (90 ng/mL). Coronarography was used to rule out any luminal or anatomical abnormalities. A tumour filling the right ventricle and involving the apex of the left ventricle was identified at transthoracic echocardiography (Figure 3 and Figure 4).



The tumour size and degree of infiltration over the whole apex of the left ventricle were determined by injecting 2 mL of SonoVue (Bracco S.p.A., Milan, Italy) at the level of intra-myocardial contrast in the left ventricle. The presence of microbubbles at this level confirmed the vascularization of the tumour mass. A non-homogeneous right ventricular mass of 88/61/80 mm extending to the left ventricle with areas of necrosis in both ventricles, disseminated lobular nodules on both pulmonary fields measuring 9 mm (right lung), 17 mm (left lung), and right para-tracheal adenopathy were identified on a thoracic CT scan (Figure 5 and Figure 6).



An abdominal CT scan showed an enlarged liver with irregular margins and a multinodular structure. The cardiac tumour was additionally examined using MRI: the tumour mass was 7.5 cm transversely, 8 cm anteriorly, and 7.5 cm craniocaudally and exhibited diffuse inhomogeneous intensity. The right ventricular component was a mass of 48/22 mm with irregular borders and invasion of the interventricular septum, while the anterolateral wall component measured 25/27 mm and had an apical position and an irregular shape (Figure 7).



Since surgery was contraindicated by the general status of the patient, a 3D ultrasound-guided biopsy of the tumour was performed. The anatomical landmarks for the cardiac biopsy were established by integrating CT and MRI data. Low contractility of the cardiac apex allowed for the biopsy to be conducted at this level (Figure 8).



A complex multidisciplinary team supervised the biopsy that was performed in the operating room. Transthoracic ultrasonography using a convex probe identified the apical tumour, the absence of hypo-echogenic left ventricle motility in contrast with the remaining myocardial wall, and the infiltration of the adjacent pericardium. The biopsy was performed via the left inferior parasternal route by using an ultrasound-guided 10 cm 20G coaxial biopsy needle inserted percutaneously. Three tumour fragments of 1 by 2 cm were obtained. No incidents were recorded during or after the procedure. Histological reports confirmed the presence of a high-grade primary intimal cardiac sarcoma with areas of myxoid differentiation and epithelioid-appearing cells (Figure 9).



Immunohistochemistry analysis revealed a positive reaction for MDM2 and a Ki67 proliferation marker of 20% to 80% in tumour cells (Figure 10). The samples were found negative with regard to myogenin, CD31, CD34, D2-40, and desmin. Despite the prompt individualized diagnosis, the patient died three weeks later.




4.2. Practical Points: From Awareness of Cardiac Tumours to Complex Management in Primary Intimal Sarcomas


This present case adds to the current limited publications with regard to primary cardiac intimal sarcoma, as mentioned [19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44], amid the general chapter of primary intra-cardiac malignancies [52,53,54]. Among primary heart tumours (affecting less than 0.1% of the general population according to autopsy series), an intimal sarcoma represents an exceptional finding [9]. It may be identified during investigations for other conditions, as reported by Chao et al. [25], underlying the traditional scenario of incidentalomas, as seen in other organs [55,56,57]. The tumour has a non-specific symptomatology, and it requires a high degree of suspicion to be diagnosed. Dyspnoea, as mentioned in the present vignette and sample-focused analysis [21,23,27,30,32,39,41], should be investigated as it represents one of the most useful clinical traits (yet, it remains highly non-specific) [25].



In 5% of the cases, cardiac sarcomas develop secondary to radiation for another type of cancer, especially for breast cancer [25], and, according to the literature, they are usually more aggressive tumours [58,59,60]. The latency period between the first tumour treated with radiotherapy and the occurrence of the cardiac sarcoma is a minimum of ten years (the average radiation dose associated with the development of sarcoma is approximately 50 Gy) [11]. Radiations induce genomic instability, resulting in the accumulation of harmful mutations and a subsequently increased risk of malignant transformation [11]. As seen here, a history of mammary cancer was identified by Awoyemi et al. [23]; other reports showed a prior diagnosis of melanoma [23,27] and cervical cancer [30]. Of note, the same patient had both malignancies (mammary cancer and melanoma) across our research [23]. Whether this represents a particular genomic configuration in a subgroup of oncologic patients amid the recognition of primary intimal sarcoma in the heart is an open issue. For example, Cowden syndrome underlying PTEN (phosphatase and tensin homolog) pathogenic variants has been reported to address both of the mentioned non-cardiac neoplasia (asynchronously or simultaneously in the same patient); yet, currently, no specific genetic syndrome has been described in cardiac intimal sarcomas [61,62,63]. Post-radiation sarcoma can emerge in any location in one patient, notably, in females who underwent radiotherapy following a mastectomy [12]. Sarcoma may be found close to the area targeted by radiotherapy [11,12]. In our patient, a cardiac sarcoma occurred 20 years after she underwent a bilateral mastectomy and two cycles of 50 Gy radiation therapies for each breast, and it should be listed as a potential contributor, yet with indeterminate significance because of the current level of statistical evidence in the particular matter of primary intimal sarcomas at heart. Moreover, cytogenetic abnormalities leading to the formation of cardiac sarcomas also include K-ras gene pathogenic variants [11,13]. Sarcomas exhibit two distinct forms of genetic changes as follows: complex karyotypes with rearrangements and non-specific chromosomal gains and losses and simple karyotypes with chromosomal-specific translocator events [11,64,65,66].



In this novel report, the presence of a cauliflower-shaped ill-defined cardiac tumour protruding inside the right ventricle, with an irregular shape, filling one-third of the anterior heart, situated apically, and infiltrating all the layers of the right ventricle’s anterior wall, was suggestive of a malignancy at MRI scan. The tumour infiltrated the septal, anterior, lateral, and apical walls of the left ventricle, resulting in myocardial necrosis. No cardiac thrombi were identified, and the mass did not expand to the valvular region. Notably, thrombus represents a very important differential diagnosis at first imagery evaluation, and it requires additional assessments [32]. Multimodal imaging for diagnosis (PET-CT, cardiac CT, and cardiac MRI) is beneficial in determining the benign versus malignant nature of primary cardiac tumours based on the tumour’s penetration into the tissue planes. Additionally, it can detect pleurisy, pericarditis, adenopathy, or metastases in relation to other pathologies [67,68,69].



In this vignette, the scenario of having cardiac metastasis from previous mammary malignancy could not be actually ruled out until histological confirmation. Imaging-guided percutaneous coaxial needle biopsies are extremely accurate at identifying malignant tumours in oncologic patients that associate tumours of various locations, and their results are enhanced by the sampling method’s accuracy. The indications for the improvement in the treatment strategies are correctly defined by oncologic boards, which include the oncologist, the surgeon, the cardiologist, the radiologist, the radiotherapist, the pathologist, etc. [14]. Because of the technique-dependent pathology diagnosis and immunohistochemistry profile, transthoracic coaxial needle biopsy represents a real challenge for the practitioner [14,70,71,72]. One of the particularities of this case on point was represented by performing an ultrasound-guided transthoracic coaxial needle biopsy of the heart. A tumour biopsy was performed to obtain the biological tissue needed for a specific diagnosis. However, if the tumour is located in the left heart, the procedure may become more challenging. To summarize, the current literature mainly describes two types of biopsy techniques for cardiac sarcoma including the following: trans-septal cardiac biopsy guided by 3D transoesophageal echocardiography [15,73,74,75] and intra-cardiac echocardiographic-guided cardiac biopsy [16,76,77,78], while in the above-mentioned analysis, we identified that 8.69% of the patients had a cardiac tumour biopsy as milestone of multi-layered management [22,24,35]. Notably, we identified a similar case published in 2022 by Salazar et al. [34] on a 65-year-old female who showed a 3-month history of dyspnoea and asthenia with weight loss. She was confirmed with a large cardiac tumour and underwent a transvenous biopsy with histological confirmation. Because of the severity of the clinical presentation, she was not considered a surgery candidate (as seen in the present case) and palliative chemotherapy was planned, but she died within two weeks after first admission [34].



Because of the rarity of primary cardiac intimal sarcomas and consequent lack of randomized controlled trials, there are currently no specific treatment guidelines. As already mentioned, surgical treatment, chemotherapy, radiation, molecular medicines targeting genetic alterations, immunotherapy targeting cell-mediated immune malignancy, transplantation, and auto-transplantation are all included in the therapeutic approach, but radical surgery can be performed only in selected cases. Likewise, we should mention that left heart sarcomas are typically located along the posterior wall of the left atrium (associated with exertional dyspnoea and congestive heart failure caused by obstruction of intra-cardiac blood flow), whereas right heart sarcomas are larger and exophytic in nature (being manifested with congestive heart failure induced by obstruction of intra-cardiac blood). Hence, medical intervention in addition to radical surgery in terms of controlling the cardiovascular, hemodynamic, coagulation, and inflammatory status is also very important [19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44].




4.3. Core Role of MDM2 Assays as First-Line Analysis and Re-Do Perspective


In this case, histological examination revealed an intimal sarcoma with areas of myxoid differentiation and epithelioid-appearing cells. The MDM2 (immunohistochemistry-based) tumour marker is considered to be useful for high-grade intimal sarcomas nowadays. MDM2 (an oncogene that is responsible for blocking the activity of p53) is defined by nuclear overexpression and amplification of the 12q12–15 area, which contains CDK4 (cyclin-dependent kinase inhibitor 2A) and MDM2 [17,18], the MDM2 amplification supporting the diagnosis of intimal sarcoma [17]. Additionally, the intimal sarcoma with a positive stain for MDM2 has been shown by some studies to be associated with a poor prognosis, with a median survival of three to twelve months [17,18]. In contrast, Cho et al. [25] showed that MDM2-positive show a better outcome than MDM2-negative tumours [25]. One more clue of the expected dramatic outcome is the increased value of the Ki67 proliferation marker at immunohistochemistry analysis, as seen in the present case (20% to 80% depending on tumour area), which is similar to other reports of different sarcomas such as osteosarcomas or leiomyosarcomas [17,18,79,80].



The discovery of MDM2 over-expression in intimal sarcomas (as opposed to other histological subtypes) highlights the tumour signature at the molecular level, as it was first shown only a decade ago [81]. This breakthrough discovery led to a second wave of assays amid initial diagnosis based on tissue database reviews, which seems like the current approach in the matter of cardiac sarcoma (larger) studies, as previously mentioned according to our research on recently published data [25,36].



Re-do analyses in terms of MDM2 amplification and co-amplification, for example, with MDM4, CDK4 (12q13–q15), HMGA3 (12q13–q15), PDGFRA (4p12), TERT (telomerase reverse transcriptase) (5p15), KIT, CCND3 (cyclin D3; on 6p21), and HDAC9 (histone deacetylase 9), improves the diagnosis of primary cardiac intimal sarcomas in addition to MDM2 immunostaining. Briefly, re-do MDM2 analysis as a single input or in combination subscribes to the general oncologic frame focusing on molecular, genetic, and immunohistochemistry profiles. This is meant to provide new prognostic markers and clues for multimodal therapy response and hence, a better choice of anti-cancer treatment [36,82,83,84]. For example, Yamada et al. [36] re-analysed 20 cases of cardiac intimal sarcoma under the umbrella of re-do histological reports, immunohistochemistry for MDM2, ERG, alpha-smooth muscle actin (ASMA), desmin, respectively, AE1/AE3, and genetic testing (FISH) for MDM2 and PDGFRA (platelet-derived growth factor receptor alpha). The histological profile showed the following: necrosis (75%); fibrinous deposits (70%); myxoid stroma and haemorrhage (each accounting for 60% of the case series); abnormal mitosis (50%), and rarely, a cartilaginous pattern (5%). Immunohistochemistry analysis showed focal positive assays for MDM2 in 80% of cases, while other less frequent positive reactions were confirmed such as ASMA (30%) and desmin (25%), as well as AE1/AE2 and ERG (20% for each). Genetic testing showed MDM2 amplification (55% of cases, n = 11/20), which correlated with the myxoid pattern (p = 0.0194) and PDGFRA amplification (5%). The site of the tumours did not correlate with any of the mentioned parameters. To conclude, the myxoid histological report was correlated with MDM2 amplification and thus, intimal sarcoma sub-groups (myxoid and non-myxoid) might represent a new perspective of understanding different clinical behaviours since genetic and pathological backgrounds might be distinct [36].



In addition, one single-centric study based on 25 years of data (between January 1993 and June 2018) analysed heart sarcomas and provided a supplementary immunohistochemistry report for the MDM2 profile as the main feature for the intimal type. Of 705 individuals who underwent cardiac surgery for various tumours, 6.8% (n = 48 patients) were confirmed with primary cardiac sarcomas (male-to-female ratio of 21 to 27). Their average age at diagnosis was 47.2 years, from 12 to 78. The panel of clinical elements included the following: dyspnoea in 45.8% of the patients (n = 22/48) of at least NYHA class II (as also mentioned in our case-based analysis [2,21,23,30,32,39,41]); chest pain in 16.7% of the subjects (n = 8/48) followed by cough (12.5%) and pericardial effusion (8.3%), as well as syncope (6.2%). An incidental scenario of detection was found in 4.2% of the entire cohort (n = 2). The site involved the right atrium in 52% of the subjects and the left atrium (31.2%). Across the histological types, intimal sarcoma was confirmed in 27.1% of the patients, and 84.6% of them were located within the left atrium (which came on second after angiosarcoma type that was confirmed in 47.9% of the entire cohort). By performing MDM2 reaction amid immunohistochemistry exams, seven cases were re-classified to actually be intimal sarcomas (positive MDM2 status) [25].



Genomic analysis in terms of MDM2 amplification/co-amplification in intimal type might help MDM2 immunohistochemistry results since 10% to 20% of these tumours are MDM2-negative. Concomitant amplification of KIT and MDM2/4 may be associated with resistance to anti-cancer immune therapy; thus, the importance of adequately providing the MDM2 assays [28,36]. The data we identified across our methods were gathered from 7/23 patients to whom MDM2 analysis was provided in terms of immunohistochemistry. MDM2 positive status was confirmed in two [38,40] out of the three patients, one being found MDM2-negative [30], and MDM2 amplification in four out of the five subjects that were analysed [24,26,27,43]. Of note, one 50-year-old male had both MDM2 assays performed, and MDM2 amplification was negative, while MDM2 immunostaining was positive [38] (Table 2).



To summarize, studies varying from case reports to nationwide registries of cardiac sarcoma patients represent ongoing work in finding the best strategy to classify and describe these tumours based on genomic profiles, histological traits, immune phenotypes, and molecular characterization; the core role in addressing primary intimal sarcomas being played by MDM2 status [85,86,87,88,89,90].




4.4. Current Limitations and Further Expansion


Based on the previously mentioned data, several aspects should be noted. They are still a matter of debate and further studies are necessary.



Firstly, there is the exceptional issue of the paediatric population diagnosed with primary cardiac sarcomas of different types [91,92,93]. The case published by Verbeek et al. [24] in 2023 introduced a tumour that displayed a positive amplification of the MDM2 gene plus a homozygous loss of the CDKN2A (cyclin-dependent kinase inhibitor 2A) gene on 9p21 in a 4-year-old child. The connection to a more aggressive profile in terms of early diagnosis should be performed; yet the subject had a remarkable 8-year free disease interval after complete tumour removal [24]. Moreover, younger adults might present with this neoplasia (according to our case-focused analysis, the youngest patients were 34 [43] and 35 years [35]). Also, the study based on the SEER database with respect to cardiac sarcomas identified 17% of them in patients younger than 30 years [28].



Secondarily, there is the question of intimal sarcoma as a second tumour in one patient or tumour progression from prior neoplasia (apart from the complex chapter of radiation-induced sarcomas) [94,95,96,97]. In this instance, we mention the case published by Domínguez-Massa et al. [33], which showed a 66-year-old woman who underwent two cardiac surgeries. The first one identified a neoplasia of uncertain origin, namely, an inflammatory myofibroblastic tumour, but three years later, an intimal sarcoma was identified. Whether this comes as a tumour progression, or whether they belong to distinct clusters, is still unknown [33].



A third point is represented by a brief mention of the time frame of papers we accessed amid the recent COVID-19 pandemic. Multiple medical and surgical entities (including in the cardio-thoracic field) required a re-assessment considering a positive infection with coronavirus to be taken into consideration as a differential diagnosis [98,99,100,101] on first admission of a subject that had a recent onset of fever and dyspnoea, as also seen in rapidly progressive intimal sarcomas [22,39,42].



A fourth insight involves the metastatic profile in cardiac intimal sarcomas. One-third of the subjects (n = 23) had distant spreading (brain and bone were more frequently reported), but one patient (hence, representing 16.6% of this subgroup) had unilateral adrenal metastasis [26,30,37,38,43,44]. Moreover, the SEER database on cardiac sarcomas also showed that one-third of them were associated with distant metastases, most frequently being pulmonary followed by bone. Brain metastasis was associated with the most severe outcome (p = 0.018) [28]. As opposed to liver, lung, cerebral, and osseous secondary involvement, adrenals [44] are less likely to be affected (mostly, in cases with a multi-organ disseminated disease), and this should be differentiated from adrenal incidentalomas underlying non-functioning cortico-adrenal adenomas based on their hormonal profile [102,103,104]. Adrenal biopsy should be performed upon pheochromocytoma exclusion, and it is used only in selected cases. PET-CT might show hypermetabolic uptake, while surgical resection is preferred in single large adrenal tumours that require histological confirmation [105,106,107,108].





5. Conclusions


Primary cardiac intimal sarcomas involve a heterogeneous picture from presentation to molecular findings in addition to multi-layered strategies of diagnosis and therapy. MDM2 assays remain at the core of evaluating these tumours. This novel case adds to the current limited publications with respect to this particular histological type. The choice of performing an ultrasound-guided transthoracic core needle biopsy in a patient who was not a surgery candidate, the issue of having a post-radiation sarcoma following prior therapy for mammary cancer and the fulminant outcome, makes the case remarkable, and awareness represents the key factor. This adds to the sample-focused analysis of twenty-three cases amid latest 39 months, according to our methods of research in addition to re-do MDM2 profiling in another 35 patients across two studies and another cohort evaluating the outcome in cardiac sarcomas. Overall, these data point out a challenging condition with a very aggressive outcome, while MDM2/MDM2 assays might help the understanding of these tumours to a better choice of therapy.







Author Contributions


Conceptualization, C.N., A.C., M.C., A.-P.C., M.S., F.L.P. and M.-L.C.; methodology, C.N., A.C., M.C., M.S., F.L.P. and M.-L.C.; software, C.N., A.C., M.C., A.-P.C., F.L.P. and M.-L.C.; validation, C.N., A.C., M.C., A.-P.C., M.S. and M.-L.C.; formal analysis, C.N., M.C., A.-P.C., M.S., F.L.P. and M.-L.C.; resources, C.N., A.C., M.C., F.L.P. and M.-L.C.; data curation, C.N., A.C., M.C., A.-P.C. and M.-L.C.; writing—original draft preparation, C.N., A.C., M.C. and M.-L.C.; writing—review and editing, C.N., A.C., M.C. and M.-L.C.; visualization, C.N., A.C., M.C., M.S., F.L.P. and M.-L.C.; supervision, C.N., A.C., M.C. and M.-L.C.; project administration, C.N. and M.C.; funding acquisition, M.C. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Local Ethics Committee of the “Dr. Carol Davila” Central Military Emergency University Hospital approval was provided with the registration number 607/28 June 2023.




Informed Consent Statement


The patient agreed to the anonymous use of her medical record while being hospitalized according to the hospital’s rules. The data were obtained in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki) for experiments involving humans. The data collection was performed retrospectively.




Data Availability Statement


Not applicable.




Acknowledgments


We thank the entire medical and surgical teams that were involved in this case.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Raphael, K.L.; Martinez, A.P.; Clements, S.D.; Isiadinso, I. Case Reports Role of Multimodal Cardiac Imaging in Diagnosing a Primary Intimal Sarcoma of the Left Atrial Appendage. Tex. Heart Inst. J. 2019, 46, 28–31. [Google Scholar] [CrossRef] [PubMed]

	



Moeri-Schimmel, R.; Pras, E.; Desar, I.; Krol, S.; Braam, P. Primary sarcoma of the heart: Case report and literature review. J. Cardiothorac. Surg. 2020, 15, 104. [Google Scholar] [CrossRef]

	



Watson, R.; Frye, J.; Trieu, M.; Yang, M.X. Case report Primary undifferentiated pleomorphic cardiac sarcoma with MDM2 amplification presenting as acute left-sided heart failure. BMJ Case Rep. 2018, 2018, bcr2018226073. [Google Scholar] [CrossRef] [PubMed]

	



Burke, A.; Tavora, F. The 2015 WHO Classification of Tumors of the Heart and Pericardium. J. Thorac. Oncol. 2016, 11, 441–452. [Google Scholar] [CrossRef] [PubMed]

	



Alama, L.; Agrawala, K.; Kankanala, K.; Fishberg, R.; Powell, D. Primary Cardiac Undifferentiated High-Grade Intimal Pleomorphic Sarcoma: A Case Series Report. Cardiol. Res. 2020, 11, 129–133. [Google Scholar] [CrossRef] [PubMed]

	



Takanashi, M.S.; Murai, T.; Tomoike, H. Case Report Clinicopathological features of bi-ventricular cardiac intimal sarcoma—Report of an autopsy case. J. Cardiol. Cases 2017, 16, 113–115. [Google Scholar] [CrossRef] [PubMed]

	



Lennerz, C.; O’Connor, M.; Schunkert, H.; Deutsch, M.A. A case report of primary cardiac sarcoma: A diagnostic and therapeutic challenge. Eur. Heart J. Case Rep. 2018, 2, yty143. [Google Scholar] [CrossRef] [PubMed]

	



Beller, J.P.; Maddalo, S.; Zamuc, R.; Axel, L.; DeAnda, A.; Balsam, L.B. Right ventricular undifferentiated pleomorphic sarcoma: A case report. J. Cardiol. Cases 2016, 13, 60–62. [Google Scholar] [CrossRef] [PubMed]

	



Ibrahim, A.; Luk, A.; Singhal, P.; Wan, B.; Zavodni, A.; Cusimano, R.J.; Butany, J. Primary intimal (spindle cell) sarcoma of the heart: A case report and review of the literature. Case Rep. Med. 2013, 2013, 461815. [Google Scholar] [CrossRef] [PubMed]

	



Mito, J.K.; Mitra, D.; Doyle, L.A. Radiation-Associated Sarcomas an Update on Clinical, Histologic, and Molecular Features. Surg. Pathol. Clin. 2018, 12, 139–148. [Google Scholar] [CrossRef] [PubMed]

	



Chen, E. Pathogenesis of Sarcomas. Diagn. Pathol. Open Access 2015, 1, e103. [Google Scholar] [CrossRef]

	



Salminen, S.H.; Sampo, M.M.; Böhling, T.O.; Tuomikosk, L.; Tarkkanen, M.; Blomqvist, C.P. Radiation-associated sarcoma after breast cancer in a nationwide population: Increasing risk of angiosarcoma. Wiley Cancer Med. 2018, 7, 4825–4835. [Google Scholar] [CrossRef] [PubMed]

	



Orlandi, A.; Ferlosio, A.; Roselli, M.; Chiariello, L.; Spagnoli, L.G. Cardiac Sarcomas An Update. J. Thorac. Oncol. 2010, 5, 1483–1489. [Google Scholar] [CrossRef] [PubMed]

	



de Bazelaire, C.; Coffin, A.; Cohen, S.; Scemama, A.; de Kerviler, E. Biopsies in oncology. Diagn. Interv. Imaging 2014, 95, 647–657. [Google Scholar] [CrossRef] [PubMed]

	



Satya, K.; Kalife, G.; Navarijo, J.; Rasekh, A.; Wilson, J.M. Transseptal Biopsy of a Left Atrial Mass with 3-Dimensional Transesophageal Echocardiographic Guidance. Tex. Heart Inst. J. 2012, 39, 707–710. [Google Scholar] [PubMed]

	



Zanobini, M.; Dello Russo, A.; Saccocci, M.; Conti, S.; De Camilli, E.; Vettor, G.; Catto, V.; Roberto, M.; Fiorentini, C.; Viale, G.; et al. Endomyocardial biopsy guided by intracardiac echocardiography as a key step in intracardiac mass diagnosis. BMC Cardiovasc. Disord. 2018, 18, 15. [Google Scholar] [CrossRef] [PubMed]

	



Frezza, A.M.; Assi, T.; Lo Vullo, S.; Ben-Ami, E.; Dufresne, A.; Yonemori, K.; Noguchi, E.; Siontis, B.; Ferraro, R.; Teterycz, P.; et al. Systemic treatments in MDM2 positive intimal sarcoma: A multicentre experience with anthracycline, gemcitabine, and pazopanib within the World Sarcoma Network. Cancer 2020, 126, 98–104. [Google Scholar] [CrossRef]

	



Jimbo, N.; Komatsu, M.; Itoh, T.; Hirose, T. MDM2 dual-color in situ hybridization (DISH) aids the diagnosis of intimal sarcomas. Cardiovasc. Pathol. 2019, 43, 107142. [Google Scholar] [CrossRef] [PubMed]

	



Martinho, M.; Machado, B.; Cruz, I.; Fernandes, I.; Pereira, H. The challenging approach of a young patient with a primary intimal sarcoma of the heart: A case report. Eur. Heart J. Case Rep. 2024, 8, ytae071. [Google Scholar] [CrossRef] [PubMed]

	



Liu, M.; Li, X.; Zhou, R. Severe coagulopathy and inflammation occurred after resection of giant right ventricular intimal sarcoma with cardiopulmonary bypass: A case report. BMC Anesthesiol. 2024, 24, 43. [Google Scholar] [CrossRef] [PubMed]

	



Utsunomiya, Y.; Miyake, K.K.; Fukushima, S.; Kinoshita, H.; Ikeda, Y.; Matsumoto, M.; Hatakeyama, K.; Kato, T.; Kawatou, M.; Minatoya, K.; et al. (18)F-FDG PET/CT in left atrial undifferentiated pleomorphic sarcoma with osteosarcomatous differentiation. J. Cardiol. Cases 2023, 29, 30–34. [Google Scholar] [CrossRef] [PubMed]

	



Bergonzoni, E.; De Gaspari, M.; D’Onofrio, A.; Cibin, G.; Rizzo, S.; Basso, C.; Gerosa, G. A cardiac intimal sarcoma mimicking infective endocarditis. Cardiovasc. Pathol. 2024, 69, 107598. [Google Scholar] [CrossRef] [PubMed]

	



Awoyemi, T.; Gustafson, A.; Sekhon, S.; Rytych, J.; Narang, A.; Akhter, N. Stepwise Use of Multimodality Imaging in a Rare Cardiac Intimal Sarcoma. CASE 2023, 7, 409–415. [Google Scholar] [CrossRef]

	



Verbeek, S.; Sciot, R.; Debiec-Rychter, M.; Labarque, V.; Meyns, B.; Cools, B. Case report: Cardiac intimal sarcoma in a young child. Front. Pediatr. 2023, 11, 1238847. [Google Scholar] [CrossRef]

	



Cho, H.; Song, I.H.; Jo, U.; Jeong, J.S.; Koo, H.J.; Yang, D.H.; Jung, S.H.; Song, J.S.; Cho, K.J. Primary cardiac sarcomas: A clinicopathologic study in a single institution with 25 years of experience with an emphasis on MDM2 expression and adjuvant therapy for prognosis. Cancer Med. 2023, 12, 16815–16828. [Google Scholar] [CrossRef] [PubMed]

	



Ballout, J.A.; Arshia, A.; Palm, D.S.; Reda, H.K.; London, T.E.; O’Connor, W.; Gupta, V.A. Multimodal Imaging and Management of a Metastatic Cardiac Intimal Sarcoma. CASE 2023, 7, 163–167. [Google Scholar] [CrossRef]

	



Mahdi, A.; Mahdi, M.; Ters, P. A Journey from Cardiology to Oncology Reveals a Rare Case of Primary Intimal Sarcoma in a Patient With Dyspnea: A Case Report. Cureus 2023, 15, e38439. [Google Scholar] [CrossRef] [PubMed]

	



Khan, R.; Sunthankar, K.I.; Yasinzai, A.Q.K.; Tareen, B.; Zarak, M.S.; Khan, J.; Nasir, H.; Nakasaki, M.; Jahangir, E.; Heneidi, S.; et al. Primary cardiac sarcoma: Demographics, genomic study correlation, and survival benefits of surgery with adjuvant therapy in U.S. population. Clin. Res. Cardiol. 2023, 113, 694–705. [Google Scholar] [CrossRef] [PubMed]

	



Nakashima, M.; Nakamura, K.; Tabata, M.; Masuda, Z.; Tanaka, T.; Yoshida, M.; Maeda, Y.; Kasahara, S.; Ito, H. A Long-Term Survival Case of Coronary Artery Intimal Sarcoma. Int. Heart J. 2023, 64, 483–486. [Google Scholar] [CrossRef] [PubMed]

	



Ye, N.; Lan, L.; Hu, H.; Liu, J.; Xu, H. Case report: The diagnostic challenge of primary cardiac intimal sarcoma. Front. Cardiovasc. Med. 2023, 10, 1089636. [Google Scholar] [CrossRef] [PubMed]

	



Lloyd, J.; Gilliat, N.; Porter, G.; Pirone, F. A case report of an ischaemic stroke, caused by a primary cardiac intimal sarcoma. BMC Cardiovasc. Disord. 2023, 23, 59. [Google Scholar] [CrossRef] [PubMed]

	



Yafasova, A.; Møller, J.E.; Smerup, M.H.; Dahl, J.S.; Fosbøl, E.L. Case report of rare highly aggressive cardiac tumour: The intimal sarcoma. Eur. Heart J. Case Rep. 2023, 7, ytad004. [Google Scholar] [CrossRef] [PubMed]

	



Domínguez-Massa, C.; Doñate-Bertolín, L.; Blanco-Herrera, Ó.R.; Heredia-Cambra, T.; Pérez-Guillén, M.; Martínez-Cózar, V.; Mayordomo-Aranda, E.; Hornero-Sos, F. Inflammatory myofibroblastic tumor: A rare entity with a complex diagnosis. Rev. Port. Cardiol. 2023, 42, e1–e169. [Google Scholar] [CrossRef] [PubMed]

	



Salazar, T.; Freitas, I.; Melo, C.; Ferreira, A.; Guerreiro, L. A Fatal Cause of Rapidly Progressive Heart Failure in a Middle-Aged Woman. Cureus 2022, 14, e21401. [Google Scholar] [CrossRef] [PubMed]

	



Chang, L.; Gong, C.; Lu, H.; Liu, Y.; Kang, L.; Chen, J.; Wang, L.; Xu, B. Percutaneous intravenous catheter forceps biopsy in right atrial mass: Two case reports and literature review. BMC Cardiovasc. Disord. 2022, 22, 63. [Google Scholar] [CrossRef]

	



Yamada, Y.; Kinoshita, I.; Miyazaki, Y.; Tateishi, Y.; Kuboyama, Y.; Iwasaki, T.; Kohashi, K.; Yamamoto, H.; Ishihara, S.; Toda, Y.; et al. Myxoid type and non-myxoid type of intimal sarcoma in large vessels and heart: Review of histological and genetic profiles of 20 cases. Virchows Arch. 2022, 480, 919–925. [Google Scholar] [CrossRef] [PubMed]

	



Ho, K.; Yatham, K.; Seno, R.; Sultan, O. A case report of primary cardiac intimal sarcoma presenting with atrial fibrillation and a left atrial mass. Eur. Heart J. Case Rep. 2021, 5, ytab410. [Google Scholar] [CrossRef]

	



Chiarelli, M.; Zago, M.; Tagliabue, F.; Burati, M.; Riva, C.; Vanzati, A.; Dainese, E.; Gabrielli, F.; Guttadauro, A.; De Simone, M.; et al. Small Bowel Intussusception Due to Rare Cardiac Intimal Sarcoma Metastasis: A Case Report. Front. Surg. 2021, 8, 743858. [Google Scholar] [CrossRef] [PubMed]

	



Diamond, J.E.; Mi, M.Y.; VanderLaan, P.A.; Chu, L.; Gelfand, E.V. An Unusual Cause of Functional Mitral Stenosis: A Left Atrial Intimal Sarcoma. JACC Case Rep. 2021, 3, 829–833. [Google Scholar] [CrossRef] [PubMed]

	



Nakagawa-Kamiya, T.; Mori, M.; Ohira, M.; Iino, K.; Kawashiri, M.A.; Takemura, H.; Takamura, M. Intimal Sarcoma: An Extremely Rare Case of a Left Atrial Tumor with Partial Obstruction of the Mitral Orifice. CASE 2021, 5, 93–96. [Google Scholar] [CrossRef] [PubMed]

	



Pyo, W.K.; Kim, J.B. Sarcoma Resection With Complete Removal of Left Atrial Posterior Wall. Ann. Thorac. Surg. 2021, 112, e439–e441. [Google Scholar] [CrossRef] [PubMed]

	



Todo, S.; Toba, T.; Okada, K.; Hirata, K.I. A rare manifestation of primary cardiac intimal sarcoma: Mimicking non-bacterial thrombotic endocarditis with severe mitral regurgitation. Eur. Heart J. Cardiovasc. Imaging 2021, 22, e8. [Google Scholar] [CrossRef] [PubMed]

	



Püsküllüoglu, M.; Kruczak, A.; Mularz, K.; Rozmus, M.; Harazin-Lechowska, A.; Pietruszka, A.; Jaworska, J.; Ziobro, M.; Grela-Wojewoda, A.; Ryś, J. Primary cardiac atrial sarcomas. Report of two histologically different cases and review of the literature. Pol. J. Pathol. 2021, 72, 358–369. [Google Scholar] [CrossRef] [PubMed]

	



Durieux, R.; Tchana-Sato, V.; Lavigne, J.P.; Radermecker, M.A.; Moonen, M.; Scagnol, I.; Gennigens, C.; Defraigne, J.O. Recurrent cardiac intimal sarcoma misdiagnosed as a myxoma or malignant transformation of a cardiac myxoma? J. Card. Surg. 2021, 36, 357–362. [Google Scholar] [CrossRef] [PubMed]

	



Nistor, C.E.; Staden, R.S.; Dumitru, A.V.; Stanciu Găvan, C. A Screening Test for Early Diagnosis of Microcellular Bronchopulmonary Cancer-Pilot Study. J. Clin. Med. 2019, 9, 76. [Google Scholar] [CrossRef] [PubMed]

	



Paraf, F. Pathology of primary cardiac tumors. Ann. Pathol. 2021, 41, 50–57. [Google Scholar] [CrossRef] [PubMed]

	



Ciuche, A.; Nistor, C.; Motaş, C.; Horvat, T. Minimally invasive surgery in the treatment of malignant pleuro-pericardial effusions. Chirurgia 2012, 107, 206–212. [Google Scholar]

	



Mack, J.M.; Crary, S.E. How we approach coagulopathy with vascular anomalies. Pediatr. Blood Cancer 2022, 69 (Suppl. 3), e29353. [Google Scholar] [CrossRef] [PubMed]

	



Anghel, D.; Ciobîcă, L.M.; Stanciu, S.M.; Jurcuț, C.V.; Stoicescu, G.D.; Răduță, I.A.; Coca, A. Ankylosing spondylitis and cardiovascular risk—Case report. Rom. J. Mil. Med. 2016, CXIX, 39–42. [Google Scholar]

	



Kapp, F.G.; Schneider, C.; Holm, A.; Glonnegger, H.; Niemeyer, C.M.; Rößler, J.; Zieger, B. Comprehensive Analyses of Coagulation Parameters in Patients with Vascular Anomalies. Biomolecules 2022, 12, 1840. [Google Scholar] [CrossRef] [PubMed]

	



Ciobîcă, L.M.; Sârbu, I.; Stanciu, S.M.; Coca, A. Behçet disease–Case presentation. Rom J. Mil. Med. 2016, CXIX, 43–46. [Google Scholar] [CrossRef]

	



Mayooran, N.; Sherif, A.; Koulouroudias, M.; Gnanalingham, S.; Ahmed Saleh, W.U.; Tan, S.; Boulemden, A.; Szafranek, A. Surgical resection of primary intracardiac sarcomas and outcomes: A review of case reports over 20 years. Indian J. Thorac. Cardiovasc. Surg. 2024, 40, 213–218. [Google Scholar] [CrossRef] [PubMed]

	



Rice, D.C.; Reardon, M.J. Left heart sarcomas. Methodist Debakey Cardiovasc. J. 2010, 6, 49–56. [Google Scholar] [CrossRef] [PubMed]

	



Evbayekha, E.; Rao, A.K.; Leidenfrost, J.; Reiss, C.K. Isolated primary cardiac angiosarcoma. Curr. Probl. Cardiol. 2024, 49, 102472. [Google Scholar] [CrossRef] [PubMed]

	



Tagliati, C.; Fogante, M.; Palmisano, A.; Catapano, F.; Lisi, C.; Monti, L.; Lanni, G.; Cerimele, F.; Bernardini, A.; Procaccini, L.; et al. Cardiac Masses and Pseudomasses: An Overview about Diagnostic Imaging and Clinical Background. Medicina 2023, 60, 70. [Google Scholar] [CrossRef]

	



Fioretti, A.M.; Leopizzi, T.; La Forgia, D.; Scicchitano, P.; Oreste, D.; Fanizzi, A.; Massafra, R.; Oliva, S. Incidental right atrial mass in a patient with secondary pancreatic cancer: A case report and review of literature. World J. Clin. Cases 2023, 11, 1206–1216. [Google Scholar] [CrossRef] [PubMed]

	



Lin, Y.; Wu, W.; Gao, L.; Ji, M.; Xie, M.; Li, Y. Multimodality Imaging of Benign Primary Cardiac Tumor. Diagnostics 2022, 12, 2543. [Google Scholar] [CrossRef] [PubMed]

	



Wang, F.; Wang, W.; Wang, M.; Chen, D. Genetic landscape of breast cancer subtypes following radiation therapy: Insights from comprehensive profiling. Front. Oncol. 2024, 14, 1291509. [Google Scholar] [CrossRef]

	



Kawaji, H.; Kubo, M.; Yamashita, N.; Yamamoto, H.; Kai, M.; Kajihara, A.; Yamada, M.; Kurata, K.; Kaneshiro, K.; Harada, Y.; et al. Comprehensive molecular profiling broadens treatment options for breast cancer patients. Cancer Med. 2021, 10, 529–539. [Google Scholar] [CrossRef] [PubMed]

	



Ross, J.S.; Ali, S.M.; Wang, K.; Khaira, D.; Palma, N.A.; Chmielecki, J.; Palmer, G.A.; Morosini, D.; Elvin, J.A.; Fernandez, S.V.; et al. Comprehensive genomic profiling of inflammatory breast cancer cases reveals a high frequency of clinically relevant genomic alterations. Breast Cancer Res. Treat. 2015, 154, 155–162. [Google Scholar] [CrossRef] [PubMed]

	



Smerdel, M.P.; Skytte, A.B.; Jelsig, A.M.; Ebbehøj, E.; Stochholm, K. Revised Danish guidelines for the cancer surveillance of patients with Cowden Syndrome. Eur. J. Med. Genet. 2020, 63, 103873. [Google Scholar] [CrossRef] [PubMed]

	



Asare, B.; Panigrahi, B. Synchronous and metachronous thyroid cancer, breast cancer, and melanoma in a premenopausal patient with Cowden syndrome. Radiol. Case Rep. 2023, 18, 1918–1923. [Google Scholar] [CrossRef] [PubMed]

	



Dragoo, D.D.; Taher, A.; Wong, V.K.; Elsaiey, A.; Consul, N.; Mahmoud, H.S.; Mujtaba, B.; Stanietzky, N.; Elsayes, K.M. PTEN Hamartoma Tumor Syndrome/Cowden Syndrome: Genomics, Oncogenesis, and Imaging Review for Associated Lesions and Malignancy. Cancers 2021, 13, 3120. [Google Scholar] [CrossRef] [PubMed]

	



Kumar, S.U.; Varghese, R.P.; Preethi, V.A.; Doss, C.G.P.; Zayed, H. Identification of Potential Inhibitors Targeting GTPase-Kirsten RAt Sarcoma Virus (K-Ras) Driven Cancers via E-Pharmacophore-Based Virtual Screening and Drug Repurposing Approach. Front. Biosci. 2023, 28, 288. [Google Scholar] [CrossRef] [PubMed]

	



Tripathi, P.K.; Mittal, K.R.; Jain, N.; Sharma, N.; Jain, C.K. KRAS Pathways: A Potential Gateway for Cancer Therapeutics and Diagnostics. Recent Pat. Anticancer Drug Discov. 2024, 19, 268–279. [Google Scholar] [CrossRef] [PubMed]

	



Tsuchida, N.; Murugan, A.K.; Grieco, M. Kirsten Ras* oncogene: Significance of its discovery in human cancer research. Oncotarget 2016, 7, 46717–46733. [Google Scholar] [CrossRef] [PubMed]

	



Nistor, C.E.; Ciuche, A.; Cucu, A.P.; Nitipir, C.; Slavu, C.; Serban, B.; Cursaru, A.; Cretu, B.; Cirstoiu, C. Management of Lung Cancer Presenting with Solitary Bone Metastasis. Medicina 2022, 58, 1463. [Google Scholar] [CrossRef] [PubMed]

	



Tizu, M.; Mărunțelu, I.; Cristea, B.M.; Nistor, C.; Ishkitiev, N.; Mihaylova, Z.; Tsikandelova, R.; Miteva, M.; Caruntu, A.; Sabliov, C.; et al. PLGA Nanoparticles Uptake in Stem Cells from Human Exfoliated Deciduous Teeth and Oral Keratinocyte Stem Cells. J. Funct. Biomater. 2022, 13, 109. [Google Scholar] [CrossRef] [PubMed]

	



Nistor, C.; Ranetti, A.E.; Ciuche, A.; Pantile, D.; Constatin, L.M.; Brincoveanu, R. Betadine in chemical pleurodesis. Farmacia 2014, 62, 897–906. [Google Scholar]

	



Anzidei, M.; Porfiri, A.; Andrani, F.; Di Martino, M.; Saba, L.; Catalano, C.; Bezzi, M. Imaging-guided chest biopsies: Techniques and clinical results. Insights Imaging 2017, 8, 419–428. [Google Scholar] [CrossRef] [PubMed]

	



Maturen, K.E.; Nghiem, H.V.; Caoili, E.M.; Higgins, E.G.; Wolf, J.S., Jr.; Wood, D.P., Jr. Renal mass core biopsy: Accuracy and impact on clinical management. AJR Am. J. Roentgenol. 2007, 188, 563–570. [Google Scholar] [CrossRef] [PubMed]

	



Maturen, K.E.; Nghiem, H.V.; Marrero, J.A.; Hussain, H.K.; Higgins, E.G.; Fox, G.A.; Francis, I.R. Lack of tumor seeding of hepatocellular carcinoma after percutaneous needle biopsy using coaxial cutting needle technique. AJR Am. J. Roentgenol. 2006, 187, 1184–1187. [Google Scholar] [CrossRef] [PubMed]

	



Utsunomiya, H.; Kihara, Y. Role of 3-Dimensional Echocardiography in the Comprehensive Evaluation of the Tricuspid Valve in Patients With Tricuspid Regurgitation. Circ. Rep. 2019, 2, 1–9. [Google Scholar] [CrossRef] [PubMed]

	



Jain, S.; Malouf, J.F. Incremental value of 3-D transesophageal echocardiographic imaging of the mitral valve. Curr. Cardiol. Rep. 2014, 16, 439. [Google Scholar] [CrossRef]

	



Burri, M.V.; Gupta, D.; Kerber, R.E.; Weiss, R.M. Review of novel clinical applications of advanced, real-time, 3-dimensional echocardiography. Transl. Res. 2012, 159, 149–164. [Google Scholar] [CrossRef] [PubMed]

	



Bergonti, M.; Casella, M.; Compagnucci, P.; Russo, A.D.; Tondo, C. Electroanatomic Mapping System and Intracardiac-Echo to Guide Endomyocardial Biopsy. Card. Electrophysiol. Clin. 2021, 13, 381–392. [Google Scholar] [CrossRef] [PubMed]

	



Pearman, J.L.; Wall, S.L.; Chen, L.; Rogers, J.H. Intracardiac echocardiographic-guided right-sided cardiac biopsy: Case series and literature review. Catheter. Cardiovasc. Interv. 2021, 98, 1000–1005. [Google Scholar] [CrossRef] [PubMed]

	



Prejean, S.P.; Ahmed, M.K.; Salama, A.Y.; Akdogan, R.E.; Hull, M.S.; Watts, T.E.; Abu Daya, H.; Bajaj, N.; Nanda, N.C.; Ahmed, M.; et al. Use of echocardiography as an essential tool for targeted transcatheter biopsy of cardiac masses. Echocardiography 2019, 36, 2086–2089. [Google Scholar] [CrossRef] [PubMed]

	



Chen, Y.; Liu, J.; Zhou, B.; Yang, M.; Feng, H. The value of Ki-67 as a prognostic biomarker in osteosarcoma: A systematic review and meta-analysis. Asian J. Surg. 2022, 45, 2978–2980. [Google Scholar] [CrossRef] [PubMed]

	



Travaglino, A.; Raffone, A.; Catena, U.; De Luca, M.; Toscano, P.; Del Prete, E.; Vecchione, M.L.; Lionetti, R.; Zullo, F.; Insabato, L. Ki67 as a prognostic marker in uterine leiomyosarcoma: A quantitative systematic review. Eur. J. Obstet. Gynecol. Reprod. Biol. 2021, 266, 119–124. [Google Scholar] [CrossRef] [PubMed]

	



Neuville, A.; Collin, F.; Bruneval, P.; Parrens, M.; Thivolet, F.; Gomez-Brouchet ATerrier, P.; de Montpreville, V.T.; Le Gall, F.; Hostein, I.; Lagarde, P.; et al. Intimal sarcoma is the most frequent primary cardiac sarcoma: Clinicopathologic and molecular retrospective analysis of 100 primary cardiac sarcomas. Am. J. Surg. Pathol. 2014, 38, 461–469. [Google Scholar] [CrossRef] [PubMed]

	



Sun, D.; Qian, H.; Li, J.; Xing, P. Targeting MDM2 in malignancies is a promising strategy for overcoming resistance to anticancer immunotherapy. J. Biomed. Sci. 2024, 31, 17. [Google Scholar] [CrossRef] [PubMed]

	



Fang, D.D.; Tang, Q.; Kong, Y.; Wang, Q.; Gu, J.; Fang, X.; Zou, P.; Rong, T.; Wang, J.; Yang, D.; et al. MDM2 inhibitor APG-115 synergizes with PD-1 blockade through enhancing antitumor immunity in the tumor microenvironment. J. Immunother. Cancer 2019, 7, 327. [Google Scholar] [CrossRef] [PubMed]

	



Somaiah, N.; Tap, W. MDM2-p53 in liposarcoma: The need for targeted therapies with novel mechanisms of action. Cancer Treat. Rev. 2024, 122, 102668. [Google Scholar] [CrossRef] [PubMed]

	



Giner, F.; Machado, I.; Rubio-Martínez, L.A.; López-Guerrero, J.A.; Claramunt-Alonso, R.; Navarro, S.; Ferrández, A.; Mayordomo-Aranda, E.; Llombart-Bosch, A. Intimal Sarcoma with MDM2/CDK4 Amplification and p16 Overexpression: A Review of Histological Features in Primary Tumor and Xenograft, with Immunophenotype and Molecular Profiling. Int. J. Mol. Sci. 2023, 24, 7535. [Google Scholar] [CrossRef] [PubMed]

	



Gozzellino, L.; Nannini, M.; Pizzi, C.; Leone, O.; Corti, B.; Indio, V.; Baldovini, C.; Paolisso, P.; Foà, A.; Pacini, D.; et al. Genomic Characterization of Rare Primary Cardiac Sarcoma Entities. Diagnostics 2023, 13, 214. [Google Scholar] [CrossRef] [PubMed]

	



Cui, Y.; Han, L.; Shang, J.; Fang, W.; Zhao, M.; Chen, D.; Liu, H. Primary cardiac undifferentiated pleomorphic sarcoma is associated with TP53 mutation during lack of MDM2 amplification, and targeted sequencing analysis reveals potentially actionable targets. Hum. Pathol. 2022, 123, 113–122. [Google Scholar] [CrossRef] [PubMed]

	



Lesluyes, T.; Baud, J.; Pérot, G.; Charon-Barra, C.; You, A.; Valo, I.; Bazille, C.; Mishellany, F.; Leroux, A.; Renard-Oldrini, S.; et al. Genomic and transcriptomic comparison of post-radiation versus sporadic sarcomas. Mod. Pathol. 2019, 32, 1786–1794. [Google Scholar] [CrossRef] [PubMed]

	



de Pinieux, G.; Karanian, M.; Le Loarer, F.; Le Guellec, S.; Chabaud, S.; Terrier, P.; Bouvier, C.; Batistella, M.; Neuville, A.; Robin, Y.M.; et al. Nationwide incidence of sarcomas and connective tissue tumors of intermediate malignancy over four years using an expert pathology review network. PLoS ONE 2021, 16, e0246958. [Google Scholar] [CrossRef] [PubMed]

	



Koelsche, C.; Benhamida, J.K.; Kommoss, F.K.F.; Stichel, D.; Jones, D.T.W.; Pfister, S.M.; Heilig, C.E.; Fröhling, S.; Stenzinger, A.; Buslei, R.; et al. Intimal sarcomas and undifferentiated cardiac sarcomas carry mutually exclusive MDM2, MDM4, and CDK6 amplifications and share a common DNA methylation signature. Mod. Pathol. 2021, 34, 2122–2129. [Google Scholar] [CrossRef] [PubMed]

	



Janopaul-Naylor, J.; Kanter, K.R.; Flampouri, S.; Nguyen, V.; Olson, T.A.; Eaton, B.R. Adjuvant chemoradiation for high-grade cardiac leiomyosarcoma in a child: Case report and review of literature. Pediatr. Blood Cancer 2021, 68, e29241. [Google Scholar] [CrossRef] [PubMed]

	



Vakrilova, L.; Marinov, R.; Hitrova-Nikolova, S.; Dobrev, D.; Denev, M.; Lazarov, S. Cardiac Myosarcoma in a Newborn Infant—A Case Report and Literature Review. Front. Cardiovasc. Med. 2021, 8, 675202. [Google Scholar] [CrossRef] [PubMed]

	



Palaskas, N.; Thompson, K.; Gladish, G.; Agha, A.M.; Hassan, S.; Iliescu, C.; Kim, P.; Durand, J.B.; Lopez-Mattei, J.C. Evaluation and Management of Cardiac Tumors. Curr. Treat. Options Cardiovasc. Med. 2018, 20, 29. [Google Scholar] [CrossRef] [PubMed]

	



Amghar, A.; El Abbassi, I.; Benchrifi, Y.; Mustapha, B.; Mohammed, E.; Mohammed, E. Rare case of radiotherapy-induced angiosarcoma (RIAS) after conservative and radical treatment of breast cancer: About two cases and review of the literature. Int. J. Surg. Case Rep. 2024, 114, 109050. [Google Scholar] [CrossRef] [PubMed]

	



Inchaustegui, M.L.; Kon-Liao, K.; Ruiz-Arellanos, K.; Silva, G.A.E.; Gonzalez, M.R.; Pretell-Mazzini, J. Treatment and Outcomes of Radiation-Induced Soft Tissue Sarcomas of the Extremities and Trunk—A Systematic Review of the Literature. Cancers 2023, 15, 5584. [Google Scholar] [CrossRef] [PubMed]

	



Nicholson, A.; Jolley, A.; Gowda, R.; Oehler, M.K. Radiation-induced pleomorphic sarcoma with rhabdomyoblastic differentiation of the lower limb following treatment of vaginal squamous cell carcinoma—A case report and review of the literature. Gynecol. Oncol. Rep. 2023, 48, 101201. [Google Scholar] [CrossRef]

	



Wong, H.H.; Cojocaru, E.; Watkins, J.; James, S.; Aloysius, T.; Harrington, J.; Horan, G.; Hatcher, H. Radiation-induced angiosarcoma of the breast: Retrospective analysis at a regional treatment centre. Breast Cancer 2024, 31, 272–282. [Google Scholar] [CrossRef] [PubMed]

	



Nistor, C.E.; Pantile, D.; Gavan, C.S.; Ciuche, A. Pneumothorax on COVID-19 patients-retrospective clinical observations. Rom. J. Leg. Med. 2022, 30, 112–116. [Google Scholar] [CrossRef]

	



Lee, J.E.; Kang, D.H.; Kim, S.Y.; Kim, D.K.; Lee, S.I. Clinical Manifestations and Outcomes of Older patients with COVID-19: A Comprehensive Review. Tuberc. Respir. Dis. 2024, 87, 145–154. [Google Scholar] [CrossRef] [PubMed]

	



Palazzuoli, A.; Metra, M.; Collins, S.P.; Adamo, M.; Ambrosy, A.P.; Antohi, L.E.; Ben Gal, T.; Farmakis, D.; Gustafsson, F.; Hill, L.; et al. Heart failure during the COVID-19 pandemic: Clinical, diagnostic, management, and organizational dilemmas. ESC Heart Fail. 2022, 9, 3713–3736. [Google Scholar] [CrossRef] [PubMed]

	



Nistor, C.E.; Pantile, D.; Stanciu-Gavan, C.; Ciuche, A.; Moldovan, H. Diagnostic and Therapeutic Characteristics in Patients with Pneumotorax Associated with COVID-19 versus Non-COVID-19 Pneumotorax. Med. Kaunas 2022, 58, 1242. [Google Scholar] [CrossRef]

	



Al Fares, H.K.; Abdullaj, S.; Gokden, N.; Menon, L.P. Incidental, Solitary, and Unilateral Adrenal Metastasis as the Initial Manifestation of Lung Adenocarcinoma. Cureus 2022, 14, e32628. [Google Scholar] [CrossRef]

	



Tu, W.; Abreu-Gomez, J.; Udare, A.; Alrashed, A.; Schieda, N. Utility of T2-weighted MRI to Differentiate Adrenal Metastases from Lipid-Poor Adrenal Adenomas. Radiol. Imaging Cancer 2020, 2, e200011. [Google Scholar] [CrossRef] [PubMed]

	



Kim, H.Y.; Lee, Y.J.; Chang, W.; Park, J.H.; Cho, J.; Oh, H.J.; Kim, Y.H.; Lee, K.H. Incidence of malignancy in adrenal nodules detected on staging CTs of patients with potentially resectable colorectal cancer. Eur. Radiol. 2022, 32, 8560–8568. [Google Scholar] [CrossRef] [PubMed]

	



Franzese, C.; Stefanini, S.; Scorsetti, M. Radiation Therapy in the Management of Adrenal Metastases. Semin. Radiat. Oncol. 2023, 33, 193–202. [Google Scholar] [CrossRef] [PubMed]

	



Nadeem, I.M.; Sakha, S.; Mashaleh, R.; Liu, E.; Albahhar, M.; Athreya, S. Percutaneous image-guided radiofrequency ablation for adrenal tumours: A systematic review. Clin. Radiol. 2021, 76, 829–837. [Google Scholar] [CrossRef] [PubMed]

	



Karaosmanoglu, A.D.; Onder, O.; Leblebici, C.B.; Sokmensuer, C.; Akata, D.; Ozmen, M.N.; Karcaaltincaba, M. Cross-sectional imaging features of unusual adrenal lesions: A radiopathological correlation. Abdom. Radiol. 2021, 46, 3974–3994. [Google Scholar] [CrossRef]

	



Fassnacht, M.; Tsagarakis, S.; Terzolo, M.; Tabarin, A.; Sahdev, A.; Newell-Price, J.; Pelsma, I.; Marina, L.; Lorenz, K.; Bancos, I.; et al. European Society of Endocrinology clinical practice guidelines on the management of adrenal incidentalomas, in collaboration with the European Network for the Study of Adrenal Tumors. Eur. J. Endocrinol. 2023, 189, G1–G42. [Google Scholar] [CrossRef]








[image: Diagnostics 14 00919 g001] 





Figure 1. Diagram showing the flow of research according to our methods (n = number of studies). 
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Figure 2. Electrocardiogram of a 65-year-old female patient without prior history of cardiovascular disease: normal sinus rhythm with a resting heart rate of 69 bpm, poor R wave progression, right bundle branch block ST elevation in leads V2–V6, I, a VL, and reciprocal ST depression in leads DIII and aVR, biphasic T waves in leads V2–V3. 
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Figure 3. Transthoracic echocardiographic apical four-chamber view: a larger mass (∗) in the right ventricle which also involves the apex of the left ventricle. (Abbreviations: RA = right atrium, LA = left atrium, RV = right ventricle, LV = left ventricle, (∗) cardiac mass.) 
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Figure 4. Transthoracic echocardiographic, biplane view of the right ventricle; note the mass (∗) that displaces a significant part of the cavity. (Abbreviations: RA = right atrium, LA = left atrium, RV = right ventricle, LV = left ventricle, (∗) cardiac mass.) 
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Figure 5. Computed tomography scan: sub-pleural peripheral nodular lesions typical of tumours (abbreviations: CT = cardiac tumour, PLN = pleural nodule, PMN = pulmonary nodule). 
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Figure 6. Computed tomography scan: parietal tumour thickening at the level of the apex of the heart predominantly in the left ventricle, slightly). 
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Figure 7. Native magnetic resonance imaging showing parietal thickening at the level of the left ventricle with discreet T2 hyper signal (abbreviations: RA = right atrium, LA = left atrium, RV = right ventricle, LV = left ventricle, (∗) cardiac mass). 






Figure 7. Native magnetic resonance imaging showing parietal thickening at the level of the left ventricle with discreet T2 hyper signal (abbreviations: RA = right atrium, LA = left atrium, RV = right ventricle, LV = left ventricle, (∗) cardiac mass).



[image: Diagnostics 14 00919 g007]







[image: Diagnostics 14 00919 g008] 





Figure 8. The trajectory (arrow) of the ultrasound-guided puncture at the level of the apex of the heart (abbreviations: LV = left ventricle, (∗) cardiac mass). 
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Figure 9. Histological report of the high-grade primary intimal cardiac sarcoma: hyper-cellular tumour with marked pleomorphic and elevated mitotic rhythm (haematoxylin–eosin; 20X). 






Figure 9. Histological report of the high-grade primary intimal cardiac sarcoma: hyper-cellular tumour with marked pleomorphic and elevated mitotic rhythm (haematoxylin–eosin; 20X).



[image: Diagnostics 14 00919 g009]







[image: Diagnostics 14 00919 g010] 





Figure 10. Immunohistochemistry report: (left) MDM2 with multifocal nuclear positivity (20X); (right) Ki67 of 80% (20X). 
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Table 1. Case- and study-focused analysis on published data amid the latest 39 months according to our methods; the article order starts with the most recent publication date [19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44].
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	First Author.

Publication Year.

Reference.
	Patient.

Presentation.

Diagnosis Tools.
	Intervention.

Outcome.





	Martinho

2024

[19]
	Male, 38 years old.

Acute right heart failure.

Diagnosis after cardiac surgery (primary intimal cardiac sarcoma; tumour of 4.2 cm).
	Early post-operatory recurrence (invasion in mitral valve and pulmonary veins) → inoperable state → palliative care: pazopanib for 13 months → disease progression after 13 months → died 18 months since initial diagnosis.



	Liu

2024

[20]
	Male, 43 years old.

Admission for facial and peripheral oedema (2 months).

Transthoracic echocardiography: tumour of 9 cm (giant right ventricular sarcoma).

Mild pre-operative thrombocytopenia.

Confirmation (primary intimal cardiac sarcoma) after cardiac surgery.
	Tumour debulking resection under cardiopulmonary bypass → immediate after surgery: severe coagulopathy and inflammatory syndrome → stabilized and discharged after 18 days.



	Utsunomiya

2023

[21]
	Female in her 70s.

Dyspnoea and palpitations (6 months).

Admission for severe mitral regurgitation and pulmonary hypertension.

Transthoracic echocardiography, CT, MRI: left atrial tumour > 9 cm.

18F-FDG PET-CT: cardiac tracer uptake at tumour level → suspicion of primary cardiac sarcoma.
	Surgery: tumour resection + aortic and mitral valve replacements → post-operatory histological diagnosis → no recurrence during the 20 months following resection.



	Bergonzoni

2023

[22]
	Male, 73 years old.

Clinical and ultrasound features mimicking an infective bacterial endocarditis of the mitral valve.
	Surgical resection of the tumour → post-operatory confirmation of mitral valve intimal sarcoma → anthracycline-based chemotherapy → rapid liver and pulmonary spreading → died in 11 months.



	Awoyemi

2023

[23]
	Female, 68 years old.

History of treated breast cancer + melanoma.

Admission for chest pressure and dyspnoea.

Transthoracic echocardiography: tumour of 3 cm (right ventricle) → MRI (tumour of 8 cm).
	Right heart catheterization with endo-myocardial biopsy → suggested a liposarcoma but confirmed with cardiac intimal sarcoma → multimodal imagery staging → decision of radiotherapy (surgery was prohibited because of tumour size + the patient refused chemotherapy) → pericardial effusion with tamponade → successful palliative pericardiocentesis → palliative pericardial window.



	Verbeek

2023

[24]
	Child, 4 years old.

Admitted for right heart failure due to cardiac intimal sarcoma in the right ventricle.
	Urgent surgical resection (within 24 h since first admission) → complete tumour resection + De Vega plasty of tricuspid → post-operatory exam (tumour of 3.5 cm) → PET-CT: hypermetabolic uptake in multiple lymph nodes → chemotherapy was refused by the parents → no recurrence during the 8-year follow-up.



	Cho

2023

[25]
	Retrospective study on primary cardiac sarcomas (n = 48) amid MDM2 testing.

N1 = 15 primary cardiac intimal sarcomas (seven new cases were identified based on MDM2-positive status).

Average age: 47.2 (12–78) years.
	MDM2-positive was correlated with a better outcome than sarcomas with MDM2-negative status.



	Ballout

2023

[26]
	Male, 35 years old.

Admission due to neurological symptoms caused by brain metastasis.

CT: brain metastasis and left atrial tumour.

Transthoracic echocardiography: a cardiac tumour of 7 cm.
	Decision of cardiac tumour removal first → uncomplicated cardiac surgery → intimal sarcoma confirmation → resection of brain metastasis after 8 days → confirmation of similar histological report (sarcoma metastasis) → planned chemotherapy (ifosfamide) + 6-weeek radiotherapy → 6-month chemotherapy (ifosfamide + doxorubicin).



	Mahdi

2023

[27]
	Male, 81 years old.

Admission for dyspnoea (several months).

History of melanoma.

Transthoracic echocardiography: tumour of 3.2 cm + insufficiency and stenosis of the pulmonary valve → CT angiography → MRI: tumour was attached to pulmonary artery → confirmation via transoesophageal echocardiogram.
	Surgical resection (with reconstruction of main pulmonary artery + pulmonary valve) → confirmation of pulmonary artery intimal sarcoma → oncologic surveillance.



	Khan

2023

[28]
	Study on cardiac sarcomas (SEER database, respectively, genomic data were extracted from the TCGA database).

Data from 2000 to 2018.

n = 400 patients with (all types) cardiac sarcomas (mean age of 47.7 ± 18.3 years).

Cause-specific survival rate of 13%.
	Surgery was associated with a better outcome than chemotherapy.

Younger age at diagnosis (<50 years) better outcome than >50 years.

Intimal sarcoma (origins in pulmonary trunk, artery, and vein) was included in general analysis (mostly, were primary cardiac angiosarcomas).



	Nakashima

2023

[29]
	Female, 57 years old.

Admission: acute myocardial infarction caused by thrombotic occlusion of right coronary artery.
	Percutaneous coronary intervention of the right coronary artery → confirmation of coronary artery intimal sarcoma → surgical resection + coronary artery bypass surgery of the artery → adjuvant chemotherapy for 1 year → focal recurrence after 3 years (caudal area of left ventricular inferior wall) → radiotherapy → after 4 years, negative uptake at PET-CT → no recurrence after 7 years since surgery (first report of coronary artery intimal sarcoma with long-term survival following multimodal therapy).



	Ye

2023

[30]
	Female, 52 years old.

Admission for 3-month history of cough and dyspnoea.

History of cervical cancer.

Transthoracic echocardiography: tumour of 6.7 cm in left atrium → CT, MRI to exclude metastasis.
	Surgical resection → high-grade intimal sarcoma confirmation with MDM2-negative status (Ki67 of 40%) at immunohistochemistry → after 4 months → bone metastasis → chemotherapy.



	Lloyd

2023

[31]
	Male, 57 years old.

Admission for ischemic stroke.

CT: left atrial tumour (on second admission).
	Surgical resection → confirmation of primary intimal sarcoma → radiotherapy (the patient refused chemotherapy) → died after 14 months.



	Yafasova

2023

[32]
	Male, 60 years old.

History of prior aortoplasty for congenital aortic stenosis + mechanical aortic valve replacement and aortic stenting for aortic dilatation.

Admission for dyspnoea, night sweats, malaise.

Transthoracic and transoesophageal echocardiography + CT: left atrial tumour (thrombus suspicion) → PET-CT: hypermetabolic status.
	Non-radical mass resection + insertion of biological valve prostheses → confirmation of intimal sarcoma → died after 3 months.



	Domínguez-Massa

2023

[33]
	Female, 66 years old.

Intimal sarcoma was the second cardiac tumour (tumour progression?).
	Surgical resection of left atrial tumour → confirmed as inflammatory myofibroblastic tumour → after 3 years: second surgery for a tumour in right atrium → intimal sarcoma.



	Salazar

2022

[34]
	Female, 65 years old.

Admission for 3-month history of dyspnoea, asthenia, anorexia, and weight loss.

Transthoracic echocardiogram: tumour in auricles + trans-valvular obstruction of mitral valve.

CT: large mass in inter-auricular septum.
	Trans-venous biopsy: confirmation of primary intimal sarcoma → the patient was not a candidate for surgery → palliative chemotherapy → died in 2 weeks.



	Chang

2022

[35]
	Male, 48 years old.

Admission for 3-month history of palpitation and chest pressure.

Echocardiography: tumour of 5.8 cm → PET-CT: hypermetabolic multiple areas → after 2 months: clinical aggravation.
	Percutaneous intravenous catheter biopsy: confirmation of primary intimal sarcoma → exploratory immunotherapy: immune checkpoint inhibitor PD-1 antibody for 5 cycles → improvement → continued for 13 cycles.



	Yamada

2022

[36]
	Retrospective analysis of 20 cases with intimal sarcoma.

Histological report: necrosis (75%); fibrinous deposits (70%); myxoid stroma (60%); haemorrhage (60%); abnormal mitosis (50%); and cartilaginous pattern (5%).
	Immunohistochemistry: focal positive for MDM2 (80%).

FISH: MDM2 amplification (55%), PDGFRA amplification (5%).

MDM2 amplification correlated with myxoid pattern (p = 0.0194).



	Ho

2021

[37]
	Female, 37 years old.

Admission for paroxysmal atrial fibrillation and left atrial mass.

Transoesophageal echocardiogram: left atrial mass (suspicion for thrombus) → MRI: cardiac mass of 4.7 cm.
	Complete surgical resection of left atrial tumour→ 1 year later: back pain due to T10 and L1 pathological fractures → vertebral body biopsy → vertebroplasty → diagnosis of metastatic leiomyosarcoma → MRI: spinal canal encroachment → re-do analysis: metastatic intimal cardiac sarcoma → 6 weeks of radiotherapy → dyspnoea due to paraspinal metastases → palliative chemotherapy (adriamycin/Ifosfamide).



	Chiarelli

2021

[38]
	Male, 50 years old.

Admission for bowel obstruction due to metastatic intimal sarcoma.
	Incomplete surgical resection after 1 + 1/2 years since admission of left atrium tumour → chemotherapy (doxorubicin + isophosphamide) → post-operatory local recurrence after 4 months → radiotherapy → 18 months later: ileum metastasis → radiotherapy (no tolerance to chemotherapy).



	Diamond

2021

[39]
	Female, 51 years old.

Admission for functional mitral stenosis (constitutional symptoms, obstructive shock); 1-day history of dyspnoea, sudden fatigue, headache, and fever.

Transthoracic echocardiogram: left atrial mass with intermittent obstruction of left ventricular inflow → hypotension precipitated acute tubular necrosis → renal failure → transoesophageal echocardiogram: left atrial mass of 4 cm → brain MRI: multiple emboli → recurrent paroxysmal atrial fibrillation → amiodarone.
	Surgical resection of the left atrial mass: confirmation of intimal sarcoma → proton beam therapy.



	Nakagawa-Kamiya

2021

[40]
	Male, 45 years old.

Ten-month history of cough, palpitation, weight loss, hyperhidrosis.

Transthoracic echocardiography: left atrium tumour of 3.7 cm → confirmed at transthoracic echocardiography.
	Emergency surgical resection: confirmation of intimal sarcoma upon MDM2-positive immunostaining.



	Pyo

2021

[41]
	Female, 55 years old.

(First) admission for dyspnoea and shock.

Transthoracic echocardiography and CT: left atrial tumour of 3.9 cm (pulmonary vein invasion).
	First surgery: complete tumour resection (auto-transplantation technique) + replacement of mitral valve (mechanical prosthetic) → confirmation of intimal sarcoma → local recurrence after 6 months (CT).

Second surgery: novel surgical approach: resection of left atrial wall and pulmonary veins → neo-left atrium by using lung hilum and posterior mediastinal soft tissue (no further reconstructive procedures) → adjuvant radiotherapy was declined by the patient → recurrence after 6 months → died after 8 months since second surgery.



	Todo

2021

[42]
	Male, 78 years old.

Admission for heart failure caused by severe mitral regurgitation.

Transoesophageal echocardiography: suspicion of non-bacterial thrombotic endocarditis (+ left atrial mass).
	Surgery: semi-urgent mitral valve replacement + tumourectomy (due to refractory hear failure) → confirmation of primary intimal cardiac sarcoma.



	Püsküllüoglu

2021

[43]
	Female, 34 years old.

Admission for heart failure (NYHA class II) + weakness.

Intraoperative transoesophageal echocardiography: left atrium mass.
	Open heart surgery→ post-operatory confirmation of intimal sarcoma → symptomatic brain metastasis after 2 months → palliative radiotherapy + chemotherapy (doxorubicin) → the patient soon died.



	Durieux

2021

[44]
	Male, 37 years old male.

Admission for dynamic obstruction of the mitral valve (NYHA classes II-III, anorexia, epigastric pain—for several days).

Transoesophageal echocardiography: left atrium mass (of 4 cm) → MRI confirmation.
	Surgery: minimally invasive thoracoscopic approach (incision in right fourth intercostal space) → initial misdiagnosed as myxoma →local recurrence after 3 months → second surgery → intimal sarcoma → adjuvant chemotherapy → after 1 year PET-CT showed left adrenal metastasis → surgical removal.









Abbreviations: CDKN2A = cyclin-dependent kinase inhibitor 2A; CT = computed tomography; 18F-FDG PET-CT = 18F-fluorodeoxyglucose positronic emission tomography–CT; L1 = lumbar vertebra; MDM2 = mouse double minute 2 homolog; MRI = magnetic resonance imaging; NYHA = New York Heart Association; PD-1 = Programmed Cell Death Protein 1; PDGFRA = platelet-derived growth factor receptor alpha; SEER = The Surveillance, Epidemiology, and End Results; T10 = thoracic vertebra.













 





Table 2. MDM2 analysis according to our sample-based research [24,26,27,38,43].






Table 2. MDM2 analysis according to our sample-based research [24,26,27,38,43].





	First Author.

Year of Publication.

Reference Number.
	Patient.
	MDM2 Status (MDM2 Genetic Analysis and/or MDM2 Immunohistochemistry).





	Verbeek 2023 [24]
	Child, 4 years old.
	MDM2 amplification + homozygous loss of CDKN2A on 9p21 in tumour cells.



	Ballout 2023 [26]
	Male, 35 years old.
	FISH: MDM2 amplifications.



	Mahdi 2023 [27]
	Male, 81 years old.
	MDM2 amplification.



	Ye 2023 [30]
	Female, 52 years old.
	MDM2-negative status (Ki67 of 40%) at immunohistochemistry.



	Chiarelli 2021 [38]
	Male, 50 years old.
	MDM2-positive.

FISH: MDM2 amplification negative.



	Nakagawa-Kamiya 2021 [40]
	Male, 45 years old.
	MDM2-positive immunostaining.



	Püsküllüoglu 2021 [43]
	Female, 34 years old.
	MDM2 amplification in tumour cells (in situ hybridization).







Abbreviations: MDM2 = mouse double minute 2 homolog; FISH = fluorescent in situ hybridization.



















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2024 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).








Check ACS Ref Order





Check Foot Note Order





Check CrossRef













media/file13.jpg





media/file4.png
W

5 T

L
i
i

I I : T Faods panss -t Faa
: prsted bt o e 4
=i : s 1 :
=h tea st seead 1l i
2 Basiii EHE Ly i fiaii HiH
V.J iﬂnrllu.T‘M : i
S 1 e e it Lkt e B :
: B i e i T : _
e fhe ik i | T ...1_11 . .
a8 i _.ﬁ!.,u,_.ﬁr,_-_n.rp i
2 feped paedh ko | __.-... T t
S [1..!..{!..!... .1;‘.1;_.1‘.43[:.::_ 2t | i i
i et e s MJ HE IR i !
Eeazhiiin il e H { H ;
5 b 1 TR (ot e ) L 4 1
i e 2 L