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Leiomyosarcoma (LMS) is one of the most frequent subtypes of soft-tissue sarcomas (STSs). Metastatic spread to the heart in cancer patients carries a poor prognosis and there is no known effective treatment. Cardiac metastases of STSs are very rare. Here we present the case of a 55-year-old patient who underwent surgical resection of a retroperitoneal leiomyosarcoma and then developed widespread metastatic disease, treated with a combination of local treatment and systemic therapy. Three years after surgical resection she presented with a cardiac intraventricular mass, which was treated with radiation therapy, while receiving systemic therapy with trabectedin. Such combination therapy was well-tolerated and effective, allowing a substantial dimensional reduction which is perduring to date, 18 months after diagnosis of cardiac metastasis. Available literature and data point to the feasibility and good tolerability of radiation therapy and trabectedin in metastatic sarcoma, yet this is the first report on the effectiveness of the combination for the treatment of cardiac disease. The extended survival since a metastatic relapse (more than 3 years) is likely the result of integrated systemic and loco-regional treatment, which should be always discussed within the framework of a multiprofessional and multidisciplinary setting.
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Introduction

Leiomyosarcoma (LMS) is a malignant mesenchymal tumor that is derived from the smooth muscle lineage. It is one of the most frequent soft-tissue sarcoma (STS) subtypes, with an estimated incidence ranging between 10% and 20% of all newly diagnosed STSs (1). Compared to other sarcoma subtypes, LMS less commonly originates in the extremities, accounting for 10% to 15% of limb sarcomas; common primary sites include the retroperitoneum, abdomen, uterus, and the large blood vessels. In the retroperitoneal location, LMS is the second most common subtype, accounting for an estimated one third of cases and is the most common sarcoma arising from the large blood vessels in the retroperitoneum, namely the inferior vena cava and renal veins (1). Clinically, LMS presents with intrinsic biological aggressiveness and approximately 90% of LMS have a moderate to high grade. Indeed, patients with LMS have a decreased disease-specific survival compared to other histological subtypes and a higher risk for distant recurrence, with a high rate of pulmonary, liver, peritoneal, muscle, bone, and lymph node metastases (1).

Cardiac involvement in STSs is rare, with the most commonly involved subtypes being LMS, rhabdomyosarcoma, synovial sarcoma, alveolar soft-part sarcoma, clear cell sarcoma, and undifferentiated pleomorphic sarcoma (2). According to the limited available data LMS is the site of origin of cardiac metastasis in less than 5% of cases of cardiac involvement by malignant tumors. Autopsy reports have shown cardiac metastases to be present in as many as 25% of patients with STSs (3). The incidence of cardiac metastases has increased in the past decade because of longer survival rates of patients due to better diagnosis and for advanced STSs (4). Despite their frequency, cardiac metastases are often diagnosed during autopsy rather than in living patients, in light of their clinical presentation with non-specific symptoms and in some cases with asymptomatic clinical course. To date, only a few cases of cardiac metastases of sarcoma have been described and no uniform guidelines exist for their treatment.

We here discuss the case of a patient with metastatic LMS who presented with cardiac progression and was treated within a multidisciplinary approach which included concomitant systemic therapy with trabectedin and radiation therapy to the cardiac mass.



Case Report

The patient is a 55-year-old woman, never-smoker, in good general health, with the only comorbidity being well-controlled hypertension treated with amlodipine.

In December 2016, because of onset of abdominal pain, an abdominal ultrasound was performed showing a mass in the retroperitoneal area. A chest and abdominal computed tomography (CT) scan revealed a large left retroperitoneal mass measuring 83 x 68 mm (Figure 1), with central necrosis. The mass was resected in February 2017, with histological diagnosis of LMS, grade 2 according to the French Federation of Cancer Centers Sarcoma Group (FNCLCC). Though the role of adjuvant chemotherapy in retroperitoneal leiomyosarcomas is debated, and controversies exist on the regimen to be used, the patient received adjuvant treatment with gemcitabine and dacarbazine from April 2017 to July 2017 at an outside facility.




Figure 1 | Baseline CT scan (16/December/2016).



She came to our attention with a restaging CT scan performed in November 2017 that showed a new 17x10 mm subcutaneous nodule in the right inferior abdominal wall, which was excised with pathologic confirmation of relapsed LMS.

In June 2018 two new subcutaneous nodules, respectively in the right lumbar region and on the lateral surface of the right leg, were detected during a restaging CT scan. A positron emission tomography (PET)-CT was also performed which revealed high glucose avidity of both nodules, which were then treated with stereotactic body radiation therapy (SBRT) at the total dose of 54 gray (Gy) and 48 Gy, respectively on lumbar and leg lesions, in 6 fractions.

At the next restaging CT scan in January 2019, a multifocal recurrence was detected with the appearance of multiple bilateral pulmonary nodules, the largest one in the left lower lobe measuring 6 mm, and of three new subcutaneous nodules, one in the median epigastrium, one in the left vulvar region and one in the suprapubic area, the largest one measuring 19 mm as the longest diameter. At that time, systemic treatment with doxorubicin and dacarbazine was started, with a partial response consisting of a dimensional reduction in all pulmonary nodules and in the epigastric and vulvar subcutaneous lesions, and stability in suprapubic nodule size. The patient’s primary and metastatic tumor (abdominal wall subcutaneous nodule) were tested with comprehensive genomic profiling, yet no actionable targets were found.

After completing 6 courses of chemotherapy, the patient underwent surgical resection of the subcutaneous nodules. The pathological report confirmed soft tissue localization of LMS. A new CT performed in December 2019 showed a dimensional increase in a single pulmonary nodule in the right middle lobe (9 mm Vs 2 mm), which was treated with SBRT in January 2020, with a total dose of 50 Gy in 5 fractions.

In February 2020 a restaging CT showed progressive disease, with an increased number and size of pulmonary nodules, the appearance of a right kidney nodule, and of a hypodense area in the left ventricle. A cardiac magnetic resonance imaging (MRI) was performed which confirmed the presence of a round, poorly-mobile mass in the left ventricular cavity measuring 20x17x15mm, with a necrotic core, between the anterolateral papillary muscle and anterolateral wall of the left ventricle. Also, a minor pericardial effusion was seen with overall left ventricular function maintained (ejection fraction: 59%).

Being symptomatic for frequent episodes of arrhythmia, the patient was started on therapy with amiodarone. Due to multifocal progression, the patient was started on third-line systemic therapy with trabectedin 1.5 mg/mq as a 24-hour continuous infusion on day 1 of every 3-week cycles, and was evaluated for radiation therapy on the ventricular mass. Between May and June 2020, the patient received VMAT-IGRT (Volumetric Modulated Arc Therapy - Imaging Guided Radiation Therapy) to the ventricular lesion with 44Gy in 22 fractions to Planning Target Volume (PTV) plus simultaneous integrated boost to Gross Tumor Volume (GTV) at the dose of 55 Gy (Figure 2). Chemotherapy with trabectedin was maintained during the radiation treatment.




Figure 2 | VMAT-IGRT for cardiac progression (CRO Aviano, Italy).



In the treatment plan for the management of organ motion and margin target-definition simulation, CT with respiratory gating, integrated with echocardiography, cardiac MRI, and PET-CT was used. During treatment, the patient was monitored with weekly clinical examinations, blood tests, electrocardiograms (ECG), Holter-ECGs, and echocardiography.

At the end of radiation therapy no acute toxicity was seen. A restaging cardiac MRI performed after the end of radiotherapy showed a substantial stability of the mass in the left ventricular cavity, with an ejection fraction of 65%. A new restaging CT, performed in July 2020, showed pulmonary and renal partial response and no change of the cardiac mass (Figure 3). Since no further episodes of arrhythmia occurred, antiarrhythmic therapy was stopped. Trabectedin was continued at the same dose and schedule. Until September 2020 the patient received a total of 7 cycles of chemotherapy that were well tolerated except for grade 3 nausea, controlled with adjustment of anti-emetic prophylaxis; no hepatotoxicity was observed with dexamethasone pre- and post-medication. After 5 months from the start of trabectedin and radiation therapy, patient was in good general health with no cardiac-related symptoms.




Figure 3 | Comparison between February 2020 (on the left) and July 2020 (on the right): CT stability of cardiac mass and pulmonary and renal partial response.



However, a new CT performed in September 2020, while showing partial response of the cardiac mass, revealed a slight dimensional increase of a pulmonary nodule in the right middle lobe (26 mm Vs 20 mm), of the nodule in the right kidney (17 mm Vs 14 mm) and a new pancreatic lesion of about 20 mm, confirmed by an abdominal MRI. Between October 2020 and November 2020, the patient received a new linac-based SBRT course to the lung lesion (56 Gy in 8 fractions) and 1.5 Tesla MR-guided SBRT on the pancreatic and renal lesions (45 Gy in 6 fractions and 45 Gy in 5 fractions, respectively) (5). In light of the multifocal progression, systemic therapy was switched to pazopanib. The CT performed in January 2021 showed stability of the cardiac mass (20 mm) and a partial response in the irradiated pulmonary (17 Vs 26 mm), pancreatic (14 Vs 20 mm) and renal (14 Vs 17 mm) lesions (Figure 4), and the patient continued treatment with pazopanib, with the disease stable at the next restaging CT scan in June 2021. A new echocardiogram, performed in July 2021, showed a fibrous residue instead of the previous tumor mass in the left ventricular cavity. At the restaging CT scan performed in September 2021, a multifocal disease progression was observed, with dimensional increase of pulmonary nodules in the left lower lobe (21 mm Vs 11 mm) and in the right lower lobe (14 mm Vs 10 mm) with the appearance of a left kidney nodule of about 30 mm. The left ventricular lesion was still responding and barely recognizable. A rechallenge with gemcitabine was attempted and radiation treatment on the renal and pulmonary lesions has been planned.




Figure 4 | Comparison between September 2020 (on the left, pre-RT) and January 2021 (on the right, post-RT).



At the time of this writing, after more than 18 months since the diagnosis of cardiac metastasis, patient is in good general conditions with no new cardiac symptoms.



Discussion

Patients with metastatic or unresectable STSs are generally considered incurable, except for some cases of isolated lung metastases, which can be approached with metastasectomy. In the advanced or metastatic stage, palliative systemic treatment is commonly used and the main goals of therapy are decrease of tumor bulk, reduction of symptoms, improvement of quality of life, and prolonging survival.

It is widely recognized that different histologic subtypes have variable patterns of chemosensitivity, with LMS displaying moderate sensitivity to chemotherapy, with different sensitivity to diverse agents (1, 6).

There is no established standard first-line chemotherapy, yet treatment to consider for first-line therapy include anthracycline-based regimens (doxorubicin alone, doxorubicin plus ifosfamide, doxorubicin plus dacarbazine). Gemcitabine-based regimens have been also used (i.e., gemcitabine plus docetaxel or gemcitabine plus dacarbazine), and could be an option in the case of contraindication to anthracyclines. Indeed, available evidence so far has shown doxorubicin alone to be as effective as the combination of gemcitabine and docetaxel, and less toxic (7). Second and further-lines of treatment are commonly delivered with the aim of pursuing long-term disease control at the lowest possible toxicity level. They include several agents such as ifosfamide, gemcitabine, dacarbazine, and taxanes used on the basis of sarcoma histological subtype, though the optimal treatment sequence for the management of metastatic disease has not yet been defined (8, 9). Within the group of targeted therapies, the multitargeted tyrosine kinase inhibitor pazopanib has shown some activity in previously treated non-adipocytic STSs, improving progression-free survival (PFS) compared to placebo (10). Other drugs such as trabectedin and eribulin have been approved for patients with adipocytic sarcomas, showing greater effectiveness than dacarbazine in randomized trials on advanced STSs (11, 12). Trabectedin represents an innovative treatment option, with several mechanisms of action, including antiangiogenic and cytotoxic effects. It has been approved as a treatment option for patients with STSs in progression after first-line chemotherapy with anthracyclines or for those unfit to receive these agents and it has shown positive results in patients with lipo- and leiomyosarcomas (the so-called “L-sarcomas”) (1, 12). In addition, some retrospective and randomized trials have shown the antitumor activity of trabectedin in non-L-type sarcomas, such as synovial sarcoma and solitary fibrous tumors (SFTs) (13–16). Moreover, some clinical trials studying the combination of trabectedin and other agents are ongoing. Among them, a multicenter randomized phase II trial is studying the efficacy and safety of trabectedin and the Poly (ADP-ribose) polymerase (PARP)-inhibitor olaparib compared with trabectedin in monotherapy in patients with advanced, metastatic, or unresectable STSs after failure of standard treatments (NCT03838744). Another ongoing multicenter phase I trial is evaluating the efficacy and safety of trabectedin and metronomic cyclophosphamide in management of advanced pretreated STSs (NCT02805725). The combination of doxorubicin with trabectedin seems particularly active in LMSs, and following encouraging results of a phase II trial (17), a randomized phase III study comparing the combination of doxorubicin plus trabectedin with doxorubicin alone in first-line therapy in metastatic LMSs (NCT02997358) has been conducted. Preliminary data have been presented at the 2021 ESMO meeting which showed a significant improvement in PFS of the combination vs Doxorubicin single agent (13.5 vs 7.3 months, with adjusted HR 0.384, p<.0001), with a non-statistically significant improvement of overall survival as well, at the cost of additional expected yet manageable toxicity (18).

In recent years, evidence of the role of loco-regional treatments in the approach to advanced stage disease has been accumulating (19, 20). This is mainly based on a number of retrospective studies, often with limited sample sizes, and involves primarily pulmonary metastasectomy (21–25).

A large retrospective study by the French Sarcoma Group evaluated prognostic factors, outcomes, and patterns of care of a cohort of 2,225 patients with metastatic STS diagnosed between 1990 and 2013. Out of 2,225 patients, 1,054 (49%) patients underwent locoregional treatment of metastases. Patients with LMS had a better outcome compared to patients with other histological subtypes. With the exception of LMSs, there was a very limited benefit of lines of therapies beyond the third-line, with a median time to next treatment and a median overall survival ranging between 5.4 and 8.5 months, respectively. Importantly, more than 80% of patients in this series who were alive 5 years after the diagnosis of metastatic disease had received a loco-regional treatment, suggesting that radiofrequency ablation, surgery, and a combination of different approaches are beneficial in terms of survival (26).

However, to date, the best integration of locoregional treatment of metastases in the management of advanced STSs has not yet been defined.

Management of such patients, provided by a multi-professional specialized team, can lead to integrated treatment that can prove very effective, even in highly complex clinical situations such as cardiac metastases.



Cardiac Metastases From Sarcoma

The spread of cardiac metastases is a life-threatening condition due to cardiac failure within short time from its diagnosis. Although primary cardiac tumors are uncommon (post mortem studies report a frequency between 0.001% and 0.28%), secondary tumors are not (4, 27) and the incidence of cardiac metastases reported in literature ranges from 2.3% and 18.3% (27–29). Primary malignancies associated with cardiac metastases are mainly carcinomas, but also lymphomas, leukemias, and melanomas can spread to the heart (27).

Metastatic heart disease is indeed a difficult condition to diagnose since its clinical features are not well defined. The most common symptoms of neoplastic involvement of the heart may be new valve disease, heart failure, arrhythmias, conduction defects, syncope or pulmonary embolus, and even sudden death, however at first they are often asymptomatic (30). To date, there are no uniform guidelines for the treatment of cardiac metastases. According to the limited available data, surgery, when feasible, should be performed to prevent life-threatening conditions and cardiac transplantation may represent an emerging strategy in cases of isolated unresectable cardiac involvement. Chemotherapy and/or radiotherapy have been demonstrated to prolong survival in a few patients with unresectable cardiac lesions (31, 32).

Cardiac metastases from sarcoma are uncommon and only a few cases have been described to date. In 1986, Hallahan et al. reviewed autopsy reports of 120 patients with metastatic STS from 1940 to 1986. Cardiac metastases were present in 25% of consecutive autopsies; 33% of patients had metastases to the pericardium, while 50% had myocardial metastases, and 17% had both. Ten patients had congestive heart failure and other signs and symptoms of cardiac metastases from STS included: conduction block (two), arrhythmias (two), chest pain (three), simulation of an atrial myxoma (one), and sudden death (one). However, the majority of metastases in those reports were not diagnosed before autopsy, leading to the hypothesis that cardiac metastases from STS are generally uncommon and asymptomatic (3).

In 2010, Takenaka et al. reviewed the data of 641 patients with STS treated at Osaka Medical Center for Cancer and Cardiovascular Disease between 1996 and 2009, among which 11 patients had cardiac metastases diagnosed while they were alive. The median age at diagnosis was 33 years. The median interval from diagnosis to cardiac metastasis was 36 months (8-108 months). The most common primary tumor was leiomyosarcoma (n=5), followed by rhabdomyosarcoma, alveolar soft-part sarcoma, clear cell sarcoma, undifferentiated pleomorphic sarcoma and synovial sarcoma. Metastases to myocardium were more common in the left side of the heart, in particular in the left ventricle. In all cases, metastases were found in other organs before or concurrently with the cardiac involvement. Echocardiography led to the definitive diagnosis in six cases, with four cases diagnosed by CT. In one case, pericardial metastasis was found accidentally during resection of lung metastasis. Symptoms at diagnosis of cardiac involvement included dyspnea (five cases), and fatigue (two cases), with four patients asymptomatic. In three patients a continuous drainage of pericardial fluid was required and two of these three patients had an increase of pericardial effusion during chemotherapy.

To the best of our knowledge, no data are available with regard to possible molecular markers associated with sarcoma metastases to the heart. Radiotherapy was used to treat seven cases of cardiac metastasis, while surgery was not used in any patient. Survival from diagnosis of cardiac metastasis was 8 months on average. Patients treated with radiation therapy had a median survival of 10.5 months, compared with 3.5 months for patients who did not receive radiation therapy (2).

In 2012, Agaimy et al. evaluated retrospectively patients undergoing cardiac surgery for primary or secondary cardiac sarcoma in the period 1999-2011 at the Erlangen Heart Centre in Germany. Four patients had cardiac metastases from STS (namely myxoid liposarcoma, pleomorphic spindle cell sarcoma, osteosarcoma, and alveolar soft part sarcoma). The median interval from initial diagnosis to cardiac metastases from STS was 109.5 months (range 5-240 months). Three patients died of disease at a mean of 14 months after cardiac surgery and one was disease free 34 months after heart transplantation for metastasis (31).

In Table 1 we report the cases described in literature, with treatment performed and outcomes, where available.


Table 1 | Cardiac metastases from sarcoma.



A key message is that the diagnosis of cardiac metastases should always be considered for patients with STSs with sudden onset of cardiac dysfunction. Palliative radiotherapy or chemotherapy may confer a symptomatic benefit and a better outcome in terms of overall survival. In selected patients with isolated cardiac metastasis, surgery could be considered. Moreover, since patients with metastatic STS undergo several restaging CT scans during the course of disease, the heart should always be thoroughly assessed for the presence of asymptomatic localization of sarcoma (2, 3, 31–43).

To the best of our knowledge, the present report describes the first case of cardiac intracavitary metastasis of STS treated with trabectedin in combination with radiation therapy to the cardiac mass, with significant efficacy and minimal toxicity.



Trabectedin and Concomitant Radiation

In our patient, we ultimately used concomitant chemotherapy with trabectedin, along with radiation therapy given to the heart lesion. The rationale for the association of systemic treatment with trabectedin and radiotherapy in an unresectable cardiac metastasis is derived from preclinical data demonstrating a radio-sensitizing effect of trabectedin (44).

Trabectedin is a marine-derived antineoplastic agent, first approved in Europe in 2007, which has shown particular efficacy in myxoid liposarcoma, and in general, in liposarcoma and leiomyosarcoma. Its mechanism of action resides in binding to specific triplets of the DNA minor groove, affecting the activity of DNA binding proteins, including some DNA repair pathways, with an alteration of the cell cycle and eventual cell death. In addition to direct effect against tumor cells, it also has host-modulating effects of great importance for its therapeutic activity. As revealed by preclinical and clinical evidence, this drug is able to decrease the number of tumor-associated macrophages (TAMs) and to modify the tumor angiogenesis and microenvironment at therapeutic doses (12, 44–48).

Trabectedin, at pharmacologically appropriated concentrations, has shown to have an important in vitro radio-sensitizing effect, inducing cell cycle alterations and death in several human tumor cell lines. According to cell kinetic studies, trabectedin would sensitize sarcoma cells to radiation by synchronizing cells in the G2/M phase, the most sensitive to radiation (44).

Based on these preclinical data, a phase I/II clinical trial (TRASTS study) evaluated the synergistic effect of trabectedin plus radiotherapy in patients with progressing metastatic, non-resectable STS after at least one previous line of systemic therapy. In this study, patients with lung metastases from STS were treated with trabectedin at the standard dose of 1.5 mg/m2 every three weeks in a 24-hour infusion in combination with radiotherapy on pulmonary nodules at a fixed dose of 30 Gy in 10 daily fractions, started within one hour at the end of the trabectedin infusion. Trial results showed an overall response rate of 60%, with a median 6-months PFS rate of 75% and a median 6-month OS of 86%. Interestingly, the combination had a favorable safety profile, except for three cases of acute radiation pneumonitis (49, 50).

In our patient, we were able to deliver 44 Gy in 22 fractions, a 55 Gy simultaneous integrated boost to the GTV with a VMAT-IGRT technique, and a standard schedule of trabectedin with no relevant toxicity plus significant efficacy. Indeed, a VMAT-IGRT technique until the dose of 55 Gy on the cardiac metastasis was preferred over a prolonged SBRT with 30 Gy in 10 fractions in light of the excellent performance status of the patient and the oligometastatic progression, associated with chemotherapy in order to provide systemic control of the disease.



Conclusion

Cardiac metastases from STSs represent a rare, life-threatening condition, with a great heterogeneity in clinical presentation and course of disease. They are often insidious and must always be included in the differential diagnosis of patients presenting with new cardiac symptoms, though cardiac metastases are often asymptomatic. Restaging imaging should be always thoroughly assessed also at cardiac site, and echocardiography as well as more specific imaging techniques such as cardiac MRI may be of help in diagnosing cardiac metastases.

Even if to date no uniform guidelines exist for their treatment, surgery whenever feasible should be recommended to prevent life-threatening complications. Chemotherapy and/or radiation therapy can be used with the aim of survival improvement. A concomitant chemo-radiation approach is feasible, and since most metastatic cardiac disease in STS is from LMS, trabectedin appears a very good option for systemic treatment in combination with radiation therapy, leading to a potent synergistic effects with long-lasting results, in our case allowing for complete clinical and radiological response to the cardiac lesion.
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