SUPPLEMENTAL APPENDIX

SUPPLMENTAL METHODS
Histological Classification and Pathology
All patients were classified in primitive (benign and malignant) or secondary tumors (metastases) according to the 2021 World Health Organization (WHO) histological classification1. 
Pseudo-tumours were defined as a heterogenous group of non-neoplastic lesions capable of producing mass-like effects despite lacking neoplastic cellular transformation2. 
Histopathological diagnoses were independently established by two experienced pathologists in accordance with the American Society of Clinical Oncology/College of American Pathologists 2010 criteria. For thrombi, diagnosis was confirmed radiologically by documented resolution following ≥3 months of systemic anticoagulation (unfractionated heparin infusion, therapeutic-dose low–molecular-weight heparin [1 mg/kg], or warfarin with International Normalized Ratio, INR, 2–3) 3. 
Histological specimens were obtained through surgical resection, surgical or percutaneous biopsy, or autopsy.
Echocardiography protocol
All patients underwent 2D-echocardiogram (Philips iE33 or EPIQ S5-1 probe). Patients were examined in the left lateral recumbent position and the echocardiographic protocol was performed following the recommendations of the American Society of Echocardiography and the European Association of Cardiovascular Imaging with the use of standard views. Standard views were acquired with at least three consecutive cardiac cycles per view, and images were stored digitally (Philips software, Intellispace) for offline analysis.  Two expert echocardiographers (>10 years of experience) blinded to clinical, imaging and histological data analyzed the studies using Philips Intellispace software; disagreements were resolved by a third senior echocardiographer4. The following parameters were assessed: location (left/right atrium/ventricle/pericardium, great vessels), site of attachment (interatrial/interventricular septum or roof/side wall of the atrium, ventricular free wall), dimension, shape (regular/irregular), margins (well defined/irregular - if more than 50% of the border was clearly demarcated), mass characteristics (sessile - attached directly by the base and not raised upon a stalk,  pedunculated - raised upon a stalk - or polylobate - having two or more lobes), mobility, infiltration, defined as disruption of neighboring tissue and extension of the mass across the pericardium into myocardium, with interruption of epicardial and endocardial contours or, alternatively, by the presence of at least one of the following echocardiographic features i) evidence of a different echogenicity compared to the normal myocardium as infiltrating masses usually have a peculiar, granular echocardiographic texture; ii) increased thickness in comparison with the adjacent myocardial segments; iii) hypo/akinesia of a focal myocardial area compared to closest cardiac segments in absence of coronary distribution that could lead to the suspicion of ischemic etiology, pericardial effusion (defined as a fluid accumulation between the two pericardial layers) and echogenicity pattern (hypo-, iso- or hyperechogenic as compared with normal myocardium). 
Multidetector Cardiac Computed Tomography protocol
All cardiac computed tomographies (CTs) were performed using a 128-row scanner (Brilliance iCT SP, Philips, Amsterdam, the Netherlands) scanner with ECG gating. A triphasic CT scan (non-contrast, arterial and venous phases) was applied to evaluate mass enhancement pattern.
Non-contrast imaging was followed by intravenous contrast (100 mL, 350 mgI/mL, Iomeron) injected at 5.0–5.5 mL/s, followed by a 40 mL saline flush. The arterial phase employed bolus tracking (ROI in ascending aorta; trigger 200 HU + 6 s delay), followed by venous acquisition 60 s later. Assessed featured included: localization (right or left side of the heart; great vessels; pericardium), nature (solid vs. mainly cystic) according to mass density evaluated in the precontrast phase, rated as hypo-, iso- or hyperdense as compared with the normal cardiac muscle; size (measured in millimetres); intramass calcifications; contrast uptake, defined as the increase (> or = 10 Hounsfield units) in cardiac mass density compared with baseline; tumour margins (described as well-defined/irregular - if more than 50% of the border was clearly demarcated); pericardial effusion, defined as a fluid accumulation between the two pericardial layers; invasiveness, defined as disruption of surrounding tissue and extension of the mass into the tissue.
Whole-body CT was performed when indicated for systemic staging or metastatic screening. Two expert radiologists (>10 years of experience), blinded to clinical/histological data, independently reviewed scans; disagreements were resolved by a third consensus.
Cardiac Magnetic Resonance Protocol
Cardiac magnetic resonance (CMR) was performed on a 1.5 Tesla MRI scanner (Ingenia, Philips Healthcare, Best, The Netherlands). The CMR protocol consisted of the following sequences: a) axial, long and short axis steady-state free precession (SSFP) with a balanced T1/T2 effect sequences to identify correctly location (i.e. intracavitary, intracardiac or extracardiac), extension and hemodynamic impact of the mass; b) T1-weighted (T1W) and T2-weighted (T2W) black blood images, eventually with saturation pulses to suppress fat signal (fat saturation [Fat-sat] or short-tau inversion recovery [STIR]), for a proper tissue characterization; c) contrast-enhanced imaging to determine the vascularity of mass: early gadolinium enhancement (EGE) images were acquired about 3 minutes after gadolinium injection into antecubital vein to evaluate the vascularization of the lesion, the presence of hyperemia and for differential diagnosis with thrombi. Late gadolinium enhancement (LGE) images, acquired after 10-15 minutes, were obtained in complete short axis, long axis, and other imaging planes showing the mass globally, in order to identify inflammation or fibrosis within the lesion5,6. 
Characteristics evaluated during CMR exam were: localization (right or left side of the heart; great vessels; pericardium); size (measured in millimetres); invasiveness, defined as disruption of surrounding tissue and extension of the mass into the tissue; margins (well defined/irregular - if more than 50% of the border was clearly demarcated); pericardial effusion (defined as a fluid accumulation between the two pericardial layers); inhomogeneity; intensity pattern of the mass on T1w- or T2w sequences, (described as hypo-, iso- or hyperintense as compared with normal myocardium); the presence of EGE or  LGE in mass tissue, detected by +4 or +5 standard deviations (SDs) over the signal intensity of the normal myocardium, respectively7. 
All exams were independently evaluated by two radiologists with more than 10 years of experience in cardiac imaging, blinded to both clinical information and histological results. One third consensus re-evaluation solved disagreements in qualitative assessment of CM imaging features.
Positron Emission Tomography Protocol
PET/CT scans were performed on two integrated PET/CT systems (Discovery LS camera; General Electric Medical Systems, Waukesha, WI, USA) in 2D acquisition mode for 2 min per bed position. 
PET scanning was performed 60 to 90 min after intravenous injection of radiotracer (18F–FDG, 3.7 MBq/kg body weight, produced in loco because of the presence of cyclotron): all patients underwent the radiological examination after at least 12 h of fasting with a last fatty meal without carbohydrates to minimalize the physiological myocardial FDG uptake8,9. 
Each 18F-FDG PET/ CT was performed from the skull vertex to the mid thighs. A low-dose unenhanced CT scan (120 kV, 80 mA) was performed for attenuation correction and as an anatomical correlation. The emission data were corrected for scatter, random coincidence events and system dead time using the software provided. PET, CT and fused PET/ CT images were evaluated in axial, sagittal and coronal planes on a Xeleris workstation (General Electric Medical Systems) by 2 experienced nuclear medicine physicians who assessed attenuation-corrected images. In case of disagreement, studies were re-examined, and a consensus was reached.
If the patients had mechanical prosthetic valves or implantable devices, we analyzed attenuation-corrected and non–attenuation-corrected images (these latter only during the first evaluation), in order to recognize artefacts related to the correction of attenuation in proximity of an object of high density.
[bookmark: _Hlk114869306]Among intensity-based parameters, we evaluated cardiac masses’ maximum Standardized Uptake Value (SUVmax) and the presence of potential systemic tracer uptake with non-cardiac SUVmax..


SUPPLEMENTAL STATISTICAL ANALYSIS
Multiple comparisons and model calibration
Given the hierarchical design of the study and the distinct clinical questions addressed, multiple comparisons were grouped into two predefined families: (1) comparisons among single imaging modalities and (2) comparisons involving integrated multimodality approaches. Within each family, p-values were adjusted using the Bonferroni correction according to the number of comparisons of interest. 
Additionally, model calibration of each imaging modality and integrated approach was assessed using Brier scores, with 95% confidence intervals estimated via bootstrap resampling with 2,000 iterations to evaluate the accuracy of predicted probabilities for each imaging modality. 
Power size assessment
Theoretical statistical power for detecting differences between correlated area under the curves (AUCs) was initially estimated according to the method described by Hanley and McNeil10. Because analytical power calculations may be less reliable in the setting of binary outcomes, moderate sample size, and highly correlated diagnostic tests, an additional empirical power assessment was performed using a bootstrap-based approach. In this procedure, patients were resampled with replacement from the original dataset while preserving the paired structure of the diagnostic modalities. For each pairwise comparison, 1000 bootstrap samples were generated; AUC differences were recalculated at each iteration and tested for statistical significance. Empirical power was defined as the proportion of bootstrap iterations in which the difference between AUCs reached statistical significance (two-sided p < 0.05). This combined analytical and resampling-based strategy was adopted to provide a robust assessment of statistical power and to account for sampling variability and test correlation within the study cohort.
Integration of clinical and imaging features
Multivariable logistic regression models including imaging variables and important clinical covariates (prior malignancy, sex, age, inflammatory markers) were used to generate predicted probabilities. Because complete separation was observed, Firth’s penalized logistic regression was applied to obtain bias-reduced and stable estimates. AUC with 95% confidence intervals (DeLong method) were calculated for both the multivariable models and the imaging variables alone, allowing assessment of the incremental diagnostic value of clinical predictors over imaging features.

SUPPLEMENTAL RESULTS
Benign vs malignant tumors: Clinical characteristics
142 patients (mean age 58.3 ± 16.9 years), 72 (50.7) were males. Baseline characteristics, cardiovascular risk factors, medical history and clinical presentation are summarized in Supplemental Tables 1 and 2. Malignant masses were more frequently diagnosed in males and in symptomatic patients (mainly chest pain and dyspnea, particularly in NYHA Class III-IV), and therefore less often detected incidentally than in benign tumors (p<0.001). Pulmonary embolism was more common in malignancies, frequently involving right-sided chambers. Malignant cases exhibited higher C-reactive protein (CRP), lactate dehydrogenase and lower serum hemoglobin.
Integration of imaging and clinical features
To assess whether the diagnostic performance of imaging modalities was independent of basic clinical characteristics, we performed an additional analysis including age, sex, prior malignancy, and inflammatory markers (C-reactive protein) in multivariable logistic regression models.
The inclusion of clinical variables significantly improved discrimination for standalone imaging modalities. Specifically, the incorporation of clinical variables significantly enhanced diagnostic performance across modalities, increasing the area under the curve from 0.77 to 0.86 for echocardiography, from 0.85 to 0.93 for CCT, and from 0.85 to 0.93 for 18F-FDG PET (all p < 0.001) (Supplementary Table 9). Conversely, for CMR alone, the increase in AUC after inclusion of clinical features was modest and did not reach statistical significance (from 0.94 to 0.96, p= 0.054). Among integrated second-level imaging strategies, different patterns were observed. For the CMR–18F-FDG PET combination, the addition of clinical variables did not further improve diagnostic performance (AUC 0.98 vs 0.97, p = 0.52), indicating a high degree of independence from baseline clinical characteristics. 
In contrast, for the integrated CCT–18F-FDG PET approach, the inclusion of clinical variables resulted in a significant improvement in discrimination, with the AUC increasing from 0.92 to 0.97 (p = 0.002). This finding suggests that clinical information may provide additional discriminatory value when anatomical and metabolic imaging is based on CCT rather than CMR.
Prognostic implications
Of the 142 patients followed for a median of 14.5 months (interquartile range: 7.5 – 23.0), 46 (32.4%) died. As expected, the majority of deaths occurred in patients with malignancies (40 of 46 cases, 87%, p<0.001). A suspicion of malignancy, raised by any imaging modality and by integrated approaches, was associated with poor prognosis (Supplemental Figures 2 and 3). In exploratory multivariable Cox regression analyses adjusted for treatment, metastatic burden, tumor type and size, imaging-based suspicion of malignancy remained independently associated with mortality across modalities. High-risk imaging scores and suspicion of malignancy at integrated imaging approaches showed strong associations with adverse survival outcomes (Supplementary Table 10).
Diagnostic Performance for Thrombus Identification
Across imaging modalities, most morphological features showed limited value for thrombus recognition, with low PPV and modest overall accuracy. In contrast, parameters reflecting absence of vascularity were the most informative: absent contrast uptake at CCT (accuracy 81%, NPV 99.0%) and particularly absent first-pass perfusion at CMR (accuracy 93.0%, specificity 91.7%, NPV 100%) demonstrated the highest diagnostic performance for identifying thrombi (Supplementary Table 11).
Conventional features such as mass shape, margins, size, or pericardial effusion were inconsistent and poorly discriminative, supporting vascularity as the principal imaging determinant for thrombus detection.
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Supplemental Table 1. Baseline characteristics of the overall study population stratified in those having benign versus malignant cardiac masses. 
	
	Total 
population
N = 142
	Benign 
cardiac masses
N = 65
	Malignant 
cardiac masses
N = 77
	P-value

	Male gender, n (%)
	72 (50.7)
	27 (42)
	45 (58)
	0.045

	Age in years, mean ± SD
	58.3 ± 16.9
	58.4 ±16.3
	58.1 ±17.6
	0.90

	BMI in kg/m2, mean ± SD
	25.7 ± 4.4
	25.5 ± 4.0
	25.9 ± 4.7
	0.56

	
	
	
	
	

	Cardiovascular risk factors
	
	
	
	

	Smoking habit, n (%)
	70 (49.3)
	31 (47.7)
	39 (50.6)
	0.72

	Hypertension, n (%)
	74 (52.1)
	35 (53.8)
	39 (50.6)
	0.70

	Dyslipidemia, n (%)
	49 (34.5)
	23 (35.4)
	26 (33.8)
	0.84

	DM, n (%)
	17 (11.9)
	11 (16.9)
	6 (7.7)
	0.09

	
	
	
	
	

	Medical History
	
	
	
	

	Congestive Heart failure, n (%)
	20 (14.1)
	9 (13.8)
	11 (14.3)
	0.94

	Prior stroke, n (%)
	21 (14.8)
	14 (21.5)
	7 (9.1)
	0.037

	Vasculopathy, n (%)
	25 (17.6)
	12 (18.4)
	13 (16.8)
	0.80

	History of neoplasia, n (%)
None

Benign
Malignant
	
84 (59)

14 (10)
44 (31)
	
43 (66)

7 (11)
15 (23)
	
41 (53)

7 (9)
29 (38)
	0.44


Continuous variables are presented as mean (SD) or median (IQR) when appropriate; categorical ones as n (%). Abbreviations: BMI: body mass index; DM: Diabetes Mellitus.

Supplemental Table 2. Clinical presentation, laboratory results and mass location of the overall study population stratified in those having benign versus malignant cardiac masses. 
	
	Total 
population
N = 142
	Benign 
Cardiac masses
N = 65
	Malignant Cardiac masses
N = 77
	P-value

	Clinical features
	
	
	
	

	Incidental finding, n (%)
	63 (44.4)
	43 (66.2)
	20 (25.9)
	<0.001

	Dyspnea, n (%)
	66 (46.5)
	22 (33.8)
	44 (57.1)
	0.006

	NYHA classes, n (%)
I-II
III-IV
	
102 (71.8)
40 (28.2)
	
52 (80)
13 (20)
	
50 (64.9)
27 (35.1)
	0.04


	Chest pain, n (%)
	22 (15.5)
	6 (9.2)
	16 (20.7)
	0.058

	Peripheral embolism, n (%)
	12 (8.4)
	8 (12.3)
	4 (5.2)
	0.12

	Pulmonary embolism, n (%)
	17 (11.9)
	4 (6.2)
	13 (16.3)
	0.047

	Location, n (%)
Right cardiac chambers, n (%)
Left cardiac chambers, n (%)
Pericardium, n (%)
Great Vessels, n (%)
	
61 (42.9)
50 (35.2)
22 (15.4)
9 (6.3)
	
22 (33.8)
38 (58.4)
5 (7.7)
0 (0.0)
	
39 (50.6)
12 (15.8)
17 (22.1)
9 (11.7)
	<0.001

	Laboratory parameters
	
	
	
	

	Creatinine in mg/dL, mean ± SD
	0.91 ±0.41
	0.94 ± 0.49
	0.89 ±0.32
	0.45

	GFR mL/min, mean ± SD
	83.7 ±24.8
	81.9 ± 22.8
	85.3 ±26.5
	0.42

	Hb in g/dL, mean ± SD
	12.5 ± 1.9
	13.03 ± 1.7
	12 ± 2
	0.003

	WBC in n/mmc, mean ± SD
	8,750 ±3,939
	8,377 ±3,039
	9,074 ±4,575
	0.29

	LDH in U/L, median [IQR]
	227 [364-154]
	171 [133-244]
	290 [195-456]
	<0.001

	CRP in mg/dL, median [IQR]
	0.96 [0.36-5]
	0.73 [0.2-2]
	2.8 [0.6-6]
	0.003


[bookmark: _Hlk205479556]Continuous variables are presented as mean (SD) or median (IQR) when appropriate; categorical ones as n (%). Abbreviations: NYHA: New York Heart Association; GFR: glomerular filtration rate; Hb: hemoglobin; WBC: white blood cells; CPR: C-reactive protein; LDH: lactate dehydrogenase.



Supplemental Table 3. Comparison of echocardiographic features between benign and malignant masses.
	
	Total 
population
N = 124
	Benign 
Cardiac Masses
N = 58
	Malignant 
Cardiac Masses
N = 66
	P-value

	DEM score, median [IQR]
	2 [1-4]
	1 [0-2]
	4 [3-5]
	<0.001

	DEM score ≥3, n (%)
	60 (48)
	6 (10.3)
	54 (86)
	<0.001

	Moderate-to-severe pericardial effusion, n (%)
	26 (20.9)
	1 (1.7)
	25 (37.8)
	<0.001

	Infiltration, n (%)
	56 (45.2)
	5 (8.6)
	51 (77.3)
	<0.001

	Maximum CM diameter in mm, mean ± SD
	41.6 ±21.7
	30.9±15.2
	52±22.1
	<0.001

	Diameter >30 mm, n (%)
	82 (66.1)
	24 (41.4)
	58 (87.8)
	<0.001

	Non-left localization, n (%)
	81 (65.3)
	25 (43.1)
	56 (84.8)
	<0.001

	Inhomogeneity, n (%)
	51 (41.3)
	15 (25.8)
	36 (54.5)
	0.001

	Irregular margins, n (%)
	48 (39)
	13 (22.4)
	35 (53.8)
	0.001

	Mobility, n (%)
	39 (31.4)
	29 (50)
	10 (15.5)
	<0.001

	Sessile mass, n (%)
	69 (55.7)
	25 (43.1)
	44 (66.7)
	0.008

	Polylobate mass, n (%)
	41 (33.1)
	9 (15.5)
	32 (48.4)
	<0.001


Continuous variables are presented as mean (SD) or median (IQR) when appropriate; categorical ones as n (%). Abbreviations: DEM: Diagnostic Echocardiographic Mass score; CM: Cardiac Mass; IQR: Interquartile Range; SD: Standard Deviation.
[bookmark: _Hlk207977930]
Supplemental Table 4. Logistic regression of imaging features associated with malignancy across different imaging modalities.
	Imaging 
modalities
	Imaging features
	Logistic Regression

	
	
	OR
	SE
	95% CI
	p-value

	Echocardiography
	Moderate-to-severe pericardial effusion
	5.96
	3.09
	2.14-16.47
	0.001

	
	Infiltration
	23.56
	12.57
	8.27-67.06
	<0.001

	
	Mobility 
	0.18
	0.08
	0.07-0.42
	<0.001

	
	Sessile Mass
	2.64
	0.98
	1.27-5.47
	0.009

	
	Non-left localization
	7.39
	3.21
	3.16-17.29
	<0.001

	
	Inhomogeneity
	3.44
	1.34
	1.61-7.37
	0.001

	
	Irregular margins
	3.78
	1.50
	1.73-8.27
	0.001

	
	Polylobate mass
	2.26
	0.49
	1.47-3.47
	<0.001

	
	
	OR
	SE
	95% CI
	p-value

	CMR
	Infiltration
	49.6
	27.14
	16.9-144.9
	<0.001

	
	Sessile Mass
	2.15
	0.74
	1.09-4.23
	0.027

	
	Polylobate Mass
	7.31
	3.22
	3.08-17.35
	<0.001

	
	Pericardial effusion
	25.59
	26.6
	3.34—196.1
	0.002

	
	First-pass contrast perfusion
	65.1
	67.54
	8.53-497.09
	<0.001

	
	LGE
	3.07
	1.22
	1.41-6.69
	0.005

	
	EGE
	5.39
	2.43
	2.22-13.07
	<0.001

	
	Heterogeneous LGE
	33.0
	15.62
	13.04-83.48
	<0.001

	
	
	OR
	SE
	95% CI
	p-value

	CCT
	Dimension
	1.07
	0.1
	1.04-1.09
	<0.001

	
	Diameter>30 mm
	10.72
	4.5
	4.66-24.61
	<0.001

	
	Irregular margins
	29.45
	13.7
	11.85-73.16
	<0.001

	
	Infiltration
	67.7
	44.0
	18.96-241.9
	<0.001

	
	Pericardial effusion
	11.04
	5.1
	4.46-27.3
	<0.001

	
	Calcification
	0.68
	0.43
	0.19-2.34
	0.54

	
	Inhomogeneity
	16.2
	6.87
	7.07-37.18
	<0.001

	
	Contrast uptake
	7.82
	3.3
	3.43-17.82
	<0.001

	
	Non-hypodense lesion
	4.53
	1.8
	2.09-9.79
	<0.001

	
	Solid density
	3.26
	1.6
	1.24-8.53
	0.016

	
	
	OR
	SE
	95% CI
	p-value

	18F-FDG PET
	Cardiac SUVmax
	1.69
	0.16
	1.40-2.05
	<0.001

	
	Non Cardiac SUVmax
	1.18
	0.05
	1.09-1.29
	<0.001


Abbreviations: CCT: Cardiac Computed Tomography; CMR: Cardiac Magnetic Resonance; CI: Confidence Intervals; EGE: Early Gadolinium Enhancement; LGE: Late Gadolinium Enhancement; OR: Odds Ratio; SE: Standard Error; 18F-FDG PET: 18F-Fluoredeoxyglucose Positron Emission Tomography

Supplemental Table 5.  Comparison of CMR features between the patients affected by benign or malignant cardiac masse. 
	[bookmark: _Hlk206942341]
	Total population
N = 142
	Benign 
Cardiac Masses
N = 65
	Malignant 
Cardiac masses
N = 77
	P-value

	Dimension in mm, median [IQR]
	40 [23-60]
	25 [17-37]
	53 [42-74]
	<0.001

	CMR score, median [IQR]
	5 [2-6]
	 2 [1-3]
	 6 [5-7]
	<0.001

	CMR score ≥5 n (%)
	72 (50.7)
	 2 (3.1)
	70 (90.9)
	<0.001

	Irregular margins, n (%)
	 63 (44.4)
	23 (35)
	40 (52)
	0.001

	Polylobate mass, n (%)
	47 (33.1)
	 8 (12.3)
	39 (50.7)
	<0.001

	Infiltration, n (%)
	67 (47.2)
	5 (7.7)
	62 (80.5)
	<0.001

	Multiple locations, n (%)
	44 (30.9)
	 11 (16.9)
	33 (42.7)
	<0.001

	Sessile mass, n (%)
	82 (57.8)
	31 (47.7)
	 51 (66.2)
	0.02

	Moderate-to-severe Pericardial effusion, n (%)
	23 (16.2)
	1 (1.5)
	22 (28.6)
	<0.001

	Inhomogeneity, n (%)
	82 (57.8)
	20 (30.8)
	62 (80.5)
	<0.001

	T1W- intensity, n (%)
Iso-intense
Hyper-intense
Hypo-intense
	
63 (44.4)
27 (19)
 52 (36.6)
	
30 (46.1)
11 (16.9)
24 (37)
	
 33 (42.7) 
16 (20.7)
28 (36.6)
	0.76

	T2W-intensity, n (%)
Iso-intense
Hyper-intense
Hypo-intense
	
37 (26)
91 (64)
14 (10)
	
12 (18.4)
41 (63.2)
 12 (18.4)
	
25 (32.5)
50 (65)
 2 (2.5)
	0.004

	First pass contrast perfusion, 
n (%)
	111 (78.2)
	35 (53.9)
	76 (98.7)
	<0.001

	Heterogeneous enhancement, n (%)
	76 (53.2)
	10 (15.4)
	66 (85.7)
	<0.001

	Mass EGE, n (%)
	109 (76.8)
	 40 (61.2)
	69 (89.6)
	<0.001

	Mass LGE, n (%)
	104 (73.2)
	 40 (61.2)
	64 (83.1)
	0.004


Continuous variables are presented as mean (SD) or median (IQR) when appropriate; categorical ones as n (%). Abbreviations: CMR: cardiac magnetic resonance; EGE: early gadolinium enhancement; IQR: Inter-Quartile Range; LGE: late gadolinium enhancement. 

Supplemental Table 6. Overview of CCT and 18F-FDG PET features between the patients affected by benign or malignant cardiac masses. 
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	Total population
N = 142
	Benign 
Cardiac masses
N = 65
	Malignant Cardiac masses
N = 77
	P-value

	CCT features
	
	
	
	

	[bookmark: _Hlk206943823]Summatory of red flags, median [IQR]

	4 [2-6]
	2 [1-3]
	5 [5-6]
	<0.001

	Red flags ≥5, n (%)
	63 (44.4)
	4 (6.2)
	59 (76.6)
	<0.001

	Dimension in mm, median [IQR]
	39 [25-53]
	26 [20-35]
	50 [37-61]
	<0.001

	Diameter >30 mm, n (%)
	92 (64.7)
	25 (38.4)
	67 (87)
	<0.001

	Irregular margins, n (%)
	77 (54.2)
	11 (16.9)
	66 (85.7)
	<0.001

	Infiltration, n (%)
	62 (43.6)
	3 (4.6)
	59 (76.6)
	<0.001

	Multiple locations, n (%)
	39 (27.4)
	3 (4.6)
	36 (46.8)
	<0.001

	Pericardial effusion, n (%)
	51 (35.9)
	7 (10.7)
	44 (57.1)
	<0.001

	Calcification, n (%)
	11 (7.8)
	6 (9.2)
	5 (6.5)
	0.54

	Pre-contrast inhomogeneity, 
n (%)
	75 (53.2)

	13 (20.3)
	62 (80.5)
	<0.001

	Contrast uptake, n (%)
	96 (67.6)
	29 (44.6)
	67 (87)
	<0.001

	Non-hypodense lesion, n (%)
	51 (35.9)
	12 (18.4)
	39 (50.6)
	<0.001

	Solid density, n (%)
	119 (83.8)
	49 (75.4)
	70 (90.9)
	0.01

	18F-FDG PET parameters
	
	
	
	

	Cardiac SUVmax
	5 [1.7-12]
	2.6 [0-4.7]
	11.3 [7-18.1]
	<0.001

	Cardiac SUVmax ≥4.9
	74 (52.1)
	9 (13.9)
	65 (84.4)
	<0.001

	Non Cardiac SUVmax
	7.1 [3.1-12.3]
	2.9 [0-7.2]
	9.6 [6.5-17.2]
	0.002


Continuous variables are presented as mean (SD) or median (IQR) when appropriate; categorical ones as n (%).
Abbreviations; CCT: Cardiac Computed Tomography; IQR: Inter-quartile range; SD: Standard Deviation; SUVmax: Maximum Standardized Uptake Value; 18-FDG PET: 18-Fluorodeoxyglucose Positron Emission Tomography.
Supplemental Table 7. Diagnostic performance of different SUVmax threshold in detecting cardiac malignancy.
	SUVmax
Percentile
	Sensitivity
(95% CI)
	Specificity
(95% CI)
	PPV
(95% CI)
	NPV
(95% CI)
	Diagnostic 
Accuracy
	AUC
(95% CI)

	10°: ≥ 0
	-
	-
	-
	-
	-
	-

	20°: ≥ 0.5
	94.8 (87.2-98.6)
	30.8 (19.9-43.4)
	61.9 (52.5-70.6)
	83.3 (62.6-95.3)
	65.5%
	0.63 (0.57-0.69)

	30°: ≥ 3.2
	92.2 (83.8-97.1)
	55.4 (42.5-67.7)
	71.0 (61.1-79.6)
	85.7 (71.5-94.6)
	75.3%
	0.74 (0.67-0.81)

	40°: ≥ 4.8
	88.3 (79.0-94.5)
	69.2 (56.6-80.1)
	77.3 (67.1-85.5)
	83.3 (70.7-92.1)
	79.5%
	0.79 (0.72-0.85)

	50°: ≥ 5
	83.1 (72.9-90.7)
	93.8 (85.0-98.3)
	94.1 (85.6-98.4)
	82.4 (71.8-90.3)
	88.0%
	0.88 (0.83-0.94)

	60°: ≥ 7.9
	72.7 (61.4-82.3)
	98.5 (91.7-100)
	98.2 (90.6-100)
	75.3 (64.7-84.0)
	84.5%
	0.86 (0.80-0.91)

	70°: ≥ 10.7
	55.8 (44.1-67.2)
	100 (94.5-100)
	100 (91.8-100)
	65.7 (55.4-74.9)
	76.1%
	0.78 (0.72-0.84)

	80°: ≥ 14.5
	36.4 (25.7-48.1)
	100 (94.5-100)
	100 (87.7-100)
	57.0 (47.4-66.3)
	65.5%
	0.68 (0.63-0.74)

	90°: ≥ 19.6
	18.2 (10.3-28.6)
	100 (94.5-100)
	100 (76.8-100)
	50.8 (41.8-59.7)
	55.6%
	0.59 (0.55-0.63)


Abbreviations: AUC: Area Under the Curve; CI: Confidence Interval; NPV: Negative Predictive Value; PPV: Positive Predictive Value.


Supplemental Table 8. Bootstrap power estimates for individual and multimodality imaging approaches.
	Comparison
	Bootstrap power
estimates

	CMR vs 
Echocardiography
	0.995

	CMR vs 
CCT
	0.776

	CMR vs 
18F-FDG PET
	0.681

	CMR vs 
CMR+18F-FDG PET
	0.345

	CMR+18F-FDG PET vs
CCT+18F-FDG PET
	0.543

	CCT+18F-FDG PET vs
CMR
	0.105

	CCT*+CMR vs
CCT
	0.993

	CCT*+CMR vs
CCT+18F-FDG PET
	0.409

	CMR*+CCT vs
CMR
	0.172



Abbreviations: CCT: Cardiac Computed Tomography; CMR: Cardiac Magnetic Resonance; 18F-FDG PET: 18F Fluorodeoxyglucose Positron Emission Tomography.
*As the first imaging modality performed
Supplemental Table 9. Comparison of imaging-only versus clinical-imaging integrated predictive models for detecting malignancy.
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	β regression
coefficient
	Standard
Error
	95% CI
	P-value
	AUC
	P value for
AUC comparison

	Echocardiography
	DEM score ≥ 3
	2.56
	0.42
	1.72-3.41
	<0.001
	0.77 
(0.71-0.84)
	

<0.001

	Echocardiography +
Clinical Features
	DEM score ≥ 3
	2.65
	0.48
	1.71-3.59
	<0.001
	

0.86 
(0.81-0.92)
	

	
	Female sex
	-0.56
	0.44
	-1.42-0.29
	0.19
	
	

	
	Age
	-0.014
	0.14
	-0.04-0.011
	0.28
	
	

	
	C-RP
	0.15
	0.55
	0.04-0.26
	0.006
	
	

	
	Prior Malignancy
	-0.58
	0.48
	-0.17-1.71
	0.47
	
	

	CMR
	CMR score ≥ 5
	5.47
	0.75
	4.01-6.94
	<0.001
	0.94 
(0.90-0.98)
	



0.054

	CMR+ Clinical Features
	CMR score ≥ 5
	5.24
	0.81
	3.64-6.83
	<0.001
	

0.96 
(0.93-0.99)

	

	
	Female sex
	-0.42
	0.69
	-1.78-0.93
	0.54
	
	

	
	Age
	-0.006
	0.22
	-0.05-0.37
	0.77
	
	

	
	C-RP
	0.27
	0.12
	-0.20-0.25
	0.82
	
	

	
	Prior Malignancy
	1.39
	0.82
	-0.22-3.01
	0.09
	
	

	CCT
	CCT red flags ≥ 5
	3.78
	0.56
	2.69-4.87
	<0.001
	0.85
(0.80-0.91)
	



<0.001

	CCT+ Clinical Features
	CCT red flags ≥ 5
	4.12
	0.67
	2.81-5.43
	<0.001
	

0.93
(0.89-0.97)
	

	
	Female sex
	-0.51
	0.54
	-1.56-0.55
	0.35
	
	

	
	Age
	-0.19
	0.17
	-0.053-0.013
	0.25
	
	

	
	C-RP
	0.16
	0.71
	0.026-0.31
	0.02
	
	

	
	Prior Malignancy
	1.27
	0.63
	-2.99-0.91
	0.04
	
	

	18F-FDG PET
	SUVmax≥4.9
	3.43
	0.47
	2.52-4.35
	<0.001
	0.85
(0.79-0.91)
	



<0.001

	18F-FDG PET + Clinical Features
	SUVmax≥4.9
	3.79
	0.58
	2.67-4.92
	<0.001
	

0.93
(0.88-0.97)
	

	
	Female sex
	-0.98
	0.54
	-2.06-0.76
	0.069
	
	

	
	Age
	-0.001
	0.16
	-0.03-0.031
	0.97
	
	

	
	C-RP
	0.19
	0.76
	0.03-0.33
	0.014
	
	

	
	Prior Malignancy
	0.91
	0.59
	-0.24-2.06
	0.122
	
	

	CMR+ 18F-FDG PET
	Suspected malignancy
	7.65
	1.50
	4.72-10.60
	<0.001
	0.97
(0.94-1.00)
	


0.52

	CMR+ 18F-FDG PET+ Clinical Features
	Suspected malignancy
	7.17
	1.48
	4.26-10.07
	<0.001
	

0.98
(0.95-1.00)
	

	
	Female sex
	0.04
	1.07
	-2.06-2.14
	0.97
	
	

	
	Age
	0.004
	0.03
	-0.06-0.06
	0.89
	
	

	
	C-RP
	-0.015
	0.08
	-0.17-0.15
	0.85
	
	

	
	Prior Malignancy
	0.27
	1.11
	-1.91-2.45
	0.81
	
	

	CCT+ 18F-FDG PET
	Suspected malignancy
	4.85
	0.62
	3.62-6.07
	<0.001
	0.92
(0.87-0.97)
	


0.002

	CCT+ 18F-FDG PET+ Clinical Features
	Suspected malignancy
	5.41
	0.91
	3.62-7.19
	<0.001
	

0.97
(0.87-0.99)
	

	
	Female sex
	-0.65
	0.66
	-1.93-0.64
	0.32
	
	

	
	Age
	-0.008
	0.019
	-0.04-0.29
	0.67
	
	

	
	C-RP
	0.17
	0.09
	-0.01-0.36
	0.067
	
	

	
	Prior Malignancy
	1.77
	0.93
	-0.038-3.59
	0.055
	
	


Abbreviations: AUC: Area Under the Curve; CI: Confidence Interval; CCT: Cardiac Computed Tomography; CMR: Cardiac Magnetic Resonance; CRP: C-Reactive Protein; 18F-FDG PET: 18F Fluorodeoxyglucose Positron Emission Tomography



Supplemental Table 10. Multivariable Cox regression analysis for overall survival.
	
	
	Multivariable Cox Regression

	Echocardiography
	
	HR
	95% CI
	p-value

	
	DEM score ≥ 3
	3.77
	1.61-8.83
	0.002

	
	Chemotherapy
	1.42
	0.47-4.34
	0.53

	
	Tumor size
	0.99
	0.98-1.01
	0.88

	
	Radiotherapy
	1.38
	0.40-4.77
	0.60

	
	CM surgery
	1.02
	0.47-2.27
	0.94

	
	Cardiac metastasis
	2.39
	1.01-5.63
	0.04

	
	Systemic metastasis
	0.76
	0.36-1.60
	0.47

	CMR
	
	HR
	95% CI
	p-value

	
	CMR score ≥ 5
	14.61
	3.62-58.96
	<0.001

	
	Chemotherapy
	0.62
	0.21-1.81
	0.38

	
	Tumor size
	0.99
	0.98-1.01
	0.79

	
	Radiotherapy
	1.85
	0.53-6.43
	0.33

	
	CM surgery
	1.01
	0.43-2.39
	0.98

	
	Cardiac metastasis
	1.80
	0.76-4.27
	0.18

	
	Systemic metastasis
	0.72
	0.31-1.61
	0.42

	CCT
	
	HR
	95% CI
	p-value

	
	CCT score ≥ 5
	2.82
	1.03-7.66
	0.042

	
	Chemotherapy
	1.83
	0.56-5.96
	0.31

	
	Tumor size
	1.001
	0.99-1.01
	0.96

	
	Radiotherapy
	1.37
	0.39-4.79
	0.50

	
	CM surgery
	1.19
	0.50-2.82
	0.69

	
	Cardiac metastasis
	1.68
	0.68-5.97
	0.26

	
	Systemic metastasis
	0.59
	0.26-1.32
	0.20

	18F-FDG PET
	
	HR
	95% CI
	p-value

	
	SUVmax≥4.9
	1.66
	0.59-4.66
	0.33

	
	Chemotherapy
	2.22
	0.69-7.17
	0.18

	
	Tumor size
	1.002
	0.98-1.01
	0.69

	
	Radiotherapy
	1.29
	0.37-4.49
	0.68

	
	CM surgery
	1.26
	0.52-3.02
	0.61

	
	Cardiac metastasis
	1.95
	0.81-4.71
	0.14

	
	Systemic metastasis
	0.67
	0.31-1-42
	0.29

	CMR+ 18F-FDG PET
	
	HR
	95% CI
	p-value

	
	Suspected malignancy
	7.13
	1.71-29.51
	0.007

	
	Chemotherapy
	1.02
	0.33-3.18
	0.97

	
	Tumor size
	1.001
	0.70-3.96
	0.87

	
	Radiotherapy
	1.36
	0.39-4.71
	0.62

	
	CM surgery
	1.002
	0.43-2.34
	0.99

	
	Cardiac metastasis
	1.67
	0.70-3.96
	0.24

	
	Systemic metastasis
	0.65
	0.30-1.42
	0.28

	CCT+ 18F-FDG PET
	
	HR
	95% CI
	p-value

	
	Suspected malignancy
	10.91
	2.67-44.67
	0.001

	
	Chemotherapy
	1.04
	0.35-3.16
	0.94

	
	Tumor size
	0.99
	0.98-1.01
	0.63

	
	Radiotherapy
	1.23
	0.35-4.24
	0.74

	
	CM surgery
	1.19
	0.48-2.91
	0.71

	
	Cardiac metastasis
	1.64
	0.68-3.95
	0.27

	
	Systemic metastasis
	0.55
	0.25-1.23
	0.15

	CCT+ CMR*
	
	HR
	95% CI
	p-value

	
	Suspected malignancy
	10.19
	2.47-42.02
	0.001

	
	Chemotherapy
	0.81
	0.27-2.41
	0.70

	
	Tumor size
	0.99
	0.99-1.01
	0.94

	
	Radiotherapy
	1.83
	0.52-6.34
	0.34

	
	CM surgery
	0.95
	0.40-2.28
	0.91

	
	Cardiac metastasis
	1.66
	0.70-3.96
	0.25

	
	Systemic metastasis
	0.62
	0.28-1.40
	0.26

	CMR+CCT†
	
	HR
	95% CI
	p-value

	
	Suspected malignancy
	9.77
	2.38-40.2
	0.002

	
	Chemotherapy
	0.83
	0.28-2.49
	0.74

	
	Tumor size
	0.99
	0.98-1.01
	0.96

	
	Radiotherapy
	1.83
	0.53-6.34
	0.34

	
	CM surgery
	0.95
	0.39-2.27
	0.90

	
	Cardiac metastasis
	1.67
	0.70-3.99
	0.25

	
	Systemic metastasis
	0.63
	0.28-1.41
	0.26


Abbreviations: CI: Confidence Interval; CCT: Cardiac Computed Tomography; CM: Cardiac Mass; CMR: Cardiac Magnetic Resonance; HR: Hazard Ratio; 18F-FDG PET: 18F Fluorodeoxyglucose Positron Emission Tomography.
*CCT as the first imaging modality performed.
†CMR as the first imaging modality performed.


Supplemental Table 11. Diagnostic performance of each imaging features in discriminating thrombi.
	
	Imaging 
features
	Sensitivity
(95% CI)
	Specificity
(95% CI)
	PPV
(95% CI)
	NPV
(95% CI)
	Diagnostic 
Accuracy

	Echocardiography*
	Absent
Invasiveness
	100.0 
(80.5-100.0)
	52.3
(42.5-62.1)
	25.0
(15.3-37.0)
	100.0 
(93.6-100.0)
	58.9%

	
	Non-left localization
	58.8 (32.9-81.6)
	33.6 (24.8-43.4)
	12.3 (6.1-21.5)
	83.7 (69.3)
	37.1%

	
	Absent
Pericardial effusion
	100.00
 (80.5-100.0)
	24.1
(16.4-33.3)
	17.2 
(10.3-26.1)
	100.0 
(86.8-100.0)
	34.7%

	
	Inhomogeneous mass
	29.4 (10.3-56.0)
	57.0 (47.1-66.5)
	9.8 (3.3-21.4)
	83.6 (73.0-91.2)
	53.2%

	
	Sessile mass
	64.7 (38.3-85.8)
	45.8 (36.1-55.7)
	15.9 (8.2-26.7)
	89.1 (77.8-95.9)
	48.4%

	
	Polylobate mass
	29.4 (10.3-56.0)
	66.4 (56.6-75.2)
	12.2 (4.1-26.2)
	85.5 (76.1-92.3)
	61.3%

	CCT
	Absent
Invasiveness
	100.0 
(83.9-100.0)
	51.2 
(42.0-60.4)
	26.2 
(17.0-37.3)
	100.0 
(94.2-100.0)
	58.5%

	
	Solid density
	90.5 (69.6-98.8)
	17.4 (11.1-25.3)
	16.0 (9.9-23.8)
	91.3 (72-98.9)
	28.2%

	
	Non-hypodense mass
	0.0 (0.0-16.1)
	57.9 (48.5-66.8)
	0.0 (0.0-7.0)
	76.9 (66.9-85.1)
	49.3%

	
	Irregular margins
	9.5 (1.2-30.4)
	38.0 (29.3-47.3)
	2.6 (0.3-9.1)
	70.8 (58.2-81.4)
	33.8%

	
	Calcifications
	9.5 (1.2-30.4)
	92.6 (86.3-96.5)
	18.2 (2.3-51.8)
	85.5 (78.3-91.0)
	94.2%

	
	Absent
Pericardial effusion
	90.5
(69.6-98.8)
	40.5
(31.7-49.8)
	20.9
(13.1-30.7)
	96.1 
(86.5-99.5)
	47.9%

	
	Absent
contrast uptake
	95.2 
(76.2-99.9)
	78.5
(70.1-85.5)
	43.5
(28.9-58.9)
	99.0
(94.3-100.0)
	81%

	
	Diameter > 30mm
	23.8 (8.2-47.2)
	28.1 (20.3-37.0)
	5.4 (1.8-12.2)
	68.0 (53.3-80.5)
	27.5%

	CMR
	Polylobate shape
	19.0 (5.4-41.9)
	64.5 (55.2-73.0)
	8.5 (2.4-20.4)
	82.1 (72.9-89.2)
	57.8%

	
	Absent
Pericardial effusion
	100.0 
(83.9-100.0)
	19.0 
(12.4-27.1)
	17.6
 (11.3-25.7)
	100.0
(85.2-100.0)
	31.0%

	
	Sessile mass
	66.7 (43.0-85.4)
	43.8 (34.8-53.1)
	17.1 (9.7-27.0)
	88.3 (77.4-95.2)
	47.2%

	
	Absent
Heterogeneous LGE
	100 
(83.9-100.0)
	62.8
(53.6-71.4)
	31.8
(20.9-44.4)
	100.0 
(95.3-100.o)
	68.3%

	
	Absent first pass perfusion
	100.0 
(83.9-100.0)
	91.7 
(85.3-96.0)
	67.7
(48.6-83.3)
	100.0
(96.7-100.0)
	93.0%

	
	Absent
Invasiveness
	100.0
(83.9-100.0)
	55.4 
(46.1-64.4)
	28.0
(18.2-39.6)
	100.0
(94.6-100.0)
	72.7%

	18F-FDG PET
	SUVmax≥ 4.9
	0.0 (0.0-16.1)
	38.8 (30.1-48.1)
	0.0 (0.0-4.9)
	69.1 (56.7-79.8)
	33.1%


*Among clearly detected CMs.
Abbreviations: CI: Confidence Interval; CCT: Cardiac Computed Tomography; CM: Cardiac Mass; CMR: Cardiac Magnetic Resonance; HR: Hazard Ratio; LGE: Late Gadolinium Enhancement; SUV: Standardized Uptake Value; 18F-FDG PET: 18F Fluorodeoxyglucose Positron Emission Tomography.




Supplemental Figure 1. Study Flow Chart.

[image: Immagine che contiene testo, diagramma, schermata, Carattere

Il contenuto generato dall'IA potrebbe non essere corretto.]


Supplemental Figure 2. Kaplan-Meier Curves according to the suspicion of malignancy at echocardiography (Panel A), cardiac computed tomography (Panel B), cardiac magnetic resonance (Panel C) and 18F-Fluoredeoxyglucose positron emission tomography (18F-FDG PET) (Panel D). The table below shows the number of patients at risk during follow-up.
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Supplemental Figure 3. Kaplan-Meier Curves according to the suspicion of malignancy at multimodality, integrated approaches: Cardiac Magnetic Resonance (CMR) integrated with 18F-Fluoredeoxyglucose positron emission tomography (18F-FDG PET) (Panel A), Cardiac Computed Tomography (CCT) integrated with 18F-FDG PET (Panel B), CMR as first imaging modality integrated with CCT (Panel C) and CCT as first imaging modality integrated with CMR (Panel D). The table below shows the number of patients at risk during follow-up.
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SUPPLEMENTAL APPENDIX     SUPPLMENTA L   METHODS   Histological Classification and Pathology   All patients were classified in primitive (benign and malignant)  or   secondary tumors (metastases)  according to the  2021   World Health Organization (WHO) histological classification 1 .     P seudo - tumours   were defined as a   heterogenous group of  non - neoplastic  lesions capable of  producing  mass - like effects despite lacking neoplastic cellular transformation 2 .     Histopathological  diagnoses   were independently established by two experienced pathologists in  accordance with  the American Society of Clinical Oncology/College of American Pathologists  2010 criteria . For thrombi, diagnosis was confirmed radiologically by documented resolution  following ≥3 months of systemic anticoagulation (unfractionated heparin infusion, therapeutic - dose low – molecular - weight heparin [1 mg/kg], or warfarin with  International Normalized Ratio,  INR ,   2 – 3 )   3 .    Histological specimens were obtained  through  surgical resection, surgical or percutaneous biopsy,  or autopsy.   Echocardiography   protocol   All patients  underwent   2D - echocardiogram (Philips iE33 or EPIQ   S5 - 1   probe ). Patients were  examined in the left lateral recumbent position and the echocardiographic protocol was performed  following the recommendations of the American Society of Echocardiography and the European  Association of Cardiovascular Imaging with the use  of standard views.  Standard views were  acquired with a t least three consecutive  cardiac cycles per  view, and images were stored   digitally   (Philips software, Intellispace)   for offline analysis.  Two expert echocardiographers (>10 years of  experience) blinde d to clinical , imaging   and histological data analyzed the studies using Philips  Intellispace software; disagreements were resolved by a third senior echocardiographer 4 . The  following parameters were assessed: location (left/right atrium/ventricle/pericardium, great 

